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PUBLISHERS' NOTE TO THE NEW AMERICAN EDITION. 

b bis masterpiece lIEl<Rr Gnn left undying evidence of bis anatomical 

knowledge and of bis comprehension of the best method of imparting it to other 

minlls. After forty years its merits are only brightened by the numerous works 

which ha\'c cndea\'Orcd to contest its supremacy. During that time it bas bad 

the benefit of the careful scrutiny of many leading anatomists of the English

speaking race. Anatomy is far from stationary, either in its facts or in improve

ments in the method of their presentation; hence a.ny work which would faith

fully reflect the existing position of the science must be revised at comparatively 

frequent intervals. Fortunately for students and practitioners. Gray's Anatomy 

enjoys a demand rendering such revision possible. 

An evidence of the unremitting attention bestowed on this book is afforded 

in the issue now presented. Its basis is found in the revision of 1896 by Pro

fessor J. Pliiyfair Mc)Iurricb and Dr. B. B. Gallauclet. 'l'he new chapters on 

the Brain and the Abdominal Viscera by Dr. Gallauclet and Dr. F. J. Brockway, 

respectively, ba.ve been retained. The section on the l\louth and Teeth bas been 

rewritten by Prof. IL II. Burchard, who has taken accou~t of tlic latest advances 

in the highly speciiilize<l department which particularly concerns students and 

practitioners of Dentistry. 

The splendid illustrations in Gray ba,'e long been known as the most effective 

and intelligible presentations of anatomical structures ever produced. In tLe 

edition of 1896 this series was increased by the addition of one hundred and 

thirty-five new pictures. The total of se,'en hundred and seventy-two illus

trations stands unchanged in the new issue, but it includes a l::trge number of 

new engravings, no expense having been spared to effect improvement wheren:r 

possible. 

The practica.l application of anatomical facts in medicine and surgery has 

always been a prominent feature of the work, and this distinctive character

istic has received especial care. 

In short, this edition is presented to the medical public with the con

fident expectation that it will be found worthy in e''ery respect to main

tain the exalted position which the work has for so many years enjoyed 

as the most convenient and intelligible exposition of its subject. 



PHEFACE TO THE THIRTEENTH ENGLISH EDITION. 

Wm;' UE,RY GI<AY published this work in 1858, be entitled it Anatomy, 
1Jescripti11e and 8u,1'gical, and he introduced under each sub(Uvision sth;ii 

obscrva.tions on practical points of Surgery as show tl.10 ncce$sity of an accurate 

acquaintance with the ana.tomy of the part under examination. 'rhis was the 

first time that such an endeavor had been made by an Engli~h Anatomist. 

The Editor has endea.,'ored to follow in th<' lines originaJl,v 1aicl down 

b_v the Author, and has tried to keep before himself the fact that the 

work is intc1Hle1l for Students of Surgery rather than for the Scientific 

Anatomist. :Not that the E<litor would wish to diRptnagc, for an instant, the 

stud.'· of Philosophical or Scientific Anatomy, but that be thought it right, con· 

sidcring the cla~s of students for "horn the work is pl'imari1~· intended, that ht 

shoul<l he practical rather than abstract and theoretical. Accordinglv, he has 

not altered in any wa,_r the original plan of the work, but bas c1Hlearnre<l to 

ren<lcr it more practical, and of more use to the student, who will hereafter 

have to apply his knowledge of .Anatomy to his pra.cticc of Hurgcry, by intro· 

ducing a considerabl,\• increased amount of Su rgical An:1lomy, and by pointing 

out the bearings of Anatomy on the practice of Surgery . 

In a<ldition to this, the whole work ha:;, undergone a ca.reful revision, and in 

some minor details a rearrangement has been made. 

The Editor is deeply indebted to his friend i\Ir. Ro"s for much kind assist

ance in the preparation of this edition, an<l also for the help that he has rendered 

him in pas!>;ing the~e pages through the press. 

To Dr. J ... EOSARD RE~rFRY be is also much indebted for his kindness in revis

ing the section on the anatomy of the Female Organs of Generation. 

Sereral new illustrations ba,·e been added, principal ly from dis.sections in the 

Hunterian ~Iuscum of the Royal College of Surgeons. The Editor takes this 

opportunity of thanking Prnsector PEARSON for the kind interest he bas dis

played and assistance he has rendered in the preparation of tbe~e drawings. 

which w:re t:iken from dissections made by this master in the a,rt of d issecting. 
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GENERAL ANATOMY. 

Tl~~e 11:~~-~e~f.~hde ~~:\i~:Jch ~}~e:·~te~,'.~ed0{~~/t~u?d~tr~/~;· '~~~cl~h~,;~::'.~1f; 
subsei:ve the same purpose. as the saliva, the gastric juice, the bile, the intestinal 

secrct10n; and others which are purely excrcmcntitious, as the urine. .But there 

is no need to describe the rest in this place, since they are the secretions of special 

organs, and are described, as far as is judged necessary for the purposes of this 

work. in subsequent pages. \\'e shall here speak first of the blood. and next of 

the lymph and chyle. 

THE BLOOD. 

The blood is a thickish, opaque fluid, of a bright-red or scarlet color when it 

flows from the arteries, of a dark-red or purple co!or when it flows from the veins. 

It is visci<l, and has a somewhat clammy feeling; it is salt to the taste, and has a 

peculiar faint odor. It bas an alkaline reaction. Its specific gravity at 60° F. is 

about 1.055, an<l its temperature is generally about 100° F., though varying 

slight!.'· in different parts of the bod_,-. 
General Composition of the Blood.- When blood is drawn from the bodv and 

allowed to scand, it solidifies in the course of a Yery few minutes into a jel1\·-like 

mass, which has the same appearance and volume as the flu id blood1 and, like it, 

looks quite uniform. 8oon, however, drops of a transparent ye11owish fluid begin 

to ooze out from the surface of this mass and to collect around it. Comcidently 

with this the clot begins to contract, so rhat. in the course of about twenty-four 

hours. the original ma!'Os of coagulated blood liaR become separated into two parts 

-a" clot" or~' coagulum," considerably smaller and firmer than the first-formed 

jelly-like mass, and a large quantit,· of yellowish fluid, the serum, in which the 

clot floats. 
The clot thus formed con~i sts of a solid, colorleBs material, called fibrin. and 

a large number of minute cells or corpuscle~, called blood-corpuscles. which are 

entan"led and enclosed in the fibrin. 'J'he fibrin is formed during the act of solidi

ficati~n. In the ffuid blood in the living body there is a substance, named 

fi.brinogen, which when acted upon by a second material, also contained in the 

blood, and named a Jibrin :fennent, forms a r-;olid suhstance, .fibrin. 'l'bis latter 

in its process of solidification encloses and entangles the blood-corpuscles, and 

thus the clot is formed. 
Hccent obserrntiom; ham shown that the presence of a trace of a calcium ~alt 

is a ncce~sary condition for the transformation of fibrinogen into fibrin. The 

fibrin-ferment does not exist as such in the Lloo<l contained in the bloo<l-vcss~ l s, 

but seems to result from the destruction of "Lat arc known as the "bite corpus

cles anrl the bloorl-plaqucs to be describer! later. These strnctures, more espe

cially the pla11ues, disintegrate very rapidly "hen blood is dra11 n from the body, 

liberating the ferment, and so producing coagulation, and lesions of the cells 

lining the interior of the hloo<l-vesr-;els seem also to give rise to ferment-produc

tion an<l the intra-vascular formation of fibrin. 
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W c may now con~idrr the con~tituent:o; of the hloo1l in another ":n-. If a. d rop 
of blood i~ placed in a thin layer on a !?lass :.: l itlc and cxam inc1l un<l~r the mi~nl
scope, it will be sern to con:--ist of a number of minute hocli(';;; or corpu!"clt.•~ floating 
in a clear fluirl: :111d, on more minute examination, it "ill be found that thc~e cor
puscles arc principally of two kinds. The one, greatly preponderating Q\'er t~e 
other in point of number.:::, is termed the eolored eorpusr/t•; the other, few?r m 
number and lcsi;; con~picuous, is termed the f'<>lorle.'is <'or1mRcle. From .th~s ,~·e 
learn that blood is a fluid holding a large number of corpuscles of two varieties 111 

suspen~ i on. The fluid is named liquor _sanguinis ? r pla_sma . and must n_ot be con
fused with the serum spoken of aborn Ill connection with the coagulat10n of the 
blood. It is serum and something more, for it contains ?ne at least of. the 
elements or factors from which fibrin is formed. rr hc relati on of th ese \·an ons 
constituents of blood to each other will be easil y unders tood by a reference to the 
subj oi ned plan ' 

{
Colored 

{ 

Corpuscles ,. l l } 
vO or ess Clot 

Blood { Fihrin 

Liquor Sanguinis ::Scrum 

The blood-corpuscles, blood-disks, blood-globules a re, as before stated, of two 
kinds: the red or colored. and the white or colorless corpuscles. The relatiYe 
proportion of the one to the other has been variously est imated and no doubt 
varies under different circumstances.. Thus ,·enescctiou, by withdrawing a large 
proportion of the reel globules, and by favoring the absorption of lymphatic fluid 
jnto the blood, great ly increases the relati,·e prnportion of the white corpuscles. 
Klei n states that iu health.v human blood there appears to be one white corpuscle 
for 600-1200 red ones. The proportion of corpuscles. colored and colorless com· 
bincd, to liquor sanguinis is in one hundred volum es of blood about thirty-six 
volumes of the former to sixt,·-four of' the latter. 

Colored corpuscles when exa'rnined under tb e microscope are seen to be circular 
disks, biconcare in profile, h:.l\'ing a slight central depression, with a raised bor
der (Fig. 1, b). When viewed wich a moderate magn i(Ying power, this central 

ci l depres8ion looks dark er than the edge. When exam-
• Ii! B iiJ> ined sinid,,- by tran•mitted light , thei r color appears to 
@ @ ~ , be of a famt redchsh·ycllow "hen dc1wcd from arterial 0 b~ 17

0 blood, and grecni•h-.Ycllow in ,·enous blood. It is to 
e Cl-. @ ,. t~eir ag~regat10n that b~ood owes Its red hue. Their 
Q'U o•t) - ~IZC \'arteS slightly e \'Cll It~ the Same d~·op of blood, but 

• I it may be s ~atcd th~t th ?1r average diameter is about 

e1('!~w.c1 .1.~~1ri11f~in b~~J~o:ta~z· Tho of an mch, ~be1~· thickness ab?ut n-hu· or nea rly 
ti. ~een from the ~idc. " rnitcd ?ne-quarter of ~heir d1am_eter. Bc!'1d~~ these, espccialJy 

l~?l~~?:~~~~:'./~:dE~;i'~~tz~ ~~1s~Y:e a~~~~~:~d a~~ ad 1;:71~~~c1 8~~~~~~:.rns~:~.c:~~~:~ ~~:~ 
sbrunk by evaporation. third or half the size of the ord inary one. These 
however, arc ,·cry scarce in normal blood. ~~he number of red c'orpuscles in th ~ 
blood is enormous; between 4,000,000 and 5,000.000 are contai ned in a cubic . 
millimetre. P ower sta tes that the red corpuscles _of an adul t would present an 
aggregate su rface of ,~bout 30~0 sq.narc yards. Human hlnod-<li~ks present no 

::ib~~~~,''~-~;~ehs.is !'::{io~~~s;:;.g0~1;'~'f ¥,~;~\s 'm~t~~\~]\es:n~J1 ~e!~\:;e~r ~~:~s!~:~ 
tents,_ which is a solut10n of a substa nce n.am~d lu£11w,r1lobin. Jirnno,qlobin is a 
prote1d compound of :.1 ,·er.v complex constitu t1on1 th e hrcmoJ?lobin of the ho 
ha.\'ing the formu la Cm1In30N21482Fe021~ . It ha ~. a g reat affinit.'~ fo r oxvo-en, a:~,~ 
wb~n rem?ved from ~he body crystallizes i:e~dil.Y u nc~er certain circt;;stances. 

!~e~:li~;a<~il;~~~~~:.bl~u:\~~t~~lo~~~ ~~oem ·~~~t1~~,r~~s!\12 ftui1! lo a <lrop of blood 
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If the web of a frog's foot is spread out and examined under the microscope, 
the bloo<l is seen to flow in a continuous stream through the ,·essels, and the 
corpuscles show nu tendency to adhere to each other or to the wall of the vessel. 
Doubtless the same is the c3.se in the human body; but when drawn and examined 
on a slide without reagents, the blood-globules often collect into heaps like 
roulcaux of coins (Fig. 1, c). 

During life the red corpuscles may be seen to change their shape under pres
sure S? as to adapt tbemsehes to some extent to the size of the \·esscl. They are 
also b1ghl_v elastic, for they speedily recover their shape when the pressure is 
removed. 'J1hey are soon influenced by the medium in \\hich they are placed, 
and by the specific gravity of the medium . In water they swell up, lose their 
shape, and become g lobL1lar; subsequently the bremoglobin becomes dissolved out, 
a.nd the envelope can be barely distinguished as a faint, circular outline. Solu
tions of salt or sugar, denser than the serum, giYe them a stellate or crenated 
appearance: and the usual shape may be restored bv diluting the solution to the 
proper point. The same crenated outline may be Produced as the first effect of 
the passag_e of an electric shock; subsequently, if sufficiently strong, the shock 
ruptures tne enYelope. A solution of salt or sugar of the same specific gravity as 
serum merely separates the blood-globules mechanically without changing their 
shape. 

The white corpuscles (Fig. 2) are rather larger than the red in hllman blood, 
measuring from about ~ to rrou of an inch in diameter. r11bey consist of a 
transparent granular-looking protoplasm containing one, two, 01· more nuclei, awl 
presenting bright granules, which vary in different corpuscles both in c1uantity 
an<l in their bch;wior to micro-chemical reagents. When absolutely at rest they 
arc rounded or spheroidal, but under ·~'t°' . . ,;.7,!1 
onlinary circumstances their form is ~t~~ ~ ~ d 

\"Cry various, and they have the re- O ·.:JJ 
markable property of undergoing '"~ 
"amooboid" change• (Fig. 3). 'J'hat "" 
is to sa.v1 they have the power of send
ing out finger-shaped or filamentous 

~·1~i~~155~~c;f ll~~~,i;· ~1::f t5at~bt~;c~rab! Fm.2.--a. White co~sclcs or b!n blood. 
ulcs from the surrounding substance. .corpuscles. lligh 1iower. . 

In locomotion the corpuscle pushes out a process of its Rubstance-a 7;.rwudopodrum, 
as it is called-and then shifts the rest of the body into it. In the same way, 
when an_v granule or particle comes in its way it wraps a pseudopodium round it, 

and then
1 

withdrawing it, lodges the particle in its own sul~stance. .By ~eaus of 
these amreboid properties they ba.ve the power of wanden~1g or e~mgrati.ng from 
the bloocl-1·essels by penetrating their coats, and thus findmg the11· way rnto the 
perivascula.r spaces. . 

The white corpuscle may be taken as the type of a true amrnal cell. It bas 
no limiting membrane, but consists of a mass of tra.nsp~1:ent album1~ous substance, 
called protoplasm, containin~ one or ~ore nuclei.. I hcsc nuclei ma,Y assume 
var_ying shapes, being Romet1mes spheric.al , Romc~11.ncs borseshoc-shape<l, some
times rnoniliform, thcRe various shapes berng trans1t1on Rtages between the mono-
nuclear and polynuclcar corpuscles. . . . . , 

'l'hc white corpuscles are very similar to, 1f not 1dcnt1cal with, the corpuscles 
of lymph and chyle, and they also bear a strong resemblance to the cells found 
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in pus. From tht' fact that cells exadly like the c.:olorlC'~~ corpuscl l':'I nn• being 
con~tnntl_y furni~lH'd to the blood by the lymphatic \'(•:-;spls and th l' chyl l'-d uct~. 
and also from their rnr,ring proportions in diff<.•n•nt part-; of tlH' cirl'uln.tion an<l 
in diffcn•nt pathological conditions, the colorlt·ss c·orpu.-.<.'IC's han· hl'C'11 rc~arclC'cl 
-erronC'ously. howcH•r-as au earlier stage of the colored blootl-clisk$, but the 
evidence in fa,·or of this must be regardc<l as quite inronclu:-i,·e. 

'I1hcrc can be no doubt that during embryonic life the red corpuscles are 
dcYClopt•tl from mcsoblastic cells in the rascula.r nrca of the blastodcrm. Tbe.v 
are _at first nucleated and resemble white corpuscles, except in their color, an<l, 
like them, arc possessed of amooboid movements. 'l'hey arc succeeded by small er, 
non-nucleated corpuscles, having all the chara cters of adult colored corp us~lcs, 
probably formed by a com·ersion of the former into the latter. So that at birth 
the nu clca.ted red eol'puscles h::we disappeared. In after Jifc an important source 
of the red corpm5cJes is the red marrow of bones, in which certain cells found in 
the marrow arc conrnrted into colored blood-corpuscles by th e 1oss of their nuclei , 
and by their protoplasm becoming tinged with ye1low. It is J~~O~)able, also .. t~at 
the spleen may be a place for the formation of red corpuscles. Ibis theory.,"h1ch 
was formerly uni\'Cri-.allv belic\·ed, and was then discarded for the hypothesis that 
the spleen \~·as concerned in the destruction of the red corpuscles , bas lately been 
rcvi\·ed hy Bizzozero. The question must st ill be regarded as sub j'udice. 'l'be 
proportion of white corpuscles appears to \·a1·y considerably in different parts of 
the circulation, being much larger in the blood of the splen ic \·ciu and hepatic \·ein 
than in other parts of the body, while in the splenic artery they arc very scanty. 

In addition to these corpuscles, a third variety is found in mammalian blood, 
and ha!'I been specia lly stud ied and described by IIayem, Bizzozero, and Osler. 
'J'he.v arc uale circular or ornl di:;ks, about one-q uarter 01· one-third the size of the 
red blood-corpuscles, and apparently contain no nucleus. 1-'hey have been named 
blood-plates or blood-plaqueR, and are supposed by Bizzozcro to originrLte the fibrin
fcnnent1 and to be especially concerned in the coaguli1tion of the blood. 

'l'hc liquor sanguinis or plasma is the fluid part of the blood, and contains in 
solu tion various organic substances, such as jibrino.veu, paraglobulin or serum, 
globulin, nncl senl1n albumPn, together with certain sa.lts, sugar, fa.tty matter, and 
gaseR. Parnglobulin is probnbly contained partly in Rolution in the plasma, and 
p::rrtly in the colorless corpuscles, and can be obta ined by di lu ting the liquor san
guinis with ten times itl3 "?lurne o'. ice-cold water, and then transmitting through 
it a. 8tream of carbon dioxide. F1brinogcn may be obtained in tbc same wa.v as 
paraglobulin, but the lic1uor sanguin is must be still further diluted and the curi·ent 
of car_bo1~ dioxide mu!:'.t J?nss_ for a much ~onger time. Fibrin may be obtained 
by wb~ppmg tbe .blood. after ~t bas ?ecn withdrawn from the body, with a bundle 
of twigs, to which the fibnn, as it coagu lates, adheres. Fibrin may also be 
obtained by ~ltering the fre$hly-drawn blo.od of an animal whose corpllscles are 
large, cal'C bemg taken to retard coagula.t10n as long as po!o<!'ible. Under these 
circl~mstances the corpuscles are retained o~ the fil~er, and the Jiquor sanguinis, 
;~~~:;~ through, coagulates and separates mto fibrin, free from corpuscles, and 

. Fibrin, thus obtained, is a. white ?r buff-colored substance, presenting a 
strmgy appearance, and under the microscope exhibiting fibrillation. w ·ben 
cxpo~e~ to the air fo1: some tim.e, it becomes ha.rel, dry, brown, and brittle. It is 
~ prote1d com 1:oun( l, msolublc.m h?t ?r cold water, alcohol or ether. rn<ler the 
mfluence of d1_lut.e hyd~·ocbl.or1c acid 1t swell ~ u~, but 1~oes not (fo;;~o l ve; but when 
thus. swollen 1~ is ~asil,v d1ssol.rnd b.y 11. solut ion of pepsin. If heated for a 
d7~~l~,~~~ble time m a solution of dilute hydrochloric acid, it gradually 

. Serum is the fluid liq~or sar~guinis aft~r the fibrin has been sepnrated from it. 
It 1~ .a stra~-colore~ .flu1~ hanng a sp~c 1fi c granty of 1.027, with an alkaline 
r('act1.on. l pon h~ilmg 1t becomes solid, on account of the albumen which it 
contams. It contams also salts, fatty matters, sugar, and ga!'es. 
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Gases of the Blood.-"'hen blood is exposed to the vacuum of an air-pump, 
about half it ~ volmne is given off in the form of gases. rrh esc arc carbon dioxide, 
oxygen, and nitro~en. The relati\·e qu:int ities in 100 Yolumes of arterial and 
Ycnous blood, at 0° C. and 1 m. pressure of mercury are shown in the accom
panying table: 

Arterial blood, 
V cnous blood, 

Oxygen. Carbon dioxide. ~itrogcn. 

l G YOL'l. 30 vols. 1 to 2 vol~. 
6 to 10 rnls. 35 vols. 1 to 2 Yols. 

Rough l_v stated, they are as follows: Carbon dioxide about two-thi rds of the 
whole 11uantity ofgas, oxygen rather less than one-th ird , nitrogen below one
tentb (J luxley). 'l'he greater quantity of the oxygen is in loose chem ical corn
bmat1011 "1th the hremoglobin of the blood-corpuscles, but some part is simply 
absorbed. just as it would be by water. The carbon di oxide is in a state of chem
ical combinati on with the sa lts of the serum, cspccial1y the sodium, with which it is 
combined partly as a carbonate and partly as a bicarbonate. 'l'be nitrogen is 
unimportant. It (or at least the greater part of' it) is merely absorbed from the 
atmosphere under the pressure to which the blood is exposed, and can therefore be 
mcchani ca ll ,, remo\·cd. 

Blood-crystals.-Tlremoglobin, as stated above, when separated from the blood
corpuscles, readily undergoes crystallization. 'l'hcse crystals, named luemoglobin 
crystals, all belong, with the exception of those obtained from the squ irrel , to the 
rhombic ,_,·stem. In human blood the,\' are elongated prisms (Fil(. 4, A). In the 

squirrel they are hexagonal plates. Other crystals may be obtai ned by mixing 
dried blood with an equal quantity of common salt, and boiling it with a few drops 
of glacial acetic acid. A drop of the mixture placed on the sl ide will show the 
crystals on cooling. These are named lurmin crystals, and consist of small acic
ular prisms (Fig. 4, B). Occasionally in old blood-clots a third form of crystal is 
found, the h"omatoidin crystal (Fig. 4, c). 

LYMPH AND CHYLE. 

Lymph is a transparent, colorless, or slightly yellow fluid , which is conveyed 
by a system of vessels, named lymphatics, into tl1e blood . 'l'hese vessels take 
their rise in nearly all parts of the body from the interstices of the connective 
tissue, and take up th e Huid contained in th ese spaces and return it into the 
veins close to the heart, there to be mixed with the mass of the blood. The 
greater number of these lymphatics empty themselves into one main duct, the 
thoracic clucl, which passes a long the front of the spine and opens into one of the 
large veins at the root of the neck. 'l'hc remainder empty thcmseh-es into a 
smaller duct, which terminates in the corresponding vein on the opposite side of 
the neck. 

Chyle is an opaque, milky-white fluid, absorbed b.v the villi of the small 
in testines from the food, an<l carried by a set of ''esscls s imil ar to the Jympbatics, 
named lacteals, to the commencement of the thoracic <luct1 '\here it is intermingled 
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"ith tht:' 1,nnph _nml poured into the circulation through the s.anH cl amH· l~ . lt 
mu:-1t ht• hnrn e Ill mill(l 1bat thC!:iC two sets of \'CS.:-;el:;;, lymphati l'." ncl la teal~ . 
thou rrh differ ing: i11 name, are identical in structure. and that the d iarnctcr of the 
fluidrtlH·y <'mncy i~ different only while digestion is going on. At otbc~· time:-:. the 
lat• t('al~ conn:•y a. transparent, nearly colorless fluid not to be di::;tinµn1~bed from 
hmpb. Both these ::;cts. of vessels, in their pas.sage to the central <lnct, pa~s 
throuµ-h Cl'rtain !'.mall glandular bodies, termed ltonpltatic glands, where the ll" 
content..., perhaps undergo elaboration. . 

Lymph, as. its name unplics, is a watery fluid. It elO$Cl,Y resembles the .liq uor 
sanrruini1.;, and contains about 5 per cent. of albumen and 1 per cent. of salts. 
\\"h~n examined under the microscope, it is found to consist of a clear colorless 
fluid, in which are Hoa.ting a. number of corpuscles, lymph-corpuscles. 1'hese 
budies <tl"C identical in structure, and not to be distinguished from the white blood
corpusclcs preYiously described. They vary in number in different parts of the 
l ymphat ic vc'8cls, and indeed are said by Kolliker to be absent in the smaller 
Ones. 'l'hey arc always increased in number after the passage of the lymph 
through a lymphatic gland, and are said to be increased in size as the fluid 
ascends higher in the cou rse of the circu lation . 

Chyle is a milk-11·hite fluid, which exactly resembles lymph in it s physical and 
chemical properties, except that it has, in addition to the other constituents of 
lymph, an enormous amount of fatty granules," the molecular basis of chyle, " and 
it is to the presence of these molecules that cb_yle owes its milk.r coior. rn<ler 
the microscope it presents it number of corpuscles, named '' chyle-corpuscles," 
which arc indistinguishable from lymph-corpuscles or white blood-cells, and the 
molecular basis, com•isting principally of fatty granules of extreme minuteness 
(Fig. 5, a), but a lso of a few small oil-globu les. L ymph and chyle after their pas-

sage through their respective g lands, if withdrawn 
@ from the bod,y and allowed to stand, separate more 

@ ® © ' rOci ·, © or less completely into a clear liquid, which is 
\!:./ identical with the scrum of the blood, and a thin 

. ©@ ~ © ® ® jelly-like clot, consisting of a fibrillated matrix in 

;"~ @ © ® ~~~;;bm~i~~!.'11~~~~~r~·~~1 ~~s~rm~~,.~~-.0~:.~,~~~;:~gf;~: 
If the contents of the thoracic duct are exam-

® 'dt @ @ @ ined, especially after a meal. there may be found 
~ in it corpuscles 11 ith a reddish tinge. These have 

:"~ 0 ~~ • been regarded, probably erroneousl.v, as immature 
,/-· -~.·-· ·A '"" . © -.. ~ed corpuscles, or l_ymph- and ch_vle-corpuscles 

-~ rn process of transformation into blood-globules. 
Jo"m. b.-Chylc ir..un lhe tacLcah. '11

hey frequently giYC to the surface of clotted 
. ehyle and lymph a pinkish hue. 'l'hev must not 

be mistaken for mature blood-globules, which arc soi,net im es found in i ymph and 

~~~·l~,a~1i1~lui:'~:~~sa~·~ ~h~~~~~:~c~~·r.most observers as accidental-i. e. produced by 

THE ANIMAL CELL. 

All the tissues •.nd organs of which the bod,v is composed were originally 
d~velopc.d from,. a m1croscop~c body (th~ ovum)1 consis~i 1~g of a soft gela.tinous 
g1anu_ln.1 mate11~l _enclos~d m a memb1anc, and contam 111g a vesicle, or small 
sphencal bo<ly, ms1d~ which are one or more solid spots (sec Fig. 73). 'l'his ma 
b_e regarded as ~ P.erfect c~l l. ~Ior~ove~·, ~dl the sol id ti~sucs can be 8bown to cof-

:::i::::gt~):1i~f0:~~11.brr~~~;:s~1~1~~~~n~~l;~.1s true, in external form, but esscntia11y 

In th.e hi~he1: organi~ms.all.~uc~, cells may be defined as'' nucleated masses of 
protopla:"m of micr~~cop1c !'1ze. '.Ihe two e~sentials. therefore, of an animal cell 
m the higher orgam~ms are, the presence of a soft gelatinous granular material , 
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similar 10 that found in the ovum, and which is usually styled p1'otoplasm; and a 
small spherical bod~r imbedded in it, and termed a. nucleus; the remaining con
stituents of the O\'Um-viz. its limiting membrane and the solid spot contained in 
the nucleus, called the m.u.:leolus-are not considered essential to the cell. and in 
fact many cells exist without them. 

ProtoPlasm (sarcode, blastema, germinal matter, or bioplasm) is a proteid com
pound. It also contains certain inorganic substances, as phosphorus and calcium, 
which latter appears to be essential to its life and function. It is of a semi-fluid, 
vi~cid consistence, and appears, sometimes, either as a hYaline substance, homo
geneous and clear, or as a granular substance. consisti'ng of minute molecules 
imbed<le<l in a transparent matr ix. 'These molecules arc regarded by some as 
a.<.lrentitious ma.terial taken in from without, and often probably of a fatty nature, 
since they are frequently soluble in ether. In most cells, however, protoplasm 

~~1~~::st~a~~s0~:r~1::~~~1·~~1:u;1~1~·to:°~~~~~~~(f~.~1~;~1~;~~ust~·~~t~;~~~~i!~ t~~~·~~f~.~~t\~e~ 
a. homogeneous substance. Protoplasm is insoluble in water, coagu lates at 130° F., 
and has a great affinity for certain staining reagents, as logwood or carmine. 

The most striking cha.racteristics of protoplasm are its rita l properties of 
motion and nutrition. By motion is meant the power which protoplasm has of 
changing its shape and position by some internal power in itRelf, which enables it 
to thrust out from its main bod_,.,. an irregular proccBs, into which the whole of the 
protoplasmic substance is graduall,Y drawn, so that the mass comes to occupy a. 
new position. This, on account of its reBemblance to the mornments observed in 
the Amreba or Proteus animalcule, bas been termed "amccboid movement." 
Ciliary movement, or the ,-ibra.tion of hair-like proce::.ses from the surface of any 
structure, ma.y also be regarded as a mricty of the motion with which protoplasm 
is endowed. Nutrition is the power which protoplasm has of attracting to itself 
the materials of growth from surround ing matter. When any foreign particle 
comes in contact with the protoplasmic substance, it becomes incorporated in it 
by being enwrapped by one or mol'C processes projected from the pa.rent mass 
and enclosed by them. When thus taken up, it may remain in the substance of 
the protoplasm for some time without change, or may be assimilated by the 
protoplasm. 

rl1he Nucleus is a minute body, imbeddcd in the protoplasm, and usually of a 
spherical or ova.I form, its size having little relation to the size of the cell. It is 
usually surrounded by a well-defined wall, the nudear membrane, and its contents, 
known as the nuclear substance, are composed of a stroma or network and an inter
stitial substance, the rclati,,e amount of the two varying in different nuclei . 'l'he 
network appears to be continuous through the nuclear membrane with the proto
plasmic reticulum, from which it differs, howcrnr, in ba\'ing strung along it bands 
of a substance which stains readilv with certain dres, and is therefore named 
chromatin. The chromatin differs Chemically from Ordinary protoplasm in con
taininO' nuclcin, in its power of resisting the action of acids and alkalies, in ~ts 
imbiLi~l" more intensely the stain of carmine, brem:1toxylin, etc., and in its 
rema.ini~g unstained by Some reagents which color ordinary protoplasm; as, for 
example, nitrate of silver. 

The process of reproduction of cells commences in the nucleus_, and is usually 

~~s1~~~~1:t~~e~~i ( f a~~~~~~:&~~~o~':s b?c~:~t~b~~~. ~~·er .y11 <~i{~e;1~ ~z:r~·:::;~~1~~;~~~:i ~l~i:!{·f ~: 
epithelial tissue, connective tissue, muscular ti:.:sue, and nerve-tis~uc-and it is the 
typical method b_v "hich the <li1·ision of cells takes place, although .the 1n·oeess of 
reproduction of cells by clirect diYision occurs not infrequently, especially m highly 
specializcu cells. 

The procc!-<s of reprorluction by indirect division commences in the nucleus, the 
stroma of which undergoes complex changes, leading to the diYision of this body 
pre,· iou~ to the clcarnge of the protopla~m of the cell. The changes consist briefly 
of the following: (1) At the commencement of the process the nuclear network is 
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well 1h•n•lnp<.'1l. hut shows only ~light inilil'ations of' acti'"itr. (2) 'l'hl' t'hromatic 
fibrils, nfter tTarra11.u:i11µ thcmsch·es. bctomc tbil'ker. a1ui prnhahly tombinc in 
one loug filament, whit·h forms a loose con,·olntion. This is 1.:allcil the 11/omaulw~ 
or .~kri11 (Fig. H, n). ..\t th<.• :-amc time a numLcr of protoplasmic granult•s arra~1ge 
them:-eh<.·-; at two point.; in thr crll-pl'otopla:-m oppo~ilt' eal'h othl•r: these po.mts 
arc l'alled the pules, an<l the line midway between thew. aml bisecting at nght 
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angle-; a line connecting the two, is tailed the equatnr. The arrrrn•aatio f 
protoplasmic f!ra~ulc~ are termed the centroso111es, and they are ~~-ro~;n<le~s boy 
clear protoplasmic areas known as the arelwplasm sp!terc>J. (3) The <:hromadc 
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filament becomes arranged in more or less distinct loops converging toward 
the two poles, resembling somewhat in appearance a rosette or wreath (Fig. 6, c). 
From the po.Jes.to the loops, fine threads, not staining like the others (achromatic), 
arc seen bndg1ng across the space left between the filament and the cell
protoplasm. 'l'hese are known as the nuclear spindle. ( 4) 'l'he loops now 
become flattene<l so as to form a festooned ring or star at the equator 
of the nucleus. This is known as the single star, aster, monaster. 1rhe loops 
begi1:1 to break transversely at the equator (Fig. 6, n*), having sometimes 
previously broken at their polar ends. rl1 he nuclear spindle or a.chromatin is .-ery 
distinct, as well as a radi:.tting arrangement of protoplasmic granules toward the 
poles. It is at this stage, or sometimes after, that a longitudinal spl it ting of the 
£laments occurs, so that they become more numerous and more slender. (5) After 
breaking across at the equator, the chromatic filaments move toward the poles as if 
they were guided by the achromatic threads. 'rhese threads bridge across between 
the two receding stars, which are known as diaster or dauglite1· stars. The pro
toplasm, with its radiating granu les, begins to group itself around the two poles 
(Fig. 6, E). (6) 'l'he daughter stars ham now reached the poles; the broken ends 
become united, so that each daughter chromatic filament becomes a single festooned 
filament, forming a rosette or wreath, the daugliter rosettes or wreaths. rl1here 
is now distinct e''idence of cleavage in the protoplasm (Fig. 6, F). (7) By further 
irregular contraction the regular arrangement of the loops becomes lost, and the 
filament presents a conYoluted appearance, constituting the daughter 9l01neruli or 
skeins (Fig. 6, <:>) . 'l'he cleavage of the protoplasm is now complete except where 
the achromatic threads are found . (8) By further convolution and contraction 
the loops of the filament become fused together, and form again a network. 'l'he 
nuclear membrane which disappeared at the beginning of the karyokinesis is 
formed anew, and two daughter cells with nuclei are formed (Fig. 6, n). 'l'he 
remains of th~ achromatic threads bridge across the interccllular substance, but 
later usually disappear completely. 

In the reproduction of cells by direct di vision the process is brought about 
either by segmentation or by gemmation. In reproduction by segmentation or 
fission the nucleus first splits by becoming constricted in its centre, and thus 
assum ing an hour-glass shape. This leads to a cleavage or division of tLe whole 
protoplasmic mass of the cell; and thus we find that two new cells have been 
formed, consisting of the same substance as the original one, and each containing 
a nucleus. These daughter cel1s are of course at first smaller than the original 
mother cell; but they grow, and the process may be repeated in them, so that 
multiplication may rapidly take place. In reproduction by gennnation a budding
<>ff or separation of a portion of the nucleus and parent-cell takes place, and, 
becoming separated, forms a new organism. 

The cell-wall, which is not an essential constituent, and in fact is often absent, 
-consists of a flexible, trausparent1 structureless or finely striated membrane, which 
is permeable to fluids . As for as is known, every animal cell is derived from a 
pre-existing cell. 'l'he death of cells is accompl ished either by their mechanical 
detachment from the surface, preceded possibly by their bursting and discharg
ing their contents 1 or by ''arious forms of degeneration-fatty, pigmentary, or 
calcareous. 

EPITHELIUM. 

All the surfaces of the body-the external surface of the skin, the internal 
surface of the digestive, respiratory, and g~nilo-urinary tracts, the closed serous 
-0a,,ities, the inner coat of the vessels, and the ducts of all secreting and excreting 
glands-are covered by one or more layers of simple cells, called epithelium or 
epitlielial cells . 1rbesc cells are also present in the sensory and terminal parts of 
the organs of special sense, and in some other organs, as the pituitary and thyroid 
bodies. '..L1bey serve various purposes, forming in some cases a protecti\'C ]ayer, in 
others acting as an agent in secretion and cxcretion 1 and again lu others being 
concerned in the elaboration of the organs of special sense. Thus, in the skin, 
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tbt.• main purpose i:ienc<l b,\' the epithelium (here cnllc<l the rpiclamt1t) is tLat n~ 

!~:~\~:,~~~;.et~:, t~~i11~0,:~.~c:u~pi~~:t t~11~:t·~h~i'~ ::~~ :t~1~f~:~~ ~:: :·;;:i~~~c <~:ki~ 11~ 1~~eth~ 
H':-;scl::i. and nerves which it conrnins are defended from damage. In the gastro
intestinal mucous mcmbnrnc an<l in the glands the epithelial cells appear to be 
the principal agents in scparatinO' the secretion from the blood or from the aliment
ary flui<lii. In other situations (as the nose. fauccs, and rcspira.tory passage ) the 
chief office of the epithelial cells appears to be to maintain an ef1ua.ble tempera
ture by the moisture with which the,v keep the surface always slightly lubricated. 
In the serous cavities they also keep the opposed layers moist, and thus facilitate 
their movements on each other. Finall.v, in all internal parts they ensure a 
perfectly smooth surface. 

Of late years there bas been a tendency on the part of man,v histologists to 
divide these se,·erul epithelial linings into t\\'O classes: into (1) rpitltelial tissue 
proper, consisting of nucleated protoplasmic cells, which form cont inuous masses 
on the skin and mucous surfaces and the linings of the ducts and ah·eoli of 
secreting and excreting glan<ls; and (2) endothelium, which is composed of a single 
layer of flattened trarnsparent squamous ceJls. joined edge to edge in such a man
ner as to form a membrane of cells. This is found on the free surfaces of the 
serous membranes, as the lining membrane of the heart, blood-vessels, and lym
phatics; on the surface of the brain and spinal cord, an<l in the anterior chamber 
of the eye. And, though the separation must be an artificial one, si nce every 
gradat ion of transition between the two classes may be observed, it would seem 
a<.hisable for the purpo~c of description to employ it. 

1. True epithelial tissue consists of one or more layers of cell ~. united together 

by an interstitial cc>rncnt-substauce. supported on a basemC'nt-mcmbranc. and is 
na.~ura! ly grouped into two classes, acco1:ding as ~her7 is a single la.yer of cells (simple 
ep1the/111m) or more than one (stratified ep1thelmm). 'l'he ,·arious kinds of 
epithelium, whether arranged in a single layer or in more than one layer are 
usually spoken of as Slptamous or pa,·cment1 columnar, spheroidal oi· 0'13.na'ular 
an<l ciliated. 0 

' 

rrhe pavement epithelium (Fig. 7) is compmied of flat nuclcate<l scales of rnri
ous Rhapes, usuall.v polygonal, and nu,ving in size. 'l'bese cel ls fit toO"ether by 
their edges, li~e the til~s. of a ~~saic pa\·c.ment. 'l'he nuclcu~ is gcn~·ally fiat
tcne<l. ,~ut ma.\ be sphe101dal. Ihe r.attemn~ depc1~ds upon the thinnr~~ of the 
cell. Th~ pro.toplasm of the cell presents a fine reticulum or honcy«omhcd net
work, which gn·es to the cell the appearance of ~ranulation. 11bii;.; kincl of ·
the.lium is fot~nd on th~ .su~·face ~\ the ~~in (cpide.rmi!-i) and on mucous surf:~~s 
;,~·~,\~';.~e~~.b~~c:~rs tii~dc~~o~pithle~ieu~ails, tbc hairs, and (in animals) the horns 

A rnriety of squamous epithelium which is found in the deeper layers of 
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stratified parnment-epithelium has been termed prickle cells. 1'hese cells possess 
short fine fibrils which pass from their margins to those of neighboring cells, serv
ing to connect them together. They were first probably noticed by )Jax Schultze 
and Yirchow, and it was believed that by them the cells were dovetailed together. 
S~bsequently this was shown not to be so by Bizzozero, who pointed out that the 
pnckles were attached to each other b)' their apiccs and formed minute bridges 
across spaces occurrmg between the cells of the epithelium. 

The columnar or cylindi·ical epithelium (Fig. 8) is formed of cylindrical or 
rod-shaped cells, each containing a nucleus, and set together so as to form a com-

plete membrane. The cells ha\·e a prismatic figure, more or lcs.s flattened from 
mutual pressure, and are set upright on the surface on which they are supported. 
Their protoplasm is always more or less longitudinally striated, and they contain 
a nucleus which is oval in shape and contains an intranuclear network . 

'l'his form of epithelium covers the mucous membrane of nearly the whole 
gastro-intestinal tract and the glands of that part, the greater part of the urethra, 
the vas deferens, the prostate, Cowper's glands, Bartholini's glands, and a portion 
of the uterine mucous membrane. 

Goblet- or cltaliae-cells are a modification of the columnar eell. 'l'hey appear 
to be formed by an al terJ.tion in shape of the columnar epithel ium (ciliated or 
otherwise) consequent on the secretion into the interior of the cell of mucin, the 
chief organic constituent of mucus, which distends the upper part of the ce1l, 
while the nucleus is pressed down toward its deep part, until the cell bursts and 
the mucus is discharged on to the surface of the mucous membrane, as shown in 
Fig. 9 . 

The spheroidal or glandular epithelium (Fig. 10) is composed of circular or 
polyhedral cells. Like other forms of epithelial cells, the protoplasm is a fine 

reticulum
1 

which gives to the cell the appearance of granula.tion. 'rbe:v are founcl 
in the terminal recesses of secreting glands. and the protoplasm of the cells 
usuallv contains the materials which the c:cl15' !'ecrctc. 

Ciliatecl epithelium (Fig. 11) may be of any of the preceding fonns, but usually 
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incliiu.• . ..; to thr columnar slrn.pC'. It is cli~tinguishrd hy the present~ of mi~rnte 
ll'tll'l"""L'" "Jiich nn• ilirrct prolongntions of the L'l'll·protoplnsm standrn~ up fr_om 

ltu.• frt:e :urfacc like hairs or c\·cla:-'be8 (cilia). lf the .c·ell'i .an•. ex:u11incd durrng 
life or in1111L•diately on remo,·ai from the Jj,·ing bo<ly (f<~r '' hich ID tb~ h)u 1i:i~rn su?i 
·ect thL• n,1110,.;tl ·0r a na~al poJ,,·pus offc1:s a co1w~n11.·nt opp<~r~u1~1.t.'~ .. in tepH 

;rntc•r. the tilia ,rjlJ be f:.cen in )ashing motion; awl if the ct·~ls .ne sc1M1ate, they 
"ill often he seen to be mon~d about in the fie ld. by. that ~notion. . . 

'l'lw :-.itualionR in which ciliated epithelium JR found 111 the human l~od.v ;1~ · 
tlw rc: .... pir:uon tract from tbc no~c downward (except on•r th(' lower porti?n o t e 
pharynx :.rn<l tbc ~urface nf the ''Ocal cords) the tympanum and .Eust~ch1an .tube, 
the f\illopian tub<' and upper portion of the uterus. the Ynsa eflerent1~, coni vas
culosi, and fi r st part of the cxcrct.or,v duct of the testic le, and the ventricles of the 

brai~~r;~~;~z~ 1:~~~~:1~:~l ~~~ts~:t: 1:1;·~~~~:::~i layers of cells superimposed one on the 

top of the other and varying great ly in shape. r}~~~ ~~~ls 1~~;~1Cp~~~p~~~uli~·~~~· a~·: 
form. and as a rnle form :.1 sin
gle layer, placed vertically on 
the supporti ng membrane; above 
these arc se,·cral layers of sphe
roidal cells, which as the,v ap
proach the surface become more 
and more compressed, until the 
superficial laye rs are found to 
consist of flattened scales1 the 
margins of which ornrla.p one 
another, so as to present an im
bricated appearance. Another 
form of strntified epithelium is 
found in what has been termed 
transitional epi1helium, such as 
exiRts in the ureters and urinary 
blaclcler. Here the cells of the 
most superficia l layer are cubical, 
with dcprc:.:.Rions on their under 

tff.~~!f'f~?;.~t:~f:;~[.f~W.{~;;~~~J1~t~•{$tf:~f;:~~:~§ ~~:;~~,~~;\' c;~:;~c::r ~l:e ~~ll st~f :~: 
the P11yriologir..1: /Atx1ra1ory, Klein.) second layer, which arc pear-

shaped, the apiccs touching the 
ba1'ement-mcmbranc. Between their tapering points is a third variety of cells, 
filling in the intenals between them, an<l of smaller size than those of the other 
two larers. 

2. 'Endothelium.-As before stated, endothelial cells arc flattened, transparent, 
s(1uamous cellR, attached by their margjns by a Bern i-flu id homogeneous cemcnt
snbstance, so as to form a conti~uous endothelial membrane. rl111ough for the most 
part the.:-;e cells arc i.;quamous, m some places cells may be found, either isolated 
or occurring in patches. which are polyhedral or e,·cn columnar. These latter 
cells arc frequently to b.e foun<l lining the stom.afa of ~c rous. membranes (Fig. 12). 
As a .rule, the cn~lothclial cell s. a.re polygonal 111 outl1nc1 ~\'Ith i;; inuous or jagged 
marg111s, and arc 111 <:lose appositwn, the amount of cohe~ 1 vc matter uniting them 
being t'O ~light as 1.1ot to be apparent. The.ir protoplasmi~ subRtance appears to be 
granular, but const!-its of fibnlltc arranged rn a network 111 which the nucleus is 
containc<l. limited by a membrane and Laving a. well·dc,'clopcd reticulum. 

CONNECTIVE TISSUES. 

By !he term conne.ctive tissue we mean a. number of ti~R~1e~ which possess this 
feature Ill common-nz. that they serve the general purpose rn the animal econom~' 
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of supporting and connecting the tissues of the frame. These tissues may differ 
considerably from each other in external appearance, but thev present neverthe
less many points of rehLtionsbip with each other, and are ffioreover developed 
from the same cmbryonal elements. They are di\·ided into three great groups: 
(1) the fibrous connecti1·e tissues, (2) cartilage. and (3) bone. 

The _Fibr~us Connective Tissues.-Three principal forms or varieties of fibrous 
c?nnect1Ye tissue ar~ recognized: (1) White fibrous fo:sue; (2) Yellow elastic 
~issue; (3) Areolar tissue. They are all composed of a matrix in which ce1ls are 
nnbedded, and between the cells are fibres of two kinds, the white and yellow or 
elastic. rl'he difference between the three forms of tissue depends on the relative 
proportion o_f the two kinds of fibre, in the first rnriety enumerated the white fibre 
preponderatmg; . Ill the second variety the yellow elastie fibres being greatly in 
excess of the white; and the third form, areolar tissue, the two being blended in 
much more equal proportions. 

'11he white ~brous tissue (Fig. 13) is a true connecting structure, and serves 
three purposes m t~e animal economy. It sen·es to bind bones together in the 
form of ligaments, 1t sen·es to 
connect muscles to bones or 
other structures in the form of 
tendons, and it forms an im·est
ing or protecting structure to 
various organs in the form of 
membranes. Examples of 
where it senes this latter office 
are to be found in the muscular 
fascire or sheaths, the perios
teum, an<l perichonclrium; the 
investments of the various 
glands, (such as the tun ica Fw.13.-Wllltefibroustissue Higbpower. 

albuginea testis, the capsule of 
the kidney, etc.), the investing sheath of the nen·es (epineurium), and of various 
organs, as the penis and the eye (sheath of the corpora caYernosa and corpus 
spougiosum, and of the sclerotic). But in all these parts the studcn~ must bear in 
mind that the elastic tissue enters in greater or less proportion. It presents to 
the naked eye the appearance of sih·ery-wbite glistening fibl'es, CO\'ered over with 
a quantity of Joose, fioccu~ent tissue which binds the fibres together and carries 
the blood-vessels. It is not possessed of any elasticity, and only the very 
slightest extensibility; it is exceedingly strong, so that upon the application of 
any external dolence the bone with which it is connected will fracture before the 
fibrous tissue will give way. When examined under the microscope it is found to 
consist of w::wing bands or bundles of minute, transparent, homogeneous filaments 
or fibrill,e, held together by an albuminous semi-fluid cement-substance (Fig. H). 
In liuamcnts and ten<lons these bundles run parallel with each other; in 1nem
bran~s they intersect one another in different places. 'l'be bundles baYe a. 
tendency to split up longitudinally or send off slips to join other bundles and 
receive others in return. The ceJls occurring in white fibrous tissue are often 
called "tcnclCJn cells." 'Phey are situated on the surface of groups of bundles 
and arc quadrangular in sh.i.pe, arranged in rows in single file, each cell being 
separated from its neighbors by a narrow line of ccment-substan~e: . 'fi1e nucleus 
is general ly situated at one end of the cell 1 the nuclcusof 1he adJOllHngceJI being 
in close proximity to it (Fig. 15). Upon the addition of acetic acid to white 
fibrous ti~sue it Swells up into a glassy-looking, in~listinguis.hable mass. When 
boiled in water it is conrnrted almost completely mto gelatrn. 

Yellow Elastic Tissue.-In certain parts of the bod)· a tissue is found which 
when viewed in mass is of a yellowish color, and is possessed of g~·eat elasticity. so 
that it is capable of considerable extension, and when the extend mg force is with
drawn retums at once to its original condition. 'J1his is yellow elastic tissue, in 
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"hi<.'h rhl' da!-itit' fihn•s great ly prcpond~rate: to th~ _a lm_o~t con~ pl <'le cxcl u~ i on of 
tlu.• white fihrou!o; t.•h•mt.•nt. I t i~ foucd in th1~ cond1t1on m thC' h~amenta l'uhf:la,a. 
in the meal cnr1l:-;, in rhe longitudinal cont of the trach~·a and l>ron<.'hi. in the 
inner coat~ of tht.• hlornl-,·c:-;tiels, especially the larger artenes. :rnd to a YCr,Y con-

1''1r;. 11-('onnc<'li'c ti,,uc. (Klein and 
Noblc:-imlth.) rt. ThC\\hitclibrousclemcnt-

~),~:~~~f~~~ii~~f{:\:fii~\~ff~!~l~i~~:*i~~·~~ii~~ 

sidemble extent in the tbyro-byoid, crico-thyroid, and stylo-hyoid ligaments. It 
is al~o fou111l in the ligamcntum nuchre of the lower animals. "~hen \' i e,~·ed 
under the microscope (Fig. 11:.i ) it is seen to consist of an np:grcgation of curlmg 
fibres, with a. well-defined outline. rrh cy are com;idcrably lal'ge r in s ize than the 
fibrill:c of the white fibrous clement, and \'a.ry much, being frnm tb e nm to the 
fo\rit of' an in ch in diameter. The fibrc:s form bold ancl wide cur\'eS, branch and 
freely ana~tomosc with each other. They are Lorn ogcne<HI H. in appeurnncc, and 
h;ne a rernlency to cu rl up. e:-i.peciaJl y at their broken end :... In some parts, where 
rhc fibreR arc bro:ul :rnd larµ:e and the network clrn;e , the tiR!-IUC presen ts the 
appearance of tl membrane, with gaps or perfora.tinns co1TeHpond in g to the inte r
Ycning space. This ii:i. to be found in the inner coat of the arteries, and to it the 
name of .fi:nestralt•d nu'mlirane bas been g;,·en by I l en le. 'J'h e yellow elas ti c fibres 
remain unaltered bv acet ic acid. 

Areolar tissue 'is HO call ed because its meRhes a rc C'<t Hi ly disten<lc1l, and thus 
~eparatcd into arcol~ or Rpaces , which a ll open freely into each other. and are 
consc11ucn tly eas ily blown up with air, or permeated by fiuid wlwn inj ected into 
any part of the tii-sue. Such spaces, bowe,·er, tlo not ex ist in the natural con
dition of the body . but the whole tissue form~ one unbroken membrane com
po.-;ed of a. numbCr of interlacing ?bres, rnriou:<.ly supcri mpoRccl. J l ence th e 
term "'the cellular membrane" is Ill many parts o f th e body more appropriate 
than its more mo<lcrn cqui\•alent. Th e chief use of the areolar ti~sue is to bind 
parts together, while by the laxity of its fi bres and t he JH:1·mcabi \itv of its arcol~ 
it allows t h c~1 to mo~·c on ea~h other: an(l afford:-; a r c~<l,Y exit fo1: inftammatory 
and other cAuscd Hu1ds. It 1s one of th<.· most cxtcn~ l\·c l y ili :;;tributed of all the 
ti~~ucs in the Uotly. I t is found beneath t lJ c skin in a continuous lan·r all over 
the bo1ly, connecting it to the subjacent parts. Tn the i-amc way ii: is situated 
Uencath the mucou!; and serous membrane.-;. It is al~o foun<l be.tween muscles 
n•.-;~cl:s . an1l ncrn:.-;. fo rming iin·esting sheaths for them, a111l conncctin rr the~ 
with :-<urroun<ling :.tructures. In afhlition to this, it i:. found in the inte~·ior of' 
organ ... bin<ling together the nirious lobe!; an<l lobulc:. of the compound g lan<ls, 
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the various coats of the hollow viscera, and the fibres of muscles. etc .. and thus 
forms one of the most important connecting media of the various structures or 

FIG. 16.-Yellow elastic tissue. High power. 

organs of which the body is made up. In many parts the areolro or interspaces 
of areolar tissue are occupied by fat-cells, constituting adl}Jose tif!sue, which will 
presently be describer!. 

Areolar tissue presents to the naked eye a flocculent appearance, somewhat 
like spun silk. When stretched out, it is seen to consist of delicate soft elastic 
threads interlacing with each other in 
every direction and fol'ming a network " 
of extreme delicacy. When examined ~-r. 
under the microscope it is found to be . . S;kn' ' }V 
composed of white fibres and elastic 
fibres intcrcrossing in all directions, 
and united together by a homogeneous 

~~~~:~1:1 ~':. ~';~:~c~-:~: ~~t~~~e~o~~i~l~~~ 
pi·otoplasm out of which the whole is 
de\'elopcd and regenerated. Fm. 17.-Conncrtlve-ti~suc corpuscles. (Klein and 

These cell-spaces may be brought ~ti~1;t~~i~~i}th'::·~~jf1~~~~rbri~!~1{1~~i~:if!~s~aecgc~,~it~·~1~ 
into view by treating the tissue with oblong nucleus. 

nitrate of silver1 and exposing it to 
the light. 'J'his will color the fibres and ground-substance, leaving the cell-spaces 
unstained . 

The cells of areolar tissue (Fig. 17) arn of two kinds: l, flattened transparent 
cells. with an oblong nucleus and more or less branched, am~ oft~n united toget~er 
by thin-branched processes; and 2, granular cells, some of which are of the size 
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of\\ hite hloml-corpu~rle~. an1l like thl'm po:-;sc~~c<i of' alll<l'IH1id mon•mcnts: o~hcr5 

~;:,'.·,:'..~ 1 ::;~;.~.~;~.~;i~~~:~£;f£:~a~Y0:
1

:1~r:~:i~!;'~'.~~~'.;'~i:':~·,~~'c;;~,;:,~~~~~~1i.~r~l~;;:~ 
ther form a sort of linin" for it. In other sit uations where ihc ti~~ue fol'ms a. 
me;uhr:rnous Ja,·cr, the fl~ttened cells. here unbranchc1l 1 form an epithelial-like 
curnring to its Surface. . . 

Vessels and Nerves of Connective Tissue.-Thc bloocl-vosels of connective tissue 
are ver)· few-that is to say, there are few actually destined for the tissue its?lf, 
although man.v vesi;els may perme~te one of it~ forms, the areolar tissue, carrying 
blood to other structures. In white fibrous tissue the bloocl-,,essels usually ruu 
parallel to the longitud inal bundles and between them. sending tn111sYerse com
municating bra.nches across, and in some forms, as the periosteum and dura. mater, 

~:~~~~e~t~i~i~' fi~~~~~:~~-do ~~t t;:n~.t~·~~;\t7~:.tic l.~1~1~~,~~·~ ,:~~~f ~~~~~~,1:r):I~~~~\~~ 
ous in most forms of connective tissue, e~pecia11.v in the a.rcolar tiss ue beneath th e 
skin and the mucous and the serous surfaces. 1l1hey arc a lso found in abundance 
in the sheaths of tendons, as well as in the tendo;1s th ernseh·es. Nerves are to 
be found in the white fibrous tissue, where they tel'minate in a special manner; 
but it is doubtful whether an,· nerves terminate in arcola.r t issue; at all events, 
the_v ha,·e not yet been demOustrated, and the tir-;5a1e is possessed of ,·cry li ttle 
sensibility. 

DevelOpment of Connective Tissue.-Fi brous connccti,•e fo:.sue is de,·eloped from 
embryonic connective-tissue cells derirncl from the mcsoblast. At an eariy period 
of de,·elopment it consists of nucleated cells anU a. muco-albuminous fluid, wh ich 
subsequently becomes a pellucid jelly and forms the ground-substance. In this 
ground-snb~tance the two rnrieties of fibres become developed. As to the manner 
in which they do so there are two theories, some bclieYing that they a re de ,·eloped 
from the protoplasm of the cells, others that thc_y arc formed by a deposit in the 
ground-substance. In the former case the protoplasm of the cells is con verted 
wholly into elementary fi bres, t he nucleus clisappea.ring; or else the peripheral 
pa1:t of ~h~ pro~opla~m produces th~ fibrous tissue, the .origi nal cell g rowing again 
to its or1gmal size, and then tbrowmg off a fresh portion to form a new cell , and 
itself pcrsistinp; in contact with the fibres it bas formed a$ a permanent conn ectiYe
tissue corpuscle. 

Three special forms of connective tissue must be described: the mucoid, the 
lymphoid or retiform, arn l basement-membranes. 

r 1. Th~ mu~oid or gelatinous connecti,·c !i.$sue cxi:.;ts chi.efly in the ''jell ;· of 
" harton, which forms the bulk of the umb1l1cal cord. but 1s also found in some 
other situations in the fcetus , a~ in ~he p~dp of . .voung t.ceth. an1l in certain stages 
of the de,·elopment of connectn·e tissue m ,·anous regwns. In the adult the vit
reous humor of the eye is formed of the same material. 'J1bis tifl..:me consists of 
nucleated cells, which branch and become con nected so as to form trabeculre 
which tra,·crse.a jell~·~like ground sub.s~ance, containing the chemical principle of 
mu?us. or !11ucw, and 111 smaller quant1t1es a lbum en, but no gelatin. 8ometimes, 
as m the vitreous humor of the eye, the cells almost completely disappear and the 
jelly only remains. 

:2. Ret~orm . conncc~i ve tissue (Fig. 18) is found extens ively in many parts of 
t~e body, formmg the framework of s~me organfl. an<l entering in to the const ruc
tion of many mucous membranes. It is formed of an interlacement or network of 
rcry fine fibres. which closely resemble white fibrous tii-;sue, and in certain situ
ations may be demonstrated to be continuvus with it. In their behavior to certain 
reaµ:ents. however, they differ from the or<linar,v white fibres, an<l have conse
quently been hel<l to be a third form of connective-fosuc fibres. In many places 

~~~!~:~~~!1~c!I: ~~>~~:1~a~~:n a~50~1r°~h:e~i;::~~ !~e~efi~,:·~~::J(~fa~·t~<~~~o~tn~~a~~~n~~1~:~ 
and ana::itomosing cells. 'This, howm•cr, is not so, as th e cells can be removed 0~ 
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brushed away, leaving the fibres intact. In many situations the interstices of the 
fibres are filled with rounded granular corpuscles, and the tissue is then termed 
lym?hoid or ~denoid tissue. The neuro,qlia, 
or fine gelatinous connecti \'C tissue which 
supports the nervous elements in the 
cerebro-spina l axis and in the retina bas 
been regarded as a modified form of the 
retiform connecti,·e tis!'ue. It is now 
known, however, to consist of cells which 
send otf very numerous fine processes, and 
deYelop from the epiblast, certain of the 
cells forming tbe wall of the medullary 
canal., becoming neuroglia cells, while the 
remamclcr become nervc-ce1ls. 

3. Basement-membranes, formerly de
scribed as homogeneous membranes, are 

· really a form of connective tissue. 1'hey 
-constitute the supporting membrane, or 
mcmbrana. propria, supporting the cpitbe- Fm. l8.-Retiform connectiYe tissue, from a 

~t::~ d;,f a 1~1:tf~~~ h~~:~~ ~:~~~ ~!s.0 r ~~-c~e;!:~ :~)r~~~Fr~~~1:::~ ro~~}(~f gr-r1~~!!~~~17~s~~~~ 
of staining with nitrate of sih-er they may 
be shown to consi~t of flattened cells in close apposition, and form therefore an 
example of an epithe1ioid arrangement of connecti\·e-tissue cells. In some situ
ations the cell:;, inst("ad of adhering by their edges, give off branching processes, 
which join "ith Rimilar processes of other cells, and so form a network rather 
than a continuous membrane. 

Adipose Tissue.-In almost all parts of the body the ordinary areolar tissue 
contains a variable quantity of adipose or fatty tissue. The principal situations 
where it i~ not found are the subcutaneous tissue of tlte cycli<ls, the penis and · 
scrotum , the nympbm, within the ca,·ity of the crnnium, an<l in the lungs, 
except near the roots. Ne,·ertbeless, its distri!Jutiou is not uniform, in some parts 
being collected in great abundance, as in the subcutaneous tissue, especially of the 
abdomen; a.round the kidneys; on the surfoce of the heart between the furrows; 
and in some other situations. Lastly, fat enters largely into tbe formation of the 

Fm. l!l.-Adiposc tissue. Uigb power a. Starlike appearance, from crystallization of fatty acids. 

marrow of bones. A distinction must, howe\'Ct', be made between fat and 
a.di pose tis:ue; the latter being a distinct tissue, the former an oily matter. which 
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iu :ulilition tn it:-; Ol't'l11Tl'll('(' in a(lipn."C' tissm~ iJo' a l ~o widc.'1.Y prC'sC'nt in the body, 
as iu the fat of thC' hrain and liH•r anti in the blood :uul th\' ll'. t:tc . 

. FaH:t.•lls (Fi~. UI) consi~t of a number of vc~irlcs. \'arylng in size, bnt of ~bout 
the av<.•ra•re diameter of -:'i"lff of an inch. 'l'IH:',Y arc formed of an cx.ccedm~ly 
deli('ate }J~Jtoplasmit' mcmlmrne, filled with fatty matter, whicb is liqmd during 
lift'. hut hcconH.'i'l .solidified after death. 'l'h ey arc rnund or ~phcrical where they 

ham not been ~ubjected to pressure; 
otherwise they a~sume a mo1:e or less 
angular outline. A nucleus IS always 
present. and can be eas ily demo1~str~t
cd bv f.l taining with hrematoxyl m j Ill 

the i1:1tur:tl condition it is so com
pressed by the contained oi ly matter 
as to be scarcely recognizable. These 
fat-cells arc contained in clusters in 
the areolm of fin e connective tissue, 
and arc held together mainl)· by a 
network of capillary blood-\·essels, 
"hicb are distributed to them. 

:Fat is an inorganize<l substance, 
consisti ng of a liquid material (gly-

~~1:~1:!1~~~~:~~~~1t::::'f\J!{{ri~i~!1~:1i1:1£-~~0!~r1::f~~ ~'~~;;) a~1~ds~01~1::::~~~:onp~i'1i:~tic~er~~~ 
plt·tdr hollowl'd out, there tx:ing ~till left in them proto· oleic. Sometimes the acids separate 
~1,~~~~~~~u: ... ~:~c1ea~~d ~~1Y ... ~~>~1~~-;u,~hi~hceRr~0~~~~11~Y!: spontaneously before the fat is exam
~~~~~~:~~~,~~-~\,h:~i~c~~~1~~~l than other~. Rnd appear ined, and a rc seen under the micro-

scope in a crystalline form, as in Fig. 
19. a. By boiling the tissue in ether or strong alcohol the fat may be extracted 
from tho 'esicle, which is then seen em pty and sh runk en. 

Fat i8 said to be first detected in the human crnbrvo a.bout the fourteenth 
week. ' l1hc fat-cells are formed by the transformation Or the protoplasm ic con
n cctin~-t i ss u c corpuscles, into which small g lobules of fat find thei r way, and 
in cn·a~c until they distend the corpuscle into the tliin mantle of protoplasm which 
forms the cell-wall, an<l in which its nucl eus is sti ll to be seen (Fig. 20). 

PIGMENT. 

In nirious parts of the body pi'gment is found; most frequ ently in epithelial 
cell~ arHl in the cells of connective tissue. Pi~mented epith elial cells are found 
fonuing the external layer of the retina (Fig. 21) and on the posterior surface of 

rhc iris. Pigment is also found in the epi thelial cells of the 
1leeper layers of the cuticle in some parts of the bod.'"- such as 

t!t!8 the areola of the nipple and in colored patches of skin. and Ol-ft eRpcciallv in the skin of the colored races. and a lso in hair. It 
9itift: i~ . al;;;o found in the cp i tl~elial cell;; of Lhe olfactory region and 

F1~u2s1~~~~i1~~nt· of tl1: t1~=1~~~~~~~~~,e~~~;~~~lt!~1fsf p~~~n:~~·· is frequently met with 
in the lower vertebrates. In man it is found in the choroid coat 

of the eye, and in the iris of all but the light-blue eyes an<l the albino. It is 
also occasionally met with in the cells of ret iform tissue and in the pia mater of 
the upper part of the spinal cord: 'l1hesc cells al'e characterized by their larger 
si,,e an<l branched processes, which. as well as the bo<ly of the cells, are fill ed 
with g~·anules. 'l'he pi~mcnt consis.ts .of 41ark-brown or black granules of very 
small :"me. closely packed ~ogetber w1tbm the cells, ~ut not invading the nucleus. 
Occa~1onally the pigment 1s yellow1 and when occurrmO' in the cells of the cuticle 
constitutes '·freckles." 

0 
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CARTILAGE. 

Cartilage is a non-rnscular structure which is found in nuious parts of the 

body-in adult life chiefly in the joints, in the parietes of the thorax, and in 

rnrious tubes, such as the air-passages) nostrils, an<l ears, which arc to be kept 

permanently open. [n the fcetus at an early period the greater part of the skele

ton is cartilaginous. As this cartilage is afterward replaced by bone, it is called 

~e;n~~~~a~~~l i::.l~~:.io;~<l~;~~:~Jt~1~~-n~~1~:,~:. which remains unossifie<l during the whole 

Cartilage is divided, according to its minute structure, into trne or byaline 

cart.ilage, fibrous or fibro-cartilage, and yellow or elastic or reticular cartilage. 

Besides these rnrietics met with in the adult human subject, there is a. variety 

called cellulrtl' cai·tila.r;e, which consists entirely, or almost entirely, of cells, united 

in some. cases by a network of very fine fibre!!, in other cases apparently destitute 

of any mtercellular substance. rrhis is found in the external ear of rats, mice, 

and some other animals, and is present in the chorda dorsalis of the human 

embryo, but is not found in any other human structure. The various cartilages 

in the bod.r are also classified, according to their function and position, into 

articular, interarticula.r, costal, and membraniform. 
Hyaline cartilage, which may be taken as the type of this tissue, consists of a. 

gristly mass of a firm con:;istence, but of considerable elasticity and of a pcarly

bluish color. Except where it coats the articular en<ls of bones, it is em·elopcd 

in a. fibrous membrane, the 1,erielwndriwn, from the ,·essels of which it imbibes 

its nutritive fluids, being itself destitute of blood-Yes~els: nor ba,·e an.'· nerves 

been traced into it. Its intimate 
structure i~ very simple. If a thin 
slice is examined under the micro- "" 
scope, it will be found to consist of 
cells of a rounded or bluntly angular 
form, lying in groups of two or more 
in a granular or alm()st homogeneous 
matrix (Fig. 22). The cells, when 
arranged in groups of two or more 
have generally a straight outline 
where they are in contact with each l11gi'l~\1~~~~~~dn~.£ s~~J!lngc--ccll!<, from the cricold cnrti· 

other, and in the rest of their cir-
cumference are rounded. The cell-contents consist of clear translucent proto

pb:-;m containing minute granu les, and imbcdcle.ci in this ~re one or two nucl.ei, 

ha\'in<r usuallv a O'ranular appearance, but occaS1onally be111g c:lear and occupied 

by on~ or mo;·e u~cleoli. '.rhe cells arc imbedded in cavities in the matrix, called 

f';trtilage lacunce, which arc lined bv a distinct transparent membrane called 

the capsule. Each lacuna is generally occupied by a. s!ng1e cell,. but during the 

division of the cc11s it may contain two, four, 01' eight cartilage-cells. By 

boiling the cartilage for some hours and t.reating it with concentra.ted mineral 

acid , the capsule may be freed from the matrix, and can thc1~ be :lemon~tra~e<l as a 

distinct vesicle containina the cells. B,· expm:;.ure to the action of an elettnc shock 

the cell a::;sumes a jagged outline a1i<l shrinks away from the interior of the 

capsule. . 
'The matrix is transparent and apparently without structure, or cls.e presents 

a dimly granular appearance, like ground glas~. Some ob~ener:; ha_ve shown 

that the matrix of hyaline cartilage, a1~d espec1al.ly .the ~1~t1cular v~mety, after 

prolonged maceration, can be broken up mto fi.nc fibrils. lhese fi?r1ls .arc pro~
ably of the same natur~, chc1~ica1l.Y, as the wh1~e ~brcs of connective tissue. It 

is beliernd by some h1stolog1sts that the ~rntnx is permea.tc<l by a number of 

fine channels, which connect the lacunm with each. other, and that these cana~s 
communicate with the lymphatics of the pcrichondrium, and thus the structure 1s 

permeated with a current of nutritious fluid. 
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'l'hr articul_ar cartilages. the temporary cartilaµl's, and the> cnstlll l'ttrtila~c:-- are 
all nf 1he liyal1m' rnricty. They prc~cnt minute diffcr<:'nN's in the ~1zc and ~hape 
of their ('l'll:-; arnl in the arrangement of their matrix. r11 the articular cartilages, 
whi('h :-<}11rn no tcnclcncy to n~:-:.ificatjon, the matrix is fin<'l.Y granular under a hi~h 
power; till' l'l'll" and nuclei are small and arc dispn!->ed parallel to the ::;urface Ill 
the superficial part, while nearer to the bone they become Yertital. Articular 

~l~~~::;;.~;/t~'·cth~~ it:~~~~~t~y s~~·u~1:~.\~c i~r ~LI~:.~~t~~~e~~rcoct~l~~ l~:~~:~~~~J~~Gl:r~~~; 
the matrix. In disease this tendency to a fibrous splitting bccome8 rnry manifest. 
Articular cartilage is not corerecl by perichonclrium, at least on its free surface, 
where it is exposed to friction, though a layer of connectirn tissue can be traced 
in the adult over a small pa.rt of its circumference continuous with that of the 
synovial membrane, and here the cartilage-cells are more or Jess branched and 
pa!'u:; in~cn,;ihly into the branched connective-tissue corpuscles of the synovial 
membrane. 

Articular cartilage forms a thin incrustation upon the joint-surfaces of the 
bones, and its elasticity ena.bles it to break the force of any concus~ion, whilst its 
smoothne~-; affords case and freedom of mo,·cmcnt. It Yaries in thickness accord
ing to the ~hape of the bone on which it lies; where this is convex the cartilage 
is thicke~t at the cenne, where the greatest pressure i~ received; and the re,·erse 
is the ca~c on the concave surfaces of the bones. Articular cartilage appears to 
imhibc its nutriment partly from the n~sse1s of the neighboring S_YTIOYial mem
br:me, partly from tho!-'e of the bone upon which it is implanted . Mr. Toynbee 
ha~ :-.hown that th~ minute Yes~els of the r:.rncellous ti~sue as they approach the 
arra:ular lanll'lla dilate and form arches, and then retum into the substance of the 
bonl'. 

te111f ~~1~~~C' ~~s~~~r~1~1~~~~7:ti~~~ e~~)~~i~~;~ i~u~~I~: :~~~ (i~1i·~~·23).d ~f,~c:a~~;~tN~~e~ 
arc a]so ,·cry prone to ossify. In the 
thickest parts of the co!'l.tal cartilages a 
few large ''asctilar channels mav be 
cletect~d. rrhis appears at first sight an 
~xceptwn to the stat~mcnt that cartilage 
1s a. non-rnscular t1f.lguc, but is not so 
l'ca11y, for the ve!'sels gi,·e no branches to 
the cartilagc-snhf-ltance itself, and the 
~hanne~s may rather be looked upon as 
nn·olut10ns of the pericbondrium. The 
ensiform cartilage may be regarded as 
one. of the costal cartilages, and the 
cartilages of the nose an<l of the lan-nx 
?nd trachea. resemble them in microsCop-
1cal characters, except the epiofottis and 
cornicular laryngis, which a~e of the 

~~1:i~~~[:~~,tJ~~~~~~f~~~m~:~I~,il;?jg rcti~:~:r 1:;~il~~~- cartilages, cspeciallv io 
111gb pcn1er adul_t an1l ach:ance1l life, are prone to 

. . cal~1fy-tLat 1s to say, to ba.,·e their 
~~atnx permeated b.~· th~ salts of lime without an~· appearance of true bone. 
lhe pro~ci-:s of calc~flcat1on occurs also and still more frequently, accordincr to 

!~l~~~~~i~~ ~~~~1 t~-~11:\~'~~:~ as those of the trachea, which are prone afterward to 

. Whi_te fibr_o·carti_lage consists. of a 1~ixture of white fibrous tissue and cartila _ 
rnous. m.:-:.u~ 1.n. ".anous proportions; t~ is to ~he first of the!:ie two constituen~s 
th.at its flex1.h1lit) and toughn~~s are chiefly ow1ng. ancl to the latter its elasticitv 
'\\ b~n ex_a.1~me<l undC'r _the microscope it is_ found to he made up of fibrous co~~ 
nect1ve t1~:--uc arranged m bundles, wtth carttlage-cclls between the bundles; thest7 
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tu .a certain extent resemble tendon-cells, but may be distinguished from thc:n by 
?;mg surrounded by an in~·esting capsule and by their being Jess flattened (Fig. 24). 
lhe fibro-carulages admit of 
arrangement into four groups 
-interarticular, connecting, 
circumferential, and strati
form. 

The interarticular fibro-car
tilages (menisci) are flattened 
fibro-cartilaginous plates, of a 
rounU, oval, tl'iangular, or 
sickle-like form, interposed 
between the articular carti
lages of certain joints. They 
are free on both surfaces, thin
ner toward their centre than 
at their circumference1 and 
held in position b.Y their mar- paterl!'·j~~;~~·?~\~ ~~'.'°·~ter~:!~if:dr~&J1\l~ee~~emilu11ar dbl.: of the 
gins and extremities being con-
nected to the surrounding ligaments. The synovia1 membrane of the joint is 
prolonged over them a short distance from their attached margins. They are 
found in the temporo-maxil1ary, sterno-claYicular, acromio-cla,·iculai\ wrist and 
knee-joints. These cartilages are usually found in those joints which are most 
exposed to violent concussion and subject to frequent moYemcnt. Their use is 
-to maintain the apposition of the opposed surfaces in their Yarious motions; to 

~:c~e~d:r~~~ ~l~~>~~~:t~hoef ~~~!~~l~::ess~:·1~~c:snd0c~1e~~'~: et~s~ ~~t:~:i~~~r°~:~~~~kcsn~~ 
which the parts may be subjected. Humphry has pointed out that these inter
articular fibro-carti lages serve an important purpose in increasing the variety of 
movements in a joint. Thus, in the knee-joint there a re two kinds of motion, 
-viz. angular movement and rotation, although it is a hinge joint, in which, as 
a rule, only one variety of motion is permitted; the former mo,·emeut taking 
place between the condylcs of the femur and the interarticular cartilage, the latter 
between the cartilage and the head of the tibia. Ro, also, in the temporo-maxil
Jary joint, the upward and downward mo,·emeut of opening an<l shutting the 
mouth takes place between the cartilage and the jaw-bone, the grinding move
ment between the glenoid cavity and the cartilage, the latter mm·ing with the 
ja.w-bone. 

The connecting fibro-ca.rtilages are interposed between the bony surfaces of 
those joints which admit of onl.v slight mobility, as between the bodies Qf the rnr
tebrre and between the pubic bones. They form disks. "hich adhere closel.v to 
both of the opposed bones, and are composed of concentric rings of fibrous tissue, 
with cartilaginous laminre interposed, the former tissue predominating toward the 
circumference, the latter toward the centre. 

r_t1he circumferential fibro-cartilages consist of a rim of fibro-cartilage, which 
sunomHls the margin of some of the nrticnlar cavities, as the cotyloid caxity of 
the hip and the g lcnoid cavity of the shoulder; they scne to deepen the articular 
surface and to protect the edges of the hone. 

The stratifonn fibro-cartilages are those which form a thin coating to osseous 
groo,•es through which the tendons of certain muscles glide. Small masses of 
fibro-cartilagc arc als? developed in the tendons of some muscles, where. t.hc:y 
glide O\'Cr bones, as ID the tendons of the peroneus longus un<l the tibiahs 
po~ticu~ 

Yellow, or reticular, elastic cartilage is found in the human bodv in the 
auricle of the external ear, the Eustachi:rn tube~, the cornicula laryn~is: and the 
c1,iglottis. It con!'ists of cartilage-cells and a matrix, the latter being pcrrnde<l 
in every direction, except immediately around cath cell, by a network of yellow 
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BONE. 

Structure and Physical Properties of Bone.-Bonc is one of the hardest struc
tures of the animal body; it possesses also a certain degree of toughness and 
elasticity. Its color, in a fresh state, is of a pinkish white externally, and deep 
red within. On examining a section of any bone, it is seen to be composed of two 
kinds of tissue, one of which is dense and compaet in texture, like ivory; the 
other consists of slender fibres and lamell rc, which join to form a reticular struc
ture; this, from its resemblance to lattice-work, is called cancellous. The com
pact ti!"sue is al wa.\·s placed on the exterior of the bone; the canceHous .is always 
internal. Th e rcla.tirn quantity of these two kinds of tissue mries in different 
bone:', and in different parts of the same bone, as strength or lightness is requisite. 
Clo:'C examination of the compact ti~suc shows it to be extremely porous, so that 
the difference in structure between it and the canccll ous tissue depends merely 
upon the different amount of S')lid matter, and the size and number of spaces in 
each; the <'<L\·iticR being ~mall in the compact tissue and the solid matter between 
them abundant, whilst in the cancell ous tissue the spaces are large and the solid 
matter in smaller quantity. 

Bone during life is pt:irmeated by Yessels and is enclosed in a fibrous membrane, 
the pl'1'iostf'um, by means of which many of these vessels reach the hard tissue. 
If. the periosteum is stripped from the surface of the li vi ng bone, Rm all bleeding 
pomt~ arc seen, which mark the entrance of the pcnostcal vessels; and on section 
during life every p~Lrt of the bone will be seen to exude blood from the minute 
\'CS~elR. which ~·;unify in it: The interior or. the bones of the limbs presents a 
cyhndr1cal cant~' filled with marrow and lmed by a highly vascular areolar 
struct~nc. mllcd the rnedullary membrane or internal periosteum, which, how
e,·cr, 1s rather the areolar Cll\'elope of the cells of the marrow than a definite 
membrane. 

Th~ perioste.um a<l.her~s to the su:~acc of .the bones in nearly every part, 
excepting at then· cartilagmous extrem1t1cs. ''here strong tendons or ligaments 
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are attached to the bone, the periosteum is incorporated with them. It consists 
o_f two layers closely unite<l together, the outer one formed chiefl~.,. of connectiYe 
t1!-l-sue, containing occasionally a few fat-cells; the inner one, of elastic fibres of 
~he finer kind, forming dense membranous networks," hich can be again separated 
mto ~e~·cr~l layers. In young bones the pcrio~teum is thick, and very vascular, 
and is 111t11nately connected at either end of the bone with the epiphysial cartilage, 
but less closely with the •haft, from which it is separated by a !aver of soft blas
tcma, conta ining a number of granular corpuscles or "' osteoblasts." in which 
ossificati.on P!·occeds on the exterior of the young bone. Later in life the peri
osteum 1s thinner, less Yascular, and the osteoblasts ha.,·e become converted into 
an epith e lial la.yc r, which is scpa.rated from the rest of the periosteum in many 
places by cleft-like spaces, which are su pposed to serve for the transmission of 
lymph. The periosteum sen•es as a nidus for the ramification of the vessels 
prc,,ious to their distribution in the bone; hence the liability of bone to exfolia
tion or necrosis, when denuded of this membrane by injury or disease. Fine 
nerves and lymphatics, which generally accompany the arteries, may also be 
demonstrated in the periosteum. 

'l'he marrow not only fills up the e!·lin<lrical cavity in the shafts of the long 
bones, but also occupies the spaces of the cancell ous tissue and extends into the 
larger bony canals (ll::wersian canals) which contain the blood-,·essels. It differs 
in composition in different bones. In the shafts of adult long bones the marrow 
is of a 11ellow color, and contains, in 100 parts, 96 of fat, 1 of areolar tissue and 
vessels, and 3 of fluid, with extracti,·e matter, and consists of a matrix of fibrous 
tissue. supporting numerous blood-,·essels and cells, most of which are fat-cells, but 
some few are .. marrow-cells." In the flat and short bones, in the articular ends 
of the long bones, in the bodies of the vertebr::e, in the cranial diploe. and in the 
sternum and ribs, it is of a reel color, and contains, in 100 parts, 75 of water and 
2.J of solid matter, consisting of albumen 1 fibl'in, extractive matter, salts, and a 
mere trace of fat. The red marrow consists of a snrn ll quantity of areola.r tissue, 
blood-,·essels, and numerous cells, some few of which are fa.t-cells, but the great 
majority roundish nucleated cells, the true "marrow-cells" of KOlliker. These 
marrow-cells resemble in appearance the white corp uscles of the blood, though 
they are larger and ha"e a relatively larger nucleus and a clearer protoplasm, but, 
like them, possess amreboid movements. Amongst them may be seen smal ler 
cells (crythroblasts) which possess a slightly pinkish hue; and it has been held 
by Xcumann that they are a transitional stage between marrow-cells ancl red 
blood-corpu•cles, while others belie,·e them to be the direct descendants of the 
nucleated embr_vonic blood-cells (see p. 127), aa<l to be transformed into blood
corpuscles bv tbe loss of' their nuclei. 

Giant-ceils (myPlo-plaques, osteoclasts), large, multinucleated, protoplasmic 
masse~, are also to be found in both sorts of adult marrow, but more particularly 
in red marrow. They were belie\'ed by KOlliker to be concerned in the absorption 
of bone matrix, and hence the name which he g:nc to thcm-osteoclasts . The.Y 
excavate small shallow pits or ca,· itics, which are named llowsltip's lar.mue, in 
which they are found lving 

Vessels of Bone.-T1lie blood-vessels of bone arc very numerous. Those of the 
compact tissue arc derived from a close and dense netw'ork of ver-:sels ramifying in 
the periosteum. From th is membrane YC~se l s pas:.s into the minute orifices in the 

~~:te~f;u:is~~~=~1 ~· ~1~ ~ :l,;)~ll t:(~·~:~g: s~ ~ ~ l :,~ ~'~~;,,'~~:~I~ yt
1: ~~;·:~1 ~1 :~18e1~l~1~5 ~~~ ~~· la:~~~ 

ves:.sels, which, perforating the outer compact tissue, are distnbuted to the cavities 
of the spongy portion of the bone. In the long boncH numerous apertures may 
be seen at the ends near the articular snrfoces, some of \\hi ch give passage to the 
arteries of the larger set of Ycssels referred to; but the most numerous and largest 
apertures are for the Yeins of the canccllous tissue, which run scparatel.Y from the 
arteries. The mcclullary canal in the shafts of the long bones is supplied by one 
large artery (or sometimes more), which enters the bone at the nutrient foramen 
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(situated in mo~t ca1.;e..: near the centre of the ~haf'I). and pt•rforate~ Phliqurly the 
C1)mpact structure. The mnlullary or nuttfrnt artcn·, mmallv accompanied lJ_y 
one or two n.•i1.1~, 1'<.'tHb branches upward and downwani to 8tlf)).lly the mcdu~l~ry 
membrane, which lines the central cavit\' an<l the adjnininO' cnnals. The ramifica
tion:-; of tbi~ ,·e::-scl ::rnastomose with the ' arteries boih of 'the canccllous an<l com
pact tissues. In most of the Oa.t, and in many of the ~hort i;;pongy bones. one 
or more large apertures are obsened, which transmit, to the central parts of the 
bone, vessels corresponding to the meclullary artcric51 and ,·cins. 1l 1hc veins emc.rge 
from the lung bones in three places (Kiillikcr): (1) by one or two large verns, 
"hich accompany the artery: (:2) by numerous large and small Yeins at the a1tic
ular extremities; (3) by many small veins which ar ise in the compact substance. 
In the flat cranial bones the ,·eins are large, ve ry nume rous, and run in to r tuous 
canals in the diploic tissue, the sides of the canals bei ng formed by a. thin lamel la 
of bone, perforated here and there for the passage of branches from the adjacent 
cancc1li. The same condition is also found in all cancellous tissue, the veins being 
enclosed and supported by osseous structure and having exceedingly thin coats. 
When the bony structure is diYided, the vessels remain patulous, and do not con
tract in the canals in which they are contained. Hence the constant occurrence 
of purulent absorption after aui'putation in those cases where the stump becomes 
inflamed and the cauccllous tissue is infiltrated and bn.thed in pus. 

Lymphatic vessels, in addition to those found in the periosteum, ham been 
traced bv Cruikshank, into the substance of bone, and Klein describes them as 
running· in the Hn.Yersian canals. 

Nerves are diRtributed freely to the periosteum, and accompany the nutrient 
artcrie:-> into the interior of the bone. They are said by KOlliker to be most 

numerous in the articular extremities 
of the long bones, in the vertebrre and 
the larger flat bones. 

Minute Anat omy.-Tbe intimate 
structure of bone, which in all essential 
pal'ticulars is identical in the compact 
and cancel lous tissue, is most easi ly 
studied in a transverse section from the 
compact 11·all of one of the long bones 
after maceration, such as is shown in 
Fig. 26. 

If this is examined with a rather 
low power the bone will be seen to be 
mapped out into a. number of circular 
districts, each one of which consists of 
a central hole, surrounded by a number 
of concentric rings. These {Iistricts are 

Fi·- '1;~From a trnn~vcr!lescction or the shan of termc~l llm•ersian systems; the central 

~'~:~f,~~~~i~\k".:a!if·~~1:t!fi~?~'.~:r\:£~~:~~\~: ~li~;s 1 ~10':,~,/~llr~el;~~~rs c~~';;~~~-,:i.~~~ 
cannlicull glHn 011 from one '-1dc arran~ed conc:entrieally around the cen· 

. . . . tral C'anal, and termed· lamellrP. )forc-
O\·cr, on clm:.cr exam1natrnn. 1t _will be found that between these Iamcll~'?, and 
t~el'eforc al:-io anan~erl concentrically aronn<l the central caual, arc a number of 
lutle 1lark :-<peth, the lf1r•ww1, an~l that the:--c lacunm arc connected with each 
oth?r an~I "uh the central lla\'er~1an canal br a number of fine dark lines which 

~:;;::,!~~~·i!!~~~~ 1}~l71~;1 ;:~. :~~:h1:~t~1~!,a.:·~cra;:1~11 ~:~,~~f~;:;~~n:.;ll1thesc Rtr~1ctures 
~~n;.llc l ~;~::~~' t ~·~::c~7;c~:;~~i::~t:mc~:·~~i~·i:'\i~t;·;,~t i::~~;,:\a~· ~~':i~~f 17~a1:·:~j~~~n: 
left bernccn them, a1e other lamelke, w1th tlw1r lacun::c awl canaliculi, running: in 
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\'arious directions, but more or less cuned (Fig. 27). These are termed intetstitial 
lamcllre. Al(ain, other lamellre, for the most part found on the surface of the bone, 
arc arranged concentrically to the circumference of bone, constituting, as it were, 
a single lla"ersian system of the whole bone, of which the medullary cavity would 
represent the Haversia.n canal. These latter ]ame ll~ are tcrme<l circumferential, 
or by some authors pdmary or fmulamental lamelhe, to distinguish them from those 
laid down around the axis of the Ha,'ersian canaJs, which arc then termed secondary 
or special lamellre. 

The Haversian canals, seen as round holes in a transverse section of bone at 
or about the centre of each Haversian system, may be demonstrated to be true 
canals if a longitudinal section is made, as in Fig. 29. It will then be seen that 
these round boles are tubes cut across, whi ch run parallel with th e longitudinal 

F io. 27.-Trans,·erse section of compact ti!>sue of bone. ~f.aguificd about 150dinmetcrs (Sharpey.) 

axis of the bone for a shor t distance, and then branch and communicate. They 
vary considcrabl.v in size, some being as large as -rh of an inch in diameter; the 
average s ize being, however. about rlo of an inch . N ear the medullary cavity 
the ca nals are larger than those near the surface of the bone. E ach canal, as a 
rule, contains two blood-\·e~sels. a sma ll artery and Yein: the larger ones also con
tain a small quantity of <lelicate con nectirn tissue, with branched cells, the pro. 
cesses of which commun icate with the branched processes of certain bone-cells 
in the substance of the bone. Those canals near the surface of the bone open 
upon it b.r minute orifices, and those near th e mc<lullary ca\•ity open in the 
same way into this spa.cc, so that the whole of the hone is permeated by a s.vst~m 
of blood-vessels running through the bony cana ls in the centre of the Ha,·ers1an 
systems. 

~rhe lrtmPllre are thin plates of bone-tissue encircling the central canal , and 
might be compare<l 1 for the r-;ake of illufltrat ion, to a.. number o~· sheets of paper 
pasted one over another around a cen tral hollow cylrndcr. After ma?eratmg .a 
piece of bone in clilute mineral acid, tbeRe la.m C' ll m may be st ripped off Ill a long1-
tudinal direction as thin films . If one of theHC is examined with a high power 
under the microscope it will be fo und to bC' compo~cd of a fincl.\T ret icular st ruc
ture. presenting the appearance of latt ice-work made up of very slender, trans
parent fibres, decus~ating obliquely, an<l coa lesci ng at the points of jntersee~iou 
so as to form an cxceedingh- delicate network. In man.r places the various 
lamcll re may be seen to be held together by taperinl( fibres, "hi ch run obliquely 
through them, pinning or bolting them together. 'l'hese fibres were first described 
by Sharpe~~. and were named by him /Jn:forating .fibres. 
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The /a 1·uw1 arc i:;.ituatc1l bctwel'n the lamell:t>, and <'nn~i~t of a _numb~r of 
oblong sp:tct.·~. In an or1linary micro:scopie t'l'l'tion, '·.ieM.•d hy tr.ant'mttted l~g~t, 
they app<.•ar as dark. nhlon~. opaque spots, and were for1~erly \){'li~\'C( l to be solid 
ccll.s. ~uli:o-l'itllt'lllly, when it was ~ccn that the l. l aY~r:-.1.an canals were c~annels 
which lml11t.• the ,·es~cl1' of the part, and tl1e rannltculi mmute tub<.·~ hy "b1ch the 
plasma. ofrthe blood circulates throug~ the ti~suc, it '~<1~ taught tha_t the .1:1c_unre 
were hollow :-;pace~ filled during life with the ~amc f1111d, and only lme1l (if li~ed 

tlt all) by a delicate membrane. E~::.~i~~~~~01~· i~)~: ~l~~1c:1i;~u~~lt~~e t~f \cm~~~l~~~,~~ 
recent led Yirchow to bclie\'C that the lacumu 
arc occupied during life with a nuclc~tte<l cell, 

~~~li~~Lc~.~~~~ ,:~~~i~h '~~1 \~~)l~~1si '~~~.~~~l ~h1~e~:i~,~~ 
(Fig. 28). It is by 1~1cans of Ornse ·cells that 
the fluids ncces~arv for nutl'Jt1011 are brought 
into contact with ti1c ultimate ti~~ue of bone. 

The Mnalic11li a.re exceedingly minute 
channel ~. which pa:..s acro.9.S the lam e ll~ and 
connect the lacumc with neighboring lacunre 
aiHl alM with the J la ve rsiau canal. :From this 
central canal a number of the canaliculi are 
gi,·en off, which rndiate from it. and open into 

Fm. :>.-~n1·1t·nt{'d tw111P-<"ell" and their the first set of larunre, arranged a.roun<l the 

rm~~~;~m~1t~~~\~~
1

~~ 1:~~f1C~JS~ft~~1~~~ r;l~l:~;~~.an F~(:~1. t~~~~:·e~~cu\~1c~ ~, .. 8s~:;ndd s~~~~~ 
(Klein am! Xoblc ~mlth.) 

canali culi arc gi,'en oft~ which pass outward to 
the next Rcries of lacun::c, and 80 on until they rench the periphery of the Ilave r
sian s.n•tcm; here the canalicu li given off from the last series of la cuure do not 
communicate with the lac:unce of neighboring Jla.vcr~ian R_ystcms, but after passing 
outward for a. ~hort distance form loops and return to their own la.cuna. 'l'hus 
C\'Cl',Y part of an Ifaversian system is suppli ed with nutrient fluids derived 
from the ve~scls in the llaversian canals and tr;wersing the canaliculi and 
lacunc.c. 

'l1 he b()JU'-f't'llH nre containe<l in the lac11nc.-c, "hich, however, thev do not com
pletely fill. 'l1hcy are flattened nucleated cells. "hi ch Yirchow has shown are 
homologous with tho~e of connectirn ti~suc. 'J1he cells are branched, and the 
brand1e~. especially in ~rnung bones, pass into the canaliculi from the la.cunre. 

If a longitudinal 8ection is examined, a~ in :Fig. 2~1. the structure is seen to be 
the 8:lme. The appC'arance of concentric ring~ is replaced b:· that of lamellre or 
rows of lac:un:-c, parallel to the course of the lla.Ycr:sian canals, and these canals 
appear like half-tube~ in~tead of circular spaces. The tubes are seen to branch 
and communicate, so that each ~eparate IIa.,·cr:sian canal run~ onh· a. short distance. 
In other respects the structure has much the same appca.rancC as in transverse 
sectiorns. 

In •ections of thin plates of bone (as in the walls of the cells which form the 
cancrllou~ ti~~uc) the lhwersian canals are absent, and the canali culi open into the 
spacrs of the cancellous tissue (medullary 5paces). which thus l.mvc the same func
tion a(I the Haversian canals in the more compact bone. 

Chemical Composition.-Bone con:..ists of an animal and an earthy part iuti-
matel.v combined together. " 

The n.nimal part may be obtained hy immer~ing the bone for a. con~iderab l e 
time in dilute mineral aci1l. after "hid1 proce~~ the bnnc C'omcs out exactlv the 
~ame ~ha pc :.\h ht.·~ill"c. bu! pe~fectl_,. Hcxilile, ~o that a long bone (one of the ribS. for 
example) can ea~d.v he ued 111 a kn1)t. lf now a. trans\"eri-<c ~ection is ma<le (Fig. 
30), t_he ~a.me general arrangement 1!f the ll_arer:-;rnn canal~. l:uucllc."C, Iacum-c, and 
canaliculi lh i;ecn. though not so plamly. a:s Ill the orilinary section. 
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. The earthy part ma..'· be obtained separate by calcination, by which the 

ammal matter i~ completely burnec~0~~:· b~~hfr l>::~;~ ~~II ,~:1\\le r:~~~~n ~~~tt~:~g~~i~~ 

Organic matter 

Ino~·fanic 

Earthy matter 

ha,·e lost about one-third of its original 
weight, ancl will crumble down with the 
slightest force. 'J'he earthy matter confers 
on bone its ha.rdnc~s ::ind rigidity, and the 
animal malter its tenacity. 

FJG.30.-Sectiouofbou1;Rfterthcrcmovalofthe earthy mat-
terbrthenctionofncids. 

The animal ba~c is often called cartilage, 
but differs from it ;n structure. in the fact tba.t 
it is softer and more flexible, and that when 
boiled with a hip:li pressure it is almost 
entirely resoh·ed into gelatin. 

The organic constituent of bone forms about 
one-third, or 33.3 per cent.; the inorganic 
matter, tu·o-tliirds, or G6.7 per cent.; as is 
seen in the subjoined analysis of Ber
zelius: 

Gelatin and blood-vessels . 

{

Phosphate of lime . . . 
CarbOnatc of lime . . . 
Fluoride of calcium . . 
Phosphate of' ma[.:.nesia . 
Soda and chloride of sodium 

33.30 
51.04 
11.30 
2.00 
l.16 

. 1.20 
100.00 

Some chemists add to this about 1 per cent. of fat. 
Some difference exists in the proportion between the two constituents of bone 

at different periods of life. In the child the animal matter predominates, whereas 
in aged people the bones contain a larger proportion of earthy matter, and the 
animal matter is deficient in quantity and quality. Hence in c:hildren it is not 
uncommon to find, after an injury to the bones. that they bccfm1e bent or only 
pa.rtiall.v broken, whereas in old people the bones arc more brittle and fracture 
takes place rnore readily. Some of the diseases, also, to "hich bones are liable 
mainly <lepend on the disproportion between the two constituents of bone. Thus 
in the disease called rickets, so common in the chi ld ren of tlte poor, the bones 
become bent and cnrvccl, either from the supcrincumbcnt weight of the body, or 
under the action of certain muscles. This depends upon Rome defoet of nutrition 
by which bone becomes deprived of its normal proportion of earthy matter, whilst 
the animal matter is of unhealth,· cp1ality. In the ,·ertebr:\:: of a. rickety subject 
Dr. Bostock found in 100 parts 79. 75 animal aurl 20.25 earthy matter. 

Development of Bone.-ln the footal skeleton !o<omc hone:-;, f:l.uch as the long 
bones of the limbs, a.re cartilaginous; otl1er!'i, a:;; the cranial bones, are membran
ous. Hence two kind!:i of ossification are described: the intrncartilat1i1wus and 
the iutramembranows; and to these a tl1ird is sometimes added, the 1J1tbJJeriosteal; 
this, however, is the same as the second, only taking plac:c under different cir
cumstances. 
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Intracartilaginous Ossification.-.Ju::-t hpfore 11~~ificntion hl·~in~ the bone is 
entirely cartilaginou!-i. an cl in a long hone, \\hi ch may be illkl•n as a.n. exam 1~l c, 
the pr<;cc:-~ commcntt~s in the .centre and procc:cdR tow~r<~ the t•xtrc.1111t 1 l·~. "h1ch 
for Home time remain c:ll'ti lagmous. 8u bscq uently a s11ml:n JlrOCl'1'S rm~mc 1,1?cs 

iu one or more places in those extremiti es and gra~l~1:~!~~ft~·tc 1:1c~~~lir~;;f,h !~~we;~:~ 
become J oinc<l to the ~haft of 
the bone until growth has 
ceased, but remains separated 
bv a Jayer of car t ilaginous 
ti'ssue te1:med e111.)1hysial carti
lage. 

r_ne first step in the ossifica
tion of the carti lage is that the 
cartilage-cells. at the point 
where oss ifi cat ion is comm en
cing and wbich is term ed a cen
tre of' ossification, enlarge and 
arra;1ge thCmscl ~'e~ in ro.ws (Fig. 
31). 'l'he matrix in winch they 
are imbeddcd increases in quan
tity, so that th e cell s become 
ru;·ther separnlcd from each 

1 other. A deposit of calcareous 
material now takes place in this 
matrix, between the rows of 
cells, so that they become sepa
rated from each other by longi
tudinal columns of calcified 
matrix, presenting a granular 
and opaque appearance. H ere 
and there th e matrix between 
two cells of the same row also 
becomes calcifi ed, and thus we 
have trans\'ersc bars of calcified 
substance stretching across from 

~!~f~~~ ~?g~J{ff~~~~i~~~1i:~>1~ro~sic:~1ti1~~~11~~~~gr~f~~11 i• ~~~th c~·~ l c~l;f1~~s w cco:)l~~: I o:1~ 
gitudinal groups of the cartilage

cells enclosed in oblong ca,·ities, the walls of which arc form ed of ca1cified 
matri x. These eaxitics arc called the priwtry areolce (S harpey). 

A t the same tim e that this proce~s is g-oing on in the centre <1 f the cartilage of 
which the foorn l bone con~ i sts. certain changes are taking place on its surface. 
Thi!-i is co,·ered b~'· a ,·cry ,·a\.;,cular mcm.brane, the periosteum, on the inner surface 

~~ ~'~;;~hc~1':,f~!~ .. ~~,;~~;~~."" ~~~ ~~~f~~~.:~.,;~:~~~~~~'~!; 1~h~ ~l~;;~i\'.:~~;::~-';~0~1~"t';~~~~ 
is bcin(I' formed between the peri 1>steum and the cartilage, h.v the intramem
liran11u:' mode of o:-:s ifi tat ion pre.r;:entl_v to be dcseribecl. We lia.n: then, in this 
first stnµ:e of ossifiC'ation, two proc:e~F-c~ going flll ~i multaneously : in the centre of 
the c.artilagc the .fo.rmati on of .a number of ob long spaces, ench;ed by calcified 
matrix arnl conta mmg. the cartd~ge-ce.lls cn largc<l and arranged in groups, and on 
the surface of the carti lage the formation of a layer of true membrane-bone. The 

d~~~~~~ o~·'~~~o~~;,:'.;i~ li;,~,-~:.·~,r\~~~~;,~:.~;~";,',' (;,i%1
•
0 3~~·;.'.i)."g~/),fc i:,'~i~::;: ~!11 !~~ of hlond-Yc:-s<.•ls and c<.·lls (o~t~oblasts). They cxca~·a.te pa~sagcs through the new· 

~~)nc<\~;;;~;~~~~~~e~h~·~:'~~"c;~~~~:~, ~~::,~"r;~ '~;;~',':C}: '.,'/1~tot~~e "~\~';;[~~{! '.'.~~i\':X.,}~i~~ 
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primary areolro thev absorb it, and thus cause a fusion of the oricrinal caNities and 

the formation of lai·ger spaces, which are termed the secondar,'f ~taolce (Sharpey) 

01' medullar.11 sprwes orn1Jer). In these seconda ry spnccs the original cartilage

ce11s disappear, and their c;:witics become filled with embryonic marrow. consisting 

of ostcoblasts anrl vessels, aml derived, a.t all events in part, in the manner 

described above. from the osteogenctic layer of the periosteum (Fig. 33). What 

becomes of the carti lage-cells is not finall y determined. Uy most histologists they 

are belic\'Cd to be converted, after division 1 into osteoblastR, and so assist in form

ing the embryonic marrow. Others, on the otbcr h:rnd 1 be1icve that they are 

simply absorbed and take no part in the formation of bone. 

Thus far, then, we have got enlarged spaces (secondary areola.), the walls of 

which are st ill formed by calcified carti lage-matrix, containing an embryonic 

marrow, derh'ecl from the processes sent in from the ostcogcnct ic layer of the peri

osteum, and consisting of bloocJ-,·esscls and round cells, ostcoblasts (Fig. 33), some 

Qf which probably are derived from tbe division of the original carti lage-cells, which 

have disappeared. 'The walls of tlw;e secondary areohc arc at this time of only 

inconsiderable thickness, but they now become thickened b,v the deposition of lay

ers of new bone on their interior. Thi s process takes place in the following 

manner: Some of the osteoblasts of the embr.vonic marrow, after undergoing 

rapid division, anange tbemsch·es as an epitbelioicl layer on the surface of the 
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,H\.ll of thl' span• (Fig:. :-3-1-). Thi~ byC'r ot ostC'ohJa..,H forn~1' <l hony str~tu.m, 
and thus tbe wall of 1he :--pace becomes grudually co\Ni>1l \\Jtli <l layer of ttuc 
Ol'i~cous :-ub~tantt.'. On thi::; a :-ec11rnl 
!aver of ostcobla~ts arrange tbem
sehcs, ::rnd in their turn form an os
seous layer. By the repeti tion of Lhis 

!~:~~e~: ,:~ 11:c1·c~l:}~~:l1<~~ ~it~:i.t :n(~~~to~:~ 
onl\- remains as a. small circu la.r hole 
in 'the centre, containing the rem~ins 
of the embnonic marrow-tha.t 1s, a 
b lood-vessel ·and a. few osteoblasts. 
rl 'his small cavity constitutes the H a-

versian canal of the perfect}>· ossified bone. T he suc(·es:.:ivc l a.n~ rs of osseous 
matter which have been laid down and which encircle this central c:ana l, consti
tute the la.mcll:e of which, as we ba,·e seen, each ]J a,·err-. ian system is ma.de up. 
As the successive layers of osteoblasts form osseous tissue, certain of the osteo
blaRtic crlls remain ·included between the ''arious bony layerR. These continue 
pcrRistent, and remain as the corpuscles of the future honC, the spaces enc:lo~i n g 
them forming the lacu n·\! (Fig. 3-1). The mode of the formation of the canal icu li 
is not known. 

Such arc the changeR wh ich may be obsencd at one pa.rticu lar point, th e centre 
of o::s ifica.ti nn. While the~' haYe been going on here a simihT proce . .;;s has been 
proceeding in the same manner towanl the enfl of the ~haft, RO that in the ossifv-

~~~c bb~~~~~~ t~~ecJ~,~~~1~: ~;5~~·~b~~a1~~~~c tb;~\ ~~1 ~~~1~~11·:i;~:~r~~ ttl~)~tr~~t::~~~ t~!s~ 
Th e bone thus formed differs from the bone of th e iHlult in being more spongy and 
l e~:") rcgula rl ,. lam cllate11. 

Tl.HI ~ far, then. \\e.haxe followed tl~e st.cps o.f a process by _which a solid bony 
mass 1s produced, ha\·mg vessels running into 1t from the pcnoste um, llaYe rs ian 
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canals in. which those vessels run, medullary spaces filled with fretal marrow, 

lacunre with their contained bone-cells, and canaliculi O'rowing out of these 
lacunre. · 

0 

rrhis process of. ossification, bowC\'er. is not the origin of the whole of the 

skeleton, for cve~1 Ill those bones in which the ossification proceeds in a great 

:~1~~~~~:b'femp~r~1 ~11 ~h:e~:.~·~in~~~u~~~1: \~ }~t~mc~~·t~;,gii~t~·~~n:~:~~.~~~o~s10~~~i~~~~,o~ 
beneath the perichondrium or periosteum; so that the girth of the bone is increased 

by bony deposit from the deeper layer of this memhmne. '!'he shaft of the bone 

1s at. firs~ soh.d, but a tube is hollowed out in it by absorption around the vessels 

passing llltO It, which becomes the me<lullary canal. rrhis absorption is supposed 

to be_brought. about by large" giant-cells," which base long been recognized as a. 

constituent of fretal marrow, and which are believed by Kolliker to have the power 

of .absorbing or dissolving bone, and he has therefore named them "osteoclasts" 

(Fig. 33, .f). '!'bey mry in shape and size, and are known by containing a large 

numb~r of clear nuclei, sometimes as many- as twenty. The occurrence of similar 

?,e~~re~~id~~me tumors of bones has led to such tumors being denominated 

As more and more bone is removed by this process of absorption from the 

interior of the bone to form the medullary canal, so more and more bone is 

deposited on the exterior from the periosteum, until at length the bone has attained 

the shape and size which it is destined to retain during adult life. As the ossifi

cation of the cartilaginous shaft extends toward the articular ends it carries with 

tt~:! :! ;:~1;~a~e~~~~1r l~~~~~~~ilaiel~1~~~ht~1i:a1;:~11~~~ ~}0;·1~0~,st~t t~s:i~~~ic~:~~/~~~,t~~ 
epiphysis, remains for some time entirely cartilaginous; then a bony centre appears 

in it, an<l it commences the same process of intracartilaginous ossification; but 

this process ne,•er extends to any great distance. The epiphyscs remain ~cparated 

from the shaft by a narrow cartilaginous layer for a definite time. This layer 

ultimately ossifies, the distinction between shaft and epiphysis is obliterated, and 

the bone assumes its completed form and shape. The ~ame remarks also apply to 

the processes of bone which arc separately ossified. such as the trochanters of the 

femur. The bones, ha,·ing been formed, continue to grow until the body bas 

acquired its full stature. They incrca!-le in length by ossification continuing to 

extend in the epiphysial cartilage, which goes on gro" ing in athance of the ossi

fying process. They increase in circumference by deposition of new bone, from 

the deeper layer of the periosteum, on their external surface, and at the same 

time an absorption takes place from within, by which the rnedullary cavity is 

increa$ed. 
The medullary spaces which characterize the canccllous tissue are produced by 

the absorption of the original footal bone in the same wa.v as the origim1l medul

lary canal is fonned. 'The distinction between the canccllous and compact tissue 

appears to depend essentially upon the extent to which this procc~s of absorption 

has been carried; and we may perhaps remind the reader that in morbid ~rates of 

the bone inflammatory absorption produces exactly the i:iame change, and cotl\'erts 

portions of bone naturaJJy compact into cancellous tis~ue. 
Intramembranous Ossification.-The intramembranous ossification is that b,· 

which the bones of the rnrtex of the skull are entirely formed. In the bones 

which are so developed no cartilaginous mould prcccde8 the a.ppeanrnce of_ the 

bone-tissue. In the membrane which occupies the place of the future bone. a little 

network of bony spicuhc is first noticed, radiating from .the point of o~~ification. 

~:b:~n~~::e ofa~s ~;t~\'.~;ki~~ ~~1~e :11~~1;xfi~:.ie~e<!i~J t:~a~~f<~·~s~~fi~' ,~ft~ :i;r~~,L~J~ 
substa.nce between. rrhe fibres are termed osteot1e11ic fibres, and soon become 

dark and granular from calcification, and as they calcify they are found to enclose 

the ~ranular cells or "osteoblasts" (Fig. 36). The calcification not only involves 

the ~steogenic fibres, but also the ground-substance of the tissue in which they 
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are contained. The cell~ a.t fir~t lie upon tla• 01'teogcnic fibre~, ~o that they can 

be n•inr>ve1l by brushing the ~peciu.;en "ith a l~}1~·-m·; :~c~~\.i~:u·~r~~~'11~ ti~eyr~;.~~~ 
uallv hcc:oml' inrnlrcd in the 

~~:.i,;~.:~R·s m~1f~ r;~~. a~;!u~~~·~o~bc~ 
the spaces in "hich they are 
enclosed con!'itituting the la
cun~c. As the tissue increase:-; 
in tLickncss. ,·esscls shoot into 
it, grooving for tbc1.11selves 
spaces or channels, wh ich be
come the Ilaversian canals. 
rl'hns, the intramcmbranous 
and intracartiJaginous processes 
of ossification are similar in 
their more es~eniial features. 

'l'hc number of ossific cen
tres is different in different 
bones. In most of the ~bort 

~,~i{mi!~r~1~t~~:~~:~'.~~~-
1

:'.'.E!it~JEi~~~}:~:
0

1~~~1~!j~~~~i1:: bones o~Rification commences 
tramiitiun to OOm:·corpu.scles. b\· a i;;ingle point in the Centre, 

ai1d prorcc<l:s toward the cir
cumfercnre. In the long bones there is a. central point of ossification for the 
!-l.haft or diaphy~i~: an1l one or more for ea<:h cxtrl'mity, the cpiphysis. 'J1hat 
for the shaft i~ the fir~t to appear. 'l'he union of' thC' cpiphy!-l.C'S with the shaft 
take;.; p);l('l' in tht• rc,·cr~e order to tlrnt in "hi ch their ossification began. and 
appl'tll':-i to he rc~ula.tcd by the direction of the nutrient artery of tlte bone. rrhus. 
the nutrient arteric8 of the bones of the arm and fore-arm are directed towar<l the 
cllJo\\, a1ul thl' epiph,rse~ of the bone~ formjng 1his joi11t become united to the 
shaft before those at the opposite extreiuity. In the lower limb, on the other 
hand, the nutrient arteries pa:;s jn a. direction from the knee: tha.t is, upward in 
the fomul', downward in the tibia and fihula; nnd in thl'm it is ob~en·ed that the 
upper epiphy;.;is of the femur, and the lower cpiph_y~iH of the tibja and fibula, 
become first 1111ited to the sha.ft. 

\\"here there is only one epipbysis, the mcdullar,y artery is directed toward 
tlta.t end of the hone "here there is no additional centre, as toward the acromial 
end of the chwiclc, toward the distal end of the metacarpal bone of the thumb 
and ~reat toe, and toward the proximal end of the other metacarpal an<l meta
tart<al bone:-;. 

Bc~idcs the:".e epiphyses for the articular ends, there are others for projecting 
parts or proc~~ses, which arc formed separately from the bulk of the bone. For 
an account of these the reader must be refened to the description of the indi,·idual 
bones in the sN1uel. 

A knowledge of the exact periods when the epiphyses become joined to the 
shaft is often of great importance in medico-legal inquiries. It also aids the sur
geon in the diagnosis of many of the injuries to which the joints are liable; for it 
not jnf1:cquently happens that, on the application of severe force to a joint, the 
epiphys1s becomes separated from the shaft, an<l such injuries may be mistaken for 
fracture or dislocation. , 

MUSCULAR TISSUE. 

The mu.scles a1;~ formed of bundles of r~rldi'h fibres, endowed with the property 
of contract1lity . Iwo k~tHls of. muscular t1"sue :.~re found 111 the animal body-viz. 
that of volunt.ary 01~ an11n~l life, and that of 11woluntary or organic life. The 

:~~~.:i~e~f 1~;11;ha~ l'~~~l~su1!be~, ~~~c~~;~~(~:ecla~;~l~~noJl~~e~fg fih~~ts i~n:l~~~d i~n~ 
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delicate web called the "perimysium," in contrat.listinction to the sheath of 

areolar tissue which invests the entire muscle, the "epimvsium." The bundles 

a,~·e termed "fasciculi; " tLcy are prismatic in shape,' of different sizes in 

different muscles, and for the most part placed parallel to one another, though 

the)"'." ham .a tendency to converge toward their tendinou$ attachments. Each 

fasc1culus 1s mai\e up of a bundle of fibres, which also run parallel with each 

other, and which arc separated from one another by 

a clelica.te connective tissue dcri,·ed from the per~

mysium, and termed enclomysium (Fig. 37). 

A muscular fibre may be said to consist of a soft 

contractile subs.tancc ericlosccl in a. tubular sheath, 

named by Bowman the rwrco/pnuna. 'l' he fibres are 

cylindriCal or pri~matic in r-:hapc, and are of no great 

length. not extending, it i:.. said, further than an inch 

an<l a half. They encl either b.r blending with the ,. 

~~~c~~1~0 °~ ~.~~;11~~~o~~t~~~~:~.c wt~·d~~:o~~\~!ec~~~ "~~ 
the neighboring fibre by means of the sarcolemma. 

Their breadth rnrie . .:. in man from :rfro to 6 }u- of an 

inch, the axeragc of t.he majority being about -.r-hr· 
As a rule, the fibres do not divide or ana~tomose; 

but occasionall.'·· especially in the tongue and facial 

muscles, the fibres mar be seen to di ride into sc,·cral 

branches. The preciSe mode in which the muscular 

fibre joins the tendon has been varioush· described bv different obscn'ers. It 

may, perhaps, be sufficient to ~:t~· that thew sarcolemma, Or nH•mbranous investment 

of the mu$Cular fibre, appears to become blended with the tissue of the tendon. 

and prolonged more or less into the tendon, so that the latter forms a kind of 

shca.th around the fibre for a. longer or shorter distance. When muscular fibres 

are attached to the skin or mucous membranes1 their sarcolemma probably 

becomes continuous with the fibres of the areolar tissue. 

The sar<'olenvna, or tubular sheath of the fibre, is a transparent, elastic. and 

apparently homogeneous membrane of considerable toughness, so that it will some

times remain entire when the included ~ubstance is ruptured (see Fig. 38). On 

the internal surface of the sarcolemma in mamma1ia, and also in the substance of 

the fibre in the lower animals. elongated nuclei are seen (Fig. 55), and in connec

tion with these a row of ~ranules, apparently fatty, is sometimes obsen-ed. 

Upon examination of :L rnuscula.r fibre by transmitted light under a sufficiently 

high power, it i~ found to be apparently marked by alternate light and dark bands 

or strim, which pass trnnS\'ersely1 or somewhat obliquely, round the fibre (Fig. 38). 

The dark and light bands are ofnearl_v equal breadth, and alternate with great regu

larity. Other strire pass longitudinally over tl1e fibres, though they are les~ distinct 

than the former. This longitu<linal :-;tria.tion gi\·es the fibre the appearance of 

being made up of a bumlle of fibrilhe. The muscular fibre can be.broken up either 

in a longitudinal or tntns\·ersc direction (Fig. 39). If hardened Ill alcohol, it can 

be broken up longit111linally. an<l forms the so-called fibrillre of '"hich some suppose 

the fibre to be made up. Each fibri l is marked b.'· trans\'erse stri::e. and appears 

to con~ist of a single row of minute quadrangular particles, named ""~arcous 

element8 ··by Bowman. A still furtbcr di\·ision, howe,·cr, is capable of being 

made, and ca.ch of these fibrill:e mar he divided into minute threads (Fig. 40, B, d). 

con~isting of an alternate dark and light ~pot. After exposure to the action of 

diiutc hvdrocblol'ic acid, the rnu~cu1ar fibre can be broken tn.rns,·er~cly (Fig. 39, 

B). It wthcu forms cli~b:. or platCR1 con:-liisting of the ~ame quadrangular particles, 

attached bY their lateral surfaces. 
lipon Closer examination wit~1 a \·en· hi~h power the appearances become 

more complicated and arc suscepuiJle of various interpretations. The transverse 

striation, which in Fig:s. 38 an<l :30 appea •·s a ... a mere alternation of chtrk and light 
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lnnlls, j..; rC' .... oln.•il into the appearance :-;hown in Piµ;. -Ill. "hi ch ... tiow.-: u .seric~ of 

:~~,l~~ds ~\::~;~k _ba l~;.\~i~ ... ~~:~::~:~Ci(! ~~~-1~ ~:r~~,~~·::::~: 8 ':,111~~!~)}~~ ,;~~~lit~ ;~';,~~~·;~I~ ~:(tl~ISt: ~ ;~~~ ~ 
ernl with the ~an:olernma iuH•sting the mu:;:cular fihre. 'J'h u8 it may bL' :-aid that 
the fibre i:.. di,-itlcd into a number of tran!'IH~T:-C rmnpartmen1:-; hy thi~.mcmbrn n c. 
each compartment containing in the centre ;t tlark plate \\ ith a bright bordcl' 
abo,·c an<l below: that is to Sa\·, between the dark centra l part and the membrane 
of K rause. A muscular fib 1~ present~. then, rhe a ppearance of' the following 

!~~~-:~~~t il:J~·~f1:b~ ~<~~~;:~~~;~s~r =,. : ~~~:t ~~t;~·~.1\ 1~~ ei>~;~~::,~~:;1::~e l~:;.:J o~ 1~t~i1~~1~a~:·:~1~ 
K mzrne; then anotbe1· lateral disk, a transrnrse disk , and so on (Figs. 40 and 41). 
' rhi s appearance, fo1lowing the obser vat ions of H.ollc tt, is due to the mode 0f for-
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mation of a muscular fibre, which is ma.de up of two principal parts: 1, fibrillre; 
and 2, a hya. linc or faintly granular substance. rc~cmhling protoplasm, and called 
sarcoplasm. The fibrilhu are arranged in bundles cal led mus,·ular columns or sar
costyles, and thc~e again ju larger g roups, which, C<i llected together, form the 
fibre. 'rb e fibrillre are surrounded b,v the sarcopla:::m, "bich surrounds also the 
columns and groups of columns, being in these latter ~itua.t i o n s g reate r in amount 
than between the fibrillre . Ro that on transverse sect ion a muscular fibre is seen 
to be di\•ide<l into a number of areas, call ed the areas of Colwheim, more or less 
polyhedral in shape, and consisting of tbe column !-i of fibril!;.~ su1Tounded by trans
parent she~ths ?f sarcopl asm. And these areas are collected into larger or smaller 
groups, wh ich m th.e sa.me manner axe surrounded by tran:.:;parent sarcoplasm. 
Each area. of Cohnhc1m pre~ents a granular appearance due to the cross-~ect i on of its 
constituent fibrilhe. ~nrroun<lcd by a ~mall am?unt of the hyalin e ~arcopla~m . The 
fibrilhe extend throu~!1out the whole len111b of, anrl are paraHel to, the Jong axis of 
the mu~c111a1: fibre: I hey pre~ent the follo" m~ appearances in regular alternation: 
(1) a ch.m pn1-'m~tlc .o~· rod-shaped element1 the Rn.1'f'OWl <'lrnu,nt ,d· Bowman; (2) a 
thin hml~e. which JOlllS the sarcous element to (3) a 1lark granule. Then agai n 
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another thin bridge joining the same oTanule to the next sarcous element and 80 

on. When these tibrill::c are collcctecI°togethcr into columns, an<l the colu1~ns into 

muscular fibres, the app~arancc ~nentioned aboYc is produced. The sa.rcous elc

T?Cnts, when arranged side by side and almost touching each other, with verr 

little sar.coplasm between them, represent the transverse <lisk. ri1he bridges, being 

much tb1uncr tLan the sarcous. clement or the dark granules, ha.vc between each 

o~h.cr a much .larger amount of sar?oplasm, and this gi\·es to this part the trans

p.uent appea1ance of the lateral chsk. And, lastly, the granules joined edge to 

~~;~,~:~ a11 ~·~>~~ present the appearance of a membrane, which represents the inter-

Un the muscular fibre, immediately beneath the sarcolcmma. the sarcopJasm 

becomes here and there collccte<l into sma.11, pl:.tte-likc masses. They contain ornl 

nuclei, an<l arc termed "muscle-corpuscles." Finally, in the centre of each 

sarcous element a transparent lighter band can sometimes be di:;:,ccrncd; this is 

known as the median lli-~k of Hensen, and is due to the substance of the sarcous 

clements being here thinner. 

This form of muscular fibre composes the whole of the Yoluntary m11f'<:lcs. all 

the muscles of the car, those of tbe larnyx, pharynx, tongue, the upper lialf' of the 

resopbagus, the heart, and the walls of the 1:.trge Yeins a.t the point where they 

open inro it. The fibres of the heart, however. differ Ycry remarkably from those 

of other striped muscles. 'l1bey arc smaller by one-third, and their transverse 

stri~e are by no means so distinct. The fibres are made up of distinct qua.dran

frular cells joined end to end (Fiµ;. 42). Each cell contains a clear om! nucleus, 

sitna.tccl near the centre of the cell. The extremities of the cells have a tendency 

to branch or divide, the subcli,·isions uniting with off~ets from other cells. an(.1 

thus producing an anastomosis of the fibres (Fig. 4:2). The connect ire ti:-;Huc 

between the bundles of fibres is much less than in onlinary striped muscle, and 

no f'arcolcmma has been proved to exist. 

The crqJillaries of striped muscle arc very abumlant, an<l form a sort of rect

angular network, the branches of which run longitudinally in the endom.Ysium 

between the muscular fibres, and are joined at short intcnals b_,. tramwcrse 

ana:;:,tomos.ing branches. 'fhc 1a.rger \'ascular channels, arteries and ,·cins, are 
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found only in the perimy~ium, between the muscul:tr fosciruli. The smaller Yes-

sels 1>rescn t Jlerul in r saccula I' ;~:~~La:i~~:(~(tS:i~·~n ~trr~h~1 ~!:,~;~;:lc:~:):~c(~/;11~L'~~~~::~:~~ 
fibres, when it is p~c8scd out from i::.ome of' the capil
laries. 

J.YeriH!S arc profusely distributed to s~ripecl 
muscle. 'J.1be mode of their terminatio11 will be 
described on a subsequent page. 

The existence of l.11m11l/((fif' ,·e:-::-:cls in striped 
muscle has not been ascertained, thot1trh the.v htne 
been found in tendons and in the sheath of the 
muscle. 

The unstriped muscle, or muscle of organic life, is 
found in the \\alls of the hol11m viscera-viz. the 
lower half of tltc resopha~"" and the whole of the 
remainder of the gastro-intcstinnl tube; in the trachea. 
and bronchi, and the ahcoli ~rnd infundibula. of the 
lungs; in the gall-bladder nnd ductus ?ommunis 

1-~ir;. l:!.-.\nuswmusin!{mu;;c•ulnr choledochus; in the large ducts of the sall\·ary and 

~~)~~! !~(·~l~~1~1e~,~~ :~~nri~li~ ~6~~\~: k~~;1~~~~tit~egl~1~·~:c\·, i l~l~~:l~l~~~l :i~da1~1c:.e~~!.~~s i~; ~t: 
~~a~!~~1

1

£[t~;.i~f~1lt~J~~~1~~~-hhat
1

~i'~~ female sexual organs-riz. the ovar_v, the Fallopian 
tubes, the uterus (('normously developed in preg

nane.v), the rngina, the bro:1<l ligaments, and t.he erectile ti~sue of the cli.to_ris; _in 
the male sexual organs-nz. the dartos scrou. the vas clcfcrens :rnd ep1d1dym1s, 
the ,·csicuhc :o;eminales, the prostate gland, and the corpora ca,·crnrf'a and corpus 
spongiosum; in the ducts of cc.rtnin glands, a;;; in "'harton:s d1~ct: in the ca1 su~e 
and trabeculro of the spleen; m the mucous membranes, forming the muscularis 
mucosa); in the skin, forming the arrcctores pilorum, ancl also in the swcat
glarnll>l: in the al'terics 1 veins, and lymphatics; in the iri~ and the c:i l iary muscle. 

Plain or unstripc<l muscular fibre is made up of spindJe.sha.pecl cells, called 
contractile .fibre-l'l'll.~. collected into bundles and held together bv a cement-sub
stance, in which nxe conrninccl sQme connecti\·c-tissuecoqrnscles(Fig. 43). These 
burn.lie:-. arc further aggregated into la.rger bu1Hlles or flattened bands, uncl bound 
together by ordinar~' connccti\·c tissue. 

The <'Onlrnl'fi/1• .ftbre-rells (Fig. 44) are elongated, spindlc-<haped. nucleated 
cell~ of va.riou~ len~ths. a,·eraging from m to -:rfio .of an inch in length, and :ro1oir 
to ~ifli" of an mth 111 breadth. On tramffcrsc section they arc more or less poly
hedral in !->hapc, from mutual pressure. The.'' present a faintly longitudinal stri
ated appearance, and con:;ist of an elastic cell-\\ all con1aininµ: a central bundle of 
fibrilh_c. rcpre:-'Cnting: the contractile substance, a111l an oval or rod-like nucleus, 
which inc:ltulc~. within tt membrane, a fine network comm1111irating at the poles 
of the nucleus with the contractile fibres (Klein). The acll1c!-'ii,·e interstitial sub
stance, which connects the fibre-cells together, represent~ the cndonw!>iium, or del
icate connecti,·c tis~uc which binds the fibres of stripcfl muscular tissue into fas
ciculi; wbilo the tissue connecting the indi,·itlual hundlc.•s together reprc:-ents the 
perimysium. The 11nstriped muscle, as a. rule, i~ not u1Hll'r the control of the will, 
nor is the cnntra.ctiun ntpid and im·olving the whole mustll'. n:-1 i~ the ca~c with the 
mu5>cles of animal life'. The membrn~cs \\liich arc (·omposcd of the unstripcd 
mu~cle slowlv contra.ct 111 a part of then· extent, ge11e1·alh· under tho infiuencc of 
a mechanical stimulus, a~ that of distension Qr flf cold: ;1rnl then the contracted 
1~art :;l~;vl:\' relax~s ~rhilc unot_hcr yortion of the nwrnlnanc takes up the contl-ac
uon. lh1~ peculianty of acuon is most stron:?ly ma.rke(l in tho intestines, con
stituting their i·crmicular motifln. 

Chemical Composition of Muscle.-Iu chemical compo:-;ition the muscular fibres 
of both forms ('Oll"i:-;t mainly of a protcid suhstancc-myosin-,,hich is cla:-sed 
a~ one of the ~lobulins. It is rca1li ly converted hy the action of dilute acids 
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into syntoni n or aci<l-alhumcn, an<l by the action of dilute :ilkalies into alkali

albumen. ~ru~.cle, "hich i~ neutral 01: slightly alkaline in renction when at rest, 

is rendered acid by contraction. from the development probably of sarcolactic 

acid. After death muscle also exh ibits an acid reaction, but this appears to be 

due to post-mortem change. 

NERVOUS TISSUE. 

The nervous tissues of the body are comprised in two great systems- the 

cerebro-spinal and the sympathetic; and each of these systems consist of a central 

organ, or series of central organs, and of nen.'es. 
The cerebro-spinal system comprises the brain (including the medulla oblongata), 

the spinal cord, the cranial nerves, the spinal nerves, and the ganglia connected 

with both these clas~es of nerrns. 'l'bc sympathett'c system consists of a double 

chain of ganglia, with the ncn·es which go to and come from them. It is not 

directly connected with the brain or i;;pinal cord, though it is so indirectly by 

means of its numerous communications with the cranial and spinal nerves. 

Both these nervous systems arc composc<l of an aggregation of ti~suc-elements 

termed neurons, ea.ch of which consi!Sts of a nucleated cell whose protoplasm is 

prolonged into a mrying number of processes, one of which is usually of consid

erable length and forms the essential part of a nen-e-fibre. The cell-bodies have 

a tendency to be associated together in more or less definite masses, such as the 

spinal and sympathetic ganglia, the central portion of the spinal cord, the floor 

of the medulla oblongata, the cortex of the cerebellum and of the cerebral hemi

spheres, and the various ganglia distributed through the different parts of the 

brain. rrhcse masses present macroscopically a grayish appearance, which con

trasts strongly with the pure white color usually shown by the nerve-fibres, so 

that it is customary to speak of the ncn-ous system as composed of two substances, 

the .qray matter and the wltit1' or fi/,rous rnatter. 'l'he nen'e-fihres of the sympa

thetic system, however, usually lack the constituent which g ives the ordinary 

fibres their white appearance, and they consequently have a grayish color. 

The gray substance is distinguished by its dark reddish-gray color and soft 

consistence. It is founrl in the brain, spinal cord, and various ganglia, inter

mingled with the fibrous ncrrnus sub~tancc, and al~o in some of the nerves of 

special sense, and in gangliform enlargements which arc found here and there in 

the course of certain ccrebro-spinal nen-es. It is composed, as its name implies, 
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of cell~, commonly called nen•c-cells or .c1an,qlion-<'Ol'/11tft1•/1·H. ('Ontaining nuclei and 
nuc:leoli. The cells together with the blood-vef.lf:.CI~ in the gray nenc-subgta.ncc. 
and the ncn•e-fibrc~ and vessels in the white ncn•e-substancc, arc imbeclded Ill a 
peculiar ground-imbstance, named by Yirchow neurn.<Jlia, and consisting of large 
branched cells (Fig. 46, C), the branches passing in e1·ery direction amon!' the 

nene-tissue, thus holding it and binding 1t 
together. It is de1·eloped from the epi
blast, and contains neither the character
istic fibres nor cells of connect i,·e tissue. 
and therefore cannot be regarded as be
longing to the true connectirn tissues. 
Each ner ve-cell consists of a finely gran
ular protoplasmic materia l, of a reddish or 
yellowish-brow n color , which occasional ly 
presents patches of a deeper tint, caused 
by the aggregation of pigment-granules 
(Fig. 45) . No distinct limiting membrane 
or cell-wall has been ascertained to exist. 
The nucleus is. as a. rule. a. large. well
defined, round, vesicular body, often prc-

:Zf ::~: ~1 ~~~~i~~lt~~e·:~ .. h~~~w~r\:~~~i~~~~ 
clear and brilliant. The nerve-cells rnrv 

FICl . .n.-Cell from the anterior horn or the in shape and size; some are small. sphef
gray matter of the i;pinal cord. a, Axis-cylinder ical or o,·oirl, with generally an C\'Cll out
r1~~:8Qbe1;;.1~fif:~~ation or plgment·grnnules. line, such as those found in the spinal 

ganglia; others, again, arc caudate or stel
late in slrnpc, and nre characterized by their large size and by their having one 
or more tail-like processes issuing from thcm 1 wh ich occasionally divide and sub
divide into numerous branches 
(Fig. 46, A). 'rhese are found --'_______.,. 
in greatest number in the gray 
matter of the spinal cord. Still 
others are flask-shaped, as in 
the cortex of the cerebellum; or 
conical, as in the cerebral convo
lutions. For the most part nerve
cells ha.,•c one or more processes, 
an<l they arc dist inguished by 
the number of these processes, ~ 
as unipolar, bipolar, or multi-
polar cells. These processes are 

very delicate and are direct con- ·' r· . ' "'-tin~a.tions of the protoplasm of . 
the ne!'l'c-ccll. Th e majority of 
the processes of a multi polar cell 
are exceedingly fine, and branch 
den<lritically, spreading out 
among the adjacent nervous 

~!~::31:1i'e ,:~:1:~1!.~~~ce~s::ces~:~ ~:~~~P:;~~~oo~~,:t,:n;:.~:,i~,·eo~n~oc,ha,uft;rc•rg'~~,;.;;ny:e '~~;~~~r;¥~'eiu\,~.~11~1:,l: 
~:ss~:'.'t~'.~:·m~~l~e~f ~~: I';~~ [t~~,f.om <he w~ite •uhotonoe or the ee · t~fte • 'i/61: 
branch. but give~ off from time 
to time lateral branches termed. collaterals, and eventually form the axis-cylinder 
of a nen-e-fibrc; this is the ans-cyb.nder process. · 

'rhe white or fibrous nen•e-substance or nerve-fibre is found universally in the 
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nenous cords, and a]so constitutes a great part of the brain and spinal cord. 
'L'he fibres of which it consists are of two kinds, the medullated or white fibres, 
and the 11011-medul/atecl or ,qray fibres. 

The medullated fibres form the white part of the brain and spinal cord, and 
als~ the greater part of the cerebra-spinal nenes, and give to these structures 
then· opaque, white aspect. When perfectlv fresh they appear to be homo
s:eneous; but ~oon after remornl from the~ body they present, when 
med by transm itted light, a double outline or con
tour, as if consisting of two parts. 'l'he central 
portion is named the axis-cylinder of PurkinJe : 
~round this is a sort of sheath of fatty material, 
named the wltite substance of Scliwann, which gives 
to the fibre its double contour, and the whole is en
closed in a delicate membrane, the neurilemma.' 
primitit1e sheath, or nucleated sheath of Scltwann 
(Fig. 47). 

'fhe a1-·is-c,11lincler is the essentia l part of the 
nerrn-fibre, and is always present: the other parts, 

~~~a~~~~l~11\~~ r~ b:::~thes~~:~ia\1:; ~:l\l~~eu~:~~i n be~:~ ft 
termination of the nene-fibre. It undergoes no 
interruption from its origin in the nel"Ye-centre to 
its peripheral termination, and must be regarded 
as a. direct prolongation of a nerve-cell. It con
stitutes about one-ha lf or one-third of the nerve
fibre, the white substance being greater in propor-

~!0~e~~e:I:;. ~~~~·:;a~:~~' ~:Jhi: cte~~\~~1f~~;g~~isti~: ::1i1~~~~-~~~~snt~Hfr:~!~~~rri~e:i~r 
guishable in a perfectly fresh and natural state of ~~~::~~~:~a~::~~·~~~k'~·t~~·~n0}i~~i1~hc~~~ 
the nerve. When examined under a high power it ~:~~~~I~~cg;~~~tl!~ed, 11nd one with gru· 

presents the appearance of longitudinal striation 1 as 
if composed of very fine, homogeneous fibrillre, held together in a faintly granular 
interstitial material. Occasionally at its termination the axis-cylinder of a fibre 
may be seen to break up into exceedingly fine fibrillre, confirming the view of its 
fibrillar structure. These fibrillm base been termed the primitive fibrillre of 
Schultze. 'f he ax is-cylinder is said to be e1nelopcd in a very del ica.te, hyaline 
sheath, which separates it from the while mattel' of' Schwann. The medullary 
slteatli or wltitf matter ~f ~S'cltwann is rcgal'decl as being a fatty matter in a fluid 
state, which insulates and protects the essential part of the nerve-the axis-cylinder. 
'l,he white matter rnries in thickness to a \·ery considcrnhle extent. in some forming 
a layer of extreme th inness, so as to be scarcely distinguishable, in others forming 
about one-half the nerve-tube. The Rize of the nerve-fibres1 which varies from 
rfuu to Tr1rru of an inch, depends main ly upon the amount of the white substance, 
though the axis-cylinder also mrie.s in size within certain limits. The white matter 
of Schwann does not alwa.vs form a continuous sheath to the axis-cylinder, but 
underaoes interruptions in~its continuity at regular interrnls, gi\"ing "to the fibre 
the aJ~Jearance of constriction at these points. 'L1he:-3c were first dc:-cribecl b,r Ran
vier1 and are known as the nodes 
qf Ranvfrr (Fig. 48). 'l'bc por
tion of nene-fibre between two 
nodes is called an internodal sPg
ment. 'J'he ncurilemma or prim
iti\·e sheath is not interrupted a.t 
the nodes. but passes over them 
as a continuous membrane. Ea.ch 

1 Jn older hi-,tologi<:al works the term "neurilenuua '' i:s use<l to detiignate the fibrous cm·elope or 

lhe whole nerve, now called "pcrincuriuru." 
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internmlal ~l·~ment contains an ornl n11rl01i:-. irnlw(ltll'tl in tlil' ml'dulla~·.v :-;heath, 
n111l on;hio11allr more than one nud('us llHl\' be l'l'l'll in the ~ame rntcrnode. 
~lt·1lu1lat(.'1l IH.'r~·c-6.brcs frc(1t1ently present a b(1rult•1l or \'aril'O!"l' appear.<mce: this 
i!'l due to manipulation ant.I pre~sure causing the oily rnattl'r to tnlil'<'t mto <lr?ps, 
and in eonsequcnc" of the extreme delicacy of the primitive ~heath cYcn slight 
JH·e~surc wi11 (·a use the transudation of the fatty matter, "hith colle~t~ as drops 
of oil outsitle the membrane. 'l'bis is, of course, prornotl•1l by the ncllon of ether 

(Fi~. -19). . 
The neu.rilemma or primitive sheatli (sometimes ca ll ed the tubular mrmbrrrne or 

shPalh r!f Scluvann) presents the appearanc~ of a delit.aJe, s.tructurele~s membrane. 
Here and there beneath it, and situated m depresi;1ons Ill the wh ite matter of 

Rcbwann. :we nuclei surrounded 
by a. sma ll amount of protoplasm. 
rrhc nuclei are ond and somewhat 
Hattened, and bear a definite rela
t ion to rhc nmles of Ran vier ; one 
nucleul) ge11ern lly lying in the 
centre of each node, though in 
some few instances two nuclei 
may be found in the f:.ame node. 
ThC sheath of Schw ann, it is to be 
notc1l, dol·:-; not occu r in the mecl
ullated fibn·~ contained within 
the spinal eord and brain. 

Non-medullated Fibres.-{\Iost 
of the ncnef' of the ~nupa.tbet i c 
system, and some of the ccrebro
sjlinal (sec especia lly the descrip
tion of the olfa ctory nc1·\·c), con
sist of another ntrict v of ne1Tous 
fibres, which arc ca ll c<l the .c;rav 
or .fJdali11011~ ncn·e-fibres--:fibre~ 
qf' H1·malr (Fig. 50). rrhcse con
sist of a hundle of flnelv striated 
fibrill~ cnclo:;ed in a. i;;hcath. 
Nuclei may be detected a.t inter

vals in each fihre. situated between the axis-cylinder and the neurilemma. In 
external appearance the gelatinous nerves arc semi-transparent an<l gray or vel-

!~:i~~~~r:r· th:
1

~~ec;::~t~~~~ua~b~~~~s ~·~:·:voi~1 t51::e'ofi: 11 ~;~:~11}{ ~;:~cr~~ii1~~Tti~~o~~1~~r11,~ 
formed b.\~ tbc breaking up of the cerebro-spinal fibres, :1)0. uho\'C mentioned, are 
of hardly appreciable thickness; while, on th e other hantl, ~ome of the gelatinous 
fibres (especially those on tbc olfactory bulb) arc ~aid to be three or four times 
as thick as those of the cerebro-spinal nel'\'e::;. 

Chemical Composition.-The difference in the chemical composition of the white 
and gray matter is indicated by the following analyse)) by Petrowsk_y of the brain 
of the ox: 

'rater ........ · · · 
Solids (pt.>rccntage composition): 

Protc11ls. . . . . . . . . 
Lel'it hin ...... . 
C'holestt'rin and fat. 
Ccrcbrin ........ . 

~~::~r ~r~a~i~ e:1~p~u'.1tl~ : 

. .... 55.3i 
. .. 11.2.i 

· · · · · ..... IX.1)8 
. .. 0.53 

..... •. 6.il 
14;) 

White. 

68.30'1C 

2.&.i2 
9.90 

51.91 
9.5;) 
3.34 
o.:->7 

'l1be proteids in the a.born analysis practically represent tlie protoplasm,\\ hi ch 
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naturally is muc:h greater in the gray than in the white matter. On the other 
hand, the cholesterin, fat, and ccrebrin (the latter ill-defined nitrogenous compounds 
belonging to the group of glucosides) are probably important constituents of the 
mcdullary s~cath. Another substance also occurring in the medullary sheath, 
though not determined separatel5" in the abov-e analysis, is neurokeratin, which 
forms a fibrous network throughout the sheath, and resembles keratin in its 
marked resistance to reagents. It probably makes up the greater part of the 
unidentified organic matter of the white substance in the above analysis, while in 
the gray substance the unidentified matter is probably largely composed of 
prota,qon, a phospborized compound closely resembling lecithin, but differing from 
it by its insolubility in ether. 

The nervous structures are divided, as before mentioned, into two great sys
tems-viz. the cereb1·0-spinal, comprising the brain and spinal cord, the nerves 
connected with these st ructures, and the ganglia situated on them; and the syni-
7Jathetic, consisting of a tlouble chain of ganglia and the nerves connected with 
them . All these structures require separate consideration. 

'fhe brain or encephalon is that part of the cerebro-spinal system which is 
contai ned in the cavity of the sk ull. It is divided into several parts, for a 
description of which reference must be made to the account of the structu re of 
the brain in a subsequent portion of this work. In these parts the gray matter 
is found partly on the surface of the brain, forming the cortex of the cerebrum 
and of the cerebellum. Again, gray matter is found in the interior of the 
brain, collected into large and distinct masses or ganglionic bodies, such as the 
corpus striatum, optic thalamus, corpora c1 uadrigemina, the olivary bodies. and 
the corpora dentata of the cerebellum, Finally, gray matter is found intermin
gled intimately with the white, but without definite arrangement, as in the 
gray matter in the pons Varolii and the floor of the fourth ventricle. 

The white matter of the brain is divisible into three distinct classes of fibres. 
'fhese are, in the first place, projection fibres, such as the fibres which connect 
the brain with the spinal cont ; that is to say, those which are usually traced 
upward from the columns of the spinal cord, through the rnedul1a oblongata into 
the encephalon, chiefly by means of the anterior pyramids, passing through the 
pons Varolii and crura cerebri to the internal capsules of the corpora striata, 
.anU thence to the cerebral cortex, and by means of the rcstiform bodies into the 
cerebellum. The second class of white fibres in the bra.in are commissural, con
necting opposite sides of the brain, as, for instance, the fibres of the corpus callo
sum and the anterior commissure of the thalamencephalon. And the third class 
are the association fibres which connect different regions of the same side of any 
of the portions of the brain. 'l'be fibres of this last class are more especially 
developed in the C('rebral hemispheres, where they connect different areas of the 
cortex, as, for example, the cortical centre for sight in the occipital lobe with the 
motor centre for speech in the frontal lobe. 

The manner in which the gray and white matter are intermingled in the brain 
and spinal cord is 1·ery intricate, and can only be fully understood by a careful 
study of the details of its descriptive anatomy in the secprnl. rfiJe further consid
eration of this subject will therefore be deferred until after the description of the 
various divisions of which the cerebra-spinal system is made up. 

The nerves are round or flattened cords, formed of the nerve-fibres already 
described. 1~hey are connected at one end with the cerebro-spina1 centre or with 
the ganglia, and are ~istril?uted at the other encl to the various ~extures. of the 
body; they are subdinded mto two great classes-the cerebro-sznnal, which pro
ceed from 

0

the cerebra-spinal axis, and the sympathetic or ganglionic nerves, which 
proceed from the gangli a of the s_vmpathetic. 11110 cere~ro-spinal nerves conf'list 
of numerous nerve-fibres collected together and enclo::.ed Ill a membranous sheath 
{Fig. 51). A small bundle of primitive fibres, enclosed in a tubular ~heath, is 
call ed a fu,nicu,lus; if the nerve is of small ~ize, it may consist only of a single 
funiculus; but if large, the funiculi arc collected together into larger bundles or 
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fa::-ciculi, "hich arc bound together in a common membranous itH"C~tmcnt, and 
constitute thr nene. 

Jn strncturc tl1c t·ommon mem
branous investment, or ~heath of the-

;:~:~:~~u::~:~:c~\·;lll1i:~!1 tli1: ~~::t~ld g~~~;n e~~~ 
from it, and which !o'CJ>~iratc the fas
ciculi, consists of connccti,·e tisime, 
composed of white :rnd yellow elastic 
fibres. the lat ter existi ng in great 
abundance. ~L1h c tubu lar sheath of 
the funiculi, called the perincurium, 
consists of a fine, smooth, transparent 
membrane. which may be easily sepa
rated, in the form of a tube, from the 
flbrcs it encloses; in structure it con
sists of connecti,·c tissue. which bas a 
distinctly lamcllar arrangement, con
sisting of several larn cll m, sepa~·a~ed 

f ~:~1~1;)h~acb '1'~1t~e1~1 ~~:~.:~b~~~ c:~:a11111~~~ 
together anJ s upported within the 
funiculus bv delicate connective tissue, 
cnlled thew endoneurium . I t is con
tinuous with septa which pass inward 
from the innermost layer of the peri
neurium, and consists ()fa g round-sub
stance in which a re imbeLlded fine bun
dles of fibrous connective tissue which 

run for the most part longitudinally. It serves to support the capi lJary vessels, 
which are arranged ~o :ls to form a network with the elongated meshes. 'l'be 
cerebro-spina.l nerYes consist almost exclusi\·el,Y of the medullated nerve-fibres, 
the non-medullated existing in very small proportions. 

~'he blood-vessels supplying <t nerve terminate in a minute capillar,Y plexus,. 
the \'Cssels composing which pierce the perineurium and run, for the most part, 
parallel with the fibres; the\' are connected together by short, transverse vessels, 
forming narrow, oblong meshes, similar to the capillary system of muscle. Fine 
non-medullatecl nene-fibrcs accompany these capi llary vessels, vaso-motor fibres, 
and break up into elementary fibrils, which form a network arou nd the vessel. 
H orsley has also recently demonstrated certa in rnedullated fibres as running in 
the cpineurium and terminating in tacti le corpuscles or end-bu lbs of Krause, or 
in sma11, but perfect, Pacinian corpuscler-;. Thc~e nene-fibrcs are termed nenii 
mmioru~u, ai~d h:ne been considered to have an important bearing upon certain 
neuralgic pa1m~. 

The nene-fibrcs, as far as is at present known, do not coa l e~cc, but pursue an 
uninterrupted .course from the c~utr? ~o the periphery. In separating a nerve, 
howeYer, mto its component fumcul.1, 1t ma? _be seen that they do not pursue a 
per~ect~y insulat~d C?urse, but occa~1on~lly JOlll at a.. very acute angle with other 
~u~1cul1 pr~cce?mg rn the s.ame d1recuo.n; from this, branches arc gi\·en off, to 
JOlll agum m like mam~cr :nth other fum~uli. It must be remembered, however, 
that in these communicat.1ons the nerve-fibres ~lo not. coalesce, but mcrcl.v pass 
into the sheath of the adjacent nene. become mtenmxed with its nene-fibres 
and again pass on, to become blended with the nerrn-fibres in some adjoining 
funiculus. 

Nerves, in their course, s?bdid~le into branches, and these frequently commu
nicate with branches of a. ne1ghbormg nerve. In the subdi,·ision of a ncr\'e the 
fihlmcnts of which it is composed are continued from the trunk into the branches, 
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ttnd at their jLlnction with the braucbes of neighboring nerves the filam ents pass 
to become intermixed with those of the other nerves in their further progress; in 
no instance, however, have the separate nerve-fibres been shown to inosculate. 

The communications which take place between two or more nerves form what 
is called a plexns. Sometimes a plexus is formed by the primary branches of the 
trunks of the nerves-as the cervical, brachial, lumbar, and sacral plexuses-and 
occasionally by the terminal funiculi 1 as in the plexuses formed at the periphery 
of the body. In the formation of a plexus the component nerves divide, then 
join) and again subdivide in such a complex manner that the indiYidual funiculi 
become interlaced most intricately; so that each branch lca"ing a plexus may 
contain filaments from each of the primary nervous trunks which form it. In the 
formation also of smaller plexuses at the periphery of the body there is a free 
interchange of the funiculi and primitive fibres. In each case, however, the 
individual filaments remain separate and distinct, and do not inoscu1ate with one 
another. 

It is probable that through this interchange of fibres the different branches 
passing off from a ple:rns have a more extensive connection with the spinal cord 
than if they each bad proceeded to be distributed without such connection with 
other nerves. Consequently the parts supplied hy these nerves have more extended 
relations with the nervous centres; by this means, also, groups of muscles may be 
associated for combined action. 

The sympathetic nerves are constructed in the same manner as the cerebro
spinal nerves, but consist mainly of non-meclullated fibres, collected into funiculi, 
and enclosed in a sheath of connective tissue: There is, however, in these nerves 
a certain admixture of medullated fibres, and the amount varies in different 
nerves. Those branches of the sympathetic which present a well-marked gray 
color are composed more especially of non-medullated nerve-fibres, intermixed 
with a few medullated fibres; whilst those of a white color contain more of the 
latter fibres and a few of the former. Occasionally, the gray and white cords 
run together in a single nerve, without any intermixture, as in the branches of 
communication between the sympathetic ganglia and the spinal nerves, or in the 
communicating cords between the ganglia. ~rhese medullated fibres are derived 
from the central nervous system through the ranzi cornmunicantes, which pass from 
the cerebro·spinal nen7 eS to the various sympathetic ganglia. 

The nerve-fibres, both of the cerebro-spinal and sympathetic system, convey 
impressions of a twofold kind. The sensory nerves, called also centripetal or 
afferent nerves, transmit to the nervous centres impressions made upon the 
peripheral extremities of the nerves, and in this way the mind, through the 
medium of the brain, becomes conscious of external objects. The motor nerves, 
called also centrifugal or efferent nerves, transmit impressions from the nenous 
centres to the parts to which the nerves are distributed, these impressions either 
exciting muscular contraction, or influencing the processes of nutrition, growth, 
and secretion. 

Origin and Termination of Nerves.- By the expression H the termination of 
nerve-fibres" is signified their connection with the nerve-centres, and with the 
parts they supply. ~l.1he former are sometimes called their origin, or central 
termination; the latter their peripheral termination. The origin in some cases is 
single-that is to say, the whole nerve emerges from the nervous cent!·e by a single 
root; in other instances the nerve arises by two or more roots, which come off 
from different parts of the nerve-centre, sometimes widely apart from each other, 
and it often happens, when a nerve arises in this way by two roots, that the 
functions of these two roots are different; as, for example, in the spinal nerrns, 
each of which arises by two roots, the anterior of which is motor and the posterior 
sensory. The point where the nerve root or roots emerge from the nervous centre 
is named the suzJeJ:fieial or apparent origin, but the fibres of which the nerve 
consists can be traced for a certain distance into the nervous centre to some por
tion of the gray substance, which constitutes the deep or real origin of the nerve. 
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ln the ca~c of motor or efferent ncn•c-fibres the deep origin is in cells contai~ed 
within the !'lpin:.11 cord or brain. the axis-cylinder proces:-i.cs of these cell~ ~cm.g 
prolon,!:tc1l to form the fibre~. In the case of the H'nsory ncne~ th~ or~g111 1~ 
somt•what <lifferent, ina~much as they a.rise from the cells of ga11gl1.a. situated 
externalh· to the central ucn·ous system. 'l'hc ~en~orv fibres of a ~pinal nerve 
ari..;c, for. im;tance, from the cells Or the ganglion of' ·the pol:iterior root: the::e 
cells give off a. process which branches in a. T-:-.lrnpe<l nurnner (Fi~. -W, _B), one 
of the limbs of the T extC'nding peripherally, "bile the other passes mwards 
and penetrates the spinal cortl . In connection with the sensory cranial nerves, 
orif1ins arc dc~nibcll imbedded within the substance of the brain: tLese are not, 
ho~e\'Cl\ the prop.!r origins, but are groups of cells around which the fibres, 
growin<T inwards form the rranalion-cells, situated jm;t outRi<le the brain, end, 
and fr~n which new fibres 

0

ari;e, which paf.;S upwa~·<ls in the ~ubstance of the 
brain. 

Peripheral Terminations of Nerves.-11he manne1· in which nerve-fibres ter
minate peripherally a.re seYernl, and ma.y be con\·eniently studied in ~he ~e~sory 
and motor nenes respectiYely. Sensory nen·es would appear to term~nate either 
in mi11ute primiti,•c fibrillre or networks of these; or clr:ie in special termmal organs, 
whid1 ha.ve been termed peripl1eral end-organs, and of which there are three 
principal varieties-viz. the end-bulbs of Krause, the tactilecorpuseles of \Yagner, 
and the Pncinian corpuscles. 

Termination in Fibrillre.-When a rnedullatcd ncne-fibre approaches its termi
nation, the \\hiLe matter of ~chwann suddenly cfo~appears, lea,·ing only the axis
evlinder surrounded bv the neurilemma, and \\C h:we now a. non-medullated 
fl°brc. 'l1his undergoei; ;·epeated di,·ision, and after a. time loses its ncurilemma., 
and consiscs only of an axis-cylinder, which can be seen, in preparations stained 
with chloride of gold, to be made up of fine rnrico~e fibri ls. Finally, the ax is
cylindrr breaks up into its constituent primiti\·e ncn·e-fibrilloo, which anastomose 
'' itb one another, thus forming a. network, and often present regular varicosities. 
1'his network passes between the elements of the t issue to which the nerves a.re 
distributed, which is a lwa.ys epithel ia.11 and the ncne-fi lH'ils end in the interstitial 
substance between the epithelial cells, or, as is believed hv Rome, actually ter
minate u•ithin the cells as minute swelling:-;. clo~e to the 1{11('lcus. ln thiS way 
nenc-fibres ha"·e been foun<l to terminate in the epithelium of the skin and 
mucouR rnembra.nes, and in the anterior epithelium of tbe cornea. 
. The ~nd-b~lbs ~f K~ause (Fig. ?2) a!·c minu.te oblong or c,rliwlrical corpuscles, 
mto the mtenor of which the ax1s-cylm1kr c,f tlie nerve-fibre passes, an<l termi
n.ate~ in a. _eoiled, plexiform mass or in :i _b~dliou:-; extremity. '_Ilhc corpu)'cle con
~1:-:.ts of a .:mu pie nucleated <:apsule. ronta1111ng a soft. homogeneous core. in which 
the termination of the axis-c_vlin.der is coutainc<l. 'J'hc white rnalter of Rchwann 
ce:.u;e:3 abruptl_v as the a.xis-cylinder enters the corpuscle, but the neurilernma is 
continued inward with the axis-cylinder. and forms an in\'e$tment of the core 
lining the interior of the capsule. The end-bullJ:s ha\ c lweu lle:0:cri!Jccl as occurrin; 
in the conjunrtirn (where, in n~an, they ':1-rc spheroidal in ~hape), in the mucou~ 
m~m~rane of th_e mouth, and 111 the cutis and_ nrncous membrane <if the penis, 
clitoris, and rngma, where they arc termed gemf(t/ corpuse!eR. The latter Laxe a. 
mulberry-like. appeanu~ce, from being constricted _by connccti\·e-tissue septa into 
from two to s.1x knob-like mas~cs. In the synovial membrane of certain joints 
(e . .'I· those of die fingers) rounded or o'al end-bulbs Lttvc been found; these arc 
des1~1mted artwular end-bulb8. 

'l'hc tac~ile corpuscles (Fig 53), d_escri?ccl b_y "'agncr and Meissner, are ornl
~hape(~ bodies, made up of conn_ectl\·e tiss~1e 1 an_d con~iHting of a capsule, anil 
nnperfc?t mcmbrano_us septa, clen,·ed from 1t, wl11ch penetrate its intel'ior. 1'he 
ax1s-cylmiler:-;. (•.men~g the capsule. pursue a ?OtH"olutecl course, supported b_v the 
septa. and termmate Ill ~!11all glob_ular or pyriform enlargements, near the inner 
~mrface of _the cap~ule. ~hesc tactile corpu~cle!-i have IH·e11 1le~cribed as occurring 
111 the papill:~ of the ror1um of the Land a111l foot. the front of' the fore-arm, the 
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skin of t?e lips, and the mucous membrane of the tip of the tongue, the palpebral 

conJunct1\'a, and the skm of the mpple They are not found in all the papiil"'; 

O
n? 

' J, . 

~ 

d. 

1}~£G~r:~~~~r:~: ~Ji~~~~t., gor~~:~11~: 

but from their existence in those parts in which the skin is highly sensitive, it is 

probable that they are specially concerned in the sense of touch, though their 

absence from the papillre of other tactile parts shows that they are not essential to 

this sense. 
The Pacinian corpuscles 1 (Fig. 54) arc founcl in the human subject chiefly on 

the nerves of the palm of the band and sole of the foot and in the genital organs 

of both sexes, l,ving in the subcutaneous tissue; but they ha,•e also been described 

as connected with the nerves of the joints, and in some other situations, as the 

mesentery of the cat and along the tibia of the rabbit. Each of these corpuscles 

is attached to and encloses the termination of a single nen'e.fibre. The corpuscle, 

which is perfectly ,·isible to the naked eye (and which can be most easily demon

strated in the mesenter,v of a cat), consists of a number of lamelli:e or capsules, 

arranged more or less concentrically around a central clear space, in which the 

nene-fibre is contained. Each lamella is composed of bundles of fine conncctirn

tissue fibres, and is lined on its inner surface by a single layer of nudeated endo

thelial cells. The central clear space, which is elongated or cylindrical in shape, 

is filled with a transparent material, in the middle of which is the single medullated 

fibre, which trarnrses the space to near its di:-tal extremity. Here it terminates 

in a rounded knob or end, sometimes bifurcating pre,·iously, in which case each 

branch has a similar arrangement. Todd and Bowman have described minute 

arteries as entering by the :-ides of the nen·es and forming capillary loops in the 

iutercapsular spaces, and even penetrating into the central space. Other authors 

<lescribe the artery as entering the corpuscle at the pole opposite to the nerve .. 

fibre 
Herbst has described a somewhat similar "nerve-ending" to the Pacinian cor

puscle, as being found in the mucous membrane of the tongue of the duck and 

in some other situations. It differs, however, from the Paciniau corpuscles, in 

being smaller, its capsHles thinner and more closely approximated, and especially 

in the fact that the axis-cvlindcr in the central clear space is coated with a con

tinuous row of nuclei. 'r'hesc bodies arc known as the corpuscles of Herbst. 

Tactile corpuscles ha\·e been described by Grandry as occurring in the papill~ 

of the beak and tongue of' birds, and by Merkel as occurring in the papillre and 

1 Often called in German anatomical works "corpuscles of Yater." 
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epith('lium of the ~kin of man and animals, e:-.pel'i:tlly in tho::;c p:~rts of tbe :3k m 
dernid of hair. The,• con:5ist of a cap:->ule cornpo:-;cd of a YCI')' delicate, nucleated 

' membrane, a11tl contain two or more granu lar, 
some" hat flattened cells. between "hich the med
ullatetl nenc-fibre, \\ hidt ('nters the capsu le by 
piercing its inn~sting mernbnrnc, is s upposed to 
terminate. 

'fhe ncnes supplyin~ tendons ba\·e peculiar 
nerve-emlings. and arc especially numerous near 
the point where th e tendon hecomes muscular. 
In this situation spindle-shaped bo1lies arc found. 
and are known as the organs of Golgi. 'l'hey a.re 
appa.rentl .v composetl of seven.ti temlinous bundles 
fused into one, into'\ hi ch one or more nerve-fibres 
pass, and, didding, spread out bct,\een the tent.lo?
bundles. Nerve-fibres occasionally terminate m 
tendons as end-bulbs or as small Pacinian cor
puscles. 

In the organs of speci~l sense the .nerves ~ec-m 
to terminate in cells, which are modified epithe
lial cells, an<l have received the name of sensory 
or nen•e-epithelium cells. ln reality, however, the 
nerve-fibre is in these cases a proce~s of the epi
thelial cell, and if followed centrally will be found 
to end by branching around a ganglion-cell. From 
thiR an axis-cylinder continues the path ~i10!1g 
which the stimu lus trnYcl s toward the bram. 
'l'hese nen e-epithelium cells are to be reganh•<l as 

F'u;. '!··-""""'"" 1·m·1m«·le.wlt1•. 1" specially modified neurons. 
Motor nerves arc to be traced either into un-

W1~~··:\~·ii~0;:i:i!;,i,f;:~x~~~;;~:fi:i:'fa~i; !!~:~=~ o~~ · i~~~l~~~ar~t:~~~1c~~s fi~~·=s~er~1;s \~~?e ~~: 
~;;,,:~. ;;;,r;;;~:!:,":,;·;,,;[',' ,;'i ";;;"'',/,,,';!'~ .. ·.~"·,; ·:···;';' ~~~f~\ Y f~~mtlit~1en(;~;~:~~~~i ~~;f :!~~! t~nb~-c~~ re ;;~1;pt11s:i~~ 

termiOation tLey di"ide into a number of branches, 
which communicate and form :Ill intimate plexus. 

At the junction of th e branches groups of' gan(.(lion-cells are situated. l?rom 
thc:-:c plexuses minute branches are g i\"en off, "hich di"ide aml break up into the 
ultimate fibrill;"C of which the nen'e is composed . 'l'h el'e fibrillre cour:se between 
the involuntary mu~cle-cell~. an<l. according to Eli:-<thcr, terminate on the su rface 
of tbe cell, opposite the nucleus, in a. minute S\\l•llinµ:. .Arnol<l :rnd Franken
htiu.;;cr bclievc<l that the~e ultimate fibrillre penetrated the mu~cular cell and endc<l 
in the nucleus. ~lore recent obscrrntion bas. howc\'er. tended to disprove this. 

In the striped or voluntary muscle, the ncncs !:rnpplying the muscular fibre~ 
arc tleri,·e<l from the cerebro-spinal nerYcS, and are com po:-<ctl mainly of medullate<l 
fibres . The nerve, after en tering the sheath of' the mu:;tle, brcak8 up into fibres, 
or bundlc8 of fibres, "hich form .plexuses, and gl'adua lly <livid.c until, as a rule, 
a single ncnc-fibre en ters a s111gle muscular fibre. ~omctimcs, howc\·er, if 
the rnul'c11la.r fibre is long, more than one nen-c-fibl'c enters it. Within the 
mu:o:cular fibre the ncr\"C terminates in a. specittl expa11sion 1 callctl bv Klihne, who 
fir8t accuratel.v <le:scr ibed them, 111f)(Orial f'lnl-plate!! (Fig. 55).1 'J'l;e nene-fibre, 
on approaching the muscular fibre, sndclenly loses its white matter of Rchwann, 
which abruptly terminates; the neurilemma becomes (·ontinuous with the sarco
lcmma of rb(• mu~tlc1 and only the axis-cylinder enters the muscular fibre, where 
it imme1liatcly ~preads out, ramifying like the roots of ft tree, immediately beneath 

nam~~\~~:1h,~~~.~~~::~·~m;;,.r:;-.'"iou;ly b<."cn notil'ed, 1ho11_gh not accurately det;Cribed, by Doyere, who 
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the sarcolemma. and is imbedded in a layer of granular matter, containing a. 
number of clear, ohlong nuclei, the whole constituting an end-plate from which 
the contractile ware of the muscular fibre is said to start. 

'l'he Ganglia. ma~~ be regarded as separate and independent nervous centres, of 
smaller size and le~s complex structure than the brain, connected with each other, 
with the ccrebro-spinal axis, and with tbe nerves in various situations. They are 
found on the posterior root of each of the spinal ncnes; on the posterior or sen
:-:ory root of the fifth cranial nene; on the facial and auditory nerves: and 
on the glosso-phar.vngea.l and pneumogastric ncncs. TbC'y arc also found in 
a connected seri es along each side of 
the ,·ertcbral column , forming the trunk 
of the s,Ympathctic; and on the branches 
of that nenc, general ly in the plexuses 
or at the point of junction of two or 
more nenes '' ith each other or with 
branches of the cerebro-spinal system. 
On section they are seen to consist of 
a redcli!'lh-gray substance, trarnrsed by 
numerous white nene-fibres; they rnry 
considerably in form and size; the 
largest arc· found in the Cavity of the 
abdomen: the smallest, not visible to 
the nake<l eve, exist in considerable 
numbers upoi1 the nenes distributed 
to the different viscera. 'fhe ganglia 
are in,·ested by a. smooth and firm. 
closely-adhering, membranous envelope, 
consiRting of dense areolar tissue; this 
sheath is continuous with the peri
ncurium of the nerves, and sends nu
merous processes into the interior of 
the ganglion, which support the blood
''esscls supplying its substance. 

~~F~~~~~:~~fa~,\~"h'!'~~mi:R~~~!:f:'.·~.~~ 
i oftheir 

~g~~: w'12:,~~~~[i,!;;;,~,~i~:;e1i~'!:. ~;~~l~~~~ In structure all ganglia are essen
tially similar (Fig. 56), consisting of the 
same structural clements as the other 
nervous centres-viz. a col1ection of nerve-cc1ls and nerve-fibres. 'The nene
or ganglion-cells in the ganglia of the spinal nerves arC' pyriform in shape. the 
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~maller end bC'ing drawn out into a process which bifurcate~ at it8 extremity in a. 
T-lih mannc1-, the two limbs of the T forming the axis-cylinder of the peri1~beral 
and rcntral portion8 of a sen~or,\~ ncnc-fibrc. Lu the sympathetic ga nglia the 
ct•lls are multipolar, and give off a single unbranched axis-cylinder. Cells ~f 
this t~·pc arc found in the cil iary, spheno-pah1tinc. submaxillary. and otic ganglia. 
attach('d to certain of the cranial nen•es, and these may in conseclucnce be con
~idcrcd a~ the cranial portion of the sympathetic system. 'fbe gangli on-ccll t; arc 
usually enclosed in a. transparent capsule with nuclei on its inner s urface. The 
ncn·<'-fibres on entering the ganglion lay aside their perineurium, which becomes 
cont inuous with the capsule. Some fibres run through the ganglion without being 
connected with the cells. 

THE VASCULAR SYSTEM. 
The Vascular System, exclusive of its ccntml organ, the heart, is di\·ided into 

four classes of Yessels: the arteries, capillaries, veins, and lymphatics; the 
minute structure of which we will now proceed bl'ielly to describe, referrjng the 

reader to the bodv of the work for all that 
is necessary in th~e detai ls of their ordinary 
anatomy, · ~ 

Str~cture of Arteries (Fig. 57).-The 
arteries a'.re composed of three coats: inter
nal or endothelial coat (tunica i'ntima of 
K011iker); middle muscular coat (tunica 
media): and external cellular coat (tuniea 
ad1•c11titia). 

_'11hc two inner coats together are Yery 
easil,Y separated from the external, as by 
the ordinary operation of tying a ligature 
0~1 an artery. If a fine string be tied for
cibl y upon an artery and then taken off, 
the external coat will be found undh·ided, 
but the intcmal coats are diYided in the 
track of the li gature and can easih· be fur
ther dissected from the outer coat. 'l 1be 
innf'r coat can be separated from the middle 
by~ littl e rnac~rntion , or it may be stripped 
off rn small 1ncceR : but, on account of its 
friability, it cannot be separated as a com
plete membrane. It is a fine, transparent. 
color_lei:;R structure "hich is high I~· elastic, 
and 1s common I.\· corrugated into longitucli
nal wrinkles. 'l'hc inner coa.t consists of-
1 . . c layer of pavement-epithelium, the cells 
of which are polygonal, ornl, or fusiform, 
and have \'Cl',Y distinct round or oval nuclei. 
ThiR e~dothclium ,. as it is now generally 
called, 1s brought mto view most distinctlv 
by stain ing with nitrate of sih ·er. 2. A 
subcpitbclial. layc1-,. consisting of delicale 

i1.1 the intcr~pac~s of the ti~sue. :3 .. ~~~n~~~~~~~e 0~-1 8~~~c~::~~t~~i1"~~;.~~~ \~~~ ~t 1 ·~~~~ 
s~sts of an el~st1c. mcm?ran~ couta11~mg a network of elastic fibres, having prin
c1pnlly a. lonµ-1tud111al d~rcct.1ou and m \\ hicb, under the microsco lC, small, elon
~ate(l ,apc1:r.11.re~ or .. pcrfora~1oni-i m~y he ~Cl'!l, ~iYing it a fcuc8trat~d appearance. 
~t \\Us th~H~o1c c~1lled b.v ll enlt. tbc .frnn;lmll'fl nu•mbrrmt•. 'I1his membrane 
~orm~ ti.It' d11cf d~1ck1w:-s of the mner coat, and can be separated into Se\·eral 
laye1: .. , :-;ome of "h1ch pre~ent the appcaranc-c of a uctwork of longitudinal elastic 
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fibr~s, and others. pres~nt a more membranous character, marked by pale lines 
having a longitudinal direction. In arteries of less than a. line in diameter the 

~~~~~i:~~~~~ l~;.~~1;0:::~s!~o~~da i~~~~e l~~~::sf,'.cJt:~~~s~ell~h~n1e~~:tr~~~~~~~~ 
brane in microscopic arteries is a very thin layer, but in the larger arteries, and 

especia1ly in the aorta, it has a very considerable thickness. 
The middle coat (tnnica media) is distinguished from the inner by its color 

and by the trans,·erse arrangement of its fibres, in contradistinction to the longi

tudinal direction of those of the inner coat. It consists of two varieties of struc

t~~·e, '!!ello_w elastic tissue and muscular tissue, which are present in varying quan-

~~tletsh~n t~~;~·:u~,;~~:~:ls~~~co~·~l!n~a~~e~·h~~- s!~:' t:.:i~~~e~·n~:~ue r~·e~~~d~~~~;s~ 

ft~i;~ni~ti:s ~:a\~~c~!e~~-e~~1dthl~~~!s:~ ~!d~;e~·e/!0~01~~-10~~ ~~: a~·~~~il~: ~I:~:~ 
small~r) and finally becomes ,·ery thin and di$appears. In small arteries this 

coat is pur~ly musc~tlar, consisting of muscle fibre-cells (Fig. -!-!) united to form 
lamel.l::e wh1~h rnry ID number according to the size of the artery; the ,·er~r small 

~rte!·1es hanug only a single layer. and those not larger than one-tenth of a line 

m diameter three or four layers. In arteries of medium size (Fig. 58) this coat 

becomes thicker in proportion 
to the size of the vessel ; its 'I a~ 

layers of muscular tissue are 
more numerous and inter
mixed with numerous fine 
elastic fibres which unite to 
form broad-meshed networks. 
In the larger Yessels, as the 
femoral, superior mesenteric, 
cceliac axis, external iliac, 
brachia! and popliteal arte
ries, the elastic fibres unite 
to form lamelJre, which alter
nate with the layers of mus
cular fibre. In the largest 
arteries the muscular tissue 
is only slightly de,·eloped and 
forms about one-third or one-

~~u~~he o~~~~ 1;·h~~~ts;ubt~~n~: s 

:E~:~!~r£~~~:~~.~~i 1~~1~ ~@~~:~!B~~~~~{~1~\J~&~;~~it~t~~~r!.~i~~d~ 
indidciual ce.lls of the mus-
cular layer arc imperfectly formed, while in the carotid, axillary, iliac, and sub

cla\·ian arteries the muscular laver of the middle coat is more deYeloped. 'fh<' 

elastic lamellre are well marked', mav amount to fiftv or sixty in number, and 

alternate rcgnlarl.v with the la.vers of muscular tis~u·c. The.~· are ~ost distinct 

and arranged with greatest regularity in th~ abdom111al aorta: mnominat.e ar~ery, 
and common carotid. In the larger arteries bundles of white connechrn-t1ssue 

fibres ba,·e also been found in small quantit.v in the middle cont. 
'l'he external coat (tnnic(t cub:entitia) con:;,i:;,t~ mainly of fine ancl clo:o;cly felted 

bundles of white connccti,·e tissue, but also contains elastic fibre!'. in all but the 
smallest arteries. The ela~tic tissue is much more abundant next the tunica 

media and it is sometimes described as forming here,_bctween Lhc ad,·cntitia and 

media: a. special layer, the _tunic~ elastira e1·terna of Henle. 'l'his layer is mo~t 
marked in arteries of medium size. In the largest \"C~~scls the external coat 1s 

r1Jlatively thin; but in small arteries it i:s as thick or thicker than the mi 1ldle coat. 

' 
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Jn the ~mallcr arteries it consists of a ~ ingl e layer of "hite connecth·c tigsuc an.cl 
rlastic fibres: while in the sma llest arterie:s, just aho"c the capillaries, the clas t1 c 
fibre~ a.re "anting, and the connecti,·c tissue, of which the coat is compose~. 
becomes more homogeneous the nearer it approaches the capil lar ies. and 1s 
gradually reduced to a thin membranous envelope which finally di:-:appcars: . 

Some arteries h:H'e extremely thin coats in proport inn to their s ize ; this is 
c~pcc i ally the case in those situated in the cavity of the cran ium and spinal 
('a na l, the difference depending on the greater thinne s of th e ex ternal arnl 
mi<ldle coats. 

11he arteries, in their distribution throughout the bod)', are includ_ed in a .tLin 
fibro-a.reola.r in\·estment, which forms what is called tb e1r slwallt. In the limbs 
this is usually fanned by a prolongation of the dee p_ fascia; in the _upper part 
of the thicrh it consists of a continuation downward of tLc transvcrsalis and tl 1aa 
fascire of tl1e abdomen ; in the neck, of a. prolongat ion of the deep cervical fascia. 
'J'he included vessel is loosely connected with its sheath by a delicate areolar tissue; 
an<l the sheath usually encloses the accompanying ''eins, and sometimes a nerre. 
Some arteries, as those in the cranium, arc not included in sheaths. 

All the larger arteries are supplied with bl oocl-l'essels like the other organs of 
the body; they are called the uasa vasormn. Th ese nutri ent vessels arise from a 
branch of the artery or from a. neighboring vessel, at some considerable distance 
from the poin t at which they are distributed; they rami~y in the loose areolar 
tissue con necti ng the artery wi th its sheath, and are dist ributed to the extemal 
coat, but do not. in man, penetrate the oth er coats; though in some of the larger 
mammals some few ''essels ba,-e been traced into the middl e coat. Minute veins 
sen 'e to ret um the blood from these vessels; they empty themsehes into the venre 
.comites in connection with the artery. Lymphatic ,·essels and lymphatic spaces 
arc also present in the outer coat. 

Arteries are alsosuprAie<l with nerves, which are derived ch iefly from the sym
pathetic, but partly from the cerebro-spinal system. ~rhey form intricate plexuses 
upon the surfaces of the larger trunks, and run along the smaller branches as single 
fi laments or bundles of fi laments, wh ich twist around the vessel and unite with 
each other in a ploxiform manner. T'he branches derived from these plexuses 
penetrate the external coat, anti. are principally dist ributed to the muscular tissue 
of the middle coat, and thus regulate, by causing the contraction and relaxation 
of this tissue, the amount of blood sent to any part. 

The Capillaries.-'l'he smaller arterial branches (excepting those of the cavern
ous st ructure of the sexual orga ns, of the spleen, and in the uterine placenta) 
terminate in a network of vessels which pervade nearly every tissue of the bodv. 
These \'es!'ie)s, from their minute size, are termed capillaries (capillus

1 
a hai1} 

They are i:-i te rposed between the smallest branches of the a.rteries and th e com
menci ng veins, constituting a network, the branches of which maintain the same 
diame~er through out ; the meshes of the network being more uniform in shape 
~,~~!u;~1ze than those fo rm ed by the anastomoses of th e small arteries and 

11su:S 1~~z:i~:~~t~rab~t~~~i l~~r~~ i~~~~s i~ht:: ,~1~ri~1~~n:r~i stl~oesse 0:f t~:cb~~Ii'nt~~1ic~ 
the mucous membranes of the intesti nes; and the largest those of the skin and 
the r'~arr~w of bone. wh~re they are s~at~cl to be .a~ large ~s mo of an in ch 

Ihe .form of the cap1lla.ry net varies m the different t1 Rs ues, the meshes being 
generally rou nded or elongated. The rounded fonn of mesh is most common and 
prevails where there ig .a dense n.etwork, as in the lun gs, in most glands' and 
mucous membranes. and 111 the cuus; here the meshc!'i are more or less ancrular 
some~imcs nearly 11uadrangu lar or polygonal; more frequentl.v ineguia.r. 0 

• 

.Elongated rnr.'l.lte!f a~e obsened m the burnl les of fibres compo$incr muscles and 
nen-es. the_ meshes hem~ usua1ly of a pt~ralle logram form, the Jo;g axis of the 
mesh n~nn1~g parallel with the long axis of tl~e ncnc and fibre. Sometimes 
tl'e cap1llanes have a. looped arrangement; a smgle \'Cssel projecting from the 
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~~;i~~n ot:~:·~~~g~:~nJe:k\r~_in~ba:t~~~b~~~~1h~nc~p~[la~:~·,e a~d0f:~ :i8zei~f ~~: 
meshes, determine the degree of vascularity of a part. The closest network and 
the smallest interspaces are found in the lungs aud in the choroid coat of the eye. 
In these situations the interspaces are smaller than the capillary vessels them
selves. In the kidney, in the conjunctiva, and in the cutis the interspaces are 
from three to four times as large :is the capillaries which form them; and in the 
brain from eight to ten times as large as the capillaries in their long diameter, and 
from four to six times as large in their transverse diameter. In the adventitia 
of arteries the width of the meshes is ten times that of the capillary vessels. 
As a general rule, the more active the function of the organ, the closer is its 
capillary net and the larger its supply of blood; the network being very narrnw in 
;:Lil growing parts, in the glands, and in the mucous membranes; "ider in bones 
and ligaments, which <tre comparatively inactive; and nearly altogether absent in 
tendons, in which very little organic change occurs after their formation . 

Structure.-The wa11s of the capillaries consist of a fine, transparent, endothelial 
layer, composed of cells joined edge to edge by an interstitial cement-substance, 
and continuous with the endothelial cells which line the arteries and veins. When 
stained with nitrate of silver the edges which bound the endothelial ce11s are 
brought into view (Fig. 59). These cells are of large size and of an irregular polyg
onal or lanceolate shape. each containing an OYal nucleus which may be brought 

~~~~rv~e;:t~~g~~~~~~fs~rd~~~~;~~:~~e0~om~:t~·==~e~~l~i,:.~~ie~,a~'~ ~~:~~::c~~~!~ ~~ 

stomata, though they are closed by intercellular substance. They ham been 
helieved to be the situation through which the" bite corpuscles of the blood, when 
migrating through the blood-,·essels, emerge; but this view, though probable, is 
nnt uni,'ersally accepted. 

In many situations a delicate sheath or envelope of branched nucleated connec-
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tive·tit:isue cell~ i~ found around tbC' simple ca pillar_y tuhe. partirularl.v _in t_he 
larger ones, and in places ~uch ::t1i the lymphat ic g l and~ "here the ca.p1llan es 
are supported by a. retif'orm connectin• ti~suc. 

In the largest capillaries (which ou~ht, perhaps, to be 1 l c~erihcd rat her ~s ~he 
small est a.rteric~) there is, outside the crnlothclia l la_,·cr, a muscular foyer .. conf'1st111g 
of contracti le fibre-cells, arranged trans,·erse ly. as in the tunic:a. media of the larger 
arteries (Fig. 60). . . 

rrhc veins, like the arteries, are composc<l of three coats-internal. n11<l<ll e, and 
external i and these coats are, with the ncccs~ary modification!', analogous to the 
coats of the arteries; the internal being the cncloth clial , the.middle the muscuhtr. 
and the external the con nect ive or areolar. 11'be main diffe ren ce between tlw 
Ye ins arnl thb arteries is the comparatirn weaknc~~ of th e middle co~t. of tht:' 
former, and to this it is due t hat the veins do not ~t nnd open when d1Y1ded, as 
th e arte ries do, an<l that they are passive rathe r than active organs of th e 
circulation . 

Jn the reins immediatel v above the capillaries the three coats arc hardly to be 
distinguishe<l. The endothelium is supported on an outer mernbran_c sepamble into 
two layers. the outer of which is the thicker, and con~ists of a delicate, nucleated 
mt:'mb;·:rne (advcn titia), while the inn er is composed of~ n ~twork of l ongitud~nal 
elast ic fibre~ (media). In the ,·eins next abo\'e tht:'sc Ill ~ 1ze (one-fifth of a lme. 

~~,~~11;~~~h~0 111~t::11\~0~o~t~1 ~~,tci\'!a~~:y:i~1~~1i~ ~~~·\:~·n~~~~~~-~~l ~;·e~~;·~~sc~~ ~betr~~~~1: 
coat b~comc more distinctly perceptible. In the middlc-~ ized ,·eins the typical 
st rnc:t nre of these vc::;~e ls becomes cl ea r. Th e endoth elium is of the same character 
as in the arteries, but its cells are more O\'aL le:o-H fusiform. I t is supported by a 
conncctive - ti~sue la.ver, consist ing of a de li ca te network of branch ed cells, and 
external to this is a layer of longitudinal elastic fibres, but seldom any appearance 
of a fcnestrated mrmbrane. 'l'his const itutes the i"nternal coat. The middle coat is 
composed of a thick layer of connecth·c ti ssue with elast ic fibres, intcl'rnixed, in some 
veins, "ith a tran sverse layer of muscular fibres. Th e white fibrous element is 
in corn;idera.ble excess, and the elastic fibres arc in much ~mallcr proportion in the 
veins than in the arte ri es. r_t' he outer coat consis ts of areolar ti ss ue, as in the 
arter ies, with long itudinal elastic fibres. In the larges t veins th e outer coat is from 
two to five times thicker than the middle coat, and contains a large number of 
longitudin al muscular fibres. This is most dist inct in the inferior ,·cna earn, and 
at the termination of this ve in in the heart, in th e trunks of the hepati c ,·eins, in 
all the huge trunks of the \'Cna portre, in the spleni c, s uperior mcsente ric, external 
iliac, renal, and a?.ygm; veins. In the renal and portal \'eins it extends through 
the whole thickne."s of the outer coat1 but in the ot her veins mentioned a laYer of 
conneeti,·e and elastic t issue is found external to th e muscu lar fibres. All thC large 
\'eins which open into t he heart are co,·ered for a short distance with a )ayer of 
str iped muscular ti~sue continued on to th em from the heart . ~Tuscular ti'ss ue is 
wanting in the ,·eins-(1) of the matemal pa.rt of the placenta; (:2) in the venous 
si nuses of the dura mater and the veins of the pi:t mater of th e bl'ain and spinal 
con]: (:3) in the nins of the ret ina ; (-l) in the ''cins of the can cellous tissue of 
bones; (;)) in the \'enous spaces of the corpora e:nernosa. Tbc ,·eins of the above
mention?d parts ~<m ~ i st ~~·an. internal endothelial l.ining su pported on one or more 
layers of a.rcohLr t1~s11c. I he 111ternal and externa l JUaular YC 1ns and the subclavian 
vein arc !:l-a i1l to contain either no museula.r fibreH ~t ~Lil, or at al l c\·ents on lv a 
slight amou nt in their mitldle coat. · 

~[o8t ,·eins arc provi ded with rnh-e~1 "hi ch serve to prevent the reflux of tlic 

~~~~~t~.cti~,l~h~~~;~: a~:t~~~s~~~ ~b:::~,u~1~1ir~;.~ c~~c;~~~l i~~1 e1~o~l~abt;0~~~e~~g~,~~~;;e:n(t~~ 
thelium. the arr:m~ement of which 1lif1Cn:: on the two i-.urfacc!:i. On the surface 
of the rnhe nex~ the wall of. the vein the (·C'll s arc arranged transversely: whilst 
on t?c oth~r surfac.c, "':er which the eunent of blood flows, the cells are· ananged 
rert1cally 111 the d1rect1on of the current. Their form is scmi lunar. They are 
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attached by their convex edge to the wall of the vein; the concave margin is free, 
directed in the course of the venous current, and lies in close apposition with the 
wall of the vein as long as the current of blood takes its natural course; if, how
ever, any regurgitation takes place, the valves become distended, their opposed 
edges are brought into contact, and the current is iutercepted. Most commonly 
two such vah•es are found placed opposite one another, more especially in the 
smaller l'eins or in the larger trunks at the point where they are joined by smaller 
br~nches; occasionall.r there are three and sometimes only one. 'l1he wall of the 
''em on tbe cardiac side of the point of attachment of each segment of the vah-e 
is expanded into a pouch or sinus, which gives to the vessel, when injected or dis
tended with blood, a knotted appearance. ~l1hc valves are very numcrnus in the 
'

1eins of the extremities1 especially of the lower extremities, these vessels having 
to conduct the blood against the force of gravity. 'rhey are absent in the ''ery 
small \•eins-i. e. those less than ~ of au inch in diameter; also in the ven~--e 
ca,rre, the hepatic veins, portal vein and its branches, the renal, uterine, and 
o,·arian ,·eins. A few ,·alves are found in the spermatic veins, and one also at 
their point of junction with the renal vein and inferior Yena Ca\'a in both sexes. 
The cerebral and spinal veins, the ''eins of the cancellated tissue of bone, the 
pulmonary veins, and the umbilical vein and its branches, are also destitute of 
vah-es. They are occasionally found, few in number, 
in the ,·enre azygos and intercostal rnins. 

'fhe ,·eins are supplied with nutrient Yessels, vasa 
Msorwn. like the arteries. N enes also are distrib
uted to them in the same manner as to the arteries, 
but in much less abundance. 

The lymphatic ve!'sels, including in this term the 
lacteal vessels, which are identical in structure with 
them. arc composed of three coats. ~L1he internal is 
an endothelial and elastic coat. It is thin, trans
parent, sligbt l.v elast ic, and ruptures sooner than the 
other coats. It is composed of a layer of elongated 
epithelial cells with serrated margins, by which the 
adjacent cells a.re dovetailed into one another. 1'bese 
are supported on a single layer of longitudinal elastic 
fibres. ~l1he middle coat is composed of smooth mus
cular and fine elastic fibres, disposed in a transverse 
direction . 11he external, or fibro-areolar, coat con
sists of filaments of connective tissue, intermixed with 

2. 

i . 
. . 

. 

Fro. 62.-1. Endothelium from the 
under m1ln1mtendit1CU7ll 
of the omata. 2. Endo· 
t iastinum of the 

~~(~;;~{:1;}~;ff.~f€1f~~~ii~~:~;~ 
kowsky.) 

smooth muscular fibres, longitudinally or obliquely disposed. It forms a protective 
covering to the other coats, and serves to connect the vessel with the neighboring 

::~f1~~.re:~sse1:h~h:~~~= ~~s:~~~~~~r a~yi:~!s~fc1yc~~t~haeu~ai;ie:;r1 ·:~.fi~:t~~~s ~oi:si~~= 
only of a connective-tissue coat, lined by endothelium. 1'he thoracic .duct (Fig. 
61) is a somewhat more complex structure than the other lymphatics; 1t presents 
a distinct subepithelial layer of branched corpuscles, similar to that found in tbe 
arteries, and in the middle coat is a. layer of connecti\'0 tissue with its fibres 



armng:etl lon~itudinalJ,,·· The lymphatiC's arc ~uppli ed by nutrient \·cs:;;els, "hich 
a.re di:.;trihuted to 1hcir outer and middle coats : but no ncncs ha,·c at present 
bet•n 1raccd into them. 

The lymphtttics are very generally provided with rn lvcs, "bich a8sist mate· 
rially in effect ing the ci rculation of the fluid they contain. 'l1hese rnhcs. are 
formed 1f' a thin larer of fibrous tissue, lined on both surfaces hr endothelium. 
Th eir form is semi l~nar ; they are attached by their coiwex edge 'to the sides of 

~~~1 ;~sscc~; .• ~~et. co{J~i;:ll;d~~o b~~~i ~::f,.::.d 0~i ~~l~:=~l ~lzoc~ga1~h~0~~:~s~;~o~~t~ c~~~ 
another; but occasionally exceptions occu r, especially at or near the anastomoses 
of lymphatic Ye~scls. r.rhus, one rnlrn may be of rnry rudimcnlary size and the 
other increased in proportion. 

'l111e vah'cs in the lymphatic ''essels arc pla ced at much shorter intenals than 
in the veins. Th ey are most num erous near the lymphatic g lands, and they are 
found more freq uentl.Y in the lymphati cs of the neck and upper extremity than in 
the lower. The wall of the h ·mphati cs imm ed iately a.hove the point of attach
ment of each segment of a val~'e is expanded into a pouch or si nus, whi?h gi,·es 
to these ,·e~sels , when distended, the knotted or beaded appearance which they 
pre~ent. \'ah·cs are wanting in the ,·c~scls composing the plexiform network in 
which the lymphatics usuall.v origi nate on the surface of the bod.'' · 

Origin of Lymphatics.-The finest y j:.;ible lymphatic ''C8scls (Innphatic capil
larir..:) form a. plexiform network in the tissues nnd orga ns, and they consist of a 
single la.,ver of endotheli al plates, with more or l c~s sinuous margins. ~l1h ese ,·es
s<: ls commence in an intercommunicating s.\·stem of clcf'l s or spaces in the connec
ll \'C ti:-s11e of the different organs, which ha.,·e no comple te endothelial lining. 'rhe.'· 
ha,·e been named Lhe rootlets of the lymphatics, and are identical with the spaces 
111 which the con nective-tissue corpuscles arc contained. This th en is properly 
regarded as one method of their comm encement, when the lymphatic ,·essels are 
a.ppa.rently continuous with spaces in the conncctiYe tissue, and Klein has described 
and fi g ure1l adirectcommunicatiou between these spaces and the lymphatic Yessel.' 
But the lymphatics have also other modes of orig in, for the intest inal lacteals 
comm ence by closed extremities, though some ob~cncrs bel ieve that the closed 
extremity is continuous with a minute network contained in the substance of the 
villus, through which the lacteal is connected with the epithelial cells covering it. 
Again, it seems now to be conclusi vely proved that the serous mem branes present 
stomata or openi ngs between the epithelial cells (Fig . G2) by which there is an 
open comm unication with the lymphatic s.n;tem, and ihrough which the lymph is 
thought to be pumped by the ultimate dilatation :rnd contraction of the serous 
surface, due to the mo,·emenrs of respiration and eirculation,2 so that the serous 
and synovial ~ac~ may be regarded, in a certain sense, as la rge lnnph-Ca\·itics or 
sinuses. Y on He~k linghausen was the first to observe the passfige of milk and 
other colored ffuHls through these stomata on the peritoneal su rface of the 
central tendon of the diaphragm. A gain. in most glandular structures the 
lymphn:t ic capi_llal'ics ha Ye a lacunar origi.n. I [ere they begin in irregular clefts or 
spaces 111. the t1s8ue of the part; occup_ymg the pene.tra.ting conn ecti,·e tissue and 
sun:oundmg the lacunre or tubules of the g land , and m many places separating the 
eap1lla r.v network fr~m the alrnolus or tubule, so that t?e inte rchange be tween the 
blood and the secrctrng cells. of the \'art must be earned on through this lyrnph.
spa?e or lacun a. ~losely allied to t.11s 1s. the moc~ e of orig in of lymphatics in 
pe1.·m:uwu lar and permeu1:al s 1~aces. Sometimes a m.111utc a.rte ry may be seen to be 
en:-hcn.thed ~or a ?ertam distance by .a. lympbauc capil la ry rnssel, which is 

r:~~;~~~~~~·. umes wider than a blood-capillary. Th ese arc known as perivascular 
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Terminations of Lymphatics.-The lymphatics, including the lacteals. discharge 
their content~ into the rnins at two points; namely, at the angles of junction 

~~o~~~i:~1~~~\:~~ ~~t!h~1 ~-~~~~1s~cf!b~~~h~e;.~~bt ~~~~~.1~f!r<l~~~~ b(S:e~;s~1~~t~~~ 
of lsmpha.tics on a. ~ubsequent page.) 

Lymphatic glands (conglobate glands) are small 01·al or bean-shaped bodies, 
situated in the course of lymphatic and lacteal 1·essels, so that the lymph and chyle 
pass through them on their w~y to the blood. 'l1l1cy generally present on one 
side a sl ight depression-the hi/um-through which the blood-vessels enter and 
leave the interior. The efferent lymphatic vessel also emerges from the gland at 
this spot, while the afferent Yessels enter the organ at different parts of the 
periphery. On section (Fig. 63), a lymphatic gland displays two different struc
tures: an external, of lighter color-the cortical; and an internal, darker-the 
medullary. The cortical structure docs not form a complete investment, but is 
deficient at the hi lum, where the medullary portion reaches the surface of the 
gland; so that the efferent vessel is deriYed directl.'' from the medullary structure, 
whil e the afferent ,·cssels empty tbemseh·cs into the cortical substance. 

Lymphatic glands consist of (1) a, fibrous envelope, or capsule, from which a 
framework of processes (trabeculce) proceed inward, dividing the gland into open 
spaces (ali•eoli) freely communicating with each other; (2) a <1uantity of adenoid 
tissue occupying these spaces without completely filling them~ (3) a free supply 
of blood-1·cssels, which are supported on the trabecul"'; and (4) the a:fferent and 
efferent vessels. Little is known of the nerves, though Kollikcr describes some 
fine nervous filaments passing into the hilum. 

The capsule is composed of a layer of connecti,·e tissue, and from its internal 
surface are giYcn off a number of membranous septa or lamellre, consisting, in man. 
of connecti,·e tissue, with a small admixture of muscular fibre-cells; but in manv 
of the lower animals composed almost entirely of involuntary muscular fibre. 
'l'h ey pass inward, radiati ng toward the centre of the gland, for a certain distance; 
that is to say, for about one-third or one-fourth of the space between the circum
ference and the centre of the gland. 
'l'h ey thus diYide the outer part of its 
interior into a number of oval compart
ments or alveoli (Fig. 63). This is the 
cortical portion of the gland. After 
hrwing penetrated into the gland for 
some distance, these septa break up into ~ 
a number of s.maller trabecu lre, which 
form flattened bands or cords, interlacing 
with each other in all directions, forming 
in the central part of the organ a num
ber of intercommunicating spaces, a]so 
called alveoli. This is the medullary 
portion of the gland, and the spaces or 
alveoli in it not only freely communicate 
with each other, bu't also ~rith the akeoli 
of the cortical portion. In these ah-coli 
or spaces (Fig. 64) is contained the 
proper glanrl-s11bstance or lymphoid 
tissue. 1J'be gland-pulp does not, how- . . 
e'·e1-, compJctely fill the alreolar spaces, but Je:wes, between .1~s oute~· margm and 
the tral>ecuke forming the ah·eoli a channel or space of uniform width through
out. 'rh is is termed the lympli-patlt or l.vmph-sinus (Fig. 66). Running across it 
are a number of trabeculoo of retiform connective tissue, the fibres of which a.re, 
for the most part, co,•cred by ramified cells. This tissue appears to sene the 
purpose of ma intaining the gland-puJp in the centre of the space in its proper 
position. 
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On account of the peculiar arrangement of the framL'\\Ork of the nqzan . the 

gland-pulp in the cortical portion is disposed in tb~f~c~~~I~\, ~~~.~\e:, t~~dfo~~~ t~; 
b rounded Cords. It consists of 

ord inar.v ly mphoid tissue, be
ing made up of a delicate re
ticulnm of rctiform tissue, 
which is continuous with that 

' in the lymph-paths, but mark
ed off from it bv a closer retic
ulation i in i'ts meshes are 
closely packed lymph-corpus
cl es, traversed bv a dense 
plexus of capillar~· blood-ves
sels. 

r_t'be afferent i1es~els, a 
above stated, enter at all parts 
of the periphery of the gland, 

~~~l:ii~~~~~t~~fa!fa~~Fe~t:~~~~~anc~ l;~:nu:h.p:i1~~a~c~~-~ip1~: f~~l ;'l~:~~~·~);l::ljl~~l~l~~~~I~~~ 
stnnC'c of the capsule, open 

into the lymph-sinuses of the cortical part. In doing this they lose a ll their 
coats except their endothelial 1ining, which is contin11011~ with a layer of similar 
cells lining the ] ~·mph-paths. Jn li ke manner the r:ff'en•nt ve~sel commences 
from the lympb-smu~es of the medullary portion. 1l'bc i;itre;11n of lymph carried 
to the gland by the afferent vessel thus passc~ through the plexus in the capsule 
to the lymph-paths of the cortical portion, where it is ex po~c<l to the action of the 
gland-pulp; flowing through these. it enters the paths or sinuses of the medulla.ry 
portion, anfl finally emerges from the hilum b.\~ means of the efferent vessel. The 
stream of lymph in its pa~sage throu~h the 1.vmph-sinuses is much retarded by 
the pre~encc of the reticulum. Ilen('e morphological elements, either normal or 
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morbi(l, a.re easily arreste(l and deposite(l in the si nuses. rl1 his is a matter of con
siderable importance in con nection with the subject of poisoned wounds and the 
absorption of the poison b,Y the l,vmpbatic system, Ri ncc by this means septic 
organisms carried along the I.vmpha.tic vessels ma._y be a rrested in the I :rmph-~inuses 
of the g larnl tissue, and th us be prevented from entering the general ci rculation. 
'fbe arteries of the g land enter at the hilum , and either pass at once to the g land
pulp, to break up into a capillary plexus, or else run along the trabecul re, partly 
to supply them and pa rtly running across the lymph-paths to assist in forming the 
cap illary plexus of the gland-pulp. This plex us traverses the lymphoid tissue, 
but docs not pass into the lymph-sinuses. From it the vei ns comm ence, and 
emerge from the organ at the same place as that at which the artery enters. 

THE SKIN AND ITS APPENDAGES. 
'l'he skin (Fig . 67) is the principal scat of the sense of touch, and may be 

regarded as a covering for the protection of the deeper tissues; it is also an im
portant excretory and absorbing organ. It consists principally of a layer of vascular 
connecti,re tissue, named the clerma, coriwn, or cutis vera, and an external covering 
of epith elium , termed the epidermis or cuticle. On the surface of the former layer 

1''I0.6i.-Asectionalviewoftheskln(magnlficd). 

are the sensitive 7Japillce: and within, or imbcddcd beneath it, a re certain organs 
with special functi ons-namely, the sweat-glands, ltair:follfrles,and sebaeeous,qlands. 

'rhe epidermis or cuticle (scarf-.rskin, :Fig. 68) is an epitheli al structure belong· 
ing to the class of stratified epithelium_. It b accurately moulded on the papillary 
layer of the dcrma. It forms a defensive cove rmg ~o the surface of the true. sk1!1 , 
and limi ts th e evaporation of watery rnpor from t!s free surface. It rnnes m 
thickness in different parts. In .:;ome situations, as 111 the pa. lm!'I of the hands and 
soles of the feet, it is thick, hard, an1l horn~· in texture. This may be partly due 
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to the fact that tbe~e part8 are expn:--cd IO inll'rmittrnt prC'!'f.lure, hut that this. is 
not the only t-:lusc is JH'OH'(l hy the fact that tliC' ('0111 liti on ('Xil't8 to a ,·cry corn•~ d~ 
t•ral>lc extent at birth . The more superficial layer of t<-· 11 ~ . tall('1l the liorny la.\ Cl 

(stratum <'Onll'llm), ma\' be separated by maceration from th e deeper layers , which 

~l~~P~~ll~~lst.he ,[,"[i~' r:.1;·:l:~~:~~.~1~0a~~l t;~·~1i~1;\c1~';.::~l:ti 80~~1 ~~-~~1~i1t.,~~·:1:1,,?~·1.~li!;If:;~~·-
furrows of rnriablc s ize. marking out the surfo c:c into a number of spaces of_ polyg
onal or lozenge-shaped form. Some of these furrows arc large, as opposite tl~c 
tl cx ures of the j oints, and correspond to the fol<ls in the dcrmn produced by thc11· 
movements. In olhcr P.itua.tions1 as upon the ha ek of th e hand, they are exceed
ingly fin e, and in te rsect one another a.t variom; angles; upon the palmar surface 
of th e ha.nd a.rn1 fingers and upon the sole of th e foot these lines arc very distinct 
and arc di sposed in curves. They depend upon the large P.iz.e and peculiar arrange
ment of the pa.pilhc upon which the epidermis is placed. The deep surface of the 
epidermis is a.ccura.tely moulded npon the papillary layer of the derrna.1 each papilla. 
being invested by its epiderm ic sheath; so tha.t when this layer is removed by 
macerat ion, it presents on its under surface a. number of pits or depressions corre
sponding to the clcrntions in the papillm, as well as the ridges left in the intervals 
between them. Fine tubular prolonga.ti ons arc continued from this layer into the 
ducts of the sudoriferous and sebaceous glands. 

In structu re. the epidermis consists of se"eral layers of' epithelial cells agglu
tinated together and having a. laminate<l arrangement. Th ese sernral layers FLHLJ 

be described as composed of fo ur differen t strata from within outward: (1) 'The 
rete .lialp~qhii, composed of several layers of epi thelial cells. of which th e deepest 
layer is elongated in fi gure and placed perpendicularly on the surfa ce of the 
corium. th eir lower ends being denti cula te, to fi t into corresponding denticula
tions of the true sk in; while the succeed in~ lnminm con~ i ~t of cells of a more 
rounded or polyhedral form, the contents of '' hi ch are soft, opaque, granular, and 
soluble in acetic acid. They are often mnrked 011 .their ~urfaces with ridges and 
furrows, and a.re covered with num e1·011s fibril s, which connect th e surfaces of tlw 
cell• : th.csc are kn own as prickle cells.(scc pa~c 43). (2) Immed iately superficial 
IO these 1s a srngle layer of Hattened, ~p1ndl e-shaped cell s, the granulat la11er, which 
contain granule~ that become deeply f"tain cd in lrn~matoxylin , an<l are c~mpose<l of 
a substance termed eleidin. They arc supposed to be cells in a transitional 
stage between the protoplasmic cells of the rctc ~Ialpigh ii and the bornv 
cells of the superficial layers. (3) Abo,·e thi• la,·c r the cells become indis· 
tinct, and appear, in sections, to form a homogcneOus or dimly striated mem
brane composed of closely·packed scales, in which tr:iccs of " Hattened nucleus 
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ma_v be founrl. It is called the stratum lllcidum. (-1) As these cells suc
cessi,·ely approach the surface by the de,·elopment of fresh layers from beneath , 
they assume a flattened form from the e,·aporation of their fluid contents, 
a.nd consist of many layers of horny epithelial scales in which no nucleus is 
<liscerniblc, forming the stratum eorneum. The!:le cells apparently become 
changed in their chemical composition, as they are now unaffected bv acetic acid. 
The deepest layer of the rete ~Ialpighii is· separated from the p;pillre by an 
~ppar~ntl.~ homogeneous basement membrane, which is most distinctl,v brnugbt 
~nto view m specimens prepared with chloride of gold . This, according to Klein, 
1s merely the deepest portion of the epithel ium , and is "made up of the basis of 
the individual cells, which have undergone a chemical and morpholouical altera~ 
tion." ~L1he bla?k color of the skin in the negro and the tawn.Y ~ol or among 

~~~~Ie~f ~~i;v;:~~;:~ei: ~01de":s;~ci~ry 1~;~~~~~: i~ th~g:f~t o~n t~~ed~!~:r0fa.;·~~ 
or rete ml!cosum, and is similar to that found in the cells of the pigmentary layer 
of the retrna. As the cells approach the Sll rface and desiccate, the color becomes 
partially lost. 

The derma, corium, or cutis vera, is tough, flexible, and highly elastic, in order 
to defend the parts beneath from violence. 

It rnries in thickness, from a quarter of a line to a line and a half. in differ
ent parts of the bod.v. 'l'hus it is very thick in the palms of the bands and soles 
of the feet; thicker on the posterior aspect of the bod.v than the front, and on the 
outer than the inner side of the limbs. In the eyelids, scrotum, and penis it is 
exceedingly thin and delicate. The skin generally is thicker in the male than in 
the female, and in the adlllt than in the chi ld. 

'fbe corium consists of fibrous connective tissue, with a large admixture of 
elastic fibres and numerous blood·vessels, lymphatics, and nencs. The ti.bro· 
areolar tissue forms the framework of the cutis, and is diffel'ently arranged in 
different parts, so that it is usual to describe it as consisting of two layers: the 
deeper or retiaular layer1 and the superficial or papillm·y layer. l.Jnstriped 
muscular fibres are found in the superficial layers of the corium, wherever hairs 
are found; and in the subcutaneous areolar tissue of the scrotum, penis, labia 
majora of tbe female, and the nipples. In the latter situation the fibres are 
arranged in bands, closely ret iculated and disposed in superimposed laminre. 

The reticular layer consists of strong interlacing fibrous bands, composed 
chiefly of the white variety of fibrous tissue, but containing, also, some fibres of 
the yellow elastic tissue, which vary in amount in different parts, and connectirn
tissue corpuscles, which are often to be found flattened against the white fibrous 
tissue.bundles. Toward the attached surface the fosciculi are large and coarse, 
and the areoloo which a.re left by their interlaccment are large, and occupied by 
adipose tissue and sweat-glands. Below this the elements of the skin become 
gradually blended with the subcutaneous areolar tissue, which. except in a few 
situations, contains fa.t. Toward the free su rface the fasciculi are much finer, 
and their mode of interlacing close and intricate. 

'l'he papillary layer is situated upon the free surface of the reticulai· layer: it con
sists of numerous small, highly sensitive, or vascular eminen.ces, the pa7Jillce, which 
rise perpendicularly from its surface. The papilhc are comcal·shaped eminences, 
b:.wing a round or blunted extremity,occasionall.v divided into two or more parts and 
connected by a thin base with the free surface of the corium. '!'heir a\·erage length 
is about m of' an inch, and they measure at t.heir base m of an inch in diameter. 
On the general surfaceofthe body, more especially in those parts ~'hich ar~cndowed 
with slight sensibility, they are few in nu_mber, sh~rt, ~xceedmg ly mmute. and 
irregularly scattered over the surface; but 111 some situations, as upon the pal mar 
surface of the hands and fingers. upon the plantar surface of the feet and toes, 
ancl around the nipple, they a.re long, of large size, clo!-icly aggregated together, 
and arranged in parallel curved lines, forming the elevated ridges seen on the free 
surface of the epidermis. In the~e ridges the larger papillm are arranged in a. 
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<lnnhle row. with :-oma1ler papill<--e between them: a111l thl'st.' rmH; :ll'l' :-.uhdid<lcd 
into small s1puu·e-i-;1rnped spare:;; by !:ihort transq~1·:-;t.• f'nrrnws, regularly dispo8ed; 
in the <.'l'ntrc of each of these tran:::.,·er::.;e furro,,s is the minute orifice of the duct 
of a sweat-~land. Xo papillm exist in the ~roovcs betwe<'n rhe ridg:e~. In 
strncture th<.• papillre consist of ,·ery :--maH arnl closely interlacing bu!ulles of 
finch· fiLrillated ti:-::-;ue, with a few elastic fibres. The majoritv of the pap1llre con
tain 'loops of blood-\'e~sels. and these are known as the Ya:-cul;n papilhe in contra
<li~tinction to other~ whicb usually possesR no Ulood-vesscb. hut contain tactile _cor
pu~cles. These tactile papilhu are most numerou~ in the derrna of the palm of the 
hand arnl of the sole of the foot 1 but occur also in smaller numbers on tbe back 
of the htrnd and foot, on the flexor surface of the forearm, and on the nippl?. 

rrhe arfrries supplying the skin form a network in the subcutane?ns. t1_ss11e, 
from which branches arc given off to supply the swea.t-glands, the hatr-fol ~ 1c l cs, 
au<l the fat. Other branches are given off which form a plexus immed1a~el .v 
beneath the corium; from this fine capillary vessels pass into the papilhc, formmg, 
in the smaller papilhe, a single capillary loop, but_ in the .larger a mor.e or l~ss 
convolutc1l vei;:.sC'l. ~L1here are numerous l.11mphat1cR supplied to the sk111 wh1.ch 
form two networks, superficial and deep, communicating with each other and with 
those of the subcutaneous tissue b~,r oblique branches. They originate in the cell
spaces of the tissue. 

'fhe ner1•es of the skin terminate partl~~ in the cpidennis and partly in the cutis 
vera. The former form a dense plexus in the superficial layer of the corinm. 
which extC'mls horizontally and gives off numerous fibrils~ these are prolonged 
into the cpitlermis, and terminate between the cells. C'ither in bulbous extremities 
or in a network; or1 according to ~ome ob:;;rners, in the deep epithelial cells them
$eh•eR. The latter terminate in encl-bulbs, touclH·orpuscles:., or Pacinian bodies 
in the manner alreadv described; and, in addition to these, a. considerable 
number of fibrils arc distributed to the hair-follicles, which are snid to entwine 
the follicle in a. circular manner. Other nene-fib1·cs arc suppl ied to the plain 
muscular tis.sues of the ha.ir-rnuscles (arrectores pili) and to the muscu lar coat of 
the blood-\·c~scls. These a.l'e probabl,y non-medullatcd fibres. 

'.l'hc appendages of the skin arc the nails, the hairs, Lhc sudoriferous and 
sebaceous p;lan1ls, anil their ducts. 

The nails ancl hairs are peculiar modifications of 1he epidermis, consisting 
essentiallv of the same cellular structure as that tissue. 

The Dails are flattened, elastic structures of a horny texture, placed upon the 
dorsal surface of the terminal phalanges of the fingers anrl toes. Each nail is 
con\"eX on its omcr surface. conca\"e within, and is implanted by :.1 portion, called 
the root, into a. groO\'e in the skin; the exposed portion is called the body, and the 
anterior extremity the free edge. The nail has a very firm adhesion to ' the cutis, 
being accuratel:v moulded upon its surface. as the epidenni~ is in other parts. The 
part of the culls beneath the bod.rand root of the nail is called the matn'i-. because 
it is the part from which the nail is produced. Conc~ponding to the bodr of the 
~ail. th~ m~trix is thick, and Co\·ered ~vi th_ large, highly \'ascular papillm

1 
:ina.ngcd 

in l1~ng:1t111.linal row~, the color of w~1ch 1s seen through the transparent tissue. 
Bchmd tlus. nca.r the root of the 111:til. the papilla~ n.re ~mall, less Yascular, and 
ha.re no regular arrangement, and here the tissue of thC' nail is somewhat more 
opaque; hence this portion is of a whiter color, and is called the lunula on 
account of its shape. 

The cuticle. as it passes forw_ard ~u th~ dor~al surface of the finger or toe, is 
attached to tb.e ~nrfacc of the ~a.ii. a little in :ulnmcc of its root; at the extremity 
of the finger 1t 1s connected with the un<ler surface of the nail a little behind its 
free edge .. The cuticl~ and ho~·ny substance of the nail (both epidermic st ructures) 
are thu~ cl1rectl~· contmuous with each other. The nails. in structure. consist of 
cells haxin~ a laminated anangcment. an<l the~c arc c~~cntially similar to those 
compo~ing the epidcnni~. The deepe~t lavcr of cell~. which ire in contact with 
the papilhc of the matrix. are of elongate(l form, anangcd perpen<licularly to the 
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surface; those which succeed them are of a rounded or polygonal form, 
the 'llore superficial ones becoming broad, thin, and flattened. and so 
closely compacted as to make the limits of each cell ,·ery indistinct. 
It is by the successive growth of new cells at the root and under surface 
of the body of the nail that it advances forward and maintains a due thickness, 
whilst, at the same time, the growth of the nail in the proper direction is secured. 
As these cells in their turn become displaced by the growth of new cells. they 
assume a flattened form, their nuclei become indistinct, and they finally become 
closely compacted together into a firm, dense, bomy texture. In chemfr:al com
position the nails resemble epidermis. According to Mulder, they contain a 
somewhat larger proportion of carbon and sulphur. 

rrhe ha.irs a.re peculiar modifications of the epidermis, and cons'1st essentially 
of the Harne structure as that membrane. 'J'hey a.re found on nearly evcr.v part of 
the surface of the body, excepting the palms of the hands, soles of the feet, and 
the penis. rrhe,v vary much in length, thickness, and color in different parts of 
the body and in different races of mankind. In some parts, as in the skin of the 
eyelids, they are so short as not to project beyond the fo1licles containing them; 
in other parts, as upon the scalp, the~.,. are of considerable length: again. in other 
parts, as the eyelashes, the hairs of the pubic region, and the male whiskers ancl 
beard, they are remarkable for their thickness. rrhe hairs generally present a 
cylindrical or more or less flattened form and a reniform outline upon transverse 
section. 

A hair consists of a 1·oot, the part implanted in the skin; the shaft or stem, the 
portion projecting from its surface; and the point. 

The root of the hair presents at its extremity a bulbous enlargement, which is 
whiter in color and ~ofter in texture than the shaft, and is lodged in a follicular 
in"olution of the epidermis called the hair-follicle. When the hair is of consider
able length the follicle extends into the subcutaneous areolar tissue. The hair
follicle commences on the surface of the skin with a funnel-shaped opening, and 
passes inward in an oblique direction to become dilated at its deep extremity, to 
correspond with the bulbous condition of the hair which 
it contains. It has opening into it, near its free ex
tremity, the orifices of the duets of one or more seba
ceous 

0

1(lands (F ig. 68). At the bottom of each hair
follicle is a small conical vascular, em inence or papilla, 
similar in e\'ery respect to those found upon the sur- f 
face of the skin : it is continuous with the dermic laver e 
of the follicle, is highly vascular and supplied with d 
nervous fibrils; this is the part through which mate-
rial is sup1~lied for the production an_d con~tant gro'~'th a 
of the hair. In structure the ha1r-folhcle consists 
of two coats-an outer or clermic, and an inner or 
epidermic. 

The outer or dermic coat is formed mainlv of fibrous 
tissue; it is continuous with the corium: is highly 
''ascular, anil supplied by numerous minute nervous 
filament<. It consists of three layers (Fil(. 69). 'l'he b 
most in ternal 1 next the c11ticu1ar lining of the fol1icle, Fw. G!>.-Trim~n·r;:c !';ection 
consists of a hvaline basement-membrane, having a ~~ l~ilf~f~~lii~e~:r?de~?~1 ig0;to~~ 
glassv, transparc'nt appearance, which is well marked d~~s1~e~~~t. ~~it?iu~%oJ~,~e;~el~~ in the larger hair-follicles. but is not \'Cl',Y cfoo\tinct in b,b. vesselscutacross. c. Middle 
~l~~e~~~:1ct~~~e~! b1~~~ ~1 te ~ti ~-~.e ;l~ r~a~~n ~ir l~~1t~s '~~~~ ,::~ ~:~~~~::·[~~:~;h~e~:t:~i~~r 1~~~ 
External to thi!-1 is a layer of spindlc-!'hap.e<l cclls1 ~hn~~~y.~i!~~!~iec~~)m Quain's 

arranged in a circular manner around th.e follicle and . . 
imbcdded in a somewhat fibrous matrix, but l"eaching only as high as the 
entrance of the ducts of the sebaceous glands. Externally is a thick layer of 
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ronn<'ctin' fr•suc. arranged in longitudinal bundle~. in "hicb arc contained the 
hlood-n•s:;:,r)!'I and lll'l'\'CS. . 

'J'hl' inw·,- or q1idamic layer is closely adherent to the root of the hair, so 
that when the hair is plucked from its follicle this layer most commonly adheres 
to it and forms what is called the root-sheath. It consists of two trata, named 
respectin~:.; the outer and inner root-sheath; the form~r ?f these corresponds "ith 
the ~Ialpighian l:i.yer of the epidermis, and resen~blcs 1.t m the rounded form and 
soft character of its cells; at the bottom of the ha1r-folhelc these cells become con
tinuou8 with those of the root of the hair. 'L'hc inner root-sheath consists of a 
delicate cuticle next the hair; then of one or two 1:1,vers of horny, flattened, 
nucleated cells, known as Huxley's Laver; and finall.'' of a s ingle layer of non
nuclca.ted1 horny, flattened cells, called Jlenle's layer. 

The ha.ir-foi'licle contains the root of the hair, which terminates in a bulbous 
extremity, and is excavated so as to exact ly fit the papi lla from which it grows. 
Tile bulb is com posed of polyhedral epithelial c.clls, "'hich as they pass up"'ard 
into the root of the hair become elongated and sp1Jl( lle-sbaped, except some in the 
centre which remain pol.vbedral. Some of' these latter ce!ls contain pigment
granules, which gi\'C rise to the color of the hair. It occas10Dally happens t?at 
these pigment-granules completely fill the cells in the centre of the bulb, wb1~h 
gi\·es rise to the dark tract of pigment often found, of greater or less length, m 
the axis of the hair. 

rl'hc .flhl{ft qf the lwfr consists of a central pith or medulla, the fibrous part of 
the hair, and the cortex externally. The medulla occupies the centre of the shaft 
and ceases toward the point of the hair. It is usually wanting in the fine hairs 
coYering the surface of the body, and common ly in those of the bead. It is more 
opaque and deeper colored when \·iewed by transmitted light than the fibrous part; 
but when viewed b,v reflected light it is white. It is ccmposcd of rows of poly· 
hcdral cell s, which contain air-bubbles. ~l1 be fibrous portion of the hair consti
tutes the chief pa.rt of the shaft; its cells a.re elongated and unite to form flattened 
fusifonn fibres. Between the fibres arc found minute spaces which contain either 
pigmcnt·granulcs in da.rk hair or minute air-bubbles in white hair. In addition 
to this there is also a. diffused pigment contained in the fibres. The cell s which 
form the cortex of the hair consist of a sing le layer which surrounds those of 
the fibrous part; they arc conYerted into thin, flat 5Cnlcs. !ta.ving an irnbricatcd 
arrangement. 

Connected with the hair-follicles are minute bundles of' im·oluntary muscular 
fibres, termed arn•ctores pili. 'l1hey arise from the snperfitial layer of ihe corium, 
and are inserted into the outer surface of the hair-follitlc, below the entrance of 
the duct of the sebaceous gland. They arc placed on the side toward which the 
hair slopes, and by their action ele \'ate the hair (Fig. 68). 

The sebaceous glands arc small , sacculatecl, g landular orcrans, lodcred in the 
substance of the corium. They are found in most parts of th~ skin, b~t are most 
abundant in the scalp and face: they are also \'cry numerous around the apertures 
of the anus, nose, mouth, and external ear; but n.re wtrnting in the palms of the 
ha111ls. and so~es of th~ feet .. Each gland consists of a single duct, more or less 
capacious, which tcrmmMes 111 a cluster of small sccret incr pouches or sacc ules. 
The sacculi connected with each duct vary, as a rul e, in nlll~be rs from two to fh-e, 
but, in some instances, may be as many as twC'nty. Th ey are composed of a 
tran:-;parent, colorless membrane, enclosing a nnrnhcr of cells. Of these the outer 
l~tyer or marginal cells are small , polyhedral, epithelial cells, continuous with the 
l11~i1~g cells of the c~uct. 'l1be remainder of the ~me is filled with larger cells, con
tam11~g fa.t1 ex.cept m the ccn.tre, where the cells ba.\•e hccome broken up, lea\'ing 
a Ca\'lt,V contammg the c~Cbns of cell~ and a. mass of fatty matter, which consti
tutes t~1c scl~aceous secret1~n. The on fices of the ducts open most frequently into 
the ha1r-foll1clcs 1 but occa!-'10nally upon the general surface. On the nose and face 
the glands arc of large size, distinctly lobulatcd, and often become much enlarged 



THE SKIN AND ITS APPENDAGES. 95 

from the accumulation of pent·up secretion. 'l'he largest sebaceous glands are 
those found in the eyelids-the Meibomian glands. 

The sudoriferous or sweat glands are the organs by which a large portion of 
the aqueous and gaseous materials are excreted by the skin. They are found in 
almost every part of this structure, and are situated in small pits in the deep parts 
of the corium, or, more frequently, in the subcutaneous areolar tissue, surrounded 
by a quantity of adipose tissue. They are small, lobular, reddish bodies, consist
ing of a single convoluted tube, from which the efferent duct proceeds upward 
through the coriurn and cuticle, becomes somewhat dilated at its extrem ity, and 
opens on the surface of the cuticle by an oblique valve-like aperture. The efferent 
duct, as it passes through the epidermis, presents a spiral arrangement, being 
twisted like a corkscrew, in those parts where the epidermis is thick; where, how
ever, it is thin, the spiral arrangement does not exist. In the superficial layers 
of the corium the duct is straight, but in the deeper layers it is com~oluted or even 
twisted. 1'he spiral course of these ducts is especially distinct in the thick cuticle 
of the palm of the hand and sole of the foot. 'l'he size of the glands varies. 
'fhey are especialJy large in those regions where the amount of perspiration is 
great, as in the axillre, where they form a thin, mammillated layer of a reddish 
color, which corresponds exactly to the situation of the hair in this region; they 
are large also in the groin. 'fheir number varies. They are most numerous on 
the palm of the hand, presenting, according to Krause, 2800 orifices on a square 
inch of the integument, a.nd are rather less numerous on the sole of the foot. In 
both of these situations the orifices of the ducts are exceedingly regular, and cor
respond to the small transverse grooves which intersect the ridges of the papillre. 
In other situations they are more irregularly scattered, but in nearly equal num
bers, over parts including the same extent of surface. In the neck and back they 
are least numerous, their number amounting to 417 on the square inch (Krause). 
Their total number is estimated by the same writer at 2,381,248, and, supposing 
the aperture of each gland to represent a surface of if; of a line in diameter, be 
calculates that the whole of these glands would present an evaporating surface of 
about eight square inches. Each gland consists of a single tube intricately con
voluted, terminating at one end by a blind extremity, and opening at the other 
end upon the surface of the skin. In the larger glands this single duct usually 
divides and subdivides dichotomously; the smaller ducts ultimately terminating in 
short crecal pouches, rarely anastomosing. The wall of the duct is thick, the 
width of the canal rarely exceeding one-third of its diameter. 'l1he tube, both in 
the gland and where it forms the excre
tory duct, consists of two layers-an 
outer, formed by fine areolar tissue, and 
an inner layer of epithelium. The 
external or fibro-cel1ular coat is thm, 
continuous with the superficial layer of 
the corium, and extends only as high 
as the surface of the true skin. The 
epithelial lining in the distal part of .the 
coiled tube of the gland proper consists 
of a single layer of cubical epithelium, 
supported on a basement membrane, and 
beneath it, between the epithelium and 
the fibro-cellular coat, there is a layer of 
what are usually regarded as plain mus
cular fibres, arranged longitudinally. In 
the duct and the proximal part of the 
coiled tube of the gland ~roper there 
are two or more layers of polyhedral . 
cells, lined on their internal surface-i. e. next the lumen of the tube-by a deli
cate membrane or cuticle, and on their outer surface by a hm1hng membrana 
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propria, but there are no muscular fibres. The epithelium is continuous wi~h the 
epiJermiR an<l ''ith the delicate internal cuticle, "hich i8 all that is present rn the 
epidermic portion of the tube. When the cuticle is carefully removed from the 
~urfacc of the cutis, these convoluted tubes of epithelium may be drawn out and 
form short, thread-like processes on its under surface. 

The contents of the smaller sweat-glands are quite fluid; but in the larger 
glands the contents are semi-fluid and opaque, and contain a. number of colored 
granules and cells which appear analogous to epithelial cells. 

SEROUS MEMBRANES. 
The serous membranes form shut sacs and may be regarded as lymph-sacs, 

from which lymphatic vessels arise by stomata or openings between the epithelial 
cells (see page 86). 'rhe sac consists of one portion which is applied to the walls 
of the cavity which it lines-the parietal portion; and another reflected over the 
surface of ihe organ or organs contained in the cavity-the visce,·al portion. 
Sometimes the sac is arranged quite simply, as the tuuica. vaginal is test is; at others 
with numerous involutions or recesses, as the peritoneum, in which, nevettheless, 
the membrane can always be traced continuoush· around the whole circumference. 
The sac is completely Closed1 so that no commt~nicat ion exists between the serous 
cadty antl the parts in its neighborhood. An app:nent exception exists in the 
peritoneum of the female; for the Fallopian tube opens freely into the peritoneal 
ca,·it_y in the dead subject, so that a bristle can be pa~secl from the one into the other. 
But this communication is closed during Jife, except at the moment of the passage 
of the onim out of the ova.ry into the tube, as is prornd b,v the fact that no inter
change of Auicls ever takes place between the two ca,·itics in dropsy of the perito
neum or in accumulation of fluid in the Fallopian tubes. 1 The serous membrane 
is often supported by a firm, fibrous laye r, as is the case with the pericardium, and 
such membranes arc sometimes spoken of as" fibro-serous ." 

The various serous membranes are the peritoneum, lining the cavity of the 
abdomen; the two pleurro and the pericardium, lining the lungs and heart respec
ti,·ely; and the tunicro vaginales, surrou nding each testicle in the scrotum. 2 

Serous membranes :we thin, transparent, g1istcning structures, lined on their inner 
surface by a single layer of polygonal or pavement endothelial cells, supported 
on a, matrix Qf fibrous connecti\·e tissue, with networks of fine elastic fibres, in 
which is contained numerous capillitries and lymphatics. On the surface of the 
endothelium between the cel ls numerous apertures or intenuptions are to be seen . 
Some of these arc stomata, serrouncled by a. ring of cubical epithelium (see Fig. 
12), an<l communicating with a lymphatic capillary (seep. 86); others (pseuclosto
mata) are mere interruptions in the epithe]ial layer, and are occupied by pro
cesses of the branched connectirn-tissuc corpuscle of the subjacent tissue or by 
accumulations of the intercellular cement-substance. 

'rl1c secretion of these membranes is, in most cases, only sufficient in quantity 
to moisten th~ surface, but not to ft~1·nish an~r appreciable quantity of fluid . When 
a small quant.1ty can be .collected, 1t appears to resemble in many respects the 
lymp~, _and li~e that flu1_cl .coagula.tes spo?tane~usly ! but when secreted in large 
quant_1t.1cs, as m dropsy, 1t 1s a. water.v fh11d, which gives a precipitate of albumen 
on boiling. 

SYNOVIAL MEMBRANES. 
Synovial membranes, like serous membranes, arc connective-tissue membranes 

place<l between two IDO\'a.ble tissues, so as to diminish friction, a.s between the two 
articular end~ of the bones forming a. mornb le joint; between a. tendon and a 
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bone, where the former glides over the latter ; and between the skin and various 
subcutaneous bony prominences. 

The synovial membranes are composed essentially of connective tissue. con
taining numerous vessels and nerves. It was formerly supposed that these mem
branes were analogous in structure to the serous membranes, and consisted of 
a layer of flattened cells on a basement-membrane. No such cells. however, 
exist, and the only ones found on the surface arc irregularly branched 
con_nective-tissuc corpuscles, simi lar to those found throughout the tissue. Here 
an<l there these cells are col lected in patches and present the appearance of epi
thelium, but do not possess the true characters of an endothelial layer. They 
arc surrounded arid held together by an albuminous ground-substance. A 
further description of the synovial membranes wi ll be found in the descriptive 
anatomy of the joints. 

MUCOUS MEMBRANE. 

Mucous membranes line all those passages b.Y which the internal parts com
municate with the exterior, and are continuous with the skin a.t the various orifices 
of the surface of the body. They are soft and velvety, and very vascular, and 
their surface is coated over by their secretion, mueus, which is of a tenacious con
sistence, and serves to protect them from the foreign substances introduced into 
the body with which they are brought in contact. 

They a.re described as lining the two tracts-the gastro-pulmonary and the 
genito-urinary; and all, or almost all, mucous membranes may be classed as 
belon~ing to and continuous with the one or the other of these tracts. 

The external surfaces of these membranes are attached to the parts which they 
line by means of connective tissue, which is sometimes ,·ery abundant, forming a 
loose and lax bed, so as to allow considerable movement of the opposed surfaces 
on each other. It is then termed the submucous tissue. At other times it is 
exceedingly scanty, and the membrane is closely con nected to the tissue beneath ; 
sometimes, fo r example, to muscle, as in the tongue; sometimes to cart ilage, as 
in the larynx; and sometimes to bone, as in the nasal fossre and sinuses of the 
skull. 

In structure a mucous membrane is composed of corium and epithelium. The 
epithelium is of various forms, including the squamous, columnar, and ciliated, 
and is often arranged in Se\·eral layers (sec Fig. 11). rrhis epithel ial layer is 
supported by the corium, which is analogous to the denna of the skin, and con
sists of connective tissue, either simply areolar or containing a greater or less 
quantity of lymphoid tissue. This tissue is usually covered on its external surface 
by a transparent structureless basement-membrane, and internally merges into the 
submucous areolar tissue. It is only in some situations that the basement-mem
brane can be demonstrated. The c~orium is an exceedingly rnscular membrane, 
containing a denr-;e network of capillaries, which lie immediately beneath the 
epithelium, and arc deri,·ed from small arteries in the snbmucous tissue. 

The fibro-n1scular layer of the corium contains, besides the areolar tissue and 
,·e:.;sels, nnstriped muscIC-cells, which form in many situations a definite layer, 
call eel the muscular is mucosce. T hese are situated in the deepest pa.rt of the mem
brane, and arc plentifully suppli ed with nerves. Other nerves pass to tbe epi
thelium and term ina.tc between the cells. Lymphatic veRscls are found in great 
abundance, commencing either b.v crecal extremities or in networks, and com-

mml\~~t~~ae:~ i ti~ ~~e~x~~~~~o:~ 1!:!b~-~~uec~~'.: t;~~1~~ numerous glan<ls, and project-
ing from it are processes ('"illi and papillre) analogous to the pnpillre of the skin. 
'fhese giands and processes, howe,·er, exist only at certain parts, and it will be 
more com·enient to defer their description to the sequel, where the parts arc 
described as they occur. 
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SECRETING GLANDS . 

nr id~~ r1l:~~~~t~:~1~~:.~~i:1:·~· t fi ~g~~~~ ;~.~1~~(~o~·c~ ~ ~ 1:1~:'.:.~~~~1~ 11]1;~ i ~;~~~;~~~:~:~~I.~~,~)~~~~«~ 
from the bloo1l. The c~-.;ential parts. therefore, of' a scrretin~ g land are 
NI!."-, "hi ch haxc the power of extractiug from the blood certain matter:;, 
an1l in some ca~c:-; COll\'Crting them into nC\\ thcmical compo111uls: and blond-
1'1'8111'ls, by "hich the blood i:s brought into <.:lo~e rclation~hip with these cell~ . 
The general arrangement in all sctrcting stn1t:turcs-tlia t is to ~ay, not 011 1,v 
in secreting glands, but abo in secreting membranes-is tbat the cells arc 
arranged on one surfa ce of an cxtrasascular ba.;cmcnt-mcmbrane. which su pports 
them, and n. minute plexus of capi llary vessels ramifies on the othe r s urfa ce of ihc 
membrane. The cells then extract from the bloo<l ccl'lain CQnst itncnts which pass 
through the membrane into t he cells, where they a.re prepared and elaborated. 
'fhe basement-membrane does not, hoWC\'Cl', ahH1ys exist, and any free surface 
wou_ld appear to answer the same purpose in some cases. 

By tLc va rious modifications of this secr eting surface the different gla~ds are 
formed. This is general l.v effected b.Y an invagination of the membrane in different 
wa_ys, the object Leing to increase the extt'nt of ~ccrcti ng surface within <t given 
hulk. 

In the simplest form a single in\•agination takes place, constituting a simple 
gland; this "'"Y be either in the form of an open tube (Fig. 71, A), or the wal!s 

of th~ tube may be dilated so as to form a_ saccule (Fig. 71, u). 'l'h ese are named 
the srnqJ!p tullll/ai·or saccular [!lands. Or, m~tead of a short tube, the invagination 
mny be h•n;z:.thcncc~ to a cons1?erable extent, and thc.•n coi lc<l up to occupy Jess 
sparE.-. I h1:-..con)olt1tutes the swzplt• l'f1nt•11htt1•d tubular ~land, an example of which 
nrny be. H'l'll 111 t.he !oi.wcat-~lnnds. of ~he !'kin (Fig. 71, c·). 

If, msteacl of a Ringle 111\'agmat1on, secondary inrnginations take place from 
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th e primary 'mr. a..; in Fig. il , D and E, the g land is then termed a compound 
one. Th ese ~rco ndary invaµinations may assume either a saccular or tabular form, 
and so co nstitute the t\\O !)ubdivisions-the eom1>owul saccularor racemo.'{e gland, 
and the eompo1rnd tubultu. Th e racemose glan1l in its simplest form consists of a 
primary invag ination which forms a sort of duct, upon the extremity of which are 
found a numbC'r of secondary inrng inations callccl saccu lcs or alveoli, as in Brun
ner's g lands (Fig . 71, o). But, aga in, in oth er instances, the duct, instead of being 
simple, may divide into bran ches, and these a~ain into other brnnrhcs, and so on; 
each ultimate ramification terminating in a. dilated cluster of s.accu lcs, and thu s we 
may have th e secret ing surface almost in<lcfinitcly extended, as in the sa1i nHy 
glands (J<' ig. 71 , E). In the compo!tnd tublt/a1' glands tl1 c di\'ision of' the pri
mn.ry duct takes pln.ce in th e same way as in the raccmosc glands, but the bran ches 
retain their tubular form, and do not terminate in saccular recesses, but become 
greatly lengthened out (Fig. 71, F). The best example of this form of gland is to 
be found in the kidn ey. All these varieties of glands are produ cer! by a more or 
less complicated invagination of a secret ing membrane, and th ey are all identical 
in structure; that is to say, th e saccules or tubes, as the case may be. are lined 
with cell s, generally spheroidal or columnar in figure. and on their outer surface 
is an intimate pl exus of capillary vessels. Th e secret ion . whate\·er it may be. is 
eliminated by the cells from the blood, and is poured into the saccu le or tube. anrl 
so find s it way out through the primary invagi nation on to the free surface of the 
secret ing membrane. In addition, however, to these g lands, "hi ch are formed by 
an invagination of the secreting membrane, there arc some few others which are 
formed by an e1:ayination or protrusion of the same stru cture, as in the ,-ascular 
fringes of synov ia.1 membranes. This form of secreting structure is not nearly so 
frequentl.v met with. 



ORIGIN AND DEVELOPMENT OF THE BODY. 

nlIJE "hole body is developed out of the ovum (Fig. 72) when fertilized by the 
1. spermatozoon, the ovum being merely a. simpl e nucleated cell. All the 
comp1icntc<l changes by which the various intricate organs of the whole bo?y are 
formed from one simple cell may be reduced to two general proccsses-nz. the 
segmrntation or cleatiaf;e of cells, and their differentiation . The former process 
consi~ts in the splitting of the nucleus and its surrounding protoplasm, whe~·eby 

~~:m 0::;~:~"~0 c~I!s::ib:epti~e~:n~l:dkn~\mtw;~we:~
1

J~~- tc!i:J~·~~;,ia~~~re~~c3°~! ~~ll: 
which, to all methods of examination now known, seem absolutels identical. 
whereb,v they grow into different forms; so that (to take the first instance 
which occurs in the growth of the embryo) the indifferent cells of the rnscular area 
are differentiated, some of them into blood-globules, others into the so1id tissue 
"bicb forms the blood-,·cssels. 1'be extreme complexity of the process of de,·elop-

Fm. i2.-0vum of the sow. Fm. 73.-Hume.n ovum from e. mid-

ment renders it at all times difficult to describe fl~~1~~i::~~~f~~~:r::t£1:El:~i~ 
~ti~~\~i!~~.~bl;rd:C~udat:ti~~a~~r=n~o fi~u:t;~~:;n ]~:: ~~~n8~t Gcnnioat vesicle and germl-

bardly be afforded, having respect to the main 
purpose of the wo.rk. I can only hope to render the leading features of the pro
cess tolerably plam, and must refer the reader who wishes to follow the various 
changes mo~·e minutely to t?e special works on the subject, and especially the 
works of :'\[mot and Ilertw1g. ~Iany of the statements which are accepted in 
human embryology arc made only on the strength of ob~en•ations on the lower 
animals, many stages in the deYelopment of the liumun embryo being yet unkno,,n 
to us. 

The ovum is a small spheroidal body situated in immature Graafian vesicles 
near their centre, but ~n thct?ature .ones in contact with the membranagranulosa 1 

at that part of the ''es1cle which projects from the surface of the ovary. The cells 
of the mcmbrana granulosa are ~ccmnu]a~ed rou~d the ovum in greater number 
than. at any other part of the vesicle, forming a kmd of granular zone, the discus 
prolu1eruR. 

The human ornm (Fig. 73) is extremely minute, measuring from m torn of 
an inch in dia~eter. ~tis_ a ceJl consisting e~te.rna11?• of a ~ranspa.re;1 t envelope, 
the zona pelluczda or t 1ztellme membrane. W1thm this, and 1n close contact with 
it. i:-; the cell-protoplasm containing granules of yolk or vitellus; imbeclded in the 

1 ~ee the description of the 0'1ary at.a future page. 
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s~b~tance of the yolk is a small vesicular body, the ge,.minal vesicle (vesicle of Pur
knlJe}, the nucleus of the cell; and this contains as its nucleolus a small spot, the 
nwcula germinath•a, or germinal spot of Wagner. 

'l'he zona pellucida, or vitelline membrane, is a thick, colorless, transparent mem
brane, which appears under the microscope as a radially striated membrane, 
bounded externally and internally by a dark outline. '!'he strire are believed to 
be minute pores, and are regarded as the channels by which nutritirn particles 
are admitted into the interior of the ovum, and possibly the way by which the 
spermatozoa gain access into the interior of the ovum, after the rupture of the 
Graafian follicle. 'l'he presence of these strire has gh·en to the zona pellucida 
the name of zona radiata, or striated membrane of the ovum. 

'l1he yolk consists of granules or globules of various sizes imbcclded in a finely 
reticulated matrix of protoplasm. The smaller granules resemble pigment; the 
larger gra.nules, which are in the greatest number at thC' periphery, resemble fat
globulcs. In the human ovum the number of granules is comparatively small. 
Before and immediately after fertilization the cell protoplasm shows distinct 
movements of contraction and expansion . 

The germinal vesicle consists of a fine, transparent, structureless membrane 
containing a clear matrix, in which are occasionally found a few granules. It is 
about Th of an inch in diameter, and in immature ova lies nearly in the centre 
of the yolk; but as the ovum becomes developed it approaches the surface and 
enlarges somewhat. 

'l'he germinal spot occupies that part of the periphery of the germinal vesicle 
which is nearest to the periphery of the ovum. It is opaque, of a yellow color, 
and finely granular in structure, measuring from ~"D" to mir of an inch. 

The phenomena attending the discharge of the ova from the Graafian vesicles, 
since they belong as much or more to the ordinary function of the ovary than to 
the general subject of the growth of the body, are described with the anatomy of 
the ovaries on a subsequent page. 

Either before its escape from the Graafian follicle or immediately after, the 
ovum undergoes a peculiar change, which results in the formation of one or more 
peculiar bodies, the polar globules of Robin, and also of another body, which 
is named the " female pronucleus." 1fhe manner in which these bodies are 
developed from the germinal vesicle is brieHy as follows: Usually before the 
rupture of the Graafian follicle! but after the ovum has become mature or ripe, 
a portion of the germinai vesicle with a small amount of surrounding protoplasm 
is protruded outs:de the yolk, but still remains within the vitellinc membrane; 
this forms a small globular mass and constitutes the first polar globule. After 
a time, generally not till the ovum has entered the tube, a second protrusion of a 
portion of the germinal vesicle takes place, and forms a second polar globule. 
We barn thus about three-quarters of the germinal vesicle extruded from the 
yolk and about one-quarter remaining behind, and at the ejection of each of these 
bodies a visible shrinking of the yolk takes place. The portion of the germinal 
vesicle which remains behind recedes from the surface to,,ard the centre of the 
yolk and assumes a "Spherical form, and is now termed the'' female pronucleus." 
All these changes, it must be understood, occur at each expu lsion of an ornm, and 
arc quite independent of fecundation. . 

'J'he first changes in the ovum which take place at the time of conception 
appear to be as follows: A spermatoz?on pen~trates tL~ ?vum_, and comes into 
contact with the portion of the germrnal vesicle remaining m the ovum. It 
seems as if this normal!)' occurs in the Fallopian tube,' but it is possible that it 
sometimes occurs before the ovum has entered the tube, or after it has passed 
through the tube and reached the ca1•ity of the uterus: abnormally it may e,·eu 
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takl' plat'c in the p('ritonC'al ca\'ity. 'I1be spermatozoon bccomcg buric{l in the 
~·olk, the tail 1li~appears, and the head, which j,. reall,v the nucleus of the sperma
tozoon. ronstitutP~ the'· male pronutlcus. ·· ThiSi gradually approaches the fema le 
pronucleu~. which by this time is s1tut1ted in the centre of the ovum. As soon as 
the,· com(' into contact they fuse into one, and thus fecundation is effecte<l 
(Fii:. 74).' 

4 

o··J"· opr 
f.~ f.~ I 

f.rrr. 

~i::i~~10i~~i;~,;~£.i~'.rf.f~i~9[~f~fffe~~iEii:e~&~Iiif!.J.r,~~i"[£;~::~~·11f!!f ~i[~"i r.~r.~ 
The first result of the fertilization of the ovum is its cleavage or multiplica

tion, it being first cleft into two masses, the germinal vesicle having previously 

~plit up i11to t''o _n~icl ei: so that i~ now co nsists of two separate masses of proto
pla"<m, each containing a nucleus, situated within the original vitelline membrane, 

1 Jr lhe "Indent refers to the development of th. generati\·e organ", he will find thnt the 

~~;~~: .• :~.:.1:n~t·i~~~ .. fo1~ ::;:ir~ 1fur~'io~10f~~he0~11~l~1 1~f 1~w~~1~,~~~~ :f°,~r;11s~~Yl~~"!~~~P~~j0~~~~ 
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which take:. no part i1~ this process of division. ' l1hcn, each of these two daughter 
elements diYitlcs in like manner, and thus four nucleated elements are formed. 

~:~~\d~~la~~~ ~.~!:1\t:t (~~~t~~). 1m~.~~~~y~;s~e~g;1~~ 1~~~~!~~1~~;· t~~\~;:dt:~!J:::l~:~i~~ 
splu•rules. 

'l'he manner in which segmentation occurs is somewhat peculiar. The two 
sphere~ r?s~ltin.g from t~c first cleavage are of unequal size. One, which for the 
5'ake of d1~tmct10n we will cal l the upper cell , is larger than the other, the lou•er 
cel l. ~ \ml aftc.r they have divided three or four times the rate of cleavage in 
the.spheres dern·cd from the upper segment becomes more rapid than in those 
cler1ve<l from the lower segment. In addition to this, the spheres rlerived from 
the upper segment ha.vc a tendency to spread over and enclose those from the 
lower segment; so that bv nbout the ninth or tenth division there is an 
?xterna l layer of spheres llcri,,ed from the primary upper segment surrounfl-
11~g .a?d almost encl osi ng a mass of spheres, which in consequence of their 
d1mm1shed rate of cleavage are fewer in number nncl larger in size. derived from 
the primary loll'er segment (Fig. 76, A). Fluid collects between the tll'o sets of 

spheres, except at one part, where they remain in contact, and the ovum is con
\'Crtc<l into a sac, formed by a ]ayer of spheres derived from the upper primary 
segment, and containing at one part another mass of spheres derived from the 
lower primary segment (Fig. 76, B). 'l 1he inner cells are rather more granular 
than the outer, beneath which they gra<lually spread, becoming applie<l over a 
part of their inner surface in a single layer; so that the cavity is afterward 
enclosed more or less completely in a double layer of cells. 

The ultimate destination of the outermost complete layer of spheres is at 
present doubtful. That portion of it which covers the inner cell s is believed to be 
transitor.v an<l to gradually disappear in the co urse of formation of the various 
layers o f the blasto<lermic vesicle, whi]e the remainder forms the outer layer 
(epib last) of this vesicle. Adopting this view, the ov um would comist of a casity 
su1Totinded by (1) a layer of cell s completely lining the interior of the vitelline 
membrane, and (2) by a second layer internal .to these and partially ~ining the 
interior of the outer layer, both sets of cells tlcnvctl from the segrncntatJOn of the 
ovum. The spher e formed hy this double layer of cells is called the "blastoder
mic ves icle.' 

At first the area of the blastodermic vesicle, which consists of holh the 
inner a.1111 outer layers of cells, is .. a. $tnall disk, in which the first traces of thr 
embryo are seen: hrnce it is called the _qerminal disk or area genninatfra (Fig. 
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Ti). The firRt trace of the <.'mbrso a.ppcars as a. faint ~treak at the po~tcrio~· 
end of the arC'a gcrmiuatirn 1 called the primitfre trare. Aftl·r the formation o! 
the pri111iti,·e trace, but pre,·ious to the appcaranc:c of the nc.xt parts of the 

~1:;11~"~·lt~::~~~;.!111~r c t~1~1~1 ~~~~~i ~~~~~! z~ibo~1l~~\ 1~\~~~re I~~~~~~: 1 ~~ea~~~.b~;t1:l :~ ~~f ~1~1/~;;~ 
bla.<;,f, but after the formation of these st ructures 
a third layer makes ito appearance. 'This is the 
mesoblast, and is situated between th~ othe~· t":o 
(Fig. 78). Th e epiblast ?f th e germlllal disk 1s 
formc<l of the most supcrficml layers of the rnner 
cells which were cxpo~cd by the disappearance 
of the outer cells, which originally covered them, 
the remainincr epiblast of the bln stodermic vesi~ 
cle being pt~bably the persistent outer cells, 
while the hypoblast is formed by the rest of the 
inner cells. In the region of the primitive trace 
the epiblast anrl hypoblast fu,c together, and 
from the si des of thi s lin e of fusion cells grow 

t)ii~n~i~f~~'~
1

:~~~:\!~~eli~J~~~~~~fi~~
11

~ out laterally into the space between the epiblast 

~l~F::!·:2~{~1t~1iif1~~1::~~;~~~~~ni~ ~:i~~n:tT~l~~;s:hj~ t~~:~~· ~~:o ll~=~~~~s~1;~/~1~t~~~ 
membrane thus comes to con~ist ::;a;~~~c 0 fa~~:~.s~ei;J~~i~1 ~x~~~-~·,t1, ~:~~~ c~1 ~~:~gcti~n~~ 
cnlled the serous layer, but is now mor~ cOmmonly termed the epiblast, or ecto-

derm: the internal, the mu cous layer, the li!Jpoblast, or entoderm : and the middle, 
which is now Ulliual ly ca lled the mesoblast or mesoderm, but which was formerly 
nam ed the •· rn~cu lar la yer .'· 

The rpiblast is mainl.,: concerned in the formation of the external cu ti cle anrl 
th e whole of the nerrnus s:1stem. It consists of cel1s of an epithelial chara cter: 
that is ( (1 ~a.'' · cells of an irregular columnar shape, formin~, for the most part. a 
single strat um , but becoming more numerous and flattenc<l at the germinal disk. 
The cpidcr!ni !il of the body and all the in voluti ons of the epidermis in the ducts of 
superficial p:lnnds, as the mammrc, as well as the brain, the spinal cord, th e nerves, 
and the portions of the nose, c.ve, and car, which arc direct lv formed from the 
brain, are den•loped from it. The external layer of the amrl'ion is also formed 
from the cpiblast, and prohabl,v also a portion of the chorion. 

The l1ypoblast i~ mainly concerned in forming the internal epitbelinm- viz. 
that nf the whole alimentary pas~ages except the mouth and a. r.:.ma ll portion of the 
rectum ~ear the anus(" ~id~ are. f?rmecl b~r i1l\'o]utions of the epiblast); that of 
the rc~pll'n~ory tract. which 1 ~ originally an offset from the alimentary cana l ; and 
the ep1tl1l'ii11m of all the µ: landu lar organs. "hich open into the iute~tinal tract. 
The hypobJa..,t forms also the deeper layer of the umbi li ca l \'C!-<icle arnl allautois. 
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I ts cells are epithelial, and are at first flattened, but subsequently become columnar 
and larger than those of the epiblast. 
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All the rest of the embryo is formed from the mesoblast-viz. all the ""'cular 
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:ind lncomotiYc system, the cu tis, all :ht connective ti:-~ur~. arnl th(' l!Cnito-urinary
organ~-with the exception of the epithelium of the bhuldcr and urc1h1·a, "bich is 
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Thesanh:11otea1)Plit'i. tr:ithh.ai. totheprt.'<'t'dlu~diftg-ram 

3 

developed frrnn the hypobht8t. The rn~cular syl'tcm of the frctms extend to the 
yolk and tht· maternal parts along the umbilical \'Cbicle and allantoi~. so that thf 
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greater part of these bodies and the outer layer of the amnion are also formed out 
of the mesohla•t. The frctal portion of the placenta, bcin11 essentially a mscular 
structure. is also dc,·cloped from the mesoblast. Its cells a.re irregular and 
branched and F-urrounde<l bv a considerable amount of intercellular fluid. It 
u~ay therefore be re~<1nlcd ·as resembling more closely embryonic connective 
tJ~!SUC. 

First Rudiments of the Embryo (Figs. 79 and 80).-The primitit•e trace alluded 
to abo,·e as appearing in the arl!a germinativa is a. Yer,v transitory structure, which 
marks the direction of the embryonic axis, and is gradually lost sight of as 
clevelopmen t proceeds. 

'l'he first real '~PJ)l'Oach toward a definite form In the embryo is made (1) b)· 
the de1·clopment of the central nervous system ; (2) by the cJe,wagc of the inid
dle layer of the blastod~rrnic membrane into a series of segments; and (3) by 
the de,·elopmcnt of an ax1aJ embryonic skeletal structure, the notochord. 

First, a folding up of the cells of the epiblast or outer layer takes place. This 
c~mmenccs m the antcr_1or part of the area germinativa, and extends in .the same 
direction as the primit1\·e trace, gradually enclosing this latter u11til 1t is lost 
at the caudal extremit,- of the ernbrvo (Fia. 81). ~'hi• folclin~ up of the epi
blast gi\·es rise to a longitudinal groOve do~·n its centre, in co

0

nsc4ucnce of the 
manner in which the cells of the epiblast are heaped up into two longitudinal 
ridges, with a furrow between them, so that the sides and base of the groom are 
formed of epiblastic cell~ (Fig. 82, A). The mesohlast, lying between the epiblast 
and hypobla~t, fills up the space thus caused between these two layers. so that 
the sides of the groo\'e arc occupied by a longitudinal thickening of mesoblast; the 
two masses being separated at the bottom of the groove by the junction of the 
epiblast and hypobla<.:.t at the situation of the primitive trace. The groo\·e becomes 
deeper and deeper in con!'cquence of the further grow ing up of the cells to form 
the ridge on either side. In this way the ridges e\'cntuall,r become two plates, the 
lamiJW! dorsales or meclullar.1/ plates, which finally coalesce and thus fol"m a closed 
tube, the 11eurrtl canal, lined by epiblast and hi.1v ing a covering of the same mem
brane (Fig. 82). 'llbese membranes are at fir tin contact with one another, but 
e\·cntuall,r become separated 1 mesoblastic structures growing up between them, and 
the line of coalescence becomes obliterated. The conlcscence first takes place in 
the middle of the embryo, then toward the ccpha.lic end, and lastly at the caudal 
extremity. The lining of this tube is dc\·elopcd into the nerrnus centres. the 
cornring into the epidermis of the back and head. The cephalic extremity of 
the neural canal is soon seen to be more dilated than the rest, and to present 
constrictions di\·iding it imperfect!.\~ into thl'ce chambers: the brain is deYeloped 
from this dilated portion; the spinal cord cakes its origin from the remainder of 
the tube. Below the neural canal the h_ypoblast and epiblast are in contact. 
separatin:z the two longitudinal thickenings of mesoblast on either side of the 
canal. Here a thickening of the hypoblast, commencing from the anterior end of 
the primitive trace1 take!'i place, and gradually separates itself off from the h_ypo
blast, !vino- between this membrane and the cpiblast below the bottom of the neural 
canal. .. This is known as the noloe!torcl or clwnla, dor!'lalis . This when fullv 
de\·eloped. forms a. continuous rod-shaped bod.v lying below the primitive groO\.'e 
and composed of clear epithelium-like cells. It is e!'scntiall.Y nn embryonic struc
ture. though traces of it remain in the .centre of tl~c intervcrtebr~l disks t~not~gh
out life. The collection of 111esoblast1c cells, wl.11cb forms a thick long1tudmal 
column on either side of the neural canal, becomes separated from the rest of the 
mesoblastic layer. It undergoes a series of tnrns\·crse segment~1tions and becomes 
conn~rted into a row of well-defined, dark, square segments or masses, separated 
by c1ear, trans\·crse intcrrnls. called the protorertebrce or 11u'!'loblastic snmite!'l. i:rhey 
first make their appearance in the re~ion which afterward becomes the neck, then 
further forward toward the head, and afterward extend along the body. These 
bodic~ , a!' ,\ill be explained hereafter, are not the same as the permanent rerte
brre. but they arc differentiated, partly into the rertel.me and partly into the 
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muscles and true skin. On either side of the protovcrtebnc the mesoblast splits 
into two layers, the upper, or that co,·ered by epiblast, is called somatopleure, and 
the lower, lined by hypoblast, the splanclmopZ.ure (Fig. 82, n, 5-5'). From the 

~1~C~.,;~Tl:~1.i~it7~!~~:1~~;&~::;!~~1I~Thit!F :·)~Jff 
(From KO\llker.) 
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Fm 82.-Transverse sections 

through the embryo-chick before 
and some time anNthe closure of 

~F~~:~:,~Pc:~~~l~\~·hie~ri~~~~:.~ 
A. At the end of the first day. I 

~~~~~3~?lari: c~~1ii!tti3~eE§~~fet~~ 
dorsal lamina. 4. Epiblast. 5.Meso
blast divided ln its inocr part. 6. 

ti~~~\f ~~~ ::i:~~;,~;~fi~r.~:I~:£ 
former the skeleton muscles and true skin of the 
external parts of the body are deri vccl, from the lao ~~~~~{f,~j~~~~~~~1~~~~ 

aptly compared to a canoe turned O\'er (Fig. 83). 

fold of the ninnion formed br epi
bhtstandsonrntopleure. 

ter, the muscular and other 
mcsoblastic portions of the vis
cera. 11be space between them 
is the common plcuro-peritonea1 
cavity. Whilst the parietes of 
the bodv are still unclosed, this 
common plcuro-peritoneal cav
ity is continuous with the space 
between the amnion and cho
rion, as seen in Fig. 79, F. The 
embryo, which at first seems to 
be a il1c1·e streak, extends longi
tudinally ancl latcraHv. As it 
grows forward the cephal ic end 
becomes remarkably curved on 
itself (cephalic flexure), and 
a smaller but distinct flexure 
takes place at its hinder encl 
(caudal flexure). At the same 
time the sides of the embryo 
grow and curve toward each 
other; so that the embryo is 
In cornse<1uence of this incun-
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ing o.f th.e embryo both in an a~1tero-posterior and a lateral direction, the original 
ovum, with the three layers derived from the cleavarre of the blastodermic mem
brane wh!~h cover it, is con\·~rted into a sort of hour~lass shape with two unequal 
globes. I be smaller .globe 1s formed by the part of the blastodermic membrnne 
(area germmatn•a) which. has already und~rgone certain changes in the formation 
of the embryo, and constitutes the part which bas been compared to a canoe. The 
larger globe is ca lie<l the ,11olk-sac or umbilical ·vesicle, and is formed bv the rest of 
the blastodermic mcmbra.ne-i. e. that part which is not concerned in the formation 
of ~he :ll'ca g~rminativa. The tw~ .freely communicate through the constric tion 
which 1~ the site of the .future mnbil1cus, and through this constriction the internal 
layer of the blastodcrm1c membrane (tLe hypoblast) and the innermost of the two 
layers into which, as has _been a~ready s.tated, th~ mesoblast divi<lcs-\•iz. the splanch
nopleurc. pass out; the 1:-:.curnng havmg only mvolvecl the somato-pleural layer of 
the mesoblast and the epiblast (Fig. 8-1). The umbilical Yesicle is, therefore, at 

first a mere part of the general cal'ity of the yolk, partly enclosed by the embryo; 
but as the latter grows round on all sides toward the umbilical aperture_, the 
yolk becomes distinguished into two portions. One lies inside the embr,Yo, and 
eYentually forms a part of the intestinal caYity (out of which also, as will here
after be seen, the bladder is de,·eloped). The other lies external to the embryo 
and remains therefore for a time a part of what is, in a more restricted sense, 
the ornm. The two parts are almost separated from each other by the meeting 
of the abdom inal walls of t)le embryo at the umbilicus, through which they 
still communi cate by a passage, the omphalo-mesenteria cluat, the destination of 
which will be pointed out presently. The extra-embryonic portion is of small 
importance and very temporary duration in the human subject. It is for the 
purpose of supplying nutrition to the embryo during the very earliest period, 
before it can obtain it from the uterine si nuses of the mother. In the oviparous 
animals, however, where no supply of nutrition can be obtained from the 
mother, since the egg is entirely separated from her, the yolk-sac is large and 
of great importance, as it suppli es nutrition to the ch ick during the whole of 
fretation. Vessels de,'eloped in the middle blastodermic layer soon cover the 
umbilical vesicle, forming the iiascular area, the chief vessels of which are the 
omphalo-mesenteric, two in number (Fig. 85). 'fhe vessels of this area appear 
to absorb the fluid of the umbilical vesicle, which as _the fluid is absorbed dries up 
and has no further function. The acti\·ity of the umbili ca l vesicle ceases about 
the fifth or sixth week, at the same time that the allantois, which is the great bond 
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of rnscnla.r connection between the embryo and the utcl'inc ti~:;,ues. is formed. In 
fact, thr umbili<'al \·eside proddes for the nutrition of the frctu~ from the ovum 

itself, while the allantois is the channel whereby it is nourished from the uterine 
tissue~. The umbilical \'Csicle, containing fluid, remains \'isible, howernr, up to 
the fourth or fifth month, with its pedicle and the omphalo-mcsenteric ,·essels. 
The latter vessels become atrophied as the function:ll activity of the body with 
which the,· are connected ceases. 

So far \ve htt1·e traced-{l) the segmentation or clean1ge of the yolk into a 
number of nucleated cells or'' spherules." (2) The accumulation of fluid within 
the ovum, and the arrangement of the spherules arouncl the fluid on the 
internal surface of the "itelline membrane, forminA' a second memhranc, the 
"blastodermic membrane." (3) The separation of the hla~toderrnic membrane into 
three la._vers 1 named, from within outward, the t• hypobfost," the" mesob l a~t. ,. aml 
the "epiblast." (-!) The formation of an elongated, ova l-shaped d i,k, ca lled the 
"area gcrminatirn." (5) rrhe appearance in the centre of the area germinati,·a of 
a delicate line or furrow, running lon~itu1linal l y, and called t he·· pr im itiYc trace." 
(6) The formation of a distinct groove in tbe situation of this primiti,·c t race. 
cau~ed bv the growing-up of the cells on either ~ide of it, so as to form two lonaitu
dinal ri{ges, called the ·· laminre <lor~ale~." (7) The increas.c an<l incun·at io~ of 
the..;e Jaminre don•ales, until they meet behind. cntlosing a canal lined by epiblast . 
The canal i~ the neural canal. an<I from the epihlast "hich lines it th~e nenous 
centre~ arc den·.loped. (8) 'J'he formation. in the hypobla~t immediately under this 
canal. of a conunuou~ rod·~haped bod~·· the'· chor1la (lor~alis," or" notochord."' 
(~') The formation from 1he mesoblast , 011 either si<lc of tbe notochord, of a longi· 
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tuclinal co]umn, <lividcd into a number of square segments, the '" protovertebrre." 
(10) The splitting of the mesoblast, external to the proto\'ertcbne, into two layers
the outer, called the ·• somatopleure,'' lined externally by the epiblast; the inner, 
called the" splanchnopleurc," lined internally by the hypoblast, a space being left 
between the l\\'? which forms the•' pleuro-peritoneal cavil,\' ·" (11) The cun·ing of 
the embr_yo on nself, both long:ituclinally and laterally, so as to be comparable co a 
canoe; the walls being formed of all three la.vers of the blastodermic membrane 
~nd the well. of the canoe-that is the inte~tinal cavity of the embryo, opening 
rnto the C:tl'lty of the yolk-sac. (12) A portion of the _yolk-sac lying in the bocly
cav1ty of the embryo, and a portion outside it; the two communica.tin <r by a duct, 
the u omphalo-mcsenteric "duct. rl1lw portion of the yolk-sac extern a.Ito ihe body
ca.vity .is termed the umbilical "esiclc, and provides nutrition to the embryo until 
such t11nc as the placenta is formed ; vessels, devclopctl from the mitldlc blasto-

der~,i~e1~~~t~, s1~~:i{~',~~l~tf'~erci~~;1~~d~1~~~::~li~:~~-0;~~~1~~vi!~o~JC::~~~~ \he embryo 

is to have a proper conception of the manner in which the membranes envelop
ing the frotus are formed . 

'l'he membranes im'esting the fcctus a.re the amnion, the chorion, and the 
decidua. The two former are de,·elopecl from fcctal structures, and are proper to 
the fcctus; the latter is formed in the uterus, and is deri,·cd from the maternal 
structures. 

The Amnion.-The amnion is the membrane which immerliately surrounds the 
embryo. It is of small size at first, but increases considerably toward the middle 

l"ilUof 

Faluam11ionorchoTion. 
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of pregnancy, as t~1c fcctus acquires the p~we1· of independent m?'·eme1.1t. .~t exis~s 
only in reptiles, birds, and mammals, which arc hence ca.lied · Am111ota .. ~ut is 
absent in amphibia and fishes. It is formed thus: At or near the extrem1t1es of 
the incurvecl fcctus-that is to say, at the point of constriction of the blastodermic 
membrane, where the portion which bas undcrg~nc cl~anges to ~o.nn the _body of 
the embryo joim; the part <lernted to the format10n of the umb.il1cal vesicle-an 
inAection of the epiblast :incl outer layer of the mesoblast, which have becom~ 
separated from the inner layer of the mesoblast and hypoblast b.'- the format10n of 
the pleuro-peritoneal cavity, takes place (Fig. 79, D 7). These inflections or back-

1 According to Prore"\SOr Jolrn ..\ . Ryder, it is 11 very doubtful if any considerable amount of 
nutriment is supplied to the embr~·o from the yolk-sac at any time.1' 
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ward folds commence first at the cephalic extrem ity, and subse(1ucntly at the cau<lal 
end and sides. an<l deepen more and more, in conse11ucncc of the sinking of the 
embryo into the blastodermic vesicle, until. gradually approaching, they meet one 
nnother (Fi~. 79, E 7). Afte r they come in contact they fu se tOl(Cther, and the 
septum bet\\~en rhcm disappears; so that the inner layer of the ccpbali~ fold becomes 
continuous with the inner laver of the caudal fold, and the outer with the outer 
(Fig. 79, f' 7'). Thus we hax0 two membranes, one formed by the inner layer of the 
fo ld-the trur amnion-which encloses a. space over the back of the embryo-the 
amniotic raiiity (Fig. 79, F and G, a)-containing a clear fluid , the liquor mnnii. 1 

The other, the outer layer of the fold-tbejlllse mnnion-l in es the internal surface 
of the oi-igi nal Yitell ine membrane. Between the two is an interval , which of 
cou r e com municates with the pleuro-peritoncal cav ity . This it continues t? do 
11ntil the bod_v-walls of the embryo have g rown up and coalesced at the umbilicus. 
Then the amniotic fo ld is carried downward , ar.d encloses the umbilical cord, by 
wh ich the fcetus is attached to the placenta. 'l'he true amni on-or, as it is 
usually called , the amnion-is formed of two layers, derived respectively from 
the epiblast and from the parietal h1yer of th e mcsoblast. 

1'he amnion is at firs t in close contact with the surface of the body of the 
embryo, but about the fourth or fifch week fluid begi ns to accumulate, and thus 
separates the two. The quantity steadily increases up to about the sixth month 
of pregnancy, after which it diminishes somewhat. 'l1 he use of the Jiquor amnii is 
believed to be ch iefly to allow of the mo,·ements of the footus in the later stages of 
pregnancy, though it no doubt serves other purposes also. I t contains about 1 
per cent. of solid matter, chiefly albumen, with traces of urea, th e latter possibly 
deri,·ed from the urinary secretion of the frotus. 

'11he Cborion.-We have seen that in th e formation of the amnion we bad 
two layers forme<l out of a reduplication of th e epiblast and outer layer of 
the mesoblast: one-the true amnion-which surrounds the embryo and 
encl o~es a cav it.v between it and the embryo--the amniot ic ca11i(1J ; and secondly, 
th e false amnion, which lies in apposition with the interna l surface of the 
vitelline membrane, and is continuQus a.t its periphery with that part of the 
orig inal cpiblast and somatopleural layer of the mcsoblast wh ich did not enter 
into the formation of the area gcrminativa; and that between these two layers 
there is a space (whi ch must not be confounded with the amniotic cavitv) 
which comm uni cates with the pleuro·peri toneal space, and, according to Dal toll , 
contains a semi fluid, gelatinous material. The chorion is formed out of the 
vitellinc membrane with the false amnion and its peripheral continuation with 
the external layers of the blastoderm; but th e exact share which th e three layers 
take in its formation is at present uncertain. By some embryolog ists it is 
believed that the vitelline membrane during the rapid g rowth of the ovum 
becomes attenuated, and finally lost; by others it is thought that it combines with 
the. other l ayer~ to form the chorion. B~t, whichever is true, at a very early 
period of gestation cellular processes or frmges grow outward from the external 
Rurface of the chorion, and have been lik ened by Dalton to tufts of seaweed. 
'J1~ey nre at fh: t destitute of vessels, and arc of simple cellular structure. Th ese 
frmges, or v1ll1, as they subseq uently become, co \·er a.t first the whole surface of 
the chor.ion ; but as development prog resses and the placenta, by whi ch the 
extent of the attachment of the ovum to the uterine walls is to be limited is 
about to be formed, the villi arc not furth er developed over the rest of the 
chorion, but nre co?~ned to that part only which ~ s to form the footal portion 
of the placenta. .Lhey m:iy, however, be recogDJze<l all over the chorion as 
abortive processes dunng the whole of fretal gestation. 

1 The "tud~nt shol!ld be c:i.refu.l not to. confound this C"J.\'ity with that formed between the tnie 

§~f J~s~~~f J~:~t:i:~:~~~~~:~f ·2~J~~,;f ~ 1.~~;~;1;:~~~?f ;!~ ?i:fo.::;:i~;~~·r&:.~1~ 
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'l'he Belly Stalk.-During the formation of the amnion the anterior end of 

the embryo sinks down into the blastoderrnic vesicle much more rapidly than the 

posterior end, the latter, in 
fact, remaining attache<l to 
the surface of the blastoderm 
(Fig. 87, A). As the forma
tion of the amnion proceeds 
the embryo becomes scpa.ratecl 
more and more from the sur
face of the vesicle, e1•entually 
being united with it only by 

~e~~~~·J !~~1~c~r;~:;. fso~~ ;g 
This is the "belly stalk," in 
the interior of which is to be 
found the umbilical vesicle, 
which bas been carried back
ward by the constriction 
which produced the stalk, and 
bas been reduced to a small 
pyrifonn \'esicle supported .J.mnioticfol<t 

upon a long pedicle. This 
pedicle is connected with the 
digestive tract of the embryo, 
and behind its attachment a •"'"'"'°'':F-4-+.'.<0J 'l'.\o. 

small outgrowth develops from 1 ~~~~~~~~ 
the ,·eutral wa1l of the intes- ·~ 
tine, and, pushing in front of 
it the splancbnopleure which 
forms the outer lining of tLc 
intestine. extends out into the 
belly stalk and forms what is 
known as the allaniois. In 
some animals the allantois is 
a hollow projection and is 
usually styled the allanloic FIG. Si.-Di!lA"rams showinp: the formati9n oft~e belly stalk: The 

vesicle; but in most mam - !J;~4~t~~dc~;~J~r!";~r1~i{b~~~~1:; 1~~c~ri~~ 1~~~~l~~t,0!;~eu~~1t~~1~t; 
mals, and especially in man, continuous line the hypoblast 

the external or mesoblastic 
element undergoes great development, while the internal or bypoblastic element 

undergoes little increase beyond the body of the embryo, so that it is very 

doubtful whether any cavity exists in the allantois beyond the limits of the 

umbilicus. A portion of the allantoic vesicle within the body cavity is eventu

ally destined to form the bladder, while the remainder forms an impervious cord, 

the uraclms, stretching from the summit of the bladder to the umbilicus. 'The 

beliy stalk is at first hollow, its cavity being continuous with the pleura-peritoneal 

cavity of the embryo (Fig. 87), but it soon becomes solid by the extcnsi1'e growth 

of the mesoblastic tissue wh ich it contains. Over that portion of the wall of the 

blastodennic vesicle with 1d1icb the outer encl of the belly stalk is connected the 

chorionic villi, already referred to, reach their p:reatcst (levelopment, this being 

the region of the placenta. 1 In the walls of the allantois wssels arc formed 

which extend their branches out into the surrounding mcsoblast and into the 

cborionic villi. 'l'he allantois, accordingly. though much reduced in man in 

comparison with the lower mammals, is still the tract along which the vessels 

extend which convey the blood of the embryo to the fretal chorion, where it is 

t Jn some animals some of the vessel.'i of the villi of the ..:horion are cleri\le<l from the yolk-sac

that is from the orophalo-mesenteric Ye.<i.">els. 

8 
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exposed to the influence of the matcrn_n1 ?1c.~od .circulating in. the d.ecidt~a. or 
utcrint' portion of the placenta, fro~ wh1cb 1t 1mb1hcs the. ma~cnals of nutriu~n 
and to which it giYc~ up effete material, the removal of which 1s necessary for ll:-

pur~~:t;e~·idua.-'l'bc grO\\ th of th~ chorion ~u11l placenta. can only be understoo<l 

by t,1:~~ 1~fec.~::~1 ~01(F~~~~SQ 1~:hs~fei:a~~~~ecl from the m.ucous membrane of the 
uterus. E\·cn before the arrival of the fecundated ovum Ill tho uterus the mucous 

membrane of the latter is vascular 
an<l tumid, and when the ovum bai:< 
renched the uterus it becomes im
bedcled in the folds of the mucous 
membrane, which grow up around it 
and finally completely encjrcl e it, so 
as to cover it in entirely and exclude 
it from the uterine cavity. 'l'hus two 
portions of the uterine ·mucous mem
brane (decidua) are formed-viz . that 
which coats the muscular wall of the 
uterus, deeidlla vera, and tha.t which 
is in contact with the ovum, decidua 
reflua. 'l'he decidu:t Yera. at the os 
il'iternum and at the openings of the 
Fallopian tubc-s is continuous with 
the lining membrane of these canals, 
the thickening of the original. mucous 
membrane of the uterus which con
verts it into deci<lua abruptly ceasing 
at t hese points. The neck of the 
uterus after conception is closed by 
a plug of mucus. 'L'be dcciclua vera 
is perforated by the openings formed 
by the en larged uterine glands, which 
become much hypertrophied and de
veloped into tortuous tubes. It con
tains at a later period numerous arte
ries and venous channels, continuous 
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1:~~~~~1~~1 in the formation of the placenta is 
~fl;i~~~n~!ii ~l~~l:?u~f the dec1dua. J Dccidua. serotma, ~~l,1~1) . the decidua serotina (Fig. 

'l'he decidual renexa is shaggy 
on its outer aspect, but smooth within. 'l111e vessels which it contains a.t first 
disappear after about the third month. About the fifth or sixth month the space 
between the two hiyers of the decidua disappears, and toward the end of preg
nanc~· the dccidua reflexa is transformed into a thin yellowish membrane, which 
<:ornstitutes tLc external envelope of the ovum. 

i~ucb aclditional interest has been given to the physiology of the decidua by 
the fact. 11h1eh seems to be now establ1'hed by the researches of Dr. John 
"Williams, that .e'·ery discharge o_f' an ornm 1 '~·hether impregnated or not, is, as a. 
Tule, accompanied by the formation of a clec1dua. and that the essence of men
struation consi:.;ts in the separation of •t decidual layer of the mucous membrane 
from the uterus; while in the case of pregnancy there is no exfoliation of the 
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mem~ranc, but, on the contrary, it undergoes further development in the manner 

descnbed aboYc. 
'l1he Placenta is the organ by which the connection between the fretus and 

mother is maintained. It therefore subscrves the purposes both of circulation 

and respiration. It is formed of two parts, as already shown-viz. the maternal 

portion, which is developed out of the dccidua vern (scrotina), nnd the fretal 

portion formed out of the villi of the chorion. Its shape in the human subject is 

that of a disk, one surface of which adheres to the uterine '\all, while the other is 

covered ?Y ~he amnion. The vrni of the chorion gradually enlarge, forming 

large prOJCct1ons-~' cotyledons "-which each C'ontain the ramifications of vessels 

~ommunicatiug with the umbilical (allantoic) arteries and Yeins of the footus. 

These vascu lar tufts arc covered with epithelium, and project into corresponding 

depressions in the mucous membrane (decidua vera) of the uterine wall. ']_~he 

maternal portion of the placenta con~ists of a large number of sinuses formed by 

an enlargement of the rnssels of the uterine wall. ~rhese bring the u terine blood 

into close proximity with the villi of the fretal placenta, which clip into the 

sinu~es. The interchange of fluids necessary for the growth of the fcetus and for 

the depuration of the blood takes place through the 1rnlls of the villi, but there 

is no direct continuity between the maternal and fcetal vci;:sels. The footal ves

sels form tufts of cai>illaries, the blood from which is returned by srna11 veins, 

which end in tributaries of the umbilical vein. The rnatcmal arteries open into 

spaces somewhat afrcr the manner of the arteries of the erectile tissues. These 

spaces communicate with a plexus of rnins which anastomose freely with one 

another, and g ive rise, at the edge of the placenta, to a venous channei'wbich runs 

around its whole circumference-the ]Jlacental sinus. 
'J'he umbilical cord is formed by the gradual elongation of the belly sta lk. It 

contains the coils of two arteries (itmbilical, originally allantoic). and a single vein, 

united together by a gelatinous tissue (jell!! ~f' ll'hai·ton). There are originally 

two umbilical veins, but one of these Yessels becomes obliterated, as do also the 

two omphalo-mesenteric arteries and veins and the duct of the umbilical vesicle, 

all of which arc origin~lly contained in the belly Rtalk. 1'be permanent struc

tures of the cord are. therefore, furnished by the allantois. 

In this manner the human embryo eventually becomeH surrounded by three 

membraneR: (1) the amnion, derived from the outer layer of the mesoblast an<l the 

epiblast; (2) the chorion, formed from the false amnion (which i.s derived from 

the outer layer of the mesoblast anrl the epiblast), and (3) the clccidua, derived 

from the mucous membrane of the uterus. 
Development of the Embryo proper.-'l'he further development of the embryo 

will, perhaps. be better understood if we follow as briefly as possible the principal 

facts relating to the chief parts of which the bod.v consists-viz. the spine, the 

cranium, the pharyngeal cavity, mouth, etc., the nervous centres, the organs of 

the sensor.; . the circulatory system, the alimentary canal and its appendages, the 

organs of respiration, and the genito-urinary organs. 1 The reader is also 

referred to the chronological table of the development of the fretus at the end of 

this section. 
Development of the Spine.-We ham alread,v traced the first steps in the 

formation of the spine: (1) 'l'he looping up of two longitudinal folds from the 

cells of the epiblast on either side of the primitive st reak, so as to form a groove, 

and the gradual growing together of these ridges (lmnince dorsales) so as to con

vert the groove into a canal, which is lined by epiblast, and out of 11 hich the 

spinal cord is de1·eloped. (2) The formation in front of this groove of a con

tinuous cellular cord enc losed in a structureless sheath, the notoclwrd or chorda 

dorsalis (Fig. 89). The notochord extends from the cephalic to the caudal 

1 The scope of thi;; work only permits the briefest po~sihle reference to t.hl'~e subjects. Th08e 

who wish to study the subject of embr)·ology in more detail are referred to KOIJiker's Entwitkelunf/il· 

gesc.Aichle; to vol i. pt. 1, of the tenth edition of Quain's Analo111y; or to the works of Professors 

'Minot and IIertwig. 
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extremity of the embryo, an<l lies in the place whicL is afterward occup~cd b_v 
the botli~" of the n-rtebrm. (3) On either !Sidf' of the neural canal a portion of 
the mcsoblastic lan.•r is di\•idcd longitudinally from the rest of the mcsobla$t, 
80 a" to form a. t

0

Lick column, which extends from the cephalic to the caudal 

extremity of the embryo on either side of the spinal canal and notoehord (Fig. 
82, ,\ 7); thi!S is the protoi•ertebral column. From a part of it is derived the 
vertebral column, a considerable portion a.t tbe upper and outer part being differ
entiated from it and C\'entuall.'T forming the muscles of the back. (4) This column 
urnleraoc~ a process of trans,·ersc segmentation and becomC's converted into a. 
numb~r of quadrilateral blocks, the protot·ertl'bral somites. 'J'he process of seg
mrntation commences in the cenical region and proceeds successively through 
the other region~ of the bod~r until a number of segments are formed, which corrc
spon<l very closely to the number of the permanent vertebrre. (5) From each of 
the~e protovertcbral somitcs masses of cells arc budded off to,\ards the middle 
line, the ma~ses of opposite sides meeting around the notochord, which they 
enclose, and extending dorsally around the spinal cord, which they also 
enclose. The notochor<l and the spinal canal arc thus surrounded by a ce1lu1ar 
ma~s derived from the mesoblastic layer, which constitutes the niembmnous matrix 
of the vertebrro. (6) The next step is the conversion of this primitive mem
branou~ matrix into cartilage. 'l 'bis takes place p robably about the fou rth or 
fifth 1rcek in the human embryo (Kiilliker). At intervals along that portion of the 
membranous matrix which encloses the notochord the cells become pushed apart 
b~· the formation between them of a homogeneous substance and the tissue 
becomes con,·erte<l into cartilage. The regions which are thus chondrified corre
spornl to the interrnls bet,~·ecn the successi,•e pa.irs of protovertebra.l somites, and 
form the bases of the boches o.r. the future vertebrre, tbe segments of the spinal 
column thus altcrnatmg in po!'1t1on with th<.' protovertcbne. In the regions oppo
site each protoYertebral somite cbondrification docs not take place, but the mem
branous matrix a~sumes a fibrous structure, forming the intervertebral disks. 
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Simi1ar changes occur in the portion of the matrix which surrounds the spinal 

cord. Opposite each vertebral body cbondrification takes place, producing the 

cartilaginous vcrtchral arches, the intervening tissue becoming transformed into 

the ligaments which extend between the arches, chiefly the intcrspinous liga

ments and the ligamenta suhHarn. Below each subflarnn ligament an opening is 

left, through whic:h the spinal nenes make their exit from the spinal canal, the 

nerves, like the provertcbrre, altcrna.ting in position with the rnrtcbral centra. 

(7) The notochonl contained in the centre of this cbondrifying mass does not con
tinue to grow, but becomes in the human subjcc:t relatively smaller, so as, at last, 

to form a mere slender thread, except opposite the secondary segmentations; 

that is to say, corresponding to the intenals between the bo1lics of the perma

nent vertcbr<.u. Herc it preRcnts thickenings and forms an irregular network, 

the remains of" hich are to be found at all periods of life in the central pulp of 
the intcrrertebral disks. 

Development of the Ribs a.nd Sternum.-The ribs are formed b,· cxten!Sions of 

the blasterna of the ,·ertebn'C in the me::;oblastic layer of the blaStodennic mem

brane. These speedily undergo chomlrification, an<l appear as cartilaginous bars, 

and become separated from the vertebrc:t! at their posterior extremities. At their 

anterior cn<ls the costal bars, ''hich arc to form the nine upper ribs1 turn up"ard 

and fuse together so as to form a cartilaginous strip bounding :.1 central median 

fissure. The strips on either side then join in the middle line from before back

wanl. and so girn rise to a longitudinal piec_e of cartilage, "hich reprcgents the 

manubrium an<l gladiolus of the sternum. ln the process of cle,·clopment the 
sternal attachment of the eighth rib disappear:5, while that of the ninth sub

divides, one portion remaining attached. to the inf~rior extremity of the cartilag
inous sternum an<l becoming de,·eloped rnto the crn·uform cnrtilage: the other por

tion receding from tLe sternum and becoming attached to the rib above. 
'l'he farther dc\·elopment of the ,·ertcbnu, ribs. and sternum. and the ossifica-

tion;~~:1~~i~ec~·~~a~~~o~~a!~~:\~·ie:~~a~~c:~1~b~~e i~a~~~~~~~-~ b~,,~
1 :e~·~r;hat the 

first trace of the embryo consists in the formation of a longitudinal fold of the 

epiblast on either side of a. median groorn, and that 
these folds or ridges grow backward and meet in the 
median line, thus forming a canal. This canal, nt the 
cephalic extremity of the embryo. is dilated and forms 
a. bulbous enlargement. The bulbous enlargement 
soon expands into three Yesicular dilatations, which 
are known as the three primary cercbnd vesicles, from 
which all the different parts of the cncephalon are 
presently to be developed. The most an.terior of the 
three forms the thalamenccpholon, wl11lst a hollow 
projection from it forms the cerebral hemispheres; t.he 
middle one forms the mescnccphalon; the posterior 
the metcncephalon and the rnyclencephalon. 'J'he 
primary cerebral vesicles arc at this time, .of cour~e, 
11ollow, and their ca,ritics freely co~nr~un1cate with 

each other at the points of con<tr1tt10n. As the ·~~!~:'."~~.E'.'.~~i.'.~: 
embr_yo grows, the cerebr3:1 ve~~cles become twice bent 
forward on their own axis (Figs. 90, 91, A arnl B). 
The upper or posterior curvature is called the cerebral, 
the lower or anterior, the frontal protuberance. . . 

Thus, we have a. triple cavity (s?e Fig. 91, A, where the three cavities arc 

marked c, me, and mo) lined by ep1blast and covered by th~ sa1~e structure. 

Between these two la.Jers of epiblast, a layer of mesobla~t. dem·e<l from the ~ro
tovertebral plates of the trunk, is prolonged and Rprea<l~ O\'er th~ whole surface 

of the cerebral vesicles. From theRc stru~turcs t.he cranrnm anU 1t~ cont~11ts .are 

developed. The external layer of the cp1blast forms the superficial epithelium 
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of thC' scalp. 'rhc mc:-obla~tic 1~yer form~ the true ~kin. the blooll-vc1'~~1s, 1~~1s
dr .... conncctivC' ti!'suc, bones of the iskull, and mcmhrancs of th(' brain. L he 
layer of cpiblast lining the cavity form~ the nenous suhstance of the enccphalon, 
whil(' the ca,·ity itself con<:.titutcs the ,·cntricles. 

The upper wend of the notochord terminates. at i!s C<'p.balic cud i1~ a p~inted 
extremity which extends as far forward as the s1tuatwn of the body of the future 
sphenoid bone, and is there imbedded in a ma~s ~f tissue, the "im·e.stinjj mass of 
Ra.thke." This mass, derived from mesoblasuc t1~suc, becomes cu.rtilag1uous, and 

from it is developed the basi-occipital and basi-sphenoid bones; and by lateral 
expan~ions from it the occipitals. the greater wings of the sphcnoid, and the 
pcriotic mass of cartilage surrounding the primary auditory \"Csicles. From the 
front of the i1wcsting ma.::~ of Rathke, which corresponds in position to the future 
dorsum sellrc, two lateral bars a.re directed forward, enclosing a space which forms 
the pituitary foss.a, in which the pituitary body is CYcntually de\•cloped. These 
bars are named the trabecula> era11ii1 and extend as far forward as the anterior 
extremity of the bead, where they coalesce with each other. From them the pre
sphcnoid and lateral masses of the ethmoid are developed; and from their 
coaJe:-;;cence a process is prolonged downward to form a portion of the framework 
of the face hereafter to be described. From the pre-sphenoids, which are de1-eloped 
from these trabecuh-c, a. lateral expansion takes pla.cc, which forms the orbito
sphenoi<l or lesser wings of the sphcnoid, enclosing the optic foramen. 

'l1 he portions of the base of the skull above enumerated arc formed from car
tilage; the remaining parts, comprising tbe rnult of the sk ull , are of membran
ous formation. 

rl'hc bea<l at fi1:st conRists simply of a cranial_ cavity, the face being subse
quently developed m 1he manner now to be descnbcd by a series of arches with 
clefts between them (Fig. 92). On the outer surface of wlrnt represents the 
upper neck region of the embryo four linear \·ertical grooves make their appear
ance on each si<le. Corresponding i:rrooYt"S arc also formed in the wall of the 
intestine, the hnioblast of the pharynx bein~ thus brought into contact with the 
epibla,t of the outer surface of the body alonf( the lines of the grooves. These 
~roo\·~:' reprc~ent the brancllial or n°Rc~ral el~fts, which become actual perfora
t~ons 1? the lowH v~rtebrates, .and pl~ce the cavity of the pharynx in communiea
t10n with the exterior. O_n either SH.le of each groo,·e a thickening of the meso
derm occur~, .::o that fi,·e ridges are formecl. the fir:ot of which is in front of the 
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first groove, and the last behin<l the last groove, while the second, third, and 

fourth are between successive groo,·es. rl1hese are the branfltial arclies. the first 

of which bas its upl'er end bent so as to lie at an angle with the 1011-er cn<l, each 

half.of the :ircb being thus <-shaped. The upper limb of the< is termed the 

~axillary, an~ the lower, the mandibular process, an<l between the two there 

l1_es a depression, the oral sinu~. 'She outline of this depression is pentagonal, 

since the ends of the two maxillary processes do not unite, but have projecting 

down between them a. bro:id plate, the f>'onto-nasal process. In the mcsoblast 
which occupies the axis of each brancbial 
arch a cartilaginous bar develops, serv-
ing as a support for the arch. 

'rhe maxillary processes unite with the 
,ti·onto-nasal process. rrhe latter consists of 
three plates, a central single one and two 
lateral ones. The central is called the 
·H mid:frontal " process. It is free in front 
and below, but behind it is united with the 
coalesced portion of the trabcculre cranii, 
which therefore prob:ibly assists in the for- '0 

mation of the septum uasi, and, in addition, 5 

of the prominent part of the future nose. 
The lateral plates of tho fronto-nasal pro-
cess are separated from the central one by 
a depression or furrow on either side; 
these furrows form the primary nasal pits 
or fossre . '11he lateral plates project down
ward parallel to the mid-process for a cer-
tain distance, and then, curving inward, 
unite with it, thus shutting off the nasal 
fossre from the rest of the face. 'l'be 
lateral masses of the ethmoid and lachry
mal bones are developed in the lateral 
plates, and by their union with the mid
frontal process form the intermaxillary bone and the lwl'llla, or central part 

of the upper lip. 
The maxillm·u processes descend for a short distance, forming the outer wal1 

of the orbit, in which the malar bone is developed; they then incline inward, 

and, meeting the lateral plate of the fronto-nasal process, form the floor of the 

orbit, and shut it off from the rest of the face; then, continuing their course 

downward and inward, they join the mid-frontal process, and with it complete the 

alveolar arch and the superior maxillary bone. Finall.v, palatal processes are 

formed by an extension of tbc inner sides of this arch; these coalc!';Ce with each 

other in ihe median lin e, thus separating the ca.vity of the mouth from the nasal 

fossre, and completing the palate. In front, bowcvet\ the palatal processes (}o not 

join with the mid-frontal process, but a. cleft is left which constitutes the naso

palatine canal. 
'Jlhe mandibular process forms the lower jaw or mandible, the carti lage which 

it contains being known as ..Jhclrel's cartilage. rrhis becomes ossified, and unites 

with membrane-bones, developing in the mesoUlastic tissue around it, to form the 

mandibular bone. Its upper end is in contact with the periotic capsule, and 

from it two portions arc separated and ossi~v to form two of the bones of the 

middle ear, the ma11cus and incus. The i:;cco1~d arch is named the l1.11oid arch; 

from it is formed the styloicl process, the stylo-hyoi<I ligament, and the lesser 

cornu of the hyoicl bone. 'l'he third, or tlt,1Jro-livoid arch, gives origin to the great 

cornu of the hvoid bone, while the bodv of this bone is formed between the 

second and thircl arches. The fourth antl fifth arches do not reach so great a 

development as the othC'rR 1 and thC'ir cnrtilages likewise only partially <lC\'elop. 
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The lower c111ls of their cartilages unite together to form the thyroid cartihigc of 
the lannx 

Beiwct•n the mandibular an<l maxil1ary processes the buccal cavity or mouth is 
formed; this therefore owes its origin to the formation of the prote~~c::.i. :ind 
con!-iif-lts of me:;oblastic ti~sue lined bY cpibl:u.t. As has been already stated (page 
108), the ""phalic end of the embr,1;0 becomes remarkably cm·1·C<I on it,clf~ the 
fore- an(l mi1l-brain bending downward O\'Cr the anterior portion of the original 
blasto<lt.·rmic membrane, which remains within the body of the embryo and from 
"hich the fore-gut is to be de\'eloped. This fore-gut terminates as a blind 
extremity beneath the head (JT'ig. 91, 1\,f). Another prominence forms on tlic 
ventral :mrface of the fore-gut, \':hi ch representR tbC' rudi1~e11~ary heart .(Fig. 9~, 
A, Ii). J3etwcen these two promrnences, caused by the J)l'Oject10n of the fore-bram 
and the heart, an involution of the epibl:.1st takes place, gradually deepening 
until it comes in contact with the upper part of the alimentary canal. Tliis is 
the stomoJawn or mouth, which becomes bounded by prominences constituting 
the maxillary and mandibular processes. It is at first quite distinct from the 
upper part of the alimentary canal, which, as we shall hereafter see. ts formed by 
tbe inner or splanchno-pleural layer of the mesoblast and the hypoblast, the t110 
ca,·ities being Reparated by all the layers of' the bi:lstodcrmic membrane. A com
munication between the two is. however, gradually effected by the absorption of 
these layers at the anterior extremit.v of the primitive alimentary cavity and the 
hinder portion of the epiblastic involution from which the mouth is formed . 

'J'he branchial grooves are at first fully exposed on the surface of the neck 
region of the body, but later a fold of sk in g rows b:1ckward ~rom the lower 
border ,1f each mandibular process. 1l1his fuses bclo" with the side of the body 
and completely concea ls the groores, wLich disappear, with the exception of the 
first. Botlt the internal and external parts of this persist, the former giving 
rise to the Eustachian tube and the tympanic c:avity, while the upper portion of 
the latter forms the mcatus auditorius. 

Development of the Nervous Centres and the Nerves.-'Phe medullary groove 
above described (page 107) presents, about the thir<l week, three dilatations at 
its upper encl, separated by two constrictions, and at its posterior part another 

dilatation, call ed the rhomboidal sinu~ . Soon after
ward the groove become a closed canal (medullary 
canal), exhibiti ng corresponding dilatations. This is 
the rudiment of the ccrcbro-spinal axis. As the 
embryo ~rows, its cephalic part becomes more cuned, 
and the three dilatations at the anterior end of the 
primiti,·c cerebrn-spinal axis become Yesiclcs distinctly 
separate from each other (Fig. 90). 'l'hese arc the 
cerebra l ,·e:-;ieles-a.nterior, middle, and po:;terior. The 
anterior ccre~ral YCRiclc (situated, at this period, quite 
below the middle vesicle) is the rudiment of the third 

..,.._ ven.tricle, an.fl of the parts surrounding it-viz. the 
optic thalami and all tbe parts which form the fl oor of 
tbe third ventricle. 'J'hc middle vesicle represents the 
~~1ueduct o.f Sylv~u s, .w ith the corpora quadrigcmina. 
Ihe postenor \'C!-\1cle 1s developed rnto the fourth ven-

:~~{ ~) I~u~b li~~l ~~~~:a ~~;1mp<:~t~ f ~ 1~~1 ~r ::~~!.i i~fc~~~:b~~~~~~; 
ventricle . 

. At. ap early period in the de1·elopmcnt of this 
. . _. . . prnmt1v.e brain a protru~ion takes place from the 

anterior 'cs1cle, _wh1.ch is at fir::;t simple, but ~oon becomes divicled into two parts 
by an a.ntero-postenor fi~sure. 'These cxpa1Hl l:itcrally, and the cerebral hemi
spheres nn<l corp?ra. Hriata are dc,·elopt•tl from them. In the roof of the fore
part of the po~tenor ccrcLral vesicle a thickening takes place, forming the rudi-



TIIE XEJll'OC'' C'EXTRES. 121 

me~t of the cercLcllum .. In con~equence of these protru!'ions or outgrowths 

taking place, the three primary cerebral ,·esil'lcs arc now conYcrtc1l into six 

permanc~t. ru<limcnt~ of the brain and me1lulla ohlongata. The nntt>rior part 

?f the ongrnal. an tenor cerebral vc:-;iclc (fore-brain, pro::o.encephalon), no'\ di' idcd 

mto two, constitutes the cerebra l hem ispheres, corpus callosum, corpora striata, 

f?rnix, lateral ,·entriclc:-, anti olfat:tory bulbs. 'l'he hemispheres are at fir~t n·la

tn·el)· small and do not conceal the parts formcll from the middle primary Ycsiclc 

or the optic thalami, which with the optic nerve~, the third ventricle< and the 

1~arts in i~s floor. are furnished by the po~t~rior portion of the anterior ,·c:-;ic:lc 

lmter-bram, tlrnlamenccphalon). By the thml month, however, the hcmis.phcl'cs 

ha,·e ri:sen a born the optic thalami, and b,· the ~i:xth month abon· the cerebellum. 

Fissures arc seen on the surface of the J) cmi~pheres at the third month, but all 

except one di~appear. This one persists, and forms the fis~ure of f-lvlvius. 'J'he 

permanent fissures for the conrnlutions do not furm till about tbC scYCnth or 

eighth month. The middle cerebra l Yesiclc (mid-brain, me$Cncephalon) iH at first 

:~t~~1 \~~~·i~~dt,h~/~~:eiJi~~ t;~cl a~
11~\~~n~!11~: n g1?~~v!,t1?0°fou~t:utn~1~~~~ (~~1~:1~iu;~ 

quadrif?cmina), which are gradually overlapped by the growth of the cerebral 

hemispheres. Its ca,·ity diminishes as its walls thicken, and contracts to form 

the aqueduct of ~yh-ius. The crnra. cerebri arc also formed from this vesicle. 

The third primary cerebral ,·e~iclc at an early period (between the ninth and 

twelfth week) consists of the hin<l-brain or metcncephalon 1 forming the cercbel

Jurn, pons Yarolii, and anterior part of the fourth Yentricle, and of the after-brain 

~~n~i~;~~:~cephalon, whicL forms the medulla oblougata with the re~t of the fourth 

The de,·elopment of the pituitar~· body has of late receiYed much attention. It 

is mainly formed h,Y a diverticulum from the bncc;il involution of epiblast. At its 

upper and front part this i1l\'olution, from whi<;h the mouth or stomoda~um is 

de,·eloped. forms a hollow !'accnlar protrusion, which extends into the angle formed 

bv the bend of the fore-with the mid-brain. Herc it comes in contact with a 

nledian hollow protrusion, "hich pas!'('!' do" nwarcl and backward from the 

posterior pol'tion of the anterior cerebra.I vesicle (Fig. 91, c, ~f). They become 

intimately connected. and together form the pituitary body or hypophysis. 

" 'hen the medullary groo,'e is first closed, the fretal :.:.pinal cord occupies 

it~ whole length, and pr(;'Sents a large central canal. which graduall.Y tontracts in 

eonsc11ucnce of the tLickcnin~ and rnpid growth of the epibla!:it around it. 

This increase in thickness takes place principally a.t the sides, so that eYcntuall.v 

the central canal acquires on section the appearance of a sli t. The two sides of 

this ~lit eventually join in the middle, an<l the original canal is di,·ided into two: 

an antaior, which becomes the central permanent canal, which in after li fe is no 

longer perceptible to the eye, though it is still Yisiblc on mic:roscopic :-ec:tion; 

and a 71osterior, which becomes filled about the ninth week "ith a :-cptum of 

connccti,,e tissue from the pia. mater, and forms the pm~terior fissure of the cord. 

The anterior fissure is formed sjmply as a cleft 1eft between the lateral hahcs 

of ihc cord. 
_\ftcr the fourth month the spinal column begins to grow in length more 

rapidly than the medulla spinalis, so that the latter no longer occupies the \\hole 

canal. The cord is composed at first entirely of uniform-looking cells, which soon 

separate into t,,·o layers, the inner of which is composed of cells which increa!:ie 

~;h!;i~~~~ ~:.~ l~=~:~S ~l~~~.1;~J~:~!~!. wb.l1~~-~ b::i~~n~f a:i:!-c~~::~t!.er~1 ~~r~e{;~~-,~~r~~~ 
spon.qiobla!tl8, scatter themselves among the ncuroblasts, forming the neurog1ia 

cells, some of them migrating inwards to form the cpcndymal lining of the c:wi

ties of the cord and brain. 
The cerebral and spinal membrane~ arc, according to KOllikcr, a production 

from the protovcrtcbral somitcsi, and are recognizable about the sixth week. As 

the fissures separating the segments of the cereUro-spinal a.xis appear, the mem-
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bran(':-; extend through them an<l thC' pia mater pasgcs into the l'Crcbral vcn
tride"i. 

The Nerves.-The nerves are cle\·elopccl, like the rest of tbc nervous systc.m, 
from cpiblast. The spinal nencs arc dcn•lopcd as follows: Clo:-;c to the point 
of involution of the cpiblast in the median line-that is to say, in the :.n?glc of 
junction of the neural an<l general epil~last-a ?cllular swelling constitut10~ the 
n1·ural enst appears, and forms <1 continuous ndge on the ~lor~al. aspect o~ the 
neural canal. On thi:; crest enlargements occttr, correspondm~ w1tli the m1<ltlle 
of each protovcrtcbral segment. These grow do" nwal'd between the n~~1ral canal 
and the mesoblastic tissue forming the protovertcbrre, and ~ccupy a J_los1t1on on !he 
lateral wall of the canal. These enlal'gemcnts are the rudiments of the t?anglion 
of the posterior root; they are at first attached to the neural crest from wb1?b they 
spring, but subser1ucntly this attachment becomes lost, and th~y lhen fon~ isolated 
mas8cs on either sic.le of the neLLral canal, which now conta111s the rudnnentary 
conl. Thev con!:list of ond cells, from either end of which a. process eventually 

~~~~~f.i8o;r ~-~~~~ ~}~~~~1~~~~i;a:~1:· !t'i~e';:~ ~~~~~·i~~1; ~:~~h~~<~fi;~J~i~~~c~~~1~5~!.~~t~; ~~: 
anterior root to form the spina l nerre. 

'l'he anterior root is, according to the rC'scarcbes of Il is, a. direct outgrowth 
of certain cells 'rhich arc found in tbe rudimentary conl, and "hic:h are named 
neuroblasts. These cells, like those mentioned above, arc oval, and ha.,·e a pro
longation directed outward toward the surface of the cord. 'l1bese processes 
pass out of the cord in bundles and penetrate tho mesoblast and join with fibres 
of the posterior root. and from the point of union the ncr\'C grows toward its 
prriphcral tennination. 

)Jost of the cranial nen-cs arc developed in the same manner as the posterior 
roots of the spinal ncn'es. That is to ~ay, the neural cre~t, developed from the 
epiblast, is continued onward, a.Jong the clor~a.l surface of the cephnlic portion of 
the neural tube, as far as the 1~1id-brain. From this a. series of swellings a.t 
irregular interva ls form the rudim entary ganglia, from the polar cell s of which 
the nene is formed and its connection with the brain established. 'I1his appears 
to be the case with the sensory portion of the fifth, the portion of the facial con
nc<.:te<l with tbe geniculate ganglion. the auditory and the sensory portions of 
the glo~sopharyngeal and pneumogastric. Tbe motor portions of the mixed nerves 
and the third. fourth, sixth, spinal accessory and hypoglossal arise like the 
anterior roots of the spina.1 nerves from neuroblasts in the floor of the aqueduct 
1f Svlvius and of tbo fourth ventricle. 

'i1
he olfactory tract and bulb is a protrusion of the antcro-ventral part of each 

cerebra.~ hemisp.Ucrc. TLis protrusion come~ in contact with the thickened epi
blast ot the olfa.ctory area (see page 12.5), from whicli ncuroblastic cells, which 
are formed w1thrn the a.rca, pass out and form a ganglion between the area. and 
the olfactory bulb. From this ganglion coll-processes grow centripetally to form 
the nene-root:-;, and centrifugally to form the olfactory nerves which ramify on tbc 
Schueiderian membrane. . 

'l'hc optic nene arises in a manner somewhat different from any of the oth<'r 
cranial nen·es. It "ill be considered in connection with the clCvelopment of 
the eve. 

' l'he sympathetic nen•es are probably developed as outgrowths from the 
ganglia of the spinal and cranial ncn'e:-1. 

Development of t~e Eye.-T~e nervous clements and non-Yascular parts of 
the eye arc formed from the ep1blast, and the vascular portions from the meso
bla~~; but the meth~ll of dcvel?pment is sornm\ hat complicated. The essential 
po~·t1on of the eye-1. e. the ret.ma and the parts immediately connected with it 
-1!'1 an ou\growth from t?e rud11nen.tary brain (primitiv? ocular ver.;icle), and this 
outgrowt? 1s met by an ~ngrowth from the con1mon epidermic or corncous layer 
~~0t~:,~~;~~::~t, out of" h1ch the lens and the conjunctiral an<l corneal epithelium 
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The first appearance of the eye consists in the protrusion or crn.gination from 

the metlullary wall of the thalamenccphalon, or inter-brain, of a. ,·csicle, called the 

primitii•e orula1· vesicle. This is at fir5t an open cavity communicating b.'' a hollow 

stal~ with the general cavity of the cerebral ve::;iclc ... :\s the primiti,·c ocular ,·e=--i

cle is prolonged forward, it meets the epidermic layer of the epibla~t, "hicli at the 

point of contact becomcti thickened, and then fonus a <lcprcssion which gradually 

encroaches on the mo!-)t prominent part of the primitive ocular ,·c:.:.iclc. "hich in its 

turn appears to recede before it, so as to become at first depressed and then im'ertcd 

in the manner indicMed by the annexed figure (Fig. 94, A), so that the caYity is 

finally almost oblitera.ted by the fo!Uing back of its anterior half. and the original 

sac converted into a cup-shaped caYity, the ocular ci1p, in '\ hich the inrnluted 

epiblastic hiye1-, the rudiment of the lens, is received (Fig. 9.J,, n). '!"bis cup

shaped cavity consists thercforn of two layers: one, the outer, originally the 

posterior half of the primitirn ocular rnsiclc, is thin, and e"cntually forms the 

pigmental layer of the retina: 1 the other layer. the inner, originally the anterior 

or more prominent half, which has become folded back, and is much thicker, 

is converted into the nervous layers of the retina. Between the two are the 

remains of the cavity of the 01:iginal primary yesicle. which finally becomes 

obliterated by the union of its two layers. The optic nerYe fibres originate from 

th'3 cells of the ganglionic layer of the retina, which thus conesponcl to the cells ot 

the po~terior root gan~lia of the spinal nc1Tcs. From these cells the fibres grow 

towanl the brain, c:hoo:;ing the optic stalk as a path along which to grow, the stalk 

thus becoming gra<luall,v replaced by the optic 11ene. As development proceeds the 

cup-shaped cavity or ocular cup increases in size, and thus 1.t space is formed between 

it anti the rn<limentary lens which it contains; this js tlte secondw·y ocldar 1.'esif'le, 

~;~~~.~~:~1: '~~t1;1?~~111~~l~~~ i~1~\~~e!~~e<~~!~~~crs
4h?~~ ~~~,:~1 ~~n,~1~~·~1~d~h~1fd·i;1~l 

ually surrounds the len::;. but leaves an aperture or fissure below, the clwroidal 
fi8sure or oenlar cleft, through which vascular elements, within the ,·e~icle and 

derived from the mesoblast, retain their con-
nection with the rest of the mesoblast. 'J1his ;VP 

gap or cleft is continued for some distance 

into the stalk of the optic vesicle, ancl thus allo,;s a process of. the mosoblast to 

extend down the stalk to form the artcria. centra.lis return~ and its accompanymg 

vein. The lens is at first a thickening of the cpibla8t; the1~ a dc1:ress!on or inrnlu

tion takes place, thus forming an open .follicle, th.c marg1m; of wh1~h gn~dually 

approach each other and coalesce, fonrnng a ca\'1ty enclosed Ly ep1bla8t1c cells 

this ~!~~r~~i~e~ i~o~m~o~~1 'd~~~ri~;l ~'\~~[ ~:1 ~1~~1~~~1l1~;,a~1~1 ;~:,t~~~°:,~rl~ ~~~C:ie<~rde1:e\~~~~~t.
10 
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(Fig. !-1-1). _\_t the point of in'"olution the external layer of cpihla~t s('parates fr~m 
the ball of rhe lt.•ns and pa...,ses free)_,. m·er the ~ul'foCC'. so that tht.• len:-; !Jccomc~.<l10-
connectcd from the epiblastic layer from "hich it was de,·clope1l. and recedes mto 
the ocular cup, while the cuticular layer co,·ering it i:s clt.•\'(~lope<l into the .cor?eal 
epithelium. 'Phc cells forming the posterior or inner wall of the c:a,·ity, wh1oh i_s to 
form the Jen~, rapi<lly increase in size, becoming elon~atc<l anti de,·eloped into 

~ ~;·:~io~~ ~:.~~Ir :1\~1:1~r~~ l~~ec~~L~-~~,-~:c~1;.:~~: ni ~l~ ~ i\~ c~\ 1 ~(;~ii~ I t.t1::~~~' ~ te1~~· h~, h:e~:c~:1~d~~.~ 
ocular ve~icle, or space between the lens and the hollow of the ocular cup (Fig. 94, 
c 7. and DJ). containR a quantity of rnesoblastic ti:o.suc continuous through the ocular 
cleft with the rest of the mesoblast, and in to thi• blood-1csscls project themselves 
thrnugh the ocular cleft. 'l'hc iris and ciliary processes arc formed from this vas
cular tissue. and the choroid is de,·e loped in th e mcsoblast su rrou nding the ocular 
vesicle. A portion of this tissue also becomeR co1l\'ertccl into the vitreous humor, 
and surrounds the lens with a \'asctdar membrane-the 1xulculm· ca1umle of the lens, 
which is connected with the terminat ion of the temporary arter.v (bya.loid) that 
forms the continuation of the central a rtery of the retina. through the ''itreous 
chamber. 'l'hii:; va~cular capsule of the crystalline lens forms the membrana 
pupillaris (described on :1 subsequent page), and also attaches rbe borders of the 
iris to the capsule of the lens. It disappears about the se,·enth month. 

'l1he eHlids are formed at the end of the third month as small cutaneous folds, 
which co1;1e together an<l uniLc in front of the globe and cornea. This union is 
broken up and the eyelids separate before the end of fOOtal life. 

The lachrymal canal develops as a thickening of the epiblastie cells at the 
bottom of the ;.,roove which extends upward toward the eye between the maxillary 
and the front~-na:-<al processes. 'l1be thickening becomes hollowed out into a 
canal, and the lips of the g roo,,e meet o,·er it, thus rcmO\'ing it from the surface. 

Development of the Ear.-The first rudiment of the car appears short ly after 
that of the eye, in the form of a thickening of the ep ibln st. on the outside of that 
part of the third p rimary cerebral \'eRiclc wl1ich cventuall ,v forms the medulla. 
oblonga.ta. opposite the dorsal end of the second pharyngeal a rch. 'l'he thicken
ing is then followed by an involution of the ep iblast, which becomes deeper and 
deeper, sinking toward the base of the 5'ku ll , and a fla sk-8haped cavity is formed; 
by the narrowing of the external aperture the neck of the flask constitutes the 
receMms labyrinthi. 'l1he mouth of the fla$k then become~ closed, and thus a shut 
sac is forme:d. the primitive auditory or olic vesfrle, ,dtich by its sink ing inward 
comes to be placed between the ali-sphenoid and basi-occipital matrices. From 
it the internal ear is formed. The middle ear and the Eustachian tube are 
de\·eloped from the remains of the first bmnc:hial <:left, '\bile the pinna and 
external meaLU~ are de,·eloped from the soft part~ O\erhanging the posterior mar
gin of the ::.amc clefr. 'l 'he primary otic Yesicle becomes imbcdded in a. mass of 
mcsobla'.'itic tisi:;ue, which rapidly undergoes chondrification and ossification. It, 
as before state(], is at first flask- or pear-shaped. the neck of the flask, or rece!fSUS 

labyn'nthi, prnlonged backward. forms the a1pueductu~ ,·estibuli. From it are 
given_ off rertain prolongations or di\'erticula, from wh ich the mrious parts of the 
labyrinth are formed. One from the anterior end g raduall y elongates. and, form
ing: a tube bends on itself from left to righ1 ~rnd becomes the cochlea. 'l'bree 
others, which appear on the surface of the vesicle, form the sem icircular canals. 
~ubsel1~1 cntl.'> :1' co1~str~ction takes place in the original vesicle. which, gradually 
mcrea:-mg:, d1rnles 1t mto two, and from these arc formed the utricle ancl 
~acculc. Fina,l1J~~, the auditory nerve, "~ich ha~ bceu dC\'cloped from the 
·· ueural cre~t m. the_ ~~nner above. descnbe<l ~page 12:2), pierces the auditory 
capsule rn two mam d1\'IS10ns-one for the \·est1bule, th<' other for the cochlea. 
'fbe m~dille ~ar and Em.~achian tube arc tbe remains of the fir~t pharyn~eal or 
branch1al cleft (hyo-man1honlar), and are. from an earl, pcriod,closerl uv the fomm
tion of the mernbran_a tympani, which con~i~ts of a 1:.;·yer of epibla~t externally, a 
layer of hypohla-.;t mternally, and hetw(•cn the twd of me~obla~tic ti~:-;ue consti-
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tuting its fibrous and vascu.lar layer. With regard to the exact mode of develop

ment of the ossicles oftbe m1ddlc car there is considerable difference of opinion. The 

nialleus a.nd incus, however, seem to be developed from the proximal end of the 

mandibular (Meckel's) cartilage, while the st apes seems to have a double origin, 

its plate .berng a~ .oss1fica~wu. of the cartilage which fills the foramcn ovaJc in the 

embryomc cond1t1on, while its arch is an oss ification of the upper end of the 

cartilage of the hyoid arch. 
The external auditory meatus is developed, lik e the pinna, from the soft parts 

on the posterior marg in of the first visceral cleft bv an outgrowth of the tissues 
in this situation . u 

.Development of the Nose .- 'J'be olfactory foss::e, like the primary auditor.v 

vesicles, arc form ed in the first instan ce by a thickening and involution of the 

epiblast, which takes place at a point below and in front of the ocu1ar vesicle 

(Fig. 92, 2, 3). Th e thickening appears at a very early period, about the fourth 

week. Th e borders of the im·oluted portion very soon become prominent. in con

sequence of the development of the mid-frontal and lateral naso-frontal plates 

above spoken of (page 119), which a re formed on either side of the rudim entary 

fossm. As these processes increase the fossre deepen and become con ,·erted into 

a deep channel, which eventually forms the uppel' pa l't of the nasal fossro-tbat 

is, the two superior mcatuses. the part to which the olfactory nerves are dis

tributed. At this time they are continuous with the buccal cavity, a portion of 

which forms the lower part, or inferior meatus of the nasal fossre. F or as the 

palatine septum is formed the buccal cavity is divided into two parts, the upper 

of which forms the lower part of the nasal fossre, while the remainder forms the 

permanent mouth. 
The soft parts of the nose al'e fol'med from the coveri ngs of the fr on tal pro

jections and of the olfacto ry fossIB . 'l'he nose is perceptible about the end of the 

second month. 'l 1 he nostrils are at about th e third month clo~ed b_v the growth 

of their epi thelium , but this condition disappears about the fifth month. 

The olfactory nerve. as above pointed out, is formed from the anterior cerebral 

vesicle as a secondary ,·esicle on its under surface, ancl it li es upon the in"oluted 

epiblast, which subsequently forms the nasal fossre. 
Development of the Skin, Glands, and Soft Parts.-~rhe epidermis is produced 

from the external, the true ski n from the middle, blastodcrmic layer (ll'ig. 79, 19, 

20). About the fifth week the epidermis presents two layers, the deeper one cor

responding to the rete mucosum . 11 he subcutaneous fat forms about the fourth 

month , and th e papill a' of the true skin about the sixth. A consitlerable desq ua

mation of epiderm is takes p1acc during footal li fe, and this desquamated epidermis, 

mixed with a. sebaceous secret ion, constitutes the vernix caseosa, with which the 

skin is smeared during the last three months of footal life. The nails arc formed 

at the th ird month, and begi n to project from tbe epidermis about the sixth . The 

hairs appear between the third and fourth months in the form of depre:-;~ions of 

the deeper layer of the epithelium , which then . become im·erted by a proj ection 

from the papillar,v laye r of the sk in. '!'he papdhc grow mto the in te l'i or of the 

epithelial ]aver; and finally, about the fifth month, the fretal hairs (lanugo) appea.I' 

first on the ·head and then on the other parts. These hairs drop off after birth. 

and give place to the permanent hairs. The ~e llular strncture of the sudorifcr

ous and sebaceous glands is formed from the epit helial layer, while the conn ective 

tissue and blood-"essels are deri\'Cd from the mesoblast about the fifth or sixth 

month. The mammary g land is also formed: partly from mesoblast-its blood

vessels and con nect ire tissue; and partly from epiblast-its cellular elements. 

Its first rudiment is seen about the third month, in the form of a !mrnll projection 

inward of epithelial elements, which invade the mesoblast: from thiR ~imilar 

tracts of cellular elements radiate; these subsequentl,v gire rise to ~he .glandular 

follicles and ducts. The development of the former, howeYer, remarns imperfect, 

except in the adult female. . . . 
Development of the Limbs.-The upper and lower l11nbs begin to project, as 
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bud~, from the anh'rior and po~terior part of the embr~·o about the fourth week . 
'l'hrsP hue.ls are formed b,Y a projection of tlic sonrntoplcun• (i. 1• . the oute.r l~yer 
of the mesohlast ancl the cpiblast), from the point \\here the mcsobla!'it spli.ts J~to 
its parietal and ,·isceral layer:-::, ju:;t external to the \"Crtchra l Mmit~s, of ''h~ch 

~l;. c ~~1 ~n~·~;c1l~ ,:·~;:~1:~1:~1r:~~·~1te:~~s e :t~~~.\~~;;111 i ~:11;~<~~ i :~ :~:111:l:~:1 t :: cn~~~~~1 1~~~ ~~:~;·:1~~c~ 
tion marks the fut~rc separation of tbC han<l or foot from the forea rm or leg. 
Next, a similar groo ,·e appears at the site of t he eliJo" or knee. The .incli.ffercnt 
tissue or bla stcnrn, of which the whole projection is at first composed, 1s differen
tiated into muscle ;111d ca rtilage before the appearance of any i!lternal cleft for 
the joint .:; between the chi ef bones. 

;rl1e muscles become visible about the seventh or eighth week. They are 
der'1vcd from the protovertcbral sornites, and arc consequently a.t first 1.trranged in 
segments, a. condition which is r etain ed ~y some of th~ deeper muscles of the 
back ancl U\· tlic intcrcostal muscles. Fusion of success ive segments takes place, 
however, ai1<1 furth er differentiation of the rnu~cular sheet thus formed into a 
varying number of muscular bundles brings about the adult condition. r.rhe 
muscle~ of the limbs a.re produced from outgrO\\ tbs from the protovcrtebral 
somitcs in the regions in which the limb buds appear. . . 

Development of the Blood·vascular System.-There arc three d1 stmct stages 
in the development of the circulatory system before it arri,·es at its complete or 
adult comliLi on, in accordance with the mann er in which nouri~hment is provided 
for at different perioJs of the existence of the i1uli,·idual. In the first stage there 
is the i1itelli111' l'irl'u/ation, during which nutrim ent is extra cted from the ,rnlk or 
contents of the vitellinc membrane. In the Recond stage there is the placental 
circulation, which commences after the formati on of the pla centa, and during 
"hi ch nutrition is obtai ned by meC1nS of this organ from the blood of the mother. 
In 1hc third stage there is the complete cfrculation of thl' adult, commencing a.t 
birth, and during which nutrition is provided for by the organs of the ind ividual 
it ~cl f'. 

1. 'Phc vitelline circulation is carried on partly within th.c bod,Y of the ernbryu 
and pal'tl,r external to it in the va scular area of the yolk. It consists of a mcdiau 
tubular Lea.rt, from which two vessels (artericR) project anteriorly. These carr.'' 
the blood to a plexus of capillaries spread over th e area \'asculosa, and also, though 
to a less extent, in the body of the em bryo. From this plexus the blood is returned 
by two \Cssels (veins) which enter the heart poste riorly, and thus a complete ciJ·. 
cula.tion i:s fonne<L 

In these ve~se l i:. and the heart a flui<l (blood) is contained, in which rudimentary 
corpuscles are fournl. Th e mode of formation of these elementary parts will have 
first to be conside red. 

In mamrnalia the heart is formed as a long itudinal fold of the splanchnopleure 
o n either si<le of the median line in front of the antC'rior extremity of the ru<li· 
mentary pharynx, at about the level of the posterior primary cerebral vesicle, 
the folds projecting dorsally into the cool01J1. The walls of the folds thicken and 
prC'sent two distinct strata of cells; the inner and thinner ]aver form s the cndo
c:.mliun~, ~h.c outer a.n~ thicker the muscl~lar wall of the heart. · In its very earliest 
and prnrntn·e cond1twn the heart consists, tliercforc, of a pair of tubes, one on 
e ith er side of the body. These, however, soon coalesce in th e median line, and, 
fusi~g togethe1:i form a single central ~ubc. 1 E~ch of the two primar.v tubes 
receives posteriorly a large \•essel (a ve~n), an_d 1s prolonged anteriorly into 
a second vessel (an artery). So that after fu sion of the heart-tubes has taken 
P.lace, there is, in the. primitive vi.telline circulation, as above mentioned, a 
~mg le tubular ~ ear~, w1~~ two a~·tenes proceeding from it ~nd two .veins empty
mg themselves mto it. 1 he earliest l'essels arc also formed m the visceral layer 
of the mesohlast. '!'b ey are developed from that part of the mesohlast which sur
rounds the portion of hlastoderm which is occupied by th e developing body of the 

1 In Dl<>til 6:-.hes and in amphibia the heart originates as a single med ian tube. 
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embryo, and which is known as the 1
' vascular area." f.lo that the first bloo<l

vessels are develoJ>ed outRide the body of the embryo. Some of the cells of which 
the vascular ar?a 1s c.omposed arra1~gc thcmsch·es in cords, the cords forming a 
networ~. ~lmd begins to collect rn the interior of the cords, forcing a.part the 
cells of which they are composed, and converting them into canals, some of the 
cells collecting here and there into groups adherent to the walls of the canals 
and projecting into their lumen. 'l'bc:;;c arc the so-called "blood-islands " 
(Fig. 96 •. c), and the cells which compo"c them •eparate later on and become the 
cmbryomc blood-corpuscles. The blood-vessels earlv extend in toward the em
br.vo fron~ the vascular arca.1 ~h~ new vessels arisin~g as bud- or spur-like out
growths from those already ex1stmg. Eventually, the vasifacti,·e process reaches 
the embryo and the developing vessels come into contact and comrnunica.te wjth 
the heart, which by this time has 
been formed aud is already pul
satmg before the vessels reach 1t. 

The earliest embryonic retl 
blood-corpuscles are all nucleated 
and are more properly termed 
blood-eells, true blood-corpuscles, 
w11ich in all tbe mammalia a.re 
non-nuclea.te<l, making their ap
pearance about the second month 
of development and gra.<lually re
placing the embr.vonic blood-cells. 
The origin of the corpuscles is 
somewhat uncertain; some em
bryologists beliern them to be 
formc<I from the blood-cells by the 
extru:-;ion of the nuclei of the 
latter, while others maintain that 
they are special formations dc,,el
oping in the protopla5'm of the red blood-cells and being thus from the beginning 
non-nucleated. In later life the formation of red corpuscles seems to occur in 
the marrow of the bones. The white corpuscles or leucOC.lJfe.'< appear very early 
in development, but their exact origin is not known: probably they arise from the 
mesoblastic tissue outside the blood-vessels and migrate into their interior, 'l1he 
vitclline circulation commences about the fifteenth day and lasts till the fifth 
week. When fully established it is carried on as follows: Proceeding from 
the tubular heart are two arteries, the first aortic arteries (Fig. 97), which 
unite at some distance from the heart into a single artery. ~l1his runs down in 
front of the primitive vertebrm and behind the walls of the intestinal cavity, 
and again divides into two primitive aortce or 1,:ertebral arteries, and these give 
off five or six omplwlo-mesenteric arteries, which rami~r in that part of the blas
toderin which surrounds the developing bocl_v of the embryo, and which is known 
as the 1:ascular area. They terminate peripherally in a circular vessel-the 
terminal sinus. This vessel surrounds the vascular portion of the germinal area, 
but docs not extend up LO the anterior end of the embryo. It terminates 011 

eith er side in a. vein call ed the omphalo-mesenteric. The two omphalo-mescnteric 
veins open into the opposite extremity of the heart to that from which the arte
ries proceeded. 

2. The Placental Circulation.-As the umbilical vesicle diminishes, the allan
tois and the placenta de,·elop in the manner ah-early indicated. When the um
bilical \'CSicle disappears the latter becomes the only source of nutrition for the 
embrvo. 'rhe alla.ntois carries with it to the placenta two arteries. derived from 
branChcs of the primitive aorta, and two veins; these vessels become much 
enlarged as the placental circulation is established, but subsequently one of 
the veins disappears, and in the later stages of uterine life the circulation is 
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carried Qll hetwern the frC'tus and the placenta by two arrerit>~ ancl one vein 

(umt~·::;:;~ the occu rrence of the;e changes great alteration• take place in the 
0 

primiti\'c heart and bloo(l-,·c;.;seb. abon~ allu<le<l 

2 
6~1 to, ~~~~1hl';.\~e11·~~~~,,;:~:~~ii~·; t~1~8~71!;,t,~~.~'J1hc sim-

§ ~~ 3 4~· ' plc median tube, formed li.Y the coalescence of the 
4 · _ 5i 3 pair of tubes of "hich the prirniti rn heart con

sists, becomes clong:1t C'<l and bent 0!1 it::.elf1 s? as 
5 q-

1 
6 to form an S-slrnped tube, the antcn or part of the 

·' n 1 ~~bt~~~~g'.ng A0tr~'11:ct~a~~ ;;:~~tt1.i:~n~i~~1~)~~~~U~~ 
1''m. !li.-Hcnrt nt 1he flflh week. is protruded forward aml arches transversally from 

t ~~~~1~1fr0~/~ 1 ~i'~: 11~~1~{~~111 /~ ~~~1~\; riO'ht to left and at the same tim e becomes twisted 
~1~~1l!~1g~h~'ii1rl~1~~rm1 .thiu~f~~i~~~~:~ o~ itself. so that the extremity from which the 
~~~~:~~ui~~~~~-- 5G~·o~!~~:f::~J~_gs~~ity::~ arteries arc ])l'Olonged is s ituated in front and to 
fl:rior v(•na cava. n. Post<'rior \"icw or the right, and that into which th e \'eins enter is 

}:c1£~~~dh~~;':(~~~~~c1~~-/~Ri~p:1:;1~n! behind and to the left. 'l'he ben t tube then be-
ga.stri{' uen·cs and their brnuches. comes divided by two transverse co nstrictions 

into three pnrts. One, the posterior, becomes 
the auricles, the middl e one form s the two ventricular ca.vities, while the anterior 
form the aortic bulb. from which the commencement of the aorta and pulmonary 
artery is developed. A division of each of these ca.\'ities now takes place, 
so a!-l to convert them into right and left ventricle, right and left auricle, 
and aorta and pulmonar~" arter,v respectively. Jn th e middle portion of the 
tubular hea rt, the rudimentary ventl' icul:lr cavities (Fig. 97, A, 5), a par
tition rises up from th e lower part of the rig ht wall of this cavity, and 
g radually grows up nnril it reaches the constrictions which separate it from the 
other two, and thus the intervcntricular septum is completed. At the same time 
a cleft appears on the outside, a little to the l'ight of the most prominent point, 
which ultimately becomes the apex of the heart. The cleft becomes less marked 
as development progresses, but remains to some extent persistent throughout life 
as the interventl'icular g roove. 

The first appearance of a division in the posterior or auricu]ar portion of the 
tubular heart mak es its appearance, a.t a. ,·cry early period of de'"elopment, in 
the shape of two project ing pouches, one on either si<le; these are the rudiments 
of th e auricular appendages, but the actual division of the cavity b,y a septum 
does not occur until some time later. 'fhi s is formed b.r the growth of a partition 
from the anterior wall of the auricular cavity," hic:h grows ba.ckwartl, and par
tially separates the cavity into two. The partition, ho" ever, is not completed 
until after birth, a part remaining undcvelope(l , and thus permitting of a com
muni cation (foramen o-vale) between the two auricles during the whole of f'cctal 
life. In a like manner the aortic bulb is <lividcd into two by the growth of a 
septum downward, from the distal end of th e bulb, which divides the cavitv 
into the permanent aorta. _and the I?Hlmonary artery, aml, uniting below "ith 
the upper edge of tl1e rntenentricular septum , places the aorta in com
muni cation with th~ left , aud the pulmonary artery with the right ventricle. 
Ver_v soon a superfic~al furrow appears on the ex te rnal surface of thi s portion of 
the hear t correspon<l1ug to tlic s.eptum internally, and, becoming deeper

1 
the two 

vessel!-; are gradual ly se parated from each other through the septum, in the imme
di~tc 11cig~1bo.r~ood of the ,·entricul~r por~i~n of' the heart, whil st beyond this they 
su ll remam JOrne<l t?gether i and g"·e or1gm to the fourth and fifth aortic arches, 
presently to be descnbed. 

Further .Dnelopment of the Arterics.-In the vitelline circulation two arteries 
were clei:-;cribed as com ing off from the primiti\•e heart, and running down in front 
of the <le\'eloping vcrtebrre. 'l1he first change consists in the fus ion of these 
arteries intp one at some distance from the heart, thus forming the descending 
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thoracic and abdominal aorta. In consequence of the heart falling bachard to 
the lo1~·er part of .the neck anti then into the thorax as the head is de1·eloped, the 
two original artcnes1 prnccc<l111g from the heart to the point of fus ion in the com-

i:~~ ,;~1~1~e 11~~~i ~~cl~o~·itc~e, bf~~::1~ 0th:1 ~·:~~a::}' ~1n:l b:8J~~ 11::w~~1l at1~~~~r~~~,~~l cc~\:~~~ 
(Fig. 98, .\). 1rl1c):le arc the flrsto1· primitirn aortic' arches. As the hca.rt recedes 
into the thor~x, anti these a.rches 1 which cones pond_ in position to the first pbar~· n
geal or mand1bula.r arch, become elongated, four pairs of arches are formed behind 

them around the pharynx (Fig. 98). The arches, fi,·e in number, remain per
manent in fishes, gi,·ing off from their convex borders the branchial arteries to 
f.luppJ,,· the gills. In man,,- animals the he pairs do not exist together. for the 
fir:-;t two ha\·c ifo:appcared before the others are formc<l; but this is not so in man. 

where al! fi"e arches are present cuH.l penious during a C'ertain period of embryonic 
existence. 011ly some of the arches in mammalia remain as permanent structures; 
other arches, or portions of them, become ol>literated or disappear. 'fhe first two 
arches ent irely disappear. The third remains as a. part of the internal carotid 
artery. the remainder being formed by the upper part of the posterior aortic root
i. e. the descending part of the original ,·esscl which proceeded from the rudimem
arv tubular heart. 1-'hc crnnmon an<l cxtcmal carotid arc formed from the ante
riOr aortic root; that is, the ascending portion of the same primitire ressel. The 
fourth arch on the left side becomes de,·elope<l into the perman ent arch of the 
aorta in mammals; but in birds it is the fourth arch on the right side which forms 
the aortic arch; while in reptiles the fourth arch on both sides persists, as there 
is a permanent double aortic arch. The fourth arch on the right side forms the 
subdavian arter,r, and b_r the junction of its commencement with the anterior 
aortic root, from "hich the common caro tid is developed, it forms the in nominate 
arter;' . ' The fifth arch on the left side forms the pulmonar.Y. artery and the duc
tus a.rteriosus i that on the right side becomes atrophied ancl disappears. The first 
part of the fifth left arch remains connected with that pa.rt of the bulhous aorta 
which is separated a<.: the pulmonar_,~ stem. and with it forms the comm.on pul
monary artcn-. Frnm ahout the rnidrlle of this arch two branches are given off. 

which ·form the right and left pulmona.ry arteries respectively, an~l th.e rcm.aining 
portion-i. e. the part beyond the origin of the branches, commu111catmg w1t.h the 

!~~ ~~~:~~~s ~1~~~;·i~~1~:. is,;~~ l~l~~~~~-~:1~~ill~:1;;e~~ i ~~: ~:·,~.':n~f t~1~e ,~~~~:~?';,:~~1\t;\r;:. 
and afte1· birth hecom£>!-i ohliterated. 

The rle\'Cloprncnt of the arteries in the l~n, er part of the body i:. p:oing on dur
ing the same time. We. ha.\"C seen that orig111ally there were two primiti,·e arteries 
coming off from the pnmar;' tubular heart, and thn.t these two \'(':-~els. at some 

thu: !!11~5 r,!~1i~r;.t~r;,::1i~1/f til~e ~~~1,::~.t~~1;i~;;i;i·~-~ 1 r:t~::1 1~);,i,~'.:::~e~r,:1111~:l~%';~'~~ ~~?~i:r·~~l~~~iJ; ~J~~i c~~~ 
cla\"i::m artery, on the left the a.rth of the aorta. 

9 
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:~.\~:~~<.;~~\~~::! t!;1~" ~~er~\.~~~a~l;e t~~8~·~rtt~:1~~h~~ t\~c f ~~~~n:~1 ~,i;1~:1~ :
1;l~~~1:~ n c::i·~l~·;:: 

formin~ the perman~nt descendi~g_ aorta. From the <.•.xt~·c.mity n!' th.is '!~e \:~~ 
,·itelline arteries. wluch were orig111allv parts of the pr11111tne main ttui!k-. I' 
to the a-rea rn"Culo:"a. As the umbilical vesicle dwindles and the alhrntois grows, 

two large branches are formed as lateral offshoots of the median aorta. These are 
the two umbilical or l1.111w,qastrie arteries, and arc concerned in the placental circu
lation. The portion of the median aorta bcyoncl this point becomes much dimin
i~hcd in size, und CH1ntual1v forms the sacra media artery, and thus the two 
umhilic:al branchc~ hecome ill appearance bifurcating: branch.es of the main aorta. 
The common aJl(l internal iliac arteries arc developed from the proximal end of 
tbc;.;c umbilical arteries: the middle pol'tion of' the ,·c~sel, after birth, becomes 
partially atrophied. but in part remains penious us the superior vesical artery; the 
distal portion becomes obli terated, constituting part of the superior ligament of 
the bladder. The external iliac and femoral arteries al'e developed from a small 
branch gi,·cn off from the umbilical arteries near their origin. and are at first of 
comparntirnly small size . 

.Di,1•1·lo11m1·nt <f tlw I rein.'5 .-'l'be formation of the great 'eins of the embryo 
may be I.Jest considered under two groups. visceral a.ud parietal. 

The visceral are deri,·e<I from the \'itellinC' an1l nmbilica.l ,·eins. In the earlie~t 
period of the circulat ion of the embryo, w(> have seen tba.t there were two ''cin~ 
(vitelline or omphalo-mesentcric) returning the blood from the "itellin e membrnne. 
These unite top:etber to form a. single ('hanncl, the ii/11111' Nltoifu.-:, which opens into 
the nnric·ulal' extremity of the heart. As soon a!-\ the placenta hcgins to be formed 
two umhilical ,·eins appear and open into the !-\inns ,·enosus, clm1c to the vitelline 
\'eim. The two ,·itelline veins enter the ah<lornen arnl run upward on either side 
of the inte . ..;tinal canal: at the upper part of the ah1lomcn, in the site of the futme 
Ji,·er, which now heg:ins to form around them. tramwer~e communications are 
forme1l, \\ hic:l.1 encirdt· the cluoclenum and rnclose it in two ,·ascular rings. The 
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po1:tion of veins aboYe these rnscular rings loses its connection with the sinus, 

~vh1le the portion between them breaks up in to a capillary plexus, which ramifies 

in the no~v partially developed liver together with capillary vessels from ihc upper 

,·enous nug. Of these latter, some pass toward the heart and join the sinus. 

They ha,·e received the name of the veme ltepatic<.e re-veltentes, and eycntually 

become the hepatic veins; others ramifr in the ]i,•er. under the name of venw 

llepatiece adi•t1hmtes, and become the br3nchc~ of the portal vein. The lower 

rnscular ring recei,·es ,·eins from the stomach and intestines, and becomes the 
commencement of the portal vein. 

'The umbilical veins at first open into the sinus venosus near to the vitelline 

veins. Subsequentl.v this communication becomes interrupted by the develop-

ment of a \'ascular network; the vein on the right side atrophies and cli:-appears, 

while that on the left side greatly enlarges, as the placental c irculation becomes 

estalilished, and communic:ares with the upper Yenous circle of the vitclline cir

culation. Finally a branch is formed between the upper \·enous circle and the 

right hepatic veins, which becomes the ductu8 i•l:.rtosu.'J, and by it most of the blood 

from the umbilical vein is carried direct to the heart. 
Tlte Parietal Veins.-The first appearance of a parietal system consi~ts in the 

appearance of two short transverse veins (the duets of Cu.vier), which open on 

either side of the auricular portion of the heart. Each of these ducts is formerl 

by an ascending and descending vein . The ascending \'Cins return the blood from 

the parietes of the trunk and the W olffian bodies, and are callee! cardinal veins. 

Tbe two clesccncling ones r eturn the blood (Fig. 100) from the head, and are 

calle1l pri,,iiti1•e Ju..1ular \'eins. ~l_lhc cardinal ''eins receive the blood returning 

from the lower limb through the iliac veins. .\..t first the right and left iliac veins 

open into the corresponding carclina :s, but later a connecting vein forms between the 

lower portions of the ~anlina.ls, and through this the blood of the left ilia~ flows over 

to join the right card111al. At the Rame time a. _large '.'cnous trunk, wh1~h receives 

tbe blood from the kitlneys, forms along the nndclle line of the f>Ostenor abdom-

~~;~k":} ~~~ ~~~~f~~1~e~~1\d ':li~~if~c~1l r~'~:~s c~,
1~~1~:l tl~:~dp~:otv~f~\·~~htr~1~~ec~~n~%1~ 

venre revebcntes. This is the inferior \'Cna cava. A portion of the right cardi· 
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nal. abo,•e thc point of junction of the ,·cna c:a,·u, bec:onw:-; ohlit<.'rall'<l. the upper 
p1Jrtion, "hich receiH·=-- :--omc of the iurnbar and the intl'rcostal Ycin:-i. persil-iting 

~ ~at~:e ,~·~3: <~z6:~~1: ,:n:~~:'.~ .. :8 ~\~~I~ ~~:t~ 1!e1f:11 ~a~~! i ~11~ ~· i:~S~~ r:~t i ;~fi. 1 ~e.~o ~:.,~·:·;:::: 11\I~~ r ~~:~·~ 
with the azygo~ major anti persist:.; as the azyg:o:; rninoi· 

Tbc vein:-; fir~t fornH.' d in the upper part of the trnnk arc. a:; abO\'C :-;tatcd, tla· 
pri11lith•1•.fu.Jul11,. n: ins. In tLc greater part of their extt'nt the~· become tl1e internal 
jugnlur ,·cin. Shortly, two small branchc ... ma.y be notice<l opening into them near 
their termination: the~e form the sub<:i;n·ian vcin:s From the point of junction of 
thl'.~C \' Cin~ 011 the left 8i<le, a. communicating branch make:;; it8 appearance, running 
obliquely aero:.;~ the neck downward and to the rigl1t, to open into tl1e prjmiti\·c 
jugular \'Cin uf' the right side below tlie point of en tran ce of the subclavian vein. 
At the samC' time, in conse(1ucnce of the alter11tion in tlJC pos iti on of the heart, 
and its dc~c:l'nt into the t horax, the direction of the ducts of Cuvier becomes 
al~ered, ancl they assume an almost vertical position . F1:om the portion of tbe 
primiti\·c jugular vein:.;, abovf' the branch of comm uni cat1on, the internal jugu
lan• arc formed, except that part of the right onr wh ich lies between the point 
of entrance of the subclavian of this side and tbc termination of tbe communi
cating branch, \\ hich becomes the right innomi nate n·in. The tommunicating 
hranch becomes the left innominate vein. The primiti,·e jugular of the right 
side, below the rommuni<·atinz ,·ein, and the right duct of Cu\· ier, become the 
vena earn superior. into which the right canlina l ('·cna azygos major) enters. 
rrhe IO\\Cr part of the left primiti\'C jugular bctome:-. nlmo:--1 entirely obl ite
ratctl, exct·pt at it:.; lower end, where it remain,:.; a::- a tibrou:-. J,and. or :;:ometimea 
a small vein. antl rnm; ohliquely O\·er the po~tcrior Hurfotc of the left auricle. 
The tcrminatin11 of' the left duct of CU\·icr rcrna.ins persistent, and fo rm s the 
coronary :;inns (F'i~. 100), the left cardinal separ:iting- from it :111d em ptying it::-; 
blood through tht• tram·wrr:-:e tonnect ing Lra11ch into the vcna azygos maj or. 
'11hc fwtal cinmbtion is described at a. fu tu re page. 

Development of the Alimentary Canal.-Thc dc,,eJopmcnt of the in testi nal 
c:L\'ity is. as show n abO\'C (p;1ge lOH), 011 e of the eiuli cst phenomena. of embryoni c 
life. The original inteRtine consists of 1111 inflection of the hypoblast extendincr 
from one 01111 of the embryo to the other, and is situa.ted just below the primitiv~ 
vertebral ~olumn. .. \_ r citlicr extremity it fonm; a closed lute, in con8cr1uence of 
tbe cephalic and caudal fiexures (page 109). and thi~ manif'c~t l y lliYidc:; it into three 
part~: a front part, enclosed !n the cepl~ali c fold. c~1 ll t•!l the fore-.11ut; a. poste rior 
part. enclmsed Ill the callllal fo ld. the hmd-gut; alli l a central pa.rt or 11tid-gut, 

~';hic:h ar . tl~i" time freely c1~mmnnic.-atcs with thr 1~ml1ili<'t~l \'Cf'-ielc (Fig:. 101). 
lhe end,., of the fore- anrl hind-gut dn not commum<·:w? \\Ith the ~urfacc of the 
bo~ly. the h1~<' {':tl a111l anal orifices bein~ suhsequ<'ntly fonncfl hy itH'olutions of the 
~u1hla-.;t. wh1c:h later on form cmumunications with tilt' gut. From the fore-gut 
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are cle,·clopcd the pharynx, <('Sopbagus, stomach, an<l duodenum; from tLe hin<l

gut, a pa,rt of the rectum : and from the 

mi<l<lle <liYision, the rest of the intestinal 102 

tube (Figs. 102 and 103). The chan"es 
which take place in the fore-gut arc as fol
lows: '!'he middle portion becomes dilated 
to form the stomach 1 and undergoes a ,·er
tict~I rotation to the right, so that the pos
tenor bonier, hy which it is attached to the 

vertebral column by a rncscnterv, is now 
directed to the left, and the anteri

0

or border 

f~ s~o0nl'~~1~lt~rg!!st~i~a~~~:1 i~l!~,~~ 1:.'.~~~;%~1~ 
the rip;ht at its upper end. It thus assumes 
an oblique dil'cction, and the k-ft border 
(originally the posterior or attached border) 

becomes infcrio1\ and forms the grcn.t cur
vature. ~l1he mesentery by which it was 

attached forms the gre'at Omcntum. The 

port ion of the fol'e-gut above thiH di latation 

remains straight. forming the pharynx an<l 

rc~opbagus. \\'hilc the part below the dila.ted 

:-;tomach forms the duodenum. and in con

nection with this the li\·er and pancreas arc 

<lcveloped. 
The hind-gut is also a closed tube, and from it the middle third of the rectum 

is developed, as well as the allantois (page 113), which will be again reforrc<l to in 

connection with the development of the bladder. 

The mid-Nut is at first an open c~wit,:.~ freel~~ communicating with the umbilical 

vesic le. As the bod,v-walls grow, th is communication contra.cts very matcriall ,v. 

though it still exists to a certain extent. and the open ca"ity becomes com·ertecl 

into a straight tube. still open where it communicates with the umbilical \·esicle. 

~l1his tube grows rapidly in length, and presents a primitive currn or loop down

ward and forward, and, in con:-;cquence of its growth exceeding that of the wa:ls 

of the body-ca-·ity, a portion of the loop protrudes into the sta lk of the 11mbilical 

\'esicle. ..:\.t :.1 subsequent period, howe,·ct', thC' \\alls of the abdon1C'n grow more 

rapidl.'' than the intestine, which again recedes into the body-cavit.y. .At a short 

distance below the most prom inent point of this loop a diverticulum arise~. which 

marks the separation between the large and !'.mall intestinC'. The lower part of this 

dirnrticulum forms the YCl'mif'orm appendix; the proximal part, by its continuctl 

growth, constitutes the c;:ecum. After tbi:-; the anterior 01· upper part of the gut, 

corresponding to the small inte.stinc, rapidly incrC'a~C'S in IC'np:th . and about the 

eighth week Lccomcs com·oluted. The lower 01· po.sterior part, corresponding to the 

large intestine, is at first less in calibre than the upper part. and lies wholJ,,· to the 

left side of the convolutions of the snrn.11 intestine; but later on the cune of the 

1arge intestine begins to form, and the fir~t part (aRccrnling colon) !>.lowly cros:-;es 

o\·c1· to the right side, first lying in the midrlle line, just below the Ji,·cr. It i~ not 

unti l 1hc sixth month that the crecum dC'sccnds into the rigbt iliac fo~:-;a, and so 

clra7;b~1 ~e~~~~:~~!;l~ac~lt~!I j ~nt\~ej~~):~o~·irdf~ e~~!\~~{~~ itl~~t:~S~~~.~~ ::~~:~kJ;<HictaJ layers 

of the mesoblast, and the serous membrane i~ developed from these structures. The 

mesentcries arc formed from mesohla~tic ti!'l~ue extending between the vertcbrre and 

the gut which develops the vascular and connrcti''e-tissue elcnH·nt:;: of these parts. 

The buccal cavity is formed bY an inrnlution of the external l:ncrR of th~ 

blastodcrmic mcmbn~nc, which pa~~('!" inward ancl meets the pharyn~. or upper 

part of the fore-gut. The two cavitiC's are, ho\\('\'Cr, at first completely ~C'parated 

from each other by all the layers of the blastoderm ; but at an early period of 
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deq•Jopmcnt a vertical :;lit appears bct\\een them: this gradually widens and 
becomc:'i the opening: by which the common cavity of the no~c und mouth commu
nicate:-:; with the pharynx. 'rhe common cavity is aftt•rnard divided into nose 
antl mouth by the de,•clopment of the palate. in the manner ~pokcn of above. 

'rhe tongue appears about the fifth "eek as a small clern.tion behind the 
inferior m:Lxillarv arch, to which <1 pair of elevat ions, arising from the junction 
of the thinl anci' fourth pharyngeal arches. is united .. The. line of ~nion of the 
three ele\'ations is indiC'atC'd bv the V-slrnped groove in which the c1rcum,·allate 
papiJJ,e arc sittrnte<l. '!'he e1)ithelial l:iyer is furnished by the cpiblast. The 
to.usils appear about tbc fourth month. 

rl'be mutff is also formed by an inflection of the cpiblast, which exte nds inward 
to a sli p:ht extent, an<l approaches the terminatio1i of the hin<l-gut and fin:illy eom
municatt·s with it by a solution of cout1 nu1ty in the :septum between the two. 'l'he 
pcr~iRtence of the fcctal septum at either the buccal or ana l orifices constitutes a 
well-known tkfonnity-imperforate rosophagus or imperforatc rectum, as the case 
may be. 

"The li1•1'r appears after the Wolffian bodies. a.bout thl' third week, in the form of 
a bifid process, projecting from the intestine a.t that part which a.ften,ard forms the 
duodenum. rl1 his proce~s rrrows rapidly, its terminal lobes branching abundantly 
to form a compli catc1l tub~lar gland. '~I1he duct of the g land becomes the main 
duct of the li\'er, while the lobes become transformed into the right and left 
loLcs of the liHr and surround the vitelline and, late r, the umbilical rn ins, which 
break up into a capillar~· plexus and rami(v in their substance. About the third 
month the lin•r almost fills the abdominal cavity. From this period the re1ative 
den•lopmt.•nt of' the li"cr is lcf:S active. more especia lly that of the left lobe, which 
now becomes small er th;rn the right : but the liver remains up to the cud of footal 
life rela.ti\'ely larger than in the adult. 

The ,qal/-bladda appears a.bout the second month , as an extension of the cavity 
from which the main duct of the liver is developed; and bile is detected in the 
inte!'t incs by tl:te third month. 

The p~ncreas is also an <'arly formation, being far arlvan cc<l in the second 
month. It, as well as.the sa livary gla,n<ls, whi.ch appear a.bout the sa me period, 
originateg in a. projection from the bypoblast1c canal. which afterward forms a 
ca"ity, and tl:tc lolrnles of the gland are dcvelopetl from the ra.mifica.tions of this 
cavity. 'l'hc projection for the pancreas appears on the <lorsal wall of the intes
tine, while that for the liver is on the ventral ::. nrface, and th e ducts of the 
two glands are at fir:-<t usually separated . During de,,eJopment the duct of the 
p:rncr.ea~ shifts. its position toward the \'Cntral Rurface and finally, as a rule, joins 
that from the ln·cr. 

The Rplern jg entirely of mesoblastic origin, as it or iginates from the mes
enteric fold which connects the stomach to the \·ertebral column (rnesogastr ium). 

Development of the Respiratory Organs.-Tbc lun~s appear somewhat later 
than the Ji,·er. 'l'he;· are de,·eloped frnm a small median ,•ul-rle-!Wf' or di,·ertiru
lum from the upper part of the fore-gut, immC'diately behind the fourth Yisceral 
cleft, a!S a projection from the epithelial and fibrol1s laminre of the intest ines. 
During the fourth week a pouch is fanned on eilher s ide of the central di\"er
tiC'ulum, anrl opens freely throt:gh it into the fore-gut (phary n x). From these, 
other (secon<lar,r) pouehes are gn·en off, so that by the eighth week the form of the 
lobes of the. lung:~ ma.v be_ m~de ot~t. 'The two primary pouches have thus a 
common P,~<hc~~ of commu111c~t10~ with !110 pharynx. 'l1bis is de,·elopecl into the 
trathea (1'1g. U1, n), the cartilagmous rin(fs of which are perceptible about the 
seventh \\('('~: Th.e parts. which ~fte1:wa~I fo!·m the larynx are recognized aB 
~arly a~. 1hc_ :-;1xth ''el'.k-nz. _a }H"OJett1on _on e1tl~er si!le of the pharyngeal open
rnµ, "h1ch 1~ the nulirnent of the ary.tenmd c:artdage and a transver:;e elevation 
from tbt• 1hinl 1.1har.~- ng<.·al arch. which afterward beeomcs the epi«lott is; the 
HH'al tor_d ... an<l \t'ntr1cles ~f the larynx are seen about the fourth mo;tb. 'l1races 
of th<.• 1liaphrngm appear in the form of a fine membrane, separating the lungs 
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from the \\' olffian bodies, the stomach, and the Iii-er, whilst the heart is still 
near the head. As the diaphragm extends forward from the vertabral column it 
separates the common pleuro-peritoneal cavity into two parts, a. thoracic and 
abdominal. 

Development of the Urinary Organs.-Three distinct sets of urinary organs 
occur in the _embryo ~t differen_t periods of development, two of them being more 
or less transitory, while the third becomes the permanent kidney. 'l'he first to 
appear i8 the pronephros or head-kidney and it consistR of a. small number of some
what conrnluted tubules 11hich develop immediately behind the heart in the 
mei;oblaHt of certain of the protovertebral som ites. 'l1be tubules are segmentally 
arranged, one corre!'ponding to each protovertebra, and they communicate at 01w 

extremity with the ccclom and at the other with a longitudinal canal known as 
the 8"f/lllental or Woljjian duct. Later the second kidney appears below the 
pronephros, developing in a similar manner and forming the mesonephros or 
Wolffian fwd.If, whol:le tubules are also at first arranged scgrncnt::i lly, though later 

they become more numerous than the protovertcbn--e from which they arise, by the 
formation of second.ary and tertiary tubules by b_udding from those already pres
ent. These tubules likewise communicate with the Wolffian duct, and in connection 
with each of them there is developed a little knot of blood-1-essels which projects 
into the lumen of the tubule, whose wall it pushes in front of it, and forms the 
Jialpigltian hod!/ or glomerulus. The third and last kiclne,- to appear is the meta
nephros or permanent kidney, which. together with the ureter, arises as an out
growth from the lower end of the Wolffian duct. 

'l'he \\' olffian duct is perceptible about the third week, forming an elongated 
ri<lge of cell~ situated on either side of the primitive Ycrtebrt--e and extending from 
the heart to the lower end of the embryo. It makes its nppcarance below the 
heart and behind the common pleuro-peritoneal cavity, from the mesoblast at the 
point of ~cparation of its two layers into somatopleu re and splanchnopleu re, this 
portion of the mesoblnst being termed the " intermediate cell mass." 'l'he ridge 
is at fir~t ~olid. but soon a. tube is hollowed out in it 1 and continuing to develop 
posteriorly it unites with the proximal end of the all::intois which forms what is 
termed the urogen ital sin us. Thus a communication i!' e~tab li sh ed through the 
'rolffian tubes nncl ducts between the pleuro-peritoncul cnvity and the cloaca or 
binder part of the al im entary ranal. The next step is the formation of a second 

;~:~1~~c~~!/1~!¥.~~~r~~~<~e~~~~t~i·if~d~~1 (!)t:.~t~e;:;1~0;}~~1~: c~~:~c0t~l:.he '11~!~
1i~s t~f~ 

)Hillcrian duct. 'l1be ureter. which is formed later, is, as has been descnbed, an 
offshoot from the hinder part of the Wolffian duct. 

The structure of the Wolffian body is in many respects analogous to that of 
the permanent kidne.1· (Fig. 104). It is composed partly of an excretory canal 

or duct, into "hich open numerous ··con
duits," rectilinear at first, but afterward 
tortuous, and partly of a cellu lar or 
glandular structure. in _ which Malpig
hian tufts arc found. lt is fixed to the 
diaphragm by a. superior ligamen~, and 
to the spinal column by an inferior or 

~~g~~~~ I ~~-g~11;~e1~\dn~~~s~,~~- ist~h=e~~~: 
~l~1i~h~o~\~~~J~~ ur~~~1~~bi~~ea~~::.:~~~~~~~ 
kidneys arc formed. the greater part of 
the \l'olflian hody t!isappears. 'l'be rest 
takes part in the formntion of the organs 
of generation . 

'l'hc functional acti1·ity of the Wolf
fian bo<lie~ is ver,v transitory; tbe,Y attain their highest de,·elopmellt by the sixth 
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\\C'l'k, after \\hich time they begin to dccrea8C in i:1izc an<l ha,,·e nearly di~appe11retl 
hY tlu.• t·1ul nf 1he third month. The upper part of the :-:(•gnwntal body, the pronc
phrn:-;. :il:-o utHl('r;:toe . .;; atrophy aud diRappcar!". In the male. tl1t• Wolffian 1luct 
pcr~ist:-:. :mil becomes com·erted into the ms defrren~. the ~liillcrian duct under
goin~ atrophy. a. n~stiµ:e of it. howe,·er, rcmainin~ a~ rhc i-;inus prostaticus; 
whereas. on 1bc other hand. in the female, the ~liil l cl'ian duct remains and 
hecomC's conYertcd into the whole length of the ~cnita! paRsages, wl~i l e the Wolf
li1m duct almost emirel,v disappears and remains only as a. ,·cstigc. Prior to thi~. 
however, the WolfTian and i\Ji.iJleri:rn ducts (together with the ureter when formed) 
open into the common urogenital sinus referred to above, and which on its part 
communicate:-; \\ ith the terminal portion of the intestinal cavity which is kno" n 
as the cloaca (Fig. 105). 

As tbc allantois expa nds into the urinary bladder this common cavity is 
di\·idcd into two b,Y a. septum, and the urogenital sinus then comm unicates with 
the anterior <liYilSion and the rectum with the posterior. T he Wolffian and l\l iil
lerian ducts arc soon connected by cellular substance into a single mass-the 
!JCnital cf11·d-in which the Wolffian ducts li e side by side in front, nnd the ducts 
of )Hiller behind. at fir1't :-;cparate. but later on uniting \\itb each other. 

It bas been stated tl1at the kidney (metaDcphros) is developed from the lo\\ er 
part of the \rolfli:rn duct. It commences as a tubular diYcrticu lum from the 
lower part of thl· ~l'gmcntnl duct, close to the cloaca. It extends up\1ard. and 
become~ di\·idcd into a number of c~"ecal tubu les, "hi ch represent the commence
ment of tLe ~en!ral di\'isions of the pelvis of the kidney. These tubu les arc 
prolon_ged into a :-oliil mc::-.oblastic blastenrn situated nC'ar the lower end of tLe 

mesoncphros. The tubules then become con-
y \"Olutecl, and masses of cells accumulate on 

the ir exterior, so as to girn to the organ an 
appearance of lobulation. Between the::-e 
cells vessels arc developed, and the vascular 
glomcrul i arc grinlua lly formed. The ki<l
ne_vs at fi rst, t l1ercforc1 consist of cor tical 
substance only, but later on the proximal 
ends of the tubes become straight an <l ar· 
ranged in. bundles, and thus the pyram idal 
structure 1s developed. T he lobulation of 
the kidney is perceptible for some time after 
birth. 

'l1he urinar.11 bladde1", as before stated. is 
forme1l by a. dilatation of the lower part of 
the stalk of the alla n tois. At the end of the 
sec~nd month this fo_nns a spindle·shaped 
cavity, the bla<lder, "Lich communicates with 
the lower part of the primitive intest ine bv a 
short canal, the urogenital ~inus, which 'be
come~ the first part of the urethra. 'l1be 
upper pa1't of the stalk of the allantois which 
is n.ot dilated, forms the uml'lllls; this ~xtends 
up _mto the umbi lical cord, and at an early 
period of embryonic ex istence fo rms a t ub'e 
of _communication with the alla.ntois. I t is 
o.bl1te1"lte1l before the termination of fata l 
life, but the cor<l formed by its obliteration is 
percept1lilc throu~hont l ife, P"'Sing from the 
upper part of the bhulder to the umbi licus. and 
tt oc~as1?nally remains patent in the adult, 

The su111·tu1·mtl ho1lie" arc de,·el~~~~t 1f~~~~n~w~ (l\i~~~-~:~~:~1u 1~1~_for~h:i~~dul-
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lary yart of the organ is of epiblastic origin, :rncl is derived from the tissues 

formmg the sympathetic gang1ia of the abdomen, while the cortical portion is of 

rne~oblnstic origin, ancl originates in the mc!'ioblast just above the kidneys. The 

two part~ are at first quite distinct, but bccorne combined in the process of devel

opmt·n.t. .Tl1c supra renal capsules arc at first larger tLan the kidney. but become 

ccpial in :-;1zc a.bout the tenth week, and from that time dccrc::ise relatively to the 

kulncy, though they renrnin, throughout fcctal life, much larger in proportion 

than in the adult. 
Development of the Generative Organs.-The first appearance of the rcpro

'lnctivc organs is essentially the same in the two sexes., and consists in a 

thickenin~ at ~nc spot of the epithrli(ll layer which liues the peritoneal or 

?o<ly cant,Y, with a slight increa~e of' t!lC connccti\'e ti~:-ue beneath it, form

rng. a l~w ridp:e. 'l1bis is termed tlte ,<jl'nital ridge, and is situated on the 

mesrnl s ide of each Wolffian body, arnl from it the testicle in the one sex, and 

~l~~IJ?''b~·~~~~1e!h~i~~l~~:i <~~ }~~,~·101~~1. W ~;~ea~·i<~~~iy:s "~:~fi e,:~~~~·~~o f'fs"~~t g~~.~~ 
continuous. though it sti ll remains connected to the remn:rnt of this body by c 

fold of peritoneum, the mesoreltium or nu'soti<u·itim. About the se,·entb wc~ek the 

distinction of sex begins to be perceptible. 'l'he epitlielium on the genital ridge, 

which is called •·germ-epithelium," in the female becomes distinctly columnar, 

multipli es l'a.pidly, and begins to form primitiiw OM, in a, manner presently to be 

described; whereas in the male. though the germ-epithelium has a. tendency to 

become columnar, the cells arc, on the whole, flatter and ~mail er than in the 

f'crn;:dc. 
Development of Male Organs.-The tubuli seminife ri of the testicle (lppear at 

an early period. I t is belie\'ed that they a.re formed by the extension of epithelial 

cells on the surface of the genital ridge into the connecti"c ti!'l:o;11c or ~troma on 

which they rest: rows of cells are thus dc,·clopetl "hic:h bec:orue the lining cells 

of the seminal duc:ts. Frorn the mesonepl1ros tuLulcs grow toward the kidney, 

entering into relation with the seminal ducts and forming the tubuli recti and 

rete testis, through which the semen escapes from the testis and passes into the 

tubules of the upper part of the mesonephros, which persist as the epididymis, 

and thence make their wa.y to the urethra (urogrnital !'linus) by the " ·olffian 

duct, which becomes the ms deferens and ejacu latory duct of the adult. 

'fhe ).Iiillerian ducts disappear in the male sex, with the exception of their 

lower ends. 'rlwse unite in the middle lin e, and open by a common orifice into 

the uroge11ital sinus. This con:-titutcs the uterus nwscul~~rnx or rdnz.ts pr~s~atfru.s. 

Occa:o;ionally, Lowe\•er, the upper end of the duct of ~luller remains ns1ble m 

the male. const ituting tho little pedunculatod borly, called the hydatid of the 

epididymi..;. sometimes found in the neighborhood of the epicliclymis, 1 between 

the tc!:ltes an<l globus major. 
It ha:-: been .-;ccn that the upper portion of the mesonephros and the Wolffian 

ducts per:-.i~t. 'The rest of the rnc~onrphros disappear:; aln~o:st entirely. a few of its 

tubules fonninrr the \'as abcnans and a structure desc:riiJed by GiraldCs, and 

called, after hi~,·· the or"an of' GintldCs 1 " wliich bears a good deal of resrm

blance to the or_!!,an of Ros~nmiiller in the otl1er sex. It consists of a. number of 

con'i-·olutc1l tubules lying in the cellular tissue in front of the cord1 and close to 

the head of the epi<li<lvrnis. 
The del:;cent of the testis ancl the formation of the gnbemaeulum are described 

in the bod\' of the work. 
DeveloPment of Female Organs.-'l'hc ornry, as abo\'C stated. is formed from 

the genital ridge, which becomes pinc:h.cd off from t?e re~rnins of the W o.lffian 

body, but is still attached by a meso,·~num. I.t co~s1sts .of a cen~ra l part of con

necti,·e tissue covered by a layer of gcrm-cp1~b?l.1um, from ~rb1cl~ th~ o,·a are 

developed. This epithelium undergoes repe:itell <l1v1~1on, so that it rapidly mcreases 

ing ~u~1tJ~~~~~b~b;; ~~,~~,~~111°~~:.:c:.:<~!~1 f1~•t1~fl~~t~l~~tt~::~n~3~1;~r~~~~ ~~ i1';.d;~~il
1~~ paper point-
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in tl111.:knc~s nnil forms several la.vers. :N"ext certain of the cells become cnlur;,rL•d 
and ~phericaJ , an<l form what are caJlcd the pri111itfr1• OM. .Around tbe~C. Other 
cpithC'lial cells ha\'C a tendency to arrange themseln~s, RO a!:' 10 cnclm;c the onun 
in a follicle . The permanent orn, enclosed in their Grnafian follicles, arc thus 
formetl. 

'l'he Fallopian tube is de1·eloped from that portion of the duct of ~Hiller which 
lies above the lumbar ligament of the \\..-olffian body. This duct is M first com
pletely closed at its ~1pper extremity, and its clos~d cxtremi t.': rema~ns pe~·manen t. 

forming a small cystic bod_y attached to the fimbnate~n~i°~a~/e,lh~h!"!!~jd~tit<¥~~ 
Morgag:i i. " B elow thi~ a 
cleft forms in the duct. and 
is 1levcloped into tbe fim
briatcd opening of the Fal
lop ian tube. 

Below this the duct of 
~liill e r and the ducts of the 
\\'oltlian bodies are uni te<l 
together in a structure called 
··the genital cord," in which 
the two ~liill erian ducts :\p
proach each oth er, lying side 
by side, and finall y coalesce 
to form the cav ity of the 
vagina. and uteruS. This 

t.l~;~~~g~1~J~;.f f~~~~f i~~~~~if i:1~iNt~i~~w&. ~i~;~~~t~~~J!~~f.1?~1;~'1 
upper parts of the ~fol

lerian Uuct::;. Ill tlt i: ge uital cord constitute the cornu a of the uterus, little devel
oped in the human species. The only remains of the Wolffian body in the com-

pk~e conilition ?f the female orµ:an!-i are ~wo r111li11w11ta!'." or vc:o;tigial ~tructurP~. 
w h1ch <:an he fou111l, on care_ful search, in the hroa1l ligament near the ovar y: 
the prtt'u1·w·ilw1 or uty1rn of Rosennlii.llu and the pr11·ob}J/wrr11t (Fig. 106). The 
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orga1~ of Rosenmliller consists of a number of tbe tubules of the upper part of the 

W~lflian bocly1 and, consequently, is homologous with the epididymis of the male, 

while the paroopboron is formed hy a few persistent tubules of the lower part of 

the body, correspon<ling, therefore. to the organ of Giral<lCs and the vas aberran& 

of the male. The lower portions of the \\' olflian ducts also persist in the form of a 

pair of tube-like structures, fo~1u.l one on each side in the walls of the uterus and 

termed the clurts of (Jr'Mner. About the fifth month an annular constriction 

1D>Lrks the position of the neck of the uterus, and after the sixth month the wall' 

of the uterus begin to thick.en. ~1 b e round ligament is deri,red from the 

inguinal ligament of the Wolflian body, the peritoneum constitutes the broad 

ligament; the super ior ligament of the Wolfliun body disc1ppears with that 

structure (Fig. lOi ). 
The external organs of generation, lik e the internal, pass through a. stage in 

which there is no distinction of sex (Fig. 108, II, III). We must therefore 
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•le~cribc thi~ ~tagc, and then follow the flcH•lopmcnt of the female and male 

orp:c~~= ~·:~l~~f~;~~~~~' the anal dcpres~ion at an <.·arl_y p<.•riod i~ formc~l h_v an i1wo
lution of the external epithelium, an<l the intci-;tine i:s .still tlo~ed at its lower NHL 

When ~he septum between the two opens, "hi ch i!S about tht• fourth week, the 
allantoi~ 111 front an<l the intestine behind both co1111mmicate "ith the anal depres
sion. This. \\hic:h is now called the cloaca, i8 af'tcrnar<l divided b.Y a vertical 
:--eptum, whose lower edge thickens to form the perinewn,and which appears about 
the R<.'contl month. Two tubes are thus formed: the posterior becomes the lo" ff 
part of the rectum, the anterior has uniting with it the urogenital sinus. ln the 
sixth week a tubercle. tbe genital tuberf'le, is formct..1 in front of tile cloaca, a11d 
this is SOOn SUITOUillied by two folds Of skin, the .fJenita/folds. rroward the Clll} 

of the i;:.ecoml month the tubercle presents, on its lower n:::pect, a groo,'e . the 
ymital furrow, turned toward the cloaca. All these parts arc well developed by 
the second month, yet no distinction of sex is po:.:.siblc. 

Pemnl1' OtfffO/R (Fig. 108, L\, n. c).-Thc fr.male organs arc developed by an 
ea~.v tr:rn1'ition from the abo\'e. T'he portion of the cloa<"a. in front of the septum 
per:-;ists a!-l the ,·e~tihulcofthc vagina. and forms a single tube witL the upper part 
of the rngina, which, as we h:.we alread~r scC'n, i!-l de\'cloped from the united 
::\Ilillerian ducts. The genital tubercle forms the clitoris, the genital folds the 
labia majora, and the lips of the genital furrow the labia. minora, whic-11 remain 
open. 

Jlale o,·11a11s (Fig. 108, A'."'· c').-In the male the changes arc greater. '!'be 
genital tubercle is de,·eloped into the penis, the glans appearing in the third month. 
the prepuce and corpora ca,'ernosa in the fourth. Th e genital furrow closes and 
thus form~ a canal, the spong_\' portion of the urethra . The urogenital sinus 
become!' elonga.tccl an<l forms the prosta.tic and mcmbranrus urethra. The genital 
fold~ unite in the middle line to form the scrotum, a.ta.bout the same time as the 
genital funow closes-viz. between the third and fourth months. 

1J111c following table is translated from the work of Beaunis and B ouchard, with 
some alterations, especially in the earlier weeks. It will serve to present a resume 
of the abo\'C facts in an easily accessible form. 1 

~Ll~i~:!~~;~ ~~\:'~~~.~~;:f ~'~,~~!r~~t~~~tl~~~~:~ f!~cl10,j:,;,~~~:b; f l~~.!~Y~\d~~~~; 



CHRONOLOGICAL TABLE 

TIIE DEVELOP.NIENT OF THE FCETUS. 

(FROM BEAUNIS AND BOUCHARD.) 

Pfrst 11 />l'/,·.-During this period the ovum is in the Fallopian tube. Having b2en fertilized in 
the upper part of the tube, it slowly passes down, undergoiug SCJ!mentation. aR<l reaches 
the ut~rus probably about the end of the first week. During this time it does not undergo 
much mcrease in size. 

Sec1J11d ll 'eek.-'fh e O\'um rapidly increases in size and becomes imbeddcd in the decidua, so 
that it is completely endose<l in the decidua reflexa by the end of this period. _\._n ovum 
believed to be of the thirteenth day after conception is dc&·ril>cd by Beic~1ert. There was 
no appearance of any embryonic structure. The equatorial margins of the O\"Ulll were beset 
with villi, but. the surface in contact with the uterine wall and the one opposite to it were 
bare. In another ovum. described by His, belie\'ed to be of about the fourteemh day, 
there was a distim:L indication of an embryo. '!'here was a medullary p-roove bounded by 
folds. In front of this a slightly prominent rid.E?:e, the rudimentary heart. The amnion 
was formed and the embr~·o was attached by a stalk, the n.lhmtois, to the inner smface of 
the chorion. It may be sa1d 1 therefore, tha,t these parts, the amnion and the allamois. and 
the first rudiments of the embryo, the meclullary grool"e, and the heart, arc fonncd at the 
end of the second week. 

Thu·d Hfel.:.-By the end of the third week the fl.exures of the embryo lrn\"e taken place, so 
that it is strOn!:!lY cun·ed. The proto,·ertebral disks, whid1 Legiu to Le formed curly in the 
third week1 present their full complement. In the 11cn·ous system the primary di"isions 
of the brain are visible, and the primitive ocular and auditory Yesiclcs are already formed. 
The pri!nary circulation is established. The alimentary cannl presents a straight tube com
municatmg with the yolk-sac. The pi1aryngeril arthes arc formed. The limbs lmve 
appeared as short buds. The Wolffian bodies are visible. 

Fourth lVeel.:.-'rhe umbilical vesicle has att<tincd its full dcYelopmcnt. The caudal extremity 
projects. The upper and the lower limbs and the cloaca! aperimc ap11ear. The heart sep-

~~~~is, i~1;~ ~lf~;t~~/W,~!f~hl~eJ~~gs ·1~1:1J ~\~~ci~\1 :~~·~f!i~a:~nee a~lt~J~m~l~~.ots of the spinal 
})jth H'erl..·.-The allantois is rnscular in its whole extent. The first tr.u.:es of the hands and 

~fe~I~~ile~a~de~~ni~~lle~\~1~di~;: ,~~i~k~1i"f}~: ~~~ifi~~tf~~1 a~fd tN~1cl.~~~i~i~· ~~~eiY~e I;~~:r~~~ 
<"ommenccs. The cartilage of Meckel occupies the first post-oral arch. 

Si.,.th ll'uJ..·.-The activity of the umbilical ,·esicle ceases. The phrir.rn~cal defis disappear. 
The vertebral column, primiti,·e cranium1 and rihs assume the cartilaginous condition. The 
posterior roots of the nen'es, the mc.mbranes of the ncn·ous centres. the bladder1 kidney, 
ton!!uc. larynx, thyroid body, the germs of teeth, and the genital tuberrle and folds 

.Sn·,,~~h_ W!;J:.~·~hic muscles begin to be perceptible. The points of ossification of the ribs, 
scaJJ:ula, shaft of' hum£>~US, fomur, tibia. pahte1 and upper jaw appear. 

Ei11hth H'ee/.-.-The distincuon of arm and forearm, and of thitrl1 and lei.r, is ap\larent, as well as 
· !he interdig-ital C'lcfts. The ca,psule of the Jens and pupillary membrane, t le inten·entricu-

:·::'~~:~~;~~'~f el~\\~f'~::~ c~(d1~ii::~~rw~~~1;:;~i:~1~:~·:~~~~;:,::~~:-vt~~\~11;;;t:1~:f!f'.~~~:~~ 
and ilium make their appearance. The two ha\\'eS of the har<l Ji<llate uuite. The 

Xi1)~'nl~:!J.~.~~i 1l~~r~~~-J~~~ 1~f;fa~~~ntl~n~1'Stth~n~ee1~~aLr~l[~ti~~e~~!dfirst apparent. The ovary and 
testicle can be distinguished from each other. The p-enital furrow appears. The osseous 
nuclei of the bodies and arches of' the vertebrm, of the frontal. ,·omcr, and malar b(lnes of the 
shafts of the metacarpal and metararsal J)()nes, and of the phalanges appear. The union of 
the harJ palate is completed. The ~all-bladder is seen. 

Third 1lfo11th.-The formation of the fretal pla('enta. advances rapidly. 'l'he 11rojection of the 
caudal extremit\• di~appcars. [tis po~ible to distin~uish the male aml female organs from 
each other. Tile cloaca! aperture in di,,idecl into two part-". The <:artila!!inous arches on the 
dorsal rc!?ion of the spine close. The points of os.-.ification for the occipital, spheru=!id, 
lachrymal. nasal. squamous portion ol' temporal and i:schium appear, as well ~1 the orbital 
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<'entrc of the ~upcrior maxillary. The pons Yaro\ii anti fi!':--Ure of'Rvkins ean be made out. 

;;,'11<! ~;~:;~it1~~~ tl~~e hb!~i::~i!1~11~~ d~i!~,~~~i\·11:~ 11~1.~i~;1 0'f':h e11 ~~~~~ i:.vir·~~·l~ ~~11~t·e 1i:n~\~~ft:ls~ 
Wolffian body takrs place. 

Fo''';~::.~~Jf i;:5.~~~::~~~,f~if ffe~~~~gJ:If j :[~g~:i·1f:~:i~~:.:~l~~f l~*~::rf ~l~~:~ 
cutaneou!i cellular tii;SuC. The tonsils are 1Secn 1 and the do1S11rc of the genital furrow and 
the formation of the scrotum and prepuce take place. 

Pifth Jlonth.-The two layers of the decidua begin to coalesce. o~:'.iCOUS nuelci of the axis and 
oclontoid process, o f the lateral points of the first sacral vert ebra, of' the median points of 
the secoml, and of the lateral masses of the ethmoid make their appearance. Ossification 
of lhe stapes and the pclrous bone and ossification of the germs of the teeth take place. 

~!~0 .~~:~i1~o~~l~hceng:;ma,f h~t s~d~~1jfe:~~u~11:1~,~~::1 n;l~~~t;, :~\~~,~:i~. ;~~~0tb1li~Y!~0~r ~t~~~n~il 
and Lase of the tom.~·ue, and the lymphatic glands appear at this period. The differentiation 

Sict~~~~~~;/t.~~5r\~~c~~11~1~'~f3£~fic~f~~nf~:11:l~~r~~~~rior root of' the transverse process of the 
!;f?vcnth rervil·al \'Crtcbra, the lateral points of the second satral vertebra, the median pointa 

f ~r~1~1s~ 11·J~ J~'!· ~~;eb~~l'1\~~~~i~~1~!~~~ i c~~-~r 1!J~e 0~c~~1tttu=;1~.pc1;irn ~1,;:11e) ili:~r~-rth~b:kln~"t~: 
sebaceous glanJs, anti Pcyer's patches ma ke their appearance. 'J~1 e free border of the 
nail projcC'ts from the corium of the dermis. The walls of' the uterus thicken. 

S eventh .Vont!t.-'l'h e add itional points of the fin;t sacral vertebra, the lateral points of 1he 
thinl, t he median point of the fourth. the first os..,.eous po int of the body of the sternum, 

~~1~b~~;t c~~~~~id~:~he1?:ia~d of5Jr:~1~~~~d '~ \~~~~~~e~~~~~!;~l~~~\:!ifi~ a~!S:~~~~~·t. ~~: 
J>UJ?illary membrane atrophies. 1'he testicle pa~s into the vaginal process of the 
peritoneum. 

E(qltth J/oilflt.-Additional points for the second sacral vertebra, lat eral points for the fourth 
a nd median points for the fifth sacral \'Crtebroo1 can be seen. 

J.,r,'nth .l/011th.-Acldit ional poi nts for the third sacral vertebra., lateral points for the fifth , 
C!~"'cous points for the middle turbinated bone, for the body and J!reat cornu of the hyoid, 
fo r the second and third pieces of the body of the sternum , and for the lower end of the 

¥'1~1~l~.r~Ha~·~i>cn~)~~:~c~~~o~e~tf;c~~: a~7n l~\~1~i~~r~l1~:~~is and axis of the cochlea takes place. 



DESCRIPrrIVE AND SURGICAL 
ANATOMY. 

TlIE entire skeleton in the adult consists of 200 distinct bones. 

[~~ni~~e ~r.'·~rt~b~l. ~lum_n ~s~c~um an~ _cocc~·x. i1.1c~u~e~): . 

Face ........... . 
O; h)·oidcs. !"ternum, and ribs 
l"pper extrcmiries . 
Lower extremities 

These are-

26 
8 

14 
26 
64 
62 

200 

In this enumeration the patcll re are included as separa.te bones, but the smaller 
sesamoid bones and the ossicula auditUs are not reckoned. The teeth belong to 
the tegumentary system. 

These bones are <liYisible into four classes: Long, Sho1·t1 Flat, and Irregular. 
The Long Bones are found in the limbs, where they form a system of levers, 

whieh have to sustain the weight of the trunk and to confer the power of locomo
tion. A long bone consists of a shaft and two extremities. The slu~ft is a hollow 
cylin1ler, contracted and narrowed to afford greater space for the bellies of the 
mu~clcs : the walls consist of dense, compact tissue of great thickness in the middle. 
but becoming thinner toward the extremities: the spongy tissue is scanty, and 
the bone is hollowed out in its interior to form the medullary canal. The 
extremitie'1 are generally somewhat expanded for greater com·enience of mutual 
connection, for the purposes of articulation, and to afford a broad surface for 
muscular attachment. Here the bone is made up of spongy tissue with only a thin 
coating of compact substance. 'fbe long bones are not straight, but cuned. the 
cune gencra1ly taking place in two directions, thus affording greater strength to the 
lwnc. 'J'hc bones belonging to this class are the clan'ele, humerus, mdiw~. ulna, 
fe11llff. tt'hia, Ji.bu.la, metar·arpal and metata,.sal bones, and the plwlang1'.'i . 

Short Bones.-Wherc a part of the skeleton is intended for stren~1h and com· 
pactncss, nnd its motion is at the same time slight and limited, it is divided into a 
number of' small pieces un ited together b,v l igaments, und the separate bones are 
short arid comp resscd1 s uch as the bones of the earptt.S and tarsus. T hese bones, 
in their structure, arc spongy throughout, excepting at their surface, where there 
is a thin crust of compact substance. 1-'he patella' also, together with the other 
sesamoid bone:-;, are by some regarded as short bones. 

Flat Bones.-Wbere the principal rc1p1iremcnt is either extensi,·e protection 
or the prod::;ion of broad surfaces for mu!o:cular attachment, we find the osseous 
strucrnre expanded into broad. flat plates, as is seen in the bones of the skull and 
the shoulder-blade. These bones are composed of two thin layers of compact tissue 
enclosing between them a variable lluantity of cancc1lous tissue. In the cranial 
bones the•e layers of compact tissue arc familiarly known as the tables of the 
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skull: thr outer one i::; thick and tough i the intwr 01w t lt innrr, lil•nser, and ?1ore 
brittlC'. an<l hence termed the l'itreow1 tali/ti. The intencning ·anccllous tiss ue 
i~ callL•tl the dl}>loif. The flat bones are: the m·ci11itr1/. par1et1d, .fruntal, 1wsrtl. 
lm·lll'//11Wl, 1•omer, st·apula, o,q innfJminrit1wt. J.ttl'rnum, ribx, and 1mtelta. 

'l'bC' Irregular or Mixed Bones are such as, from their peculiar form, cannot be 
grouped under cithc~· o.r the preceding head::;. T~e ir structure is simi lar to that 
of other bone:-, con!StRllng of a layer of compact t1 f.:s ue externally, and of spongy 
cancellous tissue within. 'rhe irregu lar bones arc: the 11l'1·ft'b}'(I!, sacrum, coccyr1 

temporal, ."!/>henoirl, etlmwid, malar, superior ma.rillary, h~fcrior nuuillary, palate, 
i1~f'erior turbinat1•d1 and Ji.void. 

Surfaces of Bones.-Tf the surface of any bone is examined, certain eminences 
and depressions are seen to which descriptirn anatomists have given lhc following 
nam es. 

These eminences and depressions arc of two kinds: articular and non-arliculw·. 
" "ell-mark ed examples of articular eminences arc foun<l in the heads of the humerus 
and fcnwr and of articular depressions in th e glenoid cavity of th e scapula an<l the 
acetahulum. Non-articular em inences a.re designated according to their form. 
Thus. a hroad, rough, un even elevation is called a. tubero.'1ity; a small, rough 
prominence, a. tuber('le; a sba.rp, slender, pointed eminence, a apine; a narrow, 
rough clerntion. running some way al ong the sud'ace, a ridge or line. 

'rhe non-articular depressions arc also of ver_Y ,·aria.hie form. and are described 
as .fo>1xr1•, groot'('~, f1u-1·ows, .fb~.r.rurt'R, 1wtd1e>s, etc. 'l'hese non-arlicular eminences 
aud dcpre$sions sene io increase the exten t of ~urfacc for the attachment of liga
mC'nts and muscles, and ar(} usually well marked in proportion to the muscularity 
of' the ~ubj ect. 

A prominent process projecting from the surface of :i. bone, which it has never 
b(•en ~e1mnue from or movable upon is termed an ilj>Ophy.r.ris (from il:rOcftuat(, an 
exc rc8cence); but if such process is developc<l as :i. separate piece from the rest of 
the bone, to '\hitb it is afterward joined, it is termed an epipl1ysifi (from hdcpuatc;, 
a.n accretion). .Diap hysis means main part of a. bone 01· shaft of a long bone. 

THE SPINE. 
The Spine is a fl exuous and flexibl e column formed of a. series of bones called 

vertf'b1·a> (from i•erlel'e, to turn). 
The Vertebrre are thirty-three in number, cxclusirn of those which form lhe 

skull. ancl haxe received the names cervical, dnrrwl, lw11bar, Rarral, and coccygeal, 
according to the position which they occupy; seYen being found in the cervical 
region, tweh -e in the dorsal, fixe in the lumbar. fiy c in the sacral, and four in the 
coccygenl. 

This number is sometimes increa:;;.ed by an additional vertebra in one regi on, or 
the number may be diminished in one region , the deficiency being supplied by 
an additional ,·ertcbn1 in another. These observation~ do not apply to the cenical 
portion of the spine, the number of bones forming wbi ch is seldom increased or 
diminished. 

The ''crtebrm in the upper three regions of the spin e are sepa.rate throughout 

~~l~tl~hff1~~i;~· ::,~~~et~~h~:e t~01}~1~1;nt,~~e b~~~~·~i~fi:~~ ~;~t~~-.f,~:1 i:~~~ioti~ ~~~n:~t~~: 
of the upper bone or sw·nw1 1 and fow· into the terminal bone of the spine or 
COt:('!fX. 

General Characters of a Vertebra. 
Each vertebra consists of two essential pa.rt8-an anterior solid seamcnt or 

bnily, antl a posterior segment or arch. The arch (neural) is fo nn c<l of t~vo pedi
cfr.'f an1l two 1,,111inrP, support ing seven proces1f1·.'f-viz. fou r articular, two trans
i·er~r, a1ul one x11i11ous . 

. The bntlies of the ,·ertebr~~ ar~ pilet l one upon. the other, forming a strong 
pillar for the support of the crarnuni arnl trunk; rhe arthl'"'i formina :.t hollo" 
c:din1ler behind the bodie::; fur the protection of the ~piual cor<l. Tl~ different 
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vertebrre are connected together by means of the articular processes and the inter
vertcbral cartilages; while the transYerse and spinous processes serve as Je,·ers 
for the attachment of muscles which mO\'e the different parts of the spine. Lastly, 
between each pair of vertebrro apertures exist through which the spinal nerves 
pass from the cord. Each of these constituent parts must now be separatelv 
examined. · 

The Body or Centrum is the largest and most solid part of a vertebra. Above 
anU below it is flattened; its upper and lower surface~ are rough for the attacb
rnent of the intervertcbral fibro-cart ilages, and presem a rim around their cir
cumference. In fro n t, it is conrnx from side to side. conca\'C from above down
ward. Beh ind, it iR flat from above downwal'd and slightly conc<we from side to 
side. It8 anterior surfa ce is perforated by a few sma.11 apertures, for the passage 
of nut ri en t vessel ~; whi lst on the posterior surfac~ is a ~i ngle large, incgular 
aperture, 01· occas1onally more than one. for the ex it of vems from the body of 
the \·ertebra-the i·nue ha.sis vertebra!. 

The Pedicles project backward. one on each side, from the upper part of the 
body of the \'Crrebra1 at the line of junction of its posterior and lateral surfaces. 
The concavit ies above and belf}w the pedicles are the folPnerlebral notches; they 
are four in number, two on each side. the inferior ones being generally the deeper. 
When the rnrtebrre are articulated the notches of each contiguous pair of bones 
form the intervcl'tebral foramina, which communicate with the spinal canal and 
tran:-;mit the spinal nen·e!' and blood-,·essels. 

The Laminre are two broad plates of bone which complete the vertebral arch 
behind. enclosing a foramen. the spinal .foramen. which scrYCS for the protection 
of the spinal cord; they are connected to the body by means of the pedicles. 
Their upper and lowel' borders are rough1 for the attachment of the ligamenla 
suhflttl·a. 

·The Spinous Process projects backward from the junct;ou of the two laminre, 
and serves for the attachment of muscles. 

The Art icula r Processes, four in number, two on ea.ch side, spring from the 
junction of the pedicles with the laminre. T he two superior project upward, their 
articu lar surfaces being directed more or less backward: the two inforior p roject 
downward, their articular surfaces looking more or less forward. 1 

The Transverse Processes, two in number. project one at ca.ch s ide from the 
point where the articular proces cs join the pecliclc. They also sene for the 
attachment of muscles. 

Character of the Cervical Vertebrre (Fig. 109). 
The Cervical Vertebrre are smaller than those in any other region of the spine, 

and may readily be distinguished by the foramen in the trans,·erse process, which 
rloes not exist in the tnlll8\·erse process of either the dorsal or lumbar rnrtebrre. 

The Body is !'mall. compa.rati vely dense, and broader from side to side than 
from before backward. The anterior and posterior surfaces are flattened and of 
equal depth; the former is placed on a lower le,·el than the latter, an<l its inferior 
bonier is prolonged cl r)\rnward, so as to O\·erlap the upper and fore part of the 
''el'tebne below. Its upper surface is concave trans,·crsc ly. and presents a pro
jcctin~ lip on each side; its lower surface is con,•e:x from sid.e to s.idc, con~ave 
from before backward, nnd presents laterally a. shallow concav1t.v wh ich receives 
the corresponding project ing lip of tbe ~dja.cent rnrtebm. '!'he peclicles are 
directed obliquely outward. and rhe supenol' intenertebral not~l1Cs are deeper, 
but narrower. than the inferior. The lrm1ina' :nc narrow, long, thmner aboYe than 
hclow. ancl m·erlap each other. enclosing the spinal foramen. which is ''er.v large1 
and of a triangular form. The !ipinous )Jr01'1'8SeR are short. and bifid at tbe 
extrcmitv to affor1l ''reater extent of surface for the attachment of muscles. the 
two <liviSions being noftcn of unequal size. 'l'hey increa!'e in length from the 

by t~~tt ,:t~~li~>~,~~r.:::n~t"~;;h~J8:,~l';.';";~n::. the 'cade' that the dicection of "eu,face ;, detecmined 
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fourth to the ~C\'entb. The arfi,•ular prot•1·xxi·l'I an• ohlitjlll': tin•. !'illp~rior. arc of 
an oval form, flattened, and 1lirected bacbrnr1l and upwanl: th<.• 111fenor fon\anl 

'.: :~ ~: :'.:~::, '~ :\\'.t fi};~te t~;~ ',' x;·~;·:.~~:;~,".e~':;:I ;\'~';,,~~~;·ti, .:Ii:"~:~·,•,!,,'~': 1'.'.::~ r~\;~i:' t :;~t;~;. 
:;urfore, which runs do,,1rnanl and out\,anl from ihe ~uperior mten·ertehrnl 
notch, aml t'Cl'H'8 for the tran::;mission of one of the ccnil'al nt..> nes. 'l'he.~· are 
situated in front of the articular processe;:; and on the outt'r ~ifie of the pe<l1cl~=-· 
The trans,·crse processes are pierced at their ba~e by n fnramen. for the ~ran:::.1111~
sion of the vertebral artery, ,·ein. and plexus of nerYcs. Each process !~ formed 
bY two root8: the anterior root, sometimc:5 called the <'ORtal p1·oeess, an~es from 
the side of the body, and is the homologue of the rib in the .dorsa~ region of .the 
spine; the posterior root springs from the j 1m<:~ion of the ped1cl~ with th~ hu~11n1. 
and eorreRponds with the trnns,·erse process 111 the dorsa l reg ion. I t is b.' the 

junction of the two that the foramcn fo r the ,·ertebra l 'C8:5els is formed. rJ'he 
extremity of each of these roots forms the anteri<11· and JJf11Staior tubeJ"Cles of the 
tran~\·crRe procesSeR. 1 

The peculiar Yertehra~ in the cervical region are the firf't. or .. l tlas; the se.cond. 
or Ai·i.~: arnl 1he sc,·cuth. or rertebra promi1111 11R. The ~rl'at modifications Ill the 
form of the atlas and axi.:; are designed to admit of the nodding and rotatory 
11uwcml'J1tR of the head. 

The Atlas (Fi-:r. 110) is ~o named from :-;upportin:;r the ~lobe of che bead. The 
thief peculiarities of this bone are tha.t it has neiLl1er body nor ~pinous process. 
The body is detached from the rest of the hone. and forms the o<lontoicl proce~~ of 
the ~ccond vertcbrn; while the parts c:orre:-;1H111tlin~ to the pe<lic:le~ join in front to 

form the anterior a.rch. The atlas consists of an anterior arch. a posterior arch. 
and rwo lateral masses. The rmtel"ior arch forms about one-fifth of the hone: its 
anterior surface is conrex, and presents about its centre a tuberch·. for the attach
ment of the Longus colli muscle; posteriorly it j..., concave. and mal'ked by a 
smooth, O\'al or circular facet, for articulation with tl1e odontoid process of the 
axis . The upper and lower borders gi\'C attachment to the anterior occipito
atlantal and the anterior atlanto-axial ligaments. wliidi connect it with the occipital 
bone ab1ffe and the axis below . The po.<i.frrior :m:h forms about two-fifths of the 
tircumfcrcnce of the bone; it terminates heh incl in a tubl'l'dr', which is the rudi
ment of a spinous process. an<l ~ives Ol'igin to the Heetns ca pi tis posticus minor. 
The diminuti\'C £.;ize of this pnwess prevents an~· intNfcrencc in the movements 
betwcc•n it and the cranium. The posterior part of the :11·ch pre;.;ents above an1l 
behin1l a rouJHll'd edge for the attachment of the posterior occipito-atlantal liµ-a-

Vit,,~1.~:t:i:~~:~f ·~i~f ~ff :;~,~~g~~~E~.@z::~f ::1::~"::~~:~.:;,:::: 1~~ ~~1·\~~~i1f~::~;;~ 
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ment, "bile i!1 front, immedi~ttely behind each superior articular process. is a 
grMve, somct11nes converted mto a. forarnrn by a de/irate bony spiculwn which 
arches backward from the posterior extremity of the superior articular process. 
The::ic groo,·cs represent the superior intenertebral notches, and are peculiar from 
being situated behind the articular processes. instead of in front of them. as in 
the other vertcbrre. They serve for the transmission of the vertebral artery, 
wbich. a~cending through the foramen in the tramwc1·:;e process, winds round the 
hLteral mass in a direction backward and inward. They also transmit the suboc
cipital nerve. On the under s11rface of the posterior :.H'c:h, in the same situation, 
arc two other groo\·cs, placed behind the lateral ma8scs, and represcntinl'.1 the infe
rior intervertcbral notche8 of other vertebrfe. 'L'bcv are much less ma~ked than 
tbe superior. 11'he lower border also gi\•es a.ttach;nent to the poslerior at1anto
axia1 ligament, which connects it with the axis. The lateral ma.rsses are the most 
bulky an<l solid parts of the atlas, in order to support the weight of the head; 
they present two articulating processes above, and two below. 'l1he two superior 

Tra11:.:u1·, 
jJrOCt!U 

Rudi.unitary .Qpi1w1u process 
F!G.110.-Fir:stecrdcal\·ertcbra,oratlus. 

are of large size. oval, concave, and approach each other in front, but diverge 
behind; they arc directed upward, inward, and a little backward, forming a kind 
of cup for the condyle8 of the occipital bone, and arc admimbly adapted to the 
nodding movements of the bead. ~ot unfrequcnt ly they are partially sub<li\•ided 
by a more or lei;:s deep indentation which encroaches upon each lateral margin. 
The inferior articular proce~scs are circular in form. flattened or slightly conca\'e, 
and directed downward and inward, articulating with the axis, and permitting 
the rotatory mo\·ements. .Just below the inner margin of each superior articular 
surface is a small tubercle. for the attachment of the transverse ligament, which, 
stretching acro~s the ring of the atlas, di\·ides it into two unequal parts; the 
anterior or :.;mailer segment recei\·ing the odontoid process of the axis. the posterior 
allowing the tran~mis~ion of the spinal cord and its membranes. 'L'his part of 
the ~pinal canal is of con;-:;illerable size, to afford space for the spinal cord; an<l 
hence Ja.tcral <li~phlcement of the atlas mav occur without compression of this 
!:itructure. 'l1hc trm1H1•er.'j1' process1.'S are of large size, project directly outward 
from the lateral mas~cs, and senc foi· the nttnchrnent of special muscles which 
a1'si~t in rota.ting the head . 'l,he_y are long, not bifid, and pel'forate<l at their base 
bv a canal for the vertebral artery, which is directed from below, upward and 
b~ckward. · 

'!'he Axis (Fig. Ill) is so named from forming tho pivot upon which the first 
\"Crtebra, carrying the bead, rotates. '1.'he m<~st distinctive character of this bone 
is the strnng, prominent process, tooth.like Ill form (Lenee the name od01!toid), 
11 hich rise• porpen<licularl)· from the upper surface of the body. Tho bod.111s of a 
triann-ular form, deeper in front than behind, and prolonged <lownward anteriorly 
so as l:w o\·erlap the upper and fore part of the adjacent vertebra. It presents in 
front a mc1li:.111 longitudinal ridge, separating two lateral <lepressions for the attach-



atlas: another behind. for the transverse ligament-the latter frequently encroach
ing on the si(les of the process. The apex is pointed, and gi\'CS attachment to one 
fa~ciculus of thl' odolitoid ligament (l~gamenlwn Hlt8pemwrium) . Below the apex 
the proc(.'1:;,~ is somewhat enlarged, and presents on either side a rough impression 
for the atrn.chrncnt of the lataal fascicu li of the odontoid or cherk ligaments, 
whid1 connect it to the occipital bone; the base of the pl'ocess, where it is attached 
to the body, is con:;tricted, so as to pre\·ent displacement from the transverse 

liga ment, which binds it in this 
r..it uat ion to the anterior arch of 
the at las. Sometimes. however, 
th is process docs become dis
pla ced. especially in chi ldren. in 
whom the l igamen ts are more 
relaxed : ins tant death is the 
result of this accident. rrhc 
pedieleff are broad and st rong. 
especially their anterior extrem
ities, which coalc:;;ce with the 
sides of the bodv anu the root of 
the odontoid p rOcess. T he lam
ina- are thick and r..trong. and the 
spirnJI foramen large, but smaller 
than that of the atlas. The lran:~
rersp 7n·ocesfwR arc \·ery small. 
not bifid, and perforated by the 
vertebral foramcn, or foramen 

8l•iuo 11.~ pror:r.~s for the \'Crteb ral arterv, \\ hicb is 
1"1<.. 11:.!.-~e,·('nth ccr\"ical n:?rtcl>ru, or ,-ertebru promincn!i di rected ob l iq uel,Y ll j)\,·ard and 

outwa.rcl. rJ1he SUJJerior arth·ular 
suda1·1•,I( _are round, slight ly con\'ex, directed upwu.r<l and outward, and are 
veculiar m being supported on the body. pcdiclcs, an<l 11·ans\·enw processes. The 
h{fi•ri11r itrtiwlar snrfaces ha,·e the same direction as those of the other cervical 
YCrtebr;-e. The superior bztervertebral notr·lws arc ,·en· shallow. and lie behind 
the articular processes; the inferio1· in front of them: a~ in the other cerrical 
vcrtehra~. rJ,he Rpinous process is of large size. very ~tron~, tlccply chaunellc<l on 
us under surface, and presents a. bifid. tuLercular cxtn•mitv for the attachment of 
mu-.:c:Je:-; whith sene tn rotate the bead upon tht• ~pin('. · 

Seventh Cervical (Fig. 11~).-The most di'Stincti\·e character of thi:) \"ertebra is 
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the existence of a \·ery long and prominent 5pinous JH'Oces.s: hence 11.ie name 
"vertebra prominen5:.'' This process is thick. ncarl.v horizontal in direction, not 
bifurca~e<l and ha~ attache<l tn ir the ligamcntum nuc.:bre. 'l'he transverse proeess 
is usuall.'· of large :-;ize, especially its posterior root; its upper surface has usuall~· 
a shallnw groove. and it seldom presents more than a trace of bifurcation at its 

~~~~=~·~~\1}te u~~1:W~ 1~:~!~11~~~:n o~8e 8~1~~~it~es8icl~~. 1 :~~~{ s~~n~~i~:s ~·t~::~~;~·dg~ 
the left side it occasionally gi,·es passage to the rnl'tcbral artery; more frequentl.Y 
the vertebral ,·ein tra,·erses it on both sides; but the usual a,rrangemcnt is for both 
artery and Yein to pass in front of the trans\'erse process, and not through the 
fora men 

Char acters of the Dorsal Vertebrre. 
~rhe Dorsal Vertebrre a.re intermediate in size between those in the cervical and 

those in the lumbar 11egion. and increase in size from above downward, the upper 

\'ertebrre in this egment of the spine being much smaller than those in the lower 
part of the region. 'rhe dorsal ,·ertebrre may be at once recognized by the pres
ence on the si<lcs of the body of one or more facets or balf'facets fo1· the beads of 
the rius. 

The bodies of the dorsal vcrtebrre resemble thoRc in the cenical and lumbar 
region~ at the respectiYc ends of this portion of the spine; bur in the middle of 
the dorsal region their form is Yery characteristic. being heart-shaped, and as 
broad in the antero-posterior as in the lateral direction. They are thicker behind 
than in front, Aat above and below, con,·ex and prominent in front, decpI_,- concave 
behind, i;digbtly constricted in front and at the s.idcs, and marked on each r.;ide, 
near the root of tho pedicle, b.v two demi-facets, one aUove, 1hc other below. These 
are covered with cartilage in the recent s~atc, and, ,,Len articulated with the adjoin-

!.~~e1:·t~:::~1:,1/~J1cfii~:;1s'~:l:b~L~o:.~::,~~~~~:~i 1~!~~'.l-C<~,~·1\i~t~7:(/ie~~: 1a1~eu~~fi~-~~~e~'o~a~t~ 
ward. and th(; inferior intervertebral notche8 arc of large size, and deeper than in 
an, .. other region of the spine. The la11liwt' are broad, thick. and imbricated
th~t is to r-:ay. ornrlapping one another like tiles on a roof. The spinal foramen is 
!'mall, ancl of a. circular form. The spinou8 pro«1'881'R arc long. triangular in form 
(bayonet-sl.ia.pcd), directed oblit1uel_,. downward, and tennina~e in a tubercular 
extremity. rl1bey overlap one another from the fifth to the eighth , but are le~s 
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oblique in direction aboYe and below. The artirular p1'nresRl'R are flat. n.early 
,.ertical in direction, and pr~ject from the upper and lower part of the ped1clm~; 

the superior being directed ha.ck ward and .9,llghtl.it out" anl and upward. the inferior 
forward and a little inward and downward. The lta118Vl'1'8t' procexses arise from 
the i-arnc parts of the arch as the posterior roots of the transverse processes in 
the ne(·k. and arc ~ituatc<l behind the articular procc~scs and pecl icles: they are 
thick, ~tronµ:. and of great length, directed obliquely backward and outward. 
pre:->cnting- a c:lubLctl extremity. which is tipp('(l on its anterior part by a small 
contaYc ~urface, for articulation with the tubercle nf a rib. Bc~ides the articular 

~~~~~etc~~;/ 1:~1 ~i ~~ ~~11:ee u 1~;~~::st1:1<~~·~lct1~~b(~:;:lt·~ ti~~: :~~r:~~;~01~·ir~~~·~ .:~:'i'~,~~e c~·:e~·~1'~~~~·~ 
In man they arc cmnpara:in•ly of :--mall !'.izc, arnl l'cne only for the attachmellt 
of 11111..;<·lc.-.. But in ... ome animab they attain con ... i!leralilc magnitude. either for 
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thl' p11rpo~e of more c l n~cly connecting the ~egments of this portion of the Rpine 

or t<:{~ ~~ l;~::~~1i~ 1~11d~!-~~;ti~:~:~t1~~\~~ at~~~~ht ;~1: 1}~;·st: ~i~~t~i~1~e:tJi:ol~(/e~~~;1h'~~~n ~ct~~~~lf ~2 
(F ig . JH). 

The First Dorsal Vertebra prc:;cnts, on each side of the bod.11, a single entire 
al'ticulal' facet fol' the head of' the fil'st l'ib and "hal f' facet fol' the uppel' half of 
the secontl. The upper su rface of the bodr is lik e that of a cervical rnrtebra. 
being broad transver15cly, concaNe, and lip1)cd on each side. 'J'bc articular sur
fw·es are oblique. and the .~pinous 7Jrofess thick. Jong, and a lm ost horizontal. 

The Ninth Dorsal has no demi-facet below. In some subjects, bowe\•e1-. the 
ninth has two demi-fac:ct~ 011 each side, then the tenth has a demi-facet a.t the upper 
part ; none below. 

'J'h e Tenth Dorsal ha ~ (except in the cases just mentioned) an en ti re a rti cula r 
facet on each side above, which is partl,v placed on tbe outer surface of the pedicle. 
I t ha;.; no demi-facet below. 

In the Eleventh Dorsal the body approaches. in its form and size to the lumbar. 
The art icu la r facets for the heads of the ribs, one on each side, arc of large size, 
and placed chiefly on the pedicles, which are thicker and stronger in this and the 
next ,·ertebra than in any other part of tbe dors.al region. rrlrn spinou!1 process is 
short, nearly horizontal in 11irection , and presents a slight tendency to bifurcation 
at its extremity. 'l'li c trwuwt·r.'Se processes arc Yery short, tubercular at thei r 
extremities. and harn no :wticular facets for the tubercles of the ribs. 

'l1b e Twelfth Dorsal bas the same genera l cbara ctcl'S as the ele,·enth 1 but may 
be 1listinguished from it by the inferior articular processes being co1ncx and 
turned outward, like tho;;c of the lumbar ,·ertebne: by the general form of the 
bml.'·· lamime, an 1 spinous process, approaching to that of the lumbar vertebrre; 
and by the trans\·erse proccs.se8 being shorter. anti marked by three clC\'ations. the 
superi or, inferio1, and external tubercles, whi<:h correspond to the mammillary, 
a<:cesson·, and tran.s,·crsc processes of the lum bal' Yertebrre. Traces of sim ilar 
elern.tioi1s are usually to be found upon the other dorsal vertebrre (vide ut su,pra). 

Characters of the Lumbar Vertebra'" 
The Lumbar Vertebrre (Fig. 115) ftl'C the lal'gcst segments of the vertebrnl 

column, and can at once be distinp:uishecl by the absence of ihe foramen in the 

transverse process. the characteristic point of the cenical vcrtebrre, and by the 
absence of any articulating facet on the side of the body, the di::.;tinguishing rna.rk 

of the don~al ,·ertebrre. 
Th e body is large. an1l !ta~ a greater tlia mctcr from side to ~idc than from before 

ba.c kwanl. ~ li ghtly tbichr in front than be!tind , flattened or slightly conca.,'e above 
and below. concaYc beh ind, and deeply constrictc1l in front and at the sides, 
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prr:-:.rnting prominent mar~ins, which affonl a broad baHi~ for the support of the 

~~~e~·;>~l~\~'~~~·~ toi\t;l~~<l i~~,~c c~1:~z~·~~:n ;11;~. ;~~~·.'~ ~~~~:~~~- i ~ ~~~~~~·1:e~>1~:~1k ~~~~~c~r:1: 
of considerable depth. 'The lamina? are broad, ~hort, and ~trong, aud the sp~nal 
foramen triangular. larger than in the dorsal, smaller than i~ the ccrvic~1l. re~!IO~. 
The spinouR processrs are thick arn.l b1·oad, some" hat quadnla.ternl, horizontal m 
direction, thicker below than abo,·e, and terminating b,v a. rough, uneven border. 
'fhe superior articular processes are conca\'e, and look backward and inward j 
the i1{ferior, com·ex, look forward and out,~·ard; the former ~re s~paratcd by a 
much wider inten·al than the latter, embracmg the lower articulating processes 
of the vertebra above. The transverse processe~ arc Ion~. :;;lender. directed trans
,·erRel.'' outward in the upper three lumbar vertebnc. slanting a litt le ~1pward in 
the lower two. The,· arc situated in front of the articu lar procOBscs. instead of 
behind them as in tllc dorsal vcrtebrre, aml arc homologous with the ribs. Of the 
three tubercles noticed in connection with the transverse processes of the twelfth 
dorsal vertebra., the superior ones become connected in this l'egion with the back 
part of the superior articular processes, and ha,·e received the name of mammillm·.IJ 
prnces~es; the i1{fainr are represented by a small process pointing downward, 
~ituatcd at the back part of the base of the transvel'se process, and called the 
ru•cNu•m71 processes: these arc the true trans,•erse prnce~!'es, which are rudimental 
in this region of tl1e spine: the external ones arc the RO·Called transrnrse processes, 
the homologue of the rib, and hence sometimes called costal processes. .Although 
in man these arc comparati,·ely small, in some animals they attain considerable 
size, :rncI Ren·c to lock the vertebr~ more closely together. 

'I1hc Fifth Lumbar ,·ertebra is characterized by having the body much thicker 
in front than behind, which accords with the prominence of the sacro·vertebral 
articulation; b.v the ~maller !-l.ize of its !-i.pinous process; by the wide intenal 
between the inferior articulating processes; and by the greater size and thickness 
of its transverse proce~ses. 

Structure of the Vertebr::e.-'rbe structu1c of a. vertebra differs in different 
parts. The body is composed of light. spongy, cancellous tissue, ha.ving a thin 
coating of compa.ct tissue on its external surface perforated by numerous orifices

1 

some of large sb;e, for the pal'l~age of vessels; its interior is traversed by one or 
two large canal~. for the reception of veins, which converge toward a single Jarge, 
irregular :.1pcrttll"e or SC\'eral small apertures at the posterior part of the body of 
each bone. 'l1he arch and processes projecting from it have, on the contrarv, an 
exceedingly thick co,·ering of compact til'lsue. · 

. Deve~opment.-Each ver~ebra is ~orrned of four primary cartilaginous portions 
(F1A'. 110). one for each lamma and its proce~ses, and two for the body. Ossifica
tion commences in the laminre about the sixth week of footal life, in the situation 
where the transverse processes afterward project, the ossific granules shooting 
backward to the spine, forward into tLe pedicles. and outward into the trans,·erse 
arnl articular proce~~e~. os~ification in the hodv commencm~ in the middle of the 
cartilage about the eighth week b.~ two c~osely a.p1)rox.ima.tcd centres, which speedily 
c~lalcscc to f.mn _one cent1~al Ms1fic. pomt. Accordinf! to !-l.Omc authors, o~!-lifica
t1on comnwnce!-l 111 the Jamm:e only m the upper ,·ertcbrm-i. e. in thl' cen·ical ancl 
upper 1lor~al. The first ossific points in the lower vertcbrm are tho.:-;c which are to 
fol'm .the body, the os~~ous centres for the laminre appearinl! at a subsequent period. 
At bll'th th~·:-:e th re<'. pieces are pe~-fectl;: sepa.ratc .. Duri~g the first year the Jami nm 
be~ome umtecl hehmd by a portion of .eartdagc m '' h1ch tl1c spinous proce8s is 
ultnn~tc~.v. formccl , arnl thuR the ar.ch 1~ complete1l. Abont the third year the 
hotly 1s .10111ed to the arch on each side. rn i;uch a manner that the bo1ly is formed 
!'rom ~he tlir~e or~ginal centres of O~!-l.ification. the amount contributed bv the ped-
1cle:-; 1ntreasmg m extent from below npward. Thus the hodie~ of 'chc sacral 
,·er1cUrre are formc(l almost entirely from the central nuclei; the bodies of the 
lumhar are formed laterally and behin1l by the pedic)cs; in the 1lorl'al re"'ion the 
pe1lieJr.,. adrnncC' as far forward as the articular depressions for the head of the 
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oibs, forming these ca\·ities of reception; au<l in the neck the lateral portions of 
the bodies are formed entirely by the advance of the pedicles Before puberty 

By4primar.IJ Cet1tres. 

~!forlwdy8th"""' 

~~ 
lforeach lami1rn (6th u·eek). 

J.'w.l16.-Devclopmcntofavertebra. 

By4.,comla"V'"'"'· 

. 
;,> 

{

1/orrochtrn"" 
-i:erse process, 
16years. 

f (sometimes J) jorspi11011sprocus (l6years). 
~'10. 118. 

no other changes occ~r, excepting a. gradual increase in the growth of these 
primary centres; the upper and under surfaces of the bodies and the ends of the 
transverse and spinous processes being tipped with cartilage. in which ossific 
granules are not as _yet deposited. At sixteen yea.rs (Fig. 118). four secondary 
centres appear, one for the tip of each transverse process. and two (somet imes 
united into one) for the end of the spinous process. At twenty-one years (Fig. 
117), a thin circular epiphysial plate of bone is formed in the layer of cartilage 
situated on the upper and under sur
faces of the bod.v, the former being 
the thicker of the two. All these 
become joined, and the bone is com
pletely formed between the twenty
fifth and thirtieth year of Ii fe. 

Exceptions to this mode of de
velopment occur in the first, second, 
and Se\·enth cervical. and in the 
,·ertebrre of the lumbar region. 

The Atlas (Fil(. 119).-The num
ber of centre::; of ossification of the 
atfag is \'Crv ,·ariablc. I t mav be 
de,·eloped r;·om two. three, fou;·, or 
fi,·c ccntrcg. The most frequent a.r-

~~nr~;~~n~!.~ b~c:~;-~:<fc7-~::e~he ~~~ 
lateral or neural ma:-:scb, the ossifica
tion of which commences about the 
se,·enth week near the articular pro-

BySm•tce•. . ""''""" ..-ch (l•t yw), 
110/ con.~tant. 

-l/i 1{~:;l e;,~~8 } brjore birth. 

l"JG.ll!l.-,\tlas. 

By6cc"'""· d"•tofrlp,.oc"' 
6t11mo11th ). 

Jfortach lateral mass. 

"\ 
Jforbo<ly \6/h mo1itlt 

2addilio1wl ce11freB. 

ce:;:-;cs, a111l extend backward; these :::J;ll 

portions of bone arc separated from I 
one another behind , at birth. bv a 
Dal'l'OW inlen-al fiJ lefl in with carti- ~ fortuberrles o11 superiornrficularproceu. 

~~e~~:s 1~:~.w~~l~t!h~i~~:~.n:\t~-~~\i\~i~~ ~'w. 121.- Lum!Jnr rnt~~ru 
through tho medium of a separ.ate c~ntre developed i~ tl~e cartila~c.in t~e middle 
line. The anterior arch, at birth, 1s altogether ca.rt1 lagmous. and 111 this a sepa
rate nucleus appears about the end of the fir~t year after birth, and, extending 
Ja.tcrall y

1 
joins the neural proce~ses in front of the pe(licles. ~ometimcs there are 

two nuClei de,·elopcd in the carti lage. one on either $ide of the median line, which 
join to form a single ma~s. And occasionally there is no separate centre, but the 



anterior arch is formed b,v the gra<lual extenl'iou forward an«l ultimate junction of 
the two neural proce:-~c:,;;. 

The Axis (Fig. 120) is developed by six ccn trt•:-1 . The hod.v and arch of this 
bone are formctl in the ~arnc manner as the corresponding parts in the other \'Cr
tebn'C': one centre (or two, which speedily coale8ce) for the lower part of the bo~ly. 
and one for each lamina. The odontoid process consists originally of an extemuon 
upward of 1hc: carti laginous mass in wh ich the lower part of the bo<ly is formed . 
At about the [.:.ixth month of fretal li fe two os~eous nuclei make thei r appearanc~ 
in the ba:-<e of this process: they are placC'd laterally, an<l join before birth to 
form a, conital bi lobed mass deeply cleft aboYe; the in tena l between the cleft and 
the sum mi t of the process is formed by a wedge-shaped piece of cartilage, the base 
of the proccHs being separated from the body by a cartilag inous interYal, which 
gradually becomes ossi fi ed at its circumference, bu t remains carti lag inous in its 
centre until adrnnced age.1 Finally, as Humph1',v bas dem?nstratcd, th e apex of 
the odontoid process bas a separate nucleus, whi ch appears 111 tb e second year and 
joins about the twelfth year. In addition to these there is <t scconchtry centre for 
a thin cpiph.vsial plate on the under surface of the body of the bone. 

'l1hc Seventh Cervica.1.-The anterior or costal part of the transverse proce!':s 
of the .se\·enth cen·ica.l is de\·eloped from a separate osseous centre at about the 
sixth month of ftctn.I life, and joins the body and posterior <li,·ision of the trans
,·erse proc:e~~ between the fifth and six th years. Somet imes this process continues 
as a separate piece. and. becoming lengthened outward, constitutes what is kn own 
a:-. a CCl'\'ical rib. 

1'he Lumbar Vertebrre (Fig. 121) ham two additional centre.< (besides tb ose 
peculiar to the ,·ertebrro generally) for the mammillary tubercles, which proj ect 
from the back part of the superior articular proce[.:,ses. The trans\·cr[.:.e process of 
the fir8t lum bar is sometimes developed as a sepa.ra.te piece, which may remain 
permanently unconnected with the remaining porti on of th e bone, thus forming a 
lumbar rib-a peculia.rity which is rarely met with . 

Progress of Ossification in the Spine generally.-O~s ifi cat i on of th e laminm of 
the \'Crtebrm commences at the upper part of the spin e, and proceeds gradually 
downward. Ossification of the bodies1 on the other hand, commences a littl e 
below the cen tre of the sp inal column (about the ninth or tenth dorsal vertebra)1 

ancl extends both upward and downward. Although, however, the ossific nuclei 
make their first a.ppca.rance in the lower dorsal vertebrre, the lumbar and first 
sacra l are those in which these nuclei are l:trgcst at birth. 

Attachment of Muscles.-1'0 the Atlas are attached nine pairs: th e J..1ongus 
colli , Rectus capitis anticus minor, R ectus laterali r.;, Obliquus ca.pitis superior and 
in fe ri or, 8plcnius colli , L erntor anguli sca.pulre, First Intertrans\·er!'e, and R ectus 
capitis posticus minor. 

To the Axis are attached ele\·en pairs: the Lon,.,.us colli, Lemtor anauli 
scapulm, :.:.;plenius c:ol li, Scalen us mcdius, Trans \·e rsa li ~ colli , Intertrans\·er!':rJes, 
Obliquus capiti~ inferior, Rectus capitis posticus major, Sem ispinalis colli, ~Iul
tifidus spi n;c, I nterspinales. 

To the remaining vertebn:e, generally, a.re attached thirty-five pairs and a. sin· 
gle. muscle: .antr>rinrly, th ~ Rectus capi tis anticus major, L ongus co1Ii, Sea Jen us 
ant1cus mcd1us and post1cus, P soas magnus and parvus, Quadrntus lumbo
rnm, Uiaphragm, Obliquus abdominis internus, nnd 'rrans\•ersal is abdom inis
pos~eriorl,11, tl.10 '_L1rapezius, Lati~simus dorsi, Lcvator anguli scapulm. Hbomboideus 
m~t.JOr and. m11_1or. ~c1:rat11s pos_ttcus. su 1~erior ~nd inf?rio.r, , 11l enius. Erector s pin ~. 
Il10-custal1l' , Long1ss1m11s dors1. Sp1nal1s do1·~1, Cer\•1cal1s ascendcns, 'J'ransver!':alis 
colli, Trachelo-mastoid, Complexus, Bi venter ccnicis, :-;;emi:.;pinalis dorsi an d colli. 
:\I11ltifidu~ ~pin;~. Hotatores spin re. InterspinaleH, Hupraspinalt•s. T ntertransversales, 
Lenttores costarum. 

1 See Cunningham, Jo11n1. A nut., ,·ol. xx p. 238. 
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Sacral and Coccygeal Verte brre. 
'l'be S~cral and .c occygeal .vert~brce cmu;:ist. at an earl,v period of life, of nine 

separate pieces. which arc united m the adult so as to form two bones, five enter
ing into the formation of the sacrum, four into that of thccoccvx. Occasionally. 
the coccyx con~ist~ of 6,·e bone~.• · · 

The Sacrum (sacer, sacred) io a large, triangular bone (Fig. 122), situated at 
the 1011cr part of the ,·crtcbral column, and at the upper and back part of the pelvic 

F1G.l22.~Sacrum,an1eriorsurface. 

Ca\'ity, where it is inserted like a wedge between the two innorninate bones; its 
upper part or base articulating with the last lumbar vertebrre. its apex with the 
coccyx. The sacrum is CUl'\'ed upon itself, and placed very nbli(tuely, its upper 
extremity projecting forward, and forming1 with the last lumbar vertebra . a rnry 
prominent angle. called the p1·onwntor.11 or sacro-l•ertebtal anr1le: whilst its central 
part is <lirecte<l backward. so as to give increased c·apacit.r to the peh-ic cavity. 
It pre~cnt!'\ for examination an anterior and posterior surfoce, two lateral surfaces. 
a base, an a.pcx, and a centra l canal. 

'11110 Anterior Surface is concave from above down,qud, and sl ightly so from 
"ide to side. In the midd le arc seen four transverse ridges, inclicnt ing the original 
f\i,·isinn of the bone into firn separate pieces. T he portions of bone inteneniug 
hetwcen the ridges correspond to the bodies of the vertebroo. ~L1hc body of th~ 
fin~t segment i:-; of large size, ~rnd in form resembles that of a lumbar rertebra; the 
succecdinO' 0110:-1 dimini:.;h in size from abo\'e downward. arc flattened from before 
backward~ and curred so as to accommodate thcmscl\'cS to the form of the sacrum. 
beinf! con earn in front, COU\'CX behind. ,\teach end of the ridges abo,·e mentioned 
are seen tlie anft•rio1· Racral f(Jnvninff, analowrnili to the inte1Tertebra1 foramina. 

1 Sir< feorge I lumphry describes this as the 11:-.ual C'Offi!Xl!i>ition of the COl'l'~·x.-On the Skeleto•t, 
p. 456. 
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four in number on each i;.idc, somewhat ronn(led in form, dimini~hing in size 
from alH)\'(' do\\O\\arcl. and directed out-

'\~::;f K ~~·f i:if ~~1~~~itf~~:::~·f~;{.::1~~r?~~,:~~:'.~~ 
\~~ . .;.. ·· "" ~f!mY~t\'~"~~~ ':ft::~~:'~~!tbtb~~~ ~~~;;~~~ 

:. -~ --·-~~ ;:»~t!ls\~~~~ ~~ 1~~c~~s~~.~t~ "~t:cht';:~t~~.~r~:·.~~~ 
is traversed by four broad, shallow 
grooYCS, \1hich ·lodge the anterior sacral 
nerves as tlicy pass outward, tbc grooves 
being separated by prominent ridges of 
bone, which giYe attachment to the slips 
of the Pyriformis muscle. 

If a vertical section is made through 
the centre of the bone (Fig. 123), the 
bodies arc ~cen to be united at their cir
cumference bv bone, a wide interval being 
left centralh< which, in the recent state, 
is filled by intervertebral substance. In 
some bones this union is more complete 
between the lower scgrnentR than between 
the upper ones. 

'l'hc Posterior Surface (Fig. 124) is 
conYex and mneh narrower than the 
anterior. Jn the middle line are three 
or four tubercles, which represent the 
rudimentary spinous procc~ses of the sac
ral vcrtebr;u. Of these tubercles, the 
first is usuall.v prominent, and perfectly 

.Fm.123.-VC'rtlcnl section of the sacrum. distinct from tlic rest; the seconcl and 
third a.re either separate or united into a tubercu lar ridge, which diminishes in 
size from nhm·c downward; the fourth usually, and the fifth always, remaining un
<le,·elopecl. External to the spinous processes on each side are the lamina?, broad 
and well ma.rkcd in the first three pieces; sometime:-:; the fourth, and generall.v 
the fifch, beiu~ undeYelopecl: in this situation the lower encl of the sacral caual 
is expm;cd ;trnl is liable to be opened in the slonf!'hing of bcd-i·wres. External to 
the lamin:~ is a. linear serie~ of indistinct tubercles rcpresentinf!' the articular 
pro1·eB!U!H; the npper pair are large, well developed, and correspond in shape and 
direction to the superior articulating processes of a. lumbar vertebra; the second 
arnl third arc >mall; the fourth and fifth (usually blended together) arc situated 
on each :o.i<lc of the :-:acral canal: they arc callecl the f{acral eonma, and articulate 
with the cornua. of the cocc,,-x, Extemal to the articulal' proces.~cs are the four 
/WSterior Rmntlfonuninrt: they are smaller in size and less regular in form than 
the anterior. arnl transmit the posterior branches of the sacral nerves. On the 
outer side of the posterior sacral foramin:L is a. i-wrics of tuherclcs, the rudiment
ary transi11·rsr pnweRRl'8 of the sacral nntcbrm. The fin1t pair of transverse 
tubercles are large. very distinct1 an<l correspond with each .~lfpn·im· lateral angle 
of the hone: the :--erond. small in size. enter into the formation of the :::ncro-iliac 
articula.tinn: the third give attachment to the oblique fasciculi of the posterior 
sacro-iliac ligament">: and the fourth a nil fifth to the great ~aero-sciatic ligaments. 
The inter~pa.ce between the spinous arnl tran~\·cr:-.c proce~scs on the back of the 
~a.crnm pre:-:ent~ a. wicle, shallow conc:H'ity, called the .~aeral _qrorM? .- it is 
continuous a.b,n-e with the \'Crtebral groove, and lodges the origin of the Erector 
spin~e. 
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The Later~l Surface, _broad a.hove, becomes narrowed into a thin edge below. 
Its upper half presents m front a broad, ear-shaped surface for articulation with 

F1G.124..-Sacrum,por;teriorsurface. 

the ilium. This is called the auricular surface, and in the fresh state is coi1ted 
with fibro-cartilage. It is bounded posteriorly by deep an<l uneven impressions. 
for the attachment of the posterior sa.cro-iliac l igaments. 'The lower half is thin 
and sharp, and ends in a prominence, the h~f"erior lataal angle; tlic border gives 
attachment to the greater and lesser sacro-sciatic ligaments, and to gome fibres 
of the Gluteus maximus: below the angle is a. deep notch, whieh is conYerted 
into a foramcn by the transnr~e process of the upper piece of the coccyx1 and 
transmits the anterior di\'ision of the fifth sacral nerve. 

The Base of the sacrum, which is broa.d an<l expanded. is directed upward and 
forward. In the middle is seen a large oval articular s1trfacc. wliich i~ connected 
with the under Sllrfa.ce of the bodr of the last lumbar \·crtcbra by a Hbre-carti
laginou:; disk. It is bounded behi1ld by the large, tri:rngylar orific"e of the sacraJ 

canal. The orifice is formed behind by the lamina~ and f.lpinous process of the 
first .sacral rnrtebra: rhe superior articular processes project from it on each side; 
thev are oval, concare, directed backward and inward, like the superior articular 
pro'cesses of a lumbar ,·ertcbra.: arnl in front of each articular process is an intcr
Yertebml notch. which forms the lower half of the last intcn·ertebral foramcn. 
La:-;tly. on each ~ide of the large ornl a.nicular surface is _a broad and flat triangular 

surface of bone, which externls outward, supports the Psoas magnw::i muscle and 
lumbo-:-;;.acral conl, and is continuous on each si<le with the iliac fossa. This is 
called the ala of the sacrum, anti gi'"cs attachment to a few of the fibres of the 

Iliac11s muscle. 
The Apex, directed downward and forward, presents a. small, oval, concarn 

surface for articulation with the coccyx. 
The Spinal Canal runs throughout· the greater p:nt of the bone; it is large 
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allfl rriangu1ar in form ahoYe. :-;mall and flallt' IH.'(1. from before batk,,ard. below. 
In this !:'iiuation its po,:;;tcrior wall is incomplett'. from the non-dcn~Joprnl'nt of 1he 
lamincc and ~pinons procc~se!l. It lodges the ::-acral m•rH.'s. and is perforated by 
the anterior und posterior t<acrnl forami na. through ''hi<.·h the:-e 11a:-!'l. out. 

Structure.-It consists of much lool::ic, spong_\· tis~me within, i11,·c:-.tcd externa11.v 
by a thin Ja,·cr of compact tissue. 

~ Differenc'es in the Sacrum of the Male and Female.-The :-acrum in the 
fema le is usually wider than in the male; the lower half forms a g reater angle with 
the upper, the upper half of the hone bcinp; nearl .1· •t raight. th e lowc1· half pre
senting the grea.tmH amou n t of cu nature. The bone is also directed more ob liquely 
backward, which increases the size of the peh·ic carity: but the sac ro-,·ertebral 
angle projects less. [n the male the cunaturc is more cvcnl.v dist ribut ed o,·er the 
whole lengt h of the bone, an<l is altogethe l' great er than in the fomalc. 

Peculiarities of the Sacrum.- 'l' his bone, in some ca ,:;;e~, co nf-zi sts of s ix pi eces; 
occas ionallv. the number is redu ced to four. Sometimes the bodi es of the first 
and second !'l.cgmcnts are not j oi ned or the lam in c~ and sp in ous processes ha,'e not 
coalesced . Occasionall,Y the upper pair of trnnsrersc tubercles are not j oined to 
the re~t of the bone on one or both sides : and. lastly, the sacral ca nal ma._v be open 
for ne:irly the lowcr half of the bone. in eon~equcn ce of the imperfect cJe,·elopment 
of the Jamin<\! and 8pinous processes. Th e sacrnm. also, rnries considerably with 
respect to its degree of cul'\'ature. From the ex aminati on of a large number of 
skeletons it wou ld a.ppcar that in one set of ca,:;;cs th e anterior s urface of this bone 
was nearly straight. the currntu re. which was ,·er.v s1ight , nffecting only its lo\\ er 
end. In another set of cai::.es the bone wai::. curved throughout its whole lengt h, 

~:tr~!~~c~~\lcVa~~·ta~;~I ~~~~~ii~\<i1.~;~h/i~,~e~·h:~~r~c~/~b/~~1~·:~ of cul'\'atu rc was I e~s 
Development (Fi~. 125).-The sacrum , formed by the union of five vertebrre, ha ::; 

thirt,11:fil·e centre~ of ossi fi cat ion. 
Th e bodies of the sacral vertebrm have each three ossific centres : one for the 

central part, and one for the epiphysial plates on its upper and under surface. 
Occasionally the primary centres for th e bodies of the first and second piece of the 
sacrnm arc double. 

The a rch of each sacral \'Crtcbra is developed bv two cen tres, one for each 
lami na. These unite with each othe1· behind, and subsequentl y join the bodv. 

'l'he lataal masses ha,·e six additional centres, two for each of the first t'hree 
vertebra': . These centres make their appearance abo,·e and to the outer side of 
the an ter ior sacral foramina (Fig. 125), and are de\·eloped into separate i::.e!!ments 

Adclitiom1fee11tru 
forthe.finll11rupieus. 

Fm_ 1:::1.-Dcn~lopmcnl of llh' ~uerum. 

Twoepiph.1Jsit1llamin2 
fort(l(:/tlllteralst11jau. 

~ <ij= . -- . 
I At ---~- i· 
1 ~·- ~. 

-~ 

FIG.127. 

(Fig. 126): they are ~ubt<er1uent ly blen1led with each other, and with the bodies 
a111l tranwcr:-;e proce~)"e!" to form the lateral ma~~ 

. I.a~t~·. each lafrral J(lt1:t~ce of the ~atrum i~ lle,e1opcd h~· two epipbysia1 phtes 
(Fig. 1~ •): one for the auncular ~urface, an1l one for the remaining part of the 
thin lateral e1lµ-e of the bone. 
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Paiod qf IJn•elopment .-At about the eighth or ninth week of fretal life ossi
fication of the central part of the bodies of the first three 1·ertebrrc commences, 
allll at a. somewhat later period that of the last two. Between the sixth and 
eighth months o:ssification of the Jamin~ takes place; anfl at about the same 
period the c:haracteristic osseous tubercles for the fir.st three :-.acral Yertebrre make 
their appcarnncc. The period at which the arch becomes complete<l by the junction 
of the lam in:u with the bodies in front and with each other behind va.ries in different 
segments. The junction between the laminre and the bodies takes place first in 
the lower ,·crtcbne as early as the second year. but is not effected in the upper
most until the fifth or s ixth year. About the :.; ixtccntb )·car the epiphyses for 
the upper and under surfaces of the bodies are formed, and between the eighteenth 
and twentieth vears those for each laternl surfoc:c of the sacrum make their 
appearance. 'J1he bodies of the sacra l Yertebr;-e a.re, during early life, separated 
from each ot her b.\' interYertebra l disks. But about the eighteenth year the two 
lowest segments become joined together by ossification extending through the 
disk. This process graduall.Y extends upmtrd until all the segments become 
united, and the bone i• completely formed from the twenty-fifth to the thirtieth 
year of life. 
~ Articulations.-\\.ith four bones: the last lumbar Ycrtebra, coccyx, and the 
two O!'~a innnminata. 

Attachment of Muscles.-To eight pairs: in front, the Pyriformi!' and Coccyg
eus, and a poriion of the Iliacus to the base of the bone; behind. the Gluteus 
maximm;, Lati.:;:~imns dorsi, ~lultifidus spinro, and Erector spinre. and sometimes 
the Extensor coccygis. 

The Coccyx. 
The Coccyx (x<);.c;w~, cuckoo), so called from ha'"ing been compared to a cuc

koo's beak (:Fig. 128), is usually formed of four sma ll segments of bone, the most 
rudimentary pal'tS of the Yertebral column . In each (bTiwii. 

~c1~~~~-v fi~·~~ ,.:h(~.1~~Cl~f!i~n=~f~8 t1~~Lc~·~c ~-~~~~~s~s :n~ti~ , ,/ 
I .· ( . · I i · d) · 1 J f R1uli111 

b:~/~~f:ho~~
11

~l~~~,~~1e:t ~:·~c~s
1

~~s .. 
1

~\l~ t~=
1

~~g~~.~~\: a~·c 1t·,t1t.~,::."". ) P~~~~~:~.· 
dCSfitUtC Of pedicles, lallliJl[C, 3.!ld SpillQUS prOCeSSeS. n °cC¥ 

ancl, conser1ucntl,\•1 ofinterrnrtebral foramina and spinal ';.. _.. \ 
canal. 'l'he first scg'l11ent is the largc::.t: it resembles <?.. -~ 
the lowcrmm~t ~acral Yertchra . and often exists as a n '" 

separate piece; the last three. d1mini!')hing in size from ~ .. 
abo\•e downwar<l, arc usually blended together so as to 0 

1,u. 

form a ::.inf1le bone. The O'radual diminution in the (~ ~' 
:-;ize of the Pie_ces gi".e~ t~1is bone a triangular form. the .1Hte~;;,.01j~1~ace. 
ba!'c of the rnan~lc JOllllllg the end of the sacrum. It 
prc:5cnts for examination an anterior and posterior sur-~ 
face, two bonier~. ~L base, a1ul an apex. 'l'he rmfi'rior 

::.:~:~~;:r~: ~~~~~~~~~:· i1~:~1i1c~~t~~g ~C~1 p~i~\;e~~-.i~~~t~ti~~r~~ ~ 
the differe1~ piece::;. l r has attncbed to it the anterior 

:~~1~o~~~~ccl~.1~c~ ~ ,~.i~~1~11~~ tot':~ e L~~·:ttl~t~. an :r :eu~~~=le~'.;:1,~ 
liW/rtr·e is c<m,·ex. marked h.'· transYen;.;e grooves simi lar ; \ \. [ ,"" 
to those on the anterior surface; and presents on ea.ch ~ ~ 
side a lineal row of tubercles. the rmlimentarr articu lar ( .~,) 
processes of the coccy~cal ,·crtcbrre. Of thcsC, the supe- "'"'~~ .+' 

rior pair arc lar~c, :uHl arc called the r·m·mw o.f the Post;;~;::~o;rce. 

~~~-c:!i~~/ o~h~i~c P~;t~~~~f~\ea j'~·n~~ic!n a~~~'~'.~~~~ t~~~~~ :,~~ Fm. 
1~-co~m. 

bones complet:ng the fifth posterior sacral foramen for the tran$tn~!'lio;ion of the pos~ 
terior di,·ision of the fifth ~acral nerYe. The latu·al borders are thm. and present a. 
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series of ~mall t•minenrc!", "bich rcpre:o;cnt 
the tran.,,·crsc prot't' ~sc~ of th<.' coccy~ca1 
YNteb.-:~. Of tlH.'sr. tht• first on t•ach ~idc is 

:~~1 1(~l;~~~;~t~"1~-~!1\~'~H~~~ ~-~:;:~1 11;1~.tc;;:~"~'~\~~:.~ll:~r 
~~~n J~::it1~11!:1 ~f11~ 1 ~,.~·;:µ;~ n ;~~·i~l~'c ~.:~~~·:i~~~·a!1\1~~~ 
for the tran:-;mii":.:inn of the anterior divi~ion 
of the fifth sacral rn.·n·c; the others dimini5ih 
in size from abo\'C (hrn1rnanl. and are often 
wanting. The borders of the coccyx arc 
narrow, and ~ire attachment on each side to 
the sacro-sciatic ligaments, to the Coccygcus 
muscle in fron! of the ligaments, and to the 
Gluteus 111axim11~ behind them. The baXf' 
prcRcnts an oval ~urfatc for articulation \\ ith 
the ~acrum. 'L1hc ape.r is rounded. and has 
attached to it the tendon of the external 
f'phincter rnu~cle. It is occasionally bifid. 
and sometime~ deliccted to one or other !-iicle. 

Development.-The coccyx is de,·cloped 
by four centres. one for each piece. Occ~1-
sional1y one of 1hc fil'st 1hree pieces of this 
bone il'l dcn•loped by two tentres, plac~d side 
by side. The ossific nutlei make their ap
pearance in the folio\\ ing order: in the first 
segment, :1t birth: in the l-iCCOIH.l piece, at 
from five to ten years; in the third, from 
ten to fifteen yc:u.'s; in the foul'th. from fif
teen to t\1Cnty ycarR. As age adrnnces these 
various segments become uni1cd in the fol
lowing order: the first t\1 o pieces join; then 
the third a111l fourth; and, lasth-, lhe bone 
is completccl b)' the union of the'second and 
third. At a late period of lifo. especially in 
females, the coccyx often become::. joined to 
the end of the ~acrnm. 

Articulation.-With the ~acrnm. 
Attachment of Muscles.-'l'o four rairs 

and one single muscle: on either si<.le, the 
c,)(.:cygeus: heh incl. the Gluteus maximns 
and Extcn!'.'or coctygis., when pre~ent; at the 
apex, the ~phinctcr ani: and in front, the 
Lerntor ani. 

The Spine in General. 
. The Spinal Column, f'orm(•1l by the junc

tion of the ,·ertebn-c, is sitnate1l in the median 
line. at the posterior pa1·l of the trunk: its 
a\·eragc length is about two feet two or three 

~~~~.~~: 1::~a~~:~·i ~1~1 u<~~1<:~~g ~£ ~~ ;;· ~~n ~~~el~~: 
ccnic:al part rnc:asnrc!-i about fhe, th~ dorsal 
ahout c]c,'C ll. du.' lumbar about sc,·en inches, 
and the i->acrum an1l coccyx the remainder. 
The female spine is about' one inch less than 
th e male. 
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Viewed in front, it presents two pyramids joined together at their bases, the 
upper one being forme'l by all the rnrtebrro from the second cenical to the last 
lumbar, the lower one Ur the sacrum and coccyx. Wh en examined more closelv. 
the> upper pyramid is se~cn to be formed of th~rce smaller pyramids. ~.L1he uppe~r
most of these con~ists of the six iower cenica l vertcbrro, its apex being formed by 
the axi~ or second ccnical, it!" base b,,. the first dorsal. Th e second pyramid, 
which is in,·ertecl, is formed by the four upper don:;al \'Crtebrre, the base being at 
the first clorsal, the smaller end at the fourth. 'l'b e third pyramid commences at 
the fourth dorsal, and gradually increases in size to the fifth lumbar. 

Yiewecl laterally (Fig. 129)1 the spi nal column pl'escnr:;; several curves, which 
correspond to the different regions of the column, and :ire called ct>rvical, d01·sal. 
lumbar, and peltiic. Th e cervical curve commences at the apex of the odontoid 
process, and terminates at the middl e of the second dorsal ''ertehra; it is conrex 
in front and is the least ma.rke<l of all the curves. The clor.rsal curve. "hi ch is 
conca,·e forward. commences a.t the middle of the second. and terminates at the 
middle of the twelfth dorsal. Its most prominent point behind corresponds to 
the spine of the sc,·enth dorsal vertebra. The lumbcll' cune commences at the 
middle of the last dorsal ,·ertebra. and terminates at the sacro-rnrtebral angle. 
It is convex anterior!~·; the conrexity of the lower three vcrtelme being much 
greater than that of the upper ones. The pelvic curve commences at the sacro
vencbral articulation and terminates at the point of the coccyx. It is conca"e 
anteriorly. i:rbe dor~al and pehic curves arc the primary cunes. and begin to 
be formed at an earl:· period of freta] life, and arc due to the shape of the bodies 
of the ,-ertebn-c. The cenical a!Hl lumbar cunes arc cumpen8atory or secondary. 
an'l arc de,·elopecl after birth in order to maintain the erect position. They are 
due main~y to the shape of the iutenertebral disks. 

The spin e has also a. slight lateral cunature. the con\·cxit.Y of which is 
dircctell toward the right side. This is most probabl.v produced. as Bichat first 
explained, chicfiy by muscular action. most pel'sons using rL e right arm in prefer
ence to the left, espceially in making long-continued efforts, when the body is 
curved to th e right side. In support of this explanation it has been found by 
BCclard that in one or two individuals who were left-handed the lateral cunature 
was directed to the left side. 

The spinal column presents for examination nn anterior, a posterior, and two 
lateral s urfa ce:-:;; a base, summit. and spinal cana l. 

'l'he anterior surface prel'ents the buclics of the vertehrre separated in the 
recent ::-tare b, ... the intervertebral disks. The bodies arc broad in the cervical 
region, narrO\\: in the upper part of ihe dorsal, and broadest in the lumbar region . 
The wLole of thi~ ~urface is conrnx trans,·erseh-, concaxe from abo"c downward in 
the dor:.:al region, and com·ex in the same di1:ection in the cenical and lumbar 

regions. . . . . r• 
1'he posterior surface rresents m the median !me the spmous processes. 1 hese 

are short, horizonta l, with bifid extrem ities, in tbe cervical region. In the dorsal 
ref!ion the_Y are directed obliquely abo,·c. a~sumc alm.o!'t a ':ertica] direction in the 
nrnldle, and are horizontal below, as arc also the spmes of tl1e lumbar ''e rtebrfe. 
'.L'he.v are separated h,v cons iderable .interval~ in the l~in ~. by. narrower inter~·als 
m ihe neck, and al'C closely approximated Ill the nrnldl e of th~ do1:~al reg1?n. 
Occasionally one of' these processes deviates a. little from the median !me-a fact 
to be rememberecl in practice. as irreg ulariti es of this sort arc attendant also on 
fractures or displacemcnts of the spine. On e ith er s ide of the spinous p.rocesses, 
extendin<r the whole len O'tb of the column, is the ,·ertcbral groove formed b:· the 
l:nninm i~ the ccn·ical a~d lumbar reaions, where it is shallow, and by the laminre 
a111l trans,·crse proce~scs in the do1~al re?rion, "here it iR deep and broad. In 
the recent state theS;e ~roO\·es lodp:e the deep mur.;,d('s of the back. External to 
the ,·crtcbral groo,·c~ are the articu lar proc('RRes. and still rnor~ externally the 
transverse proce:;~. In the dor:o:al region the latter processc::- stand backward, on 
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u plane considernbl.'· posterior to tLc ,::;ame 1n·occ~sC's in the cenica.l and lumbar 
region~. In the ecn·ira l region the tran~,·ersc procc$~es are plaeetl 111 fro~t of the 
articular pro<.'<.·:-;~e,:o; and on the outer side of the pcdiclc!:', between the mtencr
tebral foramina. In 1bc dorsal region they arc posterior to the pcdiclcs. intene.r
tebral foramina, and articular processc!'>. In the lum bar the,\' arc placed also in 

front of the ar ticu lar processes, but behind the intcnertcbral foramina. 
'l'he la.teral surfaces are separated from the posterior by th e articular processes 

in the ccnica l and lumbar regions, and by the trans\'crsc processes in the dorsal. 
These surfaces present in front the s ides of the bodicl'i of the ,·crtcbrre, marked in 

the dorsal rcrrion bv the facets for articulation wilh the heads of the ribs. :\lore 
posteriorly a7"c the' intervertebral foraminn., for.med by the juxtaposition of the 
in tcr\'crtcbral notches. oval in s hape, smalles t 111 the ccrncat and uppe r part of 
the dorsn.l rcgions. and gradually increa8i 1.1 g in size to the 1.ast. lumba.:·· 1'h?.Y are 
:-;itua ted between the tn.lllS\'Crse processes Ill th e n eck, and rn front of them m the 
b:tek and loins, and transmit the spinal n e rves. 

Th e base of ilrnt portion of the \'ertebral column formed by the twenty-four 
movahlc vertebra? is formed br the under surface of the boil1• of the fifth lumbar 
vertebra; nnd the summit bv lhe upper surfa ce of' the atlas. ~ 

The vertebral or spinal "canal follows the different cunes of the spine; it is 

!~~:~~:~ta!ni1!ht~~ ,~·:~~0 :~~<in1 (~~1~!~~"~~~·es f/ 1~: ,~~j~·:~1:t~rf~·,~:~~~1~· t":~~i°~a~1~~~~:~i 
rouu<le<l in the back where motion is more limited. 

S1o:(arl' /<1m11.-The onl.v pa rt of the vertebral column which lies closely under the ~kin1 

1r:~ i~1~.~li~l.~}!j~ i ::~l~ti;~cl!~~~~~~l~·· ~l':~~c~ia~~1f u:~~~~~:~ ,~t :i1~ ~!~~~~l~r ~~~e~~rc~~nt ~·~~~~ ~r~,~~"'~6·: 
mesinl lin.:: of the hack from the external occipital protuberance aLoYe to the middle of the 

'.s;~~~;;~~i~t.:;;l~~;;;!li~~~;:j~~~tt~~~~~1~t'.iN;~~~~!:~Y~0i~:!M{f~E~r~·:fe;~l:~i 
~Ii~:~~ 1';~~~~;~c \11\~rf~1~1~~J~~~~ ,~i1~\1~\~~v, fi_!I~ ~\~.~;.kfn;;og~~~l~c~t6~J)~h~~~ ~1;1t1;~~1~et~~1~fli~~dsc)~~ 
togctht•r. ln the lumbar region the furrow is deep, and the situation of' the lumbar spines is 
frequcnll.v indicated by liulc pits or depressions, c~pecially if' the mus<:lcs in the loins arc well 
de,•eloperl and the spi ne incun•ed. They arc much larger and farth er apart than in the ~orsal 
re,a:ion. 111 the !3tu:ral re!!ion the furrow is shallower, prCl'iCnt inp; a flattened area which term mates 
below at thl' UIO!:it promi111.·nt part of the posterior surfac:e of' the sa('rurn , formed by the spinous 
proce:-:s of' the third sacral vertebra . At the bottom of the furrow may be felt the irregular 
posterior !lurfal'e of' the bone. Below thi s, in the deep ,l!TOO\'C leading to the anus, the coccyx 
may he folt. The onl.\' other portions of' the vertebral <-olumn which can be felt from the surface 
arc th t• tran,.rcr:-c prOCl':--:-.ces ol three of the cer \'ica l \'ertcbr::c-\·iz. the fi rst, the sixth, and the 
sc\'enth. The tt1lll:-i\·c1:-e proeess of the at las can be felt as a rounded nodule of' bone just below 
and in front of' the apex of the mastoid process, alon,!!: the anterior liorJer or the s.terno·mastoid. 
The tram;\'crse proce~ of the :sixt h cervical ,·ertebra is of' surµ_iC'a l importance. If' deep pres.-;ure 
be made in the neck in the cour~ of the carotid arl<.'r.r. opposite the c:ricoid cartilaite, the 
roinincnt anterior tubercle Of the IJ'allS\'Crse process of the Sixt h ('CrVi l·a l rertebra can be fo\t. 

~~:~;\!~~~~~~~~£ :!,~f s~e,'~{~:~1£!\,;%,:'~i~".\~::~~~~f:~~:.;~:~:~~t :~)~!~:r;.\H~:~~;~~r~;Efffi 
Surgical A11~1trm~y:-Oc<'asionally the coalescence of tlrn lam!noo is not completed, and \Oll-

~1~~ 111\1~~~i;c~ (!ll!~~~n~~!~: 11a~~~i :~~~!~~-~~ }t,~~ n~ler;~~;:~i\1~~~·o~1f ~~h~li~~;in~l p(~~.~d0i!~~11 t~~a~~~ ~H~~=~ 
~~~~~:;,u~~111 ~1:.~~<~l:~11~c~f e l1;~0'f.~~~.8 -~~~~~:i_o~f~'.\~,,~t at!t1.8tl!'.1~0'~J~e 1~.J~~~~~0~T1:h~ i:~~~:~~s lt~~~~~·b1~[~~ 
~radu:dly lro111 above downward ; but 1t may occur m the <lors:1l orccrvical region, or the arches 
throuuhout the whole length of' the canal ma.\' remain unap proximatcd. ln some rare ca!;C:;, in 
COf!SC'~1urnc:c of ,the no11-coalcs~cnce of th(' two primary centres from whi(·h lhe lmdy is formed, 
a :-:nn1lar (;Ond1tion ma,r oceur m front of the c-a nal. the bodies of lhe YCrtebrre beinJ:!; found cleft 
anil the tumor projc<'tin~ into the thorax. ahdomcn, or pelvis, between the lateral hakes of the 
bodil's affected 

The con!'truC"tion of the spinal column of' a number of piec~s, securely connected toJrether 
and enjoyin,g- only a sli~ht degree of mo>ement between any two mdividual pieces, though per-
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THE SKULL. 

' l' hc Skull, or superior expansion of the vertebral column, has been described 
as if composed of four vertebra~, the elementary parts of .which are sp~ciall.': 
modified in form and size, and almost immo,'abl_v connected, for the reccptwn of 
the brain and spcc i:ll organs of the senses. Th~sc vcrtebn£ ar~ ~he occipital, 
parietal, frontal, and nasal. Dcscripti,·e anatomists, however, d1\'1dc tbc skul l 
111to two part8. the Cl'anium and the Face. 'J'he Cranium (xpri1.10;, a helmet) is 
composed of r(qht boncs-\•iz. the ocr1}1ital, two 7wn't'ial, fronlal, tw? teMporal, 
11phenoid, and ethmoid . . The Face is composed of fourteen bones-viz. t~e t~\'O 
nasal, two 8llperior maxillary, two lacltrylllal, two malar, two 1wlate, two mfenot 
turbinated, i•omer, and i1{ferior ma1·illar.11. 'l'hc ossiculi audit-:l.s, the teeth, and 
lVormian bones are not included in this enumeration . 

1 llolwes\, System of Su.rgery1 vol. i. Jl· 529, 1883. 
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THE SJ{EJ,E'l'O.Y. 

f 
Occ1 p1tal 
'l'"n P .111(•t.1l 

.... Fwnt.d 
()ram.um, 8 bones. T" o 'J'ernpoial. 

~ph cnoill. 
Etbmoi<l. 
'l'wo ~a~al. Skull, 22 boncs l 

l Face, 1-1 bones 

Two ::;upcrior l\Iaxillary. 
Two l ... arhrymal. 
'rwo Mal:u: 
rr wo :Pai:Lto. 
T wo J nf'crior T urbi nated. 
Vorn cr. 
Inferior "1axillary. 

THE CRANIUM. 

The Occipital Bone. , 
The Occipital Bone (ob, caput, against the head) is situated at the back part 

'FIG.130.---0cclpitalbonc. Outcrsn rfucc. 

aJHl ba~c of the cran ium, is trapezoid in form (Fig. 130), curved upon itsel f. :rnd 
pre:sents fo r exam ina tion two surfaces. four borders, and four angle!" . 

The external surface is coll\·ex. ) fidwav between th e ~umrnit of the bone and 
the posterior margin of the foramen mn~nu;n jg a. prominent tubercle, the external 
ot·ci11ital pr1itulwranN. for the attachml•nt of thl' Ligamentum nuchre; and. 
de!"cending: from it as, far as the forarnen, a vert ical ri<1µ;e, lhc t•.rternrtl oerljn·tal 
a1 ·1~f. This tuhercle and crc:-<t rnr~· in prominl'ncc in different 8ku11 s. Passing 
omwaul from the occipital protuherantc i!-' a semicircular ridge on each side, the 
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R~tj>erior <'W'l'ed line. Above this line there is. often a second less distinctly marked 
~·1<lge, callecl the l1(qhest cun•ed line (linea suprema); to it the cpicranial a.poneurosis 
1s attached. 'L'he bone between these two lines iR smoother and denser than the 
rest of rhe surface. Running parallel with tbc;;e from the middle of the crest is 
another ~cmicircular ridge on each side, the iitl'erior cw·l•ed lines. The surface of 
the bone abo,·e the superior cuned lines is rough and porous, and in the recent 
state is co,·ercd by the Occipito-frontalis mu~clc, while the ridges. as well as the 
surface of the bone between them, serve for the attachment of numerous muscles. 
'l,he superior cun'ed line gives attachment internally to the Tra.pczius, externallv 
to the muscula.r origin of the Occipito-frontalis, an<l to the Stcrno-clcido-mastoid 
to the extent shown in Fig. 130; the depressions between the curved lines to the 
Complcxus interna11y, the Splenius capitis and Obliquus capitis superior exter
nally. The inferior curved line and the depressions below it afford insertion to 
the Rectus capitis posticus, major and minor. 

The foramen magnum is a large. OYal aperture. its long diameter extending from 

~;fi~;~~ .~:~cks~~~\~1 .ne1~\~Cst,1·<~~~n~~~~-t~~~al111:~~~11~i:s~~~1~n~<~t:~r~~~~l a~~l :::~~;~~essPi~~~ 
arterie8,' and the occipito-axial ligaments. Its back part is widr for the transmis
sion of the medulla, and the corresponding margin rough for the attachment of the 
dura..mater enclosing it; the fore part is narrower. being encroached upon by the 
conUyles; it has projecting toward it, from below, the odontoid process. and its 
margins are smooth and be,,elled internally to support the medulla oblongara. On 
each side of the foramen magnum are the coud11h•st, for articulation with the atlas; 
they are conYex, oblong, or reniform in shape, and directed downward and out
ward; they conrnrge in front, and encroach slightly upon the anterior segment of 
the foramen. On th.e inner border of each conclyle is a rough tubercle for the 
attachment of the ligaments (check) which connect this bone with the odontoid 
procc:;is of the axis; whilst external to them is a rough tubercular. prominence. 
the tran8ver.~e or jugularprof!ess (the representatirc of the transverse process of a 
vertebra), channelled in front by a deep notch, which forms P?rt of the jugular 
fora.men or forarnen lacerum posterius. The under surface of this process presents 
an eminence which represents the paramastoid J>rO<'t'~R of some mammals. 'l'he 
eminence is occasiona.llr large. and extends as low as the trans,·erse process of the 
atlas. This surface affords anachment to the Hectus capitis latcralis muscle and 
to the lateral occipito-atlantal ligament; its upper or cerebral surface presents a 
deep groo,·e which lodges part of the lateral sinus, whilst its £.>xrcrnal ~mrface is 
marked b.\' a quadrilateral rough facet, co,·cred with cartilage in the fresh :-:late. and 
articulating with :t similar surface on the pctrous portion of the temporal bone. On 
the outer side of each condyle. near its fore part, is a foramcn, the rmtedor con
d,11loid: it i!'.'i directed downward, outward, ancl forward, and transmits the h;po
glo:;isal nrn·e. and occasionally a. meningeal hrnn<:h of the ~1scen<ling phar:·rngeal 
artery. This foramen is sometimes double. Bt'hind ea<:h condrle is a fossa, 1 some
time; perfora.ted at the bottom by a foramen, the 11osterior comi.IJloid, for the trans
mi:-;~ion of a min to the lateral sinus. In front of tbc foramen ma~nnm is a strong 
11uadrilatNal plate of bone, the basilar proct's.~, "ider heh ind than in front: its 
under surface, \\hi ch ii:l rough, presenting in the median line a tubercular ridge, 
the phary119ertl spine, for the attachment of the tendinous raphc and Rupcrior 
constrictor of the pLarynx; and on each :.:ide of it rough depressions for the 
attachment of the !foetus capitis trntic:us, major and minor. 

'L'hc Internal or Cerebral Surface (Fig. 131) i~ deeply con ca.Ye. r_rhe posterior 
or occipital pa.rt is diYi<led by a. crucial ridge into four fossrc. 'l'~e two s~perior 
fos~a:- recci"c the occipital lobes of the cerebrum, <111d present slight emmenccs 
and dopre:-i:-iion8 corrc~ponding to their con\'olutions. 'l'hc two inferior, which 
recei,-r thr hemisphere~ of the cerebellum. are larger than the former, and com-
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para.ti\·ch· smooth; both :u·e markell by :.;light groove:.; for the lodµ:mL'lll of n~·teries. 
At the p;)int of meeting of the four di,-i:.;io1is of lhc trucial ridge i~ an eminenCL'. 
the intr1·11td oui11ital protuberm11·t•. It nearl:· corrc:.;pond:-. to t~t:lt on .,,the uut~r 

:~L~~~~:'\t' ~:,~::~ii:,te~j,~~-ic'.~1~/:h~u~::~c::;·~·~d~:,~11111\~r :;::~"~:t~'.; th! r~:i.c:.\::~ 
angle of the bone: it presents a deep gr0<we .for the :.;upeno~· lo~·1g~111.ll1na~ ~11~11~. 
the m:ngin:.; of' which gi\·e attachment to the .falx ccrc?r1. 'J be 111fenor d1v1swn. 
the internal 01.:eipital ctest, rune.: to the posterior margm of the foramen magnum. 

Jnfe,.iorm1yfe. 
Fm.131.-0ccipitnl bone. Innerrnrfll('C 

on the edge of which it becomes gradually lost; thi:'i ridge, which is bifnrcaterl 
below, serves for the attachment of the falx cerebelli. his usuallv marked ln a 
:-1ingle groo,·e, "hich commences at tlw hack part of the foramen' magnum 3.ntl 
lodges the occipital :-:in us . Occasionally the groo,·e i~ double "here two sinu:-:es 
exist. The trans\·erse grooves pas.s outwar<l to the latcrnl angle8; they a.re deeply 
channelled, for the lodgment of the lateral 1>1inuses, their prominent marp:ins afford
ing attachment to the rentorium cerebelli. 1 .A.t the point of mecti1 g of tbt'se 
groo\'e:-; is a <lcpressiou. the torculat llernphili.2 plated a lirtlc to one or the other 
side of the internal occipital protuberance. ~fore antC'riorl:· is the foramen mag
num. and on eaeh side of it. but 1wan.•r i1s anterior 1han its posterior 1 art. the 

~=~~~\~f ~~F~:i{~t~~·~~f:~~f f iliI~~\r~if tf~l~·:'.~~~~I::~iii~,B~~~'.;~:i~d::i~~:'.:
0

~: 
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internal openings of the anterior condyloid foramina; the internal openings of the 
posterior con<lvloid foramina are a little extemal an<l posterior to them, protected 
by a small arch of bone. At this part of the internal surface there is a ' ·ery deep 
groom in which the posterior condyloid fornmen, when it exists, has its termina
tion. This groo\'c is continuous. in the complete skull , with the transversegroo\·e 
on the posterior part of the bone , and lodges the end of the same sinus, the lateral. 
In front of the foramen magnum is the basilar process, presenting a shallow 
<leprcssion, the basilar _qrooi•e, which slopes from behind, upward and forward. 
and support~ the medulla oblongata and part of the pons Varolii, and on each side 
of the basilar proce:;s is a narrow channel, which, \\Len united with a similar 
channel on the petrous portion of the temporal bone, forms a groO\'e which lodges 
the inferior petrosal :;;inus. 

Angles.-The t;itl!lt'1·ior angle is received into the internil between the posterior 
superior angles of the two parietal bones: it corresponds with that part of the 
skull in the footus which is called the posterior fontanelle. The inferior angle is 
represented by the s:p1are-shaped surface of the basilar process. At an early 
period of lifo a. laye1· of cartilage separares this part of the bone from the sphenoid. 
but in the adult the union between ihem is osseous. 'l'he lateral angles corre
spond to the outer ends of the transverse grooms, and are reeeiYed into the interrnl 
between the posterior inferior angles of the rarietal and the mastoid portion of 
the temporal. 

Borders.-Tbe su.pPl·ior border extends on each side from the superior to the 
lateral angle. i8 deepl~- serrated fw articulation with the parietal bone, and forms, 
bv this union, the lambdoid su ture. The inferitJr border extends from the lateral 
tO the inferior angle; its upper half is rough: and articulates with the mastoid por
tion of the temporal, forming the masto-occipital suture; the inferior half articu
lates with the petrous portion of the temporal, forming the petro-occipital suture: 
these two portions are separated from one another by the jugular process. In 
front of this proce~s is a deep notch, which, with a similar one on the petrous por· 
tion of the temporal, forms the foramen lacerwn posterius or }ugular foramen. 
This notch is occasionally subdh,ided into two parts by a small process of bone. 
and it generally prnscnts an aperture at its upper part, the internal opening of 
the posterior condyloid foramen. 

Structure.-Tbe occipital bone consists of two compact laminre, called the 
outpr and in nu tabln~. haYing between them the diploic tissue; this bone is espe
cially thick at the ridges , protuberances, condyle~. and i111.erna~ pa~t ~f th~ basil~r 
proce::.8: whilst at the bottom of the foss .. -e, especially the mfenor, It IS thm, semi
transparent, an<l destitute of diploe. 

Development. (Fig. 132).- At birth the bone consists of four distinct pa1'ts: a 
tabular or expan<led portion, which lies behind the foramen magnum; two con
dylrir parts, which form the sides of the fora.men; and a basilar part, which lies in 
front of the fora.men. The number 
of nuclei for the tabular part rnry. 
As a rule, there are four, but there 
ma.1· be only one (Blandin) or as 
many as eight pleckel). 'J'he_v ap
pear about the eighth week of fcetal 
life. and soon unite to form a single 
piece, which iR, howe\·er, fissured in 
the direction indicated in the plate. 
The basilar and two condYlf!id por
tions are each cle\·cloped from a 
single nucleus, \\hich appears a lit
tle later. 'rhe upper portion of the 
tabular surface-that is to Sa\·. the Fm. 132.-De\'elopment ofoccipital bone. Byse,·encentres 

portion abO\'C the trans\"Cl"RC fi:;;sure . . 
-is <lc,·clnped from membrane; the rest of the bone 1s de,·eloped from cartilage. 
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At ilbout the fourth ~-ear th(' tabular ancl th(' two cnndyloid piect's join. and about 

the gixth year the bone consists of a s ingle piece. ..\ta lat er p<:'riod. between tho 

e ighteenth and twenty-fifth years, the occipital and sphcuoid become united, form

ing a sin~l c bone. 
Articulations.-\ri tb six bones: two parietal, two tempoml, sphenoid. and 

atlas.. 
Attachment of Muscles.-To twche pain~ : to the !'upcrior curved line arc 

auacbcd the Occipito-frontalis, 'l'rapcr.ius, and ~terno-deido-mastoid . 'J'o the 

space between the cuJTcd lines, the Complexus, 1 8plcnius capitis. and Obliquu:o; 

ca pi tis ~upe ri or; to the inferior curved line, and the spa ce between it and the 

foramen mag num, the ~~~ct us cap_itis post icus, maj o ~· and minor; to the trnnsvc.1:~e 

process. the lfoctus ca.p1tts la.terahs; and to the bmular process. the Rectus cap1tis 

anticus, maj or and minor, and Superior constrictor of the pharynx. 

The Parietal Bones. 

The Parietal Bones (parin., a wall) form, by their union , the s.idcs and roof of 

th e skull. Each bone is of a.n irregular qua<lrila.tera l form, aud presents for 

examination two surfaces, four borders. and four angles. 

Surfaces.-The external sw:face (Fig. 133) is co1nex, smooth. nnd marked about 

its centre by an em inence called the parietal emi11e1u:e, which indicates the point 

F11.;.133.-Ldtpurieta!Oonc. t:xteruu\surf1lC'C. 

·".here. os~ification commenced. Crosi:;ing the middle of tbc bone in an arched 

d1rect1~1~. arc two _well-marked cun·ed lines or riclµ-c::.. of "hi ch th e lower is the 

more d1;.;tmct and 1 ~ termed the if>111pnml n'rl,fJ('; it mark~ the upper attachment of 

t?t.' te':11poral muscle an<l follows a ~emicil"culnl" courRc acro~R the hone. The upper 

ridge 1:-; Je:-;i< marked. an1l pursues a similar courRe aero!':-\ the hone, but about two-

1 To these the Bi,·enter «en·icb "hould be addc1J, if it is regarded a."i a separate muscle. 
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fifths of an inch abo,·e the temporal ridge; it marks the attachment of the temporal 
fascia. Abo,·e these ridges the surface of the bone is rough and porous, and 
co,'ered by the aponeurosis of the Occipito-frontalis: between them the bone is 
smoother and more polished than the rest; below them the bone forms part of 
the temporal fo8'a. and affords attachment to the temporal muscle. At the back 
part of the superior border, close to the sagittal suture, is a small foramen. the 
parietal foramen. which transmits a vein to the superior longitudinal sinus, and 
sometime~ a small branch of the occipital artery. Its existence is not constant, 
and its size varies considerably. 

~l1he internal surface (Fig.' 13-!), concaYe. presents eminences and depressions 
for lodging the convolutions of the cerebrum and numerous furrows for the rami
fications of the meningeal a r teries; the latter run upward and backward from the 

Fm.134.-Leftparietal bone. Internal surface. 

anterior inferior angle and from the central and posterior part of the lower border 
of the bone. Along the upper margin is part of a shallow groove, which, when 
joined to the opposite parietal, forms a channel for the superior loilgitudinal 
sinus, the elevated e1lgcs of which afford attachment to the falx cerebri. :Near 
the groove arc seen se,"eral depre~Rions, especially in the skulls of ol<l persons; 
they lodge the Pa.cchionian bodies. The internal opening of the parietal foramen 
is also seen when that aperture ex ists. 

Borders.-The rmpt'rior. the longest and thickest, is dcntatcd to articulate ~''ith 
its fellow of the opposite side, forming the sagittal suture. 'l.1hc iuferior is divided 
into three parts: of these. the anterior is thin and pointed. bevelled at the expense 
of the outer surface. nrnl overlnpped b.'' the tip of the 11rcat wing of the sphenoid; 
the middle portion is arched, be,·ellcd at the expense of the outer ~urface. and 
O\'erlappecl b.Y the s11uamo11s portion of the temporal; the posterior portion is thick 
and serrated for articulation with the ma~toicl p')rtion of the temporal. The 
a;llfrinr border. deeply serrated, is be,·ellecl at the expcn!'e of the outer surface 
above and of the inner below; it articulates with the frontal bone, forming the 
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<'ol"nnal ~uture. The pol'Jterior bonier. deeply dcntit'ulated, articulates with the 
occip ital, forming the lambdoid sut1m!. 

Angles.-The a11tainr !;(1£perfor angle, thin an<l pointe1l, corresponds with 1ha.t 
porlion of the ~ku ll which in the fcetus i.-.; nu.• mbrnnou~ :.irnl is ealled the anterior 
.fi111trrn1•lle. The anti'l'ior inferior angle is thin and ll'ngtlwncd. being rccei,•ed in 
the interval berwcen the great wing of the sphcnoi(l and the frontal. Its inner 

~~~fi~~~<li1~ l~n~11~~~{1~ :c: t a~-~=11~y ~ ro~,'~e~ 1~o~t~~~}~,~~1~1~~~;.;~.I , a1~~1 ~h~o~~:~~l~~~1~1~ \~~t~1h t ~~ 
junct ion of the sagittal and 1ambdoi<l sutu res. In the footus this part of the skull 
is membranous, and is called the posterior fontanelle. The posterior inferior angle 
articulates with Lhc trn1stoid portion of the temporal bone, and generally presents 
on iti; inner surface a. broad. shallow groo \·e for lodgi ng part of the lateral sinus. 

Development.-The parietal bone is fo rm ed in membrane, being dereloped by 
one centre, which corresponds with the pari etal emi nen ce, and makes its first 
appearance about the seventh or eigh th week of frota l li fe. Ossi ficati on gradually 
extends from the centre to the circumference of the bone: the angles are conse
quently the parts last formed. and it is in their situat ion that the fontanelles exist 
pre\·ious to the completion of the growth of the bone. 

Articula.tions.-With fi,•e bones: the opposite parietal, the occipit3.l, frontal. 
temporal. and sphcnoid. 

Attachment of Muscles.-One only, the T emporal. 

The Frontal Bone. 
'!'he Frontal Bone (.frons, the forehead) resembles a cock le-shell in form. an<l 

cousists of Lwo portions-a vertical or frontal portion situated at the anterior part 

FIG. 135.-Frontul bnn~ Outl'r burfoC'e. 

of .the <:ranim.u, forming- the. forehea1l: an<l a lwrizontal or (Jr/JitfJ-IUl)Jal portion 
which t•ntcr~ rnto the formation of the roof of rhc orbit~ :11111 na:-;aJ fossre. 
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Vertical Portion.-L'J·tenw/ Sw:face (Fig. 135).-In the meclian line, tra,·ersing 
t~e lio11e f1:om the uppe.r to the lower part. is occasionally 8cen a ~Jightly-ele\·ated 
ndge. a.nd 111 :voun~ suhjec1s a suture, which repres.cnts the line of union of the two 
la~eral ba!,·c~ of "hich th~ bone consists ac an early perio<l of life: in the adult 
this suture 1~ u:-;ually obliterated and the bone forms one piece: traces of the 
obliterated suture tl.l'C, howe\·er, gencra11y perceptible a.t the lower part. On either 
side of this ri<lge, a. little below the centre of the bone. is a rounded eminence. the 
frontal emhu•n,·e. rl'hese eminences rnry in size in different indiriduals, and are 
?ccasionally uns~·mrnctrical in the ~arne subject. They are especially prominent 
m cases of well-ma.rked cerebral <lC\'eloprnent. The whole surface of the bone 
aborn this part is smooth, and cornred by the aponeurosis of the Occipito-frontalis 
muscle. Below the frontal eminence, and ~eparated from it by a slight groove, is 
the ~uperciliar.I/ ridge, broad internally, where it is continuous with the nasal 
eminence, but less distinct as it arches outward. These ridges are caused by the 
projection outwal'd of the frontal sinuses, 1 and gi,·e attachment to the Orbicularis 
palpebrarum and Corrugator supercilii. Between the two superciliar,\' ridges is a 
smooth surface, the glabella or nasal eminence. Beneath the superciliar_v ridge 
i~ the supraorbital arch, a cun-ed and prominent marg:in. which forms the upper 
bountlary of the orbit, and separates the vertical from the horizontal portion of the 
bone. The outer part of the a.rch is sharp and prominent, affording to the eye, in 
that sirnatiou. considerable protection from injur.v; the inner part is less promi
nent. At the junction of the internal and middle third of this arch is a. notch. 
sometimes converted into foramen by a bony proce~s, an<l called the supraorbital 
notcli or .foramen. It transmits the supraorbita! art er.\, vein, and nen-e. A small 
aperture is seen in the upper part of the notch, whic:h transmits a vein from the 
diploe to join the supraorbital vein. The supraorbital arch terminates externally 
in the external angular procPSS ant.I internally in the internal a11,qular process. 
The external angular process is strong, ;.iromincnt, an<l articulates with the malar 
bone; running upward and backward from it arc two well-marked lines, which, 
commencing together from the external angular 1woce~8. soon diverge from each 
other and run in a cun·c<l direction across tLe bone. The lower one. the temporal 
rid,r;t', gi\·c:1 attachment to the '.11emporal muscle, the upper one to the temporal 
fascia. Beneath them is a slight concavity that forms the anrerior part of the 
temporal fos:m an<l gi\·cs origin to the Temporal mustle. The interual angular 
processes are less marked than the external, and articulate with the lachrymal 
bones. Between the internal angular processes is a rough, une\·en interval, the 
JWMrl noteli, which articulate:; in the middle ]inc\\ ith the na~al bone. and on either 
side with the na~a] process of the superior maxillary bone. From the conca\'ity 
of this notch projects a. process, the nasal process," bich extends beneath the nasal 
bonei-l arnl nasal proces:-;cs of the superior maxillary boll{.'"' and ~upports the bridge of 
the nose. On the under 5urface of this io; a long pointetl proc:c:'S, the uasal spine. and 

::::s~~ tlf~~~.:~<le '~l 1~1~~ ~~af"~1~i,~1eed f ~~~f~l~~'ll~n ~f r~hi~l ~:,~::~1~(~·;~11 t1~ ~011~0~~, t~~ ~t t~~~~ t f 1~·g t~~ 
front '\ith tht' na~al bones and behind with the perpendicular plate of the ethmoid. 

Internal Surface (Fig. 130).-... \.long the middle line i8 a \·ertical groo\'e, the 
edges of ,dJich unite below to form a ridge, the .fi·ontal crest; the groove lodges 
the superior longitudinal sinus1 whilst its margins afford attachment to the falx 
cerebri. The crc:::;t terminates below at a small notch which is con\•erted into a 
foramen b,· articula,tion ,dth the ethmvid. It is c:alle<l the foramen ececum, and 
rnries in '"size in different subjectr-;: it i::i sometimes parfr1lly or completely 
impen'ious, lodµ-cs a process of the folx cerebri, and when open transmits a \·ein 
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from till' lininrr membrane of the nose tn rlu.' :--HJH.' rior lonp:ituclinal. ~inu~ . On 
eilht.•r ~i<le of rhe n'l"OO\'C the bone i~ deeply COIH.'3\"t.' . ))J·t.•:--t'lllinµ l'llllll.l'llte1' aJHI 

J~'.;1::~;;i••:•1:c f·;~;1n~faca~1:~,:·~il~}io~~c of~~~:ri~;:ai1~~~.:::::~e1::l111:1~-~~:'~,'rn:~~v~~-'.:;":,~,~ll'. 
in;guhtr fo:--:--a:: arc aJ . ..;o ~een on either ~ide of the p:rom·c, for tht.• rccept10n of the 

Pae~hoi~~~~~a{>1;~~~·on.-E'.rternal 1~'urfitet•.-Thi:o. portion of the hone con--i:--t::o of 
two thin plate:--. which form the Yault 

0

of the o.rhir, ~eparate1l from one an?ther hy 
the etbmoiilal notch. Each orbital rnult con~1:-;1:;; of a ~month. coneaYe. triangular 
plate of bone, marke1l ar its anterior and external part (immediately beneath the 

With perpendicular plate of ethmoid. 
L'11dtrt111rfartof 11a.!'1Jlprouss, 
formi119 part of roof of 1108': . 

. fJG.136.-Frontalbooe. lnnersurf11cc 

external ang:nlar process) by· a shallow deprC$~_ion, the lal'l1r.1111wl fn.rum. for locl~ing 
the lachrymal glan1l: and at its anterior a1Hl 111ternal part by a deprc!'lsion (1>ome
time~ a ::;mall tnhertle) for the attachment of the cartilaginous pulle~~ of the 
Snperior oblique rnu~c:lc of the eye. rrhe ethmoi<la l notch !'eparates I Le two orbital 
plate:-:: it is qua<lnlateraL and fill('(l up, when the honc8 arc united . by the 
cribriform plate of the cthmoid. The margins of this 11otcb present several half
ccll:-, whic:h. when unite1l with corre8pomling half-cells on the upper ~urface of the 
ethmoirl. complete the ethmoidal cell$: two grom·c5' are a l ~o seen cro~si ng the"e 

~:~~e~ i~~."ac:~~~ ~-~11t~1~: ;" ,~~:,~-,~.r:;~~;~~s1~~,~.~~0:~1 '~~h~~:~~~}~?~a ~1';~:~~1 l~ f1i~-~~ ,;~)i:~ :1!: ct ~teh~ ~~l; 
"all of the orbit. The anterior one tran~mit:..; the na:-;nl nene and anterior 
ethmoi<lal Ye~:..;e)~. the po~terior one the posterior ethmoidal vc:--~el~. In front nf 
thl' ethmniclal not<·h. on either sirle of tlw na ... al spine. are the openinrr~ of the 
frontal ~inu~t·..;. The~e are two irre:;rular t:n·itie~. whieh extend iqn~ard ant.I 
outward. a rnriahle 1fo•tance. between thl· two tahlc~ <if the ::;ku ll. and are 
separated from one another by a thin. hony i-eptum. They g:i,·e ri~e to the 
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prominences above the supraorbital arches called the superciliar,lJ ridges. In the 
child they are generally absent. and they become graduall.v de1•eloped as age 
advances. TLe8e CtH·ities Yary in size in different persons. are larger in men than 
in women, and are frequently of unequal size on the two sides. the right being 
common ly the la.rgcr. 'They are subdi,·ided by a bony lamina, which is often dis
placed to one side. 'rhey are lined by mucous membrane , and communicate with 
the nose by the infundibulum, and occasionally with each other b,• apertures in 
their septum. ., 

The internal surface of the horizontal portion presents the convex upper 
surfaces of the orbital plates, separated from each other in the middle line by the 
etbmoidal notch, and m<trkcd by eminences and depressions for the convolutions of 
the frontal lobes of the brain. 

Borders.-~l1 he border of the Yertical portion is thick, strongly serrated. bevelled 
at the expense of the intermd table above, where it rests upon the parietal bones, 
and at the expense of the externa l table at eac:h side, where it recei\·es the late'ral 
pressure of those bones; this border is continued below into a triangular rough 
surface which articulates with the great wing of the sphC'noid. ~rhe border of the 
horizontal portion is thin, serra.ted. and articula.tes with the lesser wing of the 
sphenoid. 

St ructure.- Tbe \'ertical portion and external angular processes are \'ery thick. 
consisting of diploic tissue containe<l between two compact laminre. The bori· 
zontal portion is thin, translucent, and composed entire!~· of compact tissue; hence 
the facility with which instruments can penetrate the cranium through this part of 
the orbit. 

Development (Fig. 137).-Thc frontal bone is formed in membrane, being demi· 
oped b.'· two ccn~res, one for each lateral half, which make their appearance about 
the :-;c,·enth or eighth week, abo\'e the orbital arches. :From this point ossification 
extends. in a radiating manne1'. upward into the forehead and backward over the 
orbit. At birth the bone consists of two pieces, '' hich afterward become united, 

~~~~~ t~l~h~i~\~:~r~ 1:~~u~~ \~ ;:ct:~~s":~fi~e 1~~~~d !'.~~ ~~~J~l~c f~~~·~?~~n~0a}~:r 1~~·~1~~ ~~1~ 
it occasionally remains thi·oughout life. Occasionally seconcfary centres of ossifica· 
tion appear for the nasal spine-one on either side at the internal angular proce~s 
where it al'ticu1ates with the lachnmal 
bone; and sometimes there is on'e on 
either side at the lower end of the coronal 
suture. This l:.1tter centre sometimes 
remains ununitcd. and is known as the 
pterion os.sicle, or it may join with the 
parietal, sphenoid, or temporal bone. 

Articulations.-,rith twel\·e bones: 
two parietal, the spbenoid, the etbmoid, 
two na~al, two superior maxilla.ry, two 
lachrvmal, and two malar. 

Attachment of Muscles.- To three 
pairs : the CorrugatOI' supercilii, Orbicu- Fm. 137.-Frontul boneo.t birth Developed by 
laris palpebrarum, and 'J1emporal, on two Iatcru.I huln!s. 

each side. 

The Temporal Bones. 

The Temporal Bones (tempus, time) are situated at the sides and base of the 
skull. and present for examination a. s9uamous, mastoid, and peti·ous poruon. 

The squamous portion (squama, a scale). the anterior an(l upper part of the 
bone. is ocale-like in form. an<I thin and translucent in texture (Fig. 138). Its outer 
sw:fw·e is !->mooth, con,·cx, and groornd at its back part for the deep temporal 
arteries; it affords attachment to the Temporal mu:-cle an1l forms part of the 
temporal fossa. At its back part may be .seen a. cuned ridge-part of the temporal 
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ridge; it ~encs for the attachment of the temporal fascia, limit!< the ori~in of t~c 
Temporal muscle. and marks the houada.ry bct\\ecn the ~quamous and mastoid 

~ 

/. 
(. 

\ ' 

FIG. 138.-Left temporal bone. Outer ~urface 

port ions of the bone. Proj ecting from the lower part of tl1 c Hq uamous portion i8 a 
long, arched process of bone, the zyyom11 or zygoma.t ic process. This procc.-.s is 
at first directed outward, its two surfaces looking up\\ a.rd and downward; it then 
appears as if twisted upon itse lf, an<l runs fiwwanl its surfo cc.s now looking in· 
ward and outward. Th e superior border of the JffOCCRS is long. thin, and sharp, 
and scn·c~ for the attacbment of the temporal fascia.. 'l'h c inferior, short, thick. 
:rnd arched, has atlache<l to it 5,Jme fibres of the )fassctc r mn Hcle. Its outer su rface 
is. con\·ex an<l :subcutaneous: its inner is concave, an<l also affords attachment to the 
;)fa~:-;etcr. The extremity, broad and deeply !:'C rra.ted. articulat es \\ ith the malar 
bm1e. The z_vgo,matic proces~ is connected to the tempora l bone by three diYisions, 
called its mot.If-an anterior, middle, and posterior. 'l'he anterior, which is short, 
but broad and strong, is directed inward, to terminate in a rounded em inence, the 
eminl'11tia arti.·ul11.ril$. This eminence forms the front boundary of the glenoid 
fossa, and in the recent sta.te is _covered with cartilage. 'J'he middle root (po8t
,qlc1wid Jll'Ul'e8R) form~ the poi;;t.enor houn <lary of tlir 111m1dilmlttr portion of the 
glenoid fo~i;;n : while the po~t<'nor root, which iis strongly marke1l, runs from the 
upper bonier of the zygoma, in an arched direction, upward nntl bnckwnnl. form
ing the po:-1tcrior pa.rt of tbc temporal ridge (r"uprmnaRtriid crefif). At the junction 
of the anterior root with the z.vgoma. is a projection, ta.llcd tlw tubercle. for the 
attachment of the external lateral ligament of t11 c lower ja.w ; an<l between the anteM 
rior an<l middle roots is an oval dcprc~sion, forming part (mandibular) of the glenoid 
fo~sn. (yi.~107, a. socket), for the reception of the ('OIHly le of the lower jaw. 'Sh is fos~a. 
is bounded, in front, by the emiucnti;t articulari~: beh ind , by tlte tym1Janic plate an<l 
tht' au1litor_v process: and is diviilecl into two parts by a narrow ~lit, the Ula sl'l'ian 
,fi.111H11·e. The anterior or mandi bular pnrt. formt'j l by the squ:nnous portion of the 
bone, is smooth, CO\'Cred in the recent state with carti lage, and articulates with the 
con<lylc uf the lower jaw. This part of the glPnoid fossa is ~cpnra.tcd from the audi
tory proce,..;:-; hy the 1u1sl-!JlnUJid process, the reprec.;entati ve of a prominent tubercle 
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which, in some of thl' mammalia, descends behind the condyle of the jaw, and 
p_rm·ents it being di~pl~ccd backward <luring masrication (IT mi1phry). The poste
rior part ?f the glenoH.l fossa, which lodges a portion of the parotid gland. is 
formed ch1eHy by the t,1pnpanir: plate, a lamina of bone, which forms the anterior 
wall of the tympanum and external auditory mea.tus. This plate of bone termi
nates externa lly in the atulitor.'· process, above in the Glaserian fissure. and below 
forms a sharp edge, the t·aginal process, " hich gives origin to some of the fibres of 
the r11ensor palati muscle. 'l,hc Glaserian fissure, which leads into the tympanum, 
lodges the proccssus graci lis of the mallcus, an<l transmits the tympanic.bran.ch of 
the internal ma.x illary artery. The cborda. tympani ~icrve pas~cs through a sepa
rate canal. parallel to the Glaseriau fissurn (canctl qf' Tl11911ia), on tbe outer side of 
t~e Eustachian tube. in the retiring angle between the squamous and petrous por
t10ns of the temporal bone. 1 

1.'he internal surface of the squamous portion (Fig. 139) is concave, presents 

F11;.IJ9.-Lentemporalbone. 

num erous eminences and depressions for the com·olutions of the cerebrum1 and 

two B::~~-:~.~~~~e g~·~~;~~1~0~~1~~:r ~~·~~f1~,e~e~,f~l~~(~ a~1 i:~~~l ce~11\~~~~g~f1 tl~;·\e~·~·rnal 
surface, so as to overlap the lower border of the parietal bonc1 forming the squam
ous sutu re. 'l1he anterior inferior border is thiC'k, se rrat ed, and bcrelled, altcr
natel.v at the expense of the inner and outer surfaces, for articulation with the 
great wing of the splicnoid. 

'l.1h c Mastoid Portion (p.o.arO;, a nipple or teat) is situated at the po~tc.rior part o_f 
the bone: its outer surface i~ rough. and gi\'es attachment to the Occ1p1to-frontahs 
and RetrahenH an rem mu~c:le:i. It is perforated by numerous foramina.; one of 
these, of large size. situated at the posterior borcl~r of the hone, is termed the 
mastoid .f'orrwll'n; it tran<:imits a Ycin to the lateral sinus :rnd a small artery from 
the occipital to supply the dura mater. The position and size of this foramen 

t Thi,; i;:mall fi!<..,Utc mu .. t :10t be confounded with the large canal which lies abo"e the Eu!:-tachian 
~ube and trnn.;mit~ the Te11sor tympani muscle. 
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ar(' vcr.v variable. It i~ not always pr(':::;cut; somC'time~ it is situated in the 
ocripital bone or in t~e suture between the temporal and the occipital. 'l1

he 
ma~toi1l portion is conrmuc<l below into a conical pnticction. the mastoid process, 
the size an<l form of" hi ch vary somewhat. This procc~s sen es for the a.ttachm ent 
of the ~tcrno-mastoid, ~plcnius capitis, an1l 'l' rachclo-mastoi1l mu:;clcs. On the 
inner ~ide of the mastoid process is a. deep groove, the d1!Jastric fo.~sa, for the 
attachment of the Digastric muscle: and, running parallel with it, but more in
ternal, the oc<'ipital ,9rooi1e, which lodges the occipital artery. The internal surface 
of th~ mastoid portion presents a deep, cm·,·ed groore. thc.fOstw s(qmoidea, whi ch 
lodrres part of the lateral s inus; and into it may be seen opening the mastoid fora.
me~. A section of the mastoid process shows it to be holl owed out into a number 
of cellular spaces, communi cating with each other, ca ll ed the mastoid cells; they 
open by a ~ ing l c or double orifice into the back of the tympanum, arc lined by a 
prolongation of its linin g membrane, and probably form some secondary part of 
the organ nf heari ng. Th e spaces a.t the upper and front part of' the bone near 
the openi ng into the tympanum are large and irregular, and contain air. They 
dimini;.;h in size toward the lower part of the bone, those situated at the apex of 
the mastoid process being quite small and usually containing marrow (Fig. HO). 

The ma~toid cells. like the other sinuses of the cranium. are not clernloped 
until afrer pubert:·; hence the prominence of this process in the adult. 

Iry con,;cqu~m·c ?f the. c:ommuniC'ation which ex ists between the tympanum and mastoid 

~h~~'o1P~J~~ 1~~~~~J01c~:J~ J~·~~l11~~n~~,~~~i~se :~~d t~1i~c~~;~c~f c~\~'!~~ ~~~j\se:~~jrll11~a'~1!k b~fkt;:i~~fe~~ 
cnce of the iuflammation to the lateral s inus or erwephalon. 

Borders.-'J1h c_ irnperior border of the mastoid portion is broad and rough, its 
serrated cd~c slopmg outward, for articulation with the posterior inferior anale of 
th.e parie_tal ~one. 'l 1he posteri01: t:order, al~o uneven and serraied, artic~tlates 
with the mfcr1or border of the occ1p1tal hon<.' between its late ral angle and jugular 
procc~.~. 

'l'he Petrous Portion (rrirpo~, a stone), 80 named from its extreme density and 
har<lnc,.;;.:'l.. is a pyrami1lal process of bone we1lged in at the base of the~ skull 
between the spbenoid an1l occipital bone.-;. I ts direction from without is inward, 
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forward, and a little downward. It presents for examination a base, an apex, 
three surfaces, and three borders, and contains, in its interior, the essential parts 
of the organ of heari~g. The base is applied against the internal surface of the 
squamous and mastoid portions, its upper half being concealed; but its lower 
half is exposed b.'· the divergenc.e of those two portions of the bone, which brings 
mto view the oval expanded orifice of a canal lcadmg into the tvmpanum, the 
meatus awlitorius ertenws. This ('anal is situated in front of tbC mastoid pro
cess, and between the posterior and middle roots of the zygoma; its upper mar
gin is smooth and rounded, but the greater part of its circumference is surrounded 
by a curved plate of bone, the auditory process, the free margin of \\'hich is thick 
and rough, for the attachment of the carti lage of the external car. 

The apex of the petrous portion, rough and unc,·cn, is rccci ''ed into the 
angu h1r intenal between the posterior border of the greater wing of the spbenoid 
and the basilar process of the occipital; it presents the ant.erior or internal orifice 
of the carotid canal. and forms the posterior and external boundary of the foramen 
lacerum medium . 

The anterior surface of the petrous portion (Fig. 139) forms the posterior part 
of the middle fossa of the skull. This surface is continuous with the squamous 
portion, to which it is united by a suture, the temporal or petro-squamous suture. 
the remains of which are discinct e,·en at a late period of life: it presents six 
points for examination : 1. an eminence near the centre. which indicates the sit
uation of the superior semicircular canal; 2. on the outer side of this eminence 
a depression indicating the position of the tympanum; here the layer of bone 
which separates the t_ympanum from the cranial caYity is extremely thin, and is 
known as the tegmen t.IJmpani; 3, a shallow ~rooYe, sometimes double, lea<ling 
outward and backward to an oblique opening, the hiatus Fallopii, for the passage 
of the pctrosal branch of the Yidian ncn-e and the petrosal branch of the middle 
meningeal artery; -l:, a smaller opening, occasionally seen external to the latter, 
for the passage of the ~maller petrosa l nen·e; 51 near the apex of the bone, the 
termination of the carotid canal , the wall of which in this situation is deficif·nt in 
front; 6, abO\'C this canal a shallow depression for the reception of the Gasserian 
ganglion . 

The posterior surface forms the front part of the posterior fo!'sa of the skull, 
and is continuous with the inner surface of the mastoid portior. of' the bone. 
It presents three points for examination: 1. About its C'entre, a lal'ge orifice. the 
meatus auditorius intenws, whose size \·aries conRiderabJ,,·; its margins are smooth 
and rounded. and it lead~ into a short canal, about four line:s in length, which 
runs directl,v outward anrl is closed by a vertical plate, the lamina eribrosa. 
which is di\·ided by a horizontal crest, the crista ,fal<·{'f'onnis. into two unequal 
portions; the lower presenting three foramina or sets of foramina; one. just 
below the posterior part of the crest, consisting of a number of Rmall openings for 
the nerves to the saccule; a second, below and poRterior to this, for the nene to 
the posterior semicircular canal; and a third, in front and below the first. con
sistinrr of a. number of small openings which terminate in the canalis centralis 
cochl~m an1l tram•mit rhe nerve to the cochlea; the upper portion, that aborn the 
crista, pre~ents behind a series of small openings for the passage of £laments to 
the vestibule and superior and external semicircular cnnal, and, in front, one 
large opening, the co!nme.nccment of the aqt~rod~ictus Fallopii.' for tbc p~~ssage of 
the facial nerve. 2. Behmd tbe meatus aud1tonus, a small slit, almost hidden by 
a thin plate of bone. leading to a canal, the aqucedurtus i•estibuli. which tran.smits 
a small a.rtcrv and vein and lodges a process of the dura.. mater. 3. In the rnter
\'al between ~these two openings, but aborn them, an angular depression which 
lodges a process of the dura. mater, and transmits a small ' 'ein into the cancellous 
tissue of the bone. 

The inferior or basilar surface (Fig. 141) is rough and irregul.ar, and forms part 
of the ba•c of the skull. Passing from the apex to the base, this surface presents 
ele\·en p~~nts for examination: 1, a rough surface, quadrilateral in form, which 
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scnes partk for the attachment of the Levator palati and r11 ~nsor tympani 
muscles; 2. ·the large, circular aperture of the carotid C'anal, "h1rh a;;:;~·t•n<ls a.t 

first \'Crticallv, and then. making a bend. runs horizontally forward and m"ard; 
it transmits t

0

}lC internal carotid artery and the caroti1l pl.exu:; ~ 3, the llfJU«!duetus 
coclifra>, a small, triangular opening, lyi~g on. the inm.·~· ~Hie o.f the latter, close to 
the posterior border of the pctrous port1.on: . 1t trans1111.ts ~ vcm from ~he .cochlea 
which joins the internal jugular; 4, behmd r.hes~ ope.n~ng:; a. deep de~1 ess10n, the 
juqular f'ossa. which rnries in depth and ;;:;1zc m ddler~nt ~kulls.; 1t lodges the 

lat'eral si
0

nus, and, with a similar depression on the marg1~ of tb.e Jugular process 
of the occipital bone, forms the foramen laceru

1
m postenus or JUgul~r f~ramen; 

5, a small foramcn for the passage of Jacobson s nen'e.(the tympa~1c bia.n~h.of 
the glosso-phMyngeal): this foramen is seen in front of the bony ndge dJVJdmg 

Roll9h q11mlrifoterals111fw:e. 

Opl'11i119ofcarotidc1rnal._".---'t11!1-

C111wlfu1·.Ar11old's11ert"e. 

J11gufarfossa. 

l'ayinal pl"ocess . 

. ~tyloid proceH. 
Slylo-m11$IOidforame11. 

Jug11fllrsn1face. 
A11ric11larji.uure 

Fm. 141.-Petrousportlon. lnrerior surrace. 

the carotid canal lrom the jugular fossa; 6, a •mall foramen on the outer wall of 
the juµ-ular fossa. for the entrance of the auricular branch of the pnenmogastric 
(Arnold") ncrYe; 7, behind the jugular fossa a >rnooth, sq-,1are-shape<l facet, the 
.fu_qular surface; it is co\·ered with cartilage in the recent state, and articulates 
with the jugular process of the occipital bone; 8, the tJa.r;i11al 71rocess, a \'Cl','' 

broad, •heath-like plate of bone, which extends backward from the carotid canal 
an<l gives attachment to part of the 'l1cnsor palati muscle: this plate <l.iYides 
bchiud into two lamin::e. the outer of which is continuous with the auditory pro
cess, the inner with the jugular process: between these laminrc iB the ninth point 
for examination, the st11loid proce11s, a. long, shal')> spine, about an inch in length: 
it is directed down\\ard, forward, and inward. va1·ics in size and shape, and some
times consists of several pieces, unite<l b.'' cartilage; it affords attachment to three 
mu~('le~. the ::;;tylo-pharyngeus, Rtylo-hyoideus, and :::ltylo-glossus, and two liga
ment..-. the stylo-hyoi<l and sty lo-maxillary: 10, the stylu-nw11toid forwnen, a racher 
larµe orifice, placed bet\\Cen the styloid and mai:;toid proces!:'e~: it is the tcrmina-
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tion of the aquroductus Fallopii, and transmits the facial nene and stylo-mastoid 
artery; 11, the auricular .fi.s.rnre, situated between the auditory and mastoid pro
cesses, for the exit of the auricular branch of the pneumogastric nen•e. 

Borders.-Tbe superior, the longest, is grooved for the superior petrosal sinus. 
and has a.nached to it the ten tori um cerebclli; at its inner extremity is a semilunar 
notch, upon "hich the fifth nerve lies. The posteriur border is intermediate in 
lengrh between the superior and the anterior. Its inner half i!S marked by a groove, 
which. when completed by its articulation with the occipital, forms the channel 
for the inferior petrosal sinus. Its outer half presents a deep excavation-the 
iugular jOs~a-wbicb, with a similar notch on the occipital, forms the foramen 
lacerum posterius. A projecting eminence uf bone occasionally stands out from 
the centre of the notch 1 and divides the forarncn into two parts. r11he anterior 
border is di\·idetl into two parts-an outer joined to the squamous portion by a 
suture, the rcmai_ns of which are distinct; an inner, free, articulating with the 
spinous process of the sphenoid. At the angle of junction of the petrous and 
s<1uarnous portions are seen two canals, separated from one another by a thin plate 
of bone, the processus cochlearfformis; they both lead into the t~·mpanum, the 
upper one transmitting the Tensor tympani muscle, the lower one the Eustachian 
tube. 

Structure.-The squamous portion is like that of the other cranial bones; the 
mastoid portion, cellular; and the petrous portion, dense and hard. 

Development (Fig. 142).-'l'he temporal bone is developed by ten centres, 
exclu~i\'C of those for the internal ear and the ossicula-,·iz. one for the squamous 
porrion including the zygoma, one for the tympanic plate, six for the petrous and 
mastoid parts, and two for the styloid process. Just before the close of fretal life 
the temporal bone consists of four parts: L The squamo-z,11gomatic, which is ossi
fied in membrane from a single nucleus, which appears at its lower part about the 
second mouth . 2. The tympanic plate, an imperfect ring, which encloses the tym
panic membrane. 'l'his is also ossified from a single centre, which appears rather 
later than that for the s<1uamous portion. 3. 'l'be petro-ntastoid, which is developed 
from six centres, which appear a.bout the fifth or sixth month. Four of these are 
for the petrous portion, and are placed around the labyrinth, and two for the mas
toid (Vrolik). According to Huxley, the centres a.re more numerous. and are dis
posed so as to form three portions: (1) including most of the labyrinth, with a part 
of the petrous and mastoid, he bas 
named prootic; (2) the rest of the 
petrous. the opisthotic; and (3) the 
remainder of the mastoid, the epiotic. 
The petro-mastoicl is ossified in carti
lage. -!. The •tyloid process is also 
ossified in cartilage from two centres: 
one for the base, which appears before 
birth, and is termed the tympano-hyal; 

~~-~c~~~,e1~~ c~~:;:~·;lsi ~~ge t~~;z;~~:;a~~· :~~ I fo~~~~:anic 
does not appear until after birth. 
Shortly before birth the tympanic 
plate joins with the squamous. r11he 
petrous and mastoid join with the • 
squamous during the first year, and • 
the tympano-byal portion of the sty- , 
loid procc~s about the same time. The 
stylo~hyal docs not join the rest of the t for stylofrl 1,roce11s. 

~~~~su~~:',.:::leb~c~>:~:Y 1 11~~~~f;,n s~~: icn ~~~i~~2.-Development of the temporal bone. By 

sub:-:.equent changes in this bone are, . . 
that the tympanic plate extends outward, so as to form the mcatus aud1torius; 
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the glenoid fo~sa hecome:-o. dt•eper; and the ma:-;toid part, "hich at an ca1:I.v 1~eri?d 
of life is lfllitc Hat. enlarges from the dcrelopmcnt of 1he ccllnlnr cavities 111 its 
interior. 

Articulations.- With firn bones-occipital, parietal, :;phenoitl, inferior maxil
larv. and malar. 

·Attachment of Muscles.-To fifteen: to the squamous por1ion, the 'l1cmporal; 
to the zygoma, the )fo8sctcr; to the mastoid portion, the Uccipito-frontalis, Rtcrno
mastoid, l:;plenius capiti:1, '£racbelo-mastoicl, Digastricus, and H.ctrabcns au rem; 
to the styloid process, the Stylo-pharyngeus, 8tylo-liyoi<lcus •. and 8ty lo-g l os~u1s; 
and to the petrous portion, the Lerntor pala.ti, Tensor tympa01, Tensor palati. and 
Stapedius. 

The Sphenoid Bone. 
The Sphenoid Bone (dl/rfJ'.J, a. wedge) is s itua.tcd at the ante ri ~ r part of the base 

~~I ~~fr 8~0~!~1~~1~'.cu{~r~~~ r:1~~ t~1!o~e:,~~~~\.:~:~i1~~~~J~n1~~'t ~~.~ :~ 111 /st ,':. ; ;~~! ~~1~1~.a~~~ 
and i8 di,·idecl into a. central portion or body, two g reater and two lesser wings 
extending outward on ca.ch side of the body, and two processes-the pterygoi<l 
proce~~es-which project from it below. 

as :~hf~1~d~ ~c~~ ~~!IT ~rbo::~oicit i;1~:~~~·t;1~~~. ~~1~:~~·:~ri~~t }~ui1~8 s~~.}=~~~~~ 
superior, an inferior, an anterior, and a. posterior. 

The Superior Surface (Fig. 143).-In front is seen a prominent spine, the 
ethmoirlal spine, for articulation with the cribriform plate of the ethmoid; behind 

tb_is a. smooth s~rfoce prcsent~ng, in the median line, a slight longitudinal eminence, 
with a dcpre~:5 1 nn on e:1ch i;:1de .for lodging the olfactol'y tracts. T his surface is 
bounded bchmd by a ridge, which forms the anteri or border of a na rrow, trans
,·e1·:-;c groorc, the optie g,.ooi•e : it lodges the optic commissure, and term inates on 
eirher. side in the 01~tic .forame~i, for the. pas8age of the optic nerve and oph
thalm1~ artery. Behind th~ optic groove 1s a i-;mall eminence, olive-like in shape, 
t~e olmlry proct'sx.: and .still more posteriorly, a tlcep depression, the pituitary 
.f11.otxa, or ~el/a t1u·c1~a, which lodges the pituitary body . Th i ~ fo~sa is per forated 
by numerous foramrna, for the tranbmi~!"-1on of nutrient ,-c!'sels into the substance 
of the bone. It i~ bounded in front bv two small eminences, one on either side, 
calle<l t~1c u1iddh• l'linoid processes (x).i~1i, a hcd), ''hich are ~omctimes connected 
by a sp1culum of bone to the anterior clinoi1l proce~oes1 and behind by a squa.re-
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shape:l plate of bone, the dorsum epltippii or dorsum sellu', terminating at each 
supenor angle in a tubercle, the posterior clinoid p1·ocesse11, the ~ize and form of 
which Vary COllRiderabJy in different indi\•idua]s. rrhese prOCCSSCS deepen the 
pituitary fossa, anti scn·e for the attachment of prolongations from the tentorium 
cerebelli: '.l'he sides of the dorsum ephippii arc notched for the passage of the 
~1x_t~ pair of nerves, and below present a sharp process, the petrosal process, which 
1s JOlllCcl to the ape.x of the petrous portion of_tbe temporal bone, forming the inner 
boundary of the middle lacerated foramen. Behind this plate the bone presents 
a s~allow depression, wh.ic~ slopes obliquely backward, and is continuous with the 
basilar groove of the occ1p1tal bone; it is ca1le<l the clitius, and supports the upper 
part of. the pons Varoli.i. On either side of the .body is a broad g roove; curved 
something l.1ke the 1t~li c letter f; 1t lodges the mtcmal cal'otid artery and the 

:~·,~~·i1~1°~~ ~b'~~1 ~r~~~~e,1 ~~~:~e~o~~:rf::~·~~~~t, ~~ ~r:~;~{~~o:;. br:;~~;1i·:~· th:~~~1et l~:t~\~~t:; 
the body and grea.ter wing, called the lingula. 'l'he posterior surface, quadrilateral 

in form, is joined to the basilar process of the occipital hone. During childhood 
these bones are separated by a layer of cartilage; but in after-li fe (between the 

:~~:-~~~1tc~ :~~~n\~\;~1~t~~~~~\-!~~1;s)a~~is t~=c~:~;>csb~::~fi~1~l~ 11os~~~:~~~ ~;~::en¥b~ 
anterior surface (Fig. 1-14) presents, in the middle line, a vertical ridge of bone, the 
etlwwidal creRf, which articulates in front with the perpendicular plate of the 
ethmoid, formi11g part of the septum of the nose. On either Hille of it are irregulaJ· 
opening~ lending into the sphenoidal cells or .t:Ji11uses. These arc two large irregular 
cavitic8 hollowed out of the interior of the boclv oftbe r-;phenoid bone, :rnd separated 
from one another by a more or less complete M perpendicular bony septum. 'l1beir 
form and size rnry considerably; they are seldom r-;ymmetrical, and are often 
partially suhdivided b.v irregular osseous laminre. Occasionalh·. they extend into 
the basil:tr pro<:eRS of the occipital nearly as far as the foramcn ma,?;num. 'l1he 
septum is seldom quite Yertical, being commonly bent to one or the other side. 
These sinuses do not exist in children, but they increase in size as age achances. 
They arc partially closed, in front and below, by two thin, cun·ed plates of bone, 
the sphenoirlal turbinated bones. lea.\•inf!' a roun<l opening at their upper parts. by 
which they communicate with the upper and back part of the no~e, and occasionally 

1 Jn this figure, both the anterior and inferior surfaces of the hody of the sphenoid bone are 
shown, the hone llCing held with the pterygoid pr0<·(>,.~ almo::;t horizontal. 



~1~!~e~1l~e t:~~1~~7~dct~<l;~~ 11~:~ f :~ 1 ~a~~i~ :11; ~';~;. " i't';!it: 1!~: t ~~l l 1 ,\1;,::1\f,~~1 ·~1~ ft I~~ i~t~;:;~~:~~I~ 
complt•ting 1be pn8tcrior cthmoidal cells: the Im\ er margin, also rougL :mrl 
serrated. articulates with the orbital proccs'i of the palate hom', and the upper 
margin with the orbital_ plate of the fronral hone. 'l'ht• inferior surface pr~s.cut~. 
in the mid1llc line, a triangular spine. the roxtnun, which i~ continuous with thr 
ethmoidal crcRt on the anterior surface. and iR rceciYed into a 1lccp fissure between 
the al:u of the vomer. On each side may be ~et.'n a projecting lamina of !Jmw, 
which runs horizontally inward from near the lrnse of the pterygoid process: 
the .... e plate~. termed the vaginal proeesst'."1 , art iculate \\ ith the edges of the ,·omer. 
Clo~e to the root of the pterygoid process is a groo,·e, formed into a ~01~1plcte cnnal 
when articulated with the sphenoidal process of the pnlate bone: Jt 1s ca llerl the 
pteryyo-palatinc canal, and transmits the pterygo-palatine \·cssels nnd pharyngeal 
nerve. 

'l,he Greater Wings are two strong 1n·oceRscs of bone "hich arise from the 
side!-; of the body, and arc cun-cd in a. direction upward. outward, and backward, 
being pro1ongNfbchind into a. sharp-poinled extremity, the spinous JYOcess of the 
sphenoid. Each win~ presents three surfaces n1Hl a. circumference. 'l,he SUJ1erif1r 
or !'erebral surface (Fig-. 1-!3) forms pa.rt of tbe middle fos:--:a of the skull; it is 
deep!)' con ca ''e, arnl preRcnts eminences and depre!'sions for the convolutions of the 
brain. At itR anterior and internal part is Reen a circular aperture, the fora111en 
rotwul/(/n, for the tran!'mi~sion of the seconcl di dsion of the fifth nerve. B ehind 
an<l external to this is a la.rge ornl foramen, the fommm (JW{e, for the trans
mis:..;ion of the third 1li,·ision of the fifth nerve, the small meningeal artery, and 
sometimes the l'ma ll petrosal nen·e. 1 At the inner s ide of the furamen ornle a 
small aperture ma'' occasionally be seen opposite the root of the pterygoid process; 
it i~ tbe.foramm l l!salii, transmitting a. !'mall vein. Lastly, in the posterior angle, 
near to the spine of the sphenoid is a short canal, somet imes double, tbeforamt'n 
spinosu,111; it transmits the miJdle meningeal artery. The e:i:ternal surface 
(Fig. 1-l-l) is Cl)IH'CX, and divided by a tnrnsve1·se ridge, the pterygoid ridge,2 into 
two port ions. 'L'he superior or ltlrger, convex from aboYe downward, concave 
from before backward, enters into the formation of the temporal fossa, and gives 
attachment to part of the T emporal muscle. 'l'he inforior portion. smaller in size 
and conca"e. enters into the formation of the zygoma.tlc fo!'.5:-a, and affords attach
ment to the External pterygoid muscle. It presents. at its posterior part, a 
sharp-pointed eminence of bone the spinous JH"Uf·1 •S<."-, to "hi ch are connected the 
internal lateral li,!.(ament of the lower jaw and the Ten~or pala.ti muscle. ~L1he 
pterygoid ridge, di,·iding the temporal and zygomatic portions. gives attachment to 
part of the External pterygoid muscle. At its inner and anterior extremity is a 
triangular ~pine of bone which sen-es to increase the extent of origin o"f this 
muscle. 11

he a11terio1· or orbital surface, smooth and quadrilateral in form, a~sists 
in fnrn~ing t.he 01~ter wall of the orbit. It is bounded a.born by a serrated edge. 
for art1culat1on with the frontal bone: below, bv a rounded border which enters 
into the fo1:matinn of the spheno-maxillary fissurC. Internally, it pre~cnts a sharp 
~ord_er, ,~-h1c:h forms. the lower boundar.Y of the Rphenoidal fissure, and has pro
JCCtmg from .. about its centre a little t~bercle of bone, "~ich gives origin to one 
bead of the E:~t~mal rectus muscle of the eye; ancl a.t its upper part is a notch 
for the tramnn.1~s1011 of~ hra~ch o!· the lachrymal artery; externally it presents a. 
serrated ma.rg111 for art1culat1on 1Y1th the mala.r bone. One or two sma ll foramina 
ma.y . occasionally be seen for the passage of branches of the deep temporal 
artel'le:-1.: tbe-;.': arc called the ex_temal 01·/Jitrtl formnina . Gireun~f"errnee of the 
!fl"MI ll'lll!f (E 1~. 14:3): cornmencmg from behind, from the body of the spbenoid 

;l~t~~~1:p;)~~·ti~~e ~t~~·c ~::!p~~·a\b 1~0:: 1~~~1~: ~~~r~~~:~/o~~l~}r~oer~~ti~bc "~~~e1~~~ 
oval;, ~L~:~.;:~;;~;.'.if0,~,:~~:::es P>-'>es thru:.gh a 'J~cial fomnen between the fo.amen 
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boundary of the foramen lacerum medium, and presents the posterior aperture of 
the Vidian canal for the pa~sage of the Vidian nerre and artery. In front of the 
spine the circnmfcren('e CJf the great wing presents a serrated edge. be,·elled at 
the expense of the inner table below and of the external above, '' hicb articulates 
with the squamous J?Ortion of the temporal bone. At the tip. of the great wing a 
tnangula.r portion is seen, bevelled at the expense of the mternal surface, for 
articulation with the anterior inferior angle of tLc parietal bone. Internal to this 
is a brnad, serrated surface, for articulation with the frontal bone: this surface is 
continuous internally with the sharp inner edge of the orbital plate, which assists 
in the formation of the spbenoidal fissure, and externally with the serrated margin 
for articula.tion with the malar bone. 

'11he Lesser Wings (JYocesses of In,qras.rsi{us) are two thin 1 triangular plates of 
bone which arise from the upper and lateral parts of the body of the sphenoid, 
and, projecting transversely outward, terminate in a sharp po.int (Fig. 143). The 
superior surfa.ce of each is smooth, flat, broader internal ly than externally, and 
supports part of the frontal lobe of the brain. 'J'he inferior surface forms the 
back part of the roof of the orbit and the upper boundary of the sphenoidal fissure 
or foramen lacernm anterius. 'l1his fissure is of a triangular form. and leads from 
the CM'ity of the cranium into the orbit; it is bounded internally b,v the body of 
the spbenoid-aborn, by the lesser wing; below, by the internal margin of' the 
orbital surface of the great wing-and is com·erted into a foramcn by the articu
lation of this bl)ne with the frontal. It transmits the third, the fourth, the three 
branches of the ophthalmic division of the fifth, the sixth nerve. some filaments 
from the cavernous plexus of the sympathetic, the orbital branch of the middle 
meningeal artery, a recurrent branch from the lachrymal artery to the dura 
mater, and the ophthalmic vein. The anterior border uf the lesser wing is ser
rated for articulation with the frontal bone; the posterior, :-mooth and rounded. is 
received into the fissure of Sylvius of the brain. 'J1he inner extremity of this 
border forms the anterior clinoid 1n·oeess. 'J'be lesser wing is connected to the 
side of the bod.1• by two roots, the upper thin anti flat, the lower thicker, obliquely 
directed, and pl'esenting on its outer" side. near its junction with the body, a small 
tubercle, for tbe attachment of the coruru"on tendon of three of the muscles of the 
eye. Between the two roots is the optic foramen, for the transmission of the optic 
nene an<l. ophthalmic arter.r. 

The Pterygoid Processes (rrripu;, a wing; ~cao,, likeness), one on each side, 
de..:cen<l perpendicularly from the point where the body _and greater wing unite 
(Fil( . 1-f.)). Each process consists of an external and an mternal plate. separated 
behind b.v au inten'cning 
notch-the plN/f!tnid .fi1asr1 : 
but joined partially in front. 
The external ptuygoid plate 
is broad and thin, turned a 
little outwar<l. and farms 
part of the inner wall of the 
zyg'>ma:ic fo~sa. It gi,·es 
attachment, b\· its outer sur
face, to the External pter.v
goid; its inner surface forms 
part of the pter_vgoicl fossa, 
a.nrl gives attachment to the 
Internal pter_vgoid. 'fhe in
ifmal 11frryf/nid plate is much 
narrower :rncl longer, cuning Fio. ur,.-~phenold bone. POfitt:riorsurrace. 
outward, at its extrernitv, 
into a hook-like procc~s of bone, the luwrnlar proct'.'iS, around which turns thb 
ternlon of the 'J1emmr palati muBcle. On the posterior surfate of the ba~e of this 
plate is a small, O\'tLl, !Shallow depression the scaplwid fusJJa, from which arises 
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the 1'cmwr palati, and above which i:-; ~l'C n the posterior orifice of the Yidinn 
l'anal. Belo" atHl to the inner s ide of the Yi<lian c·anal, on the po~terior surface 
of the base of this plate. is a little prominence, which i8 kno"n by the name of 
the pteryyoid tubaf'fr. 'l1hc outer surface of thil:' plate forms part of the pterygoid 
fos~a, the inner i:iUrfoce forming the outer boundar~· of the posterior aperture of 
the narcs. 'l'he ~upcrior constrictor of the pharynx i8 nttachc<l to its postNior 
edfl'e. 'l' he two pterygoid plates are separated below by an angular int cnal. in 
wl-:-ich the pten-O'oicl Process, or tuberosit,r, of the palate bone is recei\'ed. 'J'h e 
anterior surface ~f the pter,,·goid process is Ycry broRd at its base. and forms th~ 
posteriol' wall of the spheno-max illary fossa. It s upports i\Ieckcl"s gauglion. It 
pre:;;ents, abo,·e, the ante rior orifice of the. Yidian cana l; and below, a. rough 
margin, whieh articulates with the perpendicular pla.te of the palate bone. 

'l1h c Sphenoidal Spongy Bones a re two thin , curve1l plates of bones, which exist 
as separate pi ecci;; until puberty. and occasionally arc not joined to the sphenoid 
in the adult. They are situated at the anterior and inforior part of th e body of 
the sphenni1l , an aperture of rnriable size being left in their anterior wall 1 through 
which the ~ph enoida l si nuses open into the nasal fossc""C. Th ey arc irregular in 
form a1Hl taper to a point behind , being broader and thinner in front. Their 
upper surface, which looks toward the ca.Y it_y of 1Le ~i n us, is concave; their under 
surface conYcx. Each bone art iculates in front with the e1hmoic1, externallr with 
the palate; its poinred posterior extremity is placed abo,·c th e ,·omer. ;nd is 
recei\·ecl hetween rhe root of the pterygoid process on the outer side and the 
rostrum of the sphcnoicl l)ll the inner.1 

Development.-Cp to about the eighth month of fretal life the s phenoid bone 
consi~ts of two disrinct parts: posterior or post-splienoid part. "bi ch cum prises 
the pituitary fo:-o:-a, 1he greater wings, and the pterygoid processes; and an 
anterior or J>l't'-8/>hnwirl part, to which the anterior pa.rt of the body and lesser 
wings belong. It is developed by fourteen centres: e ig ht for the posterior 
sphenoicl divi:;:.ion, and six for the anterior sphcnoid. '.l1he eight centres for the 
posteri or sphenoid arc-one for each g reate1: wing and external pterygoicl pla te, 

one for each internal pterygoid plate, two 
on'1 :f'or Pt'..t.Ol. two .fhr a.nferUJr for the posterior part of th e body, and Qfle 

l6u~~· winsr rrl oP 6ody ~~le e~~~t:.~~~~. f~t~~~~ot{l~~.~a. on'!'h~o~i~:~h 
i !\ lesser wing, two for the anterior part of 

the body. and one for each s phenoidal 
turbinated bone. 

P ost-spltenoid .Ditiision.-'rhe first 
nuclei to appear are those for the g reater 

~n"';:i,r:tt;z'!.l ·\'TUt \\ b~~~!~n t~~b~~ra~~1~erott~~~l\1ma1~~~'ll'~~~l~ 
~nc /"or ,r.,r ea.cl ... linyula \ men O\'ale about the eighth week, and 

fo;._°'";::u::
1

,::-::::~~f;-Z- from them the ex te rnal pterygoid plates 
are also formed . Soon after, the nuclei 

By t;~~l~t~i-;~,~~;~.~fttiedevelopmcntofsphenoid. for the posterior part of the body appear, 

become blended together about the midd~~co~11f~~'.~eJ1;~.dc ~b~~~ ~~l~~~~11.~:c~0~1;;: 
the. rem~ining fo ur centres appea~-, th_o~e for the int ernal pterygoi<l plates being 
ossifl~<l 111 membra!rn and becom mp: JOi_ned to th e externa.l pterygoid plate about 
~~et~11~x~;:11~:~mth . L'h e centres for the lmgulre spec1lily become j oined to the rest 

. Pn!--y~hmnirl Dit•isi~n.-The first nu('lei to appear arc those for the lesser 
wm~s. I hey make the11· appearance about the nrnth week, at the outer borders 
of the optic foramina . A second pair of nuclei appear on the inner !-i i<le of the 
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foramina shortly after, and, becoming united, form the front part of the body of 
the bone. 'Jlhe remaining two centres for the sphenoidal turbinated bones do net 
make their appearance until the end of the third year. 

The pre-sphenoid is united to the body of the post-sphenoid about the eighth 
month, so that at birth the bone consists of three pieces-Yiz. the body in the 
centre. and on each $ide the great wings with the pter.ygoid processes. The lesser 
wings become joined to the body a.t about the time of birth. At the first year 
after birth the g reater wings and bod~· are united. From the tenth to the twelfth 
yea r the spon,gy bones arc partia11_y united to the sphenoid, their junction being 
complete by the t1rentieth year. Lastly, the sphenoid joins the occipital from the 
eighteenth to the twenty-fifth year. 

Articulations.-'J'he sphenoid :trticulates with all the bones of the cranium, 
anil firn of the face-the two malar, two palate, and vomcr : the exact extent of 
articulation with each bone is shown in the accompanying figures. 1 

Attachment of Muscles.-'l'o ele\·en pairs : the Temporal, External pterygoid, 
Internal ptcr,,·goid, Superior constricto1\ Tensor palati 1 Leva.tor palpebrre, Ob
liquus oculi superior, Superior rectus, Internal rectus, Inferior r cctus, External 
rectus. 

The Ethmoid Bone. 
The Ethmoid (~flµO;, a siere) is an exceedingly light, spong)- bone, of a cubical 

form. ~ituated at the anterior part of the base of the cranium, between the two 
orbit~. at the root of the nose, and contributing to form each of these ca\·ities. 
It consi:-;r~ of three parts: a horizontal plate. which form~ part of the base of 
the cranium; a perpendicular plate, which forms part of the septum nasi; and 
two lateral mas~es of cclh-.. 

The Horizontal or Cribriform Plate (Fig. 147) forms part of the anterior fossa 
of the base of the sku ll , and is receil"ed into the ethmoid notch of the frontal 
bone between the two orbital 
plates. Projecting upward 
from the midd le lin e of this 
plate is a thick, smooth, tri
angular proce~s of bone, the 
eri:sta .qalli, so call e1l from its 
resemblance to a. cock's comb. 
Its base joins the c ribl'iform 
plate. Its po•terior border, 
long, thin.and ~lightl,\ cun-ecl, 
sen·e...:; for the attad11ncnt of 
the falx cerebri. Its anterior 
border, short and thick. articu
lates with tbe frontal bone, 
and presents two small project
ing alre, which are recci\·ed 
into correspon<ling rlcpres8ions 
in the frontal, completing the 
foramcn cmcum behind. Its 
sides are ~m10oth and somc-

~i;n:~e b~1~~~~g ~a ::~ ~:~c~·i~:~~o~~ispr~~,~~s t~a~·1:~~~s~n~ s~~:11;l ~!~l;.~;ve~,nt:~~~)~~~.~ 
the bulb of the olfactory tract, and perforated by foramina for the pass.age of the 
olfactorv ne1Tes. ~rbese foramina are arranged Ill three rows: the muermost, 
which a'rc the largcRt and least numerous, are lost in ~l'OO\'CS on the upper part 
of the septum; the foramina of the outer row are contmued on to the surface of 

1 It also ~ometime!I articulates with the tubero:iitv of the superior maxilla (~ p. 190). 
t Sir George Humphry :-tales that the crista ga\ii is cor!1monly incli!1ed to one, side, usually. the 

opposite to that toward which the lower part of the perpendicular plate is benL- (The Human Skele
ton, J8;j8, p. 1:77.) 
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the upper e.pongr bone. 'L'h e foramin a. of the mi1hlle row n.re the ~ma ll c:;t; they 
p('rforatc the Uonc anti rran:-.mit ner\'C'H to the roof of' the nn:--e. A t th e front part 
of the. rribriform phue. on l'ach side of' the cri~ta ga lli. is a sma ll fi i'lsurc, "'' hi c· h 

tran~mit..- the nasal branch of the opht halmic ncne: and at its poi'ltcrior part a 

a triangular notch, "hich retei,·es the ethmoida l 8pinc of the sphc11oi1l. 
The Perpendicular Plate (Fig. H 8) iH a thi n, flattened lamclla of bone, "hich 

descends from the un1lcr surface of 1hc cribriform plate, ;rnd assist:s in forming 

the septum of the nose. It is 111ucl1 thinner in the middle than at the cirt11 m
ferenee, atul i8 generally <lcAected a littl e tn one side. Its anterior border articu

lates with the nar.:al ::.p in e of the frontal bone and c1·cst of the nasnl bones. Its 

posterior border, <fo·idcll in co two parts. articulaLcs by irn upper half with the eth

moidal crest of the sphenoid, by i ts lower half "ith the Yomcr. '.l1he inferior 

border ser ves for the a.tta.cbme nt of tbe triangular c1trtilage of 1hc no~c . On each 

si de of the pcrpendicula.r plaic numerous g rooves a1H.l can:.ll~ are seen , lead ing from 

foramina on the cribriform plate; they lodge filan1ems of the olfactory ncnes. 

The Lateral Masses of the cthmoid cons ist of a number of thin-walled cellular 

caYities, the 1·tltmoidal eells, interposed between two \'ertical plates of bone. the 

outer one of which forms part of the Ol'bit, and the inner one part of the nasal fo~sa 

of the corresponding :-i dc. In the tfoiarticulated bone nrnny of these cells appear 

to be broken: but '\hen the bones are articulated th ey are closed in at eYerv part. 
Th e upper surface of each la te ra l ma~s presents a. 

0

nnmber of apparcntl.~· half

broken ccllnl ar spaces: these a.re c l o~ed in when articuJ;ued by the edges of the 

ethmoidal notch of the frontal bone. Crossing this surface are two grooYes on 
each s ide, c01nerte<l into canals bv a1·ticulation with the frontal; the\' are the 

anterior an1l posterior ctlanoiclal fo'nunina . and open on the inner w~Lll of rhc 

orbit. The posterior surface a lso present:;; large, incgular cellular tavities, "hich 
are closed in hY articula
tion with the ~pb enoidal 
tu1 binatcd hones and orbi
tal procef.IS of the palate. 
Th e cells a.t the anterior 
surface arc completed by 
the la chnmal bnne and 
nasa I pro<..e~s of the su pe
rior max illary , and th <1se 
below also b.v the superior 
maxillary . Th e outer s ur~ 

face of ·each lateral lll<l..11.s 

is formed of a thin. smoo1 h, 
sq uare plate <if bone. called 
the os planum; it forms 
part of the inne r wall of 
the orbit, and nrticulates, 

Fu;. HR.-l~crpcndicular plate or ethmoid (cnla~cd), shown by ahoYe, with the orbital 
remo,ing the right lateral mass. plate of the frontal: below. 

. . with the superior maxil-
hny: 111 front, with the lachrymal ; :rnd behind, with the sphenoid and orbital 
process of the palate. 

From _the in ferio r part of each lateral mass. imme<liately lieneatl1 th e os planum, 
there prOJCCts downward an(l backward an irrerrular laminn of bone called the 

w1clfo~·m /H'Ol'l'88, from itf-1 hook-li~e form: _it se1~·es to close in 1he UJ~per part of 

the on fie<.' of the antrum . an1l art1culat<•.;. w1th the ethmoiclal proces.s of the infcrinr 
turbinate1I bnnc. I t is ofren broken in di ... articnlatinrr 1hc bones. 

rrhe inner surface of each lateral ma~s forms part ~f t he outer wn ll of the nnsal 

ro~:-'a of th(• conespnncling !oiide. I t is fi1rmNl of a thin lam ella of bone. whitlt 
<ll'~cends from the un1ler surface of the cribriform plate, aJHl terminates belr>w in 
a free, conYolute<l margin, the 111iddle turbinated bone. The whole of this sur-
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~~~~v i~01~~1~~·~r~n;~.0:ar;hced :1~~;ffo~·~ numerous grooves, which run nearly verti

plaie; they lodge branches of the 
olfactory nerve, which arc distributed 
on the mucous membrane CO\'Cring the 
bone. 'l'bc back part of this surface 
is subdi\·ided by a narrow oblique 
fissure, the RUperior meatus of the 
nose, bounded abO\'C by a thin, curved 
plMe of bone, the sttperior tttrbinated 
bone. B v means of an ori fi ce at the 
upper pa1~t of this fissnre the posterior 
ethmoida.l cells open into the nose. 
Below, and in front of the superior 
mea.tus, is seen che cotnex su rface of late~~fin!!;·t;~}~~gc\t bone. Inner surface or right 

the middle turbinated bone. It extends 
along the whole length of the inner surface of each la te ral ma~s; its lower mar
gi~1 i:.-1 free and thick_, and its conca:vity, directed outwa.nl, assists in forming the 
mHltlle meatus. It 1s by a large onfice at the upper and front part of the middle 
mea.tus that the anterior ethmoiclal cells, and through them the frontal sinuses, 
communicate with the nose by means of a funnel-shaped canal, the infundibulum. 
The cellular cavities of each lateral mass, thus walled in by the os planum on the 
outer side and by the other bones alreadv mentioned, are divided by a thin trans
verse bony partilion into two sets, which do not communica.le with each other; 
they arc termed the anterior and posterior etlanoidal cells or sinuses. The former, 
more numero11s, communicate with the frontal sin uses abo,'e and the middle 
meatus below by means of a long, fiexuous canal, the h~fundibulwn; the posterior, 
let-ls numerous, open into the superior meatus, and communicate (occasionally) 
with the sphenoidal sinuses. 

Development.-By tlirt'l' centres: one for the perpendicular lamella, and one 
for each lateml mass. 

The lateral masses are first developed, ossific granules making their appearance 
in the os plan um between the fourth and fifth months of fretal life, and extending 
into the spongy bones. "' t birth the bone consists of the two lateral masses, 
which are small and ill-developed . During the first year after birth the perpen
dicular and hori;-;ontaJ plates begin to ossi(\·, from a single nucleus, and become 
joined to the lateral mas.ses about the beginning of the second ;year. The forma
tion of the etbmoi<lal cells, which completes the bone, does not commence until 
about the fou1·th or fifth year. 

Articulations.-,Yith fifteen bones: the sphenoid, two sphenoidal turbinated, 
the frontai. ancl eJe,•en of the face-the two nasal. two superior maxillary, two 
lachr.nnal, two palate, two inferior turbinated, and the vomcr. No muscles are 
attached to this bone. 

DEVELOP)!E:\'T OF THE CRANIUM. 

The early sta.~es of the development of the cmnium ha.ve already bC'en described (see page 
115). \Ve ha.ve seen th~t it.is formed from a layer of mcsoblast, dcri,•ed fi:om the prott;i''ert~bral 
plates of the trunk, wlurh 1s spread over the whole surface or the rud1mentar.': bra.111. rl~at 
portion of this h~yer from which the bones of the skull are to be developed consists of a thm, 
membranouscap;;ulc. . . 

Ossification commences in the roof, and is preceded by the depos1t1on of a membranous 
blastema upon the su rfare of the cerebral capsule, in whi_eh the ossifYint;' proc<:ss extends, the 
primitive membranous capsule becomin~ the internal peno5teum, ancl bcm_g ultrnmtelr blended 
with the dura mater. Althoua:h the bones of the vertex of the skull appear before those at the 
base, and make considerable pro.a;re~s in their ~rowth. at birth os~ifit·ation is more ad,·anced in 
the base, this portion of the skull forming a solid, immovable groundwork. 
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The Fontanelles. 

Before birth the bones at the vertex and side of the sk_ull are ~pamtc~l f:om ca~h other by 
membranon:; intcrval:o. in which bone i:s deficient. 'f.hc:s~ mtcn·als a;~~ p;mc1pally_ fou~1d at the 
four an.!!lcs of the 1m·ic1:1l bone:->. ll erlt'C there are six funta11ellc~ 1 heir formatton is due to 

~ 'l~ 

v -~ 
Fto.i. J.10.-.."kullathirth,showingthcantcrior 

and po~tcrior fonrnncllc~. 

Supernumerary or Wormian 1 Bones. 
In addition to the constant centres of ossifir!ltion of the skull , additional ones arc occasion-

~11;~· ~~'.~::t,ln t!!:~:.o~~i h~;~e ~:.~r~:;.m;~h e1~~J;.~~;.;; 1 : r1tfi:~~~r~;~~~~~d111:f ~~~~;.(it1~te1?1~:~c~~t~~~:S~ 
frequently found in the course of the larnbdoid suturc1 but o<·casionally ~so occupy the situation 
of the fontanelle~, e~pecially the posterior and, more ! arely, the anterior. Frequently one is 
found between the anterior in.forior ang-le of the parietal bone and the {treater win,!? of the 
sphenohl. the ptrl'i°f>ll o.<,.<;iclf' (};'1!,\'. 151 ). Tl~ey ha\'C a great tendency to l>c :-;ymmetrical on the 
two sides of the skull, and they rnry much m size, bei11g in some cases not larger than a pin's 
head. and con6neil to the outer table; in other cases w large that one pair of these bones may 
form the whole of the 0t.1.:ipital bone above the isuperior cun•cd lines, as deS<.:ribe<l by Bl·<:lard 
and Ward. Their number is generally limited to two or three, lmt more than a lrnndred ha,·e 
beeu found in the !:ikull of an adult hydrooophalie skeleton. In their development, structure, 
and mode of artic.:ulatiun lhey resemble the other cranial bones. 

Congenital Fissures and Gaps. 

arc o~t~i~1~~~~:!,!~e t :~~ :~~;,i~i\~~-I1~~~c~i~~t~l\~i'!,:,i~~~ t;J1~~\~~~~ 1l~:f)~ 0[/1~f~1 ; i~~:lt~~sfi~.rf;;c~~~1;~!~ 
The fb..;nrcs g;cner:tlly extend from the mar!?ins towar<l lhe ccn1rc of the bone. but the gap~ 
may be fbund in the middle as well as at the cd~es. ln <·oun:;e of' time they may become covered 
with a thin lamino:L of bone. 

BONES OF THE FACE. 
The Facial Bones arc fourteen in number-viz. the 

Two -~fo:;;al. Two Palate. 
'fwo Ruperior ~!axillary. 'l'wo Inferior Turbinated. 
Two Lachrrmal. Yomer. 
Two ~Iala1:. Inferior ).Jaxillary. 

the-: ~1~~ .... ~iu::., a phy .. ician in Copenha!(Cn1 is said to have given the fi""t deiailed description of 
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H Of these, the upper and lower jaws are the fundamental bone~ for mastication, 
and the others arc accessories; for the chief function of the facial bones is to 
prodde an apparatus for ma~tication. while subs idiary function;:.; are to pro\·ide for 
the sense-organs (eye, no::;c, tongue) and a vestibule to the respiratory an<l ,·ocal 
organs. H ence the variations in the shape of the face in man and the lower 
animals depend chiefl y on the question of the character of their food and their mode 
of obtain ing it." 1 

The Nasal Bone. 
Th e Nasal (nasus, th e nose) are two small oblong bones, mrying in size and 

form in different individuals; th ey are placed side b~· side at the middle and upper 
part of the face, forming, by their junction, n the bridge" of the nose. Ea<.:b bone 
presents for examination two s urfaces and four borders. 'J1he outer surface is 
conearn from ab<)\·c <lownwa.rcl, conYex from side to side: it is co,·crcd by the 
Pyramidalis and Com pressor nasi muscles. and give attachment at its uppe1: part 
to a few fibre' of the Occipito-frontalis muscle ('l'heilc). It is marked b.v numerous 
small arterial furro"-s aucl perf'oracecl about it~ centre by a foramen. sometimes 
double, for the tran~mis!'ion of a small Yein. :-:;ometimes ibis fo ra men is absent on 
one or both side:s, and occasiona1J.'~ the for::unen crecum open!:l. on this surface. The 
innn- surface is conca.ve from side to side. con,·ex from :i.boYe downward; in 
which direction it is traver~e<l b,,- a longitudinal grooYe (i-.omctimes a canal). for 
the pa!oi~agc of a. branch of the nasal nene. The ffll}'erior border is narrow, thick, 
and serrated, for articulation with the nasal notch of 1 be fronta l hone. The inferior 
border is broad, thin, sharp, inclined obliquely downward. outward. and back
ward, and sencs for the attachment of the Ja tc ral carti lage of the nose. This 
border presents, about it$ middle, a notch, through which I a~ses the branch of the 
nasal nerrn abore referred to. and is prolonged at its inner extremity into a sharp 

ll"ilhfronlulbone. 
spine, which, when articulated 
wi1h the opposite bone1 forms 
lhe 11m<al angle. 'J.1hc external 
border is serrated, bevelled at 
the expense of the intenrnl s ur~ 
face abo,·e and of the external 
below, to articulate with the 
nasal process of the superior 
maxillary. Th e internal bor
der, thic.ker aborn than below, 
articulates with its fellow of '

~ WHk 
:/ jl'OUla.IRpine. 

Crest. 
llilh 

wrpe-mlicular 
pfoteof 

Pllrnwill. 

G1001efor 11asal11ene. 

011frr Sur.fare. the opposit~ si(~C, and is J?l'O- I nner Surface. 
Fm. l:S'.?.-Rlght nasal boae. longed behmcl rnto a. Yert1cal F10. Jri3.-Len nasal bone. 

crest which forms part of the 
septum of the nose; this crest articulates with the nasal spine of the frontal abore, 
and the perpendicular plate of the cthmoid belo" . 

Development.-Bv one centre for each bone, '' l1ich appeurs about the same 
period aR in the vertebr::e. . . 

Articulations.-With four bones: two of the cnrn1um, the frontal and etbmo1d, 
and two of the face, the oppo ite nasal and the s uperior maxillary. 

At t achment of Muscles.-A few fibres of the Occipito-frontalis muscle. 

The Superior Maxillary Bones. 
'!'he Superior Maxillary (maxilla, th e jaw-bone) is one of the most im1iortant 

bone!' of th e face from :umrgical point of Yiew, on account of tbe number of du~cases 
to which some of its parts are liabl e. Its careful exam in <Jtion becomes, therefore, 
a matter of congiderahle interest. It is the larµ; est bone of the face. excepting the 
lower jaw, and forms, by its union with its fellow of the opposite side, the whole 

1 W. W. Keen, American edition, p. 185. 
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of the upper jaw. Each bone as!:dsts in the form:Hion of three ca.\'itieR, the ro~f of 
the mouth. the floor anti. outer wall of the na :-oa l fo1'S<~. and the floor of the 
orbit. an1l abo t•ntcr1' into the formation of two fo~s<\!, the zygomatic an<l ~phcn n
maxillar\". and twn n~~ure.-i:, the sphcno-ma xi ll ary and ptcrygo-maxillar.Y. 

'l'he hmw presents for examination a body and four proccsscs-mala.r, nasal, 
ahenlar, and palate. 

The body is somewhat cuboid, and is hollowed out in it ::; interior to form a large 
caYity, the rmtrnm <~f Jfi'glimore. Its surfaces are four-an ex ternal or facia.1, a 
po!-iterior or z ,,~gomat i c, a superior or ~nbita l , a~1d a.n int ern <~ !. 

The external or facial surface (Fig. 154) IS directed forward and outward. 
Ju::st aho\'C the incisor teeth is a dcpre~sion, the incisive or myrt~"t'orm .fossa, which 
gi,·eR ori~i u to the Depressor a l ~-u ua.si; and below it t~ the a lveolar bor~er is 
attached a slip of the Orbiculans on s. Above an<l a little external to i t th e 
Compressor nasi arises. More external is another depression, th e canine fosBa, 

OutaSnrface. 

luci11frtfossa. 

Fm. 154.-Len superior maxillary bone. Outer rnrface. 

larger and deeper than the incisi,·e fossa, from which it is separated by a ,·ertical 
ridge, the <'1rnine eminence, corrc~ponding to the socket of the canine tooth . The 
canine fo~:-:a g i,·cs origin to the Le,'ator ang:uli ori8. Abo,·c the canin e fossa is the 
il{f'rtwrbital foramen, the termination of the infraorhital canal; it transmits the 
infraorhital veRscls and nen-e. Above the infraorbital fornmcn is the margin of 
the orbi t, which affords partial attachment to the L eva.tor labii supcrioris proprius. 
'l'o the i:;h~rp margin o~ bo1~e which bounds t~ii:; surface in fron t and scparatci:; it 
frvm the mtcmal surface 1s attached the Dilator naris posteri or. 

The posterior or zygomatic surface ii:; conYcx. dirccte(l lrnckward and outward. 
allll fnrm~. part of the z.ygom:uic f1:-;~a. I t Jll'C'sents :ihont iti:; C'entre se\'eral aper· 
tu re:-; lc~Hlm~ to tanals 111 .the substanc~ of the ho11 c; they are termed the postaior 
dt11flll 1·1rnol.~. arnl transmit the posterior dental ,-cs:--ell' and nene:;. At the lower 
part .of this surface i-.: a rounded C?1inence. the 11Uuillar,11 tu/Jrrosit.11, especially 
prom111t•nt afrcr the ~rowth of the w1s(lom-tootb, rough on its inner side for artic· 
ulation with the tuhcrosity of the palate hone. an(l :-;omct ime:-- "ith the external 
pteryp:oid plate. It girns attathment to a few fibre:; of origin of the Internal 
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pterygoid muscle. Immediately aborn the rough surface is a groove which, run
ning obli<1uely down on the iuuer surface of the bone, is converted into a canal 
by articulation with the palate-bone forming the posterior palatine canal. 

The superior or orbita.1 surface is thin, smooth, triangular, and forms part of 
the floor of the orbit. It is bounded internally by an irregular margin which 
in front presents a notch, the lachrymal notch, "hicb receives the lachrymal bone; 
in the middle articulates with the os planum of the ethmoid, and behind with the 
orbital process of the palate bone; bounded externally by a smooth, rounded edge 
which enters into the formation of the spheno-maxillary fissure, and which some
times articuhttcs at its anterior extremity with the orbital plate of the spbenoid; 
bounded in front hy pa.l't of the circumference of the orbit, wbicb is continuous 
on the inner side with the nasal, on the outer side with the maln.r, process. Along 
the middle line of the orbital surface is a deep groove, the inji·aorbital. for the 
pa~sagc of the inf'raorbital ,·essels and nerrn. 'J~hc grnove cummences at the mid
dle of the outel' border of this surface, and, passing forward. terminates in a canal, 
which subdivides into two branches. One of tl1c canals, the infraorbital, opens 
just below the margin of the orbit; the other. which is smaller, runs in the sub
stance of the anterior wall of the antrum; it is called the anterior dental canal, 
anrl trnnsmits the anterior dental ,-essels and nerve to the front teeth of the upper 
jaw. From the back part of the infraorbital C'anal a second small canal is some
times gi,·eu off, which rnns in the substancc of the bone. and conrnys the middle 
dental nenre to the bicuspid teeth . Occasionally. this canal is deriYed from the 
anterior dental. At the inner and fore part of the orbital surface. just external 
to the lachrymal gro<we for the uasal duct, is a depression which giYcs origin to 
the Inferior oblique muscle of the eye. 

The internal surface (Fig. 155) is unequall;' di1·ided into two parts by a hori
zontal projection of bone, the palate process: the portion above the palate process 

FIG.155.-Leftsuperiormaxlllarybone. 

forms part of the outer wall of the na.,J fo""': that below it forms. part of the 
caYitv of the mnuth. The superior didsioo of this surface presents a large, irreg
ular Opening h•a1ling into the rrntrum f?f H~q!unon• .. A.t the upp.er border of this 
aperture arc numerou~ broken C'ellular canttes, which 111 the articulat~d skull are 
closed in by the ethmoid and lachrymal bones. Below the aperture is a smooth 
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conc;Hity '\hich forms pa.rt of the inferior mca.tus of the na~al fo8r.::e. and behind 
it is a r~ugh surface "hicb arti~ula.tes with t.hc pcrpendicul.ar pla.te of the pal:.1tc 
bone, tra.Ycr.sc<l by a groo,·c which. commencing nea.r the m1cldlc of the posrcn.or 
bonier, rnns obliquely downward and forward.' and fo1:ms. "hen comp.letecl b~· its 
articulation with the palate bone, the posterwr palatwe canal. In front of the 

~!~~r"ii~~1~;~/1:~r~1i\~~~::1 i~o~1~:.ep ftrf~:~'11~~n~~:t~;;c;t1;·~~n:l c;~;~\,l~J~~~e l~~f~~;·~:~ 
nal'al duct. ~fore anteriorly is a well-marked rough ridge, the inferior turbinated 
crt'Sl, for articulation with 'the inferior turbinated bone. 'l'he conc:wity above 

~:\~t 1~~~~1:0/~~~:rl~~.r~~~t~~~ m,~d~~ep:·~~~~s o~f t~1i1: ~~t~~~~~v~~\~\vl~b~ ~i~\~~·e i:)l~~~:: 
is conc:t\'C, rough und uneven, and perforated by numerous small foramina for the 
pas~age of nutrient \·essels. It enters into the forma.tion of the roof of .the mou~h. 

'11hc Antrum of Highmore, or Maxillary Sinus, 1s u. ln.rge, pyramidal canty 
hollowed out of the body of the maxillary bone: iti;; apex, directed outward, is 
formed by the malar process; its base, by the outer wall of. the no~e. Its 1\alls 
are everywhere exceedingly thin, and correspond to the orbita l, facial, and .zygo
matic surfaces of the bod,· of the bone. Its inner wa ll. or base, presents, 1n the 

~~8s~;t~~~~~~ed '1!~0e0 ~~a·~·g1i;~;~g~f ~~;~g~,;~::tl~!~01~1:~·~hi:~]~i~~J 1~~~~d'.n~~~lt~~e -..:i}~:rt~1~-: 
it~elf is much contracted bv its articulation with the ethmoid above, the inferior 
turbinated below, and the p·alate bone behind. 1 In the articulated skull this cavity 
communicates with the middle meatus of the na::al fossrc, generallv by two small 
apertures left between the above-mentioned bones. In the recent state usually 
only one small opening exists, near the upper part of the Ca\•ity, sufficiently large 
to admit the end of a probe, the other being closed by the lining membrane of 
the sinus. 

Cro~sing the cavity of the antrum are often seen several projecting laminre of 
bone, similar to those seen in the sinuses of the cranium ; and on its posterior wall 
arc the posterior dental canals, transmitting the po8terior dental vessels and nerves 
to the teeth . l)rojectin.g into the floor a.re several conica l processes, corresponding 
to the roots of the first and second molar teeth ;2 in some cases the floor is perfo
rated by the teeth in this situation. 

lt is from the extreme thinness of the walls of this eavity that we are enabled to explain 

~f\:h~ ~:-hY:~· f,~~r~rs~)I~~~~ t~\~ea~)~~b:<l17'~~~j~~!i~~ ti~~~~r~1in~~j:~f1~1 ~g:;,tsp;~~:t~~i~g 0fo~~:~o~~ 
to the check 1 and making its way backward into the zygornatie fossa and downward into the 
mouth. 

The Ma.la.r Process is a rough, triangular eminence, situated at the angle of 
separation of the facial from the z.\~gomatic surface. In front it is conca\'e, form
ing part of the facial surface: behind it is al~o CODCM'e, and forms part of the 
zygomatic fos~a: a.b0\' 0 it is rough and serrated for articu lation with the malar 

~;~~.~:;·i~i l:l~ r~~~~~~': a xr~:.~~le~:~1-~i~f et bl:~~~~~t!~~r(~~\'~:~~~ ~~.~!;~e~·~o~h~b ~1~\~c~~:~ 
'l1he Na.sa.l Process is a thick, triangular plate of bone, "\\ hi ch projects upward, 

inward, and ba.ckwarc~ by tbe side of the nose, forming part of its lateral boundary. 
Its e.rtanal surface is conca\'e, smooth, perforated by numerous foramina, and 
gi,·es attachment to the Le\'atlfr lahii superioris almque na~i, the Orbicularis 
palpebrarum, and Tenda oculi . Its intenwl surface forms part of the outer wall 
of the nose: at its upper part it presents a rough, uneven surface, which 
articulates with the ethmoicl bone, closing in the anterior ethmoidal cells; below 
this is a trans\·erse ridge, the Rupnior turbinated cre8t, for articulation with the 

:i:~!~~~'.~~:~s~:1:~~~~1~~~i~!~i~~r~~gr~r1if~§ftl~·;~~~::~~:.;~1;~;:~;;;:;::.~;; 
~~1:;;:, ;;r:;{'1~~~';. i~~ ~~~:)Salter on Abscess of tbe . .\ntrum, io a Sylltem of Surgery, edited by T. 
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middle turbinated bone of the ethmo id. bounded below b1· a smooth concaYitv 

which form:-; part o~ the middle mcatus; below thi8 again is 
0

the inferior turbinated 

crest (alre:i<l.Y <lescnbed), where the process joins the body of the bone. Its upper 

?ord~r ar~wulates wt.th the frontal bone. Th e anterior border of the nasal proce8S 

is thm; cl1re~tcd ?bliquely downward ~rnd forward, and presents a serrated edge 

~or art1culauon with the nasal bone; its posterior border i:.:. thick, and hollowed 

JD to a. groo,·~, the lw:ltrym~tl groove, ~or the nasal duct: of the two margins of this 

groom, the mner one articulates with the lachrymal bone. the outer one forms 

part of .the circumference of the orbit. Ju~t where rho latter joins the orbital 

sur~a~c 1s ~ sma1l tubercle, the lc~cltrymal tuber~le; this sen·es as a gnide to the 

pos1t1on of the lachrymal sac 111 the operation for fistula Iachnmalis. 'Th e 

lachrymal groo,,e in the articulated ~k ull. is conr~rted into a. canal by the lach rymal 

bnne a~d lachrymal process of the rnfenor turbrnatcd: it jg directed downw::ll'(l, 

an<l a little backward and outward. is about the diameter of a goose-quill, slightly 

narrower in the middle than at either extrem itv, and terminates below in the 

infe~~: :1~~~1;!~ p~!c!~~l~~stl~~~h~:~:~t (~~1~Lnost ~~ong;· part of the bone, broader 

behind than in front, and excarnted into deep cad ties for the reception of the teeth. 

These ca,•ities a.re eight in number, and \'ar,r in s ize and depth according to the 

teeth the_,. contain. rrhat for the canine tooth i ~ the deepest: tho~e for the molars 

are the widest, and subdivided into minor cavities; those for the incisors are single, 

but deep and narrow. The Buccinator muscle arises from the outer surface vf this 

proce!'s, as far forward as the first molar tooth. 

The Palate Process, thick and strong, projects horiwntally inward from the 

inner surface of the bone. It is much thicker in front than behind, and forms a 

consi<lera.ble part of the floor of the nostril and the roof of the mouth. 

Its h~f'erior surface (Fig. 156) is conc:ne, rough and une,·cn, and forms part of 

the roof of the mouth. This surface i~ perforated by numerous forarnina for the 

passage of the nutrient vessels, chan nelled a.t the back part of its aheolar borc~er 

by a longitudinal groove, somctime8 a ca1rnl, for the trangmi:-sion of the postcnor 

palatine vessels, and the anterior and external palatine nerves from Mcckcl's gan· 

" 
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glion. and p1·e~ent~ lit!ll' depre~1'ions fnr the lndµ-mrnt of' t ln• palntim• ~ln1~1~~. When 

~~~·nt :\1~ 1 ;~~ ·~.~·;;;:·111 ~~t1~1~~:1 ~·~11~c;:~r.: r~~ ·~~ h~~~~c:1~11~;:~(~n~.;~~~:~ ';~~:~,:l la,~·.f.l;.~ i)~·· :~~~ 1;:~~,;~:.,~~~ 
~;:~(~,:~.~~:,.' ~~, :;'i' ~ i:l~~i'1i~~;~ r1 .·,1:~-1 i:o~~~ ;~:~ !.:t~~:.:1\~ '~l~1l~: t11~:0 ~·~ 1 ~~ ~~~ : ~·~c: kl~:l~~:1 ~t~J ~~.~~1r~ 1 ~~~~ 
~~tl~'i\~1«111,\~l i:~ 1 l:h1~g~tid':11:~l ~f,;~.11 aTtefi~~~~~;c:~n~~ati:~·oot~Y1:~.~:: ~1~~~a\'~ :~·n~~u~~~:: l:;;: 
jimrminrt 1~f ,,'tensou, and through chem pa!'i~es the anterior or terminal branch of 
the de::-;cc111.ling or posterior pttlatinc arteries. wbich asc1..'nd from the month to 
the na:-;al fo:-;~;"C. The remaining pair of canals i~ termed the .fin'{tmina ff 
8f'arna., and transmit the 1rn~o-pala.tine nen·c:-;, the left pm~:-;ing through the 
anterior. and the right through the posterior. <.:anal. On the palatal surfocc of 
thl' process a <i<.·lica~c linear suture may sometime~ he seen extending from ~he 
an.erio1· 11alatinc J'ns~a to t!Je intcnal hctween the la teral incisor and the C<W111e 
tooth. This marks out the intermaxillan· or incisive hone which in 8omc 
animal:-; exist~ permanently as a scpal"3tC piCce. It inc:ludes the ''hole thickne:-os 
of the alveolus, the corresponding part of the floor of the nose, and the anterior 
nasal :-;pine, and contains the sockct!'i of the inciso1· teeth. One or two :-m:~ll 
foramina in the ah•eolar marµfo behind the inl'isol' teeth arc nc<:nsic,nally seC'n 111 
the adult, almost constantl_,- in the young snhject. They arc c:alled the inci:-i,-e 
foramina , and transmit Yes:;;els and nen·es to tlic incisor teeth. The upper surface 
is concare from side to ~itle, s.rnooth, a1Hl form:-; part of the floor of' the nq:-e. 
It pre~cnts the upper orifices of the forarnina, of ~temwn and Scarpa. the former 
being on each side of the middle line. the latter being !'iituated in the intermaxil
lary suture, and therefore not \·isiblc unle:;;s the two bone~ are placed in apposition. 
rJ1he Ollll'r border nf the palate process is incorporated "ith the rest of the bone. 
rJ~bc innu bol'cler is thicker in front than behind, nnd is raised abO\'C into a ridge. 
the na.~al crt>.((t, which, with the conespon.ding ridge in the opposite bone, _form~ a 
groO\·e for the reception of the rnmcr. In fhmt this c rest rises to a cons1deralile 
hei~ht. and thi::.; portion is nnmed the incis01· <n•st. 'l'hc anterior margin is 

bounded by the thin. couf1~;:n~~\1j~~1c;-11~~ t~e ~~:~1'.~~n~r~~0t:s~ f~:~:·i~~~l~·~31e~1 r::~:~~~ 
process of the opposite bone. the anterior uasal spine. 
'fhe po.~teri()1· border is serrate<l for articulation with the 
horizonral plate of the palate bone. 

Development.-This bom• commences to ossify at 
a \'cry early period, and ossifitation proceeds in it 

0

witb 
great rapidity, so that it is diflicult to ascertain with 
certainty its preci"'e number of i:entres- It appear!', 

~'~~-e~-=~·~1;t;~~.~ b l:c1!!~~~~- it r~~ h ~ss\~1~i~~1~~~~Y fi ~:1~::-.~~a ~~·11~~~~~ 
about the Se\·cnth or eighth week: firflt. one each for the 
facial surface, the posterior part of the aheolus, and the 
orbital plate, and a. few da.ys later one for the palate 
process, and one fo r the front part of the ah-eolus, 
which carries the incisor tcetL. and which corresponds 
to tLe pre-m<txillary bone of the lower animals. All 
tbe~e. except the last, spec1lily fuse, and the two 
secondary centres, one for the ua!'a] proce:-;:;; and the 

J1~(erior Sw:f(l<'f'. other for the malar proccs~, appear and join tlJe rest of 
1"ii.-:Bl·wlo11ml'ntof the bone. Bv the tentl1 week the hone consists of two 
mttxillury IJ<mc. At portions-the greater part of the bone formed of six out 

of the ~e,·ei1 centres an<l the p~·c-m:~xillar_v portion. The 
suture hetwccn the:-;e two portions on the palate per~1~h till mi<l<lle life. but is 
not to lie !-'('t'n nn the facial surface. Thi . .., is IH'lie"c•d hv ('allcn1ler to he due 
to the fa<:t that the front wall of the ~ockct~ of the i11<:i~·;jH. tC'eth i~ not formed 
by the ]ire-maxillary bone, but by an outgrowth fmm the facial part of the 
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supcri0r maxilla. The antrum appears as a. sha11ow groo,•c on the inner surface 
of the bone at an earlier period than any of the other na~al sinuses, its de,·elop
ment commencing about the fourth month of footal life. The sockets for the 
teeth arc formed by the growing downwar<l of two plates from the dental groove, 
which sub~cr1uently becomes diYidcd by partitions jutting acJ"oss from the one to 
the other. 

Articulations.-With 11ine bones: two of the cranium. the front:;il and ethmoid, 
an~l ~ernn of the face-viz. the nasal, malar. lachrymal, inferior turbinated, palate, 
vomer, arnl its fellow of the opposite side. HomctimeR it articulates with the orbital 
plate of the spbenoid. and sometimes with its external ptcrygoid plate. 

Attachment of Muscles.-'I1o tweh·o: the Orbicu}aris palpcbrarum, Obliquus 
oculi inferior, Lorntor htbii superioris alroquo nasi, Lcrntor labii superioris 
proprius, Levator anguli oris, Compressor na!'i, Dcpl'Cl'Sor akc nasi, Dilatator 
naris posterio1·, l\Iasseter, Buccinn.tor, Internn.l pterygoi<l, an<l Orbicularis oris. 

CIL\lWE~ PRODUCED IN TIIE UPPER JAW BY AGE. 

At birth rirnl durinl! infancy the diameter of the bone is ~r<'ater in an antero+posterior 
than in a verti<::.ll dire<'lion. Its na~al procehli is long:, its orbital surface lar,!!e. and its tuberosity 
well marked. Jn the adult the n~rtical diameter is the ~reatcr, owing to the de\'elopment of 
the alveolar JirorC'i-:-. and the inere:lse in size of the antrum. In old a,E"c the bone approaches 
again in cbar<wtc1· to lhe infantile tondition: its heil!ht is diminished, and after the loss of the 
teeth the alveolar process is absorbed, and the lower part of the bone contracted and diminished 
in thickness. 

The Lachrymal Bones. 

The Lachrymal (lachryma, a tear) are the •mallest and most fragile bones of 
the facr. ~l.'hey are Rituatecl at the front part of the inner wall of the orbit, and 
resemble somewhat in form, thinness, and size, a finger-nail; hence they are 
termed the osw 1m,quis. Each bone presents for examinn.tion two surfaces and 
four borders. The external or orbital su rface (Fig. 158) is divided by a Yertical 
ridµ:c, the lacltrymal crest, into two parts. The portion of 
bone in front of this ridge presents a smooth 1 concaYe, 
longitudina1 groove, the rr.ee marg~n of which unites '~·ith the 
nanl process of the supenor ma.x1llar.Y bone. completmg the 
lachnmal groorn. 'The upper part of this groo"e lodges the 
lachr)·mal :-;ac; the lower part lodges the na~al duct. 'l'he 
portion of bone Uehincl the ridge is smoorh, ~lightly conca."e, 
and forms part of the inner wall of the o~·bit . 'l'he ridge, 
with a part of the orbita l surface immed1a.tel~· behind it, 
affords attachment to the Tensor tari;;i : the ridge terminates 
below in a ~mall, hook-like projection, the hrwrnlar 7n·ocess. 
which articula•es with the lachrymal tubercle of the superior 
maxillary bone, and completes the upper orifice of the lach- rw. v.s.-J.cn la<'h· 
rymal oToo,·c. It sometimes exists as a separate piece, which r}mal bone External 
iS the1tcalled the le.'fR1·r la('!tr.11mal bone. The internal or nasal f~iJ:ge) (~hgbtlr en 

surface prer.;ents a clepresse<l furrow, correspond~ng to the . 
rid"e on its outer surface. The surface of bone Ill front of this forms part of 
the

0 
middle meat us. and that heh ind it articulates with the cthmoid bone. filling in 

the anterior ctb1uoida l ccl1s. Of the four brmlrr.<:;, the outerior is the longest, and 
articulates with the na~a} process of 

0

the superior mn.xillary bone. The posterior, 
thin an<l unC\'en, articulates with the os planum of the cthmoid. '1

1

be superior, 
the shortc~t and thickest, articulates with the internn.l angular proces~ of the 
frontal bone. 'L'hc inferior is divided bv the lower edge of the ,·ertica} crest into 
two parts: the por.;te;·ior part articulat.es with the orbital pl~te of th~ superior 
maxilhnv bone; the anterior portion is prolonged flO" nwar<l mto a pomted pro
cess. which articulates with the lachrymal proce:-:; of the inferior turbinated bone 
and assists in the formation of the lachrymal groove. 
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Development.-By a 1>in~lc C'entre. "hich urnkc:i its :1ppearunl'e soon :.1fter 
o..-sifil'a.tion of the \'Crtebnu ha::; commenc:e<l. 

Articulations.-W itb four bone:oi : two of the tran ium . 1he:· frontal and ct hmoi<l. 
and two of the face. the superior maxilbry and the inferior turbinated. 

Attachment of Muscles.-To one mm:H:lc, the 'l'cn:-;or tar~i~ 

The Malar Bones. 
'l1b c Ma.lar (nwla, the cheek) are two small , lflllHlran gn lar bones, situated at 

the upper and outer part of the face: the~· form the prominence of the d1eek, part 
of the outer wall an<l floor of th e orbit, and part of the temporal and zygomatic 

~~:1~'.e i1 ro·~~~~~s~) 1:~: 1f::::et~ ~~ o~~~-i t~~~::~~\ il~11~/ 1:1~3 1~.~~~~~~ ~~~ ~0a :;~lt c~;~1t:.1 b~:~~l~c1~~'. 
The external surface (Fig. 159) is smooth, con\' ex. perforated near its centre by 
one or two small apertures, the mala1· foramina, for th e passage of nerves and 
vessels. em·t'1·cd IH· the Orbic11laris palpebra rum muscle, and affords a.ttacl.twcnt to 
the 7.vgoma.ricus 'majol' :rnd min :)r mu8clcs. 

The internal surface (Fig. 160), directed backward and inward, is conca\·e, 
presentin~ internally a rough. triangular surfa ce. for arti cu lation with the supe-

rior maxillary bone; and externally, a smooth, conca\'e surface, which above forms 
the anterior boundary of the temporal fossa, and below. where it is wider. forms 
part of the zygoma.tic fossa. This surface presents, a little above its centre, the 
aperture of one or two malar canals, and affords attachment to part of two muscles. 
the 'f emporal abO\'C and the ~Lasseter below. Of' the four processes, the frontal 
is thick an<l sena.ted, an<l articufates with the exte rnal angular process of the 
frontal bone. '.l1h c orbital process is a thi ck and strong plate, which projects 
backward from the orbi tal margin of the bone. fos Ff ttpero-internal surface. 
smooth an1l concave, forms, b~- its junction with the orbital s urface of the superior 
maxillary bnne an<l with the great wing of the sphenoid 1 par t of the fl oor and 
outer wall of the orbit. I ts infe1·0-e:rli>rnal F-u rface, smooth and con\'cx, forms 
part of the zygornatic and temporal fossoo. Its anterior marg in is 8mooth and 
rounded, fol'm ing: part of the ci rcumference of the orbit. Its superior margin. 
rough and directed horir.ontalh·. articulates with the frontal bone behind the 
ex~ernal. angular procm:s. I ts 1;osterior maq:!in is rough. a ncl !'.Crratcd for articu
lat10n with the !>.pbeuoid; inlernall.'{ it is ahw ~erratcd for articulation with the 
or~ital snrfare of the superior maxillary. .A t the angle of junction of' the sphe
no1<lal a1~11I maxillary portions a short, roun1led, non-articular margin is generall.'
i:;een; this forms the anterior boundary of the sphenn-maxi ll ary fis!')ure: nccMion-

j~!~~~~:u~il tt~:u~~~~~~·1ti~~.~~- ~:t~~'~:~~\d ~~~)~t~:s~::e b~;~1~~ f~~~:~l\~~~:t~~· :;ea c~i~:~~ 
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Wormian bone in the angular interrnl between them. On the u1111er ~urface of 
the orbital process are Reen the orifices of one or two temporo-malar canals: one 
of tbes.c usuall.r opens on the posterior surface, the other (occasiona1l_r two) on 
the facial surface : they transmit filaments (temporo-malar) of the orbital branch 
of the sup?rior !~axillary _ncn·e. rl1he. maxilla:y process is a rough, triangular 
surface wl11ch articu lates with the superior maxillary bone. The zygomatic pro
cess, long, na.rrow, an<l serrated, articulates with the z_,•gomatic process of the 
temporal bone. Of the four borders, the antero-superior or orbital is smooth, 
arched, and forms a. considerable part of the circumference of the· orbit. The 
m1tero-it~frrior or ma.rillar.'I border is rough, and bevell ed a.t the expense of its 
inner tab le, to articu la,te with the superior maxil lary bone; affording attachment 
by itR ma.rgin to the Leva.tor labii superioris pruprius, just at its point of jun<:tion 
with the super ior ma,xillary. The postero-.rnperior or tnnporalborder, cuned like 
an italic letter _t: is continuous abo\·e witb the commencement of the temporal 
ridge; below, with the upper border of the zygomatic arch: it affords attachment 
to the temporal fascia. The poF:tero-i1~ferior or z,11go11wti(' border is continuous 
with the lower border of the zygomatic arch, affording attachment by its rough 
edge to the -:\fag!'eter muse le. 

Development.-The malar bone ossifies generally from two, but occa!"ionally 
from three. centres. One, which forms the chief part of the bone. a.ppean: about 
the ge,·enth week. near the orbital margin. 'l'he second appears somewhat later, 
along the lower ma.rgin. The third, when it exists. i~ found in the hinder border. 
'l'he bone i~ sometimes, after birth, seen to be dirided bY a. horizontal suture into 
an upper and larger didsion and a. lower and smaller. "This di\·idcd condition _is 
probably due to the persistent separation of the two centres of O!'l:lification. In 
some quadrumana. the malar b-me consists of two parts, an orbital and a mal::tr, 
which a.re ossified by separate centres. 

Articulations.-With fou r bones: three of the cranium, frontal. sphenoid. and 
temporal; a.ncl one of the face, the superio r maxillary. 

Attachment of Muscles.-To fi\'C: The Le\•ator la.bi i superioris proprius, 
Zygomaticus major and minor, i\Iasseter, and rJ1emporal. 

The Palate Bones. 

The Palate Bones (p,,/1ttwn, the palate) arc sitn:ited at the back part of the 

~~1~.~.:~~~):·o~~:~~~t~~· ';·~~~~~~ei:oi~~twE~1nchtt~1~~1 ~~~·:~)t1~ ?~a~~1 '}~;:~t~t~~~ ~~c~h~-~= 
ca,·ities : the floor and outer wall of the nose, the roof of the mouth. and the floor 
of the orbit, and enters into the formation of two fossre, the ~pheno-maxillary and 
pter_rgoid: and one fissure, the spheno-ma.xil.la:Y· !n form _the t?alate bone_ some
what resemble~ the letter L1 and ma\· be cln·1ded mto an mfenor or horizontal 
plate atHl a. superior or \'ertical pla."te. 

The Horizontal Plate is thick, of a quadrilateral form, and presents two sur
faces an1l four borders. The .rnperior Rurface. concM·e from side to r.::ide. forms 
the back part of the floor of the nostril. ' l'hc i1{fl,rior surface, ~lightly conca\•e 
and rnugh, form.-; the back piwt of the bard pa late. At its postenor part may be 
seen a. transverse ridge, more or less marked, for tbc atta.chm_ent of p~trt .of th.e 
aponeurosis of the Tensor palati muscle. At the outer extremity of tlu~ ridge 1s 
a deep groove converted into a. canal by its anicu la.tion "ith the tuberos1ty of th.e 
s11pcri1H' maxillary bone, and forming the posteriot palatin~ cmwl . . Near this 
groove the orifices of one or two small canals, ru•f'essory p osterior J!~lat_rn~, ?1ay be 
seen. The anlf'rior border is serrated. bc\·elle<l at the expense of its mfenor sur
face, and articulates with the palate process of the superior maxillary bone. The 
po11tl'l"ior b<)l"(lcr is conca\•e, free, a~d se1Tes for the att_achml:nt of the sof~ palate. 
Its inner extremit_y is sharp and pomtecl, and, when umte<l with the opposite bone, 
forms a projectin~ process, the posterior nasal s11i1w, for the attachment of the 
Azygos uvulre. The external border is united with the lower pn.rt of the perpen-



dicular plate almost at right an.f!ICii. The inft>ma/bordcr, the thirkest. is serra1ml 
for articulation with its fellow of the opposite !'i(lC; it:-: ~npNior etl~c i ..... nti!-<ed into 
a ridge. "hieh. united with the opposite bone, fonn~ a tl'l'l'1t in \\bich the rnmcris 
received. 

The Vertical Plate (Fig. 161) is thin, of an oblong- form. an<l 1lirectecl upward 
an(l a little inward. It presents two surfaces, an external and an internal, and 
four bonll:n;. 

The internal surface presents at its lower part a brna<l, shallow depression. 
which forms part of the inferior mcatus of the no~c. Jmrncdiatcly above this 

i::; a wr>J).markcd horizontal 
Orbital process. ridge, the inferior turbinati'd 

r·re.'ll, for art iculation with the 
inferior turbinated bone; 
aho"c this, a second broad, 
io:.hallow depression. which 
form~ part of the mid<lle mea
tuR. surmounted above by a 
horizontal ri1lg;c less promi
nent than the inferior, the 

.11«.dllal'y superior turbinated crest, for 
lJl'ocess. articu lation '' ith the middle 

turbinated bone. Above the 
Rupcrior turbinated crest is a 
narrow. horizontal groove, 
which forms part of the su
perior rneatus. 

The external surface is 
rough and irregular through-

Horizontal Plate. out the gl'cater part of its 
Fio. 161.-1.cft paluic bone. l nlern1li dew. (Enlarged.) extent, fo1· articulation with 

the inn cl' sul'facc of the su
perior maxillary bone. its upper and back pa.rt being smooth where it enters into 
the formation of the Rpheno-maxillary fossa; it is also smooth in front, where it 
cn\·crs the orifice of the antn1m. Toward the back part of this surface is a deep 
groo,·e, conYcrtcd into a canal, the posterior 
paltttine, by its articulation with the supe- Orbitalprocm. 

rior maxillary bone. It tram:mits the pos
terior or descending palatine \·e~sels and 
one of the de:-;cending palatine branches 
from ).fcckers ganglion. 

The anfl>riu1· border is thin, irregular. 
and presents, opposite the inferior turbi
nated cre:o.t, a. pointed, prnjecting lamina, ~ 
the nw:rill111·,11 1n·ort'."'R, which is directed -. 

~~:;~~a~~· tJ\'~d 0~::~~~~n0}h~b!O~\::~.l~~~l l~j~~~ ] 
potderior bonier (Fig. 162) presents a deep ~ 
~rooYe, the c<lges of whic:h arc serrated fur 
artic:nlation with the pterygoi<l process of 
the sphcnoid. At the lower part of this 
border is seen a pyramidal proce~s of bone, Posterior 
the pto:1f.<1oirl 7)rON'RR or 1uber0Rity of the l1asulsptt1e. 

palate, whi<:h iR received into the angular 
inten~tl between the two pterygoi<I plates 

~h~~e1 ~!;,~.~:1~1i;~.:~e:~~:i1~~ni~:·i~~:~t\~:~.i?~ }"m. IGL-IA·ft 1(~.~l·at~~a:i Posterior view 

median groove and two lateral .surfaces. The groove is smooth
1 

and forms part 
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of .the pterygoid fo;,:;~a, affording attachment to the lnternaJ pterygoid muscle; 
wl11l1'it the lateral t':iurfaccs arc rough and unc,-cn. for articulation with the anterior 
border of each ptcrygoid plate. A few fibres of the Superior constrictor arise from 
the tuhcrosity of the palate bone. 'l'he base of this procc'8. continuous "ith the 
horizo.utal portion of the hon~, presents the apertures of the acel'lssor.11 deseendin,g 
prdatrne canals, through \\h1ch pass the two E:mallcr dcscendinrr branches of 
)lcckel's ganglion; whilst its outer surface is rough for a.rticulation°with the inner 
surface of the body of the superior maxillary bone. 

The Imperior border of the ,·crtical plate pre8cnts two well-marked processes 
separated b_v an intcn-cning notch or foramen. 'J1hc anterior, or larger, is called 
the orbital prol'ess; the posterior, the sphenoidal. 

The Orbital Process, directed upward and outward, is placed on a higher level 
than the ~phenoiclal. It presents fhe surfaces, which enclose a hollow cellular 
cavity, and is connected to the perpendicular plate b,Y a narrow, constricted neck. 
Of these fh·e surfaces, three arc articular, two non-articular or free surfaces. The 
three articular are the anterior or maxillary surface, which is directed forward, 
outwarcl, and downward, is of an oblong form, and rough for articulation with 
the superior maxillary bone. The posterior or sphenoidal surface is directed 
backward, upward, ::rnd inward. It ordinarily presents a small, open cell, which 
communicates with the ~phcnoidal cells, and the margins of which al'e serrated 
for articulaLion with the vertical part of the sphenoidal turbinated hone. The 
intanrrl or etkmoidal surface is directed inward, up"artl, and fon,ard. and 
articulates with the lateral mass of the cthmoid bone. In some cases the cellular 
ca,·ity abo,·c mentioned opens on this surface of the bone: it then communicates 
with the posterior ethmoidal cells. ~fore ral'cl,,, it opens on both surfaces, and 
then communicates both with the posterior ethmoidal and the sphenoidal cells. 
The non-articular 01· free surfaces a.re the superior or orbital, directed upward and 
outward. of triangular form, concarn, smooth, and forming the back pa.rt of the 
floor of the orbit; and the external or zy,qomatic surface, directed outward, 
backward, and downward, of an oblong form, smooth. lying in the spheno-maxil
lal')' fossa, and looking into the zygomatic fo~M. ~,be latter surface is separated 
from the orbital by a smooth, rounded Lorder, which enters into the formation 
of the sphcno-maxillary fissure. 

'l1hc Sphenoidal Process of the palate bone is a thin, compressed plate. much 
smaller than the orbital, and directed upwal'<l and inward. It presents three 
surfaces and two borders. The superior surface, the smallest of the three, 
articulates with the under surface of the sphenoidal turbinated bone; it presents a 
groo,·e, which contributes to the formation of the pterygo-palatine canal. The 
infrnutl surface is conca,·e, and forms part of the outer wall of the nasal fossa. 
The external surface is di,·ided into an articular and a. non-articular portion: the 
former is rough. for articulation with the inner urface of the pterygoid process 
of the spbenoid; the latter is smooth, and forms part of the spheno-maxillary 
fossa. The anterior border forms the posterior boundary of the sphcno-palatine 
forarnen. The posterior border, serrated at the expense of the outer table, 
articulates with the inner surface of the pterygoid process. 

'J'be orbital and sphenoidal processes are separated from one another by a deep 
notcl1, which is converted into a foramen 1 the sp!teno-palatine, by articulation 
with the sphenoidal turbinated bone. Sometimes the two processes are united 
aboYe, and form between them a complete foramen, or the notch is crossed by one 
or more spiculre of bone, so as to form two or more foramina. In the articulated 
skull this fora.men opens into the hack part of the outer wall of the superior 
meatus, and transmits the spheno-palatine ,·essels and the superior nasal and 
na~n-palatine ner"e::;. 

Development.-From a single centre, which makes its appearance about the 
second month at the angle of junction of the two plates of the hone. From this 
point os:sificn.tion spreads inward to the horizontal plate, downward into the 
tuberosity, and up\\ard into the ,·ertical plate. In the footus the horizontal plate 
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is mnl'h longer than the Yert ica l, an<l even af•er it i~ full_v ossified the whole bone 
is at lirst remarkable for its shorrnes-". 

Articula.tions.-\\,.ith six bones: the sphcnoid, ct hm oi1l, su1>erior maxillary. 
iuferior turbinated, ,-omer. and opposite pala!C. 

Attachment of Muscles.-'11
0 four: the Tensor palat i, Azygos un ilm, Internal 

ptcr_ygoid, and ~upcrior constrictor of the pharynx. 

The Inferior Turbinated Bones. 
' rhc Inferior Turbinated Bones (turbo, a whirl) are s ituated one on each side of 

the outer wall of the na~a l fossre. Each consists of a layer of t liin . s pong.v bone, 
curled upon itself like a. scroll-Lenee its name" turbinated "-and cxtcuds hori
zon ta lly :.tl on6 the outer wall of the nasal fo:s8u, imm ediate ly be low the orifi~c. of 
the antrnm. Each bone presents two s urfacc8, two bordc r81 and two extremities. 

'rhe internal surface (Fig. 163) is convex, perforated by numcrou8 ape rtures. 
and tra\'C.·r~cd by long itudi nal grooves and canals for the lodgment of arteries and 

vein~ . In the recent state it is co,·e re<l b~, the lining membmnc of the nose. 'l1he 
external surface is concarn (Fig . 1134), an<l form s part of the inferior meatus. Its 
'ltpper border i8 thin. irregular, and connected to v:Hjous bones along the outer 
wall of the nose. I t may be div ided into three portions : of theise, the anterior 
articulates with the inferior tul'bina.ted crest of tltc superior maxillal'y bone ; the 
postel'ior with the inforior turbinated Cl'CSt of the palate bone; 1he middle portion 
of the superi or borc_lcr presents three well-marked processes, which vary much in 
their size and form. Of these, the anterior and ~malles t issituatcda.t the junction 
of the amcrior fourth with the posterior three-fourths of the bone : it is small and 
pointed, an cl is call ed the lw·ltr.IJmal p1·oteRR: it articu la.tes by its apex with the 
anterior inferior an7lc of the lachry mal bone. and by ii s margins wiLh the groove 
on the bal'k of the nasal process of the su perior maxillary, and thus assists in 
forming the ca nal for iLe nasal c.luct. At the junction of the two mic.ldl c fourths of 
the bone. but encroach in~ on its posterior fourth, a broad. thin plate, the etlunoidal 
p1·oceH8. a:-;ccrnh; to join the unciform process of the ethm oid: from the lowe r border 
of this proce:->s a thin lamina of bone cur ves dow nward and outward, articulating 
by its lower margin with the lower edge of the or ifi ce of the antrum: it is called 
the nw.rill"r/J process. and fixes the bone firmly on to the oute1 wall of the nasal 
fos:o;a. Th e h{ferior border is free, thick. a nd cellular in struct ure, mo re especia lly 
in the mi(ldle of the bone. B oth extremities arc more or less narrow and pointed, 
the posterior being the more tapering. If the bone is held so that its outer con
cave su rface i:-; directed backward (i. e. toward the bolde r), and its superior border, 
from \rhich the lachrymal and ethmoidu.I proce!-lSCR proj ect, upward, the lachry mal 
procc'8 will be directed to the side to which the bone belongs. 1 

Development.-B.'· a s ingle centre, which makes its appearance about the 
midclle of ficta l lifo. 

Articula.tions.-Wi th four bones: one of the cranium, t he cthmoid, and three 
of th_e face. the superior maxillary. lachrymal, and palate. 

~o mu~cle:-i arc attached to this bone. 

1 If 1he lad1r~·mal p~ i-. broken oft~ a~ is oft('n ~he <':t"e, the ~ide to which the bone belon~ 
may be known by recollect mg that the maxillary pr0<.:e-.-; ,.., nearer the back than the front of the bone 
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The Vomer. 
'!'be Vomer (t•o11,n·, a ploughshare) is a sinirle bone. situated ,·ertically at the 

back part of the nm .• 11 foss<.-e, fo.rmmg part of the septum of the nose. It is thin, 
somewhat like a ploughshare in form; but it rnrics in different indi,·iduals, being 
frc11uent ly bent to one or the other side; it presents for cxaminarion two surfaces 
an<l fiye bordcr1". The lateral Slu:faces are smooth, marked by small furrows for 
the lodgment of blood-,·essels. and by a groove on cadt side. Sometimes a canal, 
the naso-palati111•, which runs 
obliquely downward and forward 
to the intcrmaxillary suture; it 
transmits the naso- palatinc nerve. 
The postero-superio1· border, the 
thickest. presents a deep groove, 
bounded on each side br a hori 
zontal project ing ala Of bone; 
the groove receives the rostrum 
of the sphcnoid. whilst the al"' 
are O\·erlapped and retained bv 
lamim-e (the i•aqinal proeesseis) 
which project from the under 
surface of the bod_v of the sphe-

. noid at lhe base of the pterygoid 
processes. At the front of the 

Withs11p.111axill. b011r.•mulpalatt . 
1''m.rn.;.-Thevomer. 

groom a fii;sure is left for the trans.mission of blood-vessels to the substance of 
the bone. 'l1he infuior bo1·der, the longest. is broad and une,·cn in front, where 
it articulates with the two superior maxillary bones; thin and sharp behind, 
where it jnin~ with the palate bones. The upper half of the m1tero-snperio1· bor
clrr usually con~i~t;; of t"o laminte of bone. between which i!S received the per
pendicular plate of the ethrnoid: the lowel' Ua lf, <d!So sepal'atcd into b10 larninoo, 
receivc!S between them the lower margin of' the triang ul al' ca r t ilage of the nose. 
The anterior bordf'r is short and vertical. and nrticu latc:s with the poster ior mar
gin of the incisor crest of each superior maxil la. 1'Le 1w~drl'iur border is free, 
concave, and separa.tcs the nasa.l fosstu behind. It is thick and bifid abo\'f', 
thin below. 

The surfaces of the \'Omer are covered by mucous membrane. whic:h is inti
mately conncc:ted with the periosteum, with the intcn•cntion of ,·cry Jittle. if any, 
submucou~ connec1i\'e tissue. 

Development.-The \·omcr at an early period consists of two laminre. separalecl 
b~· a ,·ery con!-'iderilhle inten•al, aucl enclosing between them a. plate of cartilage. 
which is prolonged forward to form the remaindel' of the ~eptum. 0!'sificatiou 
commences in it by a s.ingle centre about the eighth week. From thi!' nucleus the 
two Jamin re arc form eel. The_y begin to coalesce at the lower pal't, but their union 
is not complete until after puberty. 

Articulations.-\\'ilh six bones : two of the cranium, the sphenoid and ethmoid; 
and four of the face, the two superior ma.xillary and the two palate bones; and 
with the cartilage of the septum. 

T he vomcr ha8 no muscles attached to it. 

The Inferior Maxillary Bone. 
The Inferior Maxillary Bone (the Jiandibfr), the largest nnd strongest bone 

of the face, Rcrves for the reception of the lower teeth. It cm1Rists of a cu1Ted, 
horizontal portion. tlie hod;;, and two perpendicular portions, the rami, which jojn 
the back part of the bod~· nearly at right angles. 

'The Horizontal Portion or Body (Fig. lGU), is conl'CX in it!-i general outline. and 
cuned somewhat like a hor~eshoe. It prc:-;ents for examination two surfaces 
and two b.Jrdcrs. The external surface is rornt:X from side to side. conca Ye from 
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abore d1rnmrnr11. In th(' median line i~ a nrtical ri<l~C". the ~,11m1dt,11Hi1J, ~'hich 
externb from the U)l)l('r to the lower border Hf the bone. ;in(l in1licate~ th.e pornr.of 
junction of the two pieces of whic.-h the hone il'l compo~t'(l at an l'arly pe1:wd of lifo. 
~rhe lower part of the rid~e terminate::.; in a prominent tri:rngula.r cmmcncc, ~he 
111n1tnl 11r1w1·x.'1. '~'hil:i eminence i~ rounded below, and oftt>n 11.rcsentl'l a mc_<l1an 
deprC~'::'ion ~epa.n.tt1ng two processes, the !n1,11tn~ tulwrl'it'lf, lt fo~·ru~ the chin. :i 

feature peen liar to the human ~kull. On ~1thcr SHI~ o~t~1c ~:vmph~·s1s. J118t below tht• 

~~'t \:~c~~''..'~t1~1~ ;,~,~~~~'{ ~~eJ~~·,:,•t~'. '\~{~';f ';~;f'.~'.:i~:.·i~) 1 '.'";,~_:;;:~·t-;::.~·,:~:; I~~ ~s a,;;~~!11:~~11,: 
portion of the Orbicularis oris (Ac~essom Orbtculan~ VtfeJ'w!·tx), and. still more 
externally, a foramen, the 111ental .foramen, for the pa~:sagc of the mental ''C~~el."I 
and ncn:e, 'l1bis foramcn is placed just below the intenal between the two 
bicuspid teeth . Bunning outward from th~ base of t~1c m?utal process on 
each !-lide is a ridge, the ei:ternal oblique lmc. 'l'he 1·1dge ts a~ first ~early 
horizontal, but afterward inclines upward and backward, and IS continuous 
"ith the anterior border of the ram us: it affords a.ttacliment to the Deprc~~or 

Coro11oidpro~ess. Co11d11le. 

F1<;. 166.-lnferior maxillary bone. Outer surface. 

1ahii infcrioris and Depressor anguli oris; below it the Platysma myoides is 
attathed. 

The internal surface (Fig. 167) is concave from ~ide to si<le, con,·cx from abo,·e 
downwar<l. In the middle line is an indistinct linear depression. correspondin~ 
to the symphysis extemall.v; on either side of this depression, just below its centre. 
are four prominent tubercles, placed in pairs, two above and two below; they a.re 
called the gmial tubercles or mental 8pines, ancl afford attachment, the upper to 
the G-cnio-hyo-µ;lossi, the lower to the Genio-hyoidci muscles. t'omctimes the 
tuhercles on each side arc blended into one: at others they all unite into an irregular 
eminence; 01', again, nothing but an irregularity rnay be seen on the surface of the 
bone at this part. On either side of.the S!enial tubcn:lcs is an ornl tlcpression, the 
sublin,qual fo15Rrr. for lodging the sublrngual Rland; and beneath the fossa a rough 
dcprc~sion on each si1le whic:L gi\·es attachment to tlte anterior bellv of the 
Digastric muscle. At the bac:k part of the suhlingual fossa the internOl oblique 
lim• (owlo-ltyoidean) commences: it is at first faintly marked, but becomes more 
di!-itinct as it pas~es upw.anl _and outward, and is especially prominent opposite 
the lu!-it two molar teeth; tt affords attaduucut throughout its whole extent to the 
)Iyl1.)-hyoic~ m11sc:le: ~he Superior consu:ictor of ~he phary~x with the pteryp:o
max1llary ligament he111g attached aho\•e its posterior extremity, near the alveolar 
maqz:in. 'l'be portion of the bone aboYe this ridge is smooth. 

0

an<l co,·ered by the 
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mucous membrane of' the mouth ; the portion below presents an oblonrr depression. 
the s11bma.rillary ji1H>a, wider behind than in front, for the lodgmenf of the sub-

Body. 
F1G. l6'i.-lnfl'rior maxillary bone. 

maxi11a1·y gland. '1lhe extern a] oblique line and the internal or mylo-hyoidean line 
di\·ide the body of the bone into a superior or alveolar and an inferior or basilar 
portion. 

'l1hc superior or alveolar border is wider, and its margins thickcr1 behind than 
in front. It is hollowed into numerous cavities, for the reception of the teeth; 
these cav ities are sixteen in number1 and vary in depth and size according to the 
teeth which thcv contain. rJ10 its outer side. the Buccin:uor muscle is attached as 
far forward as t.he finH molar tooth. The inferior border is rounded, longer than 
the superior. and thicker in front than behind; it preKents a shal low groom. just 
where the body joins the ramus, over which the facial artery turns. 

The Perpendicular Portions, or Rami, are of a 'luadl'ilateral form. Each 
presents for examinat ion two surfaces, four borders, and two processes. The 
ei.:frrnal stu:fal'I' is flat, marked with ridges, and ~ivcs a.ttachmcnt throughout nearl.v 
the whole of its extent to the ).lasseter muscle. The internal Rluface presents 
about its centre the oblique aperture of the inferior dental cana l, for the passage 
of the inferior dental vessels and nenc. The margin of this opening is irregular; 
it pre~cnts in front a prominent ridge, surmounted hy a sharp spine, the liugula, 
which gi,·es attachment to the internal latera l ligament of the lower ja.w, and at 
its lower an cl back part a notch leading to a groove, tbc mylo-!1yoidean, which runs 
obliquely downwar<l to the back part of the submaxillary fo:::sa, and lodges the 
mylo-hyoid ve~scli) an<l nerve. Behind the groon~ is a. rough surface, for the 
insertion oft he In terna l pterygoid muscle. Tbe inferior dental <::lnal runs ~bliquely 
downward a11d forward in the s ubsta nce of tl1e nunus, nnd then honzontally 
forward in the body; it is here placed under the ah·eoli, with which it comm uni
cates by small openings. On arri,,ing at the incisor teeth. it turns back to 
communicate with the mental fornmen 1 g idng off two small canals, which run 
forward, to he lost in the canccll ous tissue of the bone beneath the incisor teeth. 
This canal, in the posterior two-thirds of the bone, is situatell nearer the internal 
surface of the jaw; and in the anterior third, nearer its external surface. Its 
walls are composed of compact tissue at either extremit~7 , anti of cance11ous in the 
centre. I t contain~ the inferior dental ,·esscls and nen'c, from which branches are 
distributed to the teeth through small apertures at the bases of the alveoli . The 
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lowe,. bor(frr of the ramu~ is thick. straight, and contin11ou~ with the body of tho 
bone. At it~ junction with the posterior l>0nk•r i~ the an,r1/11 '!f' tli11 Jaw, whith is 
either inrcrted or herted. and marked by rough. ohli1pw ridgl'S on each ~idc. for 
the attachment of the )fasi;eter externally. and the J utcrnal pterygoid internally; 

~~!~e~-:~~!.O·~~;'.<;t~!.''~~,Y t~f~ll:~~~.!~ x~~~~~db~~o\~~ ~~:l(llCC~~~~~~1~~l11:h~:~tl~ll~l~~le:~tc:~:;~~ 
obli11'1c line. The posterior bo1·der is thick, sm?oth; rounded, and co,·crcd b.r the 
pa.rotid "lall(l. The upper border of the ramus 1s thin, and presents two processes, 
separated by a. deep conca.,·ity, the iii9nwi~l noteh. Of these proccsRcs, the anterior 
is the col'onoid, the posterior the fondyloul . 

'rhe Coronoid Process is a. thin, Hattcned, trianguhir eminence of bone, which 
\'Mies in shape and size in diffcl"ent subjects, and sen·c:s chi efly for the attachment 
of Lhe Temporal muscle. Its ei·ternal 1SW/ace is Rmooth, and affor<ls attachrnC'nt 
to the Temporal muscle. Its £nler1wl sw:faee ~iYes attachm en t to the 'l1emporal 
muscle , and presents the commencement of a. longitudinal ri<lg~. "hi ch is coniinucd 
to the posterior part of the al"colar proccRs. On the outer snle of this ridge iR a 
deep 1rroo,·e, continued below on the outer f'icle of' the alveolar process; this ridge 
and p~rt of the groom afford attachment, above, to the 'l,emporaJ; below, to the 
Buccinator muscle. 

The Condyloid Process, shorter but thicker than the coronoicl, consists of two 
portion": the f'01uZ.1;le, a.ncl the constricted portion "hich supports the condyle. rbe 
nerk. The f'mid.11l1' is of an oblong form, irs long axis being trans,·en::e. and set 
obliquely on the neck in such a manner tha.t its outer end is a little more forward 
and a. little higher than its inner. It is CO!l\"CX from l'ef'ore backward and from 
side to side, the anicula.r surface extending farther on the posterior than on lhe 
anterior aspect. 'l_'he ner:k of the condrlc i:-1 fl attened from before backward . and 
strcngthcnccl by ridges which desceml from the fore part and sides of rhc condyle. 
Its la teral ma.rg:ins •.tre narrow, a.nd present externa lly a tubercle for the external 
lateral ligament. Its posterior surfrtee is convex; its anterior is hollowed out 
on its inner i;ide by a depression (the pterygoidfossa), for th e attachment of rhe 
Extemal pterygoicl. 

'l1lrn Sigmoid Notch, separating the two procef'ses, is a deep semilunar depres
sion , crm;8ed b" the massetcric Yessels and nene. 

Development.-The ltlwer ja.w is developed principally from membrane. but 
partly from cartilage. The process of ossification commences early-before, indeed, 
any bone except the clavicle. Between the fifth and ~ixth week a centre of ossi
fication appear:) in the membrane on the ourer surface of )leckel's ca rtilage (see 
page 118). from which the greater 1iart of the bone is formed. A second centre 
appctns in the membrane on the inner surface of tbe tooth-sockets, from which the 
inner wall of the sockets of the teeth is formed; this terminates abo'"e in the lingula. 
The anterior extrernitv of :\leckel's cartilage becomes ossified. forminO' the boclv 
of the bone on each side of the s.Ympb~·sis. And, finally. two supplcmer~al patches 
of cartilage appear at the conclyle and at the angle, in" hicb centres of ossification 
for thcf'e parts appear. At birtl. the bone consists of two hah·cR, united hr a 
fibrous symph~·sis. in which ossification takes place during the first year. • 

Articulation.- With the glenoid fosr-;cc of the two temporal bones. ' 
Attachment .of Muscles.-1.~o fifteen pairs: to its externa l surface, commencing 

at the s.vmpbys1~ . and proceedmg backward: Lcvator men ti, Depressor labii infc
rioris, Depressor anguli oris, P latysma myoides, Ruccinator, Masseter; a portion 
of the Orbicul:tris oris (Accessorii orbic11laris in fcrioris) is also attached to this 
surface. 'r~ its i_nternal ::-urface: comm~ncin,e; at the same point: Genio-hyo
glossuf', Genio-hyo1cleus. ~Iy10-hyo1deus, D1gastnc, Superior constricto1\ 'remporal, 
Internal pterygoid. External pter,vgoid. 

C'llA:s'GES PRODUCED I:s' T!IB LOWER .JAW BY AGK 

. The <·han!!c·s which the lower jaw unclenwes after birth relate ( 1) to the alterations effected 
m the body of th(! bone by the first and scc:ond dentitions. the lo: of the teeth in the aged, and 
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SrnE Yrnw OF THE LO\\"ER JAw AT DrFFERE:<:T PERIOD; O>" LIFE. 

Fu,;.169.-.Ati rears. 

F10. Iil.-ln old age. 
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deYdopcd in this part. The depth of the body becomes greater. owinA' to increased growth of 
the alvcol:tr part, to alford room for_ the fantrs of the teNh. and by thickening: of' the subdental 

~~~:~::~~~'.~i:~1~:~:i?·l:'.~,\~~1lFsEt~r~:~~~i'·'.~;:~~n~~;~:~:~~~r~i1~i:;:ii:.:~1;:~i::\;;~~~;1;.::p~~,~} :\~ 
level of the mylo-hyuid ridge, and the mental fornmcn oec:up1cs the po~1t1011 usual to 1t Ill the 
:tdult. The an1.dc becomes less obtuse, owing to the separation of the jaws by the teeth. 
(About the fourth year it is 140°.) 

bt tlu· adult (Fi,ir. 170) the alveolar and ba~ilar portions of the hodr are usually of equal 
depth. The mental fora.men opens midw:ty between 1he uppC'r and lower border of the hone, 
i,~~i~~~li~~~~t~~1~1aj~i!1 ~l~11~~ 'b:I.~:'",~~~1~)~!~~tw;i~j1 ~1~~1 ~j~!~·hyoid line. 'l'he ram us is nlmo:;t YCrtital 

111()ld1101· (Pi!.!. 111) the~bone becomes Jrreatl.v reduced in size; for with the loss of the 
teeth 1he ah-eobr process is absorbed. and the basilar part of the bone alone remains; con~e-

?~~~11:1~\~ ~1~,~t\i~ff~~t i~~ f:~l=1~oi~~=l~~:~i:r0~~~er.1inThc•J;~:~~l~~~·~b1i~~~· i;i~ir~~ti~~~ 1:h~ 
anc-le obtuse, and the neck of the conclyle more or le bent backward 

The Sutur es. 

rrhe bones of the cran ium and face are connected to each other by means of 
Suturt'H. '.l'ha.t is, the articulating surfaces or edges of the bones are ID.ore or lc!<s 
roughenc!l or unC\'Cn, a.nd are closely· ada.ptcd to each other, a small amount of 
inten-cni ng fibrous tissue fastening them together. 'J1 he Cranial Sutures may be 
divided into three scrn: 1. Those at the vertex of the skull. 2. Those at the side 
of the sk ull. 3. Those at the base. 

The sutures at the ,·crtex of the skull are three: the sagittal, coronal, and 
lambdoirl. 

The Sagittal Suture (intC111arirl'<l) is formed by th e junction of the two parietal 
bones. an<l extends from the middle of the frontal bone backward to the superior 
angle of the occipital. In childhood, and occasionally in the adult, when the two 
bah-es of the frontal bone are not united. it is continued forward to the root of 
the no~e. This suture is sometimes perforated, near its posterior extremit,,·, by 
the parietal f'oramcn: and in front, where it joins the coronal suture, a space is 

OCC~;~~l~!;o~~rt S~~~ir~h cf~~:i~!~}~a~i]l~:~~eex\~:~Id~i~11·~n~~.~~~eh· aC1"0$S the \"ertex of 
the ~kull, an11 connects the frontal with the parietal bones. · It commences at the 
extremity of the greater wing of the sphenoid on one side, and terminates at the 
same point on the opposite i::.ide. The dentationi::. (If the suture are more rnarke<l 
at the sides than at the summit, and are so const rn cted tha.t the frontal rests on 
the parietal above. whilst laterally the frontal "'IJ'JlOrts the parietal. 

Tbe Lambdoid Suture (ocripito-pariPta/), so called from its resemblance to the 
Greek letter . J, connects the occipital with the parietal bones. It commences on 
each side at the mastoid portion of the temporal bone. and inclines upward to the 
e_ml of the sagittal s~1ture. The dentations of this suture are very deep and di~
unct. and arc often interrupted by i::.e\·eral small \\"' ormian bones. 

The ~uture~ at the side of the skull extend fr01? the external angular proce~s 
of the frontal hone to the lower en<l of the lambdo1<l suture bebmd. The anterior 
portion i~ formed between t~1e lateral part of the frontal bone above and the mala.r 
and great \\ing of the sphenoi<l below, forming the ji·onltJ-malar and jronto-
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sphmoirlal sutures. 'l'heRc sutures can also l>c seen in the orbit, and form part of 
the so-call ed tran,11l't'l'.'H' faf'irtl !-iuture. 'l'h c posterior portion is formed het"·ecn the 
pari eta l bone above and the g rea t wing of the sphcno id. the squamous and mastoid 
portions of the temporal bone, forming the F1phmo-parietal, syua11w-parietal, and 
mastn-parietal sutures. 

'rh c Spheno-parietal is very short: it is formed b~· the t ip of the ~reat "in(j' of 
the sphen lid, which 0\-crlaps the an·erior infol'iur an.~!le of the parietal bone. 

0 

Th e Squamo-parietal, or Squamous Suture, is arched. I t is fonnrd IH,. the 
sq uamous portion of t h ~ temporal bone OYe rlapping the middle di\'i::;ion Or the 
lower border of the parietal. 

'l'hc Masto-parietal i ~ a ~hort suture, deeply dentated. formed by the posterior 
inferior angle of the parietal an<l the superi or border of the mastoid por tion of t he 
temporal. 

rl'he sutu res at the base of the skull arc t he basilar in the centre, an<l on each 
siilc the pefru-oceipital, the 111w;to-occipital, tLe petro-sphenoidal, arnl the sqlla1110-
spl11•noi1/ttl. · 

The Basilar Suture is formed by the junction of the basi lar surface of the 
occipital bone with the posterior surface of 1he bod)· of the sphenoid. At an early 
period of li fe a thin plate of carti lage cx i:Hs between these bone,:.;. but in the adult 
the.v become fused into one Between the outer extremity of the basi lar suture 
and the termination of the lambcloid an il'l'cgula1· sntu re ex ists. which is :;:;ubdi ,·idc<l 
into two portions. rr11e inner portion! formed by the uni on of 1he petrous part of 
the temporal with the occ ipita l bone. is termed the petro-occipital. The outer 
portion, formed b.\· the junc tion of the mastoid part of the temporal with the 
occipital, is called the masto·occipital. B etween the bones forming the petro· 
occipital sutu re a thin plate of cart ila,!!C exi:;:;t:;:;; in the masto·occipital is occa
sionally fou nd the opening of the mastoi<l fora mcn . Between the outer extremity 
of the basilar suture and the spheno-parietal an irregular suture may be seen. 
formed by the union of the sphcnoid with tbc temporal bone. 'l'h e inner and 
smaller portion of this sutnre is termed the petro·sphenoidal ; it is fol'mcd between 
the petrous portion of the temporal and the great wing of the spbenoid: the outer 
portion, of greater length and arched, is fo rmed be1ween the squamous portion 
of the lemporal and the great wing of the spbenoid; it is call ed the squamo· 
sphenoidal. 

The cranial bones are con nected with tho:o;e of the face, and the facial bones 
with each other, by numerous sutures, which, though distinctly marked, ha,·e 
receiYcd no specia l names. The on l v remainin~ suture desenin~ especia l con
sideration is the transverse. This extends across 1he upper part of the face. and 
is formed b,v t he junction of the frontal with the facial bones· it extends from lhe 
extcmal angular proce,:.;s of one side to the same point on the opposite $ide. and 
connects the frontal with the malar, the spbenoid, the ethmoid, the lachrymal, the 
superior maxillary. and the na~al bones on each side. 

The sutures remain ~epamte for a cnn ~ idcrablc period after the complete for
mation of the skull. I t is probable that the.'· >el'l'e the purpo>e of 1.e nnitting the 
growth of the bones at their margin-;, whi le the ir peculiar formation.' together 
with the in terposicion of the sntural li gament herween the hones formmg them, 
pre,·ents the dispersion of blows or jars 1·etcived upon the skul l. Humphry 
remarks, "that, as a genera.I rule, the sutures are first obl~ te 1:a t ed at tl~e parts jn 
which the osE ifi cation of the skull was la st com plctcd-nz. rn the neighborhood 
of the fontane lles; am] the cranial bones seem in th is respect to observe a sim ila r 
law to that which regulate~ the union of the epi1~hyses to th~ sb~fts of tbe lon_g 
bones." The Eame author remarks tha• the tune of then· d1flappearance 1s 
extrcmel v variable : thcv are sometimes found well marked in ~kulh; edcntulous 
with age: while in others which have on ly just reached maturity they can hardly 

be traced. 
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THE SKULL AS A WHOLE. 

The P.kull, formed b\• the union of the sc,·eral cranial arnl facial bones alrcurlv 
descrille1l. "hen con!-<ide'i·e<l as a whole is <li,·i~ihlc into five regions: a ~uperio"r 
region or vertex. an inferior region or base, two lateral regions, and an interior 
region, the face. 

The Vertex of the Skull . 
The Superior Region, or Vertex, presents two surfaces, an external and an 

internal. 
'L,hc external surface is bounded, in front, b,v the glabella and supraorbital 

ridges; behind, by the occipital protuberance and superior curred lines of the 
occipital bnnc; latcrall,v, by an irnaginar,v line extending from the outer end of 
the superior cuned line, along the temporal ridge, to the external angular process 
of the frontal. 'Phis surface includes the vertical portion of tLe fronta l, the 
greater pa.rt of the parietal, and the superior third of the occipiLal bone; it is 
smooth, convex, of an elongated oval form, crossed trans,·crscl.v by the coronal 
suture, and from before backward, by the sagittal, which terminates behind in the 
lamb<loid. The point of junction of the coronal and sagittal sutures is named 
the ln·P[Jnu1, and is represented by a line drawn \'crticully upward from the exter
nal auditory meatus. the head being in in~ normal position. The point of junc
tion of the sagittal and lambdoid sutures is called the lambda. and is about 2f 
inches abon• the external occipital protuberance. From before backward may be 
seen the frontal eminence::; and remains of the suture connecting the two lateral 
hahe~ of the f'ro111al bone: on each side of the sagittal suture arc the parietal 
foramcn and parietal eminence. and still more posteriorl,Y the convex surface of 
the occipital bone. In the neighborhood of the parietal foramen the skull is often 
flattened, and to this region the name of obelion is sometimes gi,,en. 

The internal surface is conC<t\'e. presentg emincnc:cs and depressions for the 
com·olutions of the cerebrum, and 11 umero118 furrows for the lodgment of b ranches 
of the meningeal arteries. Along the midd le l ine of this surface is <t longitudinal 
groo\'c, narrow in front, where it commences a.t the frontal crest, but broader 
behind. where it lodges the superior longitudinal sinus. and by its margin a ffords 
attachment to the falx cerebri. On either side of it arc se"cral depressions for 
the Pacchionian bodies, and at its back part the internal openings of the parietal 
foramina. This surface is crossed, in fronc, by the coronal suture; from before 
backward by the sagittal; behind, by the lambdoid. 

The Base of the Skull. 
The Inferior Region, or Base of t he Skull, presents two surfaces-an internal 

or cerebral. and an external or basilar. 
The internal or cerebral surface (Fig. 172) presents three fossre, called the 

anterior, middle. and posterior foss::c of the cranium . 
The Anterior Fossa is formed b.v the orbiral plates of the frontal. the cribri· 

fol'm plate of the ethmoid, the anterior thil'd of the superior surface of the bodv, 
arnl the upper surface of the lesser wings of the sphenoid. It is the most elenued 
of the three fog~;:c. eom·ex externally where it corresponds to the roof of the orbit, 
concave in the median line in the situ:ttion of the cl'ibriform plate of the ethmoid. 
It is t~·a.,·el'sed by three sutures, the dhmo:f1·ontal, ethmo·spl1enoidal, and jJ·onto
splte!wulaJ. :rnd lodges the frontal lobe of the cerebrum. It presents, in the 
median lmc. from before backward. tbe commencement of the groo,·e for the 
superior longitudinal sinus and the frontal crest for the attachment of the falx 
ccrehri: the foranu•n ererum. an aperture formecl between the frontal bone anti the 
crista µ-alli nf the etbmoid. which, if pen-ious, tran~mit~ a :-.mall \'Cin from the nose 
to the .~uperior. longittl(.linal sinu::.: behind the foramen ca~cum, the criJ5ta galli, the 
poster1?r marµ;1.n of wl11~h affords attachm.ent to the falx cerebri; on either side of 
the er" ta !(Olli. the o(factory groot•e, 11 b1cb supports the bulb of the olfactory 
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tract, and prcsc1Hi; three rows of foramina for its filaments, an1l in front a slit-like 
opening for the nasal branch of the ophthalmic diYisiou of the fifth ncn·e. On 

Fio.172.-Base of the skull. Inner or cerebral ~urface. 

the outer side of each olfactory grom·e arc the inrcrnal openings of the anterior and 
posl1'tior etMnoirlnl.foN011hw; the former, situnted about the middle of the outer 

:a~~1~1i ~e~~·e~ h'~ bi~~cl~~:~~.~::~~~ci.n t:~a :~:~11'.~:si~~~ a·~:~,~~·ix~ :~:.r:ll~i;l~~ ~~:~:1~~ ~~~:dt~~ 
14 
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the slit-like flpening nbo,·e mencionc•d: ,, )ijJ :-;t the po~11..•rior ethmnicl a ~ fomml'n 
opens at 1he batk part of' this margin under <.:O\C'r of' lhl' projecting lamma 1Jf tht• 
sph('nnill, anti transmits the posterior ethrnoulal \C:-o:-;l'l:-o.. L?arther batk in till' 
middle lin t' i." the d/unoidal spint>, bournlt•d bl·hi111l hy an cJe,·atctl ridµ:e. ~epa
rati1w two lonrtittulinal CTrOo,·es wLich support the olf'acton tract~. Bebirnl thi:-; 
i~ a t7'ans,·er:-;/'.:-;harp ri<l~e, running outward on ei ther side 'to the nntcrior m:.w~in 
of' the optic foramen, arnl 8eparating the :.uuerior from the micldle fo:-.sa of the 
b:i:"lc of the :-;kul l. The amerior fo:-:-;a pre~cnt:-;, latera lly, emiuence:; and depre:;gions 
for the conrnlutions of the brain aml g roores for the lodgme nt of the anterior 
meningeal arteries. 

Th e Middle Fossa, somewhat decpcl' than the preceding. is narrow in tlie 
mH.ldlc line, but becomes wider at the side of the sk ull. lt i:-; boundell in from b,Y 
the postcl'inl' maro-in of the lesser wjng oft he sphcnoi d, t li e anterior clinoid proces.s. 
and the r idge fo1~ni ng the anterior margin of th e opt ic groove : beh ind, by the 
superi or border of the petrous portion of the temporal lln<l the <lorsum cph ippi; 
extcma lh· by the 8< luamous portion (Jf the tcmpora.1. anterior inferi or angle of the 
parietal bone, an<l greater wing of the sph enoid. lt is ll'fl\'C r~ed by four sutures, 
the ~11uamo-paricta l , sphcno-pari eta l, s1111amo-sphcnoidal, an<l petro-sphenoidal. 

In the 111i1ldlc line, from before backward , is the optic ,qrooi·e, which supports 
tht• optic commi:--.,.111'e, and terminates on each ~ide in the optic foramen, for 
the pas~age of the optic none and ophthalmic a rtery; bC'h in<l the opt ic groove 
is the uliM1·/f procesrs, ;rnd laterally the anterfor clinoid proresses, to which 
arc attached proces~es of the tenrorium ecrebelli. Ji...,art her back is the R1·lla 
tu.rt•ica, a deep depl'e:-:~ion wh ich lodges the pituitar.'· gland, bounded in front 
by a ~mall cmi 1wn<.:e on either side, the middlr cli11<1id proct'.'1 .<J., and behind by a 
broad square plate of bone, the <{01·sum epltippi, sul'm ou nted a t each su perior 
angle hy a. tubcl'c le, the postuio1· alinnid process; bcnt•a.th the latter process is a 
notch. fo r the sixth nerve. On each s ide of the !'iC' lla turcica is the cavernous 
rrootie: it is broad , shall ow, and cun·cd somewhat like the itali c letter f; it 
commences behi nd at the f'oramen lacerum medium. and terminates on the inner 
si<lc of' the anterior clin oid JHOCess, and presents along itR outer margin a ridge of 
hon~. This groove lodges the cave rnou s ~ inn ~, the int ernal carot id artery, and 
the nen'cs of the ol'bit. Th e sides of the 1niddlc fos1Sa arc of c·onsiderable dep1h: 
they prc~en t eminencei; an1l depressions foi· the con\·olutions of' the brain and 
groo\'e~ for the branches of the middle rn (•ningcal artcl'y; the latter commence 
on the outer ~ ide of the foramen spinosum, an<l con ~ i st of two large branches, an 
anterior aml a po:"iterior; the former pas~ ing upward and forward rn the anterior 
in ferior angle of the parietal bone. the latter pas~ing upward and backward. 
The foll ow ing fonunina may also be seen from hcforc backward: )fost anteriorly 
is theformnl'n laeerum anlerius, or sphen()idal .fiRSltl"l', formed abo\·e by the l e~ser 
wing o~ the sphenoid.; below, by the greater win~: internal ly, by the body of the 
sphenmcl: an<l somctnncs completed externally h." the orb ita l plate of tL e frontal 
b~nc. It tran..;mits the third, the fou rth, the three branches of the ophthalmic 
d1\'i~·dnn of the fifth, the sixth nen·e, some fil:uncnts from the ca\·ernous plexus of 

~l\1.~1~i: 111t~~:~et;~;e t\\~c~~.~~.~~~~l b~~~e~~· ~! ~t~ :;1l~~~~ 1~n1~e~~:i:~11~1~3 ~h:r~~;~·i1i:~1:f~1 ~·1~~~~ 
Bchirnl the inner extremity of the sphenoirlal fi ssu re is the.f01·a111en rotundwn, for 
the pa~sage .of th? fteco nd division. ~f the fifth or su perior maxillary nerve; st ill 
more po:-;tenorh • 1s i;;ecn a small orifice. the .forronen 1rl'Ralii, an opening situated 
betwC'en the foramcn rotnn<lum ancl ovalc, a li tt le internal to both: it ,·arie:;:; in size 
in diffl'ren! indi\·iduals. and iR often absent; when present, it tr:rnsmits a small \·cin. 
It 0~1e11." below it~to 1hc pter~·l!oiJ fns~a. just at 1he outer side of the scaphoirl 
deprc .. ~1on. Bch.nul a~H~ ~xternal to the latter opening i ~ the> fommen oMlt', which 
tran..;m1ts the th1nl (]I\ 1:--1011 of the fifth 01· infci"ior maxilln.ry nene. the small 
ml·Hinµ:cal artery. an1l the ~mall petro:--al nern: 1 On the outer ~ i 1le of the foramen 
orale i:s tbefumnten spinosum, for the pa:--:--a~e of 1hc 111id11le meningeal artery; and 

1 See footnnll·, p. 182. 
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Clll the inner si!le of the foramen OYalc, the foramrn lacerum nwliu111. This 
aperture is fillc<l up with fibrous tissue in the recent sta.tc. 'J'hc Yidian nerve 
and a meningeal branc.h from the ascending pbarsngcal artery pierce this 
cartilage. On the anterior surface of the petrous portion of the temporal bone is 
seen, from without inward, the eminence cau~cd by the projection of the su perior 
semicircular canal ; ourr-:i<le thi~ a. depr~ssion corresponding to the roof of the 
tympanum; the groom lea.ding to the hiatus Fallopii, for the transmiss ion of the 
pctrosal branch of the Vidian ncr..-e and the pctrosal branch <Jf the middle 
meningeal a.rtcry; beneath it, the smaller groorc, for the passage of the lesser 
petrosal nc1·\·c; and, near the apex of the bone, the depress ion fol" the Gasserian 
ganglion ; and the orifice of the carotid canal , for the passage of the in ternal carotid 
arten and ca.rotid plexus of nerves. 

The Posterior Fossa, <lecp1,\· concan~. is the largest of the three, and situated 
on a lower Je,·e l than either of the preceding. It is fonned by the posterior third 
of the superior surface of the body of the sphcnoi<l, l>y the occipital, the petrous 
and mastoid portions of the temporal, and the posterior inferior angle of the 
parietal bone; it is crossed by four s utu res, the petro-occipital, tbemasto-occipital. 
the ma~to-parietal. and the basilar; and lodges the cerebellum, pons Yarolii, and 
medulla. oblongata. I t is separated from the middle fos~a in the median line by 
the <lorsum ephippii , and on each side by the superior border of the petrous portion 
of the temporal bone. This border senes for the attachment of the tentorium 
cerebelli. is groornd for the superior petrosal sinus, an<l at its inner extremity 
presents a notch. upon which rests the fifth nene. 'l'he circumference of the 
fo~sa. is bournled posteriorly by the groo,·es for tLe lateral i;;i nuses. In the cemre 
of this fo$Sa is theforamen uwgnwn, bounded on eilher i;;ide by a rough tubercle, 
which giYcs attachment to the odontoid or check ligaments; and a li ttle abo,·e 
these are seen the in ternal open ings of th e anterior condyloid foramina, through 
which pa~s the hypoglossal nerrn and a meningeal branch from the ascending 
pharyngeal artery. In front of the foramen magnum is a g rooved surfacei formed 
by the basilar process of the occipital bone and by the posterior third of the superior 
surface of the body of the sphenoid, whicl1 su pports the rneclulla oblongata and 
pons Yarolii, and articulates on each side with the petrous portion of the temporal 
bone, forming the petro-occipita.l suture, the anterior half of which is g roo,·ed for 
the infer ior petrosal sinus, the posterior half being encroached upon by the formnen 
larerum posif'rius, orJugularforamen. 'l1 h is forarnen present~ three compartments: 
through the anterior pa~ses the inferior petrosal sinus: through the posterior. ~he 
lateral :-;inns and some meningeal branches from the occipital and ascen<lmg 
pharyngeal arteries; and through the middle, the f[ I O~~o-pharyngeal , pneumo
gastric, and spinal accessory nenes. Above the jugular foramen is the internal 
auditory meatus, for the facial and aud i tor.'~ nenes and auditory artery; behind 
and external to this is the sli t- like opening leading into the aqureductus Yestibuli; 
whilst between the two latter, and near the superior border of the petrous portion, 
is a s.mall, triangular depression which lodges a proccEs of the dura. rna!er and 
occasionally transmits a. small \'ein into the s ubs.tancc of the bone. Behmd the 
foramen magnum are the h~ferior O('cipital fofl.'10', wh.ich lodge t~e.hcmispheres.of 
the cerebell um, separated from one another bv the wtcmal uuqntal <:l'est, which 
se l'"e:i for the attachm ent of the fa]x cercbc lli ~and lodge~ the occipita l si nus. The 
po$terior foss:u arc su rm ounted, aborn, by the deep tramwerse grooves for the 
lodamcnt of tbe latrrnl simtsr>s. These channcl H, in their Jl<.IS$age outward, 
gro~rn the occi pital bone, the posterior .inferior angle of the parietal. the mastoid 
portion of the temporal, and the jugular proce:-;s of the occipita l, and term inate at 
the bar·k part ofthejugu lar fo ramen. Wh ere this sinus grooves 1he mastoid por~ion 
of the temporal hone the orifice of the ma.lftoid .formneu may be seen. and JUSt 
prC\·ious to its termination it has opening into it the posterior ('Ondyloid foramen . 
.Neither foramen is constant. 

The External Surface of the Base of the ~kull (Fi~. 173) is extremely irregular. 
I t is bounded in front by the incisor teeth in the upper jaws; behind bJ the 
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superior cuned lines of the occipital bone; arnl Jatcrall,r by the ah·eolar ar,.h. ~he 
lower border of Lhe malar boue, the zygoma. and an ima~inary line extcndlll,!! 
from rbe zygoma to the ma!-;tni<l procc~s an1l extremity of the ~uperior cuncd linl' 
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of the occiput. It is formed by the polate processes of the superior max-illan· and 
palate bones. the ,·omer, the pterygoid processes, under surface of the great wing. 
spinous proce!-'se:-; and part of the body of the sphenoid, the under surface of the 
squamous, ma~toid. and petrous portions of the temporal, and the under surface 
of the occipital bone. The anterior part of the baRe of the 8kull is raised aboYe 
the le,·el of the rest of this surface (when the skull is turned OYCr for the purpose 
of examination), su1TOU1Hled by the alveolar process, which is thicker behind than 
i~ front, and. ~xcarntc~l by. sixteen depres~ions for l.o<lging the teeth of the upper 
.1aw, the cn.nties rar,r111g rn depth and size accordmg to the teeth they contain. 
Immediately behind the incisor teeth is the anterior palatine ,Iossa. At the bottom 
of this fossa may usually be seen four apertures : two place<l laterallv1 thefOramina 
of Sten!fon, which open aborn1 one in the floor of each nostri l, alld transmit the 
anterior branch of the posterior palatine vessels, and two in the median 1inc in 

:~~e\~~~.r~~.~~~~~~~t~~t~~:·,~~~~ !~;t:~~i;ofte1~~~(f~1~ 1~1;·:ei1) {~~1~·~g0:t, 1 !~=s~~~:i~t~~: 
nene. 'These two latter canals are sometimes wanting. or they may join to form 
a. single one, or one of them may open into one of' the lateral canals abo,·e referred 
tu. 'l'he palatine ,·ault is conca'"e. une,·en, perforated by numerous foramina, 
marked by depre:-sions for the palatine glands, and cro~~cd by a rrucial suture, 
formed by the junction of the four bones of which it is composed. At the front 
part of this surface a delicate linear suture may frequently he Reen, marking off 
the pre-maxillary portion of the bone. One or two !'mall foramina in the al\'eolar 
margin behind the incisor teeth, occasionally seen in the adult , almost constantly in 
young subjects. are ca Heel the incisive forami11a; they tran~mit ncnes and vessels 
to the incisor teeth. At each posterior angle of the hard 1ialate is 1 he posterior 
palatine foramen, for the transmission of the posterior palatine vessels and large 
de cending pala.tine nerve; and rnnning forward and inward from it a groove, for 
the same \"essels and nerve. Behind the posterior palatine foramcn is the tuberosity 
of the palate bone, perforated b~· one or more accessory posteri or pa la.t ine, canals, 
and marked by the commencement of a ridge1 "bi ch runs trans\'ersely inward. ancl 
sen-es for the attachment of the terulinous expansion of the Tensor pa lati muscle. 
Projecting backward from the centre of the posterior border of the hard I alate is 
the postufor nasal spine, for the attachment of the .Azygos uvuhe. Behind and 
abo,·e the hard palate is the posterior aperture of 1he nares., di\'ided int0 two parts 
h.'· the ,·omer, brwnded abo\'e by the body of the sphenoid, below by 1he horizontal 
phtte of the palate bone, and laterally by the pterygoid processes of the spbenoid. 
Each aperture measures about an inch and a quarter in the \"ertical and about 
half an inch in the transverse direction . At the ba!-ie of the rnmer ma"· be seen 
the exparnled ala'.: of thil-i bone. recei,·ing between them the rostrum.of the ~phenoid. 
Xear the lateral margins of the vomer, at the root of the pterygo1d proce8se:;, are 
the pter.11go-palatine canals. The pterygoid process, which . bounds the posterior 
naref.I on eac:h Ride, preRetHs near ics base the pterygoid or r~idi<rn canal, for the 
Yiclian nen-e and artery. Each process consiscs of two plateR, which bifurcat~ at 
the extremitv to reccirn the tubero~itv of the palate bone. and are separated behmd 

~~~;~~s Pl~~-~~~: :l ,~1.>~~~~~ ,,~:· ~>\~e~~,~~~ ~~" o~~~ h1e11 ~~~:1~~i~~~e ~·;· T11~i llb~;~~~ ~~- sr~~11Jt~};; ~x;;~~ 
for the origin of the Tensor palati mu$cle, and a.tits extremity the /1anwlcu process1 
aroun<I which the tendon of this muscle turns. The external ptcrygoid plate is 
broad, form..;; the inner boun<la.ry of the zygomatic fos!-Ja.. and nffordf.I attachment by 
its outer surfa(·e to the External pterygoid mut:;cle. . . 

Behind the na:-;al fo~s:.l' in the middle line i8 the basilar sul'face of the occipital 
bone, presenting in its centre the zd1rtr.1Jllf!Nd -~pi1ll'. for tl~c attachment. of the 
::-;uperior con.,tri<.:tor muscle of the pharynx. wnh de1~rc~s1ons on each side for 
the in~ertion of the Rectl1s capiti~ anticus major and rumor. At the base of the 
external pterygoid plate is the foramen ot·rtll': b~hind _this,.the.fora111tn spinosum 
and the prominent !'pi nous process of the sphenoid, "l11ch gl\·es attachment to the 
internal lateral ligament of the lower jaw and the Tensor palati mu~cle. External 
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to the spmnus process is tbeglennid.fus.ri:a, di'"itlL•tl into two parts hy the Glascrian 
fis:mre (paµ:L' 1 iti). !he anterior. por~ion conca~-l'. ~1~ ootb'. bounded in fn.mt by the 
emint.>ntia articnlari~. an<l ~ernng for the art1culat10n of the cornlyle of the lower 
ja" : the po~tcrior l?onion rough. bounde~I bd1iucl b~· the .tympanie plate. and 
sening for the rcccpt10n of part ~f the p<irotul.~land .. Emerging.from between the 
Jaminre of the ,·aginal prnccs~ of ll~c 1y1~p~n1c plale 1~ the 11(1(lou~ 1n·or'1'S:((· and at 
the bn..;e of 1hi51 process is the 11tylo-11wstotd joramen, for the exit of the facial nen·e 
anil entrance of the stvlo-mastoicl artery. External to the stylo-nrn stoicl foramen is 
the r11u·i1'ular fi.1<x1u-t•. for the a.uricuhu· branch of the pneumogastric, boun1led behind 
by thC' nrnstold process. Upon the inner side of the trnt8toid process is a deC'p 
gi·oovc, rhe J1.:qastri(·fop.~a: an~ a li_ttle more intern.ally the .occipital ,qromre, for the 
occipital artery. At the base of the mtcrna.l ptc~·ygo1d plate 18 ~t la~·ge and somewlrnt 
triangular a.pcrrnre 1 the .foramen lacermn 11u•d11u11, bounded 11~ fron~ b,Y the gl'eat 
wiug of the sphenoid, behind b:~ the apex of the 1~etrous port.1011 of the temporal 
bone. and internally bv the bodr of the sphcno1d and basilar process of tbe 
occipital bone: it presCnt-; in fr0nt the posterior orifice of the Yidian canal; 
behind. the aperture of tbc carotid canal. 'J 1hc ba~i\;1r :-:urfocc of this opening 
i=-- filled up in the recent state by fibrou_s tissue; acrO~li its upper or cerebral 
aspect pa~s lhe intemal carotid artery and Vidian nerve. External to this aperture 
the petro-sphnwidal suture is ol.Jscn-cd. at the outer termination of which is seen 
the orifice of the canal for the Eustachian tube and that for the Tensor tympani 
muscle. Bchin<l this suture is seen the under imrfacC' of the petrous portion of 
the temporal honC', presenting. from within outward the quadrilateral, rough 
surfacC'. part of whi(:h affords attachment to the l .. cvator palati and Tensor tympani 
muscles; external to this surfoc:e the orifices <Jf the carotid canal and the aqure
ductus cochlea~. the former transmitting the internal carotid artcr.v and the ascend
ing bmnche . .; of the superior cen·ical ganglion of 1 he ~ympa.thctic, the latter sening 
for the pas:-:age of a. sma ll arter.v and ,·ein to the cochlea . Behind the carotid 
('anal is n. large aperture, the Jugular .fossa. formed in front by the petrous portion 
of' the lempornl, and bebintl by the occipital; iL is gencrall_y larger on the right 
than on the left side, and ii:; <li"idcd into three compartments by proce~ses of dura 
mater. 'l'hc anterior is for the pa~sagc of the infol'ior petrni-;al sinus; tbe posterior, 
for the lateral sinus aiHl some meningeal branchcH f'rorn the occipital and ascending 
pharyngeal arterie~; rhc central one, for the gln~so-pbaryngeal, pneumogastric, 
anrl spinal accessory neneH. On the ridge of bone dividing the carotid canal from 
the jugular fossa. is the ~mall foramen for the tnrn!'mi~Hion of Jacobson's nene; 
an1l on the outer wall of the jugular foramen. near the root of the styloid process, 
is the ~mall aperture for the lransmission of .Amo1cl's nene. l3eh ind the basilar 
surface of the oc?ipital bone is the .foramen magnum, bounded on each side by the 
condylc~ rough 111ternally for the attachment of the check or odontoi<l ligaments. 
aurl presenting externally a. rough surface, the Juf!ttla1· process, which scnes for 
the attad1men· of the Rectus ca.pitis la.teraliH muscle an<l the lateral occipito-atloid 
ligament. On either !"iidc of each cond.rle anteriorly is the anterior eond,1jluiclfossfl, 
perf'orate1l by the .anterior condylo.id f?ramen for the p:1ssagc of the hypoglossal 
ncne and a menmgeal artery . Bch11Hl each con<l,r lc 1g the po~il'rior condyloid 

,fii.'(.'(ff. perforate(} on one or both si1le~ b,· the pos1erior conil doid f'oramina, for the 
tran:;mi:-;:-:ion. t~f a \'ein to th~ la~eral sinus. Behind the f0ramen magnum is the 
l'.rfrnwl 01·c111ilal crest, lel'mma.t111g abo,·e at the t'Xlernal occipital Jirotuberaw·f', 
whilst on each side arc ~ecn the superior and £1{frrior curved lines; these, as well 
aH ~ho surfaceH of bone between them. a.re rough for the :.tttachment of the muscles, 
which are enumerated on page 168. 

The Lateral Region of the Skull. 

'l'l~e Lateral.Region of the Sk1~ll is of a i-;mnewhat triangular form, the base of 
the tna~1g:lt-> ht.·m~ formed b:· a line exte~11ling- from the external an~tdar proce=-" 
of the ir1111rnl hone along the temporal rulgo backward to the outer extremity of 
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the superior curved Jine of ~he occiput: and the sides b.v two lines, the one dr:twn 

downward an1l backward from the external angu lar process of the frontal bone 

to the angle of the lower jaw, the other from the angle of the jaw upward and 

backward to the outer extremity of the i;;uperior curved line. 'This region is 

di\·isible into three portions-temporal fo~sa, mastoid portion, and zygomatic fossa. 

The Temporal Fossa. 

The Tempor3.l Fossa is boundccl aho,·e ancl heh ind by the temporal ridge. which 

extcncl:-1 from the extcmal anµ:ular ])l'Occ~s of' the frontal upward aml bac.:kward 

acro1's the frontal an<l parietal bones, cuning downward behind to tenni11ate in 

the posterior root of the zygomatic process. This ridge i:-; gcnerallr double-at all 

events in front, where it i8 :nost marked. In front it i1'.i bounded bv the frontal. 

malar, and µ;rea.t wing of the spbenoifl: externally by tbe zygomatic· arch formed 

conjoin th· b,v the rn alar and tcmpol'al hones; l>e1ow it is separated from. the 

~'~~fi~m:;i~h:o:~~h:~:)t,~1.e 1,;~l~;~"~A>1~!a r~~g~~r~~~:~ .~:~ ~1:,~ ~~~:1~. sl~~~-;.~c:f o;~~hf~-!~-t~1~~ 
µ:reat wing ()f the sphcnoid, parietal, squamo11s portit)n of the temporal. and ma1ar 

bones, nnrl is tnwcr~cd by six sutures, part of the trans,·er!'lc fotial, spheno

mal:'.r, Clll"OnaJ, spheno-parietaJ, squnmo-parictaJ, and Squamo-sphcnoiflaJ. rrhe 

point where the coronal suture cro!':SC'~ the temporal ridge is soml'timcs named 

the .~trphrrnion; an1l the reµ:ion '' l1crc the four bones, the parietal, the frontal, the 

squamous. an1l the greater wing of the sphenoid. mel't. at tl1e anterior iuferior angle 

of the parietal bone, is namefl the pterion. 'l'bis point is a.bout on a le,·e1 with the 
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t.•xtcrnal anrrular proces~ of the frontal hon(' an1l about one nrnl a half inches behind 
it. This f'o~ ... a j:-; dccpl,r concan~ in front, con\·cx behind. tnncr~cd by grooves" hich 
lod~c branches of the deep temporal artcricl', and filled by the Temporal muscles. 

The Mastoid Portion. 

The Mastoid Portion of the side of the ~kull is hournled in front by the tubercle 
of the zygoma.: abo\·e. by a line which ru11s ~rom the posterior root of the zy~o.ma 
to the cn<l of the masto-parictal suture; bch111<l and below by the ma::;to-occq11tal 
suture. It jg formed b\· the mastoid and JHLl't of the squamous and pctrous por
tions of the temporal bone; its surface is co1ncx and rough for the attachment of 
mu!:'clc.~. and presents, from behind forward, the mastoid foramen, the mastoid 
proce:ss, the extern<tl auditory m?a'us surrounded by the auditory process, and, 
most anteriorly, the temporo~max 1lltLl'J articulation. 

The Zygomatic Fossa. 
'The Zygomatic Fossa is an irregularly shnpcd ta\'ity, situated below and on the 

inner ~ide of the z_,·goma; boumled. in front, by t_hc tnbcro~ity of the s~tperior 

~1~xJ~~~1;~:-i~~n:o~(~~r ~~~ h1~~~~r~~~:~~~ ~~:~~~~1 :1;~i°~;1 ~ t:n~1~1~!~\1~ i~ 1~1~t~!~1ia~i~~1 ;~~'~e'~ 
by the pterygoid ridge on the outer surface of the great '1 ing of the spbeno1<l and 
the under part of the s11uamous portion of the temporal i below, by the ah·eolar 
border of the snperiQr maxilla; internall.'·, by the externa l pterygoid plate; and 
externally, by the zygomatic arch and ramus of ~he lower jaw. It contains the 
lower part of the Temporal. the External and lnternal pterygoid muscle51, the 
internal maxillary artery, and inferior maxillary nen·e and their bronches. At its 
upper ancl inner part may be obscn·ed two fissures, the spheno-maxi llary and 
pterygo-maxillary. 

'l'he Spheno-maxillary Fissure, horizonta l in direction, opens into the outer and 
back part of the orb it. It is formed above by the lower border of the orbital surface 
of the grea.t wing of the s-phenoitl i below, by the external border of the orbital 
surface of the superior maxilla and a :-;ma.11 part of lh c palate bone; externally, by 
a small part of the malar bone: 1 internally, iL joins at l'ight angles with the 
ptery~o-maxilla.ry fi:.:surc. 'l1h is fissure opens a comm uni cation from the orbit into 
three foss~e-thc temporal, zygomatic, and spheno-ma.xi llary; it transmits the 
superior maxillary ner\'e and its orbital branch. the infraorbital vessels. and 
ascending branches from the spbeno-pala tine or :Mcckel's ganglion. 

The Pterygo-maxillary Fissure is ,·ertical. anti descends at right angles from 
the inner extremity of the preceding; it is a. V-shaped intenal, formed by 
the di'"ergenee of the superior maxillary bone from the pter~·goicl pro~ess of the 
sphenoi<l. It se1·,·es to connect the sphcno-maxillary fossa with the zygomatic fossa, 
and transmits branches of 1he internal maxillary artery. It forms th.e entrance from 
the zygomatic fo:-~a to the spheno-maxillary fossa. 

The Spheno-maxillary Fossa. 

. '1
1

~e Spheno-maxillary ~ossa is a small, triangt~lar space situated at the angle of 
JUnctwn oft he spbcno-max11lary and pterygo-max1llary fissures. and placed beneath 
the apex of the orbit. It is forme<I above by the under surface of the body of 
the ~phcnoid and b.v t_he orbital process ~f the p~late bone; in front, by the supe rior 
rnax11la1·y bone; bchm<l, by the ,an tenor surface of the base of <he pterygoicl 
proce::-;s and lower part ~f the antel'lor surface of the great winµ: of the sphenoid; 
mternally, hy the ,·ert1cal plate of the palate. This fo~f:la has three fissures 
tcrminat.ing in i~-the ·~1il1enoirlal, sphe1~0-nw£illary, and ptery,go-ma:rillar.11: it 
COII!ITI\lll~<.:atCS Wl~h three fo~~re. th_e 01:fntal; 1U'l8rtl, and ZlJ.fJOnl(lfic, and with the 
canty of the era111um. an<l has openmg mto it five foramina. Of these, there are 
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three on the posterior wa.ll: the foramen t(Jtundum aborc; bel<J\\ and internal to 
this, the 1 ""idian: and still more inferiorly and internally, the 1Jtrtygo-palatine. On 
the inner wall is the .'ljJlwno-palati11e furamen, bs \1 hid1 the spheno-maxillan 
communicates with the nasal fossa: and below is the superior orifice of tb"e 
posterior palatiw• canal, bc~i<les occasionally tbe orifice::; of the accessory posterior 
palatine canals. The fo~:.:a contains the superior maxillarv ncrre and ~leckel's 
ganglion, and the termination of the internal maxillary a'.rtcry. 

The Anterior Region of the Skull. 
The Anterior Region of' the Skull, which forms the face, is of an oval form, 

present!-! an irregular surface, a.nd is excasatcd fol' the reception of two of the 
organs of sense, the eye and the nose. lt is bounded abo1·e b,v the glabella and 
margins of the orbit; below, by the prominence of the chin.; on each side by the 
malar bone and anterior margin of the ranrns of the jaw. In the median line are 
seen from nbO\'C d nrnwanl the glabella, and di\·erging from it arc the supereiliary 
ridges, which imlica.te the situa.tion of the frontal sinuses and support the eyebrows. 
Beneath the glabella. is the fronto-nasal suture, tLe mid-point of which is termed 
the nasion, and below this is the arch of the nose. formed bv the nasal bones. and 
the nasal procei::;~es of the superior maxillary. The na~al a;·ch i~ convex from side 
to side, concn\·e from a.born downward, presenting in the median line the inter
nasal suture formecl between the nasal bones, laterally the naso-maxillary suture 
formed between the nasal bone and the nasal proccsS of the superior u;axillary 
bone. Below the nose is :wen the opening of the anterior narcs. which is heart
shapeU, with the narrow end upward, and presents laterally the thin. sharp 
margin:; serving for the attachment of the lateral cartilages of the nose, and in the 
miJ<lle line below a. prominent process, the anteriot aaiial Rpine, bounded by two 
deep notches. Below this is the intenna.rillar.1/ sutun•, and on each side of it the 
incisfre fossa. Beneath this fossa are the alveolar processes of the upper an<l 
lower jaws, containing the incisor teeth, an<l at the ~ower part of the median line 
the symphysis of the ehiu, the mental process, with its two mental tubercles, 
separa.ted by a med ia.n groo\·e, and the incisfre fo!<Sa of the lower jaw. 

On each side, proceeding from abo,·e downward. is the supraorbital ridge, 
terminatin~ extcnwll.v in the external angular process a.t its junction with the 
malar, and internally in the internal angular process; toward the inncl' third of 
this ridge is the supraorhital notch or formnen, for the passage of the supraorbital 
vessel.:; and none. and at its inner side a slight dcpre:-;sion. for the attachment of 
the pulley of the Superior obli(1ue muscle. Beneath the supraorbital ridge is the 
opening of the orbit, bounded externally by the orbital ridge of the mala_r bone; 
below, by the orbital ricl7e formed by the malar and na:--al procc~~ of ~upen?r rnax
illan~: interua.lly, by the n:t~al process of the 811J>c'rior ma \illary and the mternal 
ang1;lar procc~s of the frontal bone. On the outer side of the orbit is the quadri
lateral anterior surface of the malar bnne, perforated by one or two small malar 

~~::~7,~~~~i.on ~;~~1: it~1:i .. ~~11~~;-,i~;- ~~,~.~~i:~n~ 1~~1~e~~t! 1:~~ ~t: ~·:<1!i;;;;;~~~~~::~/~::~~~~ngi~:~ 
attachment to the Len1tor anguli oris: bounded below by the alveolar processes. 
containing the teeth of the upper and lower jaws. Beneath tl.1e ah-eobr arch of 
the lowcl' j:1w is the mental fo1·anien, for the pa!:'sagc of the mental \·csscls a.nd 
nerve, the f'i·tr>r1tal oblique linf', and at the lower border of the bone, at the pomt 
of junction of the body with the ramus, a ~hallow groo\·e for the passage of the 
facial artery. 

The Orbits. 

The Orbits (Fig. 175) are tll'O quadrilateral pyramidal cavities, situated at the 
upper ancl nnterior part of the face, th?1r ba~cs bemg directed forward a~d 
outward. and their apices backward and mward. so that the axes of the two. 1f 
continued backward, woulcl meet ornr the body of the sphenoid bouc. Each orbit 
is formed of seven bonea, the frontal, sphenoid, ethmoid, superior maxillary, malar, 
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lachrymal, an1l palate: but three of these, the frontal, cthn~o.1d. aml . .!-iphcnoicl, 
enter inti) the formation of both orbit:s, su that the two cant1c:; arc form~<l of 

~~;r:nb~::~;/,:1 :;~·i. tfi1'~.c~11n~i~!~~~ 1~1~~~~.1~~~c!:~~i~~"~11~ii~:~~i;,11a~1i·~~:~· ~~>:;~r, ·l:i:c 
1 ~~~:~; 

j~ co1wave, directed downward and fornanl. arnl formed in front by the orbital 
plate of the frontal: behind b~- the le~scr \\ in,e; of. the sphcnoitl. This. surfi~ct.• 
prc:-;cnts internally the depression for tbc. car11~agmous pulley of the ~upenor 
oblique mu:sclc: externally, the dcprc~!-l.1011 for the l ac~r.rmal g land; a~1d 
posteriol'ly. the suture connecting the frontal and lesser wrng of the sphcno1d. 

Fu;. ll:J.-Antero-lateralregionorthc1'kull !Cryer.) 

The floor is nearly ffa.t. and of less extent than the roof; it is formed chiefl.y 
hy the orbital surface of the superior maxillary; in front, to a small extent, by the 
orbirnl JH'OCe~:.; of the rnalar. and behind, by the 8nperior su rface of the orbital 
process of the palate. 'rhi;.; surface presents at its anterior and interna l p~nt, just 
extcmal to the lachrymal gl'oove. a depression for the att::ichment of the Inferior 
oblique m11~tlc; extel'nally. the suture between the malar and s uperior maxillary 
bones: near its mi(Mle, the infraorbital groo'"e: an<l postcriorh·, the suture between 
the maxillary and palate bones. ' 

The inner wall is flattened, and formed from before bac:kwanl b,· the na~al 
proce!'.~ of the superior maxillary, the lachrymal, os planum of the eth.moid, alHl a. 
small part of the bolh of the sphcnoid. 'Phi:-. f.l.urfat:e pre~ents the lachrnnal 
groo,-e and cre:-;t of the. lachrymal bone. an1l the sutures connecting the lacbr~·mal 
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with the !mpcrior maxillary, the ethrnoid with the lachrymal in front, and the 
ethmoid with the ophenoid behind. 

1rhc outer wall is formed in front by the orbital proce~s of the malar bone : 
behintl, by the orbital surface of the sphcnoid. On it are seen the orifices of one 
or two malar ca nal:;, and the suture connecting the spbcnoitl and malar bones. 

Angles.-Th c Jsupaior ei:ternal an,qle is formed by the junction of the upper 
and outer walls; it prc~ents, from before bac:kwan.l. the ~uturc connecting the 
frontal with the malar in front and with the ~rcat wing of' the :-;phcnoid behind; 
ljUitc posteriorly is the foramen lacerum ~nterius, or sphcnoi1lal fifisurc, which 
tran~mits the third. the fourth, the three branches of the ophthalmic division of 
the fif'rh, th e six th nerve, some filaments from the ca\·cm ous J'lexus of the sym
pathetic. the orbital branch of the middle men ingea l artery, :L recurrent branch 
from the la.chrymal al'tery to the dura mater. and the opbtha.lmic vein. 'l'hc 
supaio1· internal au.r;le is formed by the junction of the upper :ind inner wall, and 
present;.; the suture connecti ng the frontal bone \\ ith tbc lachl'ymal in front and 
with the ethmoid behind. '11hc point of junction of these three Rnturcs has been 
name'l the dru•ryon. This angle presents two foramina. the anterior and posterior 
ethmoitlal, the former transmitting the anterior cthnrnidal \·cs!:iels and nasal nene, 
the latter the posterior ethmoidal \·essels. 'rhe inferio1· e1·temal angle, formed 
by the junction of the outer wall and ffoor 1 presents the spheno-maxi1lar5' fissure, 
which tranRmits the superior maxillary nene and its orbital lmrnches, the infra
orhital ,.C$Sels. and the ascend ing branches from the sphcno-palatinc or ::\Ieckel's 
ganµfom. 'L'he i>tferior infrnwl an!f{P is formed by the union of the lachrymal 
and os pJanum of the ethmoid with the superior maxillary ant.I. palate bones. 
The riN'IU1{fi.•1·ou·e. or base, of the orbit, c1ua<lrilateml in form. is bounded aboYe 
by the supraorbital ridge: below. by the anterior borilcr of the orbital plate of 
the rnalar. superior maxillary, and its nasal procef.ls; cxtcrnul ly, by the external 
angular procef's of the frontal and the ma.Jar bones: internally, by the internal 
angular proce~:-: of the frontal and the nasal process of lhe superi or maxillary. 
The circumference is marked b\' three sutures, the fronto-maxil\a.ry intemallv, 
the fronto-malar cxternalh·. and the malo-maxillarv below: it cont1:ibutes to tiie 
formation of the lachrym~I groove, and prc::.cnts, ~d>o,·c, the su pra.orbital notch 
(or foramen), for the passage of the supra.orbital ve~schi and nerve. The apex, 
situate1I at the back of the orbit, correspond::. to the optic fora men, a short, circular 
canal. which transmits the optic nerve and ophthalmic arter.v. It wiJI thus be 
seen that there are niw• open ings communicating with e:1ch orbit-Yiz. the optic 
foramen. foramen lacerum antcrius. spheno-maxillary fissure, snpraorbital foramen. 
infraorbita.I canal. anterior and posterior ethmoidal foramina, malar foramina. anti 
canal for the nasal duct. 

The Nasal Fossre. 

Th e Nasal Fossre are two Jarge, irregular ca,·ities s itua ted on either si<le of the 

:~~~l~1<!~~ :li~lr~ ~:p~1~t:~~~efr~;~1t~i~~~1 ~tfi1~~~nb;.h: i~1~~1e ,~-~:~~1 I ~~~11~~it:11~~1. LO~l~~~/~~~):llt~i~ 
eate by two large apertures. the anterior narcs, with tl1e front of the face, and by the 
two po~tcrior narcs with the pharynx behind. rrlJ CRe fossm arc much narrower 
abore than below. an<l in the middle than at the anterior or posterior openings; 
their depth, which is co11:-iderabl c, is much greater in the middle than <Lt either 
extremity. Each na:-1al fossa communicates with four ~inu~ef', the frontal above, 
the sphei10idal behind. and the maxillary and cthmoi<lal on the outer wall. Each 
fo1':;a al~o communicates with four c·a' ities: with the orbit by the lachrymal 
grom·e, "ith the mouth b,\· the anterior pain tine canal. with the cranium by ~he 
olfactory for:11nina, anrl with the !-ipheno-maxillary fo~im by the sphcno-palatmc 
foramerl: and rhe\· octasionaJh· C<Jmmunitatc "ith each other hy an aperture in 
the septum. Th e' hone~ en1c1:in~ into their formation arc fourteen in number: 
three of the cranium, the frontal, sphenoicL ancl ethmoid, and all the bones of the 



220 TllB SA'Ef,E'f '(),\ '. 

fact'. C'x:ccpting thC' malar and lower ja.w. Each ca\"it,Y is hountled hy a roof. a. 
lloor, an inner and an outer wall. 

The upper wall, or roof (Fig. 176). i!'; fornH.•d in front hy tht' na-.al hom• . .., a111l 
f!l'OOH' lateral to the nasal "pine of the frontal: thi" part il" dirrtt<.·ll_tlo,~n"ar_1l 
anti forwanl: in the mitltllc, b\' the cribriform plate of thr C'thmoid, '' h1ch 1~ hol'l
zontal: an1l heh inti, h.'· the mider surface of the ho1ly of the ~phl•noid, sphcnoidal 
procc .... :-; of the palate bone, and ala of the rnmcr, which are <lire~te<l down ward 
and b:1ckward. This surface presents, from before back,,·ard. the mtcrnal aspect 
of the nasal bones; on their outer side, the suture formed between the na!!al hmw 
and the na"lal proces~ of the superior maxillary; on their inner !'idc. the ele\atcd 
cre::it which recei,·es the nasal spine of the frontal and the perpendicular plate of 
the ethmoid, and articula.tes with its fellow of the opposite side; whi lst the surface 

FIG.1i6.-Roof,fioor,andouterwnllofh'ftnnsal fossa. 

of the bones is perforated by a few Rmall vascufar :1pertures, and presents the 
lon~itudinal groo,·e for the nasal nene: farther back is the tranHer::;e suture. 
connecting the frontal with the nasal in front, and the ethmoid behind. the 
olfactory foramina and na~al !'lit on the under surface of the cribriform pln.te. anrl 
the suture between it and the sphenoi(I heh ind: quite posteriorly arc seen the 
spbenoi(lal turbinated bones, the orifices of the sphcnoidal ~inn!-lcs, allll the 
n.rticula.tion of the ahB of the \'Omer with the under surface of the body of tlw 
sphcnoi<l. 

The floor is flattened from before backward, concave from side to F-icle. arnl 
wider in the mi1ldle than at either extremity. It il' formed in front b;y the palate 
procc~~ of the superior maxillary: bchirHI. h.v the palate proce~s of tbe pa1ate hone. 
Thi~ surface pre~ent~, from heforc backwar<l, the anterior na~nl spine: behiJHl 
this, the upper orifices nf the anterior palatinl' c:anal: intcrnalh·, the ele,·ated cre~t 
which. articul1~tes with the rnmer~ and heh_i1Hl. the suture bet,~·cen the palate an<l 
superior maxillar~- bone~. and the pmacnor na~al Rpinc. 

The inner wall, or septum (Fig. 177). i8 a. thin ,·ertical partition which sepa
rate~ the na:-;a} fos~IB from one another; it is occa~ionally perforated, so that the 



'l'lllc' .1X1'EIUOR REGION OF THE 8ATf,L. 221 

foss:c ('Olllmunica.tc. and it is often bent considerablv to one ~ide. 1 ft i~ formed. in 
front. by the crest of the nasal bones a.nil nai;oal spiric of the frontal: in the middle. 
bY the perpendicu lar plate of the ethmoi <l; behind, bv the vomcr, rostrum aucl eth
moi<lal crc~t of the sphcno_id; below, by the crest~ ~f the superior maxillary and 

;~~~~~1~~c~~:;ila~tcp~t~1~1:s~~~ef~·o~\~~t1~;~f~ci~\i~:g~~~~lru1:.~~c:d;~b~~ht~:c~'.~~se~·~c t~-;~ 
~mrface ts m:.trked by numcrouR va:-;cular and ne1·yous canals and the groom for 

FJG. lii.-lnnerwallofnasalfossa::,ors<'ptttmofoose. 

~~!s nf~~~~~~atine nen·e. and is traversed by sutures connecting the bones of which 

The outer wall (Fil(. liG) is formed, in front, by the nasal, the nasal process 
of the superior maxillar,y a1J1l lachrymal, bone~; in the mi<ldlc, Ly the cthrnoid 
and inner surface of the superior maxi llary ;ind inferior turbinated hones; behind, 
by the vertical plate of the palate bone and the internal pterygoid plate of the 
sphenoid. This surface prc:;cnts three irregular longitu<lina l pa~!-l-age~, or mealust>S, 

forme<l between three plate~ of bone that i-;pring from it; they are termed the 

superior, mi1ldlc, aml inferior rncatuses of the nose•. The .o.:uperior nu:at1t.'f, the 

smallest of the three, is situated at tho upper an!l back part of each nai;:.a\ ro~sa, 

occ-upyinµ- the posterior third of the outer wall It is situated between thr ~uperior 
and middle turbinated bones, and bas opening into it two foramina. the splteno
palatine at the back of its outC'r wall, and the posterior 1'ilanoidal cellx at the front 
part of the outer wa ll. ~1 h e opening of the sphenoidal sinus is ~tt the upper and 

bac:k part of the na~al foc::;sa. immediately l>ehin<l the superior turbinated bone and 
into a groon·. the 8plteno-etlmwi1 htl ree<'HS. The middle meatus iR i-:ituatC'd between 
the middle and inferior turbinated bones, and occup ies the po~tcrior two-thirds of 
the outer wall of the nasal fo!-(~a.. It ha~ two aperturcf.l: in front tlrnt of the infun
dibulwn1 by '' hicb the meatu:-; ('Ommunica.tes with tLt~ ant('rior cthmo i<lal cell~, 

~~~1,·i~~;~o,\~~~1c~h'~=~i ~: i ~~mteh'~b ~1~0 ~~t~~ ~i~1~1;~~~ P~:~~\o~'f n c(ri1~~·1~c~~ 8~huel 1:~·{/i;,t~~~-n~~~ 
riot meatus, the largest of the three, is tlie space between the inferior turbinated 

1 See footnote, p.185. · 



bone and thC' floor of the nasal fos::;a. lt l'Xttnd ... a\nng: the l'lllirl' leng1h of 1hc 
outer \\ali of the noi:.;e, is l>roa<lcr in front than hl•hin(l. aJHl pn::-.l'11ts a111eriorly tLe 
lo\\ Cr fii'ific1' of tlH' £'ruwlfur tlH' nmsal duct. 

a x i;l~~t·v::1ti:~~f ~11~~r~~ r!~(:·~.~:'~ ~r:1n ~1t~~11~~ ;,~!\~ 11·:~· 1 l c:l~·h i1?(~:11:1~:~~ g 
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: ~ 1~~~~1~~ ~~:~~~ 
:~f~~.11 '.i~~~ ~::~~t~~=:.ctt~~I :'~~ t~~~~f r~~~~~s ~::c\~1~1,,~wj:~: d1!t ,;;in~ 1 ~;:;11~-~'d n~.~~;\i~ ~~vh:!\~ 
~eparatcs the fa(;i;il from the nasal surfi.H·c of the Ruperior maxillary bone: a11d 
below bv the ~arnc border. "here it slopeti in" a.rd to join it~ ft•llow of the opposite 
si1lc at ihe anterior na~al spine. 

'.l'hc posterior nares are the two posterior oval openings of the na~al foss;.--c, by 
whieh thev l'ommnnicate with the upper part of the pharynx. Tbcy are situated 
innncdiatClv in front of the basilar p1·occss. and arc bounded a.boYc by the under 
;:;urface of' t'he ho(h· of the sphcnoi<l; be lo" by the posterior border of tLe horizontal 
plate of die palate.bone; externally. by the internal ~nrfoce of the internal pterygni<l 
pla.tc; and internally, in the middle line, they arc ~cparatcd from each other by 
the guttural border of the YOmer. 

~~~~~;ri:~:r:r~~~:li§:~f~;,~~:;I !~~i~i1':~~~:do';,'.~":'.:~:::;~~t'i',~~.';,1~:;~gt~~ :i~:i\~,~~!~.~~,~ 
I. ~upmorbital ;trch. 8. Parietal eminences. 
~. lntcrnoll angular process. 9. Temporal rid~e. 
3. l~xtcrnal anc;nlar proce ~ JO. Fronrnl erninenecs. 

~: ~i':~~~i~r;~~~·~. ~ ~: ~~~~:~It~,~~~- ridges. 

j: ~~1~~~~,i~~~ ~~~.'~~\ai\ir~·~,~1:ci.~i~~i bone. ~ ~: }~~~:~~ j~~:~:gin of orbit. 

I. The !mj)l'ffOl'bitrtl archrs are to be felt tl1roughout; Lheir entire extent, covered by the eye-

~;~~~l((;:~~~iI~~f ~~~!~l~~~(~~~~ 
~~a~1k~Jc:;:\h~1!~~1:~\~~~~~i'~i~J~1e afu111~al~:r:~~dt1 ~~~~~i~~~~~~ ~p n~~~°l:i~11dt. t;;~c!1i~~h~~· /1~ ~h~11J1~: 

liif }111iit1f i 
plainly to be folt. than the upper, in conseque11ce of the <lcusc temporal fascia. being attached to 

~~~~~~~5~~i~~g~~f i~;\~1~~;~~~~;g~~~~)j 
J,_,:'(llllmaux nr ( rrcenl:uuler. the malar born·~ do not 11roject forward a11<l downward under the 

~~~~·d~<l i~~,-~~·~1 1~~c~~~;1~:nf0:f·1~ ~i~1e~akTh~~irftc\~7111\1:~l:;._w~h{!t 1if'~~~2 1i;1i!!1 ~;~e d~;\~:~1af~!~ra~~ 
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maxillar\" hom'. which form~ the inner boundary of the orbit. .At the point of'junction of the 

~i·:~~·!.\:.t\~~;~~:~sL~·~:i!\!i.i'i.~i,:~~:~~::~~~~:1.\~~~·i~~~~~~1·~fu:~l;.~~· ~:~i:\~~~,,~;~1~:~~ 
outlinl' of the /mn·r jaw is to Le felt throughout 1b t:mrrc length. .Just rn lront of the tra!{US of 

~i0.~~~g,~~~;·;:.i;f ~t:.~~·~r~~;~~:~ii~t~l~i:~~:~i~~!~;~1:;f :~;~~}.~::~1~~~~11~~~~~g~I:;~~g~ 
dyle tu the ande would indicate the exact position of this bo.nlcr. Fro.m th~ angle to ,the 

x·:1 ~V11~-";~in~r0 f1]~n~W~~1 ~fet~~,~~\~~ l~1l!~~se~r ~1·~1b~,~! f!1~ ~~1L~~r~~~' ~i~,~1~5ul:.1~11~~i~~n~. '~t~ 
mnlilfl 1>1·ocn~, whit h fo rms the prominence of't!w.d1in. . . . . 

Surgical Anatomy .-.'~.n arrest in the ossi1:r111g proce~s may give rise to dcfic1enc1es or 

~g);~: 11~i1~t~k~~1sfb~8f·r~~l~~~~s~1 r~.r1~·ci'fi1~~~.1~-~~1~ec1~~r~~J\~~e~~~~;11<!~{\!0::~: 11\~ 0~ t:~;i'~ · ~"~~~~' tl;: c~:~~;~ 
of the bone, but ~aps may he found in the middle as well as ul the edges. In course of time 

~~~~ff §!~'.![~~~~~f~~~:;fffJE~!~~~ 
the ventricle, it is termerl an /iydrP11cep!tu/ocP{e. This latter condition is frequently found at the 
root of the nose, where a protrusion of the anterior liorn of the lateral ventricle takes place 
throuc:h a rleficie1w,· of the fronto-nasal suture. 'fh cise malformations are usually found in the 

~h~l~~s~~:~ ~,~)~~:;;<)~~p~~~~ei:111~· f~,~~ec~~~:e~fo~.h~~;;,1~.~~i~!:e ri~:~ltr~:t?~ll t~~~1 ~a~1~ber t~~~i~~ 

ll:~:t1~i!~~~:0:~~:f ;;~;,\;1&~H:g~g~tf.'.~{~~;r~~~\'.·~:1i~~::~~~l:~{~~~~~i~;.~~~,:i~Sil:1f 
lamh<loicl. nml othcr·~uture!l. an<l al:so through abnormal gaps and deficiencies at the .sides. and 
e\·cn at the baf'e of the !lkull. 

Fra1·tures of the skull ma.y be divided into those of the rnnlt and th o~c of the bn~e. Frac
tures of the ,·au\t are usually produced by direct ,·iolencc. This portion of the skull ,·aries in 
thit·kncR.:; and strCn!!:th in different indi \'icluals, hut, as a rule, is snflit·iently ;,trong lO rebist a YCry 

cou:;idcrable amount of' violence without bein~ fractured. This is clue lo several causes: the 
rounded shape of' the head aml its construction of a number of':-.econJary elastic arches, each 

~f~:~:1:r~:.%~~;~.t:~~;~~ 11~1::1:~·~:::~~\:~i~~i~
0

~i~l~~.~f.1:::;'.\~:·~;\~~i,:;;~Nr:;~~~i~~.~~,,~~W:·ir 
the to>kull , whid1 materially strengthen it; and the mobi lity of the l1 ead upon the ~pine which 

;~:~~~!:i i1
1
;

11 !J~~~ s~u ~r ~f i~11:~u1~l~1d':0!~11Y'~his TJ!~t, e~~~!~\~ ~,r 0::iN;c t ~n,~f d~f ~~l~~;~~i~~1 i~t~l~~ci,~~1r. 
vidunl hones from each other. and the interposition between them of other softer structures 

~h'il~1~·r:'n ~i·~~t~~~ ~~h~~~~ce~~~j ~U1bo.~~e;l~~o':~~, j~i~~~ce 0fi~~tt~;~cV: ;1~o~~f~~:.~1~~~, ~i:~1~;)°~~tifi 
less liable to <X·eur than in the adult. Frac.:tures ol' the vault may. and [.:Cncrally do. i1woh-e the 
whole 1hi1:knc:-s of the bone; but sometimes one table may be fraC'tured without anv ccn esponJ
ing injury to the other. Thus, the outer table of the skull may be spl intered and dfi,·en into the 

~~P:J~~· i:;l~·:.,:.!r 11.~,1~l~~al ~\n1:t~~0tl~~·~~;~;: 1~1:~~0c1.t 1:he rr.~:~1~!.~\:bi:th~~ L~~~· r;~11!~.~'.~u~ 1~';1t·:~r'~ 
t1ons of 1t cleprc:-<:-<Cd and chwen mwarJ. without any fral:ture of the outer tahle. .A ~ a rule, in 

;~~}1 :;~·i~~ i~~u~1~o ~~~~~ra lh~<U:~~~~r i~~~e tli1i111~1~:·~l1~\11 :~~~~eiri~~J~: ct~:~ 1i~;t~t~1· :,1;~ 1~-i~~~~lt~u~eit 
pa ..... -.:cs i11wa1:d h9t:omcs broken up1 and is more diffu~<'d by the time it reaches the inner table; 
the bone, hc111!.{ m the form of an arch, bends as a whole and l"Jlreads out , and thus presses the 

~;:1::1;J~crs o~~~h~1:~~11~~\.~ 1~~1rf~~1;·:~ i~~:~~~ct~ 1~!·: 11.~~t1': 1I!~~~:· tl~e~~cis 01~~~~;; i~~bW~a~~!d~~~h~ i ~~~~~ 
table tu support it aml oppor-;e the fo rc·e. Fractureis of the vault n1ay be simple fi~s11res or :-tarred 
and commmutccl fractures, and these may be tlcpre~.-;ed or elevated. 'J'hcse latter cases of 
f~actnrc with elC'\'ation of the fr:tctured portio1~ are ~mc·ommon ,,n nd can only he produced by 

~;g~;'.~i§~~1:~;;~~:~:~:~11~~~~~:¥~~l 
as a l~~~t;m.-. .., of the b.i~e are most frequently produced by the extension of a fif). .... ure from the 
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;~~~~~k a;1i~1 ~~~~,~,'( thS0!~~~1~:1:e1·:0\~~~e~,~ili:y s~l~:sc!~~~d t~;? S~~~t0~.i~l:n~:,u~~·1i~!:if~r!~! 
bod1c~ have Leen forced throu!?h the thm roof of the orbit, throug-h the cribriform plate of the 
~thmoid fr~m Lein~ thrui;t .up t!ie _uo::;c, ?r through. the roof of the pharynx. Other cases of' 

~~j;~,~j~~~f.ii~~1\~~~~f Xt~~:;:i:~~:£~~i~{,·~';~;~f :~~~~£~~~i~Fi~~~~~?i~?r~\;:~~~i.,:1~~i 
The most common place for frac:ture of the base to occ:ur i~ through the middle fos.sa, and 

~.~}jI~~f~T~t~I~~.i~~~;i~~~~r~~~~~{~H~~~~r::~1{/~i}~~:?~i;:i~:1~~~~1:~~~tr~~};~~~~~ 
the 11111.ldl~ latcrated foramc11 of the oth~r side. aud may indeed travel round the whole cru111um, 

~r:~~:::r.~~5D
0

~l~'.?·~~t:;·~::~~~~f ~~:}r::,f~;~];:,{1:;:~ili~;~r~~~~~i~;:~~::J~;~::~~~~!r:i::~s~"~~~ 
longaoon of lhe araclrno1d around these nen·cs in the mcarns may be torn, and thus permit of 
the e;;.cape of the cereliro-spinal fluid should there be a c:oumrnnication between the internal ear 

~1i:i1~ff ;.1~:1~:t~~~~~~:~~ 5~0i·~~i;~;r:~~I~~l;;~~~~t::~~~!J·::r~·f; ;i:~~§~~:!f~r0i:~~~ 
bone;; formiu!! the roof of' d1c orbit and nasal fossa 1 are generally the resultis of blows on the fon•
head; but fra('ture of the cribriform plate of the ethmoi<l may be a complication of' fracture or 
the naisal bone. When the fracture implicates the roof of the orbit the blood finds its way 

~~~~~:~:~:!~;~1··~,:~i~~~~:"~:~:~~2'. 1~~1~:,~:r:~~~,:~:~~~:~1~:~~r~:~~;,;:,r~~:i :~~~ 
been torn. In fra<:turcs or lhe posterior fossa extraYasation of blood may appear at the nape of 
the neck 

The bones of the skull, bein,!?' subcutancous1 are frequently the seat of nodes, and not. un
commonly necrosis results from this cause. as well as f'rom injury. .Necrosis may involve Lhe en
tire thickne:-;s of the skull, but is usually confined to the external table. Necrosis of the interna l 
taOle alone is rarely met wilh. The bones of the skull arc also frequently the scat of sarcoma
tous tumur. 

ame~~~11~o:t~~l~ri~Ji~·1i~~~~~ ~f t\~~c~i~i:~1} :is J~~g~~~e;~j,~~o~s t~ift!~ t~:~:~~:~:.S~ 11d\a~~{~~:~in1~1i~11~~11~~ 
of the face are i-ma\1 a11J ill-developed, aud this ~i,·es the appearance of a larger head than 
actually exists. The bones of the head are often thick, especially in the neighborhood of the 
suture~. anJ the anterior fontanelle is late in dosing, somelimes remaining uneloseJ till the fourth 
year. The condilion of crcmiotaW has by l)()~e l:ieen also believed to be the result of rickets. by 
others is bclie\·ed to be clue lo inherited syphilis. Jn these cases the bone unclcr,e:oes atrophic 
changes in patches, so thal it becomes greatly thinned in places, generallr where there is 
pre ure. as from the pillow or nurse's arm. lt is. thertfore, usually met with in the parietal 
bone and \'£'rtical plale of the oc<:ipital bone. 

bone!1~~~i'1~~~iJ~1~~!1~~!i;,~~el~~:~~i°td;1~·~~i!Ji'l!~~d 0[l1~11 :~~~~~1o~t r~!~~,1~~1\~~s ~~1!~: J~;~~~! 
~;~~:cl)~1~!~d ·~·~;~~~~1~~k111::,\1\.:~,~~ p:;.~~~s5~~!~r::.· :,~lf :~~h ~0 ~~~ii~1~~ 1~~:~~.~atl~~1~~1:!;ee~f ·;1!d~ 
im11. from its fiulried n_• ... l'mhlance to the hnttocks. 

In <·onncdion with the hones of the foce a common malformation is cir.fl J)(tlOfe, owin!! to 
the non-union of the palatal processes of die maxillar.r or pre-oral arch (see page 118). Thi~ 
1·left mav ir1voh-c the whole or onlr a portion of lhe hard palate, and usually 111\'olves the soft 

l~~!,~1~11~:~;1 u?~hl~e~!~!·~1~8 t ;~~ \11~~1 i11ii \<~i1~~i~:~~1f ct"J~:b~1i1~ i :.\~·d 1~h~ t ;;1~e~~~·;~~/1l/~r~1 ~~1~~' '~~~~~cit~t~O~; 
the clcll nms 011 cilhcr side of the pre-maxillary bone, so ihat this bone is quite isolated from 

~l~~ed1~~~ijs;·1;\~~C~n~~ ~~·111':c:~~ l~\7i~C'f~·~s:l;~~~ f~1~Jt~~S~J:~\\~~.~~~C~;) 0~~1 ~id~~J!~::~l~~~)ii1~1dij~f!l~~ur:~~ ~~SS~~ 
tion of the suture between the lateral incisor and ranine tooth. Some fow cnscs of medrnn hare
lip ha,·e been dc> ... C'ribcJ. Tn donhle harc·lip there is a cleft on each side of the middle line. 

The bone~ of the face are somelimes fractured as the result of' direct violence. The Lwo 
mo:-t commonlr broken are the nasal bone and the infCrior maxilla, and of the~e the latter is by 
far the mo~t frcrtucntly frattured of :.lll the bones of the fac:e. Fracture of. the na.~o{ Lone is 

~.~~·:.\\:~J:;i7::;~~F~~";i~t!~~~ .:~;c!~·~~:~~~;~'.:K3:~~~:!;':~~u~i~~:l1~£:~~~~'ri~~·,~~~;;! 
!x1:~:~i~F~'l1~"1f~~;~e,·~fh~r~.~~;;1l~~~;.~e,;f;):aj~ 1 ~:~1:i:~;·1·att~~cf:!~~~~~~.'~\~~ ~·1~c\1l;i~ ~(;~~:~ 0f~~~ 

1; 
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direct violence, as is usually the crtse, the fra!!meuls may Le di~plared inward. This le~ion is 
ollen attended with great difficulty or even inability to open and :shut the mouth , and tlm:1 ho!i 
been t<tated to be due to the deprcs:scd f°ra!Zmcnts perforatin.~ the t~mporal nlll!:'dc, bm would 

~?~I1~:1;!~~~::;Sti~I~~¥~~~!~lf ;if lt~~~t~l~~~~~;~~;1~Jt:~1~:~~i~0~E~::~J~1ii.~ 
the nei.uhborh oocl of the canine tooth1 as at this spot the jaw is weakened by the del'P sod.;l't f!1r 

:,1,~~l ffi1:1;1f[ 1\~1~8 1~~~kh ~f'i~I~~ 11~~1~d.~~J~8to~re~~= ·~~~~o~~·~fl~u;~~~~~ l~~i~1•1t1~' ;b;~1k;11~ 1 18~c~~~t~11)1~:·li;!~ 

~::1:1~f~~~"~!,~~·~\~:~~~,~~'~,:~,~i:~~~~,;fi%li~;:;:.~~~:~,~~;~~, ·{:~:.~~~:~v~:~~!'.~:~~~
1

~~.~r-1:;~:,~~:\~'.~ 
of the muscles passing fron_1 the neighborhood of the symphy~i s to the liyoiJ bone. 

The superior and inferior maxillary bones arc both of them frcqncml.v the $Cat of necro~ii- , 
thouuh the disem,c affects the lower much more frequently than the upper j;rn•1 probably on 
account of the ~rcatcr supply of' blood to the latter. Jt may be the result ol' periostitis, from 

~~~;~1u~\;~ l<i~i~;~l i~!1f·:."~'q l~:n~:.~~ 0~~~:~1\ .~~l:ild1:·~1~'.~j{~~c }~f ~cl.~' ~f t ji~p~~}l~~t h~u~·~~u:f~~:~~~r~1~J 
~i~'k~~~.I form occurs from the action of the fumes of phosphorns m persons engaged m match-

Tumors attack the jaw-bones not infrequently, and thc:se may be either innocent or mali.u:-

~~~:l~n:•t ~~~ :~1J~fl~~ ~~~sc~·1~;~.f:r\;no~u;i~J;e~ 1}:,~1 \~~r~~~~;1~iti~~t~~,i~J1~1l~~~e~~l~~ll~f~1~:~ 1~~~1~fc~~~ 
nectcd with the roots of' f'ully-de,·cloped teeth, the .. dental c-rst;" or eysts rnnnected with 
imperfCctly d~'·cloped teeth, the ·· denti~ero~1scrst. '' Solid innocent tumors iu<:lucle the fibroma. 
the cht)nd roma. and the osteoma. Of mali.~n:tnt tumof8 thc.·rc are two da!':.:es, the sarcornata 

~·~~e~~~~l~Jii~~~~~!~ 1~1~\~ra~;~~. ~1·~~<)0t'J;~ ::~,~eJ~J'~~~~~n~.ir;~~i~<'.l~~jj~~i~1N!~;i~~et<:1: 1:,J1r~~j~n;I;,<;~~;~ ~:: 
the hone. Of the epitheliorn:lta we find the squamous variety spreadi ng 10 the bone from the 

palatfig[h~~~~~~~i~~ :~d f;~)~':~~1'.<'1:~~aili1~!~~t;:1~s01~~~i~:~f.1\~~ :.~~u'i:-~r~~~:u~~·:~r~~1r f~~~rs arnl iu 
some ot her l'onditions. The upper jaw is removed by an im:ibion from the iun<'r cauthus of' till' 
eye, al<m~ the side of' the nose, round the ala, and dowu the middle liue of the upper lip. .\ 

~h~0~;.~)~~~:~t:11· i~sc-~l~~~~~.~~~\ :~~i~~e r;,rr~ht~1 ~n~~l~~ 1iJ~·;11~~ h 
01·1~~ ~~~ 1 h~~ !L~~~c~ 11: r~0ft~~~c~I1~:fi~~~a1::; 

and the surface of 1he bone exposed. T he con 11eetions of the hone to the 01her bones of the 

~:~:i:::~'..
1

'.~~,,~~~l~~~~;~\~'.~i!:~~:;:~~,~~L1 f YJ~~:?£l 1:,::.fa;;~:,~,'.1ii~~i~i·~~:J~ci'.1'~,~:~m,.~£:E.; 
bone aiJ<J\·e, bein~ left; (3) the connection with the bo11 e on I he oppo!Site side and t1ie palate in 
the roof of the mouth . The bone is now firmly gr~ !-i (l e! l with lion-for<'eps. and by means of tl 

rockin !..\' mo\·emcnt upward an<l downward the rcmamin~ attad1111Pnl~ of the orbital plate with 
the ethmoid , a n,I the ba('k of the bone with the palate. broken throup.h. The soft palate is fir:-; t 
~epa.ratc.d f'ro11~ the hard with a ~alpcl , anrl is not TC'lllO\·cd. O~cn!'iona\ly in remoYing the uppl'r 
1aw 1t will be found that the orbital plate can be i-pa reil , and this ~houkl always be done if Jl01':-.i
ble. A hori zontal saw-c11t is to be made just below the infraorhital forameii and the bone cut 
thromd! with :\ c·hisc;l and mallet. R emon1l of one-half of t.h e lowc.·r jaw is sometimes required. 
If pos.;:;~ble, the SC<'t1on of the .J:><:inc s.hould ~ made to one side of the !'..\ mph ysis, so as to 0;1xe 
the ).!'Cmal tubercles and the ongm of the )?emo-lwo-p-lossm; muscle, as otherwise the tongue tends 
tO faJl l?il<:~Wt\rll aml may J?f0d~1ee; ~U ff?Cation . lfax ing extracted the ('C ntra\ Or preferably the 
lateral met:sor tooth. a. ,·ertlcal me1s1on 1s made down lo tllC hont!, eommcn('ineat the free marein 

~~· t\~~ ~:r~1~~~rl3~~~e~ht~ 1i:o~1'~;i~: ~~~~;!~ 0Jr 1:J~eb~~11~1;1s\~s ~1 i~\'~)11~,\~l~ 1i~~nf0~1~~1~c'~j~~1~~~1~~ 
The flap dm; IOrmed is raised by separat m!!'. all the RtrueturcR attached to the outer surface of 

~.:~: ~1i:~ p;~~~~~l .. i~]~,!! '~h~ i~~~:~ s\~J~0~f1~1~~ j~~~' ~~;~~~;t1~6t~l~e ~~~~111u1;~: ~~t~1~h~dtr::,c~h'l; ~1~~ 
face. _lhc.1aw is now grasped by the su rgeon an1l stron,!!ly cl cprC'l-iScd. so as to bring down the 
corono1tl pro~·C!'S and enable the operat.or to SC\'Cr the tendon _of the temporal must!c. The jaw 

~,:;J1~'.\r;~~#;g\fi;~lf~li1~h~i];}~~~~').~~·;:1~;1~:~~r1,;ni~}~I~:fs:;~d~~~~~~,~~~i;!:~;:1,:~~\~3 
The antrum oeea.:;iorn11ly requi res tappiru! for ~uppuration . This mav be done throu!!h the 

~~.~·ket of a tooth. prcforably the ti~~ molar, the f:rn!!~ of which arc moSt intimately connt--eu . .J 
"1th the antrum, or throuuh the facml 3!'J?£!<'t of t_hc LlluC above the akeo!ar proc:es..~. This latter 
!uethml .<loes not pcr!iaps ~!ford such ~ffic 1ent drama!.!<'. but there is less c·hance of food findinl! 
II!". way mto the cant.\·. J he opcratiory .may be Jlerformed by incising the mucous memhrnne 
abo.\·e the second molar tooth, :ind drl\'lllg a trocar or any sharp-pointed iDstrument inro the 
ca.nty. 
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THE HYOID BONE. 

The Hyoid ~one is named from .its resemblance to the Greek upsilon; it is 
also. called the lingual bone, beca~se it supports the tongue and gi\•es attachment 
to 1!s. numerous muscles. lt 1s a bony arch, shaped like a horseshoe, and 
cons1stmg of five segments, a 
body, two greater cornua, and 
two lesser cornua. It is sus
pended from the tip of the sty
loid processes of the temporal 
bone by lig111nentous bands, the 
stylo-hyoicl ligaments. 

The Body (basi-hya() forms 
the central part of the bone, and 
is of a q uadrilatcral form ; its 
anteri(}r sw:fa('e (Fig. 178), con
vex, directed forward and upward 
is di,·ided into two parts by a 
vertical ridge which descends 
along the median lin e, and is 
crossed at right angles by a hori

Fm. liK-llyoidbonc. Antcriorsurfo.ce. (Enlarc:-ed 1. 

zontal ridge. so tluLt this surface is divided into four srac('~ or depressions. At 
the point of meeting of these two lines is a prominent elerntion, the tuberele. 
The portion abo\'C the horizontal ridge is directed upward. and is sometimes 
described as the superior border. · 'The anterior surface gives attachment to the 
<.ienio-hyoid in the greater part of i ts extent; abo\•e, to the Genio-hyo-fdo~::.;us; 
below, to the ~Iylo-hyoid, Stylo-hyoid, and aponeurosis of the Digastric 
(suprahyoid aponeu rosis); and berwcen thcRc to part of the Hyo-glossus. 
The posterior 8tu;fltce is smooth, concarn, directed backward und do"nwanl. 
and separated from the epiglottis by the thyro-hyoid membrane and by 
a quantity of lo()se a reolar tissue. The superi01· bo1·der is rounded, and 
gives attachment to the thy ro-hyoid membrane, part of the Genio-hyo-glossi and 
Chondro-glossi muscles. r11he inferior border gives attachment, in front, to the 
Sterno-hyoid; behind, to the Omo-hyoid and to part of the 'l'hyro-hyoid at its 
junction with the great cornu. It also gives attachment to the Leva.tor glanclulre 
thyroidere when this muscle is present. 1The lateral sw:faees are small , ornl. con
vex facets, C)\'ercd with cartilage for articulation with the greater cornua. 

The Greater Cornua (tliyro-hyal) project backward from the lateral surfaces of 
the bod,~; they are flattened from above downward, diminish in size from before 
backwa;·d, and terminate posteriorly in a tubercle for the atrachment of the lat
eral th)7 ro-hyoid ligament. The outer surface gi\·es attachment to the Hyo~glos
sus, their upper border to the ~liddle constrictor of the pharynx, their 1011·er bor
der to part of the r.rhyro-hyoid muscle. In youth the great cornua are connected 
co the body by cartilagin ilus surfaces an<l held together by ligaments; in middle 
life they usually become joined. 

The Lesser Cornua (ceralo-h11als) are two f'mall. coniral-:-;hapecl eminences 
attached by their bases to the angles of junction between the body and greater 
cornua, and g iving attachment by their apices to the sty lo-hyoid ligaments.' The 
smaller cornua are connected to the bodv of the bone by a distinct d1arthrodial 
joint, which usualJ.'r persists throughout Jife, but occasionfilly becomes ankylosed. 

Development.-By .five centres: one for the body, and one for each cornu. 
Ossification commences in the body about the eighth month, and in the greater 
cornna toward the end of fcctal Jife. Ossification of the lesser cornua. commences 
~onH• months after birth. 

Attachment of Muscles.-Sterno-h,yoid. Thyro-hyoid, Omo-h~·oid, a.poueurosis 

1 The<ie ligaments in many animals :trc distinct bones, and in man arc occ:1sionall.\' o~ified to a 
certain extent. 



of rhc Diga"'tric, ~Ly l o-h.voi<l, ::\Iy lo-hyoid , 0 C' ni o-hyo i1l , <l cnio-hyo-g lossus. Chnn
dro-gln:-.;;us, llyo-glo~sus. ).lid<llc constrictor of the pha.rynx, arnl occasionally a fl.•1, 
fibres of the Lin~ua l is. It also g i,'es attachment to the thyro-hyoidcan membrane 
an<l rhc :::tyln-hyoi<l. thyro-hyoid and hyo-cpig lottic liganwnts. 

Surface Form.-The hyoid bone can be felt in the rcccdi ul-{ auJ.dl· Uclow the chin, and tht• 

~::~er,~·J::~v ~J1~' 1,:·~~I~ ~\:'~~et~•:,:~' 1 ~li1/~ 1~;~~e~ ~\~b~~ci~0~~: 1fe~.~~~~~1f'L~·1 'i~11'.;k'i~~~1 1:~e~~1~1~:~ 
;;~cdi~t'i1111~~~l.~~ 1 f~ 1 ~i 1!:~~~~l i~1e~~<'be~~~tl~'~j1~ t:kt!:.e ~B1\iss~~o~~~'ot 1b~'.~~ 1i: a~~i:~~>:r~a~!~1ia~~~~11~,;~ 
in li!!aturc of' the ling-ual artery. 

Surgical Anatomy.- 'f!le hyo i<l bone is otcasionally fra<:tmcd, gcnC'n11ly from direct vio
lenl'I.'. a~ in the act o f'~arrot ting or Lluottling. The ~rcat corrm is the part of' Lhe bone most fre
quem\y broken, but someti mes the fracture .take~ place through th~ bod)'. of th~ bone. In ('0 1~ -

~~~~1~1 ~~~; ::" 11\~11~11 11,~~~ ~.e ~~~~ ~!~ ;!1b~i~:~ ~1:1~;1~!~ ,. ~~ ~ 11::;~ .1~0~\~~1 \0~~~1e~~~1s0 1i~ ';;)t!~k~11~~ ~~~;a~i'~~~in~~ 
THE THORAX. 

The Thorax, or Chest, is an osseo-cart ilaginous cag~ containing and protecling 
the principal orga ns of respiration and ci rculation. It is conical in shape. be ~ng
narrow abo ,·e and broad below, flattened from before backward, and longer behind 
than in front. I t is somewhat cordiform on tr:.uuwersc secti on. 

Boundaries.-The posterior surface is formed b,v the twelve dorsal vertebrre 
and the posterior part of the ribs. I t is convex from above downward. and pre
sents on ea.ch side of the middl e line a deep groo,·c in consequence of the direction 
backward and outward which the ribs take from their \'ertcbral extremities to 
their angles. The anterior surface is flattened or slightly convex, and inclined 
forward from above downward. It is formed by the sternum and costal cartilages. 
The lateral surfaces are com'ex; they arc form ed b_y the ribs, separated from each 
other by spaces. th e i1zterc{)fslal spa<•es. ' l'he~c a1 e cJc,·en in number, and are 
occupied by th e intercostal muscles. 

Th e upper opening of the thora.x is 1·~ niform in shape, being broader from si<le 
to side than from before backwan:.l. It is form c<l bv the first dorsal \'Crtcbra. 
behind , th e upper margin of the sternum in front. 1.uui the first rib on each side. 
It Rlopcs downward and forward, so that tli c antel'ior part of the ring is on a 
lowe r le \·el than the posterior. The antcro-postel'ior diameter is about two inches. 
The lower open ing is formed by the t welfd1 dorsal vertebra behind, by the twelfth 
rib at the sides, and in front by the cartilages of th e eleventh , tenth . ninth , eighth, 
and seven th ribs. which ascend on either s i<le and form an angle, the subcostaf 
anyle, from the centre of which the ensiform cartilage projects. It is wider trans
versely than from before bach·ard. It slopes obliquely downward and backward. 
so that the cavity of the thorax is much deepe r behind than in front . The Dia
phragm cl·1~es in the opening forming the floor of the thorax. 

In tbe fema le the thorax differs as follows from the male : l . Its general 
capacity is less. 2. The sternum is shorter. 3. The upper marg in of the sternum 
is on a lernl with the lower part of rhe body of the third dorsal vertebra, whereas 
in the mal e it is on a level with the lower parL of th e body of the second dorsal 
vertebra 4 . The upper ribs are more movable, and so allow a greater enlargement 
of the upper part of the thorax than in the male. 

The Sternum. 
Th e Sternum (ud,,,vov, the chest) (Figs. 179, 180) is a flat , narrow bone, sit

ua.tc<l in the median line of the front of the chest. and cons ist ing
1 

in the adult. of 
th re~ portion" I t !ias been lik enc<l to a~ ancient s,~·ord ; the upper piece, repre
senunµ: the h::imll.e, .1s termed .the manub!·uw1; the m1<ldlc ~n <l largest pi ece, which 
represt•nt:-; thl• ch ief part of the bJa1le, JS termed the .'f/adw{us; and the inferior 
piece. w.hi('b is ~ikened to the .P?int. <J f .the ~wo ~·d, is termed the ensifonn or xiplwi1l 
a,11p1•111l1.r. Jn Jts ~atural pos1t1~n its mcl111at1on i!-1 oblique frnrn abo,·e downward 
3Dfl forward. It 1s flattened m front, Conca.Ye behind, hrnad a.hon.' becomin)! 
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narrowed at the point where the first and second pieces are connected, after which 
it again widens a little, and is pointed at its extremity. Its average length in the 
adult is six inches, being rather longer in the male than in the female. 

The First Piece of the sten~um, or Manubrium (pre-stern1im), is of a somewhat 
triangular form. broad and tluck abo,·e, narrow below at its juncLion with the 
middle piece. Its anterior swfaee, com·ex from side to side, concarn from aboYe 
downward, is smooth, and affords attachment on ca.ch side to the Pcctoralis major 
and sternal origin of the Sterno-cleido-mastoid muscle. In well-marked bones the 
ridges limiting the :1ttachment of these muscles are ,·cry distinct. Its posterior 
sw:f'aae, concave and smooth1 affords attachment on each ~ id c to the Sterno-hYOid 
and Sterno-thyroid muscles. The superi01· bo1·der, the thickest, presents at its 
centre the pre-sternal notch; and on each side an oval articular St1l'face1 directed 
upward, backward, ancl outward, for articula.tion with the sternal encl of the 
clavicle. The inferior border presents an O\'al. rough surface, covered in the recent 
state with a. thin layer of cartilage1 for articulation with the second portion of the 
bone. 'l 1 he latual borders are marked abo,·e by a depression for the first costal 
cartilage, and below by a small facet, which with a similar facet on the upper 
angle of the middle portion of the bone, fo1·ms a notch for the reception of the 
costal cartilage of the second rib. These articular surfaces arc separated by a 
narrow, curved edge, which slopes from aboYe downward and inward. 

'l1he Second Piece of the sternum, or Gladiolus (meso-slemum), considerably 
longer, narrower, and thinner than the first piece, is broader below than above. 
Its anterior swface is nearly flat. directed upward and forward, and marked by 
three trans,·erse lines which cross the bone oppo~ite the third, fourth, and fifth 
articular depressions. These lines are produced by the union of the four separate 
pieces of which this part of the bone consists at an early period of life. At the 
junction of the thi rd and fourth pieces is occasionally seen an orifice, the sternal 
foramen; it rnries in size and form in different in<lividuals, a.nd pierces the bone 
from before backward. 'l1his surface affords attachment on each side to the 
sternal origin of the Pectoralis major. ~J1h c posterior sw;face, slightly concave, is 
also marked by three transverse lines, but they are less distinct than those in 
front: this surface affords attachment below, on each side, to the Triangularis 
sterni muscle, and occasionally presents the posterior upening of the sternal 
foramen. The supaior border presents an ornl su rface for articulation with the 
manubl'ium. The inferior border is narrow, and articulates with the ensiform 
appendix. Each lateral bo1·der presents, at each superior angle. :t small facet, 
which, with a similar facet on the manubrium, forms a caYity for the cartilage of 
the second rib; the four succeeding augulal' deprm:.:-<ions recei,·e the cartilages of 
the third, fourth, fifth, and ~ixth ribs; whilst each inferior angle pl'csents a small 
facet, which, with a corresponding one on the cnsiform appendix. forms a notch 
for the cartilage of the se,'enth rib. These articular depres.sions arc separated by 
a series of curved interarticular interrnls, which dimini~h in length from aboYe 
downward, and correspond to the intcrcostal spaces. i\fost of the cartilages 
belonging to the true ribs, as will be seen from the forego ing deF.cription, articulate 
with the sternum at the line of junction of two of its primilivc component seg
ments. 'This is well seen in many of the lower animals, where the separate p~rts 
of the bone remain ununitcd longer than in man. In this respect a str1kmg 
analogy exists between tbe mode of connect ion of the ribs with the vertebral 
column and the connection of their cartilages with the sternal column. 

1'he Third Piece of the sternum, the Ensiform or Xiphoid Appendix (meta
·sternum), is the smallest of the three; it is thin and elongated in form, cartilagi
nous in structure in youth, but more or less ossified at its upper part in the adult. 
I ts anterior surface affords attachment to the chonclro-xiphoid ligament; its 
7wsterior surfaf'e, to some of the fibres of the Diaphragm and 'l'riangularis sterni 
muscles; its lateral borders, to the aponeurosis of the abdominal muscles.. Aborn 
it articulates with the 1ower encl of the gladi olus, and at each supenor angle 
presents a facet for the lower half of the cartilage of the se1•enth rib; below, by 
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its .pointed .e~tre'.1'i.ty it .girns attachment .to the linea alba. 'l'his portion of the 

ste1nt~m is '?~Y \a11ous Ill appearance, bemg sometimes pointed, broad, and thin, 

sometimes b1fid or perfornted by a round hole, occasionallv curved or deflected 

consHlcrably to one or the other side. .. 

~tructt~r~.-Th e bone is. compose:l o~ deli_cate cancellous structure, covered by 

a t.bm la_ye1 of compact tissue, "h1ch 1s thickest in the manubrium between the 

artrnular facets for the cla\'iclcs. 

, Development.-The sternum,.inclu<ling the ensiform appendix, is developed by 

SlX centres : one for the first piece or ma.nubrium, four for the second piece 0"r 

nfo.-fi•·•tp;'"•twoo•·•w•-.«ofr". 

fo1·seco11dpiece, usuallyo11e. 

~:~ ~;~;:h 12, placed laterally. 

f0>·fifth J 

~ 

Arrest of dei·elopment 

of lalemlpiecu,p1"od11cing 

F10. 182.-Tlme of union ofsternum. 

gladiolus,. and one for the ensiform appendix. Up to the middle of fcetal life the 

sternum is entirely carttlagmous, and when ossification takes place the ossific 

D
~/::.'.!:'.i,~i:'~)5-6thmonthfretal. 

1'} 6-7thmonth. 

4 for 2nd pieu ~ j 

orgladiolHs J 4 9thmo11th. 

¥ 
5lstyearafler 

birth. 

1 f~::,7fa{~rm } £11d to 18th year . 

.ster~~~.1&1.-Peculiaritit-s in number or centres of 

Partlycartilayinousto 
adi:ancedlife. 

FIG. 18-1.-l'ecullarities In mode 
ofunlonofsternum. 

_grnnules a re deposited in the middle of the inten'als between the articular depres

>ions for the costal cartilages, in the following order (Fig. 181): In the first 

piece. between the fifth and sixth months: in the second and third, between the 

sixth and seventh months; in the fourth piece, at the ninth month; in the fifth, 

within the first vcar or between the first and $CCond years after birth; and in the 

ensiform appendix. between the second and these,·ente.entb or eighteenth years, by a 

~inµ-le centre which makes its appearance at the upper part and proceeds gradually 

downward. To these may be added the occasional existence, as described b.Y 

Ilre~cbet, of two small epistcrnal centres, which make their appearance one on each 

"ide of the interclav icnhtr notch. They ar~ probably vestiges of the episternal bone 

of the monotremata and lizards. It occasion all r lrnppens that some of the segments 

are formed from more than one centre, the number and position of which var,v 

(Fi~. 183). Thus, the first piece may ha\'C lwo, three, or even six centres. When 
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two are present. they are generally situate<l one 
abm·e the other. the upper om' hcing the larger: 1 

the second piece ha~ scl<lorn more than one; the 
third. fourth, and fifth pieces arc often formed 
from two centres placed laterally, the irregular 
union of which will sen'e to explain the occasional 
occurrence of the stcmal fornmcn (Fi~ . 1 4), or 
of the ,·crtical fissure "hic:h occa!'ionallr intersectl-l 
this part of the bone. and "hi th is h1nher ex
plained by 1he manner in "hich the <:1.uti Jagi no11s 
matrix, in which o:-:~ification takes pla ce, is formed 
(sec page 115). r11ion of tbc \'arious centres of the 
g ladiolus commence8 about pubert,Y, from bclo", 
and proceeds upward, so that by tLe age of twenty· 
6rn they are al l united. and tbi!-< pol'tion of bone 
consists of one piece (Fig. 182). 'J'h e eusiform ca1·
tilage becomes joine<l to the gladiolus about forty. 
The manubrium jg occa!-<ionally. but not im·ariabh-, 
joined to the g l::i diolus in :Hh·anced lif~ b~- bmlc. 
When this union takes plac.:e. hO\\CYer, it 1s f!Cll· 

rally on ly superficial. a portion of the centre of ihc 
sutural carti lage remaining- unossificd. 

Articulations.-Witb the chnicles and seren 
costal cartilages on each side. 

Attachment of Muscles.-Tc1 nine pairs and 
one single muscle: 1he Pectornlis major, Sterno
clcido-mastoid, Sterno-hYoid, Sterno-thnoid, Tri 
angularis stcrni, aponen'roscs of the Obliquus ex· 
ternus, Obliqum; int crnus. 'l1rans,·crsal is. Rectus 
muscles, and Diaphn1gm. 

The Ribs. 
The Ribs are elastic arches of b<Jne. "hich 

form the chi ef part of the thoracic walls. They 
are twelve in number on each side; but this 
number m.ay be increased by the de,·elopment 
of a cenical or lumbar rib. or may be dimin
ished to e]c,·cn. ~-1 hc first :::even a;·e connected 
behind with tbr spine and in front with the 
sternum, through the interventinn of the c11stal 
cartilages; they are called tnu ribs. 1'he 
remaining fhe arc fabu: ribs: of these, the fir~t 
three ha1'e their cartilages attached to the 
cartil:"tgc of the rib abo,·e: the last two are 
free at their :"Interior extremities: thcv are 
termed floating ribs. The rib:s \':lr.'· in. their 
direction, the upper ones bein~ less oblique 

~~a;1e1 ~:~·~c~~w?l~·h~0;:1~c1~~%r°~~lli!:~;:~~- ~~:c1~1!~~~: 
maximum at the ninth rib, and gr::uluall.'' de
creases from that rih to the twelfth. 'J1hc ribs are 
situated one below the other in such a manner 
that spateR arc left between them, which are called 

Inn~;G~u~~~~-;,A central rib or .right ~ide . . ~~~~~:~~~~~ls~p~1~es~he'J1\1:n~~l~1g~~· ~~c t~f~:: SI~~~~~ 
breadth 1s more commlerable m front than hehirnl. and bet"een the upper than 

1 Sir George Humphry !<l:ttes th:1t thi.., j.., "probably the more romplete condition.JI 
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between the lo\~·er ~·ib~ . . The ribs increase ln length from the first to the ~evenrh, 
when they agam d11111msh to the twelfth. In breadth they decrease from aboYe 
clnwnwa.rd; in the upper ten the greatest breadth is at lhe sternal extrcmitv . 

. Common Characters of the Ribs (Fig. 185).-.\ rib from the middle of the 
~enes ~honhl be taken m order to stu<lv the common characters of the ribs. 

Each rib presents two extremities. a p~osterior or Yertebral, au anterior or ster
nal. and an inter\'ening portion-the body or shaft. 

'l'hc posterior or vertebral extremity 
0

prcsents for exam inati on a bead, neck, 
and tuberosity. The _head (Fii;. 186) is marked b.v a kidney-shaped articu lar sur
face, d1nlled b.v a horizontal ridge into two facets for articulation with the costal 
carity form.c1l b~· the jnnctio.n of. the bodies of two contiguous dorsal vertcbrre; 
the upper facet is small , the 111fenor one of larger size; the ridge seraratiu(f them 
i-en·es for .the atta.chm.cnt o~ the interarticula.r ligament. The neck is th~t flat
tened portion of the nb which extends outward from the bead; it is about an 
inch long, and is placed in front of the transverse process of the lower of the two 
~·ertcbn-e ~vith which the head art icula.tes. Its anterior sw'face is flat and smooth. 
its postenor rough for the attachment of the middle costo-transverse ligament. 
and perforated by numerous foramina, the direction of which is less constant than 
those found on the inner surface of the shaft. Of its two borders the superior 
presents a rough crest for the attachment of the anterior costo-trnnsverse Ji(J'ament · 
its inferior border is rounded. On the posterior surface of the neck, just ~rhere i; 

Foranti!rior costo-tra11s1:erseligame11t. 

Faul /01· body of uppl'r dorsal urtebra 

Ridgefori11terartic11lar ligament. ti. 

Fttcel for body of loit·er dorisal rertebra. i 

FJG.186.-Verte!Jralextremityofarib. 

joins the shaft, and nearer the lower than the upper border, is an eminence-the 
tuberosity, or tubercle; it con~ists of an articular and a non-articular portion. 
The articular portion, the more internal and inferior of the two, presents a small , 
ornl surface for articulation with the extremity of the tranS\"erse process of the 
lower of the two \·ertebrre to which the head is connected. The non-articular 
portion is a rough ele\·ation, which affords attachn1ent to the posterior costo
trans\'ersc ligament. The tubercle is much more prominent in the upper than in 
the lower ribs. 

The shaft is thin and flat, so as to present two surfaces. an external and an 
internal, and two borders, a superior and an inferior. 'J'be ei:lernal sw:f'ace is 
l'om·ex, smooth an<l marked at its back part, a li ttle in front of the tuberosity, by 
a prominent line, directed obliquel.v from abo\·c downward and outward; this 
gh·es attachment to a tendon of the Ilio-costalis muscle or of one of its ~ccessory 
portiom;, and is called the an,r;le. At this point the rib is bent in two directions. 
If the rib is laid upon its lower border, it will be seen that the portion of the ~haft 
in front of the angle re8tS upon th is border, while tile portion of the shaft behind 
the angle is bent in wa.rcl and at the same time tilted upward . The interval 
between the angle and the tubcrosity i11crcases gradually from the second to the 
tenth rib. '11be portion of' hone between these two parts is rounded, rough, and 
irregular. and scn·cs for the attachment of tLe Longis~im~1s dorsi ~nuscle. _rl1he 
portion of bone between the tubercle and sternal extremity Hi also f-ll 1ghtly twisted 
upon its own axis, the external surface looking dO\\ n\\:U'd behind the angle. a little 
upward in front of it. This surface presents, toward its sternal extremity, an 
oblil1uc lin e, the antrrio1· angle . 'J'he internal fftufaee is conc:arc. smooth, directed 
a little upward behind the angle, a little downwa.rd in front of it. 'l'his surface 
is marked by a ridge which commenc:es at the lower extremity of the hearl ~ it is 
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f.ltrongly marked as far as the inner ~idc of the angle, and p:raclually becomes lost 
at the junction of the anterior with the mid1llc third of the bone. 'J'hc intenal 

~~~:~~~na 1~~l ~\~1~~.,.~~e ~~:c~~o~· ~:~~e~a!·~ ~~e:~!~ ff~~~v~~is t~r~:,;c ~:l~ni~~e~~ost~~ 
inferior bonier, but just in front of the augle, "here it ii'i deepest and broadest, it 
correspo111ls to the in ternal surface. The superior cd~e of the groove is rounded: it 
.;icncs for the atta('hmcnt of the Int erna l intcrc:ostal muscle. 'J'hc inferior edge 
corresponds to the lower margi n of the rib and gives attachment to the Extcr~rnl 
intcrcosrnl. Within the grnove arc seen the orifices of num erous small foramina 
11 hicb trnrnrse the wall of the shaft obliquely from before backward. 'J'b e 
."<ll]Je1·ior bordf.'r, thick and rounded, is marked b,v an external and an intemal lip. 
more distinct behind than in front; they se rve for the attachment of the External 
and Inte rnal intercostal muscles. 'l'he inferior bo,.der, thin and sharp, has attached 
to it the External in te rcostal muscle. 'l,b e anterior or sternal extremity is flat 
tcnefl , and presents a porous, ornl, concave depression , into which the costal 
cartilage is received. 

Peculiar Ribs. 

The ribs which require especial consideration are fire in number-viz. the first. 
second, tenth, eJc,·e1Hh and twelfth. 

Th e first rib (Fig. 187) is one of the shortest and the most curved of all the ribs; 
it i~ broad and Hat. its surfaces looking upward and do\\ nward, and its borders 
inward and outward. 1'be head is of small size, rounded, and presents only a 
single articular facet for articulation with the body of the first dorsal vertebra. 
'l1l1e neck is narrow and rounded. Th e tuberosity, thick and prominent, rests on 
the outer border. 'rhere is no angle, but in this s itua.tion the rib is slightly bent. 
"ith the convex ity of the bend upward, so that the head of the bone is directed 
tlownwarcl . 'l1llC upper sw:face of the shaft is marked by two shallow depressions. 
separated from one another by a small rough surface for the attachment of the 
~calenus anticus muscle-the groo,•e in front of it transmitting the s ubclavian 
Yein, tha.t behind it the subcJa,·ian arter.v. B etween the groove for the subclaviau 
arter,,- and the tuberosity is a rough surface, for the attachment of the Scalenus 
mcdius muscle. The under su1:f'aee is smooth, an<l destitute of the groove observed 
on the other ribs. The outer border is com·ex, thick, and rounded, and at its 
posterior part g ires a.tta.chment to the first serration of th e 8erra.tus magnus; the 
inner is conca.,·e, thin, and sharp, and marked about its centre by the commence
men t of the rough surface for the S calenus anticus. Th e anterior extremity is 
larger and thicker than any of the other ribs. 

Th e second rib (Fig. 188) is much longer than the first, but bears a verv con
siderable resemblan ce to it in the direction of its curvature. The non -arlicular 
ponion of the tuberosity is occasionally onlJ slig htly marked. The angle is slight 
and situated close to the tuberosity, and the shaft is not twisted, so that both en els 
touch any plane surface upon which it may be la.id ; but th ere is a s imil a r though 
slighter bend, with its convex ity upward, to that found in the first rib. The shaft 
is not horizontal, like that of the first rib 1 i ts outer surface, which is convex, look
i~1g upward a.nd a little outward. It pre~ents,_ n.ear. the middle, a r ough eminence 
for ~be attachment of _the ~econd and third d1g1tattons of the Serratus magnus; 
behm<l and above which is attached the Scalcnus posticus. The inner swface, 
smooth an<l conca\'C, is directed downward and a littl e inward; it presents a short 
grooYe toward its posterior part. 

The tenth rib (Fi g. 189) has only a si ngle articular fa cet on its bead. 
The eleventh and twelfth ~ibs (Figs. mo .and 191) have each a single articular 

facet on the head, which 1s of rather large s ize; they have no neck or tuberositv. 
an<l arc pointed at the extremity . The eleventh has a slight angle and a shallow 
groom on the lower border. The twelfth has neither, and is much shorter than 
the eleventh, and the head has a. slight inclination downward. 

Structure.-'!' he ribs consist of cancellous tissue enclosed in a thin, compact layer. 
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Development.-J?ath rib. with the. exception 11f the la~t two, is developed by 
tl1ree centres-: one for the shaft, one for the head, and one for the tubercle. The 
last two ha".e only llr'o centres, ~hat for the tubercle being wanting. Ossification 
commence::; m t~? shaf~ of tl.te nbs at a ,-ery c~rly_ period. before its appearance in 
the l'ertebr;e. I he ep1phys1s of the head, which 1s .of slightly angular shape, and 
that for the tubercle, of a lcnucular form. make the1r appearance between the six-

A119lt 
slighlly111arked 

amldose to 
tuberority. 

u~~ Si11gle artic11lar facet. - ;, ·; · ~ ~ ' ' , _ ';i .. 
FIG. 190 

teentb and twentieth years, and are not united to the rest of the bone until about 
the twenty-fifth year. 

Attachment 'or Muscles.-The Internal aml External intercostals, Scalenus 
anticus, Scalenus medius, Scalenus posticus, Pectoralis minor, Serratus magnus, 
Obliquus cxtcrnus, Oblirruus internus, 'l'ransversalis, Quadratus lurnbor°:m , Dia
phragm, Lati)'l~imus dorsi, Serr~tus po~~irus superior, Se~·ra.tm; posti~us mf:rio~·, 
llio-costa lis. :Mnsculu~ accessonus ad il10-costalem, Long1ss1rnus <lors1, Cerncalis 
ascen<lcns, Leva tore~ costarum, and I nfracostales. 



The Costa! Cartilages. 
Tlw Costa! Cartilages (Fig. 179, p. 230) are'\ hitc, elastic structure,:-.," hid.1 ~cne 

to prolong the ribs forward to the front of the chest, and eon tribute ,·cry matcrii.illy 
to the cla~ticit'' of its wn.lls. 'l'he first 8c,·cn arc connected "ith the stem um, the 
next tlm.•c with the lower border of the canilagc of the preceding rib. The car
tilarres of the last two ribs, which have pointrd extremities, float freelr in the 
waif.,. of the abdomen. Like the ribs, the costal cartilage:-; ra.ry in their' length. 
brca1lth. and direction. They increase in length from the first to the fl.even th. tlw11 
graduallr diminiRh to the last. They diminish in brca1l1h. as "ell as the intcrrnl~ 
between ' them , from the first to the last. 'l'hey arc broad at their attachment to 
the ribR, and taper toward their sternal cxtremitieR, excepting the first two, which 
arc of the same breadth throughout, and the sixth. sc,·cnth and eighth, which a.re 
enlarged where 1heirmarginsareinco11tact. Indirection they also n1ry: the first 
descends a little, the 8ccond is horizontal, the third ascends slightly, whilst all the 
rest follow the course of the ribs for a short extent, and then ascend to the sternum 
or preceding cartilage. Each costal cartilage presents two surfaces, two borders, 
and two cxtremitieR. The anterior surf"ace is COll\'CX, and looks forward and 
upward: that of the first gi\'es attachmc1~t to the costo-cla.\'icular ligament and the 
Subclavius muscle; that of the second, third, fourth, fifth. and sixth, at their stern<tl 
end8, to the P ectoral is major.' The others are co,·c red by, and gi,·e partial attach
tn{'flt to, ~ome of the great flat muscles of the abdomen. 'l'be posterior sw:face 
is c.mc:wc. and directed backward and downward. the first gi,·ing attachment to 
the Sterno-thyroid, and the six or se,·cn inferior ones affording attachment to the 
Tnllll'i\'Cr~alis muscle and the Diaphragm. Of the two borders, the superior is 
con<:aYe, thC' inti.•rior com'ex : they afford attachment to the Intcrcostal muscles, 
the upper bonier of the sixth giving attachment to the Pcctoralis major muscle. 
The contiguous borders of the :..; ix th, seYcnth, and eighth, :rnd sometimes the ninth 
an1l ten th. cosrn l carti l:iges present sma ll , smooth, ob long-shaped facets at the 
points where they articulate. Of the two extrem iti es, the outer one is continuous 
with rhc osseous tissue of the rib to which it belongs. 'J'he inner C'Xt remity of the 
first is continuous with the sternum ; the six s ucceeding ones have rounded 

~l~:l~~~~.i~:~I~;. w l1r :~~~ ~\~~1 ~~~~~\~.~~1 :~~~~ ~~~~\~~:i ~~~ll~~l 1~\ :~~!~' ~l,~(~l~~n !~t~~~!~~l~~·~;i~~g°! 
arc poinlcd. an cl are connected with the cart ilage abo\'e . Those of the clc\·cnth and 
twelfth arc fr<:'C and pointed . 

The co~rnl cartilages are most elastic in youth, those of the false ribs being 
more so than the true. In ol<l age they become of a deep yellow color, and are 
prone to calci(,·. 

Attachment of Muscles.-To nine: the Rubcla,·ius, Sterno-thyroid, Pectoral is 
inajor. Internal oblictuc, Trans,·ersalis, Hectus, Diaphragm, Triangularis sterni , and 
Internal intcrcostals. 

Surface For.m.-Tlie bones of' the chest arc to :\ nry cono;;idcrahle extent conred by 

f f,i~~:;r';"~io,\'.:~:£~\'i~~~~~,:;::~l~~:'.·~,~,\:r~~,;~!:~~:t~"~1'.':i1~~'.,:~l~fr ·~:~;~~~D~',
1

1~'.~::~~2~,~~~ 
In the middle line, in front, the .\:iupcrficial surface of the st('rnum is to be felt throu~hout 

~~;~~~i~i]~ii~~i~~~~~~~tiil~~~~l~ 
m:mubrmm anrl body of the bone, and is a U!'leful .[!"\llde to the S<'<·oml eo!"ta l eartilal!'e and thus 
to the identity of any ~i\'cn rib. The second rib bein!.!" found throutrh its <'O!'ltal 1 ca1tila~e, 

1 The fi~t and t>e\"Cnth al.s<:1, occm;ionally,gi\•e origin to the ~ame mu~lt. 
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it is easy ~o count <lo~\'llwanl a,1u.l fit!tl any other Below this point. lhc furrow _spreads out1 
an<l, exposmz more of the surface ot the body of the ::.ternum, Lcrmmates below m a sudden 

~~l~t~~!!i;;f ~~~~lf..E!iJ~~~GJf.:1::t~5~1~~~~fr'f :;~~l:;~~:~:~'f~r~\'~'.~f g;.~f !~~~t!j~;.::~~~ 
t!all?~\,~~~~~c~lidb)~f~l~~~ ;;~<1:~lt;~~c~~~al0~~~h:°;til~j~~~.~}~d \;:\!i~l~,11 1:~~~ef~~·~1~~t tf1~)~}~·~l~~sb~rfci1~a~~ 
nt.1 .~es, with deprcsse<l mten•als between them, corrt!!:ipondmg to the mtcn:usrnl :-paces. Of these 
spaces, the one between the ::;cco1Hl and third ribs is the widest, the next two i:.tJ1J1ewhat nar-

rO~\'C,h~11J~~~.~cr r~:.~\i~~1 ~'j~ ;J';~h J~~:t~~3ft1~~Jo~~· ~l;~s~=t e~;~~s~J~111~~1 ~1~ti~·h~' £i1fl1j~~~\i~, and below 
this, on the front of the chest, the broad, Hat oudine of' the ribs. as they begin to ascend, 
and the more rounded outline of the costal cartilages, are often visible. 'J'hc lower boundary 
of t!lC front of the thorax, the abdomi110-thrmwic arc/1 1 which is most plain ly seen by 
archm~ the body b:u:kw;ml 1 is fOrmed b.r the en:-5iform cartila~c and the cartilag-cs of the 
seventh , eighth , ninth, and tenth ribs, and the extremiti es of the eleventh aud twelflh ribs or 
their rartilaucs. 

On ea<.:h side of the chest, from the ax ill a downward. 1 he flatlcned external surfac~s of the 
ribs ma.v be defined in the fOrm of oblique riJ~es, sepawted b\• depressious torrc:i.pondin~ to the 
intcn·ostal spaces. They are, howe\·er, CO\'Cre<l b.r muscles." which obscure their ou tiinc to a 
certain extent in the stron~ly de,·eloped. Se"ertheless, the ribs, with the exception of the fo~r. 
can g-cnerally be followed O\'Cr the front and sides of the c:hcsL without difficully. The first rib. 
bein!! almost completely CO\'Cred by the cl:wicle and sc·apula, can only Le distinguished in a small 
portion of its extent. }Ll rhe back the aides of the ribs form a ~li~·htly-marked oblique line on 

d~~e~~~~ ~.;/~~ t!~,~~j ~l~sti~ 1\~e frb~ate c~~~::~r:~1ri~~~~e~au~~3ish;! 11:h~ i ';~l~:~t ~,~n~;~·~11~~ ~~~! 
beyond their an2les. Q,·er this surface, except where co,·ercd by the i-capula, the indi\'idual 
rib:; can bedi!:>lirnn1i:,hed. 

Surgical Anatomy.-)folformations of the sternum present nothing ofsurgic:al importance 

~;~::~·,:i
1

1::1~::~~: ":~~~::~ 1!~~~~ h:~~~:·~:~1'.~1{~~:
1

;:~:,,::~~:i1~~~~~,;~~~:~~;~:~, ri~~~~:1:;,;~:t~:,:;1r:~~:~~ 
ciatet! with fracture of the spine, and ma,y be caused by forcibly Lending the hotly either back
ward or forward umil tl.10 clun becomes impacted against the top of the !sternum. It may also 

~~1:r~r\1~:i~1~ '~ f·.c~~e"IJ~~~~c n·i~~e~~i~s:;l~f\1~~t~~~dio?~~ef!~~~t;1;: 1~~~~;~~\~~·i~~~l ~·18s~·~;l1:s ~lic~~ 
and isl'.lometimesdcscrilJcd asa fracture. 

The bone, being subcutaneous, is frequently the seat of gummatous tumors, and not uncom-

~]~~:.~~Iii,~ ~f1~\~~I ~~;~: 111 J~i1~!~~· i r~~c;~jib~~~:l~~ \1;,~e::~~·. 'i~d'\~~:ke,~;~~I~· ~~~ ~:li~i;:~:~ i~\~['~J;~'l1~~~:~~mes 
The ribs are frequently broken, though from their conuections and shape they are able to 

;ii~~i11:n:f l~'l~f:i~~e,a~!e\<~~go1~~~cl~o~~eli~iJ~Yt~11f~c~~:~ri i'.f11~1~~~~l~~j 1 :~~'l J:~r~r~~~nt1;~!: 
second. bein~ protected by the cJa,·icle, arc rarely fractured; and the elevcuth and twelfrh 1 on 
account of their Joo;.;e and floatin~ condition, enjoy a like immunity. The fracture generally 
"ICCUni from indirect ''iolcnce, from forcible c:omprel".-;ion of the chest-wall. and the bone then 

i~~·dir~:~·,,;~l~t~~~c~~~g,~ 1:h~t;~eeg·/~1:~ ~1a;,r~~d ~!· J~~i~·~·~1~~~~·ar:1~~~ :1;
1i 1~~~~1~=:ru~l~~ o~b~r~k:~~ 

cular action. Jt seems probable. howe,·er, that in these latter tases the hone has uudergone 

!i~:n~~~~~~~i~e~1~1i1tl~i~~ th~''S~0~,~:;: i; ~~~e~~~a:~ ~fe~\~~ 1~~oc~1i11?:i\i~~.~~~.r~'·:1\~~1 ~~:1i~e i~11~1~1~~~ \i k~~; 
tci oe<·ur in fractures from direct violence. 

~2~~\l\l~t~~~f ~~§~g~~:~;E¥.&1~~.;~; 
consequente o f this the srernum projects forward, with a deep clepres."il011 on either i-1de caused 
by the !-li nkin!!' in of' the imftened ribs. The depression is lc!<S on the left .side, on account of 
the ri~:s bein~ supJlorted b,y the h~art. . The co r!dition is known as '· p1µ-c~n·bre.ast:" . The 
lower ribs. howe\•er, arc not mrnl"ed m this defornnt.r1 as they arc Jlre\'Cnled from fallm,!! m by 
the prc:sence of' the swmach, liYer. and spleen. .\ntl when the liver and spl.cen are e11larged1 

~~:{i~;!ii~~:~.~i\,~'.~;;0,1j,~0~~f~~
1

~i;.~;~~~:11~~:::~i~!·i!;(;~'.;fa~~l.:~~:;~,f.l;~',~}1:~:,;~,~l~l'.~J~:~ 
chest is often long and narrow. flauencd from before ha<.:kwanl, and with J..:cat obhqmty of t~1e 
ribs and projection of the :;capulre. In pulmonary emphysn11a the ches~ ts enlarged m all n:s 
diamNers. and pre;-;ent:s on sec:tion un almo::;t ein:ular outline. Tt ha~ rec:e1Yed the name of the 



OF THE EXTREm'l'IES. 
Th e ext remities, or limbs, are those long, j ointed ·a ppendages of the bod.v 

which :ll'c connected to the trunk by one end and free in th e rest of their extent. 
They a rc fow· in number: an upper or thorari1· pair, connected with the thorax 
through the inten-cntion of the shoulder. and subser\' ien t mainly to prehension; 
and a. lowef' prtir, connected with the pel\'is, intended for su pport and locomotion. 
B oth pairs of li mbs are constructed afler one common type, so that the.\T present 
num erous analogies, while a.t the same time certain diffcrc11ces are obsen ed in each, 
dependent on the peculia r offices they ha\'C to perform. 

The bones by which the upper and lower limbs are attached to the trunk are 
nam ed rc . ..;pcct i,•cly the shoulder and pelvic 9irdles, and thc.r arc constructed on the 
s:uuc gcncl'al type, though presen ting ce rta in rnodifica.ti ons relating to the different 
uses to which the upper and lower limbs arc rcspec1i,·ely applied. 'rllC shouldn 
yirdle is form ed by the sca.pula. aml cla.v icle, and is imperfec t in fron t and behind. 
In front, however, the gi rdle is completed by the upper end of the sternum, with 
whi ch the inner extremities of' the chwi cle al'ticu late. Behind, the girdle is widely 
imperfect and the scapula. is connected to the trunk by muscles only. 'The pefrie 
girdfr is formed by the innominate bones, an<l i~ comple ted in front through the 
sr mphysis pubis at which the two innom inatc bones articulate with each other. 
It is imperfect behind, bllt the intenening gap is filled in by the upper part of 
the sacrum. The pch•ic girdle, therefore, presents. "ith the sacrum, a complete 
ring. comparatin•ly fixed, and presenting an arcbc1l form which confers upon it a 
solidit .'· manifestly in tended for the support of the trunk. and in marked contrast 
to the lightness and mnbi li ty of the shoulder girdle. 

\\'i 1h regard to the m Jrphology of these g irdles, the blade of the scapula is 
generally believed to correspond to the ilium ; bu t "ith regard to the claYicles 
there is some difference of opinion: formerly it was belie,·ed tha.t they corre
spon ded to t~e ossa pubis, meeti ng at the sym pbysis, but it is now generally taught 
that the clav icle has no homologue in the pelvic girdle, and tha.t the os pubis an(l 
iscbi um a.re represented b,Y the small coracoid process in man and most mammal:5. 

THE UPPER EXTREMITY. 
The bone• of the upper extremity consist of those of the shoulder gi rdle, of 

the arm, the forearm, and the hand. 'Th e shoulder girdle consists of two bones, 
the cla1·icle arnl the scapula. 

THE SHOULDER. 

The Clavicle. 
The Clavicle (rl<wis, a key). or collar-bone, forms the anterior port ion of the 

shou!dcr girdle. It is a long bone, curved sc>mew hat like the italic letter f, and 
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placed nearly horizont_ally at the upper an.cl anterior part of the thorax, immediatelv 
aborn the first_ rib. It aniculates by its inner extremity with the upper border of 
the sternum, and by its outer extremity with the acromion process of the scapula, 
serving to sustain the upper extremity in the various positions which it assumes, 
whilst at the same time it allows of great latitude of motion in the arm. 1 It 
prm:.ents a, double cunature when. looked at in front, the conYexity being forward 
at the sternal end and the concavity at the scapular end. Its outer third is flat
tened from abo"e downward, and extends, in the natural position of the Lene. from 
a point 011positc the COl'aCl>i<l process to the acromion. Its inner two-thirds are of 
a cylindrical form 1 and extend from the sternum to a point opposite the coracoid 
process of the scapula. 

External or Flattened Portion.-The outet third is flattened from aborn Llown
ward , ~0 as to present two surfaces1 an upper and a lower; and two borders, 
an anterior and a posterior. 11he upper s1l1:f'ace is flattened, rough, marked by 
impressions for the attachment of the Deltoid in front and the Trapezius behind; 
between these two impressions, externally, a smaH portion of the bone is sub
cutaneous. The unda siu:faee is flattened. At its posterior border. a little 
external to the point where the prismatic joins with the flattened portion, is a rough 
eminence. the eonoid tubercle; this. in the natural position of the bone, surmounts 
the coracoid process of the scapula and girns attachment to the conoid ligament. 
From this tubercle an oblique line. occasion all.'- a depression, J a~ses forward an<l 
outward to near the outer end of the anterior border; it is called the oblique line. 
and affcmls attachment to the trapezoid ligament. The aufrrior border is conca,·e, 
thin. and rough, and girns attachment to the Deltoid: it occasionaJI~~ presents, at 
its inner en<l 1 at the commencement of the deltoid impression, a tubercle, the 
deltoid tubercle, which is sometimes to be felt in the living subject. The posterior 
border is convex, rough, broader than the anterior, and giYes attachment to the 
Trapezius. 

Internal or Cylindrical Portion.-':rhe cylindrical portion fo1ms the ?°1111er two
tltirds of the bone. I t is curved so as to he convex in front. cunca,·e behind. and 
is marked by three borders. separa ting three surfaces. 'J'be anterior border is 
continuous with the anterior margin of the flat portion. At its commencement it 
is smooth, and corresponds to the interrnl between the att<lc.:hment of the Pectoralis 
major and Deltoid muscles; at the inn er half of the clavicle it fo1ms the lower 
boundary of an elliptical space for the attachment of the clavicular portion of the 
Pectoralis major, and approaches the posterior border of the bone. rrhe .~uperior 
border is continuous with the posterior margin of 1hc flat portion. and separates 
the anterior from the posterior surface. At its commencement it iR f'mooth and 

~~~~~ft·mb:~c~~c~n1~f'~~~m\~1':~~:l ~~~hi:~~;~J~~~i~~:i~· ::1 ~1:.l~~~~~:~n:x~;.c~i~~-~te!i~~~ 
poslerirn· or subclm•ian border separate the posterior from the inferior surface. and 
extends from the conoid tubercle to the rhomboid impres~ion. It forms the pos-

~=.~:ic~~- obr°~~~~~~~~,o~a~~~ag~~~.~~-i:~ ~~= ~u!~~~~.i~1i~ m~1~~~~-~.an(~rt":~1~~~l~~.h::t~;~C~e:o i~ 
included between tbe superior and anterior Lorders. It is directed forward and a 
1iule upward at the 8ternal end, outward and still more upward at the acromial 
extrem i t_,~, where it becomes continuous with the upper surface of the flat portion. 
Externally, it is smooth 1 convex, nearly subcutaneous, being co"ercd only by the 
Plat.1·sma

0

; but, corresponding to the inner half of the bone,. it .is di~·ided by a more 
or less prominent line into two parts: a lower port10n, cll1pt1cal m form, rough. 
and sli rrhtlv conrnx, for the attachment of the Peetoralis major; an<l an upper 
part, which. i£oi 1·ough, for the attachment of the Sterno-cleido-mastoid. Between 

~~i~1f~~~~~liiJ5?~i~I~Il{~~~r.:!~~~;~ 
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the two muscular impressions i8 a ~mall :-:.ubcutanenus interval. The posterior or 
<:errif'rtl ."l1trfit1't' is smooth, flat, and looks La<'kwanl towanl the root of the nrck. 
It i~ limitC1l, abo\'C, bv the superior bonier; below, h~, ihc subch1,-ian b.or<lt'I'; 
imernallv, bv the ma.r;,.in of the sternal extre~ity; cxterirnlly, it is contmuous 
with thc~posicrior bnr~fer of the flat P?rtion. It is concave .from wit~~n. out\~'ard. 
and is in rcl:uion, bv 1ts lower part. with the suprascapular 'e~~el!'. ] his su1 fore. 
at about the junctiOn of the inner and outer cur:·es, is also in close relation "ith 
thr bmchial plexus and subclavian :·essels. It g1\'CS attachment, near the s~ernal 
extremity, to part of the Stcrno-hyo1d mus~le; and pr~scnts, at ?r near ~be middle, 
a foramcn, directed obliquely outward, which .transmits 1hc chi.cf nut rient arte1·.v 
of the hone. Sometimes there are two foramma on the poste l'l or surface, or one 
on the posterior, the other on the infer iol' sul'face. '111lC inferior or subclcwian 

Ac1·omiale:rfl'emily. 

F1G.192.-Leftcla\·icle. Superiorsurfacc. 

surface is bounded, in front, by the anterior border ; beh ind. by the subclavian 
ho;·der. It is narrow internally, but gradually increases in width externally, and 

is continuous with the under surface of the flat portion. Commencing at the 
sternal extremit~' may be seen a sma11 facet for articulation with the carti lage of 
the first rib. This is continuous with the articular surface at the sternal end of 
the bone. External to this is a broad, rough impression, the rhomboid, rather 
more than an inch in length, for the attachment of the costo-clav icular (rhomboid) 
ligament. The remaining part of this su rface is occupied by a longitudi nal groove, 
the ~ub<•lm1 ian 9roove, broad and smooth external ly, narrow and more uneven 
interna1ly; it gi\•es attachment to the Subclav ius muscle, and by its an terior 
margin to the costo-coracoi1l membrane. Not unfrcquent ly this g roove is sub
di,·ide1l into two parts by u longitudinal line, which gi,•cs attachment to the in tcr
muscular septum of the Subclavius muscle. 

inw:::~;1c ~~1t1~r:al1 ~~ 1 :te1;~~~n~~:~~m!~l o~0~~:~a~~a;vi~~edisp~~~:c~~~ I ~~ ina;.~:~ia~i r;:~=~ 
conca,·c from before backward, con,·ex from abo\'e downwar<l, wh ich articulates 
\\.ith 1h~ :-:.tern um. th mug~ the inten-cnt.ion of an intcrarticular fibro-carti lage; the 
c1rc11rnfcrencc of the articular surface 1s rough, for the attachment of numerous 
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~igarnents. ~be posterior _border of this surface is prolonged backward, RO as to 

~ncreasc. the s ize of the .art1cula.r facet; the upper border gires attachment to the 
111terart1cu lar fibro-cartilagc, and the lower border is conti nuous with the costal 

facet on the inner end of the interior or subclavian su rfacc1 which articulates with 

the cartilage of the first rib. 
~l1he outer or acromial extremity, directed outward and forward, presents a 

!-Ima.II, Oat!cned, oval facet, which looksobliquely downward, fol' articulation with 
the acrom1011 process of rhc scapula. The circumf'crcncc of the articular facet is 

rough, especially above, for the attachment of the acromio-claYicular }iO'amcnts. 

Pt'<:uliurities of the Bone in the Sexes and in Indfoiduals.- In the female the 
cl:wicle is generall~· shorter, thinner, 1ess curved, and smoother than in the male. 

In those. persons who perform consid~rablc .manual l.a.bor, which brings into con
stant action the muscles connected with this bone, it becomes thicker and more 

curved, it~ ridges for muscular attachment become prominently marked. and its 

~~el.~n~~t~;i:~~ftl~a~~ri~~1~a\~cft.form. The right cladcle is generally longer, thicker, 

in r!~::lc~~r~·;:-~l~~csth~~,~:~~n'~~~ll! ~~1 ~2kce~~~~ ·~~~ t:1~~~lc~~e11 ~:1~~:1 ~f~ ~f ;;1:~~ 1~1~1~. tis~~:; 
chl\·icl ~ is highly elnstic, by reason of its cunes. From the experiments of )fr. 
Wa~·d It. has been ~hown tha.t it possesses sufficient longitudinal elastic force to 
project its own weight nearly two feet on a level surface when a smart blow is 
sti:uc~ on it; and sufficient trans\·ersc elastic force, opposite the centre of its 

~~~,~~·.~o1: ~~~1 ~=;~\~~-,~~o t~1~~~~:~~ t~e~.;~~~~ii~~;.abt~t ! e~~~~ o?~~i~c~;:~f ~~s 0~e:~~~~~ 
upon the point of the shoulder. 

Develcpment.-By two centres: one for the shaft and one for the sternal 
extremity. Th e centre for the shaft appears \'ery early, before any other bone
acc:ording to Beclarcl, as early as the thirtieth day. 'l1he centre for the sterna l end 
make:5 its appearance about the eighteenth or twentieth year, and unites with the 

re.t of the hone about the twenty-fifth .\ear. 
Articulations.-With the stem um, scapula: and cartilage of the first rib. 
Attachment of Muscles.-rro six : the Sterno-cleido-mastoid, Trapezius, Pecto

ralis major, Deltoid, SubcJa,'ius, and Sterno-hyoid. 

Surface Fonn.- The clavicle can be felt tliroughout its entire length, even in persons who 
are \'Cry fat. Commencin£! at the inner end , the enlarged stern~} ext remi ly1 where the bone 
projects abo\'C the upper margin of the sternum, can be folt. fanning with the sternum and the 
rounded tendon of the Stenlo-mastoicl a. V-sha.ped notch 1 the pre-sternal notch. Pa!:ising out
ward, the shaft of the bone can be folt immed iately under the skin. with its co1wexity forward 
in t.he inner two-thirds, the surfiwe partially obscured above and below by the attachments of 
the Sterno-mnstoid and P ectorali s major muscles. In the outer third it forms a. i;!:entle curve 
backward, and terminates at the outer end in a somewhat enlarged extremity whic:h articulates 
with the acromial process of the seapula. The direction of the clavicle is almost, if not quite, 

~~0cJ\~~11~1 1i~~\~n u~~~~a;~r11~tiit!Y~~~c~u~~1~1{ b~[t~h~li~~~~io\~1 ~~.c1~~~,e~::~,-dv~~~
1~\~~~~;~~~j~\~.i:f1 1~J~~ 

van·ing- movements of the shoulder-joint. 
· Surgical Anatomy.-'fhe cla.v ide is the most frequentl.v broken of any sinulc bone in the 

hock This is due to the f.'lct that it is muc:h exposed to \'iolence, and is the only bony connec
lion. between the upper limb and the ~runk .. Th.e hon~. moreo\'er 1 is slender, an~l is v~rt super
ticial. The bone ma\' be broken hy direct or mdll"ect vmlence or by muscular action. 1 he most 

~f 0~h~0~~~:~e"!~11i11 ~1~\~ei~1';;e~rot1~~0~~1gl;d~tof i~~~~icJ;~,~;~ ~1~1<~t 1Ji~11t~ ~~~ 1~f i ~~~ .J~.:;;~~i~1~ 1~f·j1tJ~~c~i'~~ 
cun·es, for this is the weak<>st part of the bone. The fbcturc is generally oblique. and the dis
placement of the frag-ments is inward. a.way from the surfaee of the l?o<ly; hence compound frac:· 
ture of the clavicle is of' rare ()C('urrence. Beneath the bone the mam \'C~sels of the up)ler lnnb 

and the Kreat nerve-<.'ords of the brrwhitd vlexu~ .lie on the first rib, ~nd nre. liable to be \\:ounded 
in fracture, especially in fracture from d1rcc·t ~· 1olcn('e. wl.1e!1 the force of the blow chwcs the 
broken ends inw<trd. Fortunately, the SubdaYm~ muscle is mtcrposed between thebc structures 

and the C'hwicle. and this often protects them from injnry. . . 
The rlavide is not uncommonly the !"Cat of ~areomatous tumors, rcnrlermu the opcra11on 

d~ne~~~.siolt 0fs ~~~t c;~~\:for'~~~d l~;~~:~~ir;lf! ~l~l~il)(~~e'' 'fre~r\?,r~{i~~':ti~~l~~in~d~~a;1!~ '~~l~~i~r ~:;d~ 
anil turninc; it inward. rL1he removal of the 011tcr p:lrt 1s comparntn·cly easy, but resection of 
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The Scapula. 
The Scapula (axa;;dv~, a spade) forms .• he back part of the ' houldcr gil'(He. It 

;, a large, flat bone, triangular in shape. """ued at the 1~J'p~rt,a111l rnle of 

~ ..... · 
, . ... c•_,.. - ..,;;::_~~~ l\' 

.~ .,~" ~ ' 

Fto. J9.1.-Leftsc1\1iul11rantc rio r surface, or \·enter. 

the thorax, between the second and seventh, or som c>t imcs th e eighth, ribs, its poste
rior bor<lcr or ba~e being about an inch from, and nea rly , but not quite paralld 
wilh the spin ous processes of the ,·er1cbn:c, RO tha t it is rather closer to tb em 
abO\'C tha n below. It preRcnts for examination two surface~ . three borders, an1l 

thre;h~1 1!~~;~ior surface, or venter (Fig . 1fl-t-), preH•ntR a broad conca,·ity, the ~1tl1 -
s1·rrpulru· .frmut. It is marked. in the pm:.te ri or two-thirds. by ReY<'"ra l oblique 
ri1lge:-:, which pa~s from behind olJliquel,\• outward and upward; the anteric1r third 
is ~mooth. The ohlique ridges give attachment to the tendinous inter~crtions. anil 
the surfotcs between them to the fleshy fibres, of the ~ub~capularis musc1e. The 
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anterior third of the fm~sa, which i:s smooth, is covered bv, but does not afford 
attachment to. the fibres of this muscle. The ,·enter i·s separated from the 
posterior bonier by a ::mooth, triangular margin at the superior and inferior 
angles, and in the interrnl between these by a narrow edge which is often deficient. 
This marginal surface affords attachment throughout its entire extent to the 
Senatus magnus muscle. The subscapular fo$sa presents a trans,·er:;e depression 
:Lt its upper part, where the bone appear:; to be bent on it~elf', forming a consider
able angle, callc(l the subsr·apular tm9le, thus gi,·ing greater strength to the body 
of the bone from its arched form, while the summit of the arch sencs to support 
the Rpine and acromion process. It is in this situation ihat the fossa is deepest, 
so that the thickest part of the ::iubscapularis muscle lies in a line perpendicular 

FtG.l!i:J.-Leascapula. Postcriorsurface.ortlorimm. 

to the plane of the glcnoid cavit_y, a_nd mu't eon~cq11entl)' operate most effecth·ely 
nn the head of the humerus, which 1s conta111ed m that canty. 

The posterior surface, or dorsum (Fig. HJ;J). is arc~ed fro_m. abo,·e downw~rd. 
alternately concave and convex from ~ide to side. It is subdn·1ded unequaJly mto 
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Lwo part:; by the spine: the portion a born the !:>piiw i!" (•ailed the supraRpinoufl 
ti11ssn, and ilrn.t below it the i1~fmspinouR fol'xa. 
· 'rhe supraspinous fossa., the smaller of the two, is concaYc, 8mooth, and broader 
at the ,·crtcbra: than at cbe humeral extremit.v. It affords attachment by its inner 
two-thirds to the ~upraspinatus mu:scle. 

The infraspinous fossa is much larg-er than the preceding: toward its YCrtebral 
mar1'rin a shallow co1H:a,·it\· is seen ::u its upper part: its centre presents a. promi
m·n~ coincxitr. '' hilsr to,~·ar<l the axillary border is a deep groo,·c which run.-, 
from the 11p1lcr towanl t_he lower part. The inner two-thirds of this surface 
affords attachment to the lnfraspinatus muscle ; the outer third is only co\·ercd by 

~t<~r~l~~~ ~.~! t a~1i :\';~a<;~~f i1'.~ d~c,i t~· ti~~e~.'u ~1 ~rli.~,1~ l:~·1f; ~~ '~'~1~~!~~~.~a~~(~ l:·~o~I :::i~:i~ ~~ ~·~: 
do" nwar1l and ba.ckwa.nl to the posterior border, about nn mch abO\'C the mfcnor 
anrrlc. '.l1he ridae serves for the attachment of a strong aponeurosis \\hich sepa
ra~s the lnfras1~na.tus from the two Teres muscles. 'l111e surface of bone between 
thi..- line and the axillary border is nanow in the upper two-thirds of its extent, 
and tr~wer~ed near its centre by a groo\'C for tLe passage of the <lorsalis scapulro 
vessels; it afford:; attachment "'to the 'J1eres minor. Its lower third presents a 
broader, ~omewh.at triangular surface, which gi"es origin to the Teres major, a.nd 
over which the l..a.tissimus dorsi glides; sometimes the latter muscle takes origin 
by a few fibres from this part. The broad and narrow portions of bone a.boYe 
a.ll11cle1l to are separated by an oblil1ne line which rnns from the axillary border, 
downward an<l backward, to meet the elcrnted ridge: to it is attached the 
aponeuro:.iis separating the two Teres muscles from each other. 

The Spine is a. prominent plate of bone which crosse~ obliquel,Y the inner 
four-fifths of' the don;um of the scapula at it8 upper part, and separates the supra
from the infraspinous fo:.;sa: it commences at the vertebral border by a smooth. 
1rian.~ular surface, OYer which rhe Trapezius glitles, separated from the bone Ly a 
hnr:-:a, aml, gradually becoming more ele\·ntcd as it passes fol'ward, terminates in 
the acromion process, which ornrha.ngs the shou lder-joint. 'l'be spine is triangular 
and flattened from above downward, its apex conesponding to the posterior 
border, its base (1d1ich is directed outward) to the neck of the scapula. It 
presents two snrfac:cs and three borders. Its superfor sw:face is conca\·e, assists 
in forming the snpr:ispinous fossa, and affords attachment to part of the Supra
spinatns nrnsclc. Its ild'ainr swface forms part of the infraspinous fossa

1 
gi\•es 

origin to part of the Infraspinatus muscle, and presents near its centre the orifice 
of a nutrient canal. Of the three bordel's, the anterior is attached to the dorsum 
of the hone; the JJOsterior, or crest of the i;;pine, is broad, and presents two lips 
ancl an inte1Tening rough interrnl. To the superior lip is attached the Trapezius 
to the extent shown in the figure . A rough tuberde is generally seen occupying 
that portion of' the spine which receirns the insertion of the middle and inferior 
fibre~ of thi~ muscle. To the inferior lip, throughout its\\ bole length

1 
is attached 

the Deltoid. The in ten-al between the lips is al~o partly co\·cred by the fibres of 
thc'-e mu~clc:-;. Tb~ external bordN, or. ba.~1·, the shorteSt of the th;·ee, is slightl.v 
contavc. its edge thick and round, contmuous above with the under surface of the 
acromion proc~~s. below with the neck. of ~he scapula. The narrow portion of bone 
external to th is border, and separatmg 1t from the glenoid ca.\·ity, is called the 
!/'°1'c~t, scapular. not1·lt, and serves to connec~ th? supra- an<l infraspinous fos~<e. 

I he Acrom1on Process, so called from form111g the ~urnmit of the shoulder 
(rlxpo:.-, a summit; 0µo;, the shou_lder), is a la.rgc a1~d somewhat triangular proc~ss. 
tlattene<l from beb111d forward, directed at first a little outward. and then curvmg 
f~n,anl and upward. so as to O\'erbang t~c glcnoid ca\'ity . Its 1tpper surfact•, 
d1recte1l upward. backward: and Ol~tward, 1s con.Yex, rough, and gi\'eS attachment 
to some fibres of the Deltoid, and m the re~t of its extent it is subcutaneous. Its 
under sw:fal't' is smooth and conca\'e. Its outer bonler is thick and irrerTular, a.nd 
pre~~nts three ?r four tubercles for 1he ~enclinous origins of the Deltoid muscle. 
It:; u11u·1· margm, shorter than the outer, 1s conca\·e, give:; attachment to a portion 
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of the ':11ra.pczius muscle, and presents about its centre a small om! surface for 
a.rticulat ion with the acromial end of the cla\'icle. Its apu, which cone.:;ponds 
to the point of meeting of these two borders in front, is thin, and has attached to 
it the coraco-acromiul ligament. 

Of the three bordel'S or costre of the scapula, the superior jg the shortest and 
thinnest; it is concare. terminating at its inner extremity at the superior angle. at 
its outer extremity at the C(}racoid process. At its outer part is a.deep, semicircular 
notch, the suprascapulcu, formed partl.v by the base of the coracoid process. This 
notch is coinerted into a foramen by the trans,·crsc ligament, and sen-cs for the 
passage of the suprascapular nen·e. The adjacent m:.trgin of the superior border 
affords attachment to the Omo-hyoid muscle. 'fbe external, or an·llcu:11, border is 
the thickest of the three. It commences above at the lower margin of the glenoid 
cavity. and inclines obliquely downward and backward to the inferior angle. 
Immediately below the glcnoid cavity is a rough impression (the infraglenoid 
tubercle), about an inch in length, which affords attachment to the long head of 
the Triceps muscle: to this succeeds a longitudinal groove, which extends as far 
as its lower third and affords origin to part of the Subscapularis muscle. 'J'he 
inferior third of this bonier. which is thin and sharp, serves for the attachment of 
a few fibres of the Teres major behind and of the Subscapularis in front. The 
internal, or vertebml, border, also named the base, is the longest of the three, 
and extends from the superior to the inferior angle of the bone. It is arched, 
intermediate in thickness between the superior and the external borders, and the 
portion of it abo\-e the spine is bent considerably outward, so as to form an 
obtuse angle with the lower part. The \·ertebral border presents an anterior lip, 
a posterior 1ip, and an intermediate space. 'l'he anterior lz}1 afford5' attachment 
to the Rerratus magnus: the posterior lip, to the Supraspinatus aboYe the spine. 
the Infraspinatus below: the interval between the two lips, to the Lemtor anguli 
scapulre abo\-e the triangular surface at the commencement of the spine. the 
lthomboideus minor to the edge of that surface; the Rbomboideus major being 
attached by means of a fibl'ous arch connected abO\'e to the lower part of the 
triangular surface at the base of the spine, and below to the lower part of the 
posterior border. 

Of the three angles, the !Htpcrior, formed by the junction of the superior and 
internal borders. is thin, smooth, r<rnnded, somewhat inclined outward, and gi\·es 
attachment to a few fibres of' the Levator anguli scapuh--e muscle. The i1~frrior 
ancrle. thick and rough, is formed by the union of the ,·ertebral and axillary 
bo~ders, its outer surface afforcling attachment to the 'l'eres major and occasionally 
a few fibres of the Latissimus dorsi . 'l1he ante1·ior angle is the thickest pal't of 
the bone, and forms what is called the head of the scapula. ' r he bead presents a 
shallow, pyriform. al'ticular surface, the glenoid cavity (y).~V1J· a socket), whose 
lon"est diameter is from above downward, and its direction outward and forward. 
It i~ broader below than abo,·e; at its apex is a slip:;ht impression (iwpraglenoicl 
tub1•n·b') to which is attached the long tendon of the Biceps muscle. It is co,·ered 
with cartilaae in the iccent state; and its margins. slightly raised, giYe attachment 
to a fibro-c~rtilaginous structure, the glenoicl li:gament, by which its c~Yity is 
deepened. The neck of the ~capula is the s1ightly depressed surface .which sur
rounds the head; it is more distinct on the posterior than on the a11tel'lor ~urface, 
anrl below than above. In the latter sit1uttion it has ar ising from it a thick prom
inence, the coracoid process. 

The Coracoid Process, so called from its fancied rnsemblance to a crow'g beak 
(xOpa;, a crow), is a thick, cun-ed proces.s of bone which arises by a. broad base from 
the upper part of the neck of the scapuh; it is directed at first upward and 
inward, then. becoming smaller, it changes its direction and passes forward and 
outward. 'J'be ascending portion. flat~ened from before backw~rd, presents, in 
front a. i;:.mootb, conc~we surface O\·er which passes the Subscapulans muscle. 1 be 
hor izontal portion is flattened from above downwar~l, it~ upp~r surface is c.on"c.x 
and irregular, and gives attachnient to the l'cctoralis mmor; its under surfacr is 



~month; its inner border if; rough, nntl gi,·es a.ttach_men_t to the Pc~tondis mino~~ 
its outer hortlrr j:0; ah:.n rough for the eoraco·acron11al ligament. "htle th~ a.pcx ts 
cmhnu.·cd hv the conjoined tendon of orig;in of the short hea<l of the. Biceps an.d 
of tbr CornCo.Jmu: hi;di~. ~\.t the inner side of the root of the corn.co1d ~roces.g 1~ 
n. rouµ:h impn•!!sion for the attachment of the conf}i<l. ligam.ent: an~l runmng f~·om 
it ohliqw.•ly forward and outward on the upper surfaC'~ ol _the honzontal portion. 
an elerntcil ridge for the attachment of the trapczon.l ligament. 

Structure.-ln the bead. processes, and all the .thickened part.s of the bone 
tlic ~c:tpula is compose1l of cance1lous tis.s.ue, "hile m the rest of its extent 1t is 
compose<l of a thin layer of dense, compact tissue. 'l'~ e centre and uyper part of 
the <lor~um, but especially the former, are usually so thm as to be semitransparent; 

occa~ionally the bone is found wanting in this situation1 arnl the adjacent muscles 
come into contact. 

Development (Fig. 196).-By seven centres: one for tho body, two for the 
coracoid process, two for the acromion, one for the \'ertebral border, and one for 
the inforior angle. 

o~~ification of the body of the scapula com mences a.bout the $CCond month of 
fo:ittil life by the formation of an irreg ular quudrilarcral plate of bone immediately 
behind t be glenoirl cavity . This pla tc extends itself so a~ to form the chief part of 
the bone. the s.pine ~rowing- up from its posterior surfate about the third month. 
At hirth tht:' thief part of the :-:capul:t is Oioiseous, onlv the coracoid and acromion 
proc~~~c;.;, the po!-'teri_or bor<l.c~·· a~Hl inferior angl? being carti laginous. Abo~t 
the fir;o;t year after birth os~1fic:at1on takes place in 1hc mitldle of the corac01<l 
proc:c~1<.. "hith u~uall,v becomes joined "ith the rest of the bone at the time when 
the other er11tn1 ~ make their appearance. Between the fifteenth and seventeenth 
years o:-~ificatinn of the remaining <:cntrcs takes place in quick succession, and 



'l'JlJ:: 8('.l f'l'LA. 21i 

in the following order: first, near the base of the acromion and in the root of tbe 

coracoid process. the latter appearing in the form of a broad sca le; secon<lh·, in 

the inf~rior ~nglc and co.ntiguo.u!' pal't o~· the posterio~· bordel': thirdly, neat: the 

extr~mlt,\' of the acrom1on; fourthly, m the posterior border. 'J'he acromion 

prot(·~s. besides being formed of two !'.eparate nutlci. has it s base formed lJ,· an 

~~~~:~;i(;;} !,11
1!fchit ,.::::i~!1 cinc~l1~~.~~·c:~!· ~::ie~~~atir~171e "::~.~1h s~;~:.::f: ~~,c~~~ ~:!::~c~: a\~\~ 

rhcn join with the extension canied in from the spine. These rnrious epiphvscs 

become joinc<l to the bone between the ages of twenty-two ancl twenty-five yf.'trs. 

~omctimcs failure of union between the acromion proces~ and spine occu1:s. the 

junction being effected by fibrnnl'i tissue:• 01· by an imperfect articu lation; in some 

case~ of supposed fracwre of the acrornion with ligamentous union it is probable 

that the detachell !o:cgment was nc\·er united to the refit of the hone. Verr often, 

in ~d1lition to these. a minute epiphy:o;is appears at the !nargin of the "g-Ienoicl 
cantv . 

.Articulations.-W"ith the humerus and ch1,·iclc . 

Attachment of Muscles.-'l'o !"e,·ent<.'l'll : to the anterior surface, the ~ubscapu

laris; posterior surface, Supraspinatu:-;, Infraspinatus; spine, Trapezius, Deltoid; 

superior bordel'. Omo-byoi<l; vertebral border, Serra.tus ma.gnus, Lm·ator anguli 

scapuhc. Hhornboideus minor and major; axillary border. Triceps, Teres minor. 

Tcrcs major: glenoid c:a.vit_v, long head of the J3:iccps: coracoi<l process, short 

bca<l of the Bicep:;. Coraco-brachiali s. Pcctorali8 minor; aud to the inferior angle 

occ:r .. ionally a fow fibre:; of the Latissirnus dorsi. 

Surface Form.-The onl.\' parts of' the seapula which arc truly subcutaneous arc the spine 

~~1:~·;~~~llt:fJ;i'~~~'~·~~t~t;,~3. ·~~d~t;~: ~~t~~~~~~·h~1~xift~~~.0i~~.~J:,c~1~:1~~ 1 bee ~~fi:~,~~l. m;J~~t~~;~~ 
~~V;J: 1 t111ir~'~'G~. i~111~~l ~t·~~·cl1f ~~~~ l ~~a~,~~~~ltj~~. C<~f \~~ ~~~!·0~11:i1~~~1~1,:~1~e t~~~~1~::1:;:d l~~1t~\!~1~~~~~%J 

~g;:~~~~~:~~;!:~~:rf t~f:~~:~~r~~;~Lti;~~~;~~~;(~~;~}~~r:1!:~;f 11~:~~~:kt'g~]r~;l~:~~~~ 
which is sonwtimes called the an,!!'le. From here the spine C'an be felt as a prominent ridge of 

~~~:;1 n1~1t,~1;=(}i~t1~e t~~t~~~~~jt~o ~i1~ 11s 1~~~~~1~cp~~~~~:!~~
1i· ~}~~i~~~1~~~~s 11et:~ t~:.:~~ i! ·~~i~~~~i!' 1~iu~tl~ 

inil1eated by a ~111rln dimple i11 lhc skin on a level w1d1 the inten•al between the third and fourth 

dor:-al spine>'. Below this poi111. the verteLral border of the seapula may be traced, runnin~ 

dl)wnward aml outward, and thus <li,·en{ina: from the vertebrnl i;pines, to the iu ferior angle of 

the bone1 which can be rec:o~nized, nlthoul-:'h covered by the Latissimus dori-ii muscle. From 

lhis an!!'le the axillary bor<ler cau usually be traced throuJ?h this thick muscular co,·crin.~, fOrm

inz. with 1he mu::;cle1', the posterior fold of the axilla. The C'Oracoicl process may be felt about 

an inch below the jun<:tion of the middle and outer tl1ir<l of ihe daviclc. It s pvhition is i11di-

b:~~,~~c~;\1~~p:~t~~~j~s ~1;aj~~ ,!~<l1Yo~)~oid 8~fi!~.J~s~pr\\:;~~~1 'ti'11~e~n~~~··~~·:~01~~1~gi~~!! ~~? tj1'~1 ~iJ~~ 
the upper ana:le of the scapula, eorrcsponds to the upper Lordcr of d1e second rib or the inten·al 

between the fir::;t, and ~ccon<l dor:--;1! spiue~, the i11ferior an~le lo the upper border of the eighth 

rib or the i11tC'rrnl between the !seventh 1rnd ei!!hth dori<al spines. 
Surgical Anatomy.-Fraeture::; of the bod.r of' the &:apula are rare. owi11,g to the mobility 

~i~i~!~~:.)~ 1111~' 1~it~ ~1.~i~;h\~·l~ei~ ~·~~111~~s<·~~~a~ru~~1 ~f!1 t~~ci~.c~'.kc~r~h~11bo~~~ 1is ~S!~\1~~~~;~~1 ~1~1.c ~,'}~ 

l]r!ri~::g'.}r0\~~~g::f.~t~:r~2~~,1ii\::~~~.1 ;::~~:~~~~i~~~i5\~~,:til~iI~~~~~i~ 
said to occur, but it i:; exceedingly doubtful whether such nn ac<'.ident e\·er takcb plae~. 'l'he 

acromion proces:s is more frequently broken than an~' other pnrt of the hone, and ther~ 1s somc-

~i{1~c~i11i~;~d11f~~c~~11~·~e~ft.the 8:<~~~1~~~~~~;; ~v~tj1hfib;~~i~~h~~:~n. ~~·l1ii~l~~J'1
1~~.~~t~l~ah)1::,~Fyo~/ 1~~~~:~1~~~~ 

tem cxammat1on arc really ea.o;i;es of 1111perfoctly urnted ep1phys1s. Sir A~tle~· Cooper hcl1e\:ed 

that mobt fractures of this bone united b,- fibrous tissue, and the cau~e of this mode of mnon 

~·:;:c i~i~~!~~ntjf,~'<'JJ~~~ake~~1 ;ff~1~\~1~c~·11 t.!:~~~r:11i\1.:~t ~~ig1~:11~eco~~s~a~~t::;~:0:~~1~~ ... n'.~!~1e n~~~·~~il;1c1~ 
acti~}~~unors of various kinds p-row from the l'<'apula. Of the innocent form of tumorl'i rro~
ably the osteomata arc the 111ost common. "'lil'11 it t!TOWS from the venter of the scapula, as 1t 
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S:::;.~;:::i~.:~:'.t~;~":~,.:~,!l:~~;~·::r::~1,~~~.,~·;;~~:1~~~~::, ~~. ,i~?,i!
1

;~,::::1::;~::.t~ 
1

r.!i~,:;1'.~~~":~2~::~I·::E~ 
~~i~111;:,•;;t ~::~:~~:1~~~~i~n~~f ~'h!l·~11~1p!~1ii1~b~puPi1e3 l~n~11~~~;~~~~~~i1~~:1 rl~.!~ 1~1T I i1~!;~i~:~. 1~~~)~· I h"~t~a ::: 
lll'inu: reflected, the n .'1110\' ;ll 1i:; commented from the po:ott.•rior or \'Crtehral border, so. that the 
!'uh: .. 1·apular vc.,.~cl.-; which lie alone: the axillary border arc amon~ the last i:;tructures dirnled, anJ. 
l'Ull Le at once secured. 

THE ARM. 

The Humerus. 
The Humerus is the longest and largest bone of the upper extrcmit~1 ; it pre

sents for exam ination a. shaft and two extremities. 
The Upper Extremity is the largest part of the lwnc; it prescnt!'i a rounded 

head, joined to the shaft b,v a constricted po11ion. ca llcll 1hc neL·k, and two other 
em ine n ce~, the ,greater and lesser tuberosities (Fig. H17 ). 

'l'h e head, nearly hemispherical in form, 1 is directed upward, inward. and a 
little backward, and a.rt icu la.tcs with the g lenoid cadty of the s.capula; its surface 
is smooth and coated with cartilage in the recent sta te. rrhc circumference of its 
articular surface is slightly constricted, and is termed the anatonifral neck, in con
tradistinction to the constrict ion which ex ists below 1hc tuberosities. The latte r 
is call ed the 8u1·,qical neck. from its often being the scat of fracture. It should be 
remembered, howe,·er, that fracture of the anatomical neck docs somet imes, though 
rarelv. occur. 

'L;lie anatomical neck is oblic1uel,v directed, forming an obtuse angle with the 
shaft. It i!'l; more distinctly marked in the lower half of its ci rcumference than in 
the upper half. where it 1lresents a narrow grooYe, sC' pa rat ing the head from the 
tuberositiel', Its circumference affords nttachmcnt to the capsu lar ligament and 
is pcrforatetl by numcrnus \'ascular foramina. 

The greater tuberosity is sit ua ted on the outer side of the head and l es~e r 
tubernsit~r . Its upper surface is rounded and mark ed by three flat facets, sep
arated by two sligh t ridges : the highest facet g ives attachment to the tendon 
of the Supra spinatus; the middle one, to the Infrasp inatus; the lowest facet and 
the shaft of the bone below it, to the Tores minor. Th e outer ~mrfoce of the 
g reat tuberosity is convex, rough, and continuous with th C' outer s ide of the shaft. 

The lesser tuberosity is more prominent, although 8ma ller than the greater : it 
is situa.tccl in front of the bead, and is directed inward and fonrnnl. Its summit 
presems a prominent facet for the insertion of the tendon of the Subscapularis 
mu!'cle. The tuberoi::.ities are separated from one another by a deep groo,·e. the 
bi<'ipital ,qroot't'. so called from its lodging the Ion~ tt.'nlion of the lliceps muRcle, 
with "hich run~ a branch of the anterior circumflex artery, lt commences 
abO\·e between the two tuberositics, passes obliquely down\\ard an<l a little 
inward. a111l _ terminates at the junction of the upper with the middle third of 
the bone. I t is deep and narrow at the commencemen t, and becomes ~hallow and 
a lit~le broader as it descends. Its borders are call ed, rc~pcctively, the extf'rnal 
and 111t.ernal lii<·91ital 1·idges: to the former of which the nam e pe'Cforal rid/JI! i:-. 
also, often applied. In the recent t'tatc this groove contains a prolongation of 
tl.ic ~:..vnoYia l membrane of the shouhler-joint, and its fl oor receives that portion 
of the tendon of insertion of the Latissimus dorsi muscle which is reAecte<l into 
it from the intanal bicipital ddge. 

'l'be Shaft of the bnmerns is a lm ost cylindrical in the upper half of its extent, 
prismatic anrl Aattcncd below, and pre8ents three borders and three surfaces for 
examination. 

The anterior border runs from the front flf the great tuberosity abO\·e to the 

~,~~jl~~}~i.'.:~~:;}3g¥~,;rg~~:~:;,~~~~~~1f,1:.~;Ef\~!fi,g~1~~:o;~~tf g:r~r~ 
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coronoid depression below, separating the inlcrual from the external su rface. Its 



uppl'r part is q•ry prominent and rough, and forms the outl·r lip of the bil·ipital 
l!roon.~. lt is here often calle<l the external /Jil'ij1it1tf ridy1•, and ~en-es for tbe 
attachment of the tendon of the Pectorali~ major. About its t'l'lllre it forms the 
anterior btnmtlar.\· of the rough <leltoid impression; below, it is :;mooth :md rournll•tl, 

affo~.\:~ge::;~~~~nbeo~~;~ 1~~~sllf~;'.~~i~ll1i: J~~1;~c;i:~rt of the greater tuberosity to the 

external cornhle, and separate::> the external from the posterior surface. It is 
roumlcd arnl i~di:stinctly marked in its upper half', se1Ting for the attaclnncnt of 
the lower part of the in:sertion of the 'l'eres minor, and heiow this of the external 
hca.tl of the Triceps mu:scle; its cencl'e is traYersed by:~ brnad but shallow, obli(1ue 
tlepressinn, the 1nuseulo,;.spiral ,qroore : its lower part io markell by a prominent, 
rourrh marrrin. a li ttle curved from behind forward, the e:rternal supraco11d,1;lar 
rir/.r%, which prC!-ients an anterio1: lip for the aWLChment o~· the ~upinator l?ngus 
abo\'c and Extensor carpi rndialis longior below, a posterior lip for the ~'r1 ceps, 
and an interstice for the attachment of the extl'rna l intermu!'cular $eptum. 

The internal border extends from the lc~scr tubero!-iitv to the internal condyJc. 
Its upper third is marked b,Y a prominent ridgl', f'ormi1lg tLe intern~l lip of" the 

~~ci~~1~~~cg~~0::c;.d~:;~1 g1~~~f~e ag~~t:e.:~~at~h~~~~n~e~~~i~c0L::.:~c~~b:·.~t~~~li~:. and\lj~1~~ 
below this if'I seen the entrance of the nutrient cana l, directed downward. Some
times there i!' n. second canal higher up. which take!-i a. simi lar direction. 'The infe
rior third of this border is raised into a slight ridge, the internal supracondylar 
rir~qr, which becomes ,·er.v prominent below; it pre~ents an anterior lip for the 
attachment of the Brachialis an.ticus, a posterior lip for the internal bead of the 
Triccp:;;. and an intermediate space for the internal intermuscuhtr septum. 

The external surface is directed outward abo\·e. ''here it is smooth, rounded. 
and co,·ere1l by the Deltoid muscle; forward and out\\·ard below. where it is 
sli~htl,v cnnca.\'e from a.hove downward, :rnd girns origin to part of the Brachialis 
a.miens muscle. About the middle of thi:s surface i ~ seen a rough, triangular 
impre~1'iion for the insertion of the Deltoi(l muscle; and bc1ow it the musculo-spiral 
grOO\'e, directed oblir1uely from behind, forwn.nl anti downward, and transmitting 
the musculo-spiral nen·e and superio r profuncla. artery. 

The internal surface, less extensi\'C than the external, is directed inward aboYe. 
forward arnl inward below; at its upper part it i~ nanow and forms the fl oor of 
the bicipita] groo\·e: to it is attached the Latis~imus dorsi . 'The middle part of 
this surface is slightly rough for the attachment of some of the fibres of the tendon 
of in~ertion of the Coraco-brachiali s : its lower part is smooth, conca\·e, and gires 
attachment to the Brachialis anticus muscle. 1 

The posterior surface (Fig. 198) appears somewhat twisted, so that its upper 
part is direcrecl a. little inward, its lower part backward and a little outward. 
Nearly Lhe whole of this surface is covered by the external an<l internal heads of 
the Triceps, the former of which is attached to its upper and outer part, the latter 
to its inner ant.I back part, the two being separatecl by the musculo-spira.l grooYe. 

The Lower Extremity is flattened from before backward, and curved slightly 
forward; it terminates below in a broad, artic11la1· surface which is <lidded into 
two parts by a ~light ridge. Projecting on either !-iillc are tbc external and intc1 

quen~l)~ r~::~J l~~~.r~~:i~~~et~:~c~ i~l~~~c~l:~r.:~~·~r ~';~;:1·[:~rt~r1 t~:e1\~u~1·;~::1!nt1!.~0~~11~!1~~ 1::~~-1~1~~; 

i:~~t~~:i:~\t:~~t~t~:~1~~~~!t~rm~:\~:;~~~!f:~!\~:i~~~;{:tf :~r\~~·~;I1f ~!::;~~r.~~i:1.~~:~~~~ 

~J~;~~~:~~~~~[it~i~~~§~i~ 
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nal condvlcs. The articular surface extends a 
little lo":cr than the conddes. and is cun·ecl 
:;lightly forwanl, go as to ocCupy the more ante
rior part of the bone; its µ:reatest breadth is in 
the tr:.rns,·crsc diameter. and it is oblil1uely di
rected, M that its inner extremity occupies a 
lflwcr Je,·el than the outer. The outer portion of 
the artitular :mrfacc presents a smooth, rounded 
eminen(·c, which bag rccci,,ed the name of the 
ea1>it"llw11, or radial hNul of the humerus; it 
articulates with the cup-shaped depression on 
the hciul of the radius, and is limited to the 
front and lower part of the bone. not extending 
:1s far bac.:k af'li the other portion 11f the articular 
surface. On the inner side of this erninentc is 
a .:-h:.1llow gro1n·c. in which is recei,·cd the inner 
maq:~in of the head of the radius. Abo,·e the 
front part of the capitellum is seen a slight de
pre~~ion which recei'"e~ the anterior bol'der of the 
head of the radius when the forearm i~ flexed. 
The inner portion of the articular surface. the 
troclilea, presents a deep depression between 
two well-marke(l borders. This surface is con
'"ex from before backward. conca'"e from side to 
si1le. antl occupies the anterior, lower, and pos
terior parts of the bone. The external border, 
le1's prominent than the internal, corresponds to 
the intcrrnl between the radius all(] the ulna. 
The internal border is thicker, more prnmincnt, 
and consequently of grca.tcr length, than the 
external. The groo\•ed portion of the articular 
surface fits :.H:curntcly within the greater sigmoid 
ca,·ity nf tht• ulna: it i:s broarlel' and deeper on 
the posterio1· than on the ante1·jor aspect of the 
bone. an1l is inclined obliquely from behind for
ward and from without inward. Abo,·e the front 
part of the trochlcar surface is seen a smaller 
<lepre~:o.ion, the f'Oronoidfussa. which recei,·es the 
coronoid process of the ulna during Aexion of the 
forearm. ~\.bo,·e the hack part of the trochlear 
surface ii' a deep, triangulal' <lepre~f:iion, the olee
rrwrm fo11tJa, in "hich is rcceircd the summit of 
the olecranon pmtC:-\s in extension of the forearm . 
These fossm arc i-cparated from one another b_,. IL 

thin, tran~parent lamina of bone, which is some
times pcl'forated, forming the .'1upratro<'hlear .for
ftlllf'll ,· their upper margins afford attachment to 
the anterior and posterior lig:aments of the elbow
joint. and they arc lined. in the recent Rtate, by 
the syno,·ial membrane of this articulation. ~rhe 
articlllar sudftccs. in the recent state. arc co,·ercd 
with a. thin la .. ,·er of' cartilaf!C- The external con
dde i~ a small. tubercular eminence, less promi
nCnt than the internal, cun-ed a little forward, 

I~ 

~ 
\ 

::~~!ti~i/1fil~~l~~~~,:~jc~~!1~~a~1c~ t:x~et1~~~~ol~t:~·11:111~~g~ 
to the origin of some of the extensor and supi- l<'w. i9~. -Len humeru!> 
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nator muscles. T he internal condyle, larger and more promi nen t rhan th(' ('X.lcr
nal. is direeted a little back\\anl : it g i \'C5' a tt:.H:hmen t IO tb t• i n t~1: nal late ral liµ;i 

mcnt, to the Pronator rad11 tere8, and t r, a 
tendon common to the orig in of i;;om e of t he 
fl cxo r muscles of the fo rearm. 'l'hc ul na r 
nene run :-: in a groove at the hflck of the 
inte rna l cond r le, or between it an d th<.' 
olecra110n pro~cess . 'l1hese cmin enceH an• 
directl v con t inuous a bO\'C with the externa l 
and ini.e rn al bordcrs- i. e. the ex 1e rn al ancl 
in te rna l condy loid ridgcR. '!'h e ~rea t 
prom inence of the inner one render:; it 
more liable to fra cture. 

Structure.-The ext remit ies C.'O n!' i8t of 
canccll ous ti ssue) co,·ered with a thin , com
pact la.yer ; the shaft i:; composed of a 
cylinder of compact ti ss ~1 ~1 thi ck er a t t he 
centre than at the extrem1t1 es, and holl owed 

~:~d~ya~~~rIT~ '~~he~1~l\~:~~ t~~na l , wbi.cb ex-
Development.- B _v seven, or occas1onally 

e(qht. centres (Fi g. 199), one fo r th e >haft. 
one fo r th e bead. one for t he tubero~1t 1 es, 
one for the radial bead, one for the troch
lcar por tion of the articula r s urface, an(l 
one fo r each cond r le . ~L1b c nucle us for the 
i::.haft appears nea ;. the centre of th e bon~ 

~ fi etl~: ~:.~~~\1: i ~:~ck 'l :1i i ~~l~n t : : t ~~l~~1~~ ::·sa ri<! 
oss ified n ea.rl~, in its whole lengt h, the exhunf~;Us.199BY~!~·~n ~~nt~~~s.dcvclopml'nL of the t remitics remaining cartilag inous. A t the 

commences in the bead of the bone, an~e~i:111~~:11~g ti~: t\~i~· cl ~~~~~dt l;:0~:n~:.~i~~~t ~~1~ 
tuberosities makes its a ppearance1 us ua1ly by a single oss ific point, bu t somet imes, according to BCcla.rd, by one for each t ube rosit_v , th a t for the lesser being small and not appearing un t il t he fifth year. B y th e s ixth year the centres fo r the head and tuberosities ha\'C enl a rged and become j oin ed. so as to form n !>.i ngle 
large cpiph.vsis. 

The lower end of the humerus is de,,cJoped in the followi ng m ann er: ~\ t tho end of the second year oss ificat ion commences in the radial portion of rhe articular surface, and from this poin t extends inward, so as to fo rm th e chi ef par t of the art icular end of the bone, the centre fo r the inner par t of Lhc u rti cu lar surface not appearing unti l about the age of twcl \·o. Ossification comm ences in th e int ernal cond)'lc about t he fifth year, an d in th e ex terna l one n ot until a bout th e thir teenth or fourteent h vear. About s ixteen or se\·cntecn vcars the outer corn.Ide and both portions of tile a r ticula ting surface (ha \'i ng a lrca'cly j oin ed) unite wilh th e ~bafr : at eigh teen years the inner concly le becomes j oined; wh ilst the u ppe r epipby:.; i:o . although the fi rst fo rmed. is not united un ti l about the twentie th year. 
Articulations.-Witb the glenoid cavity of the scapula and with the ulna anil radius. 
Attachment of Muscles.-To twen ty-fou r : to the greate r t uberosity, the 

~upraspinarns. ln fraspinatus, and T eres minor: to t he lesser t uberosity. the Rubscapularis; to t he external bicipital ridge, the P ectoral is maj or ~ to the internal bicipital ridge, the Teres maj or; to t he b icipital g rOO\'C, the L at iss. inrnR dorRi ; to the ~haft, the Deltoid, Coraco-brach ia lis, Brn chia lis an ti cus, external nn1l internal 
heads of the Tricc•ps; to the internal condyle. the P ronator rad ii te res. and commnu tendon of the Flexor carpi radialis, Palmari" long us, Flexor s ublimi s dig itorum. 
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nrnl Flexor carpi u_lnari~;. to the. external condyloid ridge, the Supinator longus 
and Extensor carpi rad1alis long1or; to the external condvle, the common tendon 
of. t~10. E.x~e~1sor carpi radia~is brc~·ior, Extensor comrnul1is digitorum, Extensor 
m1111m1 d1g1t1, Extensor carpi ulna.ris, an<l Supinator brevis; to the back of the 
external condyle1 the Anconeus. 

Surface Form.-The l~nmerus is ~lmost enti~c\y clothed Uy the musdei:0 which surround it, 
'.ln·l tl1e only parts of tlm bone w111c~1. are strn:tly subcutaneous are ~mall portions of the 

:;;~~l·~~l~:~~l ~~eb;'f ~1 ~0~11\~~~si lie 1~k'i~~~~11d01n1~S:11~~sb;. ~!~1~ ic\~~~·~;i;i:: :~\~~~rr10f. tt1;1:seh~h~ 
L!TC<ltC!' tuberos1ty forms the HI0!5t promine~t. bony point o!' the shoulder, extending- beyond the 
acrnm1on process and CO\'C red by the Delto1cl muscle. ft mfluen<.:es materially lhc surface form 

f i{\\1.}~sl~~l~~?~~~~~~f :t~;:~1;:~~tf B~~i1~~:~~i? f i~~~:~1S1~~~11'.!Ii~'.;~~ri~ 
groo\'e will be felt to pass under the hng-er as the bone is rotated. \Yith the arm abducted from 
the side, hy prc~sing deeply in the axilh the lower pan of' the head of the bone is to be folt. 
Ou each side of the elbow-joint, and ju~t aborn it, the i111ernal and external condrles of the 

rr:::~; i~1:et1:~ ~t~~~~ll ?o~~(g~l~~l t~li~l~~~i~'\'~!l:~htll:s~ll~l~~r\~~1 11;1~~~t,tl~~lte~~~r1~~rea:~d~~:l1~~ l:.~J~~ri~ 
not to be felt. Occ:1sionally, howe\·er, we find along this border the hook-~haped process men
tium:d aboye. 'l'~~ ex~cr~al. contlyle is most pla!nly lo be seen during semi flexion of the fore
arm. and its po~1t1on 1s md1cated b.v a. depression between the attachment of the adjacent 
mu.::··les. From it is to be folt a strong- bony ridge running up the outer border of the shaft of 
the lume. This is the externa l condyloid ridge; it is concave forward, and corresponds with 
the t·nrved direction of the lower extremity of the humerus. 

l1u111~~~~ic~;.n:s~~;~Js·~:~e:ie,~l~p~~~1~~l JFl;~'~,~~~1~~~~i~~t~~!h~i;e ~o~~~~t~<!si~·i,t~s ~~= 
la:-.t 10 join the shaft, and the lcn!{th of the Lone is mainly due to growth from this upper 

~·::~7~~~~~~,!~~~~~:~'1;:~~!P~o~;:'~~~~'.1~~:~1~~·
1

;~, !~~;~~::;~~~:~~1r~fi~~;::~,~,~~;~~fa~,::~~.1?~ 
1he stump conical. This may necessitate the rc>moval or a couple of inches or so of the bone, 

~~,;'.,~~r~~il~f:f{~~\y~:·i!~)~f ~i1~~~r~f d~~i~{,~~.1~~E~f i&!~~;]~·f i~:~~~~~"~g,~~rf~~ 
other of this class of bone in the body. It is usually the shaft, just below the insertion of the 

~el~;:~~~;r:i!~\~·hhi:al~11~~~ ~d~~'fron~ ~~~~i.~;~~1 1~l~ea~i511~~~l~~~k~ [~b::~~!1 ~·~,~~1~ ~abl~1.1e 1 I~~H~h\~ 
latter <·ase there was no disca."e of the bone that <'oulcl be disconred. Fractures of the u~per 
end mar take place throu!{h the anatomical neck, throuµ-h the sure-ical neck, or separation ol the 
!!reater tubero.sity ma,\· oc·<:ur. :F'ra<:t11re of the anatumi<:al neck is a Yer.'· rare ac<:1clent. j in fact. 
it i:; doubted by some whether it C\'Cr occurs. 'l'hcse f'r:wtures are usually considered to be 
intra<::tpsular, but they are probably partly within am! partly without the capsule. as the lower 

~~~::~ r:·at1l::cJ1'~1111s~i~ei:~ i'!_l{11~;~n~~.11b~ 1/~~~~agt~~a~1:en~~!i~;,P;l~~c~i'.1atJ~ ~~1~s: 1~~~s'';11~~~e til~}i~:ff~~ 
f~~11~~!:,1:~~cn13~:~ ~~~~';~;~~~;f~ t~!~r~·a'~!~~!:~.~~bJ~10~1!tt~~:1;i~~n•;,~ · l~~l~~·~int~k~~a~>\1.~ccle ~0 t\!~e ~~;:~ 
frn!!111Cnt turns on it s own axis, so that the cartila.!.!inous surface of the head rcsis against the 
upper cml of the lower fra!!"ment. When the fr.ictur('d encl is enti rely separated from .all its 
snrroundiugs, its vascular .supply mnst be entirely <·ut off, and one would expect it1 thcorettcally, 
io n~rose. But this must be exceed in!!l.r rare, fOr (h1rlt was unable to find a sinp le aut~1enti
catcd ca~e recorded. Separation of the upper epiphysis of the hu!ncrus somelimes occurs m the 
roun!! sul~jcct. and is marked by a characteristic deformity by which the lesion may be. a.t once 

~h~~~r~ r~~~~ ~lc:r ~~io~? ~1j~ ~t~.~~~~~~l 1~~~~:~1:s~ ~~ u~~cl :1~;: 1 ~\~~ pt:·~~~~: i~:~d ato V
1 f h~·1~,;·~1'. f 1!~.~t1~~~1 ~.soil~ 

· f'radurcs of the sha ft of die humerus the lesion ma.v take place at anr point, hut appears to be 
more common in the lower than in the upper part Of the bone. The points of' interest in con
nection with these fractures arc-( I } that the mu:;c:·ulo-spiral nerve may be injmcd as it lies in the 
l!rOO\'C on the bone. or may be<·omc irn·oh-ed in the callns which is subsequently thrown out; 
and I:?) the frequency of non-union. This is belic,·ed to be more common in the humerus than 
in a1n- other hone. and variotL~ <'<mscs ha,·e been a~sie!n<'d for it. It would seem most probably 

~~~~;;i',~·~I~ ~~1~ <~l~~vl-J~i~~l~~ntJ1J~~,.~r ifr:g~:~~~~l~J~.ho~ctlh~~~o~~~:C~d'~:;~l~1h~;~~ ~~!n~~~~g~~j 
!i~r,. t ~1~iS~~'.-~~1)1i~.1h ~~~~,; e~~l.~:.11 :\~c i ~~1~!.~~:~~~1~ '~f ot!~a~~~·~a'k~t :~~c~~tt l~i1ee~~·~i~~f~~1;n~ b~1~e:~0:J~~ 
se:;t of fraCture i or ti1at the patient, in consequence of the rigidity of the <'lbow, in attempting 
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to flex or ntcnd the forearm lllOYCS the fr:.tl!'lll('Ht :1rnl not till' joint. l:?l The> prc:-<.'ll('l' of ~ nwll 

~:~.~·~:~J:1:~~1\tJ1~;;s;~;t:\~~:~~~x~;f1~:~~~~ 
tun•s whic·h iuvoh'c the articular surfac:e. lhe lnu·tun.•s whtl'h do 11m Jn\"oh-c Ll ieJOlllt arc the 

tran~v1;~ra:i:~t~~:,J ~(}11:~;;~;,:~i~n c~ef31J~11~~~i~1~1;.'s~11~,,~: ~~ ::~~[~~11i:t~~·;ics han! heen de~·ril~ll 
One where the whole of the four ossific centres which form the lower extremity of the bmw art· 
separa.tC!l from the shaft; and secondly, where the arlitufor 11ortinn is alone St.'Jmr:iteJ. the two 
rondvlcs rcmainimr atta('hcd to the shaft of the bone. 'l'he etli f)hysial line between thl' :-halt 
aml iower ernl nms a(·ross thC bone just abO \'C the tips of the c·ondylcs1 a poim to be borne in 

mim!ri1:~1~~~~~f~1~1i1~\ 1111;t~~;~ g!:~1~'~\~~\~;u~~-~1i:i~~~ of frequent otturrene;e. A not uncommon 11l;wc 
for a chondrom:i to gr ow from is the shaft. of' the bone so111 cwh<>rc in the neighborhood of the 
insertion of' the deltoid. Sarcomata frequently grow from this bone. 

THE FOREARM. 

The Forearm is that portion of th e upper cxtrcmit_v which is situated betw een 
the elbow and the wrist. It is composed of two bones1 the ulna. and radius. 

The Ulna. 
'!be Ulna. (Figs. 2001 201), so called from its forming the elbow (tUU11'l), i:-; a 

long bone, prismatic in form. placed at the inner side of the forearm. parallel with 
the radius. It is the larger and longer of the two bone:s. Its upper extremity. of 
great thickncf's and ~trength , forms a large part of the articulation of the elbow
j oi nt; it (limini i.;hcio; in size from a born chm nward, its lower extremity being very 
sma ll , and excluded from the wrist-joint by the interpositi on of an interarticular 
fibro-cartil;1ge. It is di,,isible into a shaft and two extremities. 

'rhe Upper Extremity, the strongest part of the bone, presents for examination 
two large, cuned processes, the Olecrnnon procc8s and th e Coronoid process; antl 
two concave, articular cavities, the greater and l e~scr f-l igmoid cav it ies. 

Th e Olecranon Process (c~J.b11;, elbow; xpaviov, head) is a large, thick, c un-ed 
eminen ce situated at the upper and back part of the ulna.. It is cun·ed forward 
at the f'ttmmit so as to present a prominent tip, it r-; ba!'e being contracted where 
it j o in ~ the 8haft. This is the na.rrowest pal't of the upper ell(l of the ulna, 
and, conse11uent1.Y, the most usual seat of fracture. 'l'h e' postcrior surface of the 
olecranon, directed backward, is triangular, 8tnOoth, subcutaneous, and covered 
h.v a bursa. Its upper surface, directed upward, i~ of n quadrilateral form. marked 
behind by a rough impression for the attachment of the Tri ceps muscle; and in 
front. near the margin, by a slight trans,·erse g roove for the attachment of part of 
the posterior ligament of the elbow-j oint. ltg anterior su rface is smooth, conca,·e. 
covered "ith cartilage in the recent state. and forms the upper and back part of 
the great !:iigmoi<l ca,·ity . The lateral borders pre~ent a conti nuation of the t--ame 
g roo,·e that wa~ :-;cen on the margin of the su perior surface; tLev sen ·e for the 
attachment of ligaments ; '·iz. the back part of the internal h{tcral li tJ'ament 
intcrnall_v, the posterior ligament external! .''· To the inn er bor<ler is also at'tachetl 
a part of the Flexor carpi ulnaris, while to the outer border is attached the 
Anconeu~ . 

. The Coronoi~ Process (xop cU'.lr;, ~nythi~g hooked like a crow's beak) jg a rougii, 
trrnngula.r em menee of bone which prO.JCCts horizontally forward from the upper 

j~~d lJ~:~en tisr:~~ t i~~~t <~~ : ,:~:~~' t~o~·~;11~~t' t~~,/~~-e~·<,~~:jc~~b;~"sfi·1~~a~t~i~1~~i~11 ~~~it~·~ 
that fracture of it i ~ an ac~iden~ of rare occurrence. It~ a1,ex i~ Jloi~tcd. slightly 
curved upward, and received mto the coronoid depression of the humerus in 
Oexion of the forearm. Its upper surface is smooth, conra,-e, nnd form:- the 
lower part of the greater sigmoid ca,·ity . The undc1· :o; urf'ate j~ contan .. am! 
marked internally by a. rough irnpret;s ion for the insertion of the Brachialis antieu:--. 
.At the junction of this surface '' ith the ~haft is a rough em inence. the tuberi·h· il 



TIIE 1.;LXA.. 

F1G. 206.-Bones of t ht! left forl:!arm. ,\ntcrlorsurface. 
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tl1e ulna, for the attachment of 1he obli11ue ligament. It:s outer surface prcsent!'I a 

~; r:~~" }>:~~!~i~~~ ~.r~,~~l~~~i~~~s:~~-~~~ hr~/rt~~r a~t1{~11~1b~:le~1~ ''~{. pa?~b~fi ~~:r ~~1t1~·~;~i 
lateral ligament. At the front part of this surface 1s. a .!'m~~ll: ronn<led e~rnence 
fnr the attad1ment of one head of the Flexor .subl11111:-; d1g1torum; hebmd the 
eminence, a cleprc:s:sion for part of the origin of the Flcxor profundus digitorum: 
and. <le~cending from the eminence, a. ridge which gives atrnch1!1~nt to one ~ead 
of the Pronator radii teres. Generally, the Flcxor lon~us poll1c1s has an origm 
from the lower part of the coronoid process by a rounded bundle of muscular fibres. 

The Greater Sigmoid Cavity, so called from its resemblance to the old shape of 
the Gl'cek letter .. l', is a semi lunar <lepression of large size, formed by the olecranon 
and coronoid processes. and serving for axticulation with the troch lear surface of 
the humerus. About the middle of either la.tcral border of this caYitv is a notch 
which contracts it somewhat, and sen·es to indicate the junction 'of the two 
procei;se:o; of which it is formed . The ccl\'it,\' is conca,·e from above downward. 
and didded into two lateral parts by a smooth. clc,·a.tcd ridge which runs from the 
summit of the olecranon to the tip of' the coronoi<l process. Of these two portions, 
the internal i~ the laraer. and is slightly couca,·e trans,·ersely; the external por
tion i~ coiwex abo,·e, ~lightly concave below. The articular surface, in the recent 
state, is covered with a thin layer of cartilage. 

The Lesser Sigmoid Cavity is a. narrow, oblong. articular depression. placed on 
the outer side of the coronoid process, and sening for articulation with the head 
of' the radius . It is conca,·e from before back,,ard, and its extremities, which 
are prominent, sene for the attachment of the orbicular ligament. In the recent 
state it is CO\"Cl'ed with a. thin layer of cartilage. 

The Shaft, at its upper part, is prismatic in form, and cur\'ed from behind 
forward and from without inward. so as to be com·ex behind and externally; its 
central part is quite straight; its lower part rounded, smooth, and bent a little 
outwar<l; it tapers gradually from aborn downward, and presents for examination 
three bor<lers and three surfaces. 

The anterior border commences above a.t the prominent inner angle of the coro
noid process, and terminates below in front of the styloid process. It is well marked 
aboYe, smooth and rounded in the middle of its extent, and affords attachment to 
the Flcxor prof'undus digitornm: its lower fourth, marked off from the rest of the 
border b~· the commencement of an oblique ridge on the anterior surface, sen-es 
for the attachment of the Pronator quadratus. It separates the anterior from the 
internal surface. 

The posterior border commences aborn at the apex of the triangular subcuta
neous surface at the back part of the olecranon, and terminates below at the back 
part of the st~·loid process; it is well mark eel in the u11per three-fourths, and 
~ives attachment to an aponeurosis common to the Flexor carpi ulnaris, the 
Extensor carpi ulnaris. and the Flexor profundus digitorum muscles; its lower 
fourth is smooth and rounded. This border separates the internal from the 
posterior surface. 

The external or interosseous border commences above by two lines, which con-

~~~:{~n;u~a~~-~~~::cf~1·et~t~·~~~t~~~~·e~~teol;~~~1~·t ~f~~~i~~~~'~ti~'o~1~~~;\~~:.ga~~t;:~~~1i~~~= 
below at toe middle of the head of the ulna. Its two midd le fourths are ''ery pro
min~1lt, its lower fourth is smooth and r?tmded. 'I1bis border gives attachment to 
the mterosseous membrane, except along its upper fourth, and separates the anterior 
from the posterior surface. 

The anterior surface, much broader above than below, is concave in the upper 
three-fourth• of its extent, an<l affords attachment to the Flexor profundus digi
torurn; it1' lower fourth. also conca.\"e, to the Prona.tor quadra.tus. The lowe1 
f~urth i;.; !'ep~ra.tc1l from the remainin~ portion of the bone by a prominent ridge. 
<l~rectcfl o~h11uely frm~ above downward an<l inward; this ridge (the oblique or 
1 rnnaff/J' nd,111·) marks the extent of a.ttachmenl of the Pronator <iuadratus abo,·e. 
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THE SA"Ef,h'TOX. 

At thC' junction of the upper ''ith the_ mifi!lle 1bir1l of rhe hone i~ the nutrient 
canal 1lin•c1ed 'thliquely upward and 11rnanl. 

Tht• posterior surface, directed backward and outward, i~ broad anti c:onca\e 
ahon•, :-;orne'' hat narrower and c:onvex in the miclllle of its cour~c. narrow, smooth. 
anti roundt•d bC'low. It prest·nt8, a!Jo,·e. an oblique riclJ!C, '' hic:h runs frllm the 
prn;tcriorextremity of the lesser ~igmoi<l c;nity, downward to the po:-;terior bonier; 

~~~:11:~'. 11:,11li~~~- t~1~r~~i~~ea~~~ff t~~~r~J~1~7tt~~~~1~!1:~:t t~,t· t~1:s%:,\~i1:1a~~/t~e;~~~ro~1~:11; 
surface uf bone helO\\ this. i8 subdi,·ided b~r a longitudinal rid~c. s,omctime:" callr1l 
the 111'rp1·nrli<'ular liiU', into two parts: the internal part is 81l10oth, tont:ne. ancl 
{!i,·es origin to (occa!'.ionally is merely covered by) the Extensor carpi ulnaris; the 
external portion, wider and rougher, give:.; attachmC'nt from above downward to 
part of the ::-lupin<tto1· brevis, the Extensor ossi!oi metacarpi polli cis, the Extensor 
longus pollici!', and the Exten~or indicis muRcies. 

'11he internal surface is broad and conca"c alJo,·e. nanow and conYex helow. 
It gi,·es attachment by its upper thl'ee-fou r ths to the Flcxol' profundus <ligitorum 
mu~tlc: its lower fourth is subcutaneous. 

The Lower Extremity of the ulna. is of small f;ize. and excluded from lhe artic
ulati1m of the wrist-joint. It presents for examination two eminences, the outer 
and larger of which i~ a rounded, articular eminence, termed the head of the ulna. 
the inner, narrnwcr and more projecting, is a mm-articular eminence. the styloid 
procei$1'.. 'l'he /wru[ pre;,;ent~ an articular facet, pa.rt of" hi ch, of :111 oval form. is 
directed downward, and articulates with the upper Rurface of the interarticular 
fibro-cartilagc which separates it from the wri~t-joint; the remaining portion, 
directed otttwar<l . is narrow, con,·ex, and received into the sigmoid cavity of 1he 
radius. 'l'bc styloid JYUl'f!S.'f projects from the inner and back part of the bone, and 
descend!' a little lower than the head, terminating in a rounded summit, which 
affords attachment to 1he internal lateral ligament of the wrist. 'l'he head is 
separated from the scy loid process. by a lleprcsRion for the attachment of 1be 

triang11lar interarticular fl bro-cartilage; and behind, 
b,· a •hallow groove for I he passage of the tendon of 
the Extensor carpi nlnaris. 

Structure.-Similar to t!Jat of the other long bones. 
Development.-By tlu·ee centre': one for the shaft. 

one for the inferior extrcm it v, and one for the olec
ran0n (Fig 20:?) 0l':-;ifit:iti<)n commences near the 
middle of the shaft about the eighth week, and soon 
extends through the greater part of the bone. At 
birth the ends are <_-artilaginous. About the fourth 
year a separate oRscous nucleus appears in the middle 
of the head. which soon extends into the styloid pro· 
ce~s. i\bout the tenth ~·car Msific matter appears in 
the olecranon near it!-1 c>xtremity, the chief part of 
this proce~s being formed from an extension of the 
shaft of the bone into it. At nhont the sixteenth 
yea r the upper epiphysis becomes joined. and at 
about the twentieth year the lower one. 

Articulations.-\\'.ith the humerus and radius. 
Attachment of Muscles.-'J'o Rixtecn : to the 

olecranon. the Triceps, Aneoneuf.I, an1l one head of 
the Flexor carpi ulnaritoi. To the coronoid process, 
the Brachiali:s antic:u!-1, Pronator ra1lii teres. Flexor 
sublimi~ digitorum. and Fle:tor proforulm~ <ligitorum i 

men~'gi't~;u\.~,~~"n';_rt~i~~edt:~'n~~~t generally al~o the }'lcxor long1rn pollicis. To the 

E1~~·:~,~~~-c~~~;, "~'~;~;~~1~i·;~l~~l~',;i;:e~~~1~:','::~1;::~'.~,:~~:~~~'.1i~~~'i~~~,~~~~:~:~;li:,;:~: 
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The Radius. 

The Radius (radiu."t. a ray. or spoke of a wheel) is situated on the outer side of 
the forearm, lying s ide by side with the ulna, which exceeds it in length and size. 
Its upper end is small, and forms on l.Y a small part of the elbow-joint; but its 
lower end is large, and forms the chief part of the wrist. It is one of the long 
bones, prismatic in form, slightly curved longitudin ally. and, like other long bones 
bas a shaft and two extrem ities. 

The Upper Extremity presents a head, neck. and tuberosit,\r. ri1hc head is of a 
cylindrical form, depressed on its upper surface in to a shall ow cup which articulates 
with the cap ite llum or radial head of the humerus. In the recent state it is coYered 

~~~~: ~~~ri~~ ~~~~~~.0~;~~~~~1~ ~~;.~~:~t b~~~~~ f~~:::~~1 1~~,?~~11~~ ~~:1~S~~~;~/~e:·~,~~~ 
the lesser s igmoid Ca.\'ity of the ulna; na.rrow in the rest of· its circumfe.rcnce. where 

~~~~~~at~h~-i~~~~l \~cs~~~~c1~~~~;· ~,\g:1~:t~1~~l, s1~~~t~~~~~! ~~J~~t~~~~~:t~:r':~o!:~/~~~~~ 
called the neck, which presents. behind, a s lig h t ridge, for the attachment of part 
of the ~upinator bre,·ig. BeJJeath the neck, at the inner and fron.t rt8pect of the 
bone, is a rough eminence, the bieipital tubn·osity. Its surface is <l1,·i<lcd into two 
parts by a. vertical line-a posterior, rough portion, fort.he insertion. of the tendo.n 
of the Bicep:; mu!'.<.:le: and an anter ior, smooth portion, on wlnch a bursa is 
interposed between the trndon and the bone. 

'l 1he Shaft of the bone is prisrnoid in fo rm , narrower abo,-e than below, and 
slightly cnl'vc<l, so as to be convex outward. It. presents three ~urfoces. separated 
by three borders . 

.. The anterior border extends from the lower part of lhe tuberosity abo\'C to the 
anterior pa.rt of the base of the sty loid proce8S below. It separntes the anteri.or 
from the external surface. Its upper third is vel)' prominent; a?d from. its 
obl iqu e direction, clownward and outward, lws l'<'CCived the name of the obltfjlte 
linr of the rruli1t8. It gives attachment externa lly to the Snpinator br~vi:, 
internall v to the Flcxor lonp;us pollicis, anU between thcge to the F lex or sublimts 
digitormll. 'l'hc middle third of the anterior border iH indistinct and rounded. It$ 
lower fourth is !'harp. prominent, affordS attachment to the Pronator <1undratu.s.. and 
termin<Ltes in a ~mall tubercle, into which is inserted the tendon of the ~upmator 
longtrn. 

The posterior border commences abO\'<' at the back part of the neck of the 
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ra<liu~. and tcrminatc~ below at the po:o;tcrior pun of the hn~c of thl' Rty1oid process; 
it~cparatc.-; the po:-;tcrior from the external ~urfoct•. I t i8 indi~tintt above ancl bclm\, 
but well marked in the middle third of the bone. 

The internal or interosseous border commences alJ1)\'e at d..1c hack part of the 
tubern;.;it\', where it is rounded and indi8tinct. become~ sharp and prominent as 
it dcl'cc n~ls, and at its lower part di,·icles into two ridges, whic:h descend to the 
anterior and posterior margins of the sigmoid ctn·ity. 'J'bis bonier ~eparates the 
anterior from the posterior surface, and has the interosscous membrane a.ttachc<l 
to it throughout the grc.ater part of its extcnl. . . 

rL111C anterior surface 1s narrow and conca,·c for its upper three.fourths, and 
givcR attachment to the Flexor longns poll i ci~ muscle; it is broad nnd flat for its 
lower fourth, aml gi\·es attachment to the Pronaror qundratns. A prominent ridge 
limits the attachment of the l)ronator qua.dra.tus below. and between this and the 

; :~~:~~~:~ t ~:lf.~\~~ \~~ri:t.J~~~1:~ul~~ ~·~~~1:11_1~~i1~~c~/~1:·c t~:~ l~t1~~1~!1ci111~1~:iJ1~ ~tfr~ :t:~~~~ 
surface is the nutrient fornmcn, which 1s directed obliquely upward. 

The posterior surface is rounded, convex. and ~mooth in the upper third of its 
extent. and covered b.'' the ~upina.tor brc,·is muscle. Its mi1ldle third is broad, 
slightly concave, and gi,·es attachment to th_r Extensor ossis metacarpi pollicis 
above, the Extensor breYis po1licis below. Its lower third is broad, convex, and 
cornrecl by the tendon;; of the mu~cles, which subsequently run in the grooYes on 
the lower end of the bone. 

The external surface is rounded and con"ex throughout its entire extent. Its 
upper third gi,·e~ attachment to the :::iupinator bre\'is muscle. .A bout its centre is 
seen a rough ridge. for the insertion of the Pronator radii teres muscle. Its lower 
part i~ narrow. and CO\'Cre1l by the tendons of the Extensor ossis metacarpi pollicis 
and Extensor brcris pollicis muscles. 

The Lower Extremity of the radius is large, of quadrilateral form, and pro,,i<lcd 
with two articular surfaces-one at the extremity, for articulation\\ ith the ca.rpus. 
antl OllC at the inner side of the bone, for a.rticulatinn witL tbc nlnn. rrhe ca.rpal 
al'ticular surface is of triangular form, conca,·e. smooth. and dirided by a slight 
antcro-posterior ridge into two parts. Of these, the external ii:; large. ofa triangular 
form, and articulates with the scaphoi<l bone; the inner, smaller and quadrilateral, 
articulates with the semilunar. '!'he articular i;;urfa.cc for the ulna is called the 
.<i(qwoid Nll'if.11 of the radius: it is nanow, cnnca,·e. ~rnooth, and articulates with 
the heilcl of the ulna. The cii-cumference of thi1:1 end of the bone presents three 
snrf'acc:.:;-an anterir>r, external, and posterior. The anterior sw:f'w:e, rough and 
irregular. affords attachment ro the anterior ligament of the wrist-joint. 'The 
e:ril>rnul R1ufar·1• is prolonged obli1luely downward into a strong, conicai projection, 
the ~f!Jfoid w·oce88, which gi,·cs attachment by its base to the tendon of the 
Snpinator longus. and by its apex to the external lateral ligament of the wrist
joint. The outer surface of this process i~ m:wkrd by n flat µ:roo,·e, which runs 
obliquely downward a111l fonrnnl, and gi,·es pasi:;age to the tendons of the Extensor 
ossis metacarpi pollici~ and the Extem;or brcris pollicis. The postrrior sw:face is 
con"ex, affords attachment to the posterior ligament of the wrist , and is marked by 
three groo\'es. Prnceeding from without in"ard, the first groo,·e is broad but 
shallow. n.rnl subdiviclell into two bY a. slightly elev;ltC'1l ridge: the outer of these 
two trnm;mits the tendon of the ~xtensor ca.rpi radialis longior, the inner the 
tendon of the Extensor carpi radrnlis brcvior. The seco111l, which is near the 
centre of the bone. is a deep but n111Tow groove. boundcfl on its outer i:;ide by a 
sharply.defined ri<lµ:c: iris directed oblique)~· from above. downward and outwa.rd. 
~rncl tran~mi.ts the tcn1lon of tl~e Extensor longus pollicis. The third. lying most 
mternally. 1s a broa<I groore. for the pasr-:age of the tcn1lons of the Extensor indici~ 
and Exten~or commnnis digitorum. 

Structure.-~imihlr to that of the other 1nnrr bones. 
Development (Fig. 203).-By tliree centres /'one for the shaft and one for each 

extremity. Thar for the shaft makes its appearance near the Cl•ntrc of the hone 
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soo.n after the develf)pmcnt of the humerus commt•nces. At hirth the shaft is 

oss ifi ed .. but ~he ends of th e l~crne arc cartilaginous. About the end of the sccnnd 

ye~r Oi;S1fi cat1on com1~~nces 111. the lower cpiph· 

JS IS a111l about the fifth year 111 the upper one. lfnul. 

~1~1;~C·~~~l:;~SJ~fl~;~C:~O:~~~~t~~~ :~: rJ~~:I~·::~::~~~ -~::e;~~:rat ~~~~· _{~~!~~ ~::~ie;:;~t 
ys1s becom111g umte<l about the twentieth ,·car. 

Articulation.-\\'ith four bones: the hum'crus, 
ulna, ~caphoid. and 8Cmi lunar. 

Attachment of Muscles.-To nine: to the 

tubcro:'-l.it,r. the Biceps: to the oblic1uc ridcie 
the ~upinator bre,·i~. Flexor sublimis di<1iton~' 
and !lexor longus pollicis; to the shaft (it~ 
anterior sul'facc), the Flcxqr longus pollicis and · 1 
Pronator quadratus; (its posterior surface). the 'll<tjt 

Extensor ossis metacarpi pollicis and Extensor s./f,,.J 

brevis pollicis; (its outer surface). the l>l'Onator 

radii terc~: and to the srvloi<l process, the 
Supinator longus. " 

Surface Form.-Just below and a. little in front of 

~f f~·~;:i~{~.~~f !Ii~:~~'.~~1?~~1~\t~~~{:~~~~~.~s~t~. "ss~:;:,~·-~ ~b:'.:: ~::. ;~:;.· 
ti~n o( the head of th~ Lone. ff the fin~cr is plac:ed on l~ 
tl11s dnnple and the forearm. pronated and supinatecl, !~ou:er utremily 

i~iet:::a~~s~~h~;;11~idw~~~\~/ 1 ~~:.!j~l):1 b~~~.eil~·:JJ· r~:.'1 t!h; the ~~-i1~·rl;.1~fir~~ ~he~1~r~~~lopment of 

shafi ol' the radius cannot be felt, as it is surrounded bv 

the fic~h.r b~llies of ~he muscles arising from the exter11al condyle. The lower half of the hhaft 

can be readily exam1ned 1 thoug;h covered by tendons and musdes and not strictly subcutaneous 

If lr<l<:ed <lownward, the shaft will be felt to terminate in a lozen![e-shapccl. convex surface on 

the outer ?i<ie of the base of the styloi<l prO<'eiSS. This is the on~r sulx:utancous part of the bone, 

and from ns lower extrcmit.\' the apex of' the styloi<l proc:ess will be felt bending inwar<l toward 

the wrist. About the middle of the posterior aspect of' the lower estremit.\· of' the l.>onc is a 

well-markerl ridgc1 be~t pcrcei\•eJ. when rhe hand i8 sli~htly flexed on the wrist. It bonn<ls the 

oblique ,!:.:'roove on the posterior surface of the bone, throu!!h which the tendon of' the J~xtensor 

loogus pollicis runs. and ~n·es to keep that tendon in its plaee. 
Surgical Anatomy.-Thc two bones of the forearm are more ofle_n broken together than is 

either the nulius or ulna. separately. [tis therefore convenient to tons1dcr the f:mcturcs of these 

two bones to!!ether in the fi~t instanre, and subsequcutly to meution the prnu.:ipal fractures 

:;1ii1~~Ji;~;te vl~~c~r~: :l~
1~~:!!~1°:o,~1 ~~;~~~~~!~f~. b.~~~li1~:ct

1 \;i~\~~~~. m\\'J~~npi'~~li:~~~ 
1f~r~~\1~~1~1~l~~ 

to the forearm the radius generally alone gi,•es way, thout.:"h both bones may suffer. The 

~~~~~~ }~:~~ :N;~~c~iJJ;~~e ~~11::~.n~~u~a;tc~n~1~~~rt~01~111(~:~h~ffc1~,1Ji~~":~.
1:r,0i:~~\\~ J~"~!~~ l~a\CC~f 

the bone. The fracture is usually tranS\'Cr~e. but may be more or le~ oblique. .\ point of 

~·~~~i~s\ 1~1~ i~11~~:~:~~~u~· l ~~~e\~~j;~~ 1;~r~c·tt
1l11:8 

l t~1 ~1 ~J~~:~J~j'~Ji~~;!1fo~~ hb~cl;l~ t f ~1
1;1 Ll: ~at '~~~i~i1~~1s !~id1~~~t; 

~~~~e~l1:u~:1·~~0:;.~~lt1,!:~J;J~1~~~;~\·~~~
11~ i~S1~;.,0;1r~·~i til~e:~f~~cc0cli:~(i~\~~~~~ 1W1s~t;~~~ ~f~\J~~~o~~~~ 

becomin~ united across the intero:s:;eous membrane. The splints, anterior and posterior, which are 

applied in these <:a$CS sholLl<l be rather wider than the limb, RO as to Jlre\·cnt any lateral prei:::;;ure 

011 the l>0nci>. For in these ca~cs there is a l!reater liability to µ-angrcne from the pre~::ure of the 

~fi~'ftt:xf~~ 1~f.i~J1~1ft~~af.1~rt~o~:;l~~~i~t~~· a ~l~l;~~;,\8 ~~~e~~~~~~ ct~~c\~i~Jc~~t~~;, ~~1~i"~~~~1~~~~ t(I!~ 
flow of blood to the limb; and f:!) the Jo;uper~c:inl 1)0:-ition of the two main artcrie.!S of the forearm 

in a part of' their coun-e, and their liabili1y tn be c·ompre~sccl b.v the ~plims. The special 

fractures of the ulna are-(1) Fracture of the ole<·1«rnon. 'J'hii.. may be cauf'ed by direct ''iolence, 

falls on the elbow with th~ forearm 8exe1l, or J,y mu·wular action by the i:;uclden contraction of 

the triceps. The most common place for the fraernrc to occur i:; at the ~onstric1ed portion 

where the olel·ranon joins the shaft of the l>011e. and the fracture may be either trans\·crse or 

oblique; but any part may be broken, e\•en a thin :;hell mny be torn off. I.fractures from <lirect 

violence are O<'caswnally c:omminuted. The displ:wcmcnt is sometimes YCry slight, owing to the 

fibrous structures around the process 11ot being torn. (:!)Fracture of the coronoid proce~s some· 



THE HAND. 

The s.kelcton of the Hand is subdi,,idecl into three sc~ment s.-tbe Carpus or 
wrist-bones : the )Ictacarpns or bones of the palm ; and the J>halanges or bones 
of the fingers. 

The Carpus. 
The bones of the Carpus (xaprrO:;, the wrist). eight in number, are arranged in 

two rowR. Those of' the upper row, enumerated from the radial to the u lnar 
side, arc the scaphoid, semi luna.r, cuneiform , and pi siform: those of the lower 
~~~l'~if~:~1~~~nerated in the same order, art! the trapezium, trapezoid, os magnum. and 

Common Characters of the Carpal Bones. 

Each bone (except ing the pisiform) presents six s urfaces. Of th ese the anterior 
or palmar nnd the 1>0sterio1· or dorsal a re rough for li f!a m entou~ attachment, 
the dorsal surface being the broader, except in the scaphoid and sern ilunar. 'l'he 
"'ll,Pt!rior or 11ro.ti111al an<l i1~fcrior or distal are articular, the imperior generally 
convex, the inferior concave; and the internal and e:rternal arc also articular when 
in contact with conti~uous bones, otherwise rough and tuberculn.r. The structure 
in all is simil ar. consis ting of cancell ?us tissue enclosed in a layer of compact bone. 
Each bone is also de\·eloped from a smgle centre of o~sification. 

Bones of the Upper Row (Figs. 20! , 205). 

The Scaphoid (nxd1p;. a boat; elOo;, lik e) is the largest bon e of the first row. 
It has recci\·ed its name from its fancied rc~cmblance to a boat, bcinrr broad 
at one end, and narrowed like a prow at the opp<J~itc. It is !'. i t ua.te/':.1t the 
upper arnl outer pa.rt of the carpus, its long axis being from above downward, 
outward and forward. The supel'ior r<w:fw·e is COll\CX, smooth , of triangular 
sl!ape. and articulates wi th the lower end of the n1dius. 'l'he £1tferior sw:f'aa, 
dll'cct~d . do,,Jl\\:tnl, . outwa.rd, a~Hl back,,ard. i!'. 8moot li. Coll\·ex, also triangular, 
and d1\'Hled by a l" l1ght ndgc mto two partg. 1hc external of "hich art iculates 
with the trapezium. the inner with the trapcY.oid. Th e J>Osif'rior or dorsal sw:fa1•e 
pre~ents a narrow. rough groO\·e, which runs the entire breadth of the bone and 
~en-cs for tht• attachment of ligaments. The anft>rior or 1utlnwr 'imfatP is cnncave 
aboYe. an1l clcrntell at it:-; lower and outer part into a. prominent, rounded tuberc1c. 
whith J1rt.1jcc:ts f'on,anl from the front of the carpus :rnd giYCS attachment to 
the antenor a~rnnlar ligam ent of the wri:-;t. The 1•xfffnul x1u;f;1c1· is rough anrl 
narnJ\\, a111l ~l\"Cs attachment to the external lateral ligament of the wrist. The 
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internal sm:fare presents two articular facets: of these, the ~uperior or smaller 
one is flattened, of semi lunar form, and articulates with the semi lunar; the 

inferior or larget is concave, forming, with the semiluuar bone, a concadty for the 
head of the os magnum 



To ascertain to which side the bone hclonµ::-;, hol1l it with the superior 0 1· 

~~1t~i~~~r~~'~',~ ~·t~1~. ;::~~c't~~ r .. ~~~~~~~~~{~~:~11;~,\· :~~~~ -' h e,F;::1ct1;:~: 1:'. ~ ~fol~l~--;b1~ 1~~~c~· ~~1\~f~~~ 
points to the .... ide to whit'h the bone belongs. 1 

Articula.tions.- \ri th fh-e bone!; : 1hc radius abo"e, trapezium and trapezoi<l 
belO\L os maunuw and semilunar internallv. 

The Luna:' or Semilunar (semi, half: luna·, moon) bone may be <listinguished by 
its deep conca,·ih· and crescentic outline. It is situate<l in the centre of the upper 
row of tht• carpuS. between the scaph oid and cuneiform. rl1l1e xup~rior sw:fare, con· 
vex, smooth, and bounded by four edges, articulates with the r:ulius. The htferior 
sw/ru•e is deeply concave, and of greater ex ten t from before backward than tl'ans
YC rRe ly : it al't iculatcs with the head of the os magnum and b,v a long, nar row 
facet (separated b.v a ridge from the general surfa ce) '' itb the uncifonn bone. 
'J'hc rmterir1r or palma1· and posterior or clo1·sal swfaees are roug h, for the attach
ment of liuarncnts, the former being the broader and of somew hat rounded form. 
'11he ('J_'fen~l 11w:fw·<1 presents a narrow, flatten ed, scmi1unar fa cet for artic~dation 
with the scaphoicl. The internal sw:faee is marked h,v a smooth , quadr1lateral 
facet, for articulation with the cuneiform. 

l[ol<l it with the co1n·ex articular surface for the radius upward. and the 
narrowest non-anicular su rface toward YOU. The semi lunar facet for the scaphoid 
will be on the s ide to which the bone bClongs. 

Articula.tions.-\\' ith fh·e bones: the radius abo\'e, os magnum and unciform 
belO\\, dcaphoid and cuneiform on e ither s ide. 

Th e Cuneiform (('ltneu,1;. a wedge: fonna, lik eness) ma.v be dis ting uished by 
its pyramidal shape (vR pyramidale), an<l by its ha \' ing an ornl. isolated facet for 
aniculat ion with the pisiform bone. It is s itu ated at the upper and inn er s ide of 
the cnrpus. Th e xu,perior :<tuface present::; an internal, rough, non-articular por
tion, an<l an externa l or articulal' portion, which is con vex, smooth, and articulates 
with the triangular interarticular fibro-ca.rtilage of the wrist. Th e i1{f'erior sw·
fru·e, directed outward, is conca,·e, s inuously curved. and smooth for articu
la tion with the unciform. The posterior or dorsal swj'aee is rough, for the attach
ment of' ligaments. '111ie anterior or pal111ar stafcu·(• presents. at its inner side, an 
O\'a l facet, for al'ticulation with the pisiform; and is rough externally, for liga
mentous attachmen t. The e:rternal Sluface, the base of th e py ramid, is marked 
by a flat, quadl'ila.teral, smooth facet, for arti culati on with the sernilunar. The 
intanal NW/ar11

, the summit of the pyramid, is pointed and roughened, for the 
attachment of the internal lateral ligament of the wrist. 

H old the bone with the su rface su pport ing the pisiforrn facet away from 
you. <lnd the couc:arn-co1nex surface for the un riform do" nwarcl. Th e base 
of the wedge (i. e. the broad end of the bone) \\ill be on the side to which it 
belong~. 

Articula.tions.-With three bones: the sem ilunar externally, the pisiform in 
fro~1t. the uneif'or~n below; and with the tria ng ular. interarti cular fibro-cartilage 
wbwh separates 1t from the lower encl of the ulna. 

The .Pisiform (pi.mm, a pea; .for11ia, lik ene~s) _ may be known Ly its small size 
and by Its pre~enting a single al'ticular facet. It is situated at the anterior and 
inn~r side of the carpus, is nearly ci rcular in fo rm , and presents on its post1·riol' 
sw:fa('e a. smooth, O\'al facet, for art ic11 !:1tion with the cun eiform. 'l' his facet 
approaches the su peri or, but not the inferi or. border of the bone. ~rhe antednr 
0 1· pafoull'. Rur:fa<'e is rounded and rough. and giveti attachment to the anterior 
annular 11 p;ament and to the Flexor carp i 11\naris and Abductor minimi dirriti 
mul'lcles. The outer and inner sw:faee/$ a.re also rough. the former being com~x, 
the latter usuallv concM·e. 

Ilol(l the boi1e with the posterior surface-that which presents the art icular 
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facet-toward _you, in such a manner that the faceted portion of the surface is 
uppermost. The outer. con"cx surface will point to the side to which it 
belongs. 

Articulations.-With one bone, the cuneiform. 

Fm.2Q:"1.-Bonesofthclenh1111d 

Attachment of Muscles.-To two: the Flexor carpi ulnaris and Abductor 
minimi digiti; and to the anterior annular ligament. 



'f'J!I;' SJ{/-,'LRTOX. 

Bones of the Lower Row (Fiµs. ~O+. 20.5). 

'rhc Trapezium (rprl.r:~~a. a table) is of' er_y irregular form. It ma.'· be distin
guislwd by a dt•ep grooYe. for the tendon of the Flcxor carpi railialis mn~tll·. 
lt is ~ituated at the ex1crnal and inferior part of the carpu~. between the i:;caphoiil 
and first metacarpal bone. The superior ~mJare, conca\l' aJHl ~mouth. is <lircctc1l 
tqrnanl and in"anl, an<l articulate with the scaphoid. 'J'h c htfrrivr ,l(wfal'I'. 
dirl·c1ed <lo\Hl\\:11'(1 antl inward. is o,·al, conca\'C from t-\idc to side. l'OD\'CX from 
hefore back\\<.Hd. so as to form a sadd le-:;hapcd surface. for articulation with the 
lmsc of the first metacarpal bone. The antt•rior or palnwr Sllljlu·e iR narro" and 
rou~b. At its upper part is a deep groove running from abO\'C obli<!uely dcl\\ n
ward and inward: it transmits the tendon of the Flexor carpi rad1alis. and is 
bounded externa lly b~· a prominent ridge, the obliqu e ridge of the trapezium. 
This surface gi\·es attachment to the Abductor pollicis. Flexor ossis metacarpi 
pollici::;, and Flexor brcvis pollicis muscles, and the :rnterior annular ligament. 
'!'he porderior or dorsal swfaee is rough . 'rhe t>.rternal s111:f"ace is also broad and 
rou~h. for the attachment of ligaments. The internal sw:f"aN presents two 
anic:ular facets: the upper one, large and concn.ve, articu lates with the trapezoid; 
the lower one. narrow an<l flattened, with the base of the secund metacarpal 
bone. 

ll old the bone with the saddle-shaped su rfa ce downward and the g:roond 
surface away from you. The prominent, rough, nun-articula r su rfa ce µuints to 
the "'ide to "hich the bone belongs. 

Articulations.-Wi th four bones: the scapboid abO\·e, the trapezoid and second 
metacarpal bones int ernally, the first mcracarpal below. 

Attachment of Muscles.-Abductor pollicis, .Flcxor ossis metacarpi pollicis, and 
part of the Flexor bre,·is pollicis. 

The Trapezoid is rhe sma llest bone in the second row. It may be known by 
irs ''edge-shaped form, the broad end of the wedge forming the do;·sal. the na1-ro~,. 
end the palmar, surface, and by its having four articular s urfaces touching each 
other and separated b,v sharp edges. The superior ."!UJ;f"ace, quadrilateral in form, 
smooth, an<l slightl.v concave, articulates with the scaphoid. The inferio1· sw;face 
articu lates with the upper end of the second metacarpal bone; it is con\'ex from 
side to side, conca"e from before backward. and subdi\'ided by an e levated ridge 
into two 11ne4ual latera l facets. Th e posterior or dorsal and anterior or palmar 
swfaees are rough, for the attachment of ligaments, the former being the larger 
of the two. 'l1be external ."'w:face, con\·ex and smoot h, articulates with the 
trapezium. The internal sw:faa is conca\"e and smooth in front, for articulation 
with the os magnum: rough behind, for the attachment of an interos~eous 
ligament. 

IIolcl the bone with the larger, non-articular surface toward you, and the 
smooth. quadrilateral articular surface upward. 1'he convex, articular surface 
will point to the side to which the bone belongs. 1 

Articulations.-With four bones: the scaphoid abo,·c, second metacarpal bone 
below, trapezium externaHy, os magm1m in ternally. 

Th e Os Magnum is the largest bone of th e carpus, and occu pi es the centre of 
the wrist. It presenrs. abo\'e, a roumlcd porti on or bead, which is recei\'ed into 
the concadty formed b_y the scaphoid and scmilun ar bones; a constricted portion 
or neck; and, below, the body. r_t' he superior sw:f'ace is rounded, smooth, and 
articulateH with the semi lunar. ~,h e i1~fe1 ·ior s1.nfaee is di\·ided bY two ridges intn 
three facets, for articulation with the SC'cond, third, and fourth mCtacarpal bones, 
that for the third (the middle facet) hein;r the largest of the three. The pustai,,,. 
or d11r!fal ,f(w:fw·e 1i:; broad and rough; t l1 e anf1'1·i11r or palmar, narrow, rounded. 
and al:-:o rnugh. for the attachment of ligaments. 'J'b e afrrnal 1:Hofru·r articulate:.; 

bone
1 
!~,~~;';'~~!~ l~111~\~~11~;~·n~~~l~~~,.~1~,~!~~r~n~ :nr:1~1i:~~i~1i:n1 (1~dr~h~1~~~~\-~~~~i~~ ~:~~1;!1: 

~~1~1-1~r~~d~I~~ ~~11~f~~ ti:~\!;,~~ l:i~~~~k> sloping border i:, directed towanl you. The hord~r will slope 
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:·i::u~te J~~~)J~:~~ii~n bfi~rat~:~~ll:~~~e~\ i~; ~~t~i:~~·r~~;:~:~:· l~;f,~:~n~~hi~{1b~',?~c~h~: 
1s a <lecp and rough groo\'e, which forms part of the neck and ser\'es for the 
attachment of ligaments, bounded superiorly bv a smooth, con\'ex surface, for 
articulation with the scaphoid. The interna(~w:fm·e articulates with the unciform 
b~· a smooth, concarn, oblong facet which occupies its posterior ancl superior 
part~. and is rough in front, for the attachment of au interosscous ligament. 

he:u~ 1 ~:~" ~;:.~. bo~1~1~'·i:!a~te a~:~~~,~~1~·, f~~~t:~\ic~~~r a~ut:~~~~· it~f~~\1:r ·~~~ieano~ ~:: 
external surface will point to the side to which the bone bclonCl!S, 

Articul.ations.-\\'ith seven bones: the scaphoi<.l and sei~ilunar abo"e; the 
~econd, third, and fourth m~tacarpal below; the trapezoid un the radial side; and 
the unciform on the ulnar side. 

Attachment of Muscles.-Part of the Adductor obliquus pollicis. 
The Unciform (unew~. a hook; .forma, likeness) may be readily distinguished 

by HS wedge-shaped form and the hook-like process that projects from its palmar 

:l~~;~~:~rd~ t r!~ti~~ta~~cl t~~ t~:.~n~:~e~;.n:~~:'~~~.;~~1f 11~0~1f~s~ 11 ~n~l' \l~~s~ ~:~~h c~~~·e~~=~ 
upward an<l outward. The superior swjace, the apex of the wedge. is narrow. 
cnm·ex. smooth. and articulates with the semilunar. The inferior Slu:face articu
lates \\ith the founh and fifth metacarpal bones. the concave surface for each 
beinp: separated by a ridge which runs from before backwar<l. The JJO.<;;lerior or 
<lo1·JJul .l(w:f'ace is triangular and rough, for Jigamentous attachment. 'l'he anterior 
or palmrtr sw:fru:e presents, at its lower an<l inner i;;ide, a curved, ho<1k-like pro
cess of bone. the Wlc{form pJ'(ieess, directed from the palmar surface forward and 
outwar<l. It gives attachment by its apex to tbe annu1ar ligament: by its inner 
surface to the Flexor bre\·is minimi digiti and the Flexor ossis metacarpi minimi 
tligiti: and is groo,·ed on its outer side. for the pass.age of the Flexor tendons 
into the palm of the band. This is one of tbe four eminences on the front of the 
carpus to which the anterior annular ligament is attached, the others being the 
pisiform internally, the oblique ridge of the trapezium and the tuberosity of the 
scaphoid externally. The internal swface articu lates with the cuneiform by an 
oblong facet cut obliltucly from above, downward and inward. The external .t:ur
frwe articulates with the os magnum by its upper and posterior part. the remaining 
portion being rough. for the attachment of l igaments. 

Ilol<l the bone with the booked process away from you, and the articular sur
face. di,·ide<l inw two parts, for the metacarpal bones, downward. The concavity 
of the process will be on the side to which the hone belongs. 

Articulations.-\rith five bones: the semilunar above, the fourth and fifth 
metacarpal he1ow. the cuneiform intcrna11y. the os magnum externa11y. 

Attachment of Muscles.-'l'o three: the Flexor breds minimi <ligiti, the Flexor 
o.s.s1s metacarpi minimi cligiti, the Flexor carpi ulnaris; and to the anterior annular 
ligament. 

The M etacarpus. 

The Met acarpal Bones are five in number: they arc long, cylindrical bones, 
presenting for examination a shaft and two extremities. 

Common Characters of the Metacarpal Bones. 
The Shaft is priF:nrni<l in form and curved longitudinally, so as to be convex in 

the longitudinal direction behind. concave in front. It presents three surfaces: 
two lateral aml one posterior. The lateral ~m:fares a.re concarn. for the at.tach
ment of the Jnterossei muscles. and separated from one :mother by a promment 
line. 'l'he posfrrinr or dorsrtl sw:faee presents in its distal half a smooth, 

~~i:ng~!:~·s<~i~t~~~;~(·~.re:i,,~i1~1!c~1·:~n~1~·l~;~<~,u~·~t1~~e i~e~1~~1~1J~~:cb~)~,~~01i~;~~~~~i~~ 
commence in ~mall tubercles situate<l on the <lonml aspect of either side of th9 



digi1:il rxtrcmiry. and, running b:.~ck,\anl: conYe~·~e to meet to~ether a. l.itrl(I 
bl'hirnl the centre of the bone and form a rnlge \\}11th rnns along the re,...t of the 
dor~al :-;urfacc rn the carpal extremit.'· · Thi :-; ridge :--cparate:s two lateral. sloping 
surt:i<.'e:-; for the altac::hmcnt of the Dor~al intero:-;~ei mu:-.tles.1 '!10 1he tubercles 
on the digital extremities are attached the lateral ligaments of the metacarpo· 
phalan~t.·al joint:-. . . . 

'!'lie carpal extremity. or base, ts of a cubo1da l form, and broa1ler hehmd than 
in f'r.111t; it ;trticulatcs a born with the carpus, and on eath ~ide with the adjoining 
mcracarpal hone..,; its dorsal and palmat szufa<'e~ arc rough, for the atta<:bmcnt of 
tendons an1l li~amcnts. 

'l'hc digital extremity, or head, presents an oblong: s urface, flattened at eac:h 
side; it articulates with the proximal phalanx ; it is broadel' and extends farther 
forward in front than behind, and is longer in the antero-postcrior than in the 
trans\·ersP diameter. On either side of the bea.d is a tubercle for tbe attachment 
of the lateral li gament of tbe metacarpo·phalangeal joint. 'l'he 11osterio1· sw:f'rtl'e. 
brnad :.11111 flat, supports the Extensor tcndonf:.; the anterior ,1;1u:fiu·t' is groo\·ecl in 
the rni1ldlc line for the pafl-sage of the Flexor tendons. and marked on each side b_v 
an articular eminence continuous with the terminal articular surface. 

Peculiar Characters of the Metacarpal Bones. 

The metacarpal bone of the thumb is shorter and wider than lhe rest. diYerges 
to a greater degree from the carpus, and its palmar .11w:face is directed i1rnarcl 
towanl the palm . The shaft is flattened anti broad on its dorsal aspect. ancl 
doe~ nnt prc:o-cnt the ridge which is found on the other metacarpal bones; it is 
con('a,·c from hcfore backward on it8 palmar surface. 'l'he carpal extremity. 
or bast•, prcsems a conca\'O·convex surface, for articulation with the trapezium; 
it has no l:tternl facets . 'l1be digital e1:tremil,lf is less co1nex than that of the 
other metacarpal bones, broader from :;;.i<le to ...,ide than from before backward, an<l 
terrninate!:i anteriorly in a smal l articular, eminence on each s ide, o,·er which pla.v 
two se~amoid bones. 

The i-ide to which this bone belongs may be knm\ n by observing the little 
prorninC'nec which is s ituatr<l on the outer or radial s id e of its posterior surface just 
above the base. for the tendon of the Extensor o:-~i..., metacarpi pollicis. If the 
bone i!" held with the palmar surface upward and the base toward the student, 
the promincntc will point to the side to w hicb the bone belongs. Another means 
by which tLe si<le to \\hi ch the bone belong:8 may be as.c:crtained is by holding it 
in the position it occupies in the band, with the carpal extremity upward and the 
dor~al surface backward; the narrower, radial border \\ill point to the si<le to 
which it belongs. 

The metacarpal bone of the index finger is the longest and its ba~e the lar~est 

~f p~·~:1f1~~~~ ~7cY;~. 1 ~J~heea:7~~!a~x~~~ec;n;;;~l1~~a ~~·~!:~g,~~~ ~'f~-1~ i1~1 :;t~·ei: ~\1~-r~~.:~~~::h~ 
for the attachment of tendons and ligaments. lt pre:-;ents four anicular fatrts: 
three on the upper aspect of the ba:;;e: the middle one of the three is the laq?ef:.t, 
conta\'(' from :;;.idc to side. con\·ex from before l.nitkward, fol' articulation with the 
trapc:wid: tLc externa l one i...,asmall. fla.t, quadrila.teral focct, for articulation with 
the trapezium: the internal one on the summit of' the ridge is long and r:arrow, 
for articulation with the os magnum. The fourth facet is on the inner or ulnar 
side of the extremity of the bone, and is for articulation with the third metacarpal 
bone. 

fac;~·~~ ';;~: ~u::~i(,~u\~,:D ~73: ~~1 Y~sg~~:c'.'~'~i~~~c;l i?11~~\~~!e?scepf.~c;~e"\~:~·;:; 
~ase t1rnanl the student and the palm:u surface up\\ard, the side on which ther" 
1s no lateral facet will be that to which it UclongFl. 

tho~ ~~\~:~e~~~l.oping :-urfare- the metacarpal bone:- of the han<l may be at once differentiated from 
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. The metacarpal bone of the middle finger is a little smaller than the preceding: 

it present, a pyramidal cmrnence (the stylo1d process) on the nulial side of its 

base (dorsal aspect) which extends upward behind the OH maO'num. The carpal, 

~·J~ic~:r t~~~f;t i:i~{~n~~"~ bs~~~~~h,fl~~~~a~1;1~~c~~.clf1~11··t~~1::1i~~~~l;~~~b '~~tt o;h~1~!~~:d 
metacarpal bone. and on the ulnar side two small, onl facets. for articulation with 

the fourth metacarpal. 

ce~s·1~nc t~i~l~·a~ia;' ~:~~ ~~i~t!)~L::e~elo,~~:h i~b:a~~i~u:~~.c:~1
11~~:~~ ~;~~1!:1~n~i~ l~i~ldp:~~ 

ba"c toward the student, this process points toward the side to which the bone 

belougs. 
Th e metacarpal bone of the ring finger is shorter and smaller than the preced

ing, and its base small and quadrilateral; the carpal surface of the base present

in~ two facet~, for articulation with the unciform and os magnum. On the radial 

side are two ornl facets, for articulation with the third metacarpal hone; an<l on 

the ulnar s ide a s ingle concave facet, for the fifth metacarpal. 

If this bone is placed with the base toward the student and the palmar surface 

upward , the radial side of the base, which has two facets for articulation with the 

third n1ctacarpal bone, will be on the side to which jt belongs. If, as somet imes 

happens in badly-marked bones, one of these facets is indistinguishable, the side 

may be known by selecting the surface on which the larger articular facet is prc!'icnt. 

This facet is for the fifth metacarpal bone, and would therefore be situated on the 

ulnar si<le: that is. the one to which the bone docs not belong. 

The metacarpal bone of the little finger presents on its base one facet, "hich 

is eonca\·o-co1nex. and which articulates with the nnciform bone. and one lat eral, 

anicular facet. which articulates with the fourth metacarpal bone. Un its ulnar 

Ri<lc is a prominent tubercle. for the insertion of the tendon of the Extensor carpi 

ulnaris. The dorsal surface of the shaft is mal'kecl by an oblique ridge which 

extends from near the ulnar side of the upper extremity to the radial side of 

rhe lower. The outer di\·ision of this surface Renes for the attachment of the 

Fourth dorsal interosscous muscle; the inner <lirision is smooth and covered by 

the I~~~~i~; R~~n~e~s<l~~1:c:J ,~.~~h lii:~ 1 ~a~~1 7~~~:ard the Rtudent and its palmar surface 

upwarrl. the Ride of the head which haR a lateral frtcct will be that to which the 

bone belong:-:.. 
Articulations.-Bcsides the phalangeal articulations, the first metacarpal bone 

arriculates with the trapezium; the Recond with the trapezium. trapezoid, os 

mag:n11m, and third metacarpal bones; the third with the os magnum and Rccond 

anil fourth metacarpal bones; the fourth with the os magnum, unciform. and 

thir(l and fifth metacarpal bones; and the fifth with the unciform and fourth 

metacarpal. 
The .first has no lnteral facets on its carpal extremity; the se··MHl has no 

lateral faret on its radial side, bnt one on it~ ulnar side: the third has one on 

its ra<lial an1l two on its ulnar side; the fourth ha~ two on its radial and one on 

its ulnar ::ide; arnl the fifth bas only one on its radial i-.ide. 

Attachment of Muscles.-To the metacarpal hone _ of the thumb, four: the 

Flexor ossis metacarpi pollicis, Flcxor bre\·is pollici:;;, Extensor ossis metacarpi 

pollici!'i. an1l Firs! 1l11r ... al intero:.~cous. '11o the second metacarpal bone .. six: 

tla• Fll·xo1_· carpi nuliali~. Extc11 sor carpi radialis lon_gior. Adductor obl1quus 

J;~l~t;· t}~;11··,J~ ~r~d: ~~~0El~t~1 ~~-~:~I c~:~.~~r~~~~f~;:~ :~;~ .'!\·i1~11~:~tF\~~~~:~
11~:1~~~~\~~~y~~::: 

. .\.11du C'tor transver:-;us pollici~. ~\1lductor obliquus pollic:is, and ~econcl and ' l'b1rcl 

1lor~al intcro:;seous. To thl' fourth. tlm·e: the Third and Fourth dorsal and 

~r~·.~:1~1 r~:~~::~1 :~:·1ni~~:i~:·o1~f(~~~;. o~~?.~ ~~~t::~t~!~i1i ~:f,~i~~lcd~tt~~
1F~~;rt(~r5~r:~~;1 ~-~J 

Third pnlmnr interossrouR. 
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The Phalanges. 
T he Phalanges (inft'J'IWdia) are the bone~ of tht.• fin~rrs; they are fourteen in 

numbt•r. 1hrcc for each fin"er. allf1 two for the thumb. Th e.\' art.• lon:r hone~. arnl 

i;~;,~~:,~~~'.::':;~';,;;'.i'~1i:;;~~;~'~:lc~1a~:.t~:c~ 1;'.~,~'.';;;~,::~i-'\\~,~~';,i ',:);¥~~s:~'.:',!.1:,·'f:'%:~.'~~::::i::~,'.'.,~;; 
to the fibrous ~heaths of the Flexor tendons. 'l'Le nu•tw·arpal t'.1.:ltemit.1;, or limw. 
in the first rnw prc::;ents an ornl, concaYe, al'ticular s nrfo ce, broader from ~idt• to 
side than f1·om before backwar<l; and the same cxtr('mj j-y in tli e other two row:-;, 
a. double cuncav ity, separated by a longitudinal me1lian ridge. exle111ling from l ~t·forc 
backward. The d(qilrtl e:rltemities are smaller than th e others. arnl ternrni.ate. 
in the f-irst an1l second rows, in two small, lateral co1Hly les, sepa rnterl hy a ~ li~ht 
groove; the a.l'[icular surface bei1?g prolonged farther fon\anl on the palmar lhan 
on the donml irn rfacc, especially in the first l'Ow. . 

'J'hc Ungual Phalanges areco1ncx on their dorsal flat on their palmar, surfaces: 
thev arc reco.-rnir.e<l b,· their small s ir.c and by a roug hened , e lcYated surface of a 
ho1:l'iCshoe for~1 on the palm<tr nspect of thci;· ungua l extremity, which senes to 
:-;upport the sensitiYe pulp of the finger . 

Articulations.-'l'hc first row, with the metacarpal bones an<l the second row 
of phalanges; the second row, with the first and third; the :11ird, with the second 
l'O\\ . 

Attachment of Muscles.-To the base of the first phalanx of the thumb, fi1 e 
mu!-icles: tlic E xtensor breYis po11ieis, Flexor brcvis po1licis, Abductor pollitis . 
. \ ilductor tr<.ll1l5\·erl'iu~ and obliquus po11icis. 'l'o the secnnd phalanx, two: the 
FI Pxor longus pollicis an<l the Extensor longus pollicis. To the base of the fir::;r 
phalanx of the index fin ger. the First don,.;al and the Firs t palmar interoi::.seous: to 
that of the middle fin ge r, the Second and Third dorRal .intcl'Osscous; to that of 
the ring fin ger, the F ourth dorsal and the Recond palmar 111tc rosscous; and to that 
of the li ttle fin~er, the Thi rel palmar interosseo us. the Flexor bre Yis minimi digiti , 
and Ah<luc tor minimi digiti. To the second phalanges, t he Flexor sublimis t.ligi· 
torum, E xtensor communis digitorum , and, in addition, the Extensor indici::- to 
the int.l e_..,. finger. the Extensor minimi t.ligiti to the littl e finge1-. T o the third 
phalaugcs, the Flcxor profun<lus digitorum and Exten sor communis digitorum. 

Surface Form.-On the front of the wrist arc t.wo subcutaneouiS eminences, one on the 
radial side, the lar~cr and flatter, due to the tubcrosity of the sca11hoid and the ridp-e on the 
trapezium; the otl1 cr, 0 11 the ulnar side1 cau:-cd by the pisifonn bone. 1l111 e tuberde of th•• 
s<:aphoid ii; to be felt ju:;t below aml in f'rout. of the apex of' the styluid process of the radiu~. It 
is Le:-;1 Jll'n:('i\·c<I by extcnclin~ the hand on the forearm. lmmcdia tely below is to lie fdt 
another prominence, better marked than the tubcn·le; thi::; is the ridµ-c on the trapezium whid1 
g iws attachm('nl to some of the short nmsdcs of the thumb. On tl1 c inner i:;ide of 1hc !'rout of 

1\~;;::.Ii l]::r.1~~~:(1Efa~~:~fa;:t~ri~:~~s~:~~}t~ '~l:i1~~'~1:~~i~~:~~J;·:;:FE,t~~~ :fcct~~r~J1'.;:~ 
~~I~ ;: ~i:~l ~,\'.~i ft~~~ :1L:~a~~ l~~~~n~~\;· ~~f v eb~i~~~; 1~0~,~~a~:i~i1 "~~\}fi~~:h)~xc~}l~~0ba~t ~}e tt~0:.1~c\~:i~ 
convex and ('O\'ered by the Extensor tendons, so that none of the po~tcrior f' mfi1ccs of the \)()Jll'S 
arc to be foh. with the exception of the cuneiform on the inucr s ide. B elow the carpus tlw 

rt~;~l~:~~:~':ii:.,1:.~.
1

~·~::~1~~1~"11'.~:l~t,::!:1,!!?E,~11'.'.~'r':~~~:~!~'.~~:;~!;\1~1r~;pi1;,c;;;~ii1i~~~,fi~~:: 
~!'.~~~~; 1 :~1f\~ci~::li~t~~t:,hfor~~~~l1 \~y 1~1~~ bI~;'~f ~J~~1 ~!;c~~~~ 1~;~~111~\'·1 f1~~c,;1t~J\~0fi1,~~~;~'el!rJ11:J;c~~·s1 :~f~ 
~!~1\c\1~t~:.~~j~~1 )~\11~~1~ki~.a,i~~1~~111a~J~~· ~~t ~~ ~1!~1~J~~d~cei}i_ 1~J~~:~:~rb~1 b~r~1~Y~ ~~1i~~/]t~J~~~1~~h0e~1t 1iJ:c1 fi~! 

;~~~~~~~~~1t0~~~~~~~ii~~~~i~~;~t)~ 
humcru~. I he cnlar).!ed cxtrem1ues of the phalam!1·:-; arc to be plainly felt: they form the 
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Development of the Bones of the Hand. 
The Carpal Bones arc each deYelopcd by a ,<(inglt• centre. ..At birth they are 

all carti laginous. Ossification proceeds in the following order (Fig. :WU): In the 

Ca17J1t.~. 

Om· centre for each b<me. 
Alfcartiluyi1w1u1ll birlll. 

Pltalanges. 
Tu·oct11frt1tforl'11thbo11e: 

01u for ~h".ft, 
Um: for 111tt11c11rpal 

ufrtmity. 

os ma_gnum 31Hl unciform an osgifi~ point appear::; .durinµ: th~ first year. th.e former 
preceding tht' latter; in the cuneiform, at the _thml year; in ~he trapezrnm_ and. 
.semilunar, at the fifth year, the former prccctlmg the htttcr; 111 the s<:apho1d , at 
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the sixth year; in the trapezoid1 during the eighth year: nnd in the pisiform. 
about the twelfth ,·car. 

The Metacarpai Bones are each de,·elopcd b.'· t1N1 CC'ntrc~: one for the .!'haft 

:h1.~1r:'::~{[o;:,~!1cfo\1. i ~~~~I b<'<~~·~:~! ti~: o~ ~I~~ c~~-1;11:~ 1i 1~~~1~ n;1~t::~1·~·1;~ ~ 11~7;: e;:-i1 i(~1h c i~~r 1~~: 
reRpccr re:-;cmbles the phabnges.1 Ossification commence~ in the centre nf the 
shaft ahout the eighth or ninth week, and gradually proceeds to either end of the 
bone: about the third year the digital extremities of the four inner m~tacarpa.I 
boneR and the base of the first metacarpal begin to ossify, and they umte about 
the twentieth year. 

The Phalanges aro each cJe,·eloped by two centres : one for tbe shaft and one 
for 1he base. Ossification commences in the shaft, in all three rows, at about the 
eighth week, aud gradually im'olves the whole of the bone excepting the upper 
extremity. Ossification of the base commences in the first row between the third 
and fourth yea.rs, and a \'ear later in those of tbe second and third rows. 'l'he two 
centres bec'ome united) in each row, between the eighteenth and twentieth years. 

THE LOWER EXTREMITY. 
~.L1he Lower Extremity consists of three segments, the tlu:qli, leg. a.ndfoot, which 

correspond to the arm, .forearm, and hand in the upper extremity. I t is con
nectefl to the trunk through the os innominatum, or hip-bone, which forms the 
pel\·ic girdle. 

THE HIP. 

The Os lnnominatum. 
The Os Innominatum (in. not; nomi110. I name), or nameless bone, so called from 

bearing no re~emblance to an.Y known object, i ~ a. large, irregularly-sh:.iped, flat bone, 
con8tricrcd in the centre and expanded abo,·e nnd below. With it s fellow of the 
opposite side it forms the sides and anterior wall of the pelvic cavity. In young 
su~jects it cons ists of three separate parts, wh ich meet and form the la rge, cup-like 
c:Hity ~it1mtccl near the middle of the outel' su rface of the bone; and, although in 
the a.<lnlt these have become united 1 it is usual to describe the bone as divisible 
into three porrion~-the ilium, the iscbium. and the os pubis. 

The ilium, so called from its supporting the flank (ilia), is the superior, broad 
and expanded portion which runs upward from the upper and back part of the 
acetahulum and forms the prominence of the hip. 

'rhe ischium Un1.iov, the hip) is the inferi or and strongest portion of the bone; 
it proceeds downward from the acctahulum. exp:rnds into a large tuberosity, and 
then, cuning upward, forms with the descending ramus of the os pubis. a large 
aperture, the obturator foramen . 

Theos pubis is that portion which runs horizontally inward from the inner :->ide 
of the acetabnlnm for about two inches, then makes a sudden bend, and descends 
for abo~t one inch: it forms the front of the pelvi~, supports the external organs of 
generation. and bas received its name from the skin over it being covered with hair. 

The Ilium pre~ents for examination two surfaces, an external and an internal; 
a. crest, ancl two borders, an anterior and :.t posterior. 

External Surface or Dorsum of the Ilium (Fig. 207).-'l'bc back part of tLis 
surfate is directed backward. downward, a111l outward; itR front part, forward, 
downward1 and outward. It is smooth . convex in front. deeply conca\·e behind; 
hounclefl above by the crest, below by the npper bonle1· of the acetabulum: in front 
nnd hehin<l by the anterior and posterior borders. TLis surface is crosse1l in an 
arched direction by three semicircular lines-the :;;uperior, middle, and inferior 
gluteal lines. 'rhe wperfor ylutMl liw·, the Rhortest of thc three, commences at 

fR~~~~\~.~~:~r1~T~i:;g~;rnE,,~~i~;:1~~:~g{;?~~:rr;~'.~~~:~~~,;~~~~:~~~f~r~~~~:1YE; 
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the crest, about ~wo inches in front of its posterior extremity; it is at first cli~tinctly 
marked,. b~1t as 1t passes <lo.wnwar~ and ot~tward to the upper part of the great 
sacro-sciauc notch. '~here .•t ~ern;iina.tes, tt becomes less marked, and is often 
alt~get~cr lost. Behind th1s line is a narrow semilunas surface, the upper vart of 
which 1s rough and affords attachment to part of the Gluteus maximus; the lower 

Crest 

Fw. 2Qi.-Right os inuominntum. 

part is smooth and has no muscular fibres attached to it. 'l'hc middle gluteal line, 
the longest of the three, commences at the crest, about an inch behind its anterior 
extremity, and, taking a. curved direction downward and backward, terminates at 
the upper part of the great sacro-sci:uic notch. r.rhe ha~e between the superior and 
middle cuncil lines and the crest is conca,·e, and affonls attachment to the Gluteus 
medius muscle. Near the central part of this line may often he obsencd the ori
fice of a nutrient foramen. The i1~ferior lJluteal line, lhe least distinct of the three, 
commences in front at the upper part of lhe <1nterior inferior spinous proces::.. and, 

" 
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taking a. cuncd direction hack"<rnl and do\\1rn:ml 1 tnminatc~ at the mi<Mle of 

:~1~1 ~:~~~~·i;~~c~~~~?~~;1~~111~~t~~h.c 11~l~~~·esf:.'!~:·ea1~~,~~11:~11 :~11~!~::~~i~ ~~~~-~~n r~~~ 1~~l~~:: 
backward, and affordi:i attachment to the Glnteuf.l minimu:.; muscle. Beneath the 
inferior cunc1l line. and corresponding to the upper part of the acewbulum, is a 
rouµ-hencd surface (son~etim~s a <lepression), to which is attached the rettectcil 
tendon of the Rcctus lemons muscle. 

'fbe Internal Surface (Fig. 208) of the ilium is bounded ahorn by tbe crest: 
below it is continuous with the peh,ic surface of the os pubis and ischium. a. faint 

line onl.r indicating tbe place of union; anc\ beforo an1\ behind it is bounded bv 
the anterior and pos~erinr bo1:<l~rs. It presents anteriorJy a large, smooth, conca.v"e 
su.rfacc, called the rnfrrnal zlrn.e .fnsfta, or untr•r <!(the ilium, ,\bich lodges the 
Ihacus muscle, and presents at us lower part the orifice of a nutri ent canal· and 
belo,~· tbi~ a ~~?oth: rou~ded border (i?iac l'.ortio~1 r!f thr linra ilio-pt>ctinea), ;vhich 
sepntatL·~ tht> dial· lo~~a from that portion of the mternal surface which enter=' into 
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~be formation of the tru~ pclvis,_a.nd which ~iYcs attachment to part of the Obturator 
1?tcrnus musc~e . Bcb1111l tli~ iliac fossa 1s a rough surface divided into two por
tions, au an tenor and a. posterior. The anterior or auricular portion, so called from 
it::; resemblance in shape to the ear, is coated with cartilaae in the recent state and 
arti~ula~es with a surface of similar shape on the side of the sacrum. 'The post~rior 
portion 1:-1 rnugh. for the attachment of the posterior 8acro-iliac lic1aments and for 
a part of the origin of the Erector spin;_'C. 

0 

The crest of th(' ilium is co1wex in its general outline and sinuou!-ih- curved, 
being bent inwar<l anteriorly, outward posteriorly. It is lonfl'er in tbe female 
than in the male, very thick behind1 and thinner a't the centre than at the extrem
itil·~. It terminates at either end in a prominent eminencc1 the anterior superior 
and po.'ifPrir1r superi•"' l<Jliiwus process. 'l'he surface of the crest is broad, and 
dirided into an external lip, an internal lip, and an intermediate space. To the 
external lip is attatl1c1l the Ten~or nigin;e femoris, Obliquus cxternus abdominis, 
arnl Latissimus dorsi, and by its whole length the fascia lata; to the space between 
the lips. the Internal oblique; to the internal lip, the 'rrans\•ersalis, Quadratus 
lumbornm, a.nd Erector spim""e, the Iliacus, and the fascia ilia.ca. 

The anterior border of the ilium is conc<we. It presents two projections, 
separated by a notch. Of these. the uppermost, situated at the junction of the 
cre:-;t anrl anterior border, is called the anterior superior spi1wits process of the ilium, 
the outer border of which gi,·es attachment to the fascia lata and the origin of 
the Tensor mginre femoris; its inner border, to the Iliacus; whilst its extremity 
afford~ attachment to Pou part's ligament and the origin of the Sartorius. Beneath 
thiioi eminence is a notch which giYes attachment to the Sartorius muscle, and 
aero~:-; which passes the external cutaneous nel'\'e. Below the notch is the anterior 
i1{f"1·1·ior >Jpiiwus z1ruceSJs, which terminates in the upper lip of the acetabulum; it 
µ:i\·e:-; attachment to the straight tern.Ion of the Rcctus femoris muscle and the 
ilio-fl•moral ligament. On the inner side of the anterior inferior spinous process 
is a hroarl, shallow groove, over which passes the Iliacus muscle. This grooYe is 
bounded intcma.lly by an eminence, the ilio-pectineal, which marks the point of 
union of the ilium and os pubis. 

The posterior border of the ilium, shorter than the anterior, also presents two 
pr~jection~ separa.tecl by a. notch, the posterior superior and the pn-'ilrrior inferior 
spi1w1Ul proresse8. 'J'hc former corresponds with that portion of the posterior 
surface of the ilium which serves for the attachment of the oblique portion of the 
sacrn-iliac ligaments a1Hl the l\Iultifidus spini:e; the latter to the auricular portion 
which articulates with the sacrum. Below the posterior inferior spinous process 
is a cleep notch, the fJl'eat sciatic or ilio-sciatic. 

The I schium forms the lower and back part of the os innominatum. It is 
diri~i!Jlc into a thick a,n<l solid portion, the body; a large, rough eminence, on which 
the lm1h· rests in sitting, the fuh1'•·osity; and a thin, ascending part, the ramus. 

in re
1

1~:~:;, !~~f ;>:~c:1~~·1~1 ;a ta n~i·i ~;: ~t~l ~~r~rer~~ 1~~ ic11·l~·zf.e~~:e1~1~:~t~'\ n:~· \~~~::1:i~~-terT~1; 
1'J·tnnal surface corresponcls to that portion of the acetabulum formed by the 
i~chium; it is smooth and concaYe, and forms a little more than two-fifths of 
thf" acetabular cadt\'; its outer margin is boundccl by a prominent rim or lip, 
the external border: to which the cotyloid fibro-cartilage is :tt!achcd. Below the 
acctabulum, between it an cl the tuberosit_v, is a. deep groove, along which the tendon 
of the Obturator externus musc1e runs as it passes outward to be inserted into 
the fli<1ital fossa of the femur. The internal surface is smooth, concave, and enters 
into tl~e formation of the la.teral boundary of th

0

c truepehicca.vit_y. This surface 
is perforaterl by two 01: three large, ''asc~1~ar forami!'a 1 and aff~rds atta~hment ~o 
parr of the Obturator intern us muscle. _I l.1e_ po8terwr surf.ace _ is <1uaclnlateral m 
form. broarl an<l smooth. Below, where 1t JOlllR the tuberos1ty, it prc!-l.ents a groove 
continuous with thnt on the external surface, for the tendon of the Obtura.tor 
externus mw::1cle. 't1hc lower edge of this ~roO\'(' is formed b~· the tubcrosity of the 
iscbium. anrl affords attachment to the G1·11l('llu1".1 inferior muscle. This surface is 
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limited, in front, by the margin of the aeetabulum; behind, by the posterior border; 
it supports the Pyriformis, the two Gemclli. and the Obturator internu~ muisth•s 
in their pa~!:'agc oi11ward to the great troclianter. The ute!·1wl br11·cler forms 1he 
prominent rim of the acetabulum, and separates the posterior from the external 
surface. To it is attached the cotyloid fibro-cartilagc. 'l'hc internal border i~ 
thin, and form!:> the outer circumference of the obturator f'oramen. 'l'he posft'riiu· 
lnmfrr of the body of the ischium presents, a little below tbe centre. a thin an1l 
pointed, triangula~r eminence, the spine ~f' the isddum, more or le~:; el •. mgate(~ in 
different ~ubjects; its external surface gives attachment to the Gcmellu~ superior. 
its internal surface to the Coccygeus and Lcvator ani; wbilst to the pointc1l 
extremity is connected the lesser sacro-sciatic ligamen t. Abore the spine i~ a 
notch of a. large size, the great sciatic, converted into a. forame11 by the le~ser 
sa.cro-sci:1tic ligament; it transmits the .Pyriformis muscle, the gluteal ,·c~Hcls 
and superior gluteal nerve passing out of tbc pch1 is abo\·c the muscles; the :-.ci
atic vessels, the greater and lesser sciati c nerve::.;, the internal p~<lic vessels and 
nc1·,·c1 and muscular br:tnchcs from the sacral plexus below it. Below the spine 
is a smaller notch, the Lessa sciatic; it is smooth, coated in the recent state with 
cartilage, the surface of which presents numerous markings corresponding to the 
subdivisions of the tendon of the Obturator intern us. "liich winds over it. It is 
com·crttd into a foramen b.v the sacro-sciaric ligaments. and transmits the tentlon 
of rhc Obturator internus1 the nerve which supplies that muscle, and the internal 
pudic vc~scl~ and nerve. 

The tuberosity presents for examination three surfaces : external, internal, and 
inferior. The ei·temal sw:face is quadrilateral in shape, and rough for the attath
mcnt of muscles. It is bounded abo,·c by the groove for the tendon of the 
Obturnto1· extern us; in front it is limited by the postcl'ior margin of the obturator 
fora.men, and below it is conti nuous with the ramus of the bone; behind, it iR 
bonrnled hy a prominent margin which separates it from the inferior !rn rface. Jn 
front of this margin the surface gi,·es attachment Lo the Quadratus fomoris, and 
anteriol' to this to some of the fibres of origin of the Obtura.tor externus. 'J'he 
lower part of the surface gi\•es origin to part of th e Adductor magnus. 'J'he 
internal sw:f'acr forms part of the bony wall of the trnc pelvi:-). In front it 
is limited by the posterior margin of the obturator foramen. Behiud, it is 
bounded by a. sharp ridge, for the attachm ent of a. folciform prolongation of the 
~reat sacro-sciatie ligament; it presents a. groove on the inner side of this for the 
lodgment of the internal pudic \·e!'i;;els and nene; and, more anteriorly. ha!' 
attached the Transversus perincei and Erector pC'nis mus.clcs. The h~f"erfor sur.flll'l' 
is dirided into two portions-an anterior, rough, somewhat triangular part, and a 
posterior, smooth, 'luadrilatcral portion. The anterior surface is subdi,·ided I}\" a 
prominent rer1ical ridge. pai;;sing from base to apex, into two parts; the outer ~me 
gi,·es attachment to the Adductor ma gnus; the inner to 1he great sacro-sciatic 
ligament. The posterior portion is subdivided into two facets by an oblique 
ridge; from the upper and outer facet arises the ~cmimcmbranosus; from the 
lower and inner, the Biceps and Semitendinosus. 

The ra.mus, or ascending ramus, is the thin, flattened part of the i~cbium wbicb 
a'icends from the tubcrosity upward and inward, and joins the ramus of tbeos pubis. 
their point of junction being indicated in the adnlt by a rough line. 'l1he outer 
sul'face of the ram us is rough, for the attachment of the 'Ohturator extern us mu:::;cle, 
and a.lso some fibres of the Add~1ctor magnu:::;; its inn er Rurface forms nart of 1he 
an tenor wall of the pelvis. ~ts mner border is thick, rough, Rl ightly ere'rted

1 
forms 

p
1
art ~f the Outlet or the pel.ns. ~n~l prc~ents two ridges a_ncl an intCl'\'ening spa~e. 

1 he rn.lges arc eo~1tmuous with similar one~ on the descend mg ram us of the os pub1~: 
to t1_1c outer one 1s ~ttached the deep .layer of the Ruperflcia l perinea I fascia, and to 
the 11~ncr the an tenor layer of 1be tnantz.ular liµamcnt of the perina~um. If thc!'e 
twn_ mlges ar~ traced _d~wnwar<l, ~hey will be found to join \\ itl1 each other just 
behmtl_ the pomt .of or1g111 n~ the 'l ran~ve1:su:.; perinrei mu:-;cle; here the two la~·er~ 
of fascrn are cont111uous bebmd the posterior bonier of the muscle. To the inter-
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\'en ing space, just in front of the point of junction of the ridges, is attached the 
Tl'ansversus pcrinrei muscle, and in front of this a portion of the crus penis vel 
clitoridis and the Erector penis ,·el clitoridis muscle. Its outer border is thin ancl 
sharp, an(I forms part of the inner margin of the obturator fora.men. 

The Os Pubis forms the anterior part of the os innominatum, and, with the bone 
of the opposite side, forms the front boundary of the true pelvic cavity. It is 
di,·isible into a body, a horizontal ramus, and a descenclinr, ramus. 

The body is somewhat quadrilateral in shape, and present~ for examination two 
1'urf'a.ccs and four borders. The anterior sioface is rough, directed forward, down-

;:a ~~1la~~~d0~~ ~,·:~~~ ~l u ~~ir \1~ ~ ~Ef ~r1:,~~r i ~~~-1~ ~ 1;.1?~~~ :~.1~ ~~~~~~ ~1 f~ 1,~,a~J~~~'::e t~:t~~~~j 
the Obturator externus1 the Adductor breYis, and the npper part of the Grncilis. 
The postel'iu1· sw:faee, convex from above downwal'd 1 conca,·e from side to si de, is 
smooth. an<l forms part of the anterior wall of' the pclris. lt gi,·cs attachment 
t0 the Lcvator ani, Obturato1: in_ternus, a few muscular fibr es prolonged from the 
bla<ltlcr, and the pubo-prostat1c ligam ents. On the outer end of the u71per border. 
at about its junction with the horizontal ramus, there is a prominent tubercle called 
the spint'; to it is attached the outer pillar of the external abdominal ring and 
l>oupart's ligament. Passing outward from the ~pine is a prominent ridge. /Jttbic 
portio1t of the ilio·peetineal line, which marbi the brim of the true pelvis: to it is 
attached a portion of the conjoined tendon of the Internal oblique and 'J'ransYer
salis muscles. Gimbernat's ligament, and the triangular ligament of the abdomen. 
Internal to the spi ne is the upper border or crest, which extends to the inner bor
der of the bone. It affords attachment anteriorl.v to the conjoi ned tendon of the 
Interna l oblique and Transversal is, and posteriorly to the Rcctus and .Pyramidalis 
mu~cles. The point of junction of the crest with the inner border of the bone is 
called the an.I/le; to it, as well as to the symphysis, is attached the interna.l pillar 
of the external abrlominal ring. The in;~,,,. border) together with that of the bone 
of the opposite side, forms the symph,vsis; it is oval, co,·ered by eight or nine 
trans,·erse ritlges, or a series of nippJe.Jik c processes arranged in rows, separated 
by grooves; th ey serve for the attachment of a thin layer of cartilage placed 
between it and the central fibrn·cartilage. Th e outer bonier is sharp and forms 
part of the circumference of the obturator foramcn . Th e lower border is united 
to the descending ramus. 

The horizontal ramus extends from the body to the point of junction of the os 
pubis with the ilium, and forms the upper part of the circumference of the obturator 
foramen. It presents for examination a superior, inferior, and posterior surface, and 
an outer extremit.y. Th e superior sw:fare present~ a contin uation of the 7mbic p()rtion 
of the ilio·pectineal line, already mentioned as commencing at the spine of the bone. 
ln front of this ridrre the surface of bone is triangular in form, wider externa lly than 
iuteruallr, smooth~ and affords attachment to the Pectineus muscle. The surface 
i8 bounded externa lh· by a rough em inence. the ilio·pectineal, which senes to 
indicate the point of junction of the ilium and pubes, and gives attachment to 
the Psoas parvus when this muscle is present. 'l1he i1{ferior sw:f"aee forms the 
upper boundary of the obturator forarnen, and presents extcrnall.v a broad and 
deep oblique grnove, for the passage of the obturator vessels and nerve; and 
internal ly a. sharp margin which forms part of the circumference of the_ obturntor 
foramen, and to which the obturator membrane is attached. 'She posteno1· sw:face 
forms part of the anterior boundary of the true pelvis. It is smooth, COll\'ex from 
above downward, and affords attachment to the upper fibres of the obturntor 
intcrnus. Th e oufft e:rtremity, the thickest part of the ramus, forms one.fifth of 
the ca1·itv of the lteetabu lum. 

The descending ramus of the os pubis is thin and flattened. I t passes outward 
and downward, becoming narrower as it descends, and joins with the ram us of ~h_e 
ischium. Its anterior smfaee is rough, for the attachment of muscles- the Grac1lis 
alon~ its inner border; 1.1 portion of the Obturator externus where it enters into 
the formation of the foramen of that name; and between these two muscles the 
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~~~~!~~~1to:~1~l b;·i~'~!: .~~t:!c~:~~:~11:~18tofr~I~ '~!~~!11:·a~l~\~"i~~~;.u,:!' 1:1~1(tn:i',~;·~o~o ·~~11~11i1;::~:~ 
~:';,~~\~ i] .:.'Ii :lb~~l~;~J~re;\t;r Jll:~~~J1:1;:·t \\'~' ':.r ,!~;~,'.·,';;:::'.'.,:; ~:] !~ ~C ~ ;l r~ ~ifel:.;:~:::~l~ \':,~,~~.~~: 
'J'lw ridfl"C:-; extend do'\ nwanl. and are connnnous "1th s11n1lar rul~es on th~ 
asecndin~, ramu~ of the i:schium: to the external one is attached the deep layer of 
the supe~ficial perinea! fa$cia. and to the internal one the anterior layer of th<' 

~~~~~l~~f~t}:e}j~~~:l~}e~~ll~l:e Ortl~:·:~~~ ra ;~~e f~:.~~~~~~I«~~~;~ ~j \~~!II a ~~~~,~~1<~1~~' :;\~:~ 
obtnra.tor membrane. 

'l'he cotyloid cavity, or acetabulum, is a deep. cup-~liapc1l 1 hcmi~pbcrical 
dcpre~sion. directed downward, outward. <lnd forward; forme<l internally by the 
os pubis , abo,·e by the ilium, behind and below by the i ~cbium, a. littl e less than 
two-fifth!-i being form ed by the ilium, a little mol'C than two-fifths by the isch ium. 
and the remaining fifth b,v the pubic bone. It is bounded b,v a prominent, uneven 
rim, which iii thick and strong abo\·e, and se rve~ for the attachment of a. fibro
cartilaginous structure which contracts its Ol'ifice and deepens the surface for 
articulation. I t presents. on irs inner side, a deep notch, the roi.!Jloid notch, which 
is continuous "ith a ci rcular depression, the fossa acetalmli, at the bottom of the 
c~l\'it:-': this depression is perforated by numerous apertures, lodges a mass of far, 
and it~ margins, as well as those· of the notch, ser\'e for the attachment of the 
lig:1mcntum terei;;. The notch is com·erted, in the natural state, into a foramen b:-· 
a dense Ji~amentous barnl which passes across it. Through this foramen the 
nutrient 'c~~elF and nene:s enter the joint. 

Th e obturator o:· thyroid foramen is a la rge aperture situated belween the 
ischium and os pubis. In the male it is large, of an oval form, its longest Lliameter 
bcin~ obliquc.ly from abo,·e downward; in the fcnrnlc it is smaller and more 
triangular. I t is bounded by a thin, une\·cn marg in to '' hich a st rong membrane 
is att:.u·hetl: arnl presents at its upper and outer part a. deep groove ''hi ch run . .., 
from th<-• pel,·i~ obliquely forward, inward, an<l downward. ' l'hiH groove is conYerted 
into a. fommen by the obtuni.tor membrane, and tl'ansmits the obturator \'CSFels 
and IH~l'\'('. 

Structure.-This bone consists of much cancellous tissue, especially where it ii} 
thick. enclosed between two layers of dense. compact ti:;:;sne. ln the thinner parts 
of the bone, as at the bottom of the acetahulnm and centre of the iliac fossa, it i.i.; 
usn;dly ~rrnitran::-parcnt. and composed entirely of compact tissue. 

Development (Fig. 20fl).-By e(qld cenu·es: three primary-one for the ilium, 
one for the ischium, natl one for the os pubis; and .f!'l'l' secondary-one for the 
crest of the ilium. one for the anterior inferior spinous proce:-:s (said to occur more 
frequently in the male than the female), one for the tubcrosity of the iscbium. one 
for the symphy~is pubis (more frec1uent in the female than the male). and one for 
the Y-shapcd piece at the bottom of the acetaf111lum. These rnrious centres appear 
in the fo!Jm, ing order: First, in the ilium, at the lower part of the bone. imme
diately aho,·c the $Ciatic notch. at about the e ighth or ninth week~ Recondly, in the 
hod,• of the i>cbium, at about the thi rd month of' frotal li fe; third!\-, in tbe bo<h- of 
the 

0

0R pubis, b.erween the fourth and fifth months. At birth tlie three prin;ary 
centre~ :lre quite S;eparate, the cre~t. the bottom of the ncetabnlum. and the rami 
of the i~chiu1!1 and pubes be!ng sti l_l ca1:tilaginous. At about the Reren th or eighth 
year the ram1 of the os pubis and 1schnnn al'e almost completely OS;si fi ed. About 
the thirteenth or fourteenth year the three div isions of the bone ha\'e extendNl 
their grnwth into tl~e bottom ?f the ac~rabuluin, being scpara~e<l from each other 
by a Y-~liaped portion of carttln.ge, which now pre~ent5' traces of os.sification. oftc·n 
by two or .more centres .. The iliu.m and i:-;.chium then become joined. and la ~tly 
the os pub1~. through the 111tenent1on of tins Y-shape<l portion. At about the arre 
of puher_1:-: os~ification takes place in each of the remaining portions, and th~y 
become JOmed to the rest of the bone about the twcntv-fiflh year. 

Articulations.--Wirh its fellow of the opposite side, tlie sacnim. nnd femur. 
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Attachment of Muscles.-To the ilium, sixteen . 'J10 the outer lip of the crest, 
the Tensor rnginm fcmoris. Obliquus externus abdominis, and Latissimus dorsi; 
to the internal lip. the Iliacus, '.l'rans,·ersalis, Qua<lratus lnmborum, and Erector 
spinre; to the intcrspacc IJetwecn the lip~, the Ohli<1uu~ intcrnus. '110 the outer 
surface of the ilium, the Gluteus maximus, f-Hutcm; mcdius, Gluteus minimus, 
reflected tendon of the Rcctus: to the upper part of the great sacro-sciatic notch 1 a 
portion of the Pyriformis; to the internal surface, the lliacus; to that portion of 
the internal surface below the linca ilio-pectinca, the Obturator internus. and the 
)lultifidu:- spin;c to the internal surface of the posterior superior spine; to the 
anterior border, the Sartorius and straight tendon of the Rectus. To thei'schium, 
fourteen . ~I.10 the outer surface of the nun us, the Obturator cxtemus and .Adductor 
magnus; to the internal surface, the Obturator intern us and Erector penis. To the 
spine, the Gcmrllus superior, J.Jevator an i, and Coccygcus. '110 the tuberosity, the 
Biceps, Semiten<linosus, Scmimembranosus, Q11a<l1·atus femoris, Adductor magnus, 

Tl.I! t%~f/,i~is~:~~l~~=~r~b;~;~i~u~hl!~~-~;~11:i~~1~ft:(~J::~~e:e~~'/.'~e~~~erfy. 
Fw.209.-PlanorthedevelopmentoftheosinnQll!ituttum. 

Gemellus inferior, Tnrnsvcrsus perinrei, Erector penis. 'l'o the os 7mbis. sixteen: 
Obliquus externus, Ohlicruus internus, 'l'ransversalis, Hectu~. Pyrami~lali~, P~o.as 
parvus, Pectineus, .Adductor magnus, Adductor longus, .Adductor brev1~. Grac~lis. 
Obturator extern us and intern us. Levator ani, Compressor urethn.-c, and occns1on
ally a few fibre8 of the Accelerator urinre. 

The Pelvis (Figs. 210, 211) . 

'L'he Pelvis, so called from its resemblance to a basm (L. pelvis). is stronger 
an<l more ma~si\·elv constructed than either the cranial or thoracic ca\·ity; it is a 
bony ring, interpoScd between the lower end of. the spine. w~ich it supports. and 
the lower extremities. upon which it rests. It 1s composed of four bones: the two 
ossa innominati, which bounrl it on either ~idc and in front, and the i:mcrurn and 
coccyx, which _complete it behind. . . 

'The pel,·is 1s <lidded by a plane pa~~mg through the prom111cnce of the .:-;acrum, 
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the lint•a ilin-pectinea, and the upper margin of the s_ymph_ysis pubis into the fa lse 
atHl true prh'is. . . . . . . 

The false pelvis i~ all rhat expande1l portion of the peh 1c eauty \\!11th i:-. 

situate~) abon• this plaM. lt i~ bounded on each side hy the 01'~:l ilii; in front it 

Fm.:tJO.-)JuJcpeh·is(adult) 

is incomplete, presenting a wide interval between the spinous processes of the ilia 
on either :;ide1 which is filled up in the recent state by the parietes of the abdomen: 

Fm.211.-Femnle pch·i~(adult). 

bchin<l, in the middle line, is a deep notch . This broad, shall ow cavity is fitted 
to :support the intestines and to transmit part of their weight to the anlerior wall 
of the ab1lmne11. an1l i~. in fact. really a portion of the ab<lominal ca,,ity . The 
term false peh-is is inc~rrect .. and this space ought more properly to be reg3.rded as 
part of the hypogastnc· region of the abdomen . 

The true pelvis is all that part of the peh·ic cavity which is situated beneath 
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the plane. It is smaUcr th~n .the .false pelvis. but its walls are more perfect. For 
com·e111ence of description 1t 1s <l1v1ded mto a superior circumference or inlet an 
inferior c:ircumfcrence or outlet, and a ca,·itv. ' 

The _superior circumference forms the marg'in 01· brim of the pelvis, the in<:luded 
spaee bcrn~ c:al letl the inlet. It is formed b_v· the linea ilio-pectinea, completed in front 

:1l;1C t~:c~:;~l~t~ ~({ ~~~I'~~\?~ ~t~~:~et~1 l~ ~ ~~-be~l\ ~: x~~e~h~/~·~ ~el~~~1\,~~~:g~~m0:\\~t:t b~~::~ 
~haped obtusely pointe1l in front, dirnrging on eith er side, and encroached upon 
hehin(l by the projection forward of the promontory of the ~acrnm. It has three 
principal diameter:-'>: antero-posterior (sacro-pubic), trans,·erse, and oblique. The 
?ntero-po:::terior extends f:rom tb.e saero~,·e rtebral angle to the symphysis pubis; 
its M·ernge measurement 1s four mches Ill the male, four aucl three~quartcrs in the 
female. The transverse extends across the g reatest width of the inlet, from the 
middle of the brim on one side to the same point on the opposite; its average 
measurement is four nntl a half in the male, five and a quarter in the female. 

~~~he~ i 1~~~i( l ~~1 i ~-:~e~~<ls o~ro~~e t 1~~ d:.a~~i ~h~f s~~~o~~fil~·~s·s.~~·~~~!~~~ <~!~gt~~ ~~~~~! ~~ 
side: its average measurement is four and a. quarter in the male, and the in 
the female. 

The cavity of the true pelvis is bounded in f1:ont by the symphysis pubis; 
behind. by the conca,·ity of the sacrum and coccyx, which. cuning forward aborn 
and below, contracts the inlet and outlet of the canal; and latcralh· it is bounded 
by a broad, smooth, quadrangular surface of bone, corresponding to the inner 
surface of the body of the ischium and that part of the ilium which is below 
the ilio~pectineal line. 'I1he cavit,Y is shallow in front. measuring at the s.nnphy
~i:-: an 111ch and a half in depth, three inches and a half in rhC' middle, and four 
inches and a half posteriorly. From this description it will be seen that the 
ca,·ity of the peh-is is a short, curved canal, considerably deeper on its posterior 
than on its anterior wall, and broader in the middle than a.t either extremity, from 
the projection forward of the sacro-coccygeal column above a11d below. 'fhis 
c:wity conrnins, in the recent subject. the rectum. bladder, and part of the organs 
of geuerati on. Th e rectum is placed at the back of the peh•is, and correspon<ls to 
the curve of'tbe sacro-coccygea.1 column; the blaclclcr in front, behind the symphysis 
pubis. In the female the uterus and rngina occup)' the interval between these 
parts. 

The lower circumference of the pelvis is very irregular, and forms what is 
called the outlet. It is bounded by three prominent eminences: one posterior, 
formed by the point of the coccyx; and one on each side, the tuberosities of the 
i~chia. These eminences are sepa.rated by three notches; one in front, the puhicarclt, 
formed by the con,·ergence of the rami of the ischia aml pubic bones on each side. 
The otbe;. notches, one on each side, are formed by the $acrum and coccyx behind. 
the i8chium in front, and the ilium abO\·e: they are call ed the .'<ac·1·0-1<1·iatir· notches; 
in the natural state they are com·erted into foramina hy the le~scr and greater 
sacro-sciatic ligaments. In the recent state, whe~ the ligaments are in s~·tu, .the 

~~~~t a~1~l •:;1ee ;.:~·:so)5t~~z::~~,-~fsa;~~· i::b~::~~~ ~~ !~~11:t s~)J~ ~~c t~~b{~~~~\~os\\7:~ 
of the ischia; and behind by the great sacro-sciatic ligaments and rile tip of the 
coccrx. 

'fhe diameters of the outlet of the peh•is are two, antero-posterior and trans
Ycrse. The antero-1wr<terio1· extends from the tip ~f the coccyx to the l ~wer pa~·t 
of the symphysis pubis: its average measurement 1s t.hree ~nd a qua.rt.er m~hes Ill 
the male and five in the female. The antero-postenor diameter vanes w1th the 
length of the coccyx . and is capable of increase or diminution on .account of the 
mobility of tba.t bone. 1 Th e l1YmsverRe extends from the posterior part of one 
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i~chi:ttic ruherosity to the same point on the oppo~itt• ~itll': tht:' arcrnµ( ' mcasurC'llll'ut 
i!:i thrcl' anti a half inches in the ma!(' and four anil thn•t•·quaru.• r:-; in tlw female. 

Position of the Pelvis.-In rbc erect po~turc thl' p('hi~ i~ plact•tl ohliqm·l.' 

~:.!~1~ ;~~~~~:<11~ec~1S:.f~, t~~:l k,,t;cth~o~~~\~e t~~~e11~{;;:;~ ;~~~~, o~ ~1 {1t~~ 1

1 ~~1:~~·.'t~~·sp~1~1~l'~i"~~ 
a!-1 to form an angle of about 60° to t),)0 with the grournl on "hich we i:;tan(l. The 
pclric surface of the symphysis pubis looks 1qrnard and ha('k"ard, the co.n<·a,·ity 
of the ~acrnm and cocc,·x downward and forward, tLe ha!3c of the ~acrum Ill well· 
formed f"cnrn.lc bodies being nearly four inches above the upper border of the 
symphy!-l.is puhis, and the apex of the c0cc.rx a. little more tban half an inch ahoYc 
itl5 lower border. The obliquity is much greater in the fictus tllHl at an early 
period of life than in the adult. In consequence of this obliquit.1· of the pclris 
the line of gntvity of the head 1 which passes through the middle of the odontoid 
prncc!'S of the a.xis and through the points of junction of the Cul'vc:.; of the vertebral 
column to the StLCrO·\·ertebral angle, descends tow1ud the front of the cM·ity, so 
that it bisects a line dra.wn transvcrscl.v through the middle of the heads of the 
thigh.bones. And thur.;; the centre of gra.\·ity of the hcu<l is placed immediately 
O\•er the heads of the thigh·boncs on which the trunk is supported. 

Axes of the Pelvis (Fig. 212).-Tbe plane of the inlet of the true pelvis will Le 
repre!'cntecl by a. line clra.wn .from the base of the f:acrnm to the upper margin of 
the symphysis pubis. A line ca.rried a,t right angles with this at it~ middle would 
correspond at one extremity with the umbilicus, and at the orher with the micldle 
of the coccyx: the axis of the inlet is therefore <lircctc<l clown ward and backward. 
The axis of the ouliet, produced upward, would touch the base of the sacrum, 
and is therefore directed downwa.rd and forwa.r<l. The axis of the ca,·itv is 
cuned like the ca,,·ity itself' : this cune co1Tcsponds to the concavity of the sac;·um 

and coccyx, the extremities being indicated by 
the central points of the inlet ;tnd outlet. A 
knowledge of' the direction of these axes scnes to 
explnin the course of the footus in its pass::ige 
tbrongh the pelvis during parturition. It is also 
important to tl1c surgeon, as indicating the 
direction of' the force required in the removal of 
calculi from the bl:ulder, and as determining the 
direction in which instl'umcnts should be used in 
operations upon the pelric vh;cera. 

Differences between the Male and Female 
Pelvis.-The.fenwfr pelris. looked at as a whole. 
is distinguished from the male by the bone;.:, bcin~ 
more delicate. by its "i<lth being greater anti its 
depth smaller. 'J'lic whole pch·is i:-; Jc~::; rna~~i\'e. 
and its bones arc lighter arnl more slencle1\ anil 
its muscMlar imp1·ci;:.sions are sli<tlJtlv marked. 
The iliac fos.sm arc broad and exp~ndC<l, aml the 
anterior iliac spine!>i widely scparntcd; hence the 
greater prominence of tLe hips. The infrt in 
the female is larger than in the male; it is more 
nearly circular, and the !-1aero·vcrtebral angle 

pr~jects less forward. The eavif.'J is shallower and wider; the Mcrum is shorter 
and w.ider, and its lower half form~ a greater angle with its upper: the obturator 
foram1na are triangular, and smaller in size than in the male. 'l1he outfrt is 
larger and the coccyx more mo,·able. The spines of the ischia. project less in· 

~\!t~!~i~1a'i~~~E~. formulated to :.how the measurement:; or the pclvis1 which are adopted by many 
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Inlet . . .4 .Jl .; 
Cavit,· . 4~ 4I 4~ 
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wa.rd. The tubcrosities of the iscbia and the acetabula are '' ider apart. The 
pubic aralt is wider <~nd .more ro1111dcd than in the male, where it i~ an angle 
rather than an arch; llS pillars arc somewhat excarntcd and sloped from within 
outward. so that their inner surfaces look forward. In consequence of this the 
width of the f~r.c part of the pch·ic outlet is much increas.cd and the pm;~agc of the 
footal head fac1htalctl. 

Th e size of the pelvis rnrics, not only in the two sexes, but also in different 
members of the s.ame sex This docs not appear to be influenced in a1w wav bv 
the height of the imli,·i<lual. W omen of short stature, as a rule , have bro3d pei,·eS. 
Occasionally the pckis is eq uall.v contracted in a ll its dimensions, so much so that 
all its diameters measure an in ch less than the average, and this c\·en in women 
of average height and otherwise well formeLl. rrhe principal divergences, however, 
are found at the inlet, and affect the relatioll of the antero-posterior to the tntnsYersc 
diameter. Thus we may have a. peh·is the inlet of which is elliptical e ith er in a 
transverse or antero-posterio1· direction; the trans\·erse diameter in the former 

~:~l i\~i:~~~c:·~t~!~~~-~o;~i~0\~~ 1~~~~~1~~~e8a~~y8:~~c~~1i~! ~f1:~:~~~·1~it~\1~i~.ters. .\gain, 

'l1he same diffe rences are found in Yarious races. European women are said to 
have the most roomy pelves. 'J.1hatof thencgrcss is smaller, circu lar in sliapc, and with 
a narrow pubic arch. The Hottentots and Bush women possess the smallest pelves. 

In the.f(~,tus and for se,·eral years after birth the pelvis is small in proportion 

to that of the adult. The cavity is deep, and the projection of the sacro-\'ertebral 
angle less marked. The antcro-posterior and trans,·erse diameters are nearly 
et1unl. About puberty the peh·is in both sexes presents the general characters of 
the adult male peh•is; but after puberty it acquires its proper sexual cbamctcrs. 

Surface Form.-'fhe peh,ic bones are so thickly co,·erecl with muscles that it is only at rer
taiu points that they approach the surface and can be felt through the skin. In front. the 

:~dei~0~h~~l~~ii~c~~1 ::~~~s~~~~~~~oi~t~~dil~u~0 a~~ ~~~1~i;li:~~~ ~~ t'J11~r~~~~1~~xittr)~1i~~'.
1~f·'\'J~~ef~1d 

~u~!~~1~;0l,:~·. a~1~ l~~t l~~~~~~.ts oit~s,JJ~i~l~io;J1~s b~~~\~~~1~c~:~ a;:i,~~~~ 11~l~~pip~~~~~cl 1i~~~·i,~j~~\.;}11·<l ~\\1d 
outward from this process, the crest o_f the ilium may be trnced 1ill"ou,!.!11out its whole length, 
!linuously rnr\'ed. It is represented, 111 muscular suLjects, on the sur(ilce, by a f!roove or fur· 
row. the iliacfim·ou·, caused by the projection of fleshy fiLres of th(' External oblique mu:;c:le 

~L~l~i~1t~~,~;~d~~~ii,~,'~:~'.:'~:.',~,~~~.~g~i;~~.~:~::::~::~·,:~::~:·:~!~:~;\10:~~:::~£1;~~i~;:i'.~~~l·,~.,~f !~~E'. 
~\!~o~:i:r l~::~clr~f\J!~ t~~/'~jl~!i~ \~~i~\~i 1 \~~~1ii[~~c,~se~;b\~e t~l~Jj~~ ~~~:~11~ ~e\1~~1~·~,i~~~;(,:~~~l~1!~ 
i~l'hium. situated beneath the g luteal fold, and, when the hip is flexed , easily to be folt, as it is 
tlu:n to a neat extent un<:o\·crcd by musde. Finally, the spine of the os pubis can always be 

~t~.~.;M;.~~:~;~,·:;Yi!1'.;~~)~r}t\;~ i,~i~;,~~~~~.~!~!;'.zii~H:!:~r.';~~~Jl~f :~:§~"~:~~~~:;~.'.~ iii:
11

,f,\
1

ti~ \1;t 
It ran. however, be detected by following up the tendon o l' origin of the Adductor lo11gus 
IU\l,;(•\i.1• 

Surgical Anatomy.-Thcrc is arrest of cleYClopment in tlie bo11es of' theyclvis in cases 
of cxtrO\'Cr$iOn of' the bladder; the anterior part of the pckic girdle being deficient, the bodies 
of the pubic bones imperfec:tly cle\•eloped, and the symphysis ab::>ent. The pubic Lones are 
~parnted to the ('Xtent of from two to four inches, the superior rami shortened nnd direNcd 

~!.'.;~::L~:£f i':h~~::~i,'~~,?~i.f ~'.~.~e d;~;~~~'~Si'~~a :~~~i~F~I~~~:::: ~:1\1i'.~;~~~1\~~·:;~::.~:· 'r iE~ 
tul'IJcd more outward than normal, while the ' 'ertic:al cu rve is stra ightened. 1 

Fractures of the peh·is are di\•idcd into fractures of the false pelvis and of the true pekis. 
Fmttures of the fol~e peh1is \'arv in extent: a small portion of the crest may be broken or one 
of' the ~pi nous procCSS('S may be' iorn off, :ind this may be the result of' muscular action i or the 

:~:~~' 1 ~~1~'i ~~a~~6~1~i~·,~;i\1~~~~~;1i~~it11~c\ra.~{~~·~ 1~~~1i1:e~:~~n~e\~-i~~ic ;l~I~~~~ 0~~:~~u~.1~~~1b~i~~c~~~~ 
pamcd by 1n.1ury to the mtcstme as it li es m the hollow of the bone, or to the 1\iae nsseb as 

:1:;f~~~~~~~~:~i~£~: 1 ':,;:~fi~,~r ,~!:,~~:~.:1'~~'.,':;~b~,E:~:i~~1.~:::~~~_,'~~,~a!;':.ffi~~i~·
1

~\~~}1i~ 
1 Wood. H eath':; 1Jirtio11ury r1f l~1'(trtical Surguy, i. 426. 
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~:~~1~~~~\~~~~~~~~]~~~;~~~~ 
from1IJ~~«•;;~J~~i~l;>~~~~;" 1~1/~~\~t~:; 1J~::.i:::o important deformity in ritkct!', the effert or which in llw 
adult woman rnav imcrfcrc seriouslv with childbearing. [n consequence of the yieldinl! natmc 
of' the bones, thC acetabula becomC approximated, the symphysis is pu~hed forward. and th<: 
:mtero-po~terior diameter lcs::;ened. In ostco-nrn\aci:t also great deformity may occur. the pelvis 
becmning beak-shaped. The promontory of the Racru111 is pushed forward by the weight of'lhc 
bock, aml the sides of the pelvis are approximated by the prc:-sme of tbe two thigh-bones: this 
gives to the pelvis the peculiar deformity which is characteristic of' this disease. 

THE THIGH. 

The Femur, or Thigh-Bone. 
The Femur (fem1u-, tlic thigh} is the longest. 1 largest, and strongest bone in 

the ~keleton, and almost perfectly cylindrical in the greater part of its extent. In 
the erect posture it is not vertical. being f-leparated from its fellow ahO\'C b~· a 
con!-iiderable intenal, which corresponds to the entire breadth of the pel\'iS, but 
inclining gradually downward and inward, so as to approach its fellow toward 
it:-o lower part, for the purpose of bringing the knee-joint near the line of gra\·ity 
of the body. The degree of this inclination rnries in different persons, and is 
greater in the female than the maie, on account of the greater breadth of the 
pehis. 'rhe femur, like other long boncs1 is divisib le into a shaft and two 
extremities. 

T he Upper Extremity presents fo r examination a head, :i neck, and the great 
anti lesser trochanterR. 

The head, which is g lobular. and forms rather more than a hemisphere. is 
directed upward, inward, and a little forward, the greater part of its COll\'exity 
being a.bo\'e and in front. Its surface is smooth. coated with cartilage in the 
recent sta.te, except at a little behind a1HI below its centre, where is an ornid 
depre5sion. for the attachment of the ligamentnm teres. 'l1he neck is a flattened 
pyramidal process of bone which connects the head with the shaft. It rnrics in 
length and ohliquity at Yarious periods of life and t1ndcr different circumstanres. 

~~1J~c1~~:~-gil~ f~~-r~~{!:~e1~1:1ei~~~1~·?·r .. ~:~~l t~=c~~:s o1:~~::~.:~~'-rinfng;~~v~~lu~~ i~h~~-~! 
an :ingle of about 130° ,,·ith the shaft, but rnries in im·crse proportion to the 
dC\'eloprnent of the pelds and the stature. In consequence of the prominence of 
the hips and widening of the peh·is in the female, the neck of the thiO'h-bone forms 
more nearly a right angle with the shaft than it docs in man. It h~s been stated 
tliat rbe angle diminishes in old age and the direction of the neck becomes 
horizontal, but tbis statement is founded on insufficient evidence. S ir George 
1.fomphry states that the_ ang~e decreases during the period of growth, but_ after 
full growth has been atta111ed 1t does not usually undergo ::my change, even m old 
a_gc. Ile further states that the angle \'arics con~idernbl,v in different persons of 

f!1 ~1 i~~~~;c ~1~:~ n!~ki~s s~·~~~~~~~n f1~~~1\:~~~-~ ~~c~\~~rct0~:~'t1~~~1ed·~~nt~~emfJ1;:~ 
an1l broader at itR outer extremity. where it is connected with the shaft. than at 
its summit. "here it is attached to the head. The \'Crtical 1liameter of the outer 
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fm. 213.-Hight ft.omur. Anterior ~urfaec. 

half is incrca,cd bY the thickcn-

\,~::~M~!~s ~{:~v~\,t!11~1t1;~'·j~~~l~~~ '~t~cJ; ~~O~J~! 
les~er trocbanter, so that the outer 
half of the neck is flattened from 
before backward, and its ,·ertical 
diameter measures one-thir<l more 

than the antero-posterior. The inner half is 
smaller and of a more circular shape. The 
anterior sw:face of the neck is perforated by 
numerous vascular fonunina. 'J'hc poJ:tniOr 
sm:face is smooth, and is broader and more 
concave than the anterior; it gives attachment 
to the poster~or part of the capsular ligament 
of the hip-jomt, about half an inch aboYe the 
posterior intertroch:.1ntcric line. The superior 
border is short and thick. and terminates exter
nally at the grear trochanter; its surface is per
forated by large foramina. The i1~ferior border. 
long and narrow, cun·es a little back"arcl, to 
terminate at the lesser trochanter. 

The Trochanters (rpozdw, to run or roll) are 
prominent processes of bone which afford le\·er
age to the muscles which rotate the thigh on irs 
axis. They are two in number. the great and 
the lesser. 

The Great Trochanter is a large, irregular. 
quadrila.teral emincnC'e, situated at the outer 
side of the neck, at its junction with the upper 
part of the shaft. It is directed a little out
ward and backward. and in the adult is about 
three-quarters of an in ch lower than the head. 
It presents for examination two su rfaces and 
four borders. The external sw:face, quadri
lateral in form, is broad, rough, conYex, and 
marked by a prominent diagonal line, which 
extends from the posterior superior to the 
anterior in.fcrior angle; this line senes for the 
attachment of the tendon of the Gluteus medius. 
AboYe the line is a triangular surface. some
times rough for part of the tendon of the same 
muscle, sometimes smooth for the interposition 
of a bursa between that iendon and the ~one. 
Below and behind the diagonal line i$ a smooth. 

gt~!L~~a~~~;·~~~:· 1~~~~1'~h~~~y1s~ 0at~i~~~~ tfe:~~; 
interposed. The internal 1nofact' is of much Jess extent than the external, and presents at 
its base a deep depression, the 1h~r1ital or t1·0-

clwnteric jo!fsa, for tbc attachment of the tendon 
of the Obturator externus mu~cle, and in front 
of this an impression for the attachment of tbe 
Obturator internus and Geme11i. 'The 1wperiu1· 
border i:.:. free: it is thick and irregular. and 
marked near the centre by an impression for 
the attachment of the Pyriformis. The inf'eriflr 
border corresponds to thP poini of juncdon of 
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the base of thr trochanter with the outer surface of' the shuft; it iH marked bv a 
rough. prominC'nt. sligbtl,\• cur\'ed ridge, whi<:11 givrs attadmwnt to the upj)el' 
part of the Ym1t11R cxtcrnus muscle. The trnfrrior 6ordcr is prominent, somewhat 
irrc1111lar, as \\l'll a~ the surface of hone imnH.•dia.telr bt•lo" ir: it affor<ls atrnth
mc1tl at its outer part to the Glutcu~ minimus. 'l'hc 11oxtaiur border is very 
prominent. and appears as a free, rounded edge, \\ hich forms the back part of the 
ili~ital fo:-;~a. 

The Lesser Trochanter is a conical eminence which rnrics in .!'iize in different 
~ubjccts; it projects from the lower and hack part of the base of the neck. lts 
ha-=.c is triangular, and connected with the adjacent. parts of the bone by three 
well-marked borders: two of these arc above-the intanal continuous with the 
low('r border of the neck, the e.rternal with the posterior intertrochantcric line
whilc the infel'ior border is continuous with th e middle divis ion of the linca 
a!-ipcra. Its summ it1 which is direclcLl inwar<l and back,,al'(l, is rough, an1l 

f~~e~~:~~~r~i~l1~'~0t~~c 1~~~:1~~r~~~:1~t;;.s~~~ "'.~~\~'~~~- y ~l:l:~s 1i1;1·~~~~~~ : ::~ sel:.~~<lt i~:~ 
the Pectincus behind . 

. \well-marked prominence of nwiable !'izc, which projects from the upper and 
front part ofthL' m·ek at it:-. junction ''ith the great troclrnutcr, is ca lled the tubercle 
of tlu•.f'emw·; it is the' poi11t of meeting of the Ulutcus minimus externa lly and abo,·e, 
and the Ya.stus cxternus below. Hunniug obliquely downward and inward from 
the tubercle i::. the s11iral line of the femur, or ant"rior intertrochrmteric lint'; it 
wind:-; round the inner side of the f:.haft, below the lesser trochanter, and termi
nates in the Jinea aspera, about two inches below this eminence. It s upper half 
is rough. and :iffonl~ attachment to the capsular li~amcnt of the hip-joint; its 
lower half' is less prominent, and gi\'Cs attachment to the upper part of the Yastus 
intcrnus. Hunning obli quely do\\nwarcl an<l i1rnnrd from the summit of the 
.~1·eat trochanter on the posterior surface of the neck is a '"ery prornincnt1 well
marked ridge, the posfrdor inlr1rtroc!trutlerfr lh1e. I ts upper half forms the 
postc:rior border of the great trochanter, and its lower half runs downward and 
inward across the neck of the bone to the upper and back part of the lesser 
trochanter. A slight ridge sometimes c:o111111enccs a.bout the middle of the 
posterior intcrtrocha.ntcric line, and passes ,·crtically downward for about two 
inche~ along the back part of the shaft: it is ca lled the linea quadrati, and gives 
att:tchmcnt to the Qua.dratus femoris and a fow fibres of the Ad<luctor magnus 
mu~cles. 1 ~ 

The Shaft, almost cylindrical in form, is a little broader abo,·c than in the 
centre, <md somewhat 'flattened below, from before backward. It is s lightly 

b~c~~ei;.:1~1t::e~~ l ~~g~~:c;~~1: ~-iJ~o~~ \ ~~<~i~~~c~;~~e~~~i 11!~ I~,;~:;~ t~t ~:r s;~~r;i\~aet~~~ 
three l>or<lers. separating three surfaces. Of' the thrPe borders, one, the linca 
aspcrn, is posterior; the other two arc placed laterally. 

The linea aspera (Fig. 2U) is a prominent longitudinal ridge or crest, on the 
middle tl1inl of the bone, presenting un externa l lip, an internal lip. and a rough 
intt:nncdiate ~pa.cc. .Aborn. this crest is prolonged by three ridges. The most 
l:'Xternal one is \"Cry rough 1 and is continued almost vertically upward to the ba:-oe 
of the great trochantcr. It is so~netimes termed the _gluteal ridge, and gives attach
ment to part of the Glutens max1mus muscle; its upper p:nt is often elongated into 
a rought'nccl crc:.:.t, on which is a. more or le:-;s well-marked, rounded tubercle, a rudi· 
mental thir1l troclrnnter. The middle ridgc 1 the lcastdistinc:t. i:-;c·ontinucd to the base 
of the trochantcr minor, and the internal one is lost above in the ~piral line- of the 
frmnr. 131:Iow. the linca aspera is prolonged by two ridges.'' hi ch cnclo!'ie between 
~hem a triangular space, the poplitntl .~w:fnee. Of' the!'ic two ridges, the outer one 
i:; the more prominent, and <lescends to the summit of the outer condyle (e2:tanal 
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x1r11ral'oJU/.1Jlru· li111·) . The inner 
om~ (intenrnJ N11,pracomlylar line) 
i!-ii le:-o..; marketl. e:"ipccially at its 
UJrpcr pare. where it is cros:;;ed 
b\· the femoral arterv. It ter
nlinate~. below. at the ~ummit 
nf the internal con(h·lc. in a 
~mall tnbl'rcle. the · ... Ldd1l!'to1· 
t11li1 1n•h>, which affortl:; attach
ment to the te11don of the Ad
ductor magnus. 

To the inner lip of the linea 
aspcra and it~ inner prolongation 
a.bon~ arul below is attached the 
Y1lstus intern us. and to the outel' 
lip arnl its outer prolongation 
abo,·e is attached the Yastus 
externu:-;. 'l'hc .. \d1luctor magnus 
b attached to the linea. aspera, to 
its outer prolongation above and 

~:t"~~~~:heP{~~:lt~~·~~~~1·n~=l~~'~i 
the .\tltlnctor magnus are 
attached two mu:-cle8-viz. the 
Gluteu:s maximus above, and the 
<hort heat! of the Biceps below. 
Between the A<lductor magnu.s 
an'l the Ya8tuS intcrnus four 
muscles arc attachcU: the Diacus 
ancl Pectineu:-; ahnvc (the la.tter 
to the rniddle of the upper di,·is
iona); below these, the Adrluctor 
bre\·i8 and .Adductor l ongw~. The 
linea asper:.1 is perforated a. little 
helow its centre b\· the nutrient 
tanal. which is dirCcted obliquely 
ll)l\\:lnl 

The t11•0 lull'rrtl border~ of the 
fcmnr are only !-'!ightlr marked , 
the miter one extending from 
the anterior inferior anf!IC of the 
great trnchantcr to the anterior 
extremity of tbe external 
conclde ;~ the inner one from the 
!oOpira.I line . at a. point opposne 
1be troclrnnter minor, to the an
terior extrerni t\' of th(' internal 
conllvle. Th e' internal border 
mark!-' the limit of attachment 
of the Crureni' muscle internallv. 

Th e anterior surface includes 
thtlt portinn of die ~haft which 
i~ !:!itut1teil ht•t\\(.•('n the two 
lateral horder:-> It is i-mooth, 
conn·x. broader abon• and below 
tha11 in the t<:ntrc, :-;Jig-htly 
twi~re1l so that its upper part is 1-·11 •. 21-1.-Higlit femur. Postl•rior ~urface 

2il7 
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din'l'tC<l forward and <t little outward. its lower part for" a rd, antl a litdc in''<ll"fl. 
To the upper three-fourrh.s of this surface the Crurcu~ is altachccl: the lmH·1· 
fn•1rth is separated from the mustle by the inten·cntion of the ~.rnm ial 
mt•mhranc of the knee-joint and a bursa. and afford~ attachment to 1bc 
Rubcrurcus to a ):!lllall extent. rrhc t•.rtuual H1u:facl' includr:- the portion 
of bone bct,,ecn the external border and the outer lip of the lin ca aspcra: it i!'. 
continuous abo,·c with the outer surface of the great trochantcr. below with the 
outer ~urface of the external co1Hl_vle; to its upper three-fourths i~ attached 1he 
outer portion of the Crureus muscle. 'l'hc intanal ftta:fm_.,, include~ the portion nf 
bone between the internal bonier and th e inner lip of the linea af-lpera: it i~ 
continuous abMc with the lower bordcl' of' the neck, bt:low with tltc inner s ide of 
the in tcmnJ condvlc: it is cv,·ered by the Va stus intcrnu!o; rnustle. 

Thr Lower E~tremity, larger thari the upper, is of a.cuboid form~ flattened from 
before backward, and divided into two large em inences, the <·r111dyle8 (x0tt01JJ.o,, 
a knuckle), by an interrnl which presents a. smoot h depl'e:.:sion in front ca ll ed the 
troclilea, and a notch of considerable s ize behind-the intercondyloid notch. The 
e:rlerual cond.11fr is the more prominent anteriorly, and is the broader both in the 
antero-posterior and transverse diameters. The illlrmal condyle is the narrower. 
longer, ancl more prominent inferiorl.y. This difference in the length of the two 
condyles is onl.\' obsened when the bone is perpendicular, and depends upon the 
obli11uity of the thigh-bones. in consequence of their separation abo,·e at the 
articulation wi1h the peh-is. lf the femur is held obl iquely, the su rfaces of the 
two eondrlcs will be seen to be nearly horizontal. The two eondyles are directh· 
continuot~s in front, and form a smoOth trocblear surface, which· articulate~ with 
the patel la. It present~ a median grOO\'e, which extends do\\ nward and back
ward to the intcrconddoid notch; and two laterai co1nexitier-;, of which the 
extemal is the broader: more prnminent. and prolonged farther upward upon the 
front of the outer condy lc. The extcma l border is also more prominent. and a~ccnd ... 
higher th:rn the internal one. The intcrcondylo id notch lodges tlie cruci<tl li:t:a
mcnts; it is bounded latemll_y by the opposed s ul'f'accs of' the two condy les. and in 
front by tbe lower end of the shaft. 

Outfr Condyle.-Tb e onter surfw:" of the external condylc presents, a littl e 
behind its centre, an eminence, the outer tuberosity: it is less prominent than the 
inne1· tuberosity, and gi\·es attachment to the external lateral ligaments of the 
knee. Immediately bcne:i,th it is a groo\'e which commences at a depression a. 
little behind the centre of the lower border of this su rfo e;e : 1be front part of thi~ 
depression gi,·ei; origin to the Popliteus muscle, the tendon of wLich is lodged in 
the groo\'(• during flex ion of the knee. 'The groove is smooth 1 lined with s~~noYial 
membrane in the recent state, and runs to the po!"terior extremity of the condyle. 
The inner surfaee of the outer c:ondyle formr-; one of the lateral houndariel' of the 
intercond.vloid notch, a.n<l giYes attachment. by itR pol'terior part, to the anterior 
crucial ligament. The iitferior sw;face is convex, smooth, ancl broader than that 
of the internal conclyle. The posterior extremity is convex and smooth: just 
above the articular surface is a. depression for the tendon of the outer bead of the 
Gastrocncmius1 above which is the origin of the P1antari~. 

Inner Condyle.-Th e inner swj'ace of the inner condy lc prc~cnt!'i a co11\'ex 
eminence, the imiu lubffosity, rough for the attachme1it 'of the internal lateral 
1igament. The ouff'r side of the inner condylc form!' one of the lateral boundaries 
of the. interco~Hlylo.id notch, a.ad ~i''~S. a.ttUchmcn.t, :-;o me'' lrnt po~teriorly, to the 
postenor crucrnl ligament. Its u~ferrnr or art1cnlm· rntrfa1'f' 1s convex, :nHl 
pre~entl' a le$S extcn~iYe surface than the extemal con(l yle. J;1r-;t ahrn·c the articular 
8Urf'ace of the co111lyle, behind, is a depression for the lendon of ori~6n of the inner 
hca1l of the (;ar-;rrocncmius. 

Structure.-'l'he shaft of the femur is a. cylinder of compact ti5ls11c, hollowed 
b.': a larg~ mecl_uJiary canal. The cylinder is of great thi<:kne~s and ilen~ity in 1he 
muldlc thml of the ~haft 1 where the bone is muTowest a111l the mcdullarv tanal 
well form e1l; but above and below this the cylinder gradually becomes thinner, 
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owinµ: to a separation of the la_y.crs of t~c bone into cancelli, which project into the 

med.nlla.ry canal a.nd finally obl~t~rate It, so that the upper and lower ends of the 

~baft, and the arr~cu l a.r cxtrcm1t1es more especially, consist of cancellated tissue 

mvcsted by a thm, compact l::tyer. 

The anangement of the can_celli in the ends of the fomur is remarkable. In 

the upper end they are anange<l 111 two sets. One, starting from the top of the head, 

t~1e UJIJ?er s11rfa~e of the_ nc~k, and the great trochanter, con,·ergc to the inner 

c1rcumferenec of the shaft (Fig. 215); these are placed in the direction of crreatcst 

pressure, and serve to .support. the \'Crtical weight of the body. The sec~nd set 

:~·=d~J~n~~eot~~m~p~h~n~e1~:~~~:~~1g the former nearly at right angles, and are situ

t?ns10~1-tb~t 1s to say, along tbe 
Imes Ill which the muscles and 

ligaments exert their traction. 

In the head of the bone these 

planes are arranged in a currnd form, in order to strengthen the bone when exposed 

to pre~sure in all directions. In the midst of the cancel lous tissue of the neck is 

a. vertical plane of compact bone. the fmwral spur (ealear femorale) which com

mences at the point where the neck joins the shaft midway between the lesser 

trochanter and the internal border of the shaft of the bone, and extends in the 

direction of the digital fossa (Fig. 216). This materiall.v strengthens this portion 

of the bone. Another point in connection with the structure of the neck of the 

femur requires mention, especia lly on accou nt of its influence on the production of 

fracture in this situat ion. It will be noticed that a considerable portion of the 

great trochantcr li cs behind the level of the posterior surface of the neck: and if a 

section be made through the trochanter at this level, it will be seen that tbe 

posterinr wall of tbe neck is prolonged into the trochanter. This prolongation is 

termed by Bigelow tbe "true neck,I> 1 an<l forms a tbin, dense plate of bone. wbicb 

passes beneath tbe posterior intertrocbanteric ridge toward the outer surface of 

the bone. 
In the lower end tbe cancelli spring on all sides from tbe inner surface of 

the cyl inclcr. and <lescend in a perpendicular direction to the articular surface, the 

cancelli being strongest and ha\·ing a more accurately perpendicular course above 

the condyles. In addition to this, however, borir.ontal planes of cancellous tissue 

1 Bigelow on ll1e flip, p. 121. 
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a.re to be seen, so that the pongs tissue in thi~ situation present~ an appcarante of 

bcinlt~~~~~:~~~sl~~~\~~tb ~~:~~ees ~!n~~c:tat~~u!~ri1~:~~>t~~iuat11m. tibia, anU patella. 
Development (Fig. 217).-The femur is dc,·elopc<l by .fil·1' centres: one for the 

shaft, one for each cxtremit~\ and one for each trochanter. Of all the long bones, 
except the cl:niclc, it is the first to show traces of os.sification: this commence~ in 
the shaft, at about the fifth week of footal life, the centres of ossification in the 

cpiphysc~ appearing; in the foll1rninµ; 
ol'Ucr: First, in the lower cn<l of 
the bone, at the ninth month offootal 
Jifo 1 (from this the condylcs and 
tuberositicR are formed); in the bead 
a.t the end of the first vear after 
birth; in the great trocbanier, during 
the fourth year; and in the le::scr 
trochanter, 'between the thirteenth 
and fourteenth. The order in which 
the cpi1ihyscs are joined to the shaft 
is the re\'erse of that of their appear
ance: their junction docs not com
mence until after puberty, the lesser 
trochanter being first joine<l. then 
the great, then the bead, an<l, lastly. 
the inferior extremity (the first in 
which oi:::~ification commenced). which 
is not united until the twentieth 
year. 

Attachment of Muscles.-11
0 

twenty-three. 'J'o the great tro-
chantcr: the Gluteus mcdius, Gluteus 
minim us, Pyriformis, Obturator inter
n us, Obtura.tor extcrnus, Gemcllus 

Lou·rr utmnity. superior, Gcmellus inforior, and 

the ~~~t;~~ .. -Pllm or 1hc dc,·elopmeotof the rcmur. By ~~~l~l~·~~~~: f~~:r~~oa~l'':nat:~u~e:~~~ 
the Jliacus below it. To the shaft: 

the Yastus externus, Gluteus maximus, short head of the Biceps, Yastus internm,. 
Adductor magnus. Pectineus, Adductor brevis, A(lductor longus, Crurcus. and 
Suhcrurcus. 'l'o the cond,rles: the Gastrocnemiu~. PlantariR, and Popliteus. 

Surface Form.-The femur is conrccl with mu!<el<'s, "O drnt iu fairly muscular suhiccts the 
shaft is not to be detected through its fleshy co,·ering, and thl' only parts ac-ce~ihle to the touch 
are the outer surface of the ~reat trochantcr and the lower expanded end of the bone. The 

~~~;;i~~l1 i~1 ~~~~~r~f1~~~1di~~~edb~~1~e:p~~:~io~ ~~!.~~~~r~~i1~l!1~1~1i~k~11:~~i'~f~~~il;J~~[u~11~1~~1i!1'~ a~~ 
minimus, whi«h project abo\'c it. When, howe,·er, the thid1 ii; flexed, and c::petially if 
crol',.:.ed O\'Cr the opposite one, the trochantcr produces a blunt eminence on the i;urfacc. The 
u11per border iii about on a line with the spine of the os pubh;, anrl its exact 1crcl is indic-at('d by 
a _line drawn from the anterior superior spinous proct'SS of the ilium, on.•r the outt!r side of' the 
hip, to the most 1womincnt point of the tubcrosity of' the iM?hium. This i.-; known a:; ~(>laton·~ 

t\;ik~;~~~1~;;~~1~;~~~µg;5,~gE~;z~~,~r~~1:;~i:,\:~1~~~~\~;~1:%i\~i,:r;~~f i,~~~~1i[iii~ 
flt•xt'<l. The tubero!:iit.'· on it is easily foh, and al the upper part of the condvlc the bharJI 
tnhC'n·lc for 1he inl'ertion of the tendon of the _\_clduc-tor ma!!'.nu.-; can be rl'<'0.~1lizcd without 
difficulty. \\'hen 1he knee is flexed. and the patella i-;itu:ned in the inten'al hNween the c-on 
dyles anrl the up1wr t>nJ of the tibia, a part of the trochlcar surface of the ICmur can be made 
out aho\'C lhe patella. 

Surgical Anatomy.-'fherc are one or two point~ about the o~,_ific:ntion of the' femur 
1 Thi., b the only epiphy-;is in whirh o,.,.jfication ht.·~ins before hirth. 
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bearing on practice to which allusion must be made. It has been stated above that the 
lower end of the femur is the only epiphysis in which o&sification has commenced at the time of 
birth. 'fhe prc,.em:e of this os. ... ific centre is, therefore, a JJroof, in newly-born children found 
deajl. that the thilcl has arri,·c<l at the full period of utero-1>e~tation, and is always relied upon in 
mcdico-le!!al im·esti!!ations. The position of the epiphysial line should be carefully noted. It 
is on a len:_l with the adl!uctor tuberde, and the epiphysis does not, there{Ore , form the whole 
of the tarttla~e-daJ. portion of the lower end of the bone. It is e~ential lO bear this point in 
mind in perform in!!'. excision of the knee, since gro\vth in lcn_ii:th of the femur takes place chiefly 
from tl~e lower cpiphy~is, and any in.terterence w1.th the epiphysial ~artilag-e·in a young child 
would nwoh-c s1wh ultmmte shortenm!!; of. the limb, from want of growth 1 as to render it 
a\n~o~t !1~l~ss. Separation of th~ ~ower ep1physis may take place up to the a!.!;e of twenty, at 
wluch ume 1t becomes complct~ly ,1ome<l to the shaft of the bone: but. as a matter of fact, few 
~ascs occu~ arter the :l!!;C of s1xte~n or .seventeen. The t~ppcr cpiphysis of the femur is of 
mtercst prmc:1pa\ly on account of its bemg the seat of ongm of a large number of cases of 
tubercular disease of the hip-joint. The disease commences in the majority of cases in the 
highly \'asc:ular and growing tissue in the neighborhood of the epiphrsis, and from here extends 
into the joint. 

Fractures of the femur are divided, like those of the other long bones, into fractures of the 
upper end; of' the shaft; and of the lower end. The fractures of the upper end may be 
classified into (I) fracture of the neck; (2) fracture at tl1e junction of the neck with the !(rcat 
trothanter; r:~) fracture of the great trochanter; and (-1) separation of the cpiphysis, either 
of lhe head or of' tlrn !!Teat troclrnnter. 'fhe first of the!:'c, fracture of the neck, is usually 
termed intmeapsular fracture. but this is sc.ncely a correct dcsignation 1 a~, owinA" lO the attach~ 
ment of the cap.sular ligament, the fmcture may be partly within and partly without the cap· 
~ule. when the fracture OC<:urs at the lower part of the neck. It generally 0<:curs in old people, 
11rincip:11ly women, and usually from a, \'ery slight deg-rec of indirect violence. Probably 

~~~1~~~n ,~hi~J~ ~fie' 1~,~~a(j~~;eu~d~i;~~n~~ac~i~r~~I ~li~~~!s ~i1:a~0i1~8i~ll~~i~t.0c~u~lf o c\j~i~eb~~~~ 
tion of the c.-alcar fomorale. These fractures are occasionally impac:ted As a rnle they unite by 
fibrou,; ti~~ue, and frequently no union takes place. and the surfaces of the fracture become 
smooth aml eburnated. 

Fracture~ :it the jnnc:tion of the neck with the p-reat trochantcr are usually termed extnt· 

~~~i:1~Jat~ ?~~t:l~!~~h~~:1~n~i(fi.01i1~ ~s~1~11~~~~~.i~~ i~t!:~t~~t~~1~~~·~icisli1~~,r~!~i1i~}~t~~ 1~i;t~~~teda~~J~~; 
f~~n!i~\!S,~r~~:tft~j· b~~1~1j~r ~~~l~·~~j~i~~·e Wr~di:;c:~e ~a~:~:~\1~i~\~i~~~ ~f.~ 1~~J~~tt ~~o~1~~~e1r1tl~: 
neck of the bone is driven into the trochantcr, where it may remain impacted. or the trochanter 
may he split up into two or more frag;ments, and thus no fixation takes place. 

Fmc:tme:. of the great trochanter may be either "oblique fracture through the trochanter 
major. without implicating; the nec:k of the bone" (Astley Cooper), or separation of the great 
iroC'hanter. ~fo::;t of the recorded c·a,!;eS of this latter injury occurred i11 youn~ persons, and were 
prohabl\'case;; of separation of the epi)lhysisof the great tro<:hanter. Reparation of the epiph,,·sis 
of the Jiead of the lemur has been said to occur, but, as far as I know1 has ne,·er been verified 
h.rJXkit-mortcmcxamination. . .. 

Fractures of the shaft may occur at any part, but the most usual s1tuat1on 1s at or near the 
c·entre of the bone. 'J'hev mar be caused br direct or indirec:t ,·iolcnee or by muscular action. 
Fr.wturc~ of the UJlpC'r third "of the shaft 'arc almo8t always the result of indirect violence, 
whilst chose of the lower thir<l are the result, for the most part, of clirert violence. In the 
rui<lrlle thir1l fractures occ:ur from both forms of injury in about equal JlrOJlOrticms. Fractures 
of the ;;haft arc eenerallr oblique. but thev may be tnrn:s,·er:-e, lon!?:itudinal. or spiral. The 

:~:~~.~1~'~;'.;~c~i~~i;~r:Mr~;~~~!E:~r,·:;0~:~~1;~:h~£~r::.:;?.~~\~;JX1?.:1~~? E~1:'Y..~~.r~ 
thet<e ca~cs the popliteal artery is in cla111?:er of being wounded. Ob\iq\le fracture, scparatrng 
ei1hcr the imcrual or external conclyle, and a. lon!!itudinal i11complctc fracture between the con-

cl_rle~j·1~~aiL~\1~~ ;~\~e?11~1~clhe other bones of the le~ are frequently the .seat of ac~1te .ncc:rosis in 
)·oung children. This is no doubt due to their greater cxpo~ure to mju:y, ":luch is oft.en tl1e 
excitin!.!: cause of L11is di:;;case. Tumors not unfrcquentl,r arc found .c:row111,!! from the femur: 

~J::dl~w~~\~Otl~~l~1~n \~Cm~i~ btt~~j~~~?~~a~th~~h b~I~~· ;g1~1~VJ ci!~~~·t~~i~~I ;,~J~c\~e1;i~S~~~~~~~l~:~J;;or~~:;3 
originati1lg in the neighborhood of the epiphysial cartilage of the lower end. 

THE LEG. 
'l'hc skeleton of the Leg consists of three bones : the Patella, a large sesamoid 

bone, placed in front of the knee: the 'ribia; and the Fibula. 

The Pa t ella (Figs. 218, 219.) 

The Patella. ( 11alella, a small pan) is a flat, triangular hone, situated at the 
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11n1erior part of the knee-joint. It is mrnally reµ:ar<lC'd as a ::1c!-l:1moid hone, 
lil'n•lopctl in the tendon of the Quadriceps extcn~nr. It re!o:emhlrs thc~c· bmws 

(1) in it~ hrin~ deYelOpctl in ;t 

tendon; (:2) in it~ centre of o~~i
fication presenting a knott:· or 
tuberculatNI outline ~imilar to 
other se!-larnoid bones; (3) in its 
structure being composed mainly 
of deme cancellous tissue, as in 
the other sesamoid hones. I t 
sencs to protect tbe front of 
the joint, and increases the 

tori~c~l~~~l~cl.~i~hl pawlla. Posi~1~0r2~~·;:ra~~~ht Jlatcllu !~:~~~t:.gt.~f n~~~ i~l<\C~ ri~~~ta:x~ 
greater angle. It presents an 

anterior and posterior surface, three borders, and an apex. 
The anterior surface is cou\·ex, perforated by sma ll apertures, for the passage 

of nutrient \'e!ol;sel~, and marked by numerous rough, longitudinal strire. This 
surface is co\·ered, in the recent state. by an expansion from the tendon of the 
Quadriceps extensor, which is continuous below with the superficial fibres of the 
ligamentum patelhe. It is separated from the integument by a bursa. The 
posterior surface presents a smooth, ornl-shaped, articular surface, cornrcd with 
cartilage in the recent state. and di\·ided into two facets by a Yertical ridge, which 
dc:-;cend:-; from the superior border tciwar<l the inferior angle of the bone. The 
ri1ll!c conespond" to the groo,·e on the trochlear surface of the femur. and the two 
facet:-; to the articular surfaces of the two condrles; the outer facet. for articulation 
with tbe outer con<lyle, being the broader anci' deeper. This character serves to 
inrlicate the side to which the bone belongs. Below the articular surface is a 
rough, convex, non-articular depression, the lower lrnlf of' which girns attachment 
to the ligamentum patellm, the upper half being separated from the head of the 

)ibia by adipose tissue, in which may be found a bursa. 
~rh e superior border is thick, and sloped from behind, downward and forward: 

it give,.., attachment to that portion of the (~uadriceps extensor whith is derived 
from the Bectus and Crureus ml1scles. ~I1h c lateral borders arc rhinncr, con\'crging 
below. They give attachment to that portion of the (juaclriceps extensor deri\·ed 
from the external and internal Yasti muscles. 

The apex is pointed, and gh·es attachment to the ligamentum patellre. 
Structure.-l t con~i::.ts of a, nearly uniform dense cancellous tissue CO\'ered 

by a thin compact lamina. The cancelli immcdiatcl~T beneath the anterior surface 
are arranged parallel with it. In the res.t of the hone they radiate from 1he 
posterior articular Rurface toward the other parts of the bone. 

Development.-By a single centre, which mak_es its appearance, according to 
BCclarll, about the third year. In two instances I ha,·e ~een this bone carti lagi
nous throughout, at a. much later period (!ol;ix years). ~lore rarely, the bone is 
clc\'clope1l by two centres, placed side by side. Q:.;sification is completed about the 
age of puberty. 

Articulations.-With the two condylcs of the fcmu 1·. 
Attachment of Muscles.-To four: the Hectus, Crureus, Vastus internus, and 

Yastus extern us. Thc:-;e muscles, joined at their insertion, constitute the Quadriceps 
extcm:.or crnris. 

Surface Form.-'l'hc external surface of the patella can be seen and felt in front of the 
knee. In tlw ~~tended posi.tion of the lim,b the internal border is a Jiu le more prominent than 
the outer. and d the Quadriceps extensor 1s relaxed, the bone c·an be moved from side to side 
and appea~ to lX! loosely fixed. If the joint is flexed, the patella. recedes into the hollow 
betwl't'll the C'tmdyb, of the femur and the upper encl of the tibia, and hc('otues firm Ir fixed 
a!!ain:-.l the fomur. · 

Surgical Anatomy.-The main surgical intere~t about llw 11atella is in <'Onnection wilb 
fracture~; whid1 are of' common occurrence. They may Le product'<l by muscular aetion; 1hat 



The Tibia (Figs. 220, 221 ). 

The Tibia (tibia, a flute or pipe) is situated at the front and inner side of the 
leg, and, excepting the femur, is the longest and largest bone in the skeleton. It 
is prismoi<l in form, expanded abo\'e1 where it enters into the knee-joint. more 
slightly enlarge<l below. In the male its direction is ,·ertical and parallel with 
the bone of the opposite side; but in the female it has a slightly oblique Jirection 
downward and outward, to compensate for the oblique direction of the femur 
inward. It presents for examination a shaft and two extremities. 

The Upper Extremity, or Head, is large, and expanded on each side into two 
lateral eminences, the tuberositie.'3 . Su,peri<trly, the tuberositics present two smooth, 
concave surfaces, which articulate with the condy les of the femur; the internal, 
articular surface is longer, deeper, and na.rrower than the external, OYal from 
hefore backward, to articulate with the internal condylc; the external one 
is broader, flatter, and more circular, to articulate with the extemal condvle. 
Between the two articu lar surfaces, and nearer the posterior than the ante~·ior 
a!'pcct of the bone, is an emi nen ce, the spinous process of the tibia, su rmounted 
by a prominent tubercle on each side, which giYes attaChment to the extremities .. 
of the semi lunar fibro-C<trtilages; in front and behind the spinous process is a 
rough depre~sion for the attachment of the anteri or and posterior crucial ligq.ments 
and the semi lunar fibro-cartilages. The anterior Aw:faeeP of the tuberosities are 
continuou~ with one another, forming a single large surface, which is somewhat 
flattened: it is triangular, broad abO\'e, and perforated by large vascular foramina; 
narrow below, where it terminates in a prominent oblong eleYation of large size, 
the tul.H•rcb• of the tibia : the lower half of this tubercle is rough, for the attachment 
of the Jigamcntum patelhe; the upper half presents a smooth facet supporting. 
in the recent state. a burs<t which separates the ligamelll from the bone. Poste1"iorly 
the tuberosit ies are separated from each other by a sha llow depression, the 
pop/iteal notch, which gi,•cs attachment to part of the posterior crucial ligament 

~l~~t~~~~~-1 ~·f '~ ~~c~)l~s~~:~~~:.~i1~~m;1~oto~!. t ~;r ~~:ei~~~~-~i oJ'bo~· i~:~i;'~~u~~:osl~~cf ~-~~ie~~ 
the tendon of the Semi-mcmbranosus. Its lateral R?.u;faf't' 1s convex, rough, and 
JH'?minent: it gives ~tt:1cbment to ~be .internal la.tera l li~amcnt .. Th.c outer. tuber: 
OJJlly presents postenol'ly a flat articu lar facet. nearly 01rcul<11" m form, d1rectea 
downward, backward, and outward, for articulation with the fibu la. Its lateral 
surface is convex a.nd rough, more prominent in front tban the intcmal: it 
pre~cnts a prominent rough emi nence, situqted on a l c.r~ l '~'i!h the npper border of 
the tubercle of the t ibia, for the attachment of the 1ho-t1b1al band. Just below 
this the Exten~or Jongus digitorum and a slip from the Biceps arc attached. 

The Shaft of the tib ia is of a triangular prismoid form, broa1l abo\·e, ~radually 
decreasing in size to its most slender part, at. the commencernci~t .of its l o"~er 
fourth, where fracture most frc<1uentl~· occurs; It then enlarges again toward its 
lower extremity. It presents for exami1rnt ion three borders and three surfaces. 

The anteriOr border, the most prominent of the three, is called the crest of the 
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tibirt, or, in popular lnn~ungr. the 
Rhin: it eomlll('ll('t's abmc at the 
tubt•rc:le, and terminal('~ helm\ •ll 
tlw anterior marµiu of the inm•r 
malleoluR. This border is H'ry 

prorninl'nl in the upper twO
thirds of its extent. ~mooth and 
rounded bclo". It pn~i;;;cnrs a 
Yery llcxuous couri::.e. bein~ u!:'uall,\ 
cnnccl outward a hove and inward 

Tibia. behrn : it giYC'R attadnnent to the 
deep f:"cia of the leg. 

rrbc internal border is RlllOOth 
and rnnnded above and beJo,\, 
but more prmnincnl in the 
ccntl'C; it commences at the 
bac:k part of the inner tuberosity. 
and terminates at the posterior 
bonier of the internal maJleolu::-: 
its upper part gives a.ttachmem 
to the intcmal lateral ligament 
of the knee to the extent of 
about two inches, and to some 
fibreR of the Popliteus muscle; 
its middle third to Mme fibres 
of the ~olcus and Flexor long:11:-1 
digitornm m11i;:.clcs. 

The external border, or in
terosseous ridge, is thin and 
prominent, especia lly its central 
part, and giYcs attachment to 
tbe intcrosscous membrane; it 
commences above in front 1lf the 
fibular articu1ar facet, and bifur
cates below, to form the bounda
ries of a triangular rough surface, 
for the attachment of the inter
o~scous ligament connecting the 
tibia and fibula . 

The internal surface jg smooth, 
convex, and broader aboYe than 
below; its upper third, directeil 
forward and inward, is covere1l 
by the aponeurosis dcri\·ed from 
the tendon of tlie ~artoriu~. anil 
by the tendons of the (-irac·ilis 
aUd Rcm itenclinosus. all of which 
are in~erted nca.rly as far forward 
as the anlerior bo~·der; in the re!'t 
of itr-i exten t it is subcutaneoui;. 

}'1c;.2".'0.- Bo11('gofthcrig-htlcg. Antcrlorsurfilcc. 

'l'h c external surface is nar
rower 1h:rn the internal: its upper 
two-thirds pre!'ent~ a ~hallow 
groove for the attaclirncnt of the 
'l'ihiali~ anticus muscle~ it~ lo,H•r 
third i~ smooth, convex, curns 

gi-atlnally fornanl to the anterior pa.rt of the Lone. aJl(l is coyered from within 
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outward b\· the tendon~ of the fol
low ing m;tscles: 'fibialis anticus, 
Extensor proprius hallucis, E x
teu!ol.or longus dig itornm. 

The posterior surface (Fig. 221) 
presents. at its upper part, a prom
inenc ridge, the oblique line of the 
tibi<t, which extends from the back 
part of th<' a rti cu lar facet for the 
fibula obli t1uely downward, to tha 
internal border, at the junction of 
its upper and rnitlclle thirds. I t 
marks the limi t for the inscl't ion 
of the P oplitcus muscle, and serves 
for the attachment of the popliteal 
fascia and part of the Soleus, 
}

1 lexor longus digito rnm , and 'fib
ialis posticus muscles; the tri
angular concave surface, abo\·e and 
to the inner side of th is line, gives 
attachment to the Popliteus mus
cle. 'l'he mitltlle thi rd of the pos
terior surface is di\·ided by a 
\'Crtical ridge into two la.ieral 
hah·es: the ridge is well marked 
at its commencement at the oblique 
line. but becomes g radua lly indis
tinct below: the inner and broader 
half gi \'CS attachment to the Flex or 
longus digiton11n, the oute r and 
narrower to part of the Tibia lis 
posticus. The remain ing part of 
the bone presents a smooth s urface 
cornred by the 'l'ibia lis posticus, 
Flexor longus digitorum, and 
Flexor longus hallucis muscles. 
Immecliatel.v below the oblique line 
is the me!lullarv fora.men, which is 
directed obliqu el,v do\\nward. 
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Fibula. 

The Lower Extremity, much 
smalle r than the upper. presents firn 
surfaces; it is prolonged downward, 
on its inner side to a strong pro
ce~s, the internal Malleolus. The 
inferior sw:frt<'f' of the bone is 
quadrilateral, and ~mooth for artic
ulation witl1 tlie astragalus. rrhis 
surfa ce is concave from before back
ward, and broader in front than be
hind. It is tra\'Cr::ied from before 
backward by a sl ight elerntion, 
separating two lateral depressions. 
It is narrow internally, where the 
articu lar ~urface becomes continu

Fw.:!!1.-Bonesoftherlghtle~. Posteriorsurfaee. 

ous wit), that on the inner malleolus. The anterior surface of the lower extrcm
it)· is smooth and rounder! abo\'e, and CO\'ered by the tendons of the Extensor 
muscles of the toes; its lower margin presents a rough traUS\'ersc depression. for 
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the attachment of the anterior ligament of the ankle-joint: the posterior surface 
present~ a Hupcrficial groom directed obliqlu~ly downward and in\\ar<l. continuous 
with a similar groO\'e on the posterior extremit,\' of the a~tragalus. an<l seni ng 
for the pa~sa~e nf the reudon of the Flcxor longus hallucis; the uternal sw:ftrce 

~~·=~~·~;sli•~.~:~~~:~f~'.~~·0 ~·~tt:~~ f~e~\~~si~~~ f~1~rntll~c: ·~: 1t:t;!::~~:1~ltp~~t t~f 1 i1:1i~c~i;;r~~~ti~: 
is :.-mooth. ('o,·ere1l with cartilage in the recent ~tare. and articulates with the 
fibula. Thi~ ::;urfacc is bounded by two prominent rid~cs. con tinuoug above with 
the intcl'O~~cous ridge; they afford attachment to the anterior an<l posterior infe
rior tibio-fibular ligaments. The internal xm:fa('e of the lower extrem ity is pro
longed dnwnward to form a. strong pyramidal process, flattened from without 
inwa.nl-the innet malleolus. 'l,he inner Slll;fiu·e of thiH process is co_n\·cx and sub
cutaneous; its Mder sw:f"are is smooth a.nd 81ightly concave, and a.rticula.tes \\ith 
the astrngalus; its antuior border is rough , for the attachment of' the anterior 
fibre8 of the Deltoid ligament; its posterior border presents a broad an<l deep 
groove, <lirccte-d obliquely downward and inward, which is oecasionally double: 
this groove transmits the tendons of the Tibiali s posticus and Flexor longus digi
tornm muscles. The !littmmit of the internal malleolus is nrnl'ked b_v a rough 
depression behind, for the attachment of the internal lateral ligament of the 
ankle-joint. 

Structure.-Likc that of the other long bones. At the junction of the middle 
and lower third. where the bone is smallest, the wall of the sha ft is thicker than 
in other parts. in order to compensate for the smallness of the calibre of the bone. 

Development.-By three centres (Fig. 2H): one for the 8haft, and one for 
each extremity. 08sification commences 

l'pwr nti·,.,,iiiy. in the ccntrC of the shaft about the 
.-lppt111·.~a1 Joillsslwfl<ibuut se,·enth week. an<l gradually extends to-

birtl•. 20th yem·. ward either cxt rcrnitv. 'l1bc centre for 
the upper epiphysis ~ppears during the 
first vcar; it is flattened in form, and 
has a.' thin, tongue-shaped process in front 
which forms the tubercle. That for the 
lower epiphysis appears in the second 
yea.r. ' t1 he lower epipbysis joins the 
shaft at about the eighteenth, and the 
upper one about rhe twentieth, vcar. 
Two additional centres occasionally 'exist 
- one for the tongue-slrn pcd proCess of 
the upper cpi ph ysis, "h icb forms the 
tubercle, and one for the inner malleolus. 

Articulations.-With rhree bones: the 
femur. fibula, and astragalus. 

Attachment of Muscles.-~'o tweln: 
to the inner tuberosity, the Remimem
branosus; to the outEir tuberosity, the 

i~i1~~:~i: 1~;~r~3i'~:~~1~ ~~~c~1~y11~~~.ni~~si~1~~1i.~ 
Lou:er extremity nal su rface, the Sartorius, Gracilis, and 

By t~;'i:!e~·~:~:.n of the development of the tibia. Remitcndinosus; to its external surface. 
. the 'Pi bin.I is anticus; to its posterior sur-

face, the Popl1.teus, Soleus, Flexor longus digitorum, and Tibialis posticus; to the 
tubercle, the ligamcntum patellre. 
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tibial band. In front of the upper end of the bone, between the tuberosities, is the tubercle of 
the tibia, forming an oval eminence, which is continuous below with the anterior border or crest 
ol' the bone. This borJer can be felt, forming the prominence of the shin, in the upper two-

~~;~ji;a~,~~5a~:Ji~~~,.~~1~j~~~~P i1~tl tfi~esl~~,~~•;gthird 1~f'~\~~t l~;xtl~eus~~cl~di:~~~ea~'.·'~~~d 0tl1~ 
bone is toncealcd by the tendons of the muscles on the front of the lei?,'. lmcrnal to the ante
rior bon~er is to be fell t~1e broad internal surface of the tibia, sli~htly cneroachcd upon by the 

~~~~~1i11~:t~~ ~l~~"a~i~lt~1i~:~~·rna1t t~~lJ~~1l~~~es,J~~'i~1t~~·nt~Je ,~;'!J\~oj~~·1~1d:tr~~dc~1~~~~~~~!~~' st~~ 
~'i;~<li1~::c~ ~~\\~: ~cf ·~:l~ 11:~ ~hu~er:J~~ l~~~~ier r ~r~~~:ri~~ab~!-dee~xi~ci;:~~~r\~:~1~~l~1~·t ; 1i~~~-)~~:;i~~ 
border presents a sharp ed~e, which forms the inner margi11 of the groove for the tendon of 
the Tibialis posticus muscle. 

The F ibula (Figs. 220, 221 ) . 

The Fibula (.#bula. a. clasp) is situated at the outer side of the leg. It is the 
smaller of the t'''.o ~ones, and, in proportion to its length. the most slender of all 
the long bones; 1t 1s placed J>early parallel but behind the lel'el of the tibia. Its 
upper extremity is small. placed toward the bltek of the head of the tibia and 
below the le\'el of the knee-joint, and excluded from its formation; the Jower 
extremity inclines a little forward, so as to be on a. plane anterior to that of the 
upper end, pn~jects below the tibia. and forms the outer ankle. It presents for 
examination a shaft an<l two extremities. 

The Upper Extremity, or Head, is of an irregular quadrate form. presenting 
aho,·e a flattened articular facet, directed upward, forward, and inward1 for artic
ulation with a corresponding facet on the externa l tubcrosit,r of the tibia. On 
the outer :.:.idc is a thick and rough prominence1 continued behind into a pointed 
eminence. the styloid process. which projects upward from the posterior part of 
the head. 'l 1he prominence gi,·es attachment to the tendon of the Biceps muscle 
and to the long external lateral ligament of the knee, the ligament di\'iding the 
tendon into two parts. The swmnit of the styloid process gives attachment to the 
~hort external latern l ligament. The remaining pal't of lhe circumference of the 
bead is rough, for the a.ttachment of the anterior superior tibio-fibular ]igament, 
presenting. in front, a tuberc:le for the attachment of the upper and anterior part 
of the Peroneus longus; and behind. another tubercle for the attachment of the 
posterior superior tibio-fibular ligam ent and the upper fibres of the Roleus muscle. 

'l 1he shaft presents four borders-the antero-extcrnal, the antero-internal, the 
postero-external, and the postero-internal; and four surfaces-anterior, posterior, 
internal, ::m<I external. 

The antero-external border commences aboYe in front of the head, runs verti
call~' downward to a little below the middle of the bone, and then, curving some
what outward, bifurcates so as to embrace the triangular subcutaneous surface 
immedia.telv abo\·e the outer surface of the external malleolus. 1'his border gi,·es 
attac:hment to au intermuscular septum, which sepa rates the extensor muscles on 
the anterior surface of the leg from the Pcroneus lougus and bre\·is muscles. 

The antero-internal border, or interosseous ridge, is situated close to the inner 
side of the preced ing, and runs n_early parnllel with it in. the upper third o~· its 
extent, but diverges from it so asi co mclude a broader space Ill the lower two-thirds. 
It commences above just beneath the hea.d of' the bone (sometimes it is quite 
indistinct for about an inch below tbe hea<l) , and terminates below at the apex of 

~1:f1~~~.:~·i a~ ~~~~.'~,;~11~~~~bi:l ~~1d~b~~~;~ t~~,~~1 et bi~ t~::~~~~~~:~ ::~~ b~·~ ~;,ea :d t::~:~ 
rates the extensor muscles in front from the flcxor muscles behind. 

The postero-ex.ternal border is prominent; it commences abo,·e at the base 
of' the st d oid process, and terminates below in the posterior border of the outer 
m:dleolu~. It is <lirecte<I outward above, backward in the middle of its course, 
bal'kwarcl and a little inwar1I below, and gi,·e!'l attachment to an aponeurosis 
"hicb separates tLe Pernnei mu~cle~ on the outer SLlrface of the shaft from the 
tlexr)r mu ... C' lcs on its posterior surfac:e. 
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'fhc postero-internal border, sometimes c:allcrl the oblh11u• lh1e, commences above 

:~ t~~'.~-i !1~~~1~a f i~l~rcf :r ~~ i ~::,~~s::o<lus t~~·~~~l<~ ~c~ h ~." 1~,~·~':.1~t~:~ ~t l~:'~ t it1~ ~0~~~1 ;~ i 1 h I~}~: 
well marked and prominent at the upper anil middle parts of the bone. It gives 
attachment to an aponcurosis which separates 1he Tibial is posticus from the Solen~ 
ab1n-c and the Flexor longus hallucis below. 

The anterior surface is the interrnl between the antero-extemal and antero
internal borders. It is extremel,r narrow and flat in the upper third of its extc111; 
broader and grooved longitudinally in it~ l?wer third: it scn·cs ~or the attachment 
of three mu:;;cles, the Extensor longus d1g1torum, Pcroncus tert1us, and Extensor 
propriu:; hallucis. 

The external surface is the space between the antcro-extcrnal and postero
external bor<lers. It is much broader chan the preced ing. ;rnd often deeply grooved. 
is directed outward in the upper two-thi rds of its course, backward in the lower 
third, where it is continuous with the posterior border of the external mal l eolu~. 

This Rurface is completely occupied by the Peroneu:;; longus and breYis muscle~. 
The internal surface is the interval included between the antero-internal and 

the postcro-internal borders. It is directed inward, and is grOO\'ed for the attach
ment of the Tibialis posticus muscle. 

The posterior surface is the space included between the postcro-external 1111<1 

the postero-internal borders; it is continuous below with the rough trianf!;ular 
surface above the articular facet of the outer malleolus; it is directed backward 
above, backward and inward at its mid1lle, directly inward below. Its upper 
third is rough, for the attachment of the ~olcu~ m11Rcle: its lower part present~ 
a triangular rough sul'face, connected to the tibia. b_r a.strong intcro~scous ligament, 
and between these two point the entire ~urface is co,·ered by the fibres of origin 
of the Flcxor longus hallucis muscle. At about the middle of this surface is the 
nutrient fora.men, \\ hich is directed downward. 

The Lower Extremity, or external malleolus, is of a pyramidal form. ~omcwhat 
flattened from without inwa.1d, and is longer, and descends lowel' than the internal 
mallcolus. Its e.rternal .'1mfaee is conYex, subcutaneous, and continuous with the 
triang11lar (also subcntaneous) surface on the outer side of the shaft. 'L'he internal 
,'fw:f'ace presents in front a smooth criangular facet, broader above than below, and 
con\'ex from abo,·e downward, which articu lates with a corresponding surface on 
the outer side of the astragalus. Behind and beneath the articular surface i~ a 
rough depression which gives attachment to the posterior fascicu lus of the external 
lateral ligament of the ankle. 'l'he anterior border is thick and rough, and markc<l 
below by a depression for the attachment of the anterior fasciculus of the external 
lateral ligament. The posterio1· bordu is broad and ma.rked by a shallow grooH, 
for the pasc;;age of the tendons of the Peroneus longus and bre,·is muscles. The 
s1wtmit is rounded. and gi"es attachment to the middle fasciculus of the external 
lateral ligament. 

In order to clistingui•h the side to which th~ bone bclongo, bole! it with the 
lower cxtremny downward and the broad groo\·e for the Pcronci tendons back
warcl-i. e. toward che bolder: the triangular subcutaneous surface wi1l then be 
directed to the side to which the bone belongs. 

Articulations.-With two bones: the tib ia. and astragalus. 
Devclopment.-By three centres (Fig. 223) : O!le for the shaft, and one fot 

each extremity. Os!'ificat ion commences in the shaft about the eighth week of 
frotal life, a little later than in the tibia, and extends gradually toward the 
extremities. At birth both e[JdS are carti laginous. o~~ification Commences in 
the lo·wcr encl in the second ,rear, and in the upper one about the fourth year. 
The lower epiphysis, the first in which os8ification commence~. becomes united ro 
the Rhaft about the twentieth year; the upper epiphy:;is joins about the twent,v
fifth year. 0~Ri.fication appearing first in the lower epiphysis is COlltral'\' to the 
rul~ which prcrnill'I wirh rc~anl to the cmnmcn('ClllPnt of o;~ification in ej1iphy--e~ 
-nz. that that e11iphysis toward which rhe nutrient artery is din.•c te<l commentes 
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to ossify last; but it follows the rule which prevails with regard to the union of 
epiphyses, by uniting first. 

Upprrextr~ity 
Attachment of Muscles.-To nine: to the head, 

the Biceps, Soleus, and Peroneus long us; to the 

~~J~l~~~'it~:1~~\~:~~r s11~1;.~~~~: t~~dEx~~~~~~~o\?n~)t:.~:1~~:~ Apft'h"1;e:;out~ ifj r;~i/:Sy:~-~t 
hallucis; to the internal surface, the 1:1.1ibialis pos
ticus; to the posterior surface, the Soleus and Flexor 
longus hallucis; to the external surface, the Perontms 
longns and brcvis. 

Surface F orm.-The only parts of the fibula which are 

f~c~c o~~ 1 ~1;~-~~1~~~1·c 1~~~f t'J~~\~~~~.~~~Jc:;1BJ~~I ~~- 111Th~\~~~J1 i~"[~ ~ 
:b~~~1it;; 11~/c1;h~0~NJ1i~_a 11 ¥t topr~~~n~~l~- :~~~11~r1;;~~1?1~~~~ r 
~r;~h~u~ibi:.mi~}J~:ee~~~~!~~11f'1~~~~h~~1~r~~~~1ts 0~ ~1.:~r~~bi1~,~~ f 
~~~ll~ol~~,~~i1~1cl 11~:~:1~i~~w;~ 0i~ l~~.~:lii.~rriFr~~1 tli: !~~~~;'t;~ 
tr.iced the lower third or half' of the external surface of1 the 
~haft of the bone in the interval between Lim Peroneu:s tertius 
in front and the other two Peronei tendons Lehind. 

Surgical Anatomy.-Tn fractures of the bones of the 
le~ both bones are usually fractured, but each bone may be 

i~~~t~;~\~b~1t1~ 1~1~~SC ~~,~~ ~~~~~/~~,~~~·'b~:\1~~:;~ ~;1inJt~~t Apptars at Uliites abo11t 

~·l~~l~ib~ is ~~;'~r;~ iJu~~~S~ ~f~h!n~~idd~:o~~~i t~~c!~·atl~~de ~£~ t11d yea.·. ! toth year. 

~~~ b~fc~he )~~~~.c:u~l·hse c?:~~~~·~e t~f r:~efib~}~s i:l~5~\~J!~~~~: Lown eztremity. 

~~'i~c~,: ~~~~.~{ls 1 r1~~~;. d1~~~~~,C.'~1~~~t:~n~i~r~~.t ~~~\'~~~~~th~ mcrK1

gi .1-:·flli~11~1.1 8J. ,\~r~/c~~~1r~~: 
')blique. transverse, longitudinal, or spiral. When oblique, 
they are usually the resu lt of indirect violence, and the direction of the fracture is from behind, 
downward 1 fOrward, and inward in many cases, but mar be downward and outward or downward 
and backward. 'VllCn trans,•erse, the fracture is often· at the upper part of the bone, and is the 
result of direct violence. ' r he spiral fracture usually commences as a vertical fissure, involving 
the ankle-joint, and is associated with fracture of the fibula higher up. It is the result of torsion, 
from twisting of the body whilst the foot is fixed. 

Fractures of the tibia. alone are almost always the result of direct violence, except where the 
maJlcolus is broken off by twists of the foot. Fractures; of the fibula alone may arise from 
indirect or direct force, those of the lower end bein~ Ui:iually the result of the former, and those 
higher up bcin)..(' caused by a direct blow on the part. 

The tibia and fibula, like the fomur, are frC<1ucntly the seat of acute necrosis. Chronic 

~i~e:h~~1 1i~~~~1~!r~<l~:rn~·n~~~ ';;11~1 ~d~·~ie Ti1~c~~~s~~ tii;u~f0~n~~[J ~i~~~ '~~~· ~~~~~~i~~c~n°J ~~= 
result of rare(ying osteitis of a localized portion of the cancellous ti~sue. 

The tibit. is tllC bone which is most frequently and most extensiYely distorted in rickets. it 
1?ives way at the junction of the middle and lower thirJ, ih weakest part, and presents a cun·e 
forward and outward. 

THE FOOT (Figs. 224, 225). 

The skeleton of the Foot consists of three di,·isions: the 'l1arsus 1 Metatarsus, 
and Phalanges. 

The Tarsus. 
The bones of the Tarsus are seven in number: viz. the calcaneum or os calcis, 

astragalus, cuboid, navicular1 internal, middle, and external cuneiform bones. 

The Calcaneum. 

The Calcaneum, or Os Calcis (mix, the heel) , is the largest and strongest of the 
tarsal bones. It is irre~ularly cuboidal in form, ha.vin~ its long axis directed 
forwanl ancl outward. It is situated at the lower and back part of the foot, 
sen-ing to transmit the weight of the body to the ground, and forming a strong 
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lever for the muscle::; of the calf. It presents for examination six surfaces: 
superior, inferior, external, internal, anterior, and posterior. 

The superior surface is formed behind b_y the upper aspect of that part of the 
os c~lci~ ,~·hich pr~jects bac~ward _to form. the heel. It Yaries in length in differ
ent md1nduals; is com·cx from side to side, concave from before backward

1 
and 

corresponds aborn to a mass of adipose substance placed in front of the tendo 
Achillis. In the middle of the superior surface are two (sometimes three) articular 
facets, separated ">v a broad shallow grooYe, which is directed ohliqucly forward 
and outward, anct is rough for the attachment of the intcrosscous ligament 
connecting the astragalus and os ca.leis. Of the two articular su rfaces, the external 
is the larger, and s ituated on the body of the bone: it is of an oblong form, wider 
behind thau in front, and convex from before backward. The internal articular 
surface is supported on a projecting process of bone, ca ll ed the lesser process of 
the calcancum (sw~lentaeulum tali); it is also oblong, conc:we longi tud inally, and 
sometimes subdivided into two parts, which differ in size and shape. More 
anteriorly is seen the upper surface of the _qnater process. marked by a rough 
depression for the attachment of numerous ligaments, and a tubercle for the origin 
of the Extensor breds digitorum muscle. 

rrhe inferior surface is narrow, rough. uneven. widel' behind than in front 
and con\·ex from side to side; it is bounded posteriorly by two tubercles separated 
by :trough depression; the external, small, prominent, and rounded, gi\·cs attach
ment to part of the Abductor minimi digiti : the internal, broader and larger, for 
the support of the heel, giYes attachment, by its prominent inner margin, to the 
Abductor hallucis, and in front to the Flexor bre\·is cligitorum muscles; the 
depression between the tubercles gi,·es attachment to the Abductor minimi digiti 
and plantar fascia. The rough surface in front of the tubercles gi,·es attachment 
to the Jong plantar ligament and to the outer head of the :Flexor accessorius 
muscle; and to a prominent tubercle nearer the anterior part of this surface, as 
well as to a transverse groove in front of it, is attached the short plantar liga
ment. 

~I.1he external surface is broad, flat, and almost subcutaneous; it presents near 
1ts centre a tubercle, for the attachment of the middle fasciculus of the external 
lateral ligament. At its upper and anterior part this surface girns attachment to 
the exrnrnal calcaneo-astraga loi<l ligament; and in front of the tubercle it presents 
a narrow surface marked by two oblique groo\·es, separated by an elevated ridge 
which \'aries much in s ize in different bones: it is named the peroneal ddge, and 
gi\·es attachment to a fibrous process from the external annular ligament. The 
superior ,qrnoi•e transmits the tendon of the Pcroncus bre,·is; the i1{f'erio1·, the 
tendon of the Peroneus Iongus. 

The internal surface presents a deep conca,· ity, directed obliquely downward 
and forward, for the transmission of the plantar ,·c~sc]s and nen-es into the sole 
of the foot; it affords attachment to part of the Flex or acccssorius muscle. 'fhis 
surface presents an eminence of bone, the lesser 71roce.Q,.'j or sustPntaculmn tali, 
which projects horizcntally inward from its upper and forc part, and to which a 
slip of the tendon of the 'I'ibialis posticus is attached. rrbis process is concave 
above, and supports the anterior articular surface of the astragalus; below, it is 
groo\'ed for the tendon of the Flexor longus hallu cis. ] ts free margin is rough, 
for the attachm ent of part of th e internal lateral ligament of the ankle-joint. 

Th e anterior surface, of a somewhat triangular form. articulates with the 
cuboid. It is conca.\'e from abore downward und outward, and co1wex in the 
opposite direction. Its inner border gives attachment to the inferior calcaneo
na.vicular ligament. 

The posterior surface is rough, prominent, co1nex. and wider below than abo,·e. 
It, lower part is rough, for the attachment of the tendo Achillis and of the Plan
taris muscle; its upper part is smooth, and is coYered by a bur:::a which separates 
the tendon from the bone. 

Articulations.-With two bones: the astragalus and cuboid. 
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The Astragalus. 

The Astragalus (durpdyal.o;. a die) is the largest of the tarsal bones, next to 
the os calcis. It occ~1pies the middle and upper part of the tarsus, supporting the 
tibia abo,·e, articulatrng with the malleoli on either side, resting below upon the 
os caicii:;, and joined in front to the navicular. This bone may easil.'· be recognized 
b,- its large rounded bead, by the broad articular facet on its upper c01nex surface, 
oi· by the two articula1: facets separated by a deep groo,·e on its under conca,·e 
surface. It presents six surfaces for examination . 

The superior surface presents, behind, a broad srnootb trocblear surface for 
articulation with the tibia. 'l'he trocblea is broader in front than behind, convex 
from before backward, slightly concave from side to side; in front of it is the upper 
surface of the neck of the astragalus, rough for the attachment of ligaments. 
The h{ferior sw:f'ace presents two articular facets separated by a deep groo\·e. 
The groo1·e runs obliquely forward and outward, becoming gradually hroacler 
and deeper in front: it corresponds with a similar groove upon the upper surface 
of the os calcis, and forms. when articulated with that bone, a canal. fil1ed up in 
the recent state by the interosseous calcaneo-astragaloid ligament. Of the two 
articular facets. the posterior is the larger. of an oblong form and deepl,v concave 
from side to side; the anterior, although nearly of equal length. is narrower, of an 
elongated ornl form, co1nex longitudinally, and often subdivided into two by au 
elem red ridge: of these, the posterior articulates with the lesser process of the os 
ca leis; the anterior, with the upper surface of the inferior calcaneo-navicular liga
ment. The internal swface presents at its upper part a pear-shaped articular facet 
for the inner malleolus, continuous above with the trochlcar surface; below the 
articular surface is a rough depression, for the attachment of the deep portion of 
the internal lateral ligament. ~I.1he external sm:f'ace presents a large triangular 
facet, conca\'e from above downward for articulation with the external malleolus; 
it is continuous abo\·e with the trochlear surface: and in front of it is a rough 
depression for the attachment of the anteriol' fasciculus of the external lateral 
ligament of the ankle-joint. 'l'he anterior sw:facP. con"ex and rounded. forms 
the head of the a~tragalus; it is smooth, of an oml form, and directed obliquely 
inward and downward; it articulates with the nadcular. On its under surface is 
a fl.mall facet, continuous in front with the articular surface of the head. and 
behind with the smaller facet for the os calcis. This rests on the inferior calcaueo
na\'icular ligament, being separated from it by the synovial membrane. which is 
prolonged from the anterior calcaneo-astragaloid joint to the astragalo-na\'icular 
joint. The head is surrounded bv a constricted portion, the nerk of the astragalus. 
'l1be pf)xferior swface is nanow, ~and trarnrsed by a groove, which runs oblique~y 
downward and inward. and transmits the tendon of the Flexor longus hallucis, 
external to \\hi ch is a prominent tubercle, to \\ hich the posterior fasciculus of the 
external lateral ligament is attached. To the inner side of the groo"e is a second1 
but less marked tubercle. 

To ascertain to which foot the bone belongs, hold it with the broad articular 
surface upward, and the rounded head forward; the lateral lnanguhir articular 
surface for the external malleolus will then "point to the side to which the bone 
belongs. 

Articulations.-With four bones: tibia1 fibula, os calcis, and na\·icula.r. 

The Cuboid. 

The Cuboid (x"fio~, a cube; eliio;, like) bone is placed ou the outer side of 
the foot. in front of the os calcis. and behind the fourth and fifth metatarsal bones. 
It is of a. pyramidal shape, its base being directed upward and inward, its apex 
do1rnward and out11ard. It may be distinguished from the other tarsal bones by 
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the existence of a deep groo"e on it:s under Hurfacc. for the tendon of the Perom•us 
lon~us muscle. It preseurs for examination six surfaC'es: three articular a11'1 
three non-articular. 

The non-articular surfaces are the superior, inferior. and external. The 
.l/lfj)rrior or dor.~al .111ufaef, directed upward and out\\ard, is rough, for the attach-

~e:t;)t ;~o~~'.:,e,~:~~~hli~~:8cn~~liq:~~~J~ g~~-,~:~t~~~1::1~~:.1:,·,;1'.;;:~~~~1 1~:~~:~~~~s~ t f::~~<'~ 
the tendon of the Peroneus longu::-, ancl is bounded behind by a prominent ri<lgc. 
to which i~ anached the long c:alcaueo-cuboid ligament. T he ridge tcrminat{':; 
extcrnall.v in an eminence, the tztberosity qf' tl1c ('ltboid, the surface of wbic:b 
presents a convex facet, fo r articulat ion " ith the sesamoid bone of the tendon 
contained in the groove. The surface of bone bcLind the g roo\·e is rough , for the 
attachment of the short plantar ligament, a few fibres of the F lexor brC'\' is hall ucis1 

a11d a fasciculus from the tendon of the Ti bial is posticus. ' l'he e.'Cternal swjfu·e, 
the smal lest and na.rrnwest of the three, pre~cnts a deep notch formed by the 
commencement of the peroneal groo,·e. 

'l'he articular surfaces are the posterior, anterior, and internal. The postn·for 
sw:f<u•c is smooth, triangular, and conca\'0-conYcx, for articu lation with the 
anterior surface of the os calcis. The anterior, of sma1ler size, but also il'l'egu
larly triangular, is di,·ided by a Yertical ridge into two facets : the inner one, 
<ru::ulrilateral in form, articulates with the fourth metatarsal bone; the outer one. 
larger and more triangular, articulates with tbe fifth metatarsal. The intenud 
sw;f(u·t! i~ broad, rough, irregularly quadrilateral, presenting at its middle and 
upper pal'l a. smooth ornl facet, for articulation with the externa l cuneiform bonr; 
and bchin<l this (occasionally) a smaller facet. for articulation with the ntn·ic
ular: it is rnugb in the rest of its extent, for the attachment of strong i nterosscou~ 
ligaments. 

To ascertain to which foot the bone belongs, hold it so that its under surface, 
marke(l by the peroneal groove, looks downward, and the large concarn-convex 
articular surface backward toward the bolder : the nanow non-articula.r surface, 
marked by the commencement of rhe peroncal grooYe, will poi n t to the side to 
which tbe bone belongs. 

Art icula.tions.-'\rith four bones : the os calcis, external cune iform, and the 
fourth and fifth metaULrsal bones; occasionall y wirh the navicu lar. 

Attachment of Muscles.-Pa.rt of the FlexOr brevis ba1lucis and ~ slip from 
the tendon of the Tibialis posticus. 

The Na.vicular. 
'rhe Navicular or Scaphoid bone is situated at the inner side of the tarsus. 

between the astragalus behind and the three cuneiform bones in front. It 
may be distinguished hy its form, being concave behind, conrnx and subdi,·iiled 
into three facets in front. 

The anterirJ1' xw:f'm:e, of an oblong form, is conrnx from ~icle to side, and !=iUL

divicled b,v two ridges into three facets, for articulation with the three cuneiform 
bones. The posf(lrio1· sw:faae is O\'al, concave, broader externally than internally, 
and articulates. with th~ 1·ounded head of the astragalus. The Superir)r .'iw;face 'is 
?01~\·~x ~rn.m side to side, and rough for the attachment of ligaments. 'rhe 
u~ferwr is irregular, and :Llso rough for the attachment of ligaments. T he internal 
su1:face presents a rounded tubercular eminence, the tuberosity of the naviculal', 
the lo~"er part of which projects, and gi,·es attachment to part of the tendon of 
the T1bialis posticus. The e:denwl sw;fw•(I is rough and irregular, for the 
attachml'nt of ligamcnrous fibres. and occasionallv presents a small facet for 
articulation with the cuboid bone. ' 

su r~;~~~ a~~:1~~~.i~n~~ ~:1~; ctt:
0
:;n t'~e: bi~~~a~e ~':,t~E~~e h~~~r~r~: t~h1: ::~c~-~~~e s~ ~~ace~ 

i. '" the surface opposite the tubercle- will point to the side to which the bone 
belongs. 
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Articulations.-Wi tb four bone:s: astragalus and three cuneiform; occasionally 
also with tl1~ cuboid. 

Attachment of Muscles.-Pan of the Tibialis posticus. 

The Cuneiform Bones. 
rrhe Cuneiform Bones haxe received their name from their wedge-like shape 

(ew1ntJ1, a. wedge; fflmtrt, likeness). They form. with the cuboid, the anterior 
row nf the tar:rns, being µlaced between the na,·ic:ular behind, the three innermost 
meta.tarsal bonc8 in front, and the cuboid extemallY. TheY arc called the ffrst, 
seeoml. aml thircl, counting from the inner to the' outel' side of the foot, 'and, 
from their position, internal, middle, and external. 

The Internal Cuneiform is the largest of the three. I t is s ituated at the inner 
side of the foot, between the na\' icular behind and the bas;e of the first metatarsal 
in front. It may be distinguished from the other two by its large size, and its 
more incgular, wedge-like form. Without the others;, it may be known by the 
lu.rge kidney-shaped anterior articulating surface and by the prominence on the 
inferior or plantar surface for the attachment of the Tibialis postic.us. It presents 
for examination six surfaces. 

The internal swface is subcutaneous, and forms part of the inner border of the 
foot; it is broad, quadrilateral, and presents at its anterior inferior anµ:le a smooth 
oval facet. into which the tendon of the Tibialis anticus is partially inserted; in 
the rest of its extent it is rough, for the attachment of J:gaments. The external 
surface is conca,·e, presenting, along its superior and posterior borders, a narrow 
re,·ersed L-shapcd surface for articulation with the middle cuneiform behind, and 
second metatarsal bone in front: in the rest of its extent it is rough for the 
attachment of ligaments and part of the tendor::. of the Peroneus longus. The 
anterior surface, kidne,Y-shaped, much larger than the posterior, articulates with 
the metatarsal bone of the great toe. The posterior 8w:faee is triangular, concarn, 
and articulates with the innerm ost and largest of the three facets on the anterior
surface of the navicular. The i1~ferior or plantar sm:f'aee is rough, and presents a 
prominent tuberosity at its back part for the attachment of part of the tendon of 
the Tibialis posticus. It also gives attachment in front to part of the tendon of the 
the Tibialis anticus. The superi01· swfaee is the narrow-pointed end of the wedge, 
which is directed upward and outward; it is rough for the attachment of ligaments. 

To ascertain to which side the bone belongs, hold it so that its superior narrow 
edge looks upward, and the long, kidney-shaped, articular surface forward; the 
external surface, marked by its vertical and horizontal articular facets. will point 
to the side to which it belongs. 

Articulations.-,rith four bones: navieular, middle cuneiform, first and second 
metatar~al bones. 

Attachment of Muscles.-To three: the Tibial is anticns and posticus, and 
Peroneus long-us. 

The Middle Cuneiform, the smallest of the three. is of Yery regular wedge-like 
form, the broad extremity being placed upwar<l, the narrow en<l downward . It 
is situated between the other Lwo bones of the :;amc name, and articulates with 
the na.\'icular behind and the second metatarsal in front. It may be distinguished 
from the external cuneiform bone, which it much resembles in general appearance, 

~{ i ~~~ ~~:·!:.c ~1 :,~·~ii~~c~t~ 1~(\ •; ~ ~ ~ ~a1~,~~r~~~:~ i~~~o:~~, n~~h~o~::~~ ~ b~~t'~~-~ a~~~~t~ce~·, p~~·~ 
middle cuneiform is much the small er. 

The anterirn· sw:f'ace, triangular in form and narrower than the posterior, 
articulates with the ba~e of the second meta1ar:o;al bone. The pust.:!.rior sw:face, 
also trian"ul:u, articulates with the na.\'icular. The internal surfnce pre~ents a 
re,·er~ed l-shapcd articular facet. running alon~ rhe superior and posterior borders, 
for articulation with the internal cuncifo .. m. and is rough in the rest of its extent 
for the attachment of li"arncnts;. 'l'he crtenwl .11w:facr presents posteriorly a. 
smooth facet for articulat'ion with the external cuneiform bone. 'l'he supcrio1· 
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sw:face forms the base of the wedge; it is 11uadrilatcral, broader behind than in 
front, and rough for the attachment of ligaments. The inji:riur ~mrfm:t', pointed 
and tubercular, is also rough for 1igamentous attachment and for the insertion of 
a slip from the tendon of the ~l1ibia.lis posticus. 

r1._10 ascertain to which foot the bone belongs, hol<l its supe1·i or or dorsal surface 
upward. the broadest edge being toward the holder: the smooth facet (limited 
to the posterior border) will then point to the side to which it belongs. 

Articulations.-Witb four bones: navicular, internal and external cuneiform, 
and second metatarsal bone. 

Attachment of Muscles.-A slip from the tendon of the Tibialis posticus is 
attached to this bone. 

'fhe External Cuneiform, intermediate in size between the two preceding, is 
of a very regular wedge-like form, the broad extremity being placed upward, the 
narrow end downward. It occupies the centre of the front row of the tarsus 
between the middle cuneiform internally, the cuboid externally, the navicular 
behind, and the thir<l metatarsal in front. It is distinguished from the internal 
c1rnciform bone by its more regular wedge-like shape and by the absence of the 
kidney-shaped articular surface: from the middle cuneiform, by the absence of the 
re\'ersed L-sbaped facet, and b.v the two articular facets which are present on both 
its inner and outer surfaces. It has six surfaces for examination. 

The anterior smface, triangular in form, articulates with the third metatarsal 
bone. r.l'he posterior surface articulates with the most external facet of the 
naYicular, and is rough below for the attachment of ligamentous fibres. 'l'hc 
internal swfacr presents two articular facets, separated by a rough depression; 
the anterior one, sometimes di\'icled into two, articulates with the outer side of the 
base of the second metatarsal bone; the posterior one skirts the posterior border 
and articulates with the middle cuneiform; the rough depression between the two 
gives attachment to an interosseous ligament. 'J1he external swface also presents 
rwo articular fa.cots, scparate<l b.v a rough non-articular surface; the anterior facet, 
situated a.t the superior angle of the bone1 is small , and articulates with the inner 
side of the ba::-e of the fourth metatarsal; the posterior and brger one articulates 
wilh the cuboid; the rough, non-articular surface senes for the attachment of an 
interosseous ligament. Th e three facets for articulation with the three metatarsal 
bones are continuous with one another, and covered by a pl'olonga.tion of the same 
cartilage; the facets for articulation with the middle cuneiform and navicular are 
al:so continuous, but that for articulation with the cuboid is usually separate. 'l'he 
superiv1· or dorsal swface is of an oblong square form, its posterior external angle 
being prolonged backward. 'rhe b~ferior or plantm· surface is an obtuse rounded 
margin, and serves fo r the attachment of part of the tendon of the Tibialis posticus, 
part of the Flexor brevis hallucis, and ligaments. 

To ascertain to which side the bone belongs, bol<l it with the broad dorsal 
surface upwar•l, the prolonged edge backward; the separate articular facet for 
the cuboid will point to the proper side. 

Articulations.-With six bones: the navicular, middle cuneiform, cuboid, and 
second, third, and fourth meta.tarsal bones. 

Attachment of Muscles.-1'0 two: part of the Tibialis posticus, and Flexor 
breYis hallucis. 

The Metatarsal Bones. 

The Metatarsal Bones are five in number; they are long bones, and present for 
examination a shaft and two extremities. 

Common Characters.-The shaft is prismoid in form, tapers gradually from the 
tarsal to the phalangcal extremity, and is slightly curved longitudinally, so as to 
be conca\·e below, slightly convex above. The poste1·ior extremity, or base, is 
wedge-shaped, articulating by its terminal surface with the tarsal bones, and by 
its lateral surfaces with the contiguouR metatarsal bones, its dorsal and plantar 
surfaces being rough for the attachment of ligaments. 'fhe anterior extremity, 



TIIE NETA TARSAL BONES. 307 

or head1 presents a terminal rounded articular surface, oblong from above 
downward and extending farther backward below than above. Its sides are 
flattened, and present a depression, su rmounted h,Y a tubercle, for ligamentous 
attachment. Its under su rface is grooved in the middle line for the pa~sage of 
the Flcxor tendon, and marked on each side by an 1.1rticular eminence continuous 
with the terminal articular surface. · 

Peculiar Characters.-The First is remarkable for its great thickness, but is the 

:;·~i1t;o\.~ all1~~= ;o~~::.~;·1~~x~~:n~~iy ~~~~e~~~~~ti~i~~~n.~ 1~~~~:{ ~:.~:~~~~1~~1~·kr:~ef1~:~ 
the second metatarsal; its terminal articular surface is oflargc size, kidney-shaped; 
it:; ci rcumference is grooved, for the tarso-metata.rio;al ligaments, and internally g ives 
attachment to part of the tendon of the 'fibialis anticus: its inferior angle presents 
a. rough oval prominence for the insertion of the tendon of the Pcroncus longus. 
rl1he head is of large size; on its plantar surface are two grooved facets, over which 
glide sesamoid bones; the facets are separated by a smooth elevated ridge. 

This bone is known by the single kidney-shaped articular surface on its base, 
the deeply groo\'ed appearance of the plantar surface of its head, and its great 
thickness relatirnly to its length. Wh en it is placed in its natural position, the 
conca,,e border of the kidney-shaped articular s urface on its base points to the side 
to which the bone belongs. . 

The Second is the longest and largest of the remaining metatarsal bones, being 
prolonged backward into the recess formed between the three cuneiform bones. 
Its tarsal extremity is broad above, narrow and rough below. It presents four 
articular surfaces: one behind, of a triangular form, for articulation with the 
mid11le cuneiform; one at the upper part of its internal lateral surface. for articu
la tion with the internal cuneiform : and two on its external lateral surface, a 
posterior and anterior, separated by a \'Crtical ri<lge. Each of these external 
articular surfaces is <lidded by a rough depression into two parts; the two 
anterior facets articulate with the third metatarsal; the two posterior (sometimes 
continuous) with the external cuneiform. Occasionally, in front of and below 
the facet for the internal cuneiform, is found an indistinct facet for the £rst 
metata.r~al. 

The facets on th'e tarsal extremity of the second metatarsal bone scne at once 
to distinguish it from the rest, and tO indicate the foot to which it belongs. The 
fact that the two posterior sub<li,·isions of the external facets sometimes run into 
one houlu not be forgotten. 

The Third articula.tes behind, by means of a triangular smooth surface, with 
the external cuneiform; on i ts inner side, by two facets. with the second meta-

~~~·::1~ ~a~~;l i~:; t~i ~~L~f ~/~~~;n b~·nd :J~~~~~eJ~~te~J.1;r~~P~~·e a~0;11~t~;nt~1t:t~~:~~· rl,he 

face,~:h~nt~;li~d i::~~~:1::1a~8d :ns~;·;1:la~~~ !1~~~~go:tte1~.ts ~~·:: ~1~:~~~~.:~~h
1~~1:'A:~ 

the second meta.tarsal, in "hich the two facets. found on one side of its tarsal end, 
are each subdivided into two. The single facet (when the bone is put in its natural 
position) is ori the side to which the bone belongs. . 

The Fourth is smal ler in s ize than the preceding; its tarsal ext1·en11ty presents 
a terminal quadrilateral surface, for articulation with the cuboid ;. a.sm?oth f~cet on 
the inner side, divided by a ridge into an anterior portion ro.r art1culat1on with th.e 
third metatarsal, and a posterior portion for articulation with the external cunei
form: on the outer side a single facet, for articulation with the fifth ~nctata~·sal. 

'rhc fourth metatarsal is known by its having a. single facet on either side of 
the rarsal extremity, tha.t on the inne~· side being diYided into two parts. If this 
subdivision be not .. recognizable, the fact that its tarsal end is bent somewhat 
outward will indicate the side to which it belongs. 

r_rhe Fifth is recognized by the tubercular eminence on th~ outer side .of its 
base. It articulates behind, by a triangubr surface cut obliquely from without 
inwnrtl, with the cuboid, an<l internally with the fourth metatarsal. 
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'fhc projection on the outer si<:lc of this hone at it:-; tar:;;rtl end at once di~tin-
gui~hL·~ it from thl' other~, and p1~rn1~ w th~ :-;itlt.• to which it helon;:?::-i. . 

Articulations.-Each bone artic:nlatcs with the tar:-.al hoiws b\· one cxtrcm1tr, 
a.ml hv the other with the fir::;t row of phalan:z:e~. The numhc1: of tarsal bonCs 
with'~ hith eath met:itar::>al artic·ulatcs is one for the fir:;;t, three for the second, one 
for the third, two for the fourth, an1l one for the fifth. 

Attachment of Muscles.-'ro the firM metatar~al hone. thl'cc : part of the 
'fihialis anticu~, the Pcroneus longn5:., and Firl't <lor~a] intcros~cou::; . '11o the 
second. four: the Adductor ol>liquu~ hallutis nnrl First and :-;cconcl dor~al inter
os~con:;;. aml a slip from the tendon of the Tibiali::.: posticui::. and occasionally a Riip 
from the Pcrn11cu:-; longus. To the third, five: the Ad<luctor ohli11uus hallucis, 
Scconcl and rrhinl dorsal, and First plantar intCl'OSSC'OllS, and a slip from the 
tendon of the rribialis posticus. To the fourth, fiye: the Adductor obliquus halluci~. 
Third a1Hl Fourth dorsal, and Second plantar intcro!'~cous, and a slip from the 
tent.loo of the Tibialis posticus. 1'o the fifth, six: the JJcroncus bre\'iS, Peroneus 
tcrtiuR. Flcxor brevis minimi digiti, Adductor trans\·crsus hallucis, Fourth dorsal, 
an<l Third plantar interosseous. 

The Phalanges. 
'rhe Phalanges of the foot, both in number an<l genera l arrangement, resemble 

those in the hand; there being two in the great toe and three in each of the other 
toe~. 

The phalanges of the Jirsl 1·ow resemble closely those of the band. The shaft 
is compre:.:~cd from side to side, con\'CX abo\·c. concave below. The posterior 
e:rtremity is c:oncave; and the anterio1· extremity presents a trochlear surface, for 
articulation with the ::;econd phalanges. 

Tb(' phalanges of the second row are remarkably small and short, but rather 
broader than those of the first row. 

The w1_r1ual phalanges in form resemble tl.1 osc of the fingers; but they are 
smaller, flattened from abO\'C downward, presenting a. broad base for articulation 
with thr ~econd row, and an expanded extremity for the support of the nail and 
en<l of the toe. 

Articulation.-The first row, with the metatarsal bones behind and second 
phalangt·~ in front; the second row of the four outer toes, with the first and third 
pbalangc8: of the great toe1 with the first phalanx; the third row of the four 
outer toes, with the second phalanges. 

Attachment of Muscles.-'11
0 the first phalanges. Great toe, five muscles: 

innermost tendon of Extensor bre\'iS di~itornm, Abductor hallucis, Adductor 
obliquus hallucis. Flexor bre\•is halhLCis, Adductor transversus hallucis. Second 
toe. three muscles : First and Second don•al interosseous and First lumbrical. 
Third toe, three muscles : Third dorsal and First plantar interosseous and Second 
lumbrical. Fourth toe, three muscles: Fourth dor.::;al and Second plantar inter· 
osseous and Third lumhrica1. Fifth toe, four muscles: Flexer bre\·is minimi 
<ligiti, Abductor minimi cligiti, an<l Third plantar interosseous,. and Fourth 
lumbrical.-~econd phalanges. Great toe: Extensor longus hallucis, Flexor 
longu~ hallucis. Other toes; Flexer brevis digitorum, one sli p of the common 
tendon of the Extensor longus and bre\·is digitorum.1-'l'hird phalanges: two slips 
from the common tendon of the Extensor longus and Extensor brevis digitorum, 
and the Flexer longus <ligitorum. 

Development of the Foot (Fig. 226) . 
. The Tarsal bones arc each deYeloped by a. single centre, exceptincr the os calcis, 

wl11ch ha~ an epiphysis for its posterior extremity. 'The centres mak~ their a.ppear· 
ance in the followin~ order: os ca leis. at the sixth month of footal life; astragalus, 

dig-it~~,~~pt the second phalanx of the fifth toe, which recein11 no slip from the Extensor brevlli 
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about the se\'Coth month: cuboid, at the ninth month; external cuneiform, 
during the fir:;t year; internal cuneiform in the thirtl ,~ear; mi(ldle cuneiform and 
navicular in the fourth year. The epiphy:.;i~ for the posterior tuberosity of 

Tar1fll8. 

Metatmsm 
Tuoce11tresfo1 eachbo11e 

FIG.226.-Plan ofthedcvelopmentofthefoot. 

the o~ calcis appears at the tenth year, and unites with the rest of the bone soon 
after puberty. 

The Metatarsal bones are each developed by two centres : one for rbe shaft 
and one for the digital extremity in the four outer metatarsal; one for the shaft 
anrl one for the base in the metatarsal bone of the great toe.1 Ossification 
commences in the cen tre of the shaft about the uinth week, and extends toward 
either extremity. rllbc centre in the proximal end of the first meta.tarsal bone 
appea1·s about the thin! :;ea1., the centre in the <lislal end of the other bones 
between the fifth and eighth years; they become joined between the eighteenth and 
twentieth vears. 

'.rhe Phalanges arc <lc\"elopc<l by 111•0 centres for each bone: one for the shaft 
a.nd one for the meta.tarsal extrem ity. 

Construction of the Foot as a Whole. 
The foot is constructed on the :::ame principle::: as the han<l. but modified to 

form a firm ba~di:;. of support for the re.st of the hod.v when in the erect position. It 
1 .\ <1 wa~ noted in the fir--L metacarpal hone. "0 in tlw fir-.t nwt:l.tar--al, th<'re h~often to be observed 

a tendency to the formation ofa second e11iphysis in the distal l'Xtremity. 1&->e footnOtf', r. 2i4). 



310 

is more solidly constructed, and its component parts are le~s mornble on each other 
than in the band. This is especially the case with the great toe, which has to 
a~si .st in 5'upporting the body, and is therefore co~s~rncted with great~r. solidity; it 
lies parallel with the other toes, and has a l'ery lnmtcd degree of mob1hty, "hereas 
the thumb, which is occupied in numerous and rnried movements, is constructed 
in such a. manner as to permit of great mobility. Its metacarpal bone is directed 
away from the others, so as to form an acute angle with the second, and it enjoys 

~1~~~~i~~r;~~1~t ~:~,=s 0{0 ~:~ife~~a i~~~~~:!~u~~~\~~ i:i:11im~~~ ~;:~1:1Yi8~r t~1:a1~~0:niJ 
bas rela.ti on to the erect position which be maintains. In order to allow of its 
supporting the weight of the whole body in this position with the least expenditure 
of material, it is constructed in the form of an arch. 'l'bis arch is not, howe\'er, 
made up of two equal limbs. The binder one, which is made up of the os calcis 
and the posterior part of the astragalus, is about half the length of the anterior 
limb, and measures about three inches. The anterior limb consists of the rest of 
the tarsal and the metatarsal bones, and measures about six in ches. I t may be 
said to consist of two parts, an inner segment made up of the bead of the astragalus, 
the na\·icular, the three cuneiform, and the three inner metatarsal bones; and an 
outer segment composed of the cuboid and the two outer metatarsal bones. The 
summit of the arch is at the superior articular surface of the astragalus; and its 
two extremities-that is to say, the two points on which the arch rests in standing
are the tubercles on the under surface of the os calcis posteriorly, and the heads of 
the metatarsal bones anteriorly. The weakest part of the arch is the joint between 
the astragalus and scaphoi<l. and here it is more liable to yield in those who are 
overweighted, and in those in whom the ligaments which complete and preserre 
the arch arc relaxed. This weak point in the arch is braced on its concave surface 
by the inferior calcaneo-navicular ligament, which is more elastic than most other 
ligaments, and thus allows the arch to yield from jars or shocks applied to the 
anterior portion of the foot and quickly restores it to its pristine condition. This 
ligament is supported on its under su rface by the tendon of the Tibialis posticus 
muscle, which is spread out into a fan-shaped in serti on, and prevents undue 
tension of the ligament or such an amount of stretch ing as would permanently 
elongate it. 

ln addition to this longitudinal arch the foot presents a transverse arch, at the 
anterior part of the tarsus and binder part of the metatarsus. r_rhis) howe\·er, can 
scarcely be described as a true arch, but presents more the character of a haJf-dome. 
The inner border of the central portion of the longitudinal arch is elevated from 
the ground, and from this point the bones arch ornr to the outer border, which is 
in contact with the ground, and, assisted by the longitudinal arch, produce a sort of 
rounded niche on the inner side of the foot, which gives the appearance of a 
transverse as weJI as a longitudinal arch . 

The arch of the foot, from the point of the heel to the toes, is not quite straight, 
but is directed a little outward, so that the inner border is a. little convex and the 
outer border concave. rrhis disposition of the bones becomes more marked when 
the longitudinal arch of the foot is lost, as in the disease known under the name 
of " flat-foot." 

Surface Form.-On the dorsum of the foot the individual bones are not to be distinguished 
with the exception of the head of the astragalus, which forms a rounded projection in front of 
the anklc-joi11t when the foot is forcibly extended. The whole surface form~ a. smooth convex 

f1~1!1~f dJ:~e c~~~~t{~;;;~· a'~~i~~~ss!!~ndi~:t1~f.~~:f b~;~e~h;e l1~~~~ t~1';s t\1~ ~~~~~;U~0i111c\\1~e~1~~~~~~d 
and morf' rapidly inward. On the inner side of' the foot , the internal tubcros'ity of the os calcis 
anc~ the rid,u:c ;"eparatin~. the inner from th~ po~tcrior snrface of the bone may be felt most J>C?S· 
ter1orly. ln fron~ of this: and below ~he mtcrnal ma\lcoh1s1 may be felt the projection of .the 

:~;:{~~~~~~!~',~ i~~!}~ or1~~~i1~cl1 f ~~da~c~~~r~~~ i~~eg~~:~~~kfe~h~1 ~[c0~~~Y ~a~l~~J~1: ''icF~~ ::;~~!~~ 
the fron.t, the ridl!'e formed by the base of the firt:t metat:u~a\ hone can he obscurely felt, and 
from this the ~haft of the bone can be traced to the exparulcrl head articul:ninir with the J:ase 
of the first phalanx of the great toe. Immediately beneath the base of this phalanx, the 
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internal sesamoid bone is to be felt. I.astly, the expanded ends of the bones forming the last 
joint of the g-reat toe are to be felt. On the outer side of the foot the most posterior bony 

~~~~; ~~~t~~~fe~h~0~~~:.it\~t N~~lt0~fa~h~~· ili~h r~~~e;i~!~ s~¥a:i~!i~~t~~~ar~~:f.~~~ ~~~~liel~: 
calcis _is sul>cutaneo1~s; on it, ?clow and in front of .the external malleolus, may be felt the pero
neal r1dge1 when this process 1s present. Fanher forward, the base of the fifth metatarsal bone 
forms a prominent and well-defined landmark, and in front of' this the shaft of the bone, with 

~\~n~~f~~1~f~11·1~~~.~;:;d<l ~~,1~1ft~a~;s~~ ~~~ b~~l~~! ~~; ~~~~fi:r~dlo ~l~~~d~e o~~. 1;\~cl fili~~: 
somewhat obscurely. The hinder part of the under surface of the os calcis and the heads of the 
metatarsal bon~s, with the exception of the first 1 which is concealed by the sesamoid bones, 
may be recogmzed. 

ing 1!~~~J<l!1~ti~ct~~;;\~,~~:i~;;if!.~c~1~~:d~m~~hiJisw~~cj~~lb~ J~~t t~ :1~~jr:::1i1 ~~ ~~1:0:~~~~ 
is composed of a numbc~ of bones, ar.ticulated by a considerable extent of surface and joined 
together by very stron~ ligaments, which serve to break the force of violence applied to this 
part of the body. When fracture does occur, these bones, being composed for the most part 
of a soft cancellous structure, covered only by a. thin shell of compact tissuc1 are often extensi,·ely 

:i~u!i';.~~~{~~~1~;c~~~~u~t ~1f~~f t 1;!1r~s f ~~~:~1W1~~e t11:;0fr~~:fr~{ ~;~e~!r;i~}l~11~0~on~;~~n~~ '~~~ 
amputation 1s frequently necessary 

When fracture occurs in the anterior group of tarsal bones, it is almost invariably the result 

~U:.i~ ~~!~nf~e~u~~~l;:a~~~d~~~X ~;e fall~te&~~ g:0h~ig~1l~a~~8~0°rh~1 fe~~lic~1l1~~~hag~c:~:!i 
the os ca.leis may be caused by direct ,·iolence or by muscular action. The posterior part of the 
bone, that is1 the part behind the articular surfaces, is almost always the seat of the fracture, 
though some few cases of fracture of the sustentaculum tali and of \'ertical fracture between 
the two articulatinA: facets luwe been recorded. The neck of the astragalus, being the weakest. 
part of the bone, is mo::;t frequently fractured, thou~h fractures may occur in any part and 
almost in any direction 1 either as. ... ociated or not with fracture of' other bones. 

In cases of club-foot, especially in congenital cases, the bones of the taNus become altered 

~~~:~~r:(~~~!~-i:~~~~~~,~~~l~1i~l~~1~0~~1t;~~~lu~~~~~~~i~~i!;~~1~bo~{1:~;e ih~~a~0~~~n~~: ~!i:t!d ~~:ci 
atrophied, and a similar condition may be present in the other bones, more especially the na.vic-

~~~:~tiv~;~et;f:~}1 i~~17i~s~re,Fh~~~i~;~ ~:~!~af0r:~i~l~etotl~~c~~~t 0fo;u~i~~ul~J. 11~~,r~e:e f'~~~~~p~0:d 
of a delicate cancellated structure, surrounded by iutricate syno\'ial membranes. 'J'hey are situ-

~}c~e~~l~:~t~a::~c~~S,0i~;o~~~~~rt,h~nc~iJ1~~l d~~~j ~;1;:~~ec~1~~"~hVi~11;, a~l~d e,~f~~se~ofi ~~~:!s~b?~h 
ha,·e but a scanty blood-supply. And finally, after slight. injuries, they are not maintained in a 
condition of rest to the same extent as simiJar injuries in some other parts of' the body. Caries 

~~!l~ef c;J!~a~t~~e~1 J;:,~~~:;;r~ff~~!d~~1~:~;:~i~1~:tf~~etr!Wy0b~co~~e i:~~oiv~dn,gii~~~~qb~~~~~1~f 
the disease spreading through the large and complicated synovial membrane which is more or 
le~ common to these bones. 

disea~~P1!1~~i~~i~:i~~le a~~~~~a~fo~sp~;!::: f~11io~o~td) g~1~~~~~\1~~~~~~~~~i~~e~h~0~Jkf~-~i~~ 
by a heel-flap, with removal of the malleoli and sometimes a thin slice from the lower end of 
the tibia. (:l) Uoux's: amputation at. the ankle·joint by ;L large internal flap. (3) Pirogoff's 

:J'~t~1~\~1n ;li;'fi~:;I t~~ ~lbi~v!~~~e filn~~ei~~~:L~~t~ ~~~l~~:J~olfst;~/~· ~~~ 0[u~~:c~~fa!hi! 
os calcis is then turnetl up and united to the sim'iiar surface of the tibia. (.t) Subastragaloid 
amputation: remo\•al of the foot below the astragalus through the joint between !t and the os 
calcis. This operation has been modified by Hancock, who leaves the postcnor third of the os 
ealcis and turns it up against the denuded surface of the astragalus. 'fhis latter operation is of 
doubtful utility and is rarely performed. (5) Chopart's or mecli?-tarsal: remo\·al of.the .ante-

~t~:~ k~~~~~t!~0;11';~~~1~ 1~h~1~i~~~sb~t~;e~~ ti~c~g;P~~~id 0:,~J1~~~~[~1 i1~sg~~r,I~~~ ~J1S: 1~t~~,~~;: 
alus and os calcis behind. (6) Lisfranc's: amputation of the anterior part of the foot through 
the tarso-metatarsal joints. This has been modified by Hey, who disarticulate.d t~uot~gh the 
joints of the four outer mctatan;al bones with the tarsus, and sawed off the prOJectrn.(! .mte~·nal 
cuneiform; and by Skey, who sawed off the base of the second metatarsal bone and d1sart1cu
lated the others. 

The bones of the tar,,us occasionally require n~mo,·al incfo·idually. This _is especially the 
case with the astrai:mlus and os calcis for clisea~e limited to the one Lone, or :urn.111 the astra~alus 
mav re<1uire excision in cases of subastra!!aloid cfo:"loc:ation. or, as rec·ommenclecl by )Jr. Lund, 
in Cases of im·eternte- talipes. The cuboid has been remo\·ed for the same reason by )Jr. Solly. 

k~~--~~~~~~-~~~~~ seded by resection of a. wed~e-shaped piece of bone from the outer side of lhe t~rsus. ¥mally, 
Mickulicz and \\'at!-'On ha\"e de\'ised operations for the removal of more exlen~1ve portions of 
the tarsus. ~lickulicz's operation consists in the rcmo,·al of the os calcis and astragalur;, along 



Sesamoid Bones. 

'],hc~c arc i;:.mall rounded masses, ca rli laµ;inous in early life , osseous in the adult1 

which are clC\'Clopcd in those tendons which exert a great amount of prc~surc upon 
the parts over which the,v glide. It is said lhat they arc more common ly fournl in 
the male than in the female. and in persons of an active muscular habit than in 
tho~c who are weak and debilitated. 1'hcy arc i1nestc<l throughout their whole 
surface by the fibrous tissue of the tendon in which they are found. excepting upon 
that side which lies in contact with the part over which they pla._v, where they 
prc~cnt a free articular facet. They may be <li\•idcQ into two kinds: those whic:l1 
glide m·er the articular surfaces of joints, and those which play O\'er the cartilag
inous facets found on the surfaces of certain bones. 

'L1hc sesamoid bones of the joints in the upper extremity, are two on the palmar 
surface of the metacarpo-phalangeal joint in the thumb, dernloped in the tendons 
of the Flexor brC\·is pollicis; occasionally one or two opposite the metacarpo
phalang:eal articulations of the fore and little fingers; and, still more rarely, one 
opposite the same joints of the third and fourth fingers. In the lower extrem ity. 
the patella, which is cleYelopc<l in the tendon of the (~ua<lriceps extensor; two small 
sesamoid bones, found in the tendons of the JT'lexor brevis ballucis. opposite the 
metatarso-phalangeal joint of the great toe; and.occasionally one in the meta.tarso
phalangeal joint of the second toe, the littl e toe, and, sti ll more rarely, the third 
and fourth toes . 
. 'l1l1?se found in the tendons which glide over certain bones occupy the following 

s1tua.t1ons: one sometimes found in the tendon of the Biceps cubiti , opposite the 
tuberosity of the rad.ins: one in the tendon of the Peroneus Jongus, where it glides 
through the groove Ill the cuboid bone; one appears late in life in the tendon of the 
Tibial!s anticus, opposite the smooth facet of the internal cuneiform bone; one is 
found 111 the tendon of the Tibialis posticus, opposite the inner side of the head of 1he 
astragalus; one in the outer head of the Gastrocnemius1 behind the outer condyle 
of_ the femur; and one in the conjoined tendon of the Psoas and Iliacus, wherC it 
ghdci:; O\'Cr the os pubis. Sesamoid bones arc found occasionall r in the tendon of 
the. Glut~ns maximus, a~ it passes o,·er the great trochanter, a"nd in the tendons 
which w111d round the mner and outer malleoli. 
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T 1 ~l~fl~1~~:~~t;~a~t~n1~~ ~~ci';:h~~~·~1~:s,8::~e!~1~h c<~n~~~~~c~~·ico1~~~n~~!f~~~~~l~tt;rt:: 
name of .Joint or Articulation. If tbejuiut is immuNtble, as between the cranial and 
most of tho facial bones, the adjacent margins of the bones arc applied in almost 
close contact, a thin layer of fibrous membrane1 the stttural ligament, an<l, at the 
base of t~e skull, in ccrt~tin sit~1ations, a ~bin la.yer of cartilage, being interposed. 
Where slight movement 1s l'CC]lllred. comb med" 1th great strength, the o8scous sur
faces arc united by tough an(l elastic fibro-cartilages, as in the joints between the 
bodies of the vcrtebrrc and interpubic articulations; but in the mol'able joints the 
bone::; fol'rning the articulation arc generaHy expanded at the en<.ls for greater con
venience of mutual connection. co,·ered by cartila.qe, held together by strong bands 
or capsules of fibrous tissue called l(qaments, and partially lincfl by a membl'anc, 
the x.11nol'ial 111embraue. which secretes a fluid to lubricate the rnriou8 parts of 
which the joint is formed; so that the structures which enter into the formation 
of a joint arc bone, cartilage, ti.bro-cartilage, ligament, and syno\· ial membrane. 

Bone constitutes the fundamental element of all the joints. In the long bones 
the extremities are the parts which form the articulations; they are generally 
somewhat en larged, consisting of spongy canccllous tissue. "ilh a thin coating of 
compact substance. In the flat bones the articulations usu::dly take place at the 
edge~. and, in the short bones a.t various parts of their surface. 1'he layer of 
compact bone which forms the articular su rface, and to which the cartilage is 
attached, is called the articular lamella. It is of a white color, extremely dense, 
and varies in thickness. Its structure differs from ordinary bone-tissue in this 
respect, that it contains no l faversian canals, and its lacunre arc much larger than 
in ordinarv bone and ba,·c no canaliculi. '.l'he vessels of the cancellous tissue, as 
they apprOach the articular lamella, turn back in loops, and do not perforate it; 
this layer is consequently more dense and firmer than ordinary bone, and is eYi
dently designed to form a firm ancl unyielding SU])port for the articular carti lage. 

The cartilage, which co\·ers the articular surfaces of bone. and is called the 
artirulcll", will be found 1lescribed, with the other rnrietics of carti lage, in the section 
on General Anatomy (pap:e .51). 

Ligaments consist of bands of Yarious forms, scn·ing to connect together the 
articular extremities of bones, and composed mainly of bundles of white .fibrous 
ti11sue placed parallel with. or closely interlaced with, one :mother, and prc:;.euting 
a white, sh ining, sih-ery aspect. A ligament is pliant and flexible, so as to allow 
of the most perfect freedom of mo\·ement, but strong, tough, and incxtensile, so 
as not readily to yield unrler the most seYcrcly applied force; it is conseque~tly 
well adapted to se1Te as the connecting medium between the bones. Some l1~a
mcnts consist entirely of yellow elastia tissue, as the ligaruenta subfla.va, wluch 
connect together the adjacent arches of the ''ertebrm and the ligamcn~u?1 nuchre 
in the lower anim;tls. In these cases it will be observed that the clast1c1ty of the 
ligament i8 intcnllc•(l to act as a substitute for muscular power. . . . 

Synovial membrane is a thin, delicate membrane of connective tissue. with 
branched connecti\·e-ti:-;sue corpuscles. Its secretion is thick, '"ii;:cid, and glairy, 
like the white of cgµ:,, and is hence termed ~ynoiiia . . The sy?o,·ial membranes 
foun<l in the body admit of subdidsion into three km<ls-:uucular, bursa!, and 
~d . . . 

The articular Rynol'ial membnrne.~ arc foun<l in all the freely mova?le JOlllts. 
In the frctus this membrane is $aid, b\· Toynbee, to be continued over the surface 
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of the cartilages; but in the adult it i:s wanting. excepting at their ci rcumference, 
upon which it cncro:iche for a short distance, and to which it is firmly attached; 
it then im·csts the inner surface of the capsular or other ligaments enclosing the 
joint, and is reflected over the surface of any tendons passing through its ca\•ity, as 
the tendon of the Popliteus in the knee an<l the tendon of the Biceps in the 
shoulder. Hence the articular synodal membrane ma.y be regarded as a short 
wide tube, attached by its open ends to the margins of the articular carti lages, and 
CO\'Cring the inner surface of the various ligaments which connect the articular 
surfaces, so that along with the cartilages it completely encloses the joint-mwity. 
In some of the joints the s,vno,·ial membrane is thrown into folds, which pass 
acro~s the cavity. They a re called synovial ligaments, and arc cspccia1l_y distinct 
in the knee. In other joints there are flattened folds, snbdivided at their margins 
into fringe-like processes, the vessels of which have a convoluted arrangement. 
These latter generally project from the syuovild membrane near the margin of the 
cartilage and lie flat upon its surface. 'l1hey consist of connective tissue covered 
with endothelium, and contain fat-cells in variable quantities, and, more rarely, 
isolated cartiln.ge-cel ls. 'rhe larger folds often contain considerable quantities of 
fat. 'l1he.'r were described by Clopton Havers as mucilaginous glands, and as the 
source of the svnovial secretion. Under certain diseased conditions similar pro
cesses are foun(l co,·ering the entire surface of the synovial membrane, forming a. 
maBS of peduneulated fibro-fatty growths which project into the joint. Similar 
structures are also found in some of the bursal and vaginal syuovial membranes. 

The bursa! synovial membranes are found interposed between surfaces which 
mo,·e upon each other, producing friction, as in the gliding of a tendon or of the 
integument over projecting bony surfaces. They admit of subdivision into two 
kinds, the bursce mucosce all'd the bursce synovire. 'l1he bursce mucosce are large, 
simple. or irregular cavities in the subcutaneous areolar tissue, enclosing a clear 
viscid fluid. They are found in various situations, as between the integument and 
the front of the patella, over the olccra.non, the malleoli, and other prominent parts. 
The bursw synovice are found interposed between muscles or tendons as they play 
over projecting bony surfaces, as between the Glutei muscles and the surface of 
the great trochantcr. They consist of a thin wall of con nect ive tissue, partially 
covered by patches of cells, and contain a viscid fluid. Where one of these exists 
in the neighborhood of a joint, it usually communicates with its casity, as is gcn
erall v the case with the bursa between the tendon of the Psoas and Iliacus and 
the Capsular ligament of the hip, or the one interposed between the under surface 
of the ~ubscapularis an<l the neck of the scapula. 

~l1he i•ar1i11al Rynoi1ialmembranes (synovial slteatlis) serve to facilitate the gliding 
of tendons in tbc osseo-fibrous canals through which thc.v pass. 'l1he membrane is 
here arranged in the form of a sheath, one layer of which adheres to the wall of 
the canal, and the other is reflected upon the surface of the contained tendon, the 
space .between the two free surfaces of the membrane being partially filled with 
synona. These sheaths are chiefly found surroundi ng the tendons of the flexor 
and ex~ensor muscles o.f the fingers and toes as they pass through the osseo-fibrous 
canals Ill the hand or foot. 

Synovia is a transparent, yellowish-white or slightly reddish fluid, viscid like 
the white of c~g, having an alkaline reaction and slightly salin e taste. It consists. 
according to l?rerichs, in the ox, of 94.85 water, 0 . .56 IDucus and epithelium, 0.07 
fat, 3.51 albumen and extractive matter, and O.flfl salts. 

'fhe articulations a.re di,· ided into three cht85CS: ~.11nartlwosis, or immovable; 
ampltiarthrosis, or mixed; and diarth1·osis, or movable joints. 

1. Synarthrosis. Immovable Articulations. 

Synarthrosis inclu<le5 all those articulations in which the surfaces of the bones 

~i:~t!:. ~1t:1~0i~ ~!·ii~·~;~ ~~~1~:f:·:~~;~~~c~~f?e1~~~t~r~~ 11a~1\1~~j~;~~~ ;;:~~~e~~ c~~en~~t~:: 
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of the cranium and face, excepting those of the lower jaw. The varieties of synar
throsis are four in number: Sutura, Schindylcsis, Gomphosis, and Synchondrosis. 

Sut ura (a seam) is that form of articulation where the contiguous margins of 
flat bones are united by a thin layer of fibrous tissue. It is met with only in the 
skull. Where the articulating surfaces are connected by a series of processes and 
indentations interlocked together, it is termed sutura vera, of which there are 
three varieties: sutura dentata1 serrata, and limbosa. 'l'be surfaces of the bones 
arc not in direct contact, being separated by a layer of membrane continuous 

~~~~~~=l l(a:;l~t'ha t~ooorh)r\:r~~iuc~l 1 ~~te;:~~l~h:·i~~o:~~ i kdeu 1~~r:a~~rthe1'1~~oj~1~~~~~ 
articular processes, as in the sutu re between the parietal bones. In the wutura 
serrata (sen·a, a saw) the edges of the two bones fo rming the articulation are 
serrated like the teeth of a fine saw, as between the two portions of the frontal 
bone. In the sutura limbosa (limbus, a. selvage), besides the dentated processes, 
there is a certain degree of be,·elljng of the articu lar surfaces, so that the bones 
overlap one another, as in the suture between the parietal and frontal bones. 
When the articulation is formed by roughened surfaces placed in apposition with 
one another, it is termed the false suture (sutura notlia), of which there are two 
kinds: the 81tl1tra squamosa (squama, a scale), formed by the OYerlapping of two 
contiguous bones by broad be,·elled margins, as in the squamo-parietal (squamous} 
suture; and the sutzu·a !tarmonia (d.pµo'IJla, a joining together), where there is 
simple apposition of two contiguous rough bony surfaces, as in the articulation 
between the two superior maxillary bones or of the horizontal plates of the palate 
bones. 

Schindylesis (a·;.'uOUJ.1jm(, a fissure) is that form of articulation in which a thin 
plate of bone is receiYed into a cleft or fissure formed by the separation of two 
laminre in another bone, as in the articulation of the rostrum of the sphenoicl an<l 
perpendicular plate of the ethmoid with the vomcr, or in the recept ion of the latter 
in the fissure between the superior maxillary and palate bones. 

Gomphosis (yOµr.pc~, a nail) is an articulation formed by the insertion of a. 
conical process into a socket, as a nail is driYen into a board; this is not illustrated 
by any articulation between bones, properly so called, but is seen in the articulation 
of the teeth with the ah •col i of the maxillary bones. 

Synchondrosis.-Whcrc the connecting medium is carti lage t~e joint is termed 
a synchondrosis. This is a. temporary form of joint, for the cartilage becomes con
ve;ted into bone before adult life (synostosis) . Such a joint is found between tbe 
epiphyses and shafts of long bones. 

2. Amphiarthrosis. Mixed Articulations. 
In this form of articulation the contiguous osseous surfaces are connected 

together by broad flattened disks of fibro-cartilage, of .a more o.r les~ com
plex structure, which adhere to the end of each bone, as 111 the aruculat1on be
tween the bodies of the vcrtebrre and the pubic symph~·ses. rrhis is termed 
Symphysis. Or, secondly, the bony surfaces are united by an intcrosseous liga
ment, as in the inferior tibia-fibular articulation. 'l'o this the term Syndesmosis 
is applied. 

3. Diarthrosis. Movable Articulations. 
'l,his form of articulation includes the greater number of. the joints in the bod)'., 

mobility beinu their distinrruishinO" character. They arc formed by the approxi
mation .. of t~o contiguou~ bony 

0

surfaces cornred with cartilage, connected by 
ligaments and lined by synovial inembran?. ri1 he ~·ariet.ics of join,r~ in this class 
ba,·e been determined by the kind of motion permitted m each. Ihcre are two 
varieties in which the ID.o,·ement is uniaxial; that is to say, all mO\'Cments take 
place around one axis. In one form, the ~inglj'l:1us, . r~is ~xi~ is, pr~cti~ally 
speaking, trans,·erse; in the other, the trocho.1d o.r P.1'·ot-JOlllt, It ts long1t~1dmal. 
1._1here arc two varieties where the mo,·ement IS b1ax1al, or around two horizontal 
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axe~ at rirrht nnrrlcs to each other or at anv intl'rn•niu~ axis between the two. 
'l'hc:--l' arl'~hc co~ilylni1l arnl :-:addle-joint. 'l'hcre is one form of joint where the 
mon~ml'llt i~ polyaxial. the cnarthrm;is or ball-and-socket joint. And. finally there 
are the .. \_rthrc)(lia or Gli1ling joints. 

Ginglymus or Hinge-joint ()ini.oµo;. a hin!!<').-In thi< form of joint the 
anicular ~urfaces are mouldecl to each other in such a manner as to permit motion 
011ly in one plane, fonrnnl and backward; the extent of motion at the same time 

~~'i\'.~ ~;~n;;:~ci~~~~~1~ p~~~ ~~r~h~~~not'~1~~h a:~: ~1t~t1
1c b~~~S~.~~ ~~n:.ht~u~~~~~.~ ;; 

ahrnrs a certain amount of alteration from the strai~ht line <luring Hexion. 'l'hc 
artic'uiar surfaces are connected together by strong lateral ligaments, which form 
their chief bond of union . The most perfect forms of ginglymus arc the inter
phalangcal joint~ and the joint between the humcrns and ulna; the knee and ankle 
arc le~s perfect. as they allow a. slight degree of rotation or lateral movement in 
certain positions of the limb. 

Trochoides (piYot-joint).-Where the moYement is limited to rotation, the joint 
is formed by a. ph·ot-like process turning within a. ring, or the ring on the pivot, the 
ring being formed partl.v of bone, partly of ligament. In the superior radio-ulnar 
articulation the ring is formed partly by the le:.;scr sigmoid caYity of the ulna; in 
the rest of its extent, hy the orbicular ligament; here the bead of the radius 
rotates within the ring. In the articulation of the odontoi<l process of the axis 
with the atla~ the ring is formed in front by the anterior arch of the atlas; behind, 
by the trans,·erse ligament; here the ring rotates round the odontoid process. 

Condyloid Articulations.-Iu this form of joint an ovoid articu1ar bead, or 
conclyle, is recch·ed into an elliptical c:n·ity in such a manner as to permit of 
flexion and extension, adduction and abduction and circumduction, but no axial 
rotutinn. 'The articular surfaces are connected together by anterior, posterior, and 
lateral ligaments. An example of this form of joint is found in the wrist. 

Articulations by Reciprocal Reception (~addl c-joint).-In this rnriety the 
articular surfaces aro conca.vo-convex; tba.t is to say, they are iuYersel.v convex in 
one direction and conc:t\'e in the other. The movements a.re the same as in the 
preceding- form: that is to say, there is flex ion, extension, adduction, abduction, 
and circumduction, but no :.1xial rotation . The articular surfaces are connected by 
a capsular ligament. 'l'he best example of this form of joint is the carpo-meta
carpal joint of the thumb. 

Enarthrosis is that fo1·m of joint in which the distal bone is capable of motion 
around an indefinite number of axes which have one common centre. It is formed 
by the reception of a globular head into a deep cup-like cavity (hence the name 
"ball-and-socket"), the parts being kept in apposition by a capsular ligament 
strengthened by accessory ligamentous ban<ls. Examples of th is form ofa.rticula.tiou 
arc found in the hip and shoulder. 

Arthrodia is that _form_ of joint which admits of a ~li<ling moYement; it is 
formed b,Y the a.pprox1mat1011 of plane surfaces or one slightly conca.Ye. the other 
~lightl5· con\·ex, the amount of motion between them being limited b5• the 
1igarnents, or o~seous proce::-ses, surrounding the articulation; as in the articular 
proc:cs::-es of the \'_ertebn"C, the carpal joints, except that of the os magnum with the 
scaphoid and semduna.r bones, and the tarsal joints with the exception of the joint 
between the astragalns and the na.Yicular. 

On the next pag-e, in a. tabular form, arc the names, distinctive characters, and 
examples of the different kind~ of articulations. 

The Kinds of Movement admitted in Joints. 

The moYements a<lmi~~ible in joints may be divi1le<l into four kinds: gliding, 
angular movement. c:ircum<luction. an1l rotation. 'l'hcsc mo\·ement~ are oftrn. 
hm:e,·cr, mo~·c ."r l<.•ss comhined in the rnrinu~ joint~. so a~ to prorlucc an infinite 
Yancty. nrnl It ts ~cldom that we find only ouc kind of motion in an.'· particular joint. 



Synatthrosis, or 
Immovable J oint. 
Surfaces separated 
by fibrous mem
brane or by line 
of cartilage, with
out any intenen
i n g synoda l 
cavitv, and im
m o v" ab 1 y con
nected with each 
other. 

As in joints of 
cranium and face 
(except lower 
jaw). 

CLASl:ifFJC'ATJOX OF JOhY1'8. !Hi 

j 
toof~:;;~~aproc:s~~~ng 

As in interparietal 
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Scliindylesis .-Articulation formed by the reception of a 
thin plate of one bone into a fissure of another. 

As in articulation of rost rum of spbenoid with ,·omcr. 
Gomplwsis.-Articulation formed by tbe insertion of a 

conical process into a socket: the teeth . 
Synchoncfrosis.-l!..'piphysial lines. 

f Symphysis.-Surfaces connected by fibro-cartilage, not 
Arnphiarthrosis, separated by syno,·ial membrane, and having limited motion. 

Mixed Articula- "'I As in j oints between bodies of \·ertebrm. 

tion. l Asi5~i~~!1~i~f!~:i~~~~"t:-~e~~;~:.t~;t~~·u~~tii~~~rosseous ligament. 

Ginglymus.-Hinge·joint ; motion limited to two directions, 
forward and backward. Articular surfaces fitted together 
so as to permit of mo,·ement in one plane. As in the inter
phalangeal joints and the joint between the humerus and the 
ulna. 

Troclwides, or P ivot-Joint. - Articulation by a pivot process 
tu rning within a ring or ring around a pi,·ot. As in superior 
radio-ulnar art iculation and at lanto-axial joint. 

Gond.lfloid.-Ornid head received into cllip ticnl cavity. 
IJiartlirosis, i\Iovements in e,·ery direction except ax ial rotation. As the 

Movable J oint. wrist-joint. 
R eciprocal Reception (sadd le-joint).-Articular surfaces 

inversely conrnx in one direction and conc:wc in the other. 
Movement in ever.Y direct ion except ax ial rotation. As in the 
carpo-mctacar pal joint of the thumb. 

Enart!trosis.-Ball-an<l-socket joint i capable of motion in 
all directions. Articulations by a globular head received into 
a cup-like cavity. As in hip- and shoul<ler-joints. 

Arthmdia.-Glidinf! joint; articulations by plane surfa?es, 
which glide upon each other. As in carpal and tarsal arhcu
lations. 
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Glirlin,q 11lOl't'mPnt is the most simple ki11tl of motion that ca n take place in a 
joint, om~ surface g liding or modng O\' CI' ;u~o~hcr witho_ut a ny angu~~ll' or rota~or,v 
movement. It is common to a ll mon1blc .JOllH~. but 111 i::omc, as m the a rticu
lations of the carpus and tarsus. it is the only motion permitted. This movement 
is not confine(] to plane surfaces, but ma_v ex ist between auy two contiguous 
surfacl':; , of \\ ba.terer form, limited by the ligaments which enclose the articu
lation . 

.A nguhtr moi•ement occurs only between the long bones, and by it the angle 
betwce;1 the two bones is increased or diminished. It may take place in four 
directions: fo rwa rd and backward, constituting flc xion and ex tension, or inward 
a nd outward, from the mesial line of the bo<ly (or in the finge rs and toes from 
the middl e lin e of the hand or foot), const itut ing adduction and abduction. The 
st ri ctly g in g ly moid or hinge-joints admit offlexion a.~1d ex tens ion on.ly .. Abduct ion 
.and adduction, combin ed with Hex ion and ex tens ion, ar(' met with in the more 
mo\·ab le joints; as in the hip, shoulde r, and metacarpa l joint of the thumb, and 
partially in the wrist. 

Uirf..'umduclion is that limited degree of mot ion which takes place between the 
head of a bone and its articular cav ity, whilst th e ext rem ity and s ides of the limb 
.a re made to circumscribe a. conical space, the base of whi ch corresponds with the 
inferior extremity of the limb, the apex with the articular cavity; this kind of 
motion is best seen in the should 1J r- and hip-j oints. 

R otation is the mornment of a bone upon an a.x is, which is the axis of the pivot 
-0 n which the bone turns. as in the a rticulat ion between the atlas and a.xis, when 
the oclontoid proeeRs serves as a pi\'Ot a round which the atlas turns; or else is the 
axis of a. pivot-like process which turns within a. ring, as in the rotation of the 
radius upon the hum erus. 

L i9lrntentous ... l et ion of 1liuscles.-Tbe movements of th e different joints of a limb 
arc combined by mean s of the long muscles which pass over more than one joint, 
and which, when relaxed an<l st retched to their g reatest extent, a.ct to a certain 
extcntm;elast ic ligamcnts in restraining certain movements of one,ioint, except when 
combined with co rresponding movements of the oth er , these latter movements 
being usnall _v in the opposite dil'cction . Thus the shortness of the hamstring 
muscles pr~\'Cnts complete fl exion of the hip, unless the kn ee-j oint be also fl exed. 
so as to bnng their attachments nearer togethe r. r11he uses of this arrangement 
are thrcefol<I: 1. I t co-onli na. tes the kinJs of movement which are the most 
habitual and necessary, a nd enables them to be performed with th e least expend i
ture of' power. "Thus in the usual gestu re of the arms, whether in grasping or 
rejecting, the shou lder an<l the elbow arc flexed s imultaneously, and simu ltaneously 
extended," in consequence of the passage of the Biceps and '11ri ceps cubit i orcr both 
j oints. 2. It enables the short muscles which pass O\'er only one j oint to act upon 
more than one. "Thus, if the R cctus femo ris remain tonically of such length 
that. when stretched over the extended hip, it compels extension of the knee. then 
the Gluteus maximus becomes not only an extensor of the hip, but an extensor 
of the knee as well." 3. It provides the j oints with ligaments which, while they 
arc of very great power in resisting moYements to an extent incompatible with the 
mechani~m of the joint, at the same time spontaneously y ield when necessary. 
''Taxed beyond its strength, a ligament will be ruptured, whereas a. contracted 

:~~~/r~t i~r°~:~~To 1~e~~x=~ t~,:~i5;~ ~f ~~~ih ~~:~~1~e~:~~~~8i nb~o~~~~~~~ 1~:)~ !~~~.~:~ntt~, t~:~ 
oft he other; while, if the union be by muscles, the separation of th e points of attach
ment of those muscles may vary considerably in <.lifferent ntrieties of movement, 
the muscles adapting themsel ves tonically to the length reqt~ired . " ~rh o quotations 
arc from a '·e ry interesting paper by Dr. C l ~land in the .Journal of Anatomy and 
Pliysio/01111, No. l , 1866, p. 85; hy "hom I believe this important fact in the 
mechani"'m of joints was first clearly pointed out, though it has been independently 
?bsened ~ft~rward by other anatomists. Dr. W. \\,. . K een points out how 
important it is "that the surgeon shoul<l remember this ligamentous action of 
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muscles in making pa~~i,·e motion-for instance. at the wrist after Colles's fracture. 

If the fingers be extended, the wrist can be Hexed to a right angle. If, howernr, 

they be first flexed, as in "making a fist," flexion at the wrist is quickly limited to 

fr~m forty to fifty d.egrces !n different persons, and is very painful beyond that 

point. Hence pqssl\:c mot1 0~ here should be made with the fingers extcndeU. 

In the leg, when flexmg the hip, the knee should be flexed ." Dr. Keen further 

points out that "a beautifu l illustration of this is seen in the perching of' birds, 

whose toes arc forced to clasp the perch by just such a passive ligamentous 

~~'..i;:. ,,80 soon as they stoop. Hence they can go to sleep and not fall off the 

'l
1

h~ articulations may be arranged into those of the trunk, those of the upper 

extremity, and those of the lower extremity. 

ARTICULATIONS OF THE TRUNK. 

'l'hese may be divi<led into the following groups, viz.: 

1~: g~ :~: ~~11;:~~·~~ c~~~n,:~is . [ VII. 
0{1i~h;t~,~~·~i'~,~~~1 ~,'.it~!a~i~~t~~,,~ 

III. Of the atlas with the occipital bone. VIII. Of the sternum. 

IV. Of the axis with the occipital bone. I IX. Of the vertebral column with the 

V. Of the lower jaw. pelvis. 

VI. Of the ribs with the vertebrre. X. Of the pelvis. 

I. Articulations of the Vertebral Column. 

'l'he different segments of the spine are connected together by ligaments, which 

admit of the same arrangement as the vertebrre. 'l1bey may be divided into five 

sets: l. ~.L1hose connecting the bodies of the vertebrre. 2. 'l'hosc connecting the 

lamhue. 3. Those connecting the articular p1·ocesses. 4. Those connecting the 

spinous processes. 5. Those of the transverse proresses. 

The articulations of the bodies of the vertebrre with each other form a series 

of amphiarthrodial joints (sympl1yses): those between the arliculai· proce8'es form 

a series of arthrodial joints. 

1 . T11 E LW .. L\lEXTS OF TJI E BODll~S. 

Anterior Common Ligament. Posterior Common Ligament. 

lntervertebral Substance. 

'l'he Anterior Common Ligament (Figs. 227, 228, 235, 23D) is a broad and 

strong band of ligan~cntous fibres which extends along the front surface of the 

bodies of the vertebrre from the axis to the sacrum. It is broader below than 

abo\'e, thicker in the dorsal than in the cervical or lumbar regions, and somewhat 

thicker opposite the front of the bod.v of each vertebra than opposite the inter

,·ertebral substance. It is attached, abo»e, to the body of the axis by a pointed 

process, where it is continuous with the anterior atlanto-axial ligament, and is 

connected with the tendon of insertion of the Longus colli muscle, and extends 

down as far as the upper bone of the sacrum. It consists of dense longitudinal 

fibres, which are intimately adherent to the intervertebral substance an<l the 

prominent margins of the l'ertebr::e, but less closely to the middle of the bodies. 

ln the latter situation the fibres are exceedingly thick, and serve to fill up the 

concavities on their front surface and to make the anterior surface of the spmc 

more ernn . This li"ament is composed of several layers of fibres 1 which vary in 

length, but are closcly interlaced with each other. The most superficial or longest 

fibres extend between four or five vertebrro. A second sub,1acent set extend 

between two or three vertebrre, whi lst a third set, the shortest and deepest, extend 

from one »ertebra to the next. At the side of the bodies the ligament consists of 

a few short fibres, which pass from one ~:ertebra' to the next, separated from the 

median portion by large oval apertures for the pas~age of vessels. 

The Posterior Common Ligament (Fig~. 227, 231) is situated within the spinal 
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canal, and extend~ alonrr the posterior surface of' tbl\ hrnlies of' thl' ,·ertehn\' frnm 
the hmk of the axi:-1 abl~·e, where it is conri11uo11:-1 "ith the occipitn.axial ligame11t, 
to tbr ~~lCrum be lo\\. It i~ broader a hon:- than below, and thickl·r in tht..· dor:-oal 

~~~:1~',{1;~t~:~~1:~~:::~~i·:~-~~ll~-~~i.1:i:i;7-J;~~~c~~J~l~f,:~~:i';~::~;:~d~~J~:\·~E~'~'.:·~:ti;:~·:~~ 
;:,~;:,\11~ l~i1~1~ti\'.f s ~:l\~!-~~~<l b~l;, ~t!t' 1·:~ :;~·~:: .~~~:1 :~1' 11·~t'.~;a·~' c~,I~ ~~ 1~;;~1\~·~n1;fi~ 1~~n~;',~~:~i 
of t>rnooth. ~hining, longitudinal fibres, den~er ~1~d more compact ~han tho~.e of thr 

~~:~.1:~1~ ~;~~~t~tc<~I~· /o~tl; ,?~1~~~~~!~1 a~f;l aor:t:J:~111'~~. ~~·~·~11~ '~~~~1\'Y~'~7e1~~~~ ~~~~:1;~~~ 
one \'ertebl'a antl the next acijacent to it. It i1:; separated from the du1a mater of 

Fw. Z2i.-\•ertical section of two vertebrre and their liµ;nmcnt~. from the lumbar region. 

the spinal cor<l by some loose connecti,·e tissue which is Yery liable to serous 
infiltration. 

'l'hc Intervertebral Substance (Figs. 227, 236) is a lenticular disk of composite 
structure interposed between the adjacent surfaces of the bodies of the ,·ertebnc 
from the axis to the sacrum, and forming the chief bond of connection between 
tbo~e bones. 'l'h.e:se disks Yary in shape, i;:ize, and thickness in different parts of 
the !Oipine. In Rfutpe the.'· accurately correspond with the surfaces of the bodieg 
between which the~· are placed, being oval in the cenical and lumbar regions, and 
circular in the llorsal. Their size is greatest in the lumbar region. In thickmsR 
they rnr.v not only in the different re~ions of the ~pine, but in different parts of 
the ~ame 1lisk: thus, the'" are much thickel' in front than behind in the ceniC'al 
all(l lumbar re~ions, while they are uniforml~· thick in the llori;:al re~ion. 'l'he 
interrertcbral lliRks form about one-fourth of the s.pimtl column, cxclu~ire of the 
fir~t two ,·ertcbne; they are not equally distributed, howercr, between the various 
hone!-;; the dor~al portion of the spine haring:. in proportion to its l cn~th, a much 
~maller quantity than in the ce1Tical an11111mbar region~. which nece!:'sari1y girei; 
to tlw latter part..;; greater pliancy aml freedom of morcmcnt. The intervertebral 

~:,~~:·~3 :·~ea:~ ~11~1~~·11 ;;1}{~, ~:~:!.1~: :~~:;;~:;f 1~1~-r1.:~,\\ ';~ ~~t"~:·c ~·~1~~~-~:.~1.e al~~ r~;~~~I~ i~~1 :~~ 
epiphysial plate cle,·elops1 and by their circumference are closely connected in 
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front to the anterior, and behind to the posterior common ligament; whilst in the 
dorsal region they are connected laterally, by means of the interarticular ligament, 
to the heads of those ribs which articulate with two vertebrre; they, consequently, 
form part of the articular cavities in which the heads of these bones are recei,·ed. 

Structure of the Intervertebral Substance.-The interrnrtebral substance is 

~~~,p~:~~~ ~~nit\~e,c~;~t0~~;~~n;l~ip~~ ~~~~f~-e el~~tf:~~~~t~:~~1,e o~n:l ,~e~;~,~~:~ti~~fo~-: 
which rises up considerably aborn the sunounding level when tbe~disk is <liYide<l 
horizontal ly . This pulpy substance, which is especially well del"eloped in the 
lumbar region, is the remai ns of the cbonla dorsalis, and, according to Luschka1 

contains a small synovial cavity in its centre. The laminm are arranged concen
tricall)' one within the other, the outermost consisting of ordinary fibrous tissue, 
but the others and moi-e numerous consisting of white fibro-cartilage. These 
plates are not quite \·ertica l in their direction, those near the circumference being 
curved outward au<l closely approximated; whilst those nearest the centre cune 
in the opposite direction, and are somewhat more widely separated. The fibres of 
which each plate is composed are directed, for the most part. obl iquely from abo,·e 
downward. the fibres of adjacent plates passing in opposite directions and rnrying 
in ernry layer; so that the fibres of one layer are directed across those of another, 
lik e the limbs of the letter X. This laminar arrangement belongs to about the 
outer half of each disk. The pulpy substance presents no concentric arrangement, 
ancl consists of a fine fibrous matrix, containing angular cells, united to form a 
reticular structure. 

2. LlGAAJENTS CONNECTING THE L A:\llN1E. 

Ligamenta Subflava. 

The Ligamenta Subftava (Fig. 227) are interposed between the laminre of rhe 
vertebrre, from the axis to the sacrum. Thev are most distinct when seen from 
the interior of the spinal canal; when viewed from the outer su rface they appear 
short, being overlapped by the laminIB. Each l igam.ent consists of two lateral 
portions. which commence on each side at the l'OOt of eit her articular process, and 
pass backward to the point '\here the laminre conrcrge to form the spinous 
process, where their margins are in contact and to a certain extent united: ~light 
intenals being left for the passage of small ''esscls. 'l'hese ligaments consist of 
yellow elastic tissue, the fibres of which, almost perpendicular in direction. are 
attached to the anterior surface of the laminre abo,·e. ~ome distance from its 
inferior margin. ancl to the posterior surface. as well a:s to the margin of the 
lamina below. In tbe cenica l region they are thin in texture, but very bl'oac! and 
long; they become thicker in the dor~al region, and in the lumbar acquire very 
cornsiderable thickne::;::;. Their highly elastic property serves to presene the 
upright posture and to assist in resuming it after the spine has been flexed. 
These ligaments <lo not exist between the occiput and atlas or between the atlas 
and axis. 

3. LIGA'.\1E~TS COXNECTIXG THE ARTICULAR PROCESSES. 

Capsular. 

The Capsular Ligaments (Fig. 229) arc thin and loose ligamcntous sacs, attached 
to the contiguous marµ:ins of the articulating lffocesse:s of each vertebra. through 
the greater part of 1heir cii'cumfcrence, and completed internally by the l1gamenta. 
subflasa. They arc Jontrer and looser in. the cerYical than in the dorsn.I or lumb.ar 
regi ons. 'l'he capsu lar ligaments are lmed on their inner surface by synonal 
membrane. 

4. LHL\.MEXTS coxxECTIXG TllE Sri:rnus PROCESSES. 

Supraspinous. Inters pi nous. 

The Supraspinous Ligament (Fig. 227) is a strong fibrous cord, which connects 
21 
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together rbc apices of the spinous processes from th(' :--cH•nth t•enical to the spinom1 
protc~scs of the Bacrum. It is thicker anc.l broader in the lumbar than in the clorl"al 
rc~ion , an<l intimatcl~· blended. in both situation:_;;, "itb the neighboring aponeu
ro~i~. The mo~t i:;upcrficial fibres of this li gament con nect three or four ,·ertcbn-c: 
tho:-:c <lecpcr-seated pa1>S between two or three YCrtcbn.l!: _whilst the deepest connect 
the contiguous extremities of neighboring ,·crtcbr~"'C. It i~ continued. upward to 
the external occipital protuberance. as the posterior mar~m of the l1gamcntum 
nucha~. which, in the human subject, is compara.tivcly thin and forms an intcr
muscular septum. 

The lnterspinous Ligaments (Fig. 227), thin and rncmbranous, arc interposed 
between the spinous processes. Each ligament ex tendR from the root to the 
summit of each spinous process and connects together their adjacent mar~ins. 
'l1hey arc narrow an(I elongated in the dorsal region; broader. quadrilateral in 
form, and thicker in the lumbar region; and only slightly developed in t.hc neck. 

5. LWAME NTS COXNECTING 'fllE ~l1HANS\'EllSE PHOCESSES. 

Intertrans,·erse. 

The Intertransverse Ligaments consist of bundles of fibres interposed 
between the transrnrse processes. In the cervical region they consist of a few 

~~:fc'(\l~~·it~c~~~edc:~l~~~~:c\e~no~h~h~o~·=~~ ;t~~Yt~;clu1~~~~l~~g~~~cl~h~~~~=t:~·~~ ~~:~ 
mcmUl':lnous. 

Actions.-Th c mo,·ements permitted in the spinal column arc. Flexion, Exten· 
sion. Lateral ~Io"ement, Circumduction, and H ota.tion. 

In Fll'Iion, or lTIO\'ement of the spine forward, the anterior common ligament 
is relaxed, and the intel'\'ertebral substa nces are compre~secl in front, "bile the 
pos1crior common ligament, the ligam enta subfla,·a, and the inter- and supra· 
spinous li µ;;uncnts are stretched. as well as the posterior fibres of the intel'Yertebral 
di8kS. rJ1bc interspa.CeS bet ween the Jami nm 3.l'e \I iclencd, and the inferior articular 
processes of lhc vertebra~ above glide upward upon 1hc articu la1· processes of the 
vertcbrm below. Flex ion is the most cxte1u.; i,·e <>fall the mo1·emcnts of the spi ne. 

In Extension, or movement of the spi ne backw::ird, an exactly opposite dis· 
position of the parts takes place. This movement is not extensive, be ing limited by 
the autcrior common ligament and by the approximation of the spinous processes. 

Flcxion and exten~ion are most free in the lower )Jilrt of the lumbar region 
between the third and fnul'th and fourth and fifth lumbar "ertebrre; abo1·e tlu.• 
third they are much diminished, and reach their minimum in the middle a11d 
upper p:u:t of the back. 'I' hey increase again in the neck, the capability of motion 
backward from the upright position being in this re~ion greater than that of the 
motion .for"ard, whereas in the lumbar reµ;ion the re1·er~c i~ the taRe. 

In Lafrral Jlo1H!ment. the sides of the inten•ert<_•brnl clisks arc compressed. the 
extent of motion being l~mit~d by the resistance offered by the surrounding lip:a
ments and by the approxunat1on of the trans\'erRe proce!':ses. 'J'his mo,·cment may 
take place in an.Y part of the spine. but is mo~t free in the neck antl loins. 

l'frrw11d11f'tion is very limited, and is produced merely by a s ucccs:-:;ion of the 
preceding movements. · 

Rotatio11 is producctl by the twisting of the intcrvcrtebral substances; this, 
ahhough on\.~· slight hetwec~ any two Yel'tehue, produces a great extent of mol'e· 
ment "hen it takes place m the whole length of the p;p inc, the front of th(• 
coh~mn being t~rned to one or t~e other. si(le. Thi s movement takes place onl.v to 
:t F;l!g:ht extent 111 th~ neck, but 1s frec.r m the upper part of lhe dorsal region. and 
IS altogether absent 111 the lumbar reg10n . 

. It is thn:-:; seen that ~be cervical r1•r1i011 enjoys the greatest extent of ea<'h 
rnnety of _mo,·ement. Hexion an<l ex.tension e~peciall,,· being ,·ery free. In the 
dofxal n ',r/tr11I the three mo,·ements of fl.exion, extern~ion, and l'ircumd11ction are 
only p('rmitte<l to a. slight extent, while rotation is ,·ery free in the upper pa.rt and 
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ceases below. In the lumbar region there is free flexion, extension, and lateral 
mo,·ement, but no rotation. 

As Oir George Humphry bas pointed out, the movements permitted are mainly 
due to the shape and position of the articulating processes. ln the loins the 
inferior articulating processes are turned outward and embraced by the superior; 
this renders rotation in this region of the spine impossible. while there is nothiug 
to prcrnnt a sliding upward and downward of the surfaces on each other, so as to 
allow of Hexion and extension. In the dorsal region, on the other hand, the 
articulating processes, by their direction and mutual :.tdaptation, especia11v at the 
upper part of the series, permit of rotation, but prevent extension and· flexion. 
while in the ccrrical region the greater obliquity and lateral slant of the articular 
proccs:.;cs allow not only Hexion a.nd extension, but also rotation. 

The principal muscles wh ich produce .flexion arc the Sterno-mastoid, Rectus 
capitis anticus major, . ~nd Longus colli ; the Rcaleni: the abdominal muscles and 
the Psoas rnagnus. Extension is produced by the fourth layer of the muscles of 
the batk .. a~sisted in the_ neck by the Splenius, Sem i!'pinalis dorsi et colli, and 
the :\Iult1fidus spinre. Lateral motion is produced by the fourth layer of the 
muscles of the back, by the Splenius and the Scaleni. the muscles of one side only 
acting: and rolalion by the action of the following muscles of one side only-,·iz. 
the ::-;terno-mastoid. the Hectus capitis anticus major, the Scaleni, the Multifidus 
spinre, the Complexus, and the abdominal muscles. 

II. Ar ticulation of the Atlas with the Axis. 
The articulation of the Atlas with the Axis is of a complicated nature, comprising 

no fewer than four cl is ti net joints. 'l'here is a. pivot articulation between the odontoid 
process of the axis and the ring formed between the anterior arch of the atlas and 
the o·ans\·erse lip:ament (scP F ig. 230). Here there arc two joints: one in front 
between the posterior surface of the anterior arch of the atlas and the front of the 
odontoid process (the allo-odontoid J'oint of Cnweilhier); the other between the 
anterior su rface of the transverse ligament and the back of the process (the 
$./fndesmo-odontoicl .foinl). Between the articular processes of the two bones 
there is a double arthrodia or gliding joint The l igaments which connect these 
Lones are the 

Two Anterior Atlanto-a.xial. 
Posterior Atlanta-axial. 

TranS\'erse. 
Two Capsular. 

Of the Two Anterior At lanto·axial Ligaments (Fig. 228), the more superficial is 
a rounded cord. situated in the middle line; it is attached. abo,·e, to the tubercle 
on the anterior arch of the a.ti as; below, to the base of the odontoid process and to 
the front of the body of the axis. The deeper ligament is a mcmbranoui::. layer, 
attache<l, above, to the lower border of the anterior arth of the atla5; below, to 
the base of the odontoid process a.nd front of the body of the axis. These ligaments 
are in relation, in front, with the Recti antici majores. 

The Posterior Atlanto-axial Ligament (Fig. 229) is a broa? and thin membranous 
la Yer, attached, above, to the lower border of the posterior arch of the atlas; 
below, to the upper edge of the lam inre of the axis. This lig-amcnt supplies 
the place of the ligamcnt:.1 subflava, and is in relation, behind, "ith tbe Inferior 
oblique 11111~c:les. 

'l'he Transverse Ligament 1 (Figs. 230, 231) i' a thick and stronp: ligamentous 
band. \\hi ch arches across the ring of the atlas. and !'ervcs to ret:lln tb.c oclonto1d 
proccs~ in firm <·onncction with its anterior arch. 'J'his ligament is flattened from 
before Lark ward, broader and thicker in the middle than at either extremity, and 
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firmlv attached on each ::;ide to a small tuLen· lc on the inner su rface of the lat eral 
mass· of the atlas. As iL cros.:-c.:' the odontoid process, a sma ll fasciculus is deri,ed 
from its upper and lower bonlcrs; the former passinl!: upwar<l. to be inserted into 
the basilar JH"Otc:-<s of the occipital hone; the la tter, downward. to be. attached tr> 
the posterior :-;urface of the body of the axis; hrncc, the "hole lif!<Uncnt has 
recci,·ed the name of auc{form. The tramn-ense ligament divides the ring of the 
atlas into two unequal parts: of these. t bc posterior an<l larger scn·e~ for the 
transmission of the conl au<l its membranes and tbe spinal accessory nenc:-;; 
the anterior and ~mailer contains the odontoid process. ~i11 ce the space between 
the antcrinl' arch of the alias and the transverse ligament is l'.l maller at the lower 

}'10.2'21:1.-0c-cipito-atloidandatlo-axoidlignm<'nL<i. 

part than the upper (because the trans\'erse ligamen t embra ces firmly thr narrow 
neck of the odontoid process), this proce~s is retained in firm connection with 
the atlas after all the other ligaments ha\'e been divided. 

'fhc Capsular Ligaments connect the articular proccsse:.:; of the :1tlas and axis, the 
fibres being stronge~t on the posterior and internal part of the articulation, aceP11s
<n}/ l(rtanH'n/5>: these latter extend downward and inward to the body of the axis. 

sur;!~~e~~· ~~~{~~'~::~~~~~~la~~~~:~:~~si;n 0~~8b:~~~~~1~a~;~:1~n ~c~~o11~ 1:i1~1~a~:eoir"71~: 
odontoid process and the anterior a.rch of the atlas, the atlu-odonfoirl Joint: 
and one between the posterior su rface of th e odontoid procci:.:s and the trans\'Cl'1'l' 
ligament, the s,ynde8mo-odontoid ioint. Th e latt er oflen communi<:ates with 
thm;c between the condyl es of the occipital bone :1n<l the articular s nrface!'i of th e 
at las. 

Actions.-This allows the rotation of the a.tla~ (and, with it, of the cra-
nium) upon the extent of rotation being Jimite(l b_y the odoutoid liga-
mrnts. 

'l'hr principal mnsclc:-i by which thi s a.ction is produced a.re the Rterno-ma'."toid 
and Complcxus of one side, acting with the Rectus ca.p i tis anticus major. Splcniu~. 
;;a.~~helo-mastoid. Rectus capitis posticus major, and Inferior obli l1ue of the other 
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ARTICULATIONS OF THE SPINE WITH THE CRANIUM. 

'l1l1c ligaments connecting the spine with the cranium mav be di,·ided into two 
sets-those connecting the occipital bone with the a.tlas, and ·those connecting the 
occipital bone with the axis. 

III. Articulation of the Atlas with the Occipital Bone. 
This articulation is a double condyloid joint. Its li gaments are the 

'l1wo Anterior Occipito-atla:O.tal. 'l1wo Lateral Occipito-atlantal. 
Posterior Occipito-atlantal. Two Capsular. 

Of the Two Anterior Occipito·atlantal Ligaments (Fig. 228), the superficial is 
a strong, narrow, rounded cord, attached. above, to the basilar process of the 

Fro.229.-0ccipito·atloidandatlo·axoidligamcn1s. 

A,.chforpassageof 
i·erlebralm·tery 
a11d 1st cen:ical 

occiput: below, to the tubercle on the anterior arch of the atlas: the deeper liga
ment is :i. broad and lhin membranous layer which pa~SCf.I between the anterior 
marµ:in of the foramen magnum above, and the whole length of the upper border 
of the anterior arch of the atlas below. 'fhjs ligament is in relation, in front, with 
the Hecti antici minorcs; behind, with the odontoid ligaments. 

The Posterior Occipito·atlantal Ligament (Fig. 22U) is a very brnad but thin 
membranous lamina in timately blended with the dura mater. It is connected, 
o.bo\·e, to the posterior margin of the foramen magnum; below, to tho upper border 
of the posterior arch of the atlas. This ligament is incomplete at each side. and 
forms, with the superior intervcrtebral notch, an opening for the passage of the 
vertebral artery and suboccipital nerve. It is in relation, behind. with the Recti 
postici minores and Obliqui superiores; in front, with the dura mater of the spinal 
canal. to which it is intimatclv adherent. 

The Lateral Ligaments a1:e strong fibrous bands. directed obliquely upward 
and inwal'(l, attached above to the jugular process of the occipital bone; below, to 
the base of the transverse process nf the atlas. 

The Capsular Ligaments surround the comlyles of the occipital bone, and con 
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nect them with the articular proccs~e8 of the atla~; they cousiRt of thin arnl lonse 
capsules. "hich enclo:se the syno,·ial memb1·ane of the articulation. 

Synovial Membra.nes.-'l1here are two synovia l membranes in thiR articu lation, 
one lining the inner surface of each of the ~a.psular ligament:-. rrhc~c occa~ionall~· 
communicate with that between the posterior surface of the odonto1d proccsR and 
the transverse ligament. 

Actions.-The mo,·ements permitted in this joint are Hexion and extension, 
which gi,·e rise to the ordinary forward and backward nocl<ling of the head. besi<l('~ 

Fm.230.-Articulation between odontoid procc~snndatlas 

!~;1~!c:t~~-·~~lf~~\7~h~0e~t~:rtht:~\·~~~= 1~rs!~!:· ce;~i~:~ p~i1~11~~~~ ~~ i~~ee~~)i~~t~~~~r~:: 
in its production. Flex ion is mainl.'· proclnce<l by the action of the Rectus ca pi tis 
anticus ma.jor ct minor and the Sterno-mastoid muscles; extem:ion b.v the Ucctus 
capitis posticus m~~jor et minor. the Superior obl ique, the Complexu:.:., Splenius, 
and upper fibres of the Trapezius. T he Recti laterales arc concerned in the lat
eral movement, assisted by the 'f rapczius, Splenius1 Complexus, Sterno-mastoid, 
and the Recti la.terales of the same s ide, a11 acti ng together. According w Cru
veilhier, there is a !'.light motion of rotation in th is joint. 

IV. Articulation of the Axis with the Occipital Bone. 
Occipito-axial. Three Odontoid. 

To expose these ligaments the spinal canal sho~tld be laid open b_y removing 
the posterior arch of the atlas, the laminro and sp111ous process of the ax i8. and 
the portion of the occipital bone beh ind the foramen magnum, as seen in Fig. 231. 

The Occipito-ax.ial Ligament (apparatus l~qamentow~ rolli) i8 :.:.ituated within 
the spinal canal. It is a broad and strong ligamentous band, "hi ch co,·ers the 
odontoid J?roce!SS and i~s ligaments, an~ appear~ to be a prolongation upward .of 
the postenor common ligament of the spme. It 1s attached. below, to the posterior 
surface of the body of the axis, and, becoming expanded as it a!'icend~. i~ insertt•d 

i~~e~~~~:t::~J~~~~'.~t~f t~hee cl~~~):~:lt~~~~\~~ f~~~l\~f the forarnen magnum. ''here 

Relations.-By its anterior surface with the trans,·erse l igament, by its posterior 
surface with the dura mater. 

'l'he Lateral _ Odontoid or Check_ Ligaments (alar li[!amenls) are strong. fibrous 
cords, which arise one on either side of the upper part of the oilontoid proce:-os, 
and, pas~ing obli11uely upward and outward, are im:ertcd into the rough 
depre;sions on the inner side of the condyles of the occipital bone. In the 
triangular interrnl between these ligaments another strong fibrous cord (l1:11a
mentu11i 8W<]J1'1l811rillm or middle odontoid ligament ) mav be seen, which pa~ses 
almost perpendicularly from the apex of the odontoid .. process to the anterior 
margin of the foramen, being intimately blended with the deep portion of the 
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anterior occipito-atloi<l ligament and upper fasciculus of the transverse ligament 
of the atlas. 

Actions.-The odontoid l igaments sene to limit the extent to which rotation 

of the crani um ma.v be carried; hence tbev barn received the name of clieck 
ligamn1ts. · .. 

In addition to the~c ligaments, which connect the at las and axis to the sk ull, 
the lif;amentum nucba~ must be regarded as one of the ligaments by which the 
spine 1s connected with the cran ium. I t is described on a. subsequent page. 

Surgical Ana.t omy.-The li!:raments which unite the component parts of the vertebrre 
to,!!'ethcr are so stronz, and the:-e hon~ are so intcrl0<:kcrl by the arrangement of their 
articulatin~ proces~es, that dislocation is ''ery uncommon, and, indeed, unles:s aci-ompanied by 
fracture, rarely Ql"(>Uf'i, except in the upper part of the neck. ] fo;\otation of the occ-1put from 
the atlas has only been re('orded in one or two cases; but cfo.Joc·ation of the atlas from ihe axis, 

~:~ibi:::~r~~{fi~t:;~\',J~i~:.:.:~,;~~~~~E~:i~i:~~~:~::~:i:::i:·::1:1°~;e~.1~~~~~}~~r~:~~i~1.~~i~~ 
place. 

V. Temporo-maxillary Articulation. 
This is a double or bi lateral condyloid joint : the parts entering into its 

formation on each side are, above, the anteri or part of the glcnoid cav ity of the 
temporal bone and the cm inentia articularis; and, below, the condyle of the lower 
jaw. 'l1he ligaments arc the fo llowing : 

External Lateral. Stylo-maxi llary. 
Internal Lateral. Capsular. 

Interarticular Fibro-cartilagc. 

The External Lat eral Ligament (Fi~. 232) is a short, thin, and narrow 
fa~ciculus, attached, aUoYe, to the outer surface of the z,vgoma and to the rough 
tubercle on it~ lower border; below, to the outer Rurface and posterior border of 
the neck of the lower jaw. It is broader abo1·e than below; its fibres are placed 
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parallL•l with one another, and dirccte1l ohli!tllcl,r do,1n\\ar1l and backward. Ex. 
ternally, it is CO\'Crcd by the parotid glarnl and by the iuwgumcnt. Jnternally, 

Fw.:!32.-Tcm1x.ro·mnxillarrnrtiC'ulntlon 

il is in relation "ith the ca.psular li gament, of which it is an accessory band, and 
not ~<.'p<.nab l c from it. 

The Internal Lateral Ligament 
(Fig. 238) is it specialized band 
of ccn ical fiu;cia which is attached 
a bo"e to the spinous process of the 
~ 1 1 h e noi<l bone, and, becomin~ 
lHoader as it descends, is m~ertcd 
into the lingu la. and margin of the 
dental fornmcn. It s outer snrfac-c 
is in relation, abMe. with the Ex
ternal ptcrygo1d muscle; lower 
down, it 1s ~eparated from the 
ncC'k of the concl r lc bv the internal 

~:~~\~1~i1~~i·t ~1~·~er~~·r~r~1~1~1 d~~\'a11~:1~~ 
sch; :1111.i' nene separate it from the 
rnmm; of the j aw . The inner sur
face is in relation with the Inter
nal pterygoid. 

The Stylo-maxillary Ligament 
1s also a specialized band of the 
ccnica l fa sci:.1, which extends from 

Frr.. 233.-Temporo-maxillary articulation. Internal view. near the apex Of tbc styloid pro-
CeS< of the temporal bone to the 

angle anfl posterior border of the ramus of the lower ja.w, between the )fasseter 
and Internal pter~Tgoid muscles. This ligament separates the parotid from the 
submaxillary ~land. and. bas attached to its inner side part of the fibres of ori~m 
of the ~trlo-~lossu~ lllU!-'Cle. Altbouvh usualh· cla!-ised amoncr the li fl"aments of 
the jaw. it can only be considered as ~n acccssOry in the artic~lation . 

0 
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The Capsul3:r Liga.?1ent forms a thin and loose Jigamentous capsule, attached 

abo,:e to ~he c1rcumfel'cntc of the glenoi1l cavity and the articular surface im

med1atel_v m front; bclo~1·, to the neck of the condylc of the lower jaw. It consists 

ft i~ ~~1';~~!~1: !~~~:r~~c~b~~~.t ~~<lt~:nai~~~-~1J;rt i~~.~onsidercd as a <li8tinct ligament; 

The Interarticular Fibro-cartilage (Fig. 23-1) is a, thin plate of an ornl form 

~!:;:,~\~1~f~~~ni~'l~~·11~~~.~~c~;:1 ,t_~~ ~,?~ylc of the jaw and the glcnoid cavity . It~ 

before backward, and a little convex 

trans,·ersel_v, to accommodate itself 

to the form of the glenoid cavitv. 

Its under surface, where it is in coll
tact with the coudyle, is conca,·c. 

Its circumference is connected to the 

capsular ligament, an1l in front to the 

ten1lon of the External ptcrygoid 

mu:.:clc. It is thicker at its circum

ference. especially behind, than at 

irs centre, where, at times, it is per

forated. The fibres of which it is 

composed have a concentric anange

ment. more apparent at the ci rcum- tlcuf~~foTi:l.-\'erticul section of temporo-maxillarr ar-

ference than at tbc centre. Its 

surfaces are smooth. It di,·itles the joint into two ca,·itics, each of which is fur

nished with a separate ~yno,·ial membrane. 

The Synovial Membranes, two in number, are placed, one above, and the other 

below, the fl.bro-cartilage. The upper one, the larger and looser of the two, is 

co~tinu~d fr~m th_c margin of the cartilage co,·er ing the glcnoid ca,·ity and 

emmcntla aruculans on to the upper surface of the fibro-cartilage. The lower one 

passes from the under surface of the fibro-cartilage to the neck of the cond,rle of 

the jaw. being prolonged downward a little farther behind than in front. 

The naves of this joint arc derived from the auriculo-temporal and mas::etcric 

branches of the inferior maxillary. The arteries are derirncl from the temporal 

branch of ihe external carotid. 

Actions.-Th e moYcments permitted in this articulation are Yery extensirn. 

Thus. the jaw may be dcpre~se<l or elevated, or it may be carried forward or 

backward or from side to side. It is hr the alternation of these moYcmcnts, 

performell in succc~sinn. that a kind ofrot3.tory motion of the lower jaw upon the 

upper takes place, which materially assists in the mastication of the food. 

If the mO\·ement of depression is carried only to a slight extent, the cornlyles 

remain in the glenoid cavities. rotating on a tra.mwerse axis again!:it the inter

articular fibro-cartilage; but if the depression is considerable. the condylcs glide 

from the µ:lcnoid fo~sre on to the articu lar eminences. caxryin~ with them the 

interarticular fibrn·carcilagcs, so that in openi ng the mouth widely the two lllO\'C

mcnr~ arc combined- i. e. the condyle rotates on a transrcrsc axis ngain1't the 

libm.carti la_gc. and at the same time ~lides forwa rd, canying tbe fibro-c:ntilnge 

with it. \\'hen the jaw is elern.ted after forced depression. the condylcs and 

fibr11-ca.rtilages return to their original position. \\'h en the jaw is carried for. 

"'ml and backward or from :-icle to side. an oblic1uc glifli11g 1110,·cment of the 

~bro-cartilagc8 arnl condy les upon the glenoid cavities tnke.s place in the cor

responding 1lirection. 
'I1he lower ja.w is depressed b_v its own weight, assisted by the Platyi-mrn. the 

Digastric, the :llylo-hyoid, anti the Genio-hyoi<l. It is elei•aterl b)' th_e anterior 

part of the Temporal, >Iasseter, and Internal pter,,·goi<l.. It is drawn .fotward by 
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the ~imultancous action of the External pterygoid and the superficial fibres of 
the :\la:-;:-;etC'r; and it is dl'a.wn baf'lrward by the deep fibre:; of the Massctcr and 
the po!'ltcrior fibre:s of the Temporal muscle. 'rhe grinding movement is caused 
bv the alternate action of the two External ptcrygoids. 

~g~~g~~1~~;g[~1~~~~~~1~;~~~;~~!~f f J] 
~1,~ll~~\~~~~t~~~~~~~!~~~~;~ 
ment~, pcrmittin~ too free mo\'ement of the bone, and po&;ihly some displacement of the fihro-

~~~~1':.~h~tio~~~c:h~1~1(~,1~d~~i~f~t~1~1.i~~,,i;;8tJ~1~1~~~ef.1~<~\t~~.~J'it~1;;t~~~~~:~~sc~;~:l~J~e i~~v1~~~~a~~1~1t; a~~ 
fOrec, therefore, applied tu the bone is liable to be attended with damap:c to these part~, or 

~~~:\~:~5:~:::~.'.:~,'.i'.,~~~~'i.i\y!~i~~1.:~:~1l,i;~1=:i~t\i~~:";i~~\~~;.!:::~~i,J.~:~i'.'.f~i~i·~·~l'.i~~·:E:~~:~~:3:: 
~=~:~~~1·:~·7~~]:~~;~.E~~r:-~~rE~i~~~:ii:!:·~~~~~~;~~~1~~~i~r ''ir~11~~~~~i.l~?~~:~~~~~~~'.,:~ 
hypcl'trophy and elongation of these parts and conwqucut protrusion of' the chin to the oppo
site side. 

VI. Articulations of the Ribs with the Vertebrre . 
The articulations of the ribs with the \·crtebnil col umn ma.v be divided into 

two sets : 1. Those wh ich connect the bca.ds of tho ribs with the bodies of the 
vcrtebrre, costo-central. 2. Those wh ich connect the necks and tubercles of the 
ribs with the t ransverse processes, costo-transvetse. 

1. A1tT1cu 1~.\TION"S BETWEEN THE llE,\Df' OF T H E Rrns AND T H E Booms 
Ol' 'rllE VEHTEBR,E (Fig. 23.5). 

These constitute a series of arthrodial joints, formed by the articulation of the 
brads of the ribs with the Ca\'ities on the contiguous margins of the bodies of the 
dorsal ''ertebrre, connected together by the following ligaments : 

Anterior Costo-central or Stc11ate. 
Capsular. Intera.rticular . 

rrbe Anterior Costa-vertebral or Stellate Ligament connects the anterior part of 
the head of each rib with the sides of the bodies of two vertcbrre and tbe intcr-

~~~--~:~\~-~i~~~:.ax~a1t'~e;,:n~L~~~·an~:ri~~~1~~1~~ o~f t~cr~~af~i'1~rb~~~1 !.~~. ofr};f;:1:1~0e~~:~~ 
fasticu lus passes upward to be connected with the body of the vertebra abo,·e: 
the inferior one descends to the bodx of the vertebra bciow; and the middle one, 
~he smallest and least distinct1 passes horizontally in,,arcl, to be attached to the 
1ntervcrtebral substance. 

Relations .. -In _front,. with the thoracic gan~lia of the 1-1ympatlieti~, the pleura, 
and, on the nght :.11le, with the vena azygos major; behind, with the mterarticular 
liga_ment and synoYial membranes. 

Jn the first rib, .w1~ich articulates with a sin~le ,·ertebra only, this ligament 
does not preRent a. <l1stmct di,·ision into three fa!-l.ciculi; its fibres, however. radiate. 
and are attache1l to the body of the la;.;t cervital n·rt<•bra, as well as to the bodv of 
the ,·ertehra. with which the rib articulates. In the tenth, eleventh, and twelfth 
ribs also, which likewise articulate with a :-;ingle ,·crtcbra, the di,·ision does not 
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exist; but the fibres of the ligament in each case radiate and are connected with 
the vertebra above, as well as that with which the ribs articulate. 

rj~'h_e Capsular Ligament is a thin a~d loose ligamentous bag, which surrounds 

:~~0;,~;:\te~,~~11:~~~ ;~~ tt~ad of the nb and the articular cavity formed by the 

adjt1ceut vertebra. I t is 
VCJ"\" thin, firmly connected 
with the anteriOr ligament, 
and most distinct at the 
upper and lower parts of 
the articu lation. Behiudi 
some of its fibres pa ss 
through the intcrvcrtcbral 
fornmen to the back of the 
intervertcbral t.fo:;k. ~L1 his 
is the analogue of the liga
mentum conjugate of some 
mammals, which unites the 
heads of oppo:-i te ribs across I 
the back of the interverte
bral disk. 

The Intera.rticular Liga
ment is situated in the 
interi()l· of the joint. It 
consists of a short band of 
fibres, flattened from aborn 
downward, attached by one 
extremity to the sharp rior;·'i~.\~.-Costo-vcrtebral and costo·trnnS\'Crsc nrticulntions. Ante· 

crest on the head of the 
rib, and by the other to the inter verteb ra.l disk. I t divicles the j oint into two cavities, 
which ha\'C no comm uni cation with each other. In the first, tenth, clernnth, and 
twelfth ri~s the interarticular ligament does not exist; consequently, there is but 
one svno\'Jal membrane. 

The Synovial Membrane .-There are two S\'nOYial membranes in each of rhe 
articulations in which there is an interarticular "ligament, one on each side of this 
structure. 

2. ARTICULATIONS OF THE NECKS AND TL'BERCJ..ES OF' T H E Rrns WITH 

THE 1'RA);SVERSE PROCESSES (Fig. 23G). 
rrhe articular portion of the tubercle of the rib and adjacent trans\·erse process 

form an arthrodial joint. 
In the eleventh and lweljtlt ribs this articulation i:s wanting. 
The ligaments connecting these parts are the-

Superior Costo-transverse. 
Middle Costo-transverse (Interosseous). 
Posterior Costo-transverse. 
Capsular. 

The Superior Casto-transverse Ligament has two sct::l of fibres: the one (ante1·ior 
costo-transtierse l'(qament) is attached to the crest on the upper border of the neck 
of each rib, and passes obi iquely upward and outward to the lower border of .the 
transvcrsli' process imrnediatel.r above; the other (postaior co~lo-transverse lz,qa
ment) is attached to the neck of the rib, and passes upward and mward to the base 
of the traUS\'ers;e proces8 and border of the lower articular process of the vertebra. 
above. 'l'his ligament is _i_u relat.ion. in front, with the mtercostal vessels and 
nerves; behind, with the Longiss1mus dorsi. Its intunal borda c?mpletes an 
aperture formed between it and the articular processes, through which pass the 
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posterior hranch(':.:. of tbe intcrcostal ,·c:-;scl~ nnd llC'l'\.('f-1, It1' e.rtenwl border is 
continuou8 with a. thin aponeuro~is which con~rs the External intercostal muscle. 

Tbe.firRt rib has nn anterior costo-trans,crl"ie lig:.nul'nt. 
The Middle Costo-transverse or Interosseous Ligament consists of short but 

strong- fibres" hi ch pa:-s between the rough surface on the posterior part of t.hc 
neck of each rib and the anterior surface of the adjacent tran rerse process. In 

1'"1G.'236.-Costo-trans\·erse11rticulali<m. !-icenfromnbovc 

01der fully to expose thiH ligament, a horizontal ~cction should be made across the 
transverse process and corresponding part of the rib; or the rib may be forcibly 
separated from the transYcrsc process and its fibres put on the stretch. 

Jn the elet•enth and twe(ftlt ribs this ligament is quite rudimentary or 
wan tinµ. 

The Posterior Costa-transverse Ligament iR a short but thick and strong fascic
ulus which pa~sc:; ohli!1uc1y from the summit of the trans\'ersc process to the 
rough non-articular portion of the tubercle of the rib. 'J'his 1igament is shorter 
and more oblique in the upper than in the lower ribs. Those corresponding to 
the Rupcrior ribs a~cen<l, while tho~e of the inferior ribs. descend slighcly. 

In the 1'l"1•enth and twe?fih 1·ib!$ this ligament is wanting. 
The Capsular Ligament is a thin, membranous s.ac attached to the circumference 

of ihe articular surfaces, and enclosing a smal l synovial membrane. 
In the elaenth and twe(f"th 1·ibs this ligament is absent. 
Actions.-Th e hea<ls, necks, and tubercles of the rib~ are so closely connected 

to the ho<lies and transverse processes of the vertcbrrc that only a sl ight gli1ling 
moYemcnt of the articular surfaces on each other can take place in these articu
la.tion:-3. rrbe result of this gl iding movement is for the 'u.ppe1· six ribs an ele
mtion of the front and midrlle portion of the rih, the binder part being pre
Yented from performing any upward movement by its close connection with the 
spine. In this gli1ling mo\'ement the rib rotates on an axis corre!':\ponding with 
a. line drawn through the two articula.tions, Costo-ccntral and Costo-transvcr~e, 
which the rib forms with the spine. Of the .fi1ur succeeding ribs, each one, 
be~ides rotating on the above-mentioned axi:-:., al~o rotates on an axis col'l'e
~pon(ling with a line drawn from the hca<l of the rib to the sternum. In othl'r 
word.,, au upward an<l backward ,qli,Ziny is permitted bet,\ccn tubercle and trarn,
versc proce~~. owing to the especial degree of oMiriuity existing betwceri. the corre-
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sponding facets. By the first mo,·ement an e1erntion of the anterior part of the 

~-~~ ~~ke~~-pl~~,11:n~~.at~~~~~~~~~ti 1~nlargement of the antero-posterior diameter of 

a tn~ly horizontal plane; they a.re 
all d1rectecl more or less obl iquely, 

so that their ::rnteriol' extremities 

lie on a lower leYel than their pos

terior. and th is obl iqu ity increase:.:. 
from the first to the se,·enth, an<l 

then again decrea~es. If we ex
amine any one rib-M, .. that in 

:·il~~~"t~e1~~rn\~ t~~0g1~~~~~sf t ~~ 1~6~ 
vious that as its sternal extremitv 

is carried upward, it must also b'e 

thrown forward; so that the l'ib 

may be regarded as a radius mo,·
ing on the ,·ertebml joint as a cen
tre, and causing the sternal attach
ment to descl'ibc an arc of a. circle 

iu the ,·ertical plane of the bod\'. 

Since all the ribs a1·e oblique a1ld 
connectecl in front to the sternum 

by the elastic cost al cartilages, they 

must ha,·e a tendenc,· to thrust the 

sternum forward, an~d so increase 

the antero-posterior diameter of 

the chest. Bv the second mo,'e
ment-tha.t o( the rotation of the 

~it~~1 S1~1,~:i~l'~~1rr~~~o~:~:;gofwti~~ 
rib to the s.ternum-an elerntion 

of the middle portion of the rib 

takes place, and conse(1uentlv an 

increase in the tra.ns,•erse diallicrer 

of the chest. This clcrntion of 

the !311. -!th, 5th. aud uth ribs is 

due entirely to the shop1'8 of the 

rib:--i. e. eath rib being bent or 

twisted al'ound t/u·ee axt'."-ancl not to this 1110\'Cment (sec above). For 

the 7th. 8th. 9th, and lllth rius tl1is elevation i> di1c both to their <hapes 

and to this JUO\'ement. The last two ribs move cliieft,· backward and for

ward, and with very little ·· elen1tion" of their middie portion::; (sec Fig. 

237). The mobility of the different ribs varies very much. The first rib is 

more fixed than the other~. on account of the weight of the upper extremity 

arnl the strain of the ribs beneath; but on the freshly dissected thorax it mo,·cs as 

freely as the others. From the same causes tbe m~o,·cment of the secon<l rib i:; 

al!oio 'not ,·err extensi,·c. In the other ribs this mobility increases succcssivclv 

down to the last two, "hich arc very movable. The 1:ibs arc generally mo1:e 

movable in the female than in the male. 

VII. Articulation of the Cartilages of the Ribs with the Sternum, 
etc. (Fi~. 2~~). 

The articulations of the cartilage:-; of the true ribs with the sternum arc arthro· 

d ial joints, with the exception of the fir::;t, in which the cartilage is almost always 

dirccth· united with the sternum. an<l which must therefore be regarded as a 

~vn:nthrodial articulation. The liga.mc11t:-) connecting them are-
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Anterior Chnndro-sternal. lnterarticnlar ()bondro-:-tcrnal. 
Pos1erior Chorn.lro-sternal. Anterior Chondro-xi11hoid. 
Cap:.;ular. Posterior Chondro-xiphoid. 

The Anterior Chondro-sternal Ligament is a broad and thin membranoug band 
that radiates from the front of the inner ext remit_,. of the l'artilat?es of the true 
rihs to the anterior surface of the sternum. It is compo:::ed of fa~cieuli "bicb pass 
in different directions. The superior fascieuli a~cernl obliquely. the il~frrinr pa!'.s 
obliquely do'' nward. and the middle fasrifuli. horizP~Hally. 'l'he ~uperfic_ial fibre::; 
of' this ligament a.re the lougest : they intermmglc \\JI~ the fibres of' the ligaments 
a.ho'"e and below them, " ith those of the oppo!'ite s ide, and witl.1 the tendinouSi 
fibres of ori~in of the Pectoralis major, ~ormin~ a thick fibrous membrane whith 
covers the surface of the s1ernum. Th is 1s more distinct at the lower tha n at the 
upper pa.rt. 

The Posterior Chondro-st ernal Ligament, less thick and distinct than the 
anterior, is compoi:;ed of fibres which radiate from the posterior surface of the 
sternal end of the cartilages of the true ribs to the posterior surface of the sternum. 
becoming !Jlended with the perio~teum. 

The Capsular Ligament surrounds the joints formed between the cartila~es 
.of the true ribs and the sternum. It is vcn thin, intimatelv blended with the 
anterior antl pn:..terior ligaments, and strengtl;cncd at the uppe·r and lower part of 
the articulatinn by a few fibres which pass from the cartilage to the side of the 
sternum. rJ,hcse li~amcnts protect the S_YllO\'ial membranes. 

The Interarticular Chondro-sternal Ligaments.-These are onh· found between 
the secon(l ancl third costal ('artilagcs and the sternum. The 'carti lage of the 
8f'f'1md rih is cnnnectcd with the :.;ternum by means of an interarticular l(qamrnt 
atrnrhc<I by one extrcmit.v to che cartilage of the :-:;ecoml rib, and by the other 
extremity 10 the cartilage which unites the fir1't nnd second pieces of the sternum. 
' l'hi1'i articulation is pro\"ided with two s.n10,· ial membranes. 'J'he cartilage of the 
third rih is c:onucclcll with the sternum by mea ns of an interarticular ligament 
which is nttached by one ext remity to the cartilage of the t h ird rib, and by the 
othH extre111i1." to the point of junction of the second and third pieces of the 
stemum. This articuhuion is provided wit h two synovial membranes. 

The Anterior Chondro-xiphoid.-'l1his is a. hand of ligamcntous fibre:-:; which 
.connects the anterior surface of the se,·enth costa l cartilage, an1l occasionally also 
that of the sixth, to the anterior surface of the cn~if'orm appeudix. It rnries in 
length and breadth in difforem subjects. 

The Posterior Chondro-xiphoid is a simi lar band of fibres on the internal or 
posterior !'ttrface. though le:-:s thick and distinct. 

Synovial Membra.nes.-Thcre is no syno,·ial membrane between the fir!5t custal 
cartil::ige and the steynum. as this cartilaie is directly continuous with the sternum. 
There are two syno,·ial membranes, both in the articulation of the second and third 
cos ta I eartilag:cs ·to the ~tcmum. There is general!,· one !'ynoYial mrmhrane in ea«h 
of the joints between the fourth. fifth, sixth. aml ~eventh co~tal cartilages to the 
~temum; but it is sometimes ahi'ent in the Rix th ancl seYenth thondro-sterual 
joints. rrhus there are e(qfit S_YllO\"iaJ C3..\'itie8 Oll each isidc in the articu lations 
between the costal cartilages of the true rib8 an1l the sternum. After middle life 

~l:m;~:~~1i~~~~-Pl~~1~~a~~s b~o~~ant:~~i~. p11~s~ i d ~~~~1~~~c ':1~~f~~~~~~~-11~1:~:~ :~1~ c~·~·;t~ih1~ 
cartiln~c.:.; of most of the rib~ becoming continuou~ with the !-l.ternum. 

Actions.-The movement:-:; which are pcrmittl'1l in the chondro-stemal articu
lation~ arc limited to elcrntion and deprc~~io11, and these only to a. slight extent. 

Articulations of the Cartilages of the Ribs with each other 
(Interchondral) (Fig. 2:3~). 

The contiguou~ borders of the ~ixrh ~e\·enth. arnl ei..,.hth. and Romctimes the 
ninth and tenth, costal cartilages articulate with each 

0

othcr by small. smooth. 
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oblong-shapc<l focet5'. Each articulation i~ enclosed in a thin Ntpwlar li,qament 
lined by &.1f1Wl•ia? 111n11brrrne, an:l strengthene~l externally and internally by liga
mentous fibres. (111terch<~1~dral hgamen.rs.) which pass from one cartilage to the 
other. Somct nncs the tifd..1 costal cartilage. more rarel.v that of the ninth, articu
hues. by its lower border, with the adjoining cartilage by a sma ll ornl facet; more 

Tllesy11oti11l cttritieserposecl bu 
at•erticalsectw11ofthester111miw1clrnrlilages. 

Frn.:..'38.-Chondro·stcrnal,chondro-xiphoi<l.nn<l interchondral articulations. 

fre1rucntly they arc connected together by a few ligamcntons fibres . Occasionall:·i' 
the articular ~mrfaces above mentioned are wanting. 

Articulations of the Ribs with their Cart ilages (Costo-chondral) 
(Fi~. ~3~) 

stPr:~·~lc e~l~lt~;~ e~~1t;·e1~f~~:· a~~<.{~~~ ~~-~t~\-~a,:·~i!t~~~:t~ec~~\~~,~~~~t~~~·i~:r;·t~=~on in the 
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VIII. Ligaments of the Sternum. 
'l1he firRt piece of the !:ilernum is 11nite1l to tlu.• H'l'oncl either by ilU amphi

artbrOflial joint-a ~in,µ:le piece of true fil1nH.·artilngt.• uniting the :-cgrnenl5'-or 
f>,,- a diarthrodial joint. in which each bo11e i~ <:lodwil wi1h a distinct lamina of 

~~ 11:~\~ ~ g~ ·n a~~~:.e ;·::~~r0c~1s~0t~1 :i ~=;·t~·;·:;c ~~~-c !.\~1~1 tl:~i 1~1 a:t;::11 ::~i '·~~ ~~1~11 :~ ~ 1~~~~1e "~~~h ~1111~ 
intcrmption on to the cartilages of the second rib~. :\Ir. Hi,·ington bas f'oun<l the 
diarthrndial form of joint in about one_-thinl of the tipccimcns examined hy him; 
~Ir .. Maisonncuve more frequently. It appears to be rare in ch ildL oo<l. and is 
formed. in ~Ir. Hirington's opinion, from the amphiartbl'odial form by abi-;orptinn. 
The diarthrodial joint seems to ha.vc no tendency to o:.:si fy at an.\' age, while the 
amphiarthrodial is more liable to do so, and haR beE:n found ossified as early as 
thirty-four years of age. The two segments arc further connected by an 

Anterior Intcrstcrnal Ligament and a. 
Posterior Intcrsternal Ligament. 

The Anterior Intersternal Ligament consi~ti:; of a la.yer of fibres, ha dng a. 
longitudinal direction; it blends with the fibres of the anterior cbon<lro-sternal 
ligaments on borh sides, and witL the tendinous fibres nf origin of the Pcctoralis 
major. 'rhis lig:ament is rough, irregular, and much thicker below than abon•. 

The Posterior Intersternal Ligament i~ disposed in a somewhat similar 
manner on the posterior surface of the articulation . 

IX. Articulation of the Pelvis with the Spine. 
The ligaments connecting the last lumbar vertebra with the sacrum are ::-;imilar 

to those which connect the segments of the spi ne with each other-\·iz: 1. The 
continuation downward of the anterio1· and posterior common ligaments. 2. The 
intencrt(•bral substance connecti ng the flattened oval ~urfa.ces of the two bones 
:tn(I forming an amphiarthroclial joint. 3. Li~amcnta. snbflava, connecti ng the 
arch ilf the last lumbar vertebra with the posterior bonier of the sacra l canal. 
-l. Cap~ular 1igaments connecting the a.1ticula1ing processes and forming a double 
arthro1li:.\. 5. In ter- and supraspinous ligamcn!s. 

The two proper ligaments connecting the pch' is with tbe spine a.re tbc lun1bo
Bacral and ilio-lurnbn.r. 

The Lumbo·sacral Ligament (Fig. :2:3H) i:-; a Rhort, tliick. triangular fascicnlu~. 
which i)o; connected abo,·e to the lower nnd front part of the transverse prOCCbS 

of the la~t lumbar vertebra. pa~ses obliqnel.v ontwanl, and i~ attached below to 

~:~r~~~fi1~:~l ~~~·!\~:n~~- th'1'h~~s~i~~~:~1t\:rt~~11. i~~~~~:::11:gi~Icg~~~' w~\t:~hth~),;n}?~~~: 
muscle, :uni represents the aufrrior eoslo-ltltn~l·1·1·1w li!Jmnenl. 

The Ilio·lumbar Ligament (Fig. 239) pa~ses horiwntallr outward from the 
apex of' the tr:.ins\'erse process of lhe last lumlrnr ,·crtcbra to 'the creRt. of the ilium 

~~i1; t:1i1~1\el i~·a :~:.(~!~~·(~~~ ~e~~a ~~'~· ~~~~~ i 1~ ~~~ l ~ 1~11 i ~ ~ ~~·1 i ~~~en~~! ; ~ .. 0f' !t ~~i~l~ ~·~ ~ ~~·i~:,~:·'i:~ 
front, \\ ith the Psoas muscle; behind, with the muscle:; occupying the ,·ertebral 
groove; a bore, with the Quaclratus lumbornm. 

X. Articulations of the Pelvis. 
The li gaments connecting the bones of the pelris with each other may he 

clivide1l into four groups: 1. Those connecting the sacn11n and ilium. 2. T.bnfl.e 
pa~~ing between the ~acrum an<l ischium. 3. Those connecting the sacrum an<l 
coccyx. 4. Those between the two pubic bones. 

1. ARTICULATtoxs OF' THE SAcncM AND h1u~r. 

The ~aero-iliac articulation is formed between the lateral surfaces of the 
sacrum atul ilium. Tlic anterior or il\lricular portion of each articular surface 
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is co,·erecl with a thin plate of cartilage, thicker on the sacrum than on the 
ili~m. The su~·faces of these cartilages arc usually in close contact, but not 
umted. .So11:iet11nes fine fibres are f~und running between portions of these sur
faces, which m other cases may be, m the adult, rough and irregular, and sepa
rated fr?m one another by spaces cont~in ing synovial-likc fluid. The ligaments 
connectmg these surfaces are the anterior and posterior sacro-iliac. 

The Anterior Sacro-iliac Ligament (Fig. 239) consists of numerous thin 
ligamentous bands which connect the anterior surfaces of the sacrnm and ilium. 

Ft~. :!:19.-ATlic:ulations of pelvi.sand hip. Anterior view 

The Posterior Sacro-iliac (Fig. 240) is a strong 111terosseous ligament, situated 
in a deep depression between the sacrum and ilium behind. and forming the chief 
bond of connection between those bones. I t consists of numerous strong fasciculi 
which pass between the bones in various directions. Three of these are of large 
size: the two superior, nearly horizontal in direction 1 arise from the first and 
secon<l transverse tubercles on the posterior surface of the sacrum, and are inserted 
into the rough, uneYcn surface at the posterior part of the inner surface of the 
ilium. The third fasciculus, oblique in direction, is attached by one extremity to 
the th il'd trans\·crsc tubercle on the posterior su rface of the sacrum, and by the 
other to the posterior superior spin e of the ilium ; it is sometimes call ed the 
obli?ue sacro·iliaa b:r;amenl. 

The position of the sacro-iliac joint is indicated by the posterior superior spine of the ilium. 
This process is immediately behind the centre of the articulation 

2. LIGA>IENTS PASSING BETWEEN THE SACRUM AND Isc11 ruM (Fig. 240). 

The Great Sacro-sciatic (Posterior). 
'!'he Lesser Sacro-sciatic (Anterior). 

The Great or Posterior Sacro-sciatic Ligament is situated at the lower and 
back part of the pelvis. I t is thin, flat, and triangular in form; narrower in the 

" 
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mid<lle than at the extremities; attachccl by it8 brnad base to the posterior inferior 
spine of the ilium, to the fourth and fift.h trnnsrersc tubercles of the sacrum. ~ncl 
to the loM.'r part of the lateral margm of t_bat bone an<l the coccyx .. Pas~rng 
obliquely downward. outward, an<l. for~'arcl. 1t bec~•mcs. nari·?w ~nd _th.1ck, and 
at its irnscrtion into the inner margrn of the tubcros1t_y of the 1schrnm 1t mcrea~cs 
in breadth, and is prolonged forward along the inner margin of the ramus, forming 
what is known as tbefalc{fonn liganumt. 'L'hc free concave edge of this prolonga
tion has attached to it the obturator fascia, with "hi ch it forms a kind of groon~. 
protecting the internal pu<lic \'essels and nene. One of its surfaces is turned 
toward the pcrinamm, the other towal'<l the Ubturator intcrnus muscle. 

'l1he posterior sw:face of this ligament gi\'eS origin. by its" hole extent, to fibres 
of the Gluteus maxim us. Its anterior swj'ace is united to the lesser sacro-sciatic 

Fm.240.-Articulationsorpel\'isandhi1). 

ligament. Its external border forms, ahoYe, the posterior boundary of the great 
sacro-sciatic foramen, and, below. the lower boundary of the lesser sacro-sciatie 
foramen. Its lower border forms pa.rt of the bounclar.v of the pcrinreum. It is 
pierced by the coccygeal branch of the sciatic artery and coccygcal nen'e. 

'l'he Lesser or Anterior Sacro-sciatic Ligament, much shorter and smaller 
than the preceding, is thin, triangular in fol'm, attached by its apex to the spine 
of the iscbium, and internally, by its broad base, to the lateral margin of the 
sacrum and coccyx, anterior to the attachment of the great sacro-sciatic ligament, 
with which its fibres arc intermingled. 

It is in relation, a.nteriorly, with the Coccygcus muscle; poste1·iorZlJ, it is covered 
by the great sacro-sc1atic ligament and crnsse<I by the internal pudic vessels and 
nene. Its superior border forms the lower boundary of the great sacro-sciatie 
fora men ; its b~ferior border, part of the lesser sacro-sciatic fora.men. 

These two ligaments convert the sacro-sciatic notches into foramina. The 
superior or great sacro-sciatic foramen is bounded, in front and above, by the 
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po~tcrior border of the os innominatum; behind, by the great sacro-sciatic ligament; 
and below, by the lesser :.-aero-sciatic ligament. It is partially fill ed up, in the 
recent state, by the P_yriformis muscle, which passes through it. Above this muscle 
the gluteal vessels and superior gluteal nerve emerO'e from the pelvis, and, below 
it, the ~cia.tic \'C::.i!-1.els an(l nerves, the internal pudic ~e;.;sels and ncn·c, and muscular 
branches from Lhc r-mcral plexus. The inferior or lesser sacro-:;;ciati c foramcn is 
bounded, in front, by the tuber ischii; above, by the spine and lesser sacro-sciatic 
ligament; behind, by the greater sacro-sciatic ligament. It transmits the tendon 
of the Obturator intcrnus muscle, its nen·e, and th e internal pudic vessels and 
nerve. 

3. ARTrCULAT[OX OF THE SACRUM AND COCCYX. 

This articulation is an arthroclial joint, and is formed between the oval sur
face at the apex of tho sacrum and the base of the coccyx . It is connected by 
the following ligaments: 

Interarticular. 
Anterior Sa.cro-coccygeal. Lateral Racro-coccygcal. 
Posterior Sacru-coccygeal. Interposed J?ibro-cartilage. 

The Interarticular Ligaments connect the cornua of the two bones. 

desc~~~ ~-:~~r!~: ~~1ct:~.-i:~~:~~~::eL~:~:ce~!c~~1::i~~s t~~ afi~~r~\~ i~-~-~t~l~~c~~::sb;~~i~~ 
ing blende<l with the pcriostcum. 

The Posterior Sacro-coccygeal Ligaments arc the s11pe1:ficial and the deep. The 
super.ficiul is a flat band of ligamentous fibres. of a pearl.'- tint, which arises from 
the margin of the lower orifice of the sacral canal and descends to be inserted 
into the posterior surface of the coccyx. This ligament completes the lower and 
back part of the sacra.I canal. ThP deep consists of a few fibres, which descend 
to the coccyx from that part of the sacrum whic:h forms the cmteriut wall of the 
lower part of the sacra.1 canal. Its lower encl blends with the preceding. 

The Lateral Sacro-coccygeal Ligaments are ligarnentous bands, cac}J of which 
passes from the inforior lateral angle of the sacrum to the trans\·erse process of 
the first piece of the coccyx. 

A Fibro-cartilage is interposed between the contiguous surfaces of the sacrum 
and coccyx. It is 5'omcwhat thicker in front and behind than at the sides. Occa
sionally, .. a synovial membrane is found when the coccyx is freely movable, which 
is more especially the case during pregnancy. 

The different segments of the coccyx are connected ~ogether b,v an extension 
downward of the anterior and posterior sacro-coccygeal ligaments, a thin annular 

~;~~I fi!J1~-~-~~~~~~g~c~~~~~ i;s:~~~~l:e~u~ci~"~i1: e~~~~a~! :tfs be~~~:· no!nc~~~ma:~;~ 
occur until a later period of life. The separate segments of the coccyx are first 
united , and at a more a<lranccd age the joint between the sacrum an<l coccyx is 
obliterated. 

Actions.-The movements which take place between the sacrum and coccyx, 
and between the different pieces of the latter bone, are slightly forward and 
backward; they are very limited. Their extent increases during pregnancy. 

4. AwrrruLATfON OF THE ORSA PUB!' (Fig. 2-11). 
The articulation between the pnbic bones is an :unphiarthrodial joint, formed 

b,r the junction of the two oval articular surface:; of the ossa pu.bis. 'fh~ articular 
surface has been described on a former page under the nam~ of SY_mphyszs, and the 
same name is gi,·cn to the joint. The ligaments of this :\l'tJculat1on are the 

Anterior Pubic. Poste rior Pubic. 
8uporior Pubic. ::iubpubic. 

Interpubic disk. 
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'rhc Anterior Pubic Ligament consi ts of sc\·cral superimposed layers \\hi ch 
pass acro::;s the front or the articulation. 'fhc superficial fibre:-. pa::-s ohli11urly 

from one bone to the other, decu~~ating 
JJyoline cnnilaye cor1•1-111y bo11e. aml forming an intcrlacemcnt wi1h thl' 

fibres of the aponcuro8i• of the Ex
ternal obli ,1uc an<l the tendon of the 
!foetus mu:-:;cles. '11he deep fibres pass 
trans,·ense l ~· acros~ the symphyRi.11,, nud 
arc blended with the fibro-cartilagc. 

The Posterior Pubic Ligament con
sists of a few thin, Rcattered fibrcl-1 
which unite the two pubic bones pos
tc l'i ol'lr. 

Tllc Superior Pubic Ligament is a 
band of fibres which connects together 
the two pubic bones superi orly. 

The Subpubic Ligament is a thick, 
triangular arch of 1igamcntous fibre~. 
connecling together the two pubic 

Fie;. 21l.-\.l.'rtiC'a.I H'<'lion of the symphysis pubis. bun es below and forming the ll)l)ICI" 
Mack n .. a r it~po~tl.'rior ~urface boundary of the pubic arch. A ho,·e. 

it is blended with the interarticular 
fibro-cartilage: lateralJ~ ... it is united with the rami of the o:;; pubis. Its fibres are 
c1oseh connected and barn an arched direction. 

The Interpubic Disk consists of a. d isk of ca rtilage and fibro-cartilage con
necting the su rfaccs of the pubic bones in front. Each pubic sympbysis ii;; corerecl 
b:~ a thin layer of hyaline cartilage which is firmly connected to the bone by 
a series of nipple-like processes which accurately fit within cones.ponding depres
s ions on the osseous surfa.ces. These opposed cart ilaginous surfaces are connected 

~~l~~~~~~ 1~bi~~1n~:1:~~1~fi(~:1~:n:t;~~~j~~t~f' fi{tr~if~en1 i ~~~\~a~~~d :~~~i~)~\t~l~f.~e c:'~!1/1~~: 
probabl.v formed by the soften ing and absorption of the fibro-cartilage1 since it 
ral'ely appears before the ienth year of li fe. and is not lin ed by ssnovial membrane. 
I t is larger in the female than in the male, but it is ve ry questionable "hether it 
eularges, as was formerly supposed, during pregnancy. I t is most frequent!:· 
limited to th e upper and back pa.rt of the joint, but it occasionally reaches to the 
front, and may extend the enti re length of the carti lage. This ca,·ity may be 
easily <lemonstrated by making a. ''e rti cal section of the symphysis pubis near its 
posterior surface. 

Th e Obturator Ligament is more properly regarded as analogous to the 
muscular fo~ci;--c, with which it will be describe<l. 

ARTICULATIONS OF THE UPPER EXTREMITY. 
The articulat ions of the upper extrem ity ma~· be ananged in the following 

,rroup!': I. Sterno.clavicular articulation. II. Aeromio.c]a,·icular articulation. 
LIL Lip:aments of the Scapula. I\'. S houldcr0join t. V. Elbow-joint. YI. 
Ha<lio-ulnar a r ticu lat ions. VIL Wrist-j oint. VIII. Articulations of the Carpal 
Bones. IX. Carpo-metacarpal articul:ctions. X. Metacarpo-phalangeal arti cula
tion ~. XI. Articulations of the Phalanges. 

I . Sterno-clavicular Articulation (Fig. 2-12). 

The Sterno·clavicular is regarded by mo!'it anatom ists as an a.rthrodial joint, 
but Cruveilhier con~iders it to be an articulation by reciprocal reception . Probably 
the former opi nion is the correct one, the rnried movement which the joint 
enjo:·s bei11g 1luc to the interpo!'iition of an interarticular fibro-cartilage between 
the joint surfaces. The parts entering into its formation are the sternal end of the 
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clavicle, the upper and lateral part of the first piece of the sternum, and the 
carti lage of the first rib. The articular surface of the clal"icle is much larger than 

~~~k~~ ~~=1:tili:tu~1;; ;:~\~~~:1~~~n:~ith ;h~a)"i~~:ei~~t~·~}~~l~i~ J!i~~; ~:ec~~!iderably 
Anterior Sterno-clavicular. Intcrcla.vicular. 
Posterior Sterno-clal"icular. Costo-clavicular ( rhomboid). 

Interarticular Fibro-cartilage. 

The Anterior Sterno-clavicular Ligament is a broad band of fibres which 
coYers the anterior su rface of the articulation. being attached, a.hove, to the upper 
aud front part of the inner extremity of the clavicle, and, passing obliquely 
dcwnward and inward, is attached, below, to the upper and front part of the first 
piece of the sternum. This ligament is covered. in front. by the sternal portion of 
the Sterno-cleiclo-mastoid and the integument; behind. it is in relation with the 
interarticular fibro-cartilage and lhe two synovial membranes. 

The Posterior Sterno-clavicular Ligament is a similar band of fibres which 
CO\'ers the posterior surface of the articulation, being attached, aboYe, to the upper 
and back part of the inner extremity of the chl\·icle, and, passing obliquely 
downward and inward, is attached, below, to the upper :1rnl back part of the first 
piece of the !olternum. It is in relation. in front, with the interarticular fibro
cartilage and syno\·ial membranes; behind, with the Stcrno-hyoid and Sterno
thyroid mu~cles. 

· 'l1be Interclavicular Ligament is a flattened band \\hich rnries considerably 
in form an<l size in different i1Hli\·iduals: it passes in a cunccl direction from tb'e 
upper part of the inner extremity of one clav ic:le to the other, and. is ~losely 
attached to the upper margin of the sternum. It is in relation, in front, ''1th tbe 
integum ent; behind, with the Sterno-thy roid mu~elcs. 

'l'he Costo-clavicular Ligament (rhomboid) is io;bort, flat, and strong : it is of 
a rh omboid form, nttached, below, to the upper and inner part of the cart ilage of 
the fir~t riL: it :i~ecnds obliquely backward and outward, and is attached, above, 
to the rhomboid deprc~sion on the under surface of the chwiclc. I t is in relation, 
:~i~:ont, with the tendon of origin of the Subchn ius; behind, with the subclaYiau 

~rh e Interarticular Fibro-cartilage is a fla.t and nearly circular disk, interposed 
between the articulating surfaces of the sternum and cla\•iclc. It is attached, 

1 Accordin~ to BruC'h, the sternal end of the clavicle is covered hy a. ti&.ue which is rather 
fibrous than cartilaginous in structure. 
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above, to the upper and posterior b~rder of the articular surfocc of the cJa.,·ide; 
below, to the cartilage of the _first rib. at i_ts junction wi_th the stc~·num: a~Hl h,Y 
its circumference, to tbc an tenor and po~tenor sterno-cl:\.\'1cular and interclan('u)ar 
ligaments. It i~ thicker at the ci1:c~1mfercn~c~ cspcciall,r it~ _upper and hack par_l, 
than at its centre or below. It d1ndes the JOlllt mto two ca,·1t1c:.; 1 each of which 1s 
furnished '\itb a sepa rate syno,·ial membrane. 

Of the two Synovial Membranes found in this articulation, one is rcAcctrd 
from the sternal end of the cJa,·icle over the a.djaccntsurfacc of the fibro-cartilage 
and cartilage of' the first rib : the other is placed between the articular surface of 
the sternum and adjacent surface of the fibro-cartilagc; the latter is the larger of 
the two. They seldom contain much syno,·ia. 

Actions.-'J1hi s articulatioI.J is the centre of the movements of the shoulder\ and 
admits of a. limited amount of motion in nead.y e'·cry direction-upward, down
ward , backward, forward-as wc1l as circumduction. When these moYcm ents 
take place in the joint, the clavicle in its motion ca.rri cs the scapu la with it, this 
bone gliding on the outer surface of the chest. This joint therefore forn~s the 
centre from which all mov-ements of the supporti ng arch of the shou lder orig111atc, 
and is the on ly point of articulation of this part of ~he skeleton with the trunk. 
"The mo,·emcnts attendant on elevation and deprc~sion of the shou lder take place 
between the claYiclc and the interarticular fibro·cartilage. the bone rotating upon 
the ligament on an axis drawn from before backward through its o" n articuhu 
face t. When the shoulder is moved forward and backward, the claYicle, with 
the interarticular fibro.cartilage, ro1ls to and fro on the articu lar surface of the 
sternum, rcvohing, with a sliding movement, round an axis drawn nearly rnrtically 
through the swrnum. In the circumduction of the shou lder. which is compounded 
of these two moYements, the clavicle re\·oh'eS upon the internnirula.r fibro·cartilage, 
and the latter, with the clav icle, rolls upon the stem um.' ' 1 Ele\'ation of the clavicle 
is principally limited by the costo. clav icular ligament; dcprc~sion, by the inter· 
claricula1·. ~'be muscles which raise the clavicle, as in shrugging the shoulders, 
arc the upper fibres of the Tntpezius1 t he Leva.tor angn li scapul ro, the clavicula.r 
bead of tbe Rterno.mastoid, assisted to a certain extent by the two Hh omboids. 
which pull the inferior angle of the Scapu la. backward and upwa.rcl, and so raise 
the cl:tvicle. The depre.<s!'Sion of the clavicle ir.; principally effected by gra\•ity, 
assisted by the 8ubela\'ius, Pectoralis minor, and lower fibres of the Trapezius. 
It is dra.wn bal'kward by the Hhomboids and the middle and lower fibres of the 
Trapezius, and forward 

0

by the Serratus magnus and Pectoral is minor. 

ini! t~~:.~1~1~.?ed~~;~heen~l0~}~~!11~ ~~l~~;:_j~~~j-~~~\~~~!~:~~fi~~t s:~~1~~~~~~~~-ii~~:·t~~i~l~~~lb~~ci~~ 
oft he Stcrno·mastoi<l muscle. If this muscle is relaxed by bendin.~ the hc;:1<l forward. a dcpres· 
sion just internal to the encl of the c:laviclc, and between it ancl the sternum. c·an be fo\t , in<li('a-

l~~~s~tI;~~f1~\lf~l~::~r. ;~:~~~'.~£~<l~ .~i'~\~;~.~::~·~;;·;~<l~~1o. ;~::~~ 1~~~0~:~'.,:~~~~lo~1it1~~, ,:.~~: 
. . Surgi~al Anatomy.-'l'he streneth of this joint mainly depends upon its ligaments, an<l 
1t 1s to tlu*', and to the foct that the force of the blow is .!!:e11erallr lrani<rnittcd a\011A: the 
lorn.; axis of t~1 e clavicle, that cli.slocati_on rarely occm~, and that the i)onc is f!Cncrally Lrokcn 
rather than d1 :-:; pla('ed. Wl.1en dislocalion does occur, the course which the dii:;placed bone ta~cs 
depends more upon the direction in which the violence is applied than upon the a11atom1<·al 

~~~!~~~;;c~ir':10~!'. t~se 1:~~~\~js i;h~1:io,~~~n~~~~~~~· !1.1'~'J~~~j10?.~~~ki~a~:~g:~~~I t~~\'~Ji~{~ca~j~~s 1c~~~~JJft:'.~ 
that, owtn!,\' to the shape o.f .the :w~1cular surfaccg beiu,g so ~ittle adapted to each otlH•r1 and 
that the. strcup-~h of the .JOlllt mamly ~epends upon t.11~ 11,1.ramrnts, the displacement \"h~n 
reduced 1s very liable to recur, and hence 1t is extremely diffiC"ult w keep the end of the bone m 1ts 
proper place. 

II. Acromio-clavicular Articulation (Fig. 2~~). 

Th ~ Acromio-clavic_ular is an artbl'O<lial joint fol'mcd between the outer 
extremity of the clancle and the upper edge of the acromion process of the 
scapula. Its ligaments are the 

1 llumphry, On the llumun .SkeletQn
1 

p. 402. 
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Superior Acromio-clavicular. 
Infe rior A cromio-cJa,· icula r. 
Interarticula r Fibro-carti lage. {

Trapezoid 
Coraco-cla \•icular and 

Conoid. 

The Superior Acromio-clavicular Ligament is a broad band, of a quadrilateral 
fo rm, which covers th e superior par t of the ar ticulat ion, extending between the 
upper par t of the outer cml of th e clavi cle and the adj oi ning par t of the upper 
surface of the ac romiou. I t is composed of pa rallel fi bres which in terlace with 
the aponeurosis of the Trapcz ius and Deltoid muscles; below, it is in contact with 
the intcrarticular fibro-carti lagc (wh en it ex ists) an d the sy no,·iaJ memb ranes. 

The Inferior Acromio-clavicular Ligament, somewhat thinner than the pre
ceding, covers the under part of the articulation, and is attached to the adj oining 
surfaces of th e two bones. I t is in relation, abO\'e, with th e synovial membranes, 
a nd in rare cases wi th the in terar t icula r fibro-cart ilage; below, wi th th e tendon 

r m.2-13.-Thc le l\ shoulde r·joint,scapulo-cla\'icularnrticulntlons.amlproper Hi;:-amcntsofscapula, 

of the 8 upraspinatus. These two ligaments a rc con t i nuou~ '.rith ea.ch other in 
front and beh ind , a nd fo rm a complete capsul e round the .JOlll t. 

']_
1be I nterarticular Fibro-cartilage is freq uenlly absent in this a rt iculation. 

When it ex ists it gen erally only part ially separates the a rt ic ular surfaces, and 
occupies the upper par t of the art iculat ion. l\ Iore ra rely it com pletely separates 
the join t in to two ca\•itics. 

The Synovial Membrane.-'l'hcre is usually only one s,vnovial membrane in 
this art iculation, bnt when a complete interart icular fibro-ca rti lage ex ists there are 
two s,·novial membranes. 

'J1hc Coraco-clavicular Ligament serves to conn ect the clav icle with the coracoid 
process of the scapula. I t doe.5 not properly belong to this a.rticulation, but as it 
forms a most effi cien t means m retaining the clavicle in contact wi th the acrom ial 
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process, it is usually described with it. I t consists of two fasciculi, cu lled the 
trapezoid and conoid ligaments. 

~I.1he Trapezoid L 1'gament, the anterior and external fasciculus, is broad. thin, 
and quadrilateral; it is placed oblic1uely between the coracoid proce's and the 
c]a.,·icle. It is attached, below, to the upper surface of the ~oraco1d proce~1'; 
abo,·e. to the oblique lin e on the under surface of the cl:nicle. lLs anterior border 
is free; its posterior border is joined with the conoid ligament, the two formin~ 
bv their junction a projecting angle . 

.. The Conoicl Li[Jament, the posterior and internal fascicu lus, is a. dense band of 
fibres, coni cal in form, the base being turned upward, the summit downward. It 
is attached by its apex to a rough impress ion at the base of the coracoid process, 
internal to the preceding; above, by its expanded base1 to the conoid tubercle on 
the under surface of the clavicle, and to a line proceeding internally from it for 
half an inch. These ligaments are jn relation, in front, with the Subclavius and 
D eltoid ; behind, with the Trapezius . ~I.1hey serve to limit rotation of the scapula, 
the 'l1rapezoid limiting rotation forward, an<l the Conoi<l backward. 

Actions.-The movements of this articulation are of two kinds : 1. A gliding 
motion of the a rticular end of the clavicle on the acromion . 2. Hotation of the 
scapula forward and backward upon the c]a,·icle. th e extent of this rotation being 
limited by the two portions of the coraco-cla,·icular ligament. 

The acromio-clavicular joint bas important fun ctions in th e mo,·ements of the 
upper extremity. It has been well pointed out by Sir George Humphry that if there 
had been no joint between the clavicle and scapula the circular monment of the 
scapula on the ribs (as in throwing both shoulders backward or forward) would 
have been attended with a greater alteration in the direct ion of the shoulder than is 
consistent with the free use of the arm in such positi on, and it would have been 
impossible to gi,·e a blow straight forward with tbe full force of the a.rm; that is to 
say, with the combined force of the scapu la, arm, and forearm. " 1This j oint, " a ~ 
he happily says, u is so adjusted a.s to enable either bone to turn in a hinge-like 
manner upon a vertical axis drawn through the other, and it permits the surfaces 
of the scapula, li ke the baskets in a roundabout swing, to look the same way in 
every position or nearly so." Again, when the whole a.rch formed by the clavicle 
and scapula rises and fall s (i n elevation or depression of the shoulders), the j oint 
between these two bones enables the scapula. s till to maintain its lower part in 
contact with the ribs. 

Surface Form.- The position of the acromio-clavicular joint can generally be ascertained b; 
the slightly enlarged extremity of the outer end of the claYiclc1 which causes it to projecl ahon 
the )eye! of the acromion process of the scapula. Sometimes this enlar,gemem is so considerable 
as to form a rounded eminence, which is easi ly to be folt. The joint lies in the plane Gf a n:r· 
tical line l?as."-in~ up the middle of the front of the arm. 

Surgical Anatomy.-Owing to the slanting- shape of the articular surfaces of this joint, 
dislocation .c;enerally occurs downward; that is to say, the acromion process of the scapula is 
dislocated under the outer end of the clavicle; but di:::locations in the opposite direction ha,·e 
been described. The displacement is oflen incomplete. on a.ccount of the strong coraco-daviculat 
li _2a ments, whieh remain untorn. The same difficulty exists, as in the sterno-cJa,·icular disloca
tion, in maintaining the ends of the bone in poi;ition after reduction. 

III. Proper Ligaments of the Scapula (l' ig. 243). 
Th e proper ligaments of the scapula are the 

Coraco-acromial. Tran Rversc. 

The Coraco-acromial Ligament is a. broa<l, thin, flat band, of a triangular ::-hape. 
extended transversel.v above the upper part of the shoulder-j oint. betwct'n the 
coracoid and acromial processes. I t is attached, by its apex, to the summ it of the 
acromion just in front of the a rticular surface for the cla.,·icle. and bv its broad 
base to the whole length of the outer border of the coracoid process. Ii.s posterior 
fibres are directed obliquely backward and inward. itR anterior fibres trans,·eri'.'el_v 
inward. Thi~ ligament completes the rnult formed by the coracoid and acromion 
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processes for the protection of the head of the humerus. It is in relation, above, 
with the clavicle and unde1· surface of the Deltoid : below, with the tendon of the 
Supraspinatus muscle, a bursa being interposed. Its anterior border is continuous 
with a dense cellular lamina that passes beneath the Deltoid upon the tendons of 
the Supra- and lnfraspinatus muscles. This ligament is sometimes described as 
consisting of two marginal bands an<l a thinner intervening portion, the two 
bands bci1~g attached respectively to the apex and base of the coracoi<l process, 
and joining together at their attachment into the acromion process. When the 
Pectoralis minor is inserted, as sometimes is the case, into the capsule of the 
shoulder-joint, instead of into the coracoid process, it passes between these two 
bands, and the intervening portion is then deficient. 

'rhe Transverse or Coracoid (snpraseapular) Ligament conYcrts the suprascapu
la.r notch into ::t forarncn. It is a thin and flat fascicu lus, narrower at the mid
dle than at the extremities, attached by one end to the base of the coracoid 
process, and by the other to the inner extremity of the scapu1ar notch. Th e 
suprascapular nerve passes through the foramen; the suprascapular vessels pass 
over the ligament. 

Movements of Scapula.-The scapula is capable of being mornd upward and 
downward, forward and backward, or, by a combination of these mm·emcnts, cir
cumducted on the wall of the chest. The muscles which raise rhe scapula are the 
upper fibres of the Trapezius, the Leva.tor anguli scapulre, and the two Rhom
boids; those which depres& it are the lower fibres of the 'l'rapezius, the Pectoralis 
minor, and, through the clavicle, the Subclavius. The scapula is drawn backward 
by the Hhomboids and the middle and lower fibres of the Trapezius, and forwm·d 
by the Serratus magnus an<l Pectoralis miuo1\ assisted, when the arm is fixed. by 
the Pectoralis major. The mobil ity of the scapula is very considerable, and 
greatl,Y assists the mo,·ements of the arm at the shoulder-joint. ~r hus, in raising 
the arm from the side the Deltoid and Supraspinatus can on ly lift it to a right 
an•le with the trnnk, the fu1·ther ele"ation of the limb being effected by the 
Tr~pezius moving the sca.pula on the wall of the chest. This mobility is of special 
importance in ankylosis of the shoulder-joint, the movements of this bone com
pensating to a rery great extent for the immobility of the joint. 

IV. Shoulder-Joint (Fig. 2~3). 
The Shoulder is an enarthrodial or ball-and-socket joint. '!'he bones entering 

into its formation are the large globular head of the humerus, which is received 

into the shallow glcnoid cavity of the scapula-an arrangement which permits of 
very considerable movement, whilst the joint it!:lclf is protected against displacement 
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by the tendon8 which surround it and Uy atmospheric pres!o:iure. 'fh e ligament 1::' do 
not maintain the joint surfaces in apposition, because "hen they alone remain the 
buml'l'll:o; can be :-eparatccl to a considerable extent from the glenoid ca,·it.Y; their 
use, therl'f"ore, i~ to limit the amount of movement. Aho,·e. the joint is protected 
br an arched ,·ault, formed b,· the under surface of the coracoid and acromion 
p~·nce:-::;.e!'-, arnl the coraco·acro1;1ial ligament. 'J'h r a rticular su rfa ces are co,·cred by 
a layer of cart il ar1e: that on the head of the humerus is thicker at the centre than 
at the c ircumfcl'~1 <:e, the reverse being the case in the g lenoid ca,·ity. ~L1h e liga· 
ments of lhe shoulder arc the 

Capsular. 
Glcnoicl.' 

Co1·aco.hum cral. 
'.l1ransvcrse l1umcral. 

1'he Capsular Ligament completely enc ircles the articnla.tion, being attached, 
:1..bovc, to the circumforence of the g lenoid cav ity beyond the glenni<l ligam ent: 
below, to the anatomical neck of the humerus, approaching nearer to the articular 

~ts1:~,~~~~~e~t~1~1'~~ ~~1 a1~c1~~~,~~\~b1~~.s~o~~~t~~~~tf~1~: a~c~ ~~1l~~l~c~~1~~:~o~·~cl1 111~~::!?;~~~ai~ 
necessary to keep the bones in contact. allowing them to he separated from each 
other more than an inch-an e,·ident pro,· ision fo r that extreme freedom of move
ment which is peculiar to this articulation. Its su perfi cia l su rface is strengthened, 
abo,·c, b,Y the ~uprai:-pinatus : below, by the long head of the 'rriceps: posteriorly, 
b,v the ternloni. of the h1fraspi natus and Tcres minor; and anteriorly. by the ten
don of the Subscapu laris. The cawmlar ligament usually presents three open· 
ingl'): one ante riorly , below the coracoicl process, establishes a communication 
between the sy novial membrane of the joint and a bursa beneath the tendon 
of the S uhscapularis. 'rhe second , which is not constant, ex ists between the 
.ioint and a bursal sac belonging to the lnfraspinatu s muscle. The third is 
~cen bcb' cen the two tuberosities, for the pa~sage of the long tendon of the 
Riccp!:i mu8clc. 

'The Coraco·humeral is a. broad band whi ch st rC'n gth ens the upper part of the 
cnpsular liga.mcnt. It ari ses from the outer hordcr of' the coracoid process, and 
passes obliqu ely downward a.nd outward to the front of the great tuberosity 
of the humerus, being blended with th e tendon of the Suprnspinatus muscle. 
' l'his ligament is intimately united to the capsular in the g reater part of its 
extent. 

The Transverse Humeral Ligament.-This is a. broad band of fibrous tissue pass
ing from the lesser to the greater tuberosity of the humt rus, and always limited to 
that portion of the bone which lies abo,·e the epiph_ysial line. It converts the 
bicipital groo,·c into an osseo·aponeu ro t ic cana l, and is the analogue of the 
strong proces!'I of bone which connects the summits of the two tuberosi ties in the 
mu~k ox. 

Supplemental Bands of the Capsular Ligament.-Tn addition to the eoraco
bumeral. the cap~tilar lip;ament is strengthened by supplemental bands in the 
intafo1· of the j oi nt. These bands (r;leno-lmmeral ligamentif) are situated on 
the fore part of the capsule, and the superior passes from th e upper part of 
the anterior margin of the glenoid cav ity to the upper encl of the bicipital 
groo,·c. '111tis is sometim es known as Flood's li gilment, and is supposed to 
correspond ,~·ith the ligamentum teres of the hip-j oint. ' l'he middle one, from 
the ~amc ongi n, passes downward an1l outward to th e lower part of the lesser 
tuberosity. B etween these two is the orifice of the Mtbffcapular bursa. '11he 
inferi1Jr hand pa.$~e~ from the middle of the anterior e1lge of the glenoid c:mty 
to the unclcr pnrt of the neck of the hnmeru'-5. Th e two latter arc known as 
Schlemm\; li!.!amcnts. 

The Glenoid Ligament is a fibrous r im attached round the margin of the 



THE SHOULDER-JOINT. 347 

glenoid .ca1·ity. It is conti.nuous above with the long tendon of the Biceps, 
which bifurcates at that point. 

'rhe Synovial Membrane is reflected from the margin of the glenoid cavity 01·er 

:~~f~:~·~;~~~l:~l~~~~~r \\~a1~l~r~·~t~n0~.i;:~ :~~ 1i~,~·~rt~=~\ ~·~~e~t~~~ ~~~~et~~c~n~~r~ha~ 
humern:.;, and is continued a short distance ornr the cartila(l'e coYcrinrr the head 
of the bo!1c. Th~ long tcnd?n of the Biceps muscle '' hicb. passes tlnough the 
capsular ligament 1s enclosed m a tubular sheath of synoYial membrane. ''hi ch is 
reflected upon it nt the point where it perforates lbc capsule, and is continued 
around it as far as the summit of the glenoid carity. 'J'hc tendon of the Biceps is 
thus enabled to traverse the art iculation, but it is not contained in the interior of 
the synorial cavity. The synovial membrane communicates with a large bursal 
sac beneath the tendon of the Subscapu lar is, by an openin" on the anterior 
side of the capsular ligament: it also occasionally cornmunic7ttes with another 
bursal. sac, beneath t~c tendon of the Infraspinatus, through an orifice at its 
postenor part. A third bursa} sac, wh ich docs not communicate with the joint, 
is placed between the under surface of the Deltoid and the outer surface of the 
capsule. 

rrhe Jliuscles in relation with the joint are, above, the Supraspinatus; below, 
the long head of the Triceps: internally, the Subscapularis; externally, the Infra
spinatus and Teres minor; within, the long tendon of the Biceps. The Deltoid is 
placed mo~t externally, and coYers the articulation on its outer side, as well as in 
front and behind. 

The .Arteries supplying the joint are articular branches of the anterior and 
posterior circumflex, and suprascapular. 

The ~Yeaes are deri\·ecl from the circumflex and suprascapu lar. 
Act ions.-The shou lder-joint is capable of moYcment in every direction, forward. 

backward, abduction, adduction, circnmduction, and rotat ion. The humerus is 
<lrnwn .f01·ward by the Pectoralis major, anterior fibres of the Deltoid, Coraco
brachialis, and by the Biceps when the forearm is flexed; bar:kward, by the Latis
simus dorsi, Tercs major, posterior fibres of the Deltoid, and by the Triceps when 
the forearm is extended; it is abducted (elevated) b_v the Deltoid and Suprnspinatus; 
it is adducted (depressed) by the Subscapularis, Pectoralis major, l.atissimus dorsi, 
and Teres major; it is rotated outward by the lnfraspinatus and ~reres minor; 
and it is rotated inward by the Subscapularis, Latissimus dorsi, Teres major, and 
Pectoralis major. 

The most striking peculiarities in this joint are: 1. The large size of the head 
of the humerus in comparison with the depth of Lhe glenoid caYity, even when 
supplemented by the glenoid ligament. 2. The loo8cne~s of the capsule of the 
joint. 3. The intimate connection of the capsule with the muscles attached to the 
head of the humerus. 4 . The peculiar relation of the biceps tendon to the joint. 

It is in consequence of the relati\'e size of the two articular surfaces that the 
joint enjoys such free movement in every possible direction . \\'hen these moYements 
of the arm are a.rrcste<l in the shoulder-joint by the contact of the bony surfaces 
and by the ten8ion of the corresponding fibres of the capsule, together with t.liatof 
the muscles acting as accessory ligaments, they can be carl'lcd consu.lernbly farther 
by the movements of the scapula, involring, of course, motion at the acromio- and 
sterno-clavicular joints. 'rhcse joints are therefore to be rcganlctl as accesso7 
structures to the shoulder .. joint. 1 The ex cent of thc:!e mo\·cmcnts. of the scapula ~s 
very considerable, e:.1pccially in extreme elenition of the arm, wl~ich moYcm~nt is 
best accomplished when the arm is thrown somewhat forward , smce the articular 
surface of the humerus is broader in the middle than at either encl. especially the 

~~~~~~·as1~ t:t~1t1 t~e0r1~a~.~~tr~~t:c\~va~,~~ ~:.~~~tl~~·il~~hw:~cltbi: ~~~~r~rdp~;1t~!u<li;;ctt~~ 
humeral bead also allows of very free horizontal mo,·ement when the arm ts 
raised to a right angle, in which nioYement the arch formed by the acromion 1 the 

1 Seep. 3-14. 
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coracoid process, and the coraco-acromial ligament constitutes a sort of supple
mental articular crwity for thf' head of the bone. 

The looseness of lhe capsule is so great that the arm "ill fall about au inch 
from the scapula when the mu;;;cles are dissected from the cap8ular ligament and 
an opening made in it to remove the atmospheric pressure. The mrirnmcnts .of 
the joint, therefore, arc not regulated by the capsule so much as by the surroundmg 
muscles and by the pressure of the tttmosphere- an arrangement which "renders 
the mo,·cmcntS of the joint much more easy than thc.v would otherwise have bccn1 

and permits a swinging, pendulum-like vibration of t~e limb ,~·l~en th~ mu~c.lcs 
arc at rest" (J [umphry). 'l'he fact, also, that in all ordi nary po~1t1on'. of the J.omt 
the capsule i:s not put on the stretch enables the arm. to lllO\'C frce.ly Ill all_ direc
tions. Extreme movements are checked bv the tcns10n of appropriate portions of 
the capsule, as well as by the interlock in'g of the bones. 'l1hus it is said that 
"abduction is checked by the contact of the g reat tubcrosity with the upper c<lgc of 
the g lcnoid .ca\'ity, adduction by the tension of the coraco-humcral ligament" 
(Bcaun is ct Bouchard). . 

The in t imate union of the tendons of the four short mur.;cles with the capsule 
converts these muscles into elast ic and spontaneously acting li gamei~tr.; of the joint, 
and it is rcga.l'decl as being a lso intended to prercnt the folds into which all portions 
of the capsule wou ld altemately fall in the varying po~itions of the joint from being 
drirnn between the bones by the pressure of the atmosphere. 

'l11ie peculiar rela.tions of the Biceps tendon to the shou lder-joint appear to sub
scr \'e rnrious purposes. In the first place, by its con nection with both the shoulder 
and elbow the muscle harmonizes the a.ction of the two j oints, and acts as an 
elastic ligament in all positions, in the manner pre,·iously ad,·erted to. 1 Next. it 
strengthens the upper pa.rt of the articular ca.vj t_y, and prevents the head of the 
humerus from being pressed up against the acromion process. when the Deltoid 
contracts, instead of forming the centre of motion in the glenoid ca,·ity. By its 

~~~~:~fit~1~1~! '~~1~i:~~t~~le~·~o;t:c ~~ t~~s~s~ .. ~~ r~~~1i~1,·~nt~ctt~~.,~ e~1~l i~:i s~~f ~~:e;·~: 
side it assists the Supra- and Infra spi na.tus in rotating the bead of the humerus in 
the g lcnoid caYity. It also holds the head of the bone firmly in contact with the 
glenoid ca,·ity, anc~ prevents its slipping over its lower e<lge, or being displaced b_y 
the action of the Latissimus dorsi and Pectoral is major, as in climbing and many 
other movements. 

Surface Form.- The direction and position of the shoulder-joint may be indicated by a line 
drawn from the middle of the coraco-aeromial li.£?ament, in a curved direction, with its con
\'exity inw:1rJ, to the innermost part of that portion of the head of the humerus which can be 
felt in the axilla when the arm is forcibly abducted from the side. When the arm hangs by the 
side, not more than one-third of the head of the bone is in contact with the !dcnoicl ca,·ity, and 
t hree-quartC'rs of its circumforencc is in front of a vertical line drawn from the anterior border of 
the acromion process. 

Surgical Anatomy.-Owing to the construction of the ~houldcr-joint and the freedom of 

di~1~~~~~'Jt ti~~:~~,~~ c~~l~~·:1j~in~,i~ll ~i~ci'b:i_~.sc))f~J~~~t~~~s ~g~1~:~\'hi!~:a~ j~~1 'ai1~11~8i~n~bdl!~~~i:c::~1J 
:i!1~:1 ~,.~:i~f1ef.~rt!;et 1~h i~~~1~~t 0~n~l1i1~~~~~~~~or.[:ds~11~~}n~1~:1 lf ~~~~~·~.1~ t'.'n'!rf~1:1~~N~i·~ ~f~: 1~~ p~~S~ 
almo:st in\':Jriably takes place in this situa.tion, and thron~h it tllP head of the bone escapes, so 
that the disloc:uion in most instances is primarily sub~lenoid. 'J'he hea<l of the bone docs not 
usually remain i1.1 this situation, but ~enemlly assl1mes some other position, which "aries ac:rord
in~ to the direction and amount of fo rce proclt~c·ing the dislocation and the rel::i.tive strenirth of 
the musdcs in front and behill(l the joint. ] n consequence of' the muscles at the back" being 
stro1!gcr than those in. front, and cspe<;ially f?ll account o~ the long head of the Trireps prc
vcntmg the bone passmg backward, d1slocat10n forwar!l JS much more common than liack
wartl. The most frequent position which the head of the humel'uS ultimat<'lr as.-;unic:s i!". nn the 
front of the- neck of the scapula1 beneath the cora('oid process, and he1lce named subrora
coi<l. OooaP>i~nally, in conse9uen~e probably o.f a p-rcatcr :.imount of force bein~ brouJ?ht to 
bear on the !nub, the hea(l 1s d;1ven farther rnwarJ, aml rests on the upper part of the front 

i~· ,~'hic1~ 1i~s~~a~~;i~~l~ri~~1di:~j~~i r~ss~:~a~:1c~f;1; '~xill~~)~n~t;J~: o~~ th~m~~;~u;~ (~~bg\~~~\~)~ 
1 $eep.3J8. 
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and rarely it passes backward and remains in the infraspinatous fossa, beneath the spine (sub
spinous). 

T.hc shoulder-joint is sometimes the seat of all those inflammatory affections, both acute and 
chrome, which attac:k joiuts, though perhaps less frcriucntly than some other joints of equal size 

~~~ ~~~~~~{~'.if;·on 1~~~~~~:~JJcvjt~c:;~~Y e1~~~~~~sf~ls11~;11~1~1e~t~~10t}~~i!~~.~J~<l~~~i1:J;a~{f:;si1~~Y i~~~ 
the joint, and when this occurs the capsule is evenly distended and the contour of the joint 
rounded. Special projections may occur at the site of the openings in the capsular li gament. 
Thus a swelling may appear jw;t in front of the joint, internal to the le~cr tubcro!-;ity, from effu
sion into die bursa beneath the Subscapularis muscle; or, a_gain, a swelling- which is sometimes 
bi lobcd mar be seen in the intcrrnl between the Deltoid and Pectoralis major muscles, from effu-

¥h~ ~~~s~~.~ i~~~e~·f1i~l~\~~~~·i~lh;~~n~·b11·~n~~:-1111 ~~eb~!~i~!~~~·tfii~~~deb;;i!~a~!~fn~~i~n°'fi·~~~1 t!J:e ~~~iN~; 
where a sofi. elastic, fluctuating swelling can usuallv be folt. 

Tubercular arthritis not uufrequently attacks 'the shoulder-joint , ancl may lead to total de-

~~~~i~~t~~;!i~i~~~-ti<:~l!J~~~0J~\n\~'1t:1:~l~1~;~~o~~~ ti:~~~ ~~~~l~1~ ~rn~~~r-N~b~~a~~eb~ ~h~1~~~~t!<f'1os~~~ 
arthritis, and may :.1h;o be affo~ted in gout and rheumatism; or in locomotor atasy, when it 
becomC!i the seat ofCharcot's tli:;casc. 

Exti~ion of the shoulder-joint mar be re<1uircd in ca~s of arthritis (especially the tuber
cular form) which h:wc _gone on to de:struction of the articulation: in compound di~locations and 
frac:turcs, paniculurly tlrnsc arising from g-unshot injuries, in which there has been extensive 
injury to the head of the bone; in some cases of' old unreduced dislocation, where there is much 
pain; and possibly in some fow ca~cs of _f!:rowth conneNc<l with tllC upper end of the bone. The 
operation is best performed by mukin.ir rin inci~ion from the middle of the coraco-acromial liP:a
ment down the arm for about, three inches: this will expose the bieipitnl groove and the tendon 
of the Biceps, which may be either divided or hooked out of the way, accorcliug as to whether it 
is implicated in the disca!'ie or not. The capsule is then freely opened, and the mus<:les attached 
to the !.!reater and leR1'Cl' tuberosities of the humerll!'i divided. The head of the bone can 
then be thrust out of the wound and sawn off. or cli\·ided with a narrow ~aw in situ and 
subsequently remon~d. The :-;ection should be made, if' pos!'iible. just below the articular surface, 
so a:s to leaYe the bone as long as possible. The glenoid cavity must then be examined, ancl 
l!ull!!;Cd if carious. 

V. Elbow-Joint. 
~'he Elbow is a ,qin.r;lynius or hinge-joint. The bones entering into its forma

tion are the trocblear surface of tbe humerus, which is received into the greater 
sigmoitl ca,·ity of tbe ulna, and admits of the moYcments peculiar to this joint-Yiz. 
Hexion and extension; whilst the lesser, or radial, head of the humerus articulates 
with the cup-shaped depression on the bead of the radius; the circumference of the 
11ead of the radius articulates with the lesser s igmoid cavity of the ulna, allowing of 
the movement of rot<ttion of the radius on the ulna, the chief action of the supe
rior radio-ulnar articulation. The articular surfaces are covered with a thin layer 
of cartilage, and connected together by a capsular ligament of unequal thickness, 
being especially thickened on its two sides an<l, to a less extent, in front and 
behind. These thickened portions arc usual ly described as distinct ligaments 
under the following names : 

Anterior. Internal Lateral. 
Posterior. External Lateral. 

The orbicular ligament of the upper radio-ulnar articulation must also be 
reckoned among the ligameilts of the elbow. . 

The Anterior Ligament (Fig. 245) is a broad and thin fibrous layer wb1cb 
cover~ the anterior su rface of the joint. It is attached to the front of the .rnternal 
con1lyle and to the front of the humerus immediatelv above the corono1d fossa; 
helm~·, to the anterior surface of the coronoid procesS of the ulna and orbicular 

~ G~:e~~~;e~~ ~ c~~;~ ~: n }~~: ot1l: eeai~~~1 ::.d~0,~if~~~ 1 !h ~}a~~~~ I l; ~1~;:.~,: ts~u t~~~~d p~~fi~~! 
orbicular li (J'ament. 'l'hc middle fibres, ,·ertical in (lirection, pa~s from the upper 
part of the ~oronoid depression and become partly blended with the preceding, but 
mainly inserted into the anterior surface of the coronoid process. ~lbe deep or 
transVerse set intersects these at right angles. 'fhis ligament is i~1 rela~ion, in 
front, with the Brachialis anticus, except at its outermost part; beh111d, with the 
s.rnorial membrane. 
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The Posterior Ligament (Fig. ~-lG) is a. Lhin and loo"'t' rncmhrnnnu:-:. fold, attaclwd. 
abore. to the lo" er end of the humerus, on a }c,·cl '' ith thC' upprr. pa.rt of the 
o1ccranon fo~sa: below, to the mar~in of the olecranon. 'l'hc :-uperfic rnl or trans
ver:::;e fibre~ p::t:'-5 hctween the adjacen t margins of the olccrauon fo:-.:-a. 'l'he 
deeper portion comd~ts of "?rt i r~l fibres, "hi ch pa~~ ~ro~ the upp~r ya rt of . the 
olccranon fos:sa. to the margm of the olecranon. I 111s ligament 1s 10 relat10n, 

behind, with the tendon of the Tri

FIG. '.!n.-Left elbow-joint, showing anterior 
andinternalligameuts. 

cepi;. an<l the ..Ancon eu~ ; in front, 
with 1hc sy novi al membrane. 

t~11;. ·~16.-Left C'lhl;lw-joint. showing 
posteriorandexternalilgaments 

The Internal Lateral Ligament (Fig. 245) is a thick triangular band consisting 
of two portions, an anterior and posterior, united by a. thinner intermediate por
tion. 1_fbe anterfor j>Odion, directed obliquely forward, is attached, abOYe, b,Y its 
apex, to the front part of the internal condyle of th e humerus~ and, below, by its 
broad base, to the inner margi n of the coronoid process. Th e posterior pottiun, 
also of triangular form, is attached, abo,·e, by its apex, to the lower and back 
part of the in ternal comlyle; below, to the inner margin of the olecranon. 
Between these two ban<ls a few in termediate fibres descend from the internal con
dyle to blend with a transverse band of ligamentous tissue which bridges acro~s 
the notch between the olccranon and coronoi<l processes. This ligament is in 
relation, intcmall,Y, with the 'rriceps and Flexor carpi ulnaris muscles an<l the 
ulnar nene, and gi,·es origin to part of th e Flexor sub limis digitorum. 

The External Lateral Ligament (Fig. 2~ti) is a short and narrow fibrous ban<l. 
less distinct than the internal, attached, above, to a depression below the external 
condyle of the humerus: below, to the orbi cula.r ligament, some of its most pos
terior fibres passing oYer that ligament, to be inserted into the outer margin of the 
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ulna. This ligament is intimately blended with the tendon of origin of the 
Supinator brevis muscle. 

'..L1he Synovial Membrane is vcr.v extensive. It CO\'ers the margin of the 
articular irnrfa.cc of the humerus, and lines the coronoid and olecranon fossre on 
that bone; from these points it is reflected OYer the anterior, posterior, and 
lateral ligaments. and fonns a pouch between the lesser sigmoid caYity, the 
internal surface of the orbicular ligament. and the circumference of the head of 
the ra<lius. 

Between the capsular ligament and the synovial membrane arc three masses 
of fat; one, the largest, above the olecranon fossa, which is pressed into the fossa by 
the triceps during flex ion; a second. O\'Cr the coronoid fossa.; and a third, o,·er 
the radial fossa. 'rhcse are pressed into their respecti,,e fossre <luring extension. 

1rhc Jiuscles in relation with the joint are, in front, the Br:1chialis anticus; 
behind, the 'J'riceps and Anconeus; externally, the Supinator breYis and the 
common tendon of origin of the Extensor muscles; internally, the common 
tendon of origin of the Flexor muscles, and the Flexor carpi ulnaris, with the 
ulnar nen-e. 

The .Arteries supplying the joint are deriYed from the communicating branches 
between the superior profonda, inferior profunda, and anastomotica magna arteries1 

branches of the brachia}, with the anterior. posterior, and interosseous recurrent 
branches of the ulnar and the recurrent branch of the radial. '.l1hese ''essels form 
a complete chain of inosculation around the joint. 

The ... Yen.·es are deri,·ed from the ulnar as it passes between the internal con
drle and the olecranon; a filament from the musculo-cutaneous (Riidinger), and 
t;1·0 from the median piacalister). 

Actions.-The elbow-joint comprises three different portions-,·iz, the joint 
between the ulna and humeruEt, th<.tt between 
the head of the radius and the humerus, and 
the superi or radio-ulna.r articulation, dcscrib.e<l 
below. All these articular surfaces arc m
,·ested bv a common svnovial membrane. and 
the moYCments of the whole joinr should be 
studied together. The combination of the 
mo,·ements of flexion and extension of the 
forearm with those of pronation and supina
tion of the hand, which is ensured by the two 
b_eing performed at the same joi~t, is e~sen 
tial to the accuracv of the vanous minute 
movements of the hand. 

The portion of the joint between the ulna 
and humerus is a simple hinge-joint. arnl 
allows of mo\·ernents of ffexion and exten!'ion 
onl_, .. Owing to the obliquity of the trocblear 
surface of the humerus. this mo,•ement does 
not take place in a straight line; so that 
when the forearm is extended and supinated 
the axis of the arm and forearm is not in 
the same line. but the one portion of the limb 
forms an angle with the others, an<l the band, 
with the forearm, is directed outward. Dur-

~:~ ~~:io~~~~ :::d o:~e~p~~~~l~~h t~~e f~:f(~(li;~ ~~:~~:'?~i~l·t~~:~~r~:l r~m~~\11~~1:c~b~ii~m 
line of the bodv. and thus enable the band to ncaune.J 

~:e e~~-i~fcu~:~ri:~r}~c:heo/a~~~ ~~h~e~~~:,p~\'~[h its prominences and depressions 
accurately adapted to the opposing surfaces of the olecranon,_ prevents any lat.era! 
movement. Flexion is produced by the action of the Biceps and Brachialis 
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anticus, a~sistcd bv the muscles arising from the internal condylc of the humerus 
and the ::::;upinato;· longus: extension, by the Triceps ~ml . i-\nconeus. a~!'isted by 
the extenRors of the wrist and by the Extensor commun1s llig1torum and Extensor 
minimi digiti. 

The juint between lhe head of the radius and the ca pi tell um or radial head of 
the hurneru~ is an artbrodia} joint. rebc bony SUl'foCCS would of tbcmseh·cs COD

stitutc an enarthrosis, an<l allow of mo"emcnt in all directions were it not for the 
orbicular ligament by which the he:icl of the radius is bound do11 n firmly to the 
si<rmoid ca.viry of the ulna, and which preYents any separation of' the two bonc!-1 
Ia7crally. It ~ is to the same ligament that the head of the radius owes its security 
from dislocation, which would otherwise constuntly occur as a consequence of tile 
shallowness of the cup-like surface on the head of the radius. In fact, but for 
this ligament the tendon of the biceps would be liable to pull the_ head_ of the 
radius out of the joint. 1 In complete cxtenswn the head of the radius glides so 
for back on the outer condyle that its edge is plainly felt at the back of the 
articulation. Flexion and extension of the elbow-joint are limited by the 
tension of the structures on the front and back of the joint, the limitation of 
Hexion being also aided b,Y the soft strnctures of the arm and forearm coming in 
contact. 

In combination with any position of Hexion 01· extension the bead of the radius 
e:rn be rotated in the uppeL' radio-ulnar join~. canying the hand with it. 'l'hc 
hand is articulated to the lower surface of the radius onlv, an<l the conca,·e or 
sigmoid surface on the lower end of the radius tra,·els rOund the lower end of 
the ulna. 'L'hc latter bone is excluded from the wrist-joint (as will be i:;ecn in the 
sequel) b~· the interarticular fibro-cartilage. Thus. rotation of the head of the 
radius rouncl au axis \\ hich passes through the centre of the radial head of the 
humerus imparts circular mo,·cmcnt to the hand through a very considerable arc. 

Surface Form.-lf lhe forearm be slightly flexed on the arm, a curved crease or fold with 
its convexity downward may be seen runnin~ across the f'ro11t of' the elbow, ex Lending from one 
con<lylc to the other. The centre of this fold is some slight distancC' above ~he line of the joint. 
'l'lie po::iition of tl1e radio·humeral portion of' the joint can be at 01ice asccrta1ned by foeling for a 
slij!ht l!roo,·c or dcprc~sion between the head of the ra.dius and the capitellum of' the humerus aL 
the bat·k of' the i\rticulation. 

Surgical Anatomy.-From the [.treat breadth of the joint1 and the manner in which the 
articular !mrfaces are illlerlocked, and also on account of' the strong lateral ligaments and the 
support which the joint derives from the mass of muscles alli\chcd to each conJyle of the 
humerus, lateral displaremcnt of the bones is very uneornmon 1 whereas antcro·po~terior cfo•loca· 
tion. on ae<:ount of the shortness of the antero-po~terior diameter. the weakness of the anterior 
and posterior li.i:mment:;, and the want of support of muscles, murh more frequently takes place, 
di5location backward taking pl~ce when the forearm is in ~\position of extension, and forward 

~~;:'isi~~~ I~~~-i~k~~ ~~~~0~1J;c ::~~,n~id t~o~~~o,r~~~cl ~~i!i~~~1 g~~i~\~~1c~~~~~f:1° 1~1x!~~t~~h~~~~!s 1~h~ 
~111~cn;,~l~~r V1~~d~ d~~ri~~~ 1N:x~~~~h~11c!~on~·ida 1~~.~~j~' i:~r~h:11~~r~i1~~l~tf~~~.t ;~cl"a~~~"e~~ 
dislocation backward. while the olecranon loses its t?rip and is not so efficient, as during extcn· 
sion, in pren•nting a. forward displacement. When lateral dislocation docs takf> place, it is gen· 
erally incomplete. 

Di!'locution of the elbow-joint is of common oceuncnrc in children 1 far more common 
than cli::ilocation of any other articulation, for, as a. rnlc, fratture of a. bone more frequently 
rnkcs place, under the application of any severe \'iolcncc, in ronng- persons than dislocation. In 
!e~ions of' this joint there is often very great difficulty in :;sccrtai11ing the exact nature of the 
lllJUl',r. 

The elbow-joint is occasionally the scat of acute srnovitis. 'l1hc i:;vnovial membrane then 
becomes di.stendcd with. f:l~1i<l 1 the bulging ~howin,(!' itSclf principally a;·ound the oleemnon pro
cess; ~hat. is to say, on its ~nner and outer sides and abo,·e, in con:-:equcnce ol' the laxness of the 
posterior ligament. Occas1onally a well·marked 1 trian1n1la.r projeNion may be seen on the outer 
side of' the olecranon, from bulging of tlrn svno\'ial membrane beneath. the Anconeus muscle. 
Again. there is often some swelling just abo,·e the head of' the radius, in the line of the mdio· 
humeral joint. There is generally not.m~1ch s~,·clling at the front of the joint, thou,!?'h sometimes 
deep-seated fulncR.;;. beneath the Brach1al1s ant1cus may he noted. 'Vhcn suppuration occurs the 

d?s~h~;g~1:i~!l'r l~~1l~~1t~~1~~~ t~~ ~t~~io~~~e:i1~~~~:11~~fl~~1i1~ic1~~~~1e~C1\~1~~\~' s;~~v~: 
1 llumphry, op. di., p. 419. 
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usually of tubercular origin, is of common occurrence in the elbow-joint: under these circum
stances the forearm tends to assume the position of semi-flexion, which is that of greatest ease 
and relaxation of ligamentR. lt should be borne in mind, that should ankylosis occur in this or 
the extended position, the limb will not be nearly so useful as if ankylosed in a position of' rather 
less than a n~ht anc;le. J.A>ORe cartilages are sometimes met with in the elbow-joint, not so 

~0i1~n~JJ~··a~ti~~~ri~1~5a::J \~~'~ef,~~~u~~r g;e~~f~e ain~:rf~~~~~~~ r~Ji~0ei~~·-j1~i~~i~ :f~~1 ~~~ 
time:. affected with ostco-anhritis1 but this affection is less common in this articulation than in 
some other of the larger joints. 

Excision of the elbow is principally required for three conditions: viz. tubercular arthritis, 
injurr and it:s results1 and faulty ankylosis; but may be necessary for some other rarer condi
tions. :such as disorganizin.!! arthritis after pyremia, unreduced dislocations, and ostco-arthritis. 

'1~i~1t'.·~~~r~1tit i~ ~~~, ~fi~~:~}~0:~, ~}~~t "'01~ rs~:ge~1~r~h~~1'ld1~1~1:ci~hl~~~i~~~~e t~f pe~~~;;~~~ ~~p~nCYaJ1~1f~ 
the fit':--t three uf' the conditions mentioned above. The operation is best performed by a. single 
vcrtic:1\ incision down the back of the joint, a. transverse incision, over the outer conclyle, being 
added if the parts are mtH:h thickened and fixed. A straight incision is made about four 
inchc~ long. the mid-point of which is on a. level with and a little to the inner side of' the tip of 
the olerranon. This incision is made down to the bone, through the substance of the Triceps 

~~11i~d~~pa·~~~~~01~h~~~01f1~~:;1h 1\~: ~:~~~ off~isd~i1~~' thi~d fi1~~~d~~~ ~!~~ 8s~!~1gt~:~s ~~J~1i~{;ihet~l~~~~d 
carefully arnid: the ulnar nen·e. which lies parallel to his incision1 but a little internal, as 
it courses clown between the internal condyle and the olecranon process, and the prolongation of 
the 'fric-eps into the deep fa8Cia of the forearm over the Anconeus muscle. IIavini; cleared the 

~d~s of 
1131edi~~~d t~~~e~at~~~l ;~~~ s~~~e~ff. lifJ;~ie~~ti~~e o~0~h~riJ:u:~e5r~~1~~~~u~dxb: ti~r~~;h 

the base of the comlyles, that of the ulna and radius should be ju::iL below the Je,·el of the 
lt:"'"'er ~izmoid cavity of the ulna and the neck of the radius. [n this operation the object is 
to obtain :such union as shall allow free motion of the bones of the forearm i and, therefore, 
passi,-e motion mllbt be couuuenced early, that is to say, about the tenth day. 

VI. Radio-ulnar Articulations. 
The articulation of the radius with the ulna is effected by ligaments which 

connect together both extrem ities as well as the shafts of these bones. They may1 
consequently, be subdiv ided into three sets: 11 the superior radio-ulnar, which is 
a portion of the elbow-joint; 2, the middle radio-ulnar; and, 3, the inferior radio
ulnar articulations. 

1. SUPERIOR RAD!O-UL'1AR ARTICULATION . 

This articulation is a trochoid or pivot-joint. The bones entering into its 
formation are the inner side of the circumference of the head of the radius rotating 
within the lesser sigmoid cadty of the ulna. Its only ligament is the annular or 
orbicular. 

The Orbicular Ligament (Fig. 2..!6) is a strong: flat band of ligarnentous .fibres, 
which ~urrounds the bead of the radrns, and retains 1t m firm connection with the 
]e:-;ser :-ip:moid cavit,,- of the ulna. .It forms about ~our-~fths ?f a fibr?us ring, 
attache1l IH· each encl to the extremities of the lesser s1gmo1d ca\'1ty, and is smaller 
at tbc lowCr part of its circumference than ab0ve1 by which means. the bead of the 
radius is more securelv held in its position. Its outer .surface, is strengthened 
by the external lateral ligament of the elbow, and affords origi~ to pa.rt of t?e 
Supinator brcvis muscle. Its inner su/1jaf'e is smooth.1 and lined. by ~ynov1al 
membrane'. The synodal membrane is continuous with that which Imes the 
elbow-joint. . . . . . . 

Actions.-'l'b e tnO\'Cment which takes place in this art1culat1on is limited to 
rotation <if the head of the radius within the orbicular ligament, and upon the 
lesser sigmnicl cavity of the ulna, rotation forward being call~d pronation; ro~ation 
backward, xupinafirm. f;upina.tion is performed by the Biceps an<l Supmat?r 
hrc\·i.s. a:::siste<l to a slight extent b_v the Extensor m.uscl?s of the thumb and1 m 
certain positions, by the Supinator longus. Pro~a.tion .1s performc~ .b.v the Pro
nator ra<lii teres and the Pronator quadratus, assisted, Ill some pos1twns, by the 
Flexor carpi ra1lialis. 

Surface Form.-The position of the superior radio-ulnar joint is marked on the surface of 

23 
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th,~ body by the little dimple on the back of the forearm whieh inditate:; the po:;ition of the heo.<I 
of tlu,• 11\4lius. 

Surgical Ana.tomy.-Oi:--locatio ~1 of the head of.' the ::uliu~ alonl'.' is not an uncommon 

~Cl:~~~::~:1:.~r\:~t~~1 S1~~~~rtc~\~~'l~~~:t ~f~1~: ~~~Ol~l,~;1 di~;~l~~~~1 ~~:,,~:\:~~ 'l~i~ ;~~~td~~rl~~ 
rupture uf' the orbicular ligament. 

2. :\I rDD LE RAD!O-ULN.\ll ARTICULATION. 

The intel'\'al between the shafts of the radius and ulna is occupied by two 
ligament:-;. 

Obli lfU C. lnterosseous. 
The Oblique or Round Ligament (Fig. 2-15) is a small, flattened fibrou s hand 

whi ch extends obliquely downward and outward from the tube rcle of the ulna at 
the ba~c of' the coronoid process to the radius a litt le below the bicipital tubel'osity. 
Its fi bres run in the opposite direction to those of lhc inte rosseous ligamen t, and 
it appears to be placed as a substitu te for i t in the upper part of the inte ros~cous 
interval. ri'his ligament is sometimes wanting. 

The Interosseous Membrane is a. broad and thin plane of fibrous ti ssue de~cending 
.oblitluely downward and inward, from the inle1·osseous ridge on the radius to that 

Fm. 2~~.-J,ignments of wrist e.ncl hand. 

on the ulna. It is deficient above, commencin g about an inch beneath the tubercle 
of the radius; is broader in the middle than a t either ex tremity ; and presents an 
ornl apertu re just abO\'C its lower margin for the passa~e of the anterior inter· 
osseous vc;-;sels to the back of the forearm. 'l'his liga ment ser ves to connect the 
bones and to in crease the extent of surfaC'e for the a.tta,chment of the deep muscles. 
B etween its upper border and the obli1lue ligament nn interval exists through 
wh ich the posterior intcrosscous vessels pass. 'l'wo or three fibrou s bandR are 
occa~ionall y found on the posterior su rface of this membran e which <le8ccncl 
obliquely from the ulna toward the radius. and which lrn\'C conseq uently a dircc· 
tion contrar_y to that of the other fibres. It i~ in relation, in fronl, by its upper 
three-fourths with the Flexor longus pollicis on the outer side, and with the 
Flexor profundus cligitornm on the inner. lyi nµ; upon the intenal between which 
are the anterior intero!'Seous ,·essels and nene; by its lower fourth, with the 
Pronator 11uadratus; behind, with the Supinator bre~'is, Exten ~or ossis metacarpi 
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pollicis, Ext~nsor ~Jl'e\'is pollicis.1 E~tcnsor longus pollicis, Extensor indicis; and, 

near the wnst, with the antenor mterosseous artery and posterior interosseous 

3. INFERIOR H.ADlO-ULNA!t ARTICULATION. 

_'l1his is a J?ivot-jo.int, formed by the head of the ulna receirnd into the sirrmoid 

canty at the rnner side of the low('r end of the radius. i:l'he articular surfac~s are 

~::~~~\by a thin layer of cartilage, and connected together by the follow ing lig-

Antcrior Raclio-u1nttr. Posterior Radio-ulnar. 

lnterarticular Fibro-cartilage. 

'l'he Anterior Radio·n.lnar Ligament (Fig. 2~8) is a narrow band of fibres 

:~~~~i~11?~!11:~~c t~; t~:te~·~~~~ ~;1~t': ~f n~~e sigmoid cavity of the radius to the 

The Posterior Radio·ulnar Ligament (Fig. 2~0) extends between similar points 

on the posterior surface of the ar ticu lation 

FIG. 2-19.-Ligament ... nf wrbt and hRnd. l'osterior \'iew. 

The Interarticular Fibro-cartilage (Fig. 2.jl) is triangular in shape. and is 

placed transversely beneath the head of the uln a, binding the lower end of th is 

bone and the radius firmJ.v together. Tts circumference i~ thicker than its centre, 

which is thin and occasionally perforated. It is attached by its apex to a deprcf.lsion 

which separates the styloid process of the ulna from the head of that bone; and 

by its base, which is thin, to the prominent edge of the radius, which separates the 

~igmoid Ca\·ity from the carpal articulating surface. Its margi ns are united to the 

lig-am ents of the wri st-joint. Its upp,,,. !iwfa<'e, smooth and conca\'C', articulates 

with the head of the ulna, forming an a rtbrodial joint; its unrler 8w:f'ace 1 also 

concave and smooth, forms part of the wrist-joint and articulates with the cuneiform 

bone. Both surfaces are lined by a synoYial membrane-the upper surface, b,v 

one peculiar to the radio-ulnar articulation: the under surface, b.v the synovial 

membrane of the wrist. 
The Synovial Membrane (Fig. 251) of this articubtion ha8 been called, from 

its extreme looseness, the 1111•mbraua sacf'ifonni.q: it extends borizontaJly inward 

between tbe head of the ulna an(} the in.terarticular fibro-cartilage, anci upward 

between the radius and the ulna. fonning- here n very loose cul-de-sac. Tbc quan

tity of svnovia whi('h it contaim; is usually considerable. 

~ Acti~ns.-Tb c movement in the infe;·ior radio-ulnar articulat ion is just the 

reYersc of that between the two bones ~1b0Yc. It con~ists of a movement of rota-
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tion of the lower end of the radius round an axi~ \\hich correspon<ls to the centre 
of the bead of rhe ulna. When the ra<lim; rotates forward, pronation of the fon'
arm and hand is the result; and when backward, su11inatiu11. It will thus be Sl'4:1l 

that in pronatinn and supination of the forearm :ind hand the radius dc~cribes a 

~:~~~nttoott: ~~·i~l~il;boef a;~i= ~fe;~lb~~ht~~t~~~:.froJ: t!1~isc:~~.:~~nt~eh~~,~~.;: ~~~ 
ulna is not 11uite ~tationar.\. but is circumductc<l a. littl e in the oppo!-l-ite direction. 
~o that it al~o describes the segment of a conC', though of i-;mallcr size than that 
dcscribc11 h>· the radius. rrhe mornment which cause:.; thi'l alteration in the posi
tion of the head of the ulrn1 takes place principally at tlic shoulder-joint by a rota
tion of the humerus, but possibly also to a. slight extent at the clbow-joint. 1 

Surface Form.-The position of the inferior radio-ulnar joint may be Meertaincd by 

~i~1~11 finc{0rh~ }~,~~; e;;d0~fe ti~~ :!diu~~~:h~r~· t\!~e f~;~:~~1;1 ~ti~~c:~ 1~t.;tt~e of~S~~1~~~~n~11~1~~e ~,f;o~11~: 
tion. 

Vil. Radio-carpal or Wrist·joint. 
'rhc Wrist i~ a Mn<l.'~1oid articulation. ' rh e parts entering into its formation 

are the lower end of the radius and under i:;urfacc 
of the iuterarticular fibro-ca.rtilage. which form 
together the recci,·ing cavity, and the scaphoid1 

semilunar, and cuneiform bones, which form the 
condyle. Tho articular surface of the radiu~ and 
the under surface of the inter-articular fibro-car
tilage are the recei,·ing ca.vit~·, forming together 
a trans,•erscly elliptical concave surface. The 
articular sul'faccs of the scaphoid, scmilunar, and 
cuneiform bones form together a ~mooth, conrex 
surface, the condyle, which is recei,·ed into the 
conca,·it,· abo,·e ~ncntioned. All the bony i;11r

faces oflhc articu lation are co,·ered with cariilage, 
and connected rogcther by a capsu le, which is 
divided into the following ligaments: 

External ]~a.teral. 
Internal Lateral. 

Anterior. 
Posterior. 

The External Lateral Ligament (rndio-carpa{) 
(Fig. 2-18) extends from the summit of the styloicl 
process of the radius to the outer side of the 
scaphoid, some of its fibres being prolonged to the 
trapezium and annular liµ:amcm. 

The Internal Lateral Ligament (ulno-carpal) is 
a rounded cord\ attached, abo,·e, to the extremitv 
of the ~tyloid prnccss of the ulna, and <li,-idiug 
below into two fa!'cicnli, which are attached, one 
to the inner side of the cuneiform bl)ne, the other 
to the pisiform hone and annular ligament. 

The Anterior Ligament is a broa<l membranous 
band\ attached, above, to the anterior margin of 
the lower end of the rad ius, its Rtyloi<l prncess and 
the ulna: its fibre8 pa:-os rlownward and inwar<l to 
be in~ertecl into the palmar surface of the scaphoid 

Fir;. 2'lfl.-J..on~ilurlinnl "i'"tlon or the semilunar, and cuneiform bm1cs. some of the fibre!:i 
~il~£:r1~~~\1~~&0~

1

ina
0

rni. .. ~~~~ ~.~~e:; being continued to the os ma~nt1m. In addition 
to this broad membrane, there is a di!-itinct 

rom11ll·1l f~1scicnlus. superficial to the rest. which pa!-i:-iCS from the ba~c of the styloi(l 
proce~;-, uf the ulna to the semiluna.r and cuneiform bones. This ligament is per· 

1 ~ Jour11. of A1lllt. and Phy.~., \"Ol. xix., part." ii., iii., and i\". 



OF THE CARPUS. 357 

forated by numerous aperturef.l for the passage of vessels, and is in relation, in 
front, with the tendons of the F lexor prof'undus cligitorum and Flexor longus pol
licis; behind. with the synovial membrane of the wrist-joint. 

The Posterior Ligament (Fig. :2--19), less thick and strong than the anterior, is 
attached, aborn. to the posterior border of the lower end of the radius; its fibres 
pass oblir1uely downward and inward, to be ttttttched to the dorsal su rface of the 
~caphoi<l, semilunar, and cuneiform bones. being continuous with those of th e 
dor:-al carpa l ligaments. This ligament is in rrla.tion, behind, with the extensor 
tendons of the fingers; in front. with the synovial membrane of the wrist. 

The Synovial Membrane (Fig. 2.>l) lin es the inner surface of the ligaments 
aboYe described, extending from the lower end of the radius and intcrarticular 
fibro-cartilage above to the articular surfaces of the carpal bones below. It is 
loo~c and lax , and presents numerous folds, cspecia1l,v behind. 

Relations.-The wrist-joint is cornrcd in front by the flcxor and brhind by the 
cxten:;:.or tendons: it is also in relation with the radial and ulnar arteric~. 

'The Arterie.~ supplying the joint are the anterior and j>Osterior carpal branches 
of the radial and ulnar, the anterior and po::;tcrior interosscous. and some ascending 
branches from the deep pahua1· arch. 

The .s.Yl'!'/!e."1. are deri\·ed from the ulnar and posterior interosseous. 
Actions.-'rt1c mo,·ements permitted in this joint arc flexion, extension, abduc

tion. adduction, an'l circumcluction. I ts actions will be further studied with those 
of the carpus. with which they arc combined. 

Sl,U'face Form.-Thc line of lhe radio-carpal joint is on a level with lhe apex or the styloid 
procei-;softhculna. 

UJ)01~tl~fi~~1~1!~~t~l~!n·;;;~,~~fo1~~1·~;\~-i~:;1 ~ui:r;t~\~~11~~11~i~l~~~i~ti~1~~ st{~n:~.:1ri\~\!>f~1£t:~51c~1~~~~~ 
ntle<l for by lhe number of small bones of whi<'h the earpus is matlc up, and whi(·h are united 

~r.~;~~~::~~~~~1~~!,:ii%",;~:~~~~;1r1~~E:~\~1~:~~:~1~~~~::~l'~~~;~:~,t~~~1frh~~~~x~.~:~~ 
i:s liable to be mibtakcn for it. The diagnosis can he em;i ly made out by obiserving the 
rl'lati\·c position of rhe styloid proce!'.;C!'. of rhc raJius and the ulna. In lhe natural <'ondition the 
lityloid proce&o; of the radiu~ is on a lower le\•el-i. '" nearer the groun<l-wlicn the arm hangs by 
the ."itle. than that of the ulna. anti the same woulrl be the case in cfo;Jocation. ln Culles' frac
ture, 011 the other han<l 1 lhe :;ryloid pnx.:e~ of lhe radius is on the same, or e\'cn a higher level 
than that of the ulna. 

in tl;~ 1~h~~~~~1i~i~~ ;~)~~~~o~;:~~ t\c\;J~:~ ~~:<':~~~o~~i~J~~~5i's t~l~t1~~~cJ'~~ 0,~i~J~utl~kts~\lC0rs,~~ii\~~ 
is ~rcatest on the dorsal aspect of the wrist. :showing a.A'eneml fulness. with some bulginc: between 
the lcndons. The inflammation is pronu to extend to the intercarpal joints and to attack also 
the :she:tths of the tendons in the neic:hborhoo<l. Chronic inflammation ol' tbe wrist is ,c:enerally 
tubercular. and often lea.d:s to ::;;imibr di:-<ease in the ~yno\'ial :shealhs of adjacent, tendons and of' 
the imercarpal joint!-. The di:-ea!-e, therefore, when progres:si\·e1 often leads lo necro~i:s of' the 
carpal bones1 anJ the result i:s often unsatisfactory. 

VIII. Articulations of the Carpus. 
These articulations may be subdi\·ided into three sets : 

1. 'r11c Articulations of the First Row of Carpal Bones. 
2. The Articulations of the Second Row of Carpal Bones. 
3. ~'he .Articulations of the Two Rows \\ ith each othel'. 

l. AnTrCULATfON"S OF THE Frn~T Row OF C.\HP.\L BO('.'£$. 

These are arthrodial joints. The ligaments connecting the scaphoid, semiluna.r, 
an1l cuneiform bones arc-

Dorsal. Pal mar. 
'l'wo In tc1·osscous. 

The Dorsal Ligaments are placed transrnrsely behintl .the bones of the first 
ro""·; they connect the sca.phoid and semi lunar and the s.emilunar and cune~form. 

The Palmar Ligaments connect the scaphoid and semilunar and the sem1lunar 
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and cuneiform bones; they are less strong than the dor"al. and placed ''ery deeply 
under the anterior ligament of the wrist . 

rrhc lnterosseous Ligaments (Fig. 2;)1) arc two na!TO\\ bundlC's of fibrous 
tis~ue connectina the scmilunar bone on one side with the scaphoid. and on the 
other with the c~nciform. 11hey are on a lerel with the superior surfaces of the~c 
bone~. and close the upper part of the spaces between them. 'l'heir upper surfaces 
are smooth, and form with the bones the convex articular surfaces of the wrist
joint. 

'l1hc ligaments connecting the pisiform bone are-

Capsular. Two l)rdmar l igaments. 

'The Capsular Ligament is a thin membrane which connect8 the pisiform bone 
to the cuneiform. It is lined with a separate synovial membrane. 

The two Palmar Ligaments are two strong fibrous bands which connect the 
pisif'orm to the uncif'orm, the piso-micinatr. and to the base of the fifth metacarpal 
bone, the piso-metaeaip<tl ligmnent (Fig. 2,18). 

2. ARTICULATION:'- OF THE SECOND Row OF C.\RP.-\L BoxE~. 

These arc also arthrodial joints. The articular surfaces arc covered with carti
lage, and connected by the following ligaments: 

Dorsal. Pal mar. 
Three Interosseous. 

The Dorsal Ligaments extend transversely from one bone to another on the 
dor:-;al surface, connecting the trapezium wiih the trapezoid. the trapezoid with 
the ns magnum, and the os magnum \\ith the unciform. 

'The Palmar Ligaments have a similar arrangement on the palmar surface. 
The three Interosseous Ligaments, much thicker than those of the first row, 

arc placed one between the os magnum and the uncif'orm, a second between the 
os magnum and the trapezoid, and a th il'd between the trapezium and trapezoid. 
The first of these is much the strongest1 and the third is sometimes wanting. 
Sometimes a slender intel'osseous band connects the os magnum and the scaphoid. 

3. 1\.nT1CeL.\TIOXS or TllE Two Rows OF CARPAr. Bon:s WITH E.\CH Or11rn. 
The joint between the scaphoid, semilunar, and cuneiform, and the second row 

of the carpus, or the mid-carpal Joint, is made up of three distinct portions; in the 
centre the head of the os magnum and the superiol' margin of the unciform 
articultHe with the deep, cup-shape<l. ca,·ity formed by the scapboid and semilunar 
bones. and constitute a sort of ball-and-socket joint. On the outer !'ide tlre 
trapC'zium and trapezoid articulate with the stapl1oi<l. and on the inner side the 
unciform articulates with the cuneiform, forming gliding joints. 

'l1he ligaments are-

Anterior or Palmar. 
Posterior or Dorsal. 

External J,ateral. 
Internnl Lateral. 

rrhe Anterior or Palmar Ligaments consist of short fibres, which pass, for the 
most pa.rt, from the palmar surface of the bones of the first row to the front of the 
os magnum. 

pas~f:; ~:~,~,~:~rt~~~~~~~ o~if::fi~:~ ~~3s~!~~!d8~~~~\:~·\~~u~~:·s~~1 ~:!!.~:c~f ofifb:~! 
carpus. 

rrhe Lateral Ligaments are ,·cry short: they are placed, one on the radial. the 

~~~~1~~~n~~h~1:c~;)~i'~~~ ~~c\~~a~~~~:n: h~~:e:~~·~ce;;t~;~ t~~·i~~,~~~·f~~: :~·~n~~~~~!t~ 
they are coutinuon~ with the lateral liµamcnt~ of the wrist-joint. 

The Synovial Membrane of the Carpus is Yery extensi've: it passes from the 
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under surface of the scaphoid, sem i lunar, and cuneiform bones to the upper surface 
of the bones of the second row, sending upward two prolongations-between the 
scaphoid and semi lunar and the semilunar and cuneiform; sending downward 
three prolongations between the four bones of the second row, which are further 
conti nued onward into the carpo-metacarpal joints of the four inner metacarpal 
bones, and also for a shor t distance between the metacarpal bones. There is a 
separate synovial membrane between the pisiform and cuneiform bones. 

c1i,·i~:~io~:~~:~~·:ea\~~~-~~~\ti(r) 0{h!b ~aSi~~c1 ;~1~~1 t~·~-i~~t;1~~~.~ii~~;·=~~ ~~r~-c:1~~11:~~~ 
(2) the meniscus, formed b~· the scaphoid, semilunar, and cuneiform, the pisifo~·m 
bone ha"ing no essential part in the mo1·ements of the hand; (3) the band proper, 
the metacarpal bones with the fou r carpal bones on which they arc supported-viz. 
the trapezium, trapezoid, os magnum, an<l unciform. 'l1besc three elements form 
two j oints : (1) the superior (wrist-joint proper), between the meniscus and bones 
of the forearm ; (:2) the inferior, between the hand and meniscus (trans,·crse or 
mid-carpal joint). 

(1) Th e art iculat ion between the forearm and carpus is a true condyloid artic-
1la.tion, and therefore all movements but rotation are permitted. Flexion and 
extension arc the most free, and of these a greater amount of extension than flexion 
i11 permitted on account of the articula.ting surfaces extending farther on the dorsal 
than on the palmar aspect of the carpal bones. In this mo,·emcnt the carpal 
bones rotate on a transverse a.xis drawn between the tips of the styloid processes 
of the radius and ulna. A certain amount of adduction (or ulnar Hexion) and 
abduction (or radial Hex ion) is also permitted. Of these the forme r is con,iderably 
~renter in extent than the latter. In this mo,'ement the carpus revolves upon an 
antero-postcrior axis drawn through the centre oftbe wrist. Final1y, circumduction 
i~ permitted by the consecuth·e mo,·ernents of adduction, extension, abduction. and 
flexion. with intermediate mm·cments between them. There is no rotation, but 
this is proYidccl for by the supinat ion an<l pronation of the radius on the ulna. 
The movement of .flexion is performed by the Flexor carpi radialis, the Flexer 
carpi u1naris. and the Palmaris longus; e1·tension, by the Extensor carpi radial is 
longior ct brevior and the Extensor carpi ulnaris: adduf'tion (ulnar flcxion), by the 
Flexor carpi nlnaris and the Extensor carpi ulnaris; and abduction (radial flexion), 
b,· the E xtensors of the thumb and the Extensor carpi radialis longior et bre,·ior 
an<l the Flexor carpi radialis. 

(2) Th e chief moYements permitted in the transverse or mid-carpal j oint are 
fiexion and extension and a. slight amount of rotation. In flexion and extension, 
which is the movement most freely enjoyed, the trapezium and trapezoid on the 
ra<lial side and the unciform on the ulnar side glide forward and backward on the 
scaphoid and cuneiform respectirnl,Y, while the head of the os magnum and the 
superior surface of the unciform rotate in the cup-shaped caY ity of the scaphoid 
and semi lunar. Flexion at this joint is freer than extension. A very trifling 
amount of rotation is also permitted1 the hea'l of the os magnum rotating round a 
,·errical axis drawn throu:rh it!-li own centre, while at the same time a slight gliding 
moYement takes place in the lateral portions of the joint. 

IX. Carpo-metacarpal Articulations. 

1. ARTICUJ.ATIOX OF THE )fETAC.\RP,\J, BONE OF THE ~J.1IIUl\rB WITH THE 

TRAPEZIU:\f. 

This is a ~joint of reciprocal reception. and enjo.n great freedom of moYement, 
on account of the confiµ;urat ion of its articular surfaces. which are saddle-shaped, 
so that, on section, each bone appears to be receiYetl into a ca,·ity in the other, 

fi~:%::tg a~~l t~e8,~~~~·~:\o~11 ~:~1 ~~.~~~c~~ they arc cut. Its Ji~amcnts are a capsular 
0 The Ca.psula.r 

0

Liga.ment i!-i a thick but loose capsule which pascies from the 
circumference of the upper extremity of tLe metacarpal bone to the rough edge 
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bounding the ariicular surface of the trapezium: it is thickest externally and 
behind, and lined by a. separate synol•ial membrant•. 

Movements.-In the articulation of the metacarpal bone of the thumh with the 
trapezium the 1mwcments permitted are Hexion. extension, adduction, abduction, 
and circumducrion. \\'hen the joint is flexc<l the metacarpal bone i::; brought in 
front of the palm and the thumb is gradually turned to the fingers. It is !Jy this 
peculia.r mo,·emcnt that the tip of the thumb is opposed to the other digit~: fo1· 
by slightly Hexing the fingers the palmar surface of the thumb can be brought in 
contact with their palmar surfaces one after another. 

2. ARTfCULATIOXS OF THE UETAC.\RPAL BONES OF THE FOL'R lXXEH 
FrnGERS wrrn THE CARPU~. 

The joints formed between the carpus and four inner metacarpal bones are 
a.rthrodial joints. 'l1hc lig:unents arc-

Dorsal. J?almar. 
In terosseous. 

The Dorsal Ligaments, the strongest and mo~t distinct, connect the carpal and 
metacarpal bones on their dorsal surface. The ~ccond metacarpal bone recei\·cs 
two fa~ciculi-one from the trapezium, the other from the trapezoid: the thinl 
metacarpal recei\'eS two-one from the trapezoid and one from the o~ nrn~num: 

the four:!1 two-one from the os 
magnum and one from the unriform; 
the fifth reeci \' CS a Ringle fo:.:.citulu~ 
from the unciform bone, which is 
continuous "ith a similar ligam('Jlt 

?i~co~~IJ~~l~~~:~u~~.rface, forming :rn 

'J1be Palmar Ligament s ha.Ye a 
somewbnt similarnrrangcmcnt on the 
palmar surfocc, with tbc exception 
of the third metacarpal, which has 
three ligaments-an external one 
from the trapezium, situated nbo\·e 
the 'heath of the tendon of the 
Flexor carpi radial is; a middle one, 
from the os magnum: and an inter
nal one, from the uncifonn. 

'l'be lnterosseous Ligaments con
sist of ~hort. thick fibres, which are 
limited to one part of the carpo
metacal'pal articulation ; thev con
nect the contiguous inferior 'angles 
of the os magnum and unciform with 
the adjacent surfaces of the third 

the ~~1;js~!i~~f.~~~~~s~~.~~~~~~~f~11;1~et~t:U~~~~~Iations at an<l r_1'·t~r~~~~~~:~~~~bl:~~:s;8 a con-

tinuation of that between the two 
rows of carpal bones. Occasio11a1lv, the articulation of the unciform with the 
fourth and fifth metacarpal bones h:is a. separate 1'vnovial membrane. 

rl
1
he. synovial membrane.s of the wrist and cai'·pus (Fig. 251) arc thus F-cen to 

be fi\'C Ill number. 'l1 h~ .flr~l, the. mem/Jrana sarc{f'ormis, passes from the lower 
end of !he uln~ to the i:;1gmo1d .ca.v1ty of the radius, and Jines the upper surface 
of the ~ntera.rt1?ular fi?ro-cartilage. The seNmrl passes from the lower end of 

~~~O\:'~di~:h:11 ~~,;.;ct~~:tJ:~:~· :.~::~~f\~·~:l~~~se~b~~~w~~nt~~c ~~~~~~lY~!u:h!a~·~~~;~; 
the two rows of carpal bones-between the hones ,,f the secQnd 1i;ow to the t) carpal 
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extremities of the four inner metacarpal bones. The fourtli, from the margin of 
the trapezium to the metacarpal bone of the thumb. 'l'he .fifth, between the 
adjacent margins of the cuneiform and pisiform bones. 

Actions.-Tbe mo,·cmcnt permitted in the carpo-metacarpal articulations of the 
four inner fingers is limited to a slight gliding of the articular surfaces upon each 
other, the extent of which varies in the different joints. Thus the articulation of 
the metacarpal bone of the little finger is most mornble, then that of the ring 
finger. The metacarpal bones of the index and middle fingers arc almost 
immoniblc. 

3. ARTfClTLATIO~S OF TllE :METACARPAL BONES WTTII E.\C ll OTllER. 

~rhe carpal extremities of the four inn er metacarpal bones a.rticulatc with 

~~;e~l~:1~l~~,~- ;~~ 1~·~~~1 1~~:~~~ :~dl\ln~~::~~~=~u~o~~:~~~it~~ cartilages, and connected 
The Dorsal arnl Palmar Ligaments pass transversely from one bone to another 

on the dorsal and pahnar surfaces. The Interosseous L~qamenltt pass between 
their contigtwus surfaces, just beneath their lateral articular facets. 

The Synovial Membrane between the lateral facets is a reflection from that 
between the two rows of carpal bones. 

The Transverse Metacarpal Ligaments (Fig. 252) is a narrow fibrous band which 
paRses tramwersel~, across the anterior surfaces of the <ligital extremities of the four 
inner mctncarpal bones, connecting 
them together. It is blended an
teriorly with the anterior (glenoid) 
ligament of the mctacarpal-phalan
p;eal articulations. To its posterior 
border iR connected the fascia which 
covers the lnterossei muscles. Its 
superficial surface is concarn where 
the flexor rnndons pass over it. Be
neath it the tendons of the Inter
ossei muscles pass to their insertion. 

X. Metacarpo-phalangeal Articu
lations (Fig. 252). 

These articulations are of the 
condvloicl kind 1 formed bv the re
ception of the rounded head of the 
metacarpal bone into a superficial 
ca\·itY in the extrcmitv of the first 
pha13.nx. The ligame'nts are-

Antcrior. 
'l'wo Lateral. 

'l'he Anterior Ligaments ( G!Pnoid 
Ll:qrtmmf.'f of Cru,·cilhier) are thick, 
deu~c, fibrous structures, placed on 
the palmar surface of the joints in 
the intervals between the lateral 

~~~i:~d'~t~,bct~ ::;~~ic::10!~1tl 1~·ftc~i°~~ 
the mctncarjHtl hone. but~ very firmly 
to the base of the first phalanf!es. 
'I1heir palmar surface iR intimately 
blended with the tra.ns,·crse metacar
pal ligament, and prcscntsaJ?roOvefor 
the pas~agc of the flexor tendons, the 

Phala119eal 
11.rtic11latimis. 

J"JG.25:.!.-Articulnt\oosofthcphnlenges. 



sheath surrounding which is connected to each side of the groove. By their deep 
surface they form part of thQ articular surface for the bead of the metacarpal bone. 
arnl arc linNl by a syno\·ial membrane. 

The La.tera\ Ligaments are strong. rounded cords placed one on each side of 
the joint, each being atrnche<l by one extremity to the posterior tubercle on the 
side of the bead of the metacarpal bone, and by the other to the contiguous 
extremity of the phalanx. 

ActiOns.-'.rbc mo\·emcnts which occur in these joints arc flexion, cxten~ion. 
adduction, abduction, and circumduction : the lateral movements are ,·cry limited. 

Surface Form.-'l'he prom inences of the knul:kles do not correspom1 to the position of the 

~~~11f~,~!;J~bi;rt~!-~~~~l0i;~~-~1i!~-sl~~!'i 'i.~d! ~f" ir1l1t~ 1~~1~~~i~::;1'~0~~~1i~}1~~~l11%int1~~!l t\~~01i~!~i~~di~ 
catin.~ !hC' position of the joint must be sou~h tconsiderably in front of the miJdlcof the k11t11.:klc. 
~'he usual rule fOr finding these joints is to fiex the disrn l phalanx on the proximal one to a. right 
anp;lc; the position of the joint is then indicated by an imaginnr.r line drawn along the midd le of 
the lateral aspect of the proximal phalanx. 

XI. Articulations of the Phalanges. 
'l1hese are ginglymus joints. The ligaments are-

Anterior. 1\rn Lateral. 

The arrangement of these ligaments is similar to those in the metacarpo
phalanµ-cal articulations: the extensor tendon supplies the place of a posterior 
ligament. 

Actions.-Thc only mo,·ements permitted in the phalangcal joints are ffexion 
and cxten:-;ion: these rnoYements are more e."ttcnsi\'e between the first and second 
phalanges than between the second and thir<l. 'l'he movement of fl cxion is very 
rnni;;idcra.ble, but extension is limited b,r the anterior and lateral ligaments. 

ARTICULATIONS. OF THE LOWER EXTREMITY. 
' l'hc art icula.tions of the Lower Extr~m it~.,. comprise the following groups: 

I . '.L1hc h ip-joint. IT. 'L1he knee-joint. UL 'l 'he ani culat ions between the tibia. 
and fibu la. IV. The ankle-joint. V. 1'he articu lations of the tarsus. VI. The 
tarM-mcta.tarsal articulations. YII. T he metatarso-phalangcal articulations. 
VIII. The a1ticulations of the phalanges. 

I . Hip -joint (Fig. 253). 

'rh.is articu lation is an cnarth1:o<lial or ball-and-socket joint, formed by the 
recept10n of the head of the femur nuo the cup-shaped c:nity of the acetabulum. 
The articulating surfi.iccs are cornred with cartilage, that on the head of the femur 
being thicker at the centre than at the circumference, an<l coverinrr the entire 
sul'face, \rith the exception of a depression just below its centre for the liO'amentum 
terc~; that co,·ering the acctabulum is much thinner a.t the centre tl~n at the 
circumference. It forms an incomplete cartilaginons ring of :i bor:-;c~hoe shape. 
deficient below and in front, an(l ba.,·ing in its centre a circular deprc!'!'lion, whic:h 
i~ occupied in the recent state b\~ a maf-is of fat covered by S\'novial membrane. 
~rhe ligaments of the joints ue~ the ' · 

Capsular. Term;. 

Ilio-femoral. Tran'1·ersc. Cotyloid. 

T?e C~psular Ligament is a strong. tlcn~e, l i~a.mentous capsnle, embracing the 
margm of the acetabulum abo\·c a1ul l:it11Tou1Hling the neck of the femur below. 
Its 1111p1·1· r•i1·ru11~f'ern1ce is attached to the acctabulum, abo\·e and behind, two or 
three lines external to the cotyloicl ligament; but in front it is attached to the 
out~r ~argi~ ~f th~s ~igament, and oppos.ite to the notch where the margin of this 
canty 1s deficwnt, 1t 1s connected to the trans,·crse ligament. and by a few fihres 



THE HIP-JOINT. 363 

to the edge of t~c obturator f~ramen. Its lower circumference surrounds the neck 
o.f the femur, bcrng attached, Ill front, to the spiral or anterior intertrochanteric 
hne; abo"e, to the base of t.he neck; behind. to the neck of the bone, about half 
an mch above the posterior mtertrochanteric line. From this insertion the fibres 
are reffec.ted upwar~l o\·cr t_he neck of the femur, forming a sort of tubular sheath 
(the cavwal ,·eflect1011), which blends with the periosteum and can be traced as far 
1.~s _the articular cartilage. I t is muc~ chick~r at t~e upper and fore part of the 
JOIIlt, ,~·b~re t?c greatest amount of res1st~nce 1s reqmred, than below and internally, 
where 1t is. thm, loose, anl~ lou_ger than m any other part. It consists of two sets 
of fibres, circular and long1tudmal. The circular fibres arc most abundant at the 
lower and back part of the caps ule, while the longitudinal fibres are greatest in 

F!G.253.-Len hip-joint laid open. 

amount at the upper anrl front part of the capsule. 11 here they form distinct bands 
or accessory ligaments. of which the mo t important is the ilio:femoral. The 
other accessory bands are known as the pubo:femoral, passing from the ilio
pectineal em in ence to the front of the capsule; ilio-troclumteric, from the anterior 
inferior spine of the ilium to the front of the great troclrnntcr; and iRchio-capsular, 
passing from the ischium. just below the acetabulum, to blend with the circular 
fibres at the lower part of the joint. The external surfoce (Fig. 230, page 337) is 
rough, covered by numerous muscles, and separated in front from the Psoas and 
Iliacus b.v a syno,·ial bursa, which not unfrequently communicates, by a circular 
aperture, with the cavity of the joint. It differs from the cap~ular ligament of the 
shoulder in bcin~ much Jess loose and lax. and in not being perforated for the 
pas~age of a tendon. 

'l'he Ilio-femoral Ligament (Figs. 239 and 254) is an accessor: baud of fibres 
extending obliquely across the front of the joint: it i~ intimately connected with 
the capsular ligament, and sen-es to .str~ngtl~en it _in this Ritu~~ion. It i~ a..ttach?d, 
above. to the lower pa.rt of the anterior mfcnor spme of the ilium: and. d1vergmg 
below, forms two bands, of which one passes downward to be inserted into the 
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lower part of 1he anterior intcrtrochantcric line: the other p;1~~t.·s 1lo\\Jn\:ll'll 
and outward to be inserted into the upper part of 1bc !:'amc line an<l adjacent 
part of the nc<:k of the femur. Between the two b:rndt' is a thinner part of the 
capsule. ~ometimcs there is no di,·ision. but the li~amcnt spreads out into a flat, 
triangular band, which is attached below into the'' bolt• length of the anter ior intcr
trochantcric line. Thii- ligament iR frec1uc11tl.'· talll'tl tht.• Y-... hape<l li.gamcnt of' 
Bigelow. It~ upper baud is the ilio-troi.:hnnt<•ric ligamt·nt. 

The Liga.mentum Teres is a triangular band implante1l b.v its apex into the 
deprcRsion a little behind and below the cent re of the head of the tt>mur, and 
by its broad base into the margins of the cotyloid notch1 becoming blended \\ith 
the trans\'er~c li gament. It is formed of connecti rn tissue, s urrounded by a tuhular 
sheath of syno,·ial membrane. ~ometirnes only tbe synor ial fold cxistt1, or the 
ligament may be altogctber absent. 'l1h e ligament is made tense when the hip is 

semif:l exed, and ihe limb then adducted an1l 
rotrtted outwnnl ; it i~, on the other hand, 
relnxetl "hen the limb is ahductcd It has, 
however, but littl e influenc:c as a. ligament, 
though it may to a certain extent limit 1110\·e

ment, arnl would appear to be merely a modi
ficat ion of the fnlils "hi1.:h in other joints 

FIG. 2;~·1.-\'crtiC'al section through hip-joint. Henle.) 

fringe the margins of rcffection of syno,·ial membranes (sec page 314). 
'l1hc Cotyloid Ligament is a fibro-cartilaginous rim atta1.:bed to the margin of 

the acctabulum. rhc cavity of which deepens; at 1Le l'amc time it protects the 
edges of the bone and fills up the inequalities on it s surface. I t bridges orcr the 
notch as the transverse ligrunent, and thus forms a com plete circle, which closely 
sunounds the head of the femur 1 and n:.Ri~t~ in holding it in its place, acting as a 
sort of \•ah·c. I t is pl'ismoid in form, its lrn ~e bl'ing attached t'l the marg in of rbe 
acetabu lurn , and its opposite edge being free and :.:.ha rp ; whilst its rwo surfaces 
are ill\·ested b.'' synovia l membrane, the cxtema l one bring iu contact with the 
capsular ligament, the internal one being int"lined inwa.rcl. RO as to narrow the 
acctabulum and embrace the carti laginous irnrface of the head of the femur. It 
is much thicker abm·e nn<l behind than below and in front, and conRists of close, 
compact fibre!", which arise from <liffetcnt point~ of the circumference of the 
acetabulum and interlace with each other at ,·cry acute angles. 

The Transverse Ligament is in reality a portion of the cotyloid ligament, 
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though. dilfering from it in b~ving no _nests of cartilage-cells amongst its fibres. 

It consists of strong, flattened fibres, which cross the notch at the lower part of the 

3:cet:l.bulum and convert 1t rnto a foramen. 1'hus au interrnl is left beneath the 

hga~cnt for t~e passage of 1~utrient ves8cls to the joint. 

~he.Synovial Membrane 1s very extensive. Commencing at the margin oftbe 

cart1lag1~ous_ surface_ of the. bead of the fomur, it covers all that portion of the 

~eek '\b1ch 1s contame<l withm tho JOmt; from the neck it is reflected on the 

internal surface of the capsular _ligament, covers both su1-faces of the cotyloid liga

ment and the mass of fat contarned Ill the depression at the bottom of the acetab-

1''10 2.)6.-Hclntionofmusclestohip-joint (llcule.J 

ulum. and is prolonger] in the form of a. tubular sheath around the ligamentum 

teres as for as the he:icl of the femur. 

The muscles in relation with the joint a.re, in front, the Psoas and Iliacus. 

separated from the capsu lar ligament by a s.ynovial bursa; above. the reflected 

head of the Rcctus and Gluteus minim us, the latter being closel.Y adherent to the 

capsule: internally, tbe Obturator extern us and Pectineus; behind1 the Pyriformis, 

Geme11us superior, Obturator intern us, Gcmcllus inferior, Obturator extern us, and 

Quarlratns femoris (l<'ig. 2.;6). 

The arteries supplying the joint are deri,·ed from the obturator, sciatic, internal 

circumflex, and gluteal. 
The ncn'es are articular branches from the sacral plexu:.i, great scintic, obtu

rator. acce~sorv obturator, and a filament from tLe branch of the anterior crura l 

supplying the itectus. 
Actions.-The movements of the hip. like those of all cnartbrodial joints. arc 

very extensi,·e: they are fiexion, extension, adduction, abduction, circumduction, 

and rotation. 
The hip-joint presents a ver.v striking contra$it to the otbcr great cna.rtbrodial 

joint-the :.:boulder-in the much more l'omplctc mechanical arrangements for it:; 

security and for the limitation of its moYements. In the shoulder, as we have seen . 

the head of the humerus is not adapted at all in shape to the glenoid cavity, and is 
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hardly restrained in any of its ordinary moYcmcnts by the cap~ular ligament. In 
the hip-joint. on the contrary, the head of the femur ii-; c l o~cly fitted to the acetab
ulum f,ff a distance extending ornr nearly half a sphere, :rnd at the margin of 
the bony cup it is still more closely embraced by the liwunentous ring of the 
cotyloid ligament, so that the hea<l of the femur iH hcl.<l in. i.ts place hy that 
li~ament eren when the fibres of the capsule ha"e been <p11tc d1rnlcd (llurnphr.,·). 
'I1he anterior portion of the capsule, tlescribe<l as rho ilio-fomoral or acccssor.r 
li(J'amcnt, is the strongest of all the ligamcntf~ in the body, nnd is put on the stretch bf any attempt to extend the femur beyond a straigl.H line with the trunk. That 
is to say, this ligament is the chief agent in maintaining the erect position without 
muscular fatigue, the action of the extensor muscles of the buttock being balanc:0d 
by the tension of the ilio-fcmoral and capimlar ligarncnt8. The se~urity of the 
joint may be also provided for by the two bones being directly umted through 
the JiNamentum tores; but it is doubtful whether this so-called ligament can 
have t~uch influence upon the mechanism of the joint.. Flexion of the hip·joint 
is arrested by the soft parts of the thigh and abdomen being brought into 
contact; 1 extension , by the tension of the ilio-fomoral ligam ent and front of the 
capsule; adduct ion, by the th ighs com ing into contact; adduction, with flex ion by 
the outer band of the ilio-femoral ligament, the ili o-trochanteric ligament, the 
outer pa.rt of the capsular ligament; abduction, by the inner band of the ilio-fcmoral 
ligament and the pubo-femoral band; rotation outward. by the outer baud of the 
ilio-fcmoral ligament; and rotation inward, by th0 ischio-capsular ligament and 
the binder part of the capsule. 'l'he muscles "hi ch .flex the femur on the peh·is 
are the Psoas, Ilia.ens, Bectus, Sartorius, Pectineuf.i, Adductor longus and brcYis, 
and the anterior fibres of the Gluteus mcdiu!-l. and minimus. Ei:tension is mainlv 
performed by the Gluteus maximus, assisted by the hamstring muscles. '!111C 
thigh is adchtcted by the Adductor ma.gnus, long us and brm·is, the Pectineus, 
and G-racilis-, and abdueted by the Gluteus maximus, rnedius. an<l minimus. Tht: 
musclc5i which rotate the thigh inward are the anter ior fibres of the Gluteus 
medius, the Gluteus minim us, and the 1I1e nsor vaginm f'cmoris; while those which 
rota.te it outward are the posterior fibres of tb e Gluteus medius, the Pyriformis, 
Obturator extern us nnd intern us, Gemellus superior and in ferior, Quadratus femoris, 
P soas, Iliacus, Gluteus maximus, the three Adductors, tbc Pectincus, and the 
Sartorius. 

Surface Form.-A line drawn from the anterior superior spinous process of lhe ilium to 
the most prominent part of the tuberosity of the iS<:hium (NC>bton's line) runs through the 
centre of the aretabulum, and would, therefore, indicate the IC\'CI of the hip-joint; or, in ot lu.:r 
wor<ls, the upper border of the great trochanter, whic:h lies on NClaton's Jinc. is on a level wilh 
the centre of the hip-joint. 

Surgical Anatomy.-In dislocation of the hip "the head of the thiirh-bonc rnav rc .... t at 
any point around its socket" (l3ryant); but whate,·er position the head ult'imately a~ui11es, the 
primary disphlcement is generally downward and inward, the capsule J!ivine way at its weake::.t
that is, its lower anti inner--part. 'fhe situation that the head ol' the bone suLscquently a:: .... umes 
is determined by the cle1?ree of flexion or extension. and of outward or inward rotation of' 
the thigh at the moment of luxation, influenced, no doubt, hr the ilio-fCmoral lif!amcnt. which 
is not em~ily ruptured. When, for instance, the head is forced bac:kwanl, this ligament forms a. 
fixed axi~, round which the head of the bone rotates, and is thus dri,•en on to the dorsum of the 

~\~~~~\ i~,h~1~i~J[~~~~1~1i~1~~gb~~k1~v.~1~d0 ii~1 ~~1e~~~~~~~ h:n~l0~~!.~0J:,~~~ t ~~v~1;!f ~~1 i~ftl~h~'ll'!~b~ dl~10tl~ 
dislocation on to the pubes it is rcI.ued 1 and therefore: allows the external rotators to CYert the 
thigh; while in the thyroid dislocation it is tense anti produces fl ex ion. '.l'hc musc:les inf;crted 
into the upper part of the fe mur, with the exception o f the Obturator intcrnus, have ven· little 
dircet inflnenc:e in determining the position o f the bone. But Bi~clow has endeavored tci show 

~li~i~~~fo18~1~J~~111~~a~I1t~;: '~J\~ ibo~1~c ~l~:;lJ1tg~1tig1~:~~J;.n l~~l~~~;i~::i~\{c 'd~~~~11~;·,of11t1~~~li~~k~~"i~ 
or near the !Sciatic notch. In both cfo•loc:ations. the hca.d pa!sScs, in the firist instance, in the 
same dire<"tion; hut., as Big"elow a5scrts, in the dt!:ipla.('cmcnt on to the dorsum, the head of the 
bone t~wds u11 behmd the acetabulum, between the muscle and the pelvis; while in the disloca-

~~. ~'.;~'iJ~~~E~;~J:n,~;. ':to~::'~·~~1~h~h'a'~:'.::in~':',;~~7:.~;;t:·1~:;;:,"~o~'.~h:/",'{:,~1''::'.'d 83:;.~ 
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tion into the sciatic notch, the head passes behind the muscle, an<l is therefore prevented from 
reaching the dorsum, in consequence of the tendon of the muS<:le arching o,·er lhe neck of the 

~~~ ~~~ fur~~;i~'li'di;11~~~~io~eb~.h3~~~i~1~ftL~~;~~t~isJ:::;~~i~ns1t~i~~~~;.~1,1~~~~~~ d~~~n;~j~~,~~ 
the Obturator mtcrnus. 

The ilio-fcmoral li~amcnt is rarely torn in dislocations of the hip, and this fact is taken 
adrnnta.g-e of by the surgeon in reducing these dislocations by manipulation. his made to act 
as a fuforum to a lever, of which the long arm is the shaft of the fomur, and the short arm the 
neck of the bone. 

~~~~i~ ~·~~-~::~1~1~;·~~~'.~;:\~i:i~!J~~~~~~~:s.~~F~~:~£~~il::f ~;~;~,~~:,~: ~~r3':t~cl~~;:·~%u~~~~ 
cases, effusion takes place, ;~ncl the _joint becomes distended with fluid, the swelling is not Yery 
easy to detect on account of the thickness of the capsule and the depth of the articulat-!on. l t 
is principally to be fOund on the front of the joint, just internal to the ilio-femoral. Jiirnment; 
or behind, at the lower and back part. In these two places the tapsulc is thurner than 

~l:~~'il~?rir a ~~s~:~ufaf~- ~~f ~i~i-p-jl~11~~~i~u~:~h~~0i~ fJ~e~11bco~:!~ ~!-· i~1 c~J11~ 1~):n~1,~l~j'1~~e:~b~~n!~ 
ti~~ee f.1~e~\~~ 11~~tg1~bo~-\~~o~O~if·1~J{e ~;~ pl~~~f~}b~drtWa;~~st l ~a~hi~ ~-~;l~~ecti~0ili~:~ 1~};/~})~1~~~~i~1{i; 
tTom tubercular arthritis of the knee, where the disease u~ually commences in the synovial 

i!~e1~~~~i~i~n ·~~1e u1;~:t~~~ f~~<\hi~1~ret~w~>~~~l: in~~s\~~1~~1 ~~~·~0~;i~'\~ti!1,~ ;ce~:11~i, o~e~~!~~~to~~~i 
strain is thrown upon it. from the frequency of falls and blow:s upon the hip, which causes 
crushing of the ep1physial cartila!!:e or the cancellous tissue in its nei1!hborhood, will1 rhe results 
likely to follow such an injury. In addition to t.hese, the depth of the joint protects it from the 
cause:s of syno,·itiF-. 

ln chronic hip-disease the affected limb assumes an altered position, the cause of which it 
is important to understand. In the early stage of a typical case the limb is flexed, alxlucted, 
and rotated outward. In this position all the ligaments of the joint are relaxed : the front of 
the cap:-u\e by flexion; the outer band of the ilia-femoral li gament by abduction; and the 
inner band of this li!rnmcnt and the back of the capsule by rotat ion oulward. It is, therefore, 
the position of the greatest ease. The condition is not quite obvious at fin;t t~pon examining a 
patient. If the patient is laid in the supine position, the affected limb will be found to be 
extendetl and parallel with the other. But it will Le found that the pelvis is tilted downward 
on the diseased side and the limb apparently longer than its fcllow 1 and that ~he lumbar 
spine is arched forward (lonlosis). If now the thi,rrh is abducted and flexed, the tilting down
ward ancl the arching forward of the pelvis disappears. 'l'he condit ion is thus explained. A 
limb which is flexed and abducted is obviously useless for progrcs~ion, :md, in order to OYer
come the difficult.\·1 the patient depresses the affected side of' hi s pelvis in order to produce 

:1~11:~i~li~e~~ ~}~~ 1 \i~~bb, ci~~~~~.;1!~f ~~~~~a~n~f rtb~~~~~~is f,~h~~c01J1a~~~;1~~~~~~r~f 111h~id~~!~~:~i~; 
limb be<.:omcs flexed and abducted and i1n-erted. This position probahly <le11ends upon muscular 
action. at all events as regards the adduction. The .. \.dcluctor musdes are supplied by the 
obturator nerve, which abo lar~ely supplies the joint. These muscles are thercfo1:e thrown into 

~~~i~n~ctiO~t~~~~;~i11~m!i~i~~t0~;n~~~11:~~i1~1i11~ 1ti!e tht;;~j~i~i~n~n~f i~ 1i~s s:~irt~ i J:e t!~~o~1~6~~;1~~!1~~i~~ 
the male than in the female, in whom the knee-joint is more frequently affected. It is a disease 
of mi<lJlc af('e or more advanced period of life. 

Conc;enital dislocation is more commonly met with in the hip-joint than in any other articula
tion. The displacement usually takes place on to the dorsum ilii. lt gin's rise to extreme 
lordosis, and a. waddling: .(!ail is noticed as soon as the child commences to walk 

be p~rfb~~~cd 0~i:~~/1l~ ~~a)~~e~f~~uii1~~lsi~1~ ~~s~~5~o~~e~i~ri 1~,~~-:'·, Tl~~t~~~\~1:1~11~~!~0~nt[i\s %~ 
interference with importaut structures, especially muscles. than the poslenor ~J11e, Lut pcrn~1ts 
of less efficient drruna,ge. In the:se da.ys, howe\·er, when the surgeon nuns at seeurrng 
healing of his wound without suppuration1 this second desideratum is not of ~o muc~1 import
ance. In the operation in front the surgeon makes an intision three to four mehcs m l~n.e-th, 
startin,!? immediately below and external to the anterior superior spinous procc~s of' the ilmm, 
downward and inward between the Sartorius and Ten:;:or Ya~dn:u fC>moris, to the neek of' the 

~~~~ ~i;~~1inft1!11he~~f5~1f 0th~ i~~~~~~1}~~~;~tJ ,~i~l~r~~~~~~~~~.,;~: 1f~~~;~_<li'~~~l~1~!~~'l~~d~i~~u~1i~ 
carefully rcmo,·ed with a. sharp spoon or scissors, aud the c:mty thorou~hly flushed out with a 
hot anti::;eptic fluid. 

The posterior method consists in makin!! an in<:ision three or.four inc:h_cs lo'"!~• eommenc!ng 
midway between the top of the e-reat trochanter and the anter10r s~1pcnm· spme, and endmg 
over the shaft, jtL'it below the trochanter. The muscles are detached from t~ie great trochanter, 
and the capsule opened freely. The head and nee:k. arc freed from the, ~oft parts and the bor~e 
sawn throul!h just below the top of the trochanter with a narrow ~aw. ] h~ heaJ of t~1e bone IS 
then levered out of' the acetabulum. In both operations, if the atctabulum is eroded 1 it must be freely gou~cd. 
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II. Knee-joint. 
The knee-joint was formerly described as a ginglsmus or bing:e-joint, but 1s 

really of " much more complicated character. I t must be regarded a::; consisting 

~~r~·~~·~~1~:·t1~~u !~~~:·~st~!~~h:h·~ t~~i~1,b~\:~\~~11a~~cc~1ncl1~~11~·1·l\cj ~f n ~~.ea~-~~~~1~ ~~~~' ~~1~ 
the patella and the femur, which is partly arthrodial. but not completely so, :since 
the articular ::;urfaccs are not mutually adapted to each otlicr, so that the morement 

~~1~1~~1~~.:~~~~~1~.1~J1~~li~~~co~:~1<lyT~f~s t~:'\~~~~~~t~fo~~t~·,~c~~~~~cofo}b~h:n1~~~~e~~1:1~<~·~c1~1i:~·l:~ 
where three srnoYial membranes are sometimes found, corresponding to these three 
snbcli\·i~ions, Cithcr entircl_y distinct or only connected together by sma ll commu11i
cations. This \•icw is further rendered probable by the existence of the two crucial 
ligaments within the joint, which must be rcganlc<l as .the external and internal 
In.rend ligaments of the inner and outer joints respectively. The existence of 

!~~~~!~:~~1~~:::iL~; i~~1t~c~~~~1~~:~~~.l~a~~:·t~:~ ~~1~~ii:i~~ 1~di\~~l~:n~!c~oj~~~lt~ration of tLc 

'J'hc hones entering into the formation of the knee.joint are the condyles of the 
femur abo"e, the bead of the tibia below, and the patella in front. The bones are 
connected together by ligaments, some of which arc placed on the exterior of the 
joint, while others occupy its interior. 

E.l.'lt'nrnl Ligaments. Interior Ligaments. 
Anterior, or Ligamentum Pa- Anterior, or External Crucial. 

tel he. Posterior. or Internal Crucial. 
Posterior, or Ligamentum Pos- Two Semilunar Fi bro-carti lages. 

tirum '\yinslowii. 'J'ran~Yerse. 
Intern~d Lateral. Corotrnry. 
'Swo Extel'llal Lateral. ~ignmcntum mucosum. 
C:tpsula1·. Ligamcnta. alaria. 

'l'hc Anterior Ligament, or Ligamentum Patellre (Fig. 257), is the cen tral 
portion of the common tendon of the Exten sor muscles of the thigh which i8 
continued from the patella to the tubercle of the tibia, supplying the place of an 
anterior ligament. I t is a. strong, flat, ligamcntous band about three inches in 
length, attached, above, to the apex of the patella and the rnugh depression on its 
posterior :mrface; below, to the lower part of the tubercle of the tibia, its superficial 
fibres being: continuous o"er the front of the patella with those of the tendon of the 
Quadriceps extensor. The lateral portions of the tendon of the Extensor mu:-clcs 
pa!-l.S down on either side of the patella, attached to the borders of this bone and its 
ligament. to be imerted into the upper extremity of the tibia on each side of the 
tubercle; externally, these portions merge into the capsular ligament. 'l1hey are 
termed latr 1·al patellar ligaments . 'l1 he posterior surface of the l igamcntum patellre 
can u:-:.uall,r be easily separated from the front of the capsular ligament. 

'fi1e Posterior Ligament (Ligamentum Posticum Winslowii) (Fig. 2;)8) is a. 
broad, ftat, fibrous band formed of fascicu li , obliquely directed. and separated from 
one anoth.cr l~ .~ ape1y1res. for the passage of \'esscls ~nd nerves. The strongest of 
these fasc1cu l1 1s derin~d from the tendon of the Senrnnembranosus, and passe!i from 
the hack part of the inner tuberosity of the t ibia obl iquely upward and outward to 
the back part of tLe outer cond.de of the femur, 11·it/1i11 the intcrcondyloid notch. 
'11hc posterior ligament forms part of the floor of the popliteal space. 

rl1he Internal Lateral Ligament i1'3 a. broad, flat, membranous band. thicker 
be11i111l than in front, and situated nearer to the batk than the front of the joint. 
It is attached. above, to the inner tubcrositv of the femur; below, to the inner 
tuberosity and inner surface of the shaft of 'the tibia to the extent of about two 
inclw~ . 

0

It is Cl'O%e<l. at its lower part, hy the tendons of the ~artorius.. Gracilis, 
an<l ~emiten1linosus muscles, a synovial bur:-oa being interposed. Its d1•1'p sw;fn1•e 
co,·ers the anterior portion of the temlon of the 8emimcmbranosus, the synoYial 
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FJG.258.-Rightknee-joint. PostcriorYiC11', 

The Long External Lateral Ligament is a strong, rounded, fibrous cord situated 

nearer to the back than the front of the joint. It is attached, a.hove, to the back 

part of the outer tuberosity of the femur; below, to the outer part of the head of 

the fibula. Its outer swf<u:e is covered by the tendon of the Biceps. which divides 

at its insertion into two parts, separated by the ligament. The ligament ba!'I, 

passing beneath it, the tendon of the Popliteus muscle and the inferior cxtemal 

articular ,-e~sels and nerve. · 

The Short External Lateral Ligament is a bundle of fibres placed behind the 

preceding, attached, abo,·e, together with the outer head of the GaRtrocnemius, 

to the outer condyle of the femur; below, to the summit of the styloicl process 

of the fibula. This ligament is intima.tel.v connectccl with the c:lpsular liga

ment, and has, passing beneath it, the tendon of the Popliteus muscle and the 

inferior external al'ticular ''essels and nerve. 
The Capsular Ligament consists of an exceedingly thin but stron~. fibrous 

memUranc which fills in the intervals left between the stronger bands above 

de:-;cribcd. an<l is inseparably connected with them. In front it blends with the 

lateral patellar ligaments and fills in tbc interval bet,~·ecn the anterior and 

lateral ligaments of the joint. with which latter structures 1t is closely connected. 

~1~h~~~;l~·~e~8 ~~~d0 ~1r~~e~~1~~~·~.'i:i~dn~1:~~n~:r°~h~c;~1i1~~~ .. fi,~~«~s.isw~~~1
1:1~~~i:3 ·~)~~~~· ;::~;~ 

the baek part of the head· of the . tibia, being closely united with the origins of 

the Gastrocnemius, Plantaris, and Popliteus muscles. It pa~ses in front of, but is 

inseparably connccte<l with. the pm~terior ligament. 

rrhc Crucial are two intcrosscous lig~uucnts of considerable strength situated 

" 
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in the interior of the j oint, nearer its posteri or than it s a nt eri or pnrt. Th ey are 
callc<l l·rucial because rhev cro~s each other some" ha t like the Ii neg of the letter 

· X ; and h::L\'C rcc:ei,·c1l the names anii'rior 
and po1Jtaior, from the position of their 
:tttachmcnt to the ti bia. 

The Anterior, or External Crucial Liga
ment (Fi g. 259). is attached to the depres
s ion in front of th e spine of th e tibia, being 
blended with the anterio r extremity of the 
exte rnal semilunar fib ro-car tilage, and, pass
ing obliquely upward, backward, and out
ward, is inserted into the inn er nnd ba ck 
part of the outer condy le of the femur. J ts 
direction is upmtrd, backward. and outward. 

The Posterior, or Internal Crucial Lig
ament, is stronger, bu t shorter and less ob
lique in its directi on, than the anterior. I t 
is attached to th e back part of the depres
sion behind the spine of the tibia, to the 
popliteal notch, anJ to the posterior extrem
it,v of the extemal scmilunar fibro-cartilage ; 
and passes upward, and somewhat forward, 
and inward, to be inserted into the outer part 
of the inner eondy le of the femur. As it 
crosses the anterior crucial Jigamen t a fas
ciculus is gi,·en off from it , which blends with 
th e posterior part of that ligament. It is 
in relati on, in front, with the anterior 
crucial ligament; bebind, with the capsular 
ligam ent. 

nal fl~a,~~D.~sl.tight knee-joint. Sho\•fog inter· 'l1he Semilunar Fibro-cartilages (F ig. 260) 
are two crescenti c lam clh:c whi ch sen e to 

deepen the surface of the head of the tibia., for a rti culation with the condyles of 
the femur. 'l1he circumference of each carti1a.gc is thick, convex, and attached to 
the inside of the capsule of the knee ; the in ner border is thin, concave and 

free. Their upper surfaces 
a.re concave, and in relation 
with the condyles of the 
fe mur: their lower surfaces 
are fl at, and rest upon the 
head of the tibia. Each car
tilage co,·eri; nearl ~- the outer 
two-thirds of th e correspond· 
ing articular surface of the 
tibia, ]caving the inner third 
uncovered ; both surfaces are 
smooth ~ind invested by syno
vial rn cmbnrn e. 

Th e Internal Semilunar 
Fibro-cartilage is nearlv sem-

abo:~~· ~1ghtHi1~~-oftibia, withscmilunareartilages, 1::.te. icircula r in form , a "' little 
. . elonwitecl from before back-

~n1rd, and broader behind than m front; its anteri or ex tremity, thin and pointed, 
is attached to a depression on the anterior margin of the head of the ti bia, in 
front o~ the an.tcrior cruc.ial ligament : its po~teri o r extremity is at tached to the 
depre5s1on behind the spme. between the attachments of the external semilunar 
6.bro-cartilage and the posterior crucial ligaments. 
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The Ext~rnal Semilun3:r Fibro-cartilage forms ~early an entire circle, covering 

a larger portion of the articu lar surface than the mternal one. It is groo\·cd on 

~t: t~~t~~;:~~:~·~~~~1!~nt~ 1
1 

extremities, at their insertion, 
arc interposed between the 
two extremities of the inter
nal semi lunar fibro-cartilage; 

:~~1~~~e~f 1~i~rfr~~~r~f1 ~\Ie ~~ii:~~ 
of the tibia to the outer side 
of, and behind, the anterior 
crucial ligament, with which 
it blends; the posterior ex
tremity being attached behind 
the spine of the tibia, in front 
of the posterior extremity of 
the internal semilunar fibro
carti lage. Just before its in
sertion posteriorly it gives off 
a strong fasciculus, which 
passes obliquely upward and 
inward, to be inserted into 
the inner cond yle of the 
femur1 close to ~the attach
ment of the posterior crucial 
ligament. Occas ionally a 
small fasciculus is given off 
which passes forward to be 
inserted into the back part 
of the anterior crucial lig
ament. The external scmi
lunar fibro-cartilage girns off 
from its anterior con\·cx mar
gin a fascicu lus which forms 
the transverse ligament. 

The Transverse Ligament ,_ 
is a band of fibres which kne!~J~i~~·(,t~~f1~~~~~1~~)section through the ruicldle of the right 

passes trans\·erscly from the 
anterior com·ex margin of the extemal sem iluuar fibro-cartilage to the anterior 

com·ex margin of the internal semihmar fibro-cartilagc; its thickness varies 

con~iderably in diffe rent subjects, and it is sometimes absent altogether. 

The Coronary Ligaments are merely portions of the capsular ligament1 which 

connect the circumference of each of the semilunar fibro-cartilages with the 

margin of the head of the tibia. 
The Synovial Membrane of the knee-joint is the largest and most extensive in 

the body. Commencing at the upper border of the patella, it forms a short cul-de

sac beneath the Quadriceps extensor tendon of the thigh. on the lower part of the 

front of the shaft of the femur: this communicates with a s\·no,·ial bursa inter

posed between the tendon anrl the front of the femur by an orifice of variable size. 

On each side of the patella. the syno\·ial membrane extrnds beneath the ap?neurosis 

of the Vasti muscles1 and more especial ly beneath that of the Vastus rnternus. 

Below the patella it is separated from the anterior ligament by the anterior part 

of the capsule an<l a considerable <1uantity of adipose tissue. In this situation it 

sends off a. triangu lar prolongation1 containing a fow Jigamentous fibres1 which 

extends from the anterior part of the joint below the patella to the front of the 

intcrcoudyloid notch. This fold has been termed the ligamentwn mucosum. It 
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also sends off two fringe-like folds, called the ligamenta alatia, which extend from 
the sides of the ligamentum mucosum, upward and latcrnll.r b('t"eeu the pal('lln 
nn<l femur. On either side of the joint it passes downwanl from th<' femur. lining 
the capsule to its point of attachment to the scmiluna.r carti lages; it ma_v then he 
tracc<l O\"Cl' the upper surfaces of ther;;c cartilages to their free borders, and from 
thence along their under surfaces to the tibia. At the back part of the external 
one it forms a. cul-de-sac between the groom on its surface and the ten<lnn of the 
Popliteus; it surroun<ls the crucial ligaments and lines the inner surface of th(" 
ligaments which enclose the joints. '~ho po~tch of synovial ~uemhrane between 
the Extensor tendon and front of the femur 1s supported. <lunn~ the moYcmcnts 
of the knee, by a small muscle, the Subcrurcus, which is inserted into the upper 
part of the capsular ligament. 

The folds of synovial membrane and the f;itty processes contained in them act1 

as it seems, mainl.v as padding to fi ll up interspaces and obviate concuf'Rions. 
Sometimes the bursa beneath the Quadriceps extensor is completely shut off from 
the rest of the synovial Ca.\'ity. thus forming a closed MC between the Quadriceps 
and the lower part of the front of the femur, or it may comrAunicatc with the 
synoYial Ca\·ity by a minute aperture. 

'l'hc bursro about the knee-joint are the following : 
In front there are three bursre: one is interposed between the patella and the 

skin; another, of small size, between the upper part of' the tuberosity of the tibia 
and the ligamentum patelloo; and a third between the lower part of the tuberosity 
of the tibia and the skin. On the outer side there are fou1· burs:": (1) one beneath 
the outer head of the Gastrocnemius (which sometimes communicates with the 
joint); (2) one abo,"e the external lateral ligament between it anrl the tendon of 
the Biceps; (3) one beneath the external lateral lil(ament between it and the ten
don of the Popliteus (this is sometimes only an expansion from the next bursa); 
(4) one beneath the tenclon of the Popliteus between it and the condyle of the fcmur1 

which is a lmost always a.n extension from the syno\•itd membrane. 
On the inner side there a.re fi rn bur:soo : (1) one beneath the inner head of the 

Gastrocnemius, which sends a prolongation between the tendons of tbe Gastro
cnemius and 8emimembranosus: this bursa often communicates with the joint; 
(2) one above the internal lateral ligament between it and the tendons of the 
Sartorius, Gracilis, and Semitendinosus; (3) one beneath the internal lateral 
ligament between it and the tendon of the Piemimembranosus : this is sometimes 
on]~· an expansion from the next bursa.; (4) one beneath the tendon of the Bemi
mcmbranosu~, between it an<l the head of the tibia, ; (.5) sometimes there is a. bursa 
between the tendons of the Remimembranosus and of the Hemitendinosus. 

Structures around the Joint.-In front and a.t the sides. the Quadriceps exten
sor; on the outer side, the tendons of the Biceps and the Poplitcus and the 
external popliteal nerrn; on the inner side, the Rartorius, Gra.cilis, Semitendinosus, 
and Semimembranosus; behind, an expansion from the tendon of the Semimcmbra
nosu~, the popliteal ''essels, and the internal pop1iteal nerYe, Popliteus, Plantaris, 
~~t~ rnner and outer heads of the Gastrocnemius, some lymphatic glanc1:'3, and 

The Arteries supplying the joint are derived from the anastomotica. nlil)!na 
branch of the femoral, articular branches of the popliteal, anterior and posterior 
recurrent branches of the anterior tibial, and <lescen<ling branch from the external 
circumflex of the Profunda. 
. The Nen~~s arc deri,·ed from the obturator, anterior crural, an<l external and 
mternal popllteal. 

Actions.-nte knee-joint permits of mo\'cmentr.; of flexion and extension. and, 
in certain positions. of slight rotation inward and outward . 'l'he movement of 
Hexion a.nil extens~o? does n~t, howeve~·, take place in a simple, hinge-like man
ner, a~ m o~h~r JOmts, bu~ 1s a complicated movement, consisting of a certain 
amount of µlid1~g ancl rotat10n; so that the same pa.rt of one articular surface is 
not always applied to the same part of the other articular surface, and the axis 
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of motion is not a fixed one. If the joint is examined while in a condition of 

extreme Hexion, the posterior part of the articular surfaces 
of the tibia will be found to be in contact with the posterior 

~o~~!~~ceh\1~~~~~~~~~ o~n~~:i~Z~~Y~,~:r~f tt~1et:~:u;l~c~:1c~~~ 
axis, round wbic~ the rernlv ing moYement of the tibia 
occurs, would be rn the back. part of the condyle. If the ll 

leg ts now brought forward mto a position of scrniHexion, · 
the upper surface of the tibia will be seen to glide Ol'er 

the cond,-les of the femur, so that the middle part of the 
articular facets are in contact, an<l the axis of rotation 

must therefore have shifted forward to nearer the centre Fw. 26:'.!.-\'iew or the 

~~t:!~~c~0 ~:~~,i1t%·n, !fst~f1° r:1~~h~~ g~~1'i·n;r~:te~t pi:~~ ;1~~ ffiV1:.r~~k/~~f:~~i~rH~~E~ 
a furth er sh1ftmg forward of the axis of rotation. 1'his ~l~i~~~ in1:1~\~~~e~ifferent 
is not, however, a simple movement, but is accompanied 
by a certain amount of rotation outward round a Yertical axis drawn through the 

centre of the head of the tibia. 'l'his rotation is due to the greater length of the 

internal condylc, and to the fact that the anterior portion of its articular su rface 

is inclined obliquely outward. In conscq uence of this it will be seen that toward 

the close of the mo,·ement of extension-that is to say, just before complete 

extension is effected-the tibia glides obl iquely upward and outward over this 

oblique su rface of the inner con<lyle, and the leg is therefore necessarily rotated 

outwar<l. In ff ex ion of the joint the converse of these movements takes place: 

the tibia glides backward round the end of the femur, and at the commencement 
of the movement the tibia is directed clownwal'd and inward along the oblique 

cune of the inner condyle, thus causing an inwa.rd rotation to the leg. 
During ff ex ion and extension the patella, mo"es on the lower end of the fem.ur, 

but this mo,·emcnt is not a simple gliding one; for if the articular surface of this 

bone is examined, it will be found to present on each side of the central vertical 

ridge two less marked trans\·erse ridges, which diYide the surface. except a small 

portion a.long the inner border, which is cut off by a slight vertical ridge into 
six facets (see Fig. 262), a.nd therefore does not present a. uniform curved sur

face, as would be the case if a simple gliding mo,·ernent took place. 'l1hese six 

facets-three on each side of the median rnrtical ridge-correspond to and denote 

the parts of the bone respectiYely in contact with the condyles of the femur during 

flexion 1 sem iAexion, and extension . In Hexion only the upper facets on the patella 

are in contact with the conclvles of the femur; the lower two-cbirds of the bone 

rests upon the mass of fat which occupies the space between the femur and tibia. 

In the semiRexed position of the joint tbe mid<lle facets on the patella rest upon 

the most prominent portion of the condyles, and thus afford grca.ter leverage to 

the C/nadriceps by increasing its distance from the centre of motion. In complete 

extension the pateJla is drawn up, so that only the lower facets are in contact with 

the articular surfaces of the cond.vles. ~rhe narrow strip along the inner border 

is an exception to this, and would appear to be in conta ct with the internal condyle 

throughout its whole extent in every position of the joint. As in the elbow, so it 

is in the knee-the a.xis of rotation in flexion and extension is not precisely at 

right angles to the axis of the bone, but during Hexion there is a c_e i:tain a1?ount 

of alteration of plane; so that, whereas in flex ion the femur and t1b1a are m the 

same pla.uc, in extension the one bone forms an angle of about ten def;~·ees with 

the other. ~I.1hcrc is, howe,·cr, this difference between the two cxtrern1ttes: that 

in the upper, <luring extension, the humeri are parallel and the bones. ?f the 

forearm diverge; in the lower, the fcmora converge below and the tibia are 

parallel. 
In addition to the slight rotation during flexio? and _extcnsi~n, the. t_ibia enjoys 

an independent rotation on the condylcs of the femur m certam pos1t10ns of the 

joint. This moYement takes place between the interarticular fibro-cartilages and 
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the tibia, whereas the mo,·ement of ffcxion a nd extension takes place between the 

~~~~~1;~~·t~~u~~~.1~ 1~i·~~t-:.a~;1\
1,~\~1~:<tC~l t~~efi~·~~~~1.~;·t il~est~~~1 ~1~J~1c~-%~c~i~;o~:e!~1~1lt)~ 

in which flex ion anLI cxten::; ion take pla.ce; and a lower (menisco-tibial). allowing 
of a certain amount of rotation. This latter movement can on l,Y take place in the 
semi flexed position of the limb, when all the ligaments are relaxed. 

During .flei·ion the ligamentum pa.tellre is put upon the st retch, as is also 
the posterior crucial ligament in extreme ftexion. The other ligam ents arc all 
relaxed by flex ion of the j oint, though the relaxation of the anterior c rucial ligament 
is rcry triUing. Flexion is only checked during li fe b,Y the contact of the leg witb 
the thigh. In e:rtension the ligamentum patell re becomes relax ed, and, in extreme 
extension com pletely so, so as to allow free lateral movement to the patella, which 
then rests on the front of the lower end of the femu r. Th e other ligaments, with 
th e exception of the pos terior crucial, whi ch is partly relaxed. arc all on the s tretch. 
When the lim b has been brought into a straight line, ~xtensio~1 is checked mainly 
by the tension of all the l igaments except the posteri or crucial and ligamentum 
pate ll re . The moYcments of rotation, of which the knee is capable. are permitted 
in the sem i Hexed condi tion by the partial relaxation of both crucial ligaments. as 
well as the lateral ligaments. Rotation inward a!)pears to be limited by the 
tension of the ante ri or crucial ligament, and by the interlocking of the two liga
ments: but rotation outward does not appear to be checked by ei ther crucial 
ligament, since they uncross during the execu tion of this movement, but by the 
lateral ligaments, especially the incernal. The main fun ction of the crucial liga
ments is to act as a direct bond of union between the tibia and fem ur, pre\·enting 
the former bone from being carried too far back ward or forward. Thus th e 
anterior cm cia l ligament 1}l"eYe1Hs the tibia being c:.uried too far forward by the 
extensor tendons, and the posterior crucial checks too g reat movement backward 
by the fl cxors. 'J1bey also assist the late ral ligaments in resisting any lateral 
bending of the j oint. 1'he interarti cular carti lages are intended, as it seems, 
to adapt the surface of the tibia to the shape of th e femur to a certa in extent, 
so as to fill up the inte rval s whi ch would otherwise be left in the varying 
positi ons of the j oint, and to interrupt the jars which would be so frequently 
transmitted up the limb in jumping or fall s on the feet; a lso to permit of the 
two varieties of motion, Hexion and extension. and rotati on , as explained above. 
The patella is a great defence to the kn ee-joint from any injury inflicted in front, 
and it distributes upon a large a nd tolerably c\·cn surfa ce during kneeling the 
pressu1:e which would otherwise fall upon the prominent ridges of the condyles; it 
also aff ords le,·ernge to the Quadriceps extensor muscle to act upon the tibia: and 
l\lr. W a.rd has poi n ted out 1 bow this leYeragc varies in the various positions of the 
j oi nt, so that the action of th~ muscles produces ,·elocity at the expense of force in 
the commencement of extension, and, on the con trar y, a.t the close of extension 
ten<ls to diminish velocity, and tb~refore the shock to 

0

the ligaments ; whilst in the 
standing position it draws the tibia powerfully forward, an <l thus maintains it in 
its place. 

1!-'i:tension of the l ~g on the thigh is perform ed by the Quadriceps extensor; 
.flnwn by the hamstrmg muscles, assisted by the Graci lis and Sartorius, and, 
indirect l,v, by the G-astrocnemius, Popliteus, a nd Plantaris; rotat ion outward, by 
the Biceps; and rotation inward by the Poplitcus, Semitenclinosus, and, to a 
sligh t extent , the Semim embranos us, the Sartorius, tlnd the Gracilis. 

~u;rface Form.- Th.e imcrval between the two bones c ntc rin~ into Lh e formation of the 
knce·JOml can always easily be felt.. If the.Jim~ is ?xtenclecl , it is situated on a sli.c-htl.v hi ~her Je,·el 
thau l ~lC ape~ of the patella ; but 1f the hmb 1ssl1ghtly fl exed, a knife carri ed horizontally back· 
ward .11~HH?d1~tely helow.thc apex of the patella would pass directly into the joint. When the 
knee·.1omt is distended w!lh ftmd , the outlme of the synovial membrane at the front of the knee 
may he fair\~· well mapped out. 

Sur~cal Ana!.omy.-From a consideration of the construction of the knee-joint it would 
at fir:-;t t:-1!!11t appear to be one of the least secure of' any of the joints in the body. It is formed 

1 lluman 01ltf()/119y, p. <105. 
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between the two longest bones, and therefore the amount of leverage which can be brought to 
bear upon it is ,·ery considerable; the articular surfaces are but ill adapted to each other, and 
the range an<~ •aricty ?f' motion which it enjoys is great. All these circumstances tend to render 
the arliculatmn nr.\' msecure; but, nC\'Crthcless, on account of the very powerful ligaments 
which binJ tl_ic IJ?nes together, the joint is one of the strongest in the body, and dislocation 
from traumausm IS of very rare ot-currcnce. When, on the other hand. the ligaments haYe 
been sof'tcm•J or destroyed by disease, partial displacement is ''cry liable to oc;-cur, and is 
frequently brought al>out by the mere action of the muscles displacing the articular surfaces 
from each olher. 'l'he tibia may be dislocated in any dire<:tion from the fomur-forward 1 back-

~i.bi~_'u!~~~·:i;~ldi~ii~~~~dr?o;.\,?;1:d ~~11d~:~~~~~~1l~v~~ 1~\b~~["~~~~jea~~j1J~;~~~n~ ~11 ~~~a0c,~~~~-;f 1~hte!~' c\~~~ 
locations may be complete or mcomplete. As a rule, however, the antcro-posterior dislocations 
are eompletc1 the lateral ones incomplete. 

One or other of the scmilunar cartilages may become displaced and nipped between tl1 e 
femur and tibia. The accident is produced by a. twist of the le~ when the kn<'e is flexed, and is 
accompanied by a sudden p:tin and fixation of the knee in a. flexed \>ositiou. 'fhe carti lage may 
be dis/>laced either inward or outward: that is to say, either in ware toward the tibial spine, so 
that t 1e cartiln~e becomes lodged in the intcrcondyloid notch ; or outward, so that the cartilage 
projects beyond the margin of the two articulating bones. Acute s.vnovitis. the result of 
traumatism or exposure to cold. is \'cry common in the knee, on account of its superficial posi4 

tion. When di:::;tended with fluid, the swelling shows itself abon and at the sides of the patella, 
reaching about an inch or more abo,•c the trochlcar surface of' the femur, and extending a. little 
lu!'.!her under the V a:::;tus internus than the \' astus extcrnus. Occasionally the swelling may 
extend two inches or more. At the sides of the patella the swelling extends lower at the inner 
side than it does on the outer side. 'fhe lower lenl of the synovial membrane is just above the 
le\'CI of the upper part of the head of the fibula. In the middle line it co\·ers the upper third 
of the li_g"amentum patcllro. being separated from it, howe,•er1 by the cap:::;ule and a little fat. 
Chronic synovitis principally shows itself in the form of' pulpy dep;eneration of the synovial 
membrane, lcat.lin!{ to tuherrular arthritis. The reasons wh~· tubercular disease of the knee 
usually commences in the synovial membrane appear to be the complex and extensive nature of 
this :;ac; the extensi,•e n1scular sup1>lr to it; and the fact that injuries arc generally diffused 
and applied to the front of the joint rather than to the ends of the bones. Syphilitic disease 
not nnfrequently attacks the knee-joint. In the hereditary form of the disease it is usually 

i::~:~~~~b\~"~ntit~ift~~ft 1:f~~11·~~int}s~ tb~i~!~·ti';:·~·0f~:mfi~lft~h;i(\1i~e~~~o;~:~~1~1~~~~~1 llnfil1t~a:.io1~'~f 
~i~hS)~~~~~~;1~:J1~~~~:a~11~/i~~aVdk~o 1b~~~~r?R~c~t~c~~ti;; ~11:~ ~~;1~ 1~f {hiii~tdi~~~~~ i~i11~~.~~~~~ ~!~:~ti~ 
meu. The occurrence of the so·callcd loose carti lage is almoot confined to the knee, though they 
are occasionally met with in the elbow, and, rarely, in t::iOme other joints. i\Iany of them occur 
in cases of osteo4 arth ritis1 in which calcareous or cartibzinous material is formed in one of the 

~f~~~:.~~~:~1~iJ~~~i~1::~it~i~::~;~~i7ii~i:.::~fi~;:::'~i~~~;f ·:'.~~~~!l~~:;:~f~:~.\~~:b~;~;~:~~ 
of the articular cartilage or one of the scmilunar cartilages becomes detached and constitutes the 

foreiQ~~~:;tl)?um, or knock 4 knee, is a common deformity of childhood, in which, owing to 
changes in and about the joint, the angle between the outer border of the tibia and femur is 
diminished, so that as the patient stands the two internal tondyles of the fomom are in contact, 
but the two internal rnalleoli of the tibire are more or !cl;S widely separated from each other. 

!chhe~t1~~~~ve~~[1 tl~~eco~;~~~ll~~~l:,~~~1 W1: Ji~~~~:1~h~e;e t l~eat;~i~1jei~~ :~f s:~;~;~:;~~~rl~t~111·~l ~~~ 
ment and other fibrous structures on the inner side of the joint; as a re:sult of this there is a 
constant undue pressure of the outer tuberosity of the tibia. a!!ain~t the outer condyle of the 
femur. This extra pressure causes arrest of growth and, pobsibly, waf'tiu~ of the outer con4 

:}{!ep:e~~1~t c~~i~e1J~~11 ~n~~;~~J1%1~S-~1: 1bcc~~!~st~le~~~~~~~l ~~11:1:~}';1~~]~y 1f~~1 \~·~1~1 ~r~~~l~~i~~lc(l0~~~-"~~ 
i\likulicz. by an im:.:reased growth of the lower end of the d1aplirs1s ?11 its inner .side .. so tha~ the 
line of the epiphysis becomes oblique instead of transverse to the ax1!S of the bone, with a cliree4 

~:~f.~f f &,~~~~~f f.~\~i}~i~~~~~~i{if~ . 
carried upward to the other conclyle; or by a tran~\'erse 111c1'i1on :u·ro!'S the pa1ella. In this 
latter iuci!'ion the patcll:l is either remo\·ccl or .-;awn atroi:-~, anrl the hah·c:::; subo~qu~ntly sutured 
to,!!"cther. The bones h:nin!.! be<:'11 cleared, and in those <·a~es where the op<'rat.1011 is. performed 
for tubercular disca .... e all pulpy tissue ha,•in.!! been ('arcfully re1110,·cd, the scx:uon of the feI?Iur 
is first made. 'l'hii; should ne,·er include, in chilclre11, more than. a~ the moot, two-tlm<ls 
of the articular surt:ac·t?1 otherwise the epiphysi:-; will be intlmlc(l. with disastrous results as far 
as regards the grow1h of the limb. Aflerwar<l a thin slice should be rernoYcd from the upper 
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~h~ 11:~·n~~~~ i~i~~~JS\::1:~~~h~!~~111 ,!.1i~:; ,h'~ i~~!~gc ;~th~·~ ~\i~~::~~t;:~~i:'f!~r~:1i~.~ 1~~~~)ti~\'~ ~f :bc1t!'!n~~ 
shoultl he made. 

III. Articulations between the Tibia and Fibula. 
The articulation~ between the tibia aud fibula arc effected hy ligamcnti-; which 

connect ho1h c:x:n'mitics. as well as the shafts of thL' hone:-.. ' l'her ma,·, cnn
scquentlr be ~uh1liddcd into three sets: l. The 8upcrior Tihio-fihufar a1-.ticula
tinn. :?: The :\foldlc rribio-fibular ligament 01' interoSf:COUS membrane. 3. The 
Inferior Tibio-fibu1ar articulation. 

1. SuPEHIOR Trnro-nnuL.\R AnTJfllLATION. 

rrbis articulation is an arthrodial joint. The contiguous surfaces of the bones 
present two flat, oYal facets co,·crcd with carti lage, ancl connected together b,v the 
following lig:uuents: 

..Anterior Superior Tibio-fibular. 
Posterior Superior Tibio-fibular. 

~l1he Anterior Superior Ligament (Fig. 259) consists of two or three broad and 
flat han<h; which pass obliquel~· upward and inward from the front of the head of 
the fibula to the front of the outer tubcrositv of the tibia. 

'J'hc Posterior Superior Ligament (Fig. 2;)8) is a single thick and broad band 
whith passes upward and inward from the back part of the head of the fibula to 
the ba('k part of the outer tuberosity of the tibia. It is covered by the tendon of 
the ]'opliteus muscle. 

A Synovial Membrane lines this articulation. which at its upper and back part 
is occai::.iona1ly continuous with that of the knee-joint. 

2. :\ItrrnLl-: Trnro-FI.Bl.iL ,\R LIGA;\lENT OR lNTEROf:.RF.OLlS M1rnnRANE. 

An interoi::.senus membrane extends between the contiguous margins of the 
tibia and fibula, and separates the muscles on the front from those on the back of 
the leg. It consists of' a thin, aponeurotic lamina composed of oblique fibres 
which pni::.s downward and outward between the interosseous ridges on the two 
bones. It is broader abon" than below. Abm·c its upper border is a large. om! 
aperture for the pas~age of the anterior tibial ,·essels forwa.rd to the anterior aspect 
of the leg; and at its lower JAtrt an opening for the passage of the anterior pero
neal YC:-.,.CI:".. It is continuous below with the inferior interosseous ligament, alHI 
is perforate(l in numerous parts for the pas~agc of i;omall ve::;sels. It is in relation. 
in front, with the Tibialis anticus, Extensor 1ongus •..li~itorum. Extensor proprius 
hallu('iS, T'eroneus tcrtius. and the anterior tibial nssels an1l nene: behind. with 
the 'l'ibialis posticus and Flcxor longus hallucis. 

3. I~FERIOH Trnto-FIBrLAn Annct' L.\TIOX. 

This articula.tinn is formed by the rough, convex surface of the inner side of 
the lower end of the fibula, connected with a conca.,·e rough surface on the outer 
side of the tibia. Below,. to the extent of a.bout two lines, these f:.urfoces are 
smooth, aiHl co,·crcd with carti lage, which is continuous with that of the ankle
joint. The ligaments of this joint are-

Antrrior Inferior 'J'ibio-fibular. 
Postel'ior Inferior Tibio-fibular. 

'J1rans,·er:1e. 
Inferior Intcrosseous. 

The Anterior Inferior .Ligament (Fig. 264) is a flat. triangular band of fibre~. 
broader hrlow than aboYC, which rxrends flbliquely downwtlrd and outwanl 
betwcen the ad,iacent margin~ of the tibia and fibula, on the frnnt aspect of the 
articulation. I t is in relation, in front. "ith the Peroneus tertius, the aponeurosis 
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Qf the leg, and the integument; behind, with the inferior interosseous ligament; 
and lies in contact with the car tilage covering the astragalus. 

The Posterior Inferior Ligament, smaller than the preceding, is disposed in a 
similar manner on the posterior surface of the articulation . 

The Transverse Ligament is a long, narrow baud, continuous with the preceding. 
passing transversely across the back of the joint, from the external malleolus to 
the posterior border of the articular surface of the tibia, almost as far as its ma1-
leolar process. This ligament projecrs below the margin of the bones, and forms 
part of the ar ticulating surface for the astragalus. 

Th e Inferior Interosseous Ligament consists of numerous short, st rong, fibrous 
bands which pass between the contiguous rough surfaces of the t ibia and fibula1 

and constitute the ch ief bond of union between the bones. 'This ligament is con
tinuous above with the interosseous membrane. 

The Synovial Membrane lining the articular surface is derived from that of the 
ankle-joint. 

Actions.-Tbe movement permitted in these articula tions is limited to a ''ery 
slight g liding of the art icular surfaces one upon another. 

IV. Ankle-joint. 

The Ankle is a ginglymus or hinge-joint. The bones entering into its forma
tion are the lower extremity of the tibia and its malleolus and the external mal
leolus of the fibula. These bones are united above, and form a mortise to recei,·e 
the upper convex surface of the astragalus and its two lateral facets. The bony 
surfaces a.re covered with carti lage, and connected together by a capsule, which in 
places forms thickened bands constituting the following ligaments: 

Anterior. 
Posterior. 

Internal Lateral. 
External La teral. 

The Anterior Tibio-tarsal Ligament (Fig. 263) is a broad, th in, membranous 
layer, attached, above, to the margin of the articular surface of the tibia; below, 

Fw. 2f'.3.-Anklc-joint: tal"!lal and tarso-metatarsal articulations Internal \·iew. Right side. 

to the margin of the astragalu~. in front of its artic~1la.r surface. It is in rel_a.t_io~. 
in front, with the Extensor tcn<lons of the toes. with the ten<lons of the T1bial1s 
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anticu8 and Peroneus tcrt ius, and the anterior tibial ,·esscls and nen·c; behind, it 
lie~ in contact with the svno,·ial membrane. 

The Posterior Tibio-t'arsal Ligament is ,·cry thin, and consists princi pally of 
tramn-ersc fibres. ltis attached. abo,·e, to the margin of the articular surfa ce of the 
tibia. blending with the transrerse tibio-fibular ligam ent; below, to the astragalus, 
behind its !-iupcrior articu lar facer. Ex ternally it is thicker than intcrna ll .r, wh ere 
a. somewhat thickcneU band of transrersc fibres is a.ttached to 1he hollow on the 
inner surface of the external mallcolus. 

Th e Internal Lateral or Deltoid Ligament is a st rong, flat , triang ular band, 
a.ttached, above, to the apex and anterior and posterior borders of the inner maJ. 
leolus. Th e most anterior fibres pass forward to be inserted into the nM·icular 
bone and the inferi or calcan eo·navicu1ar li ga ment; th e middle deRccnd almost 
perpendicularly to be inserted into the sustentacu lum tali of the os calcis; and the 
posterior fibres pass backward and outward to be attached to the inner side of the 
ast raµaln s. 'fhis ligament is co,·ercd by the tendons of the '.fibialis posticus and 
Flex.or longus digitorum muscles. 

/ blferio1·tibio·filmlarartic11latio11. 

FIG. 26-1.-AnkJe.joint: tarsal and tnrso-metatar.;al articulations. External view. Hight side. 

The External Lateral Ligament (Fig. 264) eon8ists of three distinctly special
ized fasciculi of' the capsul e, taking different directions and separated by dist inct 
intenals; for which reason it is described by some anatomists as three distinct 
ligaments. 1 

TL e anterior fasciculus (ante ri or astragaJo.fibular), the shortest of the three, 
passes from the anterior margin of the summit of the external malleolus, downward 
and forward , to the astragalus, in front of' it:s exte rnal articular facet. 

The. posterio1' .f'asciculus (posterior astragalo-fibular), the most deeply seated, 
pasRes from the deprc~s1on at the mn er an(l bnck pa.rt of the extemal maJl eolus 
to a promi~1ent tu?err~e on. the posteri or surf'a c:c of the ;_u;tragalus. Its fibres are 
almost honzon ta l 111 direction. 

The middle fa~rir·ufor-1, (calcanco~fibu l ar), the lon~cst of the three, is a narrow, 
r ounded cord passing from the apex of the external mall eolus downward an1l 
slight ly backward to a. tubercle on the outer surface of the os calcis. It is co,·ere<l 
by the ten<lon~ of the Peroneus longus an<l hrc,·is. 

1 llumphry, On 011.: Skeldrm, p. [>,)9, 
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'fh~ Synovial Membrane invests the inner surface of the ligaments, and sends 
a duplicature upward between the lower extremities of the tibia and fibula for a 
short distance. 
. Rela.tioi:s--T?e .tendons, vessels, ,~!le~ n.enes ~n conn ection with the j oint are, 
rn fr?nt, .fi:om within outw~rd, t_b~ I1b1ahs a~t1cus, Extensor proprius hallucis, 
anterior t1b1a! vessels,, anterior t~b1~l nerve, Extensor communis <ligitorum, and 
P.c1:oncus terttus ;_ beh~n~l, from w1thm out.wan~, ~he 'L1ibittlis posticus, Flexor longus 
d1g1t~rum, poste rior t1b~al vessels, posterior tibial nene, Flexor longus hallucis; 
and, m the groo.\'C bchmd the external mallcolus, the tendons of the Peroneus 
longus and brcv1s. 

'l'he Arteries supplying the joint are derived from the mallcolar branches of the 
anterior tibia1 and the pcronea.l. 

The Nerves are derived from the anterior and posterior tibial. 
Actions.-'rlrn mO\'Cments of the joint are those of Hexion and extension. 

The malleoli tightly embrnce the astragalus in all positions of the joint, so that any 
slight d~gre~ of ~a.~eral mo,·e~ent which may. exist is simpl.v due to stretching 
of the mfcnor t1b10-fibular ligaments and slight bending of the shaft of the 
fibula.. Of t~e ligaments,. the internal,.or deltoid, is of Ycry great power-so 
much so that tt usually resists a force which fractures the process of bone to which 

~~xt:r~~lt~~~=~~I li~~m1~~~~l~iu~~r:~:nb~~~=t~: 1~h:i::g ~~~:;~i~~ 1tt~i~~~~~II~~ ~!st~: 
displacement in every direction. Its a'.nterior and posterior fibres limit extension 
and Hexion of the foot respectirnly. and the anterior fibres also limit abduction. 
'fhe posterior portion of the external lateral ligament assists the middle portion in 
resisting the displacement of the foot backward, and deepens the cavity for the 

~~~~~~~::t0!f t;~7e 3tot;:1~:.~~~~rd,~'lhnedan::~i~ 1~!~!~~~~!~1 ~£~ 8t:e je;i~~i~i.ty Tt'~i:~~'~:~ed~:~ 
of abduction and adduction of the foot, together witl.i the minute changes in form 
by which it is applied to the ground or takes hold of an object in climbing, etc., are 
mainly effected in the tarsal joints, the one which enjoys the greatest amount of 
motion being that between the astragalus and os calcis behind and the na,·icula1· 
and cuboid in front. This is often called the transverse or medio-tarsal joint, and 
it can, with the subordinate joints of the tarsus, replace the ankle-joint in a great 
measure when the latter has become ankdosed. 

Extension of the tarsal bones upon ·the tibia and fibula is produced by the 
Gastrocnemius, Soleus, Plantaris, Tibialis posticus, Peroneus longus and brevis, 
Flexor longus digitorum, and Flexor longus hallucis; jle:cion, by the 'fibialis anti
cus, Peroneus tertius, Extensor longus digitorum, and Extensor proprius hallucis ;1 

adduction, in the extended position, is produced by the Tibialis anticus and posti
cus; and abduction by the Peronei. 

Surface Form.-The 1ine of the ankle-joint may be indica ted by a trons\·erse line drawn 
across the front of the lower part of the leg, a.bout half an inch above the level of the tip of the 
internal mallcolus. 

Surgical Anatomy.-Displacement of the trochlear surface of the astragaJus from the 
tibio-fibula.r mortise is not of common occurrence, as the ankle-joint is a very strong and powerful 
articulatio11

1 
and great force is required to produce it. Nevertheless, disloc:n.ion dues occasionally 

~~~~1 f~~~~1u~~ i~ ~n~;;~~!~~~~r~~~,~~)~1~~~~~11 ~}re~~~01i;1ju;.~: th,fl~~t~i~J~~~~1i~~ iintl~h~~~~ta:;i; 
~~~'\11~l~~~~~:idi~1~~~~i~111~0~r ~i~!~i~~~~id1J~i~!~, b~1~~\:~,~~~~;:~!J1~~r~~cl~~~~~~ 1i ~~~~Jalsr~~~1ti~~ 
~f u~i1~;1 cli':~~~~l~~:~~~J, ai~ii,~lt~~~l \~~~~~gohr il~~~;:;!\'~~dt~~· :it~!~~~ t~~~~ri~;~ot~ s~l~·~a~~1ri~~~e~1 
thcdrsplacement. . 

'fhe ankle-joint is more frequently sprained than any j~int. in the bod>•, and. this may l~ad 
to acute syno\•itis. In these cases, when the syno,·ial sac 1s distended with Omd1 the bulgmg 
appears p;incipally in the front of the joint, beneath the anterior t.endon~, and on either side, 
between the Tibialis anticus and the internal lateral li.g-amcnt on the mner side, and between the 

1 The student musl bear in mind that the Exten.:;or longu-; dis.ritorum and Extensor proprius hal
lucis are erlenMrs of the toe . .;, but fluors of the ankle, and that the Flexor longus digitorum and Flexor 
longus hallucis arejlexors of the toes, but exten.~r.~ of the ankle. 
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cular in its origin 1 the disease usually commencing in the astragalus and extcndinb! lo thejoi nt1 

though it may commence as a tubercular synoYitis the result probably of some slight strain in a 
tubercular snQjcct. 

disea~~xc~f ·i 0:11~~1r~~c~tl~~i~~~-j~~\v ~~ic'l1°ttl~~~~)~~.~~f ~~mi~cl i . ;J;c;~~d 1i:a~~::~1cn~J~ ;i~~o~~~d~~fJ~ 

f .~~,~~~'. ~,1,i;~1b~!'.~1:' ,~r:1:{~bl~~~~~~r:.r~~\~i:::11:~f r~'l~\~!J:!"t~::
1

~;~~::~~~;;~~!.'.~?:1[~~~,~~:~~~ 
in cases of tubercular arthritis, m a young- and otherwise healthy subject, where the disease is 
limited to the bones forming the joint. Jt may ab;o be required af'ter injury where the \'CS~els 
nnd ncn-cs h:tve not been dama!!ed and the patient is ~·oun~ and free from viscera l disca'.'C. 
The cxci:sion is best performed by two lateral incisions. One <:ommcncinc; two and a half inches 
above the external malleolus, carried clown the posterior border of' the fibula, round the en<l of 
the bone, and then forward and downward as far as the eal<:anco-{'uboid joint, midway between 
the tip of the external malleolus and the tuberosity on the fifth metatarsa l bone. Throu,a:h this 
incision the fibula. is cleared. the external lateral ligament is di\'idcd, and the bone sawn throu!!h 
at the upper end of the incision and removed. .:\.similar cun·ed incision is now made on the 
inner side of ihe foot, commencing two and a half inches abo\'e the lower encl of the tilJia. 
carried down the posterior border of the bone, round the intcmal malleolus, and forward arnl 
downward to the tuberosity of the navicular bone. 'J'hrou!!h this inci'.'iOn the tibia is cleared in 
front :rnd behind, the internal lateral, the anterior and po!:itcrior ligaments divided. and the em! 
of the tibia protruded through the wound by displacing the foot outward. and sawn off sufficiently 
hi1:d1 to secure a healthy section of bone. The articular surlilcc of the astragalus is now to he 
sawn off or the whole bone removed. In cases where the operation is 11erforrned for tubercular 
arthritis the latter course is prob:tbly preferable, as the injur.v <lone by the saw is fre'luently the 
startin~ point of' fresh caries; and after remo,·al of the whole bone tlic!-ihortcnin;t is not appreci
ablr increased, and the result as regards union appears to be as good as when two sawn surfaces 
of bone are brought into apposition. 

V. Articulations of the Tarsus. 
1. ARTICULATIONS OF THE Os C . .\Lcrs AND AsTRAGA l~us. 

The articulations between the os calcis and astra"alus are two in numbcr
antcrior and posterior. They are arthrodial joints. 

0 
'rhe bones are connected 

together b.Y four ligaments: 

External Calcaneo-astragaloicl. Posterior Calcaneo-astragaloid. 
Internal Calcaneo-astragaloid. Interosseous. 
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The External Calcaneo-astragaloid Ligament (Fig. 26-l) is a short, strong, 
fasc1cu lus pa~smg from the outer surface of the astragalus, immedia.tely beneath 
its external mal leolar facet, to the outer surface of the os calcis. It is placed in 
front of the middle fasciculus of the external lateral ligament of the ankle-joint, 
with the fibres of which 1t 1s parallel. 

The Internal Calcaneo-astragaloid Ligament is a. band of fibres connectinO' the 
internal tubercle of the back of the astragalus with the back of the sustentac~lum 
tali . I ts fibres blend with those of the inferior calca nco-na.vicular ligament. 

The Posterior Calcaneo-astragaloid Ligament (Fig. 263) connects the posterior 
external tubercle of the astragalus with the upper and inner part of the as calcis; 
it is a short, narrow band, the fibres of which radiate from their narrow attach
ment to the astragalus. 

The Interosseous Ligament forms the chief bond of union between the bones. 
It consists of numerous vertical and ob1ique fibres attache<l by one extrem it.v to the 
groove between the articulating facets on the under surface of the astragalus; by 
the other to a corresponding depression on the upper surface of the os calcis. It 
is ,·ery thick and strong, bei ng at least an inch in breadth from side to side, and 
serves to unite the os calcis and astragalus solidly together. 

The Synovial Membranes (Fig. 267) are two in number: one for the posterior 
calcaneo-astragaloid articulation; a second for the anterior calcaneo-astragaloid 
joint. ~I.1he latter synovial membrane is cont inued forward between the contiguous 
surfaces of the astragalus and na.vicular bones. 

Actions.-The mo,"ements permitted between the astragalus and os calcis are 
limited to a glid ing of the one bone on the other in a direction from before back
ward, and from side to side. 

2. ARTCCULATIOYS OF TH E Os C.ncrs WITH THE Cunorn. 

The ligaments con necting the os calcis with the cuboid are four in number : 

Dorsal. 

Plantar. 

{
Superior Calcaneo-cuboid. 
In ternal Calcaneo-cuboid (Interosseous). 

{ 
L ong Calcaneo-cuboid. 
Short Calcaneo-cuboicl. 

The Superior Calcaneo-cuboid Ligament (Fig. 264) is a thin and narrow fasciculus 
which passes between the contiguous surfaces of the os calcis and cuboid on the 
dorsal durface of the joint. 

The Internal Calcaneo-cuboid (Interosseous) Ligament (Fig. 26-l) is a short 
but thick and strong baud of fibres arising from the os calcis, in the deep hollow 
which inten-enes between it and the astragalus, and closely blended, at its o.rigin, 
with the superior calcaneo-na,·icu lar ligament. I t is in.serte<l into the i?ner side of 
the cuboid bone. 'rbis ligament forms one of the chief bonds of umon between 
the first and second rows of the tarsus. 

The Long Calcaneo-cuboid (Long Plantar) Ligament (Fig. 266). the more super
ficial of the two plantar ligaments, is the longest of all the ligaments of ~h.e tarsus : 
it is attached to the under surface of the os calcis, from near the tuberos1t1es. as far 
forward as the an terior tubercle; its fibres pass forward to be attached to ~he 
ridn·e on the under surface of the cuboid bone, the more superficial fibres bcmg 
con~inucd onward to the bases of the second, third. and fourth metatarsal bones. 
This ligament crosses the groove on the nn<ler surface of the cuboid bone, conven-

ing ,lth~1 t~h~~a~~~c~:e~~:u~:~~af~h~~trh;1~!~~:}11L~~:~:n~0Ife~e~~~~!1~~~· the bones 
than the preceding, from which it is separated by a little adipose tissue. I t is 
excee<lingl,r broad, about an inch in length. ~rnd extends from the tubercle an~ the 
depression in front of it, on the fore part of the under surface of the os calms, to 
the inferior surface of the cuboid bone behind the peroncal groove. 
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Synovial Membrane.-The s.rno\·ial membrane in this joint is distincl. It 
lines the inner .surface of the ligaments. 

Actions.-Tbe mon•ments pcl'mittc<l between the os calcis and cuboid arc 

limited to a. slight gliding upon each other. 

3. 1'11E LW.\MEXTS CON~ECTIXG THE 0:; CALCIS. AND NAVICULAR. 

Th ough thc!<c two bones do not directly articulate, they are connected together 

by two ligaments : 

Superior or External Calcanco-naviculn.r. 
Inferior or Internal Calcanco-na\•icuhtr. 

The Superior or External Calcaneo-navicular (Fig. 264) arises, as alrc1.1dy 

mentioned. with the intemal calcnneo-cuboid in the deep hollow between the 
astra~alus and os calcis: it passes forward from the inner side of'thc anterior cx

trcmit,r of the os calcis to the outer side of the na.vicular bone. ~rhcse two liga
ments resemble the letter Y, being blended together behind, but separated in front. 

'l'he Inferior or Internal Calcaneo-navicular (Fig. 266) is by far the larger 
and stronger of the two ligaments between 
these bones: it is a broad and thick band of 
fibres, which passes forward and inward from 
the anterior margin of the sustcntaculum lali 
of the os calcis to the under surface of the 
na,,icul<.tr bone. This ligament not only 
!-l.en'es to connect the os calcis and navicular, 
but supports the head of the astragalus, form
ing part of tbc articu lar cavity in which it is 
rccei,·ed. ~rhe upper sw:faee presents a fibro
cartilaginorn; facet, lined by the s_ynorial 
membrane continued from the anterior cal
caneo-astragaloid a.rt iculation, upon which 
the bead of the astragalus rests. I ts um/a 
sm:face is in contact with the tendon of the 
'J'ibialis posticus mu~clc: 1 its inner border i~ 
blended "ith the fore part of the Dcltoitl 
ligament, tlius completing the socket for tl1c 
head of the astragnlus. 

:.'i::~:~n~~,~!f.::~t,~1~:~·~f~~~::~.!,:i~~~~:r.i~1:~":;~:;;·~E: 
:m·h of the foot, and when it yicld1' lhc lu.·atl of' 

r;\~J¥~~~~121.~f ~:;:~i;1;1;~~i\\:~~1:;r:1~::~1::}~~ 
,l!;\\C c:l.tsllc1tv to the .11d1 and sp1111!! to the loot , 
hence 1t 1s !i-Ometnnt>~ <:~died the 

4. An1'rcur~ATfON OF THE ARTB.AGALU~ WITH THE NAVlCULAll Bo~a: . 

The articulation between the aRtragalni;:, a.IHl naxicular is an arthrodial joint: 

the rounded head of the astragalus being rccei,·ed into the conca.vity formed h,r 

\\' bic
1

h ~~:~-~i~~~~~h~l~~ti: oar° t 1~:Je~~:~1~n°~hl:~~id l~~~~i~~t t r~:~::~ l ~~6: 1::oli.
0 f e~. sg:i )~f the footi 
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the posterior surface of the nasicular, the anterior articulating surface of the 
calcaneum, and the upper surface of the inferior calcaneo-navicular ligament, 
which fills up the triangular interval between those bones. The only ligament of 
this joint is the superior astraga.lo-navicular. It is a broa<l band, which passes 
obliquely forward from the neck of the astragalus to the superior surface of the 
na,·icular bone. It is thin, and weak in texture, and covered by the Extensor ten
dons. 'fh c inferior calcaneo-navicular supplies the place of an inferi or ligament. 

rrhe Synovial Membrane which lines the joint is continued forward from the 
anterior ca lcaneo-astragaloid articulation. 

Actions.-Tbis articulation permits of considerable mobility, but its feebleness 
is such as to allow occasionally of dislocation of' the other bones of the tarsus 
from the astragalus. . 

The transi1erse tarsal or rnedio-tm·sal joint is formed by the articulation of the 

f:u~:!~is rf~~h l~~~c~~~b:~~~· h~~~ t~ke~b~)l~~~~~l~~~llj~rn:~: ~~~~~'l~~~~~s';·,~~htl~~: ~~~~ 
in the other tarsal joints. and consists of a sort of rotation bv means of which the 
sole of the foot may be slightly flexed and extended or carrieci inward and outward. 

5. TUE ARTICULATION OF THE NAYICULc\R WITII TIIE CUNEIFORM Bo~rns. 

The nadcular is connected to the three cuneiform bones by 
Dorsal and Plantar ligaments. 

The Dorsal Ligaments are small, longitudinal bands of fibrous tissue arranged 
as three bundles, one to each of the cuneiform bones. 'l'hat bundle of fibres 
which connects the na.vicular with the internal cuneiform is continued round the 
inner side of the articulation to be continuous with the plantar ligament which 
connects these two bones. 

The Plantar Ligaments have a similar arrangement to those on the dorsum . 
The_v are strengthened by processes gi ''en off from the tendon of the ~l1ibiali s posticus. 

Actions.-The mornments permitted between the navicular and cuneiform 
bones are limited to a slight gliding npon each other. 

The Synovial Membrane of these joints is part of the great tarsal synovial 
membrane. 

6. TnE AnTrcrLATros OF THE NAncuLAR WITH ·rnE Cunorn. 
The navicu1ar bone is connected with the cuboid by 

Dorsal, Plantar, and lnterosseous ligaments. 
The Dorsal Ligament consists of a band of fibrous tissue which passes obliquely 

forward and outward from the na,·icular to the cuboid bone. 
The Plantar Ligament consists of a band of fibrous tissue which passes nearly 

trans,·ersely between these two bones. 
The Inkrosseous Ligament consists of strong trans,'erse fibres which pass 

between the rough non-articular portions of the lateral surfaces of these two 
bones. 

Actions.-The mornments permitted between the navicular and cuboid bones 
are limited to a slight gliding upon each other. . 

'.!'he Synovial Membrane of this joint is part of the great tarsal synov1al 
membrane. 

7. THE ARTICULATfON OF THE CUNEIFORM BONES WlTll EACH OTHER. 

These bones are connected together by 
Dorsal, Plantar, and Interosseous ligaments. 

The Dorsal Ligaments consist of two bands of fibrous tissue which pass trans
versely, one connecting the internal with the middle cuneiform, and the other 
connecting the middle with the external cuneiform. 

The Plantar Ligaments have a similar arrangement to those on the dorsum. 
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They are strengthened by the processes gi 1·cn off from the tendon of the 'L'ibinlis 
posticus. 

'The Interosseous Ligaments consist of strong transrnrsc fibres which pa~~ 
between the rough non-articular portions of the lateral surfaces of the adjacent 
cuneiform bones. 

The Synovial Membrane of these joints is part of the gre:tt tarsal synov ial 
membrane. 

Actions.-The movements permitted between the cuneiform bones arc limited 
to a slight gliding upon each other. 

8. T11E ARTICULATIOX OF TIIE ExTERNAL CuNElFORM BONE WITH ·ruE Cunoro. 

These bones are connected together by 
Dorsal, Plantar, and Interosseous ligaments. 

The Dorsal Ligament consists of a band of fibrous tissue which passes trans
versely between these two bones. 

The Plantar Ligament has a similar arrangement. It is strengthened by a 
process gi,·en off from the tendon of the 'l'ibialis posticus. 

The Interosseous Ligament consists of strong tnrnsverse fibres which pass 
between the rough non-articular portions of the lateral surfaces of the adjacent 
sides of these two hones. 

The Synovial Membrane of this joint is pa.rt of the great tarsal synovial 
membrane. 

Actions.-The movements permitted between the external cuneiform and cuboid 
are limited to a slight gliding upon each other. 

Nerve-supply.-All the j oints of the tarsus are supplied by the anterior tibial 

Surgical Anatomy.-In spite of the great strength of the ligaments which connect the 
tarsal bones together, dislocation at some of the tarsal joints does occnsionally occur; though, on 
account of the spongy character of the bones, they arc more frequently broken tlrnn dislocated, 
as the result of violence. 'Vhen dislocation docs occur, it is most commonly in connection with 
the astra£?;alus j for not onl.v may this bone be dislocated from the tibia and fibrkL at the ankle-

·~·~in,!;·l~ufntl~j1~t~ibio~fib~j~;i:~;~~~i~~~loc1~h~ f~~~~~Ntui~: ~~:h~1~ 1i~r k~~~~~e ~1' ~t'e ~1~b~t.~~~;!J~i~ 
clisloc:ation. Or, a~ain 1 the astrag-alus may be dislocated from all its connectio:is-from the 

;~~~~~i~~~ e~3~~;~ ~~i"~~1~~i~'lf8o~a\~~~-i~~~~t~i ~~~~- thJi~1~h~ct}~":i~~/~~~~~~~1 ]1o~:~:i~c~f~1 ~1J~:rfun: 
becoming directed across the .ioint. so that tlie head faces the articular ::urfacc on one or 
other malleolus: or, in the htLter, the lateral surfaces becoming directed upward and down
ward, so tha.t the trochlcar surface faces to one or the other side. Finally, dislocation may 
occur at the media-tarsal joint, the anterior tarsal bones being- hlXated from the astraga\us and 
~~!~,~~~ti~~- The other tarsal bones are also, occasionally, though rarely, dislocated from their 

VI. Tarso-metatarsal Articulations. 
T!lese are arthroclia l joints. The bones entering into their formation are four 

tarsal bones-viz. the internal, middle, and external cuneiform and the cuboid
which articulate with the met::Ltarsal bones of the five toes. The metatarsal bone 
of the great toe articu lates with the internal cuneiform; that of the second is 
deeply wedged in between the internal and external cuneiform, resting against the 
middle cuneiform, and being the most strongly articulated of all the meta.tarsal 
bones; the third metatarsal articulates with the extremity of the external cunei· 
form; the fourth with the cuboid and external cuneiform; and the fifth, with the 
cuboid. 'l1he articular surfaces are covered with cartilage, lined by synovial 
membrane, and connected together by the following ligaments: 

Dorsal. Plantar. Interosseous. 

'l'he Dorsal Ligaments consist of strong, flat, fibrous bands, which connect the 
tar!'al with the metatarsal bones. 'l1he first metatarsal is connected to the internal 
cuneiform by a single broad, thin, fibrous band; the second has three dorsal 
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ligaments, one from each cuneiform bone ; the third has one from the external 
cune iform; Lhc fourth has two, one from the external cuneiform and one from the 
cuboid; and cbe fifth, one from the cuboid. 

Th e Plantar Ligaments consist of longiwdinal and oblique fibrous bands 
connecting the tarsal and metatarsal bones, but disposed with less reO"ularit,~ 
than on the dorsal su rface. Those for the first and second mctat[U"sal arc ilie moSt 
strongly marked; the second and third metatarsal recci\·e stronO' fibrous bands 
wh ich p_ass obliquely across from the .inter.naJ cuneiform ; the ph~ntar ligaments 
of t·he fourth and fifth metatarsal consist of a few scanty fibres deril'ed from the 
cuboid. 

The Interosseous Ligaments are three in number-in ternal, middle, and externa l. 
The internal one passes from the outer extremity of the in ternal cun eiform to the 
adjacent angle of the second metatarsal. 'l 1be middle one, less strong than the 
preceding. conn ects the external cuneiform with the adjacent angle of the second 
metatarsa l. 'l'he e:rll>rnal interosseous ligament con nects the outer an.:rle of the 
external cune iform with the adjacent side of the third metatarsal. 

0 

The Synovial Membrane between the internal cune iform bone and the first 
metatarsal bone is a distinct sac. The sn10vial membrane between the middle and 
external cuneiform beh in d, and the seco~ll and third metarn.rsal bones in front, is 
part of the great tarsal syno\' ial membrane. rl'wo prolongations are sent forward 
from it- one between the adjacent sides of the second and third metatarsal bones. 
and one between the third and fourth metatarsal bones. The synovial membrane 
between the cuboid and the fourth and fifth metatarsal bones is a distinct sac. From 
it a prolongation is sent forwa rd between the fourth and fifth metatarsal bones. 

Actions.-Thc movements permitted between the tarsal and metatarsal bones 
are limited to a slight gliding upon each other. 

AHT1 rr LA TfON8 OF THE METAT ARSAL Bol'rns Wt'l'll EAC ll OT JT F.Jt. 

The bnse of the first metatarsal bone is not con nected with the second meta
tarsal bone ti· any li gaments; but there may be a bursa between the ·• occa
'ional " fac, ,sec page 307). 

'I1h e hasp:; of the four outer metatarsal bones are connected together by dorsal , 
plantar, and interosseous ligaments . 

The Dorsal Ligaments consist of bands of fibrous t issue which pass trans,·ersely 
between the adjacent metatarsal bones. 

The Plantar Ligaments haxe a s imilar arrangement to those on the dorsum. 
The Interosseous Ligaments consist of strong transverse fi bres\\ hich pass between 

the rough non-articular portions of the lateral surfaces: . 
The Synovial Membrane between the second and th ird and the th ird and fourth 

metatarsal bones is part of the great tarsal synovial membrane. 
The synovial membrane between the fourth and fifth metatarsal bones is a 

prnlongation of the syno,·ia l mem~rane .of the cubo-mctata1:sal joint. 
Actions.-The movement perm itted m the tarsal ends of the metatarsal bones 

is limited to a, sli ght gli ding of the ar ticular surfaces upon one another. 

T111~ Sr~ov r AL MEMBRANES rn T H E TAHSAL AND l\[ETATARSAL JoLST;';. 

The Synovial Membranes (F ig. 267) found in the articulations of the tarsus 
and metatarsus arc s ix in number : one for the posterior calcanco·astragaloid 
:trticulation; a second fo r the anterior calcaneo-astragaloid and :1~trag;tl o-naYicu l ar 

~::;:~~::~::~:~: ;ot t\~~ r~la~~~1~fa~· ~~i~1a~~~-~~1~;~dct~t:·~ii~~11·:~~ 0t~~ ;~:~~~ea c~~~~~~~r~~\r\~~ 
each other, Lhe external cuneiform with the cuboid, and the middle and external 
cuneiform with the ba!:ies of the Reconcl and third mctatar~al bones, and the lateral 
sm·faces of the second, third, and fourth metatarsal bones with each other: a fifth 
for the internal cuneiform with the metatarsal bone of the great toe; an<l a sixth 
for the articulation of the cuboid with the fourth an<l fifth metatarsal bones. A 
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small synodal membrane is sometimes found between the contiguous surfaces of 1he 
na\'icular and cuboi<l. hones. 

Nerve-supply.-Th c nen·es supplying the tarso-metatarsal joints are deri,·e<l 
from the anterior tibial. 

The digital extremities of all the metatarsal bones are connected together h: 
the tranai•erse metatarsal ligament. 

The Transverse Meta.tarsal Ligament is a narrow fibrous b:rnd which passes 
transYersely across the anterior extremities of all the metatarsal bones, connecting 

mc:~~R~is:-01.tliqu(' scc1ion of 1hc articulati ons or the tarsus end metatar1;us. Showing the six synovlal 

them together. It is blended anteriorly with the plantar (glenoid) ligament of 
the metatarso-phalangcal art iculations. rro its posterior border is connected the 
fascia covering the Interossei muscles. I ts super fic ial surface is concave where 
th e F lexor tendons pass over it. Beneath it the tendons of th e I n terossci muscles 
pass to their insertion. It di ffers from the transverse metacar pal ligament in that 
it connects the metatarsal bone of the great toe with the rest of the metatarsal 
bones. 

VII. Metatarso-phalangeal Articulations. 
~I.1he metatarso-phalangeal articulations are of the condyloid kind 1 formed by the 

reception of the rounded head of the metatarsal bone into a superficial cavity in the 
extremity of the first phalanx. 

'l'hc ligaments arc-
.Plantar. Two Lateral. 

The Plantar Ligaments (Glenoid ligaments of Cnl\·eilbier) are thick, dense. 
fibrous structures. Each is placed on the plantar surface of the joint in the 
interval between the lateral ligaments, to which the~· arc connected: they are 
loosely united to tbe metatarsal hone, but ,·cry firm ly to the base of the first 
phalanges. Their plantar surface is intimately blended with the transverse meta
tarsal ligament, and presents a grOO\'C for the passage of the Flexor ti=-ndons, the 
sheath surrounding wh ich is connected to each side of th e g roove. By their deep 
surface they form part of the articular surface for the head of th e metatarsal brnc, 
and are lined by a synovial membrane. 

1'bc Lateral Ligaments are strong, rounded cords, place<l one on each side of the 
joint, each being attached, by one extremity, to the posterior tubercle on the side of 
the head of the metatarsal bone; and1 by the other, to the contiguous extremity of 
the phalanx. 

The Posterior Ligament is supplied b.'' the extensor tendon placecl O\•er the back 
of the joint. 

Acti.ons.-The .mornments. permitted in the metatarso-phalangeal articulation!' 
are 8ex1nn_ extension ab<luct1on, and adduction. 
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VIII. Articulations of the Phalanges. 
The articulations of the phalanges are ginglymus joints. 
The ligaments are-

Plantar. Two Lateral. 

387 

The arrangement of these ligaments is similar to those in the metatarso
phalangeal articulations; the extensor tendon supplies the place of a posterior 
ligament. _ 

Actions.-'l'be onl,v movements permitted in the phalangeal joints are flexion 
and extension; these movements are more extensive betwee11 the first and second 
phalanges than between the second and third. rl,he moYemcnt of flexion is very 
con!'iderable, but extension is limited by the anterior and lateral ligaments. 

Surface Form.-'l'hc principal joints which it is necessary to distinguish, with re~mrd to the 
sur~err of the foot, are the med10-tarsal and the tarso-metarnrsal joints. The joint between the 
astrai:mlus ancl the navicular is best found by means of Lhe tubercle of the mwicular bone, for 
the line of the joint is immediately behind this process. lf the fOot is grasped and forcibly 
extended, a rounded prominence, the head of the astragalus, will appear on the inner side of 
the dorsum in front of the ankle·joint, and if a knife is carried downward, just in front of this 
prominence and behind the line of the navicular tubercle, it will enter Lhe astragalo-navicular 
joint. The cakaneo-cuboid joint is situated midway between the external malleolus and the 
prominent end of the fifth metatar8-al bone. The plane of the joint is in the same line as that 
of the astragalo-na\·icular. The position of the joint between the fifth rnetatarsal bone and the 

Th~i~ij:Cti~~il~r'~h~d1i~~ ~~e th~0j~;~i~is ~~e~;eoC1~~~;~1~a1tl~~ W~~;l~i'.~~~~~ i~~~=~~'ii~e"~gui1d 
~~ ~~r;r~~~ ~~bo~t~nt et!~~r~~f ~~~~1~~~:1 i~tbe~ d~~~~t j~~~~i1:!~i~~n i~11~~~f~1f~'; 1i:1 ~);~;~i~8~! 
~fi~l~~ ~~i~~1~1i~~1et~ ~h~ ~~~dice ~fi~1~0fi1~t '!;~:t:e~~\t:n~:, a,p1~1: ~J~~~10~n:J~~ J1~fn~u~~,,~~~ 
the third metatarsal bone and the external cuneiform is almost transverse. It would be re pre· 
i-ented by a line drawn from the outer side of the joint to the base of Lhe first metatarsal bone. 
The tarso-metatarsal articulation of the great toe corresponds to a grOO\'e which can be felt by 

~~,~1~~f.,r6ri:n:~c~i~[~h~11j;i~~ ~~~!~e~i~he0!ec~~:d r~;t~~~~.~lcl10~~ :~<;J°;1~f1~\1dd\~bc~~1~~ir~~n~hi: 
to be found on the clorsum of the foot, half an inch behind the level of' the tarso-metatarsal 

~hi~J;i~est\1: a~~~ ;~\1:~hbe~i!~l ott:h,:e~~n~f t~:;~~~1;0:;~ndi~~,t~~:.1 bones and Lhe first 
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T I l ~ tl~1~~~11:8ctf )~·: rct~~.~~~tl~~h: \t:te~·~:n ~~~~1e~f ~~,:~~~~~g::;.u ~~~:se~~~le~~
1 ~~n ~f ~~~ 

or aponcuroscs. \Vhere a muscle is attached to bone or cartilage, the fibres te1·· 
minatc in blunt extremities upon the pcriosteum or perichondrium, and do not 
come into direct relation with the osseous or cartilaginous tissue. Where muscles 
are connecte<l with the skin, they either lie as a flattened la.yer beneath it, 01· are 
connected with its areolar tissue by larger or !'lma llcr bundles of fibres, as in the 
muscle~ of the face. 

The mu~cles vary extremely in their form. In the lim bs, they are of con!'lid· 
crable length , espccia.lly the more superficial ones, the deep ones being generally 
broad: thev surround the bones and form an important protection to the various 
joints. 1n· the trunk they are broad, flattened . and expanded, forming the parietes 
of the ca,·ities which they enclose; hence Lhc reason of the terms, long, broad, 
short, etc., used in the description of a muscle. 

'l111cre is a considerable ''aria.tion in the arrangement of the fibres of certain 
muscles with reference to the tendons to which thev are attached. In some. 1he 
fibres arc parallel and rnn directl.v from their origi~1 to their insertion; these are 
quadrila.teral muscles, such as the rrbyro-hyoid. A modification of these is found 
in the fusiform muscles , in which the fibl'cS arc not quite parallel, but slightly 
cul'\'ccl. 80 that the muscle tapers at each encl; in their action, howe,·e1-, they 
resemble the quadrilateral muscles. Secondly. in ot her muscles the fibres are 
com·crgcnt; a.rising b\' a broad origin, they converge to a narrow or pointed 
insertion. This arrangement of fibres is found in the triangular muscles-e. !J· the 
Temporal. In some muscles, which ot herwise would belong to the quadrilateral 
or triangular type, the origin and insertion a.re not in thC' same plane. but the plane 
of the line of origin intersects that of their insertion; such is the case in the 
Pectineus muscle. Thirdly, in some mu~clcs the fibres arc oblique and converge. 
like the plumes of a. pen, to one side of a tcn<lon, which runs the entire length of 
the muscle. Such a muscle is rhomboidal or pennifonn, as the Pcronei. .\ 
modification of these rhomboidal muscles is found in those cases where oblique fibres 
converge to both sides of a central tendon which runs down the middle of the 
muscle : these a.re called bipenniform, and an example is afforded in 1he Hectus 
femoris. Finally, we ha,·c 111uscle3 in which the fibres a.re arranged in euned 
bundles ir1 one or more planes, as in the Sphincter muscles. The anangcmcnt of 
the muscular fibres is of considerable imponance in respect to their rclati'"e 
strength and range of movement. Those muscles where the fibres are long and 
few in number have g reat range, but diminished strength ; where, on the other 
!~:1~1~~- thc fibres :.ue short and more numerous, there is great power, but lessened 

.CSiuscles differ much in size : the Gastrocncmius forms the chief bulk of the 
back of the leg, and the fibres of the Sa.rtorius a.re nearly two feet in l ength, whil~t 

arra~!~~('~~ ~~:he f:t~e~··f,~c~is adf~e:i:1~':1 t~e0{~~~~~~ inl ~:~~~u}~r\~1: :~~~:~~ 0"t~~a7o::i\~~~ t1~
1i~ 

~£2!:~f t2I;,~::~i~f ;g1;g~i~~~~i~~R'.;~~~~~~.i~~~~~~~~f ~i:~~:~l:~:~~~):li 
ass 
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the Stapedius. a small muse]~ of .rhe internal ear, weighs about a grain, and its 

fibr~:h~rcn~~tc:~1;~)n~tJn t~,·~hl~n,~:r~~u1se~t~~~1cs ha.Ye been dcri,·ed-1. from their 
situation1 as the 'l1ibiafo1, Radialis. rtnaris, Peroneus; 2, from their direction as 
the Hect us ubdominis. Obliqui capitis. Trans,·ersalis; 3, from their uses, as Flex~rs, 
Extensors. Abductors, etc.; -!, from their shape, as the Deltoid, 'l\apezius, Rhom
boidens; 5, from the number of their diYisions, as the Biceps, the 'Triceps; 6, 
from their points of attachment, as the Sterno-cleido-mastoid, Rterno-hyoid

1 

Sterno-th 1Toid. 
In tbC description of a muscle the term origin is meant to imply its more fixed 

or central attachment, and the term insertion, the movable point to which the 
force of the mu~cl c is directed; but the origin is absol utely fixed in only a very 
small number of muscles, such as those of the face, which arc attached by one 
extremity to the bone and by the other to the mo,·able integument; in the greater 
number the muscle can be made to act from either extremity . 

In the dissection of the muscles the student should pa~; especial attention to 
the exact or(qin. insertion, and actions of each, and its more important relations 
with surrounding parts. An accurate knowledge of the points of attachment of 
the mus.cles is of great importance in the determination of their action. By a 
knowledge of the action of the muscles the surgeon is able to explain the causes 
of displacement in rn.rious forms of fracture and the causes which produce 
distortion in various deformities, and, consequently, to adopt appropriate treat
ment in each case. The reb.itions 1 also, of some of the muscles, especially those in 
immediate apposition with the larger blood-,·essels, and the surface-markings they 
produce, should be especially remembered. as they form useful guides in the 
application of a ligature to those vessels. 

Tendons arc white, glistening, fibrous cords, varying in length and thickness, 
sometimes round, sometimes flattened, of considerable strength, and devoid of 
elasticity. They consist almost entirely of "bite fibrous tissue, the fibl'i ls of 
wbich ha\·e an undulating course parallel with each other and are firm ly united 
together. 'rl10y arc very sparingly suppl ied with blood-"essels, the smaller 
tendons presenting in their interior not a trace of them. Nenes also are not 
present in the smaller tendons, but the larger ones, as the tcndo Achillis, receive 
nenes which accompany the nutrient vessels. The tendons consist principally of 
a substance which yields gelatirL 

Aponeuro.'ieS are flattened or ribbon-shaped tendons, of a pearly-white color, 
iridescent, glistening. and similar in structure to the tendons. 'They arc destitute 
of nerves, and the thicker ones only sparingly supplied with blood-vessels. 

The tendons and aponeuroses are connected, on the one hand, with the muscles, 
and. on the other hand, with the mornble structures, as the bones, cartilages, 
liO'aments, fibrous membranes (for instance, the sclerotic), and the io;ynovial mem
b~anes (subcrnrcus). Where the muscular fibres are in a direct line with those 
of the tendon or aponeurosis, the two are directly continuous, the muscular fibre 
being distinguishable from that of the tendon only by its striation. But where 
the muscular fibre joins the tendon or aponcurosis at an oblique angle the former 

~:~:i~~~~1~:~p~~~l~~~ 118c1~~es~~~!;~koe~·, t~~ :~01~~~l=c~f e~-~~el~~~~~·~' tl:~1 ~~1~n~~~j,:~e~~~:~~ 
between the fibres being continuous with that of the tendon. rJ 1he latter mo~e 
of attachment occurs in all the penniform and bipenniform muscles, and in 

those mu~clcs the tendons of which commence in a membranous form. as the 
Gastrocnemius arnl :-:ioleus. 

The fascim (fasr·ia, a. bandage) are fibro-arcol:.tr or aponeurot~c lan~inro of 

;·~;~~~~1:n~hi:1~~=s~l~~~cc~t~tr~~~~~~.fou,f~e ii;a~!~t~ct~,~es ~~e~hcsubbo1\:ic;~1ci·,e~'.:! ~t: 
situation in which they are found, into two groups, super.ficial and deep. 

The superficial .fasria is found immediately bcn~ath .the mtegumcnt over almo~t 
the entire surface of the body. It connects the skill with the deep or aponcurotic 
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fascia, and consists of fibro-areolar tissue, contnining in its meshes pcllicles of fat 
in ntrying quantit.v. In the eyelids and scroturn 1 where adipose tissue is rarely 
deposited, this tissue is ,·ery liable to erous infiltrati on. The supcrficin l fagcia 
varies in thickness in different parts of the body: in the groin it is so thick aR tn 
be capable of being subdivided in se,·eral lamina!, but in tbe palm of the hand it 
is of c"<trcmc thinness and intimately adherent to the integument. 'L'he superficial 
fascia is capable of separation into two or more la.yers, between which are found the 
superficial vessels and nerves, as the superficial epigastric vessels in the abdominal 
region, the radial and ulnar rnins in the forearm, the Sitphenous Ycins in the I t',!!' 
and thigh, and the superficial lymphatic glands; certain cutaneous muscles also are 
situated in the superficial fascia, as the Platysma. myoicles in the neck, and the 
Orbicularis palpebrarnm around the eyelids. 'L'hi s fascia is most distinct at the 
lower part of the abdomen, the scrotum, perin mum , and extremities; is very thin 
in those regions where muscular fibres are inserted into the integument, as on the 
side of' the neck, the face, an<l around the margin of the anus. It is very den!'C 
in tbe scalp, in the palms of the hands, and soles of the feet, forming a fibro-fatty 
layer which binds the integument firmly to the subjaccnt structu re. 

The superficial fascia connects the sk in to the subjacent parts, facilitates the 
movement of the skin, sen•es as a soft medium for the passage of vessels and nenes 
to the integument, and retains the warmth of the body, since the fat contained in 
its arcohc is a bad conductor of heat. 

The deep fascia is a dense, inelast ic, unyielding fibrous membrane. forming 

~~~~~!1t~ !~ 1~b~~?n;~~S:~~~o~~dfib~~~:·~;l:~ec~bl~~·aK~f~~lit~u~·~:c:~1o~~~~t!~1ck~:~n:~ct;~ 
together by other fibres disposed in a rectilinca.r manner. It is usually exposed on 
the remornl of the superficial fascia 1 forming a strong i1nestment, which not only 
binds down collecti'·ely the muscles in each region 1 but gives a separate sheath to 
each, as well as to the \·essels and nerves. Th e fasci~ arc thick in unprotected 
situations, as on the outer side of a limb , and thinner on the inner side. ~L'he deep 
fascim ass ist the muscles in their action by the degree of tension and pressure they 

~~~1 ~~ u~~t~~~ 1~ht~~~i~~~ 1;r~~~~ ;fo~ni~~~a~:~~a~ ~~ ~~1t~'~}i~~:o!·h~.~~~ ni; c~~~~~~~sa~~d1·e~¥ ~~~~~ 
maximus in the thigh, by the Biceps in the upper and lower extremities, and 
Palmaris longus in the hand. In the limbs the fascire not only invest the entire 
limb, but give off septa which separate the various muscles, and are attached 
beneath to the periosteum: these prolongations of fascire al'e usually spoken of as 
intermuscular septa. 

The :\Iuscles and Fascire may be ttrrangecl 1 according to the general diYiHinn 
of tbe body, into those of the cranium, face, and neck ; those of the trnnk; those of 
the upper extremity; and those of the lower extremity. 

MUSCLES AND F ASCIJE OF THE CRANIUM AND FACE. 
The m~1scl~s of ~he Cranium a?d Face consist of ten groups, arranged according 

to the reg10n m which they are situated: 

1. Cranial Region. 
2. Auricular Region. 
3. Pal pebral Region. 
-l. Orbital R egion. 
5. Nasal Region. 

G. Superior Maxi llary R egion. 
7. Inferi or i\faxillary Hegion, 
8. ln tennaxillary Region, 
9. ~1crnporo-maxillar.v Region. 

10. Pterygo-maxillary Hegion, 

The muscles contained in each of these g roups are the following: 

1. Cmnial Re.qion. 
Occipito-frontalis. 

2 . .. luri<·ular Rrgion. 
Attollens aurem. 
Attrahcnr.; aurcm. 
Hetrahcns aurem . 



CRANIAL REGION. 

3. Palpebral Rrgion. 

Orbicularis palpebrarnm. 

~~~:~~~~~~i~upercilii. 

4. Orbital Region. 

Levator palpebrre. 
Rcctus superior. 
Rectus inferior. 
Rectus internus. 
Rcctus cxternus. 
Obliquus superior. 
Obliquus inferior. 

5. Nasal Region. 

Pvramidalis nasi . 
Levator labii superioris alreque nasi. 
Dilatator naris posterior. 
Dilatator naris anterior. 
Compressor nasi . 
Compressor narium minor. 
Depressor alre nasi. 

6. Superior J1faxi/lary Region. 

Leva.tor labii superioris. 
Lerntor anguli oris. 
Zygomaticus major. 
Zygomaticus minor. 

7. I11ferio1· J1faxillary Region. 

Levator labii inferioris. 
Doprc!'sor labii inf'erioris. 
Depressor anguli oris. 

8. Interma.rillary Begion. 

Buccinator. 
H.isorius. 
Orbicularis oris. 

9. 1-'emporo-maxillary Region. 
i\Iasseter. 
'femporal. 

10. Pterygo-maxillary Region. 

Pterygoideus extcrnus. 
Pterygoideus intcrnus. 

1. Cranial Region- Occipito-frontalis . 
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Dissection {Fig. 268).-The head being shaved, aHCI a block placed beneath the back of 

~~e tl~eec;~o~11~fk~h: ~~::ii~1 A~~;~:~~1cltl~~~~~~aN1~~ b~\!in~r~~1th~e~~~)i t~Jc~~~~~ber~~~~i;e~~~k~ 

F1G.2G8.-Dissectionofthehcad,focc,andneck 

a second incision in a horizontal dire<'tion alon~ the forehead and round the side of the 
head, from the anterior to the posterior extremity of the preceding. Raise the skin in front, 
from the subjaccnt muscle, from below upwnrd i tl1i s must be done with extreme care, 
reruo,·ing the integument from the outer surface of the \'Cssels nnd the nerves which lie 
between the two. 

The Skin of the Scalp.-Tbis is thicker than in any other part of the bod,,-. It 
is intimately adherent to the superficial fascia. 1l'hc hair-follicles a.re Yery closely 
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~~fn~o~c1~l1\~11~})~~~(~1 ;:;~::~~~~~0~11~1~:111~~ the wholl' thirkn('ss of the skin. lt alsn con-

The superficial fascia in the cranial region is a firm, dcn:-;c. fihro-fatty layt.•r. 
intimately adherent to the integument, and to the Uccipito-fronrnli:- nnd its rendi-
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FIG. 269.-Musclesofthchcad,f1lCC,1Uld1lCCk. 

nous aponeurosis; it is continuous, beh ind, with the supcdicial fa scia. at the back 
part of the neck; and. laterally) is cont inued over the temporal fasci a. I t con
tains between its layers the superficial vessels and nerves an<l much granul;u· fat. 

The Occipito·frontalis (Fig. 269) is :i broad musc11lo-fibro11s la.Yer, which corers 
the whole of one side of the rnrtex of the •knll, from the occiput to the eyebrow. 
It consists of two muscular slips. separated by an intervening tendinons aponeurosis. 
The or:eipitrrl portion, thin. quadrilatcrnl in form, and ahout an inch and a b3lf in 
length, ari~cs from the outer two-thirds of the superior cul'\'c<l linc of the occipital 
bone. and from the mastoid portion of the temporal. Its fibres of origin are 
tenclinou~. but they soon become muscular, and ascend in a parallel directiou to 
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terminate in a tcn•linous aponcurosis. The frontal porfif11l is thin, of a lfua.dri
latcral form, and intimately adherent to the superficial fascia. It is broader, its 
fibres arc longC't', an<l 1heir structure paler than the occipital portion. Its internal 
fibres a.re continuous with those of the Pvramidalis na~i. Its middle fibres become 
hle1Hled "ith the Conuga.tor supercilii' and Orbicularis palpcbrarum; and the 
ourer fibres arc abo blended with the latter muscle over the extemal angular pro
cess. According to Thcilc, the innermost fibres are attached to the nasal bones. 
the outer to the external angular process of the frontal bone. From these 
attachments the fibres arc directed upward, and join the aponeurosis below the 
coronal suture. Th e inner margins of the frontal portions of the two muscles are 
joined together for ~ome distance aboYe the root of the nose; but between the 
occipital portions there is aconsidcrable, though \'ariable, inten·al, which is occupied 
b:• the aponcnrosis . 

The aponeurosis co,·ers t~e upper part of the ,·ertex of the skull , being 
c·ontinuous across the middle line with the aponeurosis of the opposite muscle. 
Behind, it is attached, in the interval between the occipital origins, to the occipital 
protuberance and 8llperior curYed lines aboYe the attachment of the 'l'rapezius; in 
front. it forms a short and narrow prolongation between the frontal portions; and 
on each sitle it has connected with it the Attollens and Attrahens aurem muscles: 
in this situation it loses irs aponeurotic character, and is continued O'"er the 
temporal fa:.;cia to the zygoma as a layer of laminated areolar tissue. This 
aponeurosis is closely connected to the integument by the firm, dense, fibro
fatty layer. which forms the superficial fascia; it is connected with the pericranium 
by loose cellular tissue. which allows of a considerable degree of mornmcnt of the 
integument. 

Nerves.-The frontal portion of the Occipito-frontalis is supplied by the facial 
nene: its occipital portion by the posterior auricular branch of the facial, and 
::iOllletimes by the occipitalis minor. 

Actions.-The frontal portion of the muscle raises the eyebrows and the skin 
orer 1.he root of the nose. and at the same time draws the scalp forward, throwing 
the integument of the forehead into transverse wrinkles. 'rhe posterior portion 
draws the scalp backward. By bringing alternately into action the frontal and 
occipital portions lhe entirn scalp may be mo\·ed forward and backward. In .the 
onlinary action of the muscles, the eyebrows are e}e,"atcd, and at the same time 
the aponcurosis is fixed b,,. the posterior portion, thus gi,·ing to the face the 
expression of surprise: if the action is more exaggerated, the eyebrows are still 
further raised, and the skin of the forehead thrown into trans,·crse wrinkles. as in 
the expression of fright or horror. 

2. Auricular Region (Fig. 269). 
Attrahcns aurem. AttoJlens aurem. 

Retrabens aurem. 
These three small muscles are placed immediately beneath the skin around the 

external ear. In man, i11 whom tbc external car is almosl immornble, they are 
rudimentary. They are the analogues of large and important muscles in some of 
the mammalia. 

Dissection.-'rh is requires considerable care, af!d should be pcrfon~1ed in the fo llowin_g
manncr: 'l'o expose the .Attollcns au rem, dmw the pinna. or broad part..of the car downwarJ. 
when a tense band will be fr:lt benea1h the skin, passin~ from tl1_e side. of ~he }~cad to the 

~~~.~rnf3~~cf~h~;~ r~fl~~,~~1h tt o~i\~~1~h~ isi~~~ ~l~~n n~1~~ie t~~8c~~~:~~~/1 1·odbri.~~01in~~o~~ie:~J;~ 
_\ltrahcns aurem, draw the h~lix b~ck.warcl by means of a hook, .when, t

1
hc musc:lc will be made 

ten~e. and may he exposed 111 a snmlar manner to tl!c prcl·ed11ur. Io expose the Retrahen:s 
aurcm, draw the pinna forward. when the muscle, bein!!: made tense, ma~· be felt beneath the 
~kin at its in:sertion into the back parl of the concha, an<l may be expo!'e<l m the same manner 
a~ the other mu:wles 

The Attrahens aurem (.lurifularis rwt1•rio1·), the ~mallcst of the three. is thin. 
fan -... haped. and its fihres pale and indistinct; they a.rise from the lateral edge of 



the a.poneurosis of the Occipito-frontalis, an<l con,·erge to be inserted into a 
projection on the front of the helix. 

Relations.-Super.fir·ially. with the skin; deepl.11 1 with the areolar tissue dcri'"ed 
from the aponeurosis of the Occipito-frontalis, beneath which arc the temporal 
artery and ,·ein and the temporal fascia. 

'Jihc Attollens aurem (A uricularis superior), the largest of the three. is thin 
and fan-shaped: its fibres a.rise from the aponcurosis of the Occipito-frontalis nnd 
com·crge lo be inserted by a thin 1 flattened tendon into the upper part of th<.• 
cranial surface of the pinna. 

Relations.- Supe1:ffoially, with the integument; deeply, with the areolar tiss1w 
derived from the aponeurosis of the Occipito-frontalis, beneath which is the temporal 
fascia.. 

The Retrahens aurem (Aurieularis 71oslerior) consists of two or three fleshy 
fascicul i, which arise from the mastoid por tion of the temporal bone by short 
aponeurotic fibres . The_y are inserted into the lower par t of the cran ial su i·face 
of the concha. 

Relations.-81qJeJfi.cially, with the integument; deeply, with the mastoid portion 
of the tcmpor~I bone. 

Nerves.-Thc Attrahens and Attollens aurem arc supplied by the temporal 
branch of the facial; the Retrahens aurem is supplied by the posterior auricular 
branch of the same ncrYc. 

Act ions.-In man, these muscles possess ''er_v little action: the Attrahens a.urem 
draws the ear forward and upward; the Attollens au rem slightly raises it; and the 
Retrahcns 3.llrem draws it backward. 

3. P a lpebra l Region (Fig. 269). 

Orbicularis palpeb rarum . 
Corruga.tor supercil ii. 

Leva tor pal pebrre. 
Tensor tars i. 

tu<li1~tsi~ci!}g~ ~~,;~-~le 2i5n6)l 1-;; 1di~~~ti~nt0of~\~~5Q~~f p\'~~·~~~1~t~lfs t3~/~cJ;e c~1~~ii~~~ 1f1
1
1
1
: o1f1~fii~ 
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to the angle of t.he jaw. Then make an incision in fro nt. of the externa l ear, from the angle of 
the jaw upwa rd, to join the transverse incision made in exposing the Occipito-fronta.lii'. 
These incisions include a. square-shaped flap, which should be removed in the d irection marked 
in the ligure, with <:are. as the muscles at. some points are intimately adherent. to the 
integument. 

The Orbicularis palpebrarum is a sphincter muscle, which surrounds the cir
cumference of the orbit and eyelids. It arises from the internal angular proce:-:s 
of the frontal bone. from the nasal process of the superior maxillar.Y in front of the 
lachrymal groove for the nasal duct, and from the anterior surface and borders of a. 
short tendon, the tendo palpebranun, placed at the inner angle of the orbit. From 
this origin the fibres are directed outward, forming a broad, thin, and flat layer, 
which co,•ers the eyelids, su1Tomuls the circumference of the orbit, and spreads out 
ol"er the temple aml downward on the cheek. The palpcbral portion (ciliaris) of the 
Orbicularis is thin and pale; it arises frnm the bifurcation of the tendo palpebrnrum, 
and forms ct series of'concentric cun-es, wh ich are un ited on the outer side of the e\'C
litls at an acute angle by a cellular ra.phe, some being inserted into tbc external ta1~:--al 
ligament and mahtr bone. The Ol'bicular portion torb iculttl'is l:.ttus) is thicker and 
of a reddish color: its fibres arc well del"eloped, and form complete ellipses. 'J'hc 
upper fibres of this portion blend with the Occipito-frontalis and Corrugator 
supcrcilii. 

Relations.-By its supn:fi.<·ial s1n:fare, with the integument. By its deq1 
surfn.ce, abo,·e, with the Occipito-froutalis and Corruga.tor supercilii, with which 
it is intimately blen<lecl, and with the supra-orbital Ycssels and nene; below, it 
COY~rs tlw lachrymal sac, ancl the origin of the Le,·ator labii superioris aheque 
na~1. the Lcrntor lahii superioris, and the Zygomaticm~ minor muscles. ]nfrt-
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nally, it is occasionally blended with the Pyramidalis nasi. E.1·ter11ally, it lies 
on the temporal fascia. On the eyelids it is separated from the conjunctira by 
the Levator palpebrre, the tarsal ligaments, the tarsal plates. and the Meibomian 
glands. 

The tendo palpebrarwn (tendo oculi) is a short tendon, a.bout two lines in length 
and one in breadth, attached to the nasal process of the superior maxillary bone 
in front of the lachrymal groorn for the nasal duct. Crossing the lachrymal sac, 
it divides into two parts, each division being attached to the inner extremity of the 
corresponding tarsal plate. As the tendon crosses the lachrymal sac, ._..,' strong 
aponeurotic lamina is given off from the posterior surface, which expands oYer 

the sac, and is attached to the ridge on the lachrymal bone. This is the reflected 
aponeurosis of the tendo palpebrarum. 

Use of Tenda oculi.-Besides giving attachment to part of the Orbicularis 
palpebrarum, and to the tarsal plates, it sen•es to suck the tea.rs into the lachrymal 
sac, by its attachment to the sac. Thus, each time the eyelids are closed1 the tenrlo 
oculi becomes tightened, and draws the wall of the lachrymal sac outward and 
forward, so that a vacuum is made in the sac, and the tears are sucked along the 
lachnmal canals into it. 

1.;he Corrugator supercilii is a small, narrow, pyramidal muscle, placed at the 
inner extremitv of the eyebrow, be-
neath the Occipito-fro;,talis and 
Orbicularis palpebrarum muscles. 

It arises from the mne1 ext1em1ty j 
of the superciha1 y 11dge. f1 om 
"hence its fib1es pass up"a1d and 
ouh\ at <l, to be mset ted mto the ~ 
un<le1 surface of the 01b1cula11s, op- , ? 
pos1te the rn1cldle of the 01 b1tal a1ch. 

fac~~~~:~o~~;Q~;1p\~~-'fi'~~;~~~s ~:d \ 
~'~ b~~~1l~~:te;::;re!;ef;c~, ~1~~cl~~; I ~ 
r;outal bone and sup1atrochlea1 ~ ~ ~ ~n 
DCl\C 'i; I 

des~~,~beed L~~~~orth!a::~~fes \\~~l t~: "" 7'~ :J.V{/ ~~ • 

orbital region. \ (, r ',• 
The Tensor tarsi (Homer's , y 1 

muscle) (Fig. 270) is a small thin - ' ·I' 

muscle about three lines in breadth 
and six in length, situated at the 
inner side of the orbit, behind the 

~~~d~d%~~~t 1~!1~r~s£°~~~0:.b\~:lc:~~: rror!'•tei;l,?<i:1W~~1 /::rt or 1Jrhlculnris J>lllpcbrarum, ~c~11 

f~ce ~~~~=sl~tbcr~::~ 1~0~=i a~'l.d~' pd~~~i-des into two slips, which cover the lacbry~al 
ca~~tls, and are inserted into the tarsal p lates internal to the p1'.ncta l~~hrymaha. 
Its fibres appear to be c~ntint1ous with those of. tbe ~alpcb1al po1tion of the 

Orb;e~~;·!~~~~ti~et·~~·i~~l~r~! ~~1~:~~~~~~~~ 1 ·b0;~:;~a~~~~~~~~~~ilii, and Tensor tarsi 

are !"c~/~1~:'.~~ht:o'.t~~~J~i~~v;~lpebrarum is. the sphincter muscle of tbe eyelids. 
The palpebral portion acts i!1vol.untar~ly, closmg .~be hd~ gently. as 1.~ sleep 01 1.n 
blinkinr,; the orbicular portion 1s subject to the will. \\hen th_e .ent1~ e ~u.scl~ ~s 
brourrht'into action, the skin of the forehead •. temple, and cheek is. dia"n m"a.1d 
towa~d the inner angle of the orbit, and theeyehcls are firmly cJogecJ as m photophob1a. 
When the skin of the forehead, temple, and check 1s thus drawn mward by the 
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action of the musrle it i~ thrown into folds, e~pccia lly radiating from the outer 
angle of the eyelids, \\ hich girn rise in ? l<l a.ge to the so-ca.lied "crow's feet." 'l'he 
LenHor palpebn-c is the direct anlagornst of this muscle; it raiscl:! the upper eyelirl 
an1l exposes the globe. The Corrugator superci lii draws the eyebrow downward 
an1l inward. producing the "ertical wrinkles of the forehead. It is the " frow ning " 
niuscle, and may be regarded as the principal agent in the expression of s ufferi ng. 
The Tensor tarsi draws the eyelid:; and the ex tremities of the lachrymal ca nals 
i1rna.rcl arnl compresses them against the surface of the globe of the eye ; thus 
placing them in the most favorable situation for recei\•ing the tea.rs. It sel"\'es, 
also, to compress the lachrymal sac. 

4. Orbital Region (Fig. ti 1 ). 

Le,·a.tor pa.lpebrre superioris. 
Rectus superior. 
Rcctus inferior. 

Rectus internus. 
Uectus externus. 
Obliquus oculi s uperior. 

Obliquus oculi inferior. 

Dissection.-To open t11e eaxity of t11e orbit, rcmo\'e the skull -cap and brain ; t.heu s..~ w 
through the frontal bone at the inner extremity of the supraorbital ridge, and externally at its 

FJG.271. - Muscleso rtherlgh l orbit. 

junction wilh the malar. Break in pieces the thin roof of the orbit by a few sli:rht blows 

~f :.~~r~a~~~k~1 ab~t13J: \~o~w~~1;1~~!'.it:o~;a;l~a~h~,-~~1\:fr~j~~r~)~h~01~)~~~e~·1eo l!~'h~1otwi~eu~~ 
superior. When the frag:ments are cleared awa.\'1 tlu• pcriosteum of the orbit will be exposed ; 
this being removed, together with the fat whi"h fills tl1e cavity of' the orbit, the several muscles 
of' this region can be examined. The dis.section will be facilitated by distending- the J?lobe 
of the eye. In order to effect thi s, puncture the optic ncn ·e near the eyeball with a cun·ed 
needle, and push the needle onward into the globe ; insert the point of a blowpipe through 
this aperture. and force a. little air into the cavity of the eyeball ; then apply a lii!ature round 
the nerve so as to prevent the air escaping. 'fhc globe bei n,!! now drawn forward~ the muscles 
will be put upon the stretch. 

rrhe Levator palpebrce superioris is thin, Oat, and triangular in shape. It 
a.rises from the under s urface of the lesser wing of the sphenoid, above and in 
front of the opti c fora.men, from which it is separated by the origin of the Superior 
reetus, an<l is inserted, by a broad a.poneurosis, into the anterior s urface of the 
superior ta.rsal plate. From this a.poncurosis a thin expansion is continued 
onward. pas~ing between the fibres of the Orbicul::tris to be inserted into the skin 
of the lid. At its orig in it is narrow and tcndinous, but soon becomes broad and 
fleshy, an<l finally terminates in a broad aponeurosis. 

Relations.-By its upper su.rface, with the frontal nen ·e and supraorbital 
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artery, the periosteum of the orbit, and, in the lid, with the inner surface of 
the tarsal ligament; b.'' its under sw:face, with the Superior rectus, and. in the 
lid 1 with the conjunctiva. A small branch of the third nene enters its under 
surface. 

'The Superior rectus, the thinnest and nanowest of the four Recti. arises from 
the. upper margin of the optic fornmen beneath the Lemtor palpebrm and Superior 
oblique, and from the fibrous sheath of the optic nene, and is inserted by a 
tendinous expansion into the sclerotic coat, about three or four lines from i:be 
margin of the cornea. 

Relations.-B.v its 1tpper swface, with the LeYator palpebr::e; by its itnder .Cjll/'· 

face, with the optic nerve, the ophthalmic al'tery, the nasal nerve, and the branch 
of the third ncnc which supplies it; anti. in front, with the tendon of the Superior 
oblique aud the g lobe of the eye. 

The Inferior and I nternal Recti arise b_\' a common tendon (the ligament of 
Zinn),' which is attached round the circumfol'ence of the optic forarnen, except at 
its upper arnl outer part. The External rectus has two beads: the upper one 
arises from the outer margin of the optic foramen immediately beneath the Superior 
rectus j the lower bead. partl~r from the 1igament of Zinn and partly from a 5mall 
pointed process of bone on the lower margin of 
the sphcnoidal fissure . Each muscle passes 
forward in the position implied by its name, to 
be inserted by a tendinous expansion (the 
tunica albuginea) into the sclerotic coat, about 

~~:::1~a.0r ~:~~:·e~~esth~rot~~-o tt~a~sar~;n th0~· ~~~ 
ternal rectus is a narrow interrn l, through 
which P"'ses the third, the nasal branch of the 
ophthalmic division of the fifth and sixth 
nen·es, and the ophthalmic rnin. Although 

~~i·~;~;· ~!~d 0~r~1 ~~1~e1~~~~lcl~: ~r~~:~~L'~. c1~~1~n~1~ ri~.c~?f~T1~~ ~~:~i~~ tr°t~~~Y~ri~~e~;W~h-
into the sclerotic coat, there a.re certain d iffer-
ences to be obsencd in them as regards their length and breadth. The Internal 
rectus is the broadest, the External is the longest, and the Superior is the thinnest 
and narrowest. 

The Superior oblique is a fusiform muscle placed a.t the upper and inner sitle of 
the orbit, internal to the I.cm tor palpebrre. It arises about a. line above the inner 
margin of the optic foramen, aud, passing forward to the inner angle of the orbit, 
terminates in a. rounded tendon, which plays in a ring or pulle.v (troc!t.lea) formed by 
fibro-cartilaginous tissue attached to a. depression beneath the internal angular pro
cess of the frontal bone. the contiguous surfaces of the tendon and ring being lined 
by a delicate svno,·ial membrane and enclosed in a thin fibrous investment. The 
tCndon is refle~tcd backward, outward, and downward beneath the Superior rectus 
to the outer part of the globe of the eye, and is inserted into the sclerotic coat, 
midway between the cornea. and entrance of the optic ncne, the insertion of the 
muscle lying between the Superior and External recti. 

Relat ions.-By its upper swface, with the pcrioste11m covering the roof of the 
orbit and the fourt h nene: the tendon, whel'e it lies on the globe of the eye is 
coYered b_v the Superior rectus; by its nndr'r su.rfacr, with the na!'al nen-e and 
the upper bo1·<ler of the internal rectus. . . 

The Inferior oblique is a thin, narrow muscle placed near the anterior margm 
of the orbit. It arises from a deprcf'sion on the orbital plate of the superior 

~:~;0:~:~~P~~g;1~::.~~~rE;~~~~~:1~\f ~:;t!;~~;tr.~\:E~1[:~~~::~~r~:~~t77!m 
superior head of the External rectus, and the upper part of the Internal rectus. (Jau1·nal aj .lnall))ny 
rrnd Phy,.,idngy, \'OJ. xx. pnrt i. p. 1.) 
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maxillary bone, external to the lachrymal groo\·e for tLc nasal duct. Pn sing out
ward. backward, and upward beneath the Inferior reGtus, and then bet ween the 
eyeba ll and the External rectus. it is inser ted into the outer part of th e scleroti c 
cOat between the Superior and External recti, near to, but somewhat behind, th e 
tendon of insertion of the Superior oblique. 

Relatio!ls.-B.'' its rit•tdar ;sw:f'ace, with the globe of the eye and with the Inferior 
rectus; by it:.. orbital sw:f"ace, with the periostcum co,·e1·ing the fl oor of the orbit, 
and with the Extemal rectus. Its borders look forward and ba ckward; the 
posterior one rccei,·cs a branch of the third ncn c. 

Nerves.-'l'b c Levator pa lpebrre, Inforior obl ique, and all th e R ecli excepting 
the Extcmal 1 are supplied by the third nerve; the Supe rior obli11ue1 by the fourth; 
the Ex te rnal rcct us, by the sixth. 

Actions.-'l1hc Le~·a.tor palpebnu raises the upper eyelid , nnd is the direct 
antagonist of the Orbi cularis palpebrarum. Th e four Recti muscles a.re attach ed 
in such a mann er to th e g lobe of the eye that, acting singly, they will turn it 
either upward, dowuwa.rd, inward, or outward, as expressed by their names. 
'l'he moYement produced by the Superior or Inferi or rcctus is not quite a. s impl e 
one, for, inasmuch as they pass obliquely outward and forward to the eyeball, th e 
elevation or <lepression of the cornea must be accompanied b_y a certain de\·iation 
inward. wiLh a. slight amount of rotation, which, boweYCI\ is corrected by the 
Obli(1ue muscles. the Inferi or oblique conecting the deviation inward of the 
Superior rectus. and the Superior oblique that of the Inferior rectus. The con
traction of the External and Internal rccti, on the other hand, produces a purel.v 
horizontal mo\·cmcnt. If any two contiguous recti of' one eye act togeth er, the;i.· 
carry the g lobe of the eye in the diagonal of these directions-\'iz. upward and 
inward, upward and outwa.rd 1 downwal'd and inward, or downward and outward. 
The movement of circumcluction, as in looking round 1.1 room, is pcl'formed by 
the alternate action of the four Recti. The Oblique muscles rotate the eyeball 
on its rmtero-posterior a:ris, this kind of mo,'cmcnt being required for the correct 
view ing of an object when the head is moved laterally, as from shou!tler to 
shoulder, in or<lcr that the picture may foll in all respects on the sa me pa.rt of the 
retina of each eye. 1 

Surgical Anatomy.- The position and exact point of im.ertion of tlie tendons of the 
Internal and fl~xkrna l rccti muscles into the globe shoulJ be carefully examined from the front of' 
the eyeball . as the surgeon is often required to divide the one or the other muscle for the cure 
of strabisnrn i-. In convergent st rabismus, whi('h is the more common form of the disease, the 
eye is turned inwarJ, requirin g· the diYision of the Internal rectus. In the divergent form , 
which is more rare, the eye is turned outwarJ , the .External rectus bei ng <::specially implicated. 
The deformity produced in either case is to be remedied b.r division of' one or the other muscle. 
The operat.ion is thus perform.ed: The lids are robe well separated; the eyeball beiug rotated 
t>utwarJ or mward, the conjunctiva should be raised by a pair of for<:('J)S and cli\'idecl immediately 
beneath the lower border of the tendon of the mmic:le to be cJi,·idcd, a little behind iis insertion 
into the sclerot ic; the submucous areolar tissue is then di\'idcd, and into the small ;tpcrture 
thus made·~ blunt hook is passed upward between the muscle and the globe, and the tendon oi' 
the muscle and c·onjunctiva CO\·erini?; it divided by a pair of blnn t·pointed scisson:. Or the 

~~~~~11·~1 '~fw~~n d~h~1~~nS~na a~1~1~J;t~~~J~~~tl~~~:si~~d ~}~~ ~~·j~~~ })~t~!~:cr~c~~~c~~:f afids:h~ 
sclerotic. The student, when cli ssecti n!,\' these muscles, should remo\'C on one side of the suhjcct 
the conj11nrti\'a. from the front of the eye, in order to see more accurately the position of the 
tendons1 while on the opposite side the operation may be performed. 

5. Nasal Region t l' ig. 2G9) 
P yra midali s nasi. Dila.tator naris anterior. 
LCvator labii superi oris alreque nasi. Compressor nasi. 
Dila.tator naris posterior. Compressor narium minor. 

Depressor al re na~ i. 

~,'1\~:·~f ];~E;(2!~~:{7g:[~!t":~:1:i:~~~~i~::~~~~;·;~,~t\\~~,:::~J3~~h~lf.11~:1~·~h~~ 
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The Pyramidalis nasi is a small pyramidal slip prolonged downward from the 
Occipito-frontalis upon the side of the nose, where it becomes tendinous and 
blen?s with the Co~pressor nasi . As the two muscles descend they diverge, 
lea,·mg an angu lar mterrnl between them. 

Relations.-By its upper surface, with the skin: by its under szuface, with the 
frontal and nasal bones. 

'l'he. Leva tor labii superioris al~que nasi is a t~1in triangL~lar muscle f_llaced 
by the side of the nose, and extend10g between the inner margm of the orbit and 
upper lip. It arises by a pointed extremity from the upper part of the nasal 
process of the superior maxillary bone, and, passing obliquely dowmrnrd and 
outward, divides into two slips, one of which is inserted into the cartilnge of the 
ala of the nose; the other is prolonged into the upper lip, becoming blended with 
the Orbicularis oris and Len1tor labii superioris proprius. 

Relations.-In front, with the integument, and with n. small part of the 
Orbicularis palpebrnrum above. 

~I.1he Dilatator naris posterior is a small muscle which is placed partly beneath 
the elerntor of the nose and lip. It arises from the margin of the nasal notch of 
the superior maxilla and from the sesamoid cartilages, and is inserted into the 
skin near the margin of the nostril. 

The Dilatator naris anterior is a thin delicate fasciculus passing from the 
cartilage of the ala of the nose to the integumenc near its margin. This muscle is 
situated in front of the preceding. 

The Compressor nasi is a small, thin, triangular muscle arising by its apex 
from the superior maxillary bone, above and a Ettie external to the incisive fossa; 
its fibres proceed upward and inward, expanding into a thin aponeurosis which 
is attached to the fibro-cartilage of the nose and is continuous on the bridge of 
rbe nose with that of the muscle of the opposite side and with the aponeurosis of 
the Pyramidalis nasi. 

The Compressor narium minor is a small muscle attached by one end to the alar 
carti lage, and by the other to the integument at the end of the nose. 

The Depressor ahe nasi is a short radiated muscle arising from the incisi\·e 
fossa of the superior maxilla; its fibres ascend to be inserted into the septum and 
back part of the ala of the nose. 'l'his muscle li es between the mucous membrane 
and muscular structure of the lip. 

Nerves.-All the muscles of this group are supplied by the facial ncn·e. 
Actions.-Th e Pyramidalis nasi draws down the inner angle of the eyebrows 

and produces transrnrse wrinkles O\·er the bridge of the nose; by some anatomists 
it is also considered as an ele\•ator of the ala, and, consequently, a dilator of the 
nose. 1 The Lerntor labii superioris aheque nasi draws upward the upper lip and 
ala of the nose: its most important action is upon the nose, which it dilates to a 
considerable extent. The action of this muscle produces a marked influence over 
the countenance, and it is the principal agent in the expression of contempt and 
disdain. The two Dilatatores nasi enlarge the aperture of the no.se. Their action 
in ordinar.v breathing is to resist the tend?ncy of the nostrils _to close fro.m 
atmospheric pressure, but in difficult breathmg they may be noticed to be rn 
\·iolent action 1 as well as in some emotions, as anger. The Depressor aim nasi is 
a direct anta!'.ronist of the other muscles of the nose, drawing the ala of the 
nose clownwa~d, and thereby constricting the aperture of the narcs. The Com
pressor nnsi depresses the cartilaginous part of the nose and compresses the alm 
together. 
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6. Superior Maxillary Region (Fi;<. ~6!l). 

L eva.tor lab ii supcrioris. Z,Ygomaticus m~~<H'. 
Lenttor anguli oris. Zygoma.t icus minor. 

The Levator labii superioris (proprius) is a thin mur-;clc of a quadrilateral form. 
I t arises from the lower margin of the orbit imm ediately abo,·e the infraorbital 
foramen, some of its fibres being attached to the s uperior maxilht. other:.; to th l· 
malar bone; its fibres conrerge to be inserted into the muscular sub!'itan cc of tht.· 
upper lip. 

Relations.-By its supe1:ficial sm:flu.:I! aborn, with th e lower segment of the 
Orbicularis palpebrarum; below, it is subcutaneous. B.v its <lf'ep sw;facc it 
concea ls the orig in of th e Compressor nasi and L em.to r angnJi oris muscl e~. 
and Lh c infra.orbital vessels and nerve, as the.'' esca pe from rbe infraorbital 
foramen. 

Tbe Levator anguli oris arises from the ca nine fossa imme<lia.telv below th e 
infraorbital fora.men: its fib res incline d ownward and a littl e out~rnrd, to be 
inserted into the angle of the mouth, inte rmingling with those of the Zygomaticus 
major, the Depressor anguli oris 1 and the Orbi cularis. 

Relations.-By its supe1jicial surface. with the Len1tor labii superioris anti 
the infraorbital ,·essels and nen•es; by its deep swfaee, with the superior max illa. 
the Buccinator, and the mucous membrane. 

'l'he Zygomaticus major is <t slender fasciculus which arises from the malar 
bone, in front of the zygoma.tic s uture, and, descending obliquely downward ancl 
inward, is inserted into the angle of the mouth , where it blends with the fibres of 
the Levator anguli oris, the Orbicularis oris, and the Depressor angu li oris. 

Relations.-By its su1m:.ffoictl surfllee, with the subcutan eous adipose tissue: 
b;• its deep sw:face, with the mala.r bone and the i.\Ja !':seter and Bucci nator 
muscles. 

ri'l:ic Zygomaticus minor arises from the malar bone irnmed ia.telv behind tb e 
maxillary suture, and, passing downward and inwa.rd 1 is continuOus with the 
Orbi cula.ris or is n.t th e outer ma.rgin of the L eva.tor lab ii superioris. It li es in front 
of the preceding 

Relations.-By its superficial swface, with the integument antl the Orbiculari i;; 
pal pcbrarum above ; by its deep sm:f'aee, with the l\lasseter, Buccinator. and 
L evator angu li or is. 

Nerves.-This group of muscles is supplied by the fa cial nerve. 
Actions.-The Leva.tor labii superioris is the proper elerntor of the upper lip. 

carrying it a.t the same time a little forward. It a!':~ists in forming the naso-labial 
ridge, which passes from th e s ide of the n ose to the uppe r lip and g i\·es to the fac(· 
an exp ress ion of sadness. Th e L erntor anguli or is raises the angle of the mouth. 
and assists the L erntor labii s uperioris in prod uc ing the naso-labial ridge. Tb{' 
Zygomat icus major draws the angle of the mouth backward and upward. as in 
laug hing; whilst the Zygomaticus minor1 being inserted in to the outer part of dw 
upper lip and not into the angle of the mouth 1 draws it backward, upward, an1l 
outward, and thus g i\•es to the face an ex pression of sadness. 

7. Inferior Maxillary Region (Fig. 269). 
IJevator labii infori oris (I,evator menti). 
Depressor labii inferiori s (Quarlrntus men ti). 
Depressor angu li oris ('L1riangularis men ti). 

Dissection.- The muscles in this re.!?ion may he dis.sected b~1 making a vertical inci~ion 
throuuh the inte.u:ument from the margin of the lower lip to the chin : a second incision shou1'1 
then be carried along the margi n of the lower jaw as far as the angle, and the intcgumelll care· 
fully removed in the direction shown in Fig. ~68. 

Th~ Levator la.bii inferioris (Levator menti) is to be dissected by e vert ing lhe 
lower hp and rai!':ing the mucous membrane. It is a sma ll coni cal fa sciculus placed 
on the side of the fr1--enum of th e lower lip. I t arises from tbe inci!'i,·e fossa , 
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external to the symphysis of the lower jaw; its fibres <lcscend to be inserted into 
the integument of the chin. 

Relation.-On. its imter szu:face, with the mucous membrane; in the median 
line, it is blended .~r!th t~e ~uscle of the opposite side; and on its outu side, with 
the Depressor labn mfenons. 

The Depre~sor labii inferioris (Quadratus menti) is a small quadrilateral 
muscle. I t arises from the external obliq ue line of the lower jaw, between the 
syrnpbysis and mental foramen, and passes obliquely upward and inward. to be 
in~c rted into the imcgumcnt of the lower lip, its fibres blen_c.ling with the Orbicularis 
oris and with those of its fellow of the oppos ite s ide. I t is contin uous with the 
fibres of th e Platysma at its origin. 'J111is muscle contains much yellow fat inter· 
mingled with its fibres. 

Rela.tions.-By its superficial .~wface, with part of the Depressor anguli oris 
and with the integument, to which it is closely connected; by i ts deep swface, 
with the mental rns8cls ancl nenes, the mucous membrane of the lower lip, the 
labial glan d.:;, and the Leva.tor menti1 with which it is intimately united. 

The Depressor anguli oris (Triangularis menti) is triangular in i;:.hapc, arising, 
b.\· its broad ba~c, from the external oblique line of the lower jaw, from whence its 
fibres pass upward, to be in~erted. by a narrow fasciculus, into the angle of the 
mouth. It is continuous with the Pla.tysma at its origin and with the Orbicu· 
laris oris and Risorius at its insertion, and some of its fibres are directly continuous 
with those of the L erntor angu li oris. 

Relations.-By its supe1:fit.:ial swface, with the in tegument; by its deep surface, 
with the Depressor labii inferioris and Buccinat0r. 

Nerves.-This group of muscles is supplied by the facial nerre. 
Actions.-The Levator labii inferioris raises the lower lip and protrudes it 

forward, and at the same time wrinkles the integument of the chin, expressing 
doubt or disdain. The Depressor labii inferioris draws the lower lip directly 
clownwn.rd and a li ttle outward, as in the ex pression of irony. The Depressor 
anguli oris depresses tLe angle of the mouth , being the antagonist to the Leva.tor 
anguli oris and Zygomaticus major; acting with these muscles, it will draw the 
angle of the mouth directly backward. 

8. Intermaxillary Region. 
Orbicularis oris. Iluccinator. Risorius. 

Dissection.-The di ection of these muscles may be considerably faeihtatecl by filling the 
cavity of the mouth with tow, so as to disteud the cheeks and lips; the mouth should then be 
do.sell by a few stitches and the integument carefully rcmo,·ed ffom the surface. 

'l'he Orbicularis oris (Fig. 269) is not a sphincter muscle, like the. Orbi.cularis 
palpebrn.rum, but consists of numerous strata of muscu lar fibres, hanng different 
directions, which surround the orifice of the mouth. These fibres arc partially 
deri,·ed from the other facial muscles which arc inserted into the lips, and are 
partl.r fibres proper to the lips themselves. Of the fonnc1·, a con.sidcrable number 
are deri\'ed from the Buccinator and form the deeper stratum of the Orb1cuhl.n:.:.. 
Some of them-namely, those near the middle of the musclc-fiecussat~ at the angle 
of rhe moutb, th?se arising from tl~e upper jaw JHlHH in~ to the lower l~p, and th ~se 
from tbe lower Jaw to the upper lip. Other fibres of the muscle, situated at Its 
upper and lower part, pass across the lips from side to si<lc without interruption. 
Superficial to this stratum is a second, formed b.r tl~e Lerator an<l Depressor 
anguli oris, which cross each other at the angle of tbe mouth, those from t.he 
Depressor pa~Ring to the upper li p, and those frnr~ the Lcnitor to ~be l~wer hp, 

~~~lifio~r~~c~1het~~c-~·b:~'.: a~·~ fib~r~~}~~:dtl:~~~h~~·em~~~~c;f:~~1\~~ :::,~li;~ne ~~~,:~t~~ 
Le,·ator labii superioris, the Lerntor Jabii superioris ahelp1e nasi, the Zygomatici, 
and the Dcpre$SOr labii inferioris : the:::e intermingle with the trans,·erse fibres 
above described. and have principally an obliciue direction. The proper fibres of 
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the lips are oblique, and pass from the under surface of the skjn to the mucous 
membrane through the thickness of the Jip. And in addition to these are fibres 
by which the muscle is connected directly with the maxillary bones and the septum 
of the nose. These consist, in the upper Jip, of four bands, two of which (Aeces~orii 
orbiculal'is superioris) arise from the ah·colar bol'dcr of the superior maxilla, 
opposite the lateral incisor tooth, and, arching outward on each s ide, arf' cont inuoas 
a.t the angles of the mouth with the other muscles inserted in to this part. The 
two remaining muscular sli ps, called the 1'-.-aso-labiafo.s. connect the upper lip to the 
back of the septum of the nose: as they descend from the septum an inlerval is 
left between them. It is this interval which forms thcdepre~sion (7Jhiltrwn) seen on 
the surfocc of the skin beneath the septum of the no~c. The a.clditional fibres for 
the lower segment (Accessorii orbicularis inferiori.~) arise from the inferior maxilla, 
extemally to the Levator labii infcrioris, and arch outward to the angles of the 
.mouth, to join the Buccinator and the other muscles attached to this part. 

Relations.-By its Sllperficial sw:face, with the integument, to which it is 
closely connected; by its deep swface, with the buccal mucous mernbrnm\ the 
labial glands, and coronar~~ Ycssels; by its outer circumference i t is blended with 
the numerous muscles whic!:: conrnrgc to the mouth from various parts of the face. 
Its inner circumfereuf'e is free. and covered bv the mucous membrane. 

The Buccin3.tor (Fig. 282) is a broad1 thin muscle, quadrilateral in form, 
which occupies the interval between the jaws at the side of the face. It arises 
from the outer su rfa ce of the ah·eolar processes of the upper and lower jaws, 
corresponding to the three molar teeth, and, behind, from the anterior border of 
the pterygo-maxillary ligament. The fibres converge toward the angle of the 
mouth, whe re the central fibres intersect each other, those from below being 
continuous with the U;Jper segment of the Orbicuhwis oris, and those from abore 
with the inferior segment; the highest an<l lowest fibres continue forward uninter
ruptedly into the corresponding segment of the lip, without decussation. 

Relations.-By its superficial surface, behind, with a large mass of fat, which 
separates it from the ramus of the lower jaw, tLe l\Jasseter, and a small portion of 
the Temporal muscle: anteriorly, with the Zygomatici, Risorius, Levator anguli 
oris, Depressor angnli oris, and Stenson 's duct, which picrcea it opposite the 
second molar tooth of the upper jaw; the facial artery and vein cross it from below 
upward: it is :tlso crossed b;• the branches of the facial and buccal nerves: hy 
its internal szufcu·e, with the bucca.l glands and mucous membrane of the moutL. 

'l'he pter!J.r/O-ma.rillar.11 ligament sepal'ates the Buccinator muscle from the 
Superior constrictor of the pharynx. It is a tendinous band, attached bv one 
extremity to the apex of the internal pterygoid plate, and by the other io the 
posterior extrem ity of the internal oblique line of the lower ja.w. Its inner swface 
corresponds to the ca"ity of the mouth, and is lin ed by mucous membrane. Its 
outer sw:face is separated from the ramus of the jaw by a quantity of adipose 
tissue. Its posterior border giYes attachment to the Superior constrictor of the 
pharynx; its anterior border, to the fibres of tbe Buccinator (sec Fig. 282). 

The Risorius (Santorini) (Fig. 269) consists of a narrow bundle of fibres "hi ch 
arises in the fascia over the Masseter muscle, and, passing borizonla.lly forna.rd, 
is inserted into the skin at the angle of the mouth. It is pbced superficial to the 
Platysnrn, and is broadest at its posterior extremity. This muscle varies muchin 
its size and form. 

N.erves.-The Orbicularis oris ''°d the Risorius are supplied by the facial, the 
Bucc111c1tor by the facial and by the buccal branch of the inferior maxillary nen·e; 
which latter, howe"er, is by many anatomists regarded as a sensory nerve only. 

Actions.-The Orbicularis oris in its ordinary action produces the direct closure 
of the lips; by its deep fibres. assisted b.v the oblique ones, it closel.v appli es the 
lips to the alveolar arcb. The superficial part, consistmg principally of the 
decuss.ating fibres. brings the lips together and also protrudes them forward. The 
Bucc.ina~ors contract and compress the cLeeks, so tha.t, during the process of 
mast1cat10n. the food is kept under the immediate pressure of rile teeth . When 



'l'lfE 'l'EJfPORO-XAXILLARY REOION. 403 

~he cheeks have been. pre\'io~sly <lis~ende<l with air, the Buccinator muscles expel 
1t from between the lips, as Ill blowmg a trumpet. llcnce the name (buecina. a 
:~u~~~c_9~mi'll~~~ .~{~~~~~li! .rctracts the angles of the mouth, and is therefore regarded 

9. Temporo-maxillary Region. 
Masscter. 'l'cmporal. 

11Iassetrrfr Fmil'ia.-Covering the ~laRReter muscle, and firmly connected with 
it, is a strong la_Yer of fascia dcriYe<l from the <leep ccn'ical fo.sCia. Abo\·e, this 
fascia is attacbecl to the lowc1· border of the zygoma, and, bebin<l, it covers the 
parotid g land , constituting the parotidfasr'ia. 

The Masseter is exposed b.'~ the removal of this f'af.\cia (Fig. 269); it is a short, 
thick muscle, somewhat quadrilateral in form, consisti ng of two portions, super
ficial and ?eep. The supe1:fifial portion, the larger, a1:ises h.v a thick, tendinous 
aponeuros1s from the ma.hu process of the superior maxilla. and from the anterior 
two-thirds of the lower border of the zygornatic arch: its fibres pass downward 
and backward, to be inserted into the angle and lower Lalf of the outer surface 
of the ramus of the jaw. The deep portion is much 8rnn ller and more muscular 
in texture; it ari::es from the posterior third of the lower border and the whole of 
the inner surface of the z_vgomatic arch; its fibres pass downward and forward. 
to be inserted into the upper half of the ram us and outer surface of the coronoid 
process of the jaw. rl'he deep portion of the muscle is partly concea led. in front 
by the superficial portion; behind, it is covered by the parotid gland. 1'he fibres 
of the two portions are united at their insertion. 

Relations.-By its su1w1:ficial r;ur.faee, with the Zygomatici, the Socia parotidis. 
and Stcn~on ·s duct; the branches of the facial nen·e an<l the transverse facial 
vessels, wbicb cross it; the masseteric fascia; the Hisorius, f:.antorini, PlatYsma 
rnyoides, and the integument; by its deep sw:face, with the 'l'cmporril mu:;Cle at 
its insertion, the ram us of the jaw, an cl the ]3uccina.tor, from '' hich it is separated 
by a mass of fat. The masseteric nen-e an<l arter_,. enter it on its deep surface. 
Its po.~il'rior mar9in is ornl'lapped by the parntid gln ncl. I ts. anterior margin 
projects over the Buccinator muscle, and the facial \"Ci11 lies on it below. 

The tmzporal .f'cuu·ia is seen, at this stage of the di~!'cction co\·cri ng in the 
Temporal muscle. I t is a strong, fibrous inrestrnent, covered, on its outer surface. 
by the Attrahcns an<l Attollens anrem muscles, the aponeurosis of the Occipito
frontali.s. and by J1::trt of the Orbicularis palpebrarum. 'J'he tempora l ves:-cls and 
the a11riculo-tcmpornl nerve cross it from below upward. .Aborn, it is a single 
layer, a.tta(•hccl to the entire extent of the upper temporal ridge; hut below. where 

! ~·!s o~l\t:,~h~;11tlt0t ~~co; h'~~1~i~t~ \~~nf~ ~: .. ~r b~:~~f e~·a ~·t 1~1;~ 1~ ~·~~~1i:~~i~ 1~ :~~i~se~e(~1~~\~ 
quantity of fat, the orbital branch of the tempo1:al artCI/, and a. filament from. the 
orbital, or tcmporo-mala.r, branch of the supenor maxillary ncn-e, arc contamccl 
between thc..-e two Javers. I t affonls atlachment. bv its iuncr surface to the 
superficial fibres of t.hc 'J1emporal muscle. · 

~~f :~)'.'.~~~~~;1f i~!~~f ~~\~;~~~;:;W~g~~§!~~~~~~ 
expo::;cd 

The Temporal (Fig. 273) is a broad. radiating muscle situated at the side of rhe 
bend and occupying the cntil'e extent of d.1c temporal fosf:ia. It arises from the 
whole nf the temporal fu~:;a except that portion of it that is f'ol'me<l by the mal:1r 
bone. Its attachment extends from the external anguhlr proce:-';.; of the frontal JU 

front to the ma;.;toid portion of the temporal behind, and from the curYed line on 
the frontal a.ml parietal bones abo,·e to the ptcrygoid ridge on the great wing of 
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the Rphenoid below. It is also :ittachetl to the inner surface of the temporal fascia. 
Its fibres conrnrge as they descend1 antl tenninrue in nu apoucurosis, the fibres of 

FIG. ~3.-The Temporal musrle, the zygomfl and Massetcr htt\'ing been rcmoYed 

which, radiated at it~ commencement. con,'e rge into a. thick and tla.t tendon. which 
is inserted into the inner imrface, apex, and anterior bonlcr of the coronoid procc~s 
of the jaw. nearly a:.; far forward as the la!'t molar tooth. 

Relations .-]~." its su1m:(tt·ial sw:face, with the intep;umcnt, the Attrahens and 
Attollen~ aurcm muscles, the tempoml ye:;:sels and ner"es, the a.poneurosis of the 
Occipito-frontalis, the temporal fascia, the zygoma, and l\fa~r-:.cter; by its deep 
sw:face, with the temporal fossa, the External pterygoid and part of the Buccinator 
muscleR, the intcmal maxillary artery, its deep temporal hrnncbes, and the deep 
temporal nerves. Behind the tendon are the ma.~setcric vef:scl~ and ncne. and in 
front of it the buccal "essels and nen·e. Its anterior border is separated from the 
mala.r bone by a. mass of fat. 

Nerves.-.Both muscles are supplied by the inferior maxilla.ry ncn·e. 

10. Pterygo-maxillary Region (Fig. 2i4). 
External Pterygoicl. Internal Pterygoid. 

Dissection.-The Temporal muscle ha\'ing hcen examined, i;aw throu!?h the base of the 
coronoid procc~s, and clraw it upward. tog-ether with the rrl'll1 JlOr:li mu:-;clc. whil.:h ~hould be 
detachc1l fhm1 the l;UJ'faCC Of the temporal fo~:-l.a. Divide the l'>lHIU:-:i of the jaw just iJcJow the 
condylc. aml ribo, by a trans\·erse incision extcnclin~ acr0!5S the middle, ,iust aborn the dental 
foramen; remove the fra!!ment, and the Pterygoid mmsdes will be expu8c<l. 

rrhe External Pterygoid is a short, thick muscle, somewhat conical in form. 
which extends almost horizontally between the r.,vgomatic f'of:sa. and the conc1y1c of 
the jaw. I t arises from the pterygoid l'i<lge on the ~re:.1t wing of the sphcnoid and 
the portion of bone included between it and the baoe of' the pterygoid proce<s, 
and from the outer surface of the extern:1 l pterygoid plate. Its fibres pa5s 
horizontally backward and outward, to be in~erted into a. depression in front of 
the llC'l'k of the con<l,Yle of the lower jaw and into the corresponding part of the 
interarticular fibro-cartilagc. 'l'bis muscle, at its origin, appears to consist of two 
portion~ ~eparatc1l by a. f:light interrnl; hl'ncc the terms uppa an<l lower head 
somctimC's used in the description of the rnu:-cle. 

Rela.tions.-BJ its external su1face, with the ramus of the lower jaw, the 
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internal maxillary arte.ry, .which crosses it,_1 the tendon of the Temporal musc1e. 
and the :\Iasscter.; by its. internal surface .1t rests against the upper part of the 
Internal pterygo1d, the mternal lateral ligament, the middle meningeal artery, 

rem~!:Ci'il.-The Ptcr)·gold muscles, the zrgomatic arch and a portion of the ramus of the jaw having been 

an<l inferior maxilla.r.Y nerve: by its 1tppe1· b01·cle1· it is in relation with the temporal 
~nd massetcric branches of the inferior maxillary ne1Tc; b,v its lower border it is 
m relation with the inferior dental and gustatory· nel'vcs, and it is pierced by the 
buccal nerve. In the interval between the two portions of the muscle the internal 
maxillar,\· artery pa~scs. when this \·essel lies on the muscle (see Fig. 274:). 

The Internal Pterygoid is a thick, quadrj}a.ternl muscle, and l'esembles the 
l\Iasseter in form. It arises from the pterygoid fossa, being attached to the inner 
surface of the external pterygoid plate and to the grooYcd surface of the tuberosity 
of the palate bone. and by a second slip from the outer surface of the tuberosity 
of the palate bone and from the tuberosity of the superior maxillary bone; its fibres 
pa:;;s d0wnward, outward, an<l backward, to be inserted. by a strong. tendinous 
lamina, into the lower and back part of the inner side of the ramus and angle of 
the lower jaw, as high as the dental foramen . 

Relations.-By its external szufaee, with the ramus of the lower jaw. from 
which it is separated, at its upper part, by the External ptcr,Ygoid, the internal 
lateral ligament, the internal maxillary artery, the dental ,·essels and nen·es, and 
the lingual nene; by its internal sw:f'aee, with the Tensor palati, being separated 
from the 8uperior constrictor of the pharynx b,v a cellular interrnl. 

Nerves.-Th ese muscles are suppl ied by the inferior maxillar~r nerve. 
Actions.-Thc Temporal and :;.\Iasseter and Internal pterygoid raise the lower 

jaw against tbc upper with great force . The superficial portion of the niasseter 
assists tbe External pterygoid in drawing the lower ,jaw forward upon the upper, 
the jaw being drawn back again by the deep fibres of the ~Lasseter. and posterior 
fibres of the Temporal. The External pterygoid muscles arc the direct agents m 
the trituration of the food, drawing the lower jaw directly forward, so as to make 
the lower teeth project beyond the upper. If the muscle of one side acts. the 
corresponding side of the ja.w is drawn forward, and, the other con<lyle remaining 
fixed. the symphysis <lel'iatcs to the opposite si<le. 'l'he alternation of these 
movements on the two sides produces trituration. 

1 This is the u~unl relntion1 but in man)· cn:;;cs the artery will be found below the muscle 
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Surface Form.- 'l'ht• outline ol' the muscle!' of' the head and face rannot be traced on the 
surfo(·c of' the bo<l.r. cxctpt iu the c;1se of two of t ill' mastil':llory urn:-;<:ks. Those of the head 
are thin , :-;o that the outlme of' the bone is pen·cptiblc bcnl':Hh them. Tho~c in the face are 
small, eon~rcd hr soft :skin, arnl often by a consiJcrable layer of fat, so that their outline is con
ccalc1l. but thc.\:::;crve to round off and smooth 11romi11cut bor<lers anrl 10 fill up what would be 

ri:~~~·;:~7:.\1~:'.:'.,::~~!t·
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;~::~·'.i:;,\S; ·~~~~!:'. ~~"~:i~ 
mwlotla•d bone. ln like manner. the labial muS<'les, COll\'t'l'gi n ~ to the lips :rn<l a~:-;istc<l by thl 
su1wrimposcd fat, till in the sunken hollow of' the lower parL of' the fa<..'e. Ahhou,ed1 the muscle:--

~~n~~~~/~lfC ~\1;~ 1 :~~~~,1~f~.<l~h~~b)1~~,::: fi~~~~gi1~;~;~~Jhfn~11tl~e a~k~ni 1 ~?~J1~ t;ic t~~fo~~~~l;~/1~1~~}~)~ 
ext<:!nt, l:IO that almost every point of the skin of lhe fa ce has its musi·ular fibre to move it ; 

~~~~~.;:·:~?Jt;:'.\~~:;~~~~~¥.:\;~i:i ;;~~·i.~~~i~11~::~~l:;~.~l~~~~~;·,~.'.;~~~·lif ~A~,~1
1

~~~.:~:~;~~f~~1~f 
region whid1 greatly intluenc:e surface form are the ~la!sieter and the Temporal. The MasseH•r 
is a quadrilateral muscle, whith imparts f'ulness to the hinder part of' the <:heck. 'Vhen the 

ili~s~~t~:io~rb~~; l cc:ro '}~1;~~~~e~~' p:~m'i~:~~l~ ~·~~ti~~jt ~icl~~ 1%1:1~1:{\~: ,; :~h 0i~tl~n~o:~siS!~~~f~ ~j~~~'. 
especially marked at the lower part of the muscle; this fulncss is en tirely lost when the 
month is opc11ctl and the muscle no lon~cr in a. state of contraction. The Temporal muscle 
is fa n-shape1l, and fills the Temporal fossa, substituting for it a somewhat com·ex form 1 

the anterior part of which, on account of the absence of hair O\'er the temple, is more 
marked than the po.;;tcrior, and stands out in strong relief when the muscle is in a state of con
traction. 

MUSCLES AND F ASCIJE OF THE NECK. 
'l1be m11~cles of the neck ma.y be arranged into groups corresponding with the 

l'eg ion in "hich they a.re situated. 

'l 1 bcse groups are nine in number: 
l. S uperfi cial ccr"ica l region. 5. M usclcs of the Pharynx. 
2. Depressors of the Os llyoides 6. Muscles of the Soft Palate. 

and Larvnx . 7. Muscles of the Anterior Ver-
3. E lcrntors of the Os Hyoides tcbrnl Regi on. 

an•l Lar ynx. 8. Muscles of the L ateral Ver-
4. Muscles of the Tongue. tebrnl Region. 

9. Muscl es of the Larynx. 

'l1 he muscles contain ed in each of these groups are the following: 

1. Superfiei<tl R egion. Li11gual R egion. 
Platysma myoides. . 4. 11Iuscles of the Tongue. 
Sterno-cle1do-masto1d. Genio-hyo-glossus. 

I1ifra-/1yoid R egion. 

2. D epreBsors qf the Os hyoides and 
L atynx. 

Sterno-hyoid. 
Sterno-thyroid. 
'l'hyro-hyoid. 
Omo-hyoid. 

Supm-ltyoid R egion. 

3. Elevators qf the Os hyoideB and 
Larynx. 

Di~astric. 
Rtvlo-hoid. 
Mi·In-hi·oid. 
Gcnio-liyoid. 

Ilyo-glossus. 
Ling ualis. 
Stylo-glossus. 
Palato-glossus. 

5. .IJiuscle• of the Pltaiynx. 
Constrictor inferior. 
Constrictor medius. 
Constrictor superior. 
Stylo-pha.ryngcus. 
Pa.lato-pba.ryngcus. 

6. Jfogl'les ~f tlte Soft Palate. 
Levator palati. 
Tensor pala.ti. 
Azygos u vu lro. 
Palato-glo"'"· 
l)ala.to-pharyngeus. 



TIIE SUPERFICIAL l'ERVIC'AL REOION. 407 

7. Jiuscles of the Ante,.ior re,.tebral 
Region. 

Rectus ca.pitis anticus major. 
Hectus capitis anticus minor. 
Hectus laternlis. 
Longus colli. 

8. 11luseles of the Lrtteral T'ertebral 
}legion. 

Scalenus anticus. 
8calcnus mcdius. 
Scalcnus po!:iticus. 

9. 1ll uscles of tlie L!tryn:r. 
Included in the description of 

the Larynx. 

1. Superficial Cervical Region. 
Platysma myoidee. Sterno-clei<lo-mastoid. 

~issectio?.-A block h~ving been placed at lhe back of the neck, and the face turned to 
the s1~le ?IJJlOS1te th<tt to be <l1ssec.ted, so as to place the parts upon the stretch, make two trans· 
ver.:c mc1s1onR: one from the chm, along the margin of the lower jaw, to the mastoid process, 
and tl.1e other alou!{ the l~pper border_ of the clavicle. Connect these by an oblique incision 
made m the ~our:se of the S~crno-masto1d muscle1 fron~ the mastoid prorc:-s to the Slernum; the 
}~~i:~~fno~1~~~~~~~~f.nt havmg been remornd in the direction shown in Fig. 268, the superficial 

The Superficial Cervical Fascia is a thin, aponeurotic lamina which is hardly 
demonstrable as a separate membrane. Beneath it is found the Platvsma m\"Oides 
muscle. .. .. 

The Platysma myoides (Fig. 269) is a broad, thin plane of muscular fibres 
placed immediately beneath the superficial fascia on each •ide of the neck. It 
arises by thin, fibrous bands from the fascia CO\'ering the upper part of the Pectoral 
and Deltoid muscles; its fibres proceed obliquely upward and inward along the 
side of the neck. 'l'he anterior fibres interlace, in front of the jaw, with the fibres 
of the muscle of the opposite side; the posterior fibres pass over the lower jaw. a 
few of them being attached to the bone below the external oblique line, the greater 
number passing on to be inserted into the skin and subcutaneous tissue of the lower 
part of the face, man.Y of these fibres blending with the muscles about the angle 
and lower part of the mouth. Sometimes fibres can be traced to the Zygomatic 
muscles or to the margin of the Orbicularis palpebrarum. Beneath the Platysma 
the external jugular vein may be seen descending from the angle of the jaw to the 
cla\·icle. 

Surgical Anatomy.-It is essent ial to remember the direction of the fibres of the 
Platysma. in connection with the operation of bleeding from the external jugular vciu; for if the 
~int of the lancet is introduced in the direction of the muscular fibres, the orifice made will be 
lilied up by the contraction of the muscle, and blood will not flow; but if the incision is made 
across the course of the fibres1 they will retract. and expo::;c the orifice in the vein. and so allow 
the flow of blood. 

Relations.-By its external swfaee, with the integument, to which i~ is unit~d 
more closely below than above; by its internal szu:face, with the Pectoralis 
major, Deltoid1 and 'l1 rapezius, and with the chwiclc; in the neck, with the 

~~~~1~~~~ ~~dth~11 ~~;~~rca~ui~~~~s,'·~~n:, s~~~n~-~~~~st~~d~·iS~e1~~~~:1~:oi~I~eo~1g-~·~~t~~ 
~~~~cPe~g~~t:~ict~:u~~~~~c;s boefhi~bdc t~:ac~~~'t~l;xat~~~id 0:~ 11tbc~e)r~c~O~'~r~5 tf: 1~~:~?:~ 
with the paroticl gland, the facial artery and Yein, and the :'\Iasseter and J3uccinator 
muscle:-1. 

Action.-1'he Platysma myoicles produces a slight wrinkling of the ~urface of 
the skin of the neck, in an oblique direction. when the entire muscle is brought 
into action. Its anterior portion, the thickest part of the muscle, depresses the 
lower jaw; it also serves to draw down the lower lip a_ml anf!le of the mouth on 
each side, being one of the chief agents in the exprcss10n of mclan~ho~y. 

The Deep Cervical Fascia (Fig. :27.5) is a strong. fibrou s la.~·cr which mvests the 
muscle~ of the neck and encloses the vc:-sels and nerves. It commences. as an 
extremely thin layer, at the back part of the neck, where it is attached to the 
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ligamentum nucbre and to 1hc :;;pinous procc~s of the ~C\Cnth cervical vertebrre, 
and. pas~ing forward, ill\·ests the Trapezius muscle; from the antcrio1 border of 

the xi~p ~:f;l~~1t}~:1c:;{. the neck at about the level of the sixth ccr\'ICal \'Crtcbrn, showing the arrangement of 

this muscle it forms a layer which covers in the posterior triangle of the neck; 
and, passing forward to the posterior border of the Sterno-mastoid muscle, divides 
into two la~Tcrs, one of which passes over, and the other under, that muscle. 
'fhe layer which passes over the muscle is continuc1l forward to the front of 
the neck, and blends with the fascia of the opposite siclc, coverin g the anterior 
triangle. It is joined on its under surface, except for about an inch below, by a 
lamella derived from the layer covering the deep surface of the Sterno-mastoid 
muscle. -where these two layers do not meet a little space is left between them, as 
they both pass inward to the middle line of the neck. rrbis is Bums's S/HU'e, and 
contains a little areolar tissue and fat, nnd occa~innal ly a. Rmall lymphatic gland. 
lf traced upward, the anterior layer of the cenical fo:-icia is found to pass a.cross 
the paroticl gland an1l :\Iasseter muscle, forming the pluolid and masseterfr fasdrP, 
au<l i!'i attached to the lower bor<ler of the z~·goma. an1l, more anteriorly, to the lower 
border of the hotly of the jaw; if traced 1l1rn nwar1l, it is seen to pa~s to the upper 
border of thC' cla,·icle and sternum. being pierce< I just aboYC the former bone by the 
external jugular vein. In the middle line of the neck the fascia is connected to the 
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S~'mphysis of the inferior maxilla. an<l, lower clown, to the brni(l bone, between 
which points it is thin; below the hrnid bone it become thicker. and is attached 
below to the anterior margin of the upper border of the sternum. The layer 
of the deep cerYical fascia which passes under the Sterno-mastoid covers the 
anterior surface of the Scalcnus anticus muscle. At the outer side of the 
carotid v~sscls it divides into two, one layer passing in front of the Yessels. the 
other behm<l them. The la.yer which passes in front of tbc vessels again di\·i<les 
into three lamelh"e. Of these, the anterior lamella, except for an inch below 
where it forms the posterior boundary of Burus's space, joins the layer of ccnical 
fascia. passing over the 8terno·mastoid, and with it passes to the middle line 
covering the anterior surface of the Depressor muscles of the hyoid bone. 'The 
portion of this lamelln. which inYests the Omo-hyoid is continued downward as a 
distinct p1·?cess, which descends to be inserted into the sternum and cartilage of 
the first rib. and becomes connected with the Costo-coracoid membrane. 'J:he 
middle lamella passes behin<l the depressors of the hyoi<l bone and in front of the 
thyroid body to meet its fellow of the opposite side, in front of the trachea. At 
the root of the neck this micldle lamella can be traced doll'nll'ard into the thorax 
to become continuous with the fibrous layer of the pericardium. 'l'hc posterior 
lamella. passes O\'er to the inner side of the carotid vessels, and joins the layer 
passing behind them, thus enclosing them in a sheath. 1'he la,yer of cervical 
fascia which passes behind the carotid Yessels, having been joined by the posterior 
of the three lamellre from the layer of fascia. passing in front of the ,-essels, is 
prolonged inward, behind the pharynx and oosophagus, forming a sheath for the 
Prevertebral muscles, the prevertebral fascia. 'fbe layer of the deep cenical 
fascia, which passes behind the Sterno-mastoid, gives off another Ja.mella, which 
passes downward and outward ornr the brachial plexus and subclavian vessels, to 
assist in forming the axillar.v sheath. The two layers of the deep cel'\'ical fascia, 
where they unite opposite the angle of the lower jaw, bind the Sterno-mastoid 
muscle to this part of the bone. From that portion of the cervical fascia which 
is attached to the angle of the jaw a process of extreme density is found passing 
behind to the inner side of the parotid gland, to be attached to the apex of the 
styloid process of the temporal bone; this is termed the Stylo-maxillai·y liga
ment. 

'l1he Sterno-mastoid or Sterno-cleido-mastoid (Fig. 276) is a large, thick muscle, 
which passes obliquely across the side of the neck, being enclosed between the two 
la:·ers of the deep cervical fascia. It is thick an<l narrow at its central part, but is 
broader and thinner a.teach extremity. It arises, by two heads, from the sternum 
and cJa,·icle. The stf'mal portion is a rounded fasciculus, tendinous in front. fleshy 
behin1l, which a.rises from the upper and anterior part of the first piece of 
the stemum. and is directed upward, outward, and backward. The elai:ieular 
portion arises from the inner third of the superior border of the cla,·icle, being 
composed of fleshy and aponeurotic fibres; it is directed almost vertically upward. 
These two portions are separated from one another, at their origin, by a triangular 
cellular interrnl, but become gradually blended, below the middle of the neck, 
into a thick, rounded muscle, which is inserted, by a strong tendon, into the outer 
surface of the mastoid process, from its apex to its superior border, and by ~thin 
aponCLlrosis into the outer two-thirds of the superior curved line of the ocCJpital 
bone. The 8terno-mastoid rnries much in its extent of attachment to the cla,vicle: 
in one case the clavicular may be as narrow as the sternal portion ; in anot.her, 
as much as three inches in breadth. When the cla.vicular origin is broad a is 
occasionally subdidded into nume1·ous slips separated by narrow inter\'als. More 
rarely, the correspon<ling margins of the 8terno-mastoid and 'l'rapezius ha,·e been 
found in contact. In the application of a ligature to the third part of the sub
clavian arterr it will be necessary, where the muscles come close together, to 
di1·ide a portion of one or of both. 

This muscle dirides the quadrilateral space at the side of the neck into two 
triangles, an anterior an<l a posterior. The boundaries of the anterior triangls 
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arc. in front. the median line of rbe neck; ahO\·c, the lnwcr borrler of the body of 
the jaw, and an imaginary line drawn from the angle of the jaw to tLc mastoid 

FIG.2i6.-Musclesoftheneckamlboundnricsofthctrl11nglcs. 

process; behind, the anterior border oftbc Sterno-mastoid muscle. The boundaries 
of the JJOsterior triangle are, in front, the posterior border of the Sterno-mastoid; 
below, the upper border of the clal'icle; behind, the anterior margin of the 
Trapezius. 1 

Rela.tions.-By its superficial swface, with the integument and Platysma, 
from which it is separated by the external jugular vein, the superficial branches 
of the cervical plexus. and the anterior layer of the deep cervical fascia. By its 
deep smface it is in relation with the Sterno-clavicular articularion; a process of 
the deep cerl'ical fascia; the Sterno-hyoid, Sterno-thyroid, Omo-byoid, posterior 
belly of the Digastric, Lerntor anguli scapu lro, Splenius and Scaleni muscles; 
common carotid artery, internal jugular ,·ein, commencement of the internal and 
external carotid arteries, the occipital, subclasian, trans\·crsalis colli, and supra· 
scapular arteries and veins; the pneumogastric, hypoglossal, descendens and 
communicans hypoglossi nenes, and the spinal accessory nene, which pierces 
its upper third; the cervical plexus, part of the parotid gland and deep lymphatic 
glands. 

Nerves.-~'be Platysma myoides is supplied by the facial and superficial 
branches of the cen·ical plexus; the Sterno-cleido-mastoid, by the spinal accessory 
and deep branches of the cervical plexus. 

Actions.-Wben only one Sterno-mastoid muscle acts, it flexes the bead and 
dra.ws it toward the shoulder of the ~amc side, assisted b,v the Splenius and the 
Obliquus capitis inferior of the opposite side. At the .ame time it rotates the bead 
so"' to carry the face toward the opposite side. \\'hen both muscles are brought 

1 The analomy of these triangles will be more exactly described with that of the ~essels of the 
neck. 
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into action they serve to depress the head upon the neck and the neck upon the 
chest. If the hctul is fixed, they assist in elcrnting the thorax in forced inapirati(ln. 

Surface Form.-Thc anlerinr cda:c of tl1e mu~lc forms a. \'C'ry prominent rid!!e beneath 

l!~f if ~\ill1!\~l~SI 
of the tendon. an<l introduce a blunt. lenotome from without inward. t-10111c or the fibres of the 

~t~~~~;~;~:~~;~;: J;~:'h%~1~~::~.1~1~t~:~~S1lbr~~~1~i~~·~f~ ~~~~1111·i~; 1~~ftil~l~~· ~l~eL~~:J~~~d;;cce~~}t~~~,~~1~1~l!~ 
This by some is bclie\'CJ to be one of the causes of wry-rn. .. 'tk. 

2. Infra-hyoid Region (Fig,. 276, 277). 

DEPRE:=:.~ons OF THE o~ llrOlDES 1\XD LARYNX. 

Rtcrno-hvoid. 
Rterno-tbyroicl. 

'l1hno-hYoid. 
Onio-hyoi<l. 

Dissection.-Thc muscles in this re,!!ion may be cxposcrl hy rcmovin!! the deep fascia from 
the front of the nC<"k. In order to SC'C the entire extent of' lhe Omo-hyoi<l it is nece&;ar.r to 
divide the Htcrno-maslOid at its centre, and turn its ends aside, and to detach the Trapezius 
from the clavicle and stapnla. This, howe\·er1 should not be doue until the Trapezius has been 
dissected. 

'l'hc Sterno-hyoid is a thin, narrow, ribbon-like Ulll8Clc, which ari8cs from the 
inner extremity of the clavicle and the upper and posterior part nf the first piece 
of the sternum; passing upward and inward, it. is inserted, by f'hort, tendinous 
fibres, into the lower border of the bod\' of the os byoides. This muscle is separated, 
below, from its fellow b,v a. con~iderable in term!'; but they approach one another 
in the middle of their course, and again di\·erge as they a~eend. It sometimes 
presents, immedia.tely abo,·e its origin. a trans,·erse temlinous intersection, like 
those in the Rectus abdominis. 

Relations.-H_r its WJJe1:fir·ial swface, below, with the sternum, the sternal end 
of the cla\·icle, ancl the Hterno-mastoid : a.nil abm·e. with the ])latysmn. and deep 
cer\·ical fascia; b.'· its deep swj'ace, with the Rtcrno-th,rroid. Crico.tb.n·oid, and 
Thyro·hyoicl muscles, the thyroid gland, the superior thyroid ressels, the thyroid 

cart~~~eSt~:o~~~c;;!fJ~·~i~~t~1:~e~b£~~~~i~iti:;::~~J~~~· muscle, but is Hborter and 
wider than it. It :.1rises from the posterior surface of the first bone of the sternnm, 
below. the ori~i~ of the .Sterno·hyoi.d, an~l from the ?dge ?f lhe car!i lage of t~e 
first rib, and 1s 111sertcd mto the oblique line on the Hide of the ala of the thyroid 
cartilacre. 'l1his muscle is in close contact with it s fellow at the lower part of the 
neck, a.~Hl is occasionally tra,·erscd by a trans\•erse or obliq ue tendinous intersection, 
like those in the !foetus abrlominis. 

Relations.-]h its anterior swface, wirh the Stcrno-hyoid, Omo-h.Yoid, and 
Rterno-mastoi1l; h,,. its po.r;t<>rior surface, from below_ upward, wit.h ~he tr~tehea. 
''ena innomina.ta, common carotid (and on the right side the a.rtcna. mnommata). 
the thyroid ~land and its ves~cls, and the lower pa1:t of th~ la~·y~x . . The middle 
thyroid min lies along its inner border, a rclat1ou '\ bich 1t is important to 
remember in the operation of tracheotom.v. . . . . 

The Thyro-hyoid is a small, qua<lrila.teral muscle appeanng like a contrnuat10n 
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of the Rtcrno-thyroid. It arises from the nhliqul' line on the side flf the thyroid 
cartila~c. ;rnd pa·i;:.~cs vertically upward to be inscrte1l into the lower border of the 

ho(l~~;~~~fn1~~~Byco~-~su e°.:t;,1~,~al;y~!;!:f~1~·~~· \\ ith the ~terno-?.roid and Omo-hyo!d 
muscles: b~· its i'nternal sw:face, with the thyroid cartilage, the thyro-hyo1<l 
membrane, and the superior laryngeal vc:o:>scls and ncrre. 

'l'he Omo.hyoid passes across the side of the neck, from the scapula to the 

hyoicl bone. It consi<ts of two fleshy bellies, united by a central tendon. It 
arises from the upper border of the scapula close to, and occasionally from the 
trans,·ersc ligament which crosses, the ~upra~capular notch: its extent of attach
ment varying from a few lines to an inch . From this origin the posterior belly 
forms a flat, narrow fasciculus. which inclines forward and s;light1y upward 
across the 1ower part of the neck, behind the Sterno-mastoid muscle, where it 
becomes tcndinous; it then changes its dircction 1 forming an obtuse angle. and 
terminates in the anterior belly, which pa:o;scs almost vertically upward, c:1o~e to 
the outer bonlcr of the Sterno.hyoid, to be inserted into the lower border of the 
body of rhc os hyoides, just extern~l to the insertion of the ;-.;terno-hyoid. 'l1he central 
tendon of this muscle, which varies much in length and form. is held in position 
by <t process of the deep cervical fascia, which includes it in a sheath. This 
process is prolonged down, to be attached to the cartilage of the first rib and the 
sternum. It is by this means that the angular form of the muscle is main
tained. 

'l'his muscle subdivides each of the two large triangles at the side of the neck 
into two smaller triangles; the two posterior ones being the posterio1· superiot or 
occipital, and the posterior i1tferior or .rnbrlm.•ian; the two anterior, the anterior 
superior or ~uperior carotid. and the anlt'1·itJ1· h~ferior or i1~f1:1·ior car()tid triangle. 

Relations.-By its supe1:ficial !fWface, with tbc 'Trn.pczius, the Sterno-mastoid. 
deep <·enical fascia, Platysma. and integument; by its deep sw:facP, with the 
Sca!eni muscles, phrenic nerve, lower cervical nerves, \\hich go to form the brachial 
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plex?s, the s~prascapul~r vessels and nerve, sbeatL of the common cal'otid artery 

and internal Jugular ,·cm, the Sterno-thyroid and Thyro-h,\oid muscles. 

~erves .-Tlie 1
1h,vro-hyoid is supplied by tlie hypoglosRal; the other muscles 

of tlus group by branches from the loop of communication between the desccndens 

and communicans hypoglosl'i. 
Actions.-Thes.e muscle~ depress the larynx and hyoid bone, after they have 

been drawn up with the pharynx in the act of <lcglutition. The Omo-hyoi<l 

muscle~ not onl~' depress the hyoid bone, but carry it backward and to one or the 

other side. It 1s concerned especially in the act of sucking, and is also a tensor 

of the cervical fascia. The Thrro-hrnid ma.y act as an elevator of the thyroid 

cartilage when the hyoid bone' ascelids, dra~ring upward the thyroid cartiln.rre, 

behind the os hyoides. 1 The Sterno-thyroid acts as a depressor of the thyr~id 
C'11rtilage. 

3. Supra-hyoid Region (Figs. 2iG, 2i7). 

ELE\"ATORS OF THE 0.-:. HYotDE~-DEPRESROR8 OF THE Low1m JAw. 

Di gastric. 
Stylo-hyoid . 

Mylo-hyoid. 
Gcnio-hyoid. 

Dissection.-rro dissect thc.se muscles a block should be placed beneath the back of the 

1ll.'Ck. and the head drawn backwarJ and ret:.uned in that position. On the rcmoya) of the deep 

fa·•i.:ia the musdes are at once exposed. 

The Digastric con!-l.ists of two fleshv bellies united bv an intermediate. rounded 

trnclon. It is a small muscle, situated below the side of the bod,· of the lower 

jaw. and extending, in a. curYed form, from the side of the head to' the symphysis 

()f the jaw. The postafor bell.11. longer than the anterior, arise~ from the di~astric 

µroove on the inner side of the mastoid process of the temporal bone, and passes 

downward, forward, and inward. The anterior bell.11 arises from a depression 

on the inner side of the lower border of the jaw, close to the symphysis, and 

pa~-.;es downward and backward. The two bellies terminate in the central 

tendon which perforates the Stylo-hyoid, and is beld in connection with the side 

of the body and the greater cornu of the h,rnid bone by a fibrous loop, lined by a 

syno,·ial membrane. A broad aponeurotic layer is gi,·en off from the tendon of 

the Digastric on each side, which is attached to the body and great cornu of the 

hyoid bone: this is termed the supra-liyoid aponeurosis. It forms a strong layer 

of fascia between the anterior portion of the two muscles, and a. firm investment 

for the other muscles of the supra-h,·oi<l region which lie deeper. 

The Digastric muscle diYides the anterior superior triangle of the neck into 

two smaller triangles~ the upper, or sub11uu·illary, being IJouncled, abo,·e. by the 

lower border of the body of the jaw, and a Jine drawn from its <rngle to lhe 

mastoid process; below, by the posterior belly of the Digastric arnl the 8tylo

hyoi<l muscles; in front, hy the anterior belly of the Digastric, the lower or 

superim· carotid triant1le h<'ing boun<lc<l above by the po~terior belly of the Digas

tric. behind b.v the ::itcrno-ma•toid, below by the Omo-hyoi<l. 

Relations.-By its r<1.upe1:ficial sw:face, with the Platysma., Sterno-mastoid, pa.rt 

of the Splcnius. Trachelo-rnastoirl. and Stylo-h.rnid mu•cles, and the parotid gland. 

By its dee1> .~w:face, the antel'ior belly lies on tbc ~1:ylo-byoicl; the posterior bcll,v 

on the Stylo-glossus, St_ylo-pharyngeus, and llyo-glossu~ muscles, th~ external 

carotid artery and its lingual and facittl branches1 the nuemal caroud 1:utery, 

internal jug1;lar ,·ein, and b,rpoglo~~al nen·e. . . 

11be Stylo-hyoid is a. small, slender muRc:le, 1,rmg in front of, llllll abm·e. the 

posterior belly of the Digastric. It arise~. from the back and outer st11:fa~e of the 

styloid process, near the base; and, pas~rng downward and forward, is inserted 

into the body of the hyoi<l bone, just at its junction with the greater cornu, and 

3~Yi;~~i~}il:~g~~~1i tr·~~~;~;,fg~~;~i~' o~~;·,
1~:·~·,~;;~·,"~;tfi~.B~r°';h~·;~~;~l'::;(~~~ .. ~'.'~1".f:.~~~d 
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immelli a.tely abo,·e the Omo-hyoid. rrhis muscle is perforated, nca.r its ini:;crt ion, by 
the tendon of the Digastric. 

Relations.-'.rhe relations arc the same '" those of the pos teri or belly of the 
Digastric. 

The Stylo-hyoid Ligament.-In connect ion with the Stylo-hyoid rntt8cle rna,v be 
tlescrihed a ligamcntous band, the 8tylo-hyoid li9ame11t. lt is a fibrou1-; cord. of't('n 
contai ning a. little carti lage in its centre, wh ich continues th e Htyloid process down 
to the hyoid bone, being attached to the tip of the former aml the small cornu of 
the latter. I t is often mo re or less ossified. 

The Digastric :rnd Stylo-hyoi<l should be removed , in order to ex pose lhe ucxt muscle. 

rrh e Mylo-hyoid is a. flat, triangular muscle, s ituated immedia,tcly bcn catb the 
anterior belly of the Digasnic. and forming, wi th its foll ow of the opposite s ide, a 
muscular floor for the ca1·ity of the mouth. It arises from the "hole length of 
the mylo-hyoid ridge, extending from the symphysis in front to the last molar 
tooth behind. 'rhe posterior fibres pass obliquely forward, to be insel'ted into th e 
bodv of the os bvoides. The middle and aulel'ior fibres are inserted in to a median 
fibrous raphe, extending from the symphysis of the lower jaw to the hyoid bone, 
where they j oin at an angle with the fibres of the opposite muscle. This median 
raphe is sometimes want ing; the muscular fibres of the t"~o sides are then directly 
continuous with one another. 

Relations.-By its cntaneous swface, with the Platysrna, the ante rior belly of 
the Digastri c, the supra-hyoi<l aponeurosis, t he subm:1X illary g land, submcntal 
vessels, and mylo-hyoid vessels and nerve; by its deep or superio1· swfaee, "itb 
the Genio-hyoid, part of the Ilyo-glossus, and Stylo-glossus, muscles, the bypo
glossal and lingua l nerves, the submaxillary ganglion, the sublingual gland, the 
deep porti on of the submaxillarx gland and Wharton's duct; the s ublingual and 
nrni ne vessel~. and the buccal mucous membrane. 

Dissection.- The ;'.lylo-liyoid should now be removed, in order to expose the muscles which 
lie be11e<1th: this is effected b.\' detaching it from its attac:hments to the hyoicl bone and jaw, and 
separating iL by a vertical incision from its follow of the opposite side. 

l 'he Genio-hyoid is a narrow, slender muscle, s itu!lted immediatel y beneath 1 

the inner border of the preceding. I t arises from the infcl'ior genial iubcrclc on 
the inner s ide of the symphysis of the jaw, and passes <lownward and backward, 
to be inserted in to the anteriol' su rface of the body of the os hyoides. This muscle 
lies in clo::.e contitct with its fellow of the opposite side, an<l increases slightly in 
breadth as it descen<b. 

Relations.-It is coYered by the My lo-hyoid, and lies on the Gcnio-hyo
glossus. 

Nerves.-Th e Digastl' ic jg supplied: its anterior bel ly, b,v the m~vlo-hyoid branch 
of the inferior den tal; its posterior belly, by the facial: the Stylo-hyoid, by the 
facial; the M,vlo-hyoid. b.v the mylo-hyoid branch of the in ferior dental; the Genio
hyoid, by the hy poglossal. 

Actions.-This group of muscles performs two Yer,v imporlant actions. ri'l10y 
raise the h_yoi<l bone, a.nrl with it the base of the tongue, <luring the act of tlcgluti
tion : or, when the hyoid bone is fixed by its depressors and those of the larynx, 
they depre:::s the lower j aw. During the first act of dcglu t ition. when th e mas~ 
is being dri\·en from the mouth into the pharynx, t he hyoid bone, and with it tUe 
tongue, is_ ca.rri eU upward and forward b:v the anterior belly of the Digast ri c, the 
:\Iy lo-hym d, and Genio-hyoid muscles. In the seco nd act, when the rna~s is pa:::s
ing through the pharynx. the direct elevat ion of th e hyoid bone takes place Uy 
the comh in ed action of all the muscles; and after the food bas passed tl1c hyuid 
boue is c:arried upward and backward by the posterior bel ly of the Digastric and 
Styln-hyoicl muscles, which assist in prc,·enting t he return of the morsel into the 
mouth. 

1 This refer::; to the depth of the muscle!:i from the skin in the ol"dPr of diS!ieet ion. Jn the erect 
position of the body each of thel:ie muscl~s lies above the preced ing 
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4. Lingual Region. 

Genio-hyo-glossus. Stylo-glossus. 
Hyo-gloss us. Palato-glossus. 

Chondro-glossus. 

Dissection.-After completing the dissection of the preceding muscles, saw throu~h the 
lower jaw just external to t!ie symphysis. Then draw the tongue forwarJ, and attach 1t, by a 
stitch, to the nose; when its muscles, which are thus put on the stretch, may be examined. 

'rhe Genio-hyo-glossus has received its name from its triple attachment to the 
ja.w, hyoid bone, and tongue, but it would he better named the Genio-glossus, 

FiG.278.-Musclesoftbetongue. 

since its attachment to the hyoid bone is very slight or altogether absent. It is a 
flat. trian~ular muscle, placed vertical!.'· on either side of the middle line, its apex 
corresponding with its point of attachment to the lower jaw, its base with its 
insertion into the tongue and byoi<l bone. It arises by a short tendon from the 
superior genial tubercle on the inner side of the symph,rsis of the jaw, immediately 
abo\·e the Genio-hyoid; from this point the muscle spreads out in a fan-like form, 
a few of the in forior fibres passing downward, to be attached by :1 thin aponeurosis 
into tLe upper part of the body of the hyoid bone; the middle fibres passing back
ward, and the superior ones upward and forward 1 to enter the whole length of the 
under surface of the tongue, from the base to the apex. The two muscles lie on 
either side of the median plane; behind, they are quite distinct from each other, 
and are separated at their insertion into the under surface of the tongue by a ten
dinous raphe1 which extends through the middle of the organ; in front, the two 
muscles arc more or lcsR blended: distinct fa~ciC'uli are to be seen passing off from 
one musc:le, crossing the middle Jine, and intcrRecting \\ ith bundles of fibres • 
deri,·ed from the muscle on the other side (Fig. 279). 

Relations.-lly its internal surface it i~ in contact\\ ith its fellow of the opposite 



~16 1'IfE JfC~'CLES .ISD J·:ISCLH. 

side; by its ertanal sw:fn.ce, witL the Inferior lingua1is, the 11.ro-g:lossus, the lin
gual artery and hypoglmzsal nen-e. the lingual m.•n·~, and :-uhlingual g land; b)' 

its uppl'l' bordl·r, with the murons membrane of 
the ttoor of the mouth (frxnnm lingme): by its 
lotf'l'I" bordl'r, with the Urnio-hyoid. 

The Hyo-glossus jg a thin. t13r, qua(lrilatcml 
mu~cle whith a.rises from the i-.idc of the body 
and whole length of the greater cornu of the h):_ 
oid bone, and pas!'.lcS almost ,-crtically upward to 
enter tLe side of the tongue, between the 8tylo
glossul" an<l Lingual is. 'J'hose fibres of tbis mus
cle which arise from the body (basio-,qlossw1) are 
directed upward and backward, overlapping 
those arising from the g reater corn u (kerato
gloss1rn), which arc directed upward and forward. 

Relations.-B v its f'J:ternal Rlll'faf'e , with the 
Digastric, the St'y1o-hyoid, Styl ~-glossus, and 
)lylo-b)·oid muscles, the snbmaxillary ~anglion, 
the lingual and hypoglossal nencs, Wbarton·s 
duct, and the deep portion of the submaxillary 
gland ; by its drep sw;fal'l', "ith the Stylo-hyoid 
ligament, the Genio-hyo-glossus. Lingualis. and 
)li<ldle constrictor, the lingual Yessels, and the 
glosso-pharyngeal ne1Te. 

'l1be Chondro-glossus is a cli~tinct muscular 
slip, about thrcc-q 11artel"R to an inch in length, 
which arises from the inner side and base of the 
lesRer cornu of the byoill bone and contiguous 

eHoNoRo·GLossvs portion of the body of the bone. and passes 

:~~ :.,Ttfi:~:,~;;i~~;;E(~~i~::::ff~~:[[ii~~n~~ ~~,\~~-tl Kb\'.~~,,~1~~1 t~~ c b ~~1~ ~l::i,' 11~ ~\~~;1~1·\nh~c i~.~~~ 
g lossus and Genio-h.vo-glossus. A :;mall slip of 

1l'l.11Rc11lar fibre is occasionally found, arising from the cartilago triticea in the 
thyro-h,void ligameut, and pas::ing upward and forward to enter the tongue with 
the hindcrmost fibres of the H yo-glossus. 

The Stylo-glossus, the shortest and smalle~t of the three styloid muRcles, arises 
from the anterior and outer side of the styloid process, near its apex, and from the 
stylo-maxillary li~ament, to which its fibres, in most cases, are attached by a thin 
aponcuro~iR. Pas!'ing- downward and forward between the internal and external 
carocid arteric:;,. arnl becoming nearly horizomal in its direction, it di,·ides upon 
the !<i£le of the tongue into two portions: one longitudinal, which enters the side 
of the ton~ne _near it~ dor:;al surface. blending with the fibres of the Lingualis in 
front of the llyo-glossus; the other oblique, which O\'Crlaps the llyo-glossus 
mu~cle and decm:sates with its fibres. 

Relations.-By its external sw:faee, from above downward, with the parotirl 
gland, the Intemal pter.vgoid muscle, the lingual nerve, and the mucous membrane 
of the momh; by its internal sw:.faee1 with the tonsil, the Superior constrictor, 
and the Jlyo-glos-;us muscle. 

The Palato-glossus, or Constrictor isthmi faucium, althoup:h it is one of the 
mu~clcs of the tongue, sening to draw it~ base upward during the act of deglnti 
tion, is more nearly as::ociated with the soft palate, both in itR ~ituation and func
tion; it will con~equcntly be described with that group of muscles. 

Nerves.-Tbe Palato-glossus is prohably innervated by the spinal accessory nerve, 
through the pharyngeal plexus; the lnfcrior lingualis, according to some authors, 

, by the chor<la. t~·mpani; the remaining muscles of this group, by the bypoglm~:-oal. 
Muscular Substance of Tongue.-The muscular fibres of the tongue run in rnri

ous direct inns. These fibres are di dded into two sets-ExLrinsic and Intrinsic. 
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f"fbe extrinsi? muscl~s of the tong~e ar.e those which have their origin external, 
and only then· termmal fibres contamed m the substance of the organ. They are: 
the Stylo-g1?ssus,. the llyo.-glossus, the Palato-glossus, the Genio-hyo-glossus, and 
part of the tlupenor constnctor of the pharynx \Pharyngeo-glossus). 'L'he intrinsic 
are tbos~ which are contamed entirely within the tongue, and form the greater 
part of its muscular structure . 

. The ~onguc con~ists of symmetrical halves separated from each other in the 
middle line by a fibrous septum. Each half is composed of muscular fibres 
arranged in various directions, containing much interposed fat and supplied by 
vessels and nerves. 

'l'o demonstrate the various fibres of the tongue, the organ should be sub
jec~ed to prolonged boiling, in order to soften the connective tissue; the dis· 
seclton may then be commenced from the dorsum (Fig. 280). Immediately 
beneath the mucous membrane is a submucous, fibrous layer, into which the 
muscular fibres which terminate on the surfa?e of the tongue are inserted. 
~ Upon removing this, with the mucous mem-
~ 1jt0

tti<> 1 
1 

brane, the fir~t stratum of muscular fibres is 
- exposed. This belongs to the group of intrin

Out edge of 811p~rjicial li11g11alis. 

FIG. 280.-Muscles on the dorsum of the 
tongue. 

sic muscles, ancl bas been named the Superior 
lingua/is. It consists of a thin layer of 

oblittue and longitudinal fibres which arise from the submucous fibrous layer, close 
to the Epiglottis, anc! from the fibrous septum, and pass forward and outward to 
the edges of the tongue. Between its fibres pass some vertical fibres derived from 
the Genio-hvo-glossus and from the rnrtical intrinsic muscle, which will be described 
later on. :Beneath this layer is the second strn.tum of muscular fibres, derived prin
cipally from the extrinsic muscles. In front it is formed by the fibres derived from 
the Stylo-glossus, running along the side of the tongue, and s<'n<ling o.ne set ~f fibres 
orer the <lorsurn \\hich runs obliquely forward an<l inward to the m1ddle 1111e, and 
another set of fibres, seen at a later period of the dissection, on to the under surface 
of the sides of the anterior part of the tongue, which run forward and inward, 
between the fibres of the IIyo-glossus, to the middle line. Behind this layer of 
fibres, derived from the Stvlo-glossus, arc fibres derived from the Hyo-glossus, 
assisted bv some few fibres of the Palato-glossus. 'J'he Hyo-glossus, entering the 
side of the under surface of the tongue, between the Stylo-glossus and Inferior Jin-
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gualis, passes round its margin and spreads out into a la ye~· on the dor um, which 
occupie~ the middle third of the organ, and runs alm ost tran:s,·cri:loely inward to the 
septum. I t is reinforced b.'· some fibres from the Palato-glo::;~u:s: other fibres of this 
muscle pa.o;is more deeply and intermingle with the next layer. The posterior part 
of the second layer of lbe muscular fibres of the tongue is deri,·ed from those 
fibres of the Hyo-glossus which arise from the lesser cornu of the byoid bone, and 
arc here described as a separate muscle-the Chon<lro-glossus. The fibres of this 
mus.clc are arranged in a. fan-s~aped m.anner, and spread out o.'·cr .th~ posterior 

~~ii~i e0ft~~1~~~'.1~~~~rs!~:Ja~~ \~i~h1t~~~~::sth;Yg~·~:t t~1~1~si1~~I t~t1~~st 1~~s~~::rs~\~: 
ext rinsic muscles-the Gcuio-hyo-glossus. This portion of th e tongue is paler 
in colol' and softer in texture than that alread ,, described, and is sometimes 
designated the mcdu1lary portion in contradistinction to the fil'mcr s uperfi cial part, 
which is termed the cortical portion. It consists hwgely of transverse fibres, the 
1'ransverse lingualis, and of vertical fibres, the Vertical lingualis. 'Th e Trans,·erse 
lingualis forms the largest portion of the third layer of muscular fibres of the 
tongue. 'rhe fibres ar ise from the median septum, and pass outward to be inserted 
into the submucous fibrous layer at the sides of the tongue. Intermingled with 
these trans,·erse intrinsic fibres are trans,·erse extrinsic fibres derived from the 
Pala.to-glossus and the Su perior constrictor of the pharynx. 'l1hese transverse 
extrinsic fibres, however, run in the opposite <lirection, passing inward, toward 
the septum . In tersecting the trans,·erse fibres are a large number of vertical fibres 
deri,·ed partly from the Genio-hyo-glossus and partly from Yertica l intrinsic fibres, 
the Yertical lingualis. ':l1he fibres derived from the Genio-h_yo-glossus enter the 
under surface of the tongue on each side of the median septum from base to apex. 
They ascend in a radiating manner to the dorsum , being inserted into the sub
mucous fibrous layer co\'ering the tongue on each side of the middle Jine. The 
Vertical ling ualis is found on1y at the borders of the fore part of the tongue, 
external to the fibres of the Genio-hyo-glossus. Its fibres extend from the upper 
to th e under surfo ce of the tongue, decussa ting with the fibres of the other muscles, 
and especially with the ~l1ransverse lingua.li s. 'The fourth layer of muscular fibres 
of the tongue consists partly of extrinsic fibres derived from the Stylo-glossus, and 
partly of intrinsic fibres, the Inferior lingu,alis. At the sides of the under surface of 
the tongue a.re some fibres deri,,ed from the Stylo-glossus, which, as it runs forward 
at the side of the tongue, gives off fibres which , passi ng forward and inward between 
the fibres of the Ilyo-g lossus, form an inferior oblique st ratum which joins in front 
with the anterior fibres of the Inferior ling ual is. The Inferior lingualis is a longi
tudinal band. situated on the under surface of the tong ue, ly ing in the interval 
between the Stylo-glossus. in front of the Hyo-glossus, and the Genio-hyo-glossus, 
and extending from the base to the apex of the organ. Posteriorly , some of the 
fibres are lost in the base of the tongLLe, and others a re occasionall_v attached to 
the hyoid bone. It blends with the fibres of the Ilyo-gloss us, and is continued 
forward as far as the apex of the tongue. It is in relation by its under surface 
with the ranin c artery. 

Surgical Anatomy.-The fibrous septum which exists between the two halves of the 
tongue is very complete, so that the anastomosis between the t.wo lingual arteries is not very 
free1 a. fact of\.e11 illustrated by injectin_g- one-half of the tongue with colored size, while the other 
half is left uninjected or is injected with size of a. different color. 

'fhis is a point of considerable importance in connection with remo\'al of one-half of the 
tongue for cancer, an operation which is now frequently resorted to when the disease is strictly 
confined to one side of the tongue. If the mucous membrane is divided longitudinally exactly 

~;>l~~~~i:ilil~~~~~~~:;h~~~ 1t~~~utj1~dise1:se~f~!~1 ~n~~n1~~;~\:1~1~0l~~d.median raphe without any 

Actions.-1,he moremcn.ts of the tongue, although numerous and complicated, 
may be understood by carefully considering the direct ion of the fibres of it• 
muscles. '£he Genio-liyo-glossi muscles, by means of their posterior fibres, draw 
the base of the tongue forward, so as to protrude the apex from the mouth. The 
anterior fibres draw the tongue back into the mouth. 'l'he whole length of these 
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two muscles, acting along the middle line of tbc tongue, draw it downward, so as to 
make it concave from side to side, forming a channel along which fluids may pass 
toward the pharynx, as in sucking. The lf,/jo-glo.'is£ muscles depress the tongue 
and draw down its sides. so as to render it c01nex from side to side. The Stylo
glos.'ii muscles draw the tongue upward and backward. 'l'be Palato-glossi muscles 
draw the base of the tongue upward. With regard to the intrinsic muscles, both 
the Superior and Inferior linguales tend to shorten the tongue, but the former, in 
addition, turn the tip and sides upward so as to render the clorsum concave, while 
the latter pull the tip downward and cause the dorsum to become convex. 'fhe 
~,ransverse lingualis narrows and elongates the tongue, and the Vertical lingualis 
flattens and broadens it. The complex arrangement of the muscular fibres of 
the tongue, and the various directions in wh ich thc,v run, give to this organ the 
power of assuming the various forms necessary for the enunciation of the different 
consonantal sounds; and Dr. Macalister states thn.t "there is reason to believe 
that the musculature of the tongue varies in different races owing to the hereditary 
practice and habitual use of certain motions required for enunciating the se\·eral 
vernacular languages." 

5. Pharyngeal Region. 
Inferior constrictor. Superior constrictor. 
Middle constrictor. Stylo-pbaryngcus. 

Palato-pbaryngeus. } (See next sect ion.) 
Salp1ngo-pharyngeus. 

Dissection (Fig. 2R2).-In order to examine the muscles of the pharynx: c:u~ through the 
trachea and cesopha!?us just above the .sternum, and draw them upward by d1V1dmg the loose 
areolar tissue conncctirn; the pharynx mth the 
front of the ,·crtcbml column. The parts 
bein~ drawn well forward, apply the edge of 
the saw immediately behind the styloicl pro
cesses, and saw the base of the skull throu!!h 
from below upward. 'I1110 pharynx and mouth 
should then be stuffed with tow, in order to 
distend its cavity and render the muscles tense 
and easier of dissection. 

The Inferior constrictor, th e most 
superficial and thickest of the three 
constrictors, arises from the sides of the 
cricoicl and thyroid cartilages. To the 
cricoicl carti lage it is attached in the 
interval between the Crico-thvroid mus
cle in front and the articula1~ facet for 
the th.vroicl cartilage behind. To the 
thyroid carti lage it is attached to the 
oblique l ine on the side of t!..e great ala, 
the carti laginous surface behind it, near
ly as far as its posterior border, and to 
the inferior cornu. From these attach
ments the fibres spread backward and 
inward, to be inser ted into the fibrous 
raphe in the posterior median line of 
the pharynx . The inferior fibres are 
horizontal, and continuous with the 
fibres of the resophagus: the rest as
cend, increasing in obl iqui ty, and O\'er
lap the Micl<lle constrictor. The supe- FIG. 2.82.-~lusclesofthephnrynx. ExtE:rnalview. 

rior laryngeal nerve and artery pass 
near the upper border, and the inferior, or recurrent laryngeal, beneath the lower 
border of this muscle, previous to their entering the lar_ynx . . 

Relations.-It is covered by a dense cellular membrane which surrounds the 
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entire pharynx. Beliind, it is in relation with the vertebral column and the 
Longus colli muscle; laterall,lj, with the thyroid gland, the common carotid artery, 
and the Sterno-thyroid muscle; by its internal swf!tce, with the Middle constrictor, 
the Stylo-pharyugeus, Palato-pharyngeus, the fibrous coat and mucous membrane 
of the pharynx. 

The Middle constrictor is a flattened, fan-shaped muscle, smaller than the pre
ceding. It arises from the whole length of the upper surface of the greater coruu 
of the hyoid bone, from the lesser coruu, and from the stylo-hyoid ligament. The 
fibres diverge from their origin, the lower ones descending beneath the Infe
rior constrictor, the middle fibres passing transversely, and the upper fibres 
ascending and overlapping the Superior constrictor. The muscle is inserted into 
the posterior median fibrous raphe, blending in the middle line with the one of the 
opposite side. 

Relations.-This muscle is separated from the Superior constrictor by the 
glosso-pharyngeal nen•e and the Stylo-pharyugeus muscle, and from the Inferior 
constrictor by the superior laryngeal nerve. BeMnd. it lies on the vertebral 
column, the Longus colli, and the Hectus capitis anticus major. On each side it 
is in relation with the carotid vessels, the pharyngeal plexus. and some lymphatic 
glands. Near its origin it is cornred by the Hyo-gloss us, from which it is separated 
by th.e lingual vessels. It lies upon the Superior constrictor, the Stylo-phar_vngeus, 
the Palato-pharyngeus, the fibrous coat, and the mucous membrane of the 
pharynx . 

'l1he Superior Constrictor is a quadri lateral muscle, th inner and paler than the 
other constrictors, and situated at the upper part of the pharynx . It arises from 
the lower third of the posterior margin of tbe internal pterygoid plate and its 
bamular process, from the contiguous portion of the palate bone and the reflected 
tendon of the 'I1ensor palati muscle1 from the pterygo-maxillary ligament, from the 
alveolar process above the posterior extremity of the mylo-h_yoid ridge, and by a 
fe11· fibres from the side of the tongue. From these points the fibres cune back
ward, to be inserted into the median rapbe, being also prolonged by means of a 
fibrous aponeurosis to the pharyngea l spine on the basi lar process of the occipital 
bone. ':l1he superior fibl'es arch beneath the Levator palati and the Eustachian 
tube, the interval between the upper border of the muscle and the basilar process 
being deficient in muscular fibres and closed by fibrous membrane. r_l_1his interval 
is known as the sinus of J.liorgagni. 

Relations.-By its oulerswface, with the vertebral column, the internal carotid 
artery, the internal jugular vein 1 the glosso-pharyngcal, pneumogastric, spinal 
accessory1 bypoglossal, and sympathetic neiTes, the Middle constrictor, which 
Ol'erlaps it, and the Stylo-pharyngeus; by its intemal siti;face, with the Palato
pbaryngeus1 the tonsil, the fibrous coat and mucous membrane of the pharynx . 

The Stylo·pharyngeus is a long, slender muscle, round above, broad and thin 
below. It arises from the inner side of the base of the styloid proce$S, passes 
downward along the side of the pharynx between the Superior and Middle 
constrictors, and spreads out beneath the mucous membrane, where some of its 
fibres are lost in the Constrictor muscles; and others, joining with the Palat<i· 
pharyngcus, are inserted into the posterior border of the thyroid cartilage. 'The 
glosso-pbar,rngeal nerve runs on the outer side of this muscle, and crosses over it 
in passing forward to the tongue. 

Relations.-Externall_y, with tbe Stylo-glossus muscle, the parotid gland, the 
external carotid artery, and the Middle c<instrictor; internally, with the internal 
carotid1 the internal jugular vein, the Superior constrictor, Palato-pbaryngeus, and 
mucou<> membrane. 

Nerves.-'rhe Constnctors are supplied by branches from the pharyngeal 
plexus, the Stylo-pharyngeus by the glosso-pharyngeal nerve, and the Inferior 
constrictor by au additional branch from the external laryngeal nerve and by the 
recurrent laryngeal . 

Actions.-When deglutition is about to be performed, the pharynx is drawn 
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upward and di lated in different directions, to recei,·e the morsel propelled into it 
from the mouth. The Stylo-pharyngei, which are much farther removed from 
one another at their origin than at their insertion, draw the sides of the pharynx 
upward and outward, and so increase its transverse diameter, its breadth in the 
antero-posterior direction being increased by the larynx and tongue being carried 
forward in their ascent. As soon as the morsel is received in the pharynx, the 
E levator muscles relax, the bag descends, a.nd the Constrictors contract upon 
the morsel, and convey it gradually downward into the cesophagus. Besides 
its action in deglutition, the pharynx also exerts an important influence in the 
modulMion of the voice, especially in the prod uction of the higher tones. 

Levator palati. 
'l1cnsor palati. 
Azygos uvulre. 

6 . Palatal Region. 
l'alato-glossus. 
l'alato-pharyngeus. 
Salpiugo-pharyngeus. 

Dissection (Fig. 283).-Lay open the pharynx from behind hy a vertical incision extending 
from its upper to its lower part. and partially divide the oocipital atlachment by a transverse 
incision on each side of the ,·ertical one i the posterior surface of the soft palate is then exposed. 
Haxing fixed the uvula. so as to make it tense, the mucous membrane and glands should be care· 
fully removed from the posterior surface of the soft palate, and the muscles of this part are at 
once exposed. 

The Levator palati is a long, thick, rounded muscle, placed on the outer side 

of the posterior nares. It arises from the under s~11face of the apex of the petrous 
portion of the temporal bone, and from the adJOllllllg cart1lagmous portwn of the 
Eustachian tube; after passing into the pharynx, above the upper concave margm 
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of the Superior constrictor, it passes oblir1uely dowm,ar<l and inward, its fibres 
spreading out in the soft palate as far as the middle line, where they blend with 
those of the opposite side. 

Relations.-_E'.rtemally, with the Tensor palati an<l Superior constrictor; 
internally, with the mucous membrane of the pharynx; posteriorly, with the 
posterior fasciculus of the Palato-pharyngeus, the Azygos uvul::e, and the mucous 
lining of the soft palate. 

1'he Circumflexus or Tensor palati is a broa<l, thin, ribbon-like muscle, placed 
on the outer side of the Lcrntor palati, and consisting of a ,·ertical and a horizontal 
portion. 'fhc rnrtical portion arises by a broad, thin, and flat Jamella. from the 
scaphoid fossa at the base of the internal pterygoid plate ; from the spine of the 
sphenoid; the vagina l process of the temporal bone and the anterior aspect of 
the cartila.ginous portion of' the Eustachian tube: descending vertically between 
the internal pterygoid plate and the inner surface of the Internal pterygoid 
muscle, it terminates in a. tendon, which winds round the hamular process, being 
retained in this situation by some of the fibres of origin of the Internal pterygoid 
muscle, and Iubrica.ted by a bursa. 'l1he tendon or horizontal portion then passes 
horizontally inward, and is inserted into a broad aponcurosis, the palatine 
aponeurosis, and into the transrerse ridge on the horizontal portion of the palate 
bone. 

Relations.-Externally, with the Internal pterygoid; internally, with the 
Lerntor palati, from which it is separated by the Superior constrictor, and with 
the internal pterygoid plate. In the soft palate its tendon and the palatine 
aponeurosis is anterior to that of the Levator palati, being co,·ered by the Palato
glossus and the mucous membrane. 

Palatine Aponeurosis.-Attached to the posterior border of the hard palate is 
a thin, firm, fibrous laruella. which supports the muscles and gives strength to the 
soft palate. It is thicker above than below, where it becomes very thin and 
difficult to define. Laterally, it is continuous with the pharyngeal aponcurosis. 

11he Azygos uvulre is not a single muscle, as would be infer red from its name, 
but a pair of narrow cylindri ca.l fleshy fasciculi placed side by side in the median 
line of the soft palate. Each muscle arises from the posterior nasal spine of the 
palate bone and from the contiguous tcndinous aponcurosis of the soft palate, and 
descends to be inserted into the uvula. 

Relations.-.Anterivrly, with the tendinous expansion of the Levatores palati; 
behind. with the posterior fasciculus of the Palato-pharyngeus and the mucous 
membrane. 

The two next muscles are exposed by removing the mucous membrane from the piUars of 
the soft palate throughout nearly their whole extent. 

The Palato·glossus (Constrictor isthmi faucium) is a •mall fleshy fasciculus, 
nanower in the middle than at either extremity, forming, with the mucous 
membrane covering its surface, the anterior pillar of the soft palate. It arises 
from the anterior surface of the soft palate on each side of the uvula, and, passing 
downward, forward, and outward in front of the tonsi l, is inserted into the side 
of the tongue, some of its fibres spreading over the dorsum, and others pas:.:.ing 
deeply into the substance of the organ to intermingle with the ~L1rans,·ersus lingure. 
In the soft palate the fibres of this muscle are continuous with those of the muscle 
of the opposite side. 

The Palato-pharyngeus is a long, fleshy fascicu lus, narrower in the middle than 
at either extremity, forming, with the mucous membrane covering its surface, the 
posterior pillar of the soft palate. It is separated from the Palato-glossus by an 
angular interval, in which the tonsil is lodged. It :.1riscs from the soft palate h.Y 
an expanded fasciculus, which is divided into two parts by the Lerator palati and 
Azygos uvulm. 'The posterior fasciculus lics in contact with the mucous membrane, 
and also joins with the corresponding muscle in the middle line; the anterior 
fasciculus, the thicker, lies in the soft palate between the Lel'ator and Tensor, and 
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joins in the middle line the correspond.ing part of the opposite muscle. Passing 
outward and downward behmd t.he tonsil , the Palato-pharyngeus j oins the Stylo
phary_ngeus,. and 1s insertec~ with that muscle into the posterior border of the 
thyroid cartilage, some of. •ts fibres being. lost on the side of the pharynx, and 
others passrng across the middle lme posteriorly to decussate with the muscle of 
the opposite side. 

The. Salpingo-pharyngeus.-'l'his muscle arises from the inferior part of the 
Eustachian tube near its onfice; it passes downward and blends with the posterior 
fasciculus of the Pnlato-pharyngeus. 

Relat ions.- In tl~e s?f't. pa.late its posterior sinfaae is covered by mucous 
membrane, from w hich 1t 1s scparnted by a layer of palat ine glands. By its 
antenor sw:face 1t 1s Ill relation with the Tensor pa.la.ti. Where it forms the 
posterior p i11ar of the fauces it is covered by mucous membrane, excepting on its 
outer surface. In the pharynx it lies between the mucous membrane and the 
Constrictor muscles. 

In a dissection of the soft palate from its posterior or nasal surface to its anterior 
or oral surface, the muscles would be exposed in the following order: viz. the 
posterior fasciculus of the Palato-pbaryngeus, co,·ered over by the mucous membrane 
reflected from the floor of the nasal fossre; the Azygos uni Ire; the Le1·ator palati; 
the anterior fa sciculus of the Palato-pba.ryngeus ; the aponeurosis of the Tensor 
pala.ti, and the Palato-glossus covered over by a reflection from the oral mucous 
membrane. 

Nerves.- The Tensor palati is supplied by a branch from the otic ganglion; 
the remaining muscles of this group arc in all probability supplied by the internal 
branch of the spinal accessory, whose fibres arc distributed along with certain 
branches of the pneumogastric through the pharyngeal plexus.' 

Actions.-During the first stage of dcglutition the morsel of food is driven back 
into the fauces by tho prnssure of the tongue against the hard palate, the base of 
the tongue being, at the same time, retracted, and the larynx raised with the 
pharynx, and carried forward under it. During the second stage the epiglottis is 
pressed OYer the superior aperture of the larynx, and the morsel glides past it; 
then the Palato-glossi muscles, the constrictors of the fauces, contract behind the 
food; the soft palate is slightly raised by the Lerntor palati, and made tense by 
the Tensor palati; and the Palato-pharyngei 1 by their contraction, pull the pharynx 
upward O\'er the morsel of f'ood 1 and at the same time come nearly together, the 
uvula filJing up the slight interval between them. By these means the food is 
prm·ented passing into the upper part of the pharynx or the posterior nares; at 
the same time the latter muscles form an inclined plane. directed obliquely down
ward and backward , along the under surface of ·which the morsel descends into 
the lower part of the pharynx. The Salpingo-pbar,vngeus raises the upper and 
lateral part of the pharynx-i. e. that part which is abo1•e the point where the 
Stylo-pharyngeus is attached to the pharynx. 

Surgical Anatomy.-The muscles of the soft palate should be carefully dissected, the rela
tions thev bear to the su rrounding parts especially examined, and their action attentively s~udied 
upon thC dead subject, as the surgeon is required to divide one or more of these muscles m the 

d~fi~li~:~c~' ~!11~~'lJ~~}torr;~~;~·the8~dg'!· o}~~}f ~1fi8s~~1 r:~~-e tlf~r~ \~~, ~~l~~~~~c~{·1 ~v i :J1~ 1~~tfi1~l~ef1!\~ 
Le\'atores palati and Palat.o-pharyngei muscles, p1:odu~ing ':e_ry cons.iclcrabl~ impcclimc!1t to the 
healing process after the perfOrmance of the operation for umtrng lhcir margms by adhesion; h~, 

~h~~~~:.~t~~~. rc11~i~11J~~l~fltc~~ci g~\'~~~0i1:lci;i~~e1~~'ld~11~vtilti~ ~sc~:~~cd1 . ~~f r~i~~;~~J~~~dlb~t~li~~)~I~~ 
soft palate. The incision is to be halfway between the hamular process and ~ustachian tube, 

d~~s!~~1ri~ef~1;~~ 1Lev~t~~ :;~11~t~ra~f1l1e te;~'i~~~-~~1:~:.~~~,~~{;~i~u~1;~~~0~1i~id~3c~t :t~fti~iJ!:~!~~ ~~~= 
!ci~~~%0~ f:,~~~arth~· ;~~r~~t 1~1i!~t~~1~):1sk ~li~i~!~lcal~~~sil;r~·~n~.~~~\~e0:Lc~~~t~t;i~~~h1~i<lthceu;J:~ 
recommended by )Ir. Pollock is to be ,£.rreatly preferred. The soft palate bcmg put upon the 
stretch, a double-edged knife is passed through it just on the inner side of the hamular process 

1 Journal of Anatomy and Physiology, vol. xxiii. p. 523. 
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and abo"c the line of the U'f'ator palati. The hamlll~ bcinl! now alternately rai!'cd and 
depre~d. a ~wet•pin!!: cut is made along the po!:itcrior ~urfiu:e of the sot'L palate, and the knife 

U:J~·~~e~t i!~a\;~·~;;:?;~,~~:'!1~1111 ~l~~n~~~jn ~~· ~!~d0tl]~ 1 ~~~~~~r~R~r~~-~;!1e<l\1;~~~~J, s:J~!at;\'at~t~ 
palati will iJc found completely divi<letl. In the prc.st!nl day, howc\·er, this <livbion of the 
muscle~. as part of the operation of staphylorraphy, is not so much in~it<tc<l upon. All tension 
is prevented by makin!,{ lon!IilUdinal incisions on either side, parallel to the cleft. and just 
internal to the hamular process, in such a position as to avoid the posterior palatine artery. 

7. Anterior Vertebral Region. 
Rectus capitis anticus major. Rectus capitis lateralis. 
Rectus capitis anticus minor. Longus colli. 

The Rectus capitis anticus major (Fig. 284), broad and thick above, narrow 
below, appears like a continuation upward of the Scalcnus anticus. It arises by 

Fm.284..-Tbeprevertebralmuscles. 

four tendinous slips from the anterior tubercles of the transverse processes of the 
third, fourth, fifth, and sixth cervical vertebrre, and ascends, converging toward 
its fellow of the opposite side, to be inserted into the basilar process of the occip
ital bone. 

Relations.-By its anterior sw/ace, with the pharynx, the sympathetic nene, 
and thesbea.th enclosing the. internal and common carotid artery, internal jugular 
vein, and pneumogastric nerve; by its posterior swface, with the Longus colli, the 
Rectus capitis anticus minor, and the upper cervical ,·ertebrre. 

The Rectus capitis anticus minor is a short, flat muscle, situated immediately 
behind the upper part of the preceding. Itarises from the anterior surface of the 
lateral mass of the atlas and from the root of its tranS\'erse process, and, passing 
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obliquely upward and inward, is inserted into the basilar process immediately 
behind the pr~ceding muscle. 
. Relati.ons.- By its ~nterior swface, with the Rectus ca pi tis anticus major; by 
its posterwr sw:faee, with the front of the occipito-atlantal articulation. 

The Rectus ca.pitis lateralis is a short. flat muscle, which arises from the upper 
surface of the tranS\'erse process of the atlas, and is inserted into the under surface 
of the jugular process of the occipital bone . 

. Relati~ns.-~y its anterior smfaee, with the internal jugular vein; by its pos· 
teriot sia:face, with the vertebra l artery. On its outer side lies the occipital artery; 
on its inner side, the suboccipital nen·e. 

The Longus colli is a long, flat muscle, situated on the anterior surface of the 
spine, between the atlas and the th ird dorsal vertebra. It is broad in the middle, 
narrow and pointed at each extremity, and consists of three portions : a superior 
ob~illue, an inferior o_bli<1uc, and a vertical portion. The superior oblique portion 
arises from the antenor tubercles of the transverse processes of the third, fourth, 
and fifth cer_vical \"ertebrre, and, ascend ing obliquely inward, is inserted by a nar
row tendon mto the tubercle on the anterior arch of the at las. The inferior 
oblique portion, the smallest part of the muscle, arises from the front of the bodies 
of the first two or three dorsal vertebrre, and, ascending obliquelv outward, is 
inserted into the anterior tubercles of the trans\·ersc processes of ihe fifth and 
sixth cer\·ical \'Crtebrre. The vertical portion l ies directly on the front of the spine; 
it arises, below, from the front of the bodies of the upper three dorsal and lower 
three cervical \'ertebrre. and is inserted above into the front of the bodies of the 
second, third. and fourth cenical Yertebne abo\·e. 

Relations.- By its anterior swface, with the pharynx, the resophagus, sympa
thetic nerve, the sheath of the great \'essels of the neck, the infer ior thyroid artery, 
and recurrent laryngeal nerrn; by its posterior sw:face, with the cervical and dorsal 
portions of the spine. Its i'nner border is separated from the opposite muscle by 
a considerable interval below, but they approach each other above. 

8 . Lateral Vertebral Region. 

Scalenus ant icus. Scaleuus meclius. 
Scalenus posticus. 

The Scalenus anticus is a conical-shaped muscle, situated deeply at the side of 
the neck, behind the Sterno-mastoid. It arises from the anterior tubercles of the 
transverse processes of the third, fourth, fifth, and sixth cenical vertebrre, and, 
descending almost vertically, is inserted bya narrow, flat tendon into the impression 
on the inner border and upper surface of the first rib. The lower part of th is 
muscle separates the subclavian artery and vein, the latter being in front, and the 
former, with the brachia! plexus, behind. 

Relations.-In front, with the clavicle, the Subclavius, Sterno-mastoid, and 
Omo-hyoid muscles, the trans\·ersalis co11 i, the suprascapu la.r and ascending cer
vical arteries. the subcla.\·ian vein, and the phrenic nerve; by its posterior staface, 
with the Scalenus medius, pleura, the subclavian artcr,v, and brachial plexus of 
nerves. It is separated from the Longus colli, on the inner side, by the vertebral 
artery. On the anterior tubercles of the transverse processes of the cervical ver
tebrre, between the attachments of the Scalenus ant icus and Longus colli , lies the 
ascending cervical branch of the inferior th.vroid artery. . 

The Scalenus medius, the largest and longest of the three Scalem, an ses from 
the posterior tubercles of the transverse processes of the lower six cervical vertebrre, 
and, descending along the ~idc of the vertcbr_al coh~mu, is inserted by a broad 
attachment into the upper surface of the first nb, behrnd the groove for the sub
claviau artery, as far back as the tubercle. It is separated from the Scalenus 
anticus by a subclavian artery below and the cer\'ical nerves above. The pos
terior thoracic, or nerve of Bell, is formed in the substance of the Scalenus medius 
and emerges from it. 
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Rela.tions.-By its anterior sw:f'a('(', with the Rtemo-mastoicl ~ it is crossed by 
the clavicle, the Omo-hvoid muscle, ubcl;wian arterr, and the CCl'\'ical llCl'\'CS. rro 
its outer sidl' is the Lc,;~ttor anguli scapu l::c and the. Kcal en us posticus muscle. 

The Scalenus posticus, the sma1lest of the three Sca lcni, arises, by two or three 
separate tendons, from the posterior tubercles of the transverse pi:occsses of the 
lower two or three cenical vertebrre, and, diminishing as it descends, is inserted 
by a thin tendon into the outer surface of the second rib, behind the attachment of 
the Rerratus magnus. ~I.1his is the most deeply placed of the three Scalcni, and is 
occasionallv blended with the Scalenus medins. 

Nerves.:._The Rectus capitis anticus major and minor and the Rcctus 1a.teralis 
are supplied by the first cervical nerve, and from the loop formed between it and 

Eugf~~Cif·-lllnsclcs or the neck. (From a preparution in the Museum or the Royal College or surgeons of 

the second; the Longus colli and Scaleni, by branches from the anterior diYisions 
of the lower cervical nen-es (fifth, sixth, seventh, and eighth) before they form the 
brachia) plexus. 'Pbe Scalcnus medius also recei1·es a filament from the deep 
external bl'anchcs of the cervical plexus. 

Actions.-'l'hc Hcctus anticus maj?r and minor are the direct antagonists of the 
muscles at the back of the neck, senmg to restore the bead to its natural position 
after it has been drawn backward. The:;e muscles also serve to flex the head, and, 
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from their obliquity, rotate it, so as to turn the face to one or the other side. The 
Longus colli flexes and slightly rotates the ccn•ical portion of the spine. The 
Scaleni muscles, when they take their fixed point from above, elevate the first and 
second ribs, and are, therefore, inspiratory muscles. When they take their fixed 
point from below, they bend the spinal column to one or the other side. If the 
muscles of both sides act, lateral movement is prevented, but the spine is slightly 
flexed. The Rectus lateralis, acting on one side, bends the head laterally. 

Surface F orm.-The muscles in the neck, with the exception of the Platysma myoides, are 
invested by the deep cervical fascia, which softens down their form, and is of considerable 
importance in connection with deep cervical abscc&Scs and tumors, modifying the direction of 
their growth and causing them to extend hterally instead of tOW<lrd the surface. The Pla.tljsma 
rnyoides does not influence surface form cx~ept it is in action 1 when it produces wrinkling oi' the 
skin of the neck, which is thrown into oblique ridges parallel with the fasciculi of the muscle. 
Sometimes Lhis contraction takes place suddenly and repeatedly as a sort of spasmodic twitching, 
tbe result of a nervous habit. 'I1he Sterno·cleido-masloid is the most important muscle of the 

~~~~ ~~1~{f~~~~ i~~>~~ft~~l;~~3der 11i~t~~rf~~!c}~n~~ ,~iif ~~t~)1~f1~~~·11o~i\i~~~rin~h~1:te0r~i~ ~~i~~~ 
will stand out as a, sharply-defined ridge, while the davicular origin will present a flatter and not 

:itf1r~n:::i~ktr~~1~i~~lli~~;tcrf:~et!~~~ ~:J~~1J;~:1:i!~~ tJg~e~~a~ked0 a0~~~~e 01;1 ~l~:~;~~i~~ 
side-I. e. on the side to which the head is turned-the outline is lost, its place being occupied 
by an oblique groove in the integument. "'hen the muscle is at rest its anterior border is still 
visible, forming an oblique rounded ridge, terminating below in the sharp outline of the sternal 
head. The posterior border of' the muscle does not show above the chwicular head. The 
anterior border is defined by drawing a line from the tip of the mastoid process to the sterno
clavicular joint. It is an important surface-markin~ in the operation of ligature of tl10 common 
carotid artery and some other operations. Between the sternal and clavieular heads is a slight 
depression, most marked when the muscle is in action. This is bounded below by the prominent 
sternal extremity of the clavicle. Between the sternal origins of llie two muscles is a V-shaped 

~~:cSt:~~1~~1~1~~·i~{';:~~r~;~~~~~\1~1;,%icI ~~~0u~~le~~1~~i:1~;;~·0~ 1~c:1e~~~~l1i~1:~ ~~,~~~1~10~~·~1r:b1~;~~i~~~1~~ 
Above the hyoid bone, in the middle line, the anterior belly of the Digastric to a certain extent 

~l1!us~a~e~r5~J;~b~J~r~f th~t l~~~i.~I5J.:~~.s ~~J\~~de~~at'his ~~~~~~ ~~eth~11l1~·1~~,1~~~'~{,~1tl~~g\~~~e~~~;e~~ 
In the posterior triangle of' the neck, the posterior belly of Lhc Omo-hyoid, when m action, forms 

~e~~,~~)i~l\~~:t ~~;::l~~lc~J~~h:a~~(l~ filt~~ ~~~~·. w;~s~l~t~i~e~ cord-like form running across this 

MUSCLES AND FASCI.IE OF THE TRUNK. 

The muscles of the 'l'runk may be arranged in four groups: the muscles of the 
Back, of the 'l'horax, of the Abdomen, and of the Perin:uum. 

THE BACK. 

The muscles of the Back are very numerous, and may be subdivided into five 
layers. 

FIRST LA YER. 

Trapczius. 
Latissimus dorsi . 

SECOND LA YER. 

Levator anguli scapulre. 
Rhomboideus minor. 
Rhomboidcus major. 

TllIRD LAYER. 

Serratus posticus superior. 
Serratos posticus inferior. 
Splenius capitis. 
Splcnius colli. 

FounTn LA YER. 

Sacral ancl Lumbar Regions. 

Erector spinre. 

Doi·sal Region. 

Ilio-costalis. 
l\Iusculus accessorius ad ilio-costalem. 
J.Jongissimus dorsi. 
Spinalis <lorsi. 

Cervical Region. 

Cervica1is ascendcns. 
Transversalis colli. 
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Trachelo-mastoid. 
Com plexus. 
Bi,·enter cervicis. 
Spinalis colli. 

Fr FT II LA YER. 

Semispinalis dorsi. 
Semispinalis eolli. 
l\Iultifidus spinm. 

Trapezius. 

RotatorcH spi nre. 
~upragpinalcs. 
In ter~pinalcs . 
Extensor coccygis. 
I n tertra ns,·ersalcs. 
Uectus capitis posticus major. 
Hectus cnpit is posticus minor. 
Obliquus capitis superior. 
Obliyuus capitis inferior. 

First Layer. 
Latissimus dorsi. 

over ~~:e~~~~n or~~~ ~~gl~~~~ac~het1~he~~d%nJ0 abdb1~~c~~ s~~~~~~i~~d 't~\!!~:ralrb1~k~~~d~~ 
to render the mu~clcs tense. Then make an incision 
along the middle line of' the back from the occipital 

j 
protuberance to the coccyx. l\Iakc a transverse incision 
from the upper end of this to the mastoid process, and 
a third incision from its lower end, along the crest of 
the ilium to about its middle. '!'his large intef\'ening 
space should, fo r co1wcnicncc of dissection, be sub
divided b~· a fourt h incision, extending obliquely from 
the spinous process of the last dorsal vertebra, upward 
and outward, to the acromion process. This incision 

~~~~j~~11~1~h:'"~~pstl~f ~~~~C:u~~:,~:ra~~ ~~~:n ~it!z~~ 
mo,·ed in the <lircction shown in the figure. 

The superficial fascia is ex posed upon re
moving the skin from the back . It form s a 
layer of considerable thi ckn ess and strength, 
in which a 4uanti ty of granular pinkish fat is 
contained. I t is continuous with the super
ficial fasci:i in other parts of the body. The 
deep fascia is a dense fibrous layer attached to 
the occipital bone, the spines of the vertebrre, 
the crest of the ilium, and th e spine of the 
scapula. It covers o,·er the superficial muscles, 
forming sheaths for them, and is continuous, 
in the neck at the anterior border of the Tra
pezius, with the deep cenical fascia; on the 
thorax, with the deep fascia of the axilla and 
chest, and on the abdomen with the fascia. 
coveri ng the abdominal muscles. 

bacf.m.286.-Dlssectionofthemusclesofthe The Trapezius (Fig. 287) is a broad, flat , 
triangular muscle, placed immediately be

neath the skin and fascia, and covering the upper and back part of the neck and 
shoulders. I t arises from the inner third of the superior curved line of the occipital 
bone; from the Iigamentum nuchre, the spinous process of the seventh cervical, 
and those of all the dorsal ,·ertebroo; and from the corresponding portion of the 
supraspinous ligament. From this origin the su perior fibres proceed downward 
and outward, the inferior ones upward and outward, and the middle fibres 
horizontally, and are inserted, the superior ones into the outer third of the 
posterior border of the clavicle; the middle fibres into the inner margin of the 
acromion process, and into the superior lip of the posterior border or crest of the 
spine of the scapula; the inferior fibres converge near the scapula, and terminate 
in a triangular aponeurosis, which glides over a smooth surface at the inner extremity 
of the spine, to be inserted into a tubercle at the outer part of this smooth surface. 
The 'Irapezius is fleshy in the greater part of its extent, but tendinous at its origin 
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FIG. 257.-Musclcs of the back. On the left side is exposed the first layer; on the right side, the second layer 
andpartofthethird. 

and insertion. At its occipital origin it is connected to the bone by a thin fibrous 
lamina, firmly adherent to the skin, and wanting the lustrous, shini ng appearance 
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of aponeuroscs. At its origin from the ~pine~ of the \'ertebrm it is connected to 
the bones bv means of a broa<l semi-elliptical aponcurrn~is, "hich occupies the 
space bctwce"n the sixth cerdcal and the third dorsal Yertebn\'!, and form~. with 
the apoucurosis of the opposite muscle. a tcndinous ellip!'C. The rest of the muscle 
arises by numerous short tendinous fibres. ff the ' l'ra.pczius is dissected on both 
sides, the two muscles resemble a. trapezium or diamond-shaped quadrangle; two 
angle~ corresponding to ~he shoulders; a third to the occipital protuberance; 
and the fourth to the spmous process of the last dorsal \'ertebra. 

'The clavicular insertion of this muscle varies as to the extent of its attach
ment; it sometimes adn-1.nces as far as the mi<ldlc of the chwicle, and may even 
become blended with the posterior edge of the Sterno-mastoid or overla.p it. 'l'his 
should be borne in mind in the operation for tying the third pa.rt of the subclavian 
artery. 

Relations.-By its 8itpei:ficial 8><>:face, with tho integument; by its deep 
surface, in the neck, with the Complex us, Splen ius, Leva.tor anguli SC<tpulre, and 
Rhomboideus minor; in the back, with the Rhomboidcus major, Supraspinatus, 
Infraspinatus, and Vertebral aponeurosis (which separates it from the prolongations 
of the Erector spin~""e), and the Latissimus dorsi. The spinal accessory nerve and 
the superficial cervical artery pass beneath the anterior border of this muscle, 
near the clavicle. '11he anterior margin of its cervical portion forms the posterior 
boundary of the posterior triangle of the neck, the other boundaries being the Sterno
mastoid in front and the clavicle below. 

The Ligamentum nuchre (Fig. 287) is a th in band of condensed cellulo-fihrous 
membrane placed in the line of union between the two 'l1 rapezii in the neck. It 
extends from the external occipital protuberance to the spinous process of the 
seventh cervical ''ertebra, where it is continuous with the supraspinous ligament. 
From its anterior surface a fibrous lamina is g i\'en off, which is attached to the 
spinous process of each of the cervical vertebrre, excepting the atlas, so as to fo rm 
a septum between the muscles on each side of the neck. In man it is merely the 
rudiment of an important elastic ligament wh ich, in some of the lower animals, 
serves to sustain the weight of the bead. 

'l'he Latissimus dorsi is a broad flat muscle wh ich covers the lumbar and 
the lower half of the dorsal regions, and is graduall ,v contracted into a narrow 
fascicu lus at its insertion into the humerus. lt a rises b,v an aponeurosis from the 
spinous processes of the six inferior dorsal, from those of the lumbar and sacral 
vertebrre, and from the supraspinous ligament. Over the sacrum the aponeurosis 
of this muscle blends with the posterior layer of the lumbar fascia. It also arises 
from the external lip of the crest of the ilium, behind the origin of the External 
oblique, and by fleshy digitations from the three or four lower ribs, which are 
interposed between similar processes of the External oblique muscle (Fig. 292, 
page 449). From this extensirn origin the fibres pass in different directions, the 
upper ones horizontally, the middle obliquely upward, and the lower "ertically 
upward, so as to con,·erge and form a thick fasciculus, which crosses the inferior 
angle of the scapula, and occasionally receives a few fibres from it. The muscle 
then curves around the lower border of the 'l1eres major, and is twisted upon itself, 
so that the superior fibres become at first posterior and then inferior, and the 
vertical fibres at first anterior and then superior. It then terminates in a short 

~~aJ~~l ~}e'~tle t~~:~~~' ;~jo~~-~ tsh:·~:e:~~~eisn~~ tl~~g~~tt~v!i~~, th~ss~~~ J;i'~S·;~~0~f~ t~; 
the humerus, its insertion extending higher on the humerus than that of the 
tendon of the Pectoralis major. The lower border of the tendon of th is muscle is 
united with that of the. '11eres ~ajor~ the surfaces of the two being separated b_v a 
bursa.; another bursa 1s sometimes mterposed between the muscle and the inferior 
angle of the scapula. 'fhis muscle at its insertion gi,·es off an expansion to the 
deep fascia of the arm. 

OCCMti:ll~~!i:C:1~~:ia~:~:~~eSg~ !ri~1~~j~~~t~~,1~~~~,d~~ ~~~t\l~ ~.~~d~i~f1~~~ ~:::r~~; 
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fold of the axilla, and crosses t110 ax ilia in . front of the axillary ''essels and nerves, to join tbe 

under surface of lhe tendon of the Pectorahs major, the Coraco-brachialis1 or the fascia over the 

Biceps. 'J.'he position of this abnormal slip is a. point of interest in its relation to the axillary 

artery, as 1~ crosses the vessel jus~ abo,·c the spo.t usually selected for the application of a ligature1 

and may mislead the surgeon during the operation. It may be easily recognized by the transverse 

~tht~ide~.f'its fibres. Dr. Struther found it. in 8 out of"J05 subjects, occurring seven times on 

Rel~ti?ns.-Its supe1:fi.cial swface is subcutaneous, excepting at its upper part, 
where tt 1s CO\'Cred by the Trapezius, and at its insertion, where its tendon is 

crossed by the axi llary vessels and tho brachia] plexus of nerves. By its deep 

smfaee it is in relation with the Lumbar fascia, the Serra.tus posticus inferior, the 

lower external intercostal muscles and ribs, inferior angle of the srapula, Rhom~ 

boideus major, Infraspinatus, and 'l'eres major. Its outer margin is separated 

below from the External oblique by a small triangular interval; and another 

triangular interrnl exists between its upper border and the margin of the 'l1rapezius, 
in which the Hhomboideus major muscle is exposed. 

Nerves.- The Trapezius is supplied by the spinal accessory, and by branches 

from the anterior didsions of the third and fourth cervical nerves: the La.tissimus. 
dorsi, by the middle or long subscapula.r nen·c. 

Second Layer. 

Levator anguli scapulm. Rhomboideus minor. 

Rhomboideus major. 

Dissection.-The Trapezius must be removed, in order to expose the next layer; to effect 
this, detach the muscle from its attachment to the clavicle and spine of the scapula, and turn 
it back toward the spine. 

'l'hc Levator anguli scapula! is situated at the back part and side of the neck. 

I t arises by tcndinous slips from the posterior tubercles of the trans,·erse processes 

of the four upper cervical vertebrre; these, becoming fleshy, are united so as to 

form a flat muscle, which, passing downward and backward, is inserted into the
posterior border of the scapula., between the superior angle and the triangular 

smooth surface at the root of the spine. 
Relations.-By its superficial smj'ace, with the integument, 11rapezius, and 

Sterno-mastoid; by its deep swfaee, with the Splenius colli, 'l1ransversalis colli, 

Cervicalis ascendens, and Serratus posticus superior muscles, and with the trans-. 

versalis coll i and posterior scapular arteries. 
The Rhomboideus minor a rises from the ligameDtum nucbre and spinous 

processes of the se,·entb cervical and first dorsal \'ertebrre. Passing downward 

and outward, it is inserted into the margin of the triangular smooth surface at the 

root of the spine of the scapu la. This small muscle is usually separated from the 

Rhornboideus major by a slight cellular interval. 
Relations.-By its superficial (7Joslerio1') swface, with the Trapezius: by its 

deep swface, with the same structures as the Hhomboideus major. 
The Rhomboideus major is situated immediately below the preceding, the 

adjacent margins of the two being occasionally united. It arises by ten<linous 

fibres from the spinous processes of the four or five upper dorsal rnrtebroo and the 

supraspinous ligament, and is inser ted into a narrow tendinous arch attached 

above to the lower part of the triangular surface at the root of the spine; below, 

~~i~he~;1~e~:.~~:.ng\~r~:: :~:h a~·~~nge~~;nn:2ea~ ~~ ~bc~a~~~~~:i·1;r d~~:,s~~11~u~a st~1~ 
distance, the muscular fibres are inserted into the SC<tpula itself. 

Relations.-By its superficial (posterior) sw:f'ace, with the Latissimus dorsi; by 
its deep (anterior) swface, with the Serra.tus posticus superior, posterior scapular 

artery, the vertebral aponeurosis which separa~es it from the prolongations from 

the Erector spin:>!, the Intercostal muscles, and ribs. 
Nerves.-'l'he Rhomboid muscles arc supplied by branches from the anterior 
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di,·ision of the fifth cenical ncn:c; the Leva tor anguli sca.pu lre, by the anterior 
division of the third and fourth ccn·ical ncn-es. 

Actions.-'l'be mo,·erncnts effected by the J>l'Cccding muscles are numerous, as 
ma.\' be concci,·cd from their extcnsirn attachment. The whole of the Trapezius 
wbCn in action retracts the scapula. and rotates it on a sagittal axis; if the head is 
fixe<l, the upper part of the Trapezius will elevate the point of the shoulder, as in 
supporting weights; when the lower fibres are brought into action, they assist in 
depressing the bone. If the scapula is prevented from g liding on the chest, the 
middle and lower fibres of the muscle cause 1t to rotate, so that the acrom1on 1s 
raised. If the shoulders are fixed, both 'J'rapezii, acting together, will draw the 
he:id directly backward; or if only one acts, the head is drawn to the corresponding 
side. 

The Latissim'lls dm·si, when it acts upon the humerus, draws it back.ward, 
adducts, and at the same time rotates it inward. It is the muscle which is 
principally employed in giving a downward blow, as in felling a tree or in sabre 
practice. If the arm is fixed. the muscle may act in various ways upon the trunk; 
thus, it mav raise the lower l'ibs and assist in forcible inspiration; or, if both arms 
arc fixed, the two muscles ma,,~ assist the Abdominal and great Pectoral muscle~ in 
suspending and drawing the whole trunk forward, as in climbing or walking on 
crutches. 

'l1hc Levator anguli sf'apulre raises the superior angle of the scapula, a~si~ting 
the 'frapezius in bearing weights or in shrugging the ~boulders. If the ~boulder 
be fixed, the Leva.tor anguli scapulre inclines the neck to the corresponding side 
and rotatC's it in the same direction. 'l'hc Rhomboid muscles carry the inferior 
angle backward and upward. thus producing a ~l i ght rotation of the scapula upon 
the ~Hle of the chest, the Hhomboideus major acting especially on the lower angle 
of the scapu1a through the ten di nous arch by which it is inserted. 'J1be Hhomboid 
mu~clcR, acting together with the middle and inferior fibl'CS of the Trapezius, will 
draw the scapula directly backward toward the spine. 

Third Layer. 
E.~!Tatus posticus superior. Serra.tus posticus inferior. 

S 1 . { Splenius capitis. 
P emus Splenius colli. 

Dissection.-'l'o bring into view the third layer of muscles, rerno\'e the whole of the second, 
top-ether with the Latis:simus dorsi, by cutting through the J .. crntor anguli scapuhc and H.hom-

s~:~i 1i:~1~1~~1~i~1J1:11~~'l i~,~~[i~:i1in~is1o~e!:~ii~~f f~·~~~11it~11~~,;~;~!: ~~l(lt~·)o~~.~~d~~fi·t~ 1~~1J~:!~:~1i~; 
the two halves of the muscle. 

~I.1hc Serratus posticus superior is a thin, flat, quadrilateral muscle situated at 
the upper and back part of the thorax. I t arises by a thin and broad aponeurosis 
from the ligamentum nuchm, and from the spinous processes of the last cervical 
and two or three upper dorsal vertebn:e and from the supraspinous ligament. 
Inclining downward an<l outward, it becomes muscular, and is inserted, by four 
flesh,Y digitations into the upper borders of the second, third, fourth, and fifth ribs, 
a. littl e beyond their angles. 

Relations.-By its supe1:ficial swfa('e, with the 1_1rapezi us , Rhomboidei, and 
Lerntor anguli scapulre; by its deep sw:f'ace, with the Splenius and the vertebral 
aponeurosis, which separates it from the prolongations of the Erector spin~, 
and with the Intercostal muscles and ribs. 

'l'he Serratus posticus inferior is situated a.t the junction of the dorsal and lumbar 
regions; it is of an irregula.r1y quadrilateral form, broader than the preceding, 
and separated from it by a considerable interval. I t arises b\' a thin aponeurosis 
from the spinous processes of the last two dorsal and two or· three upper lumbar 
vertebrre, an~ from the supraspinous ligaments. Paf.;sing obli c1uely upward 
~nd outw.ar<l, it becomes fleshy, and divides into four Hat digitations. which are 
msertcd 111!0 the lower borders of the four lower ribs, a little beyond their angles. 
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The thi~1 ~poncnros!.s of origin hi i?timatcly blended with the tendon of origin of 

the L:.Lt1:-<~1mus llors1 muscle and with the lumbar fascia (71ostrriot layer). 
Relations.-B,,~ it~ 15u,pe1:fi"illl sm:f~m:, with the Lati~simus clorsi, with the 

:tponcuro~is of which its ow.n apo!leurotic origin is in:-C'parably blended: by its 

~leep r11~1'}are, th.e Erector spmm, ribs, an1l Intcrcostal muscles. Its upper margin 
1s cont111uous with the vertebral aponcnroBis. 

The 1-..-edebral apow•uro.~i~ is a thin, fibrous lamina extending along the whole 

length of the back part of the thoracic region, scning to bind down the long 

ex:tcn,;;or muscles of the back which support the spine and head, and separate 

t~em from t~1ose. muscles which connect the spine to the upper extremity. It con

s1s~., o~ long1tmlm~1l an(l tra1~S\'Cr.se fibres b1e!1ded together, forming a thin lamella, 

which 18 attache<l m the median line to the spmous processes oftbc dorsal vertebrm; 

extcrrntlly, to the angles of the ribs: and below, to thC' aponeurosis of the Sena.tus 

rt~~ic~~nit~~~:~~~ :a~l(~:~~.dftn ;.~~:~~g~ne~:~~~e I1~ti~!~~·~:u~01;~~;;·~~~ bs:\~e~if~l~:·h~~~ 
blends with the deep fasci» of the neck. 

The Lumbar fasr•ia (Figs. 287 and 295) occupies the interval between the la~t 

rib and crest of the ilium. It is attached internally to the spinous process of the 

lumbar an<l sacral vcrtebrre; above, to the last rib and to the cartilage of the 

eleventh rib; below, to the posterior third of the crest of' the ilium. The posterior 

laye_r of this fascia blends with, and is practically the same thing as, the aponeu

rosis of the Latissimus tlorsi an<l Serratus posticus inferior. It gi,'es attachment 

to the Internal oblilJue muscle of the abdomen. The anterior or deep surface 

gi,•es off two layers: one lies between the Erector spintu and Quadratus lumborum, 

and is attached to the tips of the transverse processes of the lumbar vertebrre 

(posterior aponeurosis of the Transversal is muscle); the other lies on the anterior 

or internal surface of the Quadratus lumborurn , and is attached to the front part 

of the same transverse processes (transi1ersalisfascia). The upper portion of this 

layer, which extends from the transverse process of the first lumbar vertebra to 

the apex and lower border of the last rib, constitutes the ligamcntum arcuatum 

extern um. Therefore these three layers of the lumbar fascia form two spaces : 

between the posterior and middle layer is situated the Erector spinre and the 

Multifidus spinre; between the middle »nd anterior layers is situated the Quad

ratus lualborum. 

Now detach the Serratus posticus superior from ita origin, and tum it outward, when the 
Splenius muscle will be brought into view. 

'l'be Splenius is situated at tbe back of the neck and upper part of the dorsal 

region. At its origin it is a. s!ngle_ muscle, narr?w, and _pointed in form; ?ut it 

soon becomes broader, and d1v1des mto two portions, which have separate inser

tions. It arises, by tendinous fibres, from. the lower half ~f the ligamentum nucbre, 

from the spinous processes of the last cerncal an~ oft~~ six upper dorsal ,·ertebrre, 

and from the supraspinous ligament. From this ongm the flesh)· fibres procee.d 

obli411ely upward and outward, formi~g a b1:o~d flat muscl_e, wh1c~ d1v1des as it 

ascends into two portions, the Splemus cap1t1s ~nd Splemus colh. 

'l'he Splenius capitis is inserted into the mastoid process of the temp.oral bone, 

an<l into the rough surface on the occipital bone just benc»th the supel'lor cun·ed 

line. 
The Splenius colli is inserted, by tendinous fasciculi, int? the posterior tubercles 

o.f the transrerse processes of the two or three upper cen:1cal ~·ertebrre. . 

'l'he Splenius is sep»rated from its fellow of the opposite side by a tl'langular 

interval. in which is seen the Complexus. . . . . 

Relations .-By its supei:/icial S<trface, with the Trapez1~1s, from ''~h1ch it ~s 
separated below by the Rhomboi<lei and the Serr»tus post1cus supf 10r. It is 

covered at its insertion by the Sterno-masto1d, an<l at the lower and Oack part of 

the neck by the Lernt01: anguli scapuhe: by its deep sm:face, with the ~pinalis 

dorsi, LoniiHsimus Uorsi, Semispinali~ colli 1 Complexus, Trachel\l-masto1d, and 

r_rransvcrsalis colli . 
2'i 



Nerves.-'L1he Rplcniu~ 1s supplied from the cxtrrnal branchr~ of the posterior 
diYisions of the cenical ne1Tes; the ::-;crratns poslicus superior is i-rnpplic<l by the 
extenwl lmrnchrs of the posterior didsions of' the upper clor:-;al nerves i the t\crra,tuJoJ 
po~ticu~ inferior by the external branches of the posterior diYisinns of the lowrr 
1lor~a1 llCITCS. 

Actions.-The Serra.ti are respiratory muscles. The Rerratus posticus supe
rior clrra.tes the ribs; it is therefore an inspiratory muscle; while the ~crratus 
inferior draws the lower ribs downwanl an<l backward, and thus elongates the 
thorax. It ahw fixes the lower ribs, thus aiding the <lownwa.rcl action of the 
diaphragm and resisting the tendency which it has to draw the lower ribs upward 
and forward. It must therefore be regarded as a muscle of inspiration. 'l'his muscle 
i:s also probabl.Y <t tensor of the vertebral aponeurosis. Th e 8plenii muscles of ~be 
two sides, acting together, draw the head directly backward, assisting the 'rrapcz1us 
and Uomplexu:s; acting separately, they draw the head t.o one or the other side, and 
slightly rotate it, turning the face to the same side. 'l1 hcy also assist in supporting 
the head in the erect position. 

Fourth Layer. 
Sacral and Lumbar R egions. 

Erector spinre. 
Dotsal R egion. 

Ilio-costalis. 
Musculus acce~sorius ad ilio·costalem. 
Longis~imus dorsi. 
Spinalis dorsi . 

Cen1ical R egion. 
Ccnricalis ascendens. 
'l'rans\·ersalis colli. 
11rachelo-mastoid . 
Complex us. 
Ili\·entcr Cel"\'icis. 
Spinulis colli. 

Dissection.- 1'0 expose the muscles of the fourth layer, remove cmircly the Serra.ti and the 
\·crtebr:1l and lumbar f:lScire. Then detach the Splcnlus by separating its attachment to the 
spinous processes and rcfiectiug it outward. 

'l1ho Erector spinre (Fig. 288) and its prolongations in the dorsal and cervical 
regions fill up the vertebral groove on each side of the spine. It is covered in 
the lumbar region by the lumbar fascia; in the dorsal region, by the Serrati 
mu~clcs ancl the Ycnebral aponeurosis; and in the cervical region, by a layer of 
ccnical fascia continued beneath the 'J'ra.pezius and the Splcnius. 'l1his large 
rnu~cular and tendinous mass niries in size and structu re at different parts of the 
spine. In the sacral region the Erector spin<U is narrow and pointed, and its origin 
chiefl.v tendinous in structure. In the lumbar region the muscle becomes enlarged, 
anrl forms a large fleshy mass. In the dorsal region it subdi\·ides into two parts, 
which gradually diminish in size as they ascend to be inscrtC'd into the \·ertcbrre 
an<l rib~. In the cen•ical region it is gradually lost, where a. number of small muscles 
arc continued upward to the head to support it upon the spine. 

The Erector spinm arises from the sacro-ilia.c groo\·e, ancl from the anterior 
surface of a Yerv broad and thick tendon, which is attached, internallv, to the 
spines of the saCrum, to the spinous processes of the lumbar vertebrrc.~ and the 
supraRpinous ligament; externa lly, to the back part of the inner lip of the crest of 
the ilium, anti to the series of eminences on the posterior part of the ~acrum, 
which represents the transYe1·sc proccs~es, where it blrncls with the great :;iacro
sciatic ligament. Tbc muscular fibres form a single large fl c~h y nrnss, bounded in 
front by the transrnrse processes of the lumba.r rcrtchnc and by the mitl<llc lame Ila 
of the lumbar fascia. Opposite the last rib it divides into two parts, the llio
co~talis and the Longissimus dorsi. 

The Ilio-costalis (/')'m•ro-lwnhrtliR), the extcrn~ll and Rmcdlcr · portion of the 
Erector l'pinm, is inserted, generally, by six or sc\·en flatt<.'necl tendons into t11e 
angle~ of the six or se\·cn lower ribs. The number of the tcmlon:.1 of this mu~rle 
i:-;, howe\·er. \'Cry \'<Lriahle. an<l therefore the number of ribs into "hich it is 
inscrtr1l. l~rcqi1cntly ic is found to po:-.~es~ nine or ten tcn1lon~ , and sometimes as 
many tenilons a-; there arc ribs, an<l is then in~crtcJ into the angles of all the rihs. 
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Ocl'ipita.l lio11e 

FIG. :.!SS.-:'.1u.,clc!i uf th!.! liitck. Dcq• l:iy .. ~ 

If this muscle is reflected outward, it will be seen to be reinforced bv a. series of 
muscular :slips which arise from the angle:-> of the rib~; by me:.rn~ of these the llio-
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cos:talis i:"i cnntinur1l upward to the upper ribs a!Hl ('Cnie.:.tl portion of the :;pine. 
The a<.'<.'C!-'snry portion~ form two additional mu~clc~, the :\lu:-culus acce~:sorius and 
the Cl'nicalis thc<.•1Hlc11s 

The Musculus accessorius ad ilio-costalem ari~t·s. hy .!'eparatc flattened tendons, 
from the au~lcs of tbe six lower ribg; thc~c becnmc rnu$Ctilar, ancl are finally 
in~ertc1l. hy ~cparatc renclonfl, into the angle;:;. of the ~ix upper rihs. 

The Cervicalis ascendens1 is the continuation of 1hc .\cc<.·~:-.:oriug upward into 
the neek; it i~ ~ituatcd on the inner side of the tendons of the Acccsgoriu~. arising 
from the anµ:lcs of' the four or fiyc upper ribs, and is inserted by a ~cries of t;lendcr 
tendons into the posterior tubercles of the trans\·erse processes of the fourth. fifth, 
&.n<l sixth cervical \·ertebrm. 

The Longissimus dorsi is the inner and larger portion of the Erector spinrc. 
Jn the lumhar region,\\ here it is as yet blended with the llio-costali!'l, some of the 
fibres arc attached to the whole length of the posterior surface of the transverse 
proce:-se:; of the lumbar Yertebn-e, to the tubercles a.t t~c back of the articular 
procc~~es, and to the middle layer of the lumbar fascia.. Jn the dorsal l'egion the 
Longi:-;~·dmu:- dorsi is in:-cned 1 b,r long thin tendons, into the tips of the transrerse 
procc:-!'lcs of all the dorsal rnrtebrre, anti into from seven to eleven of the lower 
ribs hctwecn their tubercles and angles. This muscle is continued upward, to the 
cranium and cenical portion of the spine by means of two atlditional muscles, the 
'l'rans\'er~alis colli an1l 'l'rachelo-mastoid. 

The Tra.nsversalis colli (or cervicis), placed on the inner side of the Longis
simus dorsi, arises b,r long 1bin tendons frtnn the summits of the trans\'erse pro
cesses of the six upper dorsal \·ertebne, and is inserted by similar tendons into 
the po~terior tubercles of the trans,·erse processes of the ccnical \·ertebrre from 
the secon1l to the sixth. 

The Trachelo-mastoid lies on the inner side of the preceding, between it and the 
Complexus muscle. It arises, by four tendons, from the transverse processes of 
the Lhirfl, fourth, fiflb, and sixth dorsal ,·ertebrre, an<l by additional separate 
tendons from the articular processes of the three or four lower cervical. The fibres 
form a small muscle, which ascends to be inserted into the posterior margin of 
the mastoid process, beneath the Splenius a.nd Sterno-mastoid muscles. 'fhis 
small muscle is almost always crossed by a tendinous intersection near its insertion 
into the mastoid process.2 

Rela.tions.-The Erector spinre and its prolongations arc bound down to the 
\'ertebrtc and ribs in the lumbar and dorsal regions by the lumbar fascia and the 
vertebral aponcurosis. 'J'he inner part of these muscles covers the muscles of the 
fifth la.yer. In the neck they are in relation, by their superficial sm:face, with the 
Trapezius and Splenius; by their deep surface, with the Semispinalis dorsi et colli 
and the Recti and Obliqui. 

'rhe Spinalis dorsi connects the spinous processes of the upper lumbar and the 
dorsal \'ertebrre together b~- a series of muscular and ten<linous slips which are 
intimately blended with the Longissimus dorsi . It is situated at the inner side of 
the Longissimus dorsi, arising, by three or four tendons, from the spinous pro
cesses of the first two lumbar and the last two dorsal ,·ertebrre: these, uniting, 
form a small muscle, which is inserted, by separate tendons, into the spinous pro
cesses of the dorsal vertebrre, the number varying from four to eight. It is 
intimatel.v united with the Semispinalis dorsi, which lies beneath it. 

The Spinalis colli is a, small muscle, connecting together the spinous processes 
of the .cervical. vertebnt;, ~n<l ~nalog0t~s t.o the Spinalis dorsi in the dorsal region . 
It rnncs considerably m its size and 111 its extent of attachment to the vertebrre, 
not onh- in different bodies, but on the two si1les of the same body . It usually 
arises h~· fleshy or tendinouSi slips, nnying from two to four in nuinbcr, from th'e 
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spinous procegscs of the fifth. sixth. an1l se\·cnth cer\'ical rcrtehr!:e, and occasionallv 
from the first and second dor"al, an<l is inscrtc(l into the spinous µroce:;s of th'e 
axis, and occasionally into the spinous procc~scs of the two ,·ertebrm below ir. 
This mm.;clc wai::. found ab,.cnt in fi\'e cases out of twc11tv-four. 

The Complexus i~ a broad thick muscle. "ituated at thC upper and back part of 
the neck, beneath the Splcnius, and internal to the Trans\·cr~alis colli and Trachelo
mastoid. It ari~es, by a series of tendons, about sC\'cn in number, f1om the tips 
of the transverse processes of the upper three dorsal arnl SC\'Cnth cc1Tical vertebrm, 
and from the articular processes of the three cervical aboYc this. 'l1hc tendons, 
uniring, form a broad muscle, which passes obliquely upward an<l inward, and 
is inserted into the innermost depression between tbe two cul'\'cd lines of the 
occipital bone. This muscle, about its mi<ldle, is tra\'ersed by a transverse tendi
nous intersection . 

'l1he Biventer cervicis is a small fasciculus, situated on the inner f:.ide of the 
preceding, and in the majority of cases blended with it: it has received its name 

~e0s~ri~:~i~~ aas:~~:-~,0t1~ ~~:~:~~~:n.~~i~i:;,t~~ef~·o:,~"~oc~~:~o~~·111i:1~~lin~~!s s~~~~t}~~~ 
the trans,·erse processes of as many of the upper dorsal vcrtebr;.-e, and inserted, 
on the inner side of the Com plexus, into the superior CUl'\"cd line of the occipital 
bone. 

Relations.-The Complexus is co,·ered by the Splenius and the Trapezius. It 
li es on the Rectus capitis posticus major and minor, the Obliquus capitis superior 
and inferior. and on the Semispinalis colli. from which it is separated by the pro
funda cen-icis artery, the princeps cenicis artery, and branches of the posterior 
cervical plexus of nen·es. The Bi,·enter cenicis is separated from its fellow of 
the opposite side by the li gamentum nucba>. 

Nerves.-'l'h e Erector spin,e an<l its subdivisions in the dorsal region are 
supplied by the external branches of the posterior divisions of the lumbar an<l 
dorsal ncnes, while its subdi,,is ions in the cervical region 1 the Trans\'ersalis colli 
and 'l1rachelo-mastoicl, are suppli ed by the external branches of the posterior 
didsions of the cerv ical nerves; the Complexus, by the internal branches of the 
posterior divisions of the cervical nenes, the suboccipital and great occipital. 
The Spinalis co1li is supplied by the internal branches of the posterior di\·isions 
of the cervical nen'es; and the Spinalis dol'si. by the internal branches of lhc pos
terior di,·isions of the dorsal nenes. 

Fifth Layer. 
Semispinalis dorsi. Extensvr coccygis. 
Semispinalis colli. Intcrtrans,·ersalcs. 
i\Iultifidus 51pinre. Hectus capitis posticus major. 
Rotatores spin;;-e. Hectus capitis posticu~ minor. 
Supra5pinales. Obliquus capitis superior. 
lnterspinales. Obliquus capitis inferior. 

Com~~:~~~i~~·~re~t~~~"~h~hH~i~~~fi!e!1~cf t;~.fi~~f1~~~~~~~~~{fr~~1c1S;~;\'.~~~t~~~1~1~~;:~'~~~~i~:~ ~:~~ 
}~rector ~pinre at its connection below to the sacral and lumlmr spmes, an<l turn it outward 
1'he mu~les filling up th" intcn•al between the spinous and transverse processes arc then 
exposed. 

The Semispinalis dorsi (Fig. 288) consi~ts of thin, narl'ow, flc~hy fosciculi 
interposed between tendons of considerable length. It arises by a series of small 
tendons from the transYerse processelS of the lower dorsal vertebrre, from the 
tenth or rJc,·cnth to the fifth or sixth~ an1l i~ insl'rtrd. by fhe or six tendons, 
into the spinou~ procc~se~ of. the upper four dor~a_I arnl l~>wcr two ce~·vica} vert~bn:e . 

'l1he Semispinalis colli, tl.11ckcr than the 1n·eC'cd1ng:, ansrs hy a ::-cries of tendmous 
and f:lcslH fibres from the trnns,·erse procc~scs of the upper four dorsal ,·ertebrre 
and frc1nl the articular proceslSe:s of the lower four crnical rrrtchr~-e; and is 
inscrte'l into the :-opiuous proce:-:ses of four ccrril'al ,·crtehra.\ from the axis to the 
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fifth cerdral. The fo~ciculus connected with the axi8 is the largest, an<l chiefl y 
muscular in strncture. 

Rela.tions.-By their xllJ>Crjicial sw/ace, from below upward, \\ ith the 8pinalis 
dor~i. Longis.!'imus dorsi, ~plenius, Complcxns, the profuncla. cc1Ticis artery. the 
princeps ccnicis artery, and the internal branches of the posterior divisions of 
the finu, second, and third cervical ncn•cs; by their deep surjaCf', wi1h the Mul
tifi<lns spi n~c . 

The Multifidus spin::e consists of a number of fle:-hv and ternlinous fosciculi 
"bich fill up the groove on either side of the spinous jwocc!3~cs of the ,·ertebrre, 
from the sacrum to the a.xis . In the i;;.a.cral region these fosciculi a.rise from the 
back of the sacrum, as low as the fourth ~acral foramen, and from the aponeurosis 
of origin of the Erector spin;c; in the iliac region, from the inner su rface of the 
poste rior superior spine of the ilium and posterior sacro-i liac ligaments; in the lum
bar regions, from the articula.r processes; in the dorsal region, from the trans
verse procel'ses; and in the cervi cal region , from the articular proces~es. Each 
fa~cicu\us, pa:-sing obiiltUeJy upward and in\\ard, is inserted into the Ja.mina and 
whnle len~th of the spinous process of one of the ''e rtebn-e abo,·e. These fasciculi 
vary in length: the most superficial, the longest. pass from one ,·ertebra to the 
thiril or fourth above ; those next in order pass from one vertebra to the secon<l 01· 

third abo\'C: whilst the deepest connect two contiguous ' 'e rtebrm. 
Relations.-By its supe1:fitial sw:face, with the Longi~f;imus dorsi, Rpinalis 

dorsi, ~emispinalis dorsi, and Semi~pinalis colli; by its deeJ> sw:face, with the 
laminm and ~pinous processes of the ,·ertebrre, and with the Rotatores spinre in 
the dor~al region. 

'11he Rotatores spin::e are found only in the dorsal region (1f the spine. beneath 
the ~fnltifillus spinm; thc.v are cleYen in number on eath s ide. En.th muscle 
is small and gomewha.t quadrilateral in form; it arises from the upper and back 
pa.rt of the tr::mfn·erse 1wocei:-s, and is inserted into the lower border and outer 
surface of the lami na of the vertebra above, the fibres extendi ng as far inward as 
the root of the spinou · process. The first is found between the first and second 
dorsal; the last, between the eleventh and twelfth. Sometimes the nurnbcr of 
these mu8clcs is diminished by the absence of one 01· more from the upper or lower 
end. 

The Supraspinales consist of :t series of Hesby bands which li e on the spinous 
proce~scs in th e conical region of the spine. 

The Interspinales arn short muscular fasciculi , placed in pairs between the 
spinous processes of the contiguous Yertebnc, one on each side of the interspinous 
ligament. In the cerviral re9ion they arc most distinct, nnd con~ist of six pairs, 
the first being !;ituated between the axis and third ,·ertebrn, and the last between 
the lt1st ccl'\'ical and the first dorsal. 'fbC\· are small narrow bundles, attached, 
aho"e an1l below, to the a.pices of the spi11ous processe:s. In the dorsal 1·egion 
th ev are fonn<l between the first and second Yertebrro, and occasiona ll y between 
the. second and third; and below, between the ele,·enth and twelfth'. In the 
lumbrtr region there arc four pairs of these muscles in the intenals between the 
fire lumbar vertebrm. There is also occasionally one in the interspinous space. 
between the last tlorMI and first lumbar, and between the fifth lumbar and the 
sacrum. 

'l'be Extensor coccygis is a slender muscular fasciculus1 occasionally present, 
which extends O\'e r the lower part of the posterior su rface of the sacrum and 
coccyx. It a.rises by tendinous fibres from the last bone of the :-acrum 01· first 
pi ece of the coccyx, and pa~ses downward to be inserted into the lower part of 
the coccyx. It is a rudiment of the Extensol' muscle of the caudal ,·ertebrro 
which c.~il:lt::-1 in isomc animals. 

The Intertransversales are small muscles placed between the transverse pro
ce~se~ of the ,·ertebn-e. In the f'ern'crtl 1'PlJinn they arc mos,t <levelopud, con~isting 
of roun1leil muscular and tendinous fa~ciculi, "hi eh are placed in pairs, pa!;~ing 
bC'tween the t" o anterior and the two posterior tubercles of the trans,·en;e processe:; 
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of two contiguous vertebr~-u. separated from one another by the anterior division of 

:~: s~~·:;:c;~i::·~f.etl;:~~c~'~''.~~~e~~ :t: ~::~~ 1;a:~o~~f,~~ ~~~:.~en 1cli~b!~1~:g~~n<l 1,~:i1~~ 
and the last pair bC'twccn the seventh cervical and first dorsal ''c rtcbrro. In the 
dorsal. r1'.f1io1~ the,,~ a.re lea:st de,·eloped 1 con!-iisting chiefly of rounded tendinous 
conls in the 111tcrtrans,·ersc spaces of the upper dorsal Yertebr~e; but between the 
tram,·er~c processes of the lower three dorsal ,·crtcbra::, and between the transverse 
JWOCCS$CS of the last dor:.:al and the first lumbar, they are muscular in structure. 
In the lumbar region they are four in number, and Consist of a single muscular 
layer," hich occupies the entire interspacc between the transverse processes of the 
lower lumbar ,·ertebrc:e, whilst those between the trans,·ersc processes of the upper 
lumba.r are not :lttachcd to mol'e thn.n half the breadth of the protc~s. 

11be Rectus capitis posticus major arises bv a pointed ten<li nom; origin from the 
sp inous process of the axis, and, becoming broader as it asecndr-;, is inserted into 
the inferior curYed line of the occipital bone and the surface of bone immedia.telv 
below it. As the muscles of the two sides pa~s upward and outward, they lea,;e 
between them a niangula.r space, in which arc seen the Hecti capitis postici 
minnrcs mustle.:.;. 

Relations.-By its .11.11p1•1:ffrial swfa('e, with the Complexu~, and, a.t its inser
tion, with the :::-;upcrior obli<tuc; by its deep swface, with part of the Hectus capitis 
posticus minor, the- posterior arch of the a.tlar-;, the posterior occipito-a.tlantal liga
ment, and part of the occip ital bone. 

'fhe Rectus capitis posticus minor, the Rmallest of the four muscles in this 
re~ion, is of a triangular ~hapc; it arises by a narrow pointed tendon from the 
tubercle on the posterior :tl'Ch of the atlas. and, becoming broader as it ascends. is 
inserte(l into the rough surface beneath the inferior cuned line. nearly as far as 
the foramen magnum, nearer to the middle line than the preceding. 

Relations.-By its superfi.cial swj'ace, with the Complexus and the Hectus 
cap itis posticus major; by its deep surface, with the posterior occipito-atlantal 

ligament. 
The Obliquus capitis inferior, the larger of the two Oblique mu8cles. arises 

from the apex of the spinous process of the axis. and pas~e!o; almost l1 orizontally 
outward, to be inserted into the lower and back pa.rt of the tranS\'e r:.:e process of 
the at]a;. 

Relations.-By its s1qm:fieial sw;faee, with the Complexus and with the pos
terinr di\·i~ion of the second cervical nerrn, which crosses it: by its deep Slu"faee, 
with the rnrtebrn.l arten· and posterior atlanto-axial ligament. 

The Obliquus capitis Superior, narrow below, wide and expanded above, arises 
bv tendinous fibres from the npper sud3ce of the transverf.ie process or the atlas, 
jOining with the insertion of the preceding, and, passing obliquely. upward and 
in\\ard, i~ ins.erted into the occipital bone, between the two cnn-cd lmes. external 

to the Complexus. 
Relations.-Bv its rrnpt•1:firial s1uface, with the Complexusand Trachclo-mastoid. 

By its deep swfate, with the posterior occipito-atlant~1 ligament. 
The Suboccipital Triangle.-Betwecn the two oblique muscle!-; and the Rectus 

capitis posticus major a triangular interrnl exists. the suboccip~t~tl triro!gle. 1:'his 
triangle is bounded, above and .internall.~,. by the. Rectus cnp1t1s post1cus major; 
above and external ly, by the Obltquus cap1t1s supenor; below and extern.ally, l~_y the 
Obliquus capitis inferior. It is CO\'ered in by a layer of dense fibro-falt,r tissue, 
situated beneath the Complexus muscle. The floor is formed by th? posterior 
occipito-atlantal ligament, the posterior arth of the a~ l as. an~l the postcnor atlanto
axial li"amcnt. lt contain~ the vertebral artcn, as 1t rnns 111 a deep grooYc on the 
upper s~uface of the posterior arch of the atlaS, and the posterior division of the 

suboccipital nerve. . . 
Nerves.-The Remispinalis clorsi ancl Rotatores sprnro are sup1~he<l by the 

internal branches of the pogterior di\'i~ions of the dorsal nen·es ; the :-;emispinalis 
coll i, by the internal branches of the 1.1;:-;t('l ior diYisions of the cerrica l ner\'es; the 
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Rupraspinales and Inten-;pinalcs arc R11pplic1l by the intl'rnal hranchc~ oft he poRterior 
fli\·i~ions of thC' rl'nieal. 1lorsal, and lumbar nt•nes in thC' n•s1wctin• l'l',i?ions; tlH: 
Intcrtrans,·rrsale:-;, b\· the internal brarn:hrs of the po1'tcrior 1li,·isions of thl' tcnieal, 
dorsal , aml lumhar 1ien·es : the ).luhifidns spin~\!, hy the :-amc. "ith the n1ltlition 
of tlw internal hranthcs of the po~terior dil"isions of the l'aC'ral ncncs. The Hecti 
arnl Ohliqui mn~cl6 arc all supplic1l by the SLLboccipital nenc; the Inferior oblique 
i-; also "llPJllic1l hy the great occipital ncrn~·. 

Actions.-Whcn both the Spinalcs dorgi contract, they extcrnl the dor:-ial 
re~inn of the spine; when only vnc mu!'<:lc contmcts, it helps to bend the dnr~al 
portion o_f the spine to one side. The Erector spin:-c, comprising the Ilio-cost;_dis 

~~1<~1 ~1!~~ t~i1~nf/1~~ ~;~~:: c <~~:·s:h :i ~~e~l~el~~:t~~~::o~·;· ~1I~::~:1~\:~~ i~~eG~~~:I i ~ ~1 ~1 ~~::~1i~11 /;111~e~~ 
w:nd when it is required to counterbalance the influence of any weight at the 
front of the body, as, for instance. when a. hea.\'y weight is f·mspended from the 
neck. 01· when there is a.ny great ab<lomiual disten~ion, as in pregnancy or dropsy; 
the peculiar gait undc1· such circumstances depends upon the $pine being drawn 
backward by the counterbalancing action of the Erector spinm muscles. The 
muscles which form the continuation of the Erector spin<'C upward steady the 
heacl and neck, and fix them in the upright po~ition. If the Ilio-costalis and 
Longi:-;simus rlorsi of one side a.ct, the.v sene to draw (lown the chest and spine to 
the corresponding side. The Ccnicales a~cendcns, taking their fixl'cl points from 
the cervical ,·ertebr<"C, clerntc th1se ribs to which they are attached: taking their fixed 
points from the ribs, both muscles help to extend the neck: while one muscle 
bends the neck to its own side. The Trans,·cr.salis co11i, when both muscles act, 
takin~ their fixed point from below, bend the neck backward. 'J1he Trachelo
mastoi<l, when botl1 mu~cles act, taking their fixed point from below, bend the head 
backward; "hilc, if onlv one muscle acts, the face is turned to the Ride on which 
the muscle is acling. a1{d then the head is bent to the shoulder. The two Hceti 
muscles draw the head backward. 'J'he Rectus capitis posticus major, owing to 
its obliquity. rotates the cra.nium, with tbe atlas, round the odontoid process, 
turning the face to the same side. The :MultiH<lus spin;-e acts successi,·el_\· upon the 
different parts of the spine; thus, the sacrum furniJ-;hCJ-; a fixed point from which 
the fasciculi of this muscle act upon the lumbar region; these then become the 
fixed point~ fol' the fasciculi moYing the dorsal region, and so on throughout the 
entire length of the spine; it is by the succe$:;.iYe contraction an<l relaxa.tion of 
the ~cpara.te fasc:iculi of this and other muscles that the spine prcsencs the erect 
posture without the fatigue that wonl<l neccs~aril.\· h1ne been pro<lucc<l had this 
position been maintained by the a.ction of a single muscle. The ~Iultifitlus spinre, 
besides prc;.;cning the erect position of the spine. ~cnes to l'otate it. so that the 
front of the trunk is rnrnecl to the side opposite to that from which the mu~cle 
acrs. this mu!-icle being a~sisted in its action by the Ohliquus externus abdominis. 
The Complexi draw the head directly backward: if one muscle acts, it draws 
the head to one side. and rotates it so that the face is turned to the opposite 
side. The Superior oblic1ue draws the head backward, :iml, from the obliquity 
in the direction of its fibres, will slightly rotate the cranium, turning the face to 
the opposite i-;i1le. The OL!iquus capitis inferior rota.tes the atlas, and with it the 
cranium. round the oilontoi(l process, turning the face to the ~ame side. The 
8cmispinales, when the muscles of the two sides act together, help to extend the 
spine; when die muscles of one side onl.Y a.ct, the_,. rotate the (lonml and ccl'\'ical 
parts of' the spine. turning the body to the opposite side. 'l'he Supraspinalcs and 
Inter~pinales by approximating the spinous JH"Oces8cs help to extend the spine. 
'fhc lntertran~:n·crsales approximate the tran~\·er:-;c processes, an<I help to bend the 
~pine to one side. The Hota.tores ~pinre a:-;:-;j.,t the ::\[ldtifillus ~pimc to rotate the 
spin(', so that the front of the trnnk iR turned to the ~ide opposite to that from 
\\hith the 11111;.;clc act:-;. 

Surface Forms.-The surface fiffm,.; produteil hyth<' 11111:-.:dcs oftlH' Latk are numerous and 
diffitult to a11al)'ZC unk"s they are eou--iderc1l in "Y:-kmatil' onlcr. The mo:--t superficial layer, 
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consisting of lame strata of mu!'lcular substanre, influences to rt certain extent the surface form 

a1~<l at the same ~imc rc,·eahs the forms of the la.~·l•rs beneath. 'l'h ~ 1htpr-iu.-; at th~ upper par~ 

of the ba,C'k, a11' l m the neck, Co\·ersyvcr and ):;O ft en~ down lhe outlrne of the unclcrlymg U1u5(.'Jcs. 

~ 1 ;Ji~·~~:.::~~!~\~;;:,~~ ~~<l
1~~ ~~l~i1~l11°~,~~~~~ ~~~.1~~,~~r:.I ol~~ll~lc t?~~~~~;:tf i-~:~~~ 111!!~ ~~~ !!~t1~':~iie f ~1!~ri~111r~ 

~~i~i11~ 1~!·11 !J~~ ~!~.~I ~~.~~1!!ll~L! %~h.Jl~~k''~~!clhc ~ll~~~ 
1i~1 ~~j~~~11.~,~ ~~t~ese1~,~·~~da:~-'~n~I 1:i~;~r~Li~~l~ 

~~i~~~~.~:::!r;~;!~!::1~:~:1~~~~;~l.'.?~:::~~~!~i·~~e 'i~~~:.l~;\;i~ts~~,r.:~;~~;c;.,~ ~;\:;~~:~~11;~~;~~~:\~; 
h "Om tins pomt the mfonor bor<lcr of the mu~le HH\\' he traced as an undulatinrr rid!!e to the 

spinou:) JH'Otess of the twelfth d.arsal vertebra. ·111 "like rnanner
1 

the Lt1t1:~.~inw~ dorsi softens 

clown and modulates the umlcrlym~ f.lt rnelures at the lower part of the back and lower part of 

the ~i1le ~f't h ~ chest._ 11~ this wa~· it modulate~ d1eoutlineot theEreetorspinre; of die~erratus 

post1cus mfe,r1or, wlm:h 1s sometimes to be discerned throu)!h it, a ncl is ~ometimes entire!.\• 

~1~:~~~1l!-~~~· ~bli~~eJl~i~\ ~:s t~ocrl~::t~~s dil~a~;~s ~;;~t 8~lieeri~:·e~~~i,\1t.~~ i~~l~~~!'.o~~i~lo~·~,1:~s~lm!rf1~ 
anterior border of the muscle is the only part which gi,·cs a. disti nct surfac·e form. This bor1 ler 

may be traced, when the musc:le is in action, a:;; a rounded ed~c. start in~ from the C' l'!.)St of the 

ilium, and pas1'ing obliquely forward and upward to the posterior border of the axilla. where it 

combi nes with the Tcrcs major in formin~ a thick rounded fold 1 tl1e posterior boundary of the 

r~;!!~l~'f· 1J~~cb~(·~l~f~tl~1~ 1~~~k i~ntd1 ~1~>~~:1~a\~~-~f ~1l1~u~~~~;k~o i\fh~yl~~~:~~~;i~~;,lii~~~;J~I}! ~~~.~~!: 

~~s~:s a~t t\~~~~~~:~tce~~i~~-7ev~~·t~b~~~ r~~
1 ':\~~g a ~~~1~'?~ea ~~~ p~~\~:"~~~~ .~~~v~l;ea~1d1~~~~~:f d~~~ 

hr the overl .\' in ~ 'l'rapczius. The Rhmnbf>irlf'i protlucc, when in action, a. vertical emmence 

between the internal bonier of the S<'apuh and the spinal furrow, rnrying in intensity accordin!! 

to the condition of contraction or relaxation of the 'l 1-:1J)Czius musde, by wl1ich they are for the 

mo:-;t part ~o\·ered . The lowermost part of the Rhomboi<leus major is unco\·ered by the Trapezius, 

and forms on the surfaee an oblique rid,!?e runnin~ upward and inward from the inferior uni.de 

of the scapula. Of the muscles of the third Ja ,·er of the back, the Srrratw; posticu.~ superior 

~~~1~:0~11~~· ~s1~~l\~1i;:te~c;e:~1·: a~0~J~·\·a;f~;1e t!.~;·~~
1l~u~Jfe0f~~i~si;;;-~~-~~:Sthe,j~h~1 S1~f?.,•:t 

hy their lli\•ergenee scn •e to broaden out the upt)er part of' the Lack of the ne<'k and produce a 

local fulness in 1his situation, but clo not otherwise influence surface form. Beneath all the)'C 

muscles tho~e of the fourth hwer-t he Erector spin fr> and its cont inua1ions-influence the surface 

form in a decided manner. ln the loins, the Erettor spinre, bound down by the lumbar fascia, 

fo rms a. rounded Yertical eminence, which determines the depth of the spinal furrow, and which 

below tapers to a point on the posterior surface of' the sacrum and becomes IO$L there. In the 

Lack it forms a fbttenecl plane which gradually becomes lost. [n the neck the on ly part of this 

~roup of muscles which influences surface !Orm is the . Tmc~1rlo-ma.~toid . which produc~s n. s~1ort 

~,~;:,~~r~~}~-~!i 110f· ~J;t~~~:ri~~,~~rJ~~r~r°i1i~
1Stg;~~~~~~~~t~id~ 1~~~d ~i1~~e 1~~~~~1~1~JCb;.~'~~tl! r~~~ 

Trapezius. 

THE THORAX. 

Th e ~Iuscl es exclusivel v connected with the bones in this region arc few in 

number. They are the .. 

Intercostalcs extcmi. Infra.costalcs. 

Intercostalcs intcmi. r.rriangular is stern i. 
L evatores costarum . 

Intercostal Fascire.-A thin but firm laser of fascia. covers the outer ~urfacc of 

the External in tc rcostal a.nd the inner surface of the Intern al intercostal muscles: 

and a third laser. themicl1lle intercostal fiu;;cia, more delica.tc, is inte rposed betwern 

rhe two planeS of muscular fibres. 'I'hese are the intercostal f;~scirc: they are bc8t 

ma rked in those situa.t ion s where the mm:ictda.r fibres 11rc de fi c ient, as between th e 

External intcrcostal muF;c}es and sternum, in front, and between the In ternal 

intercostals a.nd sp in e, behind. . . 

Th e Intercostal muscles (Fig. 2flfl) are two thrn planes of muscular an_d tcn_tlinous 

fibres, placc1l one o,·cr the other, filling up the intcrcosta l spaees, and ~cmg directed 

?.I~~'! ~~1~ ~lh.~t ~'~~<~n, 1t ~1: t~:-~:·fi i ~sf1~:111th~1:c1{~~~~~li~~ i ~~~ ey 
1

1~!~;:. l:~ ,,~~·:c~ ~~~;~1 ~~~-e n~·~i~: 
trmlin ou~ fihrl':-i arc longe r and more numerous than the muscula~-: hence th~ walls 

of the intcrcn'."ta] space1i po~!-less very con:-:iderable 8trength, to wh ich the crossmg of 

the mn~cula,r fibre~ matcrial!_v contrihute-. 



rrhe External lntercostals are eleq•n in number on C'ach side. 'l'heY extend 
frnm th<' tuherelc .... of the ribs. hehind, to tlw l'Ommencemcnt of the cartilage~ of 
the ribs, in front, where they terminate in a thin membranous aponeuro~i~, "hich 
i~ continued forwanl to the sternum. Thev ariRe frnm the lower border of each 
rib, and arc inserted into the upper borde1: of the rib below. In the two 1owe5't 
i:oipates th<'r extend to the end of the cartih1geR. Their fibres are direct eel obliqucl,v 
downward and forward, in a Rim ilar direction with those of the External oblique 
mu~clc of the abdomen. Thev are thicker tba11 the Internal interco~tal~. 

Relations.-B\· their outer"' surface, with the nrn8<:lCR which immediately i1ne~t 
the chrst-\'iz. th'e Pcctoralis rnajOr and minor, ~el'ratus magnus, and H.honlboideus 
major, HcrratnR posticus superior and inferior, Scalenu8 posticus, Ilio~cost::ilis, 
Lo ng:i~s.im u s <lorsi, Cenicalis ascendens, Trnmwersalis colli, Lcnttorcs costa.rum, 
and tlic Ohliquu::.. extern us abdominis; b,v their internal sw:f'acr. with the middle 
intcrcostal fa ..:;c ia , "hi ch separates them from the interC'o:-otal n~r-:scls and nel'\'e, and 
the Internal in tercos tal muscles, and, behind , from the pleura. 

'l'he Internal intercostals a.re a lso elC\'Cll in number on each side. 'J1heY 
commence anteriorl_Y at the sternum, in the inten;paccs between the cartilages Or 
the true rib~. and from the anterior extremities of the cartilages of the false ribs. 
anrl extend backward as far as the angle~ of the ribs, ·whence they are <:ontinuccl 
to the vertebral column by a thin aponcurosis. 'rhey ari:-;e from the ridge on the 
inn er surface of each rib, as well as from the conesponding costal c-artilagc. and 
arc insertcll into the upper border of the rib below. Their fibres arc directed 
obliquely d O\\ nward and backward. passing in the opposite direction to the fibres 
of the Externa l intcrcostal muscle. 

Relations.-B,, their o:ternal surfarr, with the intercostal n·ssels arnl nen·es, 
a1Hl the middle i1ltcrcostal fascia, wl.;ich scp:.wntes them from the External inter-

~c;~it:111 ~~ll;~~~~~~ t~~·u~1{·~~1:n ~1ll1t:i~;:fir!1~:.:;~(;is,";.:1t1~:a~~~l~~i~c~~~~~n;~~~1~f°J;~~:1h~:.~~~:1~: 
The Infracostales (subcostales) consist of mu~ctila r and aponenrotic f,1scic11li, 

which \'<ll',\' in number and length : they arc placed on the inner surface of the rib!' , 
where 1he Intcmal intcrcostal muscles cease; thcv arise from the inner surface of 
one rih, an<l arc in8el'tecl into the inner surface 'of tbc first. second, or third ri b 
below. Their direc tion is n1ost usuall,r obl ique, l ike the Internal intcrcostals. 
The\' arc most fre !1uent between the Jower ribs. 

The Triangularis sterni iR a thin plane of mu~cnlar an<l tenclinous fibres, 
situated upnn the inner wall of the front of the chest. It arises from the lower 
part of the side of the sternum , from the inner sud'a.cc of the ensiform cartilage. 
and from the sternal ends of the costal car1ilages of the three or four lower true 
rib~. Its fibreR cJj,·crge upward and outward, to be in!'erted by fleshy digitation!'l 
in to the low er borclcr ancl inner surfaces of the costal cartilages of the second, 
third, fomth, and fifth ribs. The lowest fibres of this muRclc are horizontal in 
their direct ion, and arc continuous with tboi:.;c of the Trans,·cr:;;a.Jis; those whic:h 
succeed are oblique, whilst the superior fibres arc almost ,·ertical. This mus.cle 
varies rnuc:h in its attachment, not only in different bodies, but on opposite sides 
of the same bodv. 

Relati~ns .-in .front, with the ~ternum 1 ensiform carti lage, costal cartilages. 
Internal rntcrcostal muscles, and mtcrnal mammary ,·essels; b1•ldnrl, with the 
pleura1 pericardium, and anterior mediastinum. 

' l' he Levatores Cost arum (Fig. 288), twelve in number on each side, arc small 
tendinous and fl esh,· bundles, which arise from the extremities of the trans\'erse 
proces::;cs of the se~·enth cerrica l and ele\·en upper dorsal rnrtebnc, and. passing 
obliquely downward an<l outwanl arc in.;:ertc<l into the upper border of the rib 
below them, between the tuhcrdc and the an~lc. That for the first rib arises 
from the trans,·er:;;c proce:;:B of the last ccl'\'ical Yertcbrn. aJHl that for the last from 
tbe clen•nth don•al. The Inferior l erntorc~ diYiilc into two fosciculi. one of which 
iR in:-;ertccl as uhorn de:5cribe<l; the other fasciculus passes down to the second rib 
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below its origin; thus, each of the lower ribs receives fibres from the tranS\'Crse 

proccs:;;cs of two ,·ertcbn'e. 

Nerves.-The mnscJcs of this group are supplied bv the intcrcostal nerves. 

Actions.-The Intcrcosta.ls are the chief agents ill the movement of the ribs 

in ord inary respiration. When the first rib is clcrntcd and fixed by the Scaleni, the 

External intcrcostals raise the other ribs, cspcciall .v their fore part, and so increase 

the capacity of the chest from before backward~ at th(' f:amc time they cvert their 

lower borders, and so en large the thoracic Ca\·it.\' transversely. The Internal 

intercostals, at the side of the thorax, depress the ribs and i1Hcrt their lower 

borde1·s, and so diminish the thoracic cavity; but at the fore part of the chest these 

muscles a~sist the External intcrcostals in raising the cartilages.• 'l1he Lcrntores 

1 The ,·icw of the action of the Jntcrcostal muscles ~i ,·en in the text b; tlrnt which is taught by 

~~~~itl~ii]~~i~~~1[i1~~l~ 
romc to the conclusion, from experiment:. made upon a criminal executed by hanging, that the Extcr4 
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costarum a~sist the Extt•1·nal intNCO~tals in raisin~ tltl' rihs. Thr rrriangularis 

s trr~~~1~~~~,'~ s'!~~())',:~/~~.;~tf~·::~ t~,111 ~;1 il~!;~~~t\.,'.:1. ~~j,1 l~~e~~~1~~~~;~~ e~: \: ii~•;1t~11;~i~~11;~1~~~ ct ion 
of the Diaphra~m in ordinary tranquil inspir~tion :~re ti~(' lnt t•rco~tals and the 
Lcnuores eo!-ilarum, as abm·c ~lated, and the :--ltalL·n1. \\hen the need for more 
fortihle attion exist~. the shoulders and the base of the i;:capu la arc fixed. and then 
the powe1fol muscles nf forced inspiration come into pl:l.y; the c·hicf of 1hcse are 
the 'l'rapeziu~, the Pcctoralis minor, the ~crratus posticus superior and_ infori~r, 
and the Hhnmboidci. The lower fibres of the Scrratm1 rnagnuR ma.y p0Rs1bly a~s1st 
sli~.d1tly in dilating the chest by raising a~1d CYertin_g tl~e 1:ibs. 'l

1
he ~terno

ma:;;toid also
1 

when the head is fixed, assists Ill forced tnsp1rat10n by drawtng up 
tbe sternum and b~r fixing the clavicle, and thus affording a fixed point for the 
action of the muscles of the chest. ~L1be Ilio-costa li s and Quadratus lumborum 
a"ist in forced inspirMion by fixing the last rib (sec page 458). 

'J'hc ordinarv action of expiration is hardly effected by musctilar force, but 
results from a return of the walls of the thorax to a condition of rest, owing to 
their own elasticity and to that of the lungs. :Forced expiratory actions are 
performed mainly by the fiat muscles (Obliqui and 'l'ransvcrsalis) of the abdomen, 
assisted also by the Rectus. Other muscles of forced cxp1rat1on are possibly the 
Internal intcrcostals and 'l1riaugularis sterni (as above mentioned), and the Ilio
costalis. 

THE DIAPHRAGMATIC REGION. 

Diaphragm. 
'l'he Diaphragm (oal<ppayµa, a partition wall) (Fig. 290) is a thin musculo

fibrous septum, placed obliquely at the junction of the upper with the middle third 
of the trunk. and separating the thorax from the abdomen, forming the floor of the 
former ca.vity and the roof of the latter. It is elliptical, its longest diameter being 
from s ide to side, somewhat fan-shaped, the broad elliptical portion being hori
zontal, the narrow part, which represents the hand le of the fan, vertical) and 
joined at right angles to the former. It is from this circumstance that some 
anatomists describe it as consisting of two portions, the upper or great muscle of 
the Diaphragm, and the lower or lesser muscle. It arises from the whole of the 
internal cil'<:umfercncc of the thorax; being attached, in front, by fleshy fibres to 
the cn::;:.ifonn cartilage; on either s ide, to the inner surface of the cartilages and 
bony portions of the six or seven inferior ribs, intcrdigitating with the 11ransYer
salis; and behind, to two aponcurotic arches, named the ligamentwn <uc1wtwn 
externwn et intenwm, and to the lumbar \'ertebrre. The fibres from these sources 
Yary in length; those ai·ising from the ensiform appendix are very short and 
occasionally aponeurotic; those from the 1igamenta arcuata, and more especially 
those from the cartilages of the ribs at the side of the chest, arc longer, describe 
well-marked curYCS as they ascend, and finally conYerge to be inserted into the 
circumference of the centra l tendon. Between the sides of the muscula.r slip from 
the ensifonn a.ppendix and the cartilages of the adjoining ribs the fibres of the 
Dia.pbragm are deficient, the interval being filled by areolar tissue, covered on the 
thoracic side by the p1eurm ; on the abdominal, by the peritoneum. This is, 
consequcntly1 a weak point, aud a portion of the contents of the abdomen may 

~~:o~:·l~1~1ei~nt~1 ~hei::Ji~:~t~~1~~~ugm~~redn~~c~~d di~~~~~1~\m~~~c 8~e1~~ial001~:in~ol~tct~~~ 
epigastr i11m . 

'l'he lt!1amentwn arcnalwn inll!rmwi is a tendinous arch, thrown across the 
upper part of the Psoas ma gnus muscle, on each side of the spine. It is connected, 
by one end, to the outer side of the body of the first lumbar vertebra, being 
continuous with the outer side of the tendon of the corresponding crus; and, Uy 

y~)0(:1~~~:il.~' ;;~e"~<l':';;';;,,~~~i~~·\~;;P~;"\~~;~ r1.~~.~-'E~u'.''I'h~~-""P1.il~~~/i,!.\:~ ~l:f;<l'rJ.i;;~~;~~t'Y'. 
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the other end, to the front of the trans,·erse process of the first, an<l S•)metimes 
also to that of the second, lumbar Yertebra. 

The t1:r1mnrntum arcuatwn e:rternwn is the thickened upper margin of the ante
rior Jamel la of the lumbar fascia; it arches acro!'s the upper part of the Quadratus 
lumborum, being attached, by one extremity, to the front of the transverse process 
of the fir~t. ~ornetimcs al:->o of the second, lumbar n~rtrbra. and, b,· the other, to 
the apex and lower margin of the last rib. ~ 

.The Cru~a -The Diapbra{;m is connected to the spine b,Y two crura or pillarR. 
which arc situated on the hn<l.1es of the lumbar vertebrm. on each side of the aorta. 
The crura, at their origin. are ten<linous in structure; the right Cl'llS, larger and 
longer than the left, ari:.;ing from the anterior snrf'acc of the bodies and intcr
vertcbral substances of the three or four upper lumbar vcrtcbrre; the left, from 

FIG. 290.-The Diaphragm. 

the two upper; both blending with the anterior common ligament of the spine. 
These tendinous portions of the crura pass forward and inward, and gradually 
converge to meet in the middle line, form ing an arch, beneath which passes the 
aor ta, rena a:1,ygos major, and thoracic duct. From this tcndinous arch muscular 
fibres ~trise. which cli,'erge, the outermost portion being d irected upward and 
outward to the central tendon; the innermost decussating in front of the aorta, 
and then direrging, so as to surround the resophag:us hef'orc ending in the central 
tendon. The fibres derived from the ri ght crus arc the most numerous and pass 
in front of those cleri ,·ed from the left. 

The Central or l'orrlifcm11 Tendon of the Diaphragm is a thin but strong 
tendinous aponeurosis, situated at the centre of the vault formed by the muscle, 
immediatelv below the pericardium, with which its upper surface is blended. It 
is shaped Somewhat like a trefoil leaf, consisting of three divisions, or leaflets, 
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~('parnte<l from on<' another by slight indentations. The right lea fl et is the largest: 
the middle one. directed toward the en~ifo rm carti lagc1 the next in ~izc : an<l the 
left, the !'.mallc~t. In :;tructure, the tendon is compo~e<l of sc\·cral planc.s of fibreB, 
"hich inter:.;ect one another at rnrious anglc8, and unite into s traight or curved 
bundle~-an arrangement which affords it add itional strengt h. 

'J'hc Uprnin!JS connected with the Diaphragm arc three Ja,rge and several 
snrnllcr apertures. The fo rmer are the aortic, the reso11hagcal. and th e opening 
for the ,·eua ca.ra. 

Th e aortfr opening is the lowest and the most posterior of th e three large aper
tures connected with this muscle. It is situated in the middle line, immediately 
in front of the bodies of the rnrtebn.-e ; a.nd is, therefore, behind th e Diaphragm, 
not in it. I t is au osseo-aponeurntic aperture, formed b,v a tendinous arch thrown 
across the front of the bodies of the vertebrre, from the Cl'US on one side to that 
on the other, and transmits the aorta, Ycna az.ygos major, thoracic duct, an<l 
sometimes the left sy mpathetic nerve. Occasionally some tendinous fibres are 
prolonged across the bodies of the vertebrre from th e inner part of the lower end 
of the crura, passing behind the aorta , and thus conYerting the opening into a 
fibrous ring. 

'l'he a!3oplwgeal openin,q, elliptical in form, muscular in structure, and form&d 
by the two crura, is placed abo\'e. and, at the :.iame time, anteriot\ and a little to 
the left of, the preceding. It transmits the oosophag us and pneumogastric nen·es. 
'!'he anterior margin of this aperture is occasionally tendinous, being form ed by the 
margin of the central tendon. 

'l'he openinrJ for the i1ena eava (formnen quadratum) is the highest; it is quad
rilateral in form, ten<linous in st ructure, and placed at the junction of the right 
and middl e lea fl ets of the central tendon, its marg ins being bounded by four 
bundles of tendinous fibres, which meet at right angl es. 

'L'he r(qht erus transmits the sympathetic and th e greater and lesser splanchnic 
nerves of the righ t side; the left crus, the g reater and lesser splanchnic nerves of 
th e left side aml the ''ena. azygos minor. 

'l1he Scroll,"( Jliembranes in relation with the Diaphragm are four in number: 
three lining its upper or thoracic surface; one, its abdominal. 'fhe three serous 
membranes on its upper surface are the pleura on either side and the serous layer 
of the pericardium, which coYers the middle portion of the tendinous centre. The 
serous membrane cornri ng its under surface is a portion of the general peritoneal 
membrane of the abdominal caYit\·. 

'J'he Diaphragm is arched, being convex toward the chest and concave to the 
abdomen. The 1·(qht portion forms a complete arch from before backward. being 
accurately moulded o,·er the com·ex surface of the li,·01-, and having resting upon 
it the conca,·c base of the right lung. The l~ft portion is arched from before back-

. ward in a sim ilar manner; but the arch is narrower in fron t, being encroached upon 
by the pericardium, and lower than the right, at its summit, by about three-quarters 
of an inch. l t supports the base of the left lung, and cover; th e great end of the 
stomach, the spleen, and left kidney. At itR circumfcreuce the Diaphragm is 
higher in the mcsial lin e of the body than at either side; but in the middle of the 
thorax the centl'al portion, which supports the heart, is on a. lower leYel than ihe 
two latera l portions. 

Nerves.-Tli c Diaphragm is supp1ied by th e phrenic ncl'\'es and phreni c plex ug 
of the sympathetic. 

Actions.-Th e Diaphragm is the principal muse-le of im;piration. When in a 
condition of rest the muscle presents a domed surface, con(';.l\"C toward the abdo
mrn: and con~isb; of a. circumferential mu:;;eul:\I' and ::t central tcndinous part. 
\\'hen the muscular fibres contract, the_,. become lc:.is archcrl, or nearly straight, 
an<l thus cau:-<c the central tendon to desel'1111. and in consequence the le,·el of the 
~best-wall is lowered. the Yertical diameter of the ehcst being proportionally 
mcrea~e<L In thi.'S descent the different parts of the tendon tnO\'C unequally. 
'.l'hc lt>f'l leaflt:t 1lc:-;ccn<ls to the greatest extent; the right to a less extent, ~n 
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account of the ]i,·er: and the central leaflet the least, because of its connection to 
the pericardium. In descending the diaphragm JH'C~ScR on the ab<lominal ,·iscera, 
and so to a certain extent causes a projccrion of the abdominal wall; but in conse
quence of these vi!ol.cera. not yielding completely, the central tendon becomes a fixed 
point, and enables the circumferential muscular fibres to actfroni it, and so elernte 
the lower ribs and expand the lower part of the thoracic c::wity; and Duchenne 
has shown that the Diaphragm bas the power of cle,•:.1ting the ribs. to which it 
is attached, by its contraction. if the abdominal ''isccr~t are in situ, but that if these 
organs are re'mm·cc1 1 this power jg lost. When at the end of inspiration the Dia
phragm relaxes, the thoracic walls return to their natural position in consequence 
of their elastic reaction and of the elasticity and weight of the displaced viscera.1 

In all expuls ive acts the D iaphragm is called into action, to give additional 
power to each expuls ive effort. Thus, before sneezing, coughing, laugh ing, and 
crying, before vomiting, previous to the expulsion of the urine and faeces, or of 
the footus from the womb, a. deep inspiration takes place. 

The height of the Diaphragm is constantly varying during respiration, the 
muscle being carried upward or downward from the a\·erage lm·el: its height also 
varies according to the degree of distension of the stomach and intestines, and the 
size of the lirnr. After a forced expiralion, the right arch is on a Je,·el, in front, 
with the fourth costal cartilage; at the side, with the fifth, sixth, and seventh 
ribs; and behind, with the eighth rib, the left arch being usually from one to two 
ribs' breadth below the level of the right one. In a forced inspiration, it descends 
from one to two inches; its slope would then be represented by a line drawn from 
the ensiform cartilage toward the tenth rib. 

THE ABDOMEN. 

Superficial Muscles. 
The Muscles in this region are, the 

Obliquus Externus. 
Obliquus Internus. 

Pyramidal is. 
Dissect ion (l;'ig. 291).-To dissect the abdominal 

muscles, make a. \"Crlical incision from the ensifOrm car
tilage lo the pubes i a second incision ffom the umbilicus 
obliquely upward and outward to the outer surface of ~he 
chest, as hic:h as the lower border of the fifth or sixth nb; 

::~~} ~ut~:~ '1:i1~~~~~J;." ~u~~,~~;~11~;0 b~:1;e~~1t~11~~ru~~ ~;!iri.~~ 
iliac spine. and alonu the <·rest of the ilium as far as its 
po::;tcrior lhirtl. Then reffed the three fla11s included be
tween these incisions from within outward, in the lines of 
directi(ln of lhc nmscular fibres. If ncce~ary, the abdom
iMl mu:-l"les may be made tense by inflatin!! the peritoneal 
Ca\•ity throu!!h the umbilicus. 

The Superficial fascia of the abdomen consists 
01·er the greater part of the abdominal wall of a 

!i~~:,:t~~e~~~~ f~:~i:.~ ~~~~c~a.~~~t:~npsro~c~::~a~~: 

Transversal is. 
Rectus. 

groin it is easily divisible into two layers, be
tween which a.re found tl1c superficial Ycsse]R and 
nen-es and the superficial inguinal l~'mphatic 
glands. The superficial layer is thick, arco1a.r in 
texture, containing adipo:::e ti:.:suc in its meshes, 
the quantitv of which rnrics in different subjcct1'. 
Below it p~l:-;srs O\·er Poupart's Ji~amcnt, an1l is Fm. Z!ll.-Di~!-.ccthmofabdomcn. 
continuous with the outer la.yer of the Ruperficial . 
fascia of the thigh. In the male tLi~ fa1'cia i:-; continued OYcr the pems and outer 

1 For a dC'tailcd dc:«'ription of the general relations of the Diaphragm1 and its actioo, refer t.o 
Dr. l"ilbon's .lfrdieal Analumy. 
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surface of the conl to the scrotum. \\here it helps to form the tlarto~. Ai') it passes 
to the :-;crotum it changes its character, becoming thin, 1lcstit11tc of adipose tis~ut 
anfl of a pale rc1l1li!'h color, aml in 1he ~crotum itact1uircssomc in,·ol11ntary mus
cular fibre:-;. From the :-;crotum it mar be traced backward to be continuous \\ith 
thC' !'llJl{'rfieial fascia of the pcrin~~um: In the female tbis fa:-;cia is continued into 
the lahia majora. 'fbc deeper layer (f<m·irt 1~f' ,'}c<ll"/ut) i.:- thinner and more mem
branous in character 1han the superficial layer. Jn the middle line it i.':' intimately 
adherent to the linc:l. alba; abo\'C, it is continuous "ith the supcdicinl fascia. o,·er 
the rest of the trunk ; below, it blends with the fascia lala of tbe thigh a litlle 
hl'low Poupa_rt's ligament; and below and ~ntcrnally it ii:; continued over the penis 
and ~pcrrnat1c cor<l to the scrotum, where 1t helps to form the dartos. From 1he 
scro!urn it may be traced backward to be cont in nous \\ ith the deep layer of the 
stqwdicial fascia of the pcrinooum. In tLc female .it is continued into the Jabia. 
majnra. 

The External or Descending Oblique muscle (Fig. 202) is s ituated on the side 
and fore part of the abdomen ; being the largost and the most superficial of the 
three Ha.t muscles in this region. It is broad, thin, a£1d irregular!.'· quadrilateral, 
its muscular portion occupying the side, its aponcurosis the anterior wall, of the 
abdomen. It arises, by eight Acshy digitations, from the external surface :rn<l 
hrncr borders of the eight inferior ribs; these cligitations arc arranged in an 
oblique ]inc running downward and backward; the upper ones being attached 
c]f)SC to the cartilage~ of the cQrresponding ribs; the lowest. to the apex of the 
cartilage of the last rib; the intermediate ones, to the ribs at some distance from 
their cartilages. The fh·e superior serrations increase in size from aborn down
ward. and a.re recei ,·ed between corresponding processes of the Serratus magnus; 
the three lower ones diminish in size from above downward, recei\'ing between 
them corresponding processes from the Latissimus dorsi. From these attachments, 
the fleshy fibres proceed in various directions. Those from the lowest ribs pass 
nearly Yertically downward, to be inserted into the anterior half of the outer lip 
of the crest of the ilium; the middle and·uppcr fibres, directed downward and for
ward, terminate in tcudinous fibres, opposite a line drawn from the prominence 
of the ninth costal cart ilage to the anterior superior spinous process of the ilium, 
which then spread out into a broad aponeurosis. 

The Aponeurosis of the External Oblique is a thin, but strong membranous 
aponeurosis, the fibres of wLich arc <lirectc<l obliquely downward and inward. Jr 
is joined with tha.t of the opposite muscle along the me1lian line, covers th{' 
whole of the front of the abdomen ; above, it is connected with the lower border 
of the Peetoralis major; below, its fibres are closely aggregated together, and 
extend obliquely across from the anterior superior spine of the ilium to the spine 
of the os pubis and the linea ilio-pectinea. In the median line it interlaces with 
the a.poneurosis of the opposite muscle, forming the linea alba, which extends from 
the ensiform cartilage to the symphysis pubis. 

'l1ha.t portioJl of the aponeurosis which extends between the anterior superior 
spine of the ilium an<l the spine of the os pubis is a broad band, folded inward, 
and .contitn~ous . below with the fascia lat~; i.t is ca1led Poupart's l~gament. The 
portion wb1eh 1s reflected from Pou parts ligament at tbe spine of the os pubis 
along tl~c pcctineal line is calle~ Girnb.ernat's l(r;ament. From the point of attach
ment of the latter to the pectmeal lmc, a few fibres pass upward and inward, 
bchin<l the in~er pi~lar of the ring, to the line~ af~)a. 'l'hcy diverge as they ascend, 
and form a. thm, tnaugular1 fibrous band 1 which 1s called the triangular ligament 
of tlw abdomm . 

In the aponeurosis of the External oblique, immediately above the crest of the 
o.s pubis, is a triangular opening1 the ei:ternal abdominal ring, formed by a separa-
tion of the fibres of the a.poueurosis in this situation. · 

. Rela~ions.-~ly its ei·~n:nal sm:fae1•, with the superficial fascia, superficial 
ep1g.a~tric .and c1rcnmAcx iliac ~·cf:sels. and some cutaneous ncn·es; by its intunal 
sw:tace, with the Internal obhque, the lower part of the eight inferior ribs. and 



OF TIIE ABDOJIEN. +19 

lnte~·~ostal musclcs
1 

the Crcmas~cr, the spermatic ~·ord ~n the male, and round liga· 
tnCllt m. ~be re.male. Its /JO~ferwr bonle1·, extcncl111g from the last rib to the crest 
of t.he. 1hum, 1s _fleshy throughout and ~·ree; it is occa~ionally o,·crlapped by the 
Lat1ss1mus clur~1. though generally a triangular interval cxi:.ts between the two 
mu~clcs n;~u·. the. crest of_, th_e. iliu~, in ,~-hicb is ::.ecn a portion of the internal 
obh11uc. Ibis triangle. 1 i:M ii tnw1gle, 1s therefore bnuullc<l in front by the 

Fm. 292.-The External oblique muscle. 

E xternal obl ique, behind by the Latissimus dorsi, below by the crest of the il ium, 
while it' floor is former\ by the Internal oblique (Fig. 287). 

The following parts of the aponcurosis of tlic External oblique muscle require 
to be further clcscribc<l: ,·iz. the external ab1lominal ring. the intercolumnar fibres 
and fascia, Poupart's ligament, Gimbernat's ligament. nnd the triangular ligament 

of the ahrlomrn. 
The External Abdominal Ring.-Jnst abo,·c, anrl to the outer side of the crest 

of the os pubis, an interval is seen in the aponeurosis of the External oblique, 
called the £'.rtn·1wl al.Jlluminal dny . Thu apenurc is obliituc in direction, some· 
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what triangular in form. and corresponds with the course of the fibres of the 
aponeurosis. It wrnally measures from base to apex nbout an inch, and 
tra1hvcr.;.cJy about half an inch. It is bounded below bv rhc crest of the 08 
puhi~; aho'rn. by a series of cuned fibres, the intl"'<'nhuminr, which pa~s across 
the upper an~le of the ring. so as to increase its strength; anrl on each side, b.Y 
the marµ:in~ of the opening in the a.poneurosis, which a.re called the columns or 
pillar.-. of the ring. 

The external pillar, which is at the f:.arne time inferior from the obliquity of its 
dircc-tion. is the :;trongcr: it is formed by that portion of Pou part's ligament 
which is imwrtcd into the spine of the os pubis; it iR curved so as to form a kind 
of groove, upon which the spcrmatic cord rests. 'J1hc internal or superior pillar 
is a broa,d, thin, flat band which is attached to the front of the symph,,·sis pubis, 
interlacing with its fellow of the opposite s.ide, that of the right side being super
ficial. 

11he exrcrnal :tbclominal ring giYes passrigc to the ~permatic cord in the male, 
and round lif!tuncnt in the fomale: it is much larger in men than in women, on 
account of the large Ri7.e of the spermatic cord, and hence the greater frequency 
of in~uinal hernia in men. 

The intercolumnar fibres are a series of curvccl tendinous fibres, which arch 
aero~~ the lower part of the aponcurosis of the External oblique. They ham 
rcceiYed their name from stretching across between the two pi1lars of the external 
riuµ;, describing a cutTC with the conrnxit.\' d0\\1l\n1rd. They are much thicker 
and Rtronger at the outer margin of the extema l ring, where they are connected 
to the outer third of Poupart's ligament, than internall.v, where they are inserted 
into the linca alba. ~1 he.'· are more strongly developed in the male tLan in the 
female. The intercolumnar fibres increase the stren~th of the lower }Jart of the 
ap011c11rosis, and prevent the dirnrgence of the pillars from one another. 

These intcrcolumnrir fibres as they pass across tbe extemal abdominal ring are 
themsch·es connected together by delicate fibrous tissue, thuR forming a fascia, 
which as it is a.ttacbcd to the pillars of the l'ing covers it in, and is called the 
interrol1rnrnar fascia. 1J'b is intercolumnar fascia is continued down as a tubular 
prolonp;ation a

0

round the outer Rurface of the cord and testis, and encloses them in 
a. distinct shea,th; hence it is also called the external spernrntic fascia. 

If the finger is introduced a short distance into the external abdom inal ring 
and the limb is then extended and rotated outward, the aponeurosis of the 
External obli !p1c, together with the iliac portion of the fascia la.ta, will be felt to 
become tense, and the external ring much contracted; if the limb is on the con
trary flexed upon the pelvis and rotated inward, this aponcurosis will become lax 
and the external abdominal ring sufficiently en larged to ndmit the finger with 
comparati\·e case: hence the patient should always be put in the latter position 
when the taxis is applied fo r the reduction of an inguinal hernia in order that the 
abdominal walls may be relaxed as much as possible. 

Poupart's ligament1 or the crural arch, is the lower border of the aponeurosis of 
the External oblique muscle, and extends from the anterior superior spine of 
the ilium to the pubic spine. From this latter point it is reflected outward to be 
attached to the pecti~eal .line. for about half an inch, forming Gimbernat's Jiga
ment. Its genern l d1rect1011 is cur ved downward toward the th igh, where it is 
continuous with the fa:;cia. lata. !rs outer half is rounded and oblil(ue in direction. 
Its inner half gra<lually widens at its attachmPnt to the os pubis, is more horizontal 
in direction, ancl lies beneath the sperma.tic cord. 

Xearly the whole of the space included bct1rcen the crural arch and the 
innominate bone is filled in b.'- the parts \\ hic!J descend from the abdomen into th(' 
thigh. These will be referred to again on a subsequent pag('. 

Gimbernat's ligament is that part of the aponeurosis of the External oblique 
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muscle which is reflected downward and outward from the spin e of the os pubis 
to be inserted into the pcctincal line. It i~ about half an in ch in length, larger 
in the male than in the female, almost horizontal in direction in the erect 
posture, and of a triangular form with the ba;;;e directed outward. Its base, 
or outer margin, is concnse, thin. and sharp, and lies in contact with the crural 
sheath. Its apex corresponds to the spine of the os pubis. Its posterior margin 
is attached to the pcctineal line, and is continuous "ith the pubic portion of the 
fascia lata. Its anterior margin is continuous with J>oupart's ligament. 

The triangular ligament of the abdomen is a band of ten<linous fibres of a 
triangular sba.pe, which is attached by its apex to the pectineal line, where it is 
continuous with Gimbernat's ligament. It passes inward bcn~ath the sperrr1:atic 
cord, and expands into a somewhat fan~shapcd fascia, l,y ing beh111cl the inner pillar 
of the external a.bclominal ring, and in front of the conjoined tendon, and interlaces 
with the ligament of the other side at the linca alba. 

Dissection.-Detach the External oblique by di\·idin!! it ncros.c;;, just in front of its at~ad1+ 
ment to the ribs, as far as its posterior border, and separate it below from the <:rest of the ilium 

~h~~}1 al~e~ 1 bt;~~~~:{~r :i~J>~~:~~ if~~~Y~H~:1~hesefp~~~!~!'~iJ~.usde carefully from the internal oblique, 

11be Internal or Ascending oblique muscle (Fig. 293), thinner and smaller 
than the preceding, beneath which it lies, is of an irregularly (1ua<lrilateral form, 

Fm.293.-Theintcrnelobli<1uemuscle. 

and situated at the side and fore part of the alitlornen. It arises, by fleshy fibres, 
from the outer half of Poupart's ligament, being attachcll to the groove on its 
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upper !o;ttrfacc; from the anterior two-tbircls of th(' mi11dlc lip of the crc~t of the 
ilium. and from rhe po:;tcrior lamclla of the lumhar fascia. From thiR origin the 

~l~~-l~st i~~ ,. ~:~~t~ ~l I'~:~ <:i~,,f:~'~:~~ .s (~1:11:f ~·~· :.~:~t ;:~(:.~~~ t~t'~ ~ ;;l' :~111111~\1 {~ 1~.,~11~:~~ a';;~ : ~~;~l~~1·1~~i~1; 
ten<linouR, arc inserted. c:onjointly with thoi:;.e of the 'l'nrn8rc1·~:.lli~. into the crcRt 
of the o~ pubi:-1 and pcctincal line. to the extent of' half an inch. forming what is 
kno"n as the conjoincll tendon of the In ternal oblique arn l Tran!:i\'Cr~alis: thoRc 
from the anterior third of the iliac orig in are horizonta l in their direction. and. 

~~~o;f ~~~,:c; :!~~~;'~d1J)~1 ~1~~1~t~3'~~~:ot~1: hi i~1fe~ h: I ~~~~a ;~~~i~ '':~·~11;~~~ p<~1~i:~n f ::~~1~1 \ ~~ 
mid<lle third of the orig in from the crest of the ilium pass obliquely upwar(l and 
inward 1 and term inate in an aponeurosis, which di ,·ides opposite the Jin ca sernilunaris 
into two l a.mcll ~-c, which are continued forward, in front and behind the R ectus 
muscle, to the Jin ca. al ha, the posterior l:1mella being also conn ected to the carti lages 
of the se,·enth, eighth, and nin th ribs; the most posterior fibres pass almost 
rnrt ica lly upwar<l, to be inserted in to the lower borders of the cartilages of the 
three lower ribs, being continuous with the Internal intercostal muscles. 

'l1 he conj oined ten<lon of the Internal obli tt ue and Transversal is is inserted into 
the crest of the os pub is and pectineal line, immediately behind the external 
abdominal rinp;, Sel'\'ing to protect what would otherwise be a. weak point in the 
abdominal wall. Someti mes this tendon is insufli eient to resist the pressure 
from within, and is carrie<l forwanl in front of the protrusion through the external 
ring, forming one of the co,·erings of direct inguinal hernia: or the hernia forces 
its way throug:h the fibres of the conj oined tendon. 

The aponcurosis of the Internal oblique is continued forwar<l. to the middle line 
of the abdomen,\\ here it j oins with the aponeurosis of the opposite muscle at the 
lin ea alba, and extend~ from the margin of the thontx to the os pubis. ~\t the outer 
ma.rgin of the !foetus muscle, th is aponeurosis, for the upper three-fourths of its 
exte nt, divides into two lame1lm, which pass, one in front and the other behind 
the muscle, enclosi ng it in a kind of sheath, and reuniting on its inner border at 
the linc<t alba; the <tnterior Ja.yer is blended with the aponeurosis of th e Extern:tl 
oblique muscle; the posterior layer with that of the '11ranS\'ersal is. A long the 
lower fourth the aponeurosis passes altogether in front of the Rcctus without any 
separation. 

Relations.-By its external sm;faee, with the Extemal oblique, Latissimus 
don~i. spermati c cord, and external ring ; by its internal szu:faee, with the 'frans
' 'ersalis muscle, the lower intercostal Yessels and nen ·es, the ilio·hy pogastr ic and 
the ilio- ingui nal nerves. Near Poupa.rt's ligament it lies on the fascia trans\'ersalis, 
internal ring, and sperma.tic cor<l. Its lower border forms the upper boundary of 
the spermatic canal. 

The Cremaster muscle is a thin muscular layer, composed of a number of 
fasciculi which arise from the middle of Poupart's ligament a.t the inner s ide of 
the Internal oblique, being connected with tba.t muscle, and also occasionall y with 
the 'frans,·e rsalis. It passes along the outer side of the spermatic cord, dcScends 
with it through ihe ex ternal abdominal ring upon the front and s ides of the cord, 
and forms a series of loops which differ in thicknc~s and length in different subjects. 
'l1hosc at tbc upper part of the cord are exceeding ly short, but they become in 
success ion longer and longer, the longest reachi ng down as low as the testicle. 
where a few are inserted into th e tunica vaµ;inal is. 'Th ese loops are united 
together by areolar t issue, ancl form a thin covcr i11 g over the cord and testis, the 
fr.t13<'ia r·remastn·icrt. ' l'hc fibres ascend a long the inner side of the cord, and are 
inserted by a small pointe1l tendon into the crest of the os pnbis and front of the 
:-;heath of the Rectus muscle. 

It will be obsenecl that the origin and insertion of the Crema~ter is precisely 
similar to that of' the lower fibres of the !ntcrnal obl ique. '!'his fact affords an eas.'· 
explanation of the manner in "hich the tc~ticlc and cord are invested bv thiP. 
mu>cle. At an early pcriotl of f<.0tal life the testis is placed at tbc lower and back 
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part of the abdominal ca.,·it~·, but during its dC's::.tent toward the scrotum. which 
takes place before birth, it passes beneath the arched fibres of the Internal obli'lue. 
In. its pas::.~agc licneath. t~1s muscle some fibres are derived from its lower part 
which accompany the tcsucle and cord into the scrotum. It occasionally happens 
that the loops of the Crcmaster surround the cord, some lyinrr behind as well <ts in 
front. It is proUable that under these c ircumsianccs the ~estis, in its descent, 
passed through instead of beneath the fibres of' the Internal oblique. 

In the descent of an obl ique inguinal hcrnia1 wbith takes lhe same course as 
the sperma.t ic cord1 the Crc1:11aster muscle forms one of its co\·crings. 'J'his muscle 
becomes largely. dc~'elopcd. Ill cases of bydrocclc and large old scrota l hernia. No 
such muscles exist m the fema le, but an analogous Rtructure is dernloped in those 
cases where an oblique inguina l hernia lle~cends beneath the margin of the In terna l 
oblique. 

Dissection.-Detach the Internal obl ique in order to expose the 'l'rilnS\'Crs..'l.lis beneath. This 

~~:~i~1~ ~,~)~1Jj~l~i~a~~~~t\ii~;n~~~t1~~d1~h~1~~~t ~f :~~c ·m,'11~!\111.~1111j tbc\~i~(r! 1b\: ab~~~~i~:t l~~i~i~~~ 
extending fro!n the las~ ri~ to the crest of the ilium. 'l'he muscle !-.hould :rre\·iouslr be made 
tense by dra.wtn!?; upon 1t with the fine?:ers of the left hand, ilnd if its division 1s carefully effected, 
the cellular mterrnl between it and the Trans\·ersalis1 as W('ll ilS the direction of' the fibres of the 

~~~~fte~1.u~J~!~ ' ,.~!~el~~~~l i~;~~;~s;di1:e:,~~~~i~h~~11~~~:~1°f~;r 1 :~1~~:; i~~:~~~~~;t0~u\~~ ~~~t~~Jl~~:S!11~ 
them. 1 he musde :-;houltl then be thrown forward toward the linc;t alba. 

rrhe Transversalis muscle (Fig. 204), so ca1lcd from the direction of its fibres, is 
the most internal flat musc:le of the abdomen, being placed immediately beneath 
the Internal oblique. It arises by fleshy fibres from the outer third of Poupart's 
ligament; from the inner lip of t he crest of the ilium for its anterior three
fourths: from the inner su rface of the cartilages of the six lower ribs 1 interdigitating 
with the Diaphragm; and by the middle l a~~er of the lumbar fascia (poRterior apon-
1·urosi!l of the muscle itself) from the tips of the trans,·erc processes of the lumbar 
vertebnu. Tbc muscle terminates in front in a broad aponeuro:::.is, the lower fibres 
of which cunc downward and inward, and arc im;ertcd, together with those of 
th e Internal oblique, into the lower part of the linca alba. the crest of the os 
pubis an(l pectineal line, forming what is known as the conjoined tendon of the 
Internal obli c1ue and Transversal is. Throughout the rest of its extent the apon
eurosis passes horizontally inward. and is inserted into the linea alba:. its upper 
three-fourths pas:.1ing behind the Rectus muscle, b1enclin~ with t he poster10r lamella 
of the Internal oblique; its lower fourth passing in front of the .lfoctus. 

Relations.-B\· its e:rt<>rnal swfaeP. with the Internal obl ique, an<l the inner 

~;.~·~~~·~1~~1 1~~1•0 ,~~~:~~~~~~~~!t::~t1 ~1~~~1: ~-~~s i)~:~.r~~et1::'.,,. 11 l{s ·~~~{~'1~r;o~~~:\1. ~~~~~s~~: 
upper boundary of the spennatic canal. 

Dissection.-To expo:;e the Rectus muscle, open its sheath by a vertical incision extending 
from the man!'in of the thorax to the os pubis. and then re~ed the two portions from the surface 

r1~i:~~~~:,1r~~:~ii:!:~~i~::~~:it:~~~~~:}~r.~i:!.1.~~~:'.;{i;§~J:~~:~:~~i~]~l:,0~:~~i:i.h~:~I~f ;~~~ 
len~~/: eof~~'c:~~·o~~d:iU:\~~s al:~lo~ ~~111 gbe~~~ :~;~:~1,~;c;r 1 ~'.~~:n ~~:e,~;\~ ,'.'.1 ~;~ f1i ~h~ p;:s~:~ 
siclc by the linca. alba.. It is much broader, but th11111c1-, a.bove than below, and 
arise:-; ·hy two ten<lons, the external or larger being at1ac·he1l to the crest of tbe os 
pubis, the internal , smal ler portion interlacing with its fellow of the opposite side, 

~~1(~ ~~~~ ~1~~~~~<l~~~;1 ~~· i ~t cth1~ t!~~~~n~: \~1~~,~·t~1~! 11 
G :~ 1~ f, 1~::~u ~)~1~·t ~~1~s s ·~r 1~1~:~~~!11u~i:~ 

into the cartilages of the fifth. s.ixtb, and sc,·cnth rihs :-;omc fibres arc occasion
alh• connected with the costo-xiphoi<l lif1amt•nts awl ~ide of the en~iform cartilage. 

''11he Hcctu:-. mu:-;clc i.s tra,·crscd b.\· t(•1Hlino11s intrr~ectiom;, three in number. 
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"hich have rccci,·cd the name of linere frm1s1·f'rSa . Ont' of these is usually 
situated oppo8itc the umbilicus. and two abo\'C that point; of the latter, onC 
correspond~ to the extremity of the cnsiform cartilage, und the other to the 
intcnal between the en,:.;if'onn cartilage and the umbilicus. Thc,:.;c intersections 
pa~s tramwcr~el.'· or obliquely across the mm•cle in a zigzag cnurst•; they rarely 
extend completely through its substance, sometimes pa:-. ., only halfoay acro!-ls 

J' 1G. 291.-The Transversalis, Rt:ctus, and Pyramldalls muscles. 

it, and are int imately ttdherent in front to the sheath in wh ich the muscle is 
enclosed. 

The Hectus is enclosed in a sheath (Fig. 295) formed by the :iponcuroses of the 
Oblique and Tran:s,·crsalis mu$cles. which are ananged in the following manner. 
\\'htn the aponelll'O is of the Internal oblique aniYcs at the outer margin of the 
Hectui-. it fli,·i1le.~ into two lamella-!. one of which pa~~es in front of the Hectus, 
blewling "ith the apon0uro~is of the External oblique; the other, behind it, 
Llentling with the aponcurosis of the Tram:i\'Cr:.;alb; arnl the~e. joining again at its 
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in~ er border, arc inserted into the 1inea alba. '!bis arrangement of the aponeuroseg 
exists along the upper three-fourths of the muscle: a.t the commencement of the 
lower fo~rth, th~ posterior wall of the sheath terminates in a. thin curved margin, 
the semzlunar .fold of Douglas, the concavity of which looks downward toward 
the pube.s; the aponeuroses of all three muscles passinO' in front of the Rectus 
without any separation. 'l1he extremities of the fol<l of Douglas descend as pillars 
to the os JlUbi.s. Th e inner pillar is attached to the symphysis pubis; the outer 
pillar, whwh is named by Braune the ligament of llesselbach, divides below to 
enc~ose the internal abdominal ring; the internal fibres are attached to the 
horizontal ram us of the os pubis and the pcctineal fascia.; the external ones pass 
t? the Psoas fascia and to the 'l1ransversalis where it arises from Poupart's 
ligament on the outer side of the ring. '..I.1hc Rectus muscle, in the situation 

F1c:.!?95.-Atrnnsvcrsesectionoftheabdomcninthclumbnrrcgion. 

where its sheath is deficient, is separated from the peritoneum by the trans\'ersalis 
fascia. 

'rbe Pyramidalis is a small muscle 1 triangular in s·bape, placed at the lower 
part of the abdomen, in front of the Hectus, and contained in the same sheath 
with that mu~cle. It arises by tenclinous fibres from the front of the os pubis 
and the antel"ior pubic ligament; the fleshy portion of the muse: le passes upward 1 

diminishing in ~ize as it ascends, and terminates by a pointed extremity, which is 
im;erted into the lin ea. alba, midway between the umbilicus aml the os pubis. 'l'his 
muscle is sometimes found wanting on one or both s ides ; the lower end of the 
Rectns then becomes proportionately in creased in size. Occasionally it has been 
found double on one side, or the muscles of the two sides are of unequal size. 
Sometimes its length exceeds what is stated above. 

Relations.-Its anterior slt1faee is covered by the sheath of the Hectus. Its 
poflferior surface rests against the Rectus itscl_f. 'l ~o ~~pose the Pyramidalis: 
make, throu,qh the slteatli of tbe Rectus, a vcrt1eal 111c·11"1on the lower end of 
11 hich should begin just a little to one side of, and on a level with, the sympliysis 
pllbis. 

Nerves.-'l'he abdominal muscles arc supplied by the lower intercostal nerves. 
The Internal oblique also receives a filam ent from the ilio-inguinal nerve. The 
Crcmaster is supp1ied h.v the genital branch of the Gcnito-crura1. 

In the description of the abdominal mui:::clcs mention has frequently been made 
of the linea alba, line;.-e semilunares, and lincm trans\·cr:;a~; \\hen the dissection of 
the muscles is completed these structure::; should be examined. 

'J'hc linea alba is a. ten<linous rapbc seen along the middle line of the abdomen, 
extending from the ensiform cartilage to the :-;ymphysis pubis, to which it is 



attached. It i~ plare1l hetwecn the inner bordcr!"i nf the Hecti mu8el<'~, and i~ 
formrd by the blending of the a.poneurose~ of the Ohliqui an<l TransH'l'l'ale~ rnu:;;c:IC'i'. 
lt i:-- narro" h<'lm'. co1Tesponding to the narrcrn intl•rrnl exi::;ting between the 
Recti: but broader ahm·e, as these muf.:.clC!"l cliver~e from one another in their 
ascent, becoming of considerable breadth after great di~tcn:-1ion of the :1bdomcn from 
pre12:n:rncy or ascites. It presents numerous apertures for tbc passage of n:sseJg 
ancl n cnc~: the largegt of the:-c is the umbilicus, whil'h in the feet us tran~mits the 
nmhili('al \'CS:·wl8, but in the atlult is obliterated, the cicatrix being ~tronger than 
the neighboring parts; hence umbilical hernia. oceurs in the adult near the 
umbilicus, whilst in the fcctus it occurs at the umbilicus. 'l'he l inca alba is in 
relation, in front, with the integument, to which it is adherent, espec ially at the 
umbilicus; heh ind, it is separated from the peritoneum by the trans,·ersalis fasc ia. : 
and below, by the urachus, and the bladder when that organ i:-i distended . 

~l1be linere semilunares are two curved tend inous Jines 1ilaced one on each side 
of the linea a.lba.. E.H:h corresponds wilh the outel' border of tho Roctus muscle. 
extends from the cartilage of the ninth rib to the pubic spine, and is formed by 
tbe aponeurosis of the Internal obl ique at its point of division to enclose the 
Bectus, where it is reinforced in front by the Extemal oblique and behi111l by the 
':l1rans,·cr:o-alis. 

'L1he linere tra.nsversre are three narrow tramnre1·!.l-e lines which interRect tbc 
Recti muscles, as alrea<lv mentioned: theY connect the linc-.e scmilunares with the 
linea alha. ' · 

Actions.-The abdominal mu::;cles perform a threefold action : 
'Yhen the pch•is an<l thorax are fixed, the)· compre~s the abdominal Yiscera, by 

constrictinp; the ca,·ity of the abdomen, in which action they arc materially assisted 
by the dc~cent of the diaphragm. B.v these means the footus is expelled from the 
utcru:-, the fi:eces from the rectum, the urine from rhe bladder, and the contents of 
the stomach in vomiting. 

If the pch·is and spine a.re fixed, these muscles compress the lower part of the 
thorax, materially assisting expiration. If the pelvis alone is fixed, the thorax is 
bent directlv forward when the muscles of both s ides act, or to either s ide when 
those of the. two sides act altemately, rotation of the trunk at the same time taking 
place to the opposite gjrJe. 

If the thorax is fixed, the~e muscles, acting together, draw the pelvis upward, 
as in climbing; or, acting singl)·, they draw the pelYis upward, and rotate the 
vertebral column to one side or the other. The Becti muscles, acting from below, 
depress the thorax. and consec1uently flex the ,-ertebr:.tl column; ,~·hen acting from 
above, they flex the pehis upon the rnrtebral column. 'fhe Pyramidales are 
tensors of the linea alba. 

The fascia transversalis is a. thin aponeurotic membrane whtch lies between 
the inner 8Urfacc of the Trans,·ersalis rnu~cle and the peritoneum. It forms part 
of the µeneral la.yer of fo..,.;;ia which lines the interior of the abdomi~1al and pelvic 
ca,·ities, and is directl.v continuous with the iliac and pelvic foscire . In the inguinal 
region the trans\'Crsalis fascia is thick and dense in Htructure, and joined by fibres 
from the aponenrosis of the 'rransrersalis muscle, but it becomes thin and cellular 
as it a~centl8 to the diaphragm. Below, it bas the folio" ing attachments: external 
to the femoral YCssels it i:; connected to the po:-tcrior margin of Pou part's ligament. 
and iH there continuous with the iliac fascia. Internal to the fcrnor:ll vesse ls it it; 
thin and attached to the os pubis and pectinca l line, bchin1l tbc conjoined tendon. 
with \\hich it is united; and, corresponding to tbc point where the femoral \•essehs 
pa~s into tbe thigh, this fascia dcseends in front of them. forming the anterior 
wall of the crnral Rhcath. 'l'hespcrmaticcord in the male and the round ligament 
in tht• female pass through this ra~cia: the point where tht·y pa~s through is called 
the intcmal abdominal ring. 'l'his opening i~ not visible externally, owing to a 
prolnngatinn of the transversalis fascia on the strnctures, forming the infundib· 
uliform pr<icc:-;s. 

The internal or deep abdominal ring is situated in the transversali:-; fascia. 
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mid~\'ay between the anterior superior spine of the ilium and the spine of the os 

pubis, and .a?out half an inch abo,·e l'oupart's ligament. It is of an oval form, 

the cxtrem1t1es of tbe ova.I <lircctcd upwa.r<l and do\' nward, varies in siie in different 

subjects, <tnd is much larger in the male than in the female. It is bounded, above 

anLl externally, by the a.rc:hecl fibres of the Tra.nsversalis; below and in tcrna ll v, by 

the dee1? epigastr_ic ve8sels. It transmits the spermatic cord in the male an<l th~e 

round ligament in the female. From its ci rcumforcncc a tl.iin funne l-shaped 

membrane, the infwulibul1f'orm fascia, is cont inued round the cord and testis, 

enclo~ing them in a distinct pouch. 

rin~,'~~:~c:~1~·~:~d5ib~~fo~~ o;~~~~'i i~p~j~~1~1~~~11~~·i:i!~i:cf~t~i~~of~.11~ 1;1~~1~1~fri~~lc~~.~~~~~s.abdominal 
Th e inguinal or spermatic canal contains the sperrnatic cord in the male and 

the round ligament in the female. It is au oblique canal about anjnch and a half 

in length, directed downward and inw~1rd1 an<l placed parnllel to and a little abO\'e 

Po~1pa~·t's ligau:icnt. I t commences a.born at the internal or deep abdominal ring. 

wluch 1s the point where the curd enters the spermatic canal, and terminates below 

at t~c external ring. It is bounded in front b.v the integument and ~uperficia l 

fascia, by the aponeurosis of the External oblique throughout its whole length) and 

~~-n j ~~1!d t~;·~~~~b ~~ 1 ~1~efol·nit~1·~~f e~~f i :;·~~~ a~e;i~~ ~~~~;~.!~:.~~i
1~,a ~1~1l:~:\~·e\'.~:i~e~.~~~~~ 

arnl the subperitoneal fat and peritoneum; aboYe, by the arched fibres of' the 

In temal obl ique and Transrersalis; below, by the union of the fascia tntns\·ersalis 

with Poupart'~ ligament. 

That form of protrusion in which the intestinn fo)lows the course of the spermatic cord 

along the spcrmatic canal is <.:a iled oblique inguinal hernia. 

The Deep Crural Arch.-Passing across the front of the crural arch, on the 

abdominal side of Poupa.rt's ligam ent and closely connccrccl with it, is a. thickened 

band of fibres called the deep crural arch. It is apparently a thickening of the 

fascia trans\·ersalis, joining externa.11.v to the centre of Poupart:s ligament, and 

arching across the front of the crural sheath to be inserted by a broad attachment 

into the pectineal line, behind the conjoined tendons. In some subjects this 

structure is not very prominently marked, and not unfrcquenrly it is altogether 

wanting. 

Surface Form.-Thc only two muscles of this group which haxe any considerable influ

ence on surface form arc the External oblique and nectus muscles of the abdomen. \Vith 

regard to the External oblique, the upper cligitations of its origin from the ribs are well marked, 

intermingled with the scrratious of the Hcrra.tus magn us; the lower dig itations are not vi1;ible, 

Lein~ CO\'Crcd by the thick bonier of the La.tissimus dor::-i. .Its attadiment to the crcs~ of the 

ilium, in conjunction with the Internal oblique, forms a thick oblique roll, which <letcrm~nes the 

iliac furrow. l-\omctimcs on the front of the later.i.l region of the abdomen an undulating ouL

li11c mar~s tht' spot where the mu:;cular fibres terminate and the aponeurosis commences. 'l'hc 

sr:~r.1::~.:l~ ·~,\~~'~:rii1:~~.~~~.·~m~~\f i~~~,~~,:~:~1:~:{'~~:·~~~i Ji'.:~~,'i~i~~;~:.~~Vi~:·~~11{~1:G~~:~~ 
that thci Mntrc of the line. at or near the umbilicus. 1s three inches from the median lme. lhc 

inner border of the Reetus corresponds to the fi11ca alba, marked 0n the !:'urface of t!lC body by 

a !ffOOVC. the rdKlomi1wl/1tl'row, which extends from the inf'raMernal fossa LO, or to a httle below, 

the umbilicu:;, where it gradually becomes Jo~t. 'The st.irface of the Hect~1:; prescn.ts three trans

\'Crsc furrows, the lineCt' transrersa'. The uppC'r two of these, O~'JC OJ).J>OSJtc or a lit! le ~J~low the 

~fl:fa'\;:~j~~:~f.f~d~r:!~~;1~i!.£~~fii~~l(;~:,;l~~;;::~::1 ::~:;:~:~~: :~~' ~~~7~tt~''~i;~'~~;\~i~~!~~i:':,~i~~~ 
ahi>\·e a zone drawn round the boclr opposite the ht~he!-.t point of the cre!'t of the ilnuu, gcnc-

~fi~~,e~~::!',u t~ ~j1l~t J/~11·~~~1r~ii:~t~~sl!~\\~~~1i111~ll11e t~1hy;.J i ~~~~j ;l1~,<;~·t(i1 I :::~1 ~::~· ,·c1~t~,f.~~~rally col'rcsponds, 

Deep Muscles of the Abdomen. 

Psoas pa.rvus. 
Psr>as magnus. 

lliacus. 
(]u:ulratus lumborum. 
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'l'he Psoas magnus, the Psoas pan·us, and the lliacus mu!5-c1es, with the fascia. 
covering them, will be described with the .:\Iuscles of the L O\\t'I' Extremity (see 
page 504). 

The Fascia covering the Quadratus Lumborum.-'rhis is the rno~t anterior of the 

~:~ }:~·:i1~s ~~!a~~~e '1~311. atict ~! ':~h~~ i~~.1:1r t!! ;:l1~~~:~i(1~a~·1~ ~~ct':.:~;·1::~:a~1!~ ~~(~s~;.0~ 
which, passing over the anterior surface of the Qua<lratus lumborum, is attached, 
internally, to the anterior surface of the transverse processes of th e lumbnr verte
bra~; below to the ilio-lumbar ligament; a.nd above, to the apex and Ion· er border 
of the last rib. 

'l'bc portion of this fascia. ,;,hich extends from the transverse process of the 
first lumbar vertebra to the apex and lower border of the last 1·ib constitutes the 
ligamentum arcmttum exte rnum. 

'l'he Quadratus lumborum (Fig. 288, page 435) is situated in the lumbar region . 
It is irregu larly quadrilateral in shape, and broader below than above. It arises by 
aponcurotic fibres from the ilio-lumbar ligament and the a.djacent portion of the 
crest of the ilium for about two in ches, and is in:o:erted into the lower border of the 
last rib for about half its length and by four small rendons, into the apices of 
the transrnrse processes of the four upper lumbar vertcbrre. Occasionally a. second 
portion of this muscle is found situated in front of thc prccccling. 'l1his arises from 
the upper borders of the trans,·erse processes of the lumbar Yertebr::e, and is inserted 
into the lower margin of the last rib. 'l'he Quadratus 1umborum is contai ned in a 
sheath formed b\· the anterior and middle ]amellro of the lumhar fo~ciro. 

Relations.--i ts rmterio1· sw:fat'e (.'.>r rather the fascia which covers its anterior 
surface) is in relation with the colon and the kidn e,v-. Its postaior sw:f'al'e is in 
re lation with the middle lamclla (posterior aro11eurosi}j of th e Trans,'ersalis muscle) 
of the lumbar fa!-lcia, which separates it frou1 the Erector spi n~'C. The Quadratus 
lumborum extends, however, beyond the outer border of the ErN.:tor sp inm. 

Nerve·supply.-Tbe auterior branches of' the lumbar nerves. 
Actions.-The Quadratus lumborum draws down the last rib, and acts as a 

muscle of inspira.tion: and, at th e same time. b,v fixing the \a. .;; t rib, it opposes 
th e tendenc:y of the Diaphragm to draw it upward, and thus it becomes an a."lsist 
ant to inspirntion. lf the thorax and spi ne are fi xed, it may act upon the pelvis, 
raising it toward its own sid e> when on ly one rnu r-;cle is put in action: and whe~ 
both muscles act together, either from below or a.bo ,·01 they flex the trunk. 

Muscles of the Pelvic Outlet or of the Ischio-rectal Region and Perinreum. 
Co11 ug.lto1 cut1s ani In ternal sph incter ani. 
Exte1 n,11 sphmcte1 am L erntor ani. 

Coccygeus. 
r'l'rans,·ersus p~rimei { Tra1.1srnrsus p~rimci. 

In JJiale. I Ji~~~~~:~ai~~i ~•.nnre. In F emale. ~;.:~~10c1~0~~i~~~~l~~ · 
l Compressor urethr::e Compressor urcthrre. 

The Corrugator Cutis Ani.-Around th e anus is a thin stratum of involuntary 
muscular fibre, which surrounds it in a radiating manne r. Internally, the fibres 
fade off into the subrnucous tissue, whilst ex ternally they blend with the true skin. 
B,v its co ntraction it raises the skin into ridges radiating from th e margin of the anus. 

'The External sphincter ani is a thin, flat plane of muscular fibres, elliptical in 
shape and intimately adherent to the integument surroundin g the margin of the 
anus. I t measures about three or four in ch es in 1ength from its anterior to its 
posterior extremity, being a.bout an inch in breadth opposite th e anus. It arises 
from tLc tip of the coccyx by a narrow tendi nous band, and from the superficial 
fascia in front of that bone : and is inserted into the central tcn<linous point of the 
perimeum,joining "ith the Trans\'ersus perinrei, the L eva tor ani. and the Accelera
tor urin;:c. Like other sphincter muscles, it consists of two planes of musculai 
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fibre. which surround the margin of the anus, and join in a commissure in front 
and behind. 

Nerve-supply.-A branch from the anterior di,1 is ion of the fourth sacral and 
the inferior h~l!morrhoidal branch of the internal pudic. 

Actions.-'l'he action of this muscle is peculiar: 1. It is1 like other muscles, 

~~:~{~~~ino~i~~~t~l~~:~~ic 2~o!~r~~~io~~ ~~~~ ~~~~n.~ ~~~1d~~~~o~1;s~1~e<~~1~c~~nittrakc~~~~ 
under the influence of the will, so as to more firmly occlude the anal aperture. 
3. Taking its fixed point a,t the coccyx, it helps to fix the central point of the 
perinreum, so that the Accelerator may act from this fixed point. 

The Internal sphinct er is a muscular ring which surrounds the lower extremity 
of the rectum for about an inch, its inferior border being contiguous to, but quite 
separate from, the External sphincter. 1'his muscle is about two lines in thickness, 
and is formed by an aggregation of the involuntary circular fibres of the intestine. 
It is paler in color and less coarse in texture than the External sphincter. 

Actions.--Its action is entireiy im·oluntary. It helps the External sphincter 
to occlude the anal aperture. 

The Levator ani (Fig. 296) is a broad, thin musclP., sitna.ted on each side of the 
peh,is. It is attached to the inner surface of the sides of the true pelvis, and 

FJG.:!00.-Pclvisseenfrombchiud,showing JcnHorani. {llcnlc .) 

descending unites with its fellow of the opposite side to form the floor of the pelvic 
casity. It supports the viscera in this cavit,v and sunounds the yar1ous structures 
which pass through it. It arises, in front_, fron.1 the posterio~· surface ~f the body 
and ramus of the os pubis on the outer side of the s,vmphys1s; poster10_rly, from 
the inner surface of the spine of the ischium; nn<l betwee~1 these two pomts fro?1 
the ano-le of division between the obturator nrnl recto-vcs1cal la:.-ers of the pelvic 
fascia, ~t their under part. The fibres pa~~ do" mrn_rd t? the middl_e line of the floor 
of the pelds, and are inserted. the mo8t po~tenor 111to the sides of the ap~x 
of the coccyx; tlwsc placed more anteriorly unite with the muscll's of the oppos1~e 
sidl' in a median fibrous raphe. which l'xtcnds i>l'twecn the coccyx and the margm 
of the anus. The middle fibres, which form tl1c l:trgcr portion of the muscle, a.re 
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inserted int o the -.:i{lc of the rectum. blending" ith th e fibres of the Sphincter 
muscles; Ja:-;.tly, the anterior fibre~. the longest, desc:C'ml upon the side of the 
prn~tatc gland to unite beneath it with the muscle of the opposite :-; idc. hlcn<ling 
with the film..'~ of the External !-iphincter and Trarn:n-cnms pcrina~ i mu ~c.: 1 cs at the 
central tcntlinous point of the pcrina~urn. 

The anterior portion is occa:-;iona11y separated from the rest of the muscle by 
conncctirc tissue. From th is circumstance, as well as from it ::; peculiar relation 
with the prostate gland, _descending by its 8icle, and su n oun<ling it as in a. sling, 
it has been described bv 8antorini and others as a distinct muscle, unde r the name 
of Lc\';twr prost:1tm. in the fema le, the anterior fibres of the Lenitor ani descen<l 
upon the side of the n1gina. 

Relations.-.By its inner or peltifr .<rnJ;far1•, with the rccto-ve~ ical fa scia, which 
separa.tes it from the \· iscera. of the peh ·is ::rnd from the peritoneum. By its out<'r 
or 7Jeri1wal sw:Fw·11, it forms the inner bounda.ry of the iscliio-rcctal fossa, and is 
co,·e red by a thin hLyct; of fascia, the iseldo-rectal or anal fascia. given off from the 
obturator fiu;cia . Its postNior b01·det is continuous with the Coccygeus musc]c. 
Its antl'l'ior bonier is separated from the muscle of the opposite s ide by lL triangular 
space, through \\hi ch the urethra, and in the fonrnlc the rngina, passes from the 
pel\·is. 

Nerve-supply.-~\ branch from the anterior di,·is iou of the fourth sacral ne n ·c. 
Actions.-Thi:s muscle supports the lower end of the rectum and vagina, and 

also the bla.dtler during the efforts of expulsion. It elerntcs and in,·erts the Jowe r 
end of the rectum after it has been protruded and c\·erted <luring the expulsion of 
the fr"Cce~ . I t is also a mn~cle of forced expiration . 

Th e Coccygeus is situa.ted behind and parallel with the preceding. It is a tri 
angular plane of mu )'.:.ctilar an<l tendinous fibres, arising. by its apex. from the 
spi ne of the i ~chium and le)'.:.ser sacro-sciatic ligament, and inserted, by its base, 
into the ma.rgin of the coccyx and into the side of the lower piece of th e sacrum. 
This muscle is continuous with the posterior border of the J"'e n1tor ani, and closes 
in the hack part of the outlet of the pehis. 

Relations.-B.v its inner or pelvic sw:faee, with the rectum; by its external 
sw:f'aN•, with th e lesser sacra-sciatic ligament; by its posterim· bonler, with the 
PYriformi s. 

~ Nerve-supply.-A bran ch from the fourth and fifth sacral ncn·es. 
Action.-Th e Coccygei muscles raise and support the coccyx after it has been 

pre)'.:.sed backward 1luring defecation or parturition. 
Superficial Fascia.-'l'he supe rficial fa scia of the perinreum consists of two 

layer:-;, superfi cial aml deep, as in other regions of the body. 
The .~upe1:/ieial layer is thick, loose, areolar in texture, and contains much 

adipose t i :i~ue in its me!"hes. the amount of ''hich varies in different subjects. In 
front, it is con~ in uous with the dartos of the ~crotum ; behind, it is continuous 
with the f-lubcutaneous a.rcolar tissue surrounding the anus; and, on either s ide, 
wi th the same fa!'.cia on the inner )'.:.ide of the thighs. 1'his layer should be care
full ,,· remo,·ccl after it has been exami nr<l , when the deep layer will be ex posed. 

'l'he d••1•11 '".'l''r of supei:ficial .fascia (Fascia of Colles) is thin, aponcurotic in 
structure, ancl of consi1lcrable st rength , seni ng to hind dO\\n the muscles of the 
root of the peni s. I t is cont inuous, in front, "itb the da.rtos of' t he scrotum ; on 
either !"icle it is firmly a ttached to the margi ns of the rami of t11e os pubis and 
iscbium, extern al to the cnis peni)'.:., and as far back as the tuhemsitv of the isch
ium; posteriorly, it curves down behind the Trans,·e1·sus pcrinrei m"'uscles to join 

:!11~s~l~~:~~·I ;~~~·~~.;i1~!·, ~}l:~ :!~1~l: S1~\l~il~J~a~·e:·~~f!~\ep
1

~~::~sfr~~:~cji:~ :~~~~lc~·1:~~~·~t~~~\~h~~~ 
:-rparatC'~ the h:H:k pa.rt of the :-ubjaccnt space into two. being incomplete in front. 

The Centr.:tl Tendinous Point of the Perimeum.-Thi s is a. fibrous point in th e 

~:: i ~~ 1 !~11 ~ ~~ 1:1L t ~\~o~ ~e;~~~l <~~~n ~ 1~t~~~ve~~ t t ~~i~ t\t~~~ ~ ~-~·,,~~ :~ c~n :11;~1 e1~c:t~~~.~:.;; ':f;1 ;~b~:'.~ 
attathed; dz. tll(> External sphincter ani, the .Anelerator urin~, and the two 
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TransYersus perinmi; so that by the contraction of these muscles, "hi ch extend in 
opposite directions, it scncs as a fixed point of ~mpport. 

The Transversus perimei is a narrow musctd:u slip
1 

which passes more or less 
t.ransvers?l.Y across t~1e back pa.rt of the perinea! space. It ari se::; by a small tendon 
~r~m the 11~ner and fore part of the tuberosity of the ischium. <llH.1

1 
passing inward, 

is mserted mto the central tendinous point oft he perinreum, joining in this situation 

Inferiorl1i&nlo1·r 

------FIG. 297.-The pcrinreum. The integument and supcrlicilll layer ofsu1>erficiol fascia reflected. 

#ith the muscle of the opposite side, the External sphincter ani behind, and the 
Accelerator urin~ in front. 

Nerve-supply.-Tbc perinea! branch of the in ternal pudic. 
Actions.-By their contraction they serve to fix the central tendinous point of 

the peri nreum. 
'fhe Accelerator urinz (E.faeulator seminis, or Bulbo-cavernosus}_ is placed in 

the middle line of rbe perinreum, immed iately in front of the a.nus. It consists of 
two s,nnmetrical bah'es, united along the median lin e by a tcndinous raphe. It 
arises from the central tendon of the perime um, and from the median raphe in 
front. From this point its fibres di1•crge like the plumes of a pen; the most 
posterior form a thin layer, which are lost on the anterior surface of the triangular 
ligament; the middle fibres encircle the bulb and adjacent parts of the corpus 
spong iosum, and join with the fibres of th e opposite side, on the upper part of the 
corpus spongiosum, _in a strong aponcurosis ; the antel'ior fibres, the l on~cst and 
most distinct, spread out over the s ides of the corpus cavernosum, to be mscrted 
partly into that body, anterior to the Erector penis, occasionally extending to the 
os pubis; partly termin:.Lting in a tendinous expa nsion , which covers the dorsal 
\'essels of the penis. 'l'he latter fibre~ arc best seen by di\·iding the muscle 

l on~~~~~~-~Th ~~1<lm<~:~f:ti~~~\-~~ ott~t ''~~:~c:)t.~·o:;~c t ~~n:;•r~~}°~h~f u\~~~h ~~~~t~;-~:·r the 

l>laclder has expelled it s contents; <iul'ing tl1 c greater part of the act of micturition 
its fibres are relaxed, and it only comes into action at the encl of the process. 'She 
middle fibres arc supposed, hy Krause, to a~sist in the erection of the corpus 
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sponrrimmm, by compre~~in~ the erecti le ti.:-:.suc of the hulb. rrhc anterior fibres. 
acco~li11)! to rl\nel, ahm contribute to the erect ion of the pl'nis, as they arc inf'e rt?d 

• into. and continuou~ "it11, 1Lc fagcia of the penis, compre~~ ing the dorsal Yem 
during tlH• contraction of rhe muscle. 

The Erector penis (ljj.r·hio-crn·ernnu.'1) coven; part of the crus penis. It is nn 

~ ~ ~17 ~'.' ~~je 0~ ~s~~~ ~~~o~~·~f 1b~~ ~~~r~~ i~lp 1~h:1\~~r::~a~el:;~ ~ r ~ ~ ~~~i~~;.'~ j~ti~~n ~; i\:1:t~:<~~~ 

F10. 298.-Th e musC'll's nttnehed to th e front ortl1e pcl\'is. (Frnm n prcpnrntlon in lhe Museum of th e Royal 
CollegeofSurgeonsofE11glnncl.) 

fleshy fibres from the inner s urface of the tuberosity of the ischiurn, behind the 
c rus penis. from the surface of rhe crus, and from the adjacent portion of th(' 
ramus of the ischium . l?rom these points fl eshy fibres s ucceed, which end in an 
aponcurosis which i ~ inserted in lo the sides and under surface of the crns penis. 

Nerve-supply.- Tb e perineal branch of the internal pudic. 
Actions.-It compresRes the crus penis aTHl retards the return of the blood 

tbrou~b the \'Cins, and thus Sel"\'CS to maintain the organ erect. 
Between the mu~cles just examined a triangular space ex ists, bounded 

in ternally by the Accelerator urin::e, c·-acrnally by the Erector peni s, and behind 
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~y the Transversus perinrei. 1'he floor of this space is formed by the triangular 
~1gament of the urethra (deep perinea} fascia), and running from behind forward 
1n it are the superficial pcrineal vessels and nene, and the transverse perineal 
art~ry ~om·sing along the posterior boundal'y of the space on the ':11ransversus 
penme1 muscle. 

The Triangular Ligament (.Deep puineal fascia) is a dense membranous lamina, 
which closes the front part of the outlet of the pelvis. I t is trianrrular in shape, 
about an inch and a half in depth, attached abol"C, by its apex~ to the under 
surface of the symphysis pubis and subpubic ligament; and on each side to the 
rami of the ischium and pubes, beneath the crura penis. Its inferior margin, or 
base, is directed toward the rectum, and connected to the central tendinous point 
of the periureum. It is continuous with the deep layer of the superficial fascia 
behind the TransYersus perin roi muscle, aml with a th in fascia which covers the 
cutaneous surface of the Leva.tor ani muscle (anal or ischio-rectal fascia.). 

8uperficialperi11ealarte1·y. 
Superjicial1>erineal11erre. 
lnten1alpudic11erve. 
Inter11alp11dicartery. 

~~ _/ 
Fm. 299.-Thesuperficialmusclesand,·esselsoftheperlnreum. 

The Triangular li i:ament is perforated by the urethra, about an inch below. the 
symphy~is pubis. 'The .ar_erture is circular m form. and ab~ut th1ee 01 f~u~ I.mes 
in diameter. Above this 1s the aperture for the dorsal vem. of t~e pems, <rnd, 
outside the latter, branches of the pudic ncn·e and arter! p1er~e it.. 

The triangu lar ligament consists of two layer~, superfi.cial or infenor, and deep 
or superior; these arc separated in front, but u~1t~d ?ehmd. . 

The Slt,perficial laym· on its inferior surface 1s mt1mately. conncct~d with, and 
sends an expansion to, the bulb . It is pier~cd by. the duct of Cowper s gland and 

by ~~~emd:~1r~~~~1~ ~~e~J~~·::Je~8 J~~e~~=~)~h~r!~!
10t~~n~~~~.~~·lor fascia; 1 s.uprriorly 

expansions from it are gi''?" off into the sh~a.th of t~e prostate gland, this sheath, 
in its turn, being forme1l frorn the recto-vcs1cal fascia: . 

Structures between the Two Layers of the Tr~angular LlgaII:1-ent.-If the 
superficial layer of thi8 fascia is 11eta.chcd on either su.le, the followmg structures 

1 u On the Anatomy of the Posterior Layer of the Triangular Ligament," see a paper by Mr 

Cnrrington1 Guy's Jiospilu.l Reports. 
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"ill ht.• ~een between it :11ul thP deep layer: 1he ::;uhpuhic ligamL'nt ahm·c, close to 
the pub<.>...,; the dnr~al H'in of the peni~: the nH.•mhranous portion of the urethra, 
anti the Cnmpre:-osor urc1bnu mu:scle; Cowper·:-. gla1ul~ and tht.•ir duct~; the pudic 
ve:-;:-ods anti ncne; the artery and nene of the bulh, an1l a plexus of vein:-'. 

The Compressor urethrre (Constrir:tor urethm) :-illl'l'OUlltl~ the \\hole length of 
the tuPtnbranou:s portion of the urethra, and is containc-d between the two layers 

rem~!~·rl~.-TrhmgulR r ligament orrleep pcrine11.l fascia. On the Jen side thesupcrficinl layer has been 

of the triangular ligament. I t a.rises. by aponeurot ic fi bres, from the upper part 
of the ramus of the os pubis on each side, to the extent of half or three-quar ters 
of an inch : each segment of the muscle passes inward, and divides into two 
fosciculi, which surround the urethra from the prostate gland behind to the 
bulbous portion of the urethra. in front : and unite. at the upper and lower 
surfaces of this tube, with the muscle of the opposite side, by means of a. tendinous 
raphe. 

Actions.-The muscles of both sides act together as a sphincter, compressing 
the membranous portion of the urethra. During the tran~mi~sion of fluids they, 
like the Acceleratores urinm, are relaxed, and only come into action at the end of 
the process to eject the last of the fluid. 

Muscles of the Perinamm in the Female. 
The Transversus perinrei in the female is a. narrow muscular slip, which pa!Zscs 

more or less transversely across the back part of the perinea] space. It arises by 
a small tendon from the inner and fore part of the tuberosity of the ischium, and, 
passing inward, is inserted into the central line of the perim.1•11m, joining in this 
situation with the muscle of the opposite side, the Extemal sphincter ani behind, 
ant.1 the Rpbinctcr 'aginm in front. 

Nerve-supply.-'11!Je prriaeal branch of the internal pudic. 
Actions.-By their contraction they scrrn to fix the central temlinous point of 

the prrin:-cum. 

to t~~1\~:~%~.:~~~· :~f~:re i~t11~1~0~1~:1:~e £:·tceat~~c~~3 ,:~~~1:.~1~rt~~{~~s tl~~ac1:!~~~ 
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tendinous point of the perinreum, where it blends with the External sphincter ani. 
I ts fibres pa8s forward on each side of the vagina, to be inserted into the corpora 
cavernosa of the clitoris, a fasciculus crossing over the body of the organ so as to 
compre8s the dorsal Yein. 

Nerve·supply.-Thc perineal branch of the internal pudic. 

to t~cc~~::t~;~~i~i~i:l~~:r~~,6 a0sr~i:~ 0!1~:~n:~~~~~-int~' l~~~~'t\~~· ~o~~~~~~~l~~~·~1~~b~~: 
fascia of the cli to ris; compressing the dorsa,l ,·cin during the contraction of the 
muscle. 

The Erector clitoridis resembles the Erector penis in the male, but is smaller than 
it. I t covers the un:.ittached part of the crns clitoridis. It is an elongated muscle, 
broader at the middle than at either extremity, and situated on either side of the 
latera l boundary of the perinreum. It arises by tendinous and fleshy fibres from 
the inner surface of the tuberosity of the ischium, behind the crus clitoridis from 
the surface of the crus, and from the adjacent portion of the ram us of the ischium. 
From these points fleshy fibres succeed, which end in an aponeurosis, wh ich is 
inserted into the s ides and under surface of the crns clitoridis. 

Nervc-supply.-Tbe perineal branch of the internal pudic. 
Actions.-I t compresses the crus cli toridis and retards the return of blood 

through the vei ns, an<l thus seHes to maintain the organ erect. 
The triangular ligament (deep perineal fascia) in the female is not so strong as 

in the male. It is attached to the pubic arch, its apex being connected with the sym
physis pubis. It is di\•i<led in the middle line by the aperture of the Yagina, with 
the external coat of which it becomes blended, and in front of this is perforated 
by the urethra. Its posterior border is continuous, as in the male. with the deep 
layer of the superficial fascia around the Transversus pcrinrei muscle. 

Structures between the Two Layers of the Triangular Ligament.-The subpubic 
ligament above, the dorsal vei n of the clitoris, the urethra a.nd the Compressor 
urethrm muscle, the glands of Barthol in and their ducts; the pudic \·essels and 
the dorsal ncrre of the clitoris; the artery of the bu I bi vestibuli, and a plexus 
of veins. 

The Compressor urethrre (C'on."Jtrietor urethra• or deep trans1·e,.sus 7Mrina>l) arises. 
on each side from the margin of the descending ramus of the os pubis. The fibres, 
passing inward, di,·ide into two sets; those of the fore part of the muscle are 
directed across the subpubic arch in front of the urethra to blend with the mus
cular fibres of the opposite side; while those of the hinder and larger part pass 
inward to blend with the wall of the vagina behind the urethra. 

MUSCLES AND FASCilE OF THE UPPER EXTREMITY. 
The ~Iuscles of the Gpper Extremity are di,·isible into groups, corresponding 

with the different regions of the limb. 
Or THE S 1tOVLDER . OP THE ARM . 

.Anterior Thoracic Re.r;ion . 
Pectoralis major. Pectoralis minor. 

t:iubc]a,·ius. 

Lateral Tlwmcic Region. 
Serra.tns magn us. 

Acromial Region. 
Deltoid. 

Anterior Scapular R egion. 
Subscapularis. 

Postuinr Scapular Rr_qion. 

Supraspina.tus. Teres minor. 
Infraspinatus. Teres major. 

:w 

Anterior Ilwneral Region. 
Coraco-brnch ial is. Biceps. 

Bracbialis ant icus. 

Posterior H umeral Region. 
Triceps. Subaneoneus. 

OF TH E FonEA1rn. 

Anteri01· Radio-ulna,. R.l!gion. 

h { !~~~~:~~~~·~r~~~'.~~.~~. 
=-~ Flcxor carpi ulnaris. 
ii Flexor sublimis cligitorum. 
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c..:..: (Flcxor profuuclus digitorum. 
:5 ~· ~ }''lex or lougus pollicis. 
AH l Pronator <1uadr:uus. 

Rac/ialRegion. 
Supinator lougus. 
Extensor carpi radialis longior. 
Extensor carpi radialis brevior. 

OF T ll E ll,1xo. 

Radial Hr1jio11. 
Abductor pollicis. 
Flex or ossis metacarpi pollicis (Opponcne 

pollieiR). 
Flcxor breYis pollicis. 
Adductor pollicis. 

_ Posterior R<tclio-ulnar Region. Palmaris brcvr:!nar R egion. 

g {~xtens01 commu n1 s d1g1tornm Abductor minimi digiti. 
~ ~. ~x~enso i mmim \ digit i Flexor brevis minimi digit1 . 
~j Ax cnsoi cai pi u rni.iis Flexor oss is metacarpi minimi digiti 

J5 s~1~1~~a~~~ btC\IS (Opponens minimi digiti). 

Q., '5 r Extenso1 OSSIS metaca1 pl poll1c1s Palmar R egion. 
~ ~LExtenso1 b1ev1s poll1c1s Lumb11c,des 
AH Extensoi longus po1l1c1s Interossei palmares. 

Extenso1 mchc1s Interossei dorsales. 
Dissection of Pectoral Region and Axilla (Fig. 301 ).-'fh e arm being drawn away from the 

side nearly at. right angles with t.he trunk, and rotated outward, make a. vertical incision through 
the integument in the median line of the 
chest, from the upper to the lower part of' 
the sternum ; a. second incision along the 
lower border of the Pectoral muscle, from 
the ensiform cartilage to the inner side of' 
the axilla; a third, from the sternum 
alon~ the davide, as for as its centre; 
and a. f011rth1 fi·om the middle of the 
chn·icle oLliquclv downward. along the 
interspace bctweCn the Pectoral and Del· 
toid muscles1 as low as the fold of the 
armpit. 1' hc flap of integument is then 
to be dissected off in the direction indi· 
cate<l in the fi g-ure, but not entirely 

~~~h~;t1t1~: i~~~~~i~,~ rif1~cet~·a~~:; 
mcision is now made fi·om the lower end 

2. Bend of Elbow. of the sternum to the side of the chest, 
as far as the posterior fold of the armpit, 
and the integument reflected outward, 
the axillary space will be more completely 
exposed. 

Fascire of the Thorax. 
The superficial fascia of the 

5. Palm of H and. thoracic region is a loose cellulo· 
fibrous layer enclosing masses of 
fat in its spaces. It is continu· 
ous with the superficial fascia of 
the neck a nd upper extrem ity 
above, and of the abdomen below. 

FJO. 301.-Dlsscction of upper extremity. Opposite the mamma, it di vides into 
two layers, one of which passes in 

front, the other behind that gland: and from both of these layers numerous septa 
pass into its substance, supporting its rnrious lobes : from the anterior layer fibrous 
processes pass forward to the integument an<l nipple. 'l'hcse processes were called 
bv Sir A. Cooper the ligamenta suspensotia, from the support they afford to the 
gland in this situation . 

The deep fascia of the thoracic region i~ a thin aponeurotic lamina, Co\·ering 
the surface of the great Pectoral muscle, and sending numerous prolongations 
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between its fasciculi: it is attached, in the middle line, to t!Je front of the 
sternum; and, abo,·e, to the clavicle. It is ,·erJ thin o,·er the upper part of the 
muscle; thicker in the iuterrnl between the Pectoral is major and Latissimus dorsi, 
where 1t closes in the axillary space, and divides at the outer margin of the latter 

ili~::lcp!·~~~c~t'~s1 f:~r~,s 0~h0e 0sfpi:~:1:h p;.~~~~:e!n oir~1~!1 ~~1~a~b~,e~~~~::re~e:~~~hf!~ 
they are attached. A.t the lower part of the thoracic region this fascia is well 
developed, and is contmuous with the fibrous sheath of the Hecti muscles. 

THE SHOULDER. 
Anterior Thoracic Region. 

Pectoralis major. Pectoralis minor. 
Subclavius. 

'rhe Pectoralis major (Fig. 302) jg a broad, thick, triangular muscle, situated 
at the upper and fore part of the chest, in front of the ax illa. It a1·ises from the 
anterior surface of the sternal half of the clavicle; from half the breadth of the 
anterior surface of the sternum, as low down as the attachment of the cartilage 
of the sixth or se,·enth rib; this portion of its origin consists of aponeurotic 
fibres, which intersect with those of the opposite muscle; it also arises from the 
cartilages of all the true ribs. with the exception, frecp1ently, of the first or of the 
se,·enth. or both ; and from the aponeurosis of the External oblique muscle of the 
abdomen. 'l'he fibres from this extensive origin converge toward its insertion, 
giving to the muscle a radiated appearance. 'l'bose fibres which arise from the 
clal'icle pass obliquely outward and downward. and are usuall,v separated from the 
rest b,,. a cellular interval: those from the lower part of the sternum, and the 
carti lages of the lower true 1ibs, pass upward and outward, whilst the middle 
fibres pass horizontally. They all terminate in a. flat tendon, about two inches 
broad, which is inserted into the anterior bicipital ridge of the humerus. 'l'his 
tendon consists of two lamina~, placed one in front of the other, and usually 
blended together below. The anterior, the thicker, receives the claYicular and 
upper half of the sternal portion of the muscle: and its fibres arc inserted in the 
same order as that in which they arise; that is to say, the outermost fibres of 
origin from the clavicle are inserted at the uppermost part of the tendon; the 
upper fibres of orig in from the sternum pass down to the lowermost part of this 
'anterior lamina of the tendon and extend as lnw as the ten<lon of the Deltoid and 
join with it. The posterior lamina of the tendon recei,·es the attachment of the 
lower half of the sternal portion and the deeper part of the muscle from the cos ta! 
cartilages. These deep 6.bi·es, and particularly those from the lower costal carti-

~~~~:;. a~~:~.d 8t:et~~fh:~·~ t~~~~l:~ b:~~::~:d t~u~~es:,i,~:!~<l~eb~1~~ thpeo:~e1:.f~~c~~~~~~ 
reaches higher on the humerus than the anterior one. and from it an expansion is 
gi,·en off which cornrs the bicipital groove and blends with the _capsule of the 
shou lder-joint. Another expansion passes downward to the fascia of the arm. 

Relations.-B,, its anterior sw:face, with the integument, the superficial fascia, 
the Platysma, the mammary gland, and the deep fascia; by its posterior sinface : 
its thora(·ic portion, with the stern um 1 the ribs and costal cartilages, the costo
cora.coid membrane, the Subclavius, Pectoralis minor. t)erratus magnus, and the 
Intercostals; its a:rillar.1J portion forms the anterior wall of the axill~r.v. space, and 
covers the ax illar v vessels and nenes, tbe Biceps and Coraco-brach1alis muscles. 
Its 1rpper border 'lies parallel with the Deltoid, from which i~ is separated by a 
slight intcrspa~c in which lie the cephalic Yein and des~cndmg . branch of. the 
acromial thorn.cw artery . Its lower border forms the antenor marg111 of theax1lla, 
bein(ll' at fir~t separated from the Latissimus dorsi bv a. considerable intenal; but 
botb0mu~cles gradually conrnrge towar<l the outer 1»art of che space. 

Dissection.-Dctach the Pcctoralis major by dividing the muscle along its attachment to the 
clavicle , and Ly making a vertical inci::;ion throu.!?:h its sub.stance a little external to its line of 
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attachment to the sternum and costal cartila!?es. The muscle ~hould then be reflected outward 1 

and its tendon cart>folly examined. The 1-'ectoralis minor is now exprnsc<l, and immediately 
~~11.;;!}J 1~~~n~Z~~::!~n·al between its upper border anJ the cla\·idc, a strong fa!oieia1 the coslt>· 

'l'he costo-coracoid membrane is a strong fas.cia placed between the cln viclc 
and the upper bor<ler of the Pectoralis minor muscle, which protects the axillary 

Fm. 30'2.-Musclcs of the chest and front of the arm. Superficial view. 

vessels a.ncl nen•es. Above, it is attached to the anterior margin of the Subclavian 
groove on the under surface of the clavicle, and is connected with a layer of 
cervical fascia which overli es the Omo-hyoid muRcle, and forms the posterior layer 
of the sheath of the Subclarius muscle. In ternally, it is attached to the first rib 
internal to the origin of the Rubclavius muscle. 'ExternaJly it is Yerv thick and 
dense, and is attached to the coracoid proce!-t~. 'rhe portion cxtendi;1g from its 
attachment to the first rib to the coracoid procc:.::.s is often whiter an1l dcn~cr than 
the rest; this is sometimes called the co8to-coracoid l(qament. Below, it is thin, 
and at the upper border of the Pectoralis minor it splits into two layers to inYest 
the mm!cle; from the lower border of the P cctoralis minor it is continued down-
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ward to j oin the axillary fascia, and outwanl to join the fascia over the short 

head of the Biceps .. The costo-coracoid membrane is pierced by the cephalic 1•ein, 

~~~r:~i1~0~~~~,e~~orac1c artery and vern, superior thoracic artery, and anterior 

The Pectoralis minor (Fig. 303) is a thin, flat, triangular muscle, situated at 

the upper part of the thorax, beneath the Pectoralis major. I t arises by three 

FIG. 303.-Musclcs of the chest and front of the arm, with the boundaries of the axilla. 

tend inous digitations from the upper margin and outer su rface of the third, 

fourth, and fifth ri bs, near their cartilages. and from the aponeurosis covering the 

In tercostal muscles; the fibres pass upward and outward, and converge to form a 

fiat tendon, wh ich is inserted into the inner border and upper surface of the cora

coid process of the scapula. 
Relations.-By its anterior surface, with the Pectora]is major and the superior 

thoracic vessels and nerves; by its posterior surface, with the ribs, Intercostal 

muscles, Serratus ma.gnus, the ax illary space, and the axi llary vessels and nerves. 

Its upper border is separated from the clavicle by a triangular interval, broad 

internally, narrow externally, bounded in front by the costo-coracoid membrane, 

and internally by the ribs. In this space are the first part of the axillary vessels 

and nerves. 

The costo-coracoid membrane should now be removed, when the Subclavius muscle will be 

seen. 
The Subclavius is a long, th in . spindle-shaped muscle, placed in the interval 

between the clavicle and the first rib. It arises by a short, thick tendon from the 

first rib and its cartilage at their junction. in front of the rhomboid ligament; the 
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fleshy fibres proceed obliquely upward and outward, to be inserted into a deep 
groo;•c on the under surface of the middle third of the da,·iclc. . . 

Relations.-B_y its upper swfaee, wit~ the clancle. 13y t~s unda .~1a:face 1t 1s 
separnte<l from the first rib by the subclanan \'e• els and b~"1ch1al plexus of aen·c.s. 
Its antaior sud'at>e is separated from the Pectoralis maJor by th<' c.osto-c?raco1d 
membrane, which, with the clavicle1 forms an osseo-fibrous sheath 111 "l11ch the 
muscle is enclosed . 

If the costal attachment of Lhe Pectoralis minor is divided across. and tlie muscle reflettccl 
outward, the axillary \'Cssels and nerves are brought fully into view, and should be examined. 

Nerves.-The J>cctoral muscles are supplied by the anterior thoracic nerves; 
the Subclavius, by a filament from the cord 

Slip of scRAATus MAGNus to lat 1·ib. formed by the union of the fifth and six th 
cervical nencs. 

Actions.-If the arm has been raised by 
the Deltoid, the Pectoralis major will, con
jointly with the La.tissimus dorsi an<l Teres 
major, depress it to the side of the chest. 

;~ar~ct;~~ :1~~~\rii~;~~u~~s a~~~~s<l~~;·sfr~~·~ 
of the chest, and a.t the same time rotates 
it inward. The Pectoralis minor depresses 
the point of the shoulder, drawing the scapula 
downward and inward to the thorax, and 
throwing the inferior angle backward. The 
Subclavius depresses the shoulde r, drawing 
the cla\•iclc downward an<l forward. ·when 
the arms a.re fix ed. all three mu~clcs act upon 
the ribs, drawing them upward and expand
ing the chest, and thus becoming very 
important agents in forced inspiration. 
Asthmatic patients al ways assume an atti
tude which fixes the shoulders, so that all 
these muscles may be brought into action to 
assist in dilating the cavity of the chest. 

Lateral Thoracic R egion. 

Serratos magnus. 
The Serratus magnus (Fig. 304) is a 

broad, thin, and irregularly quadrilateral 
muscle. situated at the upper part and 
side of the chest. It consists of two tri
angular or fan-shaped portions; the upper 
one having the apex of the triangle at-

~~iiE~~~}~11H~:l~'~) ~ffh~sR0)~!70~1fef!eJ>f ~~:~e! t~et~l~);~·:ta~~~~ ~~:~o~~~.:~~~~t~~r~~~ 
of the scapu la ; the lower with its apex 

behind '1tlachcd to the inferior angle of the scapula, and its base in front con
nec.ted. with the nbs from the second to the eighth . It arises by nine fleshy 
d1g1tat1o~s from the outer surface and upper border of the eight upper ribs (the 
second nb ha.\'1~g two), ~nd from the aponcurosis coYcring the upper intercostal 
~uscles, and 1s msertcd mto the whole length of the anterior aspect of the poste
nor border of the scapu la. 'J'he upper fan-shaped portion is attached to the fore 
part of the outer surfaces of the first and second ribs; its fibres spread out, the 
~pper ones forming. a thick fasciculus. which passes upward and backward, and 
is attached to the triangular smooth surface on the anterior aspect of the superior 
angle of the 8Capu1a; the remaining fibres proceed back,\:ud and downward to 
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be attached to the posterior border of the scapula between the superior and inferior 
angles. 'l'he lower fan-shaped portion is attached posteriorly by its apex to the 
antenor. surface of tb.e mfenor angl~ of the scapula, partl,r by muscular. partly 
by tendmous fibres; 1t spr_eads out like a fan , the upper fibres passing forward 
and upward, the lower honzontallv forward to be inserted into the outer surface 
o~ ~he .fore part of th~ ribs from the second to the eighth, by a series of muscular 
d1g1t..tt1ons. In the mtcnals between the four lower of these are received cor· 
responding processes of the External oblique. 

Relations.-Thi~ muscle is covered, in front, by the Pectoral muscle; behind 
by the S11bscapu lar1s; above, by the axillary vessels and nerves. Its deep swface 
rests upon the ribs and Tntercostal muscles. 

Nerves.-'rhe Serratus ma.gnus is suppl ied by the posterior thoracic nerve. 

at ttec~\~~1~::~~~-a~!~r~l~~sv:-~:~1:1· b~1-3e~~- ~~ 1~t~· ecb:~1~~ ~~ t~: 1!ct~~l~-~~ 0;.~r~,~~~~~r:~~ 
in the action of pushing. Its lower and stronger fibres moYe forward the lower 
angle and assist the 'l1rapezius in rotating the bone round an axis through its centre, 
ancl thus assists this muscle in raising the acromion and supporting weights upon 
the shoulder. It is possible that when the shoulders a1·e fixed the lower fibres 
may assist in raising and ernrting the ribs; but it is not the important inspiratory 
muscle which it was formerly belicYed to be. 

Surgical Anatomy.-When the muRCle is paralyzed the ,·crtcbral border, ancl especially 
the lower :mg-le, lea\'e the ribs and stand out prominently on the surface, gi"ing a peculiar 
11 win!!e<l" appearance to the back. The patient is unable to raise the arm abo"c a right angle, 
an<l an attempt to do so is followed by a rernlution of the scapula, instead of by the c)e\'ation 
of the arm 

Dissection.-.,\.Jtcr completin~ the dissettion of ihe axilla, if tlrn muscles of lhe back ha"e 
been di""ccted, the upper extremity shoul<l be separated from the trunk. Saw through the 
cla"icle at. its centre, _an<l then cut through the mu:;eles which connect the scapula and arw with 
the tr.unk, viz.: the Pcctomlis minor in front, Rcrr:ttus magnus at the side, and the Lev:nor 
am~nh scapul:.u, the Hhon1hoids, Trapezius, an<l La.ti!!simus dorsi behind. These nrnseles should 
be clc:rned and traced to their respecti\•e insertions. Then make an incision through the integu
ment, comme1H.:ing at the outer third of the davicle, auc\ exteuding: along the margin of that 

~~~ ~:~~v·~~::~~:~~lio;~1t'lri~~~~rd1,1~v~~:;~h~f r.!!~ias~~l~,~~:;,~g t~J~e i_l)~1f ~i1:11i~1 ~x81~~s~~ (~i:.i~Qf ~e~ :r~Jf 
The superficial fascia of the upper extremity is a thin cellulo-fibrous layer, 

containing the superficial rnins and lymphatics, and the cutaneous nerves. It is 
most distinct in front of the elbow, and contain:. rnry large superficial veins and 
nen-es; in the hand it is hardly demonstrable. the integument being closely 
adherent to the deep fascia by dense fibrous bands. Small subcutaneous bursm are 
found in this fascia o,·cr the acromion, the olecranon. and the knuckles. The 
deep fascia of the upper extremity comprises the aponeurosis of the shoulder, 
arm, and forea.rm, the anterior and posterior annular ligaments of the carpus, and 
the palmar fascia. These will be considered in the description of the muscles of 
the several regions. 

Acromial Region. 
Deltoid. 

'l'he deep fascia covering the Deltoid (deltoid aponeurosis) is a fibrous lay~r 
whi ch covers the outer surface of the muscle. thick and strong behmrl, where it 
is continuous with the infraspinatus fa:;cia., thinner over the rest of its extent. 
It sends down numerous prolongations between the fasciculi of the muscle. 
In front, it is continuous with the fascia covenng the great Pectoral mus~le; 
behind, with that covering the Infraspinatus; ~b?'·e, it .is attach.eel to the cl ancl~, 
the acromion, and spine of the scapula; below, 1t 1s contmuous "1th the deep fasma 
of the arm . 

'J'hc Deltoid (Fig. 302) is a hrge, thick, triangular muscle'. which gives the 
rounded outline to the shoulder, and has received its name from its resemblance to 
the Greek letter .6, reversed. It surrounds the shoulder-joint in the greater part 
of its extent, covering it on its outer side. an<l in front and behind. It arises from 
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the outer third of the anterior border and upper surface of the cJ;niclc; from the 
outer margin and upper surface of the acromion procc~s. an1l from the l ow~r lip of 
the posterior border of the spine of the scapula, as far back as the triangular 
surface a.tits inner cn11. From this extensh·e origin the fibres con\·erge toward 
their insertion, the mi<lcllc passing rnrticall.v, the anterior obli11ucly backward, the 
posterior obliquely forward; they unite to form a thick tendon. "bicb is inserted 
into a rough prominence on the middle of the outer side of the shaft of the 
humerus. At its im;crtion the muscle gives off an expansion to the deep fascia. of 
the arm. This muscle is remarkably coarse in texture, and the arrangement of 
its muscular fibres is somewhat peculii:ir; the central portion of the muscle-that 
is to sa.y, the part arising from the acromion process-consists of oblique fibres, 
which arise in a bipennif'orm manner from the sides of tenclinous intersections, 
generall.v four in number, which are attacLed abO\'C to the acrnmion process and 
pass downward parallel to one another in the s ubstance of the muscle. 'l'he 
oblil1ue muscular fibres thus formf'd are inserted into i;:,1milar tcndinous intersec
tions, generally three in number, which pass upward from the insertion of the 
muscle into the humerus and altemate with the descending septa. The lateral 
portions of the muscle-that is to say, the fibres arising from the claYicle and 
spine of the scapula-are not arranged in this manner, but consist of parallel 
fa~ciculi pa:.:.sing from their origin aborn, to be inserted into the margins of the 
inferior tendon. 

Relations.-By its su7m:ficial surface. with the integument, the superficial 
fascia, Pla.tysma, and supra-acromial nen·es. Its deep swfaf'e is sepa rated from 
the hearl of the humerus by a large sacculated syno,· ial bursa, and co,·ers the 
coracoid process, coraco-acromial 1igament. Pectoralis minor, Coraco-bracbialis, 
both heads of the Biceps, the tendon of the Pcctoralis major, the insertions 
of the Supraspinatus, Infraspinatus, and 'J'ercs minor, the scapular and 
external heads of the 'L\iccps, the circumflex vessels and nerve, an<l the humerus. 
Its anterior border 1s separated at its upper part from the Pectoralis major by 
<t cellular inters pa.cc, which lodges the cephalic Yein and descending branch of the 
acromial thoracic artery: lower down the two muscles a rc in close contact. Its 
posterior border rests on the Infraspi natus and 'l'riceps muscles. 

Nerves.-The Deltoid ts supplied b_v the circumflex nerve. 
Actions.-'l'he Deltoid raises the arm directly from the side, so as to bring it 

at right angles with the trunk. Its anterior fibres, assisted by the Pcctoralis 
major, draw the arm forward; and its posterior fibres, aided by the Tercs major 
and Latissimus dorsi, draw it backward. 

Surgical Anatomy.-The Deltoid is very liable to atrophy, and when in this condition 

:~:~~~~c~i~F~i~~0~c~1~11i1~n s~~~~;jot~1~~n ase;~1~1i~1!~i~1~~t};~~~'~\~~, t~: \~~)Ju~ef o~:~~ ~~;:r~1~1~ 
relative position of the ~reat tuberosity of the humerus to the acromion and coracoid process is 
unchan~ed. Atrophy of the Deltoid ma)' be due to disuse or loss of trophic influence, either 
from injury to the circumflex nen·e or cord lesions, as in infantile paralysis. 

Dissection.-Divide the Deltoid across, near its upper part, by an incision carried along the 
margin of' the chwicle, the acromion process, and spine of' the scapula, and reflect it downward: 
the bursa will be seen on its under surface, as well as the circumflex vessels and nerve. 

Anterior Scapular Region. 

Subscapularis. 

The subscapular fascia is a thin membrane attached to the entire circumference 
of the subscapular fossa, and affording attachment by its inner surface to some of 
the fibres of the Subscapularis muscle : when this is remo1'ed, the Subscapularis 
muscle is ex posed. 

The Subscapularis (Fig. 303) is a large triangular muscle "hi ch fills up the 
subscapular fos~a. arising from its internal two-thirds, with the exception of a 
narrow margin along the posterior border, and the surfaces at the superior and 
inferior angles which afford attachment to the Serratus magnus. Some fibres 
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arise from tcndinous laminre, which intersect the muscle, and are attached to 
ridges on the bone; and others from an a.poneurosis, which separates the muscle 
from the Ten~s major and the long head of the Triceps. The fibres pass 
outward and gradually coll\·erging, terminate in a tendon, which is inserted 
into the lesser tuberosity of the humerus. Those fibres which arise from the 
axilhry bor<ler of the scapula are inserted into the neck of the humerus to 
the extent of an inch below the tuberosity. 'l'he tendon of the muscle is in 
close contact with_ the capsular _ligament of the shoulder-joint, and glides over 
a large bursa,. which s_eparates 1t from the base of the coracoid process. This 
~ursa communicates with the cadty of the joint by au aperture in the capsular 
ligament. 

R~la~ions.-Il.Y its anter.ior swfaae, with the Scrratus magnus, Coraco
brach1alis, and B iceps, the axi llary vessels and nerves, and the subscapular ,·essels 
and ner\'eS; by its posterior Sll1face, with the scapula and the capsular ligament 
of the ~boulder-joint. Its lower border is contiguous with the 'l'eres major and 
Latissimus dorsi. 

Nerves.-It is supplied by the upper and lower subscapular nerYes. 
Actions.-Tbe Subscapularis rotates the head of the Lumerus inward; when 

the arm is raised, it draws the humerus downward. Together with the following 
muscles it is a defence to the shoulder-joint, as, by their tension, they all pre,·ent 
displacement of the head of the bone. 

Posterior Scapular Region (Fig. 305). 

Supraspinatus. 
Infraspinatus. 

Teres minor. 
'Teres major. 

Dissect ion .-To expose these muscles, and to examine their mode of insertion into the 
humerus. detach the Deltoid and Trapezius from their attachment to the spine of the scapula 
and acromion process. Remo,·e the clavicle by diYidinA" the ligaments connecting it with the 
coracoi<l process. and separate it at itR articulation with the scapula: divide the acromion process 
near its root with a sa.w. 'fhe fragments being removed, the tendons of the posterior Scapular 
muscles will be fully exposed, and can be examined. A block should be placed beneath the 
shoulder-joint, so as to make the muscles tense. 

'rhe Supraspinous fascia is a thick and dense membranous layer, which com
pletes the osseo-fibrous case in which the Supraspinatus muscie is contained. 
affording attachment1 by its inner surface, to some of the fibres of the muscle. It 
is thick internally, but thinner external1y under the coraco-acromial ligament. 
·when this fascia is removed, the Supraspinatus muscle is exposed. 

The Supraspinatus muscle occupies the whole of the supraspinous fossa, arising 
from its internal two-thirds and from the strong fascia which covers its sur
face. The muscular fibres con,·erge to a tendon which passes across the capsular 
ligament of the shoulder-joint, to which it is intimately_ adherent. and is inserted 
into the hiahest of the three facets on the great tuberos1ty of the humerus. 

Relatio~s.-By its upper sw:face, with the Trapezius, the clavicle, the acromion, 
the coraco-acromial ligament, and the Deltoid; by its 1mcler sw:face, wit~ _rhe 
scapula, the suprascapular vessels and nerve, and upper part of t?e s~ou lder-;Jomt. 

The Infraspinous fascia is a dense fibrous membrane, covenng m the Infra
spinatus muscle and attached to the circumference of tlie infraspinous fossa ;, it 
affords attachment, by its inner surface, to some fibres of that muscle. At the pomt 
where the lnfraspinatus commences to be covered by the Deltoid, this fascia divides 
into two la,vers : one la,ver passes over the Deltoid muscle, helping to _form the 
Deltoid fascia already described; the other passes beneath the Delt01d to the 
shoul<ler-joint. . . . . . 

The Infraspinatus 1s a thick, triangular muscle, '' h1ch occupies the chief part 
of the infraspinous fossa, arising by fleshy fibres from its inten~al two-thirds, and 
by tendi11ous fibres from the ridges on its surface: it ahw arises from a strong 
f3.scia which cm·ers it externally, and separates it from the Teres major and minor. 
'J'he fibres con,·erge to a tendon "hich glides oYer the external border of the 
spine of the scapula, and, passing across the capsular ligament of the shoulder-
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joint, is inserted into the middle ~~tcet on the g reat tubcrosit)_' of tbc humerus. 
The tendon of this muscle is occas1onally separated from the sp111C of the scapula 
by a synorial bursa which communicates with the synodal cavity of the shoulder~ 
joint. 

Rela.tions.-B.Y its posterior smface, with the Deltoid, the 'J.1ra.pczius, Latissi~us 
dorsi, and the integument; by its anterior sw-fuce, with the scapula, from which 

'Fw.305.-MusclesonthedorsumoftheScapulaandtheTriccps. 

it is separated by the suprasca.pular and clorsalis scapul re vessels, and with the 
capsular ligament of the shoulder-j oi nt. Its lol1•er border is in contact with the 
r11eres minor, occa~ionally united with it, and with th e ' l'eres major. 

'J'hc Teres minor is a narrow, elongated muscle, which li es along the inferior 
border of the scapula. It arises from the dorsal surface of the axillary border of 
the scapula. for the upper two·thirds of its extent. and from two aponeurotic 
Jaminre, one of which separates this muscle from the lnfraspinatus. the other from 
the 'reres major; its fibres pa~s obl iquel.'r upward and outward, and terminate 
in a tendon which is inserted into the lowest of the three facets on the great 
tuberosity of the hum erus, and. by flesh y fibres, into th e humerus immcdia.tc1y 
below it. 'l'he tendon of this muscle passes acro~s the capsular li gament of the 
shoulder-j oint. 

Relations.-By its posterior surface, with the Deltoid , and the integument; 
by its anlel·ior sw:faee. with the scapula, and d orsal bran ch of the s ubscapular 
artery, the long head of the Triceps, and the shou lder-joint ; by its upper border, 
with the Infraspinatus; by its lower border, with the T cres major, from which it 
is separated anteriorly b.v the long- bead of the 'l'ricep8. 

'l1he Teres major is a broad and somewhat fl attened muscle, which arises from 
the dor>al aspect of the inferior angle of the scapula, and from the fibrou s septa 
interprnsed between it an<l the Teres minor and Infraspinatus; the fibres are 



TI-IE ARM. 

directed upward and outward, and termina.te in a Hat tendon, about two inches 
in length, w~ich is inscrt~d i~to tb.e in~ernal bicipital ridge of the ?umerus. '11he 
tendon of this muscle, at us msert10n mto the humerus, lies behmd chat of the 
Latissimus dorsi, from which it is separated by a syno"ial bursa, the two tendons 
being. howernr, united along their lower bor<lCrs ro;. a short clisrancc. 

Relations.-By its posterior swface, with the integument. from which it is 
sepa.rat,e,<l~ iuternall.~, by the_ Latissimus ~orsi; and externall:r, by ~he. long bea~ 
of the Inceps; by its antenor swface, with the Subscapular1s, Lat1ss1mus dors1, 
Coraco-brachialis, sl~ort bead of the Biceps, the a.xillarv vessels, and brachial 
plexus of nerves. Its 'l.tpper border is at first in rcla.tior1 with the Teres minor, 
from which it is afterward separated by the long head of the Triceps. Its lower 
border forms, in conjunction with the Latissimus dorsi, part of the posterior 
boundary of the axi lht. 

Nerves.-'l'he Supra- and Infraspinatus muscles arc supplied by the suprascap
ular nerve; the rl1eres minor) by the circumflex; and the 'l'eres major1 by the 
lower subscapular. 

Actions.-'l'he Supraspinatus assists the Deltoid in raising _the arm from the 
side. and fixes the head of the humerus in its socket. ~l'he Infraspinatus and 
'l'eres minor rotate the head of the humerus outwar<l: when the™·m is raised. thev 
assist in retaining it in that position and carrying it backward. One of the moSt 
important uses of these three muscles is the great protection they afford to the 
shoulder-j oint, the Supraspinatus supporting it above, and pre,·enting displacement 
of the hea<l of the humerus downward, while the Infraspinatus and ~l1eres minor 
protect it behind, and preYent dislocation forward. The Teres major assists 
the Latissimus dorsi in dra.wiug the humerus downward and backward, when pre
viously raised. and rota.ting it inward; when the arm is fixed, it may assist tLe 
Pectoral and Latissimus dorsi muscles in drawing the trunk forward. 

THE ARM. 
Anterior Humeral Region (Fig. 303). 

Coraco-brachialis. Biceps. Brachial is anticus. 
Dissection.-The arm bcinl? placed on the table, with the front surface uppcrmo1it. make 

a vertical incision through the integument alon,!r the middle line, from the outer extremity of 
the anterior fold of the axilla1 to about two inches below the elbow-joint, where it shonkl be 
joined hy a. trans,~erse incision, extendin,2' from the inner to the outer si~le of the forearm; the 
two flaps bein; reflected on either side, the fascia should be examined (Fig. 301 ). 

The deep fascia of the arm is continuous with that covering the shoulder and 
front of the great Pectoral muscle, by means of which it is attached, aborn, to the 
cladcle, acromion, and spine of the scapula; it forms a. thin 1 loose, membranous 
sheath investing the muscles of the arm, sending down septa between them. and 
composed of fibres disposed in a. circular or spiral direction, and connected together 
bv vert ical and oblique fibres. I t differs in thickness at different parts, being thin 
o~·er the Biceps, but thicker where it covers the Triceps, and O\'er the condyles of 
the humerus: it is strengthened by fibrous aponeuroses, derived from.the Pectoralis 
major and Latissimus dorsi on the inner side, and from th~ D~lto1d externally. 
On either s ide it gi,·es off a strong interm,uscztlar septum, which 1s attached to the 

:l7s~i~~i~fr:1~::1~~e~· i ~~ni~: ~l~o:~eof~;J;~el~~=~e ri ~:.h~~~c~1~~lt~·c~~1~:~ torf~~~~~:~r~~i~ 
intermuscular septum extends from the lower part of the externa l bicipital ridge, 
alon"' the external condvloid ridae, to the outer condyle; it is blended with the 
tend~n of the Deltoid, gives atta.~hment to th? 1J1ri?e1~s bchi~d, ~o the Brachial!!' 
anticus Supinator longus, and Extensor carpi rad1alis long1or, m front: and 1s 
perforated b.v the musculo:spiral nen'e anJ ~upe.rior profunda artery. The internal 
intermuscular septum, thicker than the preceding. extends from the lower part of 
the internal lip of the bicipital groove below the rJ 1 ere~ major, along the internal 
con<lvloicl ricli(C to the inner conclyle; it is blended ll'itb the tendon of the Coracc
brachinlis, and affords attachment to the Triceps behind, and the Brachialis anticus 
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in front. It is perforated b.v the ulnar ncn·e and the inferior profunda and au.asto
m'ltic arteries. At the elbow the <leep faseia. is attached to all the promment 
points round tbejoint-\·iz. thccond.rles of the humerus and the olecranon procc~s 
of the ulna-allll is continuou:; with the deep fiu•cia of the forearm. Just below the 
middle of the arm, on its inner side, in front of the imcrnal intennuscula.r septum, 
is an oral opening in the deep fascia. which transmits the basilic ,·ein and some 
lymphatic Ycsscls. On the rcmornl of this fascia the muscles, vessels, and nerves 
of the anterior humeral rcgi1.tn are exposed . 

The Coraco-brachialis, the smallest of the three muscles in this region, is sit
uatetl at the upper aud iuuer part of the arm . It arises by fie h.v fibrns from 
the apex of the coracoid process, iu common ll"ith the short head of the Biceps. 
and from the intermuscular septum between the two muscles; the fibres pass 
downward, backward, and a little outward, to be inserted by means of a f1a.t ten
don into a rough ridge at the middle of the inner surface and internal border of 
the shaft of the humerus between the origins of the Triceps and Brachialis anticus. 
It is perforated by the musculo-cutaneous nerve. rrlie inner border of the muscle 
forms a guide to the position of the brachial artery in tying the \'Cssel in the upper 
part of its course. 

Relations.-By its anterior surface, with the Pectoralis ma.jar above, and at 
its insertion with the brachia.I rnssels and median ncnc which cross it; by its 
poste1·ior surface, with the tendons of the Subscapularis, Latissimus dorsi 1 and 
Teres major, the inner head of the Triceps, the humerus, and the anterior circum
flex vessels; by its inner border, with the brachia! artery, and the median and 
musculo-cutancous uen·es; by its outer border, with the short head of the Biceps 
and Brachialis anticus. 

'l'he Biceps (Biceps jlP:cor cubiti) is a. long fo::;iform muscle, occuping the whole 
of the :rnterior surface of the a.rm, and di,·idcd above into two portions or heads, 
from which circumstance it has receirnd its name. ~:rhc short head arises by a 
thick fla.ttened tendon from the apex of the coracoid proce~s. in common with the 
Cora;co-brachialis. 'l'be long head arises from the supraglenoid tubercle on the 
upper margin of the glenoid cav ity, by a long rounded tendon, which is continuous 
with the glenoid ligament. This tendon arches over the head of the humerus, 
being enclosed in a special sheath of the synovial membrane of the shoulder-joint; 
it then pa!-<scs through an opening in the capsular ligament a.tits attachment to the 
humerus, and descends iu the bicipital groove. in which it is retained by a. fibrous 
prolongation from the tendon of the Pectoral is major. r.rhe fibres from this tendon 
form a rounded belly, and. about the middle of the arm, join with the portion of 
the muscle cleri,·ed from the short head. '11he belly of the muscle, narrow and 
somewhat flattened, terminates abo,·e the elbow in .. a flattened tendon, which is 
inserted into the back part of the tuberosity of the radius, a synovial bursa being 
interposed between the tendon and the front of the tubero~ity. 'l'he tendon of the 
muscle is thin and broad; as it approaches the radius it becomes narrow and twisted 
upon itself, so that its external border becomes anterior, and its posterior flat sur
face is applied to the back of the tuberosity: opposite the bend of the elbow the 
tendon girns off, from its inner side, a broad aponeurosis, the bicipitalfascia (semi
lunar fascia), which passes obliquely downward and iuwar<l across the brachia! 
artery, and is continuous with the deep fascia of the forearm (Fig. 302). The 
inner border of this muscle forms a guide to the position of the Ye sel in tying the 
brachia! artery iu the middle of the arm. 1 

Relations.-Its anterior surface is OYerlap pecl aboYe by the Pectoralis major 
aucl Deltoid; in the rest of its extent it is covered by the superficial and deep 
fascire and the integument. Its posterior sw:face rests on the shoulder-joint and 

1 A third head to the Biceps is occasion~lly found (Theile say!! as often as once in eight or nine 

~:;!r~~l~~~~~;1?;;~~:~:rr::·:~1i~~~m1i~~t~~~~:,1~~~:.:~<ir~·~i~~~:::<l;1~~iJ~ .~~::~~~£.~ 
sionally the third h~ad ron~io:;ts of two slips which pass down1 one in front, the other behlnd the artery, 
concealing the \"b~el in the lower half of the arm. 
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humerus, from which it is separated by the SubscapuJaris, Teres major, Latissimus 
dorsi, Bracbialis anticus, and the musculo-cutaneous nerve. Its inner border is 
in relation with the Coraco-brachialis, the brachial vessels, .and median nene; its 
outer bo,.der, with the Deltoid and Supinator longus. 

The Brachialis anticus is a brnad muscle, which covers the elbow-joint and 
the lower half of the front of the humerus. It is somewhat compressed from 
before backward, and is broader in the middle than at either extremity. It arises 
from the lower half of the outer and inner surfaces of the shaft of ihe humerus, 
and commences above at the insertion of the Deltoid, which it embraces by two 
angular processes. Its origin extends below, to within an inch of the margin of 
the articular surface, and is limited on each side by the external and internal 
borders of the shaft of the humerus. It also arises from the intermuscular septa 
on each side, but more extensively from the inner than the outer, from which it is 
separated below by the Suplnator longus and Extensor ca1·pi radialis longior. Its 
fibres converge to a thick tendon, which is inserted into a rough depression on the 
inferior surface of the coronoid process of the ulna, being received into an intenal 
between two fleshy slips of the Flexor digitorum profundus. 

Relations.-By its anterior su1:face, with the Biceps, the brachial vessels, 
musculo-cutaneous, and median nerves; by its posterior surface, with the 
humerus an~ front of the elbow-joint; by its inner border, with the 11riceps, ulnar 
nene, an<l Pronator radii teres, from which it is separated by the intermuscular 
septum : by its outer border, with the musculo-spiral nerve, radial recurrent 
artery. the Supinator longus, and Extensor carpi radialis longior. 

Nerves.- The muscles of this group are supplied by the musculo-cutaneous 
nerve, but the nerve to the Coraco-brachialis is often an independent branch of 
the outer cord of the Brachia} plexus. The Brachialis anticus usually receives 
an additional filament from the mnsculo-spiral. 

Actions.-The Coraco-brachialis draws the humerus forward and inward, and 
a$sists in clemting it. rJ'he Biceps is a fl.exor of the forearm: it is also a supinator, 
and makes tense the deep fascia of the forearm by means of the bicipital fascia. 
The Brachialis anticus is a flexor of the forearm, and protects the elbow-joint. 
When the forearm is fixed, the Biceps and Ilrachialis anticus fl.ex the arm, as is 
seen in efforts of climbing. 

Posterior Humeral Region. 
Triceps. Subanconeus. 

The Triceps (Triceps extensor cubit{) (Fig. _305) is situated on the back of. the 
arm. extending the entire length of the postenor surface ?f the humerus. It is of 
large size, and divided above into three parts; hence its name. These three 
portions have been named (1) the middle, scapular, or long head; (2) the external, 
or long humeral; and (3) the mternal, or short humeral head. 

'l'he middle or scapular head arises, by a flattened tendon, from a rou~h 
triangular depression immediately below the glenmd cavity, bemg blended at its 
upper part with the capsular ligament; the mu~c~lar: fibres p~ss downward 
between the two other portions of the muscle, and JOID with them m the common 
tendon of insert ion. 

The e.rtemal head arises from the posterior surface of the shaft of the hume1:us, 
between the insertion of the Teres minor and the upper part of the ~usculo-sp1ral 
groove; from the external bo~·der ?f. the humerus and the external mfermuscular 
septum: the fibres from this ongm converge toward the common tendon of 

inse,J1~~ninternal head arises from the posterior surface of the shaft of the humerus, 
below the rrroove for the musculo-spiral nerve; commencin.g abo,·e .. n~rrow .and 
pointed, b~iow the insertio.n of the .Teres major, a?cl extendmg to w1thm an mch 
of the troehlear surface: 1t also arises from the mtcrna1 b~rder of the humerus 
and internal intermuscular septum. 'l'he fibres of this portion of the muscle are 
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dircctc<l. s.ome downward to the olecranon, "hilst others com·crge to the common 
ten<lon of imwrtion. 

The ,_·ouwwn tendon of the Triceps commences about the middle of ti.Jc back part 
of the rnw;clc: it con~i~ts of two aponeurotic lamin::c, one of'' hi ch is Siubcutancom; 
an<l cover:-; the posterior surface of the mnflcle for the lower half of its extent: the 
other is more deeply seated in the sub:;tance of the mn!'c)c: after receiving the 
attachment of the mu~cular fibres, they join together abcl\·e the elbow. an<l arc 
in~crted, for the most part, into the back part of the upper !'urface of the olecranon 
proce:;s; a band of fibres is, howeYer, continued do" nwar<l, on the outer side, 
over the Anconcus, to blend with the deep fascia of the forearm. A ~mall bursa, 
occa~iona\ l y multilocular, is situated on the front part of this surface, beneath the 
tendon. ' 

The long bead of the Triceps descends between the 'l'eres minor and 'l'ercs 

~~~ o~·~v~ i ~·~~~~!' t!\~a~:i~~n !~1~a;;.i~1~:;~ la~·~t ;~:e~t~~~s~1 :,:·(~r:nt~~ :~~ (F~~ . t~i~~1 m;~·b1: 
trianO'ular space contains the dorsal is scapuh~ ,·essels; it is bounded by the Tercs 
mino~ abo\·e, the Tercs major below, and the scapular head of the ~I.1riceps 
externally: the quadrangular space transmits the posterior circumflex vessels 
an<l the circumflex nen·e; it is bounded br the Tcrcs minor abo,·c, the Teres 
major below, the scapular head of the TricepS in ternally, and the humerus exter
nall\". 

itelations.-By its posterior swface, with the Deltoid abo\·e: in the rest of its 
extent it is subcutaneous; by its anterior smfacc, with the humerus, musculo
spira l ne1Te, superior profunda. yessels. aud back part of the elLow-joint. Its 
middle or lon.fJ head is in relation, behind, with the Deltoid and 'J'eres minor; in 
front, with the Rubscapularis. Latissirnus dorsi, and 'l'eres major. 

The Subanconeus is a. name g iYen tO a few fibres from the lower part of the 
Triceps rnw;cle, which are inserted into the posterior ligament of the elbow-joint. 
By some authors it is regarded as the analogue of the ~ubcrureus in the lower 
limb, but it is not a separate muscle. 

Nerves.-'l'h c ~l'ri ccps is supplied by the muscu lo-spirnl nerve. 
Actions.-'l'he ~l1ri ceps is the great extensor mu~c:le __ of' the forearm, scning, 

when the forearm is flexed, to extend the elbow-joint. It is the direct antagonist 
of tbe Biceps and Brachialis anticus. When the arm is extended the long head 
of the muscle may a:;siRt the Tcres major and Latis~imus <lorsi in drawing the 
humerus backward and in adducting it to the thorax. The long head of the 
Triceps protects the under part of the shoulder-joint, and pre,·ents di:::-placement 
of the head of the humerus downward and backward. The Subanconeus draws 
up the posterior ligament during extension of the forearm. 

Surgical Anatomy.-Thc existence of the banrl of fibres from the Triceps to the fascia of 
the forearm i:s of' importance in excision of the elbow. and should always Le (•:.ucfu\ly preser\'ed 
from injury by the operator, as by means of lhese fibres the paticm is <:nabled to exten<l the 
~J:,~.i;:1; tj1 :;1f~~~1~r~~~t t~·ldi~~:> '£"-~~:! i~t~~,:,~"~~·:i;J~:.nly be act:omplishcd by !.'11l"ity ; that is to say, 

THE FOREARM. 
Dissection.-To dis.-scct Llrn forearm, place tlrn limb in the position indicated in Fi.S!. 3UJ ; 

make a ,·crtical incision along the middle line from the elbow to the wrist, r.ncl a trans\·erse 
inC'ision aL the extremity of this i the superficial structures being- removed, the deep fascia of 
the forcn rm is exposed. 

is a ~~~~~~~~~ig~~~'~i;li~~ct~i~!o~~>~1~:~1~~:~~i?~\~~~~1~~~~~ '~~~it!1h t~o~~m~~n~l;!i1~~.t~f:b:~~~ 
enclo~ing the muscles in this region; it is attached, Uehind, to the olecranon an<l 
po~tcrior border of the ulna. an<l ~ives off from its innC'r surface numerous inter
mu:--cular septa. "hich enclo!:'e each musc:le :separately. Below, it is continuous in 
front with the anterior annular ligament, an<l forms a ::-heath for the tendon of the 
Palmari~ 1onp:u~ muscle, "hich pa:"-ses over the annular ligament to be iu ... erted 
into the palmar fa..,cia.. Behind, near the wrist-joint, it becomes much thickened 
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by the addition of many trans,·erse fibres 1 and forms the posterior annular liga

men~. It consists ~f circular .and oblique fibres, connected together by numerous 

l'erttcal fibres . It 1s much thicker on the dorsal than on the palmar surface. and 

at tl:ie lower than .at rh_e upper part .or. the .forearm, ~nd i8. strengthened by 

tendmous fibres <lenved from the Bra.cb 1ahs :rnt1cus and Biceps Ill front, and from 

the 'l'riccps behind. Its inner surface gi,'es origin to muscular fibres, especiallv 

at the upper part of the inner and outer sides of the forearm. and forms tl;e 

bound;.1ries of a series of conical-shaped cavities, in which the muscles are 

C?ntainc~l. Besides the ve1:tical septa separating each muscle. transrnrse septa are 

given off both on the ?nter10r a1~d posterior surfaces of the forea.ru1. separating the 

deep from the superficial layer of muscles. Numerous apertures exist in the fascia 

for the passage of Yessels and nen·e:s; one of these, of large size. situated at the 

front of the elbow, serves for the passage of a communicating branch between the 

superficial and deep Yeins. 

The_ muscles of the forearm may be subdiYirled into groups corresponding to 

the region they occ_upy. One group occupies the inner au cl anterior aspect of the 

~orearm, a?d compnscs. the_ Flexor a~d Prouator muscles. Another group occupies 

its outer side, and a third Its postenor aspect. The two latter groups include all 

the Extensor and Supinator muscles. 

Anterior Radio-Ulnar Region. 

Supei'ficial Layer. 

Pronator radii tercs. Flcxor carpi ulnaris. 

Flcxor carpi radialis. Flexor subl imis digitorum. 

Palmaris loDgus. 

These muscles take origin from the internal condyle of the humerus by a 

common tendon . 
The Pronator r adii teres arises by two beads. One, the larger and more 

superficial, arises from the humerus, immedi::uely above the internal condyle. and 

from the tendon common to the origin of the other muscles; also from the fascia 

of the forearm and intermuscular septum between it and the Flexor carpi radialis. 

The other bead is a thin fasciculus which arises from the inner side of the 

coronoid process of the ulDa, joining the preceding a.t an acute angle. Between 

the two beads passes the median nene. 'The muscle pnsscs obliquely across the 

forearm from the inner to the outer side. an<l terminates in a flat tendon, which 

turns ornr the outer margin of the radiufl, and is imierted into a rough impression 

at the middle of the outer surface of the shaft of th:tt bone. 

Relat ions.-Bv its antn·im· surfar·e, with the deep fascia, the Supinator longus. 

and the radia l ,,Cssels and nene; b.v its 7Jo.q,frrior sia:f"ace, with the Brachialis 

anticus, Flexor sublimis cligitorum, the median nene. and ulnar arter.'·, the small 

or deep head beincr intcrpo~ed between the two latter structures. Its outer border 

forms the inner b~rndary of a triangular space (Cllbita/ fossa) in which is p~aced 

the brachia} artery, median nerve, and tendon .of the Biceps muscle. Its rnncr 

border is in contact with the Flexor carpi rarlialts. 

Surgical Anatomy.-This musde, when suddenly brought i~to very active UEe, ns !1_1 il1e 

game of lawn tcnni:-:i. is apt to be ~trained, producina: slight swe\lm,!!, tendcrncss1 and pam on 

putting the muscle into a.c:tion. This is known as "lawn-tennis arm." 

The Flexor carpi radialis lieR on the inner Ride of the preceding muscle. It 

arises from the internal cornlvle by the common tendon, from the fascia. of the fore

arm, and from the intermusc;ilar Septa. between it and the Pronato1: r~dii .te_rcs, on 

the outside, the PalmariR longus interna11y. and the Flcxor subl11ms. d.1g1torum 

beneath. RlcDdcr an<l aponeurotic iD strncturc at its commencement, it mcrca;.;cs 

in size. and terminates in a tendon which forms the lower two-thirds of its length. 

This ten<lnn passes through a canal on the outer Ri<le of the a?nular ligament. 

runs throu(J'h a fl'l"QOVe in the os trapezium (which is converted 111to a canal b~r a 

fibrous she~th. ;nd linetl by a syno\·ial memhrane), and is inserted into the b:.u;;e 
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of the metacarpal bone of the index finger. and b.Y a ,Jip into the base of the 
metacarpal bone of the middle finger. 'J'he radial artery lie• hct\\eeu the tendon 
of this muscle and the Supinator longus, and ma.y easily be tied in this situation. • 

Relations.-By its superficial surface, with the deep fo~cia an<l the integument; 
by its deep smface, with the Flex or sublimis digitorum, Flcxor longus pollici~. :md 
wrist-joint; by its outer b(lrder, with the Prona.tor radii tcrcs and the r:.ulial vessels; 
by its inner borda, with the Palmaris longus above and the mcdi:rn ncn•e below. 

The Palmaris longus is a slender, fusiform muscle lying on the inner side of 
the preceding. It arises from the inner condyle of 
the humerus by the common tendon. from the deep 
fascia. and the intcrmuscular septa between it and 
the adjacent muscles. It terminates in a slender, 
flattened tendon which pa~i:;cs OYCr the nnnular 
l igament to encl in the p::ilmar fasc ia, frequently 
sending a tenclinous slip to the short muscles of 
the thumb. This muscle is often absent; or it 
may be tendinous above and muscu lar below; or 
mt;scular at both extremities of a middle tendon. 

Relations.-By its deep swfrwr, with theFlexor 
sublimisdigitorum; internally. with thpJi'lexor carpi 
ulnaris; n·ternally, with the Flcxor carpi radial is. 
11he median nene lios close to the tendon, just 
abo,·e the wrist, on its inner and posterior side. 

rrhe Flexor carpi ulnaris licR along the ulnH 
side of the foi·earm. It arises by two heads con
nected by a tendinous arch, benCath which pass 
the ulnar ncne and posterior ulnar recurrent 
artery. One head ar ises from the inner condyle 
of the humerus by the common tendon ; the other, 
from the inner 

0

margin of the olccranon by an 
aponeurosis which a.ri ses also from the upper two
thirds of the poster ior border of the uli1a., in com
mon with the Extensor carpi ulnar is and the Flex or 
profundus digitorum; other fibres spring from the 
septum between it and the F lexor subliruis digito
rurn. 'l'he fibres tennin:Lte in a tendon which occu
pies the anterior part of the lower half of the 
muscle, and is insC'rtc<l into the pisiforrn bone1 and 
is prolonged from this to the fifth metacarpal and 
unciform bones by the piso-metacarpal and piso
uncina.te ligaments and to the annular ligament. 
'The ulnar artery lies on the outer side of the 
tendon of this muscle, in the lower two-thirds of 
the forearm, the tendon forming a. guide in tying 
the vessel in this situation. 

Relations.-By its supe1:ficial sw:face, with the 
deep fascia, with which it is intimately connected 
for a considel'a.blc extent; by its deep sw/ace, 
with the F lexor sublimis cligitorurn, the Flexor 

~,;}/ profundus digitorum. the Pronator qua.dratus, and 
v'f'.~: <i the ulnar vessels and nene; by its outer or radial 
Jo'u .. 3t'l6.-Front of the left forearm. border, with the Pa.lmaris longus above, an<l the 

su1x:rficial mu.scles. ulnar ves~els and nerve below. 
The Flexor sublimis digitorum (perforatus) is 

placed beneath the preceding muscles. which therefore must be removed in order 
to .bring its attachment into view. It is the largest of the muscles of the super
fic1::i.I layer. and ari!'.es by three heads. One bead arises from the internal condyle 
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of the humerus by the common tendon, from the internal lateral ligament of the 
elbow-joint, and from the intermuHcula.r septum common to it and the pr~
ceding muscles. 'l'he second head a.rises from the inner side of the coronoi<l 
process of tLc ulna, above the ulnar origin of the Pronator radii teres (Fig. 200, 
p. 255). The third head arises from the obli!1ue line and from a portion of 
the auterior Lonlcr of the radius, extending to jnl-it below tl1c insertion of 
the Pronator ratlii tercs. The fibres pass ''crticall.'' ilownwanl, forming 
a broad and thick muscle. which di,·ides into four tendons about the 
middle of the forearm; as these ten<ll}nS pass beneath the annular li gament 
into the palm of th.e ha.nrl they are arranged in p<tir~. the anterior pair co1TC'-

~~~l1: cl i .~~ g~~.8 ~hc'l1~~ tlt~~:cla~~~ ~{i~'~r:: g~.~~~1 t~~ /~~~~~Loe1;. paa~ r t~~/hp~~8i~1d::w~:~:. 
Opposllc the base of the first ])halange8 each tendon <li,·i<lEs into two slips, to 
allow of the passage of the corresponding tendons of the Flcxor profumlus 
digitorum; the two portions of the tendon then unite and form a grooved channel 
for the reception of the accompanying deep flexor tendon. Finally they subdivide 
a ~econll time, to be inserted into the sides of the second phalanges about their 
mi1ldle. After leaxing the palm these tendon!"\, accom1mnic<l by the deep flexor 
tendons, lie in o::;!"\co-aponeurotfc canals formed b,· the fibrous sheath of the tendons 
and the bone' (Fig. 3ltl). · 

Relations.-ln the forearm , by its 1mpe1:fidal sw:fa('(', with the deep fascia and 
all the preceding superficial muscles: b,v its deep sw:face. with the Flexor profundus 
digitorum, Flexor longus pnllicis, the ulnar Ycssels and nerve. and Lhe median 
nenc. In the hand its tendons are in relation, in .front, with the palmar fascia, 
superficial palmar arch, and the branches of the median nene; behind, with the 
tendons of the deep Flcxor and the Lumbricales. 

Fibrous Sheath of the Flexor Tendons.-'l'he flcxor tendons of the fingers as 
they run along the phalanges arc reiaincd against the bones by a fibrous sheath. 
forming OS))CO-aponenrotic canals. 1'bcsc ~heaths arc formed b.v strong fibrous 
bands whid1 a.rch across the tendons and arc attached on each side to tbc marginS
of the phalanges. Opposite the middle of the proximal and second phalanges the 

:l~:,~ht~~;:~·~~ ~~~·~nti·e a;~J':~ep~~~·e:bE~18t~cf_::~ns E~~:1~ 1 ·~~e~~I~ ~f ri~:~~l t~e ~ 0~.~~~:.~~~ 
membrane, which is reflected on the contained tendon. 

Deep L aye>-. 
Flexor profundus <ligitorum . Flexor longus pollicis. 

Pronator 11ua<lratus. 
Dissection.-Di\·idceath of the superficial mu~des at its centrr, and turn either end asic!e; 

the deep layer of musdes
1 
to~ether with the median nerve anJ ulnar vessels, will then be 

exposed. 
The Flexor profundus digitorum (perforans) (Fig. 307) is ~ituatcd on the 

ulnar side of the forearm, immedia.tel.v beneath tbc supcrfic:ial Flexors. I t arise:; 
from the upper three-fourths of tLc anterior and inner r-;urfotc!"\ of the sb1\ft of. tLc 
ulna cmbracinrr the insert ion of the Brachiali$ anticus nboYC, and extending, 
bclu~r, to within° a short distance of the Pl'onator quaclratu:-. 1t also arises from a 
clcprm•sion on the inner side of the coronoi<l procr:--~; by an aponeu~·osis from the 
uppCI' tbree-f'ourths of the posterior border of the ulna., in common with tbe Flexfll' 
an1l Extcns<)l' carpi ulnarir-;; and from the ulnar half' o_f' the. i1~tcro~r-;eou.s membrane, 
The fibres form a f!e!-<ll\· hellv of' considerable r-: i ic, wl11cli il1rnlcs mtn four tendon~: 
thC!-iC pass under the annul .. ir ligament beneath tbc tendon~ of the Flexor SU!)limi~ 
di11itorum. Opposite the first phahLn~cs the tl'IHlons p:1:>!-i bctwce~1 the two.slips nf 
th~ tendons of 1be }?lcxor sublimi s di"iton1111 1 ancl are finall.'r mserted rnto the 
bases of the last phalanµ:es. 'J1he tend~n of the index finger is distinct ; the re8t 
are connecte1l torrerher lJ,· cellular tissue all(] tendinous ~lips as far as the palm nf 
the hancl. '!'he ~cndons ·of ibis an1l thn::;e of the Flexor i-;uhlirnis diµ:itorum. whil:;:t 
contained in the osseo-aponeurotic canals of the fing ers , arc inre~te<l in a syno,·ial 
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shC'ath, :md arC' connected to each 
other and to the phalanges by R)cntlC'r 
tendinous filamcntR, called t•inf'uln 
acce!iRoria /t>ndiuum. One of thcRe con
nects the deep tendon to the bone be
fore it paS!:iCS throu~h the superficial 
tendon; a scco1Hl connects the t" o 
tendons together, after lhc deep ten
dons btwe pa~sed through; and a. 
third connects the deep tendon to the 
head of the ~cconcl phalanx. rrhi s last 
consists largely of yel low c!.unic tjssne, 
and rnu _y a~sist in drawing down the 
tendon after Hexion of rho finger.' 

Fom small muscles, the Lum
bricalcs, are connected with the ten
dons of the Flcxor profundus in the 
palm. ~rhey will be described with 
the muscles in that region. 

Relations.-By its .'Htpe1:ficial sur
face, in the forearm, with the Flexor 
sublimi:-; cligitorum. the Flexor carpi 
ulnariR, the ulnar ve!!=-sels and nerve, 
and the median nene; and in the 
hand, wilh the tendons of the super
ficial Flcxor; by its deep sw:f'ace, in 
the forearm, with lhe ulna, the in
tero~seons membrane, the Pronator 
quadrat u:-;; and in the hand, with the 
intcrossei, Adductor pollicis, and deep 
paimar arch; by its ulnm· bonler, with 
the l!'lcxor carpi ulnaris; by its 1·adial 
bm·der, with the Flex or longus pol licis. 
the anterior intcrosseous vessels and 
nerve being intcrpoRcd. 

The Flexor longus pollicis is situ
ated on the radia l i-;ide of the forearm, 
lying on the i-zamc plane a~ the pre
ceding. It ari1'c:o; from the grooved 
anterior surface of the shaft of the 
radius, connncnc:ing abo,·e, imme
diately l1clow the tubcrositv and ob
lique 'tine, and extending 'below to 
within a. short distance of the Pro
nator quadratus. It all'io arises from 
the adjacent part of the interosseous 
membrane, allll generall.'· by a fleshy 
slip from the ba~c of the coronoid 
procc:is. Th e fibres pa~s downward. 
and tcnnina,to in a. flattened tendon 
which pa~scs beneath the annular 
ligament, is then lo1lgcd in the in· 
terspace between the outcl' head of 
the Flexor hrcvis pollicis and the 
Adductor ohlirp1us pollicis, and en-

}.'m. :il.li.-Frontoflhe ten forearm. Deep musc\ei:;. tering an o::;sco-a.poneurotic canal 
1 Marshall, Brit. a11d Fo1· Jhd.-Chir. Rrt·. , 1853. 
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similar to those for the other flexor tendons, is inserted into the base of the 
last phalanx of the thumb. 

Relations:-B{ ~ts sup~1:ficial swface, with the Flexor sublimis digitorum, 
F~cxor carpi. rad~alts, Supma,tor longus, and radial vessels; by its deep swface, 
with the. rad ms, mterosseous membrane, and Pronator quadratus; by its ulnar 
brmln1 with the Flexor profundus digitorum, from which it is separated by the 
anterior interosseous vessels and nerve. 

The Pronator quadratus is a small , flat, quadrilateral muscle, extending trans
vcrRel.v across the front of the radius.and ulna, above their carpal extremities. It 
arises from the obUque or pronator n<lge on the lower part of the anterior surface 
of t.he shaft of the ulna; from the lower fourth of the anterior surface and tLe 
anterior border of the ulna; and from a strong aponeurosis which covers the inner 
third of the muscle. 'fbe fibres pass horizontally outward, to be inserted into 
the lower fourth of the anterior surface and anterior border of the shaft of the 
radius. 

Rela.tions.-By its su,perficial s1aface1 with the Flexor profundus digitorum, the 
Flex or lougus pollicis, Flexor carpi radiaJis, and the radial vessels; by its deep 
sw:face, with the radius, ulna, and interosseous membrane. 

Nerves.-All the muscles of the superficial laye1· are supplied by the mediau 
none, excepting the Flexor carpi ulnaris, which is supplied by the ulnar. Of the 
deep laye1\tbe Flexor profundus digitornm is supplied conjointly by the ulnar and 
by the median through its branch 1 the anterior interosseous nerve, which also sup
plies the Flexor longus pollicis and Pronator quadratus. 

Actions.-These muscles a.ct upon the forearm, the wrist, and band. The 
Pronator radii teres helps to rotate the radius upon the ulna, rendering the hand 
prone: when the radius is fixed it assists the other muscles in flexing the 
forearm. The Flexor carpi radial is is one of the Hex ors of the wrist; when 
acting alone it flexes the wrist, inclining it to the radial side. It can also 
as:-;ist in pronating the forearm and hand, and, by continuing its action 1 to bend. 
the elbow. The Flexor carpi ulnaris is one of the flexors of the wrist : when 
acting alone it flexes the wrist, inclining it to the ulnar side, and. by continuing 
to contract, to bend the elbow. The Palmaris longus is a tensor of the palmar 
fascia. It also assists in flexing the wrist and elbow. The Flexor sublimis 
<ligitorum flexes the second phalanges. It assists in flexing the wrist and elbow. 
The Flexor profumlus <ligitorum flexes the terminal phalanges (see page -±97). 
After the Flexor sublimis bas bent the second phalanx, tbe Flexor profundus 
flexes the terminal one, but it cannot do so until after the contraction of the super
ficial muscle. It also assists in flexing the wrist. The Flexor longus pollicis is a 
ftexor of the phalanges of the thumb. When the thumb is fixed it also assists in 
flexing tLe wrist. Th e Pronator quadratus helps to rotate the radius upon the 
ulna, rendering the hand prone. 

Radial Region (Fig. 308). 

Supinator longus. Extensor carpi radialis longior. 
Extensor carpi radialis brevior. 

Dissection.-Divide the i.ntegument in the same manner as in the dissection of tl10 anterior 
brathial regioni and, after havmg examined the cutaneous vessels and nerves and deep fascia, 
rcmo,·c all those structures. The muscles will then be exposed. The removal of the fascia will 
Le considerably facilitated b.v detaching it fi·om below upward. Great care should be taken to 
avoid cuttinq across the tendons of' the musdcs of the thumb, which cross obliquely the larger 
tendons runuing down the back of the radius. 

The Supinator longus is the most supel'ficial muscle on the radial side of the 
forearm: it is fleshy for the upper two-thirds of its cxtent1 tendinous below. It 
arises from the upper two-thirds of the external comlyloicl ridge of the humerus 1 

and from the external intermuscular septum, being limite<l above by the 
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musculo-spiral p;roOYC'. The fibres 
termirrnte ahmc rllC' micl1llc of 1hc fore
arm in a flat tendon w hieh i~ inser1ed 
in10 the outer side of 1he ba~c of 
the sty loid proccs1' of the radius. 

Relations.-By its supujicial :<:ur
face, with the int(·~nment and fo~cia 
for the gre:Hcr part of ill' cxtent : 
near its inf'ertion it is cro~!'cd hy the 
Extensor ossif-1 metacarpi polliei~ and 
the Extensor ln·c,-i~ pnllicis; by its 
clap sm;f'ac1', "ith tlic humerm:, the 
Extensor carpi rndiali~ lon~ior and 
breYior, the insertion of the l )rona1or 
radii tcrcs, and the ~upinaror brcYis; 
b,· its innn· bonfrr, above the elbow, 
w'ith the Brnthialis auticu~ . the 
musculo-f'pira1 JH'n'C:. and radial re
current artcn·; and in the forearm 
"itb the rndifil \'l'~~c l ~ and nene. 

'11he Extensor carpi radialis longior 
is placed 1i:ntly benenth the pre
ceding mui:-cle. lt nri!:<es from the 
l<rncr third of th(' cx1ernal condYloid 
ridge of the humcrn~, and froill the 
extern:tl intcrmnsc:ulnr septum. TJ1e 
fibres lerminnte at the upper third <if 
the forearm in a flat tendon, '' bicb 
run~ along !he outer border of the 
radius, beneath th(' extensor tendons 
of the thumb; it then passes through 
a g room common to it nnd the Ex
tensor cnrpi radialis bredor. imme
diately behind the sty loid process. and 
is iuscrted into the bnse of the meta
carpal boue of the index finger, on its 
radial side. 

Relations.-B)· its su._pajicial Rur
face, with the ~upinator ]ongu~. and 
fascia. of the forearm; its outu side is 
crossed ob1iqucly by the extensor ten
dons oftbc thumb; hy its deep su1/ace, 
\\Hh the elb()w-joint. the Extensor 
carpi radiaJis brevior all'l back part 
of the wrist. 

The Extensor carpi radialis !>revior 
'¢' is shorter1 as its name i:i1plie~. anti 
~ thicker than the prec('(ling mu:-;dc, bc
l_ neath which it is placed. lt ~rises 

"' from the external cornhle of the 
humerus by a tc1lclon crnimrnn to it 
and the th 1:ee following mu~clcs; from 
the external lateral ligament of the 
elbow-joi n t, from a Rtrong aponeuro~is 
wbirh cornrs its surface, arul from 
the intermuscular septa between it and 

6:ctar''~u:~1e::.~'u,.terior :.urrllc:e or the rureann. ouper· the adjacent muscles. The fibres ter-
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minate a.bout the mid<lle of the forearm in a flat tendon which is closely connected 
with tl1at of the prccedin~ muscle, an<l accompanies it to the wrist, lying in the 
same grooYc on the posterrnr surface of the radius; it passes heneath the extensor 
tendo1~s of. tLc thum.b. _then bc~eath the annular lip;:unmt, and. diYcrging some
what from its fellow. 1s insertc<l rnto the base of the meta.carpal bone of the michlle 
finger. on it~ radial side. 

of t;~ ~ 1 ~:1~:~~~~'.1 ;i;.~n~~~1t~,:~:S 1:1~:\1:,~~i~~~,;~1 ~;~ 1~~;~~·~~~~·-~~~\~t~~ ~~::;1~b~~,~~~a~:1~1 ~:~~ 
separated from each other by a. small ,·crtical ridge of bone as they lie in the 
groo,·e at the back of the radius. 

Relations.-By its tmpe1:fieial Stl1:faee, with the Extensor carpi radi::d is longior, 
a~d with the .Extensor i:nuscles of the thumb which cror-:s it; by its tleep surface, 
with the Sup111a.tor brev1s, tendon of the Pronn.tor radii tercs, radius, and wrist
joint; by its ulnar borde1\ with the Extensor communis digitorum . 

Posterior Radio -Ulnar Region (Fig. 308). 
Superficial Layer. 

Extensor communis digitorum. Extensor carpi ulnaris. 
Extensor minimi digiti. Anconcus. 

'J'he Extensor communis digitorum is situated at the back part of the forearm. 
It arises from the external condyle of the humerus by the common tendon 1 from 
the deep fascia. and the intermuscular septa between it and the adjacent muscles. 
Just below the mi<ldle of the forearm it di\'ides into three tendons. which pass1 

together with the Extensor indicis, through a separate compartment of the annular 
ligament, l ubricated by a syno\·ia.1 membrane. 'L'he tendons then di \'Crge. the 
innermost one di\·iding into two; and al l, after pas~ing acro~s the back of the 
hand, arc inserted into the second and tbil'd phalanges of the fi ngers in the 
following manner: Each tendon becomes nar row and thickened opposite the meta
carpo-phalangeal a.rticulat ion, and gives off a thin fasciculus upon each side of the 
joinl, which blends with the lateral l igaments and SCJ'\'CS as the posterior ligament; 
after having pa~sed the joint it spreads out into a broad aponeuros is, which covers 
the whole of the dorsal surface of the first pha lnnx. being reinforced, in this 
situation 1 b,Y tile tendons of the Interossci and Lumbricalcs. Opposite the first 
pha langeal joint this aponeurosis di\·ides into three slips, a middle and two lateral : 
the former is inserted into the base of the secmHl phalanx; and the two lateral, 
which a.re continued onward along the sides of the second phalanx, unite b_v 

~t~tiJ1~ 11~~-nti~~~o~;~c 1~:~~~n~~~ 3c~·~ssar~h:n~~11~~!1~~~1° j~~1~tsd~;~~~ ;l~t~!~~~ 0tt:1~1\~~t8~ 
po~terior ligament~. '£be tendons of the middle, ring, and little fingers are 
connected together, as they cross the hand 1 by small, oblique, tendinous slips, or 
t'incula: those on each side of the ring finger are strong, and bind the tendon of 
this finger closely to those of the middle and little finger, so that .it cannot, i.n 
general, be free ly extended without moving the other two. Sometimes there 1s 
also a thin Klip between the tendons of the index and mic111le fingers . The tendons 
of tLe index and litt le fingers also receive, before their diri8ion, the special extensor 
ten1lons belonging to them . 

Relations.-By its .'1/perficial sw:face, with the fascia of the forearm and band, 
the posterior annular ligament, and integument; by its deep .swface, with the 
Supinator brcvis, the Extensor muscles of the thnmb and rndex finger, the 
posterior interosseous vessels and nerve, the wrist-joint, carpus, metacarpus, and 
phalanges; by its radial border, with the ExrcnKor ca.rpi radial is_ bre\'i~r; by its 

uln~J_,'b~,~l;~·~n:~~b :!:i!tt:i~~~t ~~it~in~ic~~i1T;:.i ~~~11:~c~x~~I~~.~~~ ~~:~·i~;1:di~~~·~~.' side of 

the :Extcn~or communis, witU which it i~ genernll.'' connC'ctcd. It ariseg from the 
common tendon b,v a thin, tcndinous ~lip, a111l from the intNmuRcnlar septa 
between it and the adjacent muscles. It~ tendon runs through a. separate 
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compartment in the annular lip;ament behind the inferior radio-ulnar joint, then 
di,·ide~ into two a~ it cro~~es the han<l. one slip being unitcfl to the common 
exten~or by a cro~~-picce at the mctacarpo-phalangcal articulation. B oth finally 
spread into a broad aponcurosis which blend~ with the common extensor to the 
finµ:cr. and i~ in~erted into the second and third phalanges. The tendon is 
situated on the ulnar side of, and somew hat more s uperfic ial than. th e common 
extensor. 

'l1hc Extensor carpi ulnaris is the most superficial muscle on the ulnar side of 
the forearm. It arises fr om the external condyle of the hum erus by th e common 
tendon; from the middle third of the posterior s urface of the ulna 1 below tbe 
Anconeus, and by an a.poneurosis from the posterior border of the ulna in common 
with the Flexor ca.r pi ulnaris and the Flexer profundus digitornm; an<l from. the 
deep fascia of the forearm. 1l'his muscle terminates in a. tendon which runs through 
a g roove behind the styloid process of the ulna. passes thrnngh a separate compart
ment in the annular ligament, and is in~e rted into the promin ent tubercle on the 
ulnar side of the base of tho metacarpal bone of the little finger. 

Relations.-By its !m,pe1/icial sw:face1 with the deep fascia of the forearm; by 
its deep surfare , with the ulna and the muscles of the deep la.ycr. 

The Anconeus is a small triangular muscle placed behind and below the elbow
joint, and appears to be a continuat ion of the external portion of the 'llriccps. It 
ar ises by a separate tendnn from the back part of the outer condy le of the humerus, 
and is inserted in to the side of the olecranon and upper fourth of the posterior 
su rface of the shaft of the ulna ; its fibres diYcrge from their origin, the upper 
ones being directed transversely, the lower obliquely inward. 

Relations.-B_v its superficial surface, with a. strong fascia derived from the 
Triceps; by its deep sw;face, with the elbow-joint, the orbicular liga ment , the 
ulna, and a small portion of the Supinator brevi s. 

Deep Lctyer (Fig. 310). 

Snpinator brcvis. Extensor brev is poll icis. 
Extensor ossis metacarpi pollicis. Extensor longus pol licis. 

Extensor indi cis. 

The Supinator brevis is a broad muscle, of a hollow cylindrical form, cuned 
round the upper third of the radius. It consists of two distinct plan es of muscular 
fibres, between which li es the posterior inte rosseous nene. rrhe two planes arise 
in common: the superficial one by tendinous, and the deeper by muscular fibres 
from the external condy le of the humerus; from the external lateral ligament of the 
elbow-j oint and the orbi cular ligament of the radius; from the ridge on the ulna., 
whi ch runs obli11ucly downward from the posterior extremity of the le~se r sigmoid 
caYity: from the triangular depression in front of this ridge ; and from a ten di nous 
expansion which coYers the surface of the muscle. 'l'he superficial fibres surround 
the upper part of the radius, and arc inserted into the outer edge of the bicipital 
tuberosity and to the oblique line of the radius, as low down as the insertion of the 
Pronator radii teres. 'l'he upper fibres of the deeper plane form a. sling-like 
fasciculus, which encircles the neck of the radius above the tuberosity and is 
attached to the back part of its inner surface: tho g reater part of this portion of 
the muscle is inserted into the posterior and external su rface of the shaft1 midway 
between tho oblique line and the head of the bone. B e tween th o insertion of the 
two planes the posterior in terosseous nerve lies on the shaft of the bone. 

Relations.-By its s1tpe}:fi.eial sm;faee, with the s uper6cial Extensor and 
Ru1Jinator muscles, and the radial Yesscls and nen·c; by its deep swfa.ce, with the 
elbow-joint, the intcrosseous membrane, and the ra<lius. 

The Extensor ossis metacarpi pollicis is the most external and the largest of 
the deep extensor muscles: it lies immediately below the Supinator breds1 with 
which it is sometimes united. It arises from the posterior surface of the shaft of 
the ulna below the insertion of the Anconem;, from the in terosscous membrane 
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and from the middle third of the posterior surface of the shaft of the radius . 
.Passing obliquely downward and outward, it terminates in a. tendon which runs 
th rough a. groo\·e on the outer side 
of the styloi<l proces!'i of the radius, 
accompanied hy the tendon of the 
ExteDsor brevis pollicis. and is in
'crted into the base of the meta
carpal bone of the thumb. It occa
Rionally· giYes off two slips, near its 
insertion-one to the Trapezium, 
and the other to blend with the 
origin of the Abductor pollicis. 

Relations.-By its superficial 
sw:faee, with the Extensor com
munis digitorum 1 Extensor minimi 
digiti , and fascia. of the forearm. 
and with the branches of the pos
terior interosseous artery and nerve 
which cross it; by its d°eep surface, 

Fm. 310.-Postcriori;urface of the fore&rm. Deep muscles. 

with the ulna, interosseous membrane, radius, the tendons of the Extensor carpi 

~·~~i:.11~~s~,0~:7;~rtb~c:.a~l~·~~,i~~·~R~;~\cl~;.t i~~01~;1~~,~Z~~1;:,~.~.Y~r~~~dih~t ~~J~i~~;:;: ~:~~~-i1~f; 
by its lower border, with the Extensor brevis pollicis. 
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The Extensor brevis pollicis (E:dmrwr 111·imi i11fl>n11nlii 7)ol/i,•itf). •he :-;rnallcs t 
mu,.;clc of this group. lit.•,.; on the inn er 8ide of the prcc·c1linK lt :lri:-es from the pos
terior ,.;urfoc<' of 1he shaft of the ntd ius. below the Extensor os:-ois metacarpi pollici:-;, 
arnl from tlu.• intcro:--scou:-; mcrnhranc. I t)', direction j:-; si milar to thal of thl' 
E:xtt•n,.;or ns,is llll'tal'arpi pollici:-:, its tcrnlnn pa<.:. ... in:! through the :--a me groon~ on 
the outer side of the ::-tyloitl process, to be inserted into the base of 1bc first plialan x 
of tlw thnrnb. 

Relations.-Thc i-<amc as those of the Ext~nsor ns:-; is meiaearpi pollicis. 
The Extensor longus pollicis (Extensor ser·1rndi infrn1odii pollici>1) i)-; much large r 

than the preceding muscle, t he origin of which it partly CO\'Cn, in. It ari:-:c:: from 
the pm.;tcrior surface of the shaft of the ulna, below the origin of tlic Extensor 
o~sis metacarpi pollicis, and from the internsscous membrane. It terminates in a 
ten(lon which passes through a separate compar tm('n t in the annn l:u ligament, 
lying in a. nanow,. oblique g roo,·e at the back pnrt of the l o ~,·c r e1_11l .of th e. radius. 
It then cmsseH ohliqucl_r the tendons of the Extensor carpi raWalis longior and 
brc,·ior, being scpa.rated from the other extensor tendons of the thumb by a 
trianwdar interrnl, in which the radial artery is found, and i:s finally ini-crtc<l into 
the ba>c of the last phalanx of the thumb. 

Relations.-Hy its supe1:fil'ial surface, with the $ame parts as th e Ext ensor o~s i s 
metacarpi pollicis; by its deep rnoface, with the ulna. intero~:;;eous membrane. the 
posterior interosseous nen·e, radius, the wrist. th e ra<lial ve::;sch;, and metacarpal 
bone of the thumb. 

The Extensor indicis is a narrow, elonga ted nrnscle pfoccd on the inner s ide of, 
ancl parallel with, the precctli ng. It a.rises from the posterior s urface of th e shaft 
of the ulna, helow the origi n of the Extensor longus pollicis and from the inter
n:.;~cou~ membrane. I ts tell(lon passes with th e Ext ensor communis digitorum 
through the ~am c canal in the annular ligament, and s ubseq uen t ly joins the tendon 
of the Extcn!:'or Cl)mmu nis which belongs to the index finger, opposite the lower 
end of the Cl)rre:-: pon1ling metacarpal bone, lying to the ulnar side of the tendon 
from the com mon Extl•nsor. 

Relations.-'l.'he relat ions are similar to those of 1l1e preceding muscles. 
Nerves.-The :-;upinator longus, Extensor carpi r:ulial is longior, and Ancoucus 

arc suppli ed by branc.hes from the musculo-s piral ncne; th e remaining muscles 
of the radial and posterior brnchial reg ions, by the pos terior intcrosseous nene. 

Actions.-'l'hc muscles of the radial and poster ior brachia} regions, which 
compri~c all the cxtcn:;;n r and $tq1i n::ttor mu scles, act upon th e forea rm, \nist, and 
hand; they arc the direct antagonists of t he pronator and fl exor musc·lcs. The 
~\n eoneu~ a~~ists the Triceps in extend ing the forearm. rrhe chief action of the 
~upinator lon~us is that of a fl exor of the elbow-j oint, hut in addition to this it 
may act both as a :;;upinator or a pronator; that is to ;.o.ay, if the forearm i:;; forcibl.r 
prnnatcd it "ill ac:t a!'i a supinato r, and bring the hones into a po:-iti on mid\\a_y 
between supinat ion and pronation; and. vice t'eJ'Hll, if the arm is forcibl~- supinated, 
it will act a~ a prnnator, and bring the bones into the same position, midwav 
between snpination and pron::ttion. The action of the muscle is therefore to thro ~,
thc forearm a111l hand into the position they naturally occ upy when placed acro~s 
the c:he::;t. The Supinator bre,·is is a supinator; that is to ~ay, when tbe radius 
has been carried acroEis the ulna in pronation arnl th e ba ck of the bnncl iEi 1..lircctcd 
forward, this muscle ca ni es the radius back aµain to its normal position on the 
outer s ide of the ulna and the palm of the bantl is again directed forward. The 
Extensor carpi ra11ialis longior exten ds the wrist aJHl aluluct s the hand. It mav 
also a~s i ~t in bending the elbow-j oint; at all C\-~llt8, it H•n·cs to fi x or s teady this 
articulation. The E xtensor carpi radialis brenor assi!"ts the E xtensor carpi radi
alis longior in extendinµ; the wrist, and may also act :-lightly as an abductor of the 
hand. 'L'he Extensor carpi ulnaris helps to extend the hand, but "hen acting 
alone inclines it toward the ulnar side: b,· its cont inue1l action it extends the 
dhow.joint. The Exten~or communis cligiiorum exten<ls the phalangc~. then the 
wrist. and fiually the clhow. It acts principally on the proximal phalanges, the 



THE IIAND 489 

middle and terminal phalanges being extended by the Interossei and Lumbri
calc~. lt ha!' ahm <t tendency to separate the fingers as it extends them. The 
Ex~em•?r minimi cligiti extends similarly the little finger, and by its continued 
action 1t as~ist~ in extending the wrist. It is O\\ ing to thi~ muscle that the littl e 
finger can be cxtetHled or pointed whilst the others arc flexed. The chief action of 
the Extensor ossis metacarpi pol1icis is to carry the thumb outward and backward 
fron~ .the pah~n of th~ hand, a?d ?encc it has been called the abductor lonyus 
110/hct,11. By its contmucd act10n 1t helps to extend and abduct the wrist. 'l'he 
Extensor bre,·is pollicis extends the proximal phalanx (If the thumb. Bv its 
con~it~ued ac1ion it helps !O extend and abduct the wrist. The Extensor lo~1gus 
poll1c1s extends the termmal phalanx of the thumb. Bv its continued action it 
helps to extend and a.b<luct the wrist. rJ~hc Extensor ·indicis extends the first 
pb?lnnx _of. the !ndcx fin.ger, and by its continued action a~~ists in extendi ng the 
wnst. I t 1s owmg to this muscle that the index finger can Le extended or po inted 
while the others arc ilexed. 

Surgical Anatomy.- The tendons of the Extensor muscles of the thumb are liable to 

:~Ia~~ s~J~~~;~1~~1~1o~;~~r 08}1~b~1 ~e~~~~~~~~df~i~i~~c~s~~~~1ii~~r~i;:~J1:~o~l ~~~~~~tio~~ll~~1~h:1fi'~11~~~ 
when the musc:le acti;. In consequence of its often heing caused by sud1 movements as wringing 
clothes. it is known as'· washerwoman's sprain.·• 

THE HAND. 
Dissection (Fit?. 301).-~Iake a trans,·erse incision acros.s the front of the wrist, and a 

second aero~:; the heads of' the metacarpal bones: connect the two by a ,·ertical incision in the 
middle line, and continue it throue;h the cen-
tre of the middle finuer. The anterior and 
lr~~i~;i~ho~\du~J~~~i!!~ud1i1::~~~~.lhe palmar 

The Anterior Annular Ligament is 
a strong, fibrous band which arches 
over the carpus, converting the deep 
groO\'e on the front of the carpal " 
boned into a. canal, beneath which 
pa-is the flexor tendons of the 
finger::-;. I t is attachecl, internally, to 
the pisiform bone an<l unciform pro
ce:-os of the unciform bone, and ex
ternalll· to the tuberositv of the 
scaphold an<l to the inner Part of the FIG. 3tt.-Transvcl"!<ese<'lion through the wriH, show· 
anterior surfate an cl the ridge on the ~}~i!~~ean~~':il:r ligaments and the canals for the paSllage 

trapezium. It i:.i continuous, abo,·e, 
with the deep fa~cia. of the forearm, of which it may be rc~arded as a thickened 
porcion, and

1 
below, with the palmar fascia. It is cro:.:se<l by the ulnar ,.cbsels 

and ncn·e and the cutaneous branches of the median and ulnar nerves. At its 
outer extremity is the tendon of the Flexor carpi ra<liafo.;. '1 hich lies in the groo,·e 
un the trapczi

0

um between the attachments of the annular liJ!ament to the bone. 
It ha~ in8ertc<l into its anterior s urface the tendon nf the Palmaris longus and 
pan of the tendon of the Flcxor carpi ulnaris, and has ari~ing from it, below, the 
'1nall muscles of the thumb and li ttle finger. Benrath it pass the tendons of the 
Flexor Hublim is and profondus digitornm, tbe Flcxor longus pollw1s, and the 
mrdian nerve. 

The Synovial Membranes of the Flexor Tendons at the Wrist.-~L1hcre are two 
svno,·ial membranes which enclose al l the tendous as they pa~s beneath this lig
a.ment-onc for the Flexor sublimis ancl profunclur-; di~irorum. the other for the 
Flcxnr Iongus pollicis. They extend up into the forearm for about an inch above 
the annular ligament, and <lownward about halfwav along the metacarpal bone, 
where the,· terminate in a blinrl di,·erticnlum arnufid each pnir of tendons. with 
the exception of the thumb and sometimes the little finger-in these two fingers 
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the dh·('rticulurn i~ continue<l on. nn1l communicates with the ~ynO\·ial $heath of tho 
ternlons. In the other three fingel'~ the syn°'·ial ~h(•ath of the i('rHlon!-1 in the fingers 
begin!'i as a blind pouch without communication with the large ~y11m1al ~ac(Fig. ;313). 

Surgical Anatomy.-This arran!!cment of thesynovial sheaths cxplain:Vhe fact that thccal 
ah~L·t:,.,; int he thumb aud Jilt le fin!!er is liable to be followed by ab~·c~..;cs in ~t~~ 11~rf'~\~~\1~'.::~:,~~~i:~~; 

ulon~ the l'Ontinuoul:oi 
8YllOVial sheath~. Gan
ilion is apt to occur in 
this situation, eom;titu-

~:~',f~~~~::~,~E'':i,;i;~: 
with a swelling in front 
of the wrist and in the 
palm of' the hand, and a 

~~N ;:.~~· i,~;~:~ict11~~n a~~11~'J:~1~>~~~!~ 
mcnt between the two. 
'J'he fluid can be forced 
from the one :swcllin~ to 
the other under the liga
ment. 

The Posterior An-

tion~·•g;,;:;;~~~~',\::~-~;.;i~'.~~3 .~~~~~~~·11;:·:;~'.f"'· •how;ng lhe 'eln<ive po•i· :~l:~g L~t~:,::t bi1~od 
extending trans,·ersely across the back of the wrist, and consisting of the deep 
fascia of_ the ba.ck of the forearm, strengthened by the addition of som(' transverse 
fibres. It forms a sheath for the extensor tendons in their pa~sagc to the fingers. 

being attached, internally, to the styloid 
process of the ulna, the cuneiform and 
pisiforrn bones; externally, to the margin 
of the radius; and, in its passage across 
the wrist, to tho elevated ridges on the 
posterior surface of the radius. It pre
sents six compartments for the passage 
of tendons, each of which is lined by a 
separate syno,·ial membrane. These are, 
from without inward-1. On the outer 
side of the styloid prncess, for the ten
dons of the Extensor ossis metacarpi 
and Extensor bre\'iS pollicis; 2. Behind 
the styloid process, for the tendons of 
the Extensor carpi radialis longior and 
brel'ior; 3. About the middle of the 
posterior surface of the radius, for the 
tendon of the Exten~or 1ongnR pollici:-.: 
4 . To the innCI' side of the latter, for the 

~~~t~~n~11~(~ ~~t~i~~t~11.1s~:·<l~~;~1;nu~~is0~~\~~: 
\ ~1\~a:h~o:·ntt~11:·ak~~1~\~~~·11 1~~i~1i~\tlid~d~~i 1 ! 

syn!!?ai3!~i;~~:~rW\~~~a'!;~n~~~~i1~:~~cment or the ~~n~~~o '~f gt)~~ c ~~~;1~:0~.b~a ~~~a, u~~~~:.~~~ 
The synovial membranes lining these sbea.ths are usually very extensive, reach
ing from abo,·e the annular ligament, down upon tho tendons for a. variable 
distance on the back of the band. 

The deep palmar fascia (Fig. 31-1) forms a common ~heath which invests the 
mu"cle:-; of the hand. It con~ists of a central an(l two lateral portions. 

1l 1
he r·rntntl portion occupies the mill!llc of the palm, is triangular in shape, of 
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great strength and thickne~s, and binds down the tendons in this situation. It is 

~~~·i::s ~~~v=~J~~e~d~d att;:~~~d o~0 t~:e J~1':~r:iL:;~~l~f ~~1:cf :.0 u~~-1~:,~a~~: ~r~~~ 
and exp.anded, an<l c~ivides i~to four ~lips, for the four fingers. Each slip gives off 
superficial_ ~b~·e~. which. a.re inserted mto the skin of the palm and finger, those to 
the. palmJOlnlDg the skin at th? furrow corresponding to the metacarpo-phalangeal 
art1culat10n, and those to the fingers passing into the skin at the transrnrsc fold 
at the base of the fingers. '.rhe deeper part of each slip subdiYides into two pro
cesses, which arc IDSCrtcd mto the lateral margins of the anterior (glenoid) liga
ment of the metacarpo-phalangeal joint. From the sides of these processes 

Fm. 314.-Palmar fascia. (Altered from a dissection in the Museum of the Royal College or ~urgeons of 
England.) 

offsets are sent backward, to be attached to the borders of the lateral surfaces of 
the metacarpal bones at their distal extremities. By this arrangement short 
channels are formed on the front of the lower ends of the meta.carpal bones, 
through which the flexor tendons pass. Dr. W. W. Keen describes a fifth slip as 
fre(luently found passi ng to the thumb. 'J'hc intervals left in the fa scia between 
the four fibrous slips transmit the digital vessels an<l nencs and the tendons of 
the Lumhri cales. At the points of <li\·ision of the palmar fascia into the slips 
above mentioned numerous strong, tran~wcr~e fibres bind the separate processes 
torrethcr. ~rhc palmar ra~cia is intimately adherent to the integument by dense 
fib~·o-arcolar ti~.-;ue, forming the superficial palmar fascia, and g ives origin by its 
inner marg;in to the Palmaris bre,·is: it cornr.s the superficial palmar arch, the 
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tC'rnlnn:-; of the flcxor rnn~tle:-;. anti the branches of th(' ml'dian :ind ulnar ncncs, 
a111l on eath :-;ide it gi,·c::; off a Yerti<·al :-;cptum. which i8 t·ontinuou:- with the 
imt.·ros~eou::; aponcuro:'iis and :-;eparatcs the l:ucr:d from the middle pahnar group 
of muscl1..•s. 

The lutt'ml 1>orfion.11; of the pal mar fascia are th in, fibrou~ layers, "hich CO\"Cl", 

on the raflial side. the muscle;;:; of the ball of the thumb, and, on the ulnar side, the 
rnustles of the little finger; they are continuous with t he dor~a l fa:-\c ia 1 and in the 
palm with the central portion of the palrnar fascia. 

The Superficial Transverse Ligament of the Fingers is a thin, fibrous band 
which stretches across the roots of the four fingers, and is closely attached lo the 
skin of lhc cleft:.;, and internall.v to the fifth mctaca.rpal bone, forming a sor t of 
rudimentary web. Beneath it the digital ''essels and ncrres pass onward to their 
destination. 

Surgical Anatomy.- The palmar fascia is liable to undergo contraction, \)l'oducing a. Yery 
incoll\'CHll' Ul deformity known as '1 Dupuytren's contraction." 'l'he ring and ittle fin~ers are 
mo~l fn•qnent ly implicated, hu t the miclcllc, the index, and the thumb may be i1wolvec1. The 
proximal JJ!rnlanx 1s drawn down and cannot. be straightened, and the two distal phalanges 
become similarly flexed as the disease ad\'ances. 

1l'hc Muscles of the Hand are subdi,· ided in to three groups: 1. Those of the 
thumb, \\ hich occupy the radial side; 2. rrhose of the little fin ger, which occupy 
the ulnar side; 3. Those in the middle of the palm and between the in terosseous 
spaces. 

Radial Region (Figs. 315, 31G). 

Muscles of the 'l'lwmb. 

Abducto1· pollicis. Flexor brevis pollicis. 
Opponens (Flcxor ossis metacarpi) pollicis. Adductor obliquus pollicis. 

Adductor transversus pollicis. 

'She Abduct_or pollicis is a th in , Aat muscle placed immediatel,v beneath the 
intef!,nm cnt. It a rises from the ridge of the os trapezium and :rnnular liga ment, 
and, pas~ing ontw::ml and downward, is in serted by a. thin. fla t tendon into the 
radial side of the hase of the first phal anx of the thumb, sending a slip to j oin the 
tendon of rhe Extensor longus pollicis. 

Relations.-By its superfil'ial sw:faee, with the palmnr fascia~ hy its deep 
sw:fa<'<', wit_h the Opponens pollicis. from whi ch it is ~cparaled by a thin apo
ncurosis. I ts inner border is separated from the Flex or brevis pollicis by a rrnrrow 
cellu lar intenal. 

'J'he Opp~nens pollicis is a small , tr iangular mui-:;clc placed beneath tile 
preceding. I t arises from the palmar surface of the trapezium and annu lar 
ligament, passes downwa.nl and outward. and is inserted into the whole length of 
the morn.carpal hone of the thumb on its radial :-;ide. 

Relations.-By its f11tpe,:fi<•ial su1:face, with the .\bdu ctor pollicis; by its deep 
s1uface, with the trapezia-metacarpal articula t ion ; by its inner border, with the 
Flexor brcvis pollicis. 

Th e Flexor brevis pollicis is much larger than eitl1 er of the two preced ing 
muscles, beneath which it is placed. It consists of two portions, outer and inn er. 
rr110 outer ancl more snpedicial portion arises from the trapezium and outer two
thirds of tho annula.r ligament, and passes along the outer side of the tendon of 
the F lexor longus pollicis. ancl. becoming tendinous, ha s a ~csamoid bone de,·eloped 
in its tendon, and i8 inserted into the outer side of the ha!-l-e of the first phalan x of 
the thumb. rrbe inner and deeper portion of the muscle is very small , and arises 
from the ulnar side of the first metacarpa l bone, and is inscrte<l into the inner side 
of the base of the first phalanx with the .\ d<luctor obli41 1111s pollicis. A sesamoid 
bone is lle,·clopetl in the common tendon of in:-1ertion . 

Relations.-By its supe1:ficial s1ufar,., with the pal mar fascia; by its deep sur-
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face, with the tendon of the Flcxor carpi radial is; by its uternal slt1:face, with the 
Opponens pollicis; by its internal swfcu•c, "ith the Adductor ob1iquus pollici1S. 

The Adductor obliquus_pollicis arises by scYeral ::;Jipli from the os magnum, the 

~1~:~~~:~1~h~/:1~~ 1;~n<~~)~\ ~h/.~~~e11F1~~:~:.' 1~~~.:~~~.:~·i,:~ 1i~. an~~,11·~~~:· ~:~~l~\~~~~~l~e;,~~:t:~~ 
number of fibres pa:o.s obliquely downward and cmwer~e to a tendon. which. 
uniting with the tendons of the deeper portion of the Flcxor b1·c\·is pollicis and 
1he .. \_chluctor transrnrsus, is in8erted into the inner si1 lc of the base of the first 
phalanx of the thumb, a sesamoid bone being dc,·cloped in the tendon of insertion. 
A considcrnble fasciculus, howe\·er, passes more obliquely outward beneath the 

... 8CIVCTO~ /POLLICIS. 

Fir;. 31.).-~usclcs of thumb. (From a preparation in the ) l u~enm of the Royal College of ;.iurgeon~ of 
Eni:hrnd.) 

tenclon of the long ffexor to join the su1Jerficial portion of tLe !-ihort flcxor and the 
. \bductor pollicis.' 

Relations.-By its supe;Jir·irtl s1u:face, with the Flcxor longus pollicis and the 
outer head of the Flexor breds pollicis. Its det'}' sw;fm·e co\'ers the Adductor 
trans,·er:.;n~ pollici8. and is in relation with the deep palma.r arch, \\ hich pa~ses 
bctwl'cn the two adductors. 

The Adductor transversus pollicis (Fig. 31.j) i~ tlrn mo.st deeply ~cated of tbi;;, 

rr:~~~!-J t~\~O~~~~~~,\~S~f t~ltC j~l~~a~n ~l~~~t~!~~-Of~~;~~ l~~i;:r(w~·fi!~·~c\'.SO~l;~:C~)l~i'~l~~·r ~~~~111·~~l~~~ 
rlie fibres, proceeding outward, converge, to be im;ertell, with the inner tendon of 
the Flcxor l>re,·is pollicis, and the Adductor obliquws pollicii-l 1 into tbe uln~r sidc_nf 
the ha~c of the first phalanx of the thumb. From the common tend0n of rn~cn1on 
a slip j13 prolon~ed to the Extensor longus pollicis. 

Relations.-B.Y its supe1:fidol s1u:f"ar·e, with t.hc A1~d11ctor obliquus polli~i5. 
the tendons of the Flexor profundns, and the Lumlmcale:s. Its deep surface 
co\·er::; the fir~~ two intero:-seous spaces, from '' bil'h it is separated by a strong 
aponcurosis. 

ThrC'c 0f these [i}ur.clcs of the thumb. tlie Abcluctor. the .\dductor tran~Yersus, 
1 This rnu>;ck: was formerl7 described ~the deep portion of the Flexor Urevis µollicis. 
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and the Flcxor breYis pollicis, at their insertions give ()If fibrous expansions which 
join the tcrnlon of the Extensor longus pollici~. This permits of Hexion of 1hc 
proximal pbalan \'. an<l extl'n::<ion of the terminal phalanx at the ~ame time. Thc~e 

~I_P~~:~;:~:·11~r~2~~.~~~~:~l:g~~1:~~8 ~1J-o:~.~;,:1e~~ls.h;\:l~eb~~~~) .111 ore rccen ti y de~~ri bed. IJ.y 

Nerves.-'l'he Abductor, Opponens. and outer he:1d of the Flcxor brcv1s poll1c1s 
arc supplied b.r the median nen·e: the inner bead of the ]_.-'lcxor brc\·is, and the 
.Adductors, by the ulnar nene. 

Actions.-The actions of the muscles of the thumb are almost sufficicntlY indi
cated by their n:uncs. This segment of the hand is pro\'ided with three extensors 
-an extensor of the metacarpal bone, an extensor of the first, and an extensor of 
the second phalanx; these ocCL1py the cl on~.a l surfoce of the forearm and band. 
'J111ere a.re also three flexors on the palmar su rface-a. fJ exor of the metacarpal 
bone, a. flcxor of' the proximal, and <t fiexor of the terminal plrnlanx; there is also 
an Abductor and two Adductors. The Abductor pollicis mo\·es the metacarpal 
bone of the thumb outward; that is, away from the index finger. The Flexor 
ossis metacarpi pollicis flexes the metacarpal bone-that is, draws it inward OYer 

the palm-and a.t the same time rot<ttes the bone, so as to turn the ball of the 
thumb toward the fingers, thus producing the moYement of opposition . 'l'he 
Flex or brcvis pollicis flexes the proxima l phalanx of the thumb. ~'he Adductores 
pollicis JUO\'e the metacarpal bone of the thumb inward; that is. toward the 
index finger. These muscles gi,·e to the thumb its cxtensi\·e range of motion. 
It will be noticed, howe,·e1-, that in consc<pwnec of the position of the first meta
carpa l bone these moYcments differ from thl' correspondi ng lllO\'emcnts of the 
metacarpal bones of the other fingers . 'L1hus extens ion of the thumb more nearl,v 
conesponds to the motion of abduction in the other fingers, and flexion to 
a<lduction . 

Ulnar Region ( Fig. 316). 

Pa1maris bre\'iS. 

11fu scles of the Little Fh1yer. 
Abductor minimi digiti. Flexor brevis minimi digiti. 

Opponens (Flexor ossis metacarpi) rninimi digiti . 

The Palmaris brevis is a thin quadrih~ternl muscle pl::tecd beneath the integu
ment on the ulnar flide of the hand. [t a ri ses bv 1cndinous fai;;c:iculi from the 
annular ligament an(l pal mar fasci:.t: the Hesby fibre~ pa:-::s inward, to be iuscrte<l 
into the skin on the inner border of the palm of thl' hand. 

Relations.-Jly its Rupn:lidal .'i1ufaee, "ith the integument, to which it is 
intimately adherent, especiall:· b.\· its inner extremity: by its d£•tp .~wfaee, with 
the inner portion of the paJm;tr fascia., which ~cparates it from the ulnar vessels 
aml nen·e, :ind from the muscles of the ulnar side of the hand. 

The Abductor minimi digiti is situated on the ulnar bonier of the palm of the 
han<l. I t arises from the pisiform bone, and t£'1rnin:Ht'l:i in a flat temlon \\hich 
divides into two slips : one passes un<ler the la teral expansion of the extensor 
tcrnlon, opposite the metacarpo-phalangcal artic:ulation, and i8 inserted into the 
ulna.r :-;idc of the base of the first phalanx of the li tt le finger. reb e other sl ip 
passes O\'CI' tltc expansion, and is inserted in to the ulnar border of the shaft of the 
same phalanx . 

Relations.-13 .Y its s1tpe1:n_eial su.;:facf', with the inner portion of the palmar 
fascia, an<l Lhe Palmaris bre\· is; by i ts deep Rwjaee, with the Flexor oss is metu
carpi minimi digiti; by its outer borda, with the Flcxor breds minimi digni. 

'l'bc Flexor brevis minimi digiti lies on the same plane as the preceding musclt:, 
on its radial side. It arises from the tip of the untiform process of the uncifnrrn 
bone and anterior !;urface of the annular ~igamcnt, and is inserted into the ba~~ 
of the finst phalanx of the little finger. It is ~eparated from the Ab<luctor at its 
origin b:· the <leep branches of the ulnar arter,,.,. and nene. This muscle is S()llll'

timcs wanting: the Abductor is then. usually, of large size. 
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Relations.- By its superficial surface, with the internal portion of the palmar 
fascia, and the Palmaris bre1·is : b,· its deep swjiwe, with the Opponens. 
. The Opponens minimi digiti_ (Fig. 307) is of a triangular form. and placed 
1mmed1ately beneath the precedtng nlllscles. It arises from the unciform process 

Fm.316.-;'>lusclesoftheleft hand. 

of the unciform bone and contiguous portion of the annular ligame'nt; its fibres 
pass do" nwarcl and inward. to be inserted into the ~d10le length of the meta-
carpal bone of the little finger, along its ulnar marg111. . 

Relations.-By its t<upe1:f£rial swfact•, with the Flex~r bre\'JS a.ad Abductor 
minimi digiti; by its (leep swface. with the lnteros~c1 muscles m the fourth 
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metacarpal spacC', tlac metacarpal bone, and thr Flcxor lC'nfions of the little 
finger . 

..._Nerves.-.\ II rhe mu:;cles of this group are supplied by the ulnar ncnc. 

1inr~1~tito::·i:;:~e ~}!'~~:~~~~fl~!~~~n~~ ~i~~\'.s~~di~~~~·c~~1~ee:li~~l~nr:11;~~~: fn1;1 <~~~1 l~!~V!~: 
in flcxin~ the proximal phalanx. The Flex or bre\·is minimi. digi.ti abd~1cts the 
little fin11er from the middle line of the band. [t al~o assists 111 flexing the 
proxima{ phalanx. The Opponens minimi 1li~iri <lraws forwanl the fifth meta
carpal bone. :;o as to deepen the hollow of lhc palm. The Palmaris brevis corruga.tes 
the skin on the inner side of the palm of the hand. 

!'lliddle Palmar Region. 
Lumbricalcs. Interossci palnrnres. 

Ia terossei dorsalcs. 

The Lumbricales (Fig. 316) are four sma1 l Acshy fascic11 li1 accessories to the 
deep Flexor muscle. They arise by flesh.v fibres from the tenclorn; of the <leep 
Flexor: the fir:-;t ancl second. from the radial side and palmar surface of the tendons 
of the index and middle fingers; the third. from the contiguous ~ides of the ten
dons. of the middle and ring fingers; and tl1c fourth. from the contiguous sides of 
the tendons of the ring and little fingers . They pa~s to the radial side of the 
corresponding fingcl'~, and opposite tLe metac:npo-pha langeal articulation each 
tendon terminates in a broad aponeurosis which is in~erted into the ten<linous 
expan~ion from the Extcnsnr communis digitorum, co,·ering the dorsal aspect of 
each finger. 

'flie Interossei muscles are so named from occupying the interrnls between 
the metacarpal bones. '.rhey are d iYided into two ~cts, a dorsal and pal mar; the 
former a.re four in number, one in each metacarpa l space: the lil.tter. three in 
numhcr, lie upon the metacarpal bones. 

Tho Dorsal interossei arc four in n umber, larger than the palmar, and occupy 
tho intcnals between the rncta.carpa1 bones. ' 11 hcy arc bipennifonn muscles, 
arising by two heads from the adjacent side~ of the metacarpal bones, but more 
exten:-\i,·cly from tlint sit!e of the metacarpal bone whid1 corresponds to the side 
of the finger in whith the muscle is inserted. Thc.v arc inserted into the bases 
of the fir:-it phalanges and into the a.poneurosi~ of the eomm1m extensor tendon . 
Between the double origin of each of these musc:les is a narrow ll'iangular intenal, 
through the fil'St of which passes the radial artery; through the other three passes 
a perfomting branch from the deep palmar arch . 

The Fir~t do1-.'1.al int1'rn.'5."ft'OW5 mwst:le, or ... -llufoctor imlirix, is larger than the 
other~. It 1s Aat, triangular in form, and ari~es by two heads, separated by a 
fibrous arch, for the pa~~age of the radial artery from the dorsum to rhe palm of 
the hand. 'l'he outer head arises from the upper half of the ulnar border of the 
first metacarpal bone: the inner head. from almo~t the en Lire length of the radial 
border of the :sccon1I meta.carpal bone; the tendon is insertetl into the radial s ide 
of the index finger. 'l'hc Sl'cond ancl tliinl dorsal inll>ros.w'i are in~ertecl into the 
middle finger, the former into its raclia_I, the latter into its ulnar side. '.!'he fourth 
is i11~el"tc1l inlo the ulnar side of the nng finge r. 

'l'he Palmar interossei, three in number, are smaller than the Dorsal, and placed 
upon the palmar surface of the metacarpal bones, rather than between them. 
~rhey ari:-;c from the entire length of the metac·arpal bone of one finrrcr, and are 
inl'icrtec.1 into the Hide of the base of the first phahrnx and aponeuroti~ expansion 
of the common extensor teudon of the ~amc finrrer. 

The Jinit ariseH from the ulnar :-;idc of the ~·cond metacarpa l bone, and is 
im1crt"1I into the same side of the index fin~er. The se1•oml a.rises from the radial 
sirie of tiw fourth metacarpal bone, and i:s inserted into the game side of the rino
finger. The tltinl ari~e~ from the ra1li:il ~i«ilc of Lhc fifth metacarpal bone. and i~ 
inserted into the :-:.ame side of the little finger. Frnm this account it may be sren 
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that ~ach finger .is pr~'· idrd with two ln terossc i muscles, with the exception of 

the li ttle fing?1-, in which th e Abductor muscle tak es the place of one of the pail". 

Nerves.-fhe t" o o.utcr Lumbn cales are suppli ed by the median none ; the 

~·~~\~~1:~~ muscles of this group, by the ulnar. All the In terossci arc su pplied by 

. Ac~io~s.-T?e J.>alma.r interossei muscles ~dduct. the fingers to an imagi nary 

~me din.'~ n l o ng1tuclin~lly through the centre of the middl e fin ger ; and the Dorsal 

mtcrossc1 abduct the fingers from tha.t line. In addition to th is, the Interossei, in 

Fm.3li.-TheDorsalintcrosscioflcfthand. Fm. 318.-Thc Palmari nterosseioflcft hnn<I'. 

conjunction with the Lumbri cales, flex the .fh-st phalan,qes 2..C. the mctacarpo-phalan

f?Cal joint~, and ex tend th e second and third phalanges rn consequence of their 

insertion into the expansion of the ex tensor tendon s. Th e Extensor communis 

digitorum is bclicrnd to act almost entirely on the first phalanges. 

SURF.~CE FOlDI OF T im UPPER EXTREMITY. 

The P,-('fomli:~ m(ljor largely influences surfare form and conceals a. considerable part of the 

thoracic wall in front. Its sternal orizin pre~ents a festooned border which bounds and deter

mines the width of the Slcrnal furrow. fts clavic11\ar origin is somewhat dcprci:-sed and flattened, 

and between the two f)Ortion!j of the muscle is often an oblique depression which differentiates 

the one from the otht'r. The outer marf! in of the musde is p:encrall.v well marked abo,•c, ancl 

bounds the infratla,,icular fo.--sa, a triam:;:ular interval whi c· h separates the Pcctoralis major from 

the Deltoid. It ~raclun lly hetomcs lc~s marked as it approa<:hcs the temlon of iu!'crtion, and 

becomes more closely blended with the Dcltoicl mu$dc. 'l'he lower bonier of the Pector.1lis 

~Yb!or 'l~~~mj\,::~~·<11i~~1 :;~,~,c~)1·3i1 ,\1;t~~~~e~~x ~~~~f ·~~cf~i l ll~r1~;~d \\~'fi~~~1~1J~~s n ~~~~ 11~ 1;,~ f ~~l~ rir·;irJ; :"~~: t1 
I ~Ji I~ ~ ~ 

ori,ei n produces a lot'al f'ulnr:>!) jui:-t Lclow the border of the anterior fo ld of lhc axilla, and so 

sen ·es to break the shnrp line of the lower bonlc1: of the l'ectoralis major lllll!-itlc, whiC'h is 

~i~it~~~:~;~;i~i~t~1t;:J;,~r~;E:1~J;~;i~~:;~;~~~E:~~~i:I.~~i~~~~:;,~; t~~;~~¥~~t~~~{~~£~;fc~ 
JYJJ~:i~i. a,~,i ! ~~c t1{;~rn; .. ~:r~!1~c~f'o1l1 ~h~e~~\~1~~~s e~~~~{~~1it~ ~f 1 ~ J~~1!1~111~~c~:1~~ ,;~od 

1111~~ fi~J1~·i ~~u ,;~;~d 
outline of' the shoulder. Tl is rounder and fuller in fronL than behind, where it presents ~ 

somewhat flattened form. Its anterior border, abOl·c, presents a rounded, sliµ. htly cun·ed 

eminence, whicl1 bounds externally the infrada.\'iC'u lar fossaj below, it is closely united with the 
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Pel'tmalis major. IIR JlO .... lrrior bunlt•r is lhin. flattened, and ;.;t•art•t•ly marked abov_e; below, it 
is thirkcr and mon• promirll'nt. \\' hen the mu:;rlc is in action, the mid1llc JJOrtion becomes 
!rrc.g-ular. 1m.:,.;1:ntin!! a~tt·rnate lnnf!itmli_n:'.l.I clcrntions an~l depr~~ion:;, ~he el('·'·atmns C'Orre!>;J><;>1,1d
mi;r to the fk~hs portion:-.. the de1iress1ons to the tendmout'i 111tt.·~cl'l1ons of t_hc mu~clc. Ihe 

~~:~):_~:~1;::£1:::i~.;:~\~::1 :~:~~i::!:::~i~~1f 1::~~~~~i~,~:r~ ·(~,~!~~~~~:.;~:~:1t:~i:1~~'.1.~: i:: [::~:~:~ 
houndary of' the ax ilia. \\'hen the arm is raised, the Coraco-hr:u-hialis reveals itself' as a. long, 
narrow ck·\·ation whidt emer.!!es from unJcr cover of the anterior fold of' the axilla. :rnd runs 
downward. internal to the shaft of the hurnerus. \\rhcn the arm is ham.!;i n~ by the side, its 
front and in ner part prei:icnts the prominen.ce of the Biceps, bounded on either side by an intcr
lll U!'Cular depre:;sion. This muscle dclCnrnncs the contour of the front of the arm, and extends 
from the anterior margin of the axilla to the bend of the e!Low. Its upf?Cr tendons are con
cealed hr the Pcctoralis major and the Deltoid , and its lower tendon siuks mto the space at the 
bend o( the elbow. When the muscle is in a sta te of' complete contraction-that is to say, 
when the forearm has been flexed and supinated- it. presents a rounded convex limn, bulged 
out laterally1 and its length is diminished. On each side of the Biceps, at the lower part of 
the arm, tile BrochialiS alllicus is discernible. On the outer side it forms a narrow eminence 
which extends some distance up the arm along the border of the Biceps. On the inner side it 
show:; itself only as a little fulncss just abo,·e the elbow. On the back of the arm the long head 
of the TricJ{,s may be seen as a longitudinal eminence emerging from under cover of the Deltoid 

~l~~I b:~~f ih~~~f~~1g 81,~0 tl!~e J~~~g;i~~d~1~~~~c~a~}e~11~~ e1J~1,~ ~~~ t~~ b~u~~~ 0~~,.~\~!,~~~{a!~J~d 
tions. one on each side, separated above and eo1wc:-ging below so as to form a. triangular space. 
Of these, the inner elevation, consisting of the Ocxors and pronator, forms the prominence 
along the inner side and fron t of the forearm. It is a. fusiform mass, pointed above at the 
internal condylc and Jrradually tapering off below. '!'he Pro1wtor radii ter('s, the innermost 
musde of' the ,gTOup, forms the boundary of the tri angular space al the bend of the elbow. It 
is shorter, Jes.() prominent, and more obli(lue than the outer boundary. The most prominent 

ina~~r0 ~i:ll~c oet~1~~n~~e~~8r~:~~~:. b~i~hfur~~~~r ~~:~c1e~l'~z~~~~i nt~~:~~11~~1~e:1e:,~di 1~~~d~ ~~a~~d 
downward to its tendon 1 which can be felt lying on the front of the wrist, nearer to the radial 
than io the ulnar border, and to the inner side of the radial artery. The Pa7mari's longw~ 
presents no surface markin~ aborn, but below is the most prominent tendon on the front of the 
wrist, standing out, when the muscle is in action, m:i a sharp, tense cord beneath the skin. The 
Flex<Jr sublimis digitmwn does not directly influence surfoce form. The position of its four 
tendons on the front of the lower part of the forearm is indi<'atcd by an clonj(ated depression 
between the temlous of the Palmaris longus and the lflexor rarp i nlnaris. The Plexor cm{,1i 

~~;~;;~1~c:,~1t~~1 ~i~~l~~! ~~~~'~: ,\~J~c~0:~~~;~c~u~~~eg~!·a~~~ ~~~~~~'~{\J~'i: ~~n~fd~~:·a~~~ tf;~~I~~~ 
furrow. proclucell by the subcutaneous posterior border of the ulna. Its tendon can be perceived 
along the ulnar hordcr of' the front of the forearm, and is most marked when the lrnnd is flexed 
and adcllwtecl. The deep muscles of the fro11t of the forearm ha\·e no direct influence on surface 
form. The external ~Toup of muscles of the forearm, consistin~ of the extensors and supi
natnrs, O<.'cupy the outer and a considerable portion of the po!ilerior surfoce of this rc~don . They 
form a fu siform mass, which is altogether on a. higher level than the pronato-flexor group. Its 

:l~~v~J~i~~~e.~n~0;~:;~~eft~ ~::f:~Ufr~~l31 !~~~~\~!i8tl~~1~~~:r~~l1~1~d~~~~en3i~;1~~~~ ~d~~:J; 
shades off into a. flattened surface. .About the middle of the forearm it di,·ides into two longi
tudinaJ eminences which di\·ergc from each otllCr, lea Ying a trian,g"ular intcrrnl between them. 
The outer of' these two 1!'.roups of muscles consists of the Ru11ina.tor longus and the Extensor 
carpi radialis lonrdor ct brc,·ior, which form a l~n~itudina l eminence descendinfr from the exter· 
nal roml.\'loid ricl~e in the direction of the stylo1d proces~ of the radiu:-. The other and more 
posterior group consi .... ts of the l~xtensor communis di~itorurn. the E xtensor minimi cligiti. and 

~:~: :~1~1~~r~:. ~~~Sii ~~~~l~:~teJt b~f~i~d1~~sit~~1~·1ep~: ~!~l10f~~~ ~1~~\~11c~1~1:u~xt~~~a~,.~J1~~1)~l:k~~ 
furrow, and below, from 1hc pronato-fl.exor ma~, by the ulnar furrow. Tn the triangular intcr
\ral left between the!'e tw.o gro1;1ps the .extcnsor:S of' the. thumb ~nd index finj?er ::ire seen. The 

~l~~t1~~vf 01~~~u~~c~h~f s~~in~:;:l~n;~~,c~1Je~~~11,~g:~~~~s. m~l~~1~ 1in1~~r iib~~S~:~~f·11i1\~ iS!u~:~~,';. 
lon,q11s forms the outer lxmndary of the triangular S/Jace at the bend of the elbow. 1t com
mences a~ a. rounded border above the cond.rle1 and i~ onq-er. lc!is ohlique, and more prominent 
than the mner bou111.lary. Lower down. the muscle forms a foll fl e!'lhv ma~s on the outer side of 
the UJlJlCr part of the forearm. and helow tapers into a tendon, which may be traced down to 
tht• .... tyloid Jl.ro<'c:-:5 of the radiu.s. The . l!1Mnei1.~ 1m•s('nts a well-marked and characteri~tic 
surlac:e form m the !ihapc of a. tnaneular. sh!!htly elc,•ated surface, immedia.teh' external to the 

~::O~;~tb~,C~l~~efi~~;,~:l~rd ~J~f ~~~ J~n~~u~~~~j~l~~~~~\~,~~i ff ~fh~t~~,~~~r ~~~~Je t,~lf t t~~!.i:1~l!i:~~nr~~~ 
rren~~ia~~~~i~rc~~!~~~!lc~~~!~~~l ;,~dt)~ d~~ekr~~n~~ f~\~lp~~~l~O~lt~~r1~f1ll!~ ;~Ot~US~~l~}j~~\1f.C)~~ 
mto wluch the extensor and supmator group 1s <ltv1dcd at the lower part of the forearm an 
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oblique elon!!atcd eminence is seen, caused by lhe emergcm'c of two of the extensors of the 
thu1~b from their deep origin. at the ~a<:k of the forearm. This eminence, full above and be
comm!!: flattl'nctl out and partially subdmded below, runs downward and outward o\·er the back 
and ~uter )';Ul'facc of the radius to. the outer side .of the wrist-joint, where it forms a ridge, 
c::;pecmlly marked when the thumb 1s extended. whu::h passes onward to the posterior aspect of 
the thumb. The tendons of mo::;t of the extensor muscles are to be seen and felt at the le\·el 
of th~ wri::;t-joint.. ~lo~t _extcrna~ly are the. tem.14:'ns of the Extensor ~ssis n~etacarpi pollicis and 
the Jt..xten~or bre\'IS poll1e.1::;. forming a vertical r1dg;e O\'er the OUlCr su.1e of the joint from the 
istyloid procc::-~ of the radius to the thu~b. lnternal to this is the oblique ridge produced by 
the ten<lou of the Extensor longus pol11cis, Y<'IT noticeable when the muscle is in action. The 
J<~xten!-ior carpi radialis longior is scarcely to be ·felt, hut the Extensor earpi radialis breYior can 

~f ~\~~ij~~t~~n~~~('i~~·~~sas ~J1i~i~:i~,?1~e~id~~e e_}~~~~ffi 1i1ff g~~ib1~11~~~~n~l~d ii~~c~h~0,~.~~-of 1\1;~;~~J1~~ 
thi:,, a!!ain, ci~n be felt tbe tendons of the Extensor indicis1 ]~xtensor communis di,e;itorum

1 
and 

Extensor min1rni dip:iti; the latter tendon beiug separated from those of the common extensor 
by a ~li12:ht furrow. The muscles of the hand are principally concerned, as for as regards sur
face-form, in producing the thenar and hypothenar eminences, and individually are not to be 
disti1u.{11ishcd. on the surfacc1 from each other. The .Adductor t1w1st:rr.ms polllcis is, however. 
an exception to this; its anterior border giYeS rise to a ridge across the web of skin connectinf! 
the thumb to the rest of the hand. The thenar eminence is much larger and rounder than the 
hypothenar one. which presents a longer and narrower eminence alon!!; the ulnar side of the 
hand. \rhcn the Palmn.ris brrri~ is in action it produces a wrinklini; of the skin O\'Cr the hypo
thenar eminence. and a deep dimple on the ulnar border of the han<l. 'fhe anterior es:tremities 
of the Lumbricrd m11 ... clrs help to produce the soft eminences just behind the clefls of the fingers, 
separated from each other by depressions correspondin~ to the flexor tendons in their sheaths. 
B~tw~en the thcnar and hypothenar eminences, at the wrist-joint, is a sli:d1tgroove or depression, 
w1demntr out as it approaches the fing;ers; beneath this we ha\•e the strona: central part of the 
palmar fascia. Here we h<we some furrows, which arc pretty constant in their arrana:ement. 
and bear some resemblance to the lelter M. One of these furrows pas. .. es obliquely omward 
from the groo\·e between the thenar and hypothenar rc,!!;ions to the head of the metacarpal bone 
of the index 6111z-er. _·\.second passes inward, with a. s)iQht inelination upward, from the termi
nation of the finst to the ulnar side of the hand. A third nms parallel with the second and 
about three-quarter$ of an inch below it. J_.astly, crossinp: these two latter furrows, is an obli()ue 
furrow parallel with the first. 'rhe skin of the palm of the hand differs considerably from that 
of the forearm. At the wrist it suddenly becomes hard and clcm1e, and covered with a thick 
layer of cuticle. The skin in the thcnar region presc11ts tliesc characteristics less than elsewhere. 
In spite of this hardness antl density, the skin of the palm is exceedingly sensitive and ,·ery 
rn~C'ular. It is <lestitutc of hair, a.ncl no sebaceous follicles have been found in this region 
Q,·cr the fingers the skin a!!ain becomes thinner, especially at the flcxurcs of the joints. and 
o,·er the terminal phalan,ges it is thrown into numerous par:1llel ridges in consequence of the 
arrangement or the papill.-e in it. The superficial fascia in the palm is made up of dense fibro
fattr til:;sue. This ti&>uc Linds down the skin so firmly to the deep palmar fascia, that Yery little 
mo,~emcnt is permitted between the two. On the back of the hand the Dorsl'.l.l inlerossei pro-

i~~~i~\~'::1~~~~J t h'~e~:;:~~~b 1fst~i~:~1)~l~~1~J1~!~:lr~~a~1~'l~:~cf 1 1l~~n~srs; i~~=ln~~:rf~:it~~~( ~:i1~~~~ 
the other intero··ci arc not so marked. 

KCRGICAL -~.'llATQ}IY OF THE UPPER EXTRJ;)ll'fY. 
The student, haYing completed the dissection of the nrnscles of the upper extremity. should 

consider the effects likely to be produced by the action of the various musdes in fracture of the 
bone:-

have1i~~~1;~31~J1i;·~n~~~ ~~1\~~1~~,~~0~·11~~s '~fi~~j~n~~:ul~~j~ f~:~nu~~~~~i~;~~~~ ~~~c~~l~~~f~2tremity, I 
Fracture of the middle of the clm:icle (Fig. 319) is always attended with considerab.le dis-

:;~~~~1~~~Jt ~ft t\~ei~;:1~~e eg~:r~~c~~~e i~u~~~a:~~ff~~~~r~, ~~~\~~~(;~~ ~J~;'di~p};~~n~e~;; 'b~~~~":·1!d 1~r t~~: 
inner end. The whole outer fragment is somewhat deprc~~ed. 

the ~Jl:1;:r ~~~~~~~~:;~c~1 ~i1~:1~~~~~' ·~~ 1t1!~0~~~1:pt~J1,~:·c~,;~;i ;~ t~~~c1~:~~~~~!.~~~~~i.ntl1~rg~~~J:vi~;:.s~I~~ 
t~:~~~~~~s ~1~:l1~f· at11\~ ~:~i~1~·· f~~m~~~ fo~~!.~~~:i11 b~· l~h~il;et;~ct~'i"711:~~c·l~~.h ~1~J;~ed~~,1~;s~·~t~t~of1 th~ 
whole outer f'ra!!nwnt is produc·ccl by the wei/!ht Of the arm allll by th~ cont.raction of the Deltoid. 
The outer eml of the inner fi-azmcnt appears to Le cle\•ated, the .skm bc111~ dnn~n tensely o,·er 

~t~cJh~\'i~l~~v~:~~~~cl~:~e~ifrrj~~~~e~1~ ;~~l 01~\~e;h!r~1~11:~~~t;1i~~1t 1b~t~~~~e~· ~J~!1~~~1:n~.1~1~~~~\d k;,rc~ 
1>ector.\Jis major lllll:<tles. But it may be rai~cd by an llllU:"lll:.tlly strong Sterno-mastaid. or hr 
the inner l?nd of tl1c outer fragment !!'.ettin~ below aiul behinrl it. The cau::.es of displacement 
ha,·inl! been ascertained, it is ca~y to apply the appropriate treatment. The outer fra!!ment is 
to he drawn outwanl 1 and, tog-ether with the scapula.1 rai:sc<l upward to a leYel with the inner 
fra!!mcnt. and rctaine<l in that position. 
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In fracture of the arromial r11d rf the claricle, between the conoid nod tni.pt.•zoid ligament~. 
only slight di~placerncnt oecuni, as the~ fommen_ts, fro!n their o~liquc in.:--~rtion. ~l'f\'C to hultl 

both portions ol the Lorn.' 111 appn~1uo11 . h <.u:ture, abo, 
of the ~trrnal rnd, i11ter11al to the co:;to-d:wicular li,e-n
ment. b attended with 0111'- i:;l i,,.d1t displacement. this 
~fti~1::~nt :sen·ing lO retain tlie fra!!llll'IH:s in do~c :lPJ)()-

Fratturc of' the rtcrm11/1111 1n·o<'t .... ~ 11~u:tlly arises from 
Yiolence appl ied to the upper and uull'r pan of the 
shoulder ; it is µ;c ucrall.r kuown by the rotund it.'' of the 
shoulder bein_e: lo:st, frorn the Deltoid drawing the frac· 

IT:~~!,¥.'.i~1i:~~~n~~;:;'.:~'.'.1.~~;~/:~F~~'.::;.~~~~;l,~~ii :,~.;;~~~~! 
resting on the fro11t and upper part of Llic head of' tht! 
humerus. [11 order to relax the an terior and outer 
fi bres of the Deltoid (t he opposin~ mu~lc), the arm 
should be drawn forward a<:ro::;:-s the c:hl·~t nnd 1he elbow 
well raised, :so that the l1cad of' the bone ma.\· p:e"s lllC 

:::~~~:,~~,l:~n~~:~:.~;;;;:~~,:.~.:.~~;;~;~:~. 1!£:'..~,:~ ;,\;~~:~:;"·;i:~ 
point of' the &houlder. Di,.plac:emcnt is lere produced 
by the combined actions of the Pcc:torali s minor. short 

~:1:1~f cl:~~,.~;eS~ f~~.~g1~~:~:~c~;1~::~~~J'.a~~~1 t~\~e ·~~~:=~ 
directly downward, the an101rnt of' di:.1 Jlacement being 

, t;~~\~~~~"~P~1~1:~~~~c~~~i~J \1i;1~~11\~ thjna~~J~:~~ 

::~~~~·~::~,~:::;'~~: ~: .. ::·d:~~:.:• ;: .. :::nl~~~M\~:;,l,l~{,~l:~;~~;:j:~~\:,:ct,:~:fl:~~~I~::~{ ~o~{~~ 
brachialis; the humerus should then be pushed upward ::igamst the coraco-::icromial ligament, 
and the arm reta ined in that position. 

Fracture of the surgical nee!.· of the humerus (Fig. 320) is Yery common, is attended wiLh 
considerable displacemeut , and its appearances correspond somcwh::i.t with those of dislocation 
of the head of' the humerus imo the ::ixilla. The upper fragment is slightly elevated under the 
coraco·acromial lig:uncnt by the muscles att::iched LO the grcrttcr ancl les:scr tubcrosities; the 
lower fragment is drawn inw::inl by the Pectoralis major, Latissimus dorai 1 ::ind 'l'cres major j and 
the humerus is thrown obliquely outw::ird from the side by the Deltoid, ::ind occnsionally elevated 
so as to project beneath and in front of the coracoid process. The dcfOrmity is reduced by 

fixing the shoulder aud clrawiu~ the arm outw::ird and clown· 
w::ird. To tountcract the oppo:-ing muscles, and to keep the 

· frag-ments in position, the arm should be drawn from the side 
and pa:::;tebo::inl Sl)lints applied on its four sides; a large conical· 

~~~~.. ~\ shaped pad shou d be plated i11 the ax ill::i , with the b::ise turned 

~u~~~~·~~~·~ ~ ; ff( ~l~)~~~ri.\?~dh;~:/1~~J:ra ~~~~~~ii"~~~~1~~1 1 ~h~1~1~~~:; ~}~~ f~~~~nl~~ 
~ I should then be flexed. ::ind the hand supported in a sling. care ;g; ,t" . being taken not to rai!-C the elbow, otherwise the lower frag-

' ... ~-·/. \ ~ -.. . ;;;·{r,~g~~i~~!i;~}{,~?if ;~1:{~i'.<l~:~:,. ~~:~;1;~~~~£~E 
first-mentioned muscles, and the lower fra !!. meut upw::inl ::ind 
outward by the Deltoid, prodll(·ing sh ortenin,~ of the li111b and 
a considerable prominence at the scat of fracture, from the 
fractured ends of the bone riding- OYe r Cine another, especi::illy 

:-- if the fracture takes place in :rn oLliquc direction. The frair
ments may be b~ought into apposition J,y extension from the 

necJ~Gi t3~~·h~~~cr~8~e of the surgical ~~~~;:~ a~ni~ :h~a1~~~~~rl::1 ~ li~Jm!~~sition by ::idopting the 5<Hne 
ln fractures of the s/111.fr r.J thf' h11mr1·w~ immediatek l1elow 

the in~crtion.~f' the De~toid , the amoun~ of .deformity ~lcpcrn~:; 1treatly upon the dircctio1i of the 

R~~~:~~;t l~i 1;~ c:J~~\~ 11~ lii~~1sf ~~~:~r~1 ~eb~~~ni,n °~\~i~11:~h ~ .. ~1~~~; ~~<·~J~~ 1~,~~11:i~15cSl:~~~io~~c ~f P~h~ 
Bi(·~p!i .and Brathiali~ a~t ic:us n.rnscle:; in front and .the Tricep~ behind draw upward the 
lowt.'r fr:.a!!mcnt. ea.u~\112' 1t to dide o,·er the upper fra2ment. either hackw::ird or forward 
ati:onlin!! to the dire<:tion of the fracture. ~implc extcn~ion reduces the deformity anci 
the :lJlpli(•ation of splints on the four sides of the arm will rct::iin the fra2mcnts in ::lJ)pO~ition 
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pare s~1ould be taken not to raise the elbow, but the forearm and hand may be supported 
111 a sling . 

. Fracl!-!re of the humerus (Fig. 321) immediately above the condyles deserves very attentive 
cons1clerat1on, as the general appearances correspond somewhat with those produced by sep
~iration of the cpiph.r:sis of the humerus1 and with those 
of di!::focation of the raJius and ulna backward. If the 
direction of' the fracture is oblique from above, downward 
and forward, the lower frarrment is drawn upward and 
backward by the Brachialis amicus and Biceps in front and 
the Triceps behind. This injury may be diau:nosed from dis
location by the increased mobility in fracture, the existence 
of crepitus, and the f:1cl of the deformity being remedied by 
extension, on the discontinuance of which it is reproduced. 
The a.!!e of the patient is of importance in distin,f.tuishing this 
form of injury from separation of the cpiphysis. If frac· 
ture occurs in the opposite direction to tlrnt shown in the 
accompanying figure, the lower fragment is drawn upward 
and forward, causing a considerable prominence in front1 and 
the upper fra!!ment projects backward beneath the tendon 
of the l'riccps mmwlc. 

accid~~~tur1~11°: ~11~~a~~~~1t'f~~~~:,~~fs C~J~p1~~;a i~,~,~~~~~ie;;; 
the action of the Triceps muscle, from half an inch to two 

~~~~1 ~~ ;d!~~ 1;~,~~1i~cfekf ;:1~h~™b~c~~ p~~;~sc~l£1~1J1~Yj!f~!; 
which is mm:h increased on flcxin!! the limb. The patient 
at the same time loses, more or less. the power of extending 
thl: fore:u!n. Th~ treatment co.n~i:-;ts. in. relaxing the 'frice1~s Fm. 32t.-Frscture of the humerus 

~~i~b;1~~~~~~1~l~f l~nli.;;·~~r~f~h1;1~~~i~~t1~~:~~ed~~~n~~: }~~~; above the condyles. 

of the arm: the fra!:!'.mcnts arc thus brought into close apposition , and may be further approxi· 

matei!~{t~1::'~~1f1i~01~':;kt1~( ~f~~;~Jfifis01~t~ c~~~~11in~1r:~~~~~~i~~:;;~:e~1~d0i~ generally caused 
b.\ direct ,·iolcncc. lts diagnosis i~ somewhat obscure, on account of the slight deformity visible1 

the injured part hcinu surrounded by a large number of muscles ; but the lllOYCmcnts of prona· 
tion and. "'upination are entirely lost. The upper fragment is dmwn outward by the Supinator 
brevi~. 1t::; extent of displacement being limited by the attachment of the orbicular ligament. 

~:~!.!1:.~1·~1~/r~j~~1Bic~;~s~ 1:~.~~111 fi~~~~~dcl b;~1~~~~1~~~ 
nator radii tereR, its di:·.placcment forward and 
upward bcinu counteratted in some degree bx 
the Supinator brevis. The trea.tment essentially 

~~~ls~~~~~~;a~;J~ ttl~~e?i~:l~~~~l~sub~11fi~~;i~~e;i~ 
forearm, anJ placing it in a position midway 
between pronation a11d supination, extension 
t.:win~ been previou:sly mad~ so as to bring the 

J)artl~n ~r~t~!.~i~f: the radiw1 (Fig. 323) ne~r 
~; ~;~tm~.~!~~ .~'.~>(fi~n!:~~~i'1b~!1~1:: <ifr~~~t~~~d~ 
tere1'. holdin!'.! a po~ition midway between pro· 
nation aml i-.npination. and a degree of fulnes:; 
in the upper liall' of the forearm is thus pro· 
duced: the lower frap-mcnt is drawn downward 
an<l inward toward the ulna. l,y the Pronator 
ciuadratus, :Hl(l thrown into a state of pronation FIG. 32'2.-Fracture of the olecranon. 
hr the same mu5clc: at. the same time, the Su· 
pinator lvn!!.tts, by cle\•ating the st~·loid process, into whicl1 it is inserted1 will serve to depress 
the upper end of the lower fragment still more toward the ulna. In order to relax the opposing 
muscles the forearm should be bent, and the limb placed in n. position midway between prona· 
tion and surination; the fracture is then easily reduced by extension from the wrist and elbow: 

;1~1·1::;!~lebci:~~ 11 ;i1~!!.~~l1c~~)Ct~rll;~m1, b;. ~tl~,~~~:ei;11\1,1~~~~~~~~~[r~1~l~ ~~~i:!1~f t~~et1Pr~':.~~~~ 
quadf~tf~:~~~~~·~t)out~J;:~J:~~1~~~h~ ~1/~ae~h~a~~J ~~ /~;~~~fi~~~~~~;~;s \~st~:u1:1''1~~~!:i~!;,e b~~b~ )~!;er 
fra!!:ment is dr;nrn outward toward the radius ~y the Pronator quadratus, producmc; a well·marked 
dcpre --ion at the seat of fracture and some fulness on the don:;al and palmar surfaces of the 
forearm. The fracture is easily reduced b.r extension from the wrist and forearm. The fore· 

~~j}.~~dd!~ ~li~1~=~~;p)i'~~ };~~~~h~n ei~:i~~o~1h~~:1'd~)~rttl~~efi~1 J~~~rntion and supination, and 
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. Fw.324.-.Fractureoftbelowercncloftbe radlus. 

above the carpus, from the flexor tendons being thrust forward. This fracture may be distin
guished fi·om tlislocation by the deformity being removed on making sufficient extension, when 
crepitus may be OC<'rusionally detected; at the same time, on extension being cliscontinue<l, the 
parts immediately resume their deformed appearance (sec also pac:e 232). '!'he age of the 

f.~~.c11~11~~ 1t~~~::i~~~tc~~1~,~~=i~i·~~~i;;gh~~~efo;~:ri~~j~~1'd i~1~kl~~~r~>0°,::eS:fu:11r~~i~~!1~~~hfr0~~ifl11~ 
wrist and elbow, dcpre:si;in~ at the same time the radial si<lc of the hand, and retaining the parts 
in that position by wcll-pa<lded pistol-shaped splints. 

MUSCLES AND FASCI.IE OF THE LOWER EXTREMITY. 
The 1Iu•clcs of the Lower Extremity are subdi,.idcd into groups, corresponding 

with the different regions of the limb. 

ILIAC REGION. 

Psoas magnus. 
Psoas parvus. 
Iliac us. 

Tnrnu . 

Anterior Femoral Region. 
Tensor vaginre femoris. 
Sartorius. 
Rectus. 
Vastus externus. 
Yastus internus. 
Crureus. 
Subcrureus. 

Internal Femoral Region. 
Graci I is. 
Pectineus. 
Adductor longus. 
Adductor brcvis. 
Adductor magnus. 

Iltr. 
Gluten/ Region. 

Gluteus maximus. 
Gluteus medius. 
Gluteus minimus. 
Pyriformi~. 



THE ILIA 0 REGION. 

Gemellus superior. 
Obturator intcrnus. 
Gemel lus inferior. 
Obturator cxternus. 
Quadratus fomoris. 

Posterior Femoral Region. 
Biceps. 
Semitendinosus. 
Semimembranosus. 

LEG . 

Antei·ior 'l'ibio-jibula1· Region 
Tibialis auticus. 
E:-.. cnsor longus digitorum. 
Extensor proprius ballucis. 
Peroneus tertius. 

Posterior 'l'ibio-fibulai· Region. 
Supe~(icial La!Jer. 

Gastrocnemius. 
Plantaris. 
Soleus. 

Deep I.ayer. 
Popliteus. 
Flexor longus hallucis. 
Flexor longus digitorum. 
Tibialis posticus. 

Fibular Region. 

Peroneus longus. 
Peroneus brevis. 

FOOT. 

Dorsal Region. 
Extensor brevis digitornm. 

Plantar Region. 
First Layer. 

Abductor hallucis. 
F lexor brevis digitorum. 
Abductor minimi digiti. 

&l'o11tl L<iyer. 

Flexor accessori us. 
Lumbricales. 

'l'liird Layer. 

Flexor brevis hallucis. 
Adductor obliquus hallucis. 
Flexor brevis minimi digiti. 
Adductor transversus pedis. 

Fourth Layer. 

'The Interossei . 

ILIAC REGION. 

Psoas magnus. Psoas parvus. lliacus. 
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the !~:i:~?~fnt;~.isc~~'lµ1~~nc~i~r~~~;;1!~1r~f!~~.r~~c ~~P~~:t~~~~~d g~ ~~~~8~e~it~~!~1~ a~d 
a thin layer of fascia, the iliac fascia. 

'l'he iliac tascia1 is the aponeurotic ]a.yer which lines rbc back part of the 
abdominal cavity, and co\·ers the Psoas and Iliacus muscles throughout tbeu- whole 
extent. It is thin above, and becomes gradually thicker below as it approaches 
the crural arch . It is a part of the general .fltscia transL•ersalis. 

The portion coliering the Psoas is a.tta.chcd, above, to the ligamentum arena.tum 
interuum: internally, by a series of arched processes to the intcnertebral substances 
an<l prominent margins of the bodies of the vcrtebrre. and to the upper part of the 
sacrum, the intenals so left, opposite the constricted portions of the bodies, 
transmitting the lumbar arteries and filaments of the sympathetic nen·e. Ex
ternally, abo,·e the crest of the ilium, this portion of the iliac fascia is continuous 
with the anterior lamclla of the lumbar fascia (see page 433), but below the crest 
of the ilium it is continuous with the fascia covering the Iliacus. 

'l1he portion inuestin,q the fliacus is connected externall y to the whole length 
of the inner border of the crest of the ilium, and internally to the brim of the 
true pelvis or iliac portion of the ilio-pectincal line, and at the ilio-pcctineal emi
nence it receives the tendon of insertion of the Psoas parvus. when that muscle 
exists. External to the femoral vessels, this fascia is intimately connected to the 
posterior margin of Poupart's ligament, and is continuous with the fas.cia trans
versalis. Internal to the vessels it is attached to the ilio-pectineal lin e behind the 
conjoined tendon, where it is again continuous with the transrnrsa lis fascia; and, 

1 The student must not confound this fasc i;i with the iliac portion of llteja.~cia lata (seep. 508). 
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corrcspondinrr to thC' point "hNe the femoral ve:.:sel~ pn~:- into the thigh. thi"' fascia 
descends l.a• l~nll them, forming: the po~terior "all of the trural :-heath. 'J'hi:; 
portion of the iliac fascia \d.1ich pn~::;cs behind the femoral YessC'ls is also attached 
to thl' ilio-pectineal line beyond the limi t:- of the nttachmcnt nf the conjoined 
tendon~ at this part it is continuous with the pubic portion of the fascia Jata of 
the 1hirrh. The external iliac ,·es~cls lie in front of the ilia c fascia, but all the 
branc:h~s of the lumbar plexus bcbin<l it; it is separated from the peritoneum by a 
quantity of loose areolar tissue. . 

'L1be Psoas magnus (.Fig. 326) is a long fusiform muscle pla ced on the s ide of 
the lumbar region of the spine and margin of the peh·is. l.t arises from the front 
of the ba~e:-; and lower borders of the trans,·erse JH'OCef-l:.:e"' of the lumbar rnrtebrm 
by five fle,hy slips; also from the sides of the bodies a1lfl the conesponding 
i1ltencrtebrai substn.nces of the 1ast dorsa l and all the lumbar vertebn.c. 'l'he 
muscle is connecte<l to the bodies of the vertebrre by five slips: each slip is attached 
to the upper and lower nrnrgius of two vertebrrn, nncl to the intcncrtebral substance 
between them, the slips themselrns being connected by the tendin ous arches which 
extend across the constri cted part of the bodies, and beneath which 1rn.ss the lumbar 
arteries ancl sympathetic nerves. These tendinous arches also g ive origin to 
muscular fibres. and protect the blood-,·e"'sels and nerves from pres.sure during the 
act ion nf the muscle. The first slip is attached to the contig uous margins of the 
last dor~al and fin.;t lumbar rnrtebl're; the last to the contig uous margins of the 
fourth arnl fifth lumbar, and to the inten·ertebral substance. From these points 
the muscle pa~sc:.; down across the brim of the peh·is, and, diminif-lbing gradually 
in f-lizC' . pas~c~ beneath Poupart's ligament, anU terminates in a tendon which. 
after rccci,·ing the fibres of the Iliacus, is inserted into the Jess.er trochanter of 
the femur. 

Relations.-ln the lumbar region: by its anterior smj'ace, which is placed 
behind the peritoneum, with the ili :tc fascia, the ligament urn arcuatum internum . 
the kidney. Psoas panns. renal Ycsse1s, urete r, spermali c Yessels, gcnito-crural 
ncnC', an<l the colon; by its posterior sw:f'act', "i1!t the transve1·sc processes of the 
lumb:Lr vcrtebrm and the <iuad ratus lumbonn11 , from wliich it is F-leparated by the 
antC'rior lamclla. of the lnmba.r fascia. Th e anterior crurn l ncne is at first 
s ituated in the substance of the muscle, and emerges from its outer bo1·der at the 
lower part. Th~ lumbar plexus is situated in the posterior l!art of the substa nce 
of the muscle. Bv its £nun sit/P the muscle ir.; in relation with the bodies of the 
lumbar ,·ertcbl't'C, lhe lumbar artel'ies, the ganglia of the R_v mpath et ic ne1Te, and 
their brnnches of communication with the spinal nenes ; the lumbar rrlands; the 
Yena earn inferior on the right and the aorta. on th~ left f-l idC', and alo~g the brim 
of the peh-b with the external iliac artery. In the thigh it is in relation, in front, 
with the fa:-;cia. lata: behind, with the capsular ligament of the hip, from which it 
is separate1l by a synoYial bursa, which frequently commu nicates with the caYity 
of the joint through an opening of rnriable Rize; by its inner border, with th.e 
l'ectin?us and the femoral artery, which s1ightl,v o"erlaps it: by its oute1· bonle1', 
with the an terior crural nerrn and Ilia cus muscle. 

1~he Psoas parvu.s is a long slen ~lel' 1~uscl e pla.ced in front of the Psoas magnus. 
It arises from the sides of the bodies of the last dorsal and first lumbar vertcbrre 
a11d from the inter\'ertcbral substance between them. It fol'ms a small flat muscular 
b nHlle, which tcrn~inates in a long fiat tendon inserted into the ilio-pecti neal 
eminence, and, by its outer border, into the iliac fascia. This muscle is often 
absent, an<l, acco rding to Cruveilhier, somet imes double. 

Relatio.ns.-I t is C?\'ered by the peritoneum, and, at its origi n, by the ligamentum 
arcuatum mtel'llnm; It rests on the Psoas marrnus. 

The Iliacus is a flat. triangular muscle ~hich fills up the whole of the iliac 
fossa. It aris~s frm~1 .the uppe1: two-thirdH of. t_his fosRa a~d from the inner margin 
of the crest of the tl1um: behmd, from the il10-lumbar ligament and base of the 
sacrum_: .in front, from the anterior superior and anterior inferior Rpinous processes 
of the 1hum, from the notch between them, and by a few fibres from the capsule 
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of the hip-joint. The fibres conrnrge to be inserted into the outer side of the 
tendon of the Psoas, some of them being prolonged into the oblique lin e which 
extends from the lesser trochanter to the linea aspera. 1 

_Relations.- llrithin the pell:is : by its anterior sw:face, with the iliac fascia, 
which scp:.irates the muscle from the peritoneum, and with the external cutaneous 
nerrn; on the right side, with the cmcum; on the left side, with the sigmoid 
flexure of the colon; by its posterior surface, with the iliac fossa; by its 'inner 
border, with the Psoas magnus and anterior crural nerve. In the thiah it is in 
relation, b,v its anterior surface, with the fascia la.ta, Rectus, and S~rtorius; 
behind, with the capsule of the hip-joint, a synm·ial bursa common to it and the 
Psoas magnus being interposed. 

Nerves.-'11he Psoas ma.gnus, and the Psoas parvus when it exists, are supplied 
b.v the anterior branches of the lumbar nerves; the Iliacus by the anterior crural. 

Actions.-The Psoas and Iliacus muscles, acting from 3.bo,·e, tlex the thigh 
upon the pelvis, and, at the same time, rotate the fomur outward, from the 
obliquity of their insertion into the inner and back part of that bone. Acting 
from below, the femur being fixed, the muscles of both sides bend the lumbar 
portion of the spine and pelvis forward. 1-'bey also serve to maintain the erect 
position, by supporting the spine and pehis upon the femur, and assist in raising 
the trunk when the body is in the recumbent posture. 

':L1he Psoas parvw~ is a tensor of the iliac fascia. 

Surgical Anatomy.-Jn the iliac fascia. there is no definite septum between the portions of 
fascia co,•ering: the Psoas and Iliacus respccti,·ely, and the fascia. is only C.'01mected to the suQja.
cent musdes hr a quantity of loose connective tissue. When abscess forms beneath this fascia, 
as it is very apt to do. the matter is contained in au os~eo-fibrous cavity which is closed on all 
sides within the abdomen, and is open only at its lower part, where the fascia is prolonged O\'er 
the muscle into the thigh. 

Abf'.ce:-:s within the sheath of the Psoas muscle {Hons absctss) is generally due to tubercular 
caries of the boJics of the lower dorsal and lumbar vertcbrro. " Then the disease is in the dorsal 

3~~~,:~~~:~~,:~~:~£'1~·.:,~:~~~,ti~~~r~:;~~~~~~:~~;,~ri~i~:,~~~;,~1;[~~~~1::;i;~~1~~!~.:~f ~l~f i1~:¥.~?~ 
~~l;~G~ 161~~/~ tI~~ ~~!~~ fi~~~a.thC11;)~R'.i~~iuu~n~~1~!~!hb)~~~l~~:11i1~·~~~!to~>~r~t~g r.~~~c~·01;!1t~111~~~Y~}i~~i~~~~ 
into the thi,!!h, to the outer side of the femoral vessels. h thus follows that a Pf:oasabscess may 
be dco(·ribed as consisting of four parts: (I) a. somewhat narrow channel at its upper part, in the 
Psoas sheath : (2) a dilated sac in the iliac fossa; (3) a const ricted neck under Pou part's liga
ment; aml (4) a. dila.tcil sac in the upper part of the thigh. When the lumbar vertebrre are 
tbe i-ca.t of the disea:iC, the matter finds its way directly into the substance of the muscle. The 
must·ular fibres are destroyed. and the nervous cords ('Ontnincd in the abscess are isolated and 
exposi!d in its interior; the fcmoml vessels whic!1 lie in front of the fa&;ia. remain intact, and the 
peritoneum seldom becomes implicated. All 1->.;;oas abscesses do not, howeYer, pursue this 
com~e: 1he maticr ma,,· lea,•c the muS(;ie abO\·e the crest of the ilium 1 and, tracking backward, 
may point in the loin (liimbar absce.ss) i or it may point abo,·c l?oufart's li~amcnt in the in~uinal 

~~~n~a~~.~~~f/~11!~~}1~1dis~f1t~~gee 0i~s~Jf ~:1a~h'~eb~~ki~}0 t\~~e tbi~i!s;, ·~:\t P~~~:l~~~j~fo1 i~: 
bladder or find its wa.y into the perin~uum. 

THE THIGH. 
Anterior Femoral Region. 

Tensor vaginm femoris. 
Rartol'ius . 
Rectus. 

Subcrureus. 

Vastus extcl'nus. 
Vastus intcrnus. 
Crureus. 

Dissection.-To expose the muscles a1 1d fasciro in tl~is region, make nn incision a.long 

!~.~~1;~;·1s i~~~i~i~~11}~;:~0~l1et~:n~~c~~01'i1i~: 1~1~~~ ~J~~n~lfcfc1f~i~f! 1~1:~ t1!fg~~1~0 s~l~w0rh~hki:e~J~r~~ ~ 
and a trans''Cn5C incision from the inner to the outer side or the lee;, al the lower end of the ver· 
tical incision. The flaps of integument h:-n·ing been rcmoved 1 rhc superficial and deep fascire 

1 The Pt<oa~ and lliacus are rornetimes regarded as a single muscle, the Ifio-pwas, having two 
beads of origin and a. i-inglc insertion. 
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s.hould be examined. The morl' mhanced ~tudcnt ~hould commcncc the i-tu<ly of this region by 
diS.:~i~~n~~o;~1~i~htl~~r:'~~~~~:k1~~lo~J~1~?r~~chfi~~:C ab~~o~'~arpa·~ tria11glc, the inci8ion~ !Ur the 

The superficial fascia forms a continuous layer m·er the '\hole of the thigh, 
consisting of areolar tissue, containing in its rneshc~ much fat, an<l capable of 
being separated into two or more layers, hetwecn "hi ch arc found tlic superficial 
vessels and ne1TCR. It mries in thickneBs in different parts of the limb: in the 
groin it iR thick, and the two layers are separated from one another by the super· 
ficial inguinnl lymphatic glands, the internal sapbenous vein, and sc,·cra l Rma ller 
vessels. One of these two ]ayers, the superficial, is continu ous aborn with the 
superficial fascia of the abdomen. ~1he deep layer of the supcl' fi cia l fascia is a. 
vcr.Y thin, fibrous layer, best marked on the inner side of the long sapbenbus vein 
and below Poupa.rt's li gament. It is placed beneath the subcutan eous \'essels and 
ncn·cs and upon the surface of the fascia lata. I t is intimately adherent to the 
fascia la.ta. a little below Poupart's ligament. It co,·crs the saphenous opening in 
the fascia, lata, being closely united to its circumference, and is connected to the 
sheath of the fomoral \'Csscls, corresponding to its under su rface. 'rhe portion of 
fascia co,·ering this aperture is perforated by the internal saphenous vein and by 
numerous blood- and lymphatic Yessels; hence it has been terrnecl the rribr{fornt 

fascia, the openings for the~e ,·essels bal'i11g 
been likened to the holes in a sie,·e. The 
cribriform fascia adheres closelv both to the 
superficial fascia and to the fascia lata, so that 
it is described by some anatomists as part of the 

1. Dissection of fa~cia lata . but is usually considered (as in this 
femoralhernia, work) as belonging to the superficial fascia. It 
and Scm·pa's is not until the cribrifonn fascia has been cleared 
triangle. away that the saphcnous opening is seen, so that 

this opening doc~ not in ordinary cases exist 
naturally, but is the result of dissection . Mr. 
Callender. however, speaks of cases in which, 
prob:1bly as the result of prcf:sure from enlarged 
ingu111al lymph<ttic g lands, the fascia has become 
atrophied, and a saphenous opening exists inde
pendent of dissection. A femoral hernia in pass
ing thl'ough the saphcnous open ing rccei\·es the 
cribriform fascia as one of its coverings. A large 
subcutaneous bursa is found in the superficial 
fascia ornr the pa.tel la. 

'l'he deep fascia of the tbigl1 is exposed on the 
removal of the superficial fascia, and is named, 
from its grea.t extent, the .faseia lata; it forms a 

~t{~~~\1~~~e~~~~e\~:~rf ~~· /,~1 ~~~·~~~:s~f i~1 t~:~~~~ 
parts; thus. it is thicker in the upper and outer 
part of the thigh, where it receirns a fibrous 
expansion from the Gluteus maxim us muscle, and 
the Tensor vaginre fcmorir.; is inserted between its 
layers: it is very thin behind, a.nd at the upper 
and inner pa.rt where it covers the Adductor 
muscles, and again becomes stronge r around the 
knee, recei\·ing fibrous cxpam•ions from the 

rTo~i~i~~~:-Disscction of lower extremity. ~e:i~~~ii~~ ~~~er~~~~~·'.s 3~~fcQl~!~;~i~~~~ ~;::n~~~ 
cruris in front. 'l1he fascia la.ta. is attache<l. aboYe an<l behind, to the back of the 
s~crum and coccyx; externally, to the crest of the ilium; in front, to Pou part's 
ligament ancl to the body of the os pubis; and internally, to the descending ramus 
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of the os pubis, to the ascending ramus and 
tuberositv of the ischium, and to the lower 
border Of the great sacro-sciatic ligament. 
From its attachment to the crest of the ilium 
it passes clown o\·er the Gluteus medius muscle 
to the upper bonier of the Gluteus maximus, 
where it splits into two layers, one passing 

. superficial to an<l the other beneath this muscle. 
At the lower border of the muscle the two 
layers unite. Externally, jm;t below the great 
trochanter, the fascia laht recei\·es the greater 
part of the tendon of insertion of the Gluteus 
maximus. and becomes proportionately thi·ck
ened. The portion of the fascia lata arising 
from the front part of the crest of the ilium, 
corresponding to the origin of the 11cnsor 
vaginre fomoris, passes clown the outer si<le 
of the thigh a~ two layers. one superficial 
an<l the other beneath this muscle; these at 
its lower end become blended together into 
a thick and strong ban<l. ha\·ing first recei,·e<l 
the insertion of the mu:o;cle. 'This ban<l is 
continued downward, un<ler the name of the 
ilio-tibial band, to be inserted into the external 
tuberosity of the tibia. Below, the fascia. 
lata. is attached to all the prominent points 
around the knee-joint-viz. the condyles of 
the femur, tuberositics of the tibia, an<l head 
of the fibula. On each side of the patella it is 
strengthened by transverse fibres given off 
from the lower part of the Vasti muscles, 
which are attached to and support this bone. 
Of these the outer is the stronger, and is con
tinuous with the ilio-tibial band. From tho 
inner surface of the fascia lata are given off 
two strong intermuscular septa which arc 
attached to the whole length of the linea 
aspcra and its prolongations abo,·e and below: 
the external and stronger one, which extends 
from the insertion of the Gluteus maximus to 
the outer condyle, separates the Yastus cx
teruus in front from the short head of the 
Biceps bchinrl, and gi\·es partial origin to these 
mu~clcs; the inner one, the thinner of the 
two, separates the Yastus internus from the 
Adductor and Pectineus muscles. Besides 
these there are numerous smaller septa, scpa
rnting the in1lividua.l muscles and enclosing 
each in a distinct sheath. At the upper and 
i?ner part of' the thigh, a little below Poupart'.s 
ligament, a large oval-shaped aperture 1s 
obsen·ed after the superficial fascia has been 

~.~~~r~!dff ~t~~~r~:~11~1~ ~:s~~!:1~n~~ s~~e~~:~t(~ ~/Q 1: . . . 
the saphe1um8 opening. In order more correctly f1~· r,gt;.,, l 
to consider the mode of formation of this 

1 
' • 

aperture, the fascia lata in this part of the fem~:~i~~~;sclcsoftheiliacand anterior 
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thigh i described as consisting of two portions-an iliac portion and a pubic 
portion. 

The ilirte porlion i~o all that part of the fascia lata on the outer s.i c~e of the 
saphcnous opening. It is attached, externally, to the crest of .the ilmm and 
its anterior superior spine, to the whole length of Poupart's ligament as far 
intcrnalh· as the Kpinc of the os pubis, and to the pcctincal lin e in conj uncti on 
with (Ji1~bcrna.t 's ligament. From the spin e of the os pubis it is refl ected down-

(:~~~,,~~11~1 <~~~~1,;t) 1~~ ~t~U:~pgh:~o:~·c~l~:ni1:~~t~gW11is1~~a~·~\11~(~~~;:.1f~/~t1~tt;·,:~J:::i~:~: 
to the anterior layer of the sheath of the femoral vessels: to its edge is attached 
the cribriform fas'cia; and, below, it is continuous with the pubi c portion of the 
fascia la ta. 

'J'bc pubic portion is situated at the inner side of the sa1_)henous opening: at 

~~)~r:~~~·.e 1;t1~~~?~:~ o{h!b~~.:l~~:tu~~e t~eisp~~~1i~~1~1~1u~:1~:~c ~~1~ 11~:~~u~~\:~od1 ~~-~~~fi~ 
musclcs 1 and, passing behind the sheath of the femoral vessels, to which it is 
closely united, is continuous with the sheat h of the Psoas and Iliacus muscles, 
and iS attached above to the ilio·pectin eal line, wLere it becomes continuous with 
the iliac fascia. From this description it may be obsened that the iliac portion 
of the fascia lata. passes in front of th e femoral vessels, and the pubic portion 
behind them 1 so that an apparent aperture exists between the two, through which 
the internal saphenous joins the femoral Ycin .1 

The fasl'ia should now he rcmoYed from the surface of the muscles. This may be effected 
by pinchin ~ it up bcLwccn the forceps1 di,·iding it , and separating it from each muscle in the 
course of its fibres. 

The Tensor vaginre femoris arises from the anterior part of the outer lip of 
the crest of the ilium. and from the outer surface of th e anterior superior spinous 
process, between the Gluteus medius and Sartorius. lt is inserted into the fascia 
lam about one.fourth down the outer side of th e thigh. From the point of i11ser
tion the fascia. is continued downward to the head of the tibia as a. thi ckened band1 

the ilio-tibial bawl. 
Relations.-By its supeJ:ficial sm:face, with the fascia la ta and the integument; 

by its deep sw:face, with the Gluteus mcdius, Jfoctus femoris, Vas tus ex ternus, 
and the ascending branches of the external circumflex artery; by its anterior 
border. with the Rartorius, from which it is separated below by a. triangular space, 
in which is seen the R cctus fcmoris; by its posterior border, with the Gluteus 
me<lius. 

The Sartorius, the longest muscle in the body 1 is flat , narrow, and ribbon.like; 
it ari~es by tendinous fibres from the anterior superior spinous process of the 
ilium and the upper half of the notch below it, passes obliquely across the upper 
and anterior part of the thigh, fr(lm the outer to the inner s ide of the 1imb, then 

~~~~~~~~s ~T'~~c~ll\~~·~~r~a~~~~ ~~~~~1~:;~:it o! tl::n~~~c, ,!1~\~Ji11,1gc~~:/~1~l ~t~i:,1:1~~;: 
forward, ex pirnds into a broad aponeurosis in serted into the upper part of the 
inn er surface c f the shaft of the tibia, nearly as far forward as th e crest. This 
ex pansion is inserted into the bone by an inverted LJ .sLaped aponeurosis: part 

~~:tth~sr \:~~:~:t~~~cl~~;~~~~e~~~c al~~Pc~,~~J~~-~Z1~ 0V1t~1e~~~1~J~~~ ~;1~~Q~~~~i~~,ii~~~~:~1~t~~ 
into r.he tibi<L in fr?nt of.these muscl e~ . An offset is deriYed from the upper margin 
of this aponeuros1s, which blends with the fibrous capsule of the knee-joint, and 
anothcr1 g iven off from its lower border, blends with the fascia on the inner side 
of the leg. 

'l'hc relations of this muscle to the femoral a.rtery should be carefully exam ined 
as it constitutes the chief guide in tying the artc;.y. ln the upper 

0

third of th~ 
thigh it forms the outer side of a triangular space, 8Mrpa's trian9le

1 
the inner 

1 The"'c parts will be again more particularly described with the anatomy of H ernia. 
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side ,of which is formed by the Adductor longus, and the base, turned upward, 
b.l'. I oupart's. ligament; the. femoral artery passes perpendicularly through the 
m1.ddle of this space from its base to its apex. ln the middle third of the 
t~1gh the femoral artery lies first along the inner border, and then behind the 
Sartorius. 

~elations.-~y its. supuficial surface, with the fascia ]a.ta and integument; 
by its deep surface, with the Rectus, Iliacus, l)soas, Vastus internus, anterior 
crural nene, sheath of the femoral vessels, Adductor lonjJ'us, Adductor marrnus. 
Gracilis, ~~mitcndinosus, long saphenous nene, and intc~na[ lateral ligame~t of 
the knee-JOlllt. 

The Qua~riceps extensor includes the four remaining muscles on the front of 
the thig~i. It is the great Extensor muscle of the leg, forming a. large fleshy 
n:iass which cornrs the front and sides of the fomur, being united below into a 
smglc tendon, attached to the pa,tella, and above subdiv ided in to separate por
tions, which barn recei\·e<l distinct names. Of these, onc __ occupying the middle 
of the thigh, connected a.bo,·e with the ilium, is ca lled the llectus.femoris, from its 
straight course. The other di,·isions lie in immediate connection with the shaft 
of the femur, which they cover from the trocha_nters to the condyles. The portion 
on the outer side of the femur is termed the r ·astus t•:i·tenius; that covering the 
inner side, the f"astus intenrns; and that co,·ering the front of the femur, the 
Cr1treuR. The two latter portions are, howm·er, so intimately blended as to form 
but one mu cle. 

thi~fil~ei~~:tf~~i~:~~r~~ ~h<~~~~a::~ i\~ s\~;ei~~~1~11 ~;1~est~~e ~~.~~1;!~~drf1~i~1~i~~nt1~i~ 
form manner, the deep fibres running straight down to the deep aponeurosis. It 
a.rises by two tendons: one the straight tendon, or short head, from the anterior 
inferior spinous process of the ilium; the other is flattened, and curves outward1 

to be attached to a groove above the brim of the acetabulum; this is the reflected 
tendon, or long head, of the Hectus; it unites with the straight tendon at an 
acute angle. and then spreads into an aponeurosis, from which the muscular 
fibl'cs arise. 1 Th e muscle terminates in a. broad and thick aponeurosis which 
occupies the lower two-thirds of its posterior surface, and, gradually becoming 
narrowed into a flattened tendon 1 is inserted into the patella in common with the 
Vas ti and Crureus. 

Relations.-By its supe1:fi.eial sw;face, with the anterior fihres of the Gluteus 
minim us, the Tensor vaginre femoris, the Rartorius, and the Psoas and Iliacus: by 
its lower tbree-fourtbs1 with the fascia la.ta; by its posterior swface, with the 
bip-joint1 the external circumflex vesse ls, and the Crurcus and Vasti muscles. 

~l1he three remaining muscles haYe been described collecti\'cly by some anat
om i st~, separate from the Rectus, under the name of the 'l'riceps ei:tenMr cruris. 

rl1bc Vastus externus is the largest part of the Quadriceps extea!-l.or. It arises 
by a broad ap1meurosis, which is attached to the tubercle of the femur, to the 
anterior an<l inferior borders of the great tmchanter, to a rough line leading from 
the trochantcr major to the linea aspera, and to the outer lip of the linea aspera: 
this aponeuros is corn1·s the upper three-fourths of the muscle, and from its inner 
surface many fibres arise. A few additional fibres arise from the tendon of the 
Gluteus maXimus aml from the externnl intermuscula.r Rcptum between the Vastus 
extern us and short hca.d of the Biceps. The fibres form a la.rge flesh~' mass which 
~s a.ttachecl to a s~rong a.poneurosis, placed on. the und~r surface of tho mus?le ~t 
ns lower pa.rt: this becomes contracted a.nd thickened mto a flat tendon, which is 
inf.lertc<l into the outer border of the pa.tella, blending with the great extensor 
tendon. 

I :\fr. \\'. R. William-:, in an interesting paper in the Journ. of Amri. and Pli.11s. 1 ml. .xiii. p. 204, 
points out that the retlected tendon is the real origin of the mu~cle, and is alone. present 

:~l~~r~~ilfre,~~.111 1 i;~pa/~~n~l~t~h!~~i0inis80::r~~~·r~1~u~~~·l~i~k11<~I::: dZ~%~~n ~a:1D~e ~~~ 
more generallv mi:uratc.-ED. 
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Relations.-By its supe1:firial sw:f'are, with the Ht•ct u~. the .'l'cngor n1gi11re 
fomoris, the fascia l::tta, and the Gluteus maxim us, from "hi ch it 1s !:!Cpnratecl b.'~ 
a srnodal burl'a; b,Y its deep sm:face, with the Crureuli. ~omc large branches of 
the" cxlemal cirrumUcx artery and anterior crul':ll ncn·e bt•ing int<'1'poscd. 

'.L1he Vastus internus and Crureus arc so imieparabl,r connected to~cthcr as to 
form but 01w muscle, as which it will be accordingly described. It is the smallest 
portiou of the (/uadriceps extensor. The anterior portion of it, corcrt>d b . ." the 
Hect us, is calle(l the Crureus; the internal portion. "hic:h lies immediately 
beneath the fascia lala, the Yastus internus. It arises by an aponcnro~is, which 
is attached to the lower part of the line tba.t extends from the inner ~ ide of the 
neck of the femur to the 1inea aspera, from the inn er lip of the lin ea aspera, 

f~~:.,~~,:c1~~~~~ !::,~~~,~~~. frl1~1 ~~s~ li~1~i~e:s'i·~~·~ t~1 ~~1~-'~n~~11~11\lv1~~;~d·:~? ;~ned i!:~~~.1~~~~ 
anterjor, and external surfaces of the sba.ftof the femur, limi ted, above. by the line 
between the two trochanters 1 and extending, below, to within the lower fourth of' 
the bone. From these different origins the fibres converge to a broad aponeu ros is 
which co\'crs the anterior surface of the middle portion of the muscle (the Crureus) 
and the deep surface of the inner diYision of the muscle (the Yastus intemus), and 
which graduallv narrows down to its insertion into the patella, where it blends with 
the other portiOus of the lhtadricepsextensor. The muscular fibres of the Yastus 
intcmus extend lower down than those of the Yastus extemus, so that the capsule 
of the joint is less covered with muscular fibres on the outer than on the inner 
side. 

Relations.-B_r its :nqm:ffoial surface, with the Psoas and lliacus, the Rectus, 
Sartorius, Pcctincus, A<lductors, and fascia lata, femoral vessels, and saphenous 
nerve; by its cleep surface, with the femur, Subcrureus, and synovia1 membrane 
of the knee-joint. 

'J1he student will obserYe the striking analogy that ex ists between the Quadri
ceps extensor and the Triceps muscle in the upper extremity. So close is this 
s imilari ty that l\I. Cruveilbi er bas described it under tbc name of the 1.'riceps 
femoralis. Like the ~.l1riceps extensor cubiti , it consists of three distinct divisions, 
or heads: a middle or long head, the Hectus, analogous to the long head of the 
Triceps, attached to the ilium, and two other portions, which mn.y be called the 
external and internal heads of the Triceps femo ralis. These. it wi ll be noticed, 
arc strictly annlogous to the outer and inner heads of the Triceps in the arm. 

'l1l1e tendons of the different portions of the Quadriceps extensor unite at the 
lower part of the thigh, so as to form a single strong tendon which is inr-:;erte<l 
into the upper part of the pate1la. )fore properly, the pa.tclla. may be reµ-arded as 
a sesamoirl bone, developed in the tendon of the Quadriceps. and the ligamentum 
patella:!, which is continued from the lower part of the patella to the tuberosity of 
the tibia, as the proper tendon of insertion of the muscle. A synovia l bursa, the 
post-patellat bursa, is interposed between the tendon and the Upper part of the 
tuberosity of the tibia; and another, the prepatf'llar bunw, is placed O\'er the 
patella itself. This latter bursa often becomes enlarged, constituting'' housemaid's 
knee.·· 

1.'he Subcrureus is a small muscle, usuall.Y distinct from tJ1c Crureus, but occa· 
si?nally bl~ll(]~<l with it, which. ai:ises fron:i the anterior su rfa ce of' the lower part 
of tho shaft of the femur, and 1s inserted mto lhe upper part of the wl-de-sac of 
the capsular ligament which projects upward beneath the Quadriceps for a \':.triable 
distance. It sometimes consists of two separate muscular bundles. 

Nerves.-'l'he Tens~r rng.inre femorir-:; i8 8upplied by the superior gluteal nene; 
the other muscles of this region by branchc~ from the anterior crura1. 

Actions.-'l'hc 'l'ensor ,·aginre fcmoris is a tcn:;;or of the fascia la ta; continuin" 
it~ action. the oblique direction of its fibres enables it to abduct and to rotate th~ 
thigh inward. Jn the erect posture. acting from below, it will ~enc to 8tCach the 
pehis upon the hca<l 1lf the femur, and by mean!-i of the iliQ-tihial barnl it ~tc.adies 
the condyll'S of the femur on the articular :surfaces of the tibia, anJ a~sir-:;t~ the 
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Gluteus maxim us in f llpporting the knee in the extended position. ~rbe Sartorius 
flex~s tl~e leg upon ,he thig~L and, continuing to act, flexes the thigh upon the 
pelvis; 1t next rotates the thigh outward. It was formerl;· supposed to adduct the 
thigh. so as to cross one leg o,·er the other, and hence rccei,·ed its name of Sartorius, 
or tailor's muscle (sartor, a tailor), because it was supposed to assist in crossinO' the 
legs in the S< luatting position. "\Yhen the knee is bent the ~artorius assists

0 

the 
8cmitcndinosus, Sem im embranosus, and Popli tcus in rotating the tibia inward. 
Taking its fixed point from the leg, it flexes the pehis upon tlic thigh. and, if one 
muscle acts, assists in rota.ting the pelvis. Th e Quadriceps extensor extends the 
leg upon the thigh. 'l\1king its fixed point from the leg, as in standing, this muscle 
will act upon the femur, supporting it perpendicularly upon the head of the tibia, 
and thus ma.intaining the entil'e weight of the body, or in the stooping position it 
will s traighten the knee, and therefore assist the tr~mk in rising into the erect 
position. The Rcctus muscle assists the Psoas and lliacus in supporting the pel
vis and trunk upon the femur or in bending it forward. 

Surgical Ana.tomy.-A few fibres of the Rectus muscle arc liable to be ruptured from 
sc,•cre strain. This accident is especially liable to occur <lurinA' the games of football and cricket, 

:~1rif,:J~~':{~~~1 ~t~~.~'k1. ~1~ ~J!~\{~~~~1~;~scl;~~11~d!i~~~~ :~Si~if~t~e~o \~1~~1~~ ;~~n rii~i~~~e ~j~~~ 
accident is often followed by considerable swelling fi·om inflammatory effusion. Occasionally the 
Quadriceps extensor may be torn away from its in~crt ion into the patella, or the tendon of the 
patella may be ruptured about an inch abQ\·e the bone. This accident is caused in the same 

:ff~~~~ ~r!~~~;~fu ni,~'!!t ~~hil~~t~/!: kb~~:~i~l~r ~~i~ii~1~ i~f 1~~~~iflc:~i;,~·iz. ;~~ti·~~~e1;a1~n~~~'t~ 
felt aboYe the patella, and, owing to the retraction of the muscular fibres, union may fail to take 
place. 

Internal Femoral Region. 
Gracilis. Adductor longus. 
Pectincus. Adductor brevis. 

Adductor maguus. 

and ~~~~e~i~f~~f~~!1~i~~h~sc~h~1J'i~~~ ~J1~euid"~~s~db3~;c~d:0~~ ·~ t~~er~·~:i~~ ~J~emn~~~~f~~·et~1~;! 
and easier or dissection. 

The Gra.cilis (Figs. 326, 329) is the most superficia l muscle on the inner side 
of the thigh. It is thin and flattened, broad abOYC1 narrow and tapering below. 
It arises by a thin aponeurosis, between two and three inches in breadth, from the 
lower balr'of the margin of the symphy:sis and the inner margin of the descending 
ramus of the os pubis. The fibres pass ,·ertically downward, a.nd terminate in a 
rounded tendon which passes behind the internal con dyle of the femur, and, 
curving round the inner tu.berosity of the tibia, becomes flat~E>1~cd. and is inserted 
into the upper part of tho mner surface of the shaft of the tibia. belo11- the tuber
ositv. '!1he tend0n of this muscle is situated immediately abo\·e that of the 
Seniiiendinosus, and is surrounded by the tendon of the Sartorius, with which it is 
in part blended. As it pa8ses across the interna l lateral. ligament of th~ kne~-joint 
it is separated from it by a syno,· ial bursa common to 1t and the Sem1tendmosus 
muscle. 

Rela.tions.-;:-13y its superffoial sw:facf', with the fa scia 1ata and the Bartorius 
bel ow : the internal sapbenous vein crosses it obliquel.'' nea r its lower part, lying 
superficial to the fascia lata ; the internal saphenoui:; none emerges between its 
tendon and that of the Sartorius; bv its deep .'5ll1fare, with the Adductor bre,·is and 
the Adductor magnus and the i1ltemal la.tcra l ligament o.f the knee-joint. . 

The Pectineus (Fig. 326) is a flat, c\uadranf?u lar mnscl.e s1tu~ted at th~ antc.n.or 
part of the upper and inner aspect of the tlngh. It anses from . the hnea 1ho
pectinea, from the surface of the bone m front of it between the p~ctmeal em mence 
and spine of th e os pubis. and from the fascia co,·ering the antenot'. su rface ?f the 
muscle: the fibres pass downward, back,,ard, and outward. to be mserted mto a 
rough line leading_ from tb.e lesse.r trochantcr to the linca aspera. . 

Rela.tions.-By its antenor surface, ''Ith the pubic portion of the fascia la ta, 
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which separates it from the femoral ~·cssels atHl . intc1:na_I _saphcnous Hin; by i~s 
poxfrrior surface, with the capsular ligament of the h1p-J01Dt, the Adductor bre\' IS 

and Obturator extern us mu~clcs. the obtura
tor \'Cssels an1l nene hcing interposed; by 
it:5 outer border, "ith the Psoas, a. cellular 
interrnl separating them, through "hich 
passes the internal circumflex \·essels; by 
its inner border, with the ma.rgin of the 
Adiluctor longus. 

The Adductor longus, the most super
ficial of the three Adductors, is a. fla t tri
angular muscle l.):ing on the same plane as 
the Pectincus. It arises1 b.v a. flat n:urow 
tendon, from tho front of the os pubis, at 
the angle of junction of the crest with the 
symphysis; and soon expands into a broa<l 
fleshy belly. which, pa~sing downward, back
ward, and outward, is inserted, by an apo
neurosis, into the linca aspera, between the 
Vastus intemus and the .\dductor magnns, 
with which it is usuall,, blended. 

Rela.tions.-lls its "anterior smface, with 
the fascia. lata, the Sartori us. and, near its 
insertion, with the femoral arterv and 
vein; by its posterior surface, wifh the 
Adductor brevis and ma.gnus, the anterior 
branches of the obturator nerve, and with 
the profunda artery and vein near its inser
tion; by its outer border, with the Pecti
neus; by its inner bonler, with the Gracilis. 

The Pectincus arnl Adductor longus should 
now be divit1cd near their orig-i n, and turned down
ward, when the Aci<luctor brcvis and Obwrator ex
ternus will be exposed. 

'rbc Adductor brevis is situated im
mediately behind the two precedi11g mus
cles. It is somewhat triangular in form, 
and arises by a narrow origin from the 
outer surface of the body and descending 
ramnR of the os pubis1 between the Gracilis 
and Obturator cxternus. Its fibres, passing 
backward, outward, and downward. are i~
serted, by an aponeurosis, into the lower 
part of the line leading from the lesse1· 
trocbanter to the lin ca aspera and the upper 
part_ of the linca, aspcra.1 immediatel.v behind 
the Pectineus and upper part of the Adduc
tor longus. 

Relations.-By its anterior sw:face, with 
t_he P_cctineus, Adductor longus, profunda 

.. femons artery, an1l anterior branches of 
· the obturatof ncne: by its posterir1r Rw·· 

rcgi~~1~. m.-Dcep mu~clcs oft he internal femoral ;~::~ri~:.i t tra~!~~.l ~~d<:11;~t~~ltl:~~~~ ll~Cl~~I~ 
by its oukr /Jonfrr. with the Obturator extcrnus and conjoined tendon of the 
Psoas an<l. Iliacms; by its innu b(Jrder, with the Gracilis and ... \dductor magnus. 
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This muscle is pierced. near its insertion, by the middle perforating branch of 
the profun<la. femoris artery. 

The A<lductor brevis sl1011ltl now be cut away hear its origin, and turned outward, when 
the entire extent of the _\.d<lu<:tor magnus will be exposed. 

The Adductor magnus is a large triangular muscle forming a septum between 
the muscles on the inner and those on the back of the thigh. It arises from a 
small part of the descending ramus of the os pubis, from the ascending ramus 
of the ischium. and from the outer margin and under surface of the tuLerosit,,
of the ischium. Those fibres which arise from the ramus of the o>:. pubi::, 
are very short. horizontal in direction. and arc inserted into the rouzh line 
leadi ng from the great trochanter to the linca asperr1, internal to the Gluteus 
maximus; those from the ramus of the ischium are directed downward and 
outward with different degrees of obliquity, to be inse1·ted, by means of a broad 
aponeurosis, into the lin ea aspera and the upper part of its internal prolong:.1-
tion below. 1rhc internal portion of the muscle, consisting principally of those 
fibres wLich arise from the tuberosity of the iscbium, forms a thick fleshy mass 
consisting of coarse bundles which descend almost vertically, and terminate about 
the lower third of the thigh in a rounded tendon. which is inserted into the 
Adductor tubercle on the inner condyle of the femur, being connected by a fibrous 
expansion to the line leading upward from the tubercle to chc linea aspera. 
Between the two portions of the muscle an inten•al is left, tcndinous in front, 
ffe$hy behind, for the passage of the femoral vessels into the popliteal space. rrhe 
external portion of the muscle at its attachment to the femur presents three or four 
osseo-aponeurotic opening:-, formed by tendinous arches attached to the bone, from 
which muscular fibres arise. The three superior of these apertures are for the 
three perforating arteries, and the fourth. when it exists, for the terminal branch 
of the profunda. 

Relations.-By its anterior surface, with the Pectin eus, Adductor brevis. 
Adductor longus1 and the femoral and profonda vessels and obtura.tor nerve; by 
its posterior swface, with the great sciatic nerve, the Gluteus maximus, Biccps1 

Semitendiuosus, and Semimembranosus. By its supe·rio1· or shortest border it lies 
parallel with the (,!uadnttus femoris, the internal circumflex a.rtery passing between 
them; by its internal or longest border, with the Gracilis 1 Sartorius, and fascia. 
lata: bv its external or attaclie· 1 border it is inserted into the femur behind the 
.Adcluct'or brc,·is and Adductor longus. which separate it fro_m the Yastus internus, 
and in front of the Gluteus maximus and short head of the Biceps, which separate 
it from the Yastus externus. 

Nerves.-All the muscles of this group arc supplied by the obturato:- nerve. 
The Pcctineus receives additional branches from the accessory obturator and ante
rior crural, and the Adductor magnus an additional branch from the great sciatic. 

Actions.-The Pectineus and three Adductors adduct the thigh powerfully: 
they are especially used in horse exercise, the flanks of the horse being grasped 
between the kneeR b~· the actions of these muscles. In consequence of the obliquity 
of their insertion into the linea aspera the_Y rotate the thigh outward, assisting 
the external Hotators, and 11·hen the limb has been abducted they draw it inward. 
~arrying the thigh ac~·osR that of the opp~site s.ide. '.I'bc Pecti~eus and Adduct.or 
brcvis an<l longus assist the Psuas and lliacus in fiexmg the thigh upon the pelns. 
In pro~rcs~iou, abo, all these muscles assi!-l.t in drawing forward the hinder limb. 
'The Gracilis a~:-ists the Sartorius in flexing the leg and rotating it inward; it is 
also an "dductor of the thigh. lf the lower extremities are fixed, these muscles 
mav take tbeir fixed point from below anrl act upon the pclris, ser'"ing to maintam 
the. bod_Y in an erect posture, or, if tlicir action is continued, to flex the pelds 
forward upon the femur. 

Surgical Anatomy.-The Adductor lomms is liable to be se\'erely strained in tho~c 
who ride much on hor~el>at:k, or its tendon to be ruptured by :-.uddenly j?rippin~ the f"acldle. 
Arni, oc,ea~ionally, c:-.pccially in cavalry soldier:-;. the tendon way become ossified, constituting the 
"riller·s bone." 

33 
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THE HIP. 
Gluteal Region. 

Gluteus maximus. Gcmellus superior. 
Gluteus mcdius. Obtura.tor internus. 
Gluteus minimus. Gemellus inferior. 
Pyriformis. Obturator cxternus. 

Quadratus femoris. 

Dissection (Fi~. 328).-Thc subject should be turned on its face, a block placed beneath 
the pelvis to make the buttocks tense, and the limbs allowed to han~ over the end of the table, 
with the foot i1wcrted and the thigh abducted. .)fake an incision through the integument along 
the crest of the ilium to the middle of the sacrum, and thence downward t.o the tip of the coccyx, 
and carry a second incision from that point obliquely downward and outward to the outer side 

b~t~~~~nt~:1~~~ i~~~~i~~~'i:~o 1b~o~~n!~:ecYi~:~h~di~:~t~~~·~ sl;~~~~ l~~~~!~'fi;Jr!~tcgument included 
The Gluteus maximus (Fig. 329), the most superficial muscle in the gluteal 

region, is a very broad and thick, fleshy mass of a quadrilateral shape, which 
forms the prominence of the nates. Its large size is one of the most characteristic 
points in the muscular system in man, connected as it is with the power he bas of 
maintaining the trunk in the erect posture. In structure the muscle is remarkably 
coarse, being made up of muscular fasciculi lying parallel with one another, and 

collected together into large bundles, separated 
by deep cellular intervals. It arises from the 
superior gluteal line of the ilium and the por
tion of bone, including the crest, immediately 
behind it; from the posterior surface of the lower 

1. Dissection of part of the sacrum, the side of the coccyx, the 
gluteal region. aponeurosis of the Erector spin~e muscle, and 

the great sacro-scia.tic ligament. The fibres 
are directed obliquely downward and outward; 
those forming the upper together with the 
supe1:ffoial fibres of the lower portion termi
nate in a thick tcndinous lamina, which passes 

8. Back of thigh. across the great trochanter, and is inserted into 
the fascia. lata. covering the outer side of the 
thigh, the deep fibres of the lower portion be
ing inserted by a tendon into the rough line 
leading from the great troehanter to the linea 
aspcra bet"·ecn the Vastus externus and Ad
ductor magnus. 

Three synoi•ial bursre are usually found in 
relation with this muscle. One o.f these, of 
~arge size, and generally multilocular, separates 
1t from the great trochantcr. A second, often 
wanting, is situated on the tuberositv of the 
ischium. A third is found between the tendon 
of this muscle and the Vastus extenrns. 

Relations.-By its Szt]_Jerjicial stoface, with 
a thin fascia, which separates it from the sub
cutaneous tissue; by its deep sin:faee, from 
above downward, with the ilium1 sacrum, coccyx, 
and great sacro-sciatic ligament, part of the 
Gluteus mcdiu~, Pyriformis, Gemelli, Obturator 
intcrnus, Quadratus femoris, the tuberosity of 

Po~~~7U~i~~isi:ection of lower extremity. the ischium, great trochanter, the oricrin of the 
Biceps, ~emitcndino!=lus, ~cmimembranosus, 

and Addu~tor. ma~nus muscles .. The gluteal ves~cls a.n<l superior gluteal nene 
are seen 1ssmng from the peh'JS a.born the Pyr1form1s mm•cle, the sciatic and 
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internal pudic vesels and nerves, 
and muscular branches from the 
sacral plexus below it. Its up
per border is connected with the 
Gluteus medius by the fascia 
lata; its lower border is free and 
prominent. 

Dissection.-Now divide the Glu
teus urnximu:s near its ori!!'.i n by aver
tical im;ision earried from its upper to 
its lower bor<ler; a cellular interrnl 
will be exposed, separating _it from 
the U lutcm; medius and ]~xtcrnal 
rotator mu~clcs beneath. The upper 
portion of the muscle is to be alto
gether Jctachccl, and the lower portion 
turned outward; the loose areolar 
ti uc fillin~ up the interspace be
tween the trochanter major and tuber
osity of the ischium being rem0\·ed 1 

~~aab~~ t1!~e~~~;\~;i~f~h0i~ ~8u~i~ 
will be seen. 

The Gluteus med.ins is a 
broa1l, thick, radiated muscle. 
situated on the outer surface of 
the peh·is. Its posterior third is 
Co\·erccl by the Gluteus maxi mus; 
its :uHcri.or two-thirds bv the 
fascia. lata, which separates it 
from the integument. It arises 
from the outer surface of the 
ilium. between the superior and 
middle gluteal lines, and from 
the outer lip of that portion of 
the crest which is between them; 
it also arises from the dense 
fascia(Gluteal aponcurosis)cornr
ing its outer surface. 'rhe fibres 
con \·crge to a strong flattened 
tendon which is inserted into the 
oblique line which tra\•erses the 
outer surface of the great tro
cbanter. .\ synovial bursa sepa
rate:;\ the tendon of the muscle 
from the surface of the trochanter 
in front of its in~ertion. temlons. 

Relations.-By its superfirial sARToR1us. 

:l:;·:(l~~·h;:·l\;1,1 [~~C ' l~~l~~~·USV:~~~ SEMITCN:~:~:~::_ j r 
fcmoris and deep fascia in front; stM1McMeA•·-

by its dPep rmrfa,.e, with the 
Gluteus minimus and the gluteal 
vessels and superior gluteal nerve. 
Its anterior border is blended 
with the Gluteus minimus. Its 
postl'l·io1· /Jorda lies para11el with 
the Pyriformis. the gluteal ves-
sels intCITClling. I"m. 3:.!'J.-)lusclcs of the hipanll thigh. 

515 
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This mu&:-le should now be di\'ided near its insertion n.ud turned upwar~l, when the Gluteus 
minimus will be exposed. 

The Gluteus minimus, the smallest of the three Glutei, is placed 1111me<liatcly 
beneath the preceding. It is fan-shaped, arising- from the outer surface of the 
ilium, between the middle and inferior gluteal lines, and behind, from the margin 
of the great sacro-sciatic notch; the fibres converge to the deep surface of a 
radiated aponcurosis, which, terminating in a tendon, is in:-crtcd into an impres
sion on the anterior border of the great trochantcr. A syno\'ia l bursa is inter
posed between the tendon and the great trochanter. 

Relations.-By its supajieial surface, with the Gluteus mcdius, and the gluteal 
ves£<els and superior gluteal nerve; by its deep smface, with the ilium , the rcllectc<l 
tendon of the Rectus fcmoris, and capsular ligament of the hip-join t. Its anterior 
mar.gin is hlencled with the Glu teus mcdius; its posletior margin is often joined 
with the tendon of the Pyrif'ormis. 

The Pyriformis is a flat muscle, pyramidal _ ~n shape, ly ing almost parallel with 
the posterior margin of the Gluteus medius. It ig r.. ituated partly within the pelvis 
at its posterior part and partly at the back of the hip-joint. It arises from the 
front of the sacrum by three fleshy digitations attached to the portions of bone 
between the first, second, third, and fourth anterior sacral foramina, and also from 
the groove leading from the foramina : a. few fibres also arise from the margin of 
the great sacro-sciatic foramf"n and from the anterior surface of the great sacro
sciatic ligament. The muscle passes out of the peh·is through the great sacro
sciatic foramcn, the upper part of which it fills, and is inserted by a rounded 
ten<lon into the upper border of the great trochantcr, bchin<l, but often blended 
with, the tendon of the Obturator internus and Geme11i muscles. 

Relations.-By its anterior sw:face, witltin the pcfrz°R, with the Rectum (espe
cially on the left side), the sacral plexus of nerves, and the branches of the internal 
iliac vessels; external lo lite pelvis, with the os innominatum and capsular liga
ment of the hip-joint; by its posterior sw:face, wit/tin the pelvis, with the sacrum, 
and external to it, with the Gluteus maxim us; by its upper bo·rcler, with the 
Gluteus mcdi us, from which it is sepa.rated by the gluteal vessels and superior 
gluteal nerve; by its lowe1· borde1-, with the Gemellus su perior and Uoccygeus, 
the sciatic vessels an<l ncncs, the internal pudic vessels and nerve, and muscular 
branches from the sacral plexus, passing from the pelvis in the interval between the 
two muscles. 

'l'he Obturator membrane is a thin layer of interlacing fibres which closes the 
obturator foramen. I t is attached, externally, to the margin of the foramen; 
iutemally, to the posterior surface of the ischio-pubic ram us, internal to the inner 
margin of the foramcn. It is occasionally incomplete, and presents at its upper 
and outer part a small canal, which is bounded below by a thickened band of fibres, 
for the passap-e of the obturator vessels and ncne. Each obturator muscle is 
connected with this membrane. 

Dissection.-The next muscle, as well as the origin of tlrn P.vriformis, can ouh' be seen 
when the pelvis is divided and the viscera. removed. · 

The Obturator internus, like the preceding muscle, is situated parth within 
the cavity of the peh·is and partly at the back of tlie hip-joint. It arise• 

0

from the 
inner surface of the anterior and external wall of the pelris, around the inner s ide 
of the obturator fommen, being attached to the descending ramus of the os pubis 
and the ascending ramus of the iscbium, and at the side to the inner surface of 
the body of tile ischiurn, between the margin of the obturator foramcn in front 
and the great sacro-sciatic notch behind, and to the inner surface of rhe ilium 
below the brim of the true peh·is. It also arises from the inner ~urfacc of the 
obturator membrane, except a.t its lower part, and from the h'nilinous arch which 
completC8 the 1.:anal for the passage of the obturator vc~sc l :-1 and nerve. The fibres 
arc din•1.:tc1l b:wkward an<l downward, an1l terminate in four or fi\'e tendinous 
band:s which arc found on its <leep surface : thc~e bands arc rcffccteil at :.t right 
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angle over the inner surface of the tubcros ity of the ischium, which is grooved for 
their reception: the groove is covered with carti lage and lined with a synovial 
bursa. The muscle lea1•es the pelvis by the lesser sacra-sciatic notch, and the 
tendinous bands unite into a single flattened tendon, which passes horizontally 
outward, and, after receiving the attachment of the G-eme1li, is inserted into the 
inner su rface of the great trochttnter in front of the Obturator cxternus. A 
synovial bursa, narrow and elongated in form, is usually found between the tendon 
of this muscle an d the capsular ligament of the hip: it occasionally commu nicates 
wtth the bursa between the tendon and the tuberosity of the ischium, the two 
forming a single sac. 

be di~~id~:r~~~~ i1!8fi~~r£l~~1 1~~d1 !~:fl'e~f~~~·~~~~~~lresent cd by the tendon of this muscle, it must 

Relations.- lVitltin tlie pelvis this muscle is in rel:tt ion, by its anterior su1face, 
with the obturator membrane and inner surface of the anterior wall of the pelvis; 
by its posterior swface, with the pehic and obturator fascire. which separate it from 
the Len1tor ani; and it is crossed by the internal pudic vessels and nerve. This 
surface forms the outer boundary of the ischio-rectal fossa. External to the pelvis 
it is covered by th e great sciatic nerve and Gluteus rnaxirnus, and rests on the back 
part of the hip-joint. 

The Gemelli are two small muscular fasciculi, accessories to the tendon of the 
Obturator intern us, which is recei,·cd into agroo\'C between them. They are called 
superior and inferior. 

11he Gemellus superior, the small er of the two, arises from the outer surface 
of the spine of the ischium, and, passi ng horizontally outward, becomes blended 
with the upper part of the tendon of the Obturator internus, and is iDserted with 
it into the inner su rface of the great trocbanter. This muscle is sometimes 
wanting. 

Relations.-B_r its supe1:ffoial smface, with the Gluteus mnximus and the 
sciatic Yessels and nerves; by its deep sw:face, with the capsule of the hip-j oint; 
by its npper border, with the lower margin of the Pyriformis; by its lower b01·der, 
with the tendon of the Obturator internus. 

The Gemellus inferior arises from the upper part of the tuberosity of the 
ischium. where it forms the lower edge of the groove fo r the Obturator internus 
tendon. and, passing horizontally outward, is blended with the lower part of the 
tendon of the Obturator intern us, and is inserted with it into the inner surface of 
the great trochanter. 

Relations.-B.'· its superficial smface, with the Gluteus maximus and the 
sciatic ,·essels and nerves; by its deep swface, with the capsular ligament of the 
hip-joint; by its upper border, with the tendon of the Obturator intcmus; b~ its 
lower border, with the tendon of the Obturator extern us and Quadratus femons. 

Th e Quadratus femoris is a short, flat muscle, quadri lateral in shape (hence 
its name). situated between the Gemellus inferior and the upper margin of the 
Adductor magnus. I t arises from the external lip of the tuberosity of the ischium, 
and. procce<ling horizontally outward, is inserted into the upper part of the linea 
quadrati; that is, the line which crosses the posterior intertrochanteric line. A 
synovial bursa is often found between the under surface of t his muscle and the 
lesser trochanter, to which it extends. 

Relations.-By its posterior surface, with the Gluteus maximus and the sciatic 
vessels and nenes; by its anterior swface, with the tendon o~ t~e. Obtura~or 
externus and trochanter minor and with the capsule of the b1p-Jo1Dt; by its 
upper border, with the Gemellus in ferior . Its /owe~· border i_s separated from the 
Adductor magnus by the termma.1 branches of the mternal c1rcumflex vessels. 

Dissection.-In order to expose the next muscle (the Oblurator cxternus), it is necessary 
to remove the Psoas, Iliaeus, Pcctineus, and Adductor brevis and lonu:us mustl<:s from lhe front 
and inner side of the thigh, and the Gluteus maximus and Quadratus femoris from the back 
part. l ts dis.section should, consequentb•, be postponed until the muscles of the anterior and 
mternal femoral regions have been explained. 
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The Obturator externu~ (Fig. 327) is a fla_t, triangl~lar t~usc]c "hi ch ~ove~·~ the 

outer surface of the an tenor wall of the pclns. It tu1scs from the margin ol hone 
which form~ the inner boumlan· of the obturator foramen-viz. from the bodv and 
de:-'cen<lin~ ramu!-i of tlH.• os pubis and the ramus of the ischium ~ it al::o ari~es~ from 
the inner two-thir<ls of the outer surface of the obturator membrane, an1l from the 
tendinou5' a.rch which completes the canal for the pas$agc of the obturator n:--.:;.cls 

~~~i1~~~:c~~1 ~L'~c:c~~·e~-h~~~\':.~~~n~in1~{~~~ a~~c~'t~~·~~' ~~~w~~~k 3 ~~rtug;'~~:, b:;:~ 
joint and is inserted into the digital fossa of the femur. 

Relations.-Bv its antaior surface, with the Psoas. Il iacus, Pectincus, 
Adductor magnuS, .Acl<luctor hre\·is, ·and Gracilis, and more extermdly, with the 
neck of the femur and capsule of the hip-joint; by its posterior sm:faee, with the 
obturator membrane and (~tiadrntus fomoris . 

Nerves.-The Gluteus maximus is supplied by the inferior gluteal ncn"C from 
the sacral plexus: the Gluteus me<lius and minimus, by the superior gluteal ; the 
Pyriformis, Gemelli. Obturator internus, and Quadratus femoris, by b1•anches from 
the sacral plexus; and the Obturator extern us, by the obturator nerve. 

Actions.-The Gluteus maximus, when it takes its fi xed point from the pelvis, 
extends the femur and brings the bent thigh into a. line with the bo<l .v. ~l' a k i ng 

its fixed point from below, it acts upon the pelvis, supporting it an<l the whole 
trunk upon the bead of the femur. which is especially ob\·ious in standing on one 
leg. Its most powerful action is to cause the bo<ly to regain the erect position 
after stooping b.v drawing the pelvis backward, being assisted in this action by 
the Biceps, Scmitendinosus1 and Sernimembranosus. Th e Gluteus max imus is a. 
tensor of the fasc ia 1a.ta1 and by its connection with the ilio-tibial ba nd it steadies 
the femur on the articular surface of the tibia. during standing1 when the extensor 
muscles arc relaxed. The lower part of the muscle also acts as an abductor and 
external rotator of the limb. The Gluteus medius and mi nimus abduct the 
thigh when the limb is extended1 and are pri ncipally called into action in 
supporting the body on one limb, in conjunction with the T ensor rnginre femo ris. 
Thei r anterior fibres, by drawing the great trochanter forward1 rotate the 
thigh inward, in which action they arc also ass isted by the 'Tensor rnginre 
femoris . 'l'hcir posterior fibres rotate the thigh outward. The remain ing muscles 
are powerful rotators of the thigh outward. In the sitting posture, when the thigh 
is Hexed upon the peh-is, their action as rotator ceases, and they become abductors, 
with the exception of the Obturator externus, which sti ll rotates the femur out
ward. When the femur is fixed, the Pvriform is an(l Obturator muscles sen-e to 
draw the pelvis forward if it has been i'Ilclined backward. and assist in steadying 
it upon the head of the femur. 

Posterior Femoral Region. 
Biceps. Setn itendinosus. Sem imembranosus. 

Dissecti~n (F'ig. 328).-i\Iake a. veM;ica l incision along the midd le of the t h i~h . from lhe 
lower f~ld '?I Lhe nates to _ab?~tt thrc~ mches belo~ the back of the. knee.joint. and there 
conn~t. 1_t "":•~h a transverise 111cis1011 carried from the mner to the outer side ol' lhc le_g. )lake 
a third 111<:1:-;1011 transversely al the junction ol' the middle with the lower third of the thic:h 
'fhe integument having bCen remoYcd from the back of' the knee and the boundaries of 
th~ poplitcal space examined, the removal of the integ-nmcnt from the remaining part of the 
tlugh should be continued, when the fascia and muscles of thi8 region will be exposed. 

. The Biceps (Biceps fle:ror cruris) is a larl(C muscle. of considerable length, 
situated on the posterior and outer a_spcct of the thigh (Fig. 329). It arises by 
two heads. One, the long bead, anse~ from the lower and 111ner facet on the 
back part of the tuberosity of the ii-;chium by a. tendon common to it and the 
~emitcndinoRus. The femoral, or short head, a.rise~ from the outer l ip of the 
lmea aRpera. between the Adductor magnus and Vastus cxternus, extendinO' up 
almost as h.igh as th.e i~sertion_ of the Gluteus maximus. and r:om the external Rt~pra
condylar lme to within two rncheR of the outer con<lyle: 1t also ari:;:.es from the 
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external intermuscular septum. The fibres of tbo long head form a fusiform 
belly, which, passing oblique]~, downward and a. little outward, terminates in an 
aponeurosis which co,·ers the posterior surface of the muscle and receives the 
fibres of tho short bead: this aponeurosis becomes gradually contracted into a 
tendon. which is inserted into the outer 8ido of the bead of the fibula. and b\' 
a small slip into the lateral surface of the external tuberositv of tbe tibia. At 
its illSCl'tion the tendon diYides intLl two portions, which embrace the Jong 
external lateral ligament of the knee-j<1int, a strong prolongation being sent for
wn.rd to the outer tubcrosity of the tibia, which gives off an expansion to the fascia 
of the leg. '11hc tendon of this muscle forms the outer harnstrin". 

Relations.-B,Y its supufieial sw:f'aee, with the Gluteus ma~imus above, with 
the fascia la.ta and jntegument in the rest of its extent; by its deep szuj'ace, 
with the Scmimcmbranosus, Adductor magnus. and Vastus extcrnus, the great 
sciatiQ ncrYe, and, near its insertion, with the extern al head of the Gastro
cnemiuS; P lantaris, the superior external articular artery, and the extemal popliteal 

ner~?he s~niitendinosus, remarkable for the great length of its tendon, is situated 
at the posterior and inner aspect of the thigh. It arises from the lower and inner 
facet on the tuberosity of the ischium by a tendon common to it and the long head 
of the Biceps; it also arises from an apoueurosis which connects the adjacent 
surfaces of the two muscles to the extent of about three inches after their origin. 
It forms a fusiform muscle, which, passing downward and inward, terminates a 
little below the middle of the thigh in a long round tendon which lies along the 
inner side of the popliteal space, then cur\'es around the inner tuberosity of the 
tibia, an<l is inserted into the upper part of the inner surface of the shaft of that 
bone ncarl.v as far forward as its anterior border. This tendon is surrounded by 
the tendon of the S:.irtorius, and lies below that of the Gracilis, to which it is 
united. A tendinous intersection is usually observed about the middle of the 
muscle. 

Relations.-By its supe1:ficial surface. with the Gluteus maximus and fascia 
lata; by its deep surface, with the Semimcmb rauosus, Adductor ma gnus, inner 
head of the Gastrocnemius, and intemal la,teral 1igamcnt of the knee-joint. 

r11he Semimembranosus, so called from the membranous expansion on its 
anterior and posterior surfaces, is situated at the back part and iDner side of the 
thigh. It arises b.1· a thick tendon from the upper and outer facet on the back 
part of the tuberosity of the ischium, aho,·c and to the outer side of the Biceps 
and ~emitcn<linosus, and is inserted into the groove on the inner and back part of 
the inner tuberosity of the tibia, beneath the internal lateral ligament. The 
tendon of the muscle at its origin expand:s into an aponeurosis which covers the 
upper part of its anterior surface : from this aponeurosis muscular fibres arise, 
and conYcrrre to another aponeurosis, which co,·crs the lo" er part of its posterior 
surface and,., contracts into the tendon of insertion. 'fhe tendon of the muscle at 
its insertion gives off two fibrous expansions; one of these, of considerable size, 
passes upward and outward to be inserted into the back part of the outer con
d,de of the femur, forming part of the posterior li$tunent of the kne~-joint. ~l1he 
second is continued downward to the fascia wlucb corers the Pophteus muscle. 
The tendon also sends a few fibres to join the internal lateral ligament of tbe 

joint. . . .. 
The tendons of the two preceding muscles, with that of the Grac1hs, form the 

inner hamstring. . . . . 
Relations.-By its superficial ~m:face, w1t~1 the Seru1tendmosus, Biceps. and 

fascia la.ta.; by its deep sw:face, with the pophteal vessels, Adductor m~gnus, and 
inner head of the Gastrocnemius. from which it is separated by a synonal bursa; 
bv its ;,mer bonltr, with the Gracilis; by its outer border, with the great sciatic 
nerve awl it~ internal popliteal branch. . . 

Nerves.-The muscle:s of this region are supplied by the great smat1c nerve. 
Act ions.-The hamstring muscles flex the leg upon the thigh. \\'hen the 
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F1<i.3al.-llusclesofthcfrontofthe 

''" 

knee is scmiilexe1l, the Biceps, in consequence 
of its obli11uc direction downward and outwan~, 
rotates the leg !'li~htly oul\\ard; and the Sem1-

~~.~~~~~~~~18;·0~~;~ ii:t•al~1!~~' ac1~:.e~:;si1~~f n;~h~P:~~ 
!:1~~~~·cs ~~~~n~ t~~~;~)~;~t~h~0~~~\,~i·~~p~~11 ~~·~ 1~1:~~ 
of the femur and to drnw the trunk dircctlr back
ward, as in feats of strength, \\hen the body is 
thrown backward in the form of an arch . 

Surgical Anatomy.- The tenclon!l of these muscles 
occasionally require subcutaneous cli\'ision in sume forms of 
spurious ankylosis of' the kn<>e·joint dependent upon per· 

1~;~::1e 1~~ifl~~~i;~t~t~~ !1 t!~~clli~i;,i~l~~~~i~~ 1:~~~cl 1~~j~~1~· ~i~~t~~~es~t~~ 
rounding the joint, the result of di~ease. ' l'his ise_ffoete<l by 
putting the tl'nclon upon the :,trctch, :.rnd inserting a nar· 
row1 sharp-pointed kmfo between it and the ~kin: the cut· 

~~i~~S:c1~~~k~nl~l~:.e~~·~~~~ ~h:~~1~tetl,~~~~ddi~111fhi! =~i~~\~ 
not at thesarnc timecnlar~cd. The relation of the external 

~ri!~ei~ ~~ii~d \~1 t~·~·id/~go~J~i~ ttl~~c~~~.cps must always be 

THE LEG. 
Dissection (Fip;. 325).-Thc knee should be bent. a 

block placed beneath it, aud the foot kept in an extended 
position; then make an incision through the integument in 
the middle line of the leg to the ank le, and continue it along 
the clorsum of the foot to tl1c toes. ~lake a second incision 

il~~~:;Fcf,~1!~·1;~~~~1~~11~!H;:ri~:E·fi'.t i~-~
1

~H~~!·~~i~ 
the deep foS(:ia of the leg. 

The Deep fasc ia of the Leg forms a complete 
investment to the muscles, but is not continued 
over the subcutaneous surfaces of the bones. It is 
continuous above with the fa~cia. lata, receiving an 
expansion from the tendon of the Biceps on the 
outer side. and from the tendons of the Sartorius, 
Gracilis, and ~emitcndinosus on the inner side; in 
front it blends with the pl!riosteum covering the 
subcutaneous surface of the tibia, and with that 
cornring the head and external mallcol us of the 
fibula; below it is continuous with the annular 
ligaments of the ankle. It is thick ar.d dense in 
the upper nn<l anterior part of the leg, and gives 
attachment, b,· its deep surface, to the 'l'ibialis 
anticus and Extensor longus digitorum muscles1 

but thinner behind, where it covers the Gastro
cnemius and Soleus muscles. Over the pop1i teal 
space it is much strengthened by transverse fibres 
which stretch across from the inner to the outer 
hamstring muscles, and it is here perforated by the 
external saphenous ,·ein. Its deep surface gi,·es 
off, on the outer f'ide of the leg, two stronCT inter
muscular septa which enclose the Peronei ~uscles, 
and separate them from the mu~clcs on the anterior 
and posterior tibial regions and several smaller and 
more ~lernlcr procc~i-es which enclof'e the indi. 
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viduai muscles in each region; at the same time a broad transrnrse intcrmuscular 

seetum, CaJled the deep transPersejascia of the leg, intetTeneS between the Super

fic1aJ and deep muscles in the posterior tibia-fibular region. 

tfow remO\·e the fasci.a by diYiding- il in ~he same direction as the integumen~. excepting 

~fu~:t~~~si~~k~h~ '~~~d~~~,8~1~J1~~~~~~fft e~t
1 ~h·e 1~0~11~fcdi~~~~~~ r~1t~~h~1 ~[u~~if:fibar;~m 

M•1scles of the Leg.-These may be subdivided into three groups: those on the 

anterior, those on the posterior, and those OQ. the outer side. 

Anterior Tibio-fibular Region. 

Tibialis anticus. 
Extensor proprius ballucis. 

Extensor longus digitorum. 
Peroncus tertius. 

The Tibia.tis anticus is situated on the outer side of the tibia; it is thick and 

fleshy at its upper part, tcndinous below. It arises from the outer tuberosity and 

upper two-thirds of the external surface of the shaft of the tibia; from the adjoin

ing part of the interosseous membrane; from the deep surface of the fascia; and 

from the intermuscular septum between it and the Extensor longus digitorum: 

the fibres pass vertically downward, and terminate in a tendon which is apparent 

on the anterior surface of the muscle at the lower thi1"<l of the leg. After passing 

through the innermost compartment of the anterior annular ligament, it is inserted 

into the inner and under surface of the internal cuneiform bone and base of the 

metatarsal bone of the great toe. 
Relations.-By its anterior swfaee, with the fascia and with the annular liga

ment; by its posterior sw:face, with the interosseous membrane, tibia, ankle-joint, 

and inner side of the tarsus: this surface also overlaps the anrerior tibial Yessels 

and nerve in the upper part of the leg. B_v its inner swface, with the tibia; by 

its outer surface, with the Extensor longus digitorum and Extensor proprius hal

lucis, and the anterior tibial vessels and nerYe. 
The Extensor proprius hallucis is a. thin, elonga.ted, and flattened muscle situ

ated between the 1'ibialis anticus and Extensor longus digitorum. It arises from 

the anterior surface of the fibula for about the middle two-fourths of its extent, its 

oriuin beinO' internal to that of the Extensor longus digitorum; it also arises from 

the°interos~ous ;nembrane to a. simi lar extent. 'l'he fibres pass downward, and 

terminate in a tendon which occupies the anterior border of the muscle, passes 

through a distinct compartment in the horizontal portion of the annular ligament, 

crosses the anterior tibial ,·essels near the bend of the ankle, and is inserted into 

the base of the last phalanx of the great toe. Opposite the metatarso-phalangeal 

articulation the tC'ndon gi,·es off a thin prolongation on each si<le, which covers 

the surface of the joint. It usually sends au expansion from the inner side of the 

tendon, to be inse1·ted into the base of the first phalanx . 
Relations.-By its anterior sw:faee, with the fascia and the anterior ann.nl.ar 

ligament; by its posterior 8wfaee, with the intcrosseous membr~ne , fibula, tibia, 

f o~;~~~ ~i~ti,t:1~u~E;~~'~:,0~;1 : 1~f ~·,~=a~~~g~~d~-~~;s~e~s i ~~~
1t<~~.~e~~;~~, .t~~ :~1 ~~~,~~t=l~~~: 

br its inner sirle, with the Tibialis anticus and the antenor tibial vessels above. 

- 11 he Extensor longus digitorum is an elongated, flattened, semipenniform 

muscle situated the most externally of all the muscles on the fore part of the leg. 

It arises from the outer tuberositv of the tibia; from the upper three-fourths of 

the anterior surface of the shaft Or the fibula; from the interosseous membrane; 

from the deep surface of the fascia; and from the intermuscular septa between it 

and the Tibial is anticus on the inner an cl the Peronei on the outer side. The tendon 

enters a canal in th e annular ligament with tbe Pcroneus ~ertius1 a~1d divides into 

four sliµs, which run across the dorsum of the foot and are mscrted mto the secnnd 

and third phalanges of the four lesser tors. The mode in which the tendons 

are inserted is the foJlowing: 'l'he three inner tendons opposite the metatarso

phalangeal articulation are joined, on their outer side, by a tendon of the Extensor 



522 nu: JIL~':/C'LJ;W . IXD }",18('1.B. 

brcvis digitorum. rr111ey all recei~·c a. fibrous cxparnsio~ fro~ the Interossei and 
L umbrica )c_g, and then spread out rnto a broad aponeuro~ 1 R, "b1ch cm·crs the dorsal 
surface of the first phalanx: this aponeuro~i-", at the articnlutiou of the first with 
the gecond phalanx. did!lc~ into three slips-a middle one.>, \\hich i~ in:--crted into 
the base of the $CCond phalanx, and two lateral :; lips, which, after uni tin~ on the 
dor~al :rnl'face of the f-l.Ccond phalanx, arc continued 01rnard, to be in::-;cr1ed into 
the b:"c of the third. 

Relations.-B y its anterior szufaee, with the fascia and the annu lar ligam ent ; 
by its po11terior s1~1:fare, with the fibula., interosseous memb rane, ankle-joint, and 

;.:~~~1~~~1~1" h~1;~:;~~s~ ~~~J°~~1~:;.io~~' t: ~~ af1~~~e:~e~~£~~ ~1c~'" ~~ ~\.~~ ~ ~~~bi~~ i~ t~~;~i~):;;, ~\~ ~~11;1~~ 
P eroneus longus and bre,·is. 

'J1be Peroneus tertius is a part of the .Extensor longus digitonnn ) and might 
be described as its fifth tendon. The fibres belonging to th iis tendon arise from 
the lower fou rth of the anterior surface of the fibula , from the lower part of th e 
interosseous membrane, and from an intcnuuscular septum between it and th e 
Pcroneus brcvis. Th e tendon, afte r pass ing through the same canal in the 
annular li t:ram ent as th e Extensor longus <ligitorum, is inse rted into the dorsa l 
surface of~hc base of the metatarsal bone of the little toe, on its inner side. Thi s 
muscle is somet imes wanting. 

Nerves.-Tbesc muscles are supplied by the anterior tibial nen ·e. 
Actions.-The Tibialis anticus and P eroncus tertius are the flcxors of the

tars.us upon the leg; 1he former muscle, from the obliquity in th e direction of its 
tendon, raises the inner bonier of the foot; ant.I the latter, acting with the Pero
neus brevis and longus, draws the outer border of the foot upward and the sole 
outward. 'l1he Extensor longus digitorum and Extensor proprius hallucis extend 
tbe phalanges of the toes, the action being the same as that of the corresponding 
muscles of the h::tnd, and flex the tarsus. Tak ing their fixed point from below in 
the erect posture, all these muscles serve, to fix the bones of the leg in the perpen
dicular pos ition . 

Posterior Tibio-fibular Region. 
Dissection (Fig. 328). -)lake a vertical inc·ision along the middle line of the back of the 

le~, from the lower part of the popliteal space to the heel, connecting it below by a trans,·erse 
~:~s:~~~j:~1~i~:fid1b~\'::~u~:!~cd~vo malleoli ; the flaps of' integument being remoYed, the fascia 

rrhe muscles in this region of the leg are subdivided into two Javers-super
fi cial and deep. The superfi cial layer constitutes a powerful mu'scular mass, 
forming the calf of the leg. ~l1heir large s ize is one of th e most characteristic 
features of the muscular apparatus in man, and bears a direct connection with his 
ordinary attitude and mode of progression. 

Supeificial L ayer. 
Gastrocnemius. Soleus. P lantaris. 

Th e Gastrocnemius is the most superficia l muscle, and forms the greater part 
of the calf. It arises b~- two heads, which a rc conn ected to th e conclyles of 
the femur by t\~O st ro~1 g fl:it tendons. ~1h e inner head, the larger and 'a little 
the more posterior, anses from a <lepress1on at th e upper and back part of the 
inner condyle. .The ~uter head arises. fi:om the ~tppcr and back part of the 
external condyle, 1mmed1ateJy abo,·e the or1gm of the P opliteus. Both heads, also, 
arise by a. few teodinons and fles h ~' fibres from the ridges which are continued 
upward fr?m th.e condyles to the l11~ ea aspera. Each tendon sp reads out into an 
aponeuros1s which covers the postenor surfa.cc of that portion of tl1c muscle to 
which it belong::;, that c0Ye1:iug the inner head being longer and thicker than 
the outer. From the autcnor surface of these tcndiuons expansions muscular 
fibres are gi\'en off. The fibres in the median line, which correspond to the 
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ac~essory portions of the muscl~ deriYed from the bifurcations of the linea aspera, 
unite at an angle upon a mechan tendinous 
raphe below: . the rc1?aining fibres converge =1 
to the poster10r surface of an aponeurosis ~ 
which covers the anterior surface of the 
mt~scle, . and this, gradually contracting, 
unites with the tendon of the Soleus, and 
forms with it the tendo Achillis. 

Relations.-By its superficial surface, 
~vith the fascia of the leg, which separates 
it from the external saphenous vem and 
nerve; by its deep swface, "'ith the posterior 
ligament of the knee-joint, the Popliteus, 
Soleus, Plantaris, popliteal rnssels, and in
ternal popliteal nerve. The tendon of the 
inner head corresponds with the back part 
of the inner condyle, from which it is sepa
rated by a s~·novial bursa, which, in some 
cases, communicates with the cavity of the 
knee-joint. The tendon of the outer head 
contains a ses~moicl fl.bro-cartilage (rarely 
osseous) where 1t plays ornr the correspond
ing outer condyle; and one is occasionally 
found in the tendon of the inner head. 

The Gastrocnemius should be divided across, 
just below its origin, and turned downward, in order 
to expose the next. muscles. 

'l'hc Soleus is a broad flat muscle situated 
immediately beneath the Gastrocnemius. It 
has receive.cl its name from its resemblance 
in shape to a sole-fish. It arises by ten-

~~,~~~s fifib~:;~s ,;~~i"rr~1: ~1~~:s;~~ ~Lt~·}~~~ ~ 
h~~te~}Ol~~~r~t~~aO~~~lS r~:I~; tt::~~~}~b~~(~~'.d ~ ~~ 
of its internal border; some fibres also arise ~i~ 
from a tenclinous arch placed between the 111:i::111 

tibial and fibular origins of the muscle, be- ~~~ 

~:~'..~ ;:si~b t.\~~/i~~.~~i~1~s~il~~~k~,~~~d!~0a~~ ~. ~~ _ 
aponeurosis which covers the posterior sur- _ 
face of the muscle, and this, gradually be-
coming thicker and narrower, joins with the 'Qt 

tendon of the Gastrocnemius, and forms with .g 
it the tendo Achillis. ~ 

Relations.-By its wperfirial swfare, 

~~!thde~~e 8~~,~~~~n~\~t~i s t~~cl F~!~~~~rli~t~g~{ su~:tJci:il\i;f~~~1sclcs of the bilck of the leg 

digitorum, Flexor longus ballucis, 'Tibialis 
posticus, and posterior tibial ,·essels and nerve, from which it is separated by the 
transverse intcrmuscular septum or deep transverse fascia of the lrg. 

rrhe Tendo Achillis, the common tendon of the Gastrocncmius and Soleus, is 
the thickest and strongest tendon in the body. It is about six inches in length, 
and commences about the middle of the leg, hut recci,·cs fleshy fibres on its 
anterior surface nearly to its lower end. Gradually becoming contracted below, it 
is inserted into the lower part of the posterior surface of the os calcis, a s.rnoYial 
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bursa. being interposed between the tendon and the up1~cr part of this surf_'ace. 'She 
tendon sprC'ad:-; nut t'iOmcwhat at its lower end, so that its narrowest part is usually 
about an inch an<l a half' abo,·e its insertion. The tendon is cO\-cred by the fascia 
and the integument, and is se1~arated from the ~cep m~tFiclcs and ,:css?ls by a. 
considerable intcnal filled up with areolar and adipose t1~suc. Along its outer 
side, but superficial to it, is the external saphcnous vein. 

The Planta.ris is an extremely diminuti,•e muscle plated between the Gastro
cncmius and Solcus, and remarkable for its long and delicate tendon. lt arises 
from the lower part of the outer prolonga.tiou of the linea aspera and from the 
posterior ligament of the knee-joint. I t forms a ~mall fusiform belly, about three 
or four inches in length, terminating in a long slen?er tendon w~icb crosses 
obliquely between the two muscles of the calf, and, r unmng along the mner border 
of the tendo Achil lis, is inserted with it into the posterior part of the os calCis. 
~l1bis muscle is occasionally double, and is sometimes wanting. Occasionally, its 
tendon is lost in the interna l annular ligament or in the fasc ia of the leg. 

Nerves.-'l1besc muscles are supplied by the interna l popliteal nerve, the Soleus 
rcceiYing an additional branch from the posterior tibial ner ve. 

Actions.-The muscles of the calf arc constantly calll'd into use in standing, 

;~~l~~1~~l ~i~~~~·it~i~in~n~hl:at~~l~·an~nw~~hl~itfti!L:1~~i;~ub~~~~' 1:~~~ f1~~,;~·-~~:~Jd ~~~1~ 
body being thus supported on the raised foot, the opposite limb can be carried 
forward. In standing, the Soleus1 taking its fixed poiut from below, steadies the 
leg upon the foot. and prevents the body from falling forward, to which there is a 
constant tendency from the superincumbent weight. 'l'he Gastrocnemius, acting 
from below, serres to Hex the femur upon the tibia. assisted by the Pop1iteus. The 
P lantaris is the rudiment of a large muscle which exists in some of the lower 
animals and 8en·es as a tensor of the plantar fascia. In man it is merely an 
accei;;sol',v to the G-astrocnemius, extending the ankle if the foot is free or bending 
the knee if tho foot is fixed. 

Deep Layer. 
Popliteus. 
Flcxor longus ballucis. 

F lexor longus digitonun. 
1'ibialis posticus. 

Dissection.-Dctach the Soleus from its a1tiwh1uent to the fibula and tibia, an<l turn it 
downward, when the deep layer of muscles is exposc<l, co,·ered by the deep trnns\'Cl'SC fascia of 
the leg. 

The Deep Transverse Fascia of the leg is a broad, transverRe, intermuscular 
septum interposed between the superficial and deep muscles in the posterior 
tibio-fibular region . On either side it is connected to the marginR of the tibia and 
fibula. Abo,'e, where it covers the Popliteus, it is thick and den~e. and receives an 
expansion from the tendon of the Semimembranosus; it is thinner in the middle 
of the leg, but below, where it covers the tendons passing behind the malleoli, it 
is thickened. It is continued onward in the intenal between the ankle and the 
heel. where it co,·ers the ,·essels and is blended with the internal annular 
ligament. 

detaJ11f1~~ ~·~k~~~1 ~J~~ 1~~;l~se i:~e~J1~"d~~~~~~~'}c~;1~i 1~i·fil:~.e~~low opposite the tendons, and 

The Popliteus is a thin, flat, triangular muscle, which fo rms part of the floor 
of the poplitea] space, and is covered b,v a tcndinous expansion dcriYed from the 
Semimembranosus ~uscle. It arises b,Y_ a strong tendon, about an inch in length, 
from a deep clcpress1on on the outer side of the external condylc of the femur, 
and from the posterior ligament of the knee-joint, an<l is inserted into the inner 
two-tbirdi;; of the triangular surface abo'"e the oblique line on the posterior surface 
of the ~haft of the tibia. and into the tendinous expansio11 co,·erin,.,. the surface 
of the mu .. cJe. The tendon of the musrle is covered by that of the Biceps and the 
external lateral ligament of the knee-joint; it groo,·es the outer border of the 
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external semilunar fl.bro-cartilage, and is in\'ested by the synm·ial membrane 
of the knee-joint. 

Relations.-By its supe1:ficial sw:face, with the fascia abo,·e mentioned. which 
separates it from the Gastrocnemius, Plantaris, popliteal 
vessels, and internal popliteal nerve; by its deep sur
face, with the superior tibio-fibular articulation and 
back of the tibia. 

'rl1e Flexor longus ha.llucis is situated on the fibular 
side of the leg. It arises from the lower two
thirds of the posterior surface of the shaft of the 
fibula, with the exception of an inch n.t its lowest 
part: from the lower part of the interosscus mem
brane; from an intermuscul:tr septum between it 
antl the Peronei, externally; and from the fascia 
co,·ering the Tibialis posticus, which is attached to 
the inner bonier of the fibula exteruallv and to 
the posterior surface of the tibia bet"'wecu the 
origins of the Tibialis posticus and the Flexor 
longus digitorum, internally. The fibres pass ob
liquely downward and backward, and terminate 
round a tendon which occupies nearly the whole 
length of the posterior surface of the muscle. 
This tendon passes through a groo,·e on the pos
terior surface of the lower end of the tibia: it 
then pa<Ses through another groO\'e on the pos
terior surface of the astragalus, and along a third 
groove, beneath the sustentaculum tali of the os 
calcis, into the sole of the foot, where it runs 
forward between the two beads of the Flcxor brevis 
hallucis, and is inserted into the base of the last 
phalanx of the g reat toe. The grooves in the 
astragalus and os calcis, which contain the tendon 
of the muscle, are conrnrted by tendinous fibres 
into distinct canals lined by synovial membrane; 
and as the tendon crosses the sole of the foot, 
it is connected to the common flexor by a tendinous 
slip. 

Relations.-B_v its -'1tpe1:ficial .sw;facc, with the 
Soleus and tcndo Acbillis, from which it is sepa
rated by the deep trans,·erse fascia; by its deep sur· 
fare, with the fibula, Tibialis posticus, the peroneal 
vessels, the lower part of the interosseous membrane, 
and the ankle-joint; by its outer border, with the 
Peronei; b\· its inne1· border, with the Tibialis 
posticus anci' posterior tibial vessels and nerve. 

'.l'hc Flexor longus digitorum (peifornns) is situated 
on the tibial Ri<le of the leg. At its origin it is thin 
and pointed, but gradually increases in size as it 
descends. It arises from the posterior surface of the 
shaft of the tibia, immediately below the oblique line, to 
within three inches of its extremity in ternal to the 

~\~~~~' f1~~~~~he0Ls~;: ~~:-~ii'~!~~ r~:t,1~~~~1 i:~;~:ti~~~~s ~,\~~ bact~~·tb~1e-;.~
1

i~~~51ao:er:be 
fibres terminate in a. tendon which runs nearly the whole length of the posterior 
surface of the muscle. This tendon passes hehind the internal malleolus in a grooYe 
common to it and the Tibialis posticus, but separated from the latter by a fibrou3 
septum1 each tendon heing contained in a special sheath lined by a separate synoYial 
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membrane. It then passes obliquel,v forward and outward, crossing over ~be 
internal lateral ligament into the sole of the foot (Fig. 334). ".here, crossmg 
superficiall.r to the tendon of the Flexor longus balluc1s, 1 to which 1t 1s connected 
by a stronrr tendinous slip, it becomes expanded, is joined hy the Flexor acces
sorius, and finally di\·ides into four rendons which arc ins~rted into the bases 
of the la:.;t phalanges of' the four les~er t~e~, each tendon. passmg tbrou~h a fissure 
in the tendon of the Flexor bre\•ts d1g1toru111 opposite the base of the first 
phalanges. . . . . . . . . 

Relations.-In the le.q: by its SllJJCl:fteutl sw;fare, wllh the postenor tib1al 
vessels arHl nern~, and the deep transrnrse fascia, which separates it from the 
Soleus mmsclc; by its deep swface, with the ~I.1ibia. :ind ':I.1ib ialis posticus. In the 
foot it is covered by the Abductor hallucis and F lcxor bre\'is digitorum, and 
crosses superficial to the F lexor 1ongus halluci8. 

'l'hc Tibialis posticus lies between the two preceding muscles. and is the most 
deeply seated of all the muscles in the leg. It commences above by two pointed 
processes, separated by an angular interval, through which the anterior tibial 
vessels ]l3'S forward to the front of the leg. lt arises from the whole of the 
posterior surface of the interosseous membrane, excepting its lowest part, from 
the posterior surface of the shaft of the tibia, external to the Flexor longus 
digitorum 1 between the commencement of the oblique line abo,·e, and the middle 
of the externnl border of the bone below, an<l from the upper two-thirds of the 
internal surface of the fibula; some fibres also arise from the deep trans\·erse 
fascia. and from the intermuscular septa, separating it from the adjacent muscles 
on each side. This muscle, in the lower fourth of' the leg, passes in front of the 
Flexor longus digitorum, and terminates in a tendon which passes through a 
groove behind the inner malleolus with the tendon of that muscle, but enclosed in 
a separate i;;hcath; it then passes through another sheath. o,·er the internal lateral 
ligament into the foot, and then beneath the inferio1· calcaneo-navicular l igament, 
and is inserted into the tuberosity of the na\·icular and internal cuneiform bones. 
'l1 he tendon of this muscle contains a sesamoid fibro-cartilage as it passes over the 
navicular bone, and gives off fibrous expansions1 one of which passes backward to 
the suslentaculum tali of the os calcis, others outward to the middle and external 
cuneiform and cuboid, and some forward to the bases of the second, third, and 
fourth metatarsal bones (Fig. 335). 

Relations.-By its superficial swfaee, with the Soleus, from which it is 
separated by the deep transverse fascia, the Flex or longus digitorum, the posterior 
tibial vessels and nerve, and the peroneal YC'Ssels; by its deep swface, with the 
interosseous ligament, the tibia, fibula, and ankle-joint. 

Nerves.-The Popliteus is supplied by the internal popliteal nerve, the 
remaining muscles_ of this group by the posterior tibial nerve. 

Actions.-'l'he Popliteus assists in flexing the leg upon the thigh; when the 
leg is Hexed it will rotate the tibia inward. It is e~pc<·ially called into action at 
the commencement of the act of bending the knee, inasmuch as it produces a 
slight inward rotation of the tibia, which is essential in the earh· stacre of this 
moYement. 'l1he 'l1ibialis posticus is a direct extensor of the tarsu"s up~1 the leg; 
acting in conjunction with the 'l'ibialis anticu8, it turns the sole of the foot inward, 
antagonizing tbe Peroneus longus, which turns it outward. 'l'he F lcxor longus 
~ligitorum and ~l~xor lon~us ballucis are the direct flexors of the phalanges, act-

~~~~ ~:o~10u~~o: s~;~~l~~ ~m~i1~;\~s~s:h~h!1 G:~1~t~~1~!;e~~;~;~ 11 ~1:1~lg i~I~~·s af~io:~t:~~~~~ 
the foot. as in the act of walkmg or in standing on tiptoe. 

In consequence of the oblique direction of the tendon of the Ion" fiexor the toes 
would he drawn inward were it not for the Flcxor accc~~orius ~uscle. which is 
inserted into the outer ~ide of its tendon and draws it to the middle line of the foot 
during it~ action. 'l1

aking their fixed point from the foot, the:;;e muscles serve to 
maintain the upright posture by stea<l:1ing the tibia and fibula perpendicularl_v 

1 That i~, in the orc.ler of dis . ..;ection vf 1hc sole of 1he foot. 
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upon the ankle-joint. They also serve to raise these bones from the oblique position 
they assume in the stooping posture. 

Outer or Fibular Region. 
Peroneus longus. Peroneus brevis. 

Dissection.-The muscles are readily exposed by removing the fascia. CO\'ering their surfa~. 
from below upward, in the line of direction of their fibres. 

':11he Peroneus longus is situated at the upper part of the outer s ide of the leg, 
and is the more superficial of the two muscles. It arises from the head and upper 
two-thinls of the outer surface of the shaft of the fibula, from the deep surface of 
the fascia, and from the intcrmuscular septa between it and the muscles on the 
front, and those on the back of the leg. It terminates in a long tendon which 
passes behind the outer malleolus, in a groove common to it and the Peroneus 
breYis, the grooYe being com'erted into a canal by a fibrous band, and the tendons 
invested by a common synovial membrane; it is then reflected, obliquely forward, 
across the outer side of the os calcis, being contained in a separate fibrous sheath 
lined by a prolongation of the synovial membrane from that which lines the groove 
behind the malleolus. H aving reached the outer side of the cuboid bone, it nms 
in a groom on the under surface of that bone, which is converted into a ca nal 
by the long calcaneo-cuboid ligament, and is lin ed by a synovial membrane: the 
tendon then crosses obliquely the sole of the foot, and is inserted into the outer 
side of the base of the metatarsal bone of the great toe and the internal cuneiform 
bone. Occasionally it sends a slip to the base of the second metatarsal bone. The 
tendon changes its direction at two points: first, behind the external malleolus; 
second Iv, on the outer side of the cuboid bone; in both of these situat ions the 
tendon 'is thickened, and in the latter a sesamoid fibro-ca.rtilagc, or sometimes a 
bone, is usually developed in its substance. 

Relations.-By its superficial surface, with the fascia and integument; by its 
deep sw:face, with the fibula, the Peroneus brevis, os ca.leis, and cuboid bone; by 
its anterior bo1·der, with an intcrmuscular septum which intervenes between it 
and the Extensor Jongus digitorum; by its posterim· border, with an intermuscular 
septum which separates it from the Soleus above and the Flexor longus hallucis 
below. 

The Peroneus brevis lies beneath the Peroneus longus, and is shorter and 
smaller than it. I t arises from the lower two-thirds of the external surface of the 
shaft of the fibula, in ternal to the Peroneus longus, and from the intermuscuhir 
septa separating it from the adjacent muscles on the front and back part of the 
leg. The fibres pass vertically downward, and terminate in a tendon which 
runs in front of that of the preceding muscle through the same groo,·e, behind the 

~b:e;:~~ ~,~,~~~:~;s~~~~~~a~oc~tailtc~~:n t~~::c~et~~~-t~~~ ~h::,~~r:~d st~b:~il~a~~d tk~ 
outer side of the os ca.leis, aborn that for the tendon of the Peroneus longus. and 
is finally inse1·ted into the tuberosity at the base of the metatarsal bone of the li tt le 
toe1 on its outer side. 

Relations.-By its Sltper.ficial surface, with the Peroncus longus and the fascia 
of the leg and foot; by its deep surface, with the fibul a and outer side of the os 
calcis. 

Nerves.-The Peroneus longus and brevis are suppli ed by the musculo-cuta
neous branch of the external poplitcal nerve. 

Actions.-The Peroneus longus and brevis extend the foot upon the leg in 
conjunction with the 'l'ibialis posticus, antagonizing the Tibialis anticus and 
Peroneus tertius, which are Oexors of the foot. The Pcroneus longus also everts 
the sole of the foot; hence the extreme ernrsiou occasionalJy observed in fracture 
of the lower end of the fibula, where that bone offers no resistance to the action 

r:g t~::o~~~~1 ~oot~
1

a~i~fs \~e!~p:~~1j~i:: c~:~0;:· ::aenxi~;~~;o~e~:ee t~g~t~-t~: ~~: 
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tendency of the supcrincumbent weight is to throw the leg inward: the Peroneus 
lnnguR O\'Crcomcs this tendency by drawing on the outer si<lc of the leg, and thus 
maintains the perpendicular direction of the limb. 

Surgical Anatomy.-'fhe student should now con~idcr the position of the tcudons of' Lhc 
varioul'I muscles of the leg, their relation with the ankle-joint and sunoundinit bloo<l-Yesscls, and 

fh~ckl:~~~; ~1fe3~r~:~i!)~,r~~"~~~1~0~/;1Z}~~~.ir ~l·11i~Ji1~ro~~1l;i~1~;;1!a~~1iS'~.~!;~~~~~~1~~o~~~:it~·~ ~~!~rro~~ 
that is rarely, if ever. eonl!enital, is the taliprs cquinus, the heel beinl! rai~ed by rigidity and con
tra(·tion of the Ga:strocncmius muscle1 and the patient walking upo111hc hall of the foot: ln the 
trd1iu:s mruR the fOot is fon·ibly adducted and the inner side of the 1:-0lc misccl 1 sometimes to a 
ri,1?ht ande with the ground, by the action of the Tibialis anticus and po~ticus. ln the tabjJcs 
rnlgu.~ the outer e<lge of the foot is raised by the Pcrunci muscles, and the patient walks on the 
inner ankle. In the t"b}JriJ cal.cai1eus the toes arc raii::.cd by the cxtc 11 sor muS(;Jcs1 the heel is 
depressed, and the patient walks upon it. Other varieties of deformity arc met with, as the 
talipcs cq1dno-i·ar11s1 rr11d1w-vulg11s1 and calccmeo--i:al(J11.~, whose names su~cientl.r indicate their 

~i~~dc.by Si~ ~~~d~ ~~~~1 ~\i?~1,)~~1cei~~~!~~-~~d~ .. i~/1~i1euf~~~ d~;~~~~o~;),~'~:~~el~~~t~1\:~f1i1bi:a1~!1~!1\i~~!~ 
~~~t ~~~~i1~~.ro ~'~h:1;;1~~ta~"f :~. i~~r~h~tbfi1!h~a1r~~~a!~·~l~~s~~~~~e a;~1c1J\~e of ·r~l~e i~~~~~s~r3~r t~f 
the foot. Each of these deformities may be suc.-ccssfully relie,·ed (after other remedies fail) by 

~:i:;s~g~ ~:i1~~~s0firatt; tt1~~1~~~~~i~~t~1~~f: 1)~~ 1~ti~ 1!~i~1,~5 ot~ite :~~~·~:~~~~~ jf~iS~~t:1~J~~sit~~,~~ 
operation is easi ly perfonned by putting the co11traclecl tendon upon the st retch, and dividing 
it by means of a. narrow, sharp-pointed knife inserted beneath 1t. 

Rupture of a. few of' the fibres of the Gastrocncmius or rupture of the Plantaris tendon not 
uncommonly occurs, especial\_~, in men somewhat advanced in life, from some sudden exertion

1 and frequently occurs during the game of lawn tennis, and is hence known as '' lawn-tennis leg.' 
'l1lic accident is _a.c<.:ombanied by a. sudden rrain, and producei::. a sensation as if the individual had 

:~~t~1~~; j-;h~lel 1tuo~~~,, ~~~>ttl~~~J>j~f~ te~~1:1~ ~\~J!~1!c~~~!U~ti 5d~11~in8~1~~t~h~s ;~~t~f;~~rt/t is 
THE FOOT. 

The fibrous bands which bind clown the tendons in front of and behind the ankle in their 
pa:;..'i<l!'.!e to the foot should now be examined; they are termed the annular li9mne11ts1 and are 
thl'ee in number-anterior, internal, and external. 

'rhe Anterior Annular Ligament consists of a superior or vertical portion. 
which binds down the extensor tendons as they descend on the front of the tibia 
nncl fibula, and an inferior or horizontal portion, which retains them in connection 
with the tarsus, the two portions being connected by a thin intcn•cning layer of 
fascia. The vertical portion is attached externally to the lower end of the fibula, 
internall.Y to the tibia, aml above is continuous with the fascia. of the leg: it con
tains onl v one syno,·ial sheath, for the tendon of the Tibialis anticus, the other 
tendons U.nd the.anterior tibial rnssels and nen•e passing beneath it, but without 
any distinct synorial sheath. The horiz.ontal portion is attached externally to the 
upper surface of the os calcis. in front of the depression for the interosseous 
ligament; it pa~ses upward and inward as a double layer, one lamina passing in 
front, and the other behind. the Peroneus tcrtius and Extensor longus digitorum. 
At the inner border of the latter tendon these two layers join together, forming a 
snrt of loop or sheath in which the tendons arc enclosed, surrounded by a synovial 
membrane. From the inner extremity of this loop two bands arc given off: one 
passes upward an<l inward to be attached to the internal mallcolus, passing over 
the Extensor proprius hallncis and vessels and nerves, but enclosing the Tibialis 
anticus and its synovial sheath by a spl itting of i ts fibres. The other limb passes 
downward and inward to be attached to the navicula.r and internal cuneiform 
bone:-1, and passes o,·er both the tendon of the Extensor proprius hallucis and the 
'l'ibialis anticus, and also the ,·essels an<l nenes. These two tendon~ arc contained 
in t:1eparate synodal i;hcaths situated beneath tbe ligament. It will thus be seen 
that the horizontal portion of the ligament ig like the letter y, the foot of the letter 
being attached to the os calcis1 and the two diverging arms to the tibia and naYic
ular and internal cuneiform respecti,·ely. 

'11he Internal Annular Ligament is a. ~tron~ fibrous band "l1ich extends from 
the inner malleolus above to the internal margin of the os calcis below, converting 
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a scr~cs of grnoYC!o\ in this !'itu:u.ion into cnnals for the passag~ of th~ tendons ?f 
the F lexor muscles and ,·esscls mto the sole of the foot. It 1s contrnuous by Its 
upper bord~r \\ ith the deep fascia of the leg, and by its lower border with the 
plantal' faf::c1a. arnl the fibres of origin of the Abductor hallncis muscle. The three 
canals which it forms tran~mit, from within outward, first, the tendon of the Tibi
ali~ po~t~cus: second, the tendon. of the Flcxor longus digitonun; then the pos
tenor tibial v~sl"ch; and n.en·e, which run through a, broad space beneath the liga
ment; lastly, _in a canal formed partly by the nstragalus, the tendon of the Flex or 
longus hall11c1s. Each of these canals is lined by a separate synovial membrane. 

The External Annular Ligament extends froui the extremit~· of the outer mal
lcolus to the outer surface of the os ca leis: it b inds down the tCn<lons of the Pero
ne i muscles in their passage beneath the outer ankle. The two tendons are 
enclosed in one syno\·ial s:.tc. 

Dissection of the Sole of the Foot.-The foot should be placed on a high block with the 

~h~c i~11~~~~·;:~~J5~\.~~11~1 b~~~J1!~ ~~f"''~j~~l f ~o~1~~t t~~s~~~~L a1SI 1ii'l~ 1~ nt~~~-isi~J~hi~ti~~i~i1~~ 1~i~~Jddd~!~~J~ 
the inlC!!:umcnt and thick layer of granular fat beneath until the fa!'i<!i:i is vi~iblc; the skin and 
~~~~hould then be removed from the fascia. in a direttion from behind fonrnrJ, as seen in Fig. 

The Plant ar Fascia, the densest of all the fibrous membranes. is of great strength, 
and consists of dense pearly-white glistening fibres. di!-l-poscd, for the most part. 
longitudinally: it is di\·idcd into a. central and two lateral portions. 

The central portion. the thickest, is narrow behind and attached to the inner 
tubercle of the os calcis, behind the origin of the Flexor breYis digitorum, and. 
becoming broader and thinner in front. diYidcs near the heads of the metatarsal 
bones into fh·e proccsseR, one fol' each of the toes. Each of these processes di,·ides 
opposite the meta.tarso-phalangea1 articula.tion into two strata, superficial and deep. 
'l'he superficial stratum is inserted into the skin of the transrerse sulcus "hich 
diYidcs the toes from the sole. The deeper stratum di,·ides into two slips which 
embrace the sides of the flexor tendons of the toes, and blend with the sheaths of 
the tendon::;, and lateral ly with the tranSYerse metatarsal l igament, thus forming u 
series of arches through which the tendons of the short and long flcxors pass to 
the toes. The inter,·als left between the fi,·e processes allow the digital Yessels and 
nenes and the tendons of the L umbricales mnsclcs to become superficial. At the 
point of didsion of the fascia. into processes and slips numernus tranSYerse fibres 
are supcradded 1 which sene to increase the strength of the fascia at this part by 
binding the processes together an<l connecting them with the integument. The 
central portion of the plantar fascia. is continuous with the lateral portions at each 
side. and sends upward into the foot, at their point of junction, two strong \'ertical 
intermuscular septa, broader in front than behind, which separate the middle from 
the external and internal plantar group of muscles; from these, again. thinner 
tram:yerse septa are deri,·ed, which separate the \'arious layers of muscles in this 
region. The upper surface of this fascia gives attachment behind to the Flexor 
brC\'is digitorum muscle. 

The lateral portions of the plantar fascia. arc thinner than the central piece) and 
cover the sides of tbe foot. 

':l1he outer portion covers the under surface of the Abductor minimi digiti; it is 
thick behind, th in in front, and extends from the os calcis, forwar<l1 to the base of 
the fifth metatarsal bone, into the outer s ide of which it is attached; it is con
tinuous internally with the middle portion of the plantar fascia, and externally 
with the dorsal fascia. · 

The innrr portion is Yery thin, and co,·ers the Abductor hallucis muscle; it is 
attached behind to the internal annular ligament, and is continuous around the 
side nf the foot witb the dorsal fascia, and externally witb tbe middle portion of 
the plantar fa8cia. • 

The Muscles of the Foot are found in two regions: 1. On the dorsum; 2. On 
the plantar surface. 
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1. Dorsal Region. 
E xtensor bre l'is digito rum . 

ri1he Fascia on the <lorsum of the foot is a th in rn C'mb ranous layer continuous 
aborn with the an terior margi n of th e annul a r liga ment ; it .becomes gr~cluall .Y 
lost opposite the heads of the metatarsal bone~, and on each side blends with the 
la.teral portions of the plantar fascia; it forms .a ~h ct~th for th e tendons placed 0 1~ 
the donsum of the foot. On the rClllO\'al of tl.11s fasc rn the muscl es and tendons o f 
the dorsal region of the foo t are exposed. 

Th e Extensor brevis digitorum (:Fig . 330) is a broad thin """cle whi ch ari ses 
from the fo re pa rt of the upper and oute r surfaces of di e os caleis, in front of the 
g roove fo r the P croneus bre,·is, from the external cal can co·astragaloid ~ -i gamcnt, 
and from th e hori zon tal porti on of the anterior annu lar ligam ent. 1t pasiscs 
obliquel,Y across th e <l orsum of th e foot, and lcrmina teR in four tendons. The 
innermost, \\ hich is the largest, is inserted into th e do ~·sal surfo cc of the base of 
the first pba lanx of the great toe, crossing the Dorsa lis pcdis artery ; th e other 
th ree, in to th e outer sidc1S of the long ex tensor tendon of' th e 8Ccon<l , third , and 
fo urth toes. 

Relations.-By its wpe1:ficial sw:faC'e, with the fa scia of the fo!) t , th e tendons 
of the E xtensor long us dig itorum arnl E xtensor proprius ltallucis ; by its deep 
surf'ar·t•, with the ta rsal and metatarsal bones and th e Dorr:<a l inte rossei mu scles. 

0

Nerves.-lt is suppli ed b.v the an terior tibial nCl'\'C. 
Actions.-The E xtensor brevis dig ito rum is an accessory to th e long Extensor, 

extending th e first phalanges of all four inn er toes. The obliquity of its direc
tion counteracts the ob li,1ue mo,·ement given to th e toes by tb c long Extensor, 
:--o th at, both mu~de.s ac ting together, the toes are C\'Cnly extcude<l. 

2. Plantar Region. 
1lhe mu 5"1.clcs in the plan tar region of the foot may be di\·ided into three groups, 

in a. similar mann er to th ose in the hand. Th ose of th e internal plantar region 
arc connectcil with the great toe, and correspond with th ose of the thumb; those 
of the external plantar region a.re conn ected wi th th e 1ittle toe, and correspond 
wi th th ose of th o little finger ; and th ose of the middle plantar 1 egion are con
nected with th e tendons intervening between th e two form er g roups. But in order 
tn facilitate the di~sec ti on of these muscles it will be found more com·enien t to 
di vide them in to four layers. as th ey present th emsch es. in the order in whi ch 
th e.'' are successi,·ely ex posed. 

First Layer. 
Abductor hallucis. Flexor brevis digitonnn . 

Abductor minimi dig it i. 

Dissection. Hemo,·e the fascia. on the inner and outer sides of the foot, commencing in 
fi·ont O\·cr the tendons nnd proceeding backward. The central portion should be divided trans
versely in the middle of the foot, nnd the two flaps dissccicd forwnr<l and backward. 

The Abductor hallucis li es along th e inner border of th e foot. It arises from 
tb e inner tubercle on the under surface of th e os ca leis; from th e internal annular 
ligame nt : from th e plantar fascia ; and from the intermuscular septum between it 
and the :F' lcxor brevis dig itorum. 'L'he fibres termin ate in a tend on wh ich is 
inser ted, toge ther wi th th e inn ermost tendon of th e l?Jexor bre\•is hallucis, into 
th e inner • ide of the base of the first ph alanx of the grea t toe. 

Relations.- By its supe1:ficial sw:face, with the plantar fascia.; bv its dnp sur
fru·('. wirh the Fl exor bre,· is hallucis, th e Fl cxor acccssorius, and ih e tendons of 
the Flexor long us dig itorum and Fl cxor longus hallucis, the Tibi ali s anti cu ~ and 
po1Sticu~. the pla ntar vessels and ne1Tes, and the a rti culations of th e tarsus. 

The Flexor brevis digitorum (pe~rorat!I.,) li es in th e middle of th e sole of the 
foot, imme1liately beneath1 the plantar fa scia, with whi ch it is firnil y uni ted. It 

1 T hat i s, inorderofdi~"<"t iono f theM>leof t hefoot. 
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arise~ by a narrow tendin ous process, from the inner tubercle of the os calcis. 
from the central part of the plantar fascia, and from the intermuscular 
septa between it and the adjacent muscles. 
It pas::;es forward, and tli\·ides into four tendons. 
Opposite_ the bases of the first phalanges each 
tendon cl1ncles mto two slips, to allow of the 
pas~age of the correspond ing tendon of the 
Flcxor longus digitorum: the two portions of 

~~~ n;1~: (~~~~ t~hee~~e~~~)i:i~~a:~l t~~I~~c~~;~·,~~~~: 
Ion~ fl exor tendon. :Fmall.\•1 they divide a 
second time, to be inserted in to the s ides of 
the Recond phalanges about their middle. 
'I1he mode of di vision of the tendons of the 
Flexor brevis digitorum and their in~erti on 
into. th.e 1~halanges is analogous to the Flex or 
sublmus m the hand. 

Relations.-B.r its 1wpetficial smface, with 
the plantar fascia; by its dPep swfaee, with 
the Flexor acces~oriu s, the Lumbricales. the 

~~~,l~~~e1~!a~h~la~11~~~·01~·e~~~fsu~~~g~t~1~·~~~·f:::~ 
which it is separated by a thin layer of fascia. 
The outer and inner bm:der~ are sCparate<l from 
the adjacent mu~dcs b,v means of vertical pro
longations of the plantar fascia.. 

Fibrous Sheaths of the Flexor Tendons.
Th ese arc not so well marked as in the fin gers. 
The fl exoi- tendons of the toes as they run 
a.long the phalanges are retained agains t tl1e 
bones by a fibrous sheath, forming osseo-apo
neurotic canals. 'l'h ese sheaths arc formed 
b.r st rong fibrous bands which arch across the 
tendons and are attached on each side to the 
margins of the phalanges. Opposite the 
middle of the proximal and second phalanges 
the Fihcath is very strong, and the fibres pass 
trans,·crsely, but opposite the joints it is much 
thinner, and the fibres pass obliquely. Each 
sheath is lined bv a syno,·ia l membrane which 
is reflected on tlie cofltaiucd tendon. . Fm. 3.13.-:!-Iuscles or the sole or the root. 

'.rhe Abductor minimi digiti lies along the First Layer. 
outer border of the foot. It a.rises, by a ver.v broad orig in , from the outer tuber
cle of the os ca lcis, from the under surface of the os calcis in front of both tuber
cles, from the fore part of the inner tubercle, from the plantar fascia. and the 
intermu~cular septum between it and the Flexor bre,·is digitorum . I ts tendon, 
after g liding over a smooth facet on the under surface of the base of the fifth 
metatar~al bone, is inserted with the short l?Jexor of the little toe into the ou ter 
side of the ba'e of the first phahinx of tbe li ttle toe. 

Relations.-By its supel:/ieial sm:face, with the plantar fascia; by its deep sur
face, with the Flcxor accessorius, the Flexor brevis minimi digiti, the Jong plantar 
ligament, and the tendon of the Peroneus longus. On its inner r;ide a re the 
external plantar vessels and nene, and it is separated from the Flexor bre,·is 
digitorum hy a Yertical septum of fascia. 

Dissection.-Th<" muscles oft he superficial layer should be divided at their origin by insert· 
in!{ the kuifo beneath eac:h 1 and cutting: obliquely bac:kwartl, ~o as to detach them from the 
Lone; they should then be drawn forward, in order to expose the second byer, but not cut 
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J;~~:~~~,~~1:1h~;,~ ~~~~~t~·~l-0r ·~:~J~icl~"~ ~~~~h:r~e::J'~':1r:;,\~ 1 ! hl~r J~e~~;1 1~:~~!~~1r~ii~}l1~;!~:1;~·; 1:1' 
1'i~J~'.!1:,; 

acee&..;.oriu~, the tendon of Lhc J1 Jexur lo1urns lw\111-

FH;. 331.-Muscles of the sole of the foot 
Secondlnyer 

~~:;~~u1;,1a~tc i~~J~~:.h 1~:~a~~r~· a?t:I~~ 1~::~1~~c7;~~ tJ:.'1~~::; 
longus liallu i:is running alo 11 g- the inner side of 
the foot. on a pla11e ~upcrior to that of' the Flcxor 
lougul'i tli,!!itorum, the dircctiuu of' whic:h i~ oh· 
liqucly outward. 

St•fond La]/tl'. 
Flexol' accessorius. Lurnhri cales. 

The Flexor accessorius :1 ri ::es by two 
heachi; the inner or larf!er. "hicb i~ mus
cular, being :-tttached. to the inner ~01~ C~\'C 
surface.of the os ca lt 1::.;, and to the infenor 
calcanco-na\'iculu ligament ; the outer bead, 
flat and tcndinous, to the under su rface of 
the os c:1lc is, in front of its oute r tubercle, 
and to the long plantar ligamen t ; the two 
portiom; join at an acute angle. and are 
inserted into the outer mar~in and upper 
a.nd under surfaces of the tendon of the 
Flcxor long us digitorurn, forming a kind of 
groo\·e in which the tendon is lodged .1 

Relations.-By its .'$upe1:ficial RUrj'af'e, 
with the muscles of the superficial layer, 
from \\hi ch it is separated b.\~ the extemal 
plantar Ycssels and nenes: by its deep sur
face, with the os c:a lcis anll long calcaneo
cuboid ligament. 

'J'h c Lumbricales are four small muscles 
a.ccc::sory to the tendons of the Flexor 
long118 ·aigitorum: they arise from the 
tendons of the long Flex or, as for back as 
their angle of diYisiou, each arising from 
two tendons, except the internal one. 
Each muscle terminates in a tendon, 
whi ch passes fornard on the inner si<le 
of each of the lesser toe~. and is inserted 
in to lhe ex pansion of the long E xtensor 
and base of the first phalanx of the cor
re~po111.1ing toe. 

Dissection.-The flexortcndonsshould be <liYidcd at the back part of the foot, and the 
Flexor accessorius at its origin 1 and dra.wn forward, in order to expo~c the third layer. 

Third Layer. 
Flcxor brevis Jrn]Jucis. 
Adductor obliqu u ~ hallucis. 
Flexor brcvis minimi cligiti. 
Adductor trn115'\'Crsus hallucis. 

'fhe Flexor brevis hallucis arises. by a. pointed tendinous proce::s, from the 
mner border of the cuboid bone, from the contiguous portion of the external 
cuneiform. and from the prolongation of the ten<lon of the Tibial is posticus, which 
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is attache<l to that hone. The mu~cle di\·ides1 in front, into two portions, "hich 

are inserted into the inner and outer s i<les of the base of the first phalanx of 

the great toe, a sesamoid bone being de,·eloped in each tendon at its insert ion. 

The inner portion of thi~ muRcle is 

blended with the Abductor hallllcis pre

vious to its in~ertion, the outer with the 

Addu ctor obli quus hallucis. and the ten

don of the Flexor longus hallucis lies in 

a. groo,·e between them . 
Relations.-By its 1:mpn:fi.cial s1Ufaee, 

with the _\b<lllctor hallucis, the tendon of 

the Flex or long us hallucis. and pln.ntar fas

cia; by its deep sw:frz('e. with the tendon 

of the Peroneus longus and metatarsal 

bone of rhe great toe: by its inner bnr

der, with the Abductor hallllcis: br its 

outer border, with the .\<lductor ~bli
0

quus 
ballucis. 

The Adductor obliquus hallucis is a 

large. thick, fleshy mass passing oblique]_v 

across the foot and occupying the hollow 

space between the four inner metatarsal 

bones It ari!-ies from the tarsal extrem

ities of 1he o;:ccond. thir<l an<l fourth met

a tarsal bnnec.. and from the sheath of the 

rendon of the Pcroneu!! longus, and is 

ino;:ertecl togerher with the outer portion 

of tl1e Flexor bre,·is hallucis, into the 

outer side of cbe base of the first phalanx 

of the great roe. 
The small muscles of the great toe, 

the Abductor, Flexor breYis, Adductor 

obliquus. and Adductor trans,·e1·sus, like 

the sim ilar muscles of the thumb, give 

off fibrous expansions, at their inser

tirms, to blend with the long Extensor 

tendon. 
The Flexor brevis minimi digiti lies 

on the metatarsal bone of the little toe, 

and much resemble:-; one of 1he Interossei. 

It arises from the base of the metatarsal 

~~n~h~f ~=l'~~~~~S t~~,n~~I~ t~: t:e~~~:a\~ laye~~G- ~.-Muscles of the sole of t:1e foot 

i11'erted into the base of the first phalanx of the little toe on its outer side. 

Relations.-By its superficial sw:face, with the plantar fascia and tendon 

of the Ab1luctor minirni digiti; by its deep smfaee, with the fifth metatarsal 

bone. 
'fh e Adductor transversus hallucis (Ttans1H'rszu1 pedis) is a narrow, flat, muscular 

fasciculus. stretched trans\·ersely across the heads of the meta.tarsal bones, between 

them and the flexor tendons. · It ar ises from the inferior metatarso-phalangeal 

ligaments of the three outer toes, sometimes onl,\r from the thir~l and fourth and 

from the trans,·crse ligament of the metatarsus; and is inscrte<l mto the outer :-;ide 

of the first phalanx of the great too, its fibres being blended with the tendon of 

insertion of the Adductor ohliquus hallucis. 

Relations.-By its supe1:/icial swfaee, with the tendons of the long and shoi:t 

Flexors and Lumbricalcs; by its deep su1face, with the Intcl'Ossci. 
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Fourth Layer. 

'fhe Interossei. 

~.L1he Interossei muscles in the foot are similar to those in the hand, with this 

~~~h~t~~~id\~a1\~~e~~ ~~: r;:~rd~~;;~~l~~di~ht~~n~:~l~. lin,ho:/~~es:~~~~ ~~e~~~!~:r~ 
and consist of two groups, dorsal and plantar. 

'l1he Dorsal interossei, four in number. are situated between the mctata.rsal 
bones. They are bipenniform muscles, ~rising by two heads fro~ the adjacent 
sides of the metatarsal bones, between which they are placed ; then· tendons are 
inserted into the bases of the first phalanges, an<l into the aponeurosis of the 
common extensor tendon. In the angular interval left between the heads of 

each muscle at its posterior extremity the perforating arteries pass to the 
dorsum of the foot, except in the First interosseous muscle, where the interval 
aHows the passage of the comrnunica.ting branch of the dorsalis pedis artery. 
The First dorsal intcrosseous muscle is inserted into the inner side of the second 
toe; the other three are inserted into the outer sides of the second, third, and 
fourth toes. 

The Plantar interossei, three in number, lie beneath, rather than between. the 
metatarsal bones. Tiley are single muscles, and a.re each connected with but one 
metatarsal bone. They arise from the base and inner sides of the shaft of the 
thirrl, fourth. and fifth metatarsal bones, and arc inserted into the inner sides of 
the bases of the first phalanges of the same toes, and into the aponeurosis of the 
common extensor tendon. 

Nerves.-Thc Flexor brevis <ligitorum, the Flexor brevis and Abductor 
halluci~, and the two inner Lumbricalcs are supplied by the internal plantar 
nenc; aJI the other muscles in the sole of the foot by the external plantar. The 
Fi.rst.and :-iecond dorsal inteross~i m~1~clcs receive extra. filaments from the gan
ghomc enlargcmrnt of the an tenor tibial nen'e on the dorsum of the foot. 

Actions.-All the muscles of the foot act upon the toes. an<l for purposes of 
description a~ regards their action may be grouped as Abductors, Adductors, 
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Flexors or Extensors. 'J'he Abduf'lors arc the Dorsal interossei, the Abductor 
hallucis, and the Abductor minimi digici. The Dorsal interossei are abductors 
from an imaginary line passing through the axis of the second toe, so that the 
first muscle draws the second toe inward, toward the great toe; the second 
muscle draws the same toe, outward; the third draws the third toe, and rhe 
fourth draws the fourth toe. in the same direction. Like the internssei in the 
hand, they also flex the proximal phalanges and extend the two terminal pha
langes. 'l'he Abductor hallucis abducts the great toe from the others, and al'o 
Hexes the proximal phalanx of this toe. And in the same way the action of the 
Abductor miuimi d1giti is twofold-as an abductor of this toe from the others. 
<ind also as a Hexor of the proximal phalanx. TLe Adductors arc the Plantar 
interossei, the Adductor obliquus ballucis, a.n<l the Adductor transversus hallucis. 
'l1hc plantar interosseous muscles adduct the third, fourth, and fifth toes toward 
the imaginary lin e passing through the second toe1 an<l by mC'ans of their inser
tion into the aponeurosis of the extensor tendon they flex the proximal phalanges 
and extend the two terminal phalanges. The Adductor obliquus hallucis is 
chiefly concerned in adducting the great toe toward the second one. but also 
assists in Hexing this toe. 'J1he Adductor transvcrsus hallucis approximates all 
the toes, and thu~ increases the curve of the transverse arch of the metatarsus. 
The Fluors are the Flexor brevis digitorum. the Flexor acccssorius, the Flexor 
bre\·is hallucis. the Flexor brevis minimi digiti. and the Lumbricales. The 
Flexor bre\·is digitorum flexes thC' second phalanges upon the first, and, con
tinuing it~ action, may flex the first phalanges :tlso and bring the toes together. 
Th e Flexor accessorius assists the L ong flexor of the toes, and com·erts the 
oblique pull of the tendons of th3t muscle into a direct backward pull upon the 
1oes. 'J'h e Flexor bre,·is minimi digiti flexes the little toe and draws its meta
tarsal bone down\\ard and inward. The Lumbrica lcs, lik e the corresponding 
muscles in the band, assist in flexing the proxima l phalanges, and by th eir inser
tion into the long Extensor tendon aid in straighten ing the two terminal pha
langes. _Tlt e only muscle in the E2·tt'nsor group is th e Extensor bre,·is digi
torum. It extends the first phalanx of the great toe, arnl assists the long E xten
sor in extending the next three toes, and at the same time gives to the toes an 
outward direction when they are extended. 

Surface Form.-Of the muscles of the thigh, those of' the iliac region have no influence 
on surface form, while those of the anterior fomoral re~ion, being to a great extent superficial, 
lar,!!ely contribute to the surface form of this part of' the body. The Tt.11sor wgiuO!femori's 
~oduces a broad elevation immediately below the anterior rmtion of the cre~t of tlie ilium and 

co!~~~!o~!d;n~n;~11h~ wg~;~~l sb~~0r u!~~be~~ee~~~~1111\1i1~~ d~:~~ 'ili~d~~t:r ~i<l~i~rc;ih~ 1thi'~h'':;; 
the outer side of the knee-joint. The Sartorius mustle, when it is brought into action by 
flexina: the le!! on the thigh and the thie:h on the peh·is. and rotating the thigh outward, 

J:.~~cl.~~" ~r'He~~-~~~r;~~~a~~J~~ci~ f~:n~~ a :r~~i~1e~f>~biic~!~t~id;!1,e~hi~\1 b~~~!~~:~iiat1~;ed0i.~~~ 
a HattenC<l plane below. and this f:'1'<\<lua ll~, merges in a general fulncbS on the inner side of the 
knee-joint. When the Sartorius 1s not m act10n. a <lepre::ision exists between the Extensor 
quadriceps and the A<lcluetor muscles, runnin~ obli(llH.{r clowuward and inward from the apex 

d~P~~~gJ'~,~;i~ 1fE~~1~~d 1t~ ~l~~di~~~~e0~~~ 1~f ~j~~es~:.~1~~l~1sc~~11d~l~~~!~. ~~g\~~ f~~~!~~ m1u~l~~~ 
ju:st below the amerior superior spinous process of' the ilium, the Rrctus.femoris 11nisclr appears, 
and, below this, determines to a ,great extent the convex form of' the fronL of' the thigh 
ln a wcll-<leveloped subjecL the borders of the muscle, when in action, are clea!·ly to be defined. 
ThC' Tr1stus e:rt,,ruus forms a long flattened phrnc on the outer side of the th1gh 1 tra_nr&ed by 
the lonc:itudinal ,l!rOo\·c formed by the ilio-tibial band. The lf1.sf11s i11fnw11;, on the mner side 
of the lower half' of the thif!'h, µ:ives rise to a considerable promineuee, which increases toward 
the knee and terminates somewhat abruptly in this situation with a full. curved outline. The 

5~J:{,~~~~~·;~, 1'.~{f~~~1·~~~r;';~~i~~:·~~~n:J~~eti~~t'e~1,!~J1f~;na~~~~l cl;r~~~l,di~~tl~oi~i~~e~e i~11~li~:id~1;JGn<li~{'l1~~ 
guished from each other, with the exception of the upper tendon of the Adductor lon!.!;us and 
the lower tendon of the _\dductor magnus. The upper tendon of' the Adductor lo119u~. when 
the musc:e is in action. stands out as a prominent rid~e, whith runs obii(juely downward and 
outward from the neighborhood of the pubic spine, and forms the i11ner boundary of a flattened 
triangular spa<·e on the upper part. of the front of' the thigh, known as ~carpa's triangle. The 
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lower tcntlon of the .lcld11dor 111."f/llll-~ (·an )l(' di:-otim·tly felt as a short .rid~e exl~rnlinµ- down to 
llw ~\ddm:tor tu\.}('rrle on tlw mtcrnal conth'lc. h<.>twe('n the Sartorius and \ a:-tus rntt•rnus. 
'.l'lw .\ fhhu.:tor group of rnu~·lt'~ till:; in the· tri:.rngular ~pace at the ~1ppt'I' part of the tl~igh, 

f ~~'~:~ti~11~::~~."~ j~ ~:;: ~J:~~~:c t l1~0 (';;:,~~i?t:~ t~.g~~f\~ '~~n':·~i~~1~11~~ ~~ ~t~11~1111~~\'.l~1~~~ ~j!'~11~~1 ~~~li~~~~ 
Tht'~e musdcs are not 11J;1rkcd off 011 the surface from d1 08c of the JIO:-ilcnor h::111ora\ re.u1on by 

!f i\~X~\![1t~:~~B~lt;ti:'.i;'.:if i/!£:1.~:~l~:~li1f i~!i:~:~\I.~'.~£~~~;t:.~r,~;i(~[!~t:~~~:~:~~ 
full nmncled outline of' the buttock: il is more prominent behind. (•omprci:;:-ed 111 front, anrl 
H•rminalc~ at i1s tendinous insertion in a depre8.Sion immediately behind the ,AT<.'af trochanter. 
lt.-; lower bonier does not COITCi-pond to the gluteal fold, but is unH:h more oblique, bein~ 
marked by a line <lrawn f'i·om the si<le of the coecyx to the lower part of' the ,great trochanter. 
From beneath lhe fOld of the buttock the ltm11stri11r1 nwscks appear, at first narrow anti not well 
marked 1 but as they de:srend becoming more prnmiuent and widened out, and cvent}rnlly divid
inu into two well-marked ridp-e!i, which form the upper boundaries of' the JlOphtcal space, 

!~)i~:r i~:~~1 ~1· ~~~~ t~1l~i~j~H~h~:c ~!~t~~lc!1 :11:-~rn~~1~o J~~ti~{N~~id~~:i\1~gd~~i.~~l~~h~~l1f~~~;;e~~·th ~~I~~~~ 

ll!f tll~tliii\i~Itltil 
~1~·::~1:\!~·i·E~:~;,o:~~i!,;;~l.~; l:~.;;,~~~.'.;~.c ~;1:~~11~;;~:'.~~:~Fir~~~::'~~~,~~~:~:::~~~~~~~~~~~··~~1~\~~f 
par_l of' the P\haft of the tibia. aml fibula. It <loei:; nol present so ~1olcl au outline as the T1bialis 

;;~~~~~:::C~\~ %~~:frt'~.tJ~~;~.:~:r·31~1£~'.'., ·'~~.!g~~~:~:00(,;,f i:;,~i;~~~~:\\~1,1:\:il~~::::ii{:;~~t~ Yc~'.i~~ 
~)'~;:~:JJf.:;i)!i:~;~~l~J;'.:f.f ::~ga:~?:~~,~~~,~~::~~;1~~!~~~i~:f f,i;1~~~~~~~tt;,:~:;~:t'.~~ 
abruptl.\· 111 a tendon whid1 O\·erlaps die more flattened form of' the Paoneus b1·el'i.<:. At the 
exwrnal malleolus the tendon of the Peroneus bre,·is is mor(' marked than that of the Peroneus 
lo11~11s. On the dor:mm of the foot the tendons or lhe gxtensor mui:;des, emcrg:in~ from 

~~!1~.;;;:~rr~:¥.~~::_:~;rn;~;~~t~if ;~1~g~~~,;~d~~~~:1g~~'.~t~{~f.~:r1i:~1;:tt~f~~~l~~~~~:i~ 
relic\'ctl byd1e rounded ouLlinc of'dw fleshy bcll.v of the E.rlt>nsor U1·ei·isdi(!ilrm1m, which furms a 
soft fulne:::;s on t.h~ outer side of the tarsus in front of the external mallcOlus, and bv the Dorsal 
intcro::,,;ci, which bulu;c between ihe metat~rsal honC'!'. .\t the back of the knee is ihe popliteal 
space, bountied abon? by the tendon:-; of the h:uu~trin~ muscle; below, br lhc two healhs of the 

~:::;s~.?:~~~~~':1ifi~J:.~~:~:~~:::.~1-~:}~'~flr1.~1:,;.;i~ti~D~:,:~t~~~;:~r1~:~~:~~m51·~r~:~~1~;~ 
to the tendon of insertion. Of these borders, th(' inner is more prominent than the outer. 
The fle.,h.r mass of' the calf termiuates somewhat ahrnptlr below in the tcudo .\<:hil\i:-;. which 
stan<is out prominently on the lower part of the batk "of the leg. It J)l'<.'l;C!lls a i-omewhat 
tnperin!! form in the ~1pper three-fourths of its extent, but widens. out Rii i.tbth• below. When 
tlw 111usc:le~ of' the calf ai:c ill action, th~ lateral portioris of' the So/ea.<; may iJe scc11 • forming 
('lll'\'l'd l'mmences. of' wluch the outer 1s the l o 11 L'<'1\ on either side of the fhstrocnemius 

~!.~~l~,~~'Jd~i,!11 ~~~<l~~ .. ~1' t'l,1~ •!;.;~i~li:'"~~;;~~!: \~\~ii;/~ ?!i1~::• tl;i~;~'~":1~ 1i~"~:·k;·;,~;~~01: ~~~: 
On the sole of the foot the superlkial lay('r of mu~dcs infiucnec15 ~urface form· the 

i~~~,~~;~~1'.fi~~~~0~'.\1~· i)/~Jl '}.l~\~:,:11l~,~~f ;;;b;;;::;;:!'.·2::~'Ho'.;~:!~~;:1~:·r~;~,;~f.~!10~~:~;:f~i~~~; 
~·err apparc11t; !t prucluteii a ftatt~11e1l f'orm 1 co,·crcd by thP dllC:kened ~km of the )o;ole, whi(;h 
1s hl'rc thrown mto numerous wrrnk\es. 
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SURGICAL ANA'l'O~!Y OF Tl!IC LOWBR BX'l'RBM!T l. 

. . The studcut should now consider the effoc: ts produced by the act ion of the various mu!-;cJes 
in trnctures of the bones of the lower extremity. The more common fo rm:s of' fraci urcs are 

FIG. 338 Fracture of the neck of the femur within the capsula r 
lh;nment. 

almost. at right ang-les with the peh•is by the combined action of 
the Psoas and Iliacus, and , at the same time, e\'ertcd and drawn 
outward by the E xt ernal rotator and Glutei muscles, causin~ a 
marked prominence at the upper and outer side of the thigh, and 
much ]Jain from the brui sin ~ and laceration of the muscles. The 
limb is shortened . in consc<1uencc of t he lower fra ,rrmcnt hcinp; 
drawn upward hy the rectus in front. and the Biceps. Hemi
membranosm;, atlfl Semitendinosus behind, and. at the same 
time, evertetl , and the upper end thrown outward and the lower 
inward by the Pectineus and Adductor mus1·lcs. This fracture 
mar be reduced in two different methods: ei ther hy direct relax
ation of all the opposin !! mu:<.c l e~. to effect which the limb should 
be placed on a. liouble inc:lincd plane; or by O\'Crcomin!! the con
tmction of the muscles by continued ex ten~ ion , which mny be 
effected b.v men ns of the Ion!! splint. 

Oblique fracture of the fi:mmr imnu'dla t1{1J olJore the crmr(1; fi>.~ 
{Fig. 34() ) is a formidnble in.iur,r, :wd attended with considerable 
displacement. On examination of the Ji111 b the lower fra ,!!'mC'nt 
mar be fe lt deep in the popl itcal space, bein,!!' drawn backward 
br the Oa,.t ro<'nemius and Planta ris muscles, and upward by 
the po)':tC'rior Femoral and Hec·tn!-i musrle~. The pointed end 
of the UJ lper fragment is drawn in ward b,\' the Pec·tineus and Ad
ductor mtN:lcs1 and til ted fOrward b.'' the P:->oas and lliaeus, picrc
in~ the !foetus muscle and occasionally the intc,!!'unwnt. n eJa xat ion 
of these musc·les a11 d direct appl'Ox imation of' the broken fi·ag· 
ments are effected by placin !! the limb on a double inclined plane. 
'fhe µ- reatest c·arc is requiJ.. ite iu kcepin!! the poi nted C'xtremil.\' 

~~ N~~ fr1~~~r~a5~~e~~~,~~1~0t~~ t'~~~i~~11 ~ r0811;r!i"1i1~b' i~ft~~~~i~Ji~~ 
d£>stroyed, from the n ectu8 mustle be in ~ lwld <lown hy the frac-
rnred end ot' the bone, and from the pntclla , when ele,•a te<l , 

sclcclcd fo r ilhu;tration and 
descri ption. 

ln fracture of the neck 
of the f enmr i11 tenw.l to the 
cops11lm·l1'.qa111e11 t (l?ig. 338) 
the characterist ic marks arc 
s_l ight shorte ning of the 
hm b and C\'Crsion of the 

~~~~~ n~:~~~lof J~,~~~,~~~e5r~:m e~ 
some cases until some time 
a fter the inj ury. The 
e\·crsion is caused bv the 
weight of the li mb rotat ing 
it out ward. The shorten
in ~ is produced by t he 
action ol' the Ulutei, and 
by the llectus femoris in 
front and the Biceps, 
Scmitendinosus, and Se1ui
mcmbranOi'SUS behind. 

In fracture of the 
femurJustbelmc the troclia11 -
ters ( l!'ig. 339) the upper 
fragment, the ~ortion chiefly 
displaced, is tilted forward 

lxt:1!! f~~~:~'~c 111~1t'~1~~ ~~~;,/l~,t Wi/~~i1)t~h~ f~~;::;~,';~~ arc sepa- be1;~~,;f:~e~:~~'tc~~f~r~~the femur 

rale.J by the effusion whit h takes pl:wc iuto the joint, anti 
possibly by the act ion of the Quadricep::i cxll'n:sor ; the ex.tent of separation of the two 
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l'rat?"mcnts depending upon the <lel-{rce of laeerat ion of lhc ligament ous slru<"tnres around 
Lhc bone. 

I n oblique fraC'ture of the shaft nf the tibili ( Fi~. :~.J:?), if the frttl'lure has taken place 
oblirii1cly from abO\·c. downward and forward , the lbl!mems ride Q\'Cr one another, the lower 

fragments bcin !? drawn ha<:kward i1 nd upwanl 
bv the nowcrl'ul action of the nrn &:'les of' the 

r:,!~:11~~:~ J~~~~~~I 1t~-~~~ :~Ji 1 rm~~·c~1i~etei~.P\::~ 
neath the inteµ:: ument, often 1notrudinJ! 
through it and rcnd C'ring the fracture a 
compound oue. [f the dirertion of the 
fra<:rnrc is the reverse of that shown in the 
figurc1 the pointed ex tremity of the lower 
frag111 cnt 1m~iec t s forward , ridin~ upon the 
lower end 0fthC' u1)11cr one. By bending the 
knee1 which relaxes the opposing muscles, 
and making extension from the ankle and 
countcr·extension at the knee, the fragments 
may Le brolll.;-ht into apposition. It is often 
necessa ry, howe\'er, in compound fracture, to 
remo,·c a JIOrtion of the projecting bone with 
the saw bcfo1·e complete adaptation can be 
effected. 

Fracture of the fibula with di.Ylocat1Qn 
of tlu' /()o l m1twal'd (li'ig. 343), commonly 
known as " Pott's Fracture," is one of the 
most frequent injuries of the ankle·joint. 

t1f;, :i.10.-frauure 01 the FJG. 3-11.-r'racture The end of the tibia is displaced from the 
femur abo,·e the cond)'ll's. of the patella. corresponding surface of' the astragalu:;; the 

interna l lateral li~am ent is ruptured~ and 
the inner malleolus projects inward beneath the intcl?umcnt. which is tightly stretched over 

it and in danger of burstinl!. The fibula is broken, mmally 
fi·om two to d1ree inches abo,·e the ankle, and occasionally 
that portion of the tibia with whid1 it is more clircetlr 
connected below; the foot is C\"ert ed by the action of 
the P eroneus lon,c:us, its inner border resting upon the 
ground , and at the same time the heel is drawn up by 
the muscles of the calf: This injmy may be at once 
reduced by fl ex ing the leg at right an~les with the thi,c:h , 

~v~~~~~i~1~1f;~~~1 :J~~ ~~kte 0J!!d~i~1~n~~~~i~8~si~~~'lt ~J~ e 1k~;~~g 



THE ARTERIES. 

Tl-IE Arteries are cylindrical tubular vessels which setTe to convey blood from 

both ventricles of the heart to every part of' the body. These \'essels were 

named arteries (df;p, air; T1JpE7v, to contain) from the belief entertained by the 
ancients that they contained air. 'ro Galen is due the honor of refuting this 

opinion ; he showed that these vessels, though for the most part empty after death, 
contain blood in the living body. 

11he pulmona.ry artery, which arises from the right ·\·entricle of the heart, 

carries venous blood directly into the lungs, whence it is returned by the pul

monary veins into the left auricle. 11bis constitutes the lesser or pulmonic circu

lation. The great artery which arises from the left ventricle, the aorta, conveys 

arterial blood to the body generally, whence it is brought back to the right 

side of the heart by means of the ,·eins. This constitutes the greater or systemic 
circulation. 

'fhe distribution of the systemic arteries is like a highl.v ramified tree, 1,be 

common trunk of which, formed by the aorta, commences at the left ,·entricle of 

the heart, the smallest ramificat'ions corresponding to the circumference of 

the body and the contained organs. The al'teries a.re found in nearl .v every 

part of the body, with the exception of the hairs, nails, epidermis, cartilages, 

and cornea: and the larger trunks usually occupy the most protected situa

tions, running, in the limbs, along the fiexor side, where they are less exposed 

to injury. 
~l1here is considerable variation in the mode of division of the arteries: occa

sionally a short trunk subdivides into se,·eral branches at the same point, as we 

observe in the ccel iac and thyroid axes; or the vessel may give off several branches 

in succession, and still continue as the main trunk, as is seen in the arteries of 

the limbs; but the usual division is dichotomous; as, for instance, the aona 

dividing into the two common iliacs, and the common carotid into the external 

and internal. 
The branches of arteries arise at very ,·aria.ble angles: some, as the superior 

intcrcostal arteries from the aorta, arise at an obtuse angle: others. as the lumbar 

arteries, at a right angle; or, as the spermatic, at an acute angle. An artery from 

which a branch is given off is smal1er in size, but retains a uniform diameter until 

a second branch is derived from it. A branch of an artery is smaller than the 

trunk from which it arises; but if an artery di,·ides into tw'o branches, the com

bined area of the two vessels is, in ncarl_y every instance, somewhat gl'cater than 

that of the trunk; and the combined area of all the arterial branches greatly 

exceeds the area of the aorta; so that the arteries collectively may be regarded 

as a cone, the apex of which corresponds to the aorta, the base to the capillary 

system. 
~ The arteries, in their distribution, communicate freely with or1e another. form

ing what is called an anastomosis (d1.1tf between; arOp.a, mouth), or inosculation; 

and this communication .is very free between the la.l'ge as well as between the 

smaller branches. The anastomosis between trunks of e1lual size is found where 

great freedom and activity of the circulation arc requisite, as iu the brain; here 

the two vertebral arteries unite to form the basi lar, and tLc two internal carotid 

arteries arc connected by a short communicating trunk; it is also found in the 

abdomen, the intestinal "arteries ha.ving \'Cry free anastomoses between their larger 
t:ia9 
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branches. In the limbs the aaa~tomose~ ill'C moRt frequent and of largest ~izc 
around the joints, the branches of an ar tery above freely in oscu13:tiug \\ ith 
branches from the vcs~cls below; t h e~e anastomoses al'c of considerable mtercst to 
the surgeon, as it is by their enlargement t li :1t a. collatf'ral drr·1tlatinu is establ ished 
after the application of a ligature to an :trtcr~· for the cure of aneurism. 'J1hc 
~mailer branches of arteries anastomose more frequently than the larger. and 
between the small est twigs these inoscula.t ion:- become so numero us as to constit ut e 
a close network that pervades nearly C\'Cry ri ~suc of the bolly. 

st 1·2~~11t~~~1~~l~~ ~~~t ~1~rl~~1~~f,~1~~1t~'a:~~1!a:~;~: ~::~c~·:)~·~ub~:1~~1;cl:~~1s~ 1:J~~ufa~i~t 1~~~:1~~ 
in its course orer the face, and the arteries of the lips, a.re extremely tortuous in 
their course, to accommodate thcmselYes to the movements of' the p:.Lrts. Th e 
ute rine arter ies a.re also tortuous1 to accommodate themselves to th e inc rease of 
si:t,e which the orgn n undergoes during preg nan cy. Again, th e internal carotid 
and ''ertebral arteries, prcYious to their entering the caY ity of the skull , describe 
a series of curves. which are CY identl y intended to dimini sh the velocity of the 
cu rrent of blood by increasing the e~ ten t of s urfa ce on•1· which it mOYes and 
adding to the amount of impediment which is prod uced by fri c tion. 

Th e arteries are dense in structu re, of conside rable s trength, highly elastic, 
and, when divided, they presen·e, although em pt_v·, their cylindrical form. 

11.'he minute strncture of these ,-essels has been described in the cha pter on 
0-eneral Anatomy. 

In the description of the arteries we sha.ll first consider the efferent trunk nf 
the pulmonie circulat ion, the pulmonary artery, and then the effe rent trunk of the 
system ic circulation, rhe aorta and its branches. 

TIIE PULMONARY ARTERY (Fig. 344). 

'l 1be pulmonary artery con veys the venous blood from the rig ht s ide of the heart 
to the lungs. lt is a short, wide vessel, about two inches in length , arising from 
the left s ide of the base of the right Y~ntricle, in front of the aorta. It passes 
obliqu cl.v upward and backward, passing at firs t in front of, and then to tbe left 
of~ the ascending norta as far as the under surface of th e transverse aorta, where 
it di,·idcs into two branches of uearh· eq ual size-the t·(qht and le.f~ pubnonar.I/ 
arterielt. 

aort!~li~:i;1~:·;}i1:t~·<;';~~~ ~!i!l~i~~~:::!c;s"~~l1:t~~ni~~l. a.tot~~~~~ '~:~:t~!1c~~~~~-~~!, 
continued upward from the base of the heart, an tl has attached to it, above, th e 
fibrou:o; layc1: of the 1_11c 1~ lmrne. B ehind. it rests at first upon the ascending 
aorta, :rncl higher up li ci;; 111 front of the left auricle. On each s ide of its ori ain 
is t?e appendix of' th ~ <'?1Tes1:ontling aur.icle and a coronary :lrtcry; and higher 
up 1t passes to the left side of the asccn<lmg aorta. 

'l1he right pulmonary artery, longer and larger than the left, pi~rces the peri
cardium an<l runs horizontally ~utwanl , behind the a~ccn<li~1g aorta. and s uperior 
Yet~a ca.vn., ro the r~ot ~f the nght Jung. ":here it divid es into two branches, of 
which the lower, _w~11 ch is the smaller, supplies the lowe r lobe; the upper suppli es 
the upper lobe, gmng tt branch to the middle lobe . 

. 'fhc left p~lmo~ary artery, shorte1: an1l so n:1 cwhat Hmalicr than th e right, 
pierces the pencard1um and passes honzontally m front of the <les~ending aorta 
and left bronchus to the root of the left lung, where it cli,·ides into two bran ches 
for the two lobes. 

The root of the left pulmonary artery is con necte<l to the under s urface of the 
arch of the aorta (trano;;verse aorta) by a short fibrous cord. the remains of a vessel 
peculiar to fcctal life>, tJ1e dw·fu.s rtrlPrioRlll~. 

The terminal bra nches of the pulmonan· artery "ill be d('fo;Cribe<l with th e 
anatomy of the lung · ~ 
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THE AORTA. 
The aorta (d.opr~, arteria magna) is the main trunk of a series of vessels which 

conrey the oxygenated blood to every part of the body for its nutrition. 'l1his 
,·essel commences a.t the upper pa.rt of the left \'entricle, and, after ascending for 
a short cfoaancc, arches backward to the left Ride, o\·er the root of the ieft lung, 
then descends within the thorax on the left side of the vertebral column. passes 
through the aortic opening in the Diaphragm, and, entering the abdominal cavity, 
terminates. cnn:;;irlcrabl.'~ diminished in size, opposite the fourth lumbar Yertebra, 

f'J( ;.:J.H.-TIH:archoftheaorUlnnditsbrnnchcs. 

F1G.31;).-Planoftbe 
branches. 

where it divides into the right and ]cft common iliac arteries. Hence its divisjon 
into the ascerulin,q aorta, t~e ar~h o~ ~he a?rta or tra~tsi·erse aorta, and .the 
descenclin.fJ ao1·ta, "hich last 1s aga111 dn1 1cled rnto thoracw aorta and abdominal 
aorta, from the position of thc~e part:;;. 

THE ASCENDING AORTA. 
The ascending aorta is about two inches in length. It commences at the 

upper part of the left ,·cntricle,.on a le"el "ith. thc lo" er b?rdcr of the third costal 
cartilage behind the k·ft half of the sternum; 1t pa~scs oblHtuely upward. forward, 
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and to the rirrht in rhe direction of lhc heart's axh3, a~ high as the upper border of 
the secornl right CO!'tal carti_lage. describing a slight cun~ in it~ course •. and being 
situate<l, when <lii:'itendcd, a.bout a quarter uf an inch behind the postenor surface 
of the sternum. ~ \. Jittle above its commencement it is i:;omewhat enlarged, and 
pre!'ients three ~mall dilatations. called the sinuses <!f' the aorta (sinuses of 
Yalsalrn), opposite to which are attached the three semilunar rnh·es. which serve 
the purpo~c of ]}l'C\·enting any regurgitation of blood into the c:nity of the 
ventricle. A section of the aorta opposite this part ba!'l a somewhat triangular 

~;1~~:~c' i~ u ~0~1~~i :~ e~~1 ~ nat~~~h ~a~~ ~y0~/~~ :·~~,:~~~1~d\~, ,~ :·~t;;~~:·. to~~!~~I~>~~;~~ 1~h0ef p\~1~ 
mnnan• artery, is inrnste<l in a tube of serous membrane, con tinued on to them 
from the su d;icc of the heart. 

Relations.-Thc ascending aorta is cornred at its commencement by the 
trunk of the pulmonary artery and the right auricular appendix , and. higher up, is 
separated from the sternum by the pericardium over wh ich lie :-the r ight pleura, 
and anterior margin of right lung, some loose areolar tiRsuc, and the remains of 
the thymus gland; behind, it rests upon the right pulmonary artery and left 
auricle. On the r(fJht side it is in relation with the superior \"ena. cava and right 
auricle; on the /('ft side, with the main pulmonary artery. 

PLAN OF THE RELATIOXS OF THE A~CF.XDlXG AORTA. 

l1i.front. 

R1!Jltt .~ide. 
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I''"""'""< \ l'ortiou. 

Behind. 
Rig-ht pulmonary artery. 
Left auricle. 
Pericardium. 

l .Aft.<;idf'. 
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BHANC HES OF TllE ASCENDING AORTA. 

The on ly branches of the ascending aorta a.re the two coronary arteries. 
They supply the heart, and are two in number, r ight and left, arising near the 
commencement of the aorta immediately abo,·e the free margin of the semiluna.r 
''alves. 

THE CORONARY ARTERIES. 

'l1
he Right Coronary Artery, about the size of a crow's quill, arises from the 

aorta immediately abo,·e the free margin of the anterior scmi lunar Yake. It 
passes forwar.d between th~ puln:iona.ry artery and the right auricular appendix. 
then runs oblique!)'. to the nght s1d.e m the groove between the right auricle :wd 
YCntnclc, an.cl , curnng a.roun~ th~ right bo1:der of the heart, runs. along its posterior 
surface a8 far as the postenor mterventr1cular groove, where it divides into two 
branches. one of which (transverse) continues onward in t be groove between the 
left at~ricle and ventricle, and anas~om?~es with ~he left coronary; the other (rle
seentlm,g) dcs~ends along the posterior 111tervcntr1cular funow, supplying branches 
to both ventricles and to the septum, and anastomosing at the apex of the heart 
with the descending branches of the left coronary. 

'1'!1i ~ vessel sends a large branch (mar,qinal) along the thin margin of the right 
ve.ntricle to the apex, and numerous small branches to the right auricle and rnn
trtcle, an<l the commencement of the pulmonarv artery (infundibular). 

The Left Coronary, larger than the former: arises~ im~ecliately abo,•e the free 
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edge of the left posterior semilunar valve, a little higher than the right; it passes 
forward hetwcen the pulmonary artery and the left auricular appendix, and divides 
into two branches. Of these, one (lransvPrse) passes trans,'ersel,v outward in the 
left auriculo-ventricular groove, and winds around the left border of the heart 
into its posterior 8urface, where it anastomoses with the transverse branch of the 
right coronary~ the other (descending) descends along the anterior intenentricu
lar groove to the apex of the heart, where it anastomoses with the descending 
branches of the right coronary. The left coronary supplies the left auricle and 
it:; appendix, both ventricles, and numerous small branches to the pulmonary 
artery, and commencement of the aorta. 1 

Peculiarities.-These vessels occasionally arise by a common trunk, or their number may 
~ddii~1~~~~jb~·a~~l~~~~e, the additional branch being of small size. More rarely, there are two 

THE ARCH OF THE AORTA. 
The arch, or transverse aorta, commences at the upper border of the second 

chon<lro-s tcrnal articulation of the right side, and passes from right to left, and 
from before backward, to the left side of the lower border of the fourth dorsal 
"ertebra behind. Its upper border is usually about an inch below the upper mar
gin of the sternum. 

Relations.-Its anterior sw:face is covered by the pleurre and lungs and the 
remains of the th.,·mus g land , and crossed toward the left side by the left pneumo
gastric and phrenic nenes and superior cardiac branches of the left sympathetic, 
and by the left superior intercostal ,·ein. Its posterior surface lies on the trachea, 
just abo,·e its bifnrca.tion, on the great, or deep, cardiac plexus, the c.esophagus, 
thoracic duct. and lcfr recurrent laryngeal nerve. Its upper border is in relation 
with the left innominate vein, and from its upper part are given off the innom
inate. left common carotid, and left subclaYian arteries. Its lou:er border is in 
relation with the bifurcation of the pulmona ry a.rtery, the remains of the ductus 
arteriosus. which is connected with the left division of that vessel 1 and the super
ficial card iac plexus; the left recurrent laryngeal nerve winds round it from 
before backward 1 whilst the left bronchu~ passes below it. 

PLAN OF TRE RELATIONS OF THE ARCH OF THE AORTA • 

in Fro1u. 
Pleuroo and lungs. 
Remains of thymus gland. 
L<.>ft pneuruogastric ner,•e. 
LcfL phrenic nerve. 

.Above. 
Left innominate \•ein. 
lnnominate artery. 
Left carotid. 
J..eft subclavian. 

Transven.e 
PortiOD 

Left superior cardiac nen·cs. 
Left superior intercostal \'ein 

(:.o(Ao0. 
~ 

Below. 
Bifurcation of pulmonary arl<'ry. 
Hemainsof cluctusarterio:-;us. 
Superficial cardiac plexus. 
Left recurrent nerve. 
Left bronchus 

Behind. 
Trachea. 
Deep cardiac plexus. 
<Esophagus. 
Thoracic duct. 
Leftrecurreutnen·e. 

Peculia.rities.- The height to which the aorta rises in the chest is usually about an inch 
below the upper bonier of the sternum; but it way ascend nearly to the ~op of that bon~. 
O··ca.sionally it is found an inch and a half, more rarely two or even three mches, below this 
pi,int. 

g~}~~~~2~~~~~~~JJA~~~~dl:~f ~~·~~;;~;~!'::~~~:~~E:~~itt1f f.~~~~:~:~f~~~t~I~ 
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of cases, affects the right anterior sinus; this is mainly owin'Z to the fact that the regurgitation 
of blood upon the sinuses takes place chiefly on the ri!!:hl antcrivr aspect of the vessel. As the 
anenrismal ~ac enlarges it may compress any or all of the 8lruNurcs in immediate proximity with 

~~o~~ts~;~~~~~J~r~~c;t1i1;~.~a;~~!:~s~~~~i1~~1 ~cl~tio~1ic!;;th 1~i';/~~~j~en1!1)·~l~~t~i;~%~ft.\!1~f!'~;:sit~ 
bursts into the cavity of the pericardium, the patient suddenly dro11s down dead, and, upon a. 
post-mortem examination, the pericardia\ i-ac is found full of blood; or it may compress the 
right auricle, or the pulmonary artery, and adjoininµ; part of' the right ventricle, aud open into 
one or the other of these parts, or may press upon the superior vena cava. 

Ancurism of the ascending aorta, originatinC! above the sinuse:s, most. fre11uently implicates 
the right anterior wall of the vessel; this is probably maiuly owing to the L!ood being impelled 
against this part. The direction of the aneurism is also chiefly toward the right of the rneclian 

~P~i1e 1~;1~~1a~1~L~:~J1):i ~~rf1~e8~~1~;~icf :,0jae~~s !i~~;.~\~·~~ i~ ~~~~r~~~~1~~u\~~~1~~1~ 1~l\'~' f~.~~t t~f tl~t~\~:S~~ 
t\~'!trf:i~~\J'ut~~ ~)~~ 1 ~~~1~1\•~:,; bo:a 1i1~ 1·~~~rb~!p\~\~~t~!~e pcr1cardiu1.111 or may compress or open into 

J{egarding the trallS\'Cl'!:ie aorta, the student is reminded that the \'essel lies on the trachea, 
the resopha~us, and thoracic duel ; that the recurrent laryn~eal nerve wind:s around it; and that 
from its upper part are given off three lar!!_e trunks, which supply the head, neck, and upper 
cxtn::mitics. )fow, an aneurismal tumor, takm~ origin from the po:-tcrior part or right aspect of 
the vc:_..-.;cl. its most usual site. may pre:..s upon the trachca1 impc1le the breathing, or produce 

~~~~~TI~r;1::.~~::,~:~)g:;~:
0

~;-~~~~~~?ii:·1:f:~t\~:~~~~~~ff;~~~i!~i:1~~,;~:~!:~'.:?:~~:~E~~:~:~~ 



545 

*~::1::'.~~~~·:'~~::;~·~:~~~'f.~~t~rii~J~;~~~.~'.i~:~~:~:::·r~lj::~r~~.~t::::,~1~i~~;·~~.E~P!~i 
innonunate aner.r, or the subclavian , or left carotid, may be so obstructed by clots as to produce 
a wcakness1 or C\'Cn a disappearance, of the pul~e in one or the other wrist or in the left tem
poraJ art~ry i or the tm;110r may pr('SCnt. itself at or a~\'C the manubrium , ~cnerally either in ihe 
rn ctlmn !me or to the right. of the sternum, a nd may sunulatc an aneurism of one of the arteries 
ofrhc nc<.:k. 

BnAxcm:s OF THE Anon OF TllE Aon·r.1 (Figs. 3-l-l, 3-15). 

The branches gi,·en off from the arch of the aorta arc three in number: the 
in.nominate artery, the left common carotid) and the le ft subclavian. 

P eculiar ities.- P osition of 'th e Branches.- 'J'he branches. i11stead ol'_:uising from the high
est part of the arch (their usual position ), may be moved m_ore to the right. arising from the 
oommcnccment of the tranS\'Cnse or upper part of the ascend mg portion: or the distance from 
one another at their origin m~y be increased or diminished. the most frequent change in this 
respect being the approximation of the left carotid toward the innominate artery. 

Th e .. Yumbtr of' the primary branches may be reduced to two: the left ca rotid arising from 
the innominate artery, or (more rarely) the carotid and subcla.vian arteries of the left side aris
ing from a left innominate artery. But the number may be increased to four, from the right 
carot id and subcla,·ian arteries arising directly from tlrn aorta. the innominate being absent. In 
most of' these latter cases the right subcla,·ian has been found to arise from the left end of the 
arch ; in other cases it was the second or third branch given off instead of the first. Lastly, the 
number of trunks from the arch may be increased to five or six:; in these instances the external 
and internal carotids arise separately from the arch, the common carotid being absent on one or 
both sides. 

Number Usual , Arrangement Di:fferent.-, Vhen the aorta arches O\'er to the right side, 
the three branches h~we an arrangement the re,·erse of what is usual, the innominate supplying 

~~:e~~f!vhi~~~ cl~~I a~~~:tc~~~~i: it~11~s~~1l~~~:~~ t~7~1 ~~!~ ~~~~~t~~>~~~1,ei~) j~\\~eJt~1 ; ~~~;no~'\~~!~k: 
and the subcla\'ians arise separately from the arch, the right subclavian generally arising from 
the left end of the arch. 

Secondary Bran ch es sometimes arise from the arch ; most commonly such a secondary 
branch is the left ''ertebral, which usually takes orig in between the left carot id and left subcla
vian, or beyond them. Sometimes, a thyroid branch is derived fi·om the arch. or the r igh t 
internal mammary 1 or right vertebral , or, more rarely, both vertebral. 1 

THE INNOMINATE ARTERY. 

The innomin ate arter y (br achio-cepha lic) is the la.rgest branch given off from 
the arch of the aorta. It arises opposite the fourth dorsal vertebra from the 
commencement of the arch of the aorta in fron t of the le ft carotid, and, ascending 
oblique l)· to the uppe r border of the right sterno-cla,·ic ular articulation, di,·ides 
into the right common carotid and righ t s ubcla.Yian arteries . ri,hi s ' 'essel ,·a.ries 

from an inc h an~ a half to two inc h es in leng th. 
Relations.-.fn .front, it is separated from the first b on e of the sternum by the 

Sterno-h.roid and Sterno-thyroid muscles, the remains o f the thymus g land, the 

!~1~eisn ~~~n;~~\~i ~~~~~ 1~~.fc~~~ ~~~~1~:~~- b~~~~~tdor"~~~s1·~~titc~)nc~·~:o~~st1:·~~.t, B~ti:1~~1 ~~ 
lies upon th e trnch.ea, which it crosses oblique ly . On the ri9l1t side is the ri~ht 
in nominate vein. nght pneumogastric nerve, and th e ple ura. ; and on the left sull, 
the remains of the thymus gland, the origin of the left carot id arte ry, the left 

inferior thyroid ve in , and the trachea. 
Branches.- 'l'h e innomina.te us ually gives off n o branches, hut occasionally a. 

small branch. the tltyroidea ima, is given off from thi s vesse l. l t a lso sometimes 

give8 off a thymic or bronchial branch. 'l1?e Thyroide~ im~ ascen ~ls in front ?f 
the trachea to th e lower part of the thyroid body, which 1t supploes. It vanes 

~;·~::. '·~·h~~.:ide~ ~:~1:.PPj~r~~~a~f:~~;:~~~e f~~::1~le~~i~~~s: 0~~·~'!set1~~e s~.~~~~i~~ t~~ 
internal° man1ma ry ,·essel. " 

1 The :111om:1 li cs of the aorta and it;:; branches are minutely de!iCribeJ by Krause in Ilenle's 
Anatomy (Brunswick, H:i68 11 vol. iii. p. 203 et ~eq. 
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P1 •. \:-: or THE RF.L.\TION~ OF THI-: lNNO~llN.\TE A1n1rnv . 

l 11fro11t. 
Sternum. 
Rlerno-h.roill and Rterno-thyroid mu!-><:lcs. 
Hemains of thymus gland. 

~~f~rj ~;.1 ~~~-i\~i~~!li ~~~~~~li1:!~ 1b~~:~~J1ri~~~:~1~-i~i~t ~~~:~~;noga~tric ncr,·e. 

Riff/it :s1i.lr. (,.......- L tft sidt-. 
Ri!.d1t in nominate vein. ~inate n cmains of thymus. 
Right 1meuurng:H;tri c ncn·e. ry. Lefl carotid. 
Pleura. I.cit. inforior lhyroi<l vein. 

B ch iiul. 
Tracliea. 

Tra<:hca. 

Peculiarities in Point of Division.- When the bifi.11·c:uion of the innominate artery varies 

gri~~BI~~Jt:1:1~\~~~@~~~~~i~·!i!~%f ~~1~~~;~::~~~1:r/i~~~;]~!~1f I~;~1~;~ ~~~l( 
left side of the nrtk i11~tcad ol' the ri !!ht. 

Collateral Cireulation.-_\.llan Bnrnsdemon:stratetl. On the dead suhjcd, the JlOl'sibility of 

~~\[~;Y~~f~~f ;~~:~~~~ff:'.~~r£4~?&:F~ 
~~~l~~:Hf ~i~0!t~t~~{{:1iti\t.:;~,:.t,\~:.~I~}}:~)~~~~~irf.''.ii:/:~r;~~/~:;~~:J.{.\~~~;{;t~.:~!:!~} 
would, doubtl e~!:i, al:'sist in the :supply of hlood to the rip. ht arm , while the cpigaslrie. from the 
external ili a<', woulcl1 by mrans of it s anastomosi!S with the intc.'rllal mammal)', <:ornpemate for 
an\' deficiem·v in the ' 'asc.:nlarity of the wall of the chest. 

~~~~~~ffi~~!~~~i)~~~~~~i~~#f §~g~~~\l 
impo["~:1~1:d~i~·t~~t;:;~~~l.'~"~\\~a~~:::~o~~1ri1\~ ~'.~~~J;~111~a;~\tient i~ to be placed upon hi!' back. with the 
thorax slightly r;u~ed, the head bent a little backward, and the shoulder on the !<ii dc of the aneu 
ri:-.111 ~tron ,a:ly ll l'pre:-"et l, !'O as to draw out the artery from bchi11<l the Hern um into the ncek . 
• .\..11 i11cision three or more inches Ion.£!: is then made 1110111:?; the anterior border ol' the ~terno·ma:.-· 

t:~~~:i'.~\~·:~:~r,:;~:~.:~.1csK~!i:~:~~~"~l·~:~1£::':'.~;i~~~-:~l'.~~:,1 ~~;~~1~~~'.'il;~~~:;:.::2~1'.:~,·~ii~i!~~~:i~ 

lllll!l~f illYJllill!i!IJ 
~f.:~~tJ'.~~fu0J,::,;~.£{ ;~;;.[:1t;~i:;iITr·:l~~l':0;:~,. ~~:!~'; '..~}\•?z~~~:.~~!~:Y'~~~·:;~c~~~~:!0$'. 
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~'he im1l0rtaucc of arnidin,!! t)ic t~1yroid. plexus of' vci1~s durin~ the primary steps of the opera.

lion, a!1cl t!rn pl~~tral i-at \\•.hli!:'t rndu<lmg tl~c \'Cssel 1.n the hµ-a~ure 1 should be most carefully 

0~i1~h 1l11a~1~,~~~n~~lci1~11~>1~~1~~~<~~·~11'..~, ~t~~~~e ~t~~~t~~1~~~:ra1~)~r:~~~~;.,1~p:~~~,;~i1:i~. ~~~ls~~~~~~~~~ 
t1vecclluillls. 

THE COMMON CAROTID ARTERIES. 

'l'he common carotid arteries, although occupying a nearly similar position in 

the neck, differ in position, and. con!';e11uently, in their rcla."tion at their origin 

The right carotid al'ises from the innominatc arterv, bel1ind the right sterno

elaYicular articulation; the left from the highest pa'rt of the arch of the aorta. 

The left carotid is, consequently, longer, and ac its origin i8 contained within the 

thorax. rl1he course and relations of that portion of the left carotid which inter· 

Yencs between the arch of the aorta, and the left stcrno·claYicular articulation" ill 

first be described (see Fig. 344). 
The left carotid within the thorax a!:lcends obliquely outward from the arch of 

the aorta. to the root of the neck. l n front, it i8 separated from the first piece of 

the sternum by the t)terno·hyoitl and Sterno.thyroid muscle's, the lcfc innominatC' 

vein, and the remains of the .thymus g land; behind, it lies on the trnchea, cesoph· 

agus, and thoracic duct. Internal(1;, it is in relation with the innominatc 

artery, inferior thyroid ''eins and remains of thymus g land; ei_·temally. with rhc 

left pneumogastric nen-e, left pleura. and lung. The left subcla,·ian artery is 

posterior and external to it. 

FLA~ 01" THE RELATIO~S OF THE LEFT CO)DIOX CAROTID. 

l11le1·1wlf.11. 

Innominateartery. 
Inferior thvroicl veins. 

TnoRAcrc PoRTIOx. 

Jn.front. 
Sternum 
Sterno-hyoid and Rtcrno-thyroid muscles. 
Leftinnominatcvein. 
Remains of thymu~ gland. 

Exterualf.lf. 

He mains oft hymw; gland. 

LcR pneumvgastric nen·e. 
Left pleura and lung. 
Tieft sulx:la\'ian artery. 

l lthi11d. 

Trachea. 
CEsopha!?'us 
Thoracic duct. 

In the neck the two common carotids resemble each other so closely that one 

description will apply to both. Each \'C$Sel pa~seR obliquel:r upward f1:om behind 

the stemo-clavieular artic11lati(1n to a level with the upper border of the thyroid 

carti lagc
1 

opposite the third cen·ical vertebra, where it divides into the external 

and internal carotid; these names being derived from the distribution of the 

arteries to the external parts of the bead and face and to the internal parts of the 

cranium and orbit respectivcl.Y. 
At the lower part of the neck the two common carotid arteries arc Reparated 

from each other bv a small interval, which contains the trachea; but at the upper 

part, the thyroid' !JOcly, the larynx and p~aryn.x project fo.rward bct\\e~n the 

two vessels, and give the appearance of their berng placed farther back Ill that 

situation. The common carotid artery is contained in a Rheath derived from the 

deep cervical fascia. , which ab;o encIOses the internal jugular vein an<l pneumo

gastric nen·e, the vein lying on the outer side of the artery, and the nene between 

the artery and Ycin. on a plane posterior to both . On opening the P:beath the~e 

three !'-ltr~ctures a.rC' seen to be separated from one another, each being enclm:cd in 

a separate fibrou~ inYestment. . . 
Relations.-A t the lower part of Lh c neck the common carotid artery 1s very 



dccpl:· seated. bri.ng co,·crcd by the ~ n tc~umcn t, s1~pc rfi ria~ fascia, Pla~ysma. and 
deep cenical ra~c1a, ~he Stern?-masto1d_, ::3_tcrnu-l~you.l, and ~te rn o-t hyro 1<l muscl~s, 
an<l by the Omo-hyo1d, opposite the cr1co1d cartilage; IJUt JD the npper part of its 

f,~~e1;~;n1~~1~~r ti~: s ~~~-~~~~~.~~ 0}~;s~f ai,s Pi~~~~:1~~!)~~~~i ·~~r~f ~~f fi~:~,i~'.·~t1:11 ;ni~11:;;~ !~r~~: 
of tbe :"\ter~o-mastoid 1 and is contained in a triaugula.r space, bounded behind by 

FJG.347.-Surgicalanatom)'Ofthcarteriesoftheneck. Hightslde. 

the Sterno-mastoid, above by the posterior bell y of the Digastric, and below by 
the anteri or belly of the Omo-hyoid. 'l'bis part of th e artery is crossed obliquely, 
from within outward, by the sterno-mastoicl artery; it is crossed also by one, or 
sometimes two superior thyroid veins, which terminate in the internal jugular; 
and. 1le~cending on its sheath in front, is seen the descen<lens hypoglossi nerve, 
this filament being joined by one or two branches from th e cervical nerves, which 
cross the ,·c:-;scl from without inward. Rometimcs the dcscendens hypoglossi is 
cnntaine<l within the sheath. The middle thyroid vein crosses the a~rter.v about 
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its middle •. arnl the.anterior juwiiar ,·ci11 below. Bt•hind, the arterv Jics in front 

of the cerncal po~·t~on o~ 1he sp~ne, rer-;ting first on the Long us collf muscle, then 

on .t~c ~~ctu~ ca1~1.t1s ant~cus maJOr, from ".hi~h. it is sep~rated by the sympathetic 

ne'.' e. I .he 1ecu11 cut la1 y~geal ncrv~ a?d. mfcnor thyroid artery cross behind the 

vessel at it~ l?'\:er pa.rt. . lnternall!J, 1t 1s 111 relation with the trachea and rhnoi1l 

g!ancl, the m~er 1 or thyroid artery an<l recurrent laryngeal nerve being intcrpOsed: 

~1gher up, .with the larynx an~ pharynx. On its outer side are placed the internal 

Jugular \'Clll and pncumogastnc nerve 

. At the lower part of the neck the internal jugular l'ein on the right side 

?1rnrgcs from the .ar.tery, .but on the left side it approaches it, and often crosses 

1ts lower part.. 'fh1s is an important fact to bear in mind during the performnncc 

of any opcra.t1on on the lower part of the left common carotid artery. 

PLAX OF THE RELATTOXS OF TUE CO'.\DIOX CAROTID ARTERY. 

E.ctemally. 

Integument, and superficial fascia. 

~~t~s~~~~·ical fa$Cia. 

Sterno-mru;toid. 
Srerno-hyoid. 
Sterno-rhyroid 
Omo-h.void. 
Dcscendens and Communicans h\·· 

Sten~~~~~ide~l\~~:~.\·. 
Superior and middle ·thnoid \•eins. 

~:=~~~J~~~r~i~I~':· . 
Behind. 

luternally. 
Trachea. 
Thyroid gland. 
Recurrent lar~·np-eal nen·e 
lnforior thyroid artery. 
l .. arynx. 
Pharynx. 

I...on!!'uscolli. Sym1iatheticnerve. 

Hettus capitis amicR:ci:;:j~1~(, laryngeai nerve~nferior thyroid artery. 

Peculia.rities as to Origin.-'fhe right common carotid may arise abo\·e or below ils usual 

point, the upper border of the 8terno-cla.vicular artic:ulation. This nuiation occurs in one om of 

about eight caws and a half. and the origin is more frequently above than below the usual poim; 

or the artery may ari~e as a separate branch from the arch of the aorta or in conjunction with the 

left carotid. 1'he lrft 0011ww11 mrotid \'aries more frequently in its oril'.!"in than the right. In 

i~l~b~~~~j~)~~ft~~~n~~l;~~ldC~'lS~1~i~~ a;!~iJ;~'ib~~ ~\i~~1~o~;1~1kt~ affh~'°ief~'cir!~~~id i~l~~~~i~~~lb:1~}~~ 
fi~t branch gi\·en off from the arch of the aorta. lL rarely joins with the left subclaYian, excepL 

in casc:s of lr:msposition of the arrh. 
P eculiarities as to P oint of Division.-Thc mo::;t important J:>e<:uliarities of this vessel, 

~bn~r~~~lgi:!eJ>~~~i~ ~Cl~~'}~i~.l~~~reth~
0n i~~tf~tccl1~f a~;;·1'.~}0cl1ivii1~li~1l~e i11;~i~~vo 1b~~1~

1cl1~~aj~~:~~s~~ 
the hyoicl bone, or e\·en hi!!'her: more rarely, it occurs below its mmal placc1 opposite the 

middle of the larynx or the lower bonier of the cricoid cartilai.re; and one car-;c is related by 

)lorga~ni where the common caroticl 1 only an inch and a half in len,rrth, di,·ided at ~he root of 

f ~~~~'.~~:~:I[~~i~:,~e:~:!;i~~;~:~~Jg:i:b£~~,~~f :;1~:1f ~~ ii~:~;g~'gy~~~~tfrF'!',~ 
Occa'.sional Brancbes.-'l'he common carotid usually gives off no branch prc\·ious to us 

bifurcation i but it occasionally f!'i\·cs ori_!!in to the superior thyroid or its laryngeal branch, the 

inferior thyroid. or. more rarely, the \·ertebral artery. 
Surface Mark ing.-Thc <:arotid arteries are O\·erlapped throu!!hout their entire extent hy 

the anterior borJer of the Sterno-mastoiJ muscle, but their course doe" not correspond to the 

border of the mu!:'clc, which pas...;cs in a somewhat cun·ecl direction from the mastoid procC's!; to 

the stcrno-daYicular joiut. The course of the artery is indicated more exaNly L.v a. lme drawn 

from the sternal end of the da\'icle below, to a point midway between the anµfo of the jaw allll 

the mastoid proce · a.ho,·c. That portion of the line below the ll'vel of the upper bon~er of the 

rhyroid cartila!!'c would represent the course of the YC>S:scl. 
Surgical A natomy.-The operation of 1yin!! the common carotid artery may be ne<:cssary 

in a case ol' wound of that vessel -?r its branche:-, iri un~urism. or in a. case. of pul~tting tumor of 

rhe orbit or skull. If the wonnd m,·okc:-> the trunk of. the common carotid. 1t will be llCC<''-'~ry 

lO tie the artery abo\·e and below the wounded part. But in cases of ancurism, or where one of 
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the hrnnd1e.°' of the rommon (·arotiJ i:. \\'Olllliled in an in:m.'<'~sih l (' situntion. it may bcjuJ4e1l 
lll'('l':- ... ,1n· to tie 1hc trunk. In sud1 ra:-;t'!<. tht.• \I hole ot't ht~ arlt' ry is aC'l'l':--~ih\c, :trnl any part 11111y 

tii~Jllti~ltll~if f.f i~I 
the l i~:llure :s hould be 1)\accJ on that vc~scl which is found on couipn•s..sion lo Le connccwd with 
thcdi:.ease. 

l n this opcratiou the direction oflhc Yesscl and the inner margin of' the Rtcrno-mastoirl are 
the chief' ~uidc.s tO its perfo rmance. 'fh e patient should be placeJ on his back with the head 
thrown b:t<.:k aud turned :slightly to the op11ositc side: an i11ci~ion iR to be made, three inchrs 
lonz. in the direction of the anterior border of the Sterno-masto id , so that the centre corre.:; ponds 

~~i~l.~,~~-!~~i~Jil~l 
irwlll(lin!.{ die ''a!.{us nen·e. Before the ligalurc is tied il shoukl be ascertained that nothing Lut 

the 'L~~~t.~~1~~ 1~h~ ~~~mon Carotid at the Lower Part of the Neck. Thi ~ operation is 

f Q:1~~i~~~:~;~;~:~t!;:;~·:t~i;:.~:~:I~~~i:·~t:!::::~::·f :~ :it::i~r 1::r~t~~.~~g~~~::[~~::r:~§?~; 
tio11. and by then relra<:tin!! the muscle. The casic!:IL u11d bcl:it plau, however, is to make an 
incision two or three inches lon A: down the lower part of the a11tcrior bonier of the Stcrno
ma~toid musdc to the sterno-d:witular joint. an<l a second intisio11. start itu:r from the termination 

~~.·~Jfo1~1\1~·~:;:~··1ir~~~i~~~·1i~i~:r::t~~
1

'f ~:~~~~:~:~1,~:l;·~,':;;r~£~~· ;~1,:,~:~::::i~~'~: 1:,~:i~::,::~;!::::1~1~ 
Home loose conne<:tire tissue is to be <lidded or torn throu.!.:'11, and thc> out er bonier of' the 
:-;terno·h~1 oit.l musde exposed. ln doin!?' this care mu:-;.t be tah•n not to wound the anterior 

~~~~~1l~~h~·~\J·. ~::~:ic l\~·it·;~o;~e~h~1St~~~~~c_l~1~~id~c!\.~ I~~ ~t<l~~~!njYi~~,~~~~:1 01:/~~!~!~~~i~f~ ;~~~1~ra;{~~~ 

g;.~0~::~1~~:~~~~;:~b~i;,.~r;~~;~;~:"r~~;::f~h'.~!.~1i~~~;~:~~ :;'~~i~::,,:~~~11~1:wr:;~~1~~;:~~~ 
latter. 

~~~1F~,~.~~:i~::::~~:~~~~·~~~~:~:?ii~~~;11~:~~,~:~~~,i~·'~·}~·:~~,:;::n~,;~,;~;::'.:1·;!1!~i~;:.~;;y,~:,~~:t:~;,~ 
aut.l in the ease of the ~ommon c~rotid there are no branches p;inn off from the Y<•fil.;el hetweeu 
the aneurism and the :site of the ligature; hence little or 110 blood pas:,cs tl1rou_~h the Rae of the 
aneuri~m , and (·onscquentlr it and the ves..."Cl Rhrinkt". and a <:ure is cftCNcd. 

Collateral Circulation.-Aftcr ligature of the (>Otnmo11 carotid the eollatcral circulation 

~'i-1~,~~\)1:i~1f ~;~~s~~~~~i~!~i~f1~~r ;~3 ~~~~l ~~1n~~ ti~~!.~~~;~::, \:~~~~1' 1b;~i,~l~r~~~~;,~~~1 ~l~~ h~rb~:~n~h~r~t 
the :;ubchwian arterr on the side corresponding to that 011 whieh the vc~scl has been tied-the 

2~~:1~~;~~·~~~~\:;?~l~YiiJ.~:~;t~\:~~0.:~~~f li~l{1:~:!1i:f f~~:::·':0~::.:1:~::,:~,:;~~:~~;::~::~~~::~~:.: 
~'l~t~"~:;~~~ .. ~;f0~~11 s~Jf,~~~i!~j~l~~i~~~ 1~~~c~~~'.1~1~~s <::~~~t1!~~11;e, ~el~:~~ (~~u 11~ ';~~~1;~tU)C~!~~mc11! 
showl•li merely that the artt!rics at the base of the brain (circle of Willis) were much enlarged ou 

1 Uu!J'. l!tJ.<pit11lR··1"JQrt.-·,i.56. 
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the sitle of th<-' tied artery, and that the anastomosis between the branchl's of the external carotid 
on 1he affec1e<l si<lc an<l those of' the same artery on the soun<l side wa~ free, so that the external 
carotid was pcn·iuu:s throughout. 

The External Carotid Artery. 
'l'he external carotid artery (Fig. 3-17) commences opposite the upper border of 

the thyroid cartila~e, and taking a slightly cun·ed course, passes upward and for
ward, and thc.n inclines backward to the s pace between the neck of the condyle 
of the lower pw an<l the external mcatus, where it cli,,ides into the :superficial 
temporal and internal maxillary arterie~. It rapidl;v diminishes iu size in its 
course up the. neck, o,~·ing to the number and large siz.e of the branches gi,·en 
off from it. In the cl11ld it is somewha.t sma.llcr than th e internal carotid, but in 
the adult the two ,·essels are of nearly c<tual l'iz.e. .At its commencement thiR 
artcr,\· is more superficial. and placed nearer the middle line than the i11ternal 

b:~~!1i :J: :b~l ~~1~~1~ ~~~i~1)~ :~ ,~.~ ~1 ~1~iat~1~u~~~t;11·}i~~·cb~l~~ n~~e<~h ~ ;~~,~~ s~~i~·~~-dS~ ~~~~ 
h yo1<l a bo,·e. 

· Relations.-It i~ covered by the skin, superficial fascia, Platysma, deep fascia, 
and anterior margin of the Sterno-mastoid. crossed by the hypoglossal ncrre, and 
by the lingual and facial .veins; it is aftcrwrml crossed by the Digastric and 
:-;tylo-hyoid mu~clc~ . and lugher up J;asses decph· into the substance of the parotid 
gland. where it lies beneath the facial nen•e and the junction of the temporal and 
internal maxillan· ,·eins. 

Intemall/I is· the hyoid bone, wall of the pharynx, the s uperior laryngeal 
nern. and higher up it is separated from the internal carotid by the Stylo-glosRus 
and ~t~·lo-pharyngeus muscles. the glosso-pharyng;eal JH:one, and part of the paro
titl .!?fancl. .. Lnteriorl.'I is the ramus of the jaw, from which it is sepinated b,Y ;-i 

portion of the parotid gland. Externally, in the lower part of its course, is the 
internal carotid artery. 

Surface Marking.-The position of the exlernal carotid artery may be marked out with 
sufficient aec::uracy by a line drawn from the front of the meatus of the external ear to the siJe 
of 1he rrieoid cartila,c;e, slightly arching the line forward. 

Surgical Anatomy.-The application of a ligature to the external carotid may be required 
in case of wound~ of this ve~el, or of its branches when these cannot be tied, and in some cases 

J~~~!~~~i 1~~,!i~~~111t1~) 0:~1~1f ~~c;l ~~. ,~;~:1i1cse~rgJ~~~ }~~~,~~t ~'~~~~~~i 1111~(J ~ef~i:~~!1~~~~.r a~~~:1~i~~~l:~~~~l1 0~ 
ati.:ount of the number of branches gi,•en off from the YCSf'lel. 'l'his foar. howe,1er, has been 

~;!:)(~;~ l:~i;'!~~~;}PJ;; '~11~ 1D?;a~,~~!~ 1 f~~ 11 ~n~l~;onT~1~~ttl~~~ .. ~:~i~11ch~~r i:! s 1~~;:;;~· !h~~J'd t~~ 11~~iS! 
alon~ the mar!!in of' the Sterno-mastoid , from the an!.!le of the jaw to the upper border of the 

~:~·~~~~~~~ar~it~i~ tJ~11~e~:~r~li;,.:'~J~~1ti~sl~fJ:1 ~~"!:C~~vi~ 1~1~!!etl,1~1 ~~:~;.~t'iSdgla~:J~r~~~ i\~~i~f~~ 
-.hould be made. from the lobe of the ear to the greal cornu of the os hyoides, <li,·i<lin!?: sueces-

~&:~~;t~~:~~~~i::~:W~,~~fi!ir:~:~(;.\ '.:~\~~E:E~~~!.!t?~:~\W~:rf~~~i~~:,~~ti!ffi1~'.\hm~i!i 
re-cstahli~hcd bv the free communication between mo~t of the forge branches of the ar1ery 

i~(lifi~'. ~~:~!?:'.::~~;sf,l:11:1~;Ji1~ro~h;'~~oi1~;a~~J;g~t~!{th11~h~~: ~fr~h~1h~~~~~1~1 ·~~~~~~id,0!·n~1 ~r°';i';~s~~~i~~~~i 
with the branches of the sulx:Ja,'ian, etc. 

PLAN OF TUB RELATIONS OF THE EXTERNAL CAH.OTID. 

E:cteruolly. 

~~~~~~~~1~1~>~~~Jid~~~j~~ia. 
Anterior border of Sten10-mastoid. 
llypoglossal ne1Te. 
Lin!?:ual and foc·ial vein!':. 

~~~~~fJi~J:11:1'~ ~;.~~~t~?.~}1 ,~~~:~l~~·d tcmporo-maxil\ary Yein in its suh~tance. 
Internal carotid artery. 

1 ..lfrd.-Chir. T1•(11/il., !xi. 229. 



!11ji-0J1t. 

Hamu~or jaw. 

THE AR'l'J;'JU/o'S. 

Internally. 
Hvoid bone. 
Pirnrvnx. 
Supe.rior laryngeal nC'rve. 
Stylo·glossus. 
Stylo-pharyngeus 
Glosso-pharyngeal nen-c. 
Parotid gland 

ll1himl. 

Parotid gl:111d. 

Branches.-':l1bc external ca rotid artery gives off eight branches, wh_ich, for 
convenience of description, may be divided into four sets. (See Fig. 348, Plan of 
tbc Branches) . 

.Anterior. Posterior. Ascendin,q. Terminal. 
Superior 'l'h)'roid. Occipital. Ascending Pha- Superficial Temporal. 
Lingual. Posterior Auricular. ryngeal. Internal ~Iaxiliar_v. 
Facial. 

The student is here reminded that many variations a.re met with in 1he 
number, origin, and course of these branches in different subjects; but the above 
arrangement is tha.t which is found in the great majority of caRcs. 

The Superior Thyroid Artery (Figs. 3-!7 and 352) is the first branch given off 
from the external carotid, being derived from tha.t vessel just below the great 
comu of the hyoid bone. At its commencement it is quite superficial. being 
covered b,v the integument, fascia, and Plat_vsma, and is contained in the 
tritrngula.r space bounded b.Y the Sterno-mastoid, Di gastric. and Omo-hyoicl muscles. 
After running upwnrd and inward for a short distance, it curves downward 
and forward, in an nrched and tortuous manner, to the upper part of the thyroid 
gland, passin~ beneath the Omo-hyoid, Sterno-byoid, and Sterno-thyroid muscles, 
and distributes numerous branches to the anterior s urface of the gland, 
anastomoRing with its fellow of the opposite side and with the inferior thyroid 
arteries. Besides the arteries distributed to the muscles hr which it is covered 
and the •ubstance of the gland, the branches of the s upe.rior thyroid are the 
following: 

11 void. Superior Laryngeal. 
St;perficial descending branch (Sterno-mastoid). Crico-thyroicl. 

'The hyoid is a :-;mall branch which runs along the lower border of the os 
h_voides beneath the Th,vro-hyoid muscle: after supplying the muscles connected to 
that bone it forms an arch, by :rnastomosing with the n·!'~l·l:;:; of the oppv:::ite side. 

rrhc superficial descending branch runs down ward and outward across the 
shead..1 of the common carotid artery, an<l suppl ies the Rterno-mastoid and neigh
boring muscles and integument. There is a lso often a distinct branch from rhe 
external carotid diRtributed to the Sterno-mastoid muiscle. 

The superior laryngeal, larger than e ith er of the precc<ling
1 

accompanies the 
superior laryngeal ner\'e, beneath the '11hyro-hyoid muscle: it pie rces the thyro
hyoid mcmbr:rne, and supplies the muscles, mucous membrnnc, aml fflands of the 
larynx, anastomosing with the brnncl1 from the opposite :-;ide. 

0 

The crico-thyroid i~ a small branch whic:h runs transYersely across the cri co
rh.n·oid membrane, communicating with the artery of the oppo

0

site side. 

~~~~~~\f~\:~~~~tf~~~~~!i~~{ii;!~1~~~~,t~~!\ri~~i~1~:~~~~ 
0

~;~~,"~~·1'.~
1~~~~I~!i~:r:~~~!it 

perfor111e1~, th~ pus1t10n of the artery be1?.!! nry sup~rfic1al, a~td the only str_u('tures of importance 
1.:ovcnn~ 1t lwmg- a few small \'Cills. I he operation of tymg- the supcnor thyroid artery in 
broncho<'C'IC' h:i!oi heC'n performed in nnmerou::-. in~1a1.wcs with partial or Lt•mporary sue(·e~;,;. When, 



BRANCJIE8 OF 1'IIE EXTERXAL CAIWTID. 5.53 

how~ver •. the colli:!-tcr~I c:irculation between _this vessel and the artery of the opposite side, aud 

the 1·J·~e~ 1~s\W~~~·gr a1~0~1~1~~:fi~iafed~~ae~~~5i1~~d.b~~1~c~~1 ti~0~ti~:1~1~· .. [:i~~ni~1 i~~~~~ti~,~i~,~-tl1 the 
operation of ligature of the common carotid artcrv. Lt cros.;es and lies on the sheath of this 

b~~1~\; ~}~~t:l:f·\:1:~11;1~~1;he:c1'~0~~n~e!~~~ ~~~~!0~h~1 ~05~~~11~r t,~~~~l~:i~!~nh~~1~~~~;}~-~~~t~i~·;f~~ 
the operation of laryngotomy. 

'l'hc Lingual Artery (Fig. 352) arises from the external carotid between the 
superior thyroid ~rnd facial; it runs ob]i~1ucly upward and inward to the great 
cornu of the hyo1d bone, then passes honzontall.v forward parallel with the great 
cornu, and, ascenchng perpendicula rly to the un<ler surface of the tongue, tums 
forward on its under surface as far as the tip of that organ, under the name of 
the ranine a,rter,IJ . 

. Relations.-lts first, or oblic!ue, porti?n is superficial , being contained in the 
triangular space :.1lready described, restmg upon the middle constrictor of the 
pharynx, and covered by the Platysma an<l fascia of the neck. Its second, or 
horizontal, portion also lies upon the middle constrictor1 being coYered at first by 
the tendon of the Digastric and the Stylo-hyoid muscle, am! afterward by the 
Ilyo-glossus. the latter muscle separating it from the hypoglossal nerve. Its 
third, or ascending, portion lies between the llyo-glossus and Genio-hyo-glossus 
muscles. The fourth, or terminal, part, under the name of the ranine, runs along 
the under surface of the tongue to its tip: it is ,·cry superficial 1 being co,·ered 
only by the mucous membrane, and rests ou the Lingualis on the outer side of 
the Genio-h.ro-glossus. The hypoglossal nel"\'e crosses the lingual artery, and then 
becomes separated from it, in the second part of its course, by the llyo-glossus 
muscle. 

'l'hc branches of the lingual artery are-the 

llyoid. Sublingual. 
Dorsalis Lingure. Ranine. 

'l'hc hyoid branch runs along the upper border of the hyoid bone, supplying 
the muscles attached to it and anastornosing with its fellow of the opposite side. 

The dorsalis lingu"' (Fig. 352) arises from the lingual artery beneath the IIyo
glossus muscle (wh ich, in the figure, bas been pal'tly cut away to show the ,·essel); 
ascending to the dorsum of the tongue, it supplies the mucous membrane, the 
tonsil, soft palate, and epiglottis. anastomosing with its fo llow from the opposite 
side. 

The sublingual, which ma\• be described as a branch of bifurcation of the 
lingual artery, arises at the· anterior margin of the Hyo-glossus muscle, and 
runs forward between the Genio-byo-glossus and the sublingual gland. It 
supplies the substance of the gland, gi,·ing branches to the ~Iylo-hyoid and 
nei(J'bborin" muscles. the mucous membrane of the mouth and gums. One 
bra~ch run~ behind the alveolar process of the lower jaw in the substance of the 
gum to anastomose with a similar artcr~' from the other side. 

usuJ ~ :sr~~~n:o~~ ~·~ t~eti~~g~~cl::e ~~1 ~~1~ I 0~~~~~-~ 1t 1~~hr~~s bt: f ~:~~a~ ;~~1 't~~·d;~ ~su ~ ~~: 
~~e1~ t ~:u~~D ~~e~h1~es ~~ ~~ tl~1; i ~hf i e!n ~~·i o~~J ~ i '~~: ~~ ~-i s~i :~~<l o~o ;~~·ei c~~~o-~~~o-; ~':s~~~ 
accompanied by the lingual nerve. On arriving at t~c tip of the to.ng~ie it ~as 
been said to anastomose with the artery of the opposite side, but t111s is demed 
by llyrtl. These \'C!'Scls in the mouth arc placed one on each side of the frrenum. 

Surgical Anatomy.-Thc \in!rnal arlcry may Le diyidcd. near i1s origin in c:i~cs of cut 
throat. a complitarion that not unfrcriucntly kq1pcus 111 th ts cla~s of wounds j or severe 

i!~~!~~t{~:f ~ff ~~\~~~l)l:(1f II~t!:r :~~~~\f 1:}}~);1:~'.F{:J.·,:i::~¥~~j~\~~\:£t~~rt;~:~ 
di'.-iC:t~c by starving the growth, and 1t 1s s~mct1111cs tic<l as a prcl1111111ary llll'a!'t1rc to remo\·al of 
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~1f.Ci1'i~111~~;~~·nt ~~~~~0b~r~.~~i~J1 ii t3 1~i ~~:~:.~11~:;!~111~ 1 : l~~cJ:::~~:. ~!;1~111 ~·i~J:H~!.~ <:1f~t\111r~ ~~~.c~~~~ t!~~r1r1.~ 1 ~~~~:~.~ 
~:·~~;!.~:1 i;ji ;~1&~~~'j'.,~~ ;n~11~d fi~';('~~:t:.~~~~l~t i~~~;~~~~Ji~~ ~lll:e %i~~~1;l1yinol'i '~J~i:t~~\' iJl)~~r1:1~l1:~~1ct I~~ 
cornu of the hyoid hnm.'. anti d1en 1111w:ud to near the ani.dc of thl• jaw. Care mu~l b<_• takt.·n 

i~~:j~\~,~~~1j~·~: ~~!~.il~~lii~~~~fi:i~il n:~.~:~l'~~~llr]~'Ja1t~~:I~~;~~\~:; b~d;~l1;;~!~d·~ a11 ~~i lfl~~j<l)e~~1j 1f:'1S<ci~11e~~~O~l:JI 
Thi~ i:-i then to be i1wii:ie1l and the :mbmaxillary 1.dam.l expm•c<l and pull('d upward hy retra('tor.. 

i~·<t>r<ir~~~~~~I~ : 5h~J~wi~1:J>;~~~.!~~J1~! ~· b~~1~1~l~·~nt~~~~r~1t~ 1~)~cbbi~~~t1~i~~t~:;i1~{ a~~'.!,~r b~·f ~i111~ t~,~;!~~ 
do~~al uerrn. The floor of the space is formed by the ll yo-glo!!Sll,., nmscle, ht111t•ath whiC"h 1he 
ancry lie>~. The fibres of this muscle arc uow to be cut tl irouth horizoutallr aud the \'t':-:-.t·I 

CXJ)();J~~~Ei1~~~o~~~nl~~:~~~~~j1 ,~~~il~1~~a~l:1~ i,~~J~'~, Si~·is\~,~~f·111l1~efi~~i::;·:1
1:i;1 chiklren if tl1e raniuc 

artery, whic:l1 lies on eat·h ::iide ol' i1. is wou1uled. The s1udeu1 should rl'membcrthal the opcra-

g~;~~~~;,i~,~:~\~i~i~g~r:;~i:'.:\i:ii:~n~~~bl,~'.~~~!;~f :~:~~;:~r~~fiD~~/,'.1;~~~~;;,::! ,i~~i~l:~;~~ 
'l'hc Facial Artery (:Fig. 349) arises a little abo\·e the lingual. :tnd pa<.;s('R 

obliquel.v upward, bene:ith the D igastric and 8ty lo-hyoid mu~cles; it then rull!:i 

F1c;.:H9.-'Thenrtt>rit·softhefoccRndscalp.I 

fon,:.11:<1 un1ler c1wer of the bn~ly of the lower_jaw, lodged in a grooYe on the 

Jl~8tcnor :--urface. of the submaxtllary gland; this ma.y be call ed the ccn·ical part 

?f thy artery. It then cunes up\\ard o\·er the body of the jaw at tl1e anterior 

infonor angl<.• nf the ~Ia~l'ieter muscle; p:t~~es forwa.rd and upward acrOS!'I the 

cou~l'}11t l~t~"'~(~1~~~~~;:l'.~rt~ri~!:~ liJ 1
" mu,.:,t Le suppo~ed to h:n·e heen C'tll aw:iy, in order to show the 
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chcc~ to tLc ang!e of the mouth, theu upward along the side of the nose, and 
term mates at the inner can thus of the eye, under the name of the angular artery. 
This \'CS8el, both in the neck and on the f;ic:c, is remarkabh· tortuous: in the 
former situation, to accommodate it~elf to the movements o'r the pharynx in 
<lcglutition, and in the latter to the mornmcnts of the jaw and the lips and cheeks. 

Rela.tions.-Jn the neck its origin is superficial, being co,·ered by the 

~;~~·~t:~~~1~~Jc~ 1~,~~l8~1~'~ :l~b~n~l:f1il~l~./~~~:d. pa~~8tt%~:~ ~'~h0e~iy~~:~~~=8°~,~;.)~~~ 
body of the lower jaw, it is comparatiYcly superficial, lying immediateh· beneath 
the l)latyRma. In this situation its pulsation may be distinctly felt,~ and com
pression of the Yesscl effectually ma.de against the hone. In its cou rse oYer the 
face .it is co,·crcd by the integument, the f'at of the check, and, near the crngle of 
the mouth, by the Platysma, Risorius, and Zygomatic muscles. It rests on the 
Buccinator, the L enttor anguli oris, and the Lcvator labii superioris (sometimes 
piercing or else passing under this la!;t muscle). It is accompanied by the facial 
vein throughout its entire course; the ,·eiu is not tol'tuous like the artery, and, on 
the face. is separated from that ,·essel by a.considerable interrnl, I.Ying to its outer 
side. The branches of the facial nene cross the arterv, and the infra-orbital nerve 
lies beneath it. · 

The branches of this vessel may be di,·i<lcd into two sets: those giYen off below 
the jaw (cenica l), and those on the face (facial). 

C'('i'l'ir-al Branches. 

Inferior or Ascending Pala.tine. 
Tonsillar. 
Submaxillarv. 
Submental. • 
::\luscular. 

Fa«i<d Branches. 

Muscular. 
Inferior Labial. 
Inferior Coronary. 
Ruperior Coronai·y. 
Late ralis Nnsi. 
Angular. 

The inferior or ascending palatine (Fig. 3.52) pnsseR up between the Stylo
glossus and Stylo-pbaryngeus to the outer s ide of the pharynx. After suppl,ving 
these muscle~, the tonsil, and Eustachian tube, it didcles 1 near the I-1erntor palati, 
into two branches: one follows the co•1rse of the Lerntor palati, and 1 winding ornr 
the upper border uf the Superior constrictor, supplies the soft palate and the pal
atine gland~; the other pierces the ~uperior constrictor, suppl ies the tonsil, anas
tomosing with the torn~illar artery. These Yessels also :rnastomose with the pos
terior palatine branch of the internal maxillar.v artery. 

The tonsillar branch (Fig. 352) pa<ses up between the Internal Pterygoid and 
Stylo-glo~sus, and then a~cends along the side of the pharynx, perforating the 
8uperior constrictor, to r<"imi~,- in the substance of the tonsil and root of che tongue. 

The submaxillary com.ists of three or four lar~c branches, which supply the 
submaxillary gland , Rome being prolonged to the neighboring muscles. lymphatic 
gland::-;, an<l integument. 

'l1he submental, the largest of the cenical branches. is giYen off from the fatial 
artery just as that ''essel quits the submaxi llary gland: it run~ forward ~1pon ~he 
~Iylo-hyoid mt"clc, just below the !Jo<l.Y of the jaw and beneath the D1gastnc; 
after supplying the surroundi ng rnusclc8, and a1~tH~tomo8111g wit~ the sublmgual 
artery by branches which perfon.1te the l\lylo-hyo1d muscle •. 1t arn"e~ ~t the_-sym
pbysis of the chin , where it turns over the border of the pw a~d d1ndcs mto a 
supcrfic ia.1 and a deep branch: the former passes hct\q~e n. the m~egu~rnnt ~n<l 
DepreRsor labii inf'erioris, supplies both, and anastomoRes wnh the rnfenor labial. 
The llecp branch pa!'l!'l.es between the latte r muscle an1l th~ bone, supplies the lip, 
and anastomoRCS with the inferior labial and mental artenes. 

The muscular branches are distributed to the Internal ptcrygoid and Stylo-hyoid 
in th(' neck, and to the )Jasseter and Buccinator on the face. 

The inferior labial passes beneath the L>cprcs::;or anguli oris. to supply the 
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muscle~ and integument of 1he low?r lip, an:~stomo~ing with the infc1:ior C?ron~ry 
and snbmental branches of the facial, and with the mental branch of the mferior 
dental artery. 

The infefior coronary is derired from the facial artery, near the an~lc of the 
mnuth: it pal"scs upward and inward beneath the depressor angu li oris. and, pen
ctratinrr the Orbicularis oris muscle, runs in a. tortuous course along the edge of 
the lo\\;r lip between this muscle and the mucous membrane, ino:;:culating wirh 
the artery of the opposite side. 1'his arter_y supplies tLc labial g lands, the muco.m1 
membrane, and muscles of the lower lip, and anastomoses with the inferior labwl 
and the mental branch of the inferior dental artery . 

The superior coronary is htrger and more tortuous in its course than the pre
ceding. It follows the same course. alonll the.edge of the upper lip, lying between 
the mucous mcmbl'ane and the Orb1cula.l'ls ons and annstomoses with the artery 
of the opposite side. I t supplies the textures of the upper lip, and gives off in j{s 
course two or three ''essels which ascend to the nose. One, named the i"nferior 
w·tery of the .~l'pltun, ramifies on the septum of the nares as for as the point of the 
nose: another, the artu,11 of the ala, supplies the a la of the nose. 

'l1 he lateralis nasi is derived from the fac ial, as that ,·essel is ascending along 
the sicle of the nose; it supplies the ala. and dorsum of' the nose, anastomosing 
with its fellow, the nasal branch of the ophthalmic, the inferior artery of the 
septum, the a.rtery of the ala., and the infra-orbital. 

The angular artery is the termination of the trunk of the facial; it ascends to 
the inner angle of the orbit, imbedde<l in the fibres of the Leva.tor labii superioris 
al<:ettue nasi, and accompanied by a large ,·ein, the angular; it cli~tributes some 
branches on the check which anastomose with the infra-orbital, and after supplying 
the lachrymal sac and Orbicularis palpebrarum muscle, terminates by anastomos
ing with the nasal branch of the ophthalmic arte ry. 

The anastomoses of the facial artery are '"ery numerous, not only with the 
vessel of the oppos ite side, but, in the neck, with the subl ingual branch of the 
lingua.I; with t he ascendi ng pharyngeal; with the posterior palatine, a branch of 
the internal maxillar.v, by its inferior or ascending palatine a.nd tons illa.r branches; 
on the face, with tbe mental branch of the inferior dental as it emerges from the mental 
fon:nncn, with the trnns\·erse facial, i1 branch of the tempornl; with the infra-orbital, 
a branch of the internal maxillary, and with the na!'a} branch of the ophthalmi c. 

Peculiarities.-'J'he facial arter.\· not unfrequent\y arises by a. common trunk with the 
lingual. This \'CStiel is al~o subject to some variations in its size and in the extent to which it 
supplies the face. lt occasionalh• terminates as the submcntal1 and not unfrcquently supplies 
the face only as hi!!h as the angle of the mouth or nose. The deficiency is the11 supplied by 
enlar!?CUH'llt ol' one of the nei!!hboring arteries. 

Surgical Anatomy.-'l'he passage of the facial artery over the body of the jaw would 
appear to aftiml a fiworable position for the application of pressure in l'ase of kemorrhaire 
from the Ii pis, the result either of an accidental wound or durin,u an operation i but its applic3.~ 

~}:~e;~,.i~i: 1~:'r~1i~~l~n~\v~l1 '·~1~r11~!1r°:t~s \:~~:~;ch~s f~~~i~n<~ ifl{r~,~~c ~~~~e~~m T1.~ ul~ i~~~~~d f ~~,~t~ 
i11g the lip it is l>ettcr to seize the part between the fin!!'.ers, and cvert it. when the bleeding 
ve.:).::iel may be at. once secured with pressure-forceps. ~n order to prercnt htcmorrhage in cases 

~t~,~~~:~v/J!e 0fi:.1~~~~a~~~ fttt~l~,;~1~r fb~1~ ~!i~ J(~~~;~~~i1.r1 d'~,~~~t~Li~}-f~~~t\1;~~~~\1s~nth~'l~~~g8~~~ 
exc:i:res the diseased part. In order to stop h::cmorrha:::rc where the lip has been divided in an 

~~~~ 1~j~~~; ~\i~o'.~~~~'~t;~'I; :~~ ~~i~~~•~o~~~e s~~(f,~8e ~fb~·h~1;~~l\1:1c~~~~ 1;1~~8 o~~\~ ~~~!u~h~ ~:1~0~~~1fa~~!~ 
~?i~/11~<l~~~~ i 11~dl ~~0~1t1:~~i~·~1W~gt3~.i~le~t~~t~r~~~er,1~~1~~ 1~~t~~~j~1i 1~\; ti~~ 1~~,~~~~;~1,a~~s~Srtl~·~~t;e 
mere!_\· the cutaneous portion of the wound. luemorrhage occurs into the cavitv of the mouth. 

~l:~illt~~~;~~.~h;~~~~,' !~st~~~~ ~.~~~J~ell!~sr~l;t.~J~~~f t~~c i:~~~~il~~·a:~~i~··~fot~~c ~~it~:yi~1~~~~d~l~~ 
its na!<al ~ule. In opcratm!!'. for fi~tula lachrymahs the sac should always be opened on its outer 
side. iu order that thi~ vc,.~el may Le ;.woided 

The Occipital Artery (Fig. 3-!9) arises from the posterior part of the external 
ca~o.ti<l_, ~Jppositc the facial near.the lower margin of the Digastric muscle. At its 
or1gm 1t 1s <:o,·rred by the poster10r bell.\· of the Di gastric and Stylo-hyoi<l muscles., 
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and the hypoglossal nen·e winds around it from behind forward; higher up, it 
pa~sc~ across t?e internal carotid artery, the internal jugular min, and the pneumo
gastnc and spinal accessory nenes: 1t then ascends to the intenal between the 
trans,·crse process of the atlas and the mastoi(l process of the temporal bone, and 
passes horizontally backwanl, grooving the surface of the latter bone. bcinO' covered 
by the Sterno-mastoid, ~plenius, Trachelo-mastoid, an<l Digastric mus~les, and 
resting upon the Rcctus lateralis, the Superior oblique, and Com plexus muscles; 
it then changes its course and passes ' 'ertica1ly upward, pierces the fascia which 
connects the cranial attachment of the ~Prapezius with the Stemo-mastoid, and 
ascends in a tortuous course ornr the occiput, as high as the vertex, where it 
di,·iclcs into numerous branches. It is accompanied in the latter part of its course 
by the great occipital and a cutaneous filament from the suboccipital nerve. 

The branches gi\·en off from this vessel are-

1\Iuscular. Auricular. 
Sterno-mastoid. Meningeal. 

Arteria Priuceps Cervicis. 

The Muscular branches supply the Digast1-ic, Stylo-hyoid, Splenius, and 
Trachelo-mastoid muscles. 

'rhe sterno-mastoid is a large and constant branch, generally arising from the 
artery close to its commencement. It first passes upward and backward, and 
then turns downward over the hypoglossal nel'\'c, and enters the substance of the 
muscle, frequently in company with the spinal accessory nerve. 

'rhe auricular branch supplies the back pa.rt of the eoncha. It frequentl.v 
gi,·es off a. branch, which enters the skull through the mastoid foramen and 
supplies the dura mater. 

The meningeal branch ascends with the in ternal jugular vein, and enters the 
skull through the forameu lacerum posterius, to supply the dura mater in the 
posterior fossa. 

1'be arteria. princeps cervicis (Fig. 352) is a la.rge branch which descends 
along the back part of the neck a.nd divides iuto a. superficial and deep branch. 
The former runs beneath the Splenius, g il'iag off branches which perforate that 
muscle to supply the Trapezius which anastomose with the superficia l cervical 
artery, a branch of the transversalis colli : the latter passes beneath the Com
plcxus between it and the Semispinal is colli and anastomoses with branches from 
the vertebral and with the deep cervical artery, a branch of the superior inter
co~t:tl. 'l1he anastomosis between these ''essels serves mainly to establish the col
lateral circulation after ligature of the carotid or subchl.\·ian ·artery. 

The cranial branches of the occipital artery are distributed upon the occiput; 
they are very tortuous, and lie between the integument and Occipito-frontalis, 
anastomosing with the artery of the opposite side, the posterior auricular and 
temporal arteries. 'l'hey supply the back pa.rt of the Occipito-frontalis muscle, 
the integument, and pericranium. 

The Posterior Auricular Artery (Fig. 349) is a small vessel which arises from 
the external carotid, above the Digastric and Stylo-hyoid muscles, opposite the 
apex of the styloicl process. It ascends, under cover of the paroticl gland, to the 
groom between the cartilage of the ear and the mastoi~ process, i_mmediatcly 
abo\'e which it divides into two branches: an anter ior, auncula.r, passmg forward 
to supply the back of the auricle and anastomose with the posterior d~vision of the 
temporal; and a posterior, mastoid, to the sca~p. above and be~imd the ea~, 
communicating with the occipital. Just before arr1,·1~g at th~ mastoid process this 
artcrr is crossed by the facial ncn-e, and has beneath 1t the spmal accessory nen-e. 

Besides se\'erai small branches to the Digast ric, Stylo-hyoid, and Sterno-mastoid 
muscles and to the paroticl gland, this vessel gives off three branches: 

Sty lo-mastoid. Auricular. ~Iastoid. 

The stylo-mastoid branch enters the stylo-mastoid foramen, and supplies the 
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tympanum. mastoid cells, :111<1 semicircular c·;_u1a1~. In the young- suhjc('t a branch 
fi·om this ,·cssel form:-, "ith the tympan ic branch from the intcl'Jlal maxillar,Y, a 
vascular circle, "hich surrounds the auditory .rncatus, and from "hich dclicat{· 
vessel!-1 ramifv on the mcmbrana. tympani. [t a.nastornoscs with tlic pctrosal 
braneh of the. middle meningeal arter.v by a. twig which enters the hiatus Fallopii. 

'l'hc auricular branch iR distributed to the back pa.rt of the cal'l ila~c of the ear. 
upon which it ramifies minutely. some branches curving round the margin of the 
fibro-cartilage, ochers perforating it, to supply its anterior surface. It anastomoses 
with the anterior auricu lar branches of the temporal. 

The mastoid branch passes backward. O\'er the Sterno-mastoid muscle, to the 
scalp above and behind tbe car. It supplies the posterior belly of the Occipito-fron
tali!-i muscle and the scalp in thissituation. ltanastomosesw1th the occipital artery. 

The Ascending Pharyngeal Artery (Fig. 352). the smallest bn111cb of the 
extcrnn.l carot id. is a. lon<r, s lender \'essel, dccpl\' seated in the neck, beneath the 
other branches of rhe ext~rna l carotid and tlie Stylo-pharyngcus muscle. It a.rises 
from the back part of the external carotid, near the commencement of that YC$SCI. 
and a:-:.cends \·ertically between the internal carotid an<l the side ~f the pharynx. ro 
the under s.urfacc of the ba~e of the sku ll , lying on the Hectl1::; ('ap11is amicus major. 
Its branches may be su·bdiYided into three sets: 

Prm•ertebral. Pharyngeal. :\feningcal. 

~'he prevertebral branches are numerous small ''essels which supply the Hecti 
capitis antici and Longus colli mu scles, the Rympathetic, bypoglossal, an(l 
pneumoga!'tric ne1Te~. ancl the lymphatic glands of the neck, anastomosing with 
the as('ending cen·ical artery. 

Th e pharyngeal branches are three or four in number. Two of these dcscellll 
to supply the mirldle and inferior Constrictors and the Stylo-pharyngeus, rami~ying 
in their substante and in the mucous membrane lining them. The larg~st of the 
pharyngeal branches pa~ses inward, running upon the 8uperior constrictor, and 
sends rnmifications to the sofl palate and tonsil, which take the place of the 
ascending palatine branch of the facial arter.v \\lien that vessel is of small size. 
A twig from this bmnch passes up the Eustachian tube to suppl.v the tympanum. 

'The meningeal branches consist of several small vessel~. which pass through 
foramina in the bal?-c of tbc skull, to supply the dura mater. One, the posterior 
meningeal. enters the cranium through the foramcn lacerum posterius: a second 
pa~ses through the fonunen lacerum medium: and occasionally a third through 
the anterior condyloicl fon.tmen. Tbey are all <listributed to the dura mater. 

Surgical Anatomy.-'J'hc ascending pharyngeal artery has been wounded from the throat, 
h~:;~o:·~·1l~a~~~e in which the i:;tem of a toba<.:co-pipc was drinn into the \'Ci-i!:icl. causing fatal 

The Superficial Temporal Artery (Fig. 3-10), tbe smaller of the two terminal 
branches of the externa l earoticl. appears, from its direction, to be the continu
ation of tba.c Ye:-:.sel. It commences in the substance of the parotid g-lan<I. in the 
intcrspaee between the neck of the condyle of the lower jaw ·rnd the external 
meatus, crosses o,·er the posterior root of the z,,·goma, pas.scs beneath tbe Attra
hen~ aurem muscle, and divides, about two inches abo,·e the zygomatic arcb, into 
two branches, an anterior and a posterior. 

The ~nterior temporal in?line~ for.ward. over. the forehead, su pplying tbe 
muscles, 111tegument, and pericrarnum 111 this regwn, and anastomoses with the 
supra-ol'bital an<l frontal arteries. 

The posterior temporal, larger than the anterior, cun·es upward and back\\anl 
along the side of the head, lying superficial to the temporal fa~cia. and inoscula~s 
with .its fellow of the opposite side, and "itb the posterior auricuhu and occipital 
artenes 

'!'he superficial temporal artery, as it cro~ses the zygoma, is curnrecl by tlit! 
~~trahcns aurem mustle an1l by a dense ~a~('itl ~iven off from the parotitl ~land: 
lt IR al~o usually croi-:sctl by one or t\\o \'('111" a111l uccompanie(l h_v branches of the 
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facial and auriculo-tcmporal nenes. Besides some twigs to the parotid gland, the 
articulation of the jaw, and the )Iasseter musc:le

1 
its branches are-the 

'l1rans,·crse Facial. :\[iddle Temporal. 
Anterior .Auricular. 

The transverse facial is gi,·en off from the temporal before that ,-essel quits 
the parotid gland; running forward through its substance, it passes trans,·erselr 
a~r?~s the face, _bctw~en St~nso!i's duct an<l the lower border of the zygoma, an(I 
d1rnlcs on the Ride of the face into numerous branches, "hi ch supply the parotid 
gland, the )las:;ctcr muscle and the integument, anastomo:;inrr with the facial, 
nrn~setcric1 an(} infn1-orbital a1·teries. 'rhis vessel rests on th~ l\Iassetcr, and is 
accompnniccl h\· one or two branches of the facial ne1Te. [t is somet imes a branch 
of the external caroti rl. 

pcr;~t~~t i~~d~~: ~~~~)~~~~l ~~t~:~;, a~~,~~;1/~~ 1~~~ i ~~t:,;;·P~~~l\·~n ~1~~12·~~:s~~\~ :~;~1~' ~·~~ 
rhc deep temporal brnnches of the internal maxi llary . It occasionally gives off 
an orbital branch, wbich runs along the upper bo1:dcr of the z_ygorlla, between 
the two layer~ of the temporal fascia, to the outer angle of the orbit. This 
branch supplie~ the Orbicularis palpebrrnum, and anastomoses wirh the lachrymal 
and palpebral brnnches of rhe ophthalmic artery. 

The anterior auricular branches are diE:tributcd to the anterior portion of the 
pinn:l, the lobu le, and part of the external mcatus, auastomosing with branches 
of the posterior auricular. 

Surgical Anatomy.- I t O<.:<'asionally happens that the sur,rrcon is <'ailed upon to perform 

~J.:fi\~:f:i:}iI'.
1

~!1:t2t.·:;~~~;t;~~'.'..'?,~~J~~n.r,~;;i~;·'~i~!§:ii'.~~,~f:~:::~~r,f.1~~~~,'.i~:i~f.g$;i~' 
poro\ ncn·c:s. Blcedin!! should not be performed in this situation, m:; mu<:h difficulty may arise 

~~~~1~\.1Jl3~~~~~;t~f ~J!l~i~li)~~~f~1 
The Internal Maxillary (Fig. 3.30), the 1argel' of the two terminal branches of 

the external carotid, pa~!'iCs in\\'ard , at rigla anp;les from that \·essel. to the inner 
::-idc of the neck of the comlylc of the lower jaw, to Rnpply the deep structures of 
rhe face. .\t its origin it is imbechled in the Rnbl'tanc:c of the parotid gland. 
bein~ on a lc\·el with the lower extrem ity of the lobule of the ear. 

In the first part of its course (ma.rillar.IJ J'Or(ion) the artery pa~:;;cs horizontally 
forwa.rd and inward. between the ramus of the jaw and the internal lateral lig
ament. Th e artcr,\' here lies parallel with the auriculo-tcmporal nf•n·e; it cro~ses 
the inferior flC'ntal ncnc, and lies along the lower borcler of the External 
pterygoi1l mu!-'cle. 

In the second part of its course (pt1·t,i;qr1id }Jorti1111) it runs obliquely forward 
and upward upon the outer surface of the External ptcrygoid muscle, being 
covered by the ramns of the lower jaw aud lower pa.rt of the Temporal muscle. 

In the third part of its course (·•pltcno-ma.rillar.~ portion) it approaches the 
superior maxillary bone, and enters the Rpheno·maxillary fossa. in the interval 
between the two heads of the External ptcrygoid, where it lies in relation wirh 
~Iecke l's ganglion , and gi,·es off its terminal branches. 

;;~;;~!~1,t.1:i~r:1:1:~~~r.!;~;:,7f,t•£~r~~?i:;;;~1::t~:~:t~\iY1~~·£~~~~;;.~~~~?:~~:~r~~~:~~~l~~~~~ 
beneath the l~xtcrnal ptery!roid by perforarin!r the middle of' that mu&:lc. 

The branchc~ of this ,.e~sel may be 1lividcd into three groups, corresponding 
with its three 1lirision~. 
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B1uxcrrn~ OF THE Fm.RT OR ~L\. x.1LL.\HY Pon-rroN OF TllE bTEHN.\L l\L\x

rr.r..1nr (Fig. 351). 

T.vmpani" (anterior). Sm.a ll )feningeal. 
Mi<l<llc )leningeal. ln fcnor Dental. 

The tympanic branch passes upward behind the articulation of the lower jaw, 
rnters the tympanum through the Glascrian fis~urc. and ra mifies upon the mcm-

.1"10.3.'!0 - T heinterna!maxi llnryartery,und its bru nches. 

Middle Meningeal. 
Me11i11geaParr:a. 

1'ymptrnic. 

J11ferfo1·De11tal. 

brana. t~·mpani, forming a vascular circle arou nd th e membrane with the stylo
mastoid artery, and anastomosing with the Vidian and the tympauic branch from 
the internal caroti<l. It gives off a branch (deep aurirn/ar) to the external meatus, 
suppl yin~ its linin~ and the outer surface of the mcmbrana tympani. 

'rhe middle meningeal is the largest of the branches which supply the clura 
mater. I t arises from th e internal maxillary, between the internal lateral liga
ment and the neck of the jaw, and passes vertically upward between the two 
roots of the a.uri culo-temporal ner ve to the foramcn spinorrn m of the spbenoid 
bone. On ente ring the cran ium it di,·ides into two branches, anterior and poste
rior. The ante1·io1· branch, the larger, crosses the great ala. of the sphenoicl, and 
reaches the ~roo\·e, or canal, in the anterior inferior angle of the parietal bone : 
it then <li\·ides into branches which spread out between the dura mater and internal 
surface of the cranium. some passing upward o,·cr the parietal bone as far as the 
,·ertex. and others backward to the occipital bone. 'l'he pofflerior branch cro!?-ses 
the s11uamous portion of the temporal, an<l. on the inner surface of the pa.r;etal 
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born .. • cli\·ides into hranchcs which supply the po~terior pa.rt of the clura mater and 
c·raniurn. 'I1hc brnnc:lu.•$ of this Yessel arc <lii-;tributc<l partly to the <lura mater, 
but cbiefl,Y to the bones; they anastomosc '' ith the arteries of the opposite side, 
and with the anterior anU posterior meningeal. 

The middle meningeal on entering the cranium give5i off the following collat
eral branches: 1. X umerous small ,·c~scls to the ganglion of the fifth nene and 
to the dum mater in this situation; 2 ... \.. branch (petro~al branrl1). which enters 
the hiatn~ Fallopii, supplies the facial nerve, and anastomoses with the stylo
mastoid branch of the posterior auricular artery; 3. Orbital branches, which pass 
through the sphenoi<lal fissure or through separa.te cana l::; in the great wing of the 
sphenoicl to anastornosc with the lachrymal or other Lrnnches of the ophthalm ic 
arter,Y; 4. 'l'cmpornl branches, which pass through foramin:t in the great wing of 
the sphcnoid1 and anastomose in the temporal f'ossa with the deep temporal arteries. 

ance~~:f ;~~!/J!~~1J~~s;-;;·7:,'l~~~1c~-~!e of!1~1~~11 ~~::~ p~r;ln i·~1~!~:r0~.f tf~11:tc~3e~~;d s~J~;i;~J;.~~ v~::; 
be followed by considcr<lble ha:::morrha~e between tllC Lone and clum mater. wh ich may cause 
comprc~ion of the brain and require the operation of trephininA" for its relief'. This artery 
cro~ses the amerior inforior anule of the parietal bone at a. point I~ inc-hes behind the external 

;i~J.:fi~~1i'r~;,~; :~.~{~:L~::~~D~A:~· ~~~t~;:~:::, :~.~~1,~::;:;r~~::,~~£~:~i~~:k~,:.~ i:1~i1\:ri 
squamous portion of the temporal bone. In order to expose the artery as it lies in the canal in 

;~:i~~E~:\i~~,;1:>~~·;:,·~1,~;·~~:~Egif~~~~~1~~~~;;-~~~·~~;:~;~~l~;~,~~~1.,;~~~~~~;:;~~;ifa~;:fJ~ 
and ncn·e:s; (3) the fascia continued clown from the apommrosis of the Oceipito·frontalis: (-l) 
the two layers of the temporal fascia; (5) the temporal muscle i (6 ) the deep temporal yessels i 
(7) the pericranium; and (8) the bone. 

The small meningeal is somet imes <lcri ,·e<l from the prece<ling. It enters the 
skull through the foramen O\'ale. and supplies the Ga!'l'erian ganglion and clura .. 
mater. Before entering the cranium it g ives off a branch to the nasal fossa 1 soft 
palate, and tonsil. 

rr he inferior dental descends with the dental nerve to the foramen on the inner 
side of the ramus of the jaw. I t runs a long the dental c.:anal in the substance 
of the hone, accompan ied by the norm, and opposite the first bicuspid tooth diYides 
into two branches, incisor and mental; the former is continued fo rward beneath 
the incisor teeth JlS far as rbe symphysis, where it anastomoses with the artery of 
the opposite side; the mental branch escapes with the ncne at the mental fora men, 
supplies the structures com p 1~ing the chin, and anastomoses with the submental. 
inferior labial, and inferior coronary arteries. As tLe dental artery enters the 

!~1J~:!i~c:i~·,~:s t~~ ~~:::~i~o:~fi.~~!c O~t;n:~i~ ~~~.~:-h1~~~~~ i:~~1~~le1.nyl,J.bhe"oj~nE~~o~:1~ 
incisor arteries during their course through the st;bstance of 1he bone gi'"e off a 

~::~·,.~~,~~~dwi~1ic~1u~·~e11~~~ it~et~·~o~:noctl:~~8te~:~t~e,t~~~~ :n~:·;~etlie0f~t~:~~~~~~e;:~::~ 
at the extremities of the fangs and s upply the pulp of the teeth. 

BR.\NC JI ES OF THE SECOXD OR PTERYOOID PORTJO)l OF lNTERN.\I, l\IAXfLLAR\. 

Deep 'r emporal. l\ Ja::;sctcric. 
Pte rygoid. Buccal. 

T hese branches are distr ibuted, as thei r names imply, to the muscles in the 
maxillary rcO"ion. 

The 'deep~temporal arteries. two in number, anterior and posterior, each oceup_y 
tb.tt part of the temporal fossa. indicated by its nnme. Ascending between 
the Temporal muscle and peri_cranium, the~: suppl,v that muscle. an~l ana~tomose 
with the other temporal arteries, the anterior branch tommu111cat111g with the 
lachrymal through small branches which perforate the malar bone and great wing 
of the spbenoid. 

36 
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'J'he pterygoid branches, irregular in their number and origin, supply the 
Pterygoi<l mnsC'les. . . . 

'11hc masseteric if-I a small branch which pa8scs 011t,,ar<l1 a.bo,·c the s1gmo1d 
notch of the lo" er jaw, to the deep surface of the Massetcr. It supplies that 
muscle, and :rnastornoses with the massctcric branches of the facial and with the 
tranS\'Cr:-:se facial artcn·. 

The buccal is a. sma'JI branch which runs obliquely forward between the Internal 
pter.ygoid and the ramus of the ja.w, to the outer surface of. the Buccinator, to 
which it is distributed, anastomosing with branches of the facial artery. 

BRANCllgS OF T HE 'flllRD OR SPlll.;NO-MAX [LLAHY PORTION 01" INTERNAL 
~!AXILLARY . 

Alveolar. 
Infra-orbital. 
Posterior 01· Descending Palatine. 

Vidian. 
Pterygo-pa latin e. 
Naso- or Spheno-pala.tinc. 

The alveolar or posterior dental branch is gi"en off from the internal maxillary 
by a common branch with the infra-orbital, a n<l just as the trunk of the vessel is 
pfissing into the spheno-max illary fossa. Descending upon the tuberosity of the 
superior maxi llary bone, it didcles into numerous branches, some of which enter 
the posterior dental canals, to supply the molar and bicuspid teeth and the lining 
of the antrum, and others are continued forward on the ah-eolar process to supply 
the gums. 

The infra-orbital appears, from its direction, to be the cont inuati on of the trunk 
of the internal maxillary. I t arises from that vessel by a common trunk with the 
preceding branch, and runs along the infra-orbital canal with the superior maxil
lary nen·e, emerging upon the face at the infra-orbital foramcn, beneath the Levator 
labii supcrioris. \\'hilst contained in the canal , it g ives off brnnches which ascend 
into the orbit , and supply the Inferior rectus and lnfel'ior oblique muscles and the 
l~cb rymal g land. Other branches (ct11ie1"io1· dented) descend through canals in 
the bone to supply the mucous membrane of the antrum and the front teeth of 
the upper jaw. On the face some branches pass inwa.rd toward th e nose, anasto
mosing with the angular branch of the facial artery and nasal branch of the 
ophthalmic; and other branches descend beneath the Lenitor lab ii superioris and 
anastomosc wilh the transverse facial and buccal branches. 

'l1he four remaining branches ar ise from that portion of the ill ternal maxillary 
which is contained in the spheno-maxi llary fossa. 

The descending palatine passes clown the posterior palatine canal with the 
anterior palatine branch of Mcckel's ganglion, and, emerging from the posterior 
palatine fora.men, runs forward in a groo,·e on the inner side of the alveolar border 
of the ban.I palate to the anterior palatine canal, where the terminal branch of the 
artery passes upward through the foramen of Stenson to anastomose with the 
naso-palatine artery. Its branches arc distributed to the gums, the mucous 
membrane of the bard palate, and the palatine glands. Whilst it is contained in 
the palatine canal it gives off branches, which descend in the accessory palatine 
canal.s to supply the soft palate and tonsi l. anastomosi ng with the ascending 
palatme arte ry. 

'fhe Vidian branch passes backward along the Vi<lian canal with the Vidian 
nen·c. It is distributed to the upper part of the pharynx and Eustachian tube, 
scncliug a. small branch in to the tympanum, whj_cb anastomoses with the anterior 
tympanic. 

The pterygo·palatine _is also a ,._cr.v small branch, wh ich passes backward 
through the ptcrygo-palatme canal with the pharyngeal nerve, and is distributed 
to the upper part of the pbar.V"nx arul Eustachian tube. 

The spheno-palatine passes through the spheno-palatine foramen into the 
<'a\·it~· of the nf)se, at Lhc back part of the superior meatus, and divides into two 
branrbc~: on<' internal, the no:.;.o-palatine or 81tJu·rior arlN!J of t/11• septum, passci; 
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obliquely downward and fo~ward along the septum nasi, supplies the mucous 
membrane\ an<l anastomoses Ill front with the terminal branch of the clescendinO' 
palatine. The ~xternal branches, two or three in number, supply the mucou~ 
membrane coverrng the lateral wall of the nose, the antrnm, and the ethmoid and 
sphenoi<l cells. 

SURGTCAL AXATO)lY OF THE TRTAXGLES OF THE NECK. 

'l1he stucl~nt having considered the. relative anatomy of the large arteries of the 
neck and then· branches 1 and the relations they bear to the veins and nerves, should 
now examine these structures collecti\·ely, as they present themselves in certain 
regions of the neck, in each of which important operations arn constantly being 
pcrforme<l. 

'rhe side of the neck presents a somewhat quadrila.tcrnl outline. limited, above, 
by the lower border of the body of the jaw, and an imaginary line extending from 
the angle of the jaw to the mastoid process; below, b.v the prominent upper border 
of the clavicle: in front, by the median line of the neck; behind. by the anterior 
margin of the Trapezius muscle. This space is subdivided into two large triangles 
by the Sterno-mastoid muscle, which passes obliquely across the neck, from the 
sternum and c}a,·icle below to the mastoid process above. The triangular space 
in front of this muscle is called the anterior triangle; and that behind it, the 
posterior triangle. 

ANTERIOR TRIANG!,E OF THE NECK. 

'fhe anterior triangle is bounded, in front, by a line extending from the chin 
to the sternum; behind, by the anterior margin of the Sterno-mastoid; its base, 
directe<l upward, is formed by the lower border of the bod.v of the jaw and a line 
extending from the angle of the jaw to the mastoid process; its apex is below, at 
the sternum. This space is subdivided into three sma11er triangles by the Di gastric 
muscle abo1·e and the anterior belly of the Omo-hyoid below. These smaller 
triangles are named, from below upward, the inferior carotid, the superior carotid, 
and the submaxillary triangle. 

'L'he Inferior Carotid Triangle is bounded, in front, by the median line of the 
neck; behind, by the anterior margin of the Sterno-mastoid; above, by the anterior 
belly of the Omo-byoid; an<l is covered b.\· the integument, superficial fascia, 
Platysma, and deep fascia. ramifying between which is the descending branch of 
the superficialis colli nene. Benea.th these superficial structures are the Sterno
hyoid and Sterno-thyroid muscles, which. together with the anterior margin of 
the Sterno-mastoid, conceal the lower part of the common carotid artery! 

'l1his vessel is enclosed within its ~heath, together with the internal jugular 
Yein and pncumogastric nerve; the vein lying on the outer side of the artery on 
the right side of the neck. but o,·erlapping it, or pasi:;ing directly across it on the 

~e::h~icl~;l t~~~~1te 1~~e tl~·~i~\::t~\·=~: a1;e~r ~;~~:~~1t~nddes'~~i~di~~ ti.o~at~~ l~~~~e~;o:~~~ 
munication between the descendens and communicans hypoglossi; behind the sheath 
are seen the inferior thyroid artery, the recurrent laryngeal nene, and the sym
pathetic nc1Te; anil on its inner side, the trachea, the thyroid gland-much more 
prominent in the fomale than in the male-and the lower part of the larynx. By cut
ting into the upper part o! this. space and sli~htly displacing the Ster~10-mastoid 
muscle the common carotid artery may be ued below the Omo-byo1d. muscle. 

The floor of the inferior car-otid trian~lc is formed by the Longus coll1 muscle 
below, by the Scalenus anticus above (see Fig. 284, page 424), between which 

ta in~?~~e:i~f~~~i~1\~k,1~i~~z~ s~;,~~~ a:~~T~~~rl!,\ti 7~e;~~~r~~:~~:~:l~.i~li 1:n~~s~1~1~~·~ ;;;\:1 7o :1~.ah~11~1~~:~ 
1he anterior border of that musdl', which form,; the po~terior border of the triangle. But as the~· lie 

;:~~11i'!J~~ ~~m1~:~~t:l:~ uo~r=~~~~h o~ r~11r:a :ll~·rt co~;t~\~cda:;~r~1,1 ~t \~!:'~~~~d~~;·~ili:nr::~~~dy i~1;! 
relation.., of all tlu.''"c parh together. 
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mu~clc~ the ,·ertebral artrrv ancl ,·cin will he found pm1~in~ into the foramen in the 
sixth transnr~r prnecs~: <l. ~mall portion of the origin of th(' Hcctu8 ca.pi tis anticus 
major m:n also ht' seen in the floor of the space. 

The Superior Carotid Triangle is bouncle1l, heh ind. by the ~tcrno-mastoirl: 
bel<I\\. hy the anterior belly of the Orno-hyoid: ancl a.hove, by the posterior belly 
of the Digastric urnscle. It is co,·eretl by the integument, superficial fasc!a. 
Platysma, and deep foscia1 rami~ving between "hich a.re branches of the fac~al 
an<l i'iHpcrficiali:; colli ucn·es. Its floor iR formed by pa.rts of the TLyro-hyoHL 
llyo-glosi~11s, and the inferior and middle Constrictor mui::.cles of the J1harynx. 
~I.1his spa.cc contains the upper part of the common carotid nrtcry, "hicb hif'urcatcs 
opposite the upper border of the th_vroid cartilage into the external nnd intcmal 
carotid. 'Phe::;c ,·essels are occasionallv somew hat concenlecl from view by the 
anterior margin of the Sterno.mastoid m{1scle, which overla.p::; them. 'l'h~ external 
and intemal carotids li e side bv side, the external being the more antenor of Lhe 

!;:·(~~c: 'l:t~ f~lt:~~-,'.;~~. b~::~~~~t O~·ut::ine~t~~~~~.l~u~~r~~~(:I :u~fo,~~:~~,~a~~lc;t ~'~~h 1:~g~1~i1: 
directly forward; the facial, fol'ward and upward; the occipital, hack ward; 
and thC ascending pharyngeal directly upward on the inner s ide of the internal 
caroti<l. The ,·cins met with are: the internal jugular. which lies on the outer 
side of the common and internal carotid arteries. and ,·cin~ corresponding to the 
abo,-e·mcntioncd branches of the external carotid-,·iz. the superior thyroid, the 
lingual. facial, ascending pharyngeal, an<l sometimes the occip itnl,-a l1 of which 
accompany their corresponding arteries and terminate in the internal jugular. 
The ncne~ in thi~ space are the following: In front of the sheath of the common 
carotid is the dcscendem:. hypoglossi. The hypoglm~sal nene crosses both carotids 
aLovc, cuning round the occipital artery at its origin. \\'it bin the sheath, between 
the artery an<l Yein, and behind both, is the pneumogastric nerve~ behind the 
sheath, the sympathetic. On the outer s ide of the ve~scls the spinal accc~sory 
none run8 for a short distance before it pierces the Stcrno·mastoid muscle: and 
on the inner side of tbe external carotid, just below the hyoid bone, ma.y be seen 
the superior l:uyngea.l nerve; and, st ill more inf'criod.v, the external laryngeal 
nene. 'L1he upper part of the larynx and lower part of the pharynx are also found 
in the front part of thi::i space. 

The Submaxillary Triangle corresponds to the part of the neck immediately 
benc&th the body of the jaw. It is bounded. abo,•e, b.'' the lower border of the 
body of the jaw and a line drawn from its angle to the mastoid process; below, 
by the posterior bell.v of the Digastric and Stylo-hyoicl muscles; in front, by the 
anterior belly of the Diga.stric. It is covered by tLe integument, superficial fascia, 
Platysma, an<l deep fa~cia, ramifying between which a.re branches of the facial and 
ascending filaments of the superficial cen1 ical nerves. Its floor is formed by the 
anterior bell.v of the Digastric, the )lylo-hyoid, an'l the JI_yo·gl o~sus muscles. This 
space contains. in front, the submaxi llar.v gland. irnbcdded in the substance of 
which arc the facial artery and vein and their glandular branches; beneath this 
gland, on lhe surface of the )lylo·hyoid muscle, are the submcntal artery and the 
myJo.hyoid artery and nene. The back part of this space is separated from the 
front p_art b~· the stylo·maxilla.ry ligament : it contains the external carotid artery, 
aseendtng deep!,,· in the substance of the ·parotid gland: this vessel here lies in 
front ?f. <llld. ~up.erficial to, the intern~l caro~id, being crossed by the facial nerve. 
and gives ofl Ill its course the posterior auricular, temporal, and internal maxil'
lary branches: more. deeply arc the internal carotid, the internal jugular vein, 
and the pneumogastnc nerve, separated from the external ca.rotid by the Stylo· 
glossus and St:vlo·pharyngeus muscles antl the glosso·pharyngcal nerve.t 

~:·.~:5:;~~;}i~%~;·ii:~~~1~~\.~:~~~~di~;·~~~~1~·;L~~2\:~·b~;~~ii'1l~:·'..~~;r,:h~t~i:~f;:~::1i~ 
mmd their clO!"e rela11on to the parot1d gland and ll" boundaries 'on account of the frequency of sur· 
gical operations on thi.., gland, all these parti; are spoken of to~rether 
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Po~TER101-t TRL\XGLE OF 'fl!E XLctL 

'rbe posterior triangle is bounded, in front, bv the Sterno-mastoid muscle· 
behind, b.'' the anterior margin of the 'rrapczius'; its base corresponds to th~ 
upper bor_<ler of the claYicle_; its apex, to the occiput. ~11hc space is crossed, 
about an mch above the clancle, by the posterior belly of the Omo-hyoid. which 
<ln·11lcs It uncquall~· into two. an upper or occipital and a lower or subcla\·.ian 
rriant,£le. 

'11hc Occipital, the larger of the two posterior trianrrles, is bounded, in front, 
by the t>terno-ma.stoid; behind. by the Trapezius; belo~, by the Omo-hyoid. Its 
Aoor 1s formed from_ above downward by the Splcnius cap_itis, LCYator anguli 
~capu lm, and the m1d<l le and posterior Scalcni muscles. lt is covered by the 
integument, the Platysrna below, the superficial nnd dcrp f'ascirc; the spinal acces
sory nen-e is directed obliquel.v across the space from the Sterno-mastoid, 
which it pierces, to the un<ler surface of the Trapezius; below, the descending 
branches of the cen·ical plexus and the transversalis colli artery and vein cross 

~~1~io~_P~~~~lerAofc~~~1 St~1~~~~1~1~~~~~<l~~~:~~s t\~ea~~~1s~~l;3dp11·~~~~~nfo ~~~11~oo\b~fpt~s~ 
neck . 

'l1he Subclavian, the smaller of the two posterior triangles, is bounded. abo,·e, 
bv the posterior bellr of the Omo-hvoid; below, bv the clavicle, its base, <lirected 
f0rward, being formCd by the Srer~o-mastoid. Tbe size of the subclavian trian
~lc varies according to the extent of attachment of the cla\'icular portion of the 
~terno-mastoid and 'rrapezius muscles, and also according to the height at which 
the Omo-hyoi<l crosses the neck abo,,e the clavicle. lts height also varies much 
according to the position of the arm, being much diminished b.v raising the limb, 
on account of the ascent of the clav icle. and increased b,V drawing the arm flown
ward. when that bone is depressed. This space is co,·ered by the integument, 
superficial and deep fascire, and crossed b.Y the descending branches of the cen-ical 
plex us. Just above the level of the clavicle the third portion of the subclavian 
artery curves outward and downward from the outer margin of the Scalenus 
anticus, across the first rib, to the axi lla. Sometimes this vessel rises as high as 
an inch and a half n.bove the clavicle, or to an.'· po int intermediate between this 
an<I its usual level. Occasionally, it passes in front of the Scalcnus anticus or 
pierces the fibres of that muscle. The subcla,·ian vein lies behind the claYicle, 
and is usually not seen in this space; but it occasionally rises as high up as the 
artery, and has e,·en been seen to pass with that vessel behind the Scalenus 
anticus. The brachial plexus of nenes li es abo"e the artery, and in close contact 
with it. Passing transversely across the cla\'icular margin of the space are the 
suprascapular vc~sels, and traversing its upper angle in the same direction. the 
trans,·ersalis colli artery and ,·ein. The external jugular ,·ein runs "ertically 
downward behind the posterior border of the Sterno·mastoid, to terminate in the 
subcla\'ian m in; it receiYes the transverse ccHical and suprascapular Yeim;, which 
occasional))· form a plexus in front of the artery, and a small ,·ein which crosses 
the cJa,·icle from the cephalic. The small nel've to the S ubclavi us muscle also 
cro<Ses this triangle about its middle. A lymphatic gland is also found in the 
space. Its floor is formed by the first rib with tbe first digitation of the Rerratus 
magnus. 

The Internai' Carotid Artery. 
'l'he internal carotid artery supplies the ailterior part of the brain, the eye, 

and its appendages, and sends branches to t~e forehead_ and nos~. _It~ size in 
the adult is equal to that of the external earot1d, though m the chtld 1t is larger 
than that ''essel. It is remarkable for the number of curvatures that 1t presents 
in different parts of its course. In its cervical portion it occasionally presents 
one or two flexures near the base of the skull. whilst through the rest of its extent 
it describes a double cunature which re~embles the italic letter If placed horizon
tally . These cun'atures most probably diminish the velocity of the current of 
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blood, by increasing the extent of surface o,·er \\ hich it move~ and adding to the 
amount of impediment produced from friction. 

In con~idering the course and relations of this 'rcssel it may be conveniently 
di,·idcd into four portions: a cervical, petrous. ca.vernous, nnd cerebral. 

Cervical Portion.-'l'his portion of the internal carotid commences at the bifur
cation nf the common carotid, opposite the upper border of the thyroid cartilage, 
and runs perpendicularly upward, in front of the transverse processes of the three 
upper cenical vertebrre, to the carotid cana.l in the petrous portion of the temporal 
bone. It is superficial at its commencement, being contained in the superior 
carotid triangle. and lying on the same Je,·el as the external carotid, but behind 
that artc,.y ove rlapped by the Sterno-mastoid and cove,.ed by the deep fascia. 
Pla.tysrna, and integument: it then passes beneath the parotid gland, being crossed 
by the hypoglossa.J nel'vc, the Digastric and Stylo-hyoid muscles, and the external 
carotid and occipital a.rteries. Higher up, it is separated from the externa.l carotid 
by the Stylo-glossus and Stylo·pharyngeus muscleR, the glosso-pharyngeal nerYe, 
and pharyngeal branch of the pnenmogastric. It is in rcla.tion, behind, with the 
Hectus capitis anticus mt~jor, the supcriol' cervical ganglion of the sympa.thetic, 
a111l superior laryngeal nerve; externally, with the internal jugular Yein and pneu
mogastric ncrrc; internally, with the pharynx, tonsil, the superior huyngeal nerve, 
and ascending pha.ryngeal artery. . 

Petrous Portion.-\\.hen the internal carotid artery enters the canal in the 
petrous portion of the temporal bone, it first ascends a Short distance. then curves 
forward and inward, and again ascends as it leave:S the canal to enter the cavity 
of the skull. In this canal the artery lies a.t first anterior to the tympanum. from 
which it is Reparatcd by a thin, bony lamella, which is cribriform in the ~roung 
subject. anrl often absorbed in old age. It is separated from the bony wall of the 
carotid canal by a prolongation of dura mater, and is sunoundcll by filaments of 
the carotid plexus. 

Cavernous Portion.-The internal carotid artery in this part of its course is 
situated between the laye rs of the dura mater forming the cavernous sinus, but 
covered by the lining membrane of the sinus. It at first ascends to the posterior 
clinoid process, then passes forward by the side of the body of the spbenoid bone. 
and again curves upward on the inner side of the anterior clinoid process, and 
perfomtes the dura mater forming the roof of the sinus. In this part of its course 
it is Sttrroundcd by filaments of the sympathetic nerve, aud has in relation with it 
externally the sixth nerve. 

Cerebra.I Portion.-lfaving perforated the dura mater on the inner side of the 
anterior clinoid process, the internal carotid enters the inner extremity of the 
fissure of S~·h·ius, where it gives off its terminal or cerebral branches. This 
portion of the artery has the optic nerve on its inner side, and the third nen-e 
externally. 

PLAN OF THE RELATIONS OF TllE INTERNAL CAROTID ARTERY IN THE NECK. 
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Peculiarities.-~
1he length o.f the in.ternal carotid varies according to the lenp:th of the 

neck, and also accord mg to tlie pomt of bifurcation of the common carotid. Its origin some-

Fm. 352.-Theinternal carotid and vertebral arteries Right side. 

times takes place from the arch of the aorta; in such rare instances this ,·essel has been found 

to be placed nearer the middle line of the neck than the external carotid, as far upward as the 

larynx 1 when the latter vessel crossed the internal {'arotid. The course of the \•esscl, instead of 

being straight, may be very tortuous. A fow instances are recorded in which this vessel was 

altogether absent: in one of these the common carotid passed up the ne<·k 1 and gaye off the 

usual branches of the external carotic1 1 the cranial portion of the internal carotid being replaced 

by two branches of the internal maxillary, which entered the skull tbrough the foramcn rotundum 

and ovale and joined to form a sin!!lc \'CS."<'I. 
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vc:-.:-<c\ abo,·e and below. The incision for li!!'ature of the cervical portion of' lhc internal carotid 
shoul<l be made alon~ the anterior border of the Stcruo-mastoid, from the an!!lt• of' the jaw to 
the upper border of the thyroid cartilage. The 1Supcrficial structure.-; J;cin_~ lli\'i<le<l and the 
8terno-ma~toid defined and drawn outward. the cellular ti!:isue must be carcf'ullr scpamted and 
the posterior belly of the Di~astrio and hypoglo .... ~rd ncn·e sought for a~ ,£rnidcs to the vc&sel. 
\\'lien the artery is found the external carot id should be drawn inward a nd the Digastric muscles 
upward, and the aneurism needle passed from withnul iuward. 

rl1hc branches gi,·en off from the internal carotid are-

F1·om the P etrous portion '1\mp:rnic (internal or deep). 
f .Arteri~ Receptaculi. 

From the Uai1ernous portion ). t~l~~~i~11~1~!~rnngeal. 

{

Anterior Cerebral. 

From the Cerebml portion ~~~~~~~0?•c~~~-~;111 ;cating. 
Anterior Choroid. 

The cervical portion of the internal carotid gi,·es off no branches. 
rrhe tympanic is a small branch which enters the cavity of the t,ympanum 

through a. minute foramen in the carotid canal, and anastomoses with the tympanic 
branch of the internal maxillary, and with the stdo-mastoid artcrv. 

rrbc arteri::e receptaculi a.re ~numerous smal l vessels, derived rrOm the internal 
carotid in the cavemous sinus ; they supply the pituitary body, the Gasserian 
ganglion, and the walls of the ca,·ernous and inferior petrosal sinuses. Some of 
these branches ana~tomosc with branches of the middle meningeal. 

~Pho anterior meningeal is a smal l branch which passes o,·er the lesser wing of 
the sphennid to su pply the c.lura mater of the anterior fossa; it anastomoses with 
the meningeal branch from the posterior cthmoidal artery. 

The Ophthalmic Artery a.rises from the internal carotid, just as that ve:::sel 
is emerging from the cM·ernous sinus, on the inner side of the anterior clinoid 
process. and enters the orbit through the optic foramen, below and on the outer 
side of the optic nerve. It then passes over the nerve to the inner wall of the 
orbit, and thence horizontally forward, beneath the lower border of the Superio1 
obliqu~ mt~s~lc, t? a point behi_nd the internal <lll~u1ar process of the frontal bone, 
where 1t d1v1des mto two tennma.l branches, the frontal and na!Wl. 

Branches.-The branches of this ,·essel may be diYided into an orbital group, 
which are distributed to the orbit and surrounding parts, and an ocular group, 
which supply the muscles and globe of the eye: 

01·bital Grnup. 
Lachrymal. 
Supra-orbital. 
Posterior Ethmoidal. 
Anterior Ethmoidal. 
PalpebraL 
Frontal. 
.Nasal. 

Ocular Group. 
Muscular. 
Anterior Ciliary . 
Short Ci liary. 
Long Ciliary. 
Arteria Centralis Retinoo. 

The l~chry~~l is the first and .one of the largest branches derived from the 
ophthalmic, ansmg close to the optic foramen: not unfre11uently it is given off 
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from the artery before it enters the orhit. It accompanies the lacl11·,rma] nene 
along the upper border of the External rcctus mu~cle. and is distributed to the 
lachrymal g land. Its terminal brancbcs, escaping from the gland, a re distributed 
to the e,veli<ls and conjunctiva, anastomosing with the palpebral arteries. The 
lachrymal ?'rtcry gi,·es off one or two 11utlar branches, one of which passes through 
a forameu Ill the malar bone, to reach the temporal fossa, and anastomoses with 
the deep temporal arteries; the other appears on the cheek ancl anastomoses with 

FIG. 353.-The ophthalmic artery and its branches, the roof of the orbit ha\•lng been remo,·ed. 

the trans,·erse facial. A branch is also sent backward through the sphenoidal 
fissure to the dura mater, which anastomoses with a branch of the middle menin
geal artery. 

Peculiarities.-The lachrymal artery is sometimes derived from one of tl1c anterior branches 
of the middle mening-eal artery. 

'fhe supra-orbital artery arises from the ophthalmic as tbat "esscl is crossing 
O\'CI' the optic nerve. .Ascending so as to arise abo,·c all the muscles of the orbit, 
it pa:;i:se~ forward, with the supra-orb ital nene, between the periosteum and 
Lerntor palpebrro; and. passing through the supra-orbital foramcn, di,,ides into a 
superficial and deep branch, which supply the integument, the muscles. and the 
pericranium of the forehead, anastomosing with the frontal, the anterior branch 
of the temporal, and the arter1· of the opposite side. This artery in the orbit 
supplies the Superior rcctus and the L c,·ator palpebrro, and sends a branch 
inward, across the pulley of the Ruperior oblique muscle, to supply the parts at the 
inner canthus. At the supra-orbital foramen it frequently transmits a branch to 
the diploc. 

The ethmoidal branches are two in number-posterior and anterior. 'fhe 
former. which is the smaller, passes rhrnugh the posterior ethmoidal foramen, 
suppl ies the posterior rthmoidal cells. and. entering the cranium, gives off a. 
meningeal branch, which suppli es the ~1djacent dnra m;:i,te1-, and naRal branchP.s 
which descend int0 the nose through apertures in the cribriform plate, anasto--
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mosing with branchC's of Lhc spbeno-palatin~ . Th (' :~ntcrior cthmoidal .artery 
accompanies the na~al nen·e through the an tenor cthmo1clal forarnen, supplie:s the 
anterior cthmohlal cells and frontal sinuse~. and. enteri ng the cranium, gi\·es off 
a meningeal branch, which supplies the adjaccn~ dura m~te~·· and nasal branches, 
w bi ch dei:iccnd into the nose, th rough apertures 111 the cnbriform plate. 

rJ1he palpebral arteries, two in number, ~uperior and inferior, arise from the 
ophthalmic, opposite the pulley of the Superior oblique muscle: they leit1·e the 
orbit to encircle the eyelids near their free margin, forming a. superior and an 
inferior arch, which lie between the O rbicu laris muscle and tarsal plates; the 
superior palpcbral inoscula.ting at the ou ter angle of th e orbit wi th the orbital 
branch of the temporal artery, and with a branch from the la chrymal artery-the 
inferior palpebral inoscula.ting, at the outer angle of the orbit "itb a branch 
from the lachrymal and tn.rns,·erse facial arteries, and at the inucr s ide of the 
lid with a branch from the angu lar artery . F1·om this anastomos is a branch 
passes to the nasal duct, rami~ring in its mucous membrane, as far as the infe rior 
mea.tus. 

The frontal artery, one of rhe terminal branches of the ophthalmic, passes from 
the orbit a.cits inn er angle, and, ascending on the forehead. supplies the integument, 
muscles, and pcricraniurn, anastomosing with the supraorbi k1l artery and with the 
artery of the opposite side. 

'l 1bc nasal artery, the other terminal branch of the ophthalmic, emerges from 
the orb it abo,·e the tendo oculi , and. after giYiug a. branch to the upper part of 
the lachrvmal sac, divides in to two branches, one of which anastomoses with the 
angular t~rtc ry; the other, the dorsali~ nasi, runs along the dorsum of the nose, 
suppli es its entire surface. and anastomoses with the a n er.v of the opposite side. 

The ciliary arteries are divisiLle into three g roups, the short, the long, and ante· 
rior. The sl1ort ciliary arteries, from six to tweke in number, arise from the ophthal· 
mic or svme of its bnrnches; they surround the opt ic ncn·e as they pass forward 
to the posterior part of the eyeball, pierce th e sclerotic coa t around the entrance of 
the nerve, and supply the cbornid coat and ciliary processes. The long ciliary 
arteries, two in number, also pierce the poster ior part of the sclerotic, and run 
forward, along each side of the eyeball, between the sclerot ic and choroid, to the 
ciliary muscle, where they divide in to two branches; these form an arterial circle 
around the circumference of the iris. from which num erous radiating branches 
pass forward, in its substance, to its free margin, where they form a second arterial 
circle around its pupillary margin. 'The anterior ciliw:v arteries are derived from 
the muscular branches: they pierce the sclerotic a short distance from the cornea, 
and terminate in the great arterial circle of the iris. 

The arteria. centra.lis retin2 is one of the small est branches of the ophthalmic 
artery. l t arises from the ophthalmi c as that rnssel is a.bout to cross over the 
optic nene; it pierces the optic nene obliquely, and runs forward in the centre of 
its substance, and enters the globe of the eye through the porns opticus. Its mode 
of distribution will be described in the account of the anatom~· of the eye. 

'l'be muscular branches, two in number, superior and inferior, suppl y the mus. 
cles of the eyeball. Th e superior, the small er, often wanting, supplies t
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palpeb rc'C, Superior rectus. and Superi or oblique. rl1hc inferior, more constant in 
its existence, passes forward bet weer. the opti c nerve an<l I nforior rectus, and is 
distributed to the E xternal, Internal. and Inferior recti, an<l Inferior oblique. 
This ,·essel g i,·cs off most of the anterior ciliary arteries. 

The cerebral branches of the internal carotid a.re-the anterior cerebral , the 
middle cerebral , the posterior communi cating , and the anterior choroid. 

The anterior cerebral arises from the in te rnal cal'otid at the inn er extrem itv of 
the fissure of ~ylvius. It passes. forw~ird in the g reat longit udinal fissure bet,~·~en 
the two an tenor l ~bcs .of the bram. bemg conn_ectcd, soon after its origin, with the 
vessel of ~he opposite ~1d~ b_y a ~~ort a 1H18tomo~111g trunk, about two lines in length, 
t~e anttrwr commumcatmg.. Ihe two anterior cerebral arter ies. lying side by 
s1<le, curve round the anter10r border of tL.e corpus call osum, an<l run along its 
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upper .surface to its pos~erior part, ~vhere they terminate by anastomosing with the 
postenor cerebral artenes. In then· course they give off the following branches: 

Antero-median ganglionic. 
Anterior and Internal Frnutal. 

Middle and Internal Frontal. 
Posterior and Internal Frontal. 

rem~!~~.-The arteries of the base of the brain. The righ1. half of the cerebellu.m and pons have been 

N.ll.-lt will be noticed that in the illustration the two anterior cerebral arteries have been 
drawu at a considerable distance from each other: this makes the anterior communicating artery 
appear very much longer than it really is. 

The antero-median ganglionic is a group of small arteries which arise at th• 
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commencl'ment of the anterior cerebral arter.''; they pierce the anterior perforated 
space :uul l:.unina tincrca, and supply the bend of the caudate nucleus. 

The anfrriur and intanal frontal brwtt'lll'l1 supply the two in fer ior frontal 
con\'olutions. 'l'Lt' u1iddle and internal ,li"untal hranehes supply the corpus 
callo~um. the conrnlution of the corpus ca llosum, the inner surface of the first 
frontal conrnlution, and the upper part of the a~cending frontal con rnlu tion. The 
po.«tuio,. and internal.ftontal branche.'il. s upply the lob us quadratus. 

The anterior communicating artery i ~ a shor t br:.rnch, about two lines in 
length, but of moderate size, conn ecting together the two anterior cerebral 

arteries across the longitudinal fissure. Sometimes this vessel is wanting, the 
two arteries j oining together to form a single trunk, which afterward divides. Or 
the ,·cssel may be wholly or partially diYided into two; fret.1uently it is longer 
and small er than us ual. I t gi,·es off some of the antero-median ganglionic group 
of vessels, which a re, however, principally derh·ed from the anterior cerebral. 

The middle cerebral artery (Fig. 356), the largest branch of the internal car
otid, pa!iiscs obliquely outward along the fi ssure of Sylvius, and opposite the island 
of Rei l diddes into its terminal branches. The branches of the middle cerebral 
artery a re-

Antero-lateral Ganglionic. A scending Frontal. 
External and Inferior Frontal. Ascend ing Parietal. 

Parieto-sphenoidal. 

The antero-lateral ,qanglionie branches are a group of small arteries which 
arise at the commencement of the middl e cerebral artery; they pierce the ante
ri or perforated space and supply the greater part of the caudate nucleus, the len
ticular nucleus, the internal capsule, and a part of the optic thalamus. One 
arter,v of th is group, distributed to the lenticular nucleus, is of larger size than 
the rest, and is of special importance, a:; being the artery in the brain most fre
'1uently ruptured; it has been termed by Charcot the" O.rtery of cerebral luemor
rltau1•." 'J'he external and i1~feriorfrontal suppli es the third or inferior frontal 
conrnlution (Broca's con"olution). The ascending frontal supplies the ascending 
frontal convolution. The asrendin9 pan'dal suppli es the ascending parietal con-



TIIE BLOOD- VESSELS OF 7'IIE BRAf," .573 

volution. The parieto-sphenoidal supp1ies the superior temporo-sphenoidal con
voluti on and the angular gyrus. 

The posterior communicating artery arises from the back part of the internal 
carotid, runs directly backward, and anastomoses with the posterior cerebral. a 

Fm. 356.-The distribution of the middle cerebral nrtery. {Aner Charcot.) 

branch of the basi lar. This artery Yaries considerably in size, being sometimes 
small, and occasionally so large that the posterior cerebra l may be considered as 
:irising from the internal carotid rather than from the basilar. It is frequently 
larger on one side than on the other side. From the posterior ha.If of this vessel 
are gi\·en off a number of s1nall branches, the postero-median .9a11r;lionic branches, 
which, with simila r vessels from the posterior cerebral, pierce th e posterior perfo
rated space and supply the internal surfaces of the optic thalami and the walls of 
the thi1·d l'entricle. 

The anterior choroid is a small but constant branch whi ch arises from the 
ha.ck part of the internal carotid, near the posterior commun icating artery. 
Pa!'sing backward and outward, it enters the descending horn of the lateral ven
tricle beneath the edge of the middle lobe of the brai n. I t is distributed to the 
hippocampus major, corpus fimbriatum. velum interpositum, and choroid plexus. 

The Blood -vessels of the Brain. 

Recent investigations have tended to show that the mode of' distribution of 
the vessels of the brain has an important bearing upon a. consi<lera.ble number of 
the anatomical lesions of which this part of the nervous system may be the seat; 
it therefore becomes important to consider a li tt le more in detail the way in which 
the cerebral vessels are distributed. 

Tb e cerebral arteries are derived from the internal carotid and the \·ertebral, 
which at the base of the brain form a remarkable anastomosis known as the circle 
of Willis. I t is formed in front by the anterior ce rebral a rteries, branches of the 
{ntemal carotid, which are con neCted together by the anterior comm unicating; 
behind bv tbe two posterior cerebrals, branches of tbe basilar which are connected 
on each side with th e internal carotid by the posterior communicating (Fig. 354, 
p. 573). 'l'bc parts of the brain incluclerl within this arterial circle arn tbe lamina 
cinerea, the comm issure of the optic ner\'es, the infundibulum, the tuber cinereum, 
tbe corpora albi cantia, and the posterior perforated space. 

From tbe circle of Willis arise the three trunks which together supply each 
cerebral hemisphere. :From its anterior pa.rt proceed the two a nterior cerebrals, 
from its antero-latcral part the middle cerebral, and from its posterior part the 
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posterior c~rcbra ls. Each of these principal. arte ri es g i,·cs origi n to two ver.v 
1lifferunr systems of sccondan· n?-ssc ls. One of these sys tems bas been named the 
r·cntral ff'li1,<Jlionic t'/fRlnn, unci the ,·c:-sels bclongi_ng 10 it s~pply the centr?I ganglia 
of the brain; the other has been named the cortu:al arterutl B.!Jslem, and its \'essels 
rami(v in the pia. mater and supply the cort ex an_d. subjaccnt mcdull~ry matter. 
'l'hcse two sn~tems, though they ha,·e a common or1 g111, do not commun icate at any 
point of their peripheral ~istribution, 3:ncl arc en t irely independen~ of ea~h o~her. 
Thouah some of the arten es c•f the cortica l system approach, at their termma.t10ns, 
rhe r~gions supplied by the central ganglionic ~ys tem, no communicMion b~twecn 
Lhe two se ts of "esscls ta kes place, and there 1s between th e parts supplied by 
the twn systems a borderland of diminished nu t ritiYe a.ctivity1 where, it is said, 
softening · is es pecially liable '° occur in the brains of old people .. 

The Central Ganglionic System.-All the vessels belongmg to th is system arc 
gi"en off from the circle of Willis or from the vessels immed iately after their origin 

.>·Anteriorurebmfarlery. 

from it. so that if a circle is drawn at a distance of about an inch from the circle 
of Willis, it will include the origin of all the arteries belonging to this system (Fig. 
35i ). The 1·essels of this system form six principal groups: (I.) the antero-median 
group, dcri,·ed from the anterior cerebrals and anterior communicating; (II. ) the 
postero-median ,r;roup, from the posterior cerebrals and posterior communicating; 
(III.) the right and left antero-lateral grollp, from the middle cerebrals : and(l\'.) 
the right and left postero-lateral g1·ollp, from the posterior cerebrals, after thev ha-·e 
wound round the crura cerebr i. 'fhc vessels belonging to this system are 'larg~r 
than those of the corti cal system. and arc what Cohnl.1eim has termed "terminal " 
arteries; that is to say, YesSels which from their origin to their termination neither 
supply nor rccei \·e any anastomotic branch1 so that by one of the small vessels 
only a limited area of the cent ral gangli a can be inj ected; and the inj ection cannot 
lie <lri1'cn beyond the area of the part suppli ed by the particular vessel wbich is the 
subject of the experiment. 

The Cortica.l Arteria.l System.-The vessels forming t hi ~ s~·stem are the terminal 
branche~ of the antcrior1 mi<ldle1 and posterior cerebral arteries, described abo,·e. 
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'J
1 he~e vessels.divid~ and ramify in the substance of the pia. mater. and give off 

nutri~~t .arte~·1es which penetrate the cortex perpendicularly. These nutrient vessels 
a.re d1v1s1ble mto two classes-the _long arid short. 'rhe lon,9-or, as they are some
tnnes called, the medullm·y-arleries pass through the gray matter to penetrate the 
centrum ovale to the depth of about an inch and a half, without intercommunica
ting otherwise than by very fine capillaries, and thus constitute so many indepencl-

ent small systems. The 8l1orl ussels are confined to the cortex, where they form 
with the long ,·essels a compact network in the middle zone of the gray matter, the 
outer and inner zones being sparingly supplied with blood (Fig. 358). The rnssels 
of the cortical arterial system are not so strictly ''terminal " as those of the 
central ganglionic system, but they approach this type Yery closely, so that injec
tion of one area from the rnssel of another area, though it may be possible1 is 
frequently very difficult, and is only effected through \'essels of small calibre. As 
a result of this, obstruction of one of the main branches or its diYisions may ha,·e 
the effect of producing softening in a Yery limited area of the cortex. 1 

ARTERIES OF THE UPPER EXTREMITY. 

The artery which supplies the upper extremity continues as a single trunk 
from its commencement down to the elbow. but different portions of it have 
received different names according to the region through which it passes. That 
part of the vessel which extends from its origin to the lower border of the first 
rib is termed the subcl.-·ian; beyond this point to the lower border of the axilla 
it is termed the axillar_Y; and from the lower mar~in of the axillary space to the 
bend of the elbow it is termed brachial; here the ~ingle trunk terminates by 
dividing into two branches, the radial and ulnar-an arrangement precisely similar 
to what occurs in the lower limb. 

1 The student who dec>ires further information on thi,; subject i~ referred to Charcot's Loralization 
terf~:['ral and Spinal Di.'lf!aSI!-$, p. 42 et seq., whence the fo.cts abo\'e gi\·en ban been principally 
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THE SUBCLA VIAN ARTERIES (F;g. 35n). 

The subclavian artery on the right ~i<lc ari::;t•s from the innnminate artery 
oppo~itc the right stcrno·cla,·icular articulation; 011 the left i;idc it :ir i s~g from the 
arch of the aorra. lt follows, therefore. tha.t these tw() ve:-:scl . ._ mu:st, in the first 
part of tlu.•ir course. differ in their length, their direction, and their rel:.uion with 

nciµi~1b~:~il~~~- 1~~rt~cilitate the descripcion of these vessels. more especially from a 

FIG. 3:">'J.-Tlw subclfwinn artery, showing its relutlons Wrom a preparation in the ~luseum of the Royal 
<.:ollegeof:-:urgeQns.) 

surg ical point of Yiew. each subclavian artCl'.Y has been divide<l into three parts. 
Th e first port ion, on the right side, passes upwa rd an<l outwa.rd from the origin 
of the \'Cf:scl to the inner border of the 8calenns anticus. On the left side it ascends 
nearly vert ically, to gai n the inner border of that muscle. 1J1l1e second part pasi::es 
outward, behind the Scalenus anticus; an<l the third part pa~ses from the ontcr 
margin of that muscle. beneath the cla.viclc, to the lower border of the first rib , 
where it becomes the axi llary arter_v. The first portion of these two ,·cssels 
differs so much in its cou rse and in its relation with neighboring parts that it 
will be de~cribed separately. The second and third parts are alike on the two 
sides. 
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FrnRT PAHT OF TllE RwlLT SL'BCL,\\'L" AHTEl<Y (FigR. 34-1, 359). 

The right subclavian artery arises from the :ntcria innomiuata, opposite the 
right :-:;terno-chL\·icular articulation, acd passes up,\anl antl outward to the inner 
marf?in of the Rcalenus anticus muscle. In this part of its course it ascends a. 

~\t\1~e ~J,?c';~<.~~~n~~~~!1~~cb.,~b~l=~~~~~l~~~~~:ts~1p~~.i~i~~~ ~~~~~~:vli)i;~t.~·~~~~~:~~t f~~~~:: 
th<.• cl:tvicular origin of tbc Sterno-mastoid, the Sterno-byoid, and Sterno-thyroid 
mu;.;clcs. and another layer of the deep fascia. It is crosRcd by the internal jugular 
anti ,·ertebral veins and by the pncumogastric. tl1e c:m.liac branches of the 
sympathetic, and the phrenic nerve. Beneath, the artC'r_v is inYcsteJ by the 
pleura, and bPltind, it is separated by a cellula.1· intcnal from the Longus colli, 
the neck of the first rib, and the cord of the sympathetic llCl'\'e; the recurrent 
laryn~cal nerve winds round the lower and back part of tbe vcsHel. l 1hc subclavian 
vein lies below tbe subclavian artery, immediately bebind Lbc clavicle. 

PLAN or RELATIONS°" FrnsT PoRT!ON O>' TILE Rrn11T SrncLA\'LIX ARTERY. 

Iii fro11t. 

?!~~!lf ~gi~1;5r~l~~"1t;~:~1~0id. 
Intcrnalju!!:ular anJ. vertebral Yeins. 

'"""""~'· ~~"~;"""~ 

Brhi11d. 
Recurrent laryngeal ncn·e. 
Sympalheti.c. 
l.onr;:u::: collt 
Neck of first rib. 

Beucat!t. 
Pleura .. 

Frn"T PART or TllE LEFT SuncLA\'IAN ARTERY (Fig. 34-1). 
The left subclavian artery arises from the end of the arch of the aorta, 

opposite the fourth dorsal Ycrtebra, and ascC'nds nearly ,-ertically to the inner 
margin of the Scalenus anticus muscle. ThiR part of the ,·essel is. therefore, 
longer than the right, situated more deeply in the cavity of the chest. and directed 
nearly vertically upward, instead of arching outward like the ,·essel of the 
•1pposite side. . 

It is in relation, in front, with the pleura, the left lung. the pneumogastric, 
cardiac, and phrcnic nerves, which lie parallel with it; the left carotid _artery., left 
internal j ugula.r and vertebral veins, and the _commenccmen.t of the left rnnomina.~e 
Ycin; a111l is co,·erecl by the Sterno-tbvrmd, Sterno-hyou.l. and Stemo-masto1d 
muscles; it hs the left Carotid in front Of, but not in contact with, it ; behind, it 
is in relation with the ces~pbagus, thoracic duct. infer~~!' c~rvi?al gan$lion of the 
s_vmpathctic, Longus col Ii, and Ycrtebral column. lo its mner sule are the 
cesophagus, trachea, and thoracic duct; to its outer side, the pleura. 

PLAN OF RELATIONS 01<~ FIRST PoRrroN OF LEFT SueCLAYIAN AnrERY. 

In frolll. 
PIC'nraand left lun!!. 
PnC'umo,zastric, car<liac1 and phrenic nen-cs. 
Lcf'Lcarotid arten'. 
Left internal ju!!:tilar, vertebral, anfl innominate \·eins. 
Sterno-t hyroill , Sterno-hyoid, and Sterno-mastoid mru;cles. 
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l1111rrside. 
Trachea. 
(E:.-;ophag-us. 
'l'horacicduct. 
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(E) OutN"side. 

Be!ti11d. 
CEsopha.gus and thoracic duct. 
Inferior cen·ical gan.t!lion of' synwathctic. 
Longus colli and vertebra l colum n. 

Pleura. 

SECOND AND THIRD PARTS o r THE SuBC LAV rA:< ARTERY (Fig. 347). 

The Second Portion of the Subclavian Artery 1ics behind the Rcalenus anticus 
muscle; it is ve ry shor t, and forms the highest part of the arch described by that 
vessel. 

Relatious.-I t is covered, in front, by the skin , s uperfi cial fascia, Plat_ysma, 
deep cervical fascia, 8terno-mastoid 1 and by the phrcnic nerve, wh ich is separa1cd 
from the artery by the Scalenus anticus muscle. Behind, it is in relation with 
the pleura a nd the middle Scalenus; abore, with the brachia) plexus of nencs; 
below, with the pleura. The subcJa,·ian vein li es below an<l in front of the artery, 
separated from it by the 8calenus ant icus. 

PLAN OF RELATIONS OF SECOND PoRTroN OF SunCLAV rA N ARTERY. 

Above. 

Brachia\ plexus. 

111/ront. 
Skin and superficial fascia. 
Platysma. and deep cen•ical fascia. 
Sterno-mastoid. 
Phrenic nen·e. 

calenus anticus. 
Subcla,·ian ,·ein. 

® . 
. 

Br>/tind. 
Pleura and Middle Scalenus. 

Below . 

Pleura . 

The Third Portion of the Subclavian Artery passes downward and outward 
from the outer margin of the Sca1enus anticus to the lower border of the first rib, 
where i t becomes the axi ll ary artery. ~L1hi s portion of the vessel is the most 
superficial. and is contained in a triangular space, the base of which is formed in 
front by the Sterno-mastoid, and the two sides by the Omo-hyoid abo,·e and the 
clavicle below. 

PLA:N" OF RELATrONS OF Turno PORTION oi~ SuncLAVIAN ARTERY. 

Skin and superficial fascia 
In front . 

b~:~~~~i~1~ngr~1~~/~c~e~fi~~t;,S~~i~lexus. Nerve to SubcJa,•ius muscle. 

~,h~c~~~~l~~.:ry~~1~ia~uJ;;3~1~~~1~~'.~~·~·~~;,~i~~r,.~f~~.' 
Theclavide. 

Al>01;e. 

Brachia\ plexus. 
Omo-hyoi<l. 

Br hind. 
Scalenus medius. 

Below. 
First rib. 
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Relations.-It is co1·cred, in j,·ont, by the sk in, the superficial fascia, the 
Platysma, deep ccn'ical fascia; b_y the cla,·icle, the Subcla,·ius muscle and the 
suprascapular artcr.v and vein, and the transverse cervical vein ; the clavicular 
de~ccnding branches of the cenical plexus and the nerve to the Subclavius muscle 
pass vertically downward in front of the artery. The external jugular vein crosses 
it at its inner side, and receirns the suprascapular and trans,·erse ccnical veins, 
which occasional1 _y form a plexus in front of it. 'l1bc subchwian vein is below the 
artery, l~·ing close behind the clavicle. Behind, it 1ies on the middle Scalenus 
muscle; ahol'l' it, and to its outer side, is the brachia} plexus and Omo-hyoid mus
cle; b1•low, it rests on the upper surface of the first rib. 

Peculiaz1.ties.-Thc subcla.vian arteries vary in their origin, their course, and the height to 
which they me in the neck. 

T/11' 01:i'gin of' the right subclav ian from the innominate takes place, in some cases, aboYe the 
sterno-dancular articulation, and occasiona lly, but less frequently, in the cavity of the thorax, 
below that joint. Or the artery may arise as a separate trunk from the arch of the aorta. In 
such cases it may be either the fir:;t, second, third, or even the last branth derived from that ves
sel i in the majority of' cases it is the first or la!:it.. rarelv tlie second or third. When it is the first 
branch, it occupies the ordi nary position of the innoniinate artery: when the second or third 1 it 
~ains its usual posiiion by pas..,ing behit~d the right carotid; and when the last branch, it arises 
from the Jell extremity of' the arch, at its upper or back part, and pa~es obliquely toward the 

~~·~~r~~l~~.~lS:~\~li~c~~:;~~ ~~d~r80r}f\J~~1fi~'~~ib'.g~~fi~~~~~tl~·f~ll~~!ii~~e~ 1~~~~;~~~::se~sof~1 ~~~; 
rare instance:; this ,·e~l arises from the thoracic aorta1 ~s low down as the fourth dorsal vertc-

!:~1e?ccg~i1~~~J~i~e!t trer~0uti.~,·i~~~ ~~it~r~~ss~~a~~i~\\s ; t1~;0~~t~~c\~~i1~iS:h~ iSc;l~,~~s~f ~1~! 
artery sometimes ascends as high a.s an inch and a half abO\"C the clavicle or any interruediale 
Jtl~h~~ettl~va~~·~ 1~~ijeft1_td the upper border of the bone, the right sulx:l:l\'ian usually ascending 

'J1lie left snbclavian is occasionally joined at its origin with t110 left carotid. 

by cl!~~bi~i~ ~~~~~~~-itJf!~: ~~~~~i~~ ~~~~~~~ct~:~:~~\~~~c~f ~i~et~~~s1~~~i~rn;~[~~;lc~na¥h:~n~~; 
end of this cur\•e corresponds to the sterno-clavicular joint, the outer end to the centre of the 
lower bonier of the cla.vide. The cur,·c is to be drawn with such an amount of cmwexity that 
its mid-point rcachl'.'S hal f an inch abo,·e the urpcr bor<ler of' the cla\"icle. The left subcla\"ian 

~!~~J·r ~~;i1~~0: ?if;g1i l~~~fi1n t~11~1~ ~~:k~·igll~ ~11~~ia i\~t ~~·~·1Le i~~ i~1~i~~i°:i~1L ~Ii~' P~~:~;;~~eb~~J!1?~j 
th~ t-iterno-mastoid muscle corresponds to the outer border of the Rcalcnus anticu~, so that the 
th1r<l por1ion of tlie artery, tl~at part most accessible for operation, lies immediately external to 
the 11osterior border of' the Sterrio-mastoid. 

Surgical Anatomy.-The relations of lhe subclavian arteries of the two sides having been 
examined, the stu<lenL should direct. bis attention to a consideration of the best position in which 
comprc~:-;ion of the •essel mar be effected, or in what siLUation a. ligature may be best applied in 
coses of aneuri~m or wound. · 

Compression of the subcla.vian artery is required in cases of operations about the shoul
der. in the axilla. or at the upper part of the arm; and the student will obserrn that there is 
only one situation in which it can be effectually applied-viz. where the artery pa~es across the 
outer l:>urfacc of the first rib. In order to comprcs:; the \"e:-sel in thissiumtion. the shoulder 
shoulll be dcprc:--:-;cd. and the sur.rreon. µ-rasping the side of' lhe neck, ~hould press with his 

~1f ~h~b jl~,!l~ic~~l~1,~n~~~l1;~J,<l b~~kt!,~= .. ~~~~~~i~~i'~~je~g~~~~~ct ~~c;ib0~ 1 if ~f~~:~~ ~';~~~~!~~e l~~11::i1:J~~~ 

i~S}[r~~~,~~"~i~~t:~7AW~~1·~0~~;·~;~~~~}~l~F~r~1'.:t:,~~~::~:'.t~r·;~\l:·~~I~F: 
Ligature of the subclavian artery may be required in cases of wounds or of' aneurism in 

~lf.etJ~~i~~lc% ii1~ ~h~~8,~l;i~l~ 0i~r:~~~t0fa~!~~ab\~cljb~ ~i1~~~~1~~\01~~i~~ ~f~~~~t1~~i~cf'; i~~icb~~~~gt~i~~p~~~~ 
li,·ely superficial and most remote from the origin of the lari;!'C branches. In those cases where 
the daxide is not displaecd, this operation may be performed with comparatirn facility; but 

~v~~~~tt 1~le~;~h·i(f~o!~ 1~11~~1es~1~f.~c~:, ~·l1i~h0 ~~1et~~.\~,W; 1 i~i~:~~~~ei~i ~~~: diWi~u~:~; g;:t~I~~ i~f;!~~Tro~~ 
Un<ler these cirl'umstances it becomes a. matter of imp01iance to cousider the height to which 
this \'Ci:!:-;C:I reaches ai><H'e the bone. ln ordinar\· cases it;;: arth is about half' an inch aboYe the 
cJa,·icle, OC'"<:asionally as high as an inch and a J1 3Jf. and sometimes so low as to be on a level with 
its upper border. "If the cJayicJe is clisplaced 1 the:;e \'ariations will necessarily make the opera
tion more or leNS diffi('lllt according as the YC.s~el is more or le!>S aC'{'Cl"~ible. 

ro110!!1~ 1.!J1i~fP~~~:~ ~ei\~; 1~f:C~dti~:; ~r ~·~ii,Jc~ i1~h~1i~1 t~r'i1;~,;~~'1 ~1~St\~,~~
11:.·lD~·i;J~c 'i~~:{ ;]~!,~,~ 
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on-r to the oppo:-.itr si1k arnl the t-.houltler dl1Jir1':-:-l'tl as 11111d1 ns po ........ ibll'. the intc·~u111cn1 ~h<:ml1l 

~:~:f \~:t;.:::;~I~~::f ~:\\\·;:i'._:);;~1::~;i)~::~;~:~1:fr~~:~~t~~;::~l.:j~~::;~::,~:1;~~~t;::::ji:::·;~:g;1\)l!::~;:;(:(~~ 

iiilJl~lil~lililliil1 
aml ,l!I~ ~~~~;;:Ji01~a;~1 1 !f~~~~~0~u~l~~~f.'1~~1:~~~~~if:~nn~f;1g; that portion whi<·h rises hiuhc~t in 
the netk, ha5i hccn considered fayorable for the application of' the lhrnture when it is diffo:ult to 

~~~ti~:~ i~~r~l'1i-~ !i~l;~G~r111.inl1f~Yst ~~c~~~acr~~~:~li,:~~e:·hc ~4~~l~~~,~~~1rlic~~·,~~:J1~~t!~~~nt~,,1~J~J1°/i~~ 
the phrcni(' ncn•e. and al the inner si<le of which is :-.itua1cd the internal ju~ular vein; and a 
wound of cithl'r of thc:sc structures might lead to the moSL <lan!!erous eo11l'equcuces. A!!ain. 

ff ;~~~:iit :~·::~~)r5:s?~~~:1~::~:;~~g~~~;~~:~i~~faf~~~~1~;{;1.~~r~r~:~1i~~~;~;:i!g~,1rn 
~~:!I~~;j~'.~ii~~}\:;~~~Di.:~l:i~:~f ~r~1~~~1~·~~~~b,~Ff~~!~~[~f;~~f f /~I~f ~t~~~~Ji~:i~m 
turc ol' the third portion of' the vessel. 

In those ra:ses of aneurism of' the axillary or subc\;ivian artery which encroach upon the 
outer portion of' the :-:.calenms muscle to such an extent that <L ligature cannot be applied in that 
situation. it may he deemed advisable, a!' a. last resource, to tic the fir:-.;t portion of the subcla-

~~~~W;i~~~f ~f 1~1~~!~\i~~~~~~~ 
~t1~~111~:1~i:~n(:fl~li1~~l~1~·~~ ~~a:1~~1 ~al;f~\~1 ~Jl~~r)~~il~~Ol~~l~rf)l~in~l;;~~il:h{~hi~I nt~~k f~~Jt~~~~~I, ~l~i~~i~~ 
ion should be made alon,!! the upper border of the inner parl of' the ela\'icle1 and a. second 
along the i111u.'r border of the Hterno-1mlbtOicL meeting the former at an ana:le. The sternal 

~~~~~~;~~~$~§~l~f~~~~~~~~~ 
Jlhrenic and !;ympathetic ncn·cs should he remembered, :rn<l the liµ;aturc should be ajlpliecl near 

~~=!!0~iil~1i11: b!·t~~~~.~-~r;~ 1Ir~!·t,i1~~e0~~d\~~e ~~o~·{~ ~i· 'tl~~c~~e~·~~t· : ;~ ~l~~~\~11 1);~.~.~~~~uf~~:~:r~h~t:~1~ 
~·~:::. l':;m~r~::·~~ ~Vir.~'a~'.~i~i'~:~:::l'a~~~,e:~'.:;;~~";~,d .~~,: l~~,~~1;.1;\',~~ o;;,~,:,,~·,','i:~g~~~; ~~:~:.~~.~ 

~::,:.~~:.~}~~~~~~i:~gi~;g!~~:~~]i:~;:1f,~~~'.f~~~.;{,:~01~1;':~fo~.:,1:.~::2~:~;~:~~~~~;1~~;~f'1~.
1

~ 
· :! .• \n mtcrnal -.ct produced by the connect1011 ol the lllll'rnal mammary on the one )iand 

relat~I'~~ -~ 1 '.~'.;.~~~i,::1 ~lj\!~·r;~~;:e;Jr~~>eb~0~;1f}oi::1e~e2d ~-t,~ol~,~-ii1.)~;p~·6~). ~t';.1gers, and the case ill 
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with the superior and long thoracic arteries, an<l the branches from the sub:scapular on the 
other. 

·• :3. A middle or axillary set, which comsi!:>tcd ot' a number of' small Ycssels deriYed from 

~;,ti::J::~l~·~:l~r·~~·~~t' E;~~~~~~~1!~:.~J::.i\~~:~2~J:~J~~;,:~:.~·~/\Ii'.~~,~:~~~iil~'.!~.i,,~:11:!~~~ii~~\~ 
turtuou~, am! lt>nning a complete plexus. 

~:~d~l~~~\~f ~~~~~:~r:~i.~Ji~~~~~:~e;fa~1~f ;~:~:~{~:,~1~:~~~):~1~::,:~~~~,~E~\~.:,;;~~,~~~;1~~~ 

fil~1~f:~~~~t~~~~~f ~~~~~~f~~:~~ 
BR.\~CHES OF THE St'BC L A\'lAX Ann:nY. 

'These are four in number. On the left side all four branches, the vertebral, 
the internal ouwwwry, the th.lJroid axi.(f, and the superio1· interrostal, generally 
arise from the first portion of the ,·essel; but on the right side the superior inter
costal usually arises from the second portion of the ,·e:::.~cl. On both sides of the 
body the first three branches arise close together at the inner margin of the Sca
lenus anticus. in the majority of cases a free interntl of half an inch to an inch 
exist ing between the commencement of the 
artery and the origin of the nearest branch; 
in a smnllcr number of cases an intcrrnl 
of more than an inch exists, ne,·er exceed
ing an inch and three-quarters. In a very 
few instances the inten'al had been found 
to be le8' than half an inch. 

'L'he Vertebral Artery (Fig . 352) is gen
erall.v the first ancl largest branch of the 
subclada.n ; it a.rises from the upper and 
back part of the first portion of the ''Csscl, 
and, passing upward, enters the foramcn 
in the trans,·ersc process of the six th cen·
ical Yertehra, 2 and ascends through the for
amina in the transverse processes of all the 
vertcbra3 abo,'e this . Above the upper bor
der of the axis it i11clines outward and upward to the foramen in the transverse 
process of the atla:-> 1 through which iG passes: it then winds backward behind its 
articular process, runs in a deep grOO\'C on the upper surface of the posterior 
arch of this bone, and, pa:.:.~ing beneath the posterior occipito-atl:rn tal ligamen_t, 
pierces the <lura mater and enters the sku ll th rough the foramen magnum . It 
then passes forward and npwarcl to the front of the mcclulla ohlongata. ~nd unites 
with the \·es8el of the opposite side at the lower border of the pons \ ·arolii to 
form the ba..'!ilar arll'1'.'f. 

Relations.-At its origi n it is situated behind tlie internal jygular \'ein nn<l 
inferior thyroid al'ter.v; and near the spin e it lies between the Longus colli and 
Scalenus anticus muscles, h;wing the tl10racic duct in front of it on the left side. 
Wi thin the foramina formed b.Y the trans,·crse processes of the \'Crtebrre it is 
accompanied by a plexus of nen·es from the in ferior ccnical ganglion of the 
sympathetic, and is surrounded by a dense plexus of \·cins "hi ch unite to form ihe 

:::5if ~g~~~~:gti~s~:~0~:~~~:.,,:f r~~:\i}:i;:r1~~·:~~·~:t~~~~;i~~kf a}:£;~; p:; 
ing into the roramen in these\•enth \·ertebra. 
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vertebral vein at the lower part of the neck. It is ~ituatcd in front of the cervical 
ncnes as they issue from the inten-ertcbral foramina. \\'bih~t winding round the 
articular proCess of the atlas it is contained in a trianguhtr space (suboecipilal 
tt-irrngle) formed by the Re~tus c~pi~is posticu~ major, the Superior and the ln!?ri?r 
oblique muscles: and at this pomt 1s con:-rcd by the Complex us muscle. \\ tthm 
the skull, as il winds round the medulla ohlongata, it is placed between the hypo
gl<J~sal nerve and the anterior root of the suboccipital nene, beneath the first 
<ligitation of the ligamentum denticulat~i:1 1 and finally lies betw~en the dura mater 
covering the basilar process of the occ1p1tal bone and the anterior surface of the 
medulla oblongata. 

Branches.-Thesc may be divided into two sets-those gi\·en off in the neck 
and those within the crallium. 

Cervical Branches. 
Lateral Spinal. 
Muscular. 

Cranial Branches. 
Posterior ~Ieningcal. 
Anterior Spinal. 
Posterior Spinal. 
Posterior Inferior Cerebellar. 

The lateral spinal branches enter the spinal canal through the intervertebral 
foramina and <.liYide into two branches. Of these, one passes along the roots of 
the nerves to supply the spinal cord and its membranes, anastomosing with the 
other arteries of the spinal cord; the other di\"ides into an ascending and a 
descending branch, which unite with similar branches from the artery aboYe and 
below. so that two lateral anastomotic chains are formed on the posterior surface 
of the bodies of tbe ,·ertebr"' near tbe attachment of the pedicles. From these 
anastomotic chains branches are gi,·cn off to supply the periosteurn and the bodies 
of the vertebrre, and to communicate with similar branches from the opposite side; 
from these latter small branches arc gi\·cn off which join similar branches aborn 
and below, so that a central anastomotic chain is formed on the posterior surface 
of the bodies of the vertebrre. 

Muscular branches :tre given off to the deep muRcles of the neck, where the 
''ertebral artery cunes round the articu lar process of the atlas. They anastomose 
with the occipital and with the ascending and deep cervical arteries. 

'11he posterior meningeal are one or two small branches given off from the 
vertebral opposite the foramen magnum. 'l'hey ramifJ between the bone and dura 
mater in the cerebellar fossa>, and supply the falx cercbelli. 

'l1he anterior spinal is a small branch, though 1arger than the posterior spinal, 
which arises near the termination of the Yertebral, and, descending in front of the 
medulla oblongata, unites with its fellow of the opposite side a.ta.bout the level of 
the foramen magnum. The single trunk, thus formed. descends on the front 
of the spinal cord, and is reinforced by a succession of small branches which 
enter the spinal canal through the interYertebra1 foramina; these branches are 

~:~~·~d fi~~~n 1 :1~e i:~:~~~:~~I a~~d tts:e~~:.~ c1~;~ii~~\ o~~~e l.~~~:ri~~ethi:1~~~1'. 1n i~~o~ 
lumbar, and lateral sacral arteries in the lower part of the spine. 'J.1liey unite. by 
means of ascending and descending branches, to form a single anterior median 
artery, which extends as far as the lower part of the spinal cord. 'l'his \'Cissel is 
placed in the pia mater along the anterior median fissure: it supplies that mem
bran~ a~d the substance of the _cord, and sends off branches at its lower part to 
be distributed to the cauda eqmna, and enc.ls on the central fibrous prolongation 
of the cord. 

'!.'be posterior spinal arises from the vertebral at the side of the medulla 
oblongata: passing backward to the posterior aspect of the spinal cord, it descends 
on each side. lying behind the posterior roots of the spinal nerves, and is 
reinforceu by a successi~n of small branches which enter the spinal canal through 
the mtenertebral foramma, and by which it 1s contmued to the lower part of the 
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cord and to the cauda equina. Branches from these ves!'1e]s form a free anasto
mosis round the posterior roots of the spinal nenes, and communicate, by means 
of very tortuous transrnrse branches, with the \'Css.el of the opposite side. At its 
commencement it gi\·es off an ascending branch, which terminates on the side of 
the fourth ventricle. • 

'l'hc posterior inferior cerebellar artery (Fig. 3;)-l), the largest branch of the 
vertebral, winds backward round the upper pttrt of the medulla oblongata, passing 
between the origin of the pneumogastric and spinal accessory nerves, over the 
restiform body to the under surface of the cerebellum, where it diYides into two 
branches-an internal one1 which is continued backward to the notch between 
the two hemispheres of the cerebellum ; and an external one, which supplies the 
under surface of the cerebellum as far as its outer border, where it anastomoses 
with the anterior inferior cerebellar and the superior cerebellar branches of the 
basilar arter.v. Branches from this artery supply the choroid plexus of the fourth 
Yentriclc. 

Surgical Anatomy.-'fhe ''ertebral artery has been tied in scnral instances: 1, for 
wounds or traumatic aneurism; 2, after li~ature of the innominatc1 either at the same time to 

i~~i"er ~~-u~n;r~~~~~~.e1 }~1 l~t1~~~n 1;~t~~re:;s~;ee~1!~g t~~~~~ei~thi~a~c~~~d ;~~~~~~~~~lit~tuDer'. 
A;~:~f<!h~ b~,J~!'~~~s~~!~ ~;1it~<ti 1~!~j ~1di~1~riu~i~nd 1~~l~!~a~~~~1 ~(~1\11~' e~:;1~J;ti~ fi~~ ,~1~~r;~~~il~~ 
~'he operation of li~ature of the vertebral is performed by making an incision along the posterior 
bor<ler of the Sterno-mastoid muscle, just abo,•e the cJa,1 icle. The muscle is pulled to the 
inner side, and the anterior tubercle of the trons,·crsc process of the sixth ecn·ical vertebra 
soug-ht for. A deep layer of fascia being now di\'ided, the inten·al between the Scalenus anticus 
and the Lona;us colli just below their insertion into the tubercle is defined, and the artery and 
,·ein found in the interspace. The vein is to be drawn _ to the outer side, and the aneurism 
needle passed from without inward. Dr8. lhmskill and Bright have pointed out that se,·ere 

C:}~rea~t ~~~c~~~1c0!k~n~ hTh1s i~ag~;;i~·~~I1\~~?~11~~ti~lo~~ g~~~~~~ti~; oP~llC \e;t~r~~~!ithrt:~ 1~b~ 
occipital nerve in the groove on the posterior arch of the alias. Disease of the same artery hris 
been also said to affect speech, from pressure on the hypoglossal where it is in relation with 
the vessel, leading to paralysis of' the muscles of the tongue. 

The Basilar Artery, so named from its position at the base of the skull, is 
a single trunk formed by the junction of the two vertebral arteries; it extends 
from the posterior to the anterior border of the pons Varolii. lying in its 
median groo,·e, under cover of the arachnoid. It ends by dividing into two 
branches, the posterior cerebral arteries. Its branches are, on each side, the 
following: 

'!1ransverse. Superior Cerebellar. 
Anterior Inferior Cerebellar. Posterior Cerebral. 

The transverse branches supplv the pons Varolii and adjacent parts of the 
brain. one branch, the internal duditory, accompanies the auditory nerve into 
the internal auditory meatus; and another, the anteri01· 'inferior cerebellar artery, 
passes across the crus cerebelli, to be distributed to the anterior border of the 
under surface of the cerebellum. 

The superior cerebellar arteries arise near the termination of the basilar. 
They wind round the crns cerebri close to the fourth nerve, and, arriving at the 
upper surface of the cerebellum, divide into branches which ramify in the pia 
mater and anastomose with the branches of the mfcnor cerebellar artery. Sev
eral branches arc gi\•en to the pineal gland and a.lso to the velum interpos.itum. 

'rhc posterior cerebral arteries, the two termmal branches of the basilar, are 
larger than the preceding, from which they are separated near their origin by the 
third nerves. Winding round the crus cerebn, they pass to the under surface of 
the occipital lobes of the cerebrum and di\·idc .int~ three ~aiu branches: Near 
their origin they recei\•e the posterior. commurncatmg arteries from the mternal 
carotid. 'fhc branches of the posterior cerebral artery a.re-

Postero-meclian Ganglionic. Postero-lateral Ganglionic. 
Posterior Choroid. Three 'l'ermmal. 



THI;' All'l'ERIES. 

'rhe poster<Hnedian .r1rrnglionir branches (J?ig. 3;37) are a group of small artl'ries 
"hii:h ari:-;e at the commencement of tlie posterior cerebra l artery: these, "ilh 
similar br:rnc:he;o:; from the posterior communicat ing. pierce the posterior perforated 
~pal·(' and ~upply the internal surfaces of the optic thalami nntl the walls of the 
third \·cntriclc. The posterior choroid enters the interior of 1hc hrain beneath the 
posterior border of the corpus ca llosum and supplies the ,·clum interpositum aud 
the choroid plexus. The postero-lateral gan,qlionic bran<.:lil'S arc n group of snrnll 
arteries which arise from the posterior cerebral artery after it has turn ed round 
the crus ccrebri; they suppl ~' a cons i<lcrab le portion of the optic thalamu~ . Tin• 
terminal branches arc distributed as follows: the 6rst to the uncinate gy rus: thr 
gccond to the tcmporo·sphenoidal lobe; and the third to th e cuncus or the occip· 
ital lobule. 

Circle of Willis.-rrh c remarkable anastomosis whi ch exists between the 
lmrnchcs of the internal carotid and \'ertebral arteries at the base of the brain 
constitutes the cirelP of' Willis. It is formed, in fron t, by the ante rior cerebral 
arteries, brancbcs of the internal carotid. which a.re con nected together by the 
anterior commun icating : behind, b.v the two postcl'io r ccrebrals1 branches of the 
basi lar, which a.re connected on each side with the interna l carot id by the po$
terior communicating arteries (Fig. 3;j..J:). I t is by this anastomosis that the cere· 
bral circulation is equalized, and provision made for effectually carrying it on if 
one or mol'e of the branches a re obli terated . 'rhe parts of the brain included 
with in this arteria l circle are- the lami na cinerea, the commiss ure of the opt ic 
nen·es. the infundibulum, the tuber cinercum, the corpora albicantia. and the 
posterio1· pcrforate<l space. 

'l'he Thyroid Axis (Fig. 3H ) is a shor t thick lrnnk which arises from the fore 
part of the first portion of the subcla.Yia n a.rtery, close to the inner border of the 
Seale nus anticus muscle, and di\·ides, almost immediately after its orig in. into 
three branches-the i>i.f"erior thyroid, suprascapular1 an<l lransversalis eolll. 

Th e Inferior Thyroid Artery passes upward, in ::t serpentine course, behind the 
sheath of the common carotid Yessel and sympath e tic nerve (the middle conical 

~~~~~ i(~~1~e:t1/1~ ~s t6~J/;n ~~)t1~~1 c~1~~\~)~n :n~{ }.~~1 ~~~t~~ ;·~I :~~~~~f ~. 1:~~i ri~: 11:i i1~~~~·Ybt~t~~ 
to the posterior surfo cc of the thyroid g land, ana :.;tomm:ing with th e superior thy
r oid and with the corre::pondi ng a.rter.v of the oppositesitlc. Its branches arc-the 

Inferior Laryngea l. <Esophageal. 
Tracheal. ~Iuscular. Ascending Cer vical. 

The inferior laryngeal branch ascends upon the trachea to the back part of the 
larynx, in cornpan)- with the recurrent laryngeal nene, and suppli es the muscles 
a?d ~ucous m~mbrane of this part. anastomosing with the branch from the oppo
site side and with the laryngeal branch from the uperior th yroid a rtery. 

~L1h e tracheal branches are distributed upon the trachea', anastomoSina below 
with the bronchial aneries. 0 

The resophageal branches are distributed to the oosopbagus, and anastomose 
with the ccsophageal branches of the aorta. 
. 'l'he ascending ce~cal is~ small ~ranch wbich arises from the inferior thyroid 
JUSt where t.hat \·essel 1s passmg beh111cl the common carotid artery, and runs up 
on the antcnor tubercles of the transrerse processes of the cer vica l Yertebn:e in 
t~e interrnl between the f'calcnus anticus an<~ R ectus capitis anticus maj or. It 
gl\·es branches to the muscles of the neck. wl11ch anastomose with branches of the 
YCrtebrnl. ~uHl s.ends one o~· t'~'o br:rnche~ in t~ the spinal cana l through the inter· 
\'ertebra l foramma to Le ch;.;tr1bute<l to the i;; p111al cord and iti;; membranes, an<l to 
the bodies of the Yertcbrre in the same manner as the lateral i;;pi nal branc hes frnm 
the Ycrtebra l. It anastomo::cs with the a!'cen1lin0' phan·n"eal a rtery. 

The muscular branches ~upply the dcpres.~ors
0

of thC h~·o icl bonC., the Lonf!US 
colli. the ~calcnu~ anticus. and the I nferior constrictor o( the pharynx. 0 
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Surgical Anatomy.-This artery is sometimes tied, in conjunction with the superior thy-

~i~' J~"~~7os t~~ ~k:~fc~~-ccl~\ ft;;~,;~~:~1~
1 A~s:;i,~<ll~a~1b~~n1 ~ivi~J!t~1~e18~~~~~~1\~~~o~c:~~~r;~~~~ 

~til "bef~~11~~tj ~~~t'l;10°:~ Kf~-~u b!~1~:b~~~~:~!~~l l)~h~~~~:~
1~h·:~t~u~~~:1~ ~~~1~1~1:idl~~f t ?1

1

~1 ~r~~b~~ 
~~~Ldii~l~h~l~~~:11n~!11~t i/~;%~~;J· nc~~~e:as.-,in.!! the ligature great. care must be exercised to avoid 

':I.1 he Suprascapular Artery (transversalis humeri), sma ller than the tranS\'Crsalis 

colll. passes obliquely from within outward, across the root of the neck . It at 

first li_es 01_1 the lower par t of the S~alenus anticus, being covel'cd by the Stcrno

mastm<l; 1t then crosses the subclanan artery, and runs outward behind and par

allel with the chil"icle and Subclavius muscle, and beneath the posterior belly of 

the Omo-hyoid, to the superiQr border of the scapu la, where it passes o\·er the 

transverse l igament of the !Scapula to the supraspinous fossa. In this situat ion it 

lies close to the bone. and ramifies between it and the Supraspinatus muscle, to 

which it is main ly distributed, gi\·ing off a communicating branch which crosses 

FJG.36L-Tbesc11pularandcircumfl.exarterles 

the neck of the scapula, to reach the iufraspinous fossa, where it anastomoses with 

the dorsal branch of the subscapular artery. Besides distributing branches to the 

Sterno-mastoid and neighboring muscles, it gives off a supta-acromial branch, 

which, piercing the Trapezius muscle, supplies the cutaneous surface of the acro

mion, anastomosing with the acromial thoracic artery. As the artery passes o\·er 

the tranS\'erse ligament of the scapula a branch descends into the subscapular 

fos:--a. ramifies beneath that muscle, and anastomoses with the posterior and sub

sca.pular arteries. I t also supplies the shoulder-joint and a nutrient branch to the 

clavicle. 
'l1he Transversalis Colli passes tranS\'ersely outward, across the upper part of 

the subcla\·ian triangle, to the anterior margin of the 'fra.pczius muscle,. beneath 

which it di,·ides into two branches, the superficial eervieal and the posterw1· scap

ular. In its passage across the neck it crosses in front of the Scaleni muscles and 

the brach ia) plex11s, between the d iYisions of which it sometimes passes, and is 

co,·ered hr the Pla.tysma, Sterno-rn~1stoid, Omo-hyoid, and Tra.pezius muscles. 

The sti"perficial eel-vi.cal ascends beneath the anterior margin of the Trapezius, 

distributing branches to it and to ~he neip::hbor~ng muscle~ an~ glands in ~h.e neck 1 

and anastomoses with the superficial bran<.:h ot the artcna. pnnccps ccrnc1s. 

The post erior scapular, the continuation of the trans,·ersalis colli, passes 
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beneath the Le,·ator anO'u}i scapu l~ to the superior angles of the i:ic:.1pula. It now 
dc~cernls along the pos~rior border of tha.t bone as far a~ the inferior.angle, whc1:e 
it anastomo:ses with the subscapular branch of the axillary. In its course 1t 
i:s co,·ered hv the Hhomboid muscles, supplying them and the Latiss imus <lorsi and 
l'rapezius, :.i1ul anastomosing with the suprascapular and subscapula.r arteries and 
with the posterior branches of some of the intercostal arteries. 

tl 1 ,-r~jc,~~:~i!~:J·;h:1~~>.~::;.;.;f~:;:;J11/e:i~'fr~n~r~~~et1J:l~J ~' ~;~1~c ~~r~l~~li~~,~~t~)1~r:c~~~d:r~~rt1~f 
thC i;ubclavian. 'l'hisarrangement is almost as common as the one alreaJy giYen. 

The Internal Mammary arises from the under surface of the first portion of 
the subcla1·ian a rtery, opposite the thyroid axis. It descends behind the costal 
cart ilarrc of the first rib to the inner surface of the anterior wa ll of the chest, 
restin"

0 
acrainst the costal cartilages about half an inch from the margin of the 

sterm~n ;
0

and at the interval between the sixth and seventh cartilages diYides 
into t wo branches, the musculo-pltre11.ic and superior epigastric. 

Relations.-At its origin it is coYered by the internal jugula r and subclavian 
Ycins and crossed by the phrenic nene. In the upper part of th e thorax it lies 

~~~~~~~ ~~etl~~81~f~u~~1~~~fn°d . a1t {~!e;~~~~ri ~~~·~c~r~~e1~~~~~~~ ~~e fi~~~~;~~ari! 
sterni separates the artery from the pleura. 

The branches of the internal mammary are-

Comes :Nervi Phrcnici (Superior Phrenic). 
Mcd iastinal. 
·Pcricardiac. 
Sterna l. 

Anterior In tercostal. 
P erforating. 
Musculo-phrenic. 
Superior Epigastric. 

~I.1h e comes nervi phrenici (superior phrenic), is a long slender branch which 
accompanies the phrenic nerve, between the pleura and per ical'dium, to the 
Diaphragm, to which it is distributed, a.nastomosing with the other phrenic 
arteries from the internal mammary and abdominal aorta. 

'l1he mediastina.l branches are small vessels wh ich a.re distr ibuted to the areolar 
tissue and lymphatic glands in the anterior mediastinum and the rema ins of the 
thymus g land. 

'l1he pericardiac branches supply the upper part of the anterior surface of the 
pericardium, the lower part receiving branches from the musculo-pbrenic artery. 

'fhe sternal branches are distributed to the Triangularis sterni and to the 
posterior surface of the sternum . 

The mediastinal, pericardiac, and sternal branches, together with some twigs 
from the comes nen·i phrenici, anastomose with branches from the intercostal and 
bronchial arteries, and form a minute plexus beneath the pl eu ra, which has been 
named by Turner the subplem·al mediaslinal plexus. 

The anterior intercostal arteries supply the fiv e or six upper intercostal spaces. 
The branch corresponding to each space soon di \•ides into two, or the two 
branches may come off sep;.1rately from the parent trunk. 'l1he small vessels pass 
outward in the intercostal spaces, one lying near the lower margin of the rib 
above, and the other near the upper margin of the rib below, and anastomose 
with the intercostal arteries from the aorta. 'l1hey are at first situated between 
the pleura and the Internal intercostal muscles, and then between the Internal 
and External intercostal muscles. They supply the Intercostal muscles, and, by 
branches which perforate the External intercostal muscle, the Pectoral muscles 
and the mammary gland. 

The perforating arteries correspond to the fi\·e or six upper intcrcostal spaces. 
'J'hey arise from the internal mammary, pass forward through the intercostal 
spaces, and, curving outward, suppl_v the Pectoralis major and the integument. 
Those which correspond to the second, third, and fourth spaces arc distributed to 
the mammary gland. In females, during lactation, these branches are of large size. 

The musculo-pbrenic artery is directed obli r1uely downward and outward, 
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hehind the cartilages of the false ribs, perforating the Diaphragm at the eighth or 
ninth rib, and termina.ting, considerably reduced in size, opposite the last inter
costal space. It giYes off anterior intcrcostal arteries to each of the intercostal 
spa.ces across which it passes; these diminish in size as the spaces decrease in 
length. and arc distributed in a. manner precisely similar to the anterior intercostals 
from the internal mammary. The musculo-phrenic also gives branches to the 
lower part of the pericanlium, and others which run backward to the Diaphraam 
and downward to the abdomina.1 muscles. 

0 

The superior epigastric continues in the origin::d direction of the internal 
mammary; it descends through the cellular interval between tbe costal and sternal 
atta.chmcnts of the Diaphragm, and enters the sheath of the Rectus abdominis 
muscle, at first ly ing behind the muscle, and then perforating it and supplying it, 
and anastomosing with the deep epigastric artery from the external iliac. Some 
rnssels perforate the sheath of the Rectus, and supply the muscles of the abdomen 
and the integument, and a small branch, which passes inward upon the s ide of the 
ensiform appendix, anastomoses in front of that cartilage with the artery of the 
opposite side. 

Surgical Anatomy.-The course of the internal mammary artery may be defined by draw
ing a line aero·~ the six upper interoostal spaces half an inch from a.nd parallel with the sternum. 
The position of the vessel must be remembered, as it is liable to be wounded in stabs of the 
chest-wall. It is most easi ly reached by a transverse incision in the second intercostal space. 

The Superior Intercostal (Fig. 352) arises from the upper and back part of the 
subcln.Yian artery, behind the Anterior scalenus on the right side, and to the inner 
side of the muscle on the left side. Passing backward, it gi\·es off the deep ceri!ical 
branch, and then descends behind the pleura in front of the necks of the first two 
ribs, and inosculates with the first aortic intercostal. 1 In the first intercostal 
space it gi,·es off a branch which is distributed in a manner simila.r to the distri
bution of the aort ic intercostals. 'l'he branch for the second intercostal space 
usually joins with one from the aortic intercostals. Each intercostal gi,·es off a 
branch to the posterior spinal muscles, a.nd a small one, spinal, which passes through 
the corresponding intcrvcrtebral foramen to the sp inal cord an<l its membranes. 

The deep cervical branch (profunda cervicis) arises, in most cases, from the 
superior intercostal, and is analogous to the posterior branch of an aortic inter
costal artery . Passing backward, between the trans,·erse process of the seventh 
cen-ical vertebra and the first rib, it runs up the back part of the neck, between 
the Complexus and Semispinalis colli muscles, as high as the axis, supplying 
these and adjacent muscles, and anastomosing with the deep branch of the arteria 
princeps cenicis of the occipital and with branches which pass outward from the 
vertebral. 

SURGIC,\L ANATQ)IY OF THE AXlLLA. 

The Axilla is a pyramidal space, situated between the upper and lateral part of 
the chest and the inner side of the arm . 

Boundaries.-Its npex, which is directed upward toward the root of the neck, 
corresponds to the inten·al between the first rib, the upper edge of the scapula, 
and the cla\•icle, thr~ugh which the axill.ary vessels and nerv~s pass. 'fbe bas~, 
directed downward, JS formed b.v the mtegumcnt, and a tb1ck layer of fascia 
extending between the lower border of the Pectoral is major in front, and the lower 
border of the Latissimus dorsi behind; it is broad internally at the chest, but 
narrow and pointed external ly at the arm. ':l1hc anleri01· bo~tndary is fol'med by 
the Pcctoralis major and minor muscles, the former covermg the whole of .the 
anterior wall of the axilla, the latter covering only its central part. The posterior 
boundary, which e:'ten<ls some\~·h:.tt lower ~h;.~n the ant~rior, is formed, by. the St~b
scapularis above, the Teres maJor and Lat1ss1mus Uors1 below. On the urner szde 
are the firsl four ribs with their corresponding Intercostal muscles, and pa.rt of the 
Serratus magnus. On the outer side1 \\here the anterior and posterior boundaries 

I8ec foot-note, p. 607. 



rom·erge, the ~pace is narrow, and bo11nde1l by the humerus, the Coraco-hrachialis 

and B iceps muscles. . . . 
Contents.- Thi s spnce conta.111!'1. the ax11lar~r Y~~sel~ ;ind hrachial plex us of 

nern~:-; with their branches. :.:;ome branches of lhc m1crco!'i tal nen-e~, and a largt• 
numhe;. nf lymphatic glands, all connected together by a quantity of fat and loo!:-ie 
areolar ti~sue . 

Their Position.-The axillary arterJ and ,·cin, '~ith tb~ brachia! )'l~xus ~) f 
nenes, extend obliquely along the outer boundary of !he tn:1llary space, .from m 
apex to it8 base, a ud a re placed muc~ n ~arc r the anten or than th~ posten or w~ll, 
the vei n lying to the inner or thoracic s ide ?f the artery _nml partiall y conccalmg 
it. At the fore part of the ax illary space, 111 conta.ct with the Pccto r~tl rnuscle_s, 
1trc the th oracic brancLe::1 of the axillal'y arte ry, and along the anterior margm 

FIG.362.-Tbeaxlllaryarteryandiblmmchcs. 

of the axilla. the long thoracic artery ex tends to the :-ide of the chest. At the 
back part, in contact with the 1owcr margin of tb e S uhsca.pularis muscle, are the 
f'nhsca pular VC!'!:iels and nen·es; winding around the lower borclc r of this mu~cl e 
is the dorsal is Rcap ulm artery and veins: and toward the outel' ext remity of the 
muscle the posterior circumfl ex ve:-l'el::1 ancl the circumflex acn e are seen curving 
hac:kward to the shoulder. 

Along the inner or thoracic s i1le no \'Cf'sel of any importance cxis tR , the upper 
part of the r.; pace be ing cro:-sed merely by a few !'; mall branches from the superior 
thoracic artery. 'rh cre arc some important nerves, howc\·cr, in thi s situ;_tti on
viz. tbc posterior thoracic or external respira to ry nerve, der-;cending on the sur
face of the Herra.tus maµnus, to which it i~ di strib ut ed~ and perforat ing the upper 
and anterior part of this wall, the interc:o~to-hnmcral nerve or nen es, pa1>sing 
acros~ the axi lla to the inn er s id e of the arm. 

The tinity of the ax ilia is fi l1 ed by a qu~mtity of loose areolar ti::isue and a lar~c 
number of small arteries an<l rei ns, all of \\hic:h arc, howe,·er, of inconsiderable 
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size, and numerous lymphatic glands: these a.re from ten to twelve in number, and 
situated chiefly on the thoracic side and lower and back part of this space. 

:1:~~,~~1~:~!.~,t~~~l~~[~~~~~·~i~::::E~r1~:~~:~r:;i1:\:'.~0:,:~'.:
1

~:~~~·:~.\~;:~~·~r,r.::;ir:~;lj'.~~~~; 
is a quantity of lool'e connective and adipose tissue whi1:h mar be readih- i1161trate1l with blood 

:::::1it:~;~j{:;~:~~x~~~tL~\1H~::~I~1~~~~1f~~}~i~~~J~I:~:~~tr~~~~~~!~lLl~~~;~~~~~~~ 
covennq m t!1e space between the c:hv1cle. and the upper bordc·r of the ])crtorali s minor, splits 
to enclose l lrn; mu:-:;de, nm! , rcb\e11dmg at its lower border, bc<:omcs incorporated with the fascia 

;~;~~::~\?~~;1;J.'~~i:\~::,
1

E~J~!::,i\~~\i~~\~'.~,~~~ J11t~~~~i; :~~t
1 

i~ri£1l1:~1 :i~~~~r ;~~~~·t:l~~
1

~~,~:!~!EE 
it woultl poinl either at the ant_crior border of the axilbr.\· fold or in the erooYc betwC'en the Del-

il~~i~~~jf ~~~~1~;~~:;:;.~~1;i~~l;miiJ!~~5:~~\~!{~~~f~i]:'.~i'.i~~:i~Jir~~~·l~f~!~~!~iJf 1f ~ 
~~~~!~(:~ 1~·~;~::J 1a~~~~~;~utY;e :~::~~r!~~~o:~~.~l~::eo?~h~' o~~~-~~x0~~~~~i~tn!~:.~a!:i~u~1~~k. has been 

In opening- au axillary abscc~ the knife ~10uld be entered in the floor of the ax ilia. midwa_\' 
between t.he anterior and posterior margins a!ld near the thoracie ~ide of the space. lt is well 
to use a director and dre=-:sing forceps after an mcision has been made throu.~h the skin and fascia 
in the manner dir(•tlcd b.'· the late Mr. Hilton 

The student l'houltl :utcnti\•cly consider the relation of the ve::-:!cls and ncr\"eS in the sc,·eral 
parts of the ax ilia. for it not unfrequently happens that the ~urgeon i~ called upon to extirpate 
di~a:-;cd glands or to remove a tumor from this situation. ln performing such an operation it 
will he Jl('<'<'ssar.\' to proceed with much caution in the direction of the outer wall and apex of the 
space. as here the axillary Yes:scls will be in danj?er of bein,!! wounded. Toward the posterior wall 

:~1::.\1; 1:h~1~~~~~i~~~ '~~1\\i~i~!-i~l1J~e s1~1!~~~l~~~,a ~~ ~Z~<lli~h:~l~~;~i~1 'L~~a~~ii~~:iorl~ii~~11~11~e:,~~~~~l~~ 
inner or thoracic wall, :rnJ in the centre of the axillary cavity, tlrnt there are llO ve~sels of any 
importance- a fortunate circum:stance, for it is in this situation more especially that tumors 
requiring removal are usually situated. 

THE AXILLARY ARTERY. 
The Axillary Artery, tbc continuation of the subclnvian, commences at the 

Jower border of the first rib, and terminates at the ]ower border of the tendon of 
the '.Peres major muscle, where it takes the name of bracliial. Its direction nuies 
with the position of the Jimb: when the arm lies b:.- the i;:icle of the chest. the 
Yessel forms a g:entlc cunc. the con,·exity being upward and 011tward: when it is 

~~i 1~~c~~~'"~~c:~ ~l:itl la~ f ~~~1~,·it\~e t~1~te~~;11~1:~c~~ ~e:c~5c~u i1~·~1 ~b ~I ~o~~~ !~~;~ ~;1 1~,~t ::tei1~ 
directed upward. At its commencement the artery is Ye ry dcepJ.,- situated, but 
near it:;; termination is su perficial, heing co,·ered only by the skin :rnd fa$cia. 'The 
description of the relations of this Yessel is fac~lita.ted by it s di,· i~ion into three 
11ortions, the first portion being that aboYc the l'ectorali s minor; the second por
tion. behind; anti the third below, that muscle. 

'l'hc first portion of the axillary artery is in relation. in.f1·ont, with the claYic
ular portion of the Pectoralis major, the costo-coracoid membran e. the external 
anterior thoracic: nel"\'e, and the acromio-thoracic ~rnd cephalic: veins; behind, with 
the first intcrcostal space, the corresponding Intcrcostal muscle, the second and 
third scnations of the Serratus magnus, and th e postcrioi- thoracic n.ene; on its 
outer side, with the brachia} plexus. from which it is separated by a little cellular 
interral; on its inner or thoracic side, with the axillary Ycin. 

RELATIO:N"S OF THE FrnRT Pon.TroN" oF Tni-; AxLLLARY ARTERY. 

l 11./iw1t. 
Pectoralis major. 
C'osto+coraeoid membrane. 
Jt~xternal nntcrior thoracic nen·e. 
Acromio+thoracic and Cephalic ,·eins. 
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OutrrsidP. l 1rnerside. 
Brachial plexus. Axillary Yein. 

Bdiind. 
First [ntercostal spa1:c. and lntercoi;tnl muscle. 
~econcl an<l th ird !<.err:ttions of Scrratus ma~nus. 
Po:-teriur and Intemal anterior thoratic ncrvcf.l. 

The second portion of the axillary artery lies behind the Pectoral is minor. It 
1s covered i11 front, by the Pectora.lis major anrl minor muscles; behind, it i~ 
Rcparnte1l from the Rubsca pularis by a. cellular jntcna.l ; on the inner side is the 
axillary vein. 'J~he cordi:! of the ?rachial P.lexus of n crvC's sunound the artery, and 
separate it from direct contact with the vem and adjacent muscles. 

RELATIO NS oi.~ THE SECOND P ORTION OF TllE AXILLARY ARTERY. 

f1tjl'olll. 

Pectoralis major and minor. 

QEJ Outer side. 
Outer cor<l of plexus. 

l 1111erside. 
Axillary Yein. 
Inner cord of plexus. 

Behiiul. 
Subscapularis. 
Posterior cord of plexus 

The third portion of the axillary artery lies below the Pectoralis minor. It is 
in r elation, in front, with the lower part of the Pectoralis major above, being 
covered only by the integumen t and fa scia below, where it is crossed by the inner 
bead of the median nerve; behind, with the lower part of the Subscapulads and 
the tendons of the Latissimus dorsi and T e rcs major ; on its outer side, with the 
Coraco-brachialis; on its inner or thoracic s ide, with the axillary vein . 1'be nerves 
of the brachia! plexus bear the foll owi ng relation to the artery in this part of its 
course : on the 1Juter side is the median ne n 'e, and the muscul o-cutaneous for a 
short distance; on the inner side, the ulnar, the internal, and lesser internal 
cutaneous ncn·es; and beliind, the musculo-spiral and circumflex, the latter 
extending only to the lower border of the S ubscapularis muscle. 

Peculiarities.- The axillary artery, in about one case out of' every ten, gives off a larl!e 
branch, whidl forms either one of the arteries of the forearm or a larE?:e muscular trunk. In the 
first set of cases t11ii:i :mery is most frequendy the radial {I in 33), son1ctimcs the ulnar ( I in T::?J, 
and 1 very rarely. the intcros:;cous (l in 506). [n the second set of eai:iCs the trunk has been 
found to gi\'C ori!!:in to d.1e subscapular. circumflex, and prof'unda arteries of the arm. Some· 
times only one of the c1rcumfl.ex. or one of the profumla arteries, arose from the trunk. 
In these ca~s the brachial plexus surrounded the trunk of the branches, and not the main 
\'eSSCJ. 

HELATIONS OF THE THIRD PORT[QN OF THE .AXILLARY ARTERY. 

Outrr side. 
Coraco-braC'hi:tlis. 
l\Iecliannerve. 
1\lusculo·eutaneous ner\·e. 

in front. 
In tea;ument and fascia. 
Pectoralismajor. 
Inner head ol' median nerve. 

Inner side. 
Ulnar nerve. 
Internal cutaneous nerves. 
Axillary veins. 
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Surfa:ce Marking.-The. cours~ of the axillarr artery may be marked out by raising the 
arm to a right angle and clra.wmg a !me from the middle of the cla\'iclc to the point where the 
tendon of the Pectoralis major crosses the prominence caused by the Coraco-brachialis as it 
emcr~es from under co,·er of the anterior fold of the axilla. The third portion of the artcn· can 
be felt pul.sating beneath die skin and fascia, at the junction of the anterior with the nliddle 
third of the space between the anterior and posterior folds of the ax.ilia, close to the inner border 
of the Co'raco-brachialis. 

Surgical Anatomy.-The student1 h:1"ing carefully examined the relations of the axillary 
artery i11 its Yari?us parts, should now consider in what situation comprc::;sion of this vt>ssel 
may be most easily effected, and the best position for the application of a ligature to it when 
necessary. 

Compression of the vessel may be required in the removal of tumors or in amputation of 
the upper part of the <'trm; and the only situation in which this can be effectuall y made is in the 

~~~~~r~~r~h~f~i;~t~~\~i1~~ im~~ b~e~N~~h~:~l\;,t ~~re~~~d.situation from within out,\•ard against the 

The axillary artery is perhaps more frequently lacerated than any other artery in the body, 
with the exception of the poplitcal, b.v vio~Pnt movements of' the upper ex tremity, e::;pecially In 
those cases where its coats arc d.iscased. Jt has occasionally been ruptured in attempts to reduce 
old dislocatio11s of the shoulder-Joint. This lesion is most likely to occur during the preliminary 
breaking down of adhesions, in consequence of the artery having contracted adhesions to the 
capsule of the joint. Aneurism of the axillary artery is of frequent occurrence, a large percentage 
of the cases being traumatic in their origin, due to the Yiolence to which it is exposed in the 
varied, extensive, and often violent m0\7 Cruent of the limb. 

The application of a ligature to the axillary artery may be required in cases of 
aneurism of the upper part of the brachial or as a. distal operation for aneurism of the sub· 
clavian; and there are only two situations in which it can be secured-viz. in the first and in the 

~~~ 5~~~ ~ ~1~~~.~~1!r~~~1d~d ~~~\~af;~~~t~~~'~!J!st~~~t;,1 tb~~t til~es~ 1~~1i~l{i~~a~fd~ i~~~t:;~~ 
it in that situat ion would be almost impracticable. 

In the third part of its course the operation is most simple, and may be performed in the 

ffi~0h~~5 ~~'l~1i71~~~l~~ f1~~i:i1~~ ~i~~aS~a~~~o~~l~ ~I~~ i\~1~~~:~1~!~~1 f~~~~i~;et1i~rfl::1~f ~~~,a~~f1~ 
about two inches in length , a little nearer to the anterior than the posterior fold of the axilla. 
After carefully dissecting through the areolar tissue and fascia, the median nerve and ax.iJlary 
vein are exposed ; the former hav ing been displaced to the outer and the latter to the inner side 
of the arm, the elbow being at the same time bent, so as to relax the structures and facilitate 
their separation, the ligature may be passed round the artery from the ulnar to the radial side. 
This port.ion of the artery is occasionally crossed by a muscular slip deri\•cd from the Lat.issinrns 
dorsi , which may mislead the surgeon during an operation. The occasional existence of this 
muscular fosciculus was spoken of in the description of the muscles. It may easily be recognized 
by the transverse direction of its fibres. 

'fhe first portion of the axillary artery may be tied in cases of aneurism encroaching so far 
upward that a ligature cannot be applied in the lower part of its course. Notwithstanding that 
this operation has been performed in some few cases, and with success, its performance is 
attended with much difficulty and danger. The student will remark that in this situation it 
woul<l be nece. a.rv to di\'ide a thick muscle, and, after separating the costo-coracoicl membrane, 
the artery would ·be exposed at the bottom of a more or le~s deep space1 with the cephalic and 
axillary veins in such relation with it as must render the application of a ligature to this part 
of the ve:s.sel particularlv hazardous. Under such circumstances it is an easier, and at the 
same time more advisable, operation to tie the subclavian artery in the third part of its course. 

The \'C~cl can be best sacured by a. curved inc·ision with the convexity downward from a 
point. half an inch external to the Sterno-cbvicular joint to a point .half an inch intcrna) to .the 
eoracoi? pr<J:C~Ss. Tl.ie limb is to be well at?ucted and the head. mchned to, the oppos1t~ s1d~, 
and this mc1s1on carried through the superficial structures, care bemg taken ot the cephalic vem 
at the outer angle of the incision. The clavicular origi n of the Pectoralis major is then divided 
in the whole extent of' the wound. The arm is now to be brought to the side, and the upper 
edge of the Pectoral is minor defined and drawn downward. rhe costo-cora<"oid mei~1brane is to 
be carefu lly torn through with a director close to the coraeo1d proces_s, and the ~x1llary sheath 
exposed; this is to be opened with especial care on a~count of. the vem ~verlappmg the artery. 
The needle should be passed from below, so as to a,·01cl wounding the vcm. 

In a case of wouml of the vessel the .ueneral practice of' cutting down upon, and tying it 
ahO\'C and below the wounded point should be adoptc<! in all cases. . 

Collateral Circulation after Ligature of the Axillary Artery.-If tl1e artery be tied 
abo,·e the ori~in of the acromial thoracic, the collateral circulation will be carried on by the saf!le 
branches as after the lic:ature of the subclaviau; if at a. lower point, between the acromial 
thoracic and subscapular arteries, the latter ,·essel, b.v its fr~e anasto1~1oscs w.ith the 0th.er 
scapular arteries, branches of' the subclavian. will beeon~e the chu~f agent !ll carrym~ on the C!r
culation, to whic·h the Ion~ thoracic, if it be below the ligature_, will .n.rntenall>· co_ntnbute ~Y its 
an:u.:tomoscs with the intercostal and internal mammary artcnes. 1f the pomt mcludecl m the 

~~~~~~eo7'et~~l~~~ot!i~~~1~~i~~ ~~t~~~s~ubT1~~~~~i~tr~~ii'11t~ti~v~~:s~~~i1~g 1~h0eb~~~1~~io~~vi}i~b:ntt: 
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tlit' ;..Uh··1'<\JlUbr arnl the two l'.ircumflcx arkric~ nna~tnnu1:--in~ with the !oiupcrior profu11da from 
th!.! hraehial. 

BH.\~CllE~ OF TUE .AXlLLAHY AHTl::RY. 

The brandies of the axillar~~ artery are-

Frnm .first patl ~ ~~~~:~f~·l \?J:~·~:~~~- From ~t·f·ond part { :\'{~11~ .~!;1h0~.~~~~~· 

{ 

Rubscapular. 
From tliird part Anterior Circumflex. 

Posterior Uirc:umflcx. 
The superior thoracic is a small artery which ari!'CS from the axillary sepa

ratl'h· or bY a common trunk with the acromial thoracic. Hunning forward and 
inwa;·d aiol1g the upper bord<:>r of the Pectoral is mino1\ it passes between it and the 
Pectorafo; ma.jol' to the ~ide of the chest. It supplies these muscles and the parictcs 

of t,~~:~~~~~i~t~:~~:C~~i~! ~"!t1~1~thet 1~~~t·1~~~i~~a:i.~~~\1~~1~~1 t~~6te;;1~;t1~!r~r~~r~ts~ 
axillary artery. l)rojccting forward to the upper border of the Pectoralis minor, 
it divides into three sets of brancbes-th01·a(·ir, <U'rMnfol, and deseendin.<J or 
l1111nel'(d. 'l'hc tlw1·acic branches, two or three in number. are distributed to the 
Rcrratus rnagnus and Pectoral muscles, ana~tomosing with the · intcrcost:d 
Lranthcs of the internal mammary. The acromial brcrnehcti are directed outward 
toward the a<:romion, supplying the Deltoid muscle, and anastomosing, on the ~ur
f'aee of the acromion, with the suprascapular and posterior circumflex arteries. 
The lawu:ral bmnch passc·~ in the space between the J>cctoralis major and Deltoid 
in the same groove as the cephalic vein, and supplies both muscles. ~rhe artery 
:iJ...;o Ai Ye~ off a Yery small branch, the clal•iculw·, which passes upward to the Sub
da\·iu~ muscle. 

The long thoracic (e.rtf'rnal mammar,11) passes do" nwarll and inward along the 
lower border of the Pcctoralis minor to the side of' the chest, supplying the Serra
tus magnus, the ])ectoral muscles, and mamm:.n.v gland, and ~ending branches 
acros:;:. tbc a.xilla. to the axillar.v glands and Subscapularis; it anastomoses with 
the internal mammary and intercostal arteries. An accessm-,y external mammary 
branch is often found running to the chest behind the long thoracic. 

rnic alar thoracic is a small branch which supplies the glands and areolar 
tissue of the ax ilia. Its place is frequently ~upplied by branches from some of thr 
other lhoracic arteries. 

rrhe subscapular, the largest branch of the axillary artery, arises opposite the 
lower bonier of' the Subscapularis muscle, and passes rlownward and backward 
along its lower margin to the inferior angle of the scapula, \\here it anastomo.ses 
with the long thoracic and intercostal arteries and with the posterior scapular. 
~\.hout an inch an<l a half from its origin it gi\·cs off a larf!e branch, the <lo1·salis scap
ula'. arnl terminates Ly supplying brnncbe!' to tbc musl'le~ in the neighborhood. 

'l'Le dorsalis scapula! is gi\·en off from the sub.s;capular about a_n inch from its 
origin and is general!» larger than tberontin11ation of the Yessel. It tunes round 

~~~ ~::\~!~ri~i1:,~1~:1~;~00\~e.t~~e s~~~.~~a~~%~".i 7)~1 ~1~,~ ~~;111~1 ~ ti11~~~\~!~d ~r~~7e 1~~:-~~~~~: 
externall,\· (Fig. 3Gl), and enters the infraspinous fossa. 1 whe~e it anastomoses with 
the po;~terior stapular and suprascapular arteries. In its cours.c it gives off two 
sets of branches: one enters the subscapular fo~sa beneath the Subscapularis. 
whi('h it supplies. anastomosing with the posterior scapular and suprascapular 
arteric:-;: the other is CPntinued along the axillary hordcr of the scapula, between 
the Terc•s major and minor, and. at the dol'~al surface of the inferior ~ngle of the 
bone. anastomoses with the posterior scapular. ln ::ulrlition to these, small brancbe~ 
arc rli~ t ributed to the back part of the Deltoid mu::;c:lc and the lonu bead of the 
rl1 riccp~ . anatitomo5ing with an ascending branch of the superior p~ofun<la. of the 
brachia I. 
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The circumflex arteries wind round the neck of the humerus. The po~terior 
cfr '""~flex (Fig. 361), the larger of the two, arises from the back part of the axillary 
oppo ~itc the lowe~· border of the Subscapularis muscle, aml. pa~sing backward with 
the c11·cmnflcx Yern~ and nene through the quadrangular space bounded by the 
Teres major and mmor, the scapular bead of the Tri ceps and the humerus, winds 
round the neck of that bone and is distributed to the Deltoid muscle and sboulder
joint, anastomo~ing with the anterior circumflex and acromial thoracic arteries, and 
with the ~upcrior profunda branch of the brachia! artery. The anterior dremnjlex 
(Figs. !361, 3G2), considerably smaller than the preceding, arises just below that 
vessel from the outer side of the axillary artery. It passes horizontally outward 
beneath the Coraco-brachialis and short head of the Biceps, lying upon the fore pa1·t 
of the neck of the humerus, and, on reaching tho bicipital groove, gives off an 
ascending branch "bich passes upward along the groorn to stq.ply the head of the 
bone a1Hl the shoultl.2r-joint. The trunk of the vessel is then continued outward 
beneath the Deltoid, which it suppl ies, and anastomoses with the posterior circum
flex artery. The a.rilla1~11 cutaneous branch, long and slender, is often found 
ramif~r ing in the superficial fascia of the floor of the axilla. 

THE BRACHIAL ARTERY (Fig. 363). 

The Brachial Artery commences at the lower margin of the tendon of the Teres 
major, and, pa~sing down the inner and anterior aspect of the arm, terminates about 
half an inch below the bend of the elbow, where it divides into the radial and 
ulnar tuteries. 

PLAN OF THE REL . .\TIOXS OF THE BHACllIAL AllTl.:RY. 

ln.fro11t. 

Oulf1· .~ide. 

\' ena. comes 
:Jfc<lian ncn·e (alJorn). 
Coraco-brachialis. 
Biceps 

Integ;ument and fascire 

~i~~ft~\\tl n~~~!~> median basilic \'ein. 

!11 11ersicle. a v Vc1rneomcs. 

Behind. 
Triceps. 

Tntcrnal cutaneous and Ulnar JH?'n'C'~ 
Median ucn'C (below). 
Ilasilic \'Cin (upper half). 

1\1 usculo-spiral ne1TC. 
Superior profunda artery. 
Coraco-brachialis {insertion). 
Brachialisanticus. 

Relations.-Tbisartery is superficial throughout its entire extent. being co,·ered, 
i11 front. by the integument, the superficial a~d deep .fasci~; tbe bicip~tal fascia 
separates it opposite the elbow from the median bas1lic ,·cm; the median nene 
cro~scs it at its middle. Behind, it is separated from the inner side of the 
humerus, above, by the long and inner beads of the Triceps. the musculo-spiral 
nen-e and superior profunda artery intervening, and from the front of_ the bone, 
below, bv the insertion of the Coraco-brachialis m11scle and b.'· the Brachialis 
anticus. "Bv it s m.tter side it is in relation with the commencement of the 
median ner~·e and the Coraco-brachia.lis and Biceps muscles, which s1ightly 
o,·erlap the artery. By its inner side its upper half is in relation with tbe inter
nal cutaneous a1ld ulilar nerves. its lower half with the median nene. 1-'be 
basilic ,,ein lies on the inner side of the artery, but iR separated from it in the 
lower part of the arm hy the deep fa scia. It is a~companicd by two ,·cnre co~ites, 
which li e in clo::;e contact with the artery, berng connrcte<l together at rntcr
vals b~· short trans,·cr::;e communicating branches. 

Sl1RGICAL ANATO)!Y OF TIIE BEND OF TIIE ELBOW. 
At the bend of the elbow the brathial artery sinks deeply into a triau

gular intcn'al, the base of which is directed upward toward the humerus, 
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and till' si1lcs of "hich arc bounded, externally. h_r the Rupina.tor longuR: intcr
nalh, hy the Pronator radii tercs; its floor i~ formNl hv till' Bnichial i!:i antitut< and 

' ' Supiirntor l~rr,·is. This ~pace, ,.u/1it1tl 
fossa. contains tltc brachia! artery" ith 
its accomp:rnyin~ Yein~ . the radial and 
ulnar arteril's, thl' ml'dian an<l musculo
Rpira l ncnc~. :rnd the tendon of tlw 
Biceps. Th e hra('hial ;1rtcl'~· occ up i<•:-; 
the middle lin e of th is space. and 1li' id <·~ 
opposite tbc neck of the radius into til l' 
radial :rnd ulnnr al'tcrics: it is c·overNI. 
in front, hy the int egument, the su per
fi cial fa scia. and the media n baRilic \'Cin. 
th e Hin being scpamtl'd from direct 
contact with the artery by the bieipital 
fascia. BPhind. it Ji m; on the Brneh ialiR 
anticuR, \\ hic:h RCji::tratc•s it from the 
elbow-joint. The med ian nen·e li es on 
the inner side of the artery, close to 
it abo,·e, but separated fro~ it below 
by the coronoid head of the Pronatol' 
radii tercs. '11he tendon of the Biceps 
lies to tLc outer side of the ~pace, and 
the muRetil o-~piral ncrYC still more ex
ternally, ly i11 g upon the Supinatol' 
brevis and partly concealed by the 
Su pinator longus. 

Peculiarities of the Brachia! Artery as 
regards its Course.-'l'he brachial artery, ac-

f,~11;~~~=j~~1~<]~~~ £~1~henBi~~\~s~~~~:i~1~~~'111d:~.~~,.;~J 
the inner condylc of lhc h.nm eru~, where it 

!~1:i~\~ ~it;~~1~;~~1~1 :~0(;~~S b/~·fib;.~~~cba?i~ ~i~1~ij:~ 
indines outwa rd , beneath or lhrouU;h the sub
stance of the J>rouator raclii tcres mn~le, to 
the bend of' the elbow. The variation hears 

~'{! 1 ~I~~ c.:~~:~~\.a i\1;1 ~~~l~·e"~ ~.ht~~~(• ~;1~·~:;:~r~j~ 11i~ 1~~~ 
been reforrcd to above in the <lesc·ription of 
the hmuerus (page 250), 

As regards its Division.-O('<':u~ionall~. 
the artery is dh·ided for a. short distan<:e at 

~!~it~cl 1~J;o"1~'~1\d i~lo\~·~'·o 1~ 1~i :~~ l;r ;~T~~~lLri~~ 
F1G. 363.-The surgical anatomy of the brachial nrtery. occu r~ in the main VC!"~el of the lower limb. 

The point of bifu rcation may be aboYe or 

~~~}~~~~~i¥i~t~~~~i~~~~~~ 
upper part, le~:-. so in the lower part, arnl lea~t :-o in the middlr, the mo~t, usual point for the 
application ofa li!rature: under any of thc:-c (•il"('t11 11~tanl'C8 two lar,C?c arteries would be found in 
the arm i11..,1ead of one. The mo:-.t fr~quent /in 1hr<'e out of' fom) of these peculiaritic!' is the 

~r~~ .ii1Ii~~~~;~::J:.:::'.~{!'.~~~~;\:~f ~,1fl'.'J~~g;\~:\;~r~~~~f :'~1~~:1~\iJ;~:~~i§'.:~f fi~g'.i~~:::;~ ::'.' 
srl at the lo\H·r 11art ol' the arm, an<l <le::wends tuwar<l the inner('undyle. Tn the forearm it gen· 
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r,:~~~Flir::~~;~~~'.;~~~~~:~t~~~:~~,~i~~,~;·:1::1~~~~::~;~~,::~~~,ft~~~:?;;,~:!~~.::~,';::':,b::~;:;;. ;':: 
it P.a~c:s dow1• the arm 1t hesbehmd the mam tnmk, and at the Uend of theclUow regains its usual 
po:-;1t1on. 

;~~~~f :t~~~:~~~,~;~t~~;,:{i~':fiJJ~;r:;~~~~~1f Elc1~t~;.::~;:~~ii~fi;,~~!-ai)~~1r~:~~~llr :~~'. 
Occai;ioually the two artel'ies represeming the ln·athial are tonneetcd at the bend of' ll1e 

elbow by a !:ihort trams\'erse bran<;h, ;rnd arc enn sometimes reunited 

;:;,\\'.J;;,'~~,'i'':~~· .~~;~;~;c~ild~\~;[t~~,:; ,:;''~~ aat:~;;~;;i ij\~~~'t\:~~1~. th'1·1~:~~l,'.~~sc~~ ~:~~tt'.;"j~:;;e~l~~ 

n~'.;~I::f;ii:~,~.;~~ ~r1~~1r:~~,~'.:~:~:::~~\.~~~~~;'.'.:~r~1:~:~:i
1,:,r'1i:~,;: f1~~· ·t~:~~K-b~~~1~t~~~- ~;:~;~~: 

Surface Marking.- Thc di rcNion of the brachia] artcn· is mark ed. when the arm is 

~~~~~{~~~~~~§E1i~¥~;'.~"1!,~~¥~~~:i~ 
Surgical Anatomy.-Compression of the bmchial artery is re<1ui rcd in eases of amputation 

ancl :some other opemtions in the arm and forearm; anJ it will Lcobscn·cd that it mar be effected 

~:~t·~:~~~~1ii:~~::7[r.~~1~:~~~~,~i~11-i~;,~~\:~~~~x:~12:~~~:~ ir~,:;~~'.\h~1~'.;:··u!fi~~~:.F~~'.~~~ 
able :situation is about the middle of the arm, where it lies on the tendon of the Coraco-brachialis 
on the inner flat isidc of the humerus. 

~~#~~~i1~~;:'.~~~~;;~~~~~~~?~~I~; 
~~~~~;~~~~~;:i;;,j;~~~~~t\:~~~;;~~~~}:i~:~f ~f t:!lif~~~~I~!.~:H~~tf I~~t~i~~~~1~~I~)~ 
vessel. 

In the upper third of the arm the artery may be expo~ed in the followin!!" maimer: The 
patient being- plated horizontally upon a table, the affected limb should be raised from Lhc side 
and the hand. su1>inated. .:\.n int1::;ion about two im:hcs in lc11!!th should ~e made on the inner 

r~rf l!~lnt~':~i~;;~:;:g~f~f ::~~~iS~1~~~~t~~f [t;~v:f~r1~~1~~1~~~1~Jtm{;.1~1~t1~~i;~~ 
~i~!e~:~~:~e~.~~~~t!:t~~~ ~J~~"ii1b~~!,fti~·~~i~11:~1:1~ ~~~~~:~~c~:~(· tiut~ft1~~~e~r;1!1.1 tl,j\f; ~~u~~~~ :.~!.~A~Jt~ 
:f(l~~rate<l. the aneurism needle should he pa:-.-.cd rouml the artery from the inner to the outer 

~~.~!i~:~:~'.~::~¥ :~i~~;;1~li'~~~:~l~;g~~~iF~;~1~~if 1::fi~,.~~~~~;·~:~t~j;f i~ti:~~~~~ll~,'~~~~f~f ;t~ 
only when both vessels are compressed, both ve8scls may be ticdi as it may be concluded that 
the two c011mnmieato above the ::iCUt of disease or :ire reunited. 

ft 8houkl also be remembered that two arteries may be present in the arm in a case of high 
division, and that one of these may be found. :don!! the inner. i!1tern~uscul ar SeJ?tum, in a line 
toward the inner condde of' the humerus, or 1n the usual po81t1on .of the brachwl, but deeply 
placed beneath t.hc c·Ommon trunk: a knowlcd!!C of these facts will suggest the _precautions 
~~i~h~i"ary in c\·ery ease, and indicate the measures lo be adopted when anomalies arc met 

the f,~1!~~u~;~?i1~r0~1t!hT3!~~: t~~~1~i~~hi1~1~-tf~.;c::~~11;· ti~1~/1'~:~.~~ ~;; :~~·\~i 1~1;~ :1~~i~o~~~~11l~ 
should be dmwn slightly aside, and, the fascia heme?; carefully thrnlcd. the median nen·e will be 

1 See !-'1rutbcr's . Jnatr1mif'•i/ a11d Pliyr.iioloyical Ob.~1n"ati0118. 
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exposed Jving upon the artery (sometiml's_ beneath); this bcin!!; dmwn inward a1ul the urn!'i<'lc 

~i~~'~:~i~~!; /1~~ i~f~~fi~·r ~~~~y~:!lJ~cn:~n;:11~~st1:~.k~\\ i1\~r ~l1~0~~~~;;~~r~::~k~·~~1~e~1i:~J\./if~~l'~~gct 1~~1.~~ 
the coll•ltcral 1·irl·ulation ha\· iu~ bcl'omc e:stablishl..'11; thi~ may 1.>t! :l\'oi<lc1l by clir1:.'<.'tin~ the im:is
ion cxtcruallr towtml thl' Bicep:;, rather than inward or lmckwarJ tow:tnl the 'J'ricc11~. 

The lower part of the brachial artery i)', of interest in a suri:!'.ital point of view. on ac1·om1t 
of the rdation which it bears to the YCins mo~t commonly opcn~I in \'l'IU.'"ettiou. or tlu .. ·sc 
yes..;c\s. the median ba.-.ilic i~ the laruest and most prominent, and, con~eqnently, tltt' ouc u:-.ually 
bdech•d for the operation. I t should be remembered that iliis vein runs parallel with the 
braC'hial arter.\·, from which it is separated by the bicipital fastia, :md that care :--houhl be taken 
in opcninu the \'C'in not to carry the inti:sion too deeply, so as to cndan!?'cr the art ('ry. 

Collatera l Circulation.-After the application of :t lig-aturc to the brad1ial artery in the 

~t:~~'.::~:1~~~t\L~'.i:s~~r~~yg:~~:'.ri~·i~t:1~~i~~!i~~'.fl~f,i;·~t::~~~1'.
1

!~~i!:::{':~~!:~i~i!:~~~:~jll~ 
arteries. In two cases descnbe<l by Mr. South , 1 in which nw brachia\ artery had been tied some 
time previously, in one ··a lon!{ portion of the artery had been ohlitcra tcd 1 and sets of ve~sels 

~:·c~i l~i~~f1~~i:;1~1~1~c~·itJ:.~~~si~:1~~~ 1 i~ . a bJ~:e 1\!~e it~11~~e~J1t!o~b1~~c~c~t~1~ci~"f~s~ 1~1~t~~l~f,~~.'~~1idl~a:fne~I~ 
cun·ed artery about as big as a crow-quill passes from the upper to the lower open part of the 
artery." 

'l'hc bra nches of the brachia! artery arc-tho 

Superior Profunda. 
Nutrient. 

)Juscular. 

Inferior Profunda. 
Anastomotica :Magna. 

The superior profunda arises from the inner and back part of the brachia!, j ust 
below the lower border of t he 'r eres major, and passei:; backward to the intcnal 
between the outer and inner heads of the 11riceps muscle, accompanied by the 
musculo-spiral nen·e; it winds round the back part of the shaft of the hum erus 
in the s piral g roove, between the 'rriceps and th e bone, to the outer s ide of the 
humerus jm1t a.bovc the external condy le, where it divides into two terminal 
brnn chcs. One of these pierces the external intcnnuscular septum , and descends 
to the space between the Brachia I is a.nticus and Sup ina.to r longus, where it anasto
moses with the recurrent branch of the rad ial artery; while the other, the posterior 
articular, descends along the back of t he external inte rmuscular septum to the 
back part of the elbow-joi nt. where it anastomoses with the posterior interosseous 
recurrent, and acro8s the back of the humerus with the posteri or u]na.r recurrent, 
the anastomotica. 1m1gna.. and inferior profon<la. (l~..,ig. 360). The superior profunda 
suppli es the Triceps m uscle and g ives off a nu trien t artery to tbe upper end of the 
humerus. Near its commencement it se111ls off a bran ch which passes upward 
between the external and Jong heads of the Tricepa muscle to anastomose with 
the po::;tcr ior circumflex artery, and, while in the groove, :t small branch which 
accompanit•s :i branch of the musculo-spiral nen·c through the sub!'tan ce of the 
Triceps muscle and ends in the Anconeus below the outer condv1e of the 
humerus. "' 

The nutrient artery of the shaft of the hnm crns arises from tho brachia!. about 
the middle of the arm. Pa~sing downward it enters the nutrient canal of that 
bone near the insertion of the Coraco·brachialis muscle. 

The inferior profunda, of smal1 size, ari~es from the brachia}, a little below the 
middle of the arm: piercing th e in ternal intcnnuscular septum, it descends on the 
surface of tb e inner head of the Triceps muscle lo the space between the inner 
condylc and olccranon , accompanied by the ulnar n erve, and terminates by anasto
mosing with the poster ior ulnar recurrent and anastomotica ma (l' nn..' I t also 

:~~~1~J~~ ~~l~:~~'\~~~l~~r:~~- front of the internal condy le, which anasto~oses with the 

The anastomotica magna arises from the brachia l about two inches abo,·e the 

an~:o7~;e~lii~;'b~~::ChJ'af~~ ~~~!!,;;!4~~ 8ilie ~1:c1;i~:~i~~\V?i'f~:,:i ~~p:l·f ~r.;~!9!~Y~.Y ~~~·t~~~~·g~~·e1~1: 
case ~ ,~· 1th draw1rn.,.-,; ) of the c1rculat1on after ligature of both brachia! and radial (AIUrazioni 
PaJof191t"!ie ddle Arterie) . 
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clbo~v·joint. ~t passes tnrns,·ersely inwa:rd upon the Bracbialis anticus, and, piercing 
the mternal mtermuscular septum, w111ds round the back part of the humerus 
~etwe~n th~ 'rriceps an~ the ~one, forming an arch abo,·e the olecranon fossa by its 
JUnct1on with the po~ter10~· articular branch of the superior profunda. As this ,·essel 
lies on the Brach1alis ant1cus. branches ascend to join the inferior profun<la, and 
other:.. descend in front of the inner condvle to anastomosc with the anterior ulnar 
recurrent. Behind the intemal condvle"' an offset is fl'i,·en off which anastomoses 
with the inferior profunda and posterf'or ulnar recurr~nt arter ies and supplies the 
Triceps. 

The muscular are three or four large bnrnchcs, which arc distributed to the 
muscles in the course of the artery. 'l'bey supply the Coraco-brncbial is. Biceps, 
and Brachialis ant icus muscles. 

The Anastomosis around the Elbow-joint (Fig. 3G6).-'.l'be vessels engaged in 
this anastomosis may be con"cn iently divided into those situated in front and 
behind the intcmal and external condyles. The branches anastomosing in front 
of the internal condyle are the anastomotica magna, the anterior ulnar recurrent, 
and the anterior terminal branch of the inferior profnnda. Those behind the internal 
condylc are the anastomotica. magna, the posterior ulnar recurrent, and the 
posterior terminal branch of the inferior profunda. 'l1he branches anastomosing in 
front of the external con<lrle are the radial recurrent and one of the te rminal 
branches of the superior p1~ofunda. Those behind the external condyle (perhaps 
more properly de::;cribe<l as being situated between the external condyle and the 
olecranon) arc the anastomotica magna, the interosseous recurrent. and one of 
the terminal branches of the superior profunda. There is also a large arch of 
anastomosis abo\·e the olecranon, formed by the intcrosseous recurrent, joining with 
rhc ana~aomotica magna and posterior ulnar recurrent (Fig. 366). 

From this description it will be obsencd that the anastomotica magna is the 
rr~sc l most engaged, the on ly part of the anastomosis in which it is not employed 
being that in jiwi,t of the external condyle. 

Radial Artery. 
The Radial Artery appears, from its direction, to be the continuation of the 

brachia!, but in size it is smaller than the ulnar. It commences at the bifurca
tion of the brachia!, just below the bend of the elbow, and passes along the radial 
side of' the forearm to the wrist; it then winds backward, round the outer side 
of the carpus, beneath the extensor tendons of the thumb, and, finall.v, passes 
forward, between the two heads of the First dorsal interosseous muscle, into the 
palm of the hand, where it crosses the metacarpal bones to the ulnar border of the 
hand. to form the deep pahnar arch . A t its termination it inosculates with the 
deep branch of the ulnar artery. 'l1he relations of this ,·es.sci may thus be con
Yeniently di\·ide<l into three partS- \'iz. in the forearm, at the back of the wrist. 
and in the band. 

Relations.-I11 tlieforearm this ,·essel extends from opposite the neck of the 
radius to the fore part of the styloicl process, being placed to the inn er side of the 
shaft of the bone aborn and in front of it below. It is superfi cial throughout its 
entire extcnt

1 
being covered by the integ_ument, the superfic!al and deep fasciIB, 

and slightly overlapped above b.Y the Supmat.or longus .. In its course _downward 
it lies upon the tendon of the Bweps, the Supmator brev1s, the radial or1g1? _of the 
Flexor sublimis difl'itorurn, the Pronator rad11 tcrcs, the Flcxor lougus poll1ms) the 
Pronator quadratu~, and the lower cxtremi~y of the radius. In the UPJ?~r third 
of its course it lies between the Supinator longus and the Pronator raclu tcrcs; 
in its lower two-thirds, between the tendons of the Rupinator longus and the 
Flexor carpi radia.Jis. The radial nerve lies along the outer side of the artery 
in the middle third of its course, and some filaments of the musculo-cutancous 
nen'e, after piercing the deep fascia, run along ~he lower part ~f the artery as. it 
winds round the wrist. The vessel is accompametl by venre com1tes throughout its 

"hole course. 
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PLAN OF TUE RELATIONS OF THE RA DUL ARn:nr IN TllE Fo1rn.AR,\t. 
lnj1"011t. 

-.; kin, superficial and deep fa~itu. 
Supinator lon!!'.us. 

Inn er side. 
Pronatorradii teres. 
Flexorearpi radialis. 

011tcrsidr. ~ 
~·;';.·~~;,;;.;~'' I Supinator longus. 

Radial nerve (middle third ). 

Be!tiud. 
Tendon of Biceps. 
Supinatorbrevis. 
Flexor sublimis digitorum. 
Pronatorradii teres. 
Flexorlongus pollicis. 
Pronatorquadratus 
Radius. 

At the wrist, as it winds round the outer side of the carpus from the styloid 
process to the first intcrosseous space, it lies upon the external lateral ligament, 
and then upon the scaphoid bone and trapezium, being covered by the exten1<or 
tendons of the thumb. subcutaneous veins, some filaments of the ra<lial nerve, and 
the integument. It is accompanied by two ,·eins and a filament of the musculo
cutancous ncne. 

In the hand it passes from the upper end of the first interosseous spate, 
between the heads of the Abductor indicis or Fir8t dorsal interosseous muscle, 
tmns,·erselv across the palm, to the base of the metacarpal bone of the little 

~~~~1~i1:;~"~~~~·d~~:>nl~:f1~11<~~~1-~~~h i~~ie~0~~;~~11~~~1~~~.7JS~~~~~n!·:·~~s ~~~.L~1 ~~~~:~~~;;:i 
bones and the Interossei muscles, being covered by the Adductor obliquus pollicis1 

the flcxor tendons of the fingers, the Lumbricales, the Opponens, and Flexor 
brcvis rninimi digiti. Alongside of it is the deep brnnch of the ulnar nerve) but 
running in the opposite direction; that is to say, fro111 within outward. 

Peculiarities.-'J1he ori~in of the radial artery, according to Quain. is, in nearly one case 
in ci.!Zht, hi!Zht'r than usual; more frequently arising fro111 the axillary or upper rart (If the 

~~a;l11~a~;::~l~n~[0~~ ~11~~ \~~~i' ~·?~1~! ~~~'~e~~:e ~1~~ ':J~~~~~~u~1~~~tit~~~ecf~5t~11tl~e }~;~a~·~~i~ 
deviates less frequently from its Position than the ulnar. It has been found lyinµ- over the fa:-<.:ia 
in!:ilead of beneath it. lt has ;ilso been observed on the surfoC'e of the Supinator lonuus, instead 
of a\011!! its inner border; and in turning round the wrist. it has IJeen seeu lying over, instead of 
beneath. the extensor tendons. 

Surface Marking.-The position of the radial artery in the forearm is represented by a 
line drawn from the outer border of the tendon of the Biteps in the centre of the hollow in front 
of the elb<?w-joint with a ~traight course to the inner side ol' the fore part of the ~tyloicl proces.s 
of the radrn!'l. 

Surgical Anatomy.-The radial artery is much exposed to injury in its lower third and is 

~r~it~~~t~i1i:iu;~~hl1 i~Ytl~~~tf;:;1t1::J:1~n~r~~:~l~-1\t~0~~id~nr;ne ,P,~·e gil~'t~~l~t~ ~flc1~1 \1~~\i~~ed1~~ 
a traumatic aneurism, for which the old operat ion of laying open the sa.c and securing the ves.-;CJ 
above and below is required. 

The operation of tying the ra.clial artery is required in cases of wounds either of its trunk o;, 
of ~ome of its branches, or for aneurism; and it will he observed that the ves.scl may be exposed 
in any part of' its course throu.!!;h the forearm without the division of any muscular fibres. 'J1!1e 
operation in the middle or inforior thi!·cl of' the forearm is easily performed, but in the upper 
third, nea~ the ell>ow, it is attended with some <lifllculty1 from the greater depth of' the ve:-sel 

and ~n~i~tst~ii~~t~~;r/~1W1~cl ~~P~~et~i~fJi'~~~oin1ii~fo~~~ ~h~~1\1ches in lenA"th should be urncle 
throu:?:h the inlt'trument, in a line drawn from the c·entre of the hcnd of' the elbow 10 the front 
of the stylo!<I pr?'·~:-:~ of the rac~im•: asoidin!!: the branches o_f the median vein; the faSC'ia of 

~~~m~~~'{ ™;l·I:~ ~.1~:~~~~~01~;;;~:.t 1~ho~ld1kt~~r!f~Jl~~s s~\~~~~~cd ~r~~~ ~1~1~"~~~!'et~l~enr~f1~· 1i;iliu1:: 
pa ........ rrl from the radial to the ulnar side . 
. . In 1hc mi<lclle th~rcl of' the .forearm t~c :.trkry may he cxpo~e!l b)' m~kinc; an inci~ion of 

sumlar kn!!th on the mncr margm of' the Supmator longus. In this s1tua.t1on the radial nerve 
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lies in dose relation wi1 h lhc outer side of the artery, and shoi1ld 1 as well as the nins, be care
fullv avoided. 

· In lhc lower third the artery is easi ly secured by dividing the inte!!umcnt and fascia in the 
interval hc1wccn the tendons of the ~u
oinator lon!!m; and Flexor carpi radialis 
inu:-;cles. 

The branches of the radial ar
ten ma\· be di\·idecl into three 
grOups, · corre:-.ponding with the 
three regions in \\hi ch the vessel is 
situated. 

In the 
FurNv·m 

Wrist. 

( Hadial Becurrent. 
J Muscular. 

} 

Anterior Carpal. 
_~uperficit.tli!:i Yolm. 
Posterior Carpal. 
~Ietacarpal. 

I 

Dor'<1les Pollicis. 
Dorsalis Indicis. 
Princeps Pollieis. 
Radialis Iudicis. 
Perforating. 

l In terosseous. 
Palma.r Hecunent. 

The radial recurrent is ~i ''en 
off immediatelv below the elbow. 
It ascends heiween the branches 
of the musculo-spiral nene lying 
on the Sup inator breds, and then 
between the Supinator longus and 
Brachia.I is anticns 1 s uppl,ving these 
muscles and the elbow-j oint, and 
ana"'ltomosing with one of the ter
minal branches of the superior 
profunda. 

l'he muscular branches are dis
tributed to the muscles on the ra
dial side of the forearm . 

The anterior carpal is a small 
rnssel which arises from the radial 
artery near the lower border of the 
Pron3.tor quadra.tus, and, running 
inward in front of the radius. an
astomoses with lhe anterior carpal 
branch of the ulnar artery. J'rom 
the arch thus formed br3-nches de
scend to supply the articulations 
of the wrist. 

Th e superficialis volre arises 
from the radial arter.\', just where 
this vessel is about to wind round 
the wrist. Bunning forward, it 
pa~se:.i bet\1 een the muscles of the 
thumh, which it supplies, and some-

~~~~:~"~t:i~co:~n::.t:1~1~~}a~:!~ arte~i1;~.3&l.-Thc surgi<'nl anntomr of the radial and nlner 

pleting the superficial palrnar arch . This ve::sel varies consiJerably in size : 
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usually it is ''err small, and terminates in the muscle~ of the thumb; sometimes 
it is a8 large as 'thr continuation of the ra~ial. 

'l1hc posterior carpal arises from the radial arte ry beneath the extensor ten1lons 

Radial 
rec1t1Te11t 

Posterior 
i1iterossco11s. 

FIG. aw.-l'lnnr nnd mdinl arteries. Deep view. 

of the th umb; crossing the carpu !-i 
transverselv to its inner border, it 
anastomosCs "ith the posterior car· 
pal branch of the ulnar, form ing the 
postel'ior carpal arch ." Inch is j oi ned 
by the termination of the posteri or 
inteross.cous artery. Fron1 this arch 
arc g i,·cn off descending branches, 
th e dorsal interof:seous arteries for 
the thircl and fourth interosseous 
spaces, whi ch run forward on the 
muscles :rnd divide into dorsal digi· 
ta! branches which supply the adja
cent si<les of the m i1ld le, ring, and 

~~~:~g fi~:~~~S :~~p:]~~\~~~y ~\ t~t~~i~~Ul~jf~ 
the superfi cial palrnar arch. At 
their orig in they anastomose with 
the superior perforating brancheti 
from the deep palmar arch. and at 
the clefts of the fin gers send off 
i1~f"erior pei:forating branches to the 
corresponding palmar digital ar
teries. 

'J'he metacarpal (first dorsal inter· 
osseous branch) arises ben eath the ex· 
tenso r tendons of the thumb, some· 
times with the posterior carpal 
artery ; running forwa rd on the 
Seco nd dorsal interosseus muscle, it 
communi cates, behind, with the 
corresponding superior perforating 
branch of the deep palmar arch : 
and in front it divides into two 
dorsal d~gital branches,'' hi ch supp1y 
the adjoining sides of the index and 
middle fin gers, inoscu lating with the 
digital branch of the superficial 
palmar arch. rt <•lso has a similar 
but more consta nt inferior pe1for· 
ating branch, 

Th e dorsales pollicis are two 
vessels which nm al ong tl1e s ides of 
th e do1·sal aspect of the thumb. 
Th ey arise Rcparatcly, or by a co111-
mon trunk , near the base of the first 
metacarpal bone. 

~L1h e dorsalis indicis runs along the radial side of the back of the index finger, 
sending a few br:rnches to the Abductor indicis. 

The princeps pollicis arises from the radial just as it tunu1 inward to the deep 
part of the hand; it descends anterior to the Ab(luctor indicis and between the 
Adductor pollicis muscles. along the ulnar fl i1le of the meta.carpal bone of the thumb, 
to the base of the fir:;;t phalanx. where it divides into t\\O branches," hi ch run along 
the !-iidc:; of the pal mar a:spect of the thumb an<l form au arch on the under surface 
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of the last phalanx, from which branches a.re distributed to the in te<Pument an<l 

pulp of the thumb. " 

'11he r~dia~~ indicis arises close to the preceding, descend~ between the 

1~bducto r 1.mhc1s and Ad~uctor tra~sversus p~llicis, and runs along the rad ial 

sule of the mdcx. finger to its extrem ity, where 1t anastomoses with the collateral 

dig ital artery from the superfi cial palmar arch. At the lower border of the 

Addu?tor transrnrs1~s ~ollicis this Yes.sci anastomoses with the princcps pollicis, 

and g 1\'CS a communica.tmg branch to the su perficial palmar arch. 

The _superio~ perforating arteries, three in number, pass backward between the 

. heads of th e last three Dorsal interossei muscles. to inosculate "ith the dorMI 

interosseous arteries. 

pal1~~~ !~~~arthi:;e~~~1s~~~~:.:1~l·e:P~~ ~
0b~· 1~te~~~Zie~:~:1 e1~:·~~~!1 ~~1<~~o~~s~e~~ 

the clefts of the fingers with the di g ital branches of the superficial arch. 

The palmar recurrent branches arise from the conca,·ity of the <leep palmar 

arch. They pass upward in front of the wrist, supplying the carpal articulations 

an<l :tnastomosing with the anterior carpal arch. 

Ulnar Artery. 

The Ulnar Artery, the larger of the two terminal branches of the brachia!, 

commences a lit tle below the bend of the elbow, and crosses obliquely the inner 

side of the forearm, to the commencement of its lower half; it then runs a long its 

ulnar border to the wrist. crosses the annular ligament on the radial side of the 

pisiform bone, and immediately beyond this bone divides into two branches, 

superficial and deep palmar. 
Relations in the Forearm.-In ita upper half it is deeply seated, being covered 

by all the superficial fl exor muscles, excepting the }...,lexor carpi ulnaris: .it is 

crossed by the median nerve (deep h ead of Pronator radii tercs interrcrnng), 

which lies just above to its inner s ide, and it li e~ upon the Brachialis 

anticus and Flexor profu ndus <l igitorurn muscles. In the lower lia(f of 

the forearm it li es upon the Flexor prof'untlus, being covered by the integu

ment, the superficial and deep fascire, and is pl::iced between the Fle~or 

carpi ulnaris and Flcxor imblimis digitorum muscles. It is accompanied 

bv two venre comites; the u1nar ne rve lies on its inner side for the lower two

thirds of its extent, a.n<l a small branch from the n erve descends on the lower part 

of the vessel to the palm of the baud. 

!'LA X OF R ELATlOXS OF THE ULNAR ARTER Y IN THE FOREARM. 

!11 /ront. 

~{~Ji~1c~~~r~~:er of flexor muscles. } Upper half. 

Superficial an<l deep fascioo. Lower half. 

Inner.~idr. ~ 
Flexor carpi ulnaris. \ ~~?,.,:~) 
Ulnar nen 'e (lower two-thirds). "-..__ 

Outer side. 

Flexor sublimis digitorum. 

Behind. 
Brachialis anticus. 
Flexor profundusdi!!'i torum. 

At the wrist (Fig. 36-!) the ulnar artery. is co,·ered by. the iuteg~men.t an<l 

fascia. and lies upon the anterior a nnular liga men t. On Its inn er side. ts the 

pis iform bone. Th e ulnar nen·e lies at the inn er side, and somewhat behmd the 

a.rten·. 

Peculiarities.- The ulnar artery has been found to vary in its origi n nearly in the propor

tion of one in thirteen case~. i11 one· ca."c arisi!1.!! lower than t~sual , .about two or three inches 

below the elbow. anrl in all other cases much hud1er1 the brachia! bcmg a. more frequent sourco 

of ori!.d11 than the axi llary. 
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oril:i~· i~·i1~\~~~,~~I i~1h~~;o!~~~t~~l11h~ ~·~~~elci:~~~r~J; ~J~~~1ccr~~~ 111\\Jtc\~1 :i:1 a~tsc~~ 1 J1i~J~1 ~~~; 1t 1~~!fr~1u::: 
!:~;1~;i~~,;~1~~ 1 i~~~~{~.l~~\1 ,l~e 1l:11~,·~:~x.~r~/i~~~e~n;~·n~~1 c {~r~:1 1'~.1~~ 1;·1~~ i~~ 1;:~:rnz·1 ~.:!~a~~~~~.!;~~i~1~ 
in Lh$~1f~~~ ~~rkln~1.~8~~~~~u~~~b~~!~;~c~~~~,~~~liJi:~~~i~;'~t~1\;:~r1\·111ar artery the lmc on the :-;ur-
faCl' ot'the 110lh' whid1 indicates it..,; com-:se is somewhat C'Omp\i(.':Hed. Fin-t.draw a line from the 
front or the iniernal comlyle of the humerus to the radial :-ide of the )li!:'1form hone; the lowt:r 
tw1 1-thir4ls of this line represents the COUI'!-iC of the middle and lower third of the ulnar arter.\ 

~~~·~~;~,1i~·;1 (!~'i(l~1t.1 ~'hi~l~V tl11;: fu~~1 l~1~~ t~l1is1~~\~~:s~1•11:~~\~~ (~~~1111!c~~1:~~i1~11~:~ t'i~1i~Jl~1l~~1\(~11a~!(~1~;.( 

~E~:~~~;i~'.f &I f~I~-~f.~f r:~i~{i~rn;rf f t·1~fifii~~~'!;;ti:~~~~;~~;,,;.:;,[f ;~:~~~:~!~ ~~~;~;1" 
in the couri;c of a line drawn from the front of the i11ternal <.:o ndyk: of' the humerus to the oute r 
~ide or the piisiform bone, so that the centre of the in<.:ision is three fin,f!ers' breadth below the 

r ;~i1~~1;:~'.~::~·1b~<~.~s ~1i:~1i~~?Y~~~~!:~~~ fii~iTI;.~·; .. ~:n:~~1~::r~~~:~;~ ~1::~::!i~~:~:~~~~1~~ 
earef'ully !SCpara_tcd from the other muscles, when the ulnar ncr'·.e will b<- exposed, and mu~t be 

~~~~~~~~%:J~Tfa~:-~~;1:~:~~~,~~~~:2,:~!~.~l~:~ ~~~\1!~:E~:~i'
1

~!;~~~
1

~~.~~·~:
0

:'Xi:i }~"~~~~; i:~ 
ra<lial :side of' the tendon of the Flexor carpi ulnaris: tlw dccv fas<'i<l being. divided. anti the 

?~
1

ii~~~:~,:;'~i~i;ff ::~::~~ ~f~~~~:::~~~'r:~::~~i-~;'.!:~
1

~:~~~. ~~~E~~ :5i~~i;D~~:;:~f r~~:~~:r:~ 
ulnar to the ra.1lial ~i<le, takinf! care to amid the ulnar nen·c. 

The branches of the ulnar a.ne ry may be ana.ngecl in the following g roups: 

F otearm. 

W>"ist. 

lla11d. 

I _Anterior Glnar Bccurrcnt. 
Posterior lilnar HecurrC'nt. 
I {Anterior Tnt(>ros~eon s. I nterosseous Poste rior lnterogseous. 

l ;\luscular. 
f Anterior Carpal. 

{ 

P osterior Carpal. 
Superficial Palmar Arch. 
Deep Palmar or Communicaling. 

Th e anterior ulnar recurrent (Fig. 365) arises immediately below the elbow
joint. pas~cs upward and inward between the Brachialis anticus and Prona ror 
radii teres, suppli es thogc muscles, and. in front of thC' inn er condylc, a.nastomo1'e~ 
with the anastomotica magna and inferior profunda. 

The posterior ulnar recurrent is much larger, and arise~ somewhat lo" er than 
the preceding. It pa~ses backward and inward, beneath the Flexer sublimi"i. 
and a~cends behind the inner conddc of the humerus. In the mtenal between 
thil:i proce~s and the olecranon it fi es beneath the Flexor carpi ulnaris, ascend
ing between tbe heads of that muscle, beneath tbe ulnar nene; it s upplies the 
neighboring mu~cle~ and joint, and anastomos<'~ "'' ith the inferi or profunda, anas
tomotica magna, and interosseous 1·ccutTent arteries (F ig. 366). 

Th e inte:osseous a:tery (~ig. 3~5) is. a. Rho1:t trnn k about an inch in length. 
and <1f considerable size, which a.rises 1mmcd1atcly hclow the tuberosity of the 
radius, and, passing backward to the upper border of the intcrosseous membrane, 
diddcs into two branches, the anterio1· and po11.terior rnlNU.'1.S1•ou~. 

The anterior interosseous passes down the forearm on the anterior s urface of 
the intcro::;:;cous membrane, to which it is con ncctc1l by a thin aponeurotic arch. 
It is accmupanie<I by the interosseous branch of t he median ncl'\'c, and o,·erlapped 
by t.h~ rontiguous .m.argins ~f th~ Fl.ex or. prof'undus fliRitorum and Flex or longus 
poll1c1s mn~cles, g1"lllP: off rn this s1tua.t1on mu::cular branches and the nu trient 
arteries of the radiu:: and ulna. At thC' upper border of the Pronator <iua1lratus 
n. branl"h dc:o;ce1Hls beneath the muscle to ana"itom<>se Ill front of the carpus with 
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branches from the anterior carpal and deep palmar ardi. rrhe continuation of 
the artery paEses behind the Prona.tor quadratus, and, piercing the interosseous 

membrane, gets to the back of the forearm, and anastomoses with the posterior 
interosseous artery (Fig. 366). It then descends w tne back of the wrist to join the 
posterior carpal arch. 'l'he 
anterior int('rosseous gi\·es off 
a long, slender branch, tho 
median artery, which accom
panies the median nerve and 
gives offsets to its substance. 
This artery is sotneti mes much 
enlarged. It also gives olT 
nutrient branches to the radius 
and ulna abcHtt the middle of Po~::;!~::e11~~11ar 
the forearm. 

'l1he posterior interosse· 
ous artery pa~ses back ward 
through the interrnl between 
the oblique ligament and the 
upper border of the interos
seous membrane. It appears 
between the contiguous bor
ders of the Supinator brevis 
and the Extensor ossis meta
carpi po1licis, and runs down 
the back part of the forearm. 
between the superficial and 
deep layer of muscles, to 
both of which it distributes 
branches. At the lower pa.rt 
of the forearm it anastomoses 
with the termination of the 
anterior interosseous artery. 
Then, continuing its course 
over the head of the ulna, it 
j oins the postel'ior carpal 
branch of the ulnar artery. 
This artery gives of[ near its 
origin, the intuosseows recur
rent branch. 

The interosseous recurrent 
artery is a large vessel which 
ascends to the interval be
tween the external con<lrle 
and olecranon, on or throl;gh 
the fibres of the Supinator 
breds, but beneath the Anco
neus, anastornosing with a 
branch from the superior pro-

. Desce11di11ybrauchfrom 
s1tpel'io1· pl'Of1111d1i. 

funda, and with the posterior '/ 

ulnar recurrent and anas- Fia. 366.-Arteries or the back or the forearm and hand. 

tomotica magna. . 
'rhe muscular branches are distributed to the muscles along the ulnar side of 

the forearm. 
The anterior carpal is a. sruall ''essel which crosses the front of the carpus 

beneath the tendons of tbe Flexor profundus, and inosculates with a correspond

ing branch of the radial a.rtery. 
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'rhe posterior carpal arises immediat<'ly abo,·e the pisiform bone. and winds 
back"anl henea.th the te111lon of the Flexor carpi ulnaris: it pa~scs acros the 
dor~al surface of the tarpus beneath the extensor tendons, anaRtomosing with a 
corresponding branch of the r::u.li~l artery, and forming the pnxll'rior em1wl arrlt. 
Immediately after its origin it gl\·es off a small branch "hich runs along the 
ulnar i;i<le of the metacarpal bone of the little finger, forming one of the meta
Mrpal arteries, and supplies the ulnar side of the dorsal ~mrfoce of the little 
finger. (::iee also page 600.) 

Tbc deep palmar or communicating branch (Fig. 365) passes deeply inward 
bet" een the Abductor minimi digiti and Flexer brcvis minimi digiti near their 
origins; it anastomoses with the termination of the radial artery, completing the 
deep palrnar arch. 

The Superficial Palmar Arch.-Tbe superficial palmar arch passes outward 
acroRs the palm of the hand, describing a curve, with its convexity forward to the 
space between the ball of the thumb and the index finger, where the arch is com
pleted by its anastomosing with a branch from the radialis indicis, though some
times the arch is completed by its anastomosing with the superficialis \·olm 
branch of the radial artery . 

Relations.-'J1he superficial palmar arch is co\·ercd by the i:-kin, the Palmaris 
bre\·is 1 and the palmar fascia. It lies upon the annular ligament, origin of the 
muscles of the little finger, the tendons of the superficial ttexor of the fingers, 
and, the divisions of the median and ulnar nenes. 

RELATCONS OF THE SUPEHFICIAL PAL'.\lAll ARCH. 

In front. 
Skin. 
Palmaris brevis 
Pahnar fascia 

(,,,,,~,.~ 
\:_'":) 

Behind. 
Annular ligament. 
Origin of muscles of little finger. 
Superficial fiexor tendons. 
Divisions of' median and ulnar nerves 

BHANCllES OF THE SUPERFIC I AL P.\t'.\IAH AHCH . 

Digital. 

'l'be digital branches (Fig. 364), four in number, are gi,·en off from the con
\'exity of the superficial palmar arch. They supply the ulnar side of the little 
finger and the adjoining sides of the little, ring, middle, and index fingers, the 
radial si<le of the index finger and thumb being supplied from the radial artery. 
The digita.l arterie~ ~t first lie superficial tu the f:lexor tendons, but as they paRs 
forward with the d1g1tal nerves to the clefts between the fingers they lie between 
them, and arc there joined by the interosscous branches from the deep palmar 
arch. The digital arteri~s on the sides of the fingers lie behind the digital 
nerves; and about the m1cldle of tbe last phalanx the two branches for each 
finger form an arch, from the convexity of which branches pass to supply the 
pulp of the finger. ' 

fro!~!~~~ra:i~~f~;~~1~i~m~~,:~c~~~1~~:~~rc~~i~d i~l;\~.~~:~~dt~~ ?avr ~sc~h~e~1 i~di~ thi:Ji~t 
the palm. and then cun·ed outward on a le\·el with the upper end of the cleft between the 
thumb anti index fin!!;er. 

The deep pal mar arch is situated about half an inch nearer to the carpus. 
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.. surgical An3'.tomy.-Wounds of th~ palmar arthcs arc of special interest, and are always 
d1ffi<:ult to deal w1t~1. When the wound m the superficial ti:--:sucs is cxtcn!-iive, it may be po&.ible 
to sccu~ .the bl~edm!!. ends of the vessel; but. when th~rc i~ a &mall 1mnc:tured woundi as from 
a. penkmfe or P.•cl·C. ~I glais:s,, prcNSu~e sy!:itemat1ca\ly applied 1s probably the best course of treat
ment , :tis there 1s d1ffic.ulty .m rcac:hmg th~ wounded vc:;:)c) without clama!!inf! important srruc
turc!' .• \.t the samc.ume 1l mmst be <l<lm1tted that pres.sure applied to the palm of the hand to 
arrest ~1remorrhag-c fron~ a wou~Hl of one <?f_ t~e p~lmar arches, C!:ipec:iall.r the ~ccp a1:ch, is apt 
t? be followed by !:il<;>ng hmg, OWllH! to the i:1g1d1ty of the parts and the fat:ility with wluch a con-

~~~~;b~1~1~11;1i~W1~00~11~\~i:~(l~1~a:~o~etsaw~::dthe 1_do~~~1~~1d~f 0t~1!111~a~11~lby1~:1;~~~i0~~~· ~1~~a~~~~ 
f1~;t f~;.c;~~1 t~l~~c~1t~1;~1ci;~~~:~£0~i~;u1~~n1:o~~e}~~t~~-~l~rb~~j~~.;di!V~:1~dr~1~~~ ~;t:;;~sa~t~~:sth~ 
wrist is often unsuccessful , on account of the anastomosis caniecl on by the carpal arches. 
'l 'hercfcJrc, upon ~he fililure of pressure to arrest hremorrhagc it is expedient to apply a liga
ture to the brachrnl artery. 

THE DESCENDING AORTA. 

ARTERIES OF THE TRUNK. 
The Descending Aorta is divided in to two portions, the thoracic and abdominal, 

in correspondence with the two great ca,·ities of the trunk in which it is situated_. 

THE THORACIC AORTA. 

The Thoracic Aorta. commences at the lower border of the fourth dorsal Yer
tebra, on the left s ide, and te rminates at the aortic opening in the Diaphragm. in 
front of tho last dorsal vertebra. At its commencement it is situated on the left 
si<le of the spi ne; it approaches the median line as it descends, and at its termina
tion lies directly in front of the column. The direction of this vessel being influ
enced by the spine, upon which it rests, it describes a curve which is concave forward 
in the dorsal region. As the bra:nches given off from it are small. the diminution 
in the size of the vessel is inconsiderable. I t is contained in the back part of the 
po~terior mediast inum. 

Relations.-It is in relation, in front, from above downward, with the left pul
monary ar tery, the left bronchus, the pericardium, and the resophagus; behind, 
with the ver tebral column and the vena azygos minor; on the right side, with the 
vena azygos major and thoracic duct; on the l~f't sid11

, with the left pleura and 
lung. 'L1be oosophagus with its accompanyi ng nerves lies at first on the right side 
of the aorta, but at the lowu part of the thorax it gets in front of the aorta, and 
close to the Diaphragm is situated to its left si de. 

PLA:\' OF TIIE RET.ATI O:\'S OF TllE THOR .\CIC AORTA . 

Ri'ght ,i'de. 
CE~ophal!us 

i~1~~11·~~i~,5~1~t1~1 ajor. 

];ifrolil. 

l':R b~~:J;~~?· artery. 
Pericardium. 

w-G~5 
B ehi11d. 

Vertebral column. 
Vena azygos minor. 

Left side. 
Pleura. 
Left lung. 
Olsophugus (below). 

the ~;!11~ ;~i: i~'\{:c 0~~~~~,i~~~~rf~~'i~s~0b~io~vb~\~:d~~~t~t ~.l~~i~~~t~~ar,s,V1~~~~zt1;1~ ~!1 ~1~~~.~~~I~ ~f 
~~~~~~~t~fi1i~,~1~~n~t~c1::~~~r~J~~l~~~o~~1~;1~f~~}~~I c~l1~~~~{~i~~l~~i~~~~sc,} 1;~ ~~~~~~ :f1 t~~~~~~~ 
~N}~1f~~~~1l,~·~ll ~l~:~~~I \1,~e a~1~~o~n~~f~~~~t :.~~~1~ i\~1~h~Pft~~h~l;~11~!/Jf,~~1!~;~t~;i:.1~~ois~~i~i '. 
and ic In the former {p. 160) )lr. Sydney .Jone'i thus sums up lhc detailed description of the 
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~!~i~I~~~~~~llil~~~~~~~i~~t~~~~ 
~!1:~~· ''.'~/1~' 11~io~1~ ~ o~:,\~ i~h~,!~~b1~~~~f!;h~ai,~~~1:J~~s ,:~r~1/~J:~~'11:~J~t 1J:~ 1 i:~~11\~111:::1\'<~~~~1~~~l ~'jfc t ::~ ~~~~:,~~ 
~~ J.~.c:~i~'; ,;~~ 1 /~l~~;~1 ~ ~ ?i·~~1 it~~1: 1J1'~~1 1 1~~;~~~~ P~J ! ~:'~t~ 1~ 1 ~ 1 ~ \~~1rr~ ·~~.:. ~ f 1~\1,:1,1,(11111\1.~·;.~. a.:~~~ iP::)'i~~~ s~,~~i~.~~ '~lie s 11 

P· 
Surgical Anatomy. -'J'hc :;rndcnt ::;houlcl now eom;i(k'l' the clli•tts likely to be produced hy 

am•urism of' the thorac·i<· aorla, :i di:seasc of common OCl'lll'l'Cncc. When we (:Onfiidcr the }!"rcat. 

~~ii~~~~i~i~IJ?~~~im~~ 
di:-;pla{·(' the re:-;op/rn!!m; an<l ccunprc~s the lunf!; on one or the other side. If' the tumor extend 
forwrml, it ma.v pre;;:; upon and displac·e the hcarr, giving rise to palpitation and other ~ymptoms 
of di~t·a~e of' that OrJ!an; or il may di~place, or even compre:-;s. the re:-;opha~us, tffusin~ pain arnl 

;1i~~:~ 1 ;!:.;;J~~~i~;~a~h~~';'j~~~180:·~!1~~~~Luifr0~;1~h:i~s!~: ;e:;~~~t}~lt~~1 ~1}~·\;.i~J·1~ 1 ~~11~~'ili 1:1~~)tp~~~I~;~~; 
tlw dwracic duct; or it may bur:;t into the pleural c:l\'it.r or into the trachea. or lung; and lastly, 
it may open into the po:;tcrior mediasLinum. 

B1u~'CllES OF TllG T110H1\C1r Aowr \. 
Perieardiac. 
Bronchial. 

Intcrcostal. 

ffisophagcal. 
Posterior Mediastinal. 

The pericardiac are a fc\\ ~mall \'Cssels, irregular in their origin, distributed to 
thC' pericardium. 

The bronchial arteries arc the nutrient vc8se1s of the lung8, and \'::try in num
ber, size, and 1wi~in. 'J'hat of the right side arises from the fin;t aortic intercostal, 
orb,· a common trunk with the left bronchial from the front of the thoracic aorta. 
'l'ho;e of the left side. usually two in number. a.ri1'e from the thoracic aorta, one a 
little lower than the other. Each ,·cssel is directed to the back part of the corre
spo11tli11g bronehns al,mg which it run-., di,·iding and subdi,,iding upon the bron
chia l tube, supplying them, the ce11ula.r ti~sue of the lungs, the bronchial glands, 
and the <.esophagus. 

The resophageal arteries, usually four or ffre in number, a.rise from the front 
of the :10rta, and pass obliquely downward to the resoplrngus, forming a chain of 
annstomo::;cs along that tube, ana~tOlll()Sing wi1h the ccsophagcal lm1nc:hes of the 

~:~~1:.ii~\1\~~::~~.~l l~~·t:~~i.cs abO\·e, and with a"ccnding branc-hcs frnm the plirenic aml 

The posterior mediastinal arteries arc numerous small \°CRsels which supplv tbc 
g lands arnl loose areolar tissue in the mcdiastinum. ~ 

The Intercostal arteries arise from tlte back part of the a.orta. They are usu
ally clcren i1_1 n1~m1Jcr on each side, tlte superior in.tercostal space being supplied 
by the superior 1ntcrco!'ital, a branch of the subclanan , nn<I the s('cond intercostal 
spa<'e b('ing supplied by a branch from the superior intrrcostal joining with the firHt 
aortic intercostal. The lowest of these branches, the .(Hrlwo~tal (lrlf'n;, underlies 
the last rib. The ri~ht intercostal!i are longer than the kft, on acCount ()f the 
po.--i_tinn ~1f the _aorta on the l e~·t side of the 8pinc : they pa1.;.s outward. across the 
hoclies of the ,·crtcbne to the rntercostal spaces, being coverc<l by the pleura, the 
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;,~:':~~~;~~;:~;;:··~~~ ~\~\~~;·i~~-":~~~;
1:.:!~a\1 ~ 1::~;. ,~,~~ '.1~~":·~1:;;;s'"~~i~1 ~.':i,:1~,\ ~~-~1111~,;'. 

tbetic. In the mtcrcostal ~paces ea('h artery di\'ide),\ into two branches-an ante

rior. or prnper intcrnostal hnrnch; an1l a po .. sterior. or dorsal branch. 1 

'l
1

he anterior branch passeR outward, at first lying upon the External inter-

.::ostal muscle, cornred in front b,v the pleura. and a thin fascia. I t then passes 

between the two la_yers of Tntercostal muscles. and, h:.ning ascended obliquel.'' to 

the lower border of the rib aborn, diYidcs. near the angle of that bone. in to two 

branchc~ : of these the larger runs in the groo,·e on the lower border of the rib 

aborn; the smaller branch along the upper border of the rib below; passing 

~~~2rJr~:~~~::~;:~:%;;;~~,'.~:,~f;:~;~::~~:i£.~~i~:~~?i:,:~\~,~ii~~~~f~\~~'.':.~~:·~t
0

~~~n~;~~,i~~~~ 
costnl artery next below. In thP tir.;t and i:;econcl !-paces ~imilar ana<;.lomosing twigs are given off from 

the superior intcrcostal (.fo1mwl of .l11alorny ancl Pliysiology1 vol. xvi. part i i i . p. 4.J3 ). 
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forward, thry supply the In tercosta l musclC', ancl at~aRtomo:sc wit~ the <llltcrior 
intcrcostal branche:o; of the internal mammary, arnl wilh the thoractc branthcs of 
the axillary artery. The firs.t aortic interco~tal an:uaomo~c~ with the i:>upt.•rior 
intcrcostal: arnl tlic last three pass between the abdominal mu!-iclc:.., inoscuJ;uing 
with the cpigastr~c in front ~~llll with th~ pbrcnic ancl lmnh_ar artcri.cs. Each 
intcrcostal artery 1~ accompan1e<l by a ,-cm and ncnc. the former bemg aborc. 
an1l the latter below, except in the upper intercm1tal space~. where the nene i~ at 
fir~t a hove the artery. The arteries are protected from prcs~urc during the attinn 
of the Intcrco~tal muscles by fibrous arches th rown across, and attached by each 
extremity to the bone. The lower intercosta l arteries are conti nued anteriorly 
from the· intercostal spaces into the abdominal wall, except the la st, the subeostai. 
which lie~ throughout its whole course in the abdominal wall, si nce it is placed 
below the last rib. 1'he.r pass behind the costal cartilages between the Int ernal 
obli rpte and Trans,·er~alis muscle to the sheath of the Hcctui:;, where they 
anastomnse with the internal mammary and the deep cpigast ri c arteries. B ehind, 
the 8ubcosta l artery anastomoses with the first lumbar a.rtc r y. 

'rhe posterior 'or dorsal branch of ea.ch intercostal a 1:ter.v pa~ses backward 
to the inner i;:. icle of the anterior costo-trans,·erse li,a:a rnent, and <liYides into a 
muscular branch which is distributed to the musc)ei:; and in tegument of the back, 
and a spi nal branch which enters the spinal canal through the intenertebral 
foramina. to be distributed to the spinal '.!O rd and its membranes, and to the 
bo<lic~ of the ,·ertebrm in the same manner as the lateral spinal branches from the 
vertebral. 

THE ABDOMINAL AORTA (Fig. 36;). 

The Abdominal Aorta commences at the aortic opening of the Diapbraµ:m, in 
front of the body of the last dorsal vertebra, and, descending :.t little to the left 
side of the Yertebral column 1 terminates on the bo<l.r of the fourth lumbar Yertebra, 
com monl v a littl e to the left of the mid<lle line1 i where it divides into the two 
common 'iliac arteries. It diminishes rapidly in size1 in conseq uence of the many 
large branches which it gives off. As it lies upon the bodies of the vertebrai 
the curve which it describes is convex forwa.rd, the g reatest convex ity correspond
ing to the third lum bar vertebra, which is ~t 1ittlc above and to the left side of the 
umbilicus. 

Relations.-It is covered, in front, by the 1es.8cr omentum and stoma.ch, behind 
whi ch are the branches of the c~liac aXis and the solar plexus; below these, by 
the sp1cnic vein , the pancreas, the left ren ~t1 vei n, the transverse portion of the 
duodenum. the mcscnter~-1 and aortic plexus. Behind, it is separated from the 
lumbar YCrtcbn£ by the left lumbar Yeins, the receptaculum chyli , and thoracic 
duct . On the r(qltt side it is in relation with the inferi or vcna cam (the right 
crus of the Diaphragm being inteL'posed abore). the ,·ena. azygos major, thoracic 
duct. and right ~cmi lunar ga nglion ; on the left side, with the sympathetic nerve 
and left scmi lnnar ganglion. 

PLAX OF TH E H EL . .\Trnxs OF THE A unoMrn.u AoHTA. 

Jn fro11t. 

Lei::ser omentum and stomach . 
Branches of the cooliac axb and solar plexus. 

i~~~~~~~~in. 
Left renal \'ein. 
Trnnsvc~cd uodenum. 

~1~1~i~ 1~r~·~us. 
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Right sicU>. 
Right erus of Diaphragm. 
lnforior vena cava. 
V cna. azygos major. 
Thoracic duct. 
Right semilunar ganglion. 

(~ \ 
A~~~ 

Behind. 
Left lumbar Yeins. 
Receptaculum chyli. 
'l'horacic duct. 
Y ertebrnl column. 

£,jtsidF. 
Sympathetic nerve. 
Left scmilunar ganglion. 
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a Iin~~~~bc~l~~~~~:~;~h~r~1~id~Jenl~~)e 0~t.~\~~ a~gcl~1~ 1~~1 :~~~aef1~,~l~h ~\~~adfs~:i t!~t~~~i~eof 
the seYenth costal carttlage1 downward a!1d slightly to the left, so that it just skirts the umbilicus, 
to .a z~;me dra.wn round tl~e body opposite the highest point of the crest of the ilium. This 
point is genc!·ally !1alf' nn mcl~ below an? t<? ~he lef:t ~f the um~ilicus, but as the position of this 
structure vanes with the obesity of the mdtv1dual1 1t 1s not a reliable landmark as to the situation 
vf che bifun::ltion of' the aorta. 

Surgical Anatomy.-Aneurisms of the abdominal aorta near the cccliac axis communicate 
in nearly equal prop?rtion with the anterior and posterior parts of the artery. 

When an an~ur1:,mal sac is. connected with the back part of the abdominal aorta, it usually 
produ~es ab.sorpuon of the bodies of the YCrtebrro, and forms a pulsating; tumor that presenls 
nself m t~e left hypochondriac or epi~astric regions. and is accompanied by symptoms of dis
turbance m the al11nentary <:anal. Pain is invariably present, and is usually of two kinds-a 
fixed and constant pain in the back, caused by the tumor pressing on or displacing the branches 
of the solar plcxu., and splanchnic nen'es; and a sharp lancinatinc: pain, radiating along those 
branches of the lumbar nerves which are pressed on by the tumor; hence the pain in the Joins. 

~l~~l:~~\~~·u~~~1l~~-J~~~t8s1i~~~~·th~clp~~itt~~e;f~~~.i~~!1~~ (~l~i1~1ci' th~ 1!~=ri~~i;~e~i,~e)fn tr~il~f~0}~~P~: 
chondria.c rc.!!:ion; or it may form a large aneurismal sric, extending down as low as Poupart's 
fornuwnt: hc-cnwrrhag:e in these cases being generally very extensive, but slowly produced, and 

not r'\VJ~~;~ !~~t~~~-icurisma l sac is connected with tlrn front of the aorta near the cccliac axis, it 
forms a pubatir1~ tumor in the left hypochondriac or epigast ri c rc,!fions, usually attended with 

~~tfi~~rr~~f i;~:;~;;~~~~~.:t;~~:~~~~~;~:;;~z~~~i~~:~~~:~\~:!JI:~~~;~;f :·:~:i~ti?£~:J.;t~;1~ 
between the htyers of the .mesentery, or. more rarely, into t.he duodenum; it rarely extends back
ward so as to affet.:t the spine. 

nent~~11~e~~~~.~~~11:~ti!J,rt~~1 ~1~e~f ~\~:n:Ci'i~!~~ t~~ 1 J~n~n~sn.l;~1,~uri~\.~~~he01~>~~~iJm~~:~fs t~~rii;:~ 
establishment of the circulation may be considered to he proved. Jn the lower animals this 
aner.'· has hecn often succc~sfully tied. The vessel may be reached in several ways. In the 

~~i~~~~~~g~~~~~~;~d!li~~1f.-~::~dtl~· fi~~er~~~~Jd~,;~;1a~~~:~~~~1 th'~~fn;~~1~e!"1o~!~:rcfi~J~: s~\~~', ~~= 
peritoneum ag-ain opened behind by scratchin g- through the mesentery, and the nssel thus reached. 
Or either of the operations described below for sccurin_g the common iliac artery may1 by extend
in~ the clis.~ettion a suffic:icnt distance upwar<l , Le made use of to expose the aorta. The chief 
clifficulty.in the dead subjec:tconsists in isolatin~ the artery in consequence of its ~reat depth; but 

!h~1~~!~~,~~~,~~liii~}~1~f ec11:·~i;:~ll~h~t ,::~~\tii1:~U~~dN1:0 1~1i~~x~1~;1i~~! ~11~<l aJWti'~~tl~i~~ ~f 0t11~i~ f ~~ 
midablc operation so ~rcatly that it is very doubtful whether it OUf!hl ever to be pcrfonnecl. 

The collateral c:irculation would be carried on bv the anastomosis between the internal 

~~~~~~~~~t~:'if~ t\~1: J}~~fu~·~i~~~~i~l~c~ t~b~!~e~,~~11}~~1~1:i~~t!~~J ~c~~\·b~~1 t11~~ !~~~=;~~~:s1i~d ~~t~~i;~ 
the inferior me~cntcric and the internal pudic when (as is more c:ommon) the pomtof ligature is 
below the oriafo of the inferior mesenteric; and possibly by the anastomoses of the lumbar 
aneries witl1 the branches of the internal iliac. 

The <.:irc11l:ttion through the abdominal aorta may be eomma!1ded. in tl1in .Pe~ons1 by _firm 
pre:-sure with t.hc 6n,.i:rers. A tourniquet has been invented for this purpose which is sometimes 
used in amputation at the hip·joint and some other operations. 

BRA~CHES OF THE ABDOMIX,\L AonTA. 

{

' f:astric. 
Cccliac Axis. Hepatic. 

~plenic. 

Superior ::\Iescnteric. Ornrian in female. 
Supra.renal. Inferior Mesenteric. 
Renal. Lumbar. 
Spcrmatic in ma le. Sacra Media. 

Pbrenic. 
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The brancbC'i::; mar bC' diridcd into two ~ct~: l. Those supplying the viscera 
9 Those distributed.to the walls of the abdomen. 

Visl'cral BnrndH•s. 

{

Gastric. 
Creliac Axi,, Hepatic. 

Splenic. 
Ruperior 1\fescnteric. 
Inferior :Mescnteric. 
Suprarenal. 

Hen al. 
Spernmt ic or Ovarian. 

Parietal Branches. 
Phrenic. 
Lumbar. 
Sacra :\Iedia. 

risceral Branches of the Abdominal Aorta. 

The Creliac Axis (Fig. 368). 

laye!ooCXSi~sict~~~· ~~~:;;t~~;1~e the liver1 dmw down the stomac:h1 and then tear th rough th43 

The Coeliac Axis is a short thick trunk, about half an inch in length, which 

FIG. 368.-Tiic cceliacaxis and its bra.uches, the liver having been ruhscd and lheles~cr omcmum remo\•ed 

3rises from the n.orta opposite the margin of the Diaphragm, and, pa!OOsing nearly 
horizontally forward (in the erect po'1urc), <li"idcs into three large branches, th'e 
gw~tric, 11epatic, and splcnic, occasionally giving off one of the pbrenic arteries. 

Rela.tions.-It is covered by the le•scr onientum. On the n[JM side it is in 
relation with the right semilunar ganglion, an<l the lobus Spigelii; on the left side. 
with the left scmilunar µ-anglion and tar<liac end of the stomach. Below, it rests 
upon the upper border of' the pancreas. 



TIIE ca,;LIA c AXIS. 611 

The Gastric Artery (CoronariCt ventriculi), the smallest of the three bmnches 

of the ccclia.c a.xis, passes upward and to the left side, to the card iac orifice of 

the ~tomach , distribu tin_g branches to the cesophagus which anastomose with the 

aoi:tic ce~oplrngeal arten~s; others ~upply th e cardiac end of the stomach
1 

inoscu

la.tmg with branches of the splcmc artery; it then passes from left to right, 

along the lesser currnturc of the stomach to the pylorus, lying in its course 

between the layers of the lesser omen tum, and g iving branches to both surfaces 

of th~ organ : at its termination it anastomoses with the pyloric branch of the 

hepatic. 
T!1e ~epatic ~rte~ i!1 the adult is intenuediate in size between the gastric and 

splen1c; m the frctus 1t 1s the largest of the three branch es of the cooliac axis. I t 

~sf 6t1~:: ~:~·:c~:~. ~~~~:·~i~~ ~1~1tt1? t\~: ~~~:!c~0 o~h~,~~~r~·"~a1f;nt1~!n t~:s~~-~~:·~~v~~~ 
between th.e layers of the l c~ser omentum , nC'ar the anterior margin of the fora

men of \Ymslow, to tbe transverse fi~surc of the li vc1\ where it divides into two 

branches. right and left, which supply the corresponding lobes of that organ , 

accompanying the ram1ficatwns of the ,·ena. portre and hepatic duct. The hepatic 

artery, in it8 course along the right border of the lesser omentum, is in relation 

'\:ith the ductus communis cholcdoclws and portal ,·eins, the duct lying to the 

nght of the artery and the vena portre behind. 
Its branches are-the 

Pdoric. 

G~stro-duodenali s { Gastro-e~iploica Dextra. . 
P ancreat1co-duodenal1s Supenor. 

C~·stic. 

The pyloric branch arises from the hepatic, above the pylorus, descends to the 

pyloric end of the stomach, and passes from right to left along its lesser curvatu re, 

suppl,v ing it with branches and in oscu lating with the gastric artery. 

The gastro-duodenalis (Fig. 369) is a shor t but large branch which descends, 

near the pylorus, behind the first portion of the duodenum, at the lower border of 

which it divides into two branches, thegast1·0-epiploiea dexfra and the pancreati(·o

duodenalis superior. Prev ious to its di,•ision it g ives off two or three smaH inferior 

pyloric branches to the pyloric end of the stomach and pancreas. 

~t1he gastro-epiploica dextra runs from right to left along the g reater curvature 

of rhe stomach, between the layers of the great omen tum, anastomosing about the 

middle of the lower border of the stoma.ch with the gastro-epipl oica siuistra from 

the spleuic artery. 1.'his ,·e~sel gives off numerous branches, some of which ascend 

to supply both surfaces of the stomach, "hilst others clescencl to supply the great 

omen tum. 
The pancreatico-duodenalis superior descends between the contiguous margins 

of the duodenum and pancreas. It suppli es both these organs. and anastomoses 

with the inferior pancreatico-duodenal branch of the superior mescnteric arter.y 

and with the pancreatic branches of the splenic. 

The cystic artery (Fig. 368), usually a branch of the right _hepatic, passes 

upward and forward along the neck of the gall-bl adder, and <lmdcs 111to two 

branches, one of which ramifies on its free surface, the other between it and the 

substance of the Ji,·er. 
The Splenic Artery, in the adul t, is the largest of the three branches of the 

creliac axis, and is remarkable for the extreme tortuosity of its course. I t pas~es 

horizontally to the left side alon~ the upper border of the pancreas, accompanied 

by the splcnic ,·cin, wh ich lies below it, and on arriving near th~ sp.leen cJi,·i~e~ 
into branches, some of whi ch enter the hilum of that organ to be d1stnbutcd to its 

structure, whilst others arc distributed to the great end of the stomach. Its 

branches a re-tl1c 
Pancrca.ticc.-e Panm. 
Pancrcatica :\lagnu.. 

Gastric (Vasa Brel"ia). 
Gastro-epiploica Sin istra. 
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The pancreatic are numel'Ous small branches dcrh·ed from the splenic as it 
runs behind the upper border of the pancreas, supplying its middle and left parts. 
One of these, laraer than the rest, is gi 1·en off from the spleni c near the left 
extremity of the p;ncreas; it runs from left to right near the posterior surface of 
the gland. following the course of th~ pancreatic clu~t, and is called the pancrea~ica 
1nagna. These vessels anastomose with the pancreatic branches of the pancreat1co-

duodenal arteries. deri \·ed from the hepatic on the one hand and superior mesenteric 
on the other. 

The gastric (vasa brevia) consists of from firn to seven F;mall branches, which 
arise either from the termi nation of the splenic artery or from its terminal branches, 
and. pac;:sing from left to right, between the layers of the gastro-spl enic omen tum. 
are distributed to the great curvature of the stomach, anastomosing with branches 
of the gastric and gastro-epiploica sinist ra arteries. 

'The gastro-epiploica sinistra, the la.rgest branch of the spleni c, runs from left 
to right along the great curvat~ll'e of the stomach, between the layers of the great 
omentum, and anastomoses with the gastro-epiploica dextra. In its cou.rse it 
distributes several branches to the stomach, which ascend upon both surfaces; 
others descend co supply the omcntum. 

The Superior Mes~nteric Artery (Fig. 370). 
I 1! orde_r to expo~ this Yes...--el rai:se th.e ,great omentum and transverse colon, draw down the 

;mall mtestmes, anti cut throue:h the peritoneum where the transverse meso-colon and mescn-
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tery join: the artery will then be exposed just as it issues from beneath the lower bor<l1.:r of the 
pancreas. 

The Superior Mesenteric Artery supplies the whole length of the small intestine, 
except the first part of _the duodenum; it also su~phes the crecum. ascending 
and transverse colou; it 1s ~ vessel of large s17:c, a.nsmg from the fore part of the 
aorta about~ qu~rter of an mch below the crel1ac axis; being co\·ered a.t its origin 
by the splentc ~·ern ~nd pancreas. It passes. forward, between the pancreas and 
trans\·erse poruon of the duodenum, crosses lD front of this portion of the intes-

tine, and descends between the layers of the mcsentcry to _the right iliac fossa. 
where it termina.tes, considerably diminisherl in s ize. In its course it form~ an 
arch, the convex ity of which is directed forward an<l downward to the left side, 
the concavity backward and upward to the right. I t is accompanied by the 
superior mescn teric vein, and is surrounded by a superior mcsenteric plexus of 
nene~. Its branches are-the 

Inferior _Pancreatico-duodenal. 
Vasa Intestini Tenuis. 

Colica Media. 

Ileo-colic. 
Colica Dextra. 

rrhe Inferior pancrea.tico-duodena.l is gi\'Cil off from the superior me _enteric 
behind the pancreas, and is distributed to the head of the pancreas with the 
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trarnwersc and dcsccndin~ portions of the duodenum. ana~tnmosing 'dth the 
!:ittpcrior panncatico-duodcnal. artery. . . . 

'l'hc vasa. intestini tenuis arise from the con \'CX sale of the supen or mes<•ntcnc 
artery. Thcv arc mmally from tweh·e to fifteen iu number. and a.re distribu ted to 
the j~~jnn11m 'and ileum . · ~L1hey n~n. pa1:allcl with one anothc~· hctw~·cn t_hc lay.crs 
of the ml•scntcr~·. each ,·cs~el dinclmg _111to two branchc~. '\ h1ch_ 1.m 1tc ~nth_ a sim
ilar branch on each side, forming a series of arches the convcx 1t1cs of which are 
directed toward the intestine. From th is first set of arches branches a.rise. 
"hich a(l'ain unite with simi lar bra nches from ei th er side. an cl thus a secon d ~c ri es 
of arclu.~~ is formed ; and from these latter. a third, and a fourth, or e\'en fif'lh, 
serie..- of ar('hci.; is constituted, di mini shing in s ize th e nearer they approach the 
intestine. From the terminal arches numerous small st rnigh t vessels al'ise which 
eneircle the intestine, upon which they arc distributed, rnmif)'ing thickly between 
its coats. 

Th e ileo-colic artery is the lowest bran ch g iven off from th e conca,·ity of the 
superior mesenteri c arte ry. I t descends between the layers of the mcsentery to 
the ri""ht iliac fossa, where i t di"ides into two branchm;. Of these, the inferior 
one i ~osculates with the lowest branches of the \'asa intestini tenuis, from the 
convexity of" hi ch branches proceed to supply the termination of the ileum: the 
crecum and appeJl(li x cmci, and the ileo-c;)!ca l valrn. 'The superior di,·ision mos
culates with the colica dextra. and su pplies the commencement of the colon. 

The colica. dextra. arises from about the middle of the concavity of the superior 
mcsenteric artery, and. passing behi nd the peri toneum to th e middle of the 
ascending colon, di,,ides into two branches-a descendin~ branch , which inoscu
latc:s with the ileo-colic ; and the ascending branch, which anastomoses with the 
coli ca media. These branches form arche~. from the conYex ity of which nssels 
arc distributed to the a~ccnding colon. Th e branches of this vessel are co,·ered 
with peritoneum only on their anterior aspect. 

rrirn colica media arises from the upper part of the concavity of the superior 
mescntcric, ancl 1 passing forwa..rd between the layers of the trnnsvcrse meso-colon. 
di\·ides into two branches, the one on the right side inosculating with the colica 
dextm; that 0 11 the left s ide, with the coli ca. sinistra, a brnnch of the inferi or 
me!o:ientc ric. From the arches formed by their in osculation branches are distrib
uted to the trans\'erse colon. The branches of this vessel li e between two layers 
of peritoneLLID. 

The Inferior Mesenteric Artery (Fig. 371 ). 
In order to expo~e this '"essel draw the small intestines and mesentery over to the right 

side of the abdomen, raise the transverse colon toward the thomx, and divide the peritoneum 
eoverin!?" the left.side of the aorta. 

The Inferior Mesenteric Artery su ppli es the descending and sigmoid fl exure of 
the colon and the greater part of the rectum. I t is smaller than the superior 
mesenteric, an<l ari8es from the left side of the aorta, between one and two 
inches above its <li,,ision into the common iliacs . It pa~scs downward to the left 
ilinc fosRa, and then de~cends, between the layers of the mcso-rectum, into the 
peh·iil, under the name of the superior lu:emorr!i'oidal artery. It lies at first in close 
relation with the left s ide of the aorta, and then passes as the superior hromor· 
rhoidal in front of the left common iliac artery. Its branches are-the 

Colica Si nistra.. S igmoi d. 
Superior IIrcmorrhoidal. 

The colica sinistra passes behind the peritoneum 1 in fr ont of the left kidnev, 
to reach t!1c c~csce n<li ng c?lon, and .divides. into two hrnnches-an ascendirig 
branch. ,duch .rnoscula.!es \'·.1th the colica media; and a descending branch, which 
anastomo~es with the f: 1gmo1d artery. From the arches formed bv these inoscu-
lation ~ lmrnches arc distributed to the de~tcncling colon. ~ 

The sigmoid artery runs obliquely downward across the P soas muscle to the 
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sigmoid flexure of the co_lon, and <li1·i_<lcs into branches which supply that part of 

the mtcstine, anastomos1ng a.bo,·e with the colica sinistra, and below with the 

superior hremonhoidal artery. This vessel is sometimes replaced by three or four 

small branches. 
Tho superior hcemorrhoidal artery, the continuation of the inferior mcsenteric 

descends into the pelvis between the la.,,·ers of the meso-rectum, crossing, in it~ 

course. the ureter and left common iliac vessels. It divides into two branches, 

which descend one on each s ide of' the rectum, and about 6ve inches from the anus 

break up into SC\'Cral smal1 branches, which are distributed between the mucous 

and muscu lar coats of that tube, near1y as far as its lower end, anastomosing 

with each other, with the middle hremorrhoi<lal arteries, branches of the internal 

iliac, and with the inferior h;.:emorrhoidal branches of the internal pu<l ic. 

The Suprarenal Arteries. 

The suprarenal arteries (Fig. 3G7) (miclclle sup>·Ct1·e11al) arc two small vessels 

which ar ise, one on each sicle of the aorta, opposite the superior me:sentcric artery. 

They pa~s obliquely upward au<l outward, over the crura of the Diaphragm 1 to 

the under surface of the suprarenal capsules, to which they are <listribute<l, anasto

mosing with capsular branches from the pbrenic nncl renal arteries. Tn the adu~t 

these arteries are of small size; in the footus they a.re as large as the renal arteries. 
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The Renal Arteries. 
The renal arteries arc two large trunks which arise frnm lhc sides of the 

aorta immcdiatclv below the superior mcscntcric artery. Each is dircctt·d 
outward across tl;e cru~ of the Diaphragm. r-;o as to form nearly a. right <lll~le 

;t~h<t~~~~ ~o;-:~;as:~~ ~~~~ f ~c~ ~t ~ ~~~?:1'.; ~11·1 '~·~ 11 ~1 ~a ~.~~·t, ~th:c~~~~n ~s0~o!;::w1~~:: t{1l;~b~;. 
!>1:.a 1~,~!1 cb::~~hc~;es -':,~·l~~~l~u!~:~ t<~is~~i~::~~fi ti:~ ~/~li:~;~ls~:~~/rt~~-~ (::1:i<\~·~t::~1totD~~~ 
branches lie between the renal \"Cin and ureter, the Yein being usually in front. th<' 
urNcr behind. Each vc~sel gives off some small br~nches (i1~fa~·or suptatnwl) to 
the :-;uprarcnal capsule, the ureter, and the ~urroundmg cellular tissue and JUU"'Cles. 
Frequcnth· there is a second renal artery, which is gi,·en off from the abdominal 
aorta at a' lowcr level and supplies the lower portion of tlic kidney. It is termed 
the iitf'erior renal arll'r!J. 

The Spermatic Arteries. 
The spermatic arteries al'c distributed to the testes in the male and to the 

ovaria in the female. They a.re two glender vessels. of consi<lcra ble length, whi('h 
arise from the front of the aorta a little below the renal artcric:-;. Each artery 
passes obliquely outward and downward behind the peritoneum, resting on th·c 
Psoa::1 muscle, the right spermatic lying in front of the inferior vcna cava, the left 

~~~~ii~~le t~~,\~!~ 1~~~~t tt;t~~~ 0:x :~1~1~1° 1~ 1i1i~c ;~t~~.;.n ~·o:::~I~~~!~ t~~1t~1~n'~~r~~~o1~f1~~1; 
i·ing, through which it passes, and accompanies the other constituents of the 
spcrmatic cord along the inguinal canal to the scrotum. where it becomes tortuous, 
and 1.fo·idcs into se,·eral branches, two or three of which accompany the ns 
defercns and supply the epid id_ymis, anastornm~ing with the artery of the va~ 
defcrens; others pierce the back part of the tunica albuginea. and supply the 
sub1o1tance of the testis. 

The Ovarian Arteries. 
The ovarian arteries arc shorter than the spermati c, and do not pass out of 

the abdominal ca.v it,v. The origin and coul'se of the first part of the artery are the 
same as che spermatic in rhe male, but on ani,·ing at the margin of the peh·is the 
O\':.trian artery passes inward. between the two laminro of the broad ligament of 
the uterus, to be distributed to the ova.r_v. One or two small branches supply the 
Fallopian tube; another passes on to the side of the uterus and anastomoses with 
the uterine arteries. Other offsets are continued along the round ligament, 
through the inguint1l canal, to the integument of the la~Jium and groin. 

At an early period of footal li fe. when the testes or ovanes lie by the ~ide of the 
spine below the kidneys, the spermatic or ova rian arteries a.re ~hort; but as thc~e 
or~ans <lescend from the abdomen into the scrotu m the arteries become gradually 
lengthened. 

Parir'lal Branches of the Abrlomhrnl A()rfa. 
The Phrenic Arteries. 

'!he phrenic arteries are two small vessels which present much ,·arietv in 
their origin. They may arise separately from the front of the :rnna, irnmedi;tclv 
aborn the cooliac axiR: orb.~' a commo~ trunk. ~vbich_ may spring either from th·e 
aorta or from the croliac ax is. Sometimes one 1s dcnved from the aol'ta, and the 
othC'r from one of the renal arteries. In on ly one out of thirty-six cases examined 
<lid t h e~e arteries n.riim as two separate vc~~cls from the aorta. 'l'he\· di rerge from 
one another acroRS the crnra of the Diaphragm, and then pa:.;s obli r1uehr upward 
arnl outwar<l upon its under surface-, The left phrenic passe8 behind the resoph
a~us ~nd runs fon~·anl on. the .left s1cle of the rcsophag:cal opening:. The right 
phrcn1c passes behmd t?e. mfer1or ,-e_na ca,~a. and ascends along thC' right side of 
the aperture for tran~m1ttmg that \'Clll. i\ear the back part <if th<' <·entral tendon 
cad1 ,·e~~cl divides into two branches. 'J1he internal hrancl1 run~ forward to the 
front of the thorax, supplying the Diaphragm and anastomosing with its fellow of 
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the oppo~ite side, and with the musculo-phrenic ancl comes ncrvi phrenici. branches 
nf tht• internal mammary. The external branch passes towar<l the side of the 
thorax and inoticulatel'l with the intercostal arteries. The internal branch of the 
right phrenic gi\·es off a few vessels to the iuforior vena earn, and the left one 
~omc branche:s to the c:csophagus, Each ve~sel also ~ends capsular branches 
(.m/)l'rior .... uprrtrenal) to the supra renal capsule of its own side. The spleen on the 
left side and the liver on the right also receive a. few branches from these vessels. 

The Lumbar Arteries . 
. Th e lumbar arte~es arc an~logous to the intcrcostal. They are usually four 
Ill number on each side, and ar ise from the back part of the aorta, nearlv at right 
angles with that Yessel. They pass outward and backward, a.l'ound the sides of 
the body of the lumbar vertebrn, behind the sympathet ic nc1·1·c and the Psoas 
rnagnus muscle, those on the right side being covered by t lt e inferior vcna earn, 
and the two upper ones on each side by the crura of the Diaphragm. In the 
interval between thr transrnrse processes of the vertcbrre each artery divides into 
a dorsal anfl an abdominal brancli. 

'The dorsal branch g ives off, immediately after its origin, a spinal branch. which 
enters the spinal canal: it then continues its course backward between the trans
ver5e processes. and is distributed to the muscles and integument of the back. 
anastomo!-l.ing with the simi lar branches of the adjacent lu mbar arteries and with 
the posterior branches of the intercostal arteries. 

The spinal branch enters the spinal canal through the inten•ertebral foramen, 
to be distribute<l to the spinal cord and its membranes and to the bodies of the 
\·ertebne in the same manner as the lateral spina l branches from the Yertebral 
(sec page 582). 

The abdominal branches pass outward, having a van ablc relation to the 
Quadratus lumborum muscle. :Most frequently the first branch passes in fron t 
of the muscle and the others behind it ; sometimes the order is rc•\·ersed and the 
lowest branch passes in front of the muscle. At the outer border of the Quadratus 
thev are continued between the abdominal muscles, anastomose with branches of 
the· epigagtric and internal mammary infront 1 the mtercoslals above, and those of 
the ilio.lumhar and ci rcum fl ex iliac below. 

The Sacra Media. 
'l1he Middle Sacral Artery is a small vessel about the size of a crow-quill. 

whirh ari:;:.es from the back part of the aorta just at its bifurcation. I t descends 
upon the last lumbar vertebra, and along the middle line of the front of the 
sacrum, to the upper part of the coccyx, where it anastomoses with the lateral 
sacral arter ies, and terminates in a minute branch. which runs down to the situation 
of the body presently to be described as " Luschka's gland." From it branche• 
arise which rnn through the mesa.rectum to suppl,Y the posterior surface of the rec
tum . Other branches are g i\·en off on each side, wh ich anastomose '\ ith the lateral 
sacral arteries, an<l send off small offSets wh ich enter the anterior sacral foram inn . 

The arte ry is the representative of the cauda! prolongation of the aorta .of 
animals, and its lateral branches correspond to tl1c 111tercostal and lumbar arte ries 
i n the dorsal an<l lumbar regions. 

Coccygeal Gland, or Luschka's Gland.-Lying near the tip of the cocc.vx in a 
small tendinous interval formed bv the uni on of the Leva.tor ani muscles of each 
side, and just abo\•e the coccvge~ l attachment of the Sphi ncter ani, is a small 
conglobate body about as large as a lentil or a pea., first described by Luscbka .1 

and named by him the coccygeal gland. I ts most obvious connections are with the 
arteries of the part. 

Structure.-It consists of a congeries of small arteries with little aneurismal. 
dilatations derived from the middle sacral and frecJ_,, communicating with each 

1 Der lfim(lnhan!J U1Ul die &t issdriiu dtll 1l/ ensclie111 Berlin, J$(j0j Anatom1e <lei .Ven.~ehen, Tiibingen1 
1864, \"Ol. ii . pt. 2, P· 187. 
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other. 1'hc.-.c ,·c:.;schi nrc cnclo::e1l in one or more layers ofpolyhC'dral granular ('l·lk 
and the whole l',tructurc is i1ncMed in a capsule of connectirc tissue which ~ends 
in trab('euh~. diYitling the interior into :l number of spaces in which tlu.• Ye:;;:.;{'):; 
and cell :-; arc contained. Xencs pa~s into rhis li ttle ho1ly from the R_rmp:uhcric. 
but their mnflc of tcl'mination is unknown. )Jacalistcr believes the g lomcru lus of 
,·c:.;~cls "cnn:.;ists of the condensed and con rnlutcd mctamcric clor~al artcrie· of' the 
caudal ~C';.!llH.·nH~ imhcthlcU in t issue which is pos.sil.ily a small persisting fragment 
of the ncurcntcric tana l. " 

THE COMMON ILIAC ARTERIES. 

The abdorni na,l aorta divides into the two common iliac arteries. 'l'he bifurca. 
t ion wrnally takes place on the left side of the body of th e fonrth lumbar YCrtcbra. 
'.l'hi!o; point corresponds to the left s ille of the umbi licus, and is on a le\'e l wilh :L 

line clrawn from the highest point of one iliac crest to the othe r. ~l'he common 
iliac n.rtcrieii arr about two inches in length: di ve rging from the termination of 
the aorta, they paR:; downward and outward to the rn;1rgi n of the pclvi:s, and 
d i\·i1lc opposite the in tenertcbral substance, between the last lumbar ,·ertelmi 
and the sacrum in to two branchc~. the e1·fenwl and infernal iliac arferif•f(, the 
former SLLpplying the lower extremity; the latter. the ' ' isccra and parietes of the 
pel\·is. 

The right common iliac i~ !o;Omewhat larger than the left, and passes more oh
liquely acro"'s the bod.v of the last lumbar vertebra. In front of it are the perito
neum, the !-;mall intestine, branches of the sympathet ic nenre, and. at its point of 
<lh·ision. the ureter. B eliind, it is separated from the last two lu mbar \'ertebr::e by 
the two common iliac vei ns. On its ouit'J' side. i t is in relat ion with the inferior vena 
ca.va and the right common iliac vein above, and the Psoas magnus muscle below. 

'l1Jrn left common iliac is in r elation , in front, with the peritoneum , the small in
testine, branches of the sym1)athcti c nerve, and the superior b::emorrh oidal arter~~. 
and is crossed at its point of bifurcation by the ureter. Tb e left common iliac vein 
lies partly on the inner s ide and partl.v benen.th the arter_y ; on its outer s ide the 
artery is in rela.tion with t he P soas mag nus muscle. 

PLAN o r TH E Ri.:L ,\TIO:NS OP THE CoilDION ILrAc A1nEH1Es. 

ln .fro11t. 
Peritoneum. 
Small inte:stincs. 
~.nupathctic ner\'es. r Outaside. 

( .... n~~~ \ -ena earn. 
<'<i~::::n R\Til~~ ~?ei~~Oll 

}J,.;oasmn~de. 

Bddnd. 

lnnersidP. 

Left common 
iliac vein. 

ln f1·on t. 
Peritoneum , small intestines. 

~l~·:;~;.~~1 h~u~1~;1~~i<lal arte1 '" 
Ureter. · 
~ OufP>'SidP. 

Co~;~on Psoas musde. 

\j 
Bdiiiltl. 

La~t two lumbar \Crtebrre. Last two lumbar n:rtchn.c. 
Uiuht and left common l~cft ~ommon iliac 

iliac veins. vem. 
'Branches.-rrhe common iliac arteries g ive off small lmrn che!o; to the peritoneum 

P~oaR magnus1 .1~rctcrs, and the s unou 1H.l_ing cellular tissue, and occasionally gi\'e 
origin to the il10-lumbar or rnnal artenes. 

Peculiarities.-Thepo~·11t of origfo Yarics :u.:cording to the hifurcation of the aorta. 111 
thrrl'·fourth!5 of a lar,a:e numhcr of cases the aorta bif'un·atcd l•it hcr upon the fOurth lumbar 

~~~~~~~~t~;~;;;~;s;;;t~:;;;;~;;;~~:; 
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Fm.3i2.-,\rteric:softhepeh'is. 

draw two lines to points midway between the anterior superior spines of the ilium and the 

symphysis pubis. These two diverµ-ing lines will represent the coun;c of the common and 

external iliac arteries. Draw a second zone round the body corresponding to the lc\'l•l of the 

anterior superior spine:; of the ilium: the porlion of the diYCrQ"ing Jines between the two zones 

will represent the course of the common iliac artery; the portion Uclow the lower zone, that of 

theextcrnaliliacartcr.r. 
Surgical Anatomy.-The appliration of a li!!ature to the common iliac artery may be 

reriuired on ac'C'ount of' ancurism or hremorrha!!C implicating the external or internal iliacs 

The artery may be tied by one or two incisions: l, an anterior or iliac inc:i~ion. by which the Yes~cl 

~l~i!:J~r~l~~l:~:~~J0i~e r~~j~!~T t;~,~
111 ~l~i:~~l.nt ~. f1~JJe2~,:~i~~~c~~l~c~~}~~

1Y/i~~l r~~l~11~~ ':;<t~t::~~~~0i~c~S~ 
ion. from five to eight inches in length ac<;onling to the amount of fat, is made, commC'neingjust 

out::;ide the middle of' Poupart's li~ament and a fin!!er's breadth ahove it, and carried outward 

toward the anterior superior iliac spine, then upward toward the ribs, an<l finally curving inward 
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lf .f fi;gt1Pa~~~~~~5\~'.'.l~Y~~:[~:~~r'.tf '.i::t~~~:'.~;;;~~i~~f :~~~i~~~~i:~~\~:t~~~~: 
from within omwar<l. Bul if the aneuri::-mal tumor::;hould cxll'nd 111~h up in the abdomen. alonl! 

rl~; ;~~;;~:j~~~~~~r~~.11~Jit~:
1

!~:,~~:1)??i;:;.~~0~~rl:\~~~~::~,~'.~~r~.:~:~:~~!'"r:1~~~;:.~~~~::;~~ 
the ilium and a little above 1t to the anterior !:iupcnor t:iJllllC of that bone. ] he ahdom1nal rum•-

~~l~Ff~~:~~~~~E~~:l~}~~~((~(~~fr7-~~'.~f ~\~~~rri/~t~f i~~~~i\i{if :~:t~:~~~~~~~@);)1~1f1 
artery, and must be carefullf aYoid~d. On the left side the \•ein usuallJ'. !ics O!l the i1.11~cr ~ide 

~1~1~1 1~f~1i:~~1!!d ~r~1~~ ;.t~!:~ ~U~.c:~:I~~h 1 ~~o1~S'~l~l<l~ 1;~1l~;ht 1;~ ~1~·~ <lf1\i~~~~~ 1~1f~ 1~'~11~: .. ~~fo~~,i~~~~<lu~I~ 
a case. 'l'hc common iliac artery may be so short that dat1,l!Cl'lllay be apprehended from second· 
arv hmmorrlrn!!:e if' a l i~ature is applied to it. It would Le prcforaLlc1 in su<: h a case, to tie both 

th'e C~ii'~:~~~r~i~~~i~~i~!:,~Tl1'~·~!.1i~1i~i1~:i~~~~nts in carry in!ton the collateml circulation after 

~:~n~f;il!i~ft~J~e 'i~t~r1! ~Jiti~: ,;yt~h~h~0s~~~i~rill~~n~·~,~~:J~1Iaf:.~~~lo:J11~sf1~t~~it~~l~n!~~r~~;i~1;0i~~~ 
ana)o;tOmo:st's of the uterine and O\Tarian arteries and of the ,·csieal arteries of opposite sides; of 

i1~1fe;i~~~11te~~~~~~ti;~1dt\1i~m1b~~~l;l~:;i~r;;1 g;:~h~' ~i~~-u~:~c~ 1ii1f::\~~i~ l~,·~J~ ~~\~1~;:e:;~~~i~~a;1~f 3t1~; 
ilio·lumhar with the last lumbar artery; of the obrurator artcr.v, by means of its pubic branch, 

with d~1~~~c:;~lo~f'0~1ih~ 1Cg~:~dfu~~d~~ri!~~~h~ ~~~;~~~~·~c. iliac arteries are most effi· 
cientlv compre!'sed by Davy's le\·er. 'fhe instrnment C'On~i:-;ts of :\gum-elastic tube about two 
feet !Ong, in which fits a r..:mnd wooden "lever " considcrniJly longer than the tube. A small 
quantity of oli\·c oil ha,·ini:r bceu injected into the rcc·tum, the gtmi·elastic tube, softened in hot 

~'~1i~Jic~ i~afhed;~~,.~11bc~~,~~~l11~~h~ci~~.rlt~~~~rp~~~~;~tb~~:~ ~~~ii;Jfe 1fJ:~~!h1~1~~i~~or~d~~1~v:d;~ 
lever is then inserted into the tubei and the projectin~ end carried toward the opposite thigh 
and raised, when it acts as a lc\·er of the first order, the :mus being the fulcrum. In case!' 
where the mcso·rectum is abnormally short it may be impos.sible, without unjustifiable force, to 
compress the artery on the right side. 

Internal Iliac Artery (Fig. 372). 
The internal iliac artery supplies the walls and Yisccra of the peh ·is. the gen· 

erative organs, and inner side of the thigh. I t is a short. th ick vessel, smaller 
in the adult tha11 the external iliac, and about an inch and a. half in length. It 
arises at the point of bifurcation of the common iliac. and, passing downward to 
the upper margin of the great sacro-sciatic foramen. divides into two large trunks, 
an anterior and postedor; from its point of bifurcation a partia11y obliterated cord. 
the liypo_qastric artery, extends forward to the bladder. 

Rela.tions.-In front. with the ureter, which separates it from the peritoneum. 
Beltincl, with the internal iliac min, the Jumbo-sacral nerve. and Prriformis mus
cle. By its outer side, near its origin, with the Psoas magnus musCJe. 

PLAN OF THE RELATIOXS OF THE hTERXAL !Luc ARTBRY. 

Outn·side. 
fsoasmaf!'nus. 

la front. 

Peritoneum. 
Ureter 

~":) 
B ehind. 

i~~~~~~}\jJ~~\~t~~ fabove). 
Lumho·sacral ncn·c. 
:O:acrum. 

Imm· side. 
Tnternal iliar vein. 
Peritoneum. 
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In th~ fo•tus the internal iliac artery (ltypogastric) is twice as large as the 
external 1ltac, and appears to be the continuation of the common iliac. Instead 

~~e l~\~~~0~f itbt~t t~i~c~~h~s,itist ~~~:~t1 f~~'~:~-~~l~0itt:~"~!a~~~~·~ha~:c~ ft8~~:~s p3~~s~~ 
upward .along the b~ck part of the anterior wall of the abdomen to the umbilicus, 
convergmg to~vard tts fellow of. the opposite side. Ilaxing passed through the 
~1mb1lical ~p.en.ing, the two a~tenes twine_ ro~1Hl the umbilical ,·ein, form ing with 
It the umbilical cord, and uh1mately ramify rn the placenta. The portion of the 
,·essel w.1thm the abd~men 1s called the ltypogastric artay, and that external to 
that canty, the ·umbilzeal m·tery. 

At birth. when the placental circulation ceases, the upper portion of the 
hypogastric artcr!" extendi n.g from the summit of the bladder to the umbilicus, 
contra.~ts, and u~t1m<i!e~,. d_wmdles .to a solid fibrous cord; but the lower portion, 
~xtendmg from its ongm (10 what 1s now the internal iliac artery) for about an 
mch and a half to the wall of the bladder, and thence to the summit of that organ, 
1s not totally 1mperv1ous, though 1t becomes considerably reduced in size, and 
serves to conxcy blood to the bladder under the name of the superi01· vesical 
artery. 

Peculiarities as regards Length.-In two-thirds of a. large number of cases the lemrth of 
the internal iliac varied between an inch and an inch and a half; in the remaining third it 
Wit;:, more frequently lorn?Cr than shorteri the maximum leugth being three inches. the minimum 
half an inch. 

The len2'ths of the common and internal iliac arteries bear an im·erse proportion to 
each other, the internal iliac artery being long when the common iliac is short, and ri'ce 
rn· . .:ll. 

As regards its Place of Division.-The place of division of the internal iliac n1ries 
~:~';~en the upper margin of the sacrum and the upper border of the sacra-sciatic fo r-

The arteries of the two sides in a series of cases often di ffercd in length, but neither seemed 
cun. ... tantly to exceed the other. 

Sur~ical Anatomy.-'l'he application of a li~alure to the internal iliac artery may be 
rC'quired 111 cases of aneurism or hoomorrhage alfectin~ one of' its branches. The vessel may be 

~~u~~J a1~·~~~1:;~'~fu~Sa~11~!s~h~t tlf ~~us~~u~l~eg a~~~oi~~:~~~~l~~~rj~;~~; ii~1~!1~r~:~~.~~~l~~ ~~s~i~ij~~'~i~~ 
been cautiously divided, and the peritoneum pushed inward fi·om the iliac fossa toward the 

:::i~~~ 1~~s6~~::t~~~~:~:J ~t~ rnl~~l~~~rii?!ct~~e a~i~~·d~~t'. 1~~~p~~i~~~t~~~~~o~t~~~;;i~~S~1'ioa~~d i 
shvuld be remembered that the vein lies behind and on the right side, a li ttle external to 
the artery. and in dose contact with it; the ureter and peritoneum. which lie in front, must also 
be a\·oided. 'l'he de.l!ree of facility in applyin;? a li!:mture to this VC'S~el will mainly depend upon 
its lenl!th. It has been seen that in the ~reat majority of the ca!"eS examined the artery was 
short, varyin!? from an in~h to an inch and a. half'; in thP:-c ca~es the arterr is deeply seated in 
the pelvis: when. on the contrary, the ,·e~sel is lunger. it is found partly aboYe that r.oavity. If 
the artery is very short, as occasionally hapµens 1 it would be preferable to apply a ligature to the 
common iliac or upon the external and internal iliac.s at their ori~iu. 

Probably a better method of tying the internal iliac artery is by an abdomiual section in the 
median line and reachini; t11e nssel throug-h the peritoneal cavity. This plan has been 
adv0cated b.r Dennis of )fow York on the following grounds: (I) It no way increases the danger 
of the operation; (2) it prel'ents a series of accidents whieh have oceu11'e<l during ligature of the 
arlery hy the older methods; (3) it enables the surgeon to ascertain the exact extent of disea~e 
in the mniu arterial trunk, and select his spot for the application of the ligature j and (4) 1t 
occupies much less time. 

Colla.teral Circulation.- In Professor Owen's dissection of a. case in which the internal 
iliac artery had been tied by Stevens ten years before death for aneurism of the sc!atic artery, 
the internal iliac was found impervious for about an inch above the point where the ligature had 
been applic<l, but the obliteration did not ex tend to the ori~in of the external iliac, as the ilio
lumbar artery arose ju~t above this point. Below the point of obliteration the artery resumed 
its nalUral diameter. ancl continued so for half an inch, the obturator, lateral sacral, and gluteal 
ari.sintt: in succe~ion from the latter portion. 'fhe obturator artery was entirely l?blit~rated. 
The lateral sacral arten• was as lar.!?"e as a crow's quill, and had a very free anastomosis with the 
artery of the opposite ·side and with the middle sacral artery. 'l'he S<'iatic artery .was e!ltirely 

~1~!i~~r:~~'~v: :n~i~1~:ld~!!,~~1:~"ili~ib~~ki~} ~\~: ~hf;hi~~1~1;~~J~~;:~n°~izt!1~sd~ht:lr~~~~r~[ 
~~~'d~. pcr1~i~~~i:C~~~io~~ ,~~1~a~~~d' ~~b;1tl1~~,::~~~1!1~~e:~f a;}~:t~~~~i~~~~'l~dSS:!::i~~ ~~:Cr,>:~ 

1 )[edico-Chirurgical Trans., vol. xvi . 
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of lhe opposite \'C'SicaJ arll'rics; . of th,e hremorrhoidnJ branches or the i1.1tcrnaJ . iliac Wil h 
lhosc from the inferior mcscntcnc; of the obturator artery, by means of 1Ls pubic branch. 
with the n·~ .... cl of the opnositc side and with the epiA"a.-.~ ric ~11{1 intcrn:1l .drcuu~Hu; of rhe 
dl'('umfkx arnl perforating bran<:hcs or the pro.funda fcmo~1~ with the ~1at 1c; ol the J!lutc:t! 
with the posterior branches of the sacral artenc:s; of ~he il10-lun.1~J11r \\'!th the l ~~l lumhar: ot 
the Jateml i-;acral wilh the middle sacral; and of the circumflex iliac w1l h the 1!10- lum l.lar :ind 
glute"I. 

BRANCHES OF TUE I NTf; JlNAL hI AC. 

From the Anterior Trunk. 
Superior V esical. 
l\Iiddl e V esical. 
Inferior Vesical. 
l\Iiddle lfarnorrhoidal. 
Obturator. 
In ternal Pudic. 
Sciatic. 

From the P osterior Tnmk. 
Ili o-lumbar. 
Lateral Sacral. 
Gluteal. 

11i female { ~~~~~~cl .. 
'rh e superior vesical is that part of the foota] hy pogast ric artery which remain~ 

pcrvious after birth. I t extends to the side of the bladder. distribut ing numerous 
branches to the apex and body of the organ . From one of these a. slender Yessel 
is derived which accompanies the ms deforcns in its course to the testis, where it 
anastomoses with the spermatic artery. 'l1 his is the artery of the i·as deferens. 
Other branches supply the ureter. 

rJ1110 middle vesical, usuall.'' a branch of the superior. is distributed to the ba:-e 
of the bladder and under surface of the ycsicuh:c scminalcs. 

'rhc inferior vesical a.rises from the anter ior dirision of the internal iliac. 
frequently in common with the middle hmmorrh oidal, and is distributed to the 
base of the bladder, the prostate g land 1 and ,.eRicuhc Rc minales. ' l'be branches 
distributed to the prostate com municate with the corresponding vessel of the 
opposite side. 

The ~iddle hremorrhoida.l artery usual ly a rises togC'ther with the preceding 
YCsscl. It supplies the rectum, anastomosing wilh the other h remorrhoi<lal 
arter ies. 

rl111c uterine artery passes inward from the anter ior trunk of the internal 
iliac to the neck of' the uterus. Ascending, in a tortuous course on the side of 
this viscus, between the layers of the broad ligament, i t distributes branches 
to its s1ibstance, anastomosing, near its termination, with a branch from the 
ornrian artery. Branches from this "essel are also distributed to the bladder and 
ureter. 

1'he vaginal artery is analogous to the inferior vesical in the male; it descends 
upon the rnp; ina, suppl,ving its mucous mcmhrane, and sending branches to the 
neck of the bladder and contiguous part of' the rectum. 

The Obturator Artery usualiy arises from the anterior tru nk of the internal 
ili ac, frequent!.'' from the posterior. I t passes fonrnnl, below the brim of the 
1)clvis, to the upper part of the obturator forarnen 1 and, eRcaping from the pelvic 
ca1· ity through a short canal formed by a groove on tbe undc1· surface of the 
horizontal ramus of the os pubis and the archc<l bonier of the obtu rator mem
brane. it divides into an internal and external branch. In the pelvic cavity this 
,·csscl lies upon the pel\'ic fascia., beneath the peritoneum, and a li ttle below the 
obturator nene. 

Branches.- Witliin the pelvis, the obturator artery g i"es off an iliac branch to 
the iliac fo~sa, which supplies the bone and the lliacuio; muHclc. and anastomo~es 
with the ilio-lumbar a_rtery; a.1.'N~ic~tl br~mc~t, whicl~ n111" hatk"ard to supply the 
bladder; an<l a pubw branch, wh1th 1~ given oft from the ,·cis~cl just before it 
lca'"c=" the pelvic ca,·ity. This branch asccn<ls upon the hac:k of the os puhis, 
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communicating with offscts_ fron_1 the deep epiga:;;tric artery and with the corre
sponding ,·essel of the opposite side. This branch is placed. on the inner side of 
the femoral ring. .External to the p('h1is, the obturator a.rten1 divides into an 
intprnal and an external bmnch, which a.re deeply situated bcnca~th the Obtunitor 
externus muscle. 

The int?rn~l br.anch cunes downward along the inner margin of the obturaror 

foramcn. d1stnbutrng branches to the Obtura.tor cxternus muscle
1 

Pectineus, 
Adcluctors, and Gracilis, an<l anastomoses with the external branch and with the 
internal circumflex artery. 

'llhe external branch cun·es round the outer margin of the forameu to the 

space between the Gcmellus inferior and Quadratus femoris, where it anastomoses 

with the sciatic artery. It suppli es the Obturator muscles, anastomoses, as it 

passes backward, with the internal branch and with the internal circumflex, and 

A 

Fu;. 373.-Variationsinoriginandcourscofobturatorarterr. 

sends a branch to the hip-j oint through the cotyloid notch, wbicb ramifies on the 

round ligament as far as the head of the femur. 

Peculiarities.- Jn two out of every three cases the obturator arises from the internal iliac, 

~i~:~~m~~5k~f,~1~i~~~01~~1~::~'.;:~J:;f..~~:::
0 

i1:::~{~"fa:?~:r,~::r~ ~~.~:.~l~~;:r~~~:il~~.~t~~:~ 
-When the obturator artery ari~C'S at the front of the pelvis from the epigastric, it descends 

~lmn<:t ,·ertica\ly to the upper part of the obturator foramen. The artery in this cm~rse usually 
he:-; in comact with the external iliac vein and on the outer sidC' of the femoral ring (Ftg. 3731 A) ; 
in such cases it would not be endangered in the operation for femoral hernia. Occasionally. 
however, it cun·es inward alon~ the free mar.gin of GimbcrnaL's ligament (Fig. 3731 B), ~nd 

under such tircum::itanres would almost c:ompletely encircle the neck of a. hernial &"\C (suppos~n~ 

a hernia to exist in such a case), and would be in great danger of being wounded if an operation 
was performed. 

The internal pudic is the r.:;maller of the two terminal branches of the anterior 

trunk of tl.ic internal iliac, and suppli es the external organs of generat ion. 

Though the cou r!:ie of the artery is the same in the two sexes, the nssel is much 

smaller in the female than in the male, and the distribution of its branches 

somewhat different. 'l'he description of its arrangement in the male will first be 

gi,·en, anrl snbse'1ucn tly the <lifferences wh ich it presents in the female will be 

mentioned. 
The Internal Pudic Artery in the Male passes downward an<l outwnrd to the 

lower border of the great sa.cro-sciatic foramen, and emerges from the pelds 

between the Pniformis and Coccygcus muscles: it then crosses the spine of the 

ischium and rC-enters the pel\'is .. through the lesser sacro-sciatic fora men.. T.he 

artery now ero:.:ses the Obturator intern us muscle along the outer wall of t~e 1sch10-

rectal fossa, being situated about an inch and a half above the lower margm. of the 

ischial tuberosity. It is here contained in a sheath of the obturntor fascia, aud 

p;raduall,v appro3.ches the margin of the ram us of the ischium, alon~ wbic~1 it. passes 

forward and upward, pierces the posterior layer of the deep pennf'~I fascia. an.cl 

nms forwanl along the inner margin of the rnmus ?f the o~ pub1~; fin.ally. it 

perforates the anterior layer of the deep perinea! fi.1sc1a and d1v1dcs 111to its twc. 



'l'I!H .I RJ'J;llU:s. 

term111al branche~, the dur.'lal w tap of tlw peniH and the arl1'r!J of tin· c(Jrpux 
Clll'l'f'llOXUlll. 

Relations.-In the first part of its c-ourse, within tll(.' pch·is, it lies in front of 
the l>yriformis nrnsc:lc and :-acrnl pl~xus of nerve:;, and on the outer :side of the 

• rectum (on tlte left side). 
As it cro:-!'<cs the spi1w 
of tLe i!:'chium it is C'o,·-

Dtep ll~o-lumbar ere<l hy the Gluteus 

cirfil:·%tr:r rnaxirnus. In the pelvis 
Lateral it lies on t be outer side 

aacral of tl1c ischio-rcctal fo~a, 
upon tho surface of thr 
Obturator intcrnus rnu:-;-

sctauc · clo, contained in a, fibrou~ 
canal formed by the ob 

1111. pudic turator fascia ~and the 

i·~':feru1 ~:~~~~01~~~r~~·~~i~8~c0~i~I~~ 
mcnt. It is accompa
niC'd by the pudic Yeins 
and the internal pudic 
nene, which lies inter
nal to it on the i~chial 
spine. 

Peculiarities.-The in
tcnrnl pm.lie is sometime . .., 
!-maller than msual, or fail::. 
to,!!i\'C'Off olleortwoof it:s 
usual branches; in such 
<·a~es the defic:iency is ~up· 
plied by brnnehes Jerin'd 
lrom an additional \'{':;!'e\, 

~~~e~~~fj~;·:~~i;ef f,~~,:~; t h'~\t;~~ 
tenial plldiearterybcforcits 
l'Xit from the great S.:t(·ro
~ciatic foramen. lt pa. ... :-c~ 

Obtit. . forwardalou~thclowerpart 
hypQ(Jaatnc ol' the bladder and aero!-. ., 

_=::-;:itJrf1'-'L7'--1111. 1Judic the side of the prostatt' 
µland LO the root of the 
penis, where it perfOratc:-; 
the triangular ligamC'Jllanil 
~i,·es off the brane:hC's usu-

Pel'ineal ally derived from the pudic 
The intcrnal i•\Hlil' urtcry illld its brilnChl:~ in the nrnk. (liegenbaur.) f\~~~~~·111'G~l~1~l~~'~i1J:l(i~ 1~11~1~~ 

'.::1 r l~i.~l~ri ~~{'<l~~.'~~11i\~1 ~~1,~ i~ ;bci :~,~~tlc~i\!~~ I ~!;~~,~·i'. 11l1~ :~:.~{'!~~~~~~~· ~~~<l i2 crt)~ !.11~ 1 ~11~r!~t~~ ~a~~a ;~~~1~Y~ ~~~ 
~~,~~:ctl~1~:~~~:·~::!.,/1~~~·~~J~I, the artery of the bulb being JcrivcJ. with the other two hrancht•s, 

Surgica.l Ana.tomy.-Thc relation of the accessory pmlie to the pr0gtatc !!lanr1 and urethra 

i~l ~~:\1:t:1~~t~~~r~:l~;~e~~ iJith1~~~~~~~.al ~J~~ts~t;d:i1~t~1~11~~i~\~~~~111(~~i~1J~a;~~~i1;i~;1 ~{!'11h~i~~~~!~a~ 

~~~~i~~~~f§~~~~~~f\~~~~~~~ 
an•I under cover of the ramus of the ischiurn 1 the accident is not \'Cry likely to occur unless the 
n· ...... ,.J rnns an anomalous course. 
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Branches.-The branches of the internal pudic artery are-
Muscular. ~L1nms'·ersc Perinea]. 
Inferior Hremorrhoidal. Artery of the Bulb. 
Superficial Penneal. Artery of the Corpus Cavernosum. 

Dorsal Artery of the Penis. 

The muscular branches consist of two sets-one gi,·en off in the pchis, the 
other as the vessel crosse$ the ischial spine. The former are sm·eral small offsets 

which supply the L evator ani, the Obtura.tor intemus, the Pyriformis, and the 

Coccygeus muscles. '11hc branches giYcn off outside the pel\'iS are distributed to 

the adjacent part of the Gluteus rnaximus and External rotator muscles. They 
anastomose with branches of the sciatic artery. 

'l'heinferiorhremorrhoidal are two or three small arteries which arise from the in

ternal pu<lic as it passes above the tuberosity of the i~chium. Crossing the ischio
rectal fossa1 they are <li8tributed to the muscles and integument of tbe anal region. 

The superficial perinea! artery supplies the scrotum and muscles and integu

ment of the perinreum. I t arises ~rom .the internal pudic in front of the preceding 

branches, and turns upward, crossmg either over or under the Transversus perinrei 

muscle, and runs forward, parallel to the pubic arch, in the interspace between the 

Accelerator urinre and Erector penis muscles, both of which it supplies, and is 
finally distributed to the skin and dartos of the scrotum. In its passage through 

the perinreum it lies beneath the superficial perinea} fascia. 
The transverse perinea! is a. small branch which arises either from the internal 

pudic or from the superficial perinea.I artery as it crosses the Trans,·ersus perinrei 

muscle. I t runs trans,·ersely inward along the cutaneous surface of the Trans

versus perinrei muscle, which it supplies, as well as the structures between the anus 

and bulb of the urethra, and anastomoses with the one of the opposite side. 
The artery of the bulb is a hi.rge but very short ,·essel which arises from the 

internal pubic between the two layers of the deep perineal fascia, nnd, passing 
nearly trans,·ersely inward, pierces the bulb of the urethra, in which it ramifies. 

It gives off a sma ll branch which descends to supply Cowper's g land. 

Surgical Anatomy.-This artery is of considerable importa~cc in a surgical point of view, 

~t~~j~<i 'indtj~~g~~I~{~ ~~hg al~~~~i~:dh~~~:r1!~~~al Th:~~~~I i~ ~t!~~i'i11:;~~~.~~y ~5~~i~i,11~~~i~~l~ 
ally wantinc;1 or even double. lt sometimes arises from the internal Jln<lic earlier than usual, and 

f~fi~~sb~\~.ciue~~~dli:~1 t~~e r~~~}~~~l~~~~f~j~~ f:~t~~=I ~~)l:;ati~~ ~{~clithocl~~~;~ie Jf~~! ~l~~~~1~t~-~~~ 
it should arise from an acce ory pudic, it lies more forward than usual and is out of danger ill 
the operation. 

The artery of the corpus cavernosum, one of the terminal branches of the inter

nal pudic, arises from that vessel while it is situated between the crus penis and 

the ram us of the os pubis; piercing the crus penis obliquely, it runs forward in the 

centre of the corpus carnrnosum, to which its branches are distributed. 
The dorsal artery of the penis ascends between the crus nncl pubic s_ymphysis1 

and, piercing the suspensory li gament, runs forward on the <lorsum of rbc penis to 

the glans, where it divides into two branches which supply the glans and prepuce. 

On the dorsum of the penis it lies immediately beneath the integument, parallel 
with the dorsal vein and the corresponding artery of the opposite side with the 

nene externa l. It 1mpplies the integument and fibrous sheath of.the corpus cM·er
nosum, send ing branches through the sheath to nnastomose with the preceding 

''essel. 
The Internal Pudic Artery in the Female is smaller than in the male. Its 

oriain and course are similar, and there is considerable analogy in the distribution 

of 'its branches. 'l'hc superficial artery supplies the labia puciendi; the artery of 

the bulb supplies the hulbi l'Cstihuli an<l the erectile tissue of the vagina; the 

artery of the corpus cavernosum supplies the C:t\'ernous bod)' of the cJitoris; and 

the :.ii·teria dorsalis cli toridis supplies the dorsum of that organ, and terminates in 

the glans and in the membranous fold corresponding to the prepuce of the male. 

" 
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The Sciatic Artery (Fig. 37;)), the larger of the two terminal hmn<'hc:-; of t he 
anterior trunk of' the internal iliac, i~ distributed to the muRclcs at the back of iht• 
pch·is. 1 r pas .... t.·~ chm n to the lower part of the grear s;acro-s;c iat ic foramen behind 
the internal ptulic :.irtcry, rest ing on the sac:ral plt•xuf; of ncnc.-. and Pyriformi8 
mus;clc, a1Hl t.'stape:s from the pclds through this forame n bclwcen the Pyriform iH 
an<I Coccrgcus. It then dcscen<ls in the interral between the trothanter major and 

. ~~~~l~·~~\~:1 ~.~: t~hee~c\:\';~t~;;.,.~~~ 
and covered by the Gluteu;.; 
maxirnu~, and is 'continue<] do" 11 

the back of tLc thigh supplying 
the f' kin , and anastomosing with 
branches of the perforating ane
rics. 

Witliin the pefoi.<:; it distrib
utes branches to the P yr iformi R, 
Coccygcus, and Leva.tor ani 
muscles; some hremorrhoida l 
branches, "hi ch supply the 
rectum, and occa~ i onallv take 
the pla ce of the middl e l~<""l'mor
rho idal artery; and ,·csic:a l 
IJranclies to tl~c base and neck 
of the bladder, ,·esicuh-e semi
nales, and prostate g land. Ex
ternal to the pel1•ii{ it g irns off 
the following branches: 

Coc:cygcal. 
Inferior Gluteal. 
Comes Ncrvi I schiadici. 
l\foscular. 
Articulal'. 

'J'ltc coccygeal branch runs 
inward, pierces the great sacro
sciati c ligament, and supplie~ 

the Gluteus maximus, the in
teg umen t, and ot her structures 
on the back of the coccyx. 

Th e inferior gluteal branches, 
th ree or fo ur in number, supply 
the Gluteus maximus muscle, 
anastomoi;;ing with the gluteal 
artery in the substance of the 

- S1tp~;~t~~u~~t;nial llll18Cle. 
'I' he comes nervi ischiadici 

is a long, s lender ,·essel which 
accompanies the great sciati c 
nen'e for a shor t dista nce; it 
then penetrates it nnd runs in 

regi:~~· 375.-The nrterie~ of the gluteal nud posterior femo ral its substance to the lowC' r J;flrt 

of th e thi gh . 
~'he muscular branches supply the musc1es on the back part of t he hip, ana:--

tomoi:;;ing with the gluteal, external branch of the obturator1 internal and exter
nal circumflex, and superior perforating a r ter ies. 

Some articular branches are distributed to the caps ule of the hip-joint. 
'l'he Ilia-lumbar Artery, gi,·en off from the posterior trunk of the in te rnal 
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iliac, turns upward and outward between the obtu rator nerrc and lumbo-sacral 
cord . to the inner margin of the Psoas muscle, behind which it divides into alum
bar and an iliac branch. 

The lumbar branch suppli e~ the Psoas and Quadratus lumborum muscles, 
anas.tomos ing with ~he last lumbar artery, and sendH a smal l spinal branch through 
the mtervertcbral foramen, between the last l umbar vertebra and the sacrum, into 
the spin al cu nal , to supply the spinal cord and its membranes. 

bet,~:~~1 u:~1: b:~~:1:~18~~n~~:o b8o~~t·:,~~=t~1~~~~~s "~~tbsclt~~ 8~1~~~ 0~~=~~:hn;:;n~~~ 
obturator ; one of these enters an oblique cana l to supply the diploe, whilst others 
run along the crest of the ilium, distr ibu t ing branches to tbc Gluteal and Abdom-

~:1~{ ~1~~~~~~:} ~~~u:ff~~o~1~:e~· i~1~. t he ir course with the gluteal, circumflex iliac, 

The Lateral Sacral Arteries (Fig. 372) a rc usually two in number on each side, 
superior and iufcrior . 

. rrb e superior, which i ~ of large size, passes inwa1·d, and, a.fter anastomosing 
with branchc:; from the middle sacral, enters the first or second sacral foramen, is 
distributed to the contents of the sacral canal in the same manner as the lateral 
spinal branches from .the Yerte~ral. and, escaping by the concsponding posterior 
sacral foramcn , supplies the skm and muscles on the dorsum of the sac rum, anas
tomm~ing with the glu teal. 

The inferior pas.ses obliquely across the front of the P.rrifonnis muscle and 
sacral nerves to the inner side of the anterior sacral fomm ina1 desccnd:o. on the 
front of the sacrum, and anastomoses over the coccyx with the sacra media and 
opposite laternl sacral arteries. In its course it g i ~·cs off branches which enter 
the anterior sacral fornmi na; these, afrer g i Yin~ off branches to be distributed to 
the contents of the sacral canal in the same manner as the lateral spi nal branches 
from the vertebral. escape by the posterior sacral foram ina , and are distributed to 
the muscles a.nd sk in on the dorsal surface of the sacrum, ;rnastomosi ng with tbe 
gluteal. 

The Gluteal Artery is the largest branch of the internal iliac, and appears to 
be the con t inuat ion of the posterior di vis ion of that vessel. It is a shor t, thick 
trunk, which passes out of the pehis abO\'e the upper borde r of the Pyriformis 
muscle, and immediately divides into a superficial a.nd deep brancli. Within the 
peh·is it gives off a few muscular branches to the lliacus, Pyriformis, and Obtu
rator internns. and, just previous to quitting that cav ity, a. nutrient artery, which 
enters the ilium. 

The superficial branch passes beneath the Gluteus maximus and divides into 
numerous branches, some of which supply tha.t muscle, whilst others perforate its 
tendinous origi n, and s upply the integument co"ering the posterior su rface of the 
sacrum, anastomosing with the posterior branches of the sacra l arteries. 

'l 'he deep branch ru ns between the Gluteus medius and minimus. and suL
cli vides in to two. Of these. the superior div ision. continuing the original course 
of the ''esscl. passes along the upper border of the Glu teus minimu.s to t he 
anterior s uperior spine of the ilium , anastornosing with the circumflex ili ac an d 

~~~:~~!j n rh C blGIJl~!~Cl~S OJ~ j ~};1~1 u:x ~~i~l~ ~1e f~ rct~lU ~~= ~'.~~{~; ~ tC;.
1

l~~ a J ~;.~l'~fi~t !~~,~~;~~ 
brunches to the G lu te i muscles. and inosculates with the external circumfl ex 
artery. Some bra.nches pierce t he Gluteus minimus to su pply the hip-j oint. 

Surface Marking.-The pm;ition of the three main branches of the internal iliac, the 

i~\~~riti~~~~dr;;~ 1, \~~~~i~~fi;~~ fi! 0~h~1 r~1'1~~~ l~1~1!;'t~?~c~in~~~11i~ ~ ~d~:~~\~~tf~Ji~1.~i~!c~~!~:~i~;~:~1~~: 
rior ili ac spine to the po!-itcrior superior angle of the A'l'Cat trodrnnter. with the limb slightly 

~h:es~i~~i~ ~~~~~h(1"~iJr~~~~s~~~1~>0,~'.i;1~f~l~~nj~fi~~i~~1 o~'/'~h!':,t:)~~~/~~~~·J;'' t ~~1•1:1i~:dl: 1 ~1l:i~d 1~af~1~l~ 
line. A second line is to he drawn from the same 11oint to the middle of the tuberosity of the 
ischium; the junction of' the lower with the mi<lcllt• thirtl marks the point of emergence of the 
sdotican1l Jnfl:.licartain from the great sciatic notch. 
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Surgical Anatomy.-..:\ny of th~~ three ns...,ds nn~y re<1uire li~atu~in,(( for n woun.d ~r. for 
ant'uri~m. which i:oi !!'<'llCr'Jliy tnnnnauc. and the operatwn may ht.• 1wrforme1.l by an mc1s1011, 
thn·c or four indtc:-. Ion~. in the direction ol' the fibrl'lS of' the Gluteus m:lXlmus mu~le, the 
miJ.dle of 1hc tut corn•sponJina: to the point indicating their re.spcctive positions. 

The External Iliac Artery (Fig. :372) 
The external iliac artery is larger in the adult tl~an the internal iliac. and 

pa:-;..;.(.'~ nbliquely do\\ uwar<l and outward al~1~g the mncr ?or~lcr of the Psn~s 
mns.cle. from the bifurcation of the common iliac to Poupart s ligament, "here It 
enter::; the thif'l'h and becomes the femoral artery. 

Relations . .::...In front, with the peritoneum: subpcri tonea l areolar tissue , the 

~:~~~.~<le:.;.oi1!~t~~e0~J;~:~hi~:~1:: ~~-~1fcZ1ids~1~:~11~ed~n ti~!\~.~:r)~ ~~~ ~.~T~:· of~{:E~~: 
origin it is occas ionnl1)1 crossed b~· t l~e u1:eter. ' l~b~ ~pcrmatic _vcsse_li;:. c!csce.nd for 
::;ome distance upon it near its termmatwn, and 1t 1s crossed Ill t h is s1tua.t1on by 
the µ:en ital branch of the genito_- cr~ral n~rvc and t~e c!rc~1 rn.flex il i ~c ve1~1; the 
,·as defcrens cunes down along its mncr side. Bel11ncl1 1t IS 111 rclat10n with the 
external iliac ,·cin, which, at Poupart's l igament, l ies nt its inner side. Exter
nally, it rests against the Psoas m~1scle, from which it is ~cpa_rated by ~he_ iliac 
fascia. 'The artery rests upon this muscle, near ]Joupart s ligament. sm11 larl,v 
~eparated by the f;~::;cia. Numerous lymphatic vessels and gl:rnds a rc found lying 
on the front and inner side of the ,·essel. 

PLAN OF THE RELATIONS OF THE EXTERN'At I LIAC AHTERY. 

Near 
Pou part's 
Ligament. 

Outer Hide. 
Pooas magnus. 
Iliac fascia. 

In front. 

{ 

~~i:~1~1~i~~;e:i:.tines, and fascia. 

8i~~t~;fl~~r~L~e~·~in~genital branch). 

Lymphatic vessels and glands. 

Inner side. 
External il iac vein and vas deferens 

at femoral arch. 

Surface Mark.ing.-The surface line iadicatinrr the course of the external iliac artery has 
been already _gi,·cn {see paa:e 619). 

Surgical Anatomy.-The applicatioa of a ligature to the external iliar may be required in 
ca~s of aneurism of the femoral artery or for a wound of' tlrn artery. 'fhis Ye ·el may be 
~e<:ured in any part of its course, exceptin!?' near its upper end, whith is to be avoided on 

~~~u~}l~t t~Jl~~[d~\~~t6·e0,~,.~\1def~~ :~~~~~~ ~f ~J~c:'ir~~i~i~" i~fe~i~~ 1e~~\~~s~i~ a1~da~i;~~!~fl:; 
iliac \'es.sel~. One of the chief points in the performance of the operation is to secure the \'Cs

sd without injury to the peritoneum. The patient having been plared in the recumbent posi
tion. an incision should be made. commendnJ? below at a 8oint about three-quarters of an inch 

~~.~·1Jl~~F~~;a~f.~ 1Ji~~;1;:.~t~ ~ 1~~~~i~~~i:~! Wl~1~n1:~i:!~!e~.~~~~i~~ 1~;;;~~ ~f.'~h~d in~~~0\\~i::~ 
i!;iisi~~cfi~~!~ ~~: 1:~~,i~~J;~~ .~1.~::d rf~~~ rdi~lo~~rde;\~~r~~;1 bNi~u~lf:br b~ ~l~~~~ncl~t~~~~~~~:nfr ~~~: 
~\;~I;Y '{J~~p~~. tl~? J~~ki1;r~i~ntin~i~i~1~a~:~:·t~\~0~1;;.~~?~1 li~~:~~~~~~ol/:0 1~1 ~'lg!~~ l~~1 f·0~~1i~c~Yo~~~ 
iN~,~~f ~1~~i~i~~i~i~ln:.l1b1ei:~~ ,~~~di;filt~h~1~~1:~~l ~ft~l~~a~b;~s t!f~ th1~t~~~~e~1~g=i~i~f ~h~neex~~r~~~i 
ol1lique, is le:-<$ likely to be followed by a ventml l1crnia1 but there is clanger of wounding the 
e11i1.rn:-.tric artery. Abernethy, who first tied this artery. made his incision in the course of the 
\'C;.. . ..;cl. The abdominal musdcs and trans\·ersalis foscia ha\•in~ been cautiom;ly divided, the peri
toneum ~houlcl be separated from the iliac fos--a and raised towar<l the pelvis i and on introducin.i? 
the fin:!cr to the bottom of the wound the artery may be felt pul!<ating aloni; the inner border of 
the P;.on."' mu:-.('le. The external iliac nin is ,:?('nemlly found on the inner side of the artery. 



THE EXTERNAL ILIAC ARTERY. 629 

a.nd must be cautiout)IY. separated from i1. by the. finger-nail or handle of the knife, and the aneu
rn;m needle should Le mtruduced on the mner side. between the arten' and the Yein. 

Ligature of the external iliac artery has recenliy beE:n pcrfonue(I°in three or more cases by 
a transperitoneal method. An incision four inches in length is made in the scmilunar line. com
mencini;:- about an inch below the umbilicus and carried throu~h the abdominal wall into the 

ri:i~~~i~11~'i ~~~~~~·tor :~,~d ii~~e:y,~~~io~1r~1!~:111 ~~~~:;~ ~l~~·;~~i~~,~~~~{~~l~\l~~Jl~~r~i~~:~·f bt'b~ ~cl~~i~ 
mt.he course of the artery, and the vessel secured in any part of its couroe which may seem 
desirable to the operat9~. The a<lvanrag~s of Lhis operation appear Lo be that if it is found 

~~~1~li~,c~~~.~0~f.11t1h~ i1 ~11~i~i~~t~i·:~,~<l0 s~o11~~t~~1~i~~ 110~~a~·e~:i'1 ~aenxt~11 ii~~~·:,~.~':il~~~~J;0~~tf,~~~~ 
way mterlcrmg with the covermgs of the sac. Possibly a disadvantage may exist in the greater 
risk of h erni:~ after this method. 

Collater~l C.irculatio;11.- The principal anastomoses in carrying on the collateral circulation, 
after the apphcation of a. ligature to the external iliac, are-the ilio-lumbar with the circumflex 

~~tic ~~U1; 1~i;~a~~~~~i~~~:~t~~~f.~;i~~~d11~~~~11~~:x 0~;~:~~l~:s '~}! 1~1~!10p~~~~,1~d1! ~i1~~l~~.8~~~1~1 ~~~ 
intern.al pu.dic with the external pt~dic. When th~ obtura~<}r arises from the epiga~tric, it is 
supplied with blood hy branches, either from the mtcrnal 11tac, the lateral sacral, or the inter
nal pmlic. The epigastric receives its suppl\- from the internal mammarv and interior 
intercostal arteries, and from the internal iliac by the anastomoses of' its hra~u:hes with tlie 
obturator. 

In the dis...~ction of a. limb eh!hteen years after the successful ligature of the external iliac 
artery by Sir J._. Cooper, which is to be found in Guy'.~ Jlo.<ipiral RPports, vol. i. p. 50. the 

f:Oan~ton~~slli~-l~1:~L~11~e~r~~· dt~-;t;li:~i:~11!1hfi:: iii!~ :i {l,11a~~~17e~01b;,~~~ 1 h~~·e;i~'e13iJ~~l~~~b~~ 
joined by one from the obturator, and breaking up into numeroms tortuous branches to anastomose 
with the external circu.mftex i 3, two other branches from the obturator, which passed o\·er the 
brim of the pelvis, communicated with the epigastric, and then br(Jke up into a. plexus to anas
tomo:se with the internal circumflex. An internal set.-Branches giYen off from the obturator, 
after quittirn? the )JClvis, which ramified among the adductor muscles on the inner side of the 
hip-joml, and joined most freely with branches of the internal circumflex. A posterior set.
I, three large branches from lhe gluteal to the external circumflex; 2, f.le,•e ral branches from the 
sciatic around the great sciatic notch to the internal and external ci rcumflex, and the perforating 
branches of the profunda. 

Branches.-Besides several sma1l branches to the Psoas muscle and the neigh
boring lymphatic glands, the external iliac gives off two branches of considerable 
size-the 

Deep Epigastric and Deep Circumflex Iliac. 

The Deep Epigastric Artery arises from the external iliac a few lines abo\·e 
Poupart's ligament. I t at first descends to reach this ligament, and then ascends 
oblitluely along the inner margin of the internal <lbdorninal ring. lying between 
the trans\·ersalis fascia and peritoneum. and, continuing its course upward. it 
pierces the trans,•ersalis fascia, and, passing O\·er the semi lunar fold of Douglas, 
enters the sheath of the Hectus muscle. It then ascends on the posterior surface 
of the muscle. and finall v divides into numerous branches, which auastomose, 
above the umbilicus, with v the terminal branches of the intemal mannnary and 
inferior intercostal arteries. The deep epigastric artery bears a ver,r important 
relation to the internal abdominal ring as it pa~ses obliquely upward and inward 
from its origin from the external iliac. In this part of its course it lies along the 
lower and inner margin of the ring and beneath the commencement of the sper
ma.tic cord. As it winds round the in temal abdominal ring it is crossed by the \'as 
clefcrens in the male and the round ligament in the female. 

Branches.-'l'he branches of this vessel are the following: The cremasterie, 
which accompanies the spennatic cord, and supplies the Cremaster muscle and 
other coverinus of the cord, anastomosing with the spcrmatic art~ry: a pubic 
branch, whichciruns along Poupa.rt's ligament, and then desce1~ds be~1md t~e pubes 
to the inner ~ide of the fomoral ring, and ~nastomo~es. with offsets from .the 
obturator :i.rter,· · mnffcular branches, some of which a.re cl1stnbutcd to the abdominal 
mu~clcs and pe;·i;oneum, anastomosing with the lnm!Jar and circumflex iliac arteries; 
others perforate the tendon of the External obli<1ue, and supply the integument, 
anastomosing with branches of the superficial epigastric. 
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~I;Jf i~i~~~il~~i~~i1~i~~~!~~~~ 
thl' inm·r tltinl with the outer two·thirds of lhc Ucrtu:-; mm;clc. h h:1s importa11t sur~d(·al 
rclatilln:-<, in :uldition to the fa<:t that it is one of' the principal-means, tlirou~h it."i anastomo);is 

~::~~1n~i1,\~ i,•; t~~'t'~\\:::tm ~~'\1:~tc~'.~e:.sta f i iii1~~1J~~~ e t ~o~ II~~ c1;~\ It l~·1i·:~~ll; l:~: l~~J ~,:~f ;~ ~·j ~.iti~t.' \~~ S \' s c: :1'~~~ I 1 ~;~ 
;~'.l~:;;i';i:e ~J>~l:~11~~~~.i 11 '1T t ifi:;1\~i~i:~\i~1 ~:11ti~~,: 1rJ~~1~J~~.~:1~1/ 1

1 lc~rlt~~~~~' !'i,~;::::~lc.hcil~i~ f;~ i~l~·~~~~cl~;·~ 
~~ 1~l~~l~r:i~~~~et1!~~Jftf::·~·~i~~-ic 11~·~·,.~~·~i~e~~~~~t~s i l~o~1k~~1~0~11;1 :1t ii/~ ~1~1~ei1'.1;i1(Ji~'.al canal, separate( I mil.'• 

The Deep Circumflex Iliac Artery al'ises from tlte ouler side of the external 
iliac nearly opposite the epigastrir artery. It ascend!-:i obliquely out\\arcl behind 
Poup:ut's ligament, contained in a fibrous sheath formed by the junction ~f. the 
trans,·cr:-;alis an1l iliac fo1'cire. to the anterior superior spinous proceslS of the ilium. 

~th~1:.~ 11i tr;~~~r~,~~11t~et br~r~~~~-1~1~~';f~~~' :~~ ~~u~1~r~~1~~~: ~~er il~~~:e~~ ~~~~t 1~1t~s~~d~~~i 
the Internal oblique, to anastomose with the ilio-lumbar and gluteal arteri.es. 
Oppo.-.:irc the anterior superior spine of the ilium it gives off a large branch, wlllch 
a~c<.'1Hl:.i between the Internal obli11uc and Trarnwersalis muscles, supplying them, 
and anastornosing with the lumbar and cpigastric arteries. 

AR'l'ERIES OF 'l'JIE LOWEil EX1'!U;'i1Jl'l'Y. 

The Femoral Artery (Fig. a76) 
'J'he femoral artery is the conti n uation of the cxtemal ili ac. I t commences 

immediately behind .Poupar t's ligament, midway bet"ecn the an terjor superior 
spine of the ilium and the symphysis pubis, and, pass ing tl own the fore pa r t and 
inner side of the thigh, termi nates al the opening in the Adductor magnus, at the 
junction of the midUle witli tbe lower third of the thigh, where it becomes the 
popliteal artery. The ,·esscl, at the upper part of thigh, lies a liule internal to 
the head of the femur; in the lower part of its course, on the inner i-:idc of the 
shaft of the bone, arnl between these two parts the ve:.:sel is far away from the bone. 
In the upper third of the thigh it is cont;_\incd in a triangular :::pace~ called Scarpa 's 
trian,!.!le. In the middle third of the thigh it is contained in cm aponeurotic: canal 
calle<l l [nnter·s canal. 

Scarpa's Triangle.-Scarpa.'s triangle corresponds to the depre:.:!ol-ion seen 
immr1liatcly below the fold of the µ:roin. It is a triangular space, the apex of 
which is directed downward. and the sides formed extcrnalh· br tLe ~artorius, 
internally by the .Adductor longus.' an<l ::i.born by Pou part's l iga1'ne1lt. The floor of 
tl:ie ~pace is.formed from without inward by the ] Jiacus, Pso:1s, Pcctineus

1 
a. small 

part of the Adductor bi·e,·is and the Adductor long11s muscl es~ ~rnd it is di,·ided 
into two nearly equal parts by the femoral vesse ls, which cxtcncl from the middle of 
its ba:-ie lo its ::i.pcx, the arter.v gi,·ing off in th is situation its cutaneous and 
profunda. branches, the ,·ein receiv ing the deep femoral and internal sa.phenous. 
~)n the outer side of the femoral artery is the auterior crurn l nerve <li"iding jnto 
its brandies. Besides the "essels and ncnes, this space contains some fat and 
lymphatics. 

Hunter's Canal.-This is the aponeurotic !-:pace in the middle third of the 
thi~h. extending from the apex. of Scarpa"s triangle to the femoral opening in the 
Adductor nut.gnus muscle. It 1s bounded, extcmallv, bv the Vastus internus; 
po'.-'tf•ro-intcrn1lly by the Adductor lon~us and magnlls: 3ncl antero-internall:· by 
a ~1r,111g: :q10111·uro:".i . ..; "hicL extends transYer;-;e}y from the Ya!-itus internus . acro~s 
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the femoral vessels to the Adductor longu:;; an1l magnus mus.clcs, lying on which 
aponeurosis is the Rartorius muscle. I t contains the femoral artery and vein 

~~~!~~s=i~J~ 1~;h~~~ 0~:.7c~~~~\~1d 0~h~rf~~:::nt~~s~~· 1!1~1~ :~1\~h~~::~~ :::~,~:t:~:: ~~ ~~: 
outer side of rho Yessels. 

For con,·enience of description, and also in reference to its surgical anatomy, 
the femoral artery is diYided into 
a short trunk, ab'out an inch and 
a half or two inches long, which 
is known as the common femoral 
lll'l1•n1, 11nd the rcmainde;· of the 
Yess~l, which is kn own as the 
s11,pe1:fh•ialfemoral, to distinguish 
it from the deep femoral (pro
funda fcmoris), which is a large 
branch given off from the com
mon femoral at its termination, 
and which br its dcri\'ation from 
the pa rent tt:nnk marks the com
mencement of the s upe rficial fem
ora l arten-. 

The cOmmon femoral artery is 
Yery superficial , bei ng covered 
by the skin and superfi cial 
fascia, supe rficial inguinal lym
phat ic g lands, the iliac portion 
of the fascia la ta, and the prolon
gat ion downward of the Trans
versalis fascia, which forms the 
sheath of the vessels. It bas in 
front of it filaments from rbe 
crural branch of the genito
crural nen ·c. the superfi c ial cir
cumfl ex iliac vein, and occa
sionally the super fi cial epigastr ic 
vein. It rests on the inner mar
gin of the Psoas muscle, which 
separates it from the capsu lar 
ligam ent of the hip-joint. and a 
little lowe r on the Pectineus 
muscle: and crossing behind it 
is the branch to the Pectineus 
from the anterior crural nel'\'e. 
~eparating the artery from the 
Psoas anil Pecti ncus muscles is 
tbe pubic porci on of the fascia 
lata and the prolongation from 
the fasc ia. covering the Iliacus 
muscle, which forms the poste
rior !aver of th e s heath of the 
\·e:o;scls~ The anterior crural 
nen'e li es about half an inch to Fm. 3iG.-Surgical anatomy of the fcmora! nrtcry. 

the outer s ide of the common 
femoral a rtery, ! yi n~ between the Psoas :1rnl Jli ac1~s muscles. 'r? the inner side 
of the a rte r v is the femoral rnin between the margins of the Pectmeus and Psoas 
muscles. 'i,he two Yessels a.re enclosed in a strong fibrous sheath formed by th e 
proper sheath of the "essels strengthened hy the fascia \ala (see page 507); the 
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artery and YCin are separated, however. from one another by a. thin fibrom: 
partition. 

PLAX oF RELATIONS or THE CoM~ION F1rnORAL ARTERY. 

l11fro11t. 
Skin and super~cial fascia. 
Superficial inguinal glands. 

~!.~Jo~~~~~i~~ ~~ ~:~:\'~~lis fascia. 
Crurai'branch of genito-crural nerve. 

Inner side. 
li'emoral vein. 

~~~~~~~\~~~ ~il~f~~~ir: ,'.~i~~ vein. 

B I . 

Behind. 

Outer side. 
Anteriorcrumlnerve. 

Prolongation of fascia covering lliacus muscle. 
Pubic portion of fascia lata 
Nen·e to P ectineus 
Psoa~muscle. 
Pcctineusmu~cle. 
C'ap:rnle of hip-joint. 

The superficial femoral artery is only superficial where it Jies in Sca.rpa's tri
angle. H ere it is covered by the sk in , superficial and deep fascia. and crossed 
by the internal cutaneous branch of the anterior crural ncne. In Hunter 's canal 
it is more deeply seated, being co,·ercd by the integument. the superficial and 
deep fascia, the Sartorius and aponeurotic covering of ] Lunter 's canal. The 
interna l saphcnous nerve crosses the a.rtery from \Yithout inward. Behind. the 
artery lies at its upper part on_ the femoral ,·ein and the profunda artery and 
vein, which separate it from the Pectineus muscle, and lower down on the Adduc
tor longus and Adductor rnagnus muscles. ~1 0 the outer side is the long saphe
nous nerve and the nerve to the Vastus internus, the Vastus internus muscle, 
and, at its lower part, the femoral Yein. 'l'o the inner s ide is the Adductor 
longus above trnd the Adductor magnus and Sartorius below. 

PL . .\:\' OF REL.\TIONS OF THE SUPERFICIAL FE)IQR:\L AHTERY. 

lnfro1il. 
Skin, superficial and deep fascire. 
luternal cutaneous ncn·e. 
Sartorius 
Aponeurotic covering of Hunter's canal. 
Interna l saphenous nerve. 

l nm:rsidc. 

Ad1luctorlo111!'us. 
Adductor mag-nus. 
Sartorius. 

Behind. 
Femoral vei n. 
Profunda ancrv and vein. 
Pcctineusmu:-;C.Je. 
Adduttorlongus. 
Adductor mag-nus. 

Outer side. 
Long saphcnous nerve. 
Nervetova:;tusinternus. 
Vastusinternus. 
Femoral vein(below). 

'l1hefemornl vein, at Poupart's li_gament, lies close to the inner side of the 
artery, :::eparatcd from it by a thin fibrous partition; but lower down it is behind 
it. and then to its outer side. 

The intrornl sapl1enous nert•e is situated on the outer side of the artery, in the 
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middle third of the thigh, beneath the aponeurot ic covering of Hun ter's canal, but 
not usually within the sheath of the vessels. The internal cutaneous nerve passes 
obliquely across the upper part of the sheMh of the femoral artery. 

Peculiari~ies.-Double Femoral reuni~d.-8everal cases are recorded in which the femoral 
artery divided mto two trunks below the orig111 of the profunda, and became reunited near the 
opening in the Adductor magnus so as to form a single popliteal artery. One of them occurred 
in a patient operated upon for popliteal aneurism. 
. Change of Positio~ .-.A l~w cases have bee_n recorded in which the femoral artery was 

s1tuat.ed at the back o! the t lrnrh 1 the \'Cssel bem~ c?ntinuous above with the internal iliac, 

~i:S~"~e~~~n t~11~hge~~ltt1~~}u;l~~~:ewiree;~t i~~c~ft~:fs1i~~~e :c~~::J1· i~11~h~cc~~~~ln~i~1fn~~~ g1~h! 
external iliac in these cases was sma\11 and terminated in the profunda. 

Position of t he Vein.-Tbe femoral vein is occasionally placed along the inner side of the 

~l~~J ~~r~~~l!1~il~ret~f ~1~1~i:~~t~~.~,c;~r~~·~~~:~1~~·~ 1~J~~~~t~!~.it may be slit so that. a large vein is 

Origin of the Profunda .-This vessel occasionally arises from the inner side, and, more 
rarely, from the back of the common trunk ; but the more important peculiarity, in a surgical 
point of ,·iew, is that. which relates to the height at. which the vessel arises from the femoral. In 
three-fourths of' a large numb~r of cases it arose between one or two inches below Poupart.'s 
ligament j in a few cases the d istance was less than an inch i more rarely, opposite the liga meut ; 
and in onP case, above Pou part's ligament, from the external iliac. Occasionally, the distance 
between the origin of the ''essel and Poupart's ligament exceeds two inches1 and in one case it 
was found to be as much as four inches. 

Surface Ma.rking.-'rhe upper two-thirds of a line dmwn from a point midway between 
the anterior superior spine of the ilium and the symphysis pubis to the prominent tuberosity on 
the inner condyle of the fomur1 with the thigh abducted and rotated outw:ud, will indicate the 
course of the femoral artery. 

Surgical Anatomy.-Compres.~ion of the femoral artery1 which is constantly requisite in 
amputalions a11d other operations on the lower limb, an~ also for the cure of popliteal aneurisms, 
is most effectually ma.de immediately below Poupart's ligament. 1n thi s situation the artery is 
very superficial, an<l is merely separated from the horizontal ram us of the os pubis by the Psoas 
muscle: so that the sunreon, by means of his thumb or a eompressor, may effectually control the 
c:irculation throug-h it. This ,·e.:ssel m:ty also be compressed in the middle third of the thigh by 

~1i~~i~~ o~t~~t;J,~ a~\~r c~1~p~~~~?J;e~~~~\ha~1~fn~~utl~~~~;1~r~i3e ~f~1~~1 ~h~fi gfcili~rfe~~,~~ 
wom~h~r ~~~~~~i~~o:f ~~: a~:ri!~~f· ihett~. f~f~~h~1 1:;1~i{t~:\Jn~ &~n~~~u;ii~~1j0th~1~e~lesm~~ 
be exposed and tied in any part of its course. The great depth of' this vessel at its lower part, 
its close connection with important structures, and the density of its sheath render the opera· 
tion in this !:iituation one of much greater difficulty than the application of a ligature at its upper 
part. where it is more superficial 

necti~1~g~~ul~~r.~:. b~~~1~h~~~~i~l;~~~~:i~.:i~t~·~~!1~1~~i~Z:s~~~s~~~{~11~~i::~' ~i1;c~°.':1fl~1~t ili~ctl~~·i~f1~~ 
ju:;t abo\·e Pouparfs li!:.!:ament; on account of the number of small branches which arise from 
it in its short counse: and on account of' the uncertainty of the origin of the profunda femoris 1 

which, if it arise hip;h up, ~vould ~e lOO .close to the liga~ure fOr the fo1:mation of a. firm coagu
lum. The profuntla sometimes arises lrn:;her than the pomt above mentioned, and rarely between 
two or three inches (in one case four ) below Poupart's li irament. It would appear, then. that 
the most C'.worable situalion for the applicalion of a ligatu re to the femoral is between four and 
fi\'C inches from its point of origin . In order to e~pose the artery in this situat ion1 a!1 incis!on 
between two and three inches long should be made 111 the course of the YCssel, th~ 1~at 1ent lymg 
in the recumbent positiou , with the limb sliglllly flexed and abducted .. A large ,·em is frequently 

~l~~t fi~~~!~~ 1~:~1~5l~a~·i~\~ tlbc~·,~l~~l~ti~~·,;l~~.e d ~~·itd~~i 1~nt~J1~l:~a~~~t~~·~~l~~~d11°~~~t b~~~~%cl~~;1~~ng~ 
drawn outward in order to fully expose the sheath of the ,·cs,,els. lhe fin~er hem~ mtrocluced 
into the wound and the pulsation of the artery folt, the sheath should be opc11 ed on the outer 
side of the ve ·:;el to a. suffi cient extent to allow of the introductiou of the li ~atu re, but no farther; 
othcrwif;e the nutrition of the coats of tl1e vcr.;sel may be interfered with, or muscular branches 

~i11~iJ~n~r~~P~~~,~~l~!1;1;~~~e~,~ ~1;:-~1~1~,:ei 1~~c~l~V~~i'u~1~~~~1~11~~· w~i~1~hl: N1a~lo~~ ~~h1~i~~ra~\~J~ 
the i;;heat h. i<hould be m·oicled. The aneuri!<m needle must be carefully introdue~d and kc.pt 
cloi;e to the artery. to avoid the fernoral nin1 which lies behind the ,·e~sel in this part of its 

cour~ expose the artery, in Huntcr·s canal, an incision sho~1ld be made thro,uc;h the integumen.t, 

between three and four inC'hcs in Jenl{th, a finger's breadth mternal to the lme of. the artery._ m 
the middle of the thigh-i. P. midwa.'· between th.c ,!!'roin and the knee .. The fascia l.1ta hanng 
been <fo·ided and the Sartorius nrns<:lc exposed, 1t. should be drawn inward, when the stron!!' 

the 1~i!~1dt1:~~~1~: i~71~.~~,1~:~~~tna~e~hch~~e~~j~i 1~~s(:\l~~~~'~d~~n81~~. a~. ~£;!~'.:1 ~.~1.r~[. ~~~~~f nti:isi~ or 
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~~~~i~1 1~:h,!;~~:.1~~ ,}~~i·1t.1,Y~: 1 ~J~;v:IH~~~l:1 ~~~etf1~.t1~.~~~~~;:s i~0 ,~~:~~· :~1:~~~·~ ,~:t~,~·::~:~ 'bil~I (:~r1~t~r.':~'1'}1 ::I~:! 
~;i~ 1;~:l~t·; ;: ~~:~~( 1.1 

>r ,l ~,~~~It~~ :,11~~ I ~'.~i ~~ ri~11 ~ }~ i~l:N ~.!~;,~;:·1r~~ I~~~ ~ ·l~·~n, i:,'~~1r :~;: i~);J li,r\ !11~.\ ~~: ~~;·.: ·~;: c 
11~::~ 

Sl)lhr; 1 1~~~; ;:~~·1\l~c~1'i ~J;a: 11:f1~rir:;u':111~~i) ~~~~r\. ~~~l~;~io naJly di\'idl'S into two trunks hdow the Ori!!in 

~(;~'::~~~::,~:?;~:;:~~.l~:.~~:i: 1 :1%{~i~~:i::~ 
1

t2~~:~~J:;~~;~~:~,'.J'(;;;;)t':~~::~;l:l;.:~1~::::1,:~\~:;~',t::1:~;:,\~:I~ 
l~.11;~~·~1~ 1~~·~~~~~~1.~~l~:: i~l'tl~~·~~,~~l~h~g~~llll~:i1l!:~'l~~;1t 1~i1~1l:i(1 1l~~1~~11:~~!it ~~~:IS"ti;~ I l~~~-~bi~~J~:~~ 
lhey became reunited , as in the in~tance~ rcl't•1Tctl to abo,·c. 

· In wouml:-; of the femoral artery the ciucstion of' the mode of treatment is of' romsid<.•rahlc 

~~~fi~~~:;~~~lf f tif ~lif~!~§~~~~~~~~?l~J 
the wnuml he in the lower half' of' the thigh, owing to the µ.m iter depth of the artery and the 

;~;'t\~':!~!;:d~)f:,~t~,~~~~f 0~~~~1 ~JPi~t~e1~~~f~t;1~~ b~l~:~~~~~t .~l1~118~1·:11~\:1 ;ii~h~<.;~~~~t!ri:Ll f~f"- ;~~~u~~'·1~~: 
pro'"r;~~:~1te~~~l:::~;;·attcntion are necessa ry for the 5ncre~~ful appliC'ation of pressure. The limb 
~ houlJ be t:m.:•l'ull.r b:uHb!!ed from tbe foot upward to the wouud, which is not (.'O\'ered, a.nd tlwn 
onward to the _!!roi n. The wound is then clueted with iodoform or bonll:ic powder and a coni('a\ 
pad applied orcr the wound. Rollers the thicknci"S of the index fiuger are tht.>n 11laced alon!! 
the counK' of the ve:-;sel alxwe and below tbe wound , and 1hc whole c:arcfully bandaged to a l1aek 
:-;plint with a foot-piece. 

Collateral Circulation.- When the common femoral iR tied the main channels fur carryin;! 

~~t~!~1~ali~f;;}~::ti1fl'!;1 b~1~~~ ia~f5~J11!1~bel~1~;~t~:~~,;c\u!~~~ti~ 1:~1b},i,~·~ i~,'.i~~1e1J1~ii~~t:1'.·,~~}1 ~ir~~~;fre;·~Jo\~~~ 
aud of the romes ner\'i ischiadioi with the arteries in the ham. 

f1:m~~.::r!a!~:~~~~i;:.~,"~~~~~~l:~zc~~r}3\~.~~'(:~~~)~~~1~:~cfbA~,~~~·~1lation afLer ligature of the superti(ial 
'' The :1rteria prof'uncla formed the new chan nel fOr the blood.' ' ''The first artery sent off 

~t~~1!~,pif g!J~~~~'~ri,;t;:,~:c:e:::il::,';I:::~ . :.:::' ,:'.•:dp::~~,',~d~1 ','.~e t:::o,:::::·::::::::iit~~l~:.b::',:::·:: 
passed down hy the inner side of the Biceps musde to a branch of the popliteal which was dis
tributed to the Gastrocnemius muscle; whilst 11 third artcr~·, dividing into sen•ral branch<'s, 
pas:->cd down with the sciatic nen 'e behind the knee-joinl, ancl ~omc of it s branches united thcm-

~~'~f\~~>~ti~;:~l:1!i~~·f;~~:~s~i~,~;a;~11~h~ieo~!, ,t~~~~i.1:/,''.~~J, l'~~:1i~"::!;~1i"rf.~,.~~~;;;1:,r~·t:1~: "!~.'!~;:;; 
··Lt appears. 1hen, that it is those branches of the profnmla which accompany the sc:iatic 

nc-r rn that are the principal support ers of the new circulation." 1 
• 

In Porta·!:i work 3 (tab. xii., xii i. ) is a irood re)lrescntation of the collateral circulation 3.fh·r 

!~,\~t~,~f~r~t1t~r.r~~~:i~
1 

¥:~~f;,:,~~1~~fJ~~T~,.~~ar:c~~~~ '~::.~:~~!:~:,".~~:Er~~~~!~d~~~ 
l1y :l grt.>a t num ber of br:rni.:hes with the lower branches of the fomor..1\ (muscular and ana~tO
motica m:l!!na) and with the art icular branches of the poplitcal. The hranc:hes from the 
external tirt m11flcx arc extremely br,ue and numerou~. One very cli ~ti nct anastomosis can lit! 

1~f r~~ir~~~~~~~:~~~I~£~~~t~ii~ 
r~:::;:;~:;~::i~t.~:1:!:~~~:~~~£.~\'~;,~~~?~~~~j1:~\~ri;,s~~::r~~::~.;~.:i?~~~.:~f,.~:~1~\~~l~~·::~,so:~:.;:,h 
. 'l'lwre !s an intcrc,..tin?.! ))rCp;1r..\tion in the ".'In~rum ol: .lhe Royal l:ollegc of Surgeons of a 

}1,rnh on wh1c·h .fohn I [ un~cr !~all tied the fen~ orn l artery fifty years before the patient 's death . 
J he whole of tl1c s11prrfic1al femoral and poplitcal arlcry !'ecms to ha ,·e been obliter:uecl. 'l'he 

1 AlterazitmiPf1.lolr>!Jirhedel.leArte.-ie. 
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~~~~01;l~:i:x~~r~~~a~i~.t~fu~~~xc~~~r111;~r~!1~1~l,~~t1~~!·.of: 1:~~~ ~~!~,~:I~ ir~rr~:.~~~ ~seg~~~ if1~~.~tib~~~~ 
the chief channl'l.s of anastomosis i but the lllJCCtlon has not been a very successful one. 

Brancbes.-'l'he branches cf the femoral artery are- the 

Superficial Epigastric. (External Circumflex . 

~~:'.:::~~\~\ ~'.~·~:i::ier;!\~c. Profundal !l~h\~~~'~e~;~ ,~:tfn~~x. 
Deep External Pudic. Muscular. 

Anastomotica ~[agna. 

~1 h e superficial epigastric arises from the femoral about half an in ch below Pou
par t's ligament, a.nd 1 passing through the sa.pbcno us opening in the fascia 1ata, 
aro;ccnd!:t on the abdomen, in the superfi cial fascia. cove l'ing the Extemal obli que 
mustlc, nearly as high as the umbilic~1s. I t disiributes branches to the s~1perfi cia l 
inguinal glands, the sup.erfici~ l fascia. and the integument, anastomosmg with 
branche< of the deep ep1gastnc. 

'fh e superficial circumflex iliac, the smallest of the cutaneous branches, arises 
close to the preceding, and, piercing the fascia lata, runs outward, parallel with 
Poupart's ligament. as far as the crest of the ili um, cli\'i<ling into branches which 
supply the integument of the groin, the superficial fascia. and the superficial ingui
nal lymphatic glands. anastomosing with the c ircumflex iliac and with the g lu tea l 
and external circumAex a.rtcries. 

'l'he superficial external pudic (superior) arises from the inner side of the femoral 
arter~·, close to tLe preceding Yessels, and, after passing through the saphen ous 
opening. cour:o:;es inward, across the spermatic cord 01· round ligament, to be dis
tributed to the integument on the lower part of the abdomen, the penis and scro
tum in the male, and the labium in tLe female. anastomosing with branches of the 
internal pudic. 

Th e deep external pudic (inferi or) , more deeply seated than the preceding, 
pa~ses inward on the Pectineus musclc1 covered by the fa scia. la.ta. which it pierces 
at the inn er border of the thigh, its b1'anches being distributed, in the male, to the 
integument of the scrotum and perinreum; and in the female, to the labium , anas-
tomos ing with brauches _of t he superficial perinea.I artery. _ 

The Profunda Femons (deep femoral arter!I) nearly equals the size of the 
superficia l femoral. I t arises from the outer and ha.ck part of the femoral artery. 
from one to two inches below Pou part's ligament. It at first li es on the outer side 
of the superficial femoral, and then passes behind it and the femora l vein to the 
inner ~ide of the femur, and, passing downward beneath the Adductor longus, 
termin:.ues at the lower third of the th igh in a·small branch "hic:h pierces the 
Adductor magnus (and from this circumstance is sometimes called the fourt h 
perforatin" artery), and is distributed to the Aexor muscles on the back of the 
thi~h. an~stomos ing with branches of the popliteal and inferior perforating 
arteries. 

Relations.-Behind, it lies first upon the lliacus. and then on the Pectineus, 
A<ldnctor brevis, and Adductor magnus muscles. J n front, it is separated from 
the femoral artery, above by the femoral and profunda ,·eins, and below by the 
Adductor longus. On its outer side the or igi n of the Vastus internus separates it 
from the femur . 



TIIE A Ll1'E11IES. 

l'L.\N 0 1~ THE RELATIONS OF 'l' llE PROFUND.\ AnTERY. 

Outer side. 
Vastusinternus. 

I n fron t. 
Femoral and Profunda YCins. 
Adductor lon!!us. 

8 
Behind. 

lliacus. 
P ectineus. 
Adductor brev is. 
Adductor magnus. 

'l'he External Circumftex Artery supplies the muscles on the front of the thigh. 
It arises from the outer side of the profunda, passes horizontally outward, between 
th e divisions of the anterior crural nenie and behind the Sartorius and Hect us 
muscles, and d ivides in to three sets of branches-ascending, tranHcrse, and 
descending. 

Th e ascending branches pass upward, beneath the 'Tensor vaginre femoris 
muscle, to the outer side of the hip, anastomosing with the terminal branches of 
the glu teal and circumflex iliac arteries. 

'J1hc descending branches, three or four in number, pass downward, behind the 
R ectus. upon the Vasti muscles, to which they are distributed, one or two passi ng 
beneath the Vastus externus as far as the knee, anastomosing with the superior 
a.rticula.r branches of the popliteal artery. rrhese a.re accompanied by the branch 
of the anterior cmral ner ve to the Vastus extemus. 

The transverse branches, the smallest and least numerous, pass outward over 
the Crureus, pierce the Vastus externus, and wind round the femur to its back 
part, just below the great trochanter, anastomosing at the back of the thigh with 
the intern<Li circumfl ex, sciatic, and superior perforating arteri es. 

The Internal Circumfiex Artery, smaller than the external, ar ises from the inner 
and back part of the profunda. and winds round the inu er side of the fcmu1\ 
between the Pectineus and P soas muscles. On reaching the upper border of the 
Adductor breYis it gi\'eS off two branches, one of which passes inward to be dis
tributed to the Adductor muscles, the Gracilis. and Obturator ex ternus, anasto
mosing with the obturator a.rte r.v; the other descends, and passes beneath the 
.Adductor brc\·is, to supply it and the great Adductor: while the continuat ion of 
the \'essel passes backward, between the Quadratus femoris and upper border of 
the Adductor magnus. anastomosing with the sciatic, external ci rcumflex, and 
superior perforating arteries("' the crncial anastomosis"). Opposite the hip-joint 
this branch g ives off an articular vessel, which enters the joint beneath the trans
verse ligament. and. afcer supplyi ng the adipose tissue, passes along the round 
ligament to the head of the bone. 

'l'hc Perforating Arteries (Fig. 375), usually three in number. are so called from 
their pe1fora.ting the tendon of the Adductor magnus muscle to reach the back of 
the thigh. 'l1he first is gi\'en off a.hove the Adductor brcvis, the second in front 
of tha.t muscle, and the third imm edia.tclv below it. 

'l'hc first or superior perforating artery 1;asscs back ward between th e Pectineus 
and Adductor brevis (sometimes perforates the latter); it then pierces the Adductor 
mag:nus close to the lin ea aspent, and di vides into branches which supply the 
Adductor bre,·is. the Adductor magnus, the Biceps, and Gluteus maxim us muscles, 
ana~tnmo~ing wirb the sciatic, internal and external circumflex, and middle per
foratin,tt arteries. 

The second or middle perforating artery, larger than the first, pierces tbe 
tendons of the Adductor bre,·is and .Acl<luctor magnus muscles, and divides into 
ascending an1l de:-:cending branches, wbich supply the flexor muscles of the thigh, 
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anastor:nosing with.the superior anc~ inferior perforating. 'rhe nutrient artery of the 
femur 1s usually given olf from this branch. 

'l1he third or inferior perforating artery is gi,·en off below the Adductor brevis; 
it pierces the Adductor magnus, and divides into branches which supph· the fiexor 

~ ~~~1cl~~eoft~~1~ t:~f hbr:~~~~8m~~i ~~ e a~}~.~~u::~t: ~~~ r:b·!o:~~~~1:;t~1:~:~~~~: 0~elt~': 
poplitcal. 

Muscular branches are gi,·en off from the superficial femoral throughout its 
entire course. '11hey vary from two to seven in number, and supply chiefly the 
Sartorius and Vastus internus. 

'The Anastomotica Magna arises from the femoral artery just before it passes 
through the tendinous opening in the Adductor magnus muscle, and divides into a 
superficial and deep branch. 

The superficial branch accompanies the long saphenous nerve beneath the 
Sartorius, and, piercing the fascia lata, is distributed to the integument. 

The deep branch descends in the substance of the Yastus internus, lying in 
front of the tendon of the Adductor magnus, to the inner side of the knee1 where it 
anastomoses with the superior internal articular artery and anterior recurrent 
branch of the anterior tibial. A branch from this vessel crosses outward above 
the articular surface of the femur, forming an anastomotic arch with the superior 
external articular artery, and supplies branches to the knee·joint. 

Popliteal Artery. 
The popliteal artery commences at the termination of the femoral at the 

opening in the .Adductor magnus. and 1 passing obliquely downward and outward 
behind the knec·joint to the lower border of the Popliteus muscle, divides into 
the anterior and posterior tibial arteries. A portion of the artery lies in the 
popliteal space; but above, to a slight extent, and below, to a considerable extent, 
it is covered by the muscles which form the boundaries of the space, and is therefore 
beyond the confines of the hollow. 

THE POPLITEAL SPACE (Fig. 377). 
Dissection.-A vertical incision about eight inches in length should be made alon$ the 

back part. of the knee·joint, connected above and below by a transverse incision from the mner 
~ ~~fl:~:;d i~~dth ~~~~1:c~i~\h~;.~ei~a:Gi~~~J~~~~a~~e~11t4 .i ncluded between these incisions should 

Boundaries.-'l'he popliteal space is lozenge-shaped, widest at the back part of 
the knee·joint. It is bounded externall.r, above the joint. b.Y the Biceps, and, 
below the joint, by the Plantaris and external head of the Gastrocnemius ; in· 
tcrnally, above the joint, by the Semimembranosus and Semitendinosus, the latter, 
however, lying on (posterior to) the former, whose edge is the real boundary; below 
the joint, by the inner head of the Gastrocnemius. 

Abo,·e, it is limited b.v the apposition of the inner and outer hamstri ng 
muscles; below, b.v the junction of the two heads of the Gastrocnemius. 
The floor is formed by the lower part of the posterior surface of the shaft of 
the femur, the posterior ligament of the knee-joi nt, the upper end of the tibia, 
and the fascia covering the Popliteus muscle, and the space is covered in by the 
fascia la.ta. 

Contents.-It contains the poplitcal vessels a.nd their branches, together with 
the termination of the external saphenous vein, the internal and external popliteal 
ncr"es and some of their branches, the lower extrcmitr of the small sciatic nerve, 
the articular branch from the obturator nerve. a few Small lymphatic glands, and 
a cnns iderable quantity of loose adipose tissue. . . 

Position of Contained Parts.-The internal poplitcal nerve descends Ill the 
mi<l1lle line of the space, lying super6cia l and crossing the art~ry from without 
inward. The external popliteal nen'e descends on the outer side of the space, 
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I yi n!( close to the tendon of the Bi ceps muscle. ~lore deepl y at the bottom of the 
space arc the popli teal vessels. the vein I.ring superficial and a little external to the 
artery, to which it is closely united br dense areolar ti~sue; sometimes the Hin 
i~ pl~ce<l on the inner in:ste'ad of the ol1ter s ide of the artery; or the \·cin may be 
double, the artery lying between the two ,·en;_ccomitcs, \\hich arc us ually conn ected 
bv short tramwcr~e branches. :\lore deeply, and, at its upper part, close to the 
sllrfacc of the bone, is the popliteal a rtery, and passing off from it at right an~lcs 
are its uticu lar branches. 'l 1he articular branch from the obturator ncnc dcscend!S 
upon the popl iteal artery to supply the knee, and occa~ i o nall.v there is found deep 
in the space au articular filam ent from the great sc iati c nerve. The poplitcal 
lym plrnti c g lands, four or five in numbe r, a.re foun<l surrounding tbe artery: tln e 
usually lies superfi cial to the resscl: another is situated between i t an<l the bone, 
and the rest arc placed on either si <l c of it. 

The Poplitea.l Artery, in its course down" arcl from the aperture in the Adductor 
magnus to the lower border oftbe Popliteus muscle, rests first on the inner surface 
of the femur, and is then Reparated b.v a little fat from the hollowed poplitcal 
su rface of the bone; in the middle of its course it rests on the posterior ligament 
of the kn ee-j oint, and below on the fascia covering the Popliteus muscle. Supe··
ficially, it is covered a bove by the Scmimembrano~us; in the middle of its course, 
by a quan tity of fa t, which separates it from th e deep fascia. and integument ; and 
below it is O\'Crla.ppecl b,\· t he Gastrocnernius, Plantaris, and ~olcus muscles, the 
poplitcal \•cin. and the internal popli teal nene. '11he popliteal vein, which is 
intimate ly attached to the artery, lies s uperfi cia l and <:'xte rnal to it until near the 
termination of the artery, when the ' 'e in crosses i t and li es to its inner side. The 
interna l poplitcal ner\'e is sti ll more supcrfitia l and ex ternal above, but below the 
joint it croi:;::ies the artery and li e:;: on its inner ~idc . Laterally, tbe artery is 
bounded by the muscles which are situated on eith er si<lc of th e popli tcal space. 

PLAN o.P RELATIONS OF PoPJ.ITEAL ARTERY. 

fn1terside. 
Semimrmbranosus. 
lntcrnal eonclylc. 
Gaslrorncmius(inncr head). 
Internal poplitcal ncn•e I below). 

Jn front. 
Femur 
Ligan1 entu1n posticum. 
P opliteus. 

~~· 
B ehind. 

Semimem1ranosus. 
F ascia. 
Popliteal ,·ein. 
Internal popliteal nerve. 
Gastrocnemius 
Plantaris. 
Sole us. 

Outer side. 
Biceps. 
Outcr condylc. 
(:ristrocncmius (ou ter l1 ead). 
Pla11tari!'. 
Internal poplitea\ nerve (aboH••, 

into ~~~Jl~~~~:~~r£i:~~~r~ :.'.2&~!~~~t~i~~~.~~f ;~;~:~:i;f;~~~:·.~Zi~;i~,~~~~~~f:£t~~~~~~!t 
the posterior t1b1a l bemQ; wantmQ; or very small. Occas1onall v Lh e popliteal is found to divide 
into three hr:rnches, the anterior and posterior tibial and pCroneal. 

. Surlace ~arking.-'fhe course of the upp~r part of the JWpli teal artery is indicated by 
a !•m•drawn from tl~c ou~er bor<l.er of t~1e Rennmemhranosw; mu~wlc at the junction of the 

;~·:~~!\~. b'~]~; ,~dw~11:et,~~c~~i ~1;.e tlN~~ ~~1\•;it; ~~·i~1~10i;' •~;~~~~s ~?c1~:i~al1i'.,~(~l~~"~!:;~:i t~0P~~j~~.:r~l·c~ 
hnc drawn thrnu!!h the lower part of the tuberdc of the tibia 

Sur~cal ~natomy.-'fhe popliteal ar.tery is not inf're<1ucntl.r the scat of injury. It may be 
torn .hy <l1rcct v~o lc uec. as by the paSSafre ot a cart-wlwC'I O\'Cr the knee or by hypcr·extension of 

~~~r~:11~~ ~~~i~n1.n t}1te ~~;~<,I ~1:rk\~~~;:·~dt~h1·hf'-.. :11~.~(:,~~c ~fl~ 1!~'J<:~!-~1,. c~~~~ i~1f~1!: ~J~;;.:i~f\~~ 
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femur. or ~Y antcro-po!i.terior diRlorati~:m of the knee-join! .. It has been torn in breaking down 
adhesions m cases of fibrous ankylosis of the knee1 and 1s m clanger of bcin!!: wounded anc1 in 

P~~1~t~~afu~:~!1::·~.~'i1~~1~~·. in R:1~~:Ii~\~·~.~~~1~:;1 ,~c~~:&t~o~a~: ~~t~~~~y;);l~~· ~~~)~ft~:f ~~~~~ ,~'!: 
wounded from in front Ly a stab just below the knee. the knife pas.~ing through the intcro ·~eous 
s11aC'e. 'l'hc popliteal artery is more frequemly the seat of :meurism than is any other artery 
in the body, with the exceptiou of the thoracic aorta. This is dnc no doubt, in a {!rctlt 
measure to the an_1ount of rno,·cmcnt to which it is subjccted 1 and to the fact that it is supported 

b): 
10Li~::~:~~~c~~f ~~~ul~~ifi~a'J'~.~t1~~~ ~\'r~~~~d\~~~~e~~1;f\~1~vjt!\·~}~~~ ~~~~~\~sbut forancurisrn 

ol the postl.'nor t1b1al it 1s prefernble to tie the superficial femoral. The popliteal mav be tied 
in the upper Or )OWc.'r pat'l of its COUl~C j but in the middle of' tJie ham the operation is attended 
with considerable difficulty, from the ~rcat depth of the artery and from the extreme dcrrree of 
tension of' the lateml boundarie:s of the space. 

tl1e ~~~~~d~~~~i~~1J,)O~~t~J 1 ~l~~sG~~ln e~~~~J~d~r 1A.1; i1;~i~i~~l~L~t~:1~h1:.~~ii::~h~l~i~~IJ~~~t\~1~)~~u~d 
then be made throui.rh the integument, along the posterior n1ar,;dn of' the SC"mimen1branosus, 

J~~1~~1 t~~~r~~~s~~Y11l:bt~t J':s~i ~~p~~~~J. t~;:~g6~ie;~~i:~;~~1;~~iaJ ~~d b~x~~!~;:~\ ~~'~j~~d~rl~:~~~ ib!~1~~~t 1~Jfi~ 
will be seen the popli1c~11 vein, and, still deeper and to it s inner side, the artery. The vein and 
nerYe must be <·aut1ou.sly SC"paratcd from the artery, and the aneurism needle jmssed around the 
vessel from without inward. 

To expose the \"CSscl in the lower part of its course, where tht! artery lies between the two 
heads of the (lastrocncmins. the patient should be placed in the same position as in the preceding 
operation. An incision should then be made throu!!h the integument in the middle line, com· 
mencitH! oppo!>ite the bend of the knec·joint, care being taken to amid the external saphenous 

~}~~11a~:~~)::c,~~·i~~. a::a1\~~r~~~v~~lJl~i>!1~~~=~d:Js;J~e~~l1n~k~~~~~~ t,~;n~r~e};~d~c~lf1l~}~~ 1G~1~~~~~:~ 
~~~;~di~~J;~ 11~l~heu:~~ i~1:~~111~~,~~~l~~J~0i1:ili~~J~:1~h~1~~1~~c a~'ff~~~a\[\,l~;~l~~11r~f~ i:;l~i~~~~te~d~ 
of the lh::itnlC'ncmius the ncr\·e should be drawn inward and the ,-cin outward, and the 
aneuri::im needle pas~c<l between the artery ancl Yein from without inward. 

ln cases where the artery has been wounded during an osteotom.v of the lower encl of the 
femur it wouhl Le most co1wenicntly secured from the front at the iuncr side of the thigh. The 
knee is flexed and the limb placed on its outer side. An incision, three iuchcs long1 is made 
parallel lo and immediately behind the tendon of the Adductor magnus from the junction of the 
rniclclle and lower third of the thigh. Skin, superficial and deep foscin arc to be divided, care 

fh~nfm~~~eJ;a~l~s~!.li~ ~11 ~~~·11~l~n:ag;:k1~~:/~1\~j :f;~ ~~~~~~c~~j'l 1b~1~~:~cls :~r!~~u~~:J~dn t~1f =~~rd Th~ 
nerve and vein are usually not seen, as they lie lo the outel' side of' the artery. 

The branches of the popliteal artery are-the 

~luscula.r { Supe~·ior. 
Inferi or or Sura.I. 

Cutaneous. 
Superior External .... \.rticular. 

Superior Internal Articular. 
Aiygos .Articular. 
Inferior External Articula!". 
Inferior Internal Articular. 

The superior muscular branches, two or three in number, arise from the upper 
part of the pop1itea1 artery, and are distributed !o the \ rastus cxternus and fl~xor 
muscles of the thigh, ana!'ltomosing with the mferior perforating and termmal 
branches of the profun<la. 

The inferior muscular (sural) ~re two large branch~s which ar,e
1 
distri~n1ted to 

the two heads of the Ga~trocncm1us and to the l)lantans mu~cle. Ibey anse from 
the poplitcal artery opposite the knee-joint. . . . 

Cutaneous branches descend on each side and 111 the maldle of the limb, between 
the Gastrocncmiw; and integument; they aris~ scpara.tel.v from the P.opliteal artery 
or from some of its branches, and supply the rntegurne.nt of the ca.If. . 

Th e superior articular arteries, two in number, anse one on each ~1de of the 
popliteal, and wind round the femur imm ediately aboYC its condylcs to the front 
of the knee-joint. rrhe internal branch pa~scs beneath the tendon of the Adductor 
magnus. an~l di\"idcs into two, one of whic~ snpp li e~ the Yastus. iutcrnus, inoscu
latina with the anastomotica maana and rnfel'JOr mternal art icular ; the other 
ramifies clo~e to the surface of the femur, supplying it and the knee-joint, and 
anastomosing with the superior external articular a~·tery . . The t•xten~a.l bra.ucli 
passes abore the outer conclylc. beneath the tendon of the Biceps, and d1ndes mto 
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u sup~rfic ial anrl <lecp branch: the superficial branch supplies the \'astus cxtcr-

}'JG.3ii.-Thepopli teal, J><,1) teriortibial,and 
pcroncalartcries 

llU!-i anil anastomoses with the descending bran ch of the external circumflex, and 
the inferior exte rnal articular arteries; the deep branch suppli es the lower part 
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of the femur and knee-joint, and forms an anastomotic arch across the bone with 
the anastomotica magna and the inferior internal articular arteries. 

The azygos articular is a small branch arising from th<' poplitea1 artery oppo
site the bend of the knee-joint. It pierces the posterior ligament, and supplie> 
the ligaments and syno\'Ial membrane in the interior of the articulation. 

The inferior articular arteries, two in number, arise from the popliteal beneath 
the Gastrocnemius, and wind round the head of the tibia below the joint. The 
internal one pusses. below the inner tuberosity, beneath the internal lateral lig
ament, at the antenor border of which it ascends to the front and inner side of 
the joint, to supply the head of the tibia and the a1ticulati on of the knee, anasto
mosing with the inferior external articular and superior internal articular arteries. 
The external one passes outward above the head uf the fibula, to the front of the 
knee-joint, pa8sing in its course beneath the oute r bead of tbc Gastrocnemius, 
the external lateral ligament, and the tendon of the Biceps muscle, and divides 
into branches which anastomose with the inforior internal articular artery, the 
superior external articular artery, and the anterior recurrent branch Of the 
anterior tibial. 

Circumpatellar Anastomosis.-Around and abO\'e the patella, and on the con
tiguous ends of the femur and tibia, is a large network of ,·essels, forming a 
superficial and deep plexus from which numerous offsets proceed into the interior 
of the joint. ~l1h c arteries from which this plexus is formed are the two internal 
and two external articular branches of the popliteal, the anastomotica magna, the 
terminal branch of the profunda, the descending branch from the external cir
cumflex, and the anterior recurrent branch of the anterior tibial. 

The Anterior Tibial Artery (Fig. 378). 
Th e anterior tibial artery commences '1t the bifurcation of the pqpliteal at the 

lower border of the Popliteus muscle, passes forward between the two heads of 
the Tibialis posticus, and through the 1arge oval aperture aboYe the upper border 
of the interosseous membrane to the deep pa.rt of the front of the 1eg : it then 
descends on the anterior surface of the interosseous membrane, gradually 
approaching tbe tibia; and at the lower part of the leg lies on this bone, and 
tben on the anterior ligament of the ankle to the bend of the ankle-joint, where 
it lies more superficially, and becomes the dorsalis pedis. 

Relations.-In the upper two-thirds of its extent it rests upon tbe interosseous 
membrane, to which it is connected by delicate fibrous arches thrown across it; 
in the lower third, upon the front of the tibia and the anterior ligament of the 
ankle-joint. In the upper third of its course it lies between the 'l'ibialis anticus 
and Extensor 1ongus digitorum; in the middle third, between. th? Tibial is anticus 
and Extensor proprius hallucis. At the bend of the ankle 1t 1s crossed by the 
tendon of the Extensor proprius hallucis, and lies between it and the innermost 
tendon of the Extensor longus digitorum. It is co,·ered, in the upper two-thirds 
of its course, by the muscles which li e on either side of it and b)' the deep fascia: 
in the lower third, by the integument, anterior annular ligament, and fascia. 

The anterior tibial artery is accompanied by two veins (vcnm cornites), which 
lie one on each side of the artery; the anterior tibial ner\'e lies at first to its outer 
side, and about the middle of the leg is placed superficial to it; at the lower part 
of the artery the nerve is generally again on the outer si<le. 
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PLAN OF THE HEL .\TIO~s OF T H E A~TEHIOH Trnru. A HTER Y. 

Iii/rout. 
lnte~ument, superficial and dL•ep fai;cire . 
. \.n tcriortibial rn.:nc. 
Tibialis anticus (orerlaps it in the up11cr pan of' the leg). 

r~~~~:!:~~ !~~1~iu~i~~1l~~~} (orcrlap il slightly). 
AntcriorH1inularligament. 

.l1111er sid(•. 
'fibialis anticus. 
Extensor propri~1~ hallucis 

(crosi:;es itat1t:s lower 
part). 8 I 

Behind. 
Interosseous membrane. 
Tibia. 

Outer side . 
AntcriortiLialnen·c. 
J~xtcnsor long ns dig-itu1·um. 
Extensor proprius hallucis. 

Anterior ligameut of ankle·joint. 

Peculiarities in Size.-This vessel may be diminished in size, may be deficient to a greatm 
or \ei:;s extent, or may be entirely want in~, its place being supplied Ly perforating branches from 

the 1C~:~~~~~il~~ ~;r~,~~~ 1;::.,1~~~~~1J/~~~j~~~~t~~hi~sp~~~.·;~~ l t:~~~\~:~j the fibular side of the l e.~, 
regai ning its usual position beneath the annular li gament at the front of the ankle. ln two 
instarn•cs the vessel has been fOund to approach the surface in the middle of the leg, being 
covered mere)_,. b.\' Lhe imc~rnment and fascia below that point. 

Surface Marking.-A line draw n from the inner side of' the head of the fibula to midway 
between the two malleoli will mark the course of the artery. the point where the artery comes 
in front of' the interoi:;seous membrane being in this line, one and a quarter inches below the 
level of the head of the fibula. 

Surgical Anatomy.-'l'he anterior tibial artery may he tied in the upper or lower part 
of the J c~. ln the upper part the operation is attended with t?rcat difficulty, on account of the 
depth of the vessel from the surface. An inci.:;ion about four inches in length, should be made 
throu~h the integument, midway between the spine of the. tibia and the outer mar.~dn of the 
fi bula, the fasc:i:L and intermusc:ular septum between the T1bialis anticus and Extensor longu:s 
digitorum being divided to the same extent. The fOot must be fl exed to relax: these muscles, 
and they must be separated from each other by the finger. The artery is then exposed deeply 
seated, lying upon the interosseous membrane, the nen ·c lyi ng externally, and one of the vcnre 
comitcs on either side i these must be separated from the artery before the ancurism needle is 
paS:5ecl round it. 

To tie the vessel in the lower third of the leg above the ankle·joint an incision about three 
i11ches in lenc;lh should be made throufrh the inte,gmnent between the tendons of the Tibiafo1 

antieus and Extensor proprius hallueis muscles. the deep fascia. being divided to the same extent. 
'l'he tendon on either side bhould be hehl aside, when the vessel will be seen lying upon the 
tibia, with the neiTe superficial to it and one of the venre comitcs on either side. 

The branches of the anterior tibial artery a.re-the 

P osterior R ecurren t Tibial. Muscula r. 
Superior Fibular. Internal Mall eolar. 
Anterior Recurren t Tibial. External )fallcolar. 

The posterior recurrent tibial is not a constant branch, and is given off from 
the anterior tibial before t hat ,·essel passes through the interosscous space. It 
ascends beneath the Popliteus muscle, which it s upplies. and anastomoses with the 
lower articu lar branches of the popli teal artery, giYing off an offset to th e 
s upe ri or tibia-fibular joint. 

The superior fibular is sometimes given off from th e anterior tibial, sometimell 
from t he poster ior tibial. I t pai::.scs outward, round the neck of the fibula, through 
the 8oleus, '\ hich i t supplies. and ends in the s ubstance of the Pcron e us Ion gm; 
muscle. 

The anterior recurrent tibial branch arises from t h e anterior tibial as soon a!S 
that vc£scl has pa~~ecl through the in terosscous space; it aPcends in the Tibia}is 
anticns muscle, an<l ramifies on the front and 8ides of the knee-joint, a nastomos· 
ing with the articular branches of the pQpliteal aml with the anastomotica maf!na. 

The muscular branches are numcrnus: they are distributed to the mui::.clcs 
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whi ch li e on each sid e of the vessel, some pi ercing the deep fasci'' to supply the 

in.tcgument, others passmg ~hro ~g? the interosseous membrane, and an:1stomosing 

"1th branches of the posterior tibial and peroneal arteries. 

The malleolar arteries supply th e ankle-joint. Th e internal arises about two 

inches above the articulation, and pa8ses beneath the tendons of the Extensor 

proprius hallucis and Tibiali s anticus to the inner ankle, upon which it ramifies, 

ana~tomosing with brnnches of the posterior tibia.I and inte rnal plantar arteries 

ancl with the inte rnal ca lca nean from the posterior tibial. The ei:tenwl pa~scs 

beneath the tendons of the Extensor longus digitonnn and Peroneus tcrtius, and 

su pplies the outer ankle, anastomosing with the ante ri or pcroneal artery and with 

ascending branches from the tarsal branch of the dorsalis pedi s. 

The Dorsalis Pedis Artery (Fig. 378). 

'l'he dorsalis pedis, the continuation of the anterior tibial, passes forward from 

the bend of the ankle along the tibial side of the foot to the back part of the first 

intermetatarsal space, where it di vide~ into two branches, the dorsalis lwllucis, and 

crmim unicating, or jb·st dorsal interosseous artery and plantar digital respectively. 

Relations.-'J1b is vessel , in its course forward , rests upon the astragalus, navic

ular. and internal cuneiform bones and the ligaments connect ing th em, being CO\' 

ered by the integument and fascia, anterior annular ligament. and crossed near 

its terminati on by th e innerm ost tendon of the Extensor brevis digitorum. On 

its tibial side is the tendon of the Extensor proprius ballucis; on its jibullll' side. 

the innermost tendon of the Extensor longus digitorum, and the te rmination of the 

anterior tibial nerve. It is accompani ed by two veins. 

PLAN OF THE HELATIONS OF THB DoRSALrs PEDrs ARTERY. 

In front. 

Integument and fascia 
Antcriorannularliirnment 
Innermost tendon of Extensor brevis digitorum. 

Tibial side. 
Extensor proprius hallucis. (~." 

J 
Behind. 

Astragalus 
Navicular. 

.fibular si<le. 
Extensor longus cligitorum. 
Anterior tibial nen •e. 

Internal cuneiform, 
and their ligaments. 

Peculiarities in Size. - The dorsa! artery of the .foot .max be lar~er than usual , to compen

sate for a. defic:: ient plantar artery.; or it may be dcfic!ent m its termmal bra.n<:hes to the toes, 

which arc then derived from the mtcrnal Jllantar j or its place may be supplied altogether by a 

largepa~~ti~'i~~.~·J1~1j~a~ 1~~t1~;)frequently cun·es outward , lying external to the line between the 

middle of the ankle and tlie back part of the fi rst intcrosseous space. 
Surface Marking.-'fhe clorsalis pedis artery is indicated on the su rfa~ of the clorsum of 

the foot by a line drawn from the centre of the space between the two malleoli to the back of the 

fir:st ~~~~j~~tA.~~~~r~-T~is arte_ry may be tied, b.\: makin,!? an inrision through the., integu

ment betwc<'n two anc l three mchcs m len .~~th, on th ~ fibular side o~ the tcndon -?f th (' Lxtcnso.r 
proprius Jrnllucis. in the intcn•al between 1t and the mner border of the short E~tcnsor musd c. 

'I1llc incision should not extend farther forward than the b.~ck rart o.f .the first mtermeta tarsal 

~J~~c:;t~~·:'!~ilr~~r~·xc:;~~~c'e ~h et~1~~ :~tJ~~1i~~n~P~~:hi~sd~~fe[:~id:. bemg d1V1ded to the same extent, 
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Branches.-'l'he branches of the dorsalis pedis arc-the 

Tansal. 
:Metatar~al-Interosseous. 

Dor.,Jis Hallucis. 
Communicating. 

'l'he tarsal artery arises from the dorsalis pcdis, as that ,-e~se1 crosses the naYic
ula.r bone; it passes in an arched direction outward. lying upon the tarsal hones. 
and eo' ered by the Extensor bre,·is digitorum; it suppli es that muscle and the 
articul1.1tions of the tarsus, and anastomoses with branches from the rnctatar~al, 
external malleolar, peroueal, and external plantar arteries. 

The metatarsal arises a. little anterior to the prececlin~; it passes outward to 
the outer part of the foot, over the bases of the metatarsal bones, beneath the ten
dons of the short Extensor, its direction being inAucnced b,v its point of or igin ; 
and it anastomoses with the tarsa l and external plantar arteries. This \'CRr-el 
gives off three branches, the interosseous arterie~, which pa ss forward upon the 
three outer Dor::;al interossei muscles, ancl 1 in the clefts between the toes, diYide 
into two dorsal collateral branches for the adjoining toes. At the back part of 
each interosscous space these vessels receive lh e posterior perforating branches 
from the plantar arch, and at the fore part of each interosseous space they are 
joined by lhc anterior perforating branches from the digital arteries. '11he outer
most interosseous artery gi,·es off a branch which supplies the outer s ide of the 
little toe. 

'l1he dorsalis ha.llucis (first dorsal interosseou.~) runs forward along the outer 
border of the first metatarsal bone, and at the cleft between the first and second 
toes divides into two branches, one of which passeR inward, beneath the tendon of 
the Extensor proprius ballucis, and is distributed to the inner border of the great 
toe; the outer branch bifurcates, to supply the adjoining sides of the great and 
second toes. 

'l'he communicating artery or Plantar digital dips down into the sole of the foot, 
between the two hca.ds of the First dorsal interosseous muscle, and inosculates with 
the termination of the ex ternal plantar artery to complete the plantar arch . It here 
giveR off two digital branches: one runs along the inner side of the great toe on 
its plantar Rurface; the other passes forward a long the first interosseous space, and 
bifurcates at the cleft for the supply of the adjacent sides of the great and second 
toes. 

The Posterior Tibial Artery. 

'J1l1e posterior tibial is an artery_ of large size, which extends obliquely down
ward from the lower border of the Popliteus muscle, along the tibial side of the 
leg, to the fossa between the inner ankle and the heel, where it di,·ides beneath 
the origin of the Abductor hallucis, on a level with a line drawn from the point of 
the internal malleolus to the centre of the convexity of the heel, into the internal 
and ei:ternal 7~lcrntar arteries. At its origin it lies opposite the inten-al between 
the tibia. and fibula; as it descends, it approaches the inner side of the leg, lying 
behind the tibia, aml 1 in the lower part of its course, is situated midway between 
the inner malleolus and the tuberosity of the o~ calcis. 

Relations.-It ~ies successively upon the 'J'ibialis postieus~ the :Flexor longus 
cligitorum, the tibia, and the back part of the ankle-joint. It is co1.:ered by the 
deep transverse fascia, which separates it aborn from the Gastrocnemius an<l 
Soleus muscles. Jn the lower third, where it is more superficial, it is covered on ly 
bv the integument and fascia, and runs parallel with the inner border of the ten<lo 
Achillis. It is accompanied by two ''eins, and by the posterior tibial nen·e, 
which lies a.t first to the inner side of the artery, but soon crosses it, and is, in the 
greater part of its course, on its outer side. 
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PLAN 01' THE RELATIONS OF THE POSTERIOR TrnrAL ARTERY. 

ln11erside. 
Posterior tibial nerve, 

upper third. 

l1ifront. 
Tibialis posticus. 
¥lbf~r longus digitorum. 

Ankle·joint. 

G 
Behind. 

Integument and fascia. 
Gastrocnemius. 
Soleus. 
Deep transverse fascia. 
Posterior tibial nerve. 

Outer side. 
Posterior tibial nerve, 

lower two-thirds. 

6-15 

Beltind the Inner ankle the tendons and blood-vessels are arranaed in the 
following order, from within outward: First, the tendons of the Tibialis posticus 
and Flexor longus digitorum, lying in the same groom, behind the inner malleolus, 
the former being the most internal. External to these is the posterior tibial 
artery, hewing a ''ein on either side; and 1 still more externally, the posterior 
tibial nen•e. About half an inch nearer the heel is the tendon of the Flexor 
longus hall ucis. 

Pe~ulia.rities in Size.-:--The posterior tibial is not unfrcqucntly smaller than usual. or 
abscnt1 ~ts place ~ing supplied by a large pcroneal a1tery which passes inward at the lower end 
of the lLbia. and either joins the small tibial artery or continues alone to the sole of the foot. 

Surface Marking.-The course of the posterior t ibial artery is indicated by a line drawn 
from a point one inch below the centre of the poplitea\ space to midway between the t ip of the 
internal mallcolu:S and the centre of the co1wexity of the heel. 

in ca~~:g;f~!o~~t~fth·;-~~~~e ~f~l'~tt:~ f:t~,~~~~t~;~,~0 ~11·~~th~~1~~:r1~i~~~~ ~J~nb~hr:~~i~;j 
should be tied at the inner ankle. In cases of wound of the posterior tibial it will be necessary 
to enlarge the o'bening so as to expose the vessel at the wounded £oint, excepti ng where the 

;~:~iso~1J1.\\1:c~rt~r~ )~,~c~~r~~. '~h~11~c fr~l11sh~~l~rob~ ~l:Jh~11~fi·e m1iddJ:c~f0[h~11ie~ismB~~0i: 
aneurism of the posterior tibial high up it would be better to tic the femoral artery. 

To tie the posterior tibial artery at the ankle, a semilunar incision should be made through 
the integument, about two inches and a half in length, midway between the heel and inner ankle 
or a little nearer the latter. The subcutaneous cellular tissue having been divided, a strong 
and dense fascia, the intnnal annular ligament, is exposed. This ligament is continuous abo,·e 
with the deep fascia of the leg, covers the \'essels and ner\"eS, and is intimately adherent to the 
sheaths of the tendons. This ha,·ing been cautiously divided upon a director, the sheath of 
the vessels is exposed, and, bein!?; opened, lhe artery is seen with one of the ven::c oomites on each 
side. The aneurism needle should be pas.sed round the vessel from the heel toward the ankle, in 
order to avoid the posterior tibial nerve, care being at the same lime taken not to include the 
venre comites. 

The vessel may also be tied in the lower third of the le~ by making an incision, about three 

~~i~ebcf:;gl~~f:}~ll~a~~~iJe'd:t~h~h~~)~~~~a~fif~~fat!:1~1!~nbe0 di~i~~~is~,P~~I~ ~·;;~~~~;, s!~~~11~h1! 
artery is exposed along the outer margin of' the Flexor longus digilormn, with one of its venre 
comitcs on "either side and the nerve lying external to it. 

To tie the posterior tibial in the middle of the leg is a very difficult operation, on account of 
the great depth of' the vessel from the surface. The patient bcin?r placed in the recumbent posi· 
tion, the injured limb should rest on ics outer side, the knee being partially bent and the foot 

~h~~nl:~;1~~:~,~~o~~~hx t~~~ i~~~~~~~~~tt~fi~~~~'s 1:~~'dt1~iob~1~~~du~1!~ 1i:~,~~~l~~~1~~i~e~ftih!1~fbi~~ 
~~~~~f.1 ~f!~h!0o~~~:~c1~~11~1i~~ti;'~~p~~~·,e~~dsn~~~~· be'~l;~,~1~~iJ~~::~d1~i~~'!fbi1:\e~1.~cl~~~:~tt~f 
the Soleus divided 1 a director bemg_ previously _passed beneath it. . Th.e artt?r ma.y now 1?c 
felt puls«tting beneath the deep fascia about an mch from the margm of the tibia. The fascia 
having been di\•ided, and the limb placed in such a position as to relax the muscles of the 
calf as much as possible, the veins should be separated from the artery, a.nd the aneurism 
needle passed round the vessel from without inward, so as to avoid woundmg the posterior 
tibial nerve. 
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The branches of the posterior tibial artery are-the 

Peroncal. Nutrient. 
Muscular. Commnnicating. 

Internal Calcancan. 

'J'he Peroneal Artery lies, deeply scaled, along the back part of the fibular • i<le 
of the Jeer. It arises from the posterior tibial about an inch below the lower 
border otthe Poplitcus muscle, passes obliquely outward to the fibula. and tbcn 

f te~~~-1~~lso~·1~~~ £:1~~,~~~~~~e~~,:~~~~ of I~ h~e~1°;~~s~~s t~: 1t~':e~o:1;;~~~,~~::0~1~:7; ~~~~~:: 
tht• articulation between the tibia. and fibula to the outer side of the os calc1s, 
where it gives off its terminal branches, th e e:rternal calcanean. 

Relations.-Tbis vessel rests at first upon the Tibialis posticus, and then, for 
the g reater part of its course, in a fibrou s canal be tween the origins of the Flexor 

1?1'~ ~1;)~- l~)~ll~~:~i~a ~l~1~i~'.' i ~ :!~s e~~~~.~£~~~1; ~~~e::~~~e~·r J:~~~~r~~ 1; ~se~o~1~'.s~~1 cb; btbe: 8~1~~1~ 
and deep trans,·c1·sc fascia; below, by the Fl exer long us hallucis. 

PLAN OF THE RELATI ONS OF TllE PERONF.AL ARTERY . 

l 11 /ro11 t. 

011tPr .~ide. 

Tibialis posticus. 
Flexor longus hallucis. 

lnnert<ride. 
Fibula 
Flexor lon~us hallucis. r:.ro"')' Artery. Flexor Jongus hallucis. 

Soleus 

'--
Behind. 

Deep transverse fascia. 
Flexorlongus hallucis. 

Peculiarities in Origin.- The pcroncal artery may arise three inches below the Popliteus1 or from the posterior tibial high up, or e\·cn from the popliteal. 
Its size is more freqocnlly increased than diminished ; and then it either reinforces the 

po:,tcrior tibial by itsjunct1011 w1d1 it, or alto!='ethcr t;tkcs the place of the posterior tibial in the 
lower )la rt of the leg and foot, the latter Yes.r;;c( only ex istin~ as :t short nrnscular branch. In 
those rare ca:;cs where the pcroneal artery is smaller than usual a Lrane;h from tl1e posterior 
tibial supplies its place, and a branch from the anterior tibial compensates for the diminished 
anterior pcroneal artery. In one case the pcroneal artery has been found entirely wantin~. 

The anterior peroncal is sometimes enlarged, a.nd takes the place of the dor&al artery of the 
foot. 

'L'he branches of the peroneal are-the 
Musc ular. 
Nutrient. 
Anterior P eroneal . 

Communicating. 
P osterior Peroneal. 
External Calcancan. 

J,Iuscular Branrhe8.-Tbe peronea.l artery in its course g ives off branches to 
the Soleus, Tibialis posticus, Flexor longus hallucis, and Peronei muscles. 

The nutrient artery supplies the fibul a. 
The Anterior peroneal pierces the interosseous membrane, about two inchrs 

abo,·e the outer malleolus,. to reach the fore part of .the leg, an<l, passing down 
ben eath the Peroueus terttus to the outer ankle, ramifies on the front and outer 
side of the tarsus, anastomosing with the external mall eolar and tarsal arteries. 

The 1.·omnnrnicatin.q is given off from the pcronea l about an in ch from its 
lower end, and, passing inward) j oins the comm unicat ing branch of the posterior 
tibial. 

The l'usterior peroneal passes down behind the outer ankle to the back of the 
exwrnal malleolus, to terminate in branches which ramify on the outer surfa<.:c 
and back of the O> calcis. • 
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The Ei:ternal c.alcanean are the terminal branches of the pcroneal artery; they 

pass w the oucer side of the heel, and communicate with the external malleolar 

an<l, on the back of the heel. with the internal calcanean arteries. ' 

'l1l1~ nutrient a~ery of the tibia arises from the posterior tibial near its origin, 

nnd, afte~· supplyrng a few i_nuscular branches, enters the nutrient canal of that 

bone, which 1t trarnrses obliquely from above downward. This is the larcrest 

nutrient artery of bone in the body. 
0 

The muscular branches of the posterior tibial are distributed to the Soleus and 

deep muscles along the back of the leg. 

The communicating branch, ~o _join a similar branch of the peroneaJ, runs trans-

~:~~~f~ at~~s; 1~~'\: 1?~<~~g~~ tJ:~ut:,~:~.' about two inches above its lower end, passing 

'rhe internal calcanean are several large arteries which arise from the posterior 

Fm. 379.-The pln.ntar arteries Superficial view 

l\'.lmm1micati11g} 
braiiehof 

dorsalis pedis. 
its di9ital 
bm11ches. 

Fto. 380.-The plantar arteries Deep \'iew. 

tibial just before its division: they are distributed to the fat and integument 

behind the tendo Achillis and about the heel, and to the muscles on the inner side 

of che sole. anastomosing with the peroneal and internal malleolar, and. on the back 

of the heel, with the external calcanean arteries. 

The Internal Plantar Artery (Figs. 379, 380), much smaller than the external. 

passes forward along the inner side of the foot. It is at first situated above 1 thf' 

.\bductor ballucis, and then between it and the Flexor brevis digitorurn, both of 

which it suppli es. At the base of the first metatarsal bone, where it bas become 

much diminished in size, it passes along the inner bonier of the great toe, inoscu

lating with its digital branch. 
'l'be External Plantar Artery, much larger than the internal, passes obli4uely 

outward and forward to the base of the fifth metatarsal bone. It then turns 

obli11uely inward to the interval between the bases of the first and second meta

tartial bones, where it anastomoses with the plantar digital branch from the 

dorsalis perlis a r tery, thus completing the planiai· arcli. As this artery passes 

1 This refers to the erect position of the body. In the ordinary position for dissection the artery 

is deeper than the muscle. 
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outward, it is first placed between th e os calcis and Abductor hnllucis. and t11cn 
between the Fl cxor bre,·is digitorum and Flexor accessori us, and as it passes 
fonrnrd to the base of the li ttle toe, it lies more superficially between the .Flexor 
brevis digitorum and Abductor minimi digiti , covered by the deep fa cia and 
integument. 'rlie remaining portion of the vessel is deeply situ ated : it extends 
from the base of the metatarsal bone of the li tt le toe to the back part of the 
first intcrosscous space, and forms the pl:rnta.r arch; it is convex forward, lies 
upon the Intcrossei muscles opposite the tarsal ends of the metata.rsul bones, and 
is covered by tbc Adductor obliquus hallucis, the ff exor tendons of the toes, and 
the Lnmbricalcs. 

Surface Mark.ing.- Thc course of the in ternal plantar artery is represented by a line 
drawn from the mid-point between the tip of the internal malleolus and the centre of the con
vexity of Lh e heel to the middle of the under surface of the great toe j the external plantar b~· 
a line from the same point to within a finger 's breadth of the tubcrosity of the fif'th metatarsal 
bone. The plantar arch is ind icated by:~ line drawn fi·om this point; i. e. a finger 's breadth 
internal to the tubcrosity of the fifth metatarsal bone transversely across the foot to the back of 
the firtit iutcros.'«!ous space. 

Surgica.l Anatomy.- ,Younds of the plantar arch arc always seri ous, on account of the 

~:yi~~~:~.:1i~ "<'Dcl~r~:11~1 ~!~~ i~j!g~,~a~l~:iritc\~~): b;11 i~~;~:~~:c\ ~-~~;~J~!rd~r~~:~~~ ~f· ~h:~~n;~)~ 
almost any part of its course by removing a portion of one of the three mi<ldle metatarsal bones. 

Branches.-'l'he plantar arch, besides di stributing numerous branches to the 
muscles, integument, and fasci~ in the sole, gi,·es off the following branches: 

l)osterior Perforating. Digital-Anterior P erforating. 

'l'hc Posterior Perfora.ting are three small branches which ascend thrnu~h the 
back part of the three outer interosseous spaces, between the hearls of the Dorsal 
interossci muscles, and anastomose with the in terosscous branches from the meta
tarsal ar terv. 

'r he Diiital Branches are four in number, and supply th e three outer toes and 
h;df the second toe. The first passes outward from the outer s i<le of the plantar 
arch , aud is distributed to the outer side of the little toe, passing in its course 
bcnea.th the Abductor <tnd short F lexor muscles. 'l'h e second, thinl, andfourt/1 
run fo rward along the interosseous spaces. and on arriving at the clefts between 
the toes divide in to collateral branches, which supply tho adjacent sides of the 
three outer toes and the outer side of the second . At the bifurcation of the toes 
each digital a rtery sends upward, through the fore part of the corresponding 
interosscous space, a. small branch, which inosculates with the interosseous branches 
of the meta.tarsal artery. These are the anterior pe1foratin9 branches. 

From the arrangement already described of the distribution of the vessels to 
the toes it will be seen that both sides of the three outer toes and the outer side 
of the second toe are supplied by branches from the plantar a rch ; both sides of 
the great toe and the inner side of the second are suppli ed by the plantar digital 
branch of th e dorsalis peclis. 



THE VEINS. 

TTIE Veins ~re the Yessels which sen'e to return the blood from the capillaries 
of the d1fterent parts of the body to the heart 'l'hey consist of two distinct 

sets of vessels, the pulmonary and systemic. 
'rhe Pulmonary Veins are concerned in the circulation in the lungs. Unlike 

other vessels of this kind, they contain arterial blood, which they return from the 
lungs to the left auricle of the heart. 

The Systemic Veins are concerned in the general circulation; they return the 
Yenous blood from the body genernlly to the right auricle of the heart 

rrhe Portal Vein, an appendage to the systemic \'CllOUS system, is confined to 
the abdominal ca,·ity, returning the Yenous blood from the viscera of digestion, 
and carrying it to the li ver by a single trunk of large size, the i•ena portce. '!'his 
vessel ramifies in the substance of the Ii ,·er and breaks up into a minute network 
of capillaries. ~I.1h ese capi1larics then re-col1ect to form the hepatic veins, by which 
the blood is com·eyed to the inferior ,·ena cava. 

'The rnins, likC the arteries, are found in nearlv every tissue of the body. 
They commence by minute plexuses which recei"e thC blood from the capillaries. 
The branches which have their commencement in these plexuses unite together 
into trunks, and these, in their passage towar<l the heart, constantly increase in 
size as the.Y receive tributaries or j oin other rni ns. The veins are larger and 
altogether more numerous than the arteries; hence the enti re capacity of the 
venous system is much gl'Cater than that of the arterial, the pu lmonary veins 
exce pted. which do not exceed in capacity the pulmonary arteries. From the 
combined area of the smaller venous branches being greater than the main trunks, 
it results that the venous system represents a cone, the summit of which corresponds 
to the heart, its base to the circumference of the body. In form the veins are not 
perfectl.v cylindri cal like the arteries, thei r walls being collapsed when empty, and 
the uniformity of their surface being interrupted at intenals by slight constric
tions, which indicate the existence of mh-es in their interior. i:rhey usually 
retain. howe'"er, the same calibre as long as they receive no branches. 

The veins communicate very freely with one another, especially in certain 
regions of the body, and this communication exists between the larger trunks as 
well as between the smaller branches. Thus, in the cav ity of the cranium and 
between the ,·eins of the neck, where obstruction wou ld be attended with immi
nent danger to the cerebral ,·enous system, we find that the sinuses and larger 
'"eins ha,·c large and very frequent anastomoses. The same free commu ni cation 
exists between the veins throughout the whole extent of the spinal canal, and 
between the veins composing the various Yenous plex uses in the abdomen and pel
vis, as the s jlermatic, ute rine, \'es ical, and prostatic. 

The systemic veins a re subdivid ed into three sets: superficial, deep, and si nuses. 
'rbe Superficial or Cutaneous Veins are found between the Javers of the super

ficial fascia, immediately benea.th the integument; they returi1 the blood from 
these structurns, and communicate with the deep veins by perforating the deep fascia. 

The Deep Veins accompany the arteries, and are usually en.closed in the sa.me 
sheath with th ose \'Cssels. With the smaller arteries-as the radial , ulnar, brachial, 
tibia!, peroncal-they exist generally in pairs, one lying on each side of the Yes-

~:P1~~~;l~r=n~~1~:~~~~!7-ch:~~e~suJt~ ~~-~~ro~~t~~~~~;:n~~i~~x~~!~~·~· , s~:0!:::~:~~ 
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or~ans of the body. howc,·er, the deep vei ns do not nccompnny the arteries: for 
instance, the veins in the skull and spinal cana l, the hc>patic veins in the> Ji, er. an1l 
1hc largc>r ,·eins returning blood fr~m t~rn o~~?ous ti~suc. . . . . 

Sinuses are Yenous cbirnncls ''h1cb, Ill rbe1r structure and mode> of d1~tribuuon, 
differ alto rrethcr from the ,·eins. The,- are founLl onl v in the interior of the skull, 
and arc fl~·mcd by a separation of the~ layers of the (Iura mater, their outer coat 
con~i:;ting of fibrous tissue, their inner of an endothelial layer continuous with the 
lining membrane of the Yeins. 

\ •cins ha,-e thinner walls than arteries, the difference in thickness being due to 
the small amoun t of elastic and muscular tissues \\Lich the ,·cim·; contain. The 
superficial vein~ usually hare thicker coats than the deep veins, <-ind the ,-cius of 
the lower lim b are thicker than those of the upper. 

'J~be minute structure of these vessels ha s been described in the section on 
General Anatomy. 

THE PULMONARY VEINS. 
The Pulmonar.'I J'"eins return the arterial blood from tho lungs to the left 

auricle of the hea.rt . They are four in number, two for each lung . r.rhe pulmo
nary differ from other Yei ns in se,·eral respects: l. They carry arterial instead of 
Yenous blood. 2. 'l'h ey are destitute of val res . 3. They arc onJ_,. slig htly larger 
than the arteries they accompany. -1. ~l1hcy accompany those vessels singly. 
They commen(;e in a. capillar,y network upon the "alls of the air-cells, where 
they arc Cl)ntinuous with the ramifica.tions of the pulmonary artery, and, uniting 
together, form a single trnnk for each lobu le. Th ese branches, uniting succes
sively, form a sing)(' trunk for each lobe, three fol' the right and t\\O for the left 
lung. The ,·cin from the mi<ldle lobe of the right lung unites with that from the 
upper lobe, in most cases. fonnirw; two trunh on each s ide, which open separately 
into the left auricle. Occasionally they remain separate; there are then three 
veins on the right side. Not unf'rel(uently tbe two left pulmonary ,-eins termi
nate h.v ~L common opening. 

Within the lung, the l>ranches of the pu lmonary a1·tery a rc in front, the veins 
beltiml, and the bl'onchi between the two . 

. A.t thl' root o.f the lw1y1 the ,·e ins are in f1·onl, the al'lc ry in the middle, and the 
bronchus behind. 

Within the periwrdium, their anterior su rface is in vested by the serous la_yer 
of this membrane. The right pulmonary veins pa~s behind the right auricle and 
ascending aorta; the left pass in front of the thoracic aorta with the left pulmo
nary artery. 

THE SYSTEMIC VEINS. 
The systemic veins may be arranged into three groups: L 'Those of the head 

and neck, upper extremity, and thorax. which tenninatc in the superior rnnacava. 
2. Those of the lower limb, pehis. and abdomen. which terminate in the inferior 
vena cava. 3. The <:ardiac rnins 1 which open {lirectl_v into the right auricle of 
the heart . 

VEINS OF THE HEAD AND NECK. 
Th e veins of the head and neck ma\· be s ubdivided into throe groups: 1. Th e 

ve ins of the exter ior of the bead and face. 2 . Th e vcrns of the neck. 3. The 
veins of the diploC and interior of the cranium. 

Veins of the Exterior of the Head. 
The Yei ns of 1he exterior of the bead and face a re-the 

Frontal. 
Supra-orbital. 
Angular. 
Facial. 

Occipital. 

'l1emporal. 
Internal Maxi llary . 
rremporo-maxi llary. 
Posterior Auricular. 
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The fr?ntal vein c?mmenc~s on the anterior part of the skull by a venous 
plexus ~vh1ch commumcates with the anterior tri~utaries of the temporal Yein . 
The veins converge to form a single trunk, which runs downward near the 
middle line of the forehead parallel with the 1•ein of the opposite side, and unites 
with 1t at the root of the nose by a trans,·erse branch ca!led the nasal arch. 
Occasionally the frontal ,·eins join to form a ~inglc trunk, which bifurcates at the 

fo'IG.381.-Veinsoftheheadnndneck. 

root of the nose into the two angular \'eins. At the root of the nose the veins 
diverge and join the 11npra-orhital vein, at the inner angle of the orbit, to form 
the rtngular vein. 

'l1lrn supra-orbit al vein commences on the forehead, communicating with the 
anterior temporal vein, and runs downward and inward, superficial to the 
Occipito-frontal is muscle, receiving tributaries from the neighboring structures, 
and joins the frontal vein at the inner angle of the orbit to form the angular 
vein. 

The angular vein, formed by the junction of the frontal and supra-orbital 
veins, runs oblique!~; downward and outward on the sitlc of the root of the nose. 
and receh·es the \·eius of the ala nasi on its innCI' side and the superior pa.lpebral 
vein~ on its outer side; it moreo\·er communicates with the ophthalmic vein, thus 
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establishing an important anastomosis between this ,·csscl nnd the Clwemous 
sinus. Some small veins from the dorsum of the nose terminate in the nasal 
arch. 

Th e facia.l vein commences a.t the side of the root of the nose, being a direct 
continuation of the angular vein. It passes obliquely downward and outward 
beneath the Zygomaticu major and minor muscle.s, descends along the anterior 
border of the ·~fasseter, crosses O\'er the body of the lower jaw with the facial 
a.rterv, and, passing obliquely outward and backward beneath the Platysma and 
ccrviCal fascia, unites with a branch of communication from the temporo-max
illary vein to form a trunk of large size which enters the internal jugular. :From 
nea1: its termination a communicatin,q branch often runs down the anterior border 
of the Sterno·mastoid to join the lower part of the anterior jugular. 

Tributaries.-'rhe facial Yein receives, near the angle of the mouth, communi· 
eating tributaries of considerable size (t_he deep facial or anteri01· internal ma:ril· 
/m·.v vein) from the pterygoid plexus. It is also joined by tbe inferior palpebral, 
the superior and inferior labial veins, the buccal veins from the cheek1 and the 
masseteric veins. Below the jaw it recei\•es the Rubmcntal; the inferior palatine, 
which returns the blood from the plexus around the tonsil and soft palate; tbe 
submaxillary Yein, which commences in the submaxillary gland; and, generally, 
the ranine vein. 

Surgical Anatomy.-'l'here are some points about the facial \'ein which render it of great 
importance in surgery. It is not ?D flaccid as are most superficial veins, and, in consequence of 
thi~, remains more patent when dffided. It has, morCO\'Cr, no valves. It c.-ommunicates freely 
with the intracranial circulation, not only at its commencement by its tributaries, the an~ular 

~i1:11~1:,ug~~-~[~tb~ 'i~ 1~i~e~~ 1br~~~J~~~~.\~i~hw~~n~l~ni~~~!!1 i~IJ~~cu~~ii~l1: ~~~~~~~·~~i°~1~~~1:~~·i~h~h~ 
C':l\'ernous sinus by branches which pa~ throu~h the foramen ovule and foramen lacerum 
medium (see pa!!;e 661). These facts ha.ve an important bearing upon the sur~ery of some 
di~l.'a:scs of the foce, for on account of its patency the facial vein favors septic absorption, and 
thcrdOrc any Jlhlegmonous inflammation of the face following a poisoned wound is liable to set 
up 1hrombosis in the facial vein. And on account of its communications with the cerebral 
sinuses these thrombi arc a.pt to extend upward into them 1 and detached portions may give rise 
to purnlent foci in other parts of the body, and so inUuce a. fatal issue. 

~!-'he Temporal Vein commences by a minute plexus on the side and vertex of 
the !-;kull, which communicates with the frontal and supra-orbital Yeins jn front, 
the cohcsponding \·ein of the opposite side, and the posterior auricular and 
occipital Yeins behind. From this network anterior and posterior branches are 
formcc..l which unite above the zygoma, forming the trunk of the Yein. 'This 
trunk is joined in this situation by a large Yein, the middle l<>mpornl, which 
recci\·es the blood from the substance of the Temporal muscle and pierces the 
fa.;:cia at the upper border of the zygoma. The temporal Yein then descends 
between the external auditory meatus and the condyle of the jaw, enters the sub· 
stance of the parotid gland, and unites with the internal maxillary ,·ein to form 
the temporo·maxi11ary Yein. 

Tributaries.-The temporal vein receiYes in its course some pa.rotid veins, an 
articular branch from the articulation of the jaw, anterior auricular ' 'e ins from 
the external ear, and a vein of large size, the lransverij.e facial, from the side of 
the face. 'J1he middle temporal vein, pre,·ious to its junction with the temporal 
"ein, recei\•es a branch, the orbital vein, which is formed by some external palpe
bral branches, and passes backward between the byers of the temporal fascia. 

The Internal Maxillary Vein is a yessel of considerable size, receiving branches 
which correspond with those of the internal maxillary artery. rrbus it receives 
the middle meningeal 1·eins, the deep temporal, the pterygoid, masseteric. buccal, 
ah·eolar, some palatine vejns, and the inferior dental. These branches form a 
large plexus, the pterggoid, which is placed between the Temporal and External 
pterygoid and partly between the Pterygoid muscles. rrbis plexus communicates 
,·ery freely with the facial ''ein and with the carnrnous sinus by branches through 
the foramen Vesalii at the base of the skull. 'l'he trunk of the vein then passes 
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back~vard behind the nee~ of the .lower jaw, and unites with the temporal ''ein, 
formrng the temporo-max1llary Yem. 

'~
1

he Tem~oro·Max.illary_ Veini formed by the union of the temporal and internal 
mnx1llary vems, descends m the substance of the parotid gland on the outer surface 
of the externa~ c.arot1~l a.rtcry, between the ram us of the jaw and the Stemo-mastoid 
mu~cle, ~n<l dl\'ldes 1~to. ~wo branches, one ?f which passes inward to join the 
facial ,·e1~; the other is JOmed by the postenor auricular Yein and becomes the 
external Jugular. 

The Posterior Auricular Vein commences upon the side of the head b\· a 
plexus which communicates with the tributaries of the temporal and occipital ve.ins. 
The vein descends behind the external ear and joins the temporo-max illary vein, 
forming the external jugular. This vessel receives the stylo-mastoid vein and 
some tributaries from the back part of the external car. 

'rhe Occipital Veins commence at the back pa1t of the vertex of the skull by 
a plexus in a. simi lar manner to the other veins. These unite and form one Or 
two vein.3, which foll ow the course of the occipital artery, passing deeply beneath 
the muscles of the back part of the neck, and terminate in the internal jugular, 
occasionally in the external jugular ''ein. As these veins pass a.cross the mastoid 
portion of the temporal bone, one of them receives the mastoid vein, which thus 
establishes a communication with the la.teral sinus. 

The Veins of the N eek. 
The veins of the neck, which return the blood from the head and face, are-the 

External Jugular. 
Posterior External Jugular. 

Vertebral. 

Anterior Jugular. 
Internal Jugular. 

The External Jugular Vein receives the greater part of the blood from the 
exterior of the cranium and deep par ts of the face, being formed by the junction of 
the posterior di,·ision of the ternporo-maxi llary and posterior a.uricubr veins. It 
commences in the substance of the parotid g land, on a level with the angle of the 
lower jaw, and l'uns perpendicularly down the neck in the direction of a line 
clrnwn from the angle of the jaw to the middle of the clavicle. In its course it 
crosses the Sterno-mastoid muscle, and runs parallel with its posterior border as 
far as its attachment to the cla.vicle. where it perforates the deep fascia, and 
terminates in the :..ubcla\'ian ,·ein, on the outer side of or in front of the Scalenus 
anticus muscle. In the neck it is separated from the Sterno-mastoid by the anterior 
l:iyer of the deep cervical fascia, and is covered by the Platysrna., the superficial 
fascia, and the integument. This ''ein is crossed a.bout its middle by the super
ficia.lis colli nerve, and its upper half is accompanied by the auricularis magnus 
nerve. The external jugular min varies in size, bearing an in\'Crse proportion to 
that of the other veins of the neck; it is occasionally double. It is provided with 
two pairs of valves, the lower pair being placed a.t its entrance into the subclM'ian 
vein, the upper pair in most cases a.bout an inch and a. half above the clavicle. 
~rhe portion of vein between the two sets of Yah·es is often dilated, and is termed 
the si111u~. 'J'hcsc vah'es do not prevent the regurgitation of the blood or the 
pa~sage of injection from below upwa.rd. 1 

Surgical Anatomy .-V enc.section usecl formerly to be performed on the external j.ugular 
vein. but is now probably never resorted to. 'J'hc anatomical point. ~o be. remcm?ered 111 p~r-

~r:J~~~\~~1~J1~l;e~~\~~~·~c~iot1~ Ll~1~/;~Ji8e~~eo~eb~f;~ 0~r~g~e_pi11~t>~J1~\~ii~0~~~J ~~ ~B~~~ 11~1:1fl~;e~nf; 
blood. 

Tributaries.-'J1his vein receives the occipital occasionally, the posterio~· exte1:nal 
jugular, and near its termination, the suprascapular and transverse cervical vems. 

Asp!:~:~~:. ~~~~~~t~~~{/~~cl ~~x;;rii11~:~~:W;~ %~~isf~~~~1~~c~~J;~~e~,e
11 

8;n~o~~~1~;io~, ~~V!\~~ i~ 
the \'eins of the :Neck," in the Edinburgh Medical Journal for Nol'ember, 1856. 
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lt <'ommunicatcs with the anterior jugular, and. in thr substance of the parotid, 
l'l'l'l'iH'!'i a large hranch of communication from the i11tC'mal j11µ11lar. 

The Posterior External Jugular Vein commences in the occipital region, and 
n•turn~ the blood from the integument and superfi{' ial mu~clcs in the upper and 
hack part of tbc neck, lying between the Splenius an<l TrapcziuR muscles. I t run~ 
down the back part of the neck, an<l opens into 1hc externa l jugular just bcl1rn 
the mid1llc of its course. 

The Anterior Jugular Vein commences near the hvoid bone from the con~ 
\·crgcncc of ~e,-eral superficial ,·eins from the subma :'<i ll ary region. I t pa~sc~ 
down between the median line and the anterior border of the Stern o~mastoid , 
and at the lower part of the neck passes beneath tlrnt muscle to open into the 
terminat ion of the external jugu la r or into the s ubchl\-ian vein (-.Fig. 388). This 
vein rnries considc l'ab ly in s ize1 bearing almost al ways an in verse proportion to thc 
extern al jugu lar. ~Iost frequently there are two an terior jug ulars, a right and 
left, but occasionally on ly one. 'l,his vein receives some laryngeal ve ins, and 
occasiona ll y a small thnoid Yein . J-ust above the sternum th e two anterior 
jugu lar \·e i'ns comm uni c:ite by a transYerse trunk, which rccci\•es tributaries from 
the inferior t hy roid veins. I t also communicates with the intcmal jug ular. 'l,here 
are no \'alves in this ,·ein. 

'l'he Internal Jugular Vein collects the blood from the int er ior of the c ranium, 
from the superficial parts of the face, and from the neck. It commences just 
external to the jugular foramen, at ihe base of the sku ll , being formed by the 
coa lescence of the latera l and inferior petrosal s inuses (Fig. 386). At its origin it 
is somewhat dilated 1 and this dilatation is call ed the sinus, or ,qu{f. of the in ternal 
jugular vein . It runs down the s ide of the neck in a vertical direction. lying at 
fir:;;t on the outer side of the internal carotid , and then on the outer s ide of the 
common carotid . and at the root of the neck unites with the s ubclaxian vein to 
form the innomina.tc ''e in. Th e interna l jug ular vein, a.t its commencement, lies 
upon the Rcctus capit is lateralis, and behind the in te rnal carot i<l and th e nerves 
paRsing through the jugu lar foramen; lower down, the vein and artery lie upon 
the same plane, the glosso-pharyngeal and by poglossal nerves pa ss ing forward 
between them; the pneumogastric descends between and behind th em in the 
sa me fol.heath, a.nd the s pinal accessory passes obliquely outward behind the 
\'cin. A t the root of the neck the vein of the right s ide is placed at a little 
distance from the a r tery; on the left s ide it usually lies over the artery at its 
lower part. The right in ternal jugular vein crosses the first part of the subclarian 
a1·ter.y. The ve in is of considerable s ize, but rnries in <lifferent individuals, the 
left one being usually the small er. I t is provide<l with a. pair of valves, which 
are placed at its poin t of termination or from ha lf to three.quarters of an inch 
abo\·e it. 

T~butaries.-This vei n receives in its cou rse the facial , lingual, pharyngeal, 
~npenor aml middle thyroid \'e ins, and sometimes the occipital. At its point of 
junction "ith the branch ~ommon to the tcmporo-maxillary an<l facial ve ins it 
becomes greatly increased in size. 

The lingual veins commence on the dorsum, s ide:-). and under su rfa ce of the 
tongue, :111<1 1 passing backward, following the course of the ling ual artcrv and its 
br::mches, terminate in the internal jug ular. 8ometim es the raninc ,·ein:wbich is 
·~branch of' c011siderable s i"e commencing below the tip of the tongue, joi ns the 
l111gun l. Generally, however, it pusses backward, crosses the Hyo-gl oss~1 s muscle 
in compan.v with the hypoglossal nerve. and joins the f'a.cial. 

The pharyng~al vein commences in a rninute plexus, the pltar.1Jngeal, at the 
back part and fol. ides of the pharynx, and after recei,· ing meniLweal tributaries 
a:HI the Viilian anti spheno-pal.at ine rnins, termi nates in the in ter~al jugula r. I t 
occaf.liona lly open:;; into the facial. lingual, or superior thyroicl vein. 

_,!'he superior thyroid vein commence~ in the ~mbstance and on t he surface of 
the tl~~-roi<l g-land by tri~utarie~ corresponding \\ ith the branches of the s uperior 
thyroid artery. an<l term inates Ill the upper part of the in iernal jugular vein . 
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The middle thyroid vein collects the blood from the lower part of the lateral 
lobe of the thyroid g land, and, being joined by some veins from the larrnx and 
trachea, terminates in the lower part of the internal jugular Yein. ' 

The facial and occipital veins ha\'C been described abO\'C. 

septi~!h~!~1~l~o~~~}0ili~ ·~~:~~j !i~!;~:1fyo!::g~~;>~~~1:io~~ci•~~i~l~~ll~:1i<lai~r~~r~if~r~~~Je; 1~o c~~~~·e~1~ 
c111l.10li:-;m of the thorac1e v1sc:era. llus operation has been performed recent\\- 111 several cases 

:~;~1 ,~.~~i1 1d:\1~~~~1~f·1~~~ ~~i1Y~~~· P~~~~:;~l~~:sa~~i~~~~n~~l~)~~!:,~~·cy~!~1~~1 r?i!J!~ ~'~~~~~~ i~· ~1i~edi~-i~11~ 
acute septic iuflammatiou, !ipreading to the mastoid cells, and con!:icqueut on this septic throm
bosis of' the latcn.\I sinus cxtcm~i ng to t_he internal jugular vein. Such c:a:-:cs are always extreme~y 

~~~b~ii[.~1r i~1~h~ ~i1~~-:~~i~~~~c~;.a~ 1?r11~~~0~1~; ~1~!~!~;\~ic:~~~~. ~~~~'~1~~~\~~~J\g~111~\-~~11~i~1fe ~~i!~~ 
nal jugular \·ein in the middle of the nec:k. The operation is a comparati vely simple one, and 
may be performed by an incision similar to that employed in ligature of the common carotid 
artery. 

11he Vertebral Vein commences in the occipital region by numerous small 
tributaries from the <leep muscles at the upper and back part of the neck; these 
pass outward and enter the foramen in the trans\·erse proce~s of the atlas, and 
descend, forming a dense plexus around the vertebral artery in the canal formed 
b.\· the transverse proce~ses of the cenical \·ertebra?. 'fhis plexus unites at the 
lower part of the neck into two main trunks, one of which emerges from the 
fora.men in the trans\·erse process of the sixth Cel'\'ical Yertebra, and the other 
through that of the se,·enth, and, uniting, form a. s ingle vessel. which terminates 
at the mot of the neck in the back part of the innominatc \"ein near its origin. its 
mouth being guarded by a pair of rnh·es. On the rigl1t s ide it crosses the first 
part of the subcl;nian artery. 

Tributaries.-The \"ertebral vein receives in its course a vein from the inside 

:u~~l~ss~~l 1t1h~hl~·~:\?~:.t:~~ae°1~::~-~~r; cd~1~-L1~~?n~lr:~i1~~.; f1~~~s~b~aba:tn~a~'.~0:f ~~: 
cervica l ponion of the spi ne; meningo-rachidia.n \·e ius, from the interior of_ the 
spinal canal; the anterior and posterior vertebral veins; and close to its termma
tion it is joined by a. small vein from the first intercostal space which accompanies 
the su perior intercosta l artery . (Sec page 666.) 

'l'hc anterior vertebral vein commences in a plexus a.round the tnlllf.l.Ycrse pro
cesRcs of the upper cenical vertebrre, descends in company w_it)1 the. ascendi_ng 
cen·ical a.rtery between the Scalenus anticus and Rectus cap1t1s antic11s maJor 
muscles, and 

0

opens into the \·ertebral vein just before its_ termiuatio~1. 
'.l'he posterior vertebral vein (the deep cervical) accomparnes the profunda ccr

\"icis artery, lying between the Complexns and Semispina lis coll i .. I~ comI?ences 
in the suboccipital region by communica!.ing branches from the occ1p1t~l ,·em ~nd 
tributaries from the deep muscles at the back of the neck. ~t recen•es tnbu
tarics from the p1exuf.l.es around the spinous processes of the cerncal \·crtebrre, and 
terminates in the lower end of the vertebral ''ein. 

The Veins of the Diploe. 
The diploc of the cranial bones is channelled in the adult by a number of 

tortuous canals, which arc lin ed by a more or less complete layer of compact 
tissue. 

The veins thev contain are large and capacious, their walls being thin. and 
formed only of cridothel ium resting upon a layer of elastic tissue, a1~d they pre
Rent at irreuuln.r intervals pouch-like dilatations. or cul~-de-sac, wh1cb sene as 
reserrnirs f;.· the blood . These arc the Ycins of the diploC; they can only be 
displayed by removing the outer table of the skull. . . 

In adult life. as long as the cranial bones arc d1st111ct and separable. these 
Yeins are confined to the particular bones; but in old age, when the sutures are 
united. they communicate with each other and increase in size. These Yessels 
communica

0

te, in the interior of the cranium, "ith the meningeal Yeins and with 
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tlu..' 8iuuscs of the dura. mater, an<l on the exterior of the skull with the \·eins of 
the pcr\cr:rniurn. They are ~i\·i<lcd into the .f(ontal, which opens in~o the supra. 
orbital vein by an aperture Ill the supra-orbital notch; t~e anterwr tem1wrrtl, 
"hich is confinetl chieHy to the frontal bone, and opens mto one of the deep 
icmporal 1;eins, after escaping by an aperture in the great wing of the sphcnoitl; 

F1G. 382.-Veins of the DiploC as displayed by the removal or the outer table of the skul l. 

the poster,'or temporal, which is confined to the parietal bone. and terminates in 
the lateral sinus by an aperture at the posterior inferi or angle of the parietal 
bone; an<l the occipital, the largest of the four, which is confined to the occipital 
bone. and 011ens either into the occipital vein or internally into the lateral s inus 
or torcular !Ierophili. 

The Cere brat Veins. 
'11he Cerebral Veins are remarkable for the extreme thinness of their coats in 

consequenct: of the musculn.r tissue in them being wanting. and for the absence 
of val res. The.Y may be clh·iclecl into two sets : the superficial, which are placed 
on the surfa'"'e, and the deep veins, which occupy the interior of the organ. 

'l1be Superficial Cerebral Veins r:i.mify upon the surface of the bmin, being 
lodged in the sulci between the con'"oluti ons, :t few rnnning across the convo\u. 
tions. They receive br:rncbes from the s ubstance of the Lrain and terminate in 
the sinuses. They are named, from the position they occupy, superior, median. 
and inferior \!erebral ,·eins. 

'l'be Sup€rior Cerebral Veins, eight to twch·e in number on each side, return 
the blood from the convolu tions on the superior surface of the hemisphere; they 
pa~s forward anU. inward toward the great longitudina l fissure. where they receive 
the median cerebral veins; near their termination they become invested with a 
tubular sheath of the arachnoid membrane, and open into the superior longitudi· 
nal sinus in the opposite direction to the course of the blood. 

The Median Cerebral Veins return the blood from the convolutions of the mc!"ial 
surface of the corrcspoudin~ hemisphere; they opeu into the superior cerebral 

'·eit~~he0~n~~~:~og:~~-~r~~t~:i~~ ~::~·};rol~~~~tul~\~~!. ~)i:i~s~f the outer and on the 
under surface of the cereLral hemisphere. ~ome, collecting tributaries from the 
under surface of the anterior lobes of the brain, terminate in the cavernous sinus. 
One vein of large size, the middle rerrlmtl 1•ein, commences on the under surface 
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of ~tie temporo-sphcnoidal lobe, and. running along the fissure of Sylvius1 opens 
in!:) the cavernous sinus. ..Another large vein, the yreat a1uudomotic vein of Tro
{ard, commences on th.e parietal lobe, runs along the horizontal limb of the fissure 
of SylYius and opens 111to the anterior part of the ca,'ernous sinus under the lesser 
wing of the sphcnoi<l. Others commence on the under surface of the base of the 
bra.in, and unite to form from three to fiye veins, which open into the superior 
petrosal and lateral sinuses from before backward. 

The Deep Cerebral , or Ventricular Veins (vence Galeni), a.re two in number. 
They arc formed b.v the union of two Yeins, the vena l·orporis striati, and the 
choroid l'ein 1 on either side. 'l'hey run backward, parallel with one another, 
between the layers of the \·clum interpositum, and pass out of the brain at 
the great t ransr(}rse fissure, between the posterior extremity, or .9pleniu111, of the 
corpus callosurn and the tubercula quadrigemina, to ent.er the st raight sinus. The 
two reins usua lly unite to form one before open ing into the straight s inus. 

'l'he vena corporis striati commences in the grooYe between the corpus striatum 
and thalamus opticus, receives numerous \·eins from both of these parts, and unites 
behind the anterior pillar of the fornix with the choroid vein to form one of the 
\'enre Galeni. 

'l'he choroid vein runs along the whole length of the outer border of the choroid 
plexus. recei\·ing veins from the bippocampus major, the fornix and corpus callosum, 
and unites. at the anterior extremity of the choroid plexus, with the vein of the 
corpus striatum . 

'l'he Cerebellar Veins occupy the surface of the cere!>ellum. and are disposed in 
three sets, superior, inforior, and lateral. The superior pass forward and inward 
across the superior ,·crmiform process, and terminate in the straight sinus; some 
open into the ,·enm Galcni. The inferior cerebellar Vf'ins, of 1al'ge size. run trans
Yersely outward, and terminate by two or three trun ks in the ln.teral sinuses. 'The 
lateral cerebellar 1.H.:ins term inate in the superior petrosal s inuses. 

The peri\'ascu\ar lymph-sheaths alluded to above (see page 87) are especially fou nd in con
nection with the vcRsels of the brain. These vessels are enclosed in a sheath which acts as a 
l.vmphat~c cl!ai.mel. throuA"_h wh ich t he l,vm 1?h is c~1Ticd to the subarachnoi<l and subdural spaces, 
from which 1t 1s returned mto t he general c1 rculat1on. 

The Sinuses of the Dura Mater. 

The sinuses of the dura mater are venous channels, analogous to the \'e ins, their 

fi~\~'~ c!~~ ~~~:!cf~~~~~ ~~i1~~-e cl,f ~~~)~:::r~ft~~~~ \ ~n ~\~~ bbC~·. :~~~n ~:-~ 11c~i\~f ~e~f i~l:~ 
two sets : 1, those situated at the upper aucl back part of the skull; 2, those at 
the base of the skul l. The former are-the 

Superior J-'ongitudinal. Straight Sinus. 
Inferior Longitudinal. Lateral Sinuses. 

Occipital Sinus. 

The Superior Longitudinal Sinus occupies the attached margin of the falx 
cerebri. Cornmencin" at the foramen cfecum, through which it constantl ~r com
mun icates by a small branch with the \'eins of the nasal fossm, it runs from before 
backward, groov ing the inner s~r.fa.ce of tbe front.al, t~ie adjacent ma1:g~ns of the 
two parietal, and the su perior dn•1s10n of the cru cial n clgc of the occ1p1tal bone, 
and terminates by opening into the torcula.r Ilcrophili. ~l.1be s inus is triangular 
in form, nanow in front. and gra? ually incrcas i ~g in size as i.t passes backwa~·d. 
On examini1)g its inner surface 1t presents the mte1:nal openrngs of the sup~nor 
cerebral veins, which run, for the most part, from behind forward1 an<l open chiefly 
at the back part of the sinus, their orifices being conccale1l by fibrous folds; 
numerous fibrous bands (clwrdce Willisii) arc also seen. cxtcn<lin~ trans~·ers~ly 
across the inferior angle of the sinus; and. lastly, some small •. wh1tc1 project.mg 
bodies. the ,qlawlu/o> Paahioni. '11his ~inus recei\·es the supenor c~rebral ve1~s, 
numerous reins from the diploC and dura mater, and. at the postenor extremity 



658 THE l'Rf,YS. 

of the :-agittal 1mture. ,·eins from the pericranium, which nass through the parietal 

fora men. 
1.'be tnrcular 1-ll'tO])ld/i is the dila.tcd extremity of tl_1c bUperior longitu~innl 

sinus. It is of irregular form, and ts lodged ~111 one ~Hie (gcn.crally the ng~1t) 
of the internal occipital protuberance. ~rom 1t the lateral !'Illus of the. s.1dc 
to "hich it is deflected is deri,·cd. It receives also the blood from the occq11tal 
sinm~. 

The Inferior Longitudinal Sinus, more correctly described aSi the iJ~ff:rior [M1.t1i 

twli1wl t'rin, is comained in the posterior part of the free margin of the fah 
cerebri. It is of a, cylindrical form, increases in size as it passes back"ard, and 
terminates in the str;ight sinus. It recciYcs several veins from the falx cerebri, 
and occasionally a few from the mesial surface of the hemisphcr~s. 

r11 hc Straight Sinus i8 situated at the line of junction of tbe falx ccrcbri with 

~1~~1 t,~~11~~1~ ;~ ITq u!: )~1~1~:.~~~,~~:.1cf 1~~1~1 r~~~t "~~~;t~~~~n i 1~h~ 1~~1~ i j,~.si·~~~~pst ~;~~ ;:~;·~1,~ 
lon"ituclinal sinus to the lateral sinus of the opposite side to that mto ,d_nch the 
sup~rior longitudinal sinus is prolonged. It communicates by a cross branch 

Torc11lal' llerophili 

\'crtiealsectionofthesknll,showlng thesinuscsofthccluramntcr. 

with the torcu1ar Ilerophili . Beside the inferior loBgitudinal !-<inus. it rccei,·es 
the ,·enre Galeni and the superior cerebe1lar Ycins. A few trans,·erse bands cn.i:;s 
its interior. 

'l'he Lateral Sinuses a.re of large size, an'l are !-<ituatcd in the attached marµ:in 
of the tentorium cercbclli . 'l1he,Y commen?e at the internal Clccipital protuberance. 
the one, generally the right, being the direct continuation of the superior longi
tudinal sinus. ihe other of the straight sinus. They pass horizontally out"arcl 
to the base of the petrous portion of the temporal bone, then tune do" nward and 
inward on each side to reach the jugular fora.men, "here they terminate in the 
internal jugular Yein. Each sinus rests, in iu; course, upon the inner surface of 
the occipital, the posterior inferior angle of the parietal, the mastoid portion of the 
temporal, and on tbc occipital, again just before its termination. These sinuse..:. 
are frel1ucntly of unequal size. th::tt formed by the superior lon~itudinal sinus being 
the larger, and they incrense in size as they proceed from behind forward . The 
horizontal portion is of a triangular form. the cunc(I portion sernicvlindrical. 
Their inner surface i..:. !'mooth. and not cro::;sed h,· the fihrous hands fcn~ncl in the 
other sin11:-e..:.. The:--e sinuses rccci,·e the blo(ul i'rom tltl' ~uperior petro!-<al sinuses 
at the base of the pctrous portion of the temporal hone. and they unite with the 
info1·i11r petrn~al ~inu~, just external to the jugular foramcn, to rc;rm tbe inten1ai 
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jugular vein (Fig. 386) .. They commu.nicate with the ,·eins of the pericranium 

by means of. the. mastoid and p~stcn~u· condyloid Yeins, and they rccei\'e 

some of the mfcnor cerebra l and inferior cerebellar veins and some veins from 

the diploc. 
T.he Occipital is the smallest. of. the cra~ial sinuses. It is generally single, but 

occ~..:;wnall.'' there are two. It is situated .in the attached margin of the falx cere

bcll1. It commence~ b.~ ~erera l sma!I "?m~ around the margin of the forarnen 

m~gnum, one o~ wh1~h JOlll~ the term111at1on of the lateral Rinns; it communicates 

with the postenor spmal \'ems and terminates in the torcular Ilerophili. 

The sinuses at the base of the sku ll are-the 

CaYernous. 
Circular. 

TraUS\'erse. 

Superior Petrosnl. 
Inferior Petrosa.I. 

'fhe Caver~ous Sinuses are nam~d from their presenting a reticulated structure. 

They are two ID number, of large size, and placed one on each side of tLe sella 

Duramalel'/i11fo9 
pitHitaryfossa. 

behtJg_.38-1.-Plan showing the rclalin: 1>0sition of the structures in the right ca\'cruous sinus, viewed from 

turcica, extendi ng from the sphenoidal fissure to the apex of the petrous portion 

of the temporal bone; they rccei\'e anteriorly the OJ~hthalmi c \'Cin through the 

spbenoidal fissure, and open behind into the petrosal sinuses. On the inner wall 

of each sinus is found the internal carotid a.rter.v, accompanied by filaments of the 

carotid plexus and by the sixth nen'e; and on its outer wali, the third, fourth. and 

ophtha lmic division of the fifth ner\'e. These parts are separated from the blood 

flowing along the s inus b.v the lining membrane, which is cont inuous with the 

inner coat of the veins. The cavity of the sinus, which is larger behind than in 

front, is intersected by filaments of fibrous tissue and small ,·es~cls . The caYernous 

sinuses receirn some of the cerebral \'Cins; they communicate with the lateral 

sinuses b.Y means of the superior and inferior petrosal, and with the facial \·ein 

through the ophthalmic. They also communicate with each other by means of the 

circular sinus. 

Surgical Anatomy.-An arterio-Yenous communication may be estflbli;;hed between the 

~~L~~no~~1:~~u:o~~1
1~n~:~~·acS~~~i~!,:)•:tb~\1~ 1~!s::j~ ~f ii~jl~~~:i~~cl~i~~s 

1~ bu11J~~~~·~::~t::1~~~b'.0o~h: 
blow or foll :mffi«ienth" !'C\'Cre to cau!'e a fracture or the hase of the !<kull in this situation, or 

f ,~:;; .• ~~\~'.a~~i<l. ; ~~~1~.~~t h :fii\~ \1 r~~~~e t ~~ ~ f ,~~y~\~i ~·~1 ~~1cirl
1c1~11~~i~~~ :~:1<l1~:i 1~ l ~e~ I~~< lh c~1~l~ i ~oll~,~~d t ~.~ 

exophthalmos, and de\·elo11mcnt of' a pulsatin~ tumor at thC' marl!in of the orbit, with thrill 

an<l the diarartcristi<' bruit. In some cases the opposite orbit be.(·omes affected by the JJassa!?:e 

b:~~!len~:.~~cfi·:~: i~~o~~Y i~11~~0:1
1~h ~J';~,~~!! ~s~~'..~,"~e:~~ (~~~,;~ .. ~~ ~,

1;1~ )C'[~~~~~1 ~1:~i ~~~;·yg<~:i 1~1
1~~1~1~·.t~i;~~ 

the1we into the vein~ of the f'ac·e. Pubatin!! tumors of the orbit uiay al:so be due to traumatic 

ancuri:;m of one of the orbitnl art<'riC':;;, an.d sy!uptom.s rcscmhlin~ tl~ose of vul"-flting tymor may 

be produ(·ed by prc!'s11rc on the ophthalnnc YClll, fls 1t enten; the smus, by an aneur1::.m of the 

internal carotid artery. 

The ophthalmic is a large vein which connects the angular vein :tt the inner 

angle of the orbit with the ca,'ernom~ sinu~; it p11rsuc:.;. t he same coursr as 

the ophtha lmi c artery. and recci,·es tributaries correspondmg to the branches 

derived from that v'essel. Forming a. short single trunk, it passes through 
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the inner extremity of the spbennidal fii;':sure nnd tC'rm inatcs in the caYernous 
smu~. 

'l'llf' l1~fri'ior (Jplttlwlmir l ,..ein .. -S~mctime:s the :·ein~ from. the ~l oor of the orbit 
cnlll'ct into a ~eparate trnnk, the u~frnor oplttltalmw 1·t·m, wluch either pa~ses out 
of the orbit through the ~pheno-maxillary tissnrc to join the pterygoi<l plexus of 

:~:~~.:.~~~s ~!is~~1s~l~~:;11:~ 1~,~1~;~'~;;::1ra:~1~ll~~~:n~1~r sj1,~h~:~::::~~n f~~~~~~·c;h~ :,~~~~~}~~~ 
\'Cin. 

'l'he Circular Sinus is formed by two tnrnS\'ersc \'Csscls "hi ch connect together 
the two ca,·ernous sinuses, the one passing in front and the other . bcLin<l the 
pituitary body, and th.us fo rrn.i ng with the <:1HCl'l10t1 s.sinuscs a Yenous ci rcle aroun.<l 
the body . The anterior one 1s usually the larger of the two, and one or other is 
occa~ionally f'on nd to be abf.l.ent. 

The Superior Petrosal Sinus is s ituated along the supe ri or border of th e petrous 
portion of the tempora l bone in the front part of the attached margin of the 
tentorium. It is smal l and narrow, and connects together the casernous 

'""'"-- •· '"'·'. Opeuingofmastoid 
'. t'tlll. 

and lateral sinuses at each side. I t receh·es a cerebell a r Yein (rmterior lateral 
a>"ebellar) from the anterior border of the ce1·cbcllum, and a ve in from the 
internal car. 

'l'hc Inferior Petrosal Sinus is s ituated in the grooYe formed by the junction of 
the posterior border of tbc petrous portion of the tem pornl with the basilar process 
of the occipital. I t commences in front at the te rmin a ti on of the cavernous sinus, 
and behind joins the lateral s inus after it has passetl through the jugular foramcn. 
the junction of .these two sinuses form ing the commencement of the internal 
jugular vein . 

'11be junction of the two si nuses takeR place at the lower border of, or just 
externa.l to. the jugular foramen . The exact relation of the parts to one another 
in the foramen is a~ follows : 'llhe mferior pctrosal :-in us is in front, with the 
meningeal hranch of the a:::<:ending pha.ryngl'al artery, and is directed obliquely 
<lnwnwarcl and backward: the lateral sinus i:s :sllnated a.t the back part of the fora-



men with a meningeal brnnch of tbc occipit:ll artery, and between the two are 

the g:losso-pharyngcal, pneumogastric. and spinal accesson· nenes. These three 

sets of structures are di,·ided from each other bv two prOcesscs of fibrous tissue. 

'~1 he junction of the sinuses takes place superficiai to the nern•s , so that these latter 

he a little intcrncli to Lhe ,·~nous channds in the foramen (~cc Firr. 380). 'These 

sinuses are semicylindrical 111 form. 
0 

'rbe Transve~se Sinus, 01· basilar sinus, eonsists of sercra\ intedacinrr veins 

bet.ween the layers of the dura ma.ter over the basilar proce:::-; of the oc<:iJJit~l bone, 

which sene to connect the two inferior petrosal sinuses. With them the anterior 

spinal ,-eins communicate. 

Emissary Veins.-The cmis~a.ry veins are vessels which pass through apertures 

f1c;,:';.~.-lfrla1ionofner\'CStosinu~i:sinjugulurfor
umt·u. ( llcule.) 

in the cranial waJI and establish communications b('twc('n the sinuses inside the 

skull and the veins external to it. ~ome of these a.re always prcr-:.cnt, others only 

occa!-ii1mall.'· so. They vary much in size in different indi,·icluals. 'rbe principal 

cmi~sary vein:-) a.re the following: 1 . .A Yein almost always present, \\ hich pas~cs 

through the mastoid foramen arHl connecti; tlic laleral sinus with the posterior 

'Luricular or with an occipital vein . 2. A Yein which pa~scs through the parietal 

furamen and cnnnects the superior lonf!ituclinal sinus with the veins of the scalp. 

3. A plexus of minute veins which pa!-:is thrnugh the anterior cond_yloid foramen 

and connect the occipital sinus with the ,·ertebral vein an1l deep Yeins of the netk. 

-!. An inconstant vein which passes thro11gh the posterior condyloid foramcn and 

connects the lateral sinns with the de('p n.•ins of the netk. ;). One or t"o Yeins 

of considerable size "hicb pass through the fora men ova le and connect the C'a.\'

ernous sinus with the pterygoicl and pharyngeal plexuses. G. Two or three small 

\'eins which pa~s through the fonunc11 lacC'rum medium and connect the C:1\'Crnous 

sin•1s with the pterygoid and pbaryugcal plexuses. 7. 'l'Lerc is smuctimes a ~mall 
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vein pa~~ing through the foramcn of Y e~alim; .cnnn ecti n~ the f.:amc ~arts . 8. A 
plexus nf n :•ing 1m~sing through the carotid t:rna l a_ml tnm~cctrng t~e Ca\·· 

crnous ~mus with the mtcrnal Jugu lar 
\'Cin. 

Surgical Anatomy .-These emis~a ry 
\'Cill!<i are of' .!! r c:.11 importam.:e in sur.crery. In 
atlditio11 l0 them then: arc. however, other com· 
nnmita tio11s between lhc iJllra· :rnd cxtra.-era
nial circulation. a~. for instance, tliecommuni
cation of the an!!;ul:w and :-;upra-orbita l Ycins 
with the ophthalmic n:in at the inneran).!le of' 
the orbit (Jlilb!C 1153), and the c:ommunication 
ol'the veins or the scalp with the diploic \'eins 

~ff~~~,"~~~;;,k;;;;~~~~~~:,~~:~\~:.~:~::r~~~~m~:~~~ 
osteo-phlchitis of the diploC !ind iuf:la n~mation 
of the memhrancs of the lmun. To th is must 
be arn·ilHU t•d 011c of' the principal dange1-:s of 

sca lpJ3~,0 ~~~1l~~:n~ 11~r°11J1~~!1~~ii~~'\~!,' ~,1~fn~alfi~1 
i~~ ~1~;1c~~n i ~: : i~.;;:~~: L'\~ i 0~~1.111 01~~r cl \1~~:11;~~c!~'}~~.:11~~ 
applied bchi11d the car abstract blood almost 
directly from the lateral sinus throu~h the \'Cin 

~~i::~~;! t~J~~~lr~:1e,,:;1i3t~~~~fi~~l~~~=N~ve~~;~;~· 
headaehe, the blood which flows from lhe nose 
being dcri\'Cd from the lon!!illldinal sinus by 

fb~~1::1scn°~~~~n~·~i'~hi~l:ii!1 a1:i~~h:r t~~~l~~~n{~~~ 
tion bet weC'n the intracranial and extra.cranial 
circul;1tio 11 whit;h is constantly found in children. 

VEINS OF THE UPPER EXTREMITY 
AND THORAX. 

The \'Cinsof the Upper Extremity are 
divided in to two sets, superfirialancldeep. 

rrbc Superficial Veins are placed im· 
mediately beneat h the integument be· 
f\\ ccn the two layers of s uperficia l fascia. 

rrhc Deep Veins accompany the ar· 
teries. and constitute th e ' 'en re comitcs 
of those vessels. 

Both sets of ,·essels are provided "ith 
vah es, which are more numerous in the 
deep than in the superficial. 

'l'h c superficial ,·eins of the upper 
extrem ity a rc-the 

Su perfi cial ,·cins of the Hand. 
Anterior L:lirnr. 
Posterior Clnar. 
Common "Glna.r. 
Radial. 
Median . 
M edian Basilic. 
Media n Ccpl1alic. 
Baf'lilic. 

l1'1G. ~i.-Tht: .. upcrlieial ndn-. of the upper extremity. Cepha li c. 

The Superficial Veins of the Hand and Fingers arc principally situated on the 
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dorsal surface, and form two plexuses, an inner anll outer on the back of the 
hand. Th~ inner plexus i~ formed b.y the Yeins ~mm the lit~le finger (1·ena salva
f1·lla), the i:mg finger, ~nd the uln~Lr side of the nrnldle finger; from it the anterior 
and posterior ulna.r vcrns arc dcr1ve<l . The outer plexu~ is formed by ,·cins from 
the thumb, the inclcx finger. an<l radial side of the middle fin<rer ··from it the 
radial rein is deri,·ed. These two ple.rn~es communicate on the b~'lck' of the hand 
forming the superficial arch of ,·eins in this situation. The superficial veins frot~ 
the palm of the hand form a plexus in front of the wrist, from which the median 
rein is deri,·e<l. 

The Anterior Ulnar Vein commences on the anterior surface of the ulnar side 
of Lhe hand and wrist, and ascends along the anterior surface of the ulnar side of 
the forearm to the bend of the elbow, where it joins with the posterior ulnar Yein 
to form the common ulnar. Occasionally it opens separately into the median 
basilic vein. It commun icates with branches of' the median· \'cin in front and 
with the posterior ulnar behind . 

The Posterior Ulnar Vein commence:5 on the posterior surface of the ulnar si<le 
of the wrist. It runs on the posterior surface of the ulnar side of the forearm, 
and just below the elbow unites with the anterior ulnar \·cin to form the common 
ulnar, or else join,:.; the media11 basi li c to form the basilic. It communicates with 
the deep ,·eins of the palm by a branch which emerges from beneath the Abductor 
minimi digiti mu:.cle. 

The Common Ulnar is a. short trunk which is not constant. When it exisrs it 
is formed by the junction of the two preceding veins. and, passing upward and 
outward. joins the median basilic to form the basilic vein. \\'hen it docs not 
exist the anterior and posterior ulnar veins open separately inro the median 
basilic ,·ein. 

The Radial Vein commences from the dorsal surface of the wrist, commun i
cating with the deep ,·eius of the palm by a branch which passes through the 
first interosseous space. It forms a largo vessel, which ascends along the radial 
side of the forearm and receives numerous veins from both its sul'faces. At 
the bend of the elbow it nnites with the median cephali c to form t he cepha lic 
vein. 

The Median Vein ascends on the front of the forearm. an<l communicates with 
the anterior ulnar and radial Yeins. At the bend of the elbow it receives a branch 
of communication from the deep veins, a.nd <liYidcs into two branches, the median 
cephalic and median basilic, which diverge from each other as they ascend. 

The Median Cephalic, usually the smaller of the two, passes outward in the 
groo,·e between the Supinator longus and Biceps muscles. and joins wirh the 
radial to form the cephalic \·ein. The branches of the external cutaneous none 
pass beneath th is vessel. 

'I'he Median Basilio Vein passes obliquely inward, in the groo,·e between .the 
Biceps and Pronator radii teres, and joins the common ulnar to form the basilic. 
This vein pas~cs in front of the bra.chial artery, from which it is separated by a 
fibrous expansion (the biripital .fa.•cia) which is given off from the tendon of the 
Bicep~ to the fascia co,·ering the Flexor muscleg of the forearm. Filaments of 
the internal cutaneous nen·e lrnss in front as well as behind this vessel.' 

Venesection is mmnlly performed at the bend of t,hc elbow, anrl as a matter o~ practice the 

~~~~;1~~~,i~1i~~11 ~~~~a;;t.~~~~0~1ni~l di~;~3~~1:11i~;:~e;~:d~el;~~ir~~s tl~t~,:~~~1'nt.hc ,p;,~1 :~d1v~~~~~~s a~1?eit~h~~ 
i~a~~~~~~~bl~ ~~1~ 1 ~~i1~1iet~~sl1~;~::::~1~~J1o~h~l~~fbi~i1;i~~lld}~:C.j~ ~~c~~.\~fc.1~ 1i~1~~~~i~.f ~11~:dl~adsv~11~~ 
}~~~ ~r~;1(\hf~r1~~~:1.:.:1 ~~h~0n \~!~,t~~~~~i~~~ '~~'.~~ ~!~~l~~\\~t'.:\\1'.!:~~ci~~~l~~11:.~•~·~i~·~'C~~~~~sb;,~!~r~~~1ip~~! 
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~;~1~~~~1l'll~:- 1~1~1~1c r~ru:fu~ 0i~r.~ 111~'.h~~r~f t:!~ i;;~~~~~ll'~u~\~~:~~~:~1111~~~~./~;11~111'~\1 ~!:; 1::~~'. 1 ~n ll~\~j~iS iir~ 
tht' opc1\ltion, g i\·in!.! ri~c to ·· mwruati1· neurakia ol' l'Xtrcmc inll'H!:'ity" {'l'illaux). 

The Basilic Vein i::-:. of con:--iderahlc :.:izc, formed lff the coa lc:--1·enc:c of the 
common ulnar ,·ein with 1he rncdi:rn ha~ilic . l t p:.t~:'t'~· tqrnan.1 along the inner 
~i1ll' of the Bic:ep:' rnu:.:cle1 pierces the deep fascia. a. little below rhe midtllo of the 

f~·1~~.· ,'.~~~!: ~~~fcnhd:~~c~~e~~~ ~~~~1;:\~~h~~: t~;~a~1~~aL.~~~~:1'\.~e~·~i~0a~~~e!~ the a~il-
Thc Cephalic Vein cou rses along the outer border of the Biceps mu~rlc, lying 

in the sanH.' O'roove '' ith the upper cxterµ al cuta neous bra nch of the musculo-spiral 
nerve, to th~ upper thi r<l of the ann: it Lhcn pa ~scs in the intcnal between the 
Pectora lis major and Deltoid muscle:;, lyi ng in the sa me groove with t~1 e de~tl'!Hling 
brnnch of the acromiaJ-thoracic a rtery. l t pierces the costo-con1c:0Hl !lll' 1~1brane, 
antl terminates in the axillary vein just below the c:l:n1 icle. 'l1hi s n~m 1s or~a
sionally con ncctc<l with the external jugular or s ubclavian by a bran c: h \\l11c:h 
passes from it upward in front of the cla\ icle. 

Th e Deep Veins of the Upper Extremity follow the cou rse of rhe arteries, 
forming their Ycnre com ites. Th e,\· are gencrn lly t"-o in number, one 1.dnf! on 
each ~idc of the correspondi ng artery, and the~\' arc connected at in te rvals by 
shnrt trans\•erse b1·anches. 

'l'hcrc are two digital ,·e ins accompanying: each artery along the sides of the 
finger:; : thc~e, uniting at their br.se, pass a long the int crosscous spaces in the 
pa lm, and tem~inate in the two ,·ena~ comites "hich accompany the superficia l 
palmar arch . B ranches from these vesse ls on the radial s.ide of the hand accom
pany the superficial is. Yo lre. and on t he ulnar side terminate in the deep ulnar 
veins. 'J' he deep ulnar veins. as the~' pass. in front of th e wrist, com municate with 
the in tcrosseons and superficia l vei ns. aml at the elbow unite with the deep radial 
veins to form the vcn;-:c corn i1 es of th e brachia I arterr. 

~1_1 h e Interosseous Veins accompany the an tcrio;· and posterior interosseous 
arteries. 1l1he anteriol' intcrosseous ''e ins commence in front of the wrist, \1 here 
the.v communi cate with the deep radial an<l ulna.r veins; at the upper part of the 
forca.rm tltc,v receiw• the posterior interosscous veins, and terminate in the 1·enre 
comitcs of the ul!Htr <trtcry. 

The Deep Palmar Veins accompany the deep palmar arch, being formed by 
tributaries which accompany the ramifications of that \"C!S~el. They communicate 
with the deep uln;tr ,·e in;.; at the inner side of the hand, and on the outer s ide 
terminate in the ven~--c comites of the radial arte ry. At the wrist they recciYe a 
dorsal and a pa lrnar tr ibu tary from the thumb, and unite with the deep radial 
,·cins. .Accompanying the ra.clia l artery, these Yessels terminate in the venre 
comitcs of the brachia! arterv. 

The Brachia! Veins are 
0

placed one on each :-ide of the brachia! artery, 
receiving tributaries corresponding with the branches giYcn off from that ,·eto~el; 
just abon• the lower margin of the tendon of the Latissimus dor5ii they empt~' 
into the axillarv ''ei n. 

'J'hc::e deep' ' 'c ins havr numerous anastomos.es. not on ly with each o th er1 but 
also witlt the superficia l Yeins. 

Th e Axillary Vein is of la.rgc size, and is tltc continuation of th C' bnsilic ,·cin, 
rccei,· in g the \'C tHc comites of t he brachia ! artery . lt commences a.t the lower 
part of the. ax ill ~r.\' space, increases in s ize a~ it ascends by rece i Y i1~g tributaries 
concs.pond rng with the branches of the ax illary artery, and te rrnma tcs imme
diately beneath the cJa,·ic· le at the lower bor<ler of the first rih

1 
where i t become!; 

the s ubc:hnian ,·ci n. This ,·es::.el is covered in front by the P ectoral muscles and 
co:-.to-coracoid membrane, and li es on the thoracic side of the axillan· arrerY, 
"hich it partially o,·erlap::; . :Xear its terminat ion it r<:eci,·es the ccph:i li c nill. 
This ,·cin i~ pro'"illc1l with a pair of rn1Yes oppo:-;itc the lower bor<lcr of the :;.;uh
~capuhtris mu~clc: rnh·eR are abo found at the termination of the cephali c aud 
subsca11ular 1·cin:-;. 
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the:;e J!lands, whe11 d1!-<cased, arc apt to bec:omc adherent to dlC nsscl. When wounded there 

~,~~1;~~~; t'.:~~;~1t~:,g;~~:~1~:i~f ·;~~i:;r~:ttf f i;i:1~~:~~~:;1~~~i;:~:~i;~~~9iii~i~t'.~i~~i~~~::t~Ii 
in. Thi:; aJ l.1esion of the Yem to the fascia prevents its collapsing, and therefOrc fa"or:s the 
furious blcc<l111g whic·h takes place in these case:;. 

To rwoid wou.ndim.( the axillary vciu in the ext irpation of canccrOilS glands from the ax ilia, 
no sharp cuttinc:: mst r11111<~ms should be used after the axillary cavity ha!'I been freely exposed, 
and care should be taken to use no undue force in isolating- the gland:.-. Rhould the Yein be 50 

imbedclcd in the mali,!!nant deposit that the latter eannot be rcmO\·ed without ta kin~ :i.way a part 
of the vein, this must be done, the ,·cssel havin~ been first ligat ured abo,·e nnU below. ¥ 

The Subcla.vian Vein, tbc con t inuat ion of the axillary 1 extends from the lowe r 

border of the first rib to the inner end of the sterno·cl::wicular articulation, wh ere 

it unites with the internal jugu lar to form the innominate vein. I t is in relation. 

in front, with the chHicle and Subclasius muscle; behind, with the subclM·ian 

artery, from which it is separated internall.v b,Y the Scalcnus an t icus mu Rc le and 

phrenic nene. Below, it rests in a depression on the first rib and upon the pleura. 

Abo,·e, it is CO\'Cred b.,. the cen·ical fascia and in tegument. 
The subclavian m in occasionally ri se~ in the neck to a lm·el with the third part 

of the subcla,·ian artery, and in two in stances has been seen passing with this vessel 
behin<l the Scalenus anticus. rrhis vessel is usually provided with vahes about 

an inch from its termination in the inn orninatc, just external to the entrance of the 

external jug ular vein. 
Tributaries.-It rccei,·es the external and anterior jugular rnins and a small 

branch from the cephalic, outside the Scalenus, an cl on the inner s ide of that 

muscle the internal jugular vein. At the angle of junction with the internal 

jugular the left subcla.,·ian vein recei,·es the thoracic duct, whi le the righ t sub

claxian vein recei\'es the right lymph at ic duct. 
'!'he Innominate or Brachio-cephalic Veins (Fig. 388) arc two large trnnks 1 

placecl one on each side of the root of the ncck 1 and formed b_v the uni on of the 

internal jug ular aml subcladan .rnins of th e correspo1~ding. s idc . . 
The Right Innominate Vein 1s a $hort Yesscl, an mcb Ill length , whi ch com

mences at the inner end of the cla,·icle, <ind, pass ing almost verticall,Y dow nward , 

j oins with the left innomin ate ' 'e in just below th e cartilage of the first rib1 close to 

the ri aht border of the stern um, to form the superior Yena cava. It lies superficial 

and e~tcrnal to the in nomi nate artery; on its right s ide the pleura is interposed 

between it and the apex of the lung. This \·ein 1 at the angle of junction of the 

inte rnal jugular with the subclavian, re?cive~ t~c. ri gh t ve1:tebral Yein, :.u~d. lowe 1· 

clown , the right in temal 1munmary, ngh t mfonor thyroid, and somctnnes tbe 

right s uperior in tcrcosta l Ycins. . . 
The Left Innominate Vein, about two and a half mches m length , and larger 

than the ri rrh t, passes from left to righ t acro:::is the upper and front part of the ch e~t, 

ttt the ~an~e time inclinin fr downward, to unite with its fe llow of the opposite 

side forminrr the Ruperior 
0
rfnrt Nwa . I t is in rel::Ltion, in front, with the first 

piec~ of tbc
0

stemum, from which it is separated by the Sterno-hyoicl and f't~rno
tbyroi<l muscles, the thymus g land or its remairn;, an~.l son~e. loose a reolar tissue. 

Behind, it lies across the roots of the three large a rtcncs a~·1smg from tbe a rch of 

the aorta. This vcs!-'cl is j oined by the left vertebral, left m tc.rna l mammar.v, le.ft 

inferi or tbrroicl, and the left superior intercostal veins, and occas1onally some thym1c 

and peric~rdiac ' 'e ins. There are no va lves in the innominatc Yeins. 

suc l11;:~~1it1~~~i~j;~~i.1;1~!~~:~,~~~Jri/1Y1~~~~~ 1:.~,~rs~e~1f.8 t?.1~e~~1~1~;.~·~\~!·~~t~1~t~v~;\c b~1~1~\l~tJ~inl~,~i;~~ 
afterc:ommunieating by a small branth wi1h lhc.right one, p~_1;.;scs 1.n front of tl~e rout.of the lelt 

~fi~~d;~·~·::~·~~i:~1~;:,:JJ.i~,~H;~~~~~~1~~:;~~~~~~~;1~~;~i:;E:~:1;::~·~1:.f:·~~~~1~1,~~~~~~:~~:"','.:i'~~,i"~~~ 
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l.~~;~~\~"I~\ ,~~~'i:'',~~c '~'.:.'.~': r~:::k•, ~~~I~;.;;, 1 ~:.~;j" 1i.~.;~~1 '1 1~'' r~,';~ r;;~!i:E::~~:'.:::,i:;:;;:·::~~~::·:~~~.'~;~; 
oblilL'ratt'd a:-- far as lhc hl'a rt. 
where it r l.'mains pcniou::i 111111 
li1n11s thl• t1irm1ary ... it111s: a 
rcmnantol'tlicoblitcratccl Vt?!-.-.l'I 
is !-l't'll i 11 nduh Iii(> a:; a fibrous 
baud Jltll->:sin!:" along t!lC bat·k or 
the lcl'l auricle :i nd 111 frout of 
the root of d it' Jl'f"t lung. (':tllt•d 
by ;'!Jr. i\J ar~ h all the 1•t,stif1illl 
folclrftl11·1Jrr1l.:urdi11m 

'J1hc internal mammary 
veins, two in number to 
each artery, follow the 
course of tba.t vcs.scl. 
n.nd rccci\'C co1Te::-;pon<ling 
bra11d1{':0:. Th e two veins 
of <'at l1 Ride unite into a. 
s in~ l c trunk, which termi
nates in the corresponding 
innorn inatc ,·ein. 

The inferior thyroid veins, 
two, fre<p1ently three or 
four. ju number, arise in 
the ven ous plexus on the 
thvroid body, communicat
in g with t he middl e and 
superior thyroid Yeins. The 
left one descends in front 
of tbc trachea behind tbe 
Ste rno-t hyroid muscle. com
m11nicat itlg with its fellow 
by transYc rsc branches. and 
terminates in the left iu
nom inat c n in . The right 
one. wLich is placed a little 
to the right of the median 
line, opens in to the right 
innom inate vein just at its 
junction with the s uperior 
Yen a cant. These ,-eins 
recei,·c OC$Ophagea1. tra
cheal, arnl inferior laryn
geal vein~, and are pro
,-idc<l "ith va l Yes at their 
tL·rminati1rn in the innom
inate ,·e ins. 

The Superior lntercos
tal Veins return the blood 
from t he upper intercostnl 
~pa te:-;, Lelow the first. 

'J1he right superior inta
r•o,qtal, much i;;mall cr than 

tmi~:!j;~~~'~ -The \'Cn:c CR\'Oc nnU itzygos veins, with their formative ~~lj~~e:i~~cl~~;~~~i~~r~·~~~~~~~~ 
tal artery, recci,·ing the 

hlornl from thC" ~ecornl or second an1l thinl intC'rcostal f.Jl<lCl'~, and, pasRing <lO\\U· 
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ward. terminates in the ,·ena azygos major. Occasionally it opens into the right 
innominatc Ycin. 

The lift .~1111uior intacostal is always larger tlrn.n the ri(l'ht, but \"aries in size 
in different subjects, being small when the left upper azvgos ~·cin is large. and t'icr 
1·erRli. It if!. n~ually formc(l by branches from two Or three upper interCOtital 
~pates bel?w the fir8t, and, passing aero~~ the arch of the aorta. terminates in the 
!eft i~nommatc·yein. The left bronchial Yein an<l the left superiur phrenic open 
into 1t. 

'!'he Superior Vena Cava receives the blood which is conH•ve<l to the heart from 
the "hole of the upper half .of the body. It is a short tru 11k. rnrying from t1ro 
mche~ and a half to three mchcs m length. formed by the junction of the two 
innominatc Ycins. It comrnc.nces immediately below the cartilage of the first rib 
clos~ to the sterm~m on the nght side, and, descending vertically, enters the peri
cardium about an mch and a half above the heart, and terminates in the upper part 
of the right auricle opposite the upper border of the third left costa l carti la O"e. In 
i~s course it describes a slight curve, the com·exity of which is turned to th~ right 
SJ<le. 

Relations.-In.front, with the pericardium and process of cenical fascia which 
is continuous with it: this separates it from the thymus gland and from the ster
m11n: beliinrl. with the root of the right lung: on its nf1M .r.,,i1{e, with the phrenic 
nenc and right pleura; on its !~ft side, with the commencement of the innominatc 
artery and ascending part of the aorta. The portion contained within the peri
car<lium is cornrcd by the serous layer of that membrane in its anterior three
fourths. I t reccirns the vena azygos major just before it enters the pericar<linm, 
and severa l small veins from the pericardium and parts in the mediastinum. The 
superior ,·ena. car a has no val ''es. 

The Azygos Veins connect together the superior an<l inferior ve1uc cavre, taking 

the i,1~~~a~~~~~~~· :.~;~1~ 1 ~t~;g~~a:e!~~ 1(:.Z1~at~:Y~~~s~1~~%~.).i~~1~;~1~~~e~e~~~;osite the 
first or second 111mbar vertebra by a branch from the right lumbar ''eins (the 
~scenrling lumbar); sometimes by a branch from the right renal vein or from the 
mferior ''ena cava. I t enters the thorax through the aortic openi ng in the Dia
phragm, and passes along the right side of the ''ertebral column to the fourth dorsal 
vertebra, where it arches forward O\'er the root of the right lung, and term inates 
in the superior ,·ena ca.rn just before that ,-essel enters the pericardium. Whilst 
passing through the aortic opening of the Diaphragm it lies with the thoracic 
duct on the right side of the aorta.. and in the thorax it lies upon the intercostal 
arteries on the right side of the aorta and thoracic cluct1 and is pintly co,·erecl by 
pleura. 

Tributa.ries.-It rccei,·es, excepting those of the first three spaces, the intercostal 

~c:~11: !1~1-~~: f, r:1~:Ji~~~~; a\1•1 ~ ~~n ~e~·~;:~~ri a~ i :~~~~ ~t~ ~i ~~~t i1 ~~P~~~.~~1~·~: fi~~o ~~i ~1b :e;~~! 
bro11tl11al vein; an<l generally the right superior mtcrco:stal ,·e1.11 .\ fow imperfect 
vahcs are founJ in this vein, but its tributaries arc proridcll with complete rnh·e:s. 

The intcrco11tal veins on the left side. below the two 01· thrcci upper intercostal 
space:-:, form two trunks, named the left lower and the left upper az.ygos veins. 

Th e lift lower, or smallp1· azygos vein (vena azygos minor), commences in the 
lumbar rcrrion by a branch from one of the lumbar ,·cins (ftf;f'e1Hling lumbar) or 
from the l~ft rc11al. I t passes into the thorax thl'ough the lcl't Cl'us of the Dia
phragm, and, asc.::-nding on the left side of the Hpine .as hi~h as the seventh ~r 
eighth dorsal ,·ertebra, passes across t~e column , .belund t!ie aort~ an1.l tb~rac1 c 

~~~~Ct~~} t~~?~~ll~~i.t:~ ~ l~ s; e8 j1~~~ ~~d:·~:! ~·e~~~ ph~~d::t~:~~ ~ ~(~ ~~~l~j ~:tl :::i ~~$\.\'er Ill ter-
The IP.ft 11pper aZ,lJ.f/OS t'Pin ''~rics aecording to the _size of the left superior 

intcrcostal, with which it communicates ubon~. It rccei,·cs veins from 
tlu: intcrcostal spacc!-1 between the left superior intcrco~tal vein anrl highest 
tributary of lLc lt·ft lower azygos. 'They arc usually t"o or three in number, 
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and join to form a trunk which end:-; in the rig11t azygos \'Cin or in tilt• lt•ft lo\lt'r 
:1nJo..... It ;.;.orndinu.·s rl'ct•i\e;:- th<' lrft hron('hial Yt'in. \\"li r n thi~ n~in ii; ... mall 
or·:;ltogc.1tlit•r '':1ntinµ. tlu.• ll'f't superior intcrco ... 1al n.•in '\ill c\ten<l as low as tlw 
fif'rh or :--ixtl.l i11lt'l'(.'O:;tal ~pace.' 

:.~~1 1:!~~~:;~~~~~~:~,:~,:~1~~~~~~~:.·:~~~~1.~~~'.:\l\~ ·r1r~~~~~~~~~?,,:1~~~::~~t:~.,~'.~~1:~~:!.~~E:1:::::1~:
1

i 
n~ 111,.. , aml with m:wy of the tribnta rie~ of the i11forior vcna. c::.wa. 

The br(lnrhial 1·1·in.q rerurn the blood from the substance of the lung:~; that of 
the righr side open:::; into the ,·ena. azygos maj or near its termination; that of the 
left side, in to the left superi or in tercosta l Ye in or left upper azygos Yein. 

THE SPINAL VEINS . 

The numerous venous plexuses placed upon and within the spine may be 
arranged into four sets : 

l. Th ose placed on the exterior of the spinnl column (the dnrsi-Rpinal l•einx). 
2. Th ose situated in the interior of the spinal canal , between the \'Crtebne and 

th e theca vcrtebralis (nwnin,qo-rathidian veinJS). 
3. The vein:; of the bodies of the Yertebrre (I•enre basis i·ertebranun). 
~ . Tb e 1·cins of tbe spinal cord (medulli-spinal). 
1. T he Darsi-spinal Veins commence by $mall branches which receirn their 

F10. :Y.9.-Trans,·er.:e section of a donml ,·ertehrn, sho\1 in~ lhe s11inal veins. 

blood from the inte~ument of the back of the spine and from the mu::-c le:s in the 
vertebral groOH'~- They form a. complica.tcd network, which surrounds the s pinous 
1Jrocessc~. the lamin:-e, and the trans,·erse and articular proces~cs of all the ver· 
tebrrc. At thl' ba!-;es of tbc trans,'erse processes thCJ' commu nicate, by me:rns ot 
fi!-;Cending and descending branches, with the ,·cins surrou1Hling 1bc contig uous 
vertcbrro, a nd they j oi n with the ,·eins in the s pinal canal by branches which 
perforate the ligamenta subHa.rn.. Other branches pass oblil1uely forward , 
between the tran~\'crse processes. and communicate with th e intraspinal veins 
through the intcnertebral foramina. They terminate by j oi ning th e ve rtebral 

:~:~~,~[~:~~f.1,~~~l~~:~t:f~:~Jf.~[~;,:t1J~~i~~:1~~g~W,!g~~· It;~;~1;,:~~~~;~~~~1~Ji 
:;;;~l;,~~:~111·~~~~1 · t~.·~i~~· ·l1:~n::c~~;;~; ;~1:J~r:i~t~~~~i ~}~ci ~l~~~~~1:~11~ :i~! n~igl?~l:~;l~o~~~;o~~~!:~ ~~h:u,1~\ 
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,·eins in the neck, the intercostal ,·eins in the tbnrax, and the lumbar ancl sacral 
nins in tllc loins and pch·is 

:!. The Meningo·rachidian Veins.-'l'h e principal Yeins contained in the spinal 
canal are si~uat~d between the thee~ ,·e~·tebralis and the ,·ertebrre. 'J'hey consist 
of two longitu<lmal plexuses, one of which runs along the posterior surface of the 
bodies of the n•rtebn""e (anterinr longilu·linal .Qpinal iieins). The other plexus 
(11vxtaior fonyitwlinal .'1pinctl i•eins) is placed on the inner or anterior surface of 
the lamina:! of the vertcbr~. 

The .. Lnterior L OH.f/itwlinal Spinal rehts consist of two large, tortuous veins 
'rhich cxtcml along the whole length of the YCrtcbral column, from the foramen 

~~:~111~~~uth: ~~,~~.~~~·~:i~~~S~~~~~t~n~\· 0~1 ~~~~u:it;~no1· ~~~u~~s:!11~~1~~~~~;~~gd ~~ !t: 
bodies of the vertebnc along the margin of the posterior common JiO"ament. 
Tb ~se \·eins commun icate togethe r opposite each vertebra by tmnsverse

0 
trunks 

which pa~s bei:eath the ligament, and recei,·c the large t•e1w' ba>1is i·rrtebrarnm 

~:~i~~ t~1~e 1 ~e~e;~10~e~·~I~~):r~!;' ~[e e~~~,·i'~~~te<~1~·~· s~:!
1

1~1~ t~~~~~~\~~·. 101,~r~~~·d!11~~ 1 1~~!n:/ 

FIG. 390.-\'ertical section of two dor~al \"Crtcbrre, showing the l'l>inal \"Cins. 

uniform size throughout, being alternately enla rged and const ri cted. At the 
intenertebral foramina. they communicate with the dorsi-spinal veins. and with 
the ,·ertebral \'ein!' in the neck, with the intercostal ,·eins in the dorsal region, 
and with the lumbar and sacral veins in the corresponding regions. 

The .Posterior Lonr1itudinal Spinal l'""eiws. smaller than the anterior. are 
situated one on each side, between the inner surface of the lamilu--c and the thcca 
\·ertebralis. They communicate (like the anterior) opposite each vertebra by 
tran~rnrsc trunks. and with the anterior lon~itudinal veins by lateral trnnsverse 
branches which pa~s from behind forward. The!'e ,-eins, by branches which per
forate the lig;.~menta sul~fla. \'a, join with the .dorsi-spinal veins .. From t~e!n 
branchei-; arc g1n·n off which pass through the mtenertebrai foramma and J Olll 
the \'ertebral, intcrcostal, lumbar, and sacral veins. 

:3. The Veins of the Bodies of the Vertebrre (rencr basif1 t'etlebl'anon) emerge 
from the foramina on their posterior surface. and join the tnrns\'crse trunk con
necting the anterior longitudinal spinal veins. They arc contained in large, tor
tuous channeli-; in th e substance of the bones, s imila.r in every respect to those 
fournl in the <liploC of the cran ial bones. T'he:.:.e canals lie pa.rnllel to the upper 
an<l lower surface of the bones. '.L1bey commence by ~mall opcnin~s on the front 
and siilcs of the bodies of the ,·crtebn--c, through which communicating branches 
from the \·cins external to the bone pass into its substance. and COll\'Crge to the 
principal canal, which is sometimes double .t~ward its po~terior J?art,_ and open 
into the CQJTCsponding transver:;;e branch umtrng the antenor long1tud111al \'ems. 
They become great!.'• developed in a1lrnneec~ a~.e. . . 

-1. Th e Veins of the Spinal Cord (11w(hdh-s1>znal) consist of a mmute. tortuous, 
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venous plcxu ... whid1 cnHI'$ the entire snrforc of the c<ml. being 1'ituatcd between 
thl' pi:t mater and arac!rnoirl. rrhc~C \'C~i:<Cb C'll~Cl'~(' ('hiclty from lhc median 
furrm\~, arnl arc largest Ill the lumbar region: i\e:n th~ h;t!':C <~f the ~ku ll the.' 
uni tr an1l form two or three ~mall trnuks. "Inch comrnun1catc "uh the vertebral 
n•in:--. alltl then terminate in the inferior cerebellar \"(•ins or in the inferior pctrn. 
sal :o'inu:-ocs. Each of the !:ipinal nenes i!-l. accompaniccl by a hranch as far a:-< th<· 
intcn·crtcbral foramina. "here they join the other 'cins from the spinal canal. 

'l'herc arc no rnhcs in the spinal Yeins. 

VEINS OF THE LOWER EXTREMITY, ABDOMEN, AND PELVIS. 

'l'he Ycins of the Lower Extremity arc suhdiddcd. like those of the upper, 
into two sets, superficial and deep, the superficial ,·cin~ being placerl b~neath the 
inteµ:umcnt, between. the two layers of superficial fa!-itia, the deep Yems accom-

~;t~~~i1;~ ~11·~ ~1:.~e,'.·ii~~/:~~hfo~.'~t~:~. ~,~:ic~ei~~~c c1~~1~~c~t:11~:1~~~: i~1e~~1c~sdce~~t~1:eit~ 
the superficia l set. These vakes are also more numerous in the lower than in 
the upper limb. 

The Superficial Veins of the Lower Extremity are the internal or long saph1'1t
ou.-; and the f.rtanal or sl1ort saphenou,'(. 

On the dor~um of the foot is a venous arch sitnatccl in the superficial struc
turcf.l on•r the anterior extremitie:::; of the rnetatar~al bones. I t has its con,·exity 
directed forward. an<l rccei,·cs digital tributaries from the upper surface of tb"e 
toe~: at its conc:nity it is joined by numC"rous small veins which form a ]Jlcxus 
on the dor:-;um of the foot. The arch terminates intemally in the I on~ ~aphcnous. 
external!~· in a short saphenous Yein. 

The internal or long saphenous vein \Fig. 3!ll) crnumences a.t the inner sicle of 
the arch on the dorsum of the foot~ it a!'centls in front of the inner malleolu~ 
and along the inner siclc of the leg, behind the inner margin of the tibia. accom
panie(l by the internal sa.phenous nenc. At the knee it passes backward behin<l 
the inner con<lyle of the femur, ascends along the im1ide of the thigh , and. pa:->::o
ing through the $aphenous opening in the fa!<cia lata, terminates in the femoral 
,·cin about an inch atHl a half below Poupart's ligament. This \'ein reccirc~ in 
its cour:->c cutaneous tributaries from the leg and thigh, and at the saphenous 
openinµ, the superficial epigastric, superficial circumAex iliac. and external pudic 
,·ein~. The \·cins from the inner and back part of the thigh frequently unitt• to 
form a large Yesscl, which enters the main trunk near the saphenous open inµ:; 
and !'ometimcs thm•c on the outer side of the thigh join to form another larµe 
\'e!"-:->d: so that occasionall.Y three large ,·eins nre :;eC'n co1neq:!ing from different 
part~ of the thigh towanl the saphcnous opening. The internal saphenou~ Yein 
cnmmunicates in the foot with the internal plantar \'Cin: in the leg, with the 
po:-;terior tibial ,·eins b.v brnnches which perforate the tibial origin of the ~nlcus 
mu~cle, and also with th·e anterior tibial YCins ; at the knee, "ith the articular 
Yeins; in the thigh, with the femoral ,·ein by one or more branches. The \ah-e5 
in thi:; "ein var_Y from two to six in number: they arc more numerous in 1Le 
thigh than in tLe leg. 

The external or short saphenous vein (Fig:. 39~) commences at the outer ~i1le 
of the arch on the dnrsum of the foot; it ascen(ls Ucbind tl1e outer malleolu:-;, 
and along the outer border of tl1e ternlo AchilliH, acro~s "hicli it pal'ses at an 
at'ute angle to reach the middle line of the posterior a~pe('t of the leg. Pa~!'ill~ 
direct!.'· up\\ard, it perforates the deep fa~cia in the lower part of the poplitcal 
~pace, an<l terminates in the popliteal ,·c111. hetwcen the head~ of the (Jastro
cm•miu~ musclc. 1 It recei,·es numerom; larµ-c triUutarie!-i from the back part nf 

~~J;~~~~:~t~~~i~i{'.:~%i~~0}~t~B~J~~;i~i~~~~f :r}I~
1

ii!·1~i~~~~:1~;i~f ~)2:~;1l~it~1 
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the leg, and communicates with the deep Yeins on the dorsum of the foot and 
behind the outer malleolus. Before. it _perforates the deep fascia it gi,·es off 

a commumcatmg branch, which 
pa$~es upward and itrnarcl to join 
the internal sa1>bcnous Ycin. 'l'bis 
Yein has a vari:.tblc number of 
vah·es. from three to nine (Gav), 
one of which is al wavs found nCar 
its termination in "'the poplitcal 
vein . 'rhe external sapbenous 
nerve lies close beside this Yein. 

Sur gical Anatomy.-The i:;nphcna. 

;~~~~ ~1i~1c~f at0,~a81~i~~~~b~~~:1\"t~~~: 1 oif11S~:.~t~ 
vessels is more frcquenlly met with than 
of those in other parts of the body, cxct'Jll 
perhaps the spermatic and hremorrhoiclal 
veins. The course of the internal 
saphenous is in front of the ti Jl of the 
mallcolus, o,·er the sulX'.utancou~ surface 
of the lower end of the tibia, and then 
alorn! d1C internal border of this bone 
to the back part oft he internal c·ondyle of 
the fomur, whenc:e it follows the course 
of' the Sartorius muscle, and is reprr:o:cnted 
on the surface by a line drawn from the 
po!'terior border of' the i-;artorius on a 
len•l with the internal tonclylc to the 
:;;.:lphenous openin~. The short saphenous 
lit!s behind the external malleolus, and 
from this follows the middle line or the 
calf to just below the ham. lt is not 
generally so apparent beneath the skin ns 
the internal saphenous. Both these vei ns 
in the lep; arc ac:eompanie<l by n erve~, the 
internal S<tphenous bein_ir joi ned hy its 
companion nerve just below the Je,·el of' 
t he knee-joint. No doubt much of the 
pain of variCOSC YeinS in the Jeg jg clue to 
this fact. On the Continent the internal 
saphenous \'ein as it rests on the tibia. 
just abo,·e the malleolus is romNimes 
selected for \'Cnesection. Fm. 392.-External 

~~in r<hort saphenom; 

The Deep Veins of the Lower 
Extremit y accompany the arteries and their branches, 
and are called the rnw) cowifeH of those "essels. 

'f he external and internal plantar veins unite to form 
the post erior t ibia l. 'l1hc~' accompany the posterior 
tibial a.rtcr.\"' and are joined by the peroneal veins. 

The anterior tibial veins arc formed b,· a. con
ti n uation upward of tbc Ycnre comitcs of thC dorsalis 
pedis artery. They pass between the tibia a~d fibula. 1 

through the large O\'a l aperture above the interosse· 
ous membrane, and form, by their junction with the 
poster ior t ihinl. the popliteal vein. 

. The ,·nlves in the deep \'e ins are very numerous. 
rrbc P opliteal V ein is formed by the junction of the 

"P::~.,;;',;;;;1:~,:i''1'.~'~~~no;h~~~· ~~1~7 ~~m~:~:n~[, t:\~ .. ~:~~~i~~e"';,'.'.11l'i~:~~ri~;:a~~Ji~~ \~~~ 
lendinous aperture in 1hc .\ ll1luctor magnus, \\htrc it becomes lhe femoral Yein. 
In the lower part of its course it is placed internal to the artery; between the 
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he:ul:; of the Gastrocncmius it is supcdiciill to that \'CSscl; but abo\·c the kncc
joint it is clo:-i•' to it~ outer side. It rccci\·es the sural veins from rhc Gastrn
cm•mius mu:;clc. the articular ,-eins. an<l the external ::;aphcnous. 'l'he rnh-es in 
this \"Cin arc usually four in number. 

The Femoral Vein accompanies the femoral artery through the upper two
thinl-; of the thio-h. ln the lower part of its course it lies external to the artcn; 

~:;i:~~ t;,u:1tci sp~!'~'.1<l I~;,:~~\_~~ ~~~~~.'~\:: '.:ft:~~1~l~t~· i~,\i~~1'.:~.i~: :i'~'1',~' ~:~~."~:\~ 
femol'is and deep external pu<lic veins join it near Poupal't's ligament and about 
an inch anti :1 half below the internal sapbcnous vein. '!'he rnlvcs in this n.•in arc 
four or fi,·c in n11rnber. 

The External Iliac Vein commence~ at the termination of tbc fcmornl, be1l('ath 
the crural iLrch, an<l, passing upward along the brim of the pelri~. terminates 
opposite the ~~cro-iliac synchoudrosis b.v unit.ing "ith the internal iliac to form 
the common iliac ,·ein. On the right side it lies a.t first ulonl! the inner s ide of 
the cxtcnrnl ilitlC artery, but as it passes upward gm<lually inclines behind it. 

~1~~nt~~fj,~~~~ -'~i ~~~~e1 
i ~~ o~~ll~~~t~~h~i1~:i~e~1;~ t :.:~ n<l~e; i ~~li ;~·st\~i ~ ~~:~:1~·(~~ep I ~i ::~~,~~ ~~s~ 

iliac v-:-imi all(l a. :small pubic ,·ein, co1Tcspo1Hli11g to the pul>ic branch of the 
obturator artery. .. \_ecording to Friedreich, it frequently conra ins one, and some
times two ,·ahe:s. 

The Deep Epigastric Veins.-T wo ,-eins accompany the deep epigastric artery; 
the.'· usually unite into a. single trunk before their termination in the external 
iliac ,·ein. 

The Deep Circumflex Iliac Veins.-Two veins accompan.v the <lccp circumflex 
iliac artery. 'rhese unite into a. ::.:;ingle trunk which crof:scs the external iliac 
artery just abo,·e Poupa.rt's ligament and tel'minates in the external iliac 
YCllL 

The Internal Iliac Vein is formed by the venre com ites of the branches of the 
intemal iliac artery 1 tho umbilical a.rte;·ies excepted. It receives the blood from 
the exterior of tbe pelvis by the glu teal. scia.tic, internal pudic1 and obturator 
veins, ant i from the organs in the cavity of' the pelvis by the hremorrhoidal and 
vesico-prosta.tic plexu:-;es in the male, and the uterine and vnginal plexuses in the 
female. '11he ,·esscls form ing these plexuses arc remarkable for their large size, 
their frequent anastomo::;cs. and the number of ntl\'es which they contain. The 
internal iliac vein li es at first on the inner side, and then behind the inter
nal iliac artery, and terminates opposite the sacro-iliac articula.tion by uniting 
with the external iliac to form the common iliac vein. This \'essel bas no 
vaJ,·e". 

The internal pudic veins (i•enre comite~) ha.,·e the same course as the 
internal pudic artery. They receirn tributaries corresponding to the branC'hes 
of the artery. except the tributa.r.Y correspo111ling to the dor::;al artery of the 
penis; that is, the dorsal \·ein of the penis, which opens into the prostatic 
plexui-;. 

Tlte hremorrhoidal plexus surrounds the lower end of the rectum, being formed 
by the superior hoomorrboidal \·eins (tributaries of the inferior mesenteric), anU 
the middle and inferior hc""emorrhoidal, which terminate in the internal iliac. The 
portal anJ genera l \·enous systems ha,·e a. free communication by means of the 
branches composing this plexus. 

for 1n~~::.ca~l'~~1f'it~l~rt;~;~:~et~·~{~~s f..~etl~~~1::!~1~r~1i~·~i~,~~t\~c~~~~\~~c ,~:~!~~\(~1~l1~~-~;~~::;~~~i::~~~ 
lati1J11 which here exists, so that :lll,\' ob8truction to the flow ol' blootl thronuh cith~r the inferior 
~f'~ti~'l;~il'~~l!~::i '·j1·!~~1 ~~~~Ji~i~:;~i·~ ~8~ll;~~~:~. t(l~/~t~1\~·t:~~ 1 ~1\·~~ W1~r~~~~ls11~;~i,~~~~~F.~:\i(i~ 
;·,~.~·~~ 1 ~~~,,~~~ 1,~~l1ecr~ 1%i;~:·ea:1ir~~;e sle~h~~1~:1:1~i~ ~? ~~:Ui~~~PY~~·r~~:~~J bl~~~{~;~~-~~:~~~uc.\~~ 
finally. the con<l1t1on 1s fa,·ored by grantat1011, masmud1 as the portal vein contains no 
rn\W~'). 
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The vesico-prostatic plexu• surrounds the neck and base of the bladder and 
prostate g land. It communicates with the hremorrhoidal plex us behind, and 
recei\'CS the dorsal vein of the penis, which enters the pel"is beneath the subpubic 
ligament. '!'his plexus is supported upon the sides of the bladder by a reflection 
of the peldc fascia. 1'hc ,·eins composing it are very lia.ble to become mricose. 
and often contain hard, earthy concretions, called plileboliths. 

throt~~~1~ctii1a~s~~!?cn:1;,;~;;i~~J~ei~~1~v~~Y i~~on~lh~ ~~~~~a\a:i~~·~1 ~H~~;1 ~ift~ro~h~~tl~~J~o:~1fi~ 1~~d it is 

Th e dorsal vein of the penis is a ,·essel of large size which returns the blood 
from the body of that organ . At first it consists of two branches, which are 
contained in the groove on the dorsum of the penis, and it rccei,·es Yeins from the 
glans, the corpus spongios um , and numerous su perficial \'eins; these unite near the 
root of the penis in to a si ng le trunk, which passes through the suspensory ligament 
of the penis, pierces the t ri ang ul ar ligament beneath the pubic a rch, and diYides 
in to two branches, which enter the prostatic plexus. 

'The vaginal plexus surrounds the mucous membrane, being especially developed 
ar rhe orifice of the rngina; it communicates with the vesica.l plexus in front, and 
with the ha!morrhoidal plexus behind. 

The uterine plexus is situated along the sides and superior angles of the uterus, 
between the layers of the broad ligament, recei\·ing large venous canals (the uterine 
siiwses) from the substance of the uterus. 'L'he veins composing this plexus 
ana!'ltomose frequently with each other and with the OYarian veins. They are not 
tortuous lik e the arteries. 

1'he Common Iliac Veins a re formed by the union of the external and internal 
iliac ,·eins in front of the sacro-iliac 3.rticulation: passing obliquel.\· upward 
toward the right side, they terminate upon th e intcr vcrteLral substance between 
the fourth and fifth lumbar ,·ertebr::e, where the Ycins of the two sides unite at an 
acute angle to form the inferior ,·cna ca\'a . r11 hc right common iliac is shor ter 
than the left, nearly vert ical in its direction, and ascends behind and then to the 
oute r side of its corresponding artery. The left common iliac, longer and more 
oblit Luc in its cou rse, is at first situated on the inner side of the col' rcsponding 
artery, and then beh in d the right common iliac. Each common iliac recei,·es the 
ilia-lumbar, and sometimes the la.teral sacral, ,·eins. The left receiYes, in a<ldition, 
the middle sacral vein. ~o vah·es are found in these \'e ins. 

The middle sacral veins accompany the corresponding artery along the front 
of the sacrum, and terminate in the left common iliac ,·ein; occasionally in the 
angle of junction of the two iliac "eins. 

Peculiarities.-The left common iliac vein, instead of' joining with the rigl~t in its usual 
rosition, occa:;ionally ascends on the left side of the aorta as high as the kidney, where, after 

~bee~~~::; ~!\~a~e~1!·:~1~~svee~~·s~~ es;:s~~,.~,·~~~1::0~0iii~~~~: l~~~~,~~~1!d't~1 ;i~~~lf ~~,~~~~.,~~!~i~: 
branch at the spot where they arc usually united. 1 

'l'he I nferior Vena. Cava returns to the heart the blood from all the parts below 
the Dia,phragm. It is formed by the junction of the two common il ia~ veins on 
the right side of the interver tebral substance between the fourth and fifth lumbar 
vertebrre. Tt passes upward along the front of the spine on the right side of the 
aorta, and, ha \' ing reached the under surface of tbe li ver, is contained i1~ a. g room 
on its posterior su rface . It then perforates the central tendon of the Diaphragm, 
enters the pericardium, where it is covered by its se rous la.ycr, and terminates in 

rhe lower and back pa.rt of the right auricle. At its tenni1H_ttion in_ the auric)? _it 
is pro,·ided with a valve, the .E'ustacl1ia11, which is of large size du~·mg footal Iii~. 

Relations.-Jn front, from below upward, with the mcscntcry, r1gh~ spermat1c 
artery, transverse port ion of the duodenum, the pancreas, portal Yem, and the 

1 See two cases which ha,·c been described by ;\Ir. \\'alsham in the St. Bartl1olomell1s Ho.~pitt.d 
&ports,l'ols.x'("i.andxvii . 

.i :! 
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pn..;lcrior surface of the liver, "hich partly :~1HI occasim.1n!ly c1~m;1lctcly ~u:·rnuwl~ 
ir; bdtind. \\ith the YCl'tebr::il column. the nght cruH of me Diaphragm. the ri.~hr 
renal and lumbar arteries, right ~cmilunar ganglion: on the lt:O sidt•. "ith ilw 
aorta. 

Tributaries.-lt recei,·es in its course the follo'' ing ,·cins: 

Lumbar. ::-inprarcnal. 
Hight Spermatic. l'hrcnic. 
Renal. ll epatic. 

Peculiarities.-/11 Ih<iitio11.-'l'his ,·essel is sometimes pl:u·e1l on the left f'ide of the aorta. 

~M:1~~0::: ~r.1~,r~~i~: 1~;,~,~~~ ~~~~\~i'.;~:,:~i:r :,;~~£~.i.:~,,~~~:::~,~~~~: .. ;~~1~~~;;~::·~~;~1:~~.t:·~,'~,~: 
~~~!,~~~{;~:,~~i;{~~Ff ~\~!~~tr1.~~~:~1~l::~1~:lf:~:£~~;::~,~~:h{Ii}~d\:,:! . ::i:\y~~,~'.:1;:~ ;~::;::i 

The lumbar veins, four in number on each !Side, collect the blood by <1111';-.al 

~:~:~~~t~~·.:~1~ ;\~~u ,,~!; ~s i~~s~1~:~ ~~~:~ 1~~t~~~~~~::~~ t~;c,~ l~~n~~,\~1;: 11 ~~~:cb ~:~ i:~~c~c;:~ i~11~\lg~1~i::y~ 
Yein~. .At the spine the)' rcceirn ,·eins from the spina l plcxu!-ics. and then pn:-; . .., 
forward. round the sides of the bodies of tho ''ertcbr;:e beneath the Psoas: ma:?:1111 .... 
an(l terminate at the back part. of the inferior cam. 'l'hc lcfc lumbar Ycins are 

!~~~~l:·c ~-hb~~·1 at ::l~l~~ ~l~(~i 1~~111 ~-!)i~:~,. ~~!~ ~~~:~1~ ~~~'~\~:;n t ~~~ 1t~1!1 ~ 11~:1~~\.;~~~~ ~~~~e~~~~~1<~l:~~ 
lumhar vertebn--c, and ii;; called the a.'ieendiny lumbar. It forms tbe most frc11ucut 
origin uf the corre8ponding ,·ena. az,rgos, and scrrns to connect the cnrnmun ilia«. 
ilio-lnmbar, lumbar, and ar.ygos ,·c ins of the cone~ponding side of the body. 

Tlic spermatic veins emerge from the back of tbc testis, and receive tributa.ries 
from the epididymis; they unite and form a con minted plcxu;-; called the spermafi1· 
plc.ru.~ (/Jft>.rn!i pcu11pinU'on1tits), wh ich forms the ch ief mas~ of the cord: the vel'~el:i 
composing th i:; plexus a.re ''er_Y numerous, ::tnll a::-:ceml a long tlie cord in front of 
the ms dcfercns; below the external abdominal ring tLe_y unite to fol'm three ar 
four ,·cins, which pa ·s along the spermatic ca nal, anti. entering the abdomen thmugh 
the internal abdominal ring, coalesce to form two ,.C'ins, wh ich ascend on the I>sons 
muR<:le behind the peritoneum. lying one on cacl1 sitle ()f the spermatic artery, anc\ 
unite to form a. single ,·cin, which opens on the right side into the inferior nma 
ca,·a at an acute angle; on the left si1lc into the left renal min at a right angle. 
The spcrmatic Yeins arc provided with ,·aln•s. 1 The lcfc spcnnatic ,·ein pa~:-r" 
behind 1he l'igmoid flexure of the colon, and i.s thm; exposctl to pres ure from tlu· 
content~ of that bo"cl. 

~~::t~~~~~;;L:~~~r~~I~lC~[~E~~::r~. l{ii~;~,:"~,~~1,~t!~~n~:~n~f i~ri:i~~r~~~:;~~~ ·~\:~ 
!;:{:;~l~l11i~~}J 1 I~~~~~:~' '~~:~i~:,~~~·~iz~l;~l\~~~~!:1~\(.~~a;u~~~~;t '~ffo11~~!~~1{ t~11t:j~~1~:iE~·1 t1i~~!~~~:'~i~~1~~~(~' 

r::~,. ri.~:~~ii~:~~:~11~::::~1::~~,:~·F:{~~~r1~~~:~1~~;·~f,~r{~:;~~~~1~~:,:~:~\r~i~~~1~·~1~~~~::;1:\;~r:!~~ 
throu1:di the aLdomiua\ wall. 

~'he ovarian veins are analogous to the spermaric in the male; thC)' form a 
plexus near the ornry and in the broad ligament an<I .Fallopia~1 tube, commu11i
cating with the uterine plexus. They terminate in the ~amc way ai- the sperm:l.li{' 
Yein~ in the ma le. Yah·e~ are occasionaJlv found in thc~e ,·eins. These \·e:-~cJ ... 
Jikc the uterine ,·eins, become much enlarged during pregnancy. 

1 Rivin~on has pointed out that. a. vah-c is U'>ually fonnd nt the orifices or both the right :rntl 

~~·~::~::~~·.:~,\i~,:~:,~~~~~~~r~1:.~~:t:~~~~:·~~'.~;~::.~1
1

:i,~b;~):~::r~Ti,~~~~i6¥\~~ll"~':~'~,'.:;: 
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The renal veins arc of large size, a.nd placed in front of the renal at·teries. 1 

The left is longer than the right, and passes in front of the aorta1 just below the 
origin of the Rttperior mesentcric artery . It recei\·es the left spermatic, the left 
inferior phrenic, aml. general l.Y, the left suprarcnal reins. It opens into the \·ena 
ca.,'a a little higher than the right. 

'J'he supraren&l veins terminate. on the right side, in the \'Cna ca.Ya; on the 
left side, in the left renal or phrenic YCin. 

The phrenic veins follow the course of the phrenic arteries. The two superio1·, 
of small size, accompany the phrenic nerve and comm; ncrvi phrenici a.rtel",\', and 
join the internal mammary. The two i1~ferior phrenic t•eins follow the course of 
the phrenic arte~·ics, a.rnl terminate, the right in the inferior vena c:na, the Jeft in 
the left renal \'Clll. 

The hepatic veins commence in the substance of the li ver, in the capillary 
term inat ions of the porta l rein an<l hepatic artery : these tributaries. gradua ll y 
uniting, usual ly form three large \'Cins, wh icll converge towanl the poste ri Or 
surface of the Ji,·er and open into the inferiol' rcna cam, whilst that ,·essel is 
situated in the groom at the back part of this organ . Of these three reins, one 
from the right, and another from the left lobe. open obliquely into the inferior 
''ena cam. that from the middle of the organ and lobulus Spigcli i ha\·ing a straight 
course. The hepatic ,-eins run singl\' 1 and are in direct contact with the hepatic 
ti~suc. They arc des1itute of rnln~s. 

The Portal System of Veins. 
'l,he portal venous system is composed of four large ,·eins which collect the 

venous blood from the viscera of digestion. Th e trunk formed by their union 
(l'oia porta') enters the li rnr and ramifies throughout its substance, and it:'l 
branches, again emergin~ from that organ as the hepati<~ ''ein~. terminate in the 
inferi or ,·ena. earn. 'rhe branches iu th is \'ein are in all cases single and destitute 
of Yah-es. 

'l'he \·eins forming the portal system arc-the 

Superior l\Icsentcric. 
Splcnic. 

Inferi or ~Icsentel'ic. 
Gastric. 

The superior mesenteric vein returns the blood from the small intestines and 
from the ct-ecum and ascending aml trans,·erse portions of the colon. correspond
ing with the distribution of the branches of the superior mcsenteric artcr.'-. The 
large trunk formed by the union of these branches ascendR along the right side 
and in front of the corresponding artery, passes in front of the transver~e por
tion of the duodenum, and unites, behind the upper border of the pancreas. with 
the splenic vein to form the vena portre. I t recei\·es the right gas.tro-cpiploic Yein. 

The splenic vein commence~ b.'· firn or six large hrnnches "bieh return the 
blood from the substance of the spleen. These, uniting, form a s.ingle Ycssel, "hi ch 
passes from left to right, grotn· ing the upper and back part of the pancreas below 
the <Lrtery, and terminate:s at its greater end by uniting at a. right angle with the 
superior mc~enteric to form the vena portm. The splcnic rein is of large ~izc. and 
not tortuous lik e the artery . It receives the rnsa bre\·ia fr(Jln the leftextrcmit." of 
the stomach, the lcf[ gastro-c pipl oic vein, pancreatic branches from the pancreas 
the pancreatic;o-t.luodcna.I vei n, and the in ferior meHcntcric rein. 

'l'hc inferior mesenteric vein returns the blood from the rectum. sigmoid flexure. 
and descending colon, cor responding with the ramificatio1~s of the_ branches of 
the inferior mcscntcric artery. Ascending benca.th the peritoneum Ill the lumbar 

~-:~~oi1~~ ~!sr~~~1~ e b:,\11i~~~ ct l~·~i ~·.ansi~~1·~~~~0~-1~:.fi'~i :~~ i1u ~ r~~~~!~~ 1i1;~~~~,tS~\1~~i1~~~1~ ha~~~ 
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of the internal iliac. nnll thus establish a. commu nication between the portal :lllll 
the general Ycnou, sy:..;rcm. 1 . . 

The gastric veins are two m number: one. a small ,-cm. corrct-ipon<ls to the 
pvloric bmnch of the hepatic artery : the other. consHle rably larger, correspond~ 
tO the gastric artery. The formC'r (pyloric, \\"alsham) rum; along the le:sser cur-

NoTE.-ln this diagram the right gastro-cpiploic ''cin opens into the splenic Yein; generally 
1t empties it.self into th~ superior mesenteric, close to its termination. 

rnturc of the stomach toward the pyloric end, rccci,·cs branches from the pylorus 
and <luodcnum, an<l ends in the vcna port::c. rrhc latter (t:oronaryi Walsham) 
begins near the pylorus, runs along the lesser curvature of the stomach toward the 

an~~o~~:Sbetll:~~e~n~~~o~:~~:1~~;~ie:.~~st~~1~icP~.r~~!s '::; f~~~!H~~l1eb~·r~l~~l~~~n~~u~!1~:i:~~1~3 ~~~~,e~11~1h~ 
ga:;tric veins and the re .. ophau:ea\ Yeim:. which empty them~lve-:; into the vcna ar.ygo,; minor; hctwt;"en 
the left renal vein and 1hc veins of the inte;;tine.;, espel'ially of the colon and dmxlennm; between the 

i~~.:~i_;~~;::.~~:,::: ?j:;'~!~t~'.~~;~,::~~~~l~~_,.if;,~'~~J~i~',c<l'~"';'~;·~·,·,. '~~~~~~r::"•~~'P!~~.'.: 
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resophageal opening, and then cun•es downward and backward between the folds 
uf the lesser omentum, to end in the vena portm. 

The Porta.I Vein is formed by the junction of the superior mesentcric and 
splcnic reins, their union taking place in front of the vena cava and behind the 
upper border of the great end of the pancreas. Passing upward through the right 
border of the lesser omentum to the under surface of the liver, it enters the trans
,·ersc fi~surc, where it is somewhat enlarged, forming the sin1ls of' the portal ,-ein, 
and divides into t~\'O branches which accompany the ramifications of the hepatic 
artery and he1?at1c. duct throughout the substance of the Ii \'er. Of these two 
branches, the nght IS the larger, but the shorter, Of the two. rrhe portal Yein is 
about three or four inches in length, and , whilst contained in the lesser omen tum, 
lies behind and between the Lepatic <luct and artery, the former being to the right, 
the latter to the left. These structures a.re accompanied by fi laments of the hepatic 
plexus of nerves and numerous lymphatics, sun·ounde<l by a. quantity of loose 
areolar tissue (capsitle of Gli.son), and placed between the layers of tbe lesser 
omentum. The vena. portre receives the gastric and cystic veins: the latter rein 
sometimes terminates in the right branch of the vena. portro. Within the liver the 
portal \·ein receives the blood from the branches of the hepatic artery. 

THE CARDIAC VEINS. 

'The Yeins which return the blood from the substance of the heart arc- the 

Anterior Cardiac Vein . 
Posterior Cardiac Y ein. 
Left Cardiac Y eins. 

Hight Canliac Yeins. 
Right or Small Coronary Sinus. 
Left or Great Coronary Sinus. 

Venre Thchesii. 

The Anterior Cardiac Vein (sometimes calle<l Great Cardiac I ,.ein) is a vessel 
of considerable size which commences at the apex of the heart and ascends along 
the anterior intcrventricula.r groove to the base of the ven tricles. It then curves 
to the left side, around the auriculo-ventricular groove, between the left auricle 
a.nd ventricle, to the back part of the heart, and opens into the great coronary 
sinus, its aperture being guarded by two vahes. It receives, in its course, tribu
taries from both ventricles, but especially the left, and also from the left auricle; 
one of these. ascending along the thick margin of the left ,·entricle, is of consider
able size. rrhe vessels joining it are provided with rnlves. 

The Middle Cardiac Vein rommences by small tributaries at the apex of the 
heart, communicating with those of the preceding. l t ascends along the posterior 
interventricular groove to the base of the heart, and terminates in the great coro
nary sinus, its orifice being guarded by a valve. It receives the veins from the 
posterior surface of both ventricles. 

The Left or Posterior Cardiac Veins are three or four small vessels which col
lect the blood from the posterior surface of the left ,·cntricle, and open into the 
lower border of the great coronary sinus. 

The Right or Anterior Cardiac Veins are three or four small vessels which col
lect the blood from the anterior surface of tbe riirht ventricle. One of these (the 
vein of Galm), larger than the !'est, runs alou~. the rif';ht hor<ler of the heart. 
The.v open separately into the lower part of the nght auncle. . 

~I.1he Right or Small Coronary Sinus runs along the groove between the ~·1ght 
auricle and ventricle, to open into the right ~xll'emit,.v of the great.coronary srnus. 
It recei\'CS blood from the back part of the nght auricle and vcntr~cle . . . 

~L1he Left or Great Coronary Sinus is that portion of the antenor cardiac \'em 
which is situate1l in the posterior part of th? left auri?ulo-\:cutricula.~· groO\'e. It 
is about an inch in length, presents a c~nsulerable dilatat10n, and is CO\·ered by 
the muscular fibre8 of the left auricle. Jc rcccires the \•eins enumerated abo\'e, 
and an <1bli,1uf' 1·ei11 from the back part of the left .auricle, the remnant of, ~he 
obliterated left innominatc trunk of the fretus, descnbed by Jlr. :\Jarshall. I he 
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great corn nary sinu s tcnninatcs in the rjght au 1·idc between lbc inferior \'Clla. ca,·a 
and the :rnriculo-ventricula.r aperture, its Ol'ifice being guarded by a semi lunat· 
fo](l of.tbc lining mcmbran~ of the_ heart, the coronar,11 valoe. All the vei ns join
ing this Ycssel, excepting the oblJ4ue vein abo,·c menlioned, are pro\'ided with 
nilvcs. 

'l'he Venre Thebesii are numerous minute veins, which return the blood 
directly from the muscular substance, without enteri ng the venous current. They 
open by minute orifices (foramina Tltebesii) on the inner surface of the right 
auricle. Similarly minute veins are said to open into the left au ri cle nnd hoth 
\'Cntricles. 



THE LYl\IPHAfJ.1ICS. 

TI-~~t~~~~~h~~1i:~1· hi~1'~~1~:~;:i(~:,1~;~~1: 1~~:~:1·)·'.·on~r~111c~ af11·~e~~-l~~c~a~f c~f 0a~~i1~be~~;~~ 
from the property they possess of absorbing certain ma.tcrials from tLe tissues and 
conrnying them into the circulation. 

'..L1he lymph atic system includes not only the lymphatic vessels and the glands 
through which t~rny pass, but also the lacteal or el1yl(f'erousi; t~essels. 'l'be la.cteaJs 
are the lymphatic ve8scls of the small intestine, and ditfor in no respect from the 
lymphacics genera lly, excepting that they contain a milk-white fluid, the chyle. 
during the process of digestion, and con my it into the blood through the thoracic 
duct. 

The lymphatics arc exceedingly delicate ,-csscls, the coats of which are so 
tran:--parcnt that the fluid they contain is readily seen through them. They retain 
a nearly uniform siY.e, being interrupted a.t interrnls by constrictions, which gi,·e 
them a knotted or beadc<l appearance. 11hese constrictions are due to the pres
ence of rnh-es in their interior. Lymphatics ha.,·c been found in nearly e'·ery 
texrure and organ of the bod_,. which conta.in blood-vessel:;,. Such non-rnscular 
strncturcs as c:artilage, the nails, cuticle, and hair have none. but with these 
exceptiims it is probable that e,·entually all parts will be found to be perm eated 
hr the8e ve~sels . 

· The lymphatics al'e ananged into a su perficia l and deep set. 'l1he superficial 
lymphatics. on the surfa.ce of the body, arc placell immediately beneath the integ
ll~)Cllt. accompanying the superfic ial veins: the.v join th e deep lymphatics in cer
tain situations by perforating the deep fascia. In the interior of the body they 
lie in the subrnuc:ous areolar tissue thl'oughout the whole length of the gastro
pulmonal'y and ~enito-urin ary tracts, and in the subserous tissue in Lhe cran ial, 
thoracic, and abdominal c;:l\·ities. Th e method of their origin has been described 
alnng with the other details of their minute anatomy (page 86). H ere it will be 
sufficient to say time a plcxiform network of minute lymphatics may be .found 
interspcrsetl among the proper elements and blood-vessels of the sereral tissues. 
the \'Cs8els composing which, as well as the meshes between them. are much larger 
than those of the capil lary plexus. }i'rom these networks ~mall Yes!:l-els_ emerge, 
whil'h pa~s eithc1· ~o a. ncighbnring gland or to join some larger lymphatic trunk 
TLe deep lymphatics. fewer in number and larger than the superficial, nccompany 
the deep blood-vessels. 'l,bcir mode of origin is probably similar to that of the 
supt•rficial re::;sel.s. 'l'he lymphatics of any part or organ exceed the vcin.s in 
number, but in size thev arc much small ei-. Tf1eir anastomoses also, especially 
thn:--e of the large trunkS, are more frequent. and arc effected b.v ".cs~els equal in 
diameter to those which they connect, the contin uous truuks reta111mg the same 
cliau1cter. · 

Th e lymphatic or absorbent glands, named also cmzglobate glaur/.r;, arc smal l. 
solid, g landular bo1lics s itu:ttcd in the course of the lymphatic .and lacteal ves
sels. In size they vary from a hemp-seed to an almon11. and the 1~· co.lor, on sec
lion. is of a pinkish-gray tint, excepting the bronthial g land-i, which in the ~dult 
are mottled with black. Each gland h_as a layer or capsule. of .cellu lar .t~ssue 
in,·csting it, from which prolongations dip into its substan~l', ~orm111~ 1mrtltlons. 
The lymphatic and lacteal vcs:-;els pa~s throu~h these bodies 111 then· pas~age to 
the thoracic and lymphatic ducts. A lymphatic or lacteal Yesscl, prcnous to 
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entering a gland, <liddl's into se\·eral small branches,.which n1:e uame<l aj/iT1·11t 
vessels. As they enter their external coat becomes continuous with the capsule of 

the g land, and the vessels, much 
thinned, and consisti ng only of 
their internal or endothelial coat. 
pass into the gland, and branch 
out upon and in the ti~sue of tlil.' 
capsule, these branches openinµ: 
into the lvmpb-sinuses of tl1C' 
gland. FrOm these ~inuscs finl' 

~ branches proceed to form a plex-
us, the ,·essels of which unite to 
form a single e.fferent 11e11sel. which. 
on emerging from the gland, is 
again im·ested with an external 
coa.t. (Further details on the mi
nute anatomy of the lymphatic ,·es
sels and glands will be found in the 
chapter on General Anatomy.) 

THE THORACIC DUCT. 
'l'he thoracic duct (Fig. 3H4) 

conveys the great mass of l)'mph 
Intercostal and chyle into the blood. It is the 

ola 11ds. commo
0

n trunk of all the lymphatic 
vessels of the body. excepting those 
of the right side of the head, neck. 
and thorax, and right upper ex
tremity, the right lung, right side 
of the heart, and the convex sur
face of the li\'er. It varies in 
length from fifteen to eighteen 
inch es in the adult, and extends 
from the second lumbar vertebra 
to the root of the neck. It com
mences in the abdomen by a trian
gular dilatation, the receptaculum 
chyli (reservoir or cistern of Pec
quet), which is situated upon the 
front of the body of the second 
lumbar vertebra, to the right 8ide 
and behind the aorta. by the side 
of the right crus of the Diaphragm. 
It ascends into the thorax throu~h 
the aortic opening in the Dia
phragm, h-ing to the right of the 
aorta, and is placed in the po~
terior mediastinum in front of the 
\'Crtebral column, lying between 
the aorta and \'Cna azygos major. 

F1a. 394.-Tbe thoracic and right lymphatic duct. Opposite the fourth dorsal n•r-
tebra it inclines toward the left 

side, and ascends behind the arch of the aorta on the left side of the 
cesopha~us, and behind the first portion of the left subchwian arten·, to the 
upper orifice of the thorax. Opposite the seventh renical vertebra. it turn~ 
outward· and then cunes downward over the subcla.vian arterv and in front of 
the ~calenus anticus muscle, so as to form an arch, and ten~inates in th<' IC'ft 
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subcla~ian vein a~ its angle of juncti?n with the left internal jugular vein. The 
thoracic duct, at its commencement, ts about equal in size to the diameter of a 
goosequill, diminishes considerably in its calibre in the middle of the thorax, and 
is again <.li~atcd jus.t before its termination. It is generally flcxuous in its course, 
and constricted at mtenals so as to pre~cnt a Yaricose appearance. The thoracic 
duct not unfret1uently di,·ides in the middle of its course into two branches of 
unequal size, wh~cb soon reunite, or into seventl branches, which form a plexiform 
interlacement. It occasionally di,·ides, at its upper part, into two branches, of 
which the one on the left side terminates in the usual mannet\ while that on the 
right opens into the right subchwian ,·ein , in connection with the right lymphatic 

~~~)~. ar:l,!~eo~~ ~~-~~~r~~:~t i ~J ·~~1 en t~1;~~1~?~l~a ~~l~'et~1 et}~ ~~~~~-hi~~\\ ; t~t '~ ~~o~=r~~il:~~~~io~~ ~ 
is provided with a pair of va.lves. the free borders of which arc turned toward the 
vein, so as to prevent the passage of venous blood into the duct. 

Tributa.ries. - 'l'he thoracic duct. at its commencement, receives four or five 
large trunks from the abdominal lymphatic glands, an<l also the trunk of the 
lacteal vessels. Within the thorax it is joined by the l_nnphatic \'CSsels from the 
left half of the wall of the thoracic ca,·ity, the lymphatics from the sternal and 
intercostal glands, those of the left lung, left side of the heart, trachea, and 
cesophagus; and, just before its termination, it recei,·cs the lymphatics of the left 
side of the head and neck and left upper extremity. 

St ructure (Fig. 61).-The thoracic duct is composed of three coats, which 
differ in some respects from those of the lymphatic ,·essels. The internal coal 
consists of a single layer of flattened lanceolate·shaped endothelial cells with 
serrate<l borders; of a subendothelial la\·cr, similar to that found in the arteries; 
and an elastic fibrous coat, the fibres 'of which nm in a longitudinal direction. 
The middle coat consists of a longitudinal layer of white connectirn tissue with 
elastic fibres, external to which are sernral l amina~ of muscular t issue, the fibres of 
wh ich arc for the most part disposed transversely, but some are obl ique or 
longitudinal and intermixed with elastic fibres. The eJ:terual coat is composed of 
areolar tissue, with elastic fibres and isolated fascicul i of muscular fibres. 

'rhe Right Lymphatic Duct is a short trunk, about half an inch in length and 
a line or a line and a half in diameter. It terminates in the rightsubcJa,,·ian \'ein 
at its angle of junction with the right internal jugular ''ein. I ts orifice is guarded 
by two semilunar vah·es, which pre"ent the passage of ,·enous blood into the duct. 

Tributaries.-It recei,·es the lymph from the right side of the head and neck, 
the right upper extremity, the right side of the thorax, the right lung and right 
side of the heart, and from part of the convex surface of the Ji,·er. 

LYMPHATICS OF THE HEAD, FACE, AND NECK. 

The Lymphatic Glands of t he Head (Fig. 395) are of small size, few in number, 
and confined to its posterior region. 'l'hey are the ouipital and posterior 
aurieula1., The occipital set are placed at the back of the bead along the attach· 
ment of the Occipito-frontaJis muscle. '11 hc posterior auritulm· set are placed near 
the upper encl of the Sterno-mastoid muscle. Both these sets of glat~ds are 
affected in cutaneous eruptions and other diseases of the scalp. In t~e face the 
superficial lymphatic glands are more numerous : they arc the parotul, some ~f 
which are superficial, and others deeply placed in the substance of the parot1cl 
gland; the z.1moniatie, situated under the zygoma; the buccal, on the surface of the 
Buccina.tor mu~clc ; and the i1itemal maxillary, the largest, beneath the ramus of 
the lower ja.w. . . . . . 

'rho lymphatic vessels of the sea.Ip are d1nded mto an antenor and a poFflerwr 
set, which follow the course of the temporal and occipital ,.e$sels. ~he tempor~l 
set accompany the temporal artery in front of the _ear, to the parot1d lympb,~tic 
glands, from wbich they proceed to the _I.rmphattc glands of the neck .. lhe 
occipit<tl set follow the course of the occ1p1tal arteq•, descend to the occ1p1tal 
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and posterinr auricular lymphatic glands, ancl from thence j oin th e cenical 
glands. 

The Lymphatic Vessels of the Face are tliYidcd into two sets, ~upn:ffrial an1l 
~~ . 

'rl1e superficial lymphatic vessels of the face are more numerous than those of 
the head. antl commence over its entire s urface. 'Those fr om the frontal region 
accompany the frontal ''essels; they then pass obli <.1uely across the face, runninµ 

FTG.39f'J.-Thesupcrflcial lrmphatlcsand glanclsofthc head, fncc,nndncck. 

"irh the facial ,·ein, pac.;c.; through the buccal gfando;;; on the surface of the Bucci· 
nator muscle, an<l j oin the submax illar,,· lyrnphatic ;!lands. The latter recei,·e the 
lymphatic ,·essels from the lips, and are oft en found en la rged in ca.,cs of malignant 
di:;ease of those parts. 

The deep lymphatic vessels of the face arc deriYed from the pituita ry memhrane 
of the nose, the mucou~ membrane of the rn nutb an(l pharynx. and the content~ 
of the tempora l and orbitnl fossre: they acc1nnpany the branches of the intemal 
nuixillary artery, ancl terminate in the internal maxillary and ccnical lymphatic 
glands. 

The lymphatic vessels of the cranium consist of two !-l-ets, the mf'ninyeal :rnrl 
c1'n"liml. The 111t·nin,1p'nl l,1;mpltatif'r< accompan.\· the men ingea l vessels. escape 
throngh foramina at the base of the Rkull. an<l join the dt•ep ('enica l lympbati r 
gla1uk The 1•1•n1l1ral l,11111pliatirs arc dc:--c1·ihe1l by E :.:bmann as heing situated 
hetwt·en the arach noid and pia. mater, as well as in the choroi d plex uses of the 
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lateral ventricles; they accompany the trun'ks of the carotid and vertebral arteries. 
and prob<tbl.v pass through foramina at the base of the skull to terminate in the 
deep cervical g lands. 'l'bey h:11'e not at present been demonstrated in the dura 
mater or in the substance of the brain. 

The Lymphatic Glands of the Neck are divided into two sets, superficial and 
deep. 

The. superficial cervical glands may .be arranged in three sets : (1) The 
!-lubma.nllary, ten to fifteen m number, situated beneath the body of the lower 

Fir;.3!16.-Thedeep lrmphatics and glandsut the neck and thorax. 

jaw in the submaxillary triangle; (2) "''l'ral1yoid, situated in the middle l ine of the 
neck, between the anterior bellies of the two digastric muscles; and (3) cen1iaal. 
plac_e1l in the course of the external jugular ve in between the Platysma and deep 
~asc1a. T hey arc most numerous at the root of the neck1 in the triangular 
111terrnl lJctween the cla.Yicle, the Sterno-mastoid, ancl the TnqJezius, where they 
are cfJntinuons with the axillar)r glands. A few !--mal l glands are also found on 
the front and sides of the larrnx. 

The deep cervical glands (Fig. 3fHJ) are numerous and of large size; they form 
a chain along the sheath of the taroti<l artery and internal jugular Yein, lying by 
the s.idc of the phar~·nx, resophagus, and trachea, and extending from the base of 
the skull co the thorax. where they communicate\\ ith the lymphatic glands in that 
ca\•ity. 'l~hey are :subdiYidcd into two sets: an u11JJer, ten to twenty in number, 



6X I THE f , YJfl'ffA TI(W 

:,ituated about the bifurcation of the common ca.rntid and along rhe upper pnrt 
of the internal jugular ,·cin; a1!d a loiur,_ ten to fifteen i.n number, cl~ tercel around 
the lower pa.rt of the internal Jugular Yem, a1~<l extcncl1~goutwa.rcl into the supra· 
claYicular fos.,.a. where the,· arc contmuous "1th the axillary glands. Internally, 
this set is conrinuous with ~the mcdiastinal g lan<ls. 

The superficia.l and deep cervical lymphatic vessels arc a continuarion of those 
alrcadv de:;cribcd on the cranium and face. After tra,·ersing the g land8 in thn~c 
region's, they pa:-:s through che chain of gland~ "hich lie along the sheath of the 
carotid "es:-:el~, being joined by the lymphatics from t.be pharynx: resoph?g_us, 
larynx, trachea, and thyroid g land. A t t~e I.owcr p<~rt of the n eck, .after re~cmng 
some lymphatics from the thorax, they umte mto .a s111glc t1:unk, wh.1ch term mate~. 
011 the left side, in the thoracic duct; on the ngbt Sl(le, Ill the right lymphatic 
duct. 

Surgical Anatomy.- Thc cervical glands are Ycry frequently the seat of tuberculous 
trouble. This condition is most usually set up by some lesion in those parts from which they 
receive their lvmph. This excites some inflammation, which imb.scquently takes on a tuberculous 
character. Jt"is ,·cry desirable, therefore, for the surgeon, in dealing with these cases1 to poss,ess 
a knowlcda:e of the relntion of the respective groups of glands to the periphery. The followmg 
table is extracted from )lr. Tre\'es·s work on Scro/1da and its Gf<uul Dismsrs: 
parotfJ<~G·,~~~ostcrior part= suboccipital ancl mastoid glands. 11'rontal and parietal portions= 

J. .. ymphatic \'C:-;.scls from the scalp also enter the superficial c~rdca l ~t of ,!!lands. 
St.·i1i of.face and uecl·=submilxi llary, p;1rotid, and superficial ccn·ical glands. 
E.ctemnlcrtr=superficialccn·icalglands. 

gf ~hf f ~~;b;,:~~·~~'.S~~r:~i1Ef :,:;c1;'.::,:0:~;:::. g;;~'.~,:~. Posterior portion= 
upper set of deep ccn'ical glands. 

deep~~;i~~·{~~J;t~~ ~,~t!•;,~t?J ~~~Pr~~,:~:i~'J.1af.~';,'~~~1 glands. Lower part= upper set of 
L"ryux, 01·blt1 and roof of mouth= upper scl of cleep cervical glands. 
Nasrd.fossa' = ret ro-pharyngeal i:rlands, upper !'Ct of deep cervical glands. Some lymphatic 

vessels from posterior part of the fossre enter the parotid glands. 

LYMPHATICS OF THE UPPER EXTREMITY. 
The Lymphatic Glands of the Upper Extremity (Fig. 397) are divided into two 

sets. s1tpe1ficial and deep. 
The superficial lymphatic glands are few a11d of small size. 'fhere are occa

sionally two or three in front of the elbow, ~rnd one or two above the internal 
condylc of the humerus, 11ear the basilic Yein. 

The deep lymphatic glands are few in number, and are subdi,·ided into 
those in the forearm. the arm. and the axilla. In the forearm a few sma1l 
ones arc occasionally found in the cour:-e of the radial and ~luar vessels. In the 
arm there is a. chai1l of ~ma!l glands along the inner side of the brachia! artery. 
One. sometimes two, fairly co11staut glands arc situated a. little above and in front 
of the inner condy le of the humerus. In the a:.rillrr they arc of large s ize. and 
usually ten or twelve in number. . \ chain of these g lan cb, surrou nds the axillarv 
vessels, i.mbeddcd in a quantity of ~oosc are?lar tissue; 1hey recei,·c the lymphati.c 
ve~sels from the arm; others are <l1sperscli 111 the areolar tissue of the ax ilia ; the 
remainder are arrange~! in ~wo Seri~~.' a ~mn_ IJ cl1ain running a long the lower 
border of the Pcctoralis maJOI\ receinng the lymphatic!'! from the front of the 
chest and man~ma; a~d other.s are placed aln.ng the lower ma.rgin of the posterior 
wall of the ax1lla, '' h1ch rece1Ye the h·mphat1c:-; from the intC'rrument of the back . 
Two or three subclaYian lymphatic iiands are placed immc<liateh· beneath the 

~~~~ic,!·~ t\l i~!~~h~~l~t~~~ these that the axillary and deep cenieal g13-nds communi-

Surgical. Anatomy.-Jn malienant disea~e;-. tumors, or other affe(·tions implicatin!! the 
upper part •Ji the Lat:k antl shoulder. the from of the c:htst anti mamma. the upper part of the 
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~1~~~~ ~~ia~:e:i1.1e abdomen, or the hand, forearm, and arm, the axillary glanJs are liable to 

fici~f~~~Yt~:,~~tic vessels of the upper extremity are divided into two sets, su.per

Tbe superficial lymphatic vessels of the upper extremity commence on the fin
gers. two \·essels running along either side of each finger, one on the palmar and 
the other on the dorsal surface. Those on the palma.r surface form an arch in the 

F10.397.-1'hesuperficlallymphaticsandglnndsoftheupperextrcmity. 

palm of the lrnnd
1 

from which are derived two sets of vessels, which pass up the 
forearm, taking the course of the subcutaneous veins. ':rhc l_ympbatics from the 
dorsal surface of the fingers form a )Jl exus on the back of the hand, and, windiug 
around the inner and outer borders of the forearm, unite with those in front. Those 
from the inner border of the hand accompan;· the ulnar veins along the inner side 
of the forearm to the bend of the elbow, where they are joined by some lymphatics 
from the outer side of the forearm: tbev then follow the course of the basilic ,·ein, 
communicate with the gland:;; immediatCly abo,·e the elbow, and terminate in the 
axillary ~lands, joining with the deep l;-mphatics. The superficial l;'mphatics from 
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the outer and hac:k part nf lhr ha nil aceornpauy the radial n'ins to thl' bend of tht• 
clb1rn. They arc le::.~ nunu•rou~ than the preceding. . \.t the bend of the dbou 
the ~rcatcr il111nhN join the ba~ilic group; the rest a::.ccntl "ith the cc11hal.ic n•i11 
on the outer ~ide of the a nn. ~nmc c:rrn:;:l'. iug the upper part of the Bil'cps obliquely, 
to trnninatc in the axil lary glcrnds. whil:o;tonc or two accompany the ct•phalie Ycin 
in the cellular intcnal between the Pcctoralis major and Deltoid, and cuter tlu.• 
suhela,·ian l,rm11hatic gla1H.ls. 

The deep lymphatic vessels of the upper extremity accompany the 1leep hloo1l
vcsscls. In the forearm they comist of four sets, corrc:-<ponding \\ith the radial. 
ulnar, and intcrosseous arteries: they pass through the glands OCl'asionally fo11111l 
in the cour:;:.c of those \'e~sels. and communicate at interrnls with Lhc ~upcrficial 
lymphatics. In their course upward some of them pass through tht• ~lands \1 hich 
lie upon the brachia.I a.rter.\· : 1hcy then enter the axillary and subcla1'ian gland!-i, 
and nt tbc root of tiie neck terminate 011 the left side in the thoracic duct, and 011 
the right side in the right lymph:Ltic duct. 

LYMPHATICS OF THE LOWER EXTREMITY. 
'L1b c Lymphatic Glands of the Lower Extremity are di1iclcd into two sets, s11pn·

Jicial and deep. The superficial are confined to the inguinal region, forming the 
sup111Ji1·ial illglliwd l.1J111p/l(ttic ylmuls. 

The superficial inguinal lymphatic glands, placed imrnediatel .'· beneath tlie 
inte~ument, arc of large size, and vary from eight to ten in number. They arc 
divi:-iblc into two groups : an upper oblique set, dispo~ed irregularly along Pou
pal't's ligament, which rccC'i,·c the lymphatic ves:sels from the integument of the 
scrntum, peni~. parietes <if the abdomen. perinea) and µ;:lutcal regions, and the 
muco11s membrane of tho urcthm; and an inferior N'rlical set, which sunournl the 
saphenons opening in the fascitL la ta, a. few being sometimes cout i11u ed along die 
saphenous \ein to ll rnriable extent. This latter group recci\·e the supcdirial 
lymphatic \'l'!':-els from the lower extremity. 

Surgical Anato~y.-Thesc µ:lands frequently lieeomc .enlarµ:cd in diseases implicatinµ: the 

~~~~~~~~i~WJ~~~}~\~:~f ~~~!~~~~~!l?~ 
The deep lymphatic glands are the anterior tibial, popliteal, deep inguinal, 

gluteal, and i~thiatic. 

allyrl~~~nc~n~;,rii°l~e t:~~:l ot~1t~ned a:1~e1~~~· ~~~1::a~1\c:·~~. ~~o~x~~~c~~~~ro!!c~~1s g1~11~·~1~·: 
brane a.t ~he upper part of the leg. OccasilHrnlly. two glands are found in 
thi~ situat10n. 

The popliteal glands, four or fhe in number, a.re of small size; they su1To1tntl 
the poplitcal ,·csscls, imberlclc<l in the cellular tissue and fat of the popt'itcal 'Jl:lCC. 

Th e deep inguinal glands are placed beneath the deep fascia around the femoral 
artery nnd Ycin. They are of small :-:;ize, nnd commu nicate with the superficial 
inguinal gland51 through the sapbenous opening. 

The gluteal and ischiatic glands arc placed, the former abo,·e, the latter below, 
the 1\riformis muscle, resting on their corresponding \'es~cls as they pass through 
the ~reat sacr<1-scia.tic f'oramen. 

The Lymphatic Vessels of the Lower Extremity, like the Ycins, ma\· be di,,ided 
into two sets, ~upe1:ficial anll cln'p. · 

The_ sup_erfi~ial lymphatic. v.e~sels .arc placed beneath the integument in the 
superficial fascia, and arc d1ns1ble into two gi·oups: an internal group, which 
follm\ the cour~c of the internal saphenous ''ein; arnl an external <•Toup, whid1 
accn.mpany.the external saphenomi. The intrrnal grou11. the larger, ~ommence on 
the mner sllle an<l dorsum of the foot; they pass, some in front and some behind 
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the inner ankle, run up the leg with 
the internal ~mphcnous \'Cin, pass with it 
behind the mucr condvle of the femur, 
and accompany it to 'the groin, where 
they termina,tc in th e group of super
ficial inguinal lymphatic glands which 
snn·omHl rho sapbenous opening. Some 
of the efferent 1·essels from these glands 
pierce the cribrifonn fa~cia and sheath 
of the femoral \'essch;, and terminate in 
a lymphat ic gland contained in the 
femoral canal, thus esta.bfo;bing a com
municar ion between the lymphatics of 
the lower extremity and those of the 
trunk; ot hers pierce the fascia. la.ta and 
j oin the <leep inguinal glarnls. The e.r
ternal ,<11·oup arise from the outer side 
of the foot, ascend in front of the leg, 
antl. just below the knee, cross the tibia 
from withottt inwa.rd, to join the lym
phati<·s on the inner side of the thigh. 
Others cnmmcnce on the outer side of 
the foot, pass behind the outer malleolus, 
and accompany the external saphenous 
\'ein :tloug the back of the leg, where they 
enter the popliteal glands. 

The deep lymphatic vessels of the 
lower extremity are fow in number and 
accompany the deep blood-,·cssels. In 
the leg the.v consist of three sets, the 
anterior tibia.I, peronea l, and posterior 
tibial, which accompa.ny the correspond
ing blood-,·esscls, two or three to each 
artery; they ascend with the blood
,·e:-;sels and ente r the lymphatic g lands 
in the popliteal space; the efferent 
,-ef.;se ls from these glantls accompany 
the femoral \-e in ;ind join the deep 
inguinal g lands; from these, the vessels 
pass beneath Poupa.rr·s ligament and com
mnnic:ate with the cha in of glands sur
rounding the externa l iliac rnsse ls. 

Th e deep lymphatic rnsse ls of the 
gluteal and iscbiatic regions follow the 
course of the bloo1l-vcssels. and join the 
gluteal and iscb iatic g lands at the great 
sacro-scia,tic fora.men . 

LYMPHATICS OF THE PELVIS AND 
ABDOMEN. 

Th e Lymphatic Glands in the Pelvis 
are the external iliac, the internal iliac, 
and the sacral. Tho~c of the abdomen 
are the lumbar l(landR. 

Superficial 
inguinal 
glands. 

687 

The external iliac glands form an unin- Fio. 3!11!.-Tlw.mpcrricinl lymphntic:.andglands 

tenupted chain round the external iliac of the lower C>xtrcm1ty. 
vessels , three l.Jeing placed round the commencement of the vesse ls just behind the 
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crura1 arch. They communicate below with the deep inguinal lymphatic glands, 
and ahO\·e "ith the lumbar glands. 

'J1hc internal iliac glands surround the internal iliac \'C:;sels; they recei\'c the 
lymphatic , c:-;~els cones ponding to the branches of 1bc intc1 nal iliac artery, and 
communicate "itb the lumbar glands. 

The sacral glands occupy the sides of the anterior surface of the sacrum. some 

FJO. 399.-The deep lymphatic vessels and glands of the abdom('n nnd pelvis. 

being situated in the mcso-rectal fold. Th ese and the in te rnal iliac glands are 
affected in malignant disease of the bb<ldcr, rectum, or uterus. 

The lumbar glands arc ,·ery numerous; they arc situated on the front of the 
lumbar ,·crtebrro. surrounding the common iliac vessels, the aorta, and vcna cam; 
they receive the lymphatic rnsse ls from the lower extremities and pelvis, as well as 
from the testes and some of the abdomina l \'i!wcra : the efferent vessels from these 
glan<ls unite into a few large trunks," hi ch," ith the lacteals, form the commence· 
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ment of the thoracic <luct. In addition to these there are a few small latcml lum

bar ,glands which lie between the trans1·crse processes of the vertebrre, behind the 

P_soas muscle, and receirn lym phati cs from the back. In some cases of malignant 

disease these g lands becom~ enormously enlarged, completely surrounding the aorta 

and vena earn, and occas1onally greatly contracting the calibre of those vessels. 

I.n all ca~es of maligna~1t d.iscasc of the testes and in malignant disease of the lower 

l11nb, before any operation 1s attempted, carefu l examination of the abdomen should 

be made, in order to ascertain if an,r enlargement exists; and if any should be 

detected, all operati,·c measures should be a,,·oided as fruitless. ~ 

'l'he Lymphatic Vessels of the Abdomen and Pelvis may be divided into two sets, 

81L]Jer(ieial and deep. 
'fhe superficial lymphatic vessels of the walls of the abdomen and pelvis fol1ow 

the course of the superficial blood-Yessc]s. 'l'hose dcri\·ecl from the integument 

of the lower pa.rt of the al>domcn below the umbilicus follow the course of the 

superficial epigastric vessels and converge to the su perior grou p of the superficial 

inguinal glands; a deeper set accompany the deep cpigastric vessels. and commu

nicate with the external iliac glands. The superficial l.rn1pbatics from the sides 

of the lumbar part of the abdominal wall wind round the crest of the ilium, 

accompanying the superficial circumflex iliac \·essch,. to join the superior group 

of the superficial inguinal g lands; the greater number, however, run back

wanl along with the ilio-lumbar and lumbar Yessels, to join the lateral lumbar 

glands. 
'l1be superficial lymphatic vessels of the gluteal region turn horizontallv round 

the outer side of the nates, and j oin the superficial inguinal glands. • 

The superficial lymphatic vessels of the scrotum and perinamm follow the course 

of t~t:~t:;~;~cl~~c\~~:::~:~·;:~~~1t:~;1i~~~ep!~i!h~c:l:l1~~·f;b~~ii~~~u~~~~l ~~~.~~:~; of 

the organ, the latter receiving the ly1nphatics from the skin covering the glans 

penis: they alJ converge to the upper chain of the superficia~ inguinal p: lans. The 

deep lymphatic vessels of the penis follow the course of the mternal pudic Yessels, 

and join the internal iliac gla nds. 
In the female the lymphatic Yessels of the mucous membrane of the labia, 

nymph~-e, and clitoris terminate in the upper chain of the inguinal glands. 

'fhe deep lymphatic vessels of the abdomen and pelvis take the course of the 

principal blood-vessels. rl1hose of the parietes of the peh•is, which accom 1~a.n)· 

the gluteal, ischiatic, and obturator vessels. foJlow the course of the int ernal ilia.c 

artery. and ultimatel.v join the lumbar lymphatics. 

The efferent vessels from the inguinal glands enter the pelvis beneath Pou part"s 

ligament, where tbe.v lie in close relation with the femoral vein; they then pass 

through the chain of glands sunounding the external iliac Yessels. and finally ter

minate in the lumbar glands. They receive the deeµ epigastric and circumflex 

iliac lymphatics. . . . 

The lymphatic vessels of the bladder arise from the entire surface of the 

orfJ'an: 1 the "reater number run beneath the peritoneum on its posterior surface, 

an~I, after pas~ing through the lymp~atic glan~ls in that situation .. join with. ~he 
lymphatics from the prostate and vcs1cuhe semmalcs, and enter the mternal iliac 

ghmrls. . . 
'J1he lymphatic vessels of the rectum are of large size: after passmg through 

some small glands that lie upon its outer wall and in the mesa-rectum they pass to 

tbe 'acral glands. 
The lymphatic vessels of the uterus coni:'ist of two sets, superficial and deep, 

the former being placed beneath the pcrito1~cum, the l at~er in the substance of.the 

organ. The lymphatics of the cerv1x utcr~, together with those fron:i the rn~11m, 

enter the internal iliac and sacral glands; those from the hody and fundus ot the 

uterus pass outward in the broad ligaments, and, being joined by the lymphatics 

' Curnow !ilates that they arc (•on fined to the base of the on.:tm. 
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from the ornric8. broad li~amcnts. and li"'.'lllo1)ian tubes, n~c<.·n1l '' ith the o,·arian 
,·c~scls to open inro the lumbar glands. ln •he unimpregnatctl uterus they <tre 
small. but during gestation they become very greatly enlarged. 

'rhc lymphatic vessels of the testicle consist of two sets, superfiC'ial and deep: the 
former commence on the surface of the tunica rnginnlis, tilt.' lauer in the epi(l icly
mis and body of the testis. The.Y form sc"eral large trunks which n~ccnd with 
the spcrmadc cord, and, accompanying the spcrmat ic \'C~sc l s into tho abdomen. 
terrnirn1te into the lumbar glands; hence the en largement of these g lands in 
maliµ:nnut disease of the testis. 

The lymphatic vessels of the kidney arise on the surface. and al~o in the inte
ri or of the organ; they join a.t the hilum. and, after receiving the lymphatic \·c:-;:.;('}Jo\ 
from the ureter and suprarenal capsules, open into the lumbar glamls. 

'J1h c lymphatic vessels of the liver arc divisible into two sets, supe1;ficial and det'JJ· 
~~he former arise in the subperitoueal :treoh1r tissue over the entire surface of the 
organ. ~l1hose on the co1H·ex surface ma.,r be di,,.ided into four g roups: 1. Th oi-lc 
which pass from behind forward , consisting of three or four branches. which a:sccnd 
in the longitudinal ligament and unite to form a single trunk, which passes up 
between the fibres of the Diaphragm, behind the en~iform cartih1ge, to enter the 
anterior mediastinal glands. and finally ascends to the root of the neck, toter
minate in the right lymphatic duct. 2. Another group, which also incline from 
behind forward, are reflected O\'er the anterior margin of the li\·er to its under 
surface, a.nd from thence pass along the long itudinal fi ssu re to the g lands in the 
gastro-hepatic omcntum. 3. A third group incline outward to the right lateral 
ligament, and , uniting into one or two large trunks, pierce the Diaphragm. and 
run along its upper surface to enter the anterior mediastinal glands. or, in~tead 
of entering the thontx, turn inwa.rd across Lhc crus of the Diaphragm and open 
into the commencement of ihc thoracic duct. -!. The fourth group incline out
ward from the sui-face of the left lobe of the liver to the left lateral ligament. 
pierce the Dia.pLrngm, a.nd 1 passing forward, termiua.te in the glands in the ante
rior rne<liastinum . 

'J1he superficial lympltatics on the undeJ' surface of the lii•er :.1rc divided into 
three sets: 1. 'J~hose on the right s ide of tl1e ga ll-bladder en ter the lumbar glands. 
2. Those surround ing the ga ll-bladder form a. remarkable plexus; they accom
pany the hepatic vessels, and open into the g lands in the gastro-bepatic omenturn. 
3. Those on the left of the gall-bladder pass lo the resophageal glands and to the 
g lands which are situated along the lesser curvature of the ~tomach. 

The deep lymphatics accompany the branches of the portal \•ein and the hepatic 
artery and duct through the substance of the li\·er; passing out at the transvcr~c 
fissure, the.\' enter the l,nnphatic glands along the lesser c ur vature of the stomach 
and behind the pancreas, or join with one of the lacteal Yessels previous to its 
termination in the thoracic duct. 

'.l'he lymphatic glands of the stomach a.re of small size; they a.re placed along 
the lesser arnl grea.1.er curvatures, some within the gastro-splenic omentum, whilst 
others surround the cardia" ·1 ncl pyloric orifices. 

The lymphatic vessels of the stomach consist of two sets, supe1:fi.cial and derp, 
the former originati ng in the subserous, and the latter in the submucous, coat. 
They follow the course of the blood-Yessels, a.nd may conset1uent ly be arranged 
inro three groups : The .first group accompany the gastric vessels along the lesser 

~~1~·,~~!u~~~~ 1:·~~t;·,~~g11~11:1~~,:~es ,/~~m8)~~~t~l ~,~~~~>e~a: t~-~;rf~~1, d~·1;~t 1~a:~ ~t~ !~~ 
stomach, accompanying: the vasa brevia, and enter the splenic lymphatic glands 
'l'he tl1frd grollp ~·un along the greater cu rm.tu re with the right gastro-epiploic 
,-c~~cls, and tcrmmate a.t the root of the mcscntery in one of the principal lacteal 
' 'essels. 

The lymphatic glands of the spleen occupy the hilurn. Its l11mplwtic ,.,.,./, 
con~1!-)t of two sets, superficial and <lccp: the former arc place<l beneath its 
peritoneal covering, the latter in the subJ>1tance of the organ ; they accompany the 



OF TllE TllORAX. 691 

blood-vessels, passing through a series of small glands. and, after receiving the 
lymphat ics from the pancreas, ultimately pass into the thoracic duct. 

THE LYMPHATIC SYSTEM OF THE INTESTINES. 
The lymphat ic glands of the small intestine are placed bet ween the layers of 

the mesentery. occupymg the meshes formed by the superior mesentcric vesse]s, 
n.nd hence call ed lllesenteric glands. They vary in number from a hundred to a 
hundre1l and fifty, and in size from that of a pea to that of a smal l almond. 
These gla11 ds a.re most numerous, and largest above, near the duodenum, and 
below, oppos ite the te rmination of the ileum in the colon. This latter group 
becomes en larged and in fi ltrated with deposit in cases of fe\'cr accompanied with 
ulceration of the in test ines. 

'l'be lymphatic glands of the large intestine arc much less numero us than the 
mesenteric glands; they are situated along the n1scular arches formed by the 
arteric.s prerious to their distribution, and even sometimes u1,on tbe intestine 
itself. 1l 1hc_v arc fewest in n umber along the transverse colon, "here they form 
an uninterrupted chain with the mesen teric glands. 

rl'he lymphatic vessels of the small intestine are called lacteals, from the milk
wbite fluid they usually contain : they consist of two sets, superficial and deep, 
the former lie between the layers of the muscu lar coat and between the muscular 
and peritoneal coats. takingv a longitudinal course along the outer sidP <Jf the 
intestine; the latter occupy the submucous tissue, and course transversely round 
the intestine, accompanied by the branches of the rnesenteric 'cssels; they pass 
between the la.vers of the mesentery, enter the mcsentcric glands, an<l finally 
unite to form two or th ree large trun ks which terminate in the thoracic duct. 

The lymphatic vessels of the large intestine consist of two sets : those of the 
c<.~cum, ascending an<l trans,•erse colon, which, afte r passing through their prope1 
glands, enter the mcsenteric glands ; and those of the descending colon, sigmoid 
flexure, and rectum, which pass to the lumbar glands. 

THE LYMPHATICS OF THE THORAX. 
11he Lymphatic Glands of the Thoracic Wall a re the intercostal, intemal mam

mary, anter io r mediastinal, and posterior mediast inal. 
i1hc intercost al glands are small , ir regular in number, and siLUated on each 

side of the spine, near the costo-vertebral articulations. some being placed between 
the two planes of intercostal muscles. 

The internal mammary glands are placed at the anteri or extremity of each 
iatercostal space, by the side of the internal mammary ,·esscls. . 

The anterior med.iast inal glands are placed in the loose areolar ussue of. the 
anterior mediastinum, some lying upon the Diaphragm in front of the peritardrnm, 

and'l~~~e;!s~~~~~ ~~~~:~~a~~~~~sa~ 1~!~ i ~:=~e~fit~h~h~c:i~~t~lar tissue in the poste· 
rior me<l iastinum, forming a contin uous chain by the side of' the ao~·ta and cesoph-

~~~is~b~::Y,\~i~~ 1~~~n~fcaet; ~~r:~~~ ~~'ten~:i.t~ the intercostal, below w1Lh ihe lumbar, 

The Superficial Lymphatic Vessels of the Front of the Thorax run across the 
great Pectora l muscle, and those on the back part of th is ~av i ty lie upon the 
Trapezius and L at issimus dorsi; they all converge to the axillary gland:l . '.l'he 
lymphatics from the . greater. part. of the mammary gland pass out\\:ard to the 
lower bor<ler of the Pectoralis maJOr muscle, where they enter a cha.m of sm:lll 
glands s iluated in the axil lary space along the lower border of its antenor 
boun<lar,v. Some few lymphatics from the inner. side of_ th~ mammary gland pass 
tbmugh the intcrcostal spaces to reach the anterior medw.strnt~I glands. . 

The Deep Lymphat ic Vessels of the Thoracic Wall arc the mtcrcostal, rnternal 
mammary, and diaphragmatic. 

'J'he int ercost al lymphatic vessels follow the course of the intercostal vessels. 
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rccci\"ing lymplrn. tic~ from Lhc intcrcostal mu~clcs and pleura.; thry pn~:-; hatk\\ard 
to the ~pine. arnl unite with lymphatics from the back part of Lhc thorax and !-ipinal 
canal. After tr:l\·er..,ing the interco~tal glands, they pa!->s <lown the spine and 
tcrminat(' in the thoracic duct. 

The internal mammary lymphatic vessels follow the course of the inlf.'rnal 
mammary Yessels; the,· commence in the muscles of the abdomen abo\·c the 
umhilitu~, communic:ati"ng with the epigastric lymphatics, asct·1Hl between the 
fibre~ of the Diaphragm at its attachment to tLc en~iform appendix, and in their 
course behind the coscal cartilages are joined by the intcrcostal lymphatics; tbcy 
terminate on the right side in the right lymphatic <luct, on the left side in the 
thoracic duct. 

The lymphatic vessels of the Diaphragm follow the course of their correspon<l
in" ,·essels, and terminate, some in front in the anterior mediastinal and internal 
m~mma.ry glands, some behind, in the intcrcostal and posterior mcdiastinal lymph
atic£.:. 

'l1hc Lymphatic Glands of the Viscera arc the bronchial glands. 
'Phe bronchial glands are situated round the biforcalion of the trachea and 

roots of the lungs. They arc ten or twelve in number, the larµ-est b~ing placed 
opposite the bifurcation of the trachea. the smallest round the bronc:h1 and tht•ir 
primary divisions for some little distance within the ubstance of the lungs. In 
infanc,\: they present the same appearance as lymphatic glands in other ~ituations; 
in the adult they assume a brownish tinge, and in old age a deep black color. 
Occasionally they become sufficiently enlarged to compress and narrow the canal 
of the bronchi, and thev are of'Len the seat of tubercle or crctaceou5 deposits. 

'11hc lymphatic vessels of the lung consist of two sets, supe1:ficial an<l deep: 
th(' former ~tre placed beneath the pleura, forming a minute plexus "hi ch COYers 

the outer surfa.cc of the lung; the latter accompany the blood-vessels and run along 
the bronchi: they both termina.te at the root of the lungs in the bronchial glands. 
'l'hc efferent ves~els from these glands, two or thl'ee in number, ascend upon the 
trachea. to the root of the neck, traverse the tracheal and <esophageal glanJs, anti 
tel'min<tte on the left side in the thoracic duct and on the right side in the right 
lymphatic duct. 

The cardiac lymphatic vessels consist of' two sets, 8Upe1:ficial and deep : the 
former arise in the subserous areolar tissue of the surface, and the httter in the 
deeper tissues of the heart. Tbcy follow the course of the coronary ves!'lels: those 
of the right ~ide unite into a. tmnk at the root of the aorta, which, ascending across 
the arch of that Yessel, pa"-ses backw:l.l'd to the trachea, upon which it ascends, 
to terminate a.t the root of the neck in the right lymphatic duct. 'l'ho:;e of the 
left side unite into a single vessel.at the ba~e of the heart, "hich, passing along 
the pulmonary artery and trarnrsmg some glands at the root of the aorta. a~cen<ls 
on the trachea to terminate in the thoracic duct. 

The thymic lymphatic vessels a.rise from the under surface of the thymu:- glan<l, 
an<l terminate on each ~ide in the internal jugula.r ''eins. 

The thyroid lymphatic vessels arise from either lateral lobe of this organ: they 
coHerg~ lO form a short tn~nk .. which termi.natcs on the right side in the right 
lymphatic clLlCt, on the left side 111 the thoracic duct. 

'l'he lymphatic vessels of the <2Sophagus form a plexus round that tube, tra.Yerse 
the glands in the posterior metliastinum, and, af'lcr communicating with the 
pulmonary lymphatic vessels near the roots of the lungs, terminate in the thoracic 
<luct 



THE NERYOUS SYSTEM. 

TII~a~=~~0c~~l~~:itve~),s ~~: ~;,~~~:S~;;,?a~ ~!:~:~so~~ ~:T c•;tt~~ ~~~~i"c~-0~~::~:~: 
termed gangUa. 3. Of ne1·ves, connected either with the cerebro-spinal axis or 
the ganglia. And-!. Of certain modifications of the peripheral terminations of the 
ner\'eS, forming the organs of the external senses. 

The Cerebro-spinal Centre consists of two parts, the spinal cord and the 

encephalon; the latter may be subdivided into the cerebrum, the cerebellum, the 
pons Yarolii, and the medulla oblongata. 

THE SPIN AL CORD AND ITS MEMBRANES. 
Dissection.-To dissect the cord and its membranes it will be necessary to lay open the 

whole lentrt h of the spinal canal. For this purpose the muscles must. be separated from the 
"ertebral l!rooves. so as to CX(JOSC the spinous processes and laminre of tlrn vertebrro; and the 

:j1~e:i1i~~<l1 ~rbfo~~~J111 :~~·~i~f1'\.~~teb~~1 dt!!~ ~~0~11~0 5,{~~·~:ib~1~!:. thT1~~~,~~~:iliraf~~Y18:.~};~:~~; 
been displaced by means of a chisel and the separate fragments removed, the clurn mater will ~ 

::~~~ei~1i<l~'er1~~~~~1~~~~f s:e \'~~n;e~ 11~e~t~~~t!~~ 0~e~~0d~,~<l~~ab)~i~;~~~~~f I~ i~~~'i~·~ t~)~i;~F 
cutting bone-forceps. 

. MEMBRANES OF THE CORD. 

'fhe membranes which envelop the spinal cord arc three in number. The most 
external is the dtll"a maler, a strong fibrous membrane which forms a loose sheath 
around the cord. The most internal is the pia mater, a ce11ulo-"ascu lar membrane 
which closely invests the entire surface of the cord. Between the two is the 
mw.:lmoirl membrane, a non-,·ascular membrane which envelops the cord and is 
connected to the pia mater by slender filaments of con nective tissue. 

The Dura Mater of the cord, continuous with that which im·csts the brain, is 
a loose sheath which surroun<ls the cord, anfl is separated from the bony walls of 
the spinal canal by a quantity of loose areolar tissue and a plexus of veins. . It 
is attached to the circumference of the foramen magnum and to the postenor 
common ligament, especially at the lower end of the spinal canal, by fibrous 
slips, and extends below as far as the third piece of the sacrum i but beyond this 
point it is imperv ious, being continued jn the form of a slender cord to the back 
of the coccyx, where it blends with the periosteum. 'This sheath is much larger 
than is necessary for its conte_nts, and its size is greate r in the cervical ~nd lumbar 
regions than in the dorsal. lts inner surface is smooth. On each s1c~c ma)'.' be 
seen the double openinus which transmit tbe two roots of the correspondmg spmal 
nerve, tbe fibrous layc1~ of the dura mater being CODtinued in the form of a tub ul ar 

prolongation on them as they pass through these. apertures. On open in g the 
lower part of the dura mater-z. e. below the termmat1on of the cord proper
the roolR of the lumbar and sacra.I nerves arc seen. These roots, taken together, 
form what is known as the eauda equina. lD the midst of tbe cauda Ci]uina is a 

delicate process of gray matter within a tube _of J~ia _ n?ater. Tb is is t~e filurn 
ft>rminale. This comes off from the conus termrnalis (Fig. 402) or cone-like end
in• of the cord, and blends, below, with the slender cord-like prolongation of the 

<h~a mater just mentioned. (See page 695.) 
693 
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'L'hC' chit'f peculiarities of the dura matC'r 1lf the cord. a8 compa.n .. •1l "ith that 

inn.;~~!~1 ~1 1~~~t~ 1~11~~ie~: :;·ct1~~cc~~!1~~·i,~1;t :adherent to the bones of the spinal <·anal, 
which ha\'e an independent periostcum. 

It doe:s not send partitions into the fissures of the cord, as in the brnrn. 
Its fibrous laminoo do not separate to form venous sinu~e~. as in 1he brain. 
Structure.-The dura mater consists of white fibrous and elastic tissue arran~ed 

in bands or lamell:u, which, for the mo:-t part. are par
allel with one another. lts internal :surface is Cm Ned 
by a layer of endothelia l cells which ~ives tbis surface 
its smooth appearance. It is sparingly supplied with 
\·essels, and some few nerves lnwe been traced into it. 

The Arachnoid is exposed by slitting up the dura. 
mater and reflecti ng that membrane to e itLer s ide (l?ig. 
JOO). It is a thin, delicate. tubular membrane which 
invests the surface of Lh e cord, and is con nected to 1Le 
pia mater by slender filaments of conn cctiYc tis~ue .. 
AboYe, it is continuous with the cerebral arachnoid; 
on each side it is cont inued on the ,·arious ncncs, so 
as to form a. sheath for them as they pass outward to 
the iutenerLebral foramina. 'l'he outer surface of the 
arachnoid is in contact with the inner surface of the 
dura mater, and the two are, here and there. connected 
together by isolated connective-tissue trabeculci:!, espcci
all,Y on the posterior surface of the cord.. For the 
most part, however, the mcmbrnncs are not connected 
together, and the interval between them is namc<l the 
subdural space. The inner surface of the arachnoid. is 
separated from the pia mater by·a. considerable interval, 
which is called the subarachnoidean .~pace. 'l1he space 

1tsi!'!~i~~~1c~~hcspinaicordand is the largest at the lower part of the spinal canal, and 
encloses the mass of nerves which form the cauda 

equina. Superiorly it is continuous with the cranial ~rnbarach noid space, and 
communicates with the general ''entricuhir cavity of the brain by means of an 
opening in the pia mater at the inferior bound:.iry of the fourth ventl'icle (for
a.men of J.liajendie). It contains a.n abund~nt serous secretion1 the ('t'rebro·spinal 

fluid. This secret ion is sufficient in 
amount to expand the arachnoid mem
brane, so as to completely fill up tbe 
whole of the space included in the dura. 
mater. The subarachnoidcan space is 
occupied by trabcculre of delicate cou
necti,•e tissue, connecting the pia mater 
on the one ha.nd with the arachnoid mem
brane on the other. rrhis is named sub
aracltnoid ti.r;3ue. In addition to this 1t is 
partitdl,V subdivided by a longitudinal 
membranous partition, which serves to 
connect the a.rnchnoid with the pia mater, 
opposite the posterior median fissure. This 

Fin. ·IUl.-Trnnsvcrsesection or the spinal cord partition is incomplete a.ncl cribriform in 

~111d .its mcmbrai~es. (Gegcnbaur.) . ~~·~~t~~l~~~S~~n~~~~l~~~c?~~ ~~,j~;;l:~c~f ~;~~~~ 
I his space .1s to b~ regarded a~, Ill reality, a great lymph-space, from which the 

~~~rin~~n;1~~l !fi-~:)~{i:~~ penvascular lymph-sheath (see page 87) is co"'·eyc<l 
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Structure.-'l'be arachnoid is a delicate membrane made up of closely arranged 
interlacing bundles of connective tissue in several layers. 

'l'he Pia. Ma.ter of the cord is exposed on the removal of the arachnoid (Fig. -100). 
It co.\'ers. the en~1rc surface of th~ cor<l, to which it is very intimately adherent, 
formmg its neunlemma, and scndmg a. process downward into its anterior fissure. 
It also forms a ~heath for each of the filaments of the spinal nerves, and invests 

~~nee 1~~·vi~~ ~hnet1~1t~i~\~·e:~, rf ;;e, 
1 ~~ ft~tc~1t ;~air~1~:~u:b~a~g1e:x ~;J~~~cl:1~~1~ g a ~1~lc a °:~dt~~~ 

what simi lar band, the ligamentmn denticulatum, is situated on each side. At 
the point where the cord terminates the pia mater becomes contracted, and is con
tinued down as a Ion_~, slender filament (filwn terminale), .which descends through 
the centre of the ITI<;.SS of ne1'\'es forming the cauda equma, and is blended with 
the impenious sheath of dura mater on a level with the third sacml Yertebra. It 
assists in maintain_ing the cord in its position during the mo\·ernents of the trunk, 
and is from this circumstance called the central ll:qwnent of the spinal cord. It 
contains a littl e gray nervous substance, which may be traced for some dis
tance into its upper part, and is accompanied by a small artery and vein. 
At the upper part of the cord the pia. mater presents a gra.yi3h, mottled tint, 
which is owing to yellow or brown pigment-cells scattered among the elastic 
fibres. 

Structure.-rrhc pia mater of the cord is less \·ascular in structure, but thicker 
and denser, than the pia mater of the brain, with which it is continuous. It 
consists of two layers: an outer composed of bundles of connectiYe-tissue fibres, 
arranged for the most part longitudinally; and an inner, consisting of stiff 
bundles of the same tis ue, which present peculiar angular bends, and is coYere<l 
on both surfaces b,Y a layer of endothelium. Between the two layers are a 
number of cleftlike lymphatic spaces which communicate with the subaracbnoid 
cavity, and a number of blood-,·essels which a.re enclosed in a perivascular 
sheath, deri\•ed from the inner layer of the pia mater, into wbich the lymphatic 
spaces open. It is also supplied with nel'\'es, which are dcri,·~d from the sympa
thetic. 

'l'he Ligamentum Denticula.tum (Fig . .JOO) is a nanow fibrous band, situated 
on each side of the spinal cord, throughout its entire length, and separating the 
anterior from the posterior roots of the spinal nerves. It has recci\·ed its name 
from the serrated appearance which it presents. Its inner border is continuous 
with the pia mater a.t the side of the cord. Its outer border presents a series of 
triangular, dcntated serrations, the points of \'hich are fixed at intervals to the 
dura mater. These serrations are twenty-one in number on each side, the first 
being attached to tbe dura mater, opposite the margin of the foramen magnum 
between the vertebral artery and the hypoglo~sal nen_e, and tl~e last t~ear. t~e 
lo\\Cr end of tbe cord. Its use is to support the cord m the f!t11d by which 1t 1s 
SUITOUllded. 

THE SPINAL CORD (Fig. 402). 

'!'be Spinal Cord (medulla spinalis) is the eylinclrical, elongated part of the 
cerebro-spinal axis which is contained in the vertebral canal. Its length is 
usually about seventeen or eighteen in ches, and i_ts. weight, w.hen divested of its 
membranes and nerves. about one ounce and a half, its proport10n to the encepha
lon being about 1 to 33. Tt does not nea.rly fill the canal in whi~h it is con
tained, its inrnsting membranes being separated from the surroundmg walls by 
areola.r tiss11c :wcl a plexus of veins. It occupies, in the adult, the upper two
thirds of the ,·crtebml canal, extending from the upper border of the atlas to the 
lower border of the body of the first lumbar \'Crtebra, where it terminates in a 
slender filament of gra.~.: substance, which is continued for :some distance into the 
jilwn tamiwde. In the fretus, before the third month, it extends to the bottom of 
the sacral canal, but after this period it gradually recedes from below, as the 
growth of the b()nc~ composing the canal is more rapid in proportion than that 
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of the con!. •o that in the child at birth the cord extend<'" far"' the third lum
bar vertebra. Its position nnies also accor<ling to the (lt•grcc of cu nature of the 

~ram id 

Il<r;:(7f::fon \ 
pvramid1 

1111tero·l<ll. 
jia ure 
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ro~r. mr'I 
1

1
f ji&;ine spinal column. being raised somewhat 

~~~~lat. ~~j 1~~~~~ 1~ 11~·~a~l~e i:P,:~:~en~ 1~t d~;::.: 
I 
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cncc in its (liarnctcr in different parts, 

~~i~~7>r:~1~~.c~lc~~~~c~~·~ a~~11:~·y:~eern~; 
lumbur. rJ1hc ccn·ical enlargement, 
which is the larger, extends from 
about the third cervical to the fir:o:.t 
or Recon<l dorsal rnrtebra: its great
cRt diameter is in the trans\·er~c di
rection, and it corresponds with the 
origin of the ncrrcs wl1ich supply the 
UJJ]>Cl' extremities. The lower, or lum-
bar, enlargement (intwnescentia) is 
situated oppu~ite the last two or three 
<lorsal Yertebroo, its greatest diameter 
being from before backward. It cor
re$.pon<ls with the origin of the nenes 
"hich supply the lower extremities. 
In form the l'ipinal cord is a flattened 
c:·linder (Fig. 402). 

Fissures.-It presents on its ante
rior surface, along the middle line. a. 

J ......... ~ .. dian .fiswre, and on its pol'itcrior sur-
face another fissure, which also ex
tenrls along the entire lcn_!!th of the 
cord, the posteriu1· mf'dirtn fis310-1'. 
These fissures penetrate through the 

0m118 greater part of the thickness of the 
terminnua cord, and incompletely cfo·ide the ~ 
p11~~g;~n1~! longitudinal fissure, the a11ferfor 11111

-

cord into two ~vmmetrical halYes, 
,ff:)i~~':lr::{ united in the mid1lle line b' a tran"-

ben?.~d."!Yfc-;~~1~b!fiirn!~~0Q~~i~'.{rom in front. s, from ~:11;:,~)~.~l~J~~ .. of nctTous sub~iance, the 

The Anterior Median Fissure il'i 
wider,. but of less depth, than the posterior, exten<lin)! into the cord for about 
one.th1l'll of its thickness, and is deepe't at the lower part of the col'<]. It con· 
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ta1~s a prol?ngotion ~rom. the p~a mater, and its floor is formed by the anterior 
wlute commissur(', which 1s perforated by numerous blood-vessels passing to the 
centre of the cord. 

The Posterior Median Fiss~re is not an actual fissure, as the space between 
the lateral halves of the postenor part of the cord is crossed by connective tissue 
and numerous blood-vessels, so that no actual hiatus ex ists, and there is conse
quently no prolongation of the pia mater into it. It extends into the cord to 

abol1t one half its depth, and its floor is formed by the posterior gray comrnissure. 
Lateral Fissures.-On each side of the anterior median fissure a linear series 

of for~rnina may be obseHc<l, indicating the points where the anterior roots of 
the spmal nerves emerge from the cord. This is called, by some anatomists, the 
antero-lateral .fissure of the cord, although no actual fissure exists in this situation. 
And on ench side of the posterior median fissure, along tbe line of attachment of 

the posterior roots ?f the nerves, a delicate fissure may be seen, leading down to 
the gray matter which approaches the surface in this situation ; this is called the 

710steto-lateral .fissure of the spinal cord. On the posterior surface of the spinal 
corrl. between the posterior median and the postero-lateral fissure on each side, is 
a slight longitudinal furrow (posterior intermediate .f1U'row) marking off two tracts, 
tbe posterior median columns. rl'hese are most distinct in the cervical r egion, but 

are stated by Foville to exist throughout the whole length of the cord . 
Columns of the Cord.-Each half of the spinal cord is thus divided into th r ee 

main columns: an antero-lateral column, a postero-lateral column, and a postero
median column . 

The antero-latentl column, which forms rather more than two-thirds of the 
entire circumference of the cord, includes all the portion of the cord between the 

anterior median fissure and the postero-la.teral fissure. 
B\- some anatomists the antero-lateral colum n is subdivided into au anterior 

colum·n, which includes all the portion of the cord between the anterior me~ian 
fissure and the line from which the anterior r oots of the ner\'es arise; and a lat
eral column, whi ch includes all the portion between the lin e of origin of the ante

rior roots of the spinal nerves and the postero-Jateral fissure. 
The postero-lateral colwmi is situated between the postero-lateral fi ssure and 

the posterior intermediate furrow. 
The poRterior median column is that narrow segment of the cord which is s~en 

on each s ide of the posterior mC'dian fissure, usually included with the precedmg 

as the posterior column . 
Structure of the Cord.-If a transverse section of the spinal cord be made, it 

will be seen to consist of white and gray nervous substance. The white matter. is 
situnted externally, and constitutes tLe greater part. 'fhe gr?y substa.nce occupies 
the centre

1 
and is so arranged as to present on the surface of th.e section two cres· 

centic masseR, placed one in each lateral half of the cord, u111ted together by a 
transverse band of gray matter, the gray commissu,re. Each crescentic mass has 
an ante ri or an<l posterior horn. The posterior horn is long and narrow, ancl 
approaches the surface of the postero-lateral fissure, near which it presents a slight 

enlargement, the eaput comu : from. this it t~pers to form the. apex eorn.u,, which at 
the surface of the cord becomes continuous with the fibres of the postenor roots of 
the spinal nenes. The a.nterior horn is short and thick, and does not quite reach 
the surface. but extends toward the point of attachment of tbe anterior roots of the 

nerves. Its margin presents a. denta.te .or stellalc ::tp)~earancc . Owing to the pro
jeccions toward the surface of the anter10r and postenor horns. of the gray matter, 
each half of the corrl is divided, more or less completely, mto three columns, 
anterior, middle. and posterior. the anterior all(l middle being joined to form the 

autero-lateral column, as the anterior horn docs not quite reach the surface. 
The commissure of the spinal cor'd is composed of white and gray fibres, hence 

called the white and gray commissure.s. The while co11w1is:Jttre is forme<l of fibres 
which, for the most part. pass horizontall)'. between the gray matter of the ante

rior horn of one side and the anterwr "lute column of the opposite side. 
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The !Jrtl,ll 1'UH1mi.~rnn• , "hic:h con.nect~ the t~,·o cresc.cnt ic mas:;cs of µ,ray m~t~ 
tcr, is separated from the bottom of the anterior me1lian fissure by the autcnor 

white commiF-~tirc . lt cou~i::-t~ of trnnsn•rsc fibres, 
with a considerable 11uantity of neuroglia bctwe<'n 
them. The fibres when they reach the latl'ral 
crescents din•rgc: ~omc pa~s backward to the 
posterior root~: others ~pr<'ad out. :1t rnriom1 
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angles, into the cervix cornu. . 
Hunning through the gray comm1s:;urc of the 

ccr\'~~~1 ~~:i~~~~u~~~~ 0!, ~~~~~-~fcc~~~~~~}~gg~~~~ aj, !~~~~ ~~il~~~cn~'c,~~g 1 ~.1~~a ~r Ui~ ~:~~·~~8},~~~~~· tb~ 
cord1'~1cr~W:~~~g;5~scction or the ccrvicnl Portion of the SJ>inal cord or n six weeks' embryo. (KOllikcr.) 

whole length of tb e cord is a. minute ca.na1, which is barely visible to the nak ed 
eye in the human cord 1 but is proportioimlly larger in some of the lower Yerte· 
brata. It is called the central canal, and opens ctbove into the fourth ventricle, 
and terminates below in a somewhat dilated extremity . It is lined in the footus 
by colummn ciliated epithelium, but in the adult very often the cilia httve clisap· 
pcared, and the canal is filled with their rcrna.ins. 'The cells arc supported on :~ 
layer of neuroglia, which is sometimes called the substant i;.t gelatinosa centralis. 

The mocle of arrangement of the gra~' matter. and its amount in proportion to 
the white, rnry in different parts of the cord. Thus, the posterior horns arc long 
and narrow in the cenical region; short ancl narrower in the dorsal; short. but 
wider. in the lumbar region . In the cenical region the crescentic portions are 
small, and the white matter more abundant than in any other region of the cord. 
In the dorsal region the gray matter is least developed. the white matter being 
also small in (ftt antity. In the lumbar region the gray matter is more abundant 
than in any other region of the cord. rr.owanl the lower encl of the cord the white 
matter gmdualJy ceases. rrhe crc~centic portions of the gray matter soon blend lntO 

a single mass, which forms the onl.v constituen t of the extreme point of the cord. 
Minute Anatomy of the Cord.-The cord consists of an oute r part, composed 

of mcdullatE'd nerve.fibres, which is the white substance : and of a central pa.rt, the 
gray matter, both supported in a peculiar kind of fo:suc, ca ll ed neuroglz"a. 

1'he neuroglia consists of a hom ogeneous transparent matrix, of a network of 
very delicate fibrillm, and of small stellate or branched cells, the neuroglia-cel/s. 

In addition to forming a ground substance, in \\ hich the nen·e.fibres, nerve· 
cell8, and blood·Yessels are imbedcled. a consi1lcrable accumularion of neuroglia 
takes place in three situations-(1) on the surface of the cord. bener.th the pia 
mater: (2) around the central canal : and (3) in the posterior part of the posterior 
horn, forming the suhstantia ciuerea. gelatino~a. 



THE SPINAL CORD. 699 

'l'hc white substance of the cord consists of medu11atcd nene-fibres, with 
blood-vessc}:;:, and neuroglia. On trans\·erse section of the white substance of the 
cord a ,·cry striki ng object is prcsenterl. It is seen to be studded all o,·er wi1h 
minute dMs, s111-roun<led by a white area. and this again hv a dark circle (Fig. -110). 
This is due to the longitudinal medullated fibres seen 011 section. Tbe dot is the 
axis-cylinder. the white area the substance of Schwann, and the dark circle the 
tubular membrane of the fibres, which seems to consist of se,·eral laminre. 
Externally, the ncuroglia is seen to form a, delicate connecti,·c sheath round the 
outer su rface of the cord immediately beneath the pia mater, from which numerous 

septa pass in to separate the respective bund les of fibres ""d extend between the 
indi\rid ual nerve-fibres, acting as a. supporting medium in which they are im
bedded. Thus it will be seen that the greater bulk of the white matter of the 
cord is made up of longitudinal rnedullate<l fibres, which are arranged in groups 
forminu the a.ntero-lateral and posterior columns. 

Th~rc are, however. also oblique and transverse fibres in the white substance. 
These are principally found (1) at the bottom of the anterior median fissure, 
form ing the white commissure, the fibres passing from ~he gra~~ matter of the 
anterior horn on one side to the white matter of the antenor column of the oppo
site si<le; (2) horizontal or oblique fibres passing from the roots of the nenes into 
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the gro,v matter: and \3) fibres leaving the f(ra)' matter, ai~d pm:suing a.longer. or 
shorter horizontal course between the bundles of long1t ud111al hbres, with which 
many of them arc continuous. . 

ri1he i1wes:.tigation .of patholo~ical lesions has sbo" n that of th e ma_m columns 
of the cord c:tch consists of certam sub-columns or tracts of fibr es, for it has been 
found that scpflrate lesions are stri cth~ limited to certai n well-determined parts of 
the or~an "ithout inrnh·ing ncighbo;·ing regions. That these parts ~r fasc ic~1li 
corre~pon<l to so many distinct anatomical systems, each endo,~ed with special 
functions, seems abundantly prO\'ed by the researches of Fl ecbs1g ~nd oth~rs on 
the development of the cord during the later periods o.f utero-~estat1 c.. n and m !he 
new ly-born infant. 'l'hus, on either side of the anterior median fi ssure a portion 
of the antero-lateral colwnn is divided off as the dil'ect pyramidal tract (fasciculus 

of 1.'ilrck), which can be traced to be continuous with the non-decussatin.c; fibres 
of the pyramid of the medulla. The remainder of the antero-1ateral column of 
the cord is formed of six tracts or columns, which, as to actual size. may be 
divided into three large and three small tracts. 'Th e three former are: (1) The 
crossed p,11rrwddal traet1 whose fibres when truced up"ard form the decussatiug 
portion , f the pyramid of the medulla oblongata: (2) the di1·ect cerebellar tract, 
which passes above into the rest iform body of th e medulla; (3) the antao-lateral 
ground bundle, the fibres of which are continued into th e f01·matio rclicularis of 
the medulla. 'l'he three latter are: (1) The antero-lateral descending cerebellar 
tract (Loewenthal); (2) the antero-lateral ascendin,q cerebellar tract (Gowers); (3) 
the tract (.f L issauer. F or the prolongations of the first two, see Structure of 
th e Medulla. 'l'he last is not apparently found in the medulla. All th ese small 
tracts oceup,Y the su1;face of the cord (see Fig. 407). 

Th e posterior column of the cord is divided into two: the portion which lies 
next th e posterior median fissure is called the colwnn of Goll (postero-median), 
and if traced upward is found to be continuous with the funiculus graci lis of the 
medulla. 'rhe remainder of the posterior column is called the postei·o-lateral or 
B tll'dacli's column, and is prolonged into the medulla. under the name of funiculus 
cuneatus. 

Collateral Fibres.-The posterior nerve-roots, on entering the cord, separate 
into the component fibres, each of which bifu,rr·ates into an ascending and descen<l
iDJ! branch, which run upward and downward in the postel·ior column and in the 

~~~;t:r~f u~~~~i~·ns ~~~~~~~i~n~~cinct~~~,a~! ~~~l~~e~t'"~~-~1~~~~~' b~,f~i1~C:t~~~~e~~:te e~~I; 
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gray matter and there break .up into an arborization of nerve-fibrils which appears 
to have some, though not direct, connection with a similar arborization of the 
branched processes from the nel'\'e-cells (see Fig. 411). 

The gray substance of the cord occupies its central part in the shape of two 
cresccntic horns, joined together by a commissure. Each of these crescents has 
an anterior and posterior cornu. 

The posterior horn consists of two parts--tbe caput cornu, or expanded 
extremity of the horn (Fig. -!09), round which is a lighter space or lamina of 

gelatinous substance; and the cervix cornu., or narrower portion, which connects 
it wiLh the rest of the gray substance. 

The gelatinous substance is a peculiar accumulation of neuroglia (Klein), and 
bas been named by Rolando che substantia cinerea gelatinosa. 

The anterior lwm of the gray substance in the cenical and lumbar swellings, 
where it gi,,es origin to the nen-es of the extremities, is much larger than in any 
other region, an<l contains sc,'cral distinct groups of large and variously shaped 
cells. 

In addition to this, in certain parts of the cord other horns or projections of 
the gray matter may be s.een on trans,·erse section. One of these, the lateral 
lwrn, is found projecting outward from the lateral region of the gray matter on a 
le\·cl with the gray commissure in the cervical and upper part of the dorsal region 
of t lie cord; and tL second, Cl((rke'8 vesiculal' column, is found on the inner 
side of the posterior horn near the gray cornmissu1·e, in the upper cervical or 
dorsal regions or at the point of exit of the lower lumbar nerves. 

The gray eommissure is situated behind the white commissure1 which sep
:uates it from the bottom of the anterior median fissure. 

The gray substance of the cord consists of-(1) nerve-fibres of variable but 
smaller average diameter than those of the columns: (2) nerve-cells of various 
shapes and sizes, with from two to eight processes; (3) blood-1·essels and 
neuroglia . 

The nen"e:fi.bres of the gray matter of the posterior liorn arc for the most part 
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composed of a mmutc an<l dcns.e network of minute fibnh-1 1 which is tcrme<l 
'· Gerhtcb's ncnc-ncb,ork." intcrminglc<l "ith ncn·cs of a larger size. Thi!; 
net"ork i:.. to11tinuous "ith the medullatcd fibres of the posterior nene-roots on 
the one hand (Deiters). and with the branched proccssc8 of the ganglion-cells on 
the other (Gerlach), so that the ganglion-cells are connected "ith the rnedullated 
fibre~ of the posterior ncne-roots only indirectly through the nene-network. 
The arrangement of the fibres in the anterior horn of the gray matter appears 
to be •oniew hat different: here the medullated 
fibres of the anterior nerve-roots are for the "~ s. Gr. S. 
most part directly continuous with the axis-cyl- ....-------.... ~ 
inc/er processes of the ganglion-cells (Fig. 411). 

'l111c nnve-cells of the gray matter arc of two 
kinds, large branched ne1Tc-,·esicles which arc 
collected into groups, and small round cells 
which resemble free nuclei and are found scat
tered throughout the whole of the gray matter. 

In the anterior horn is a constant group, 
situated at the anterior part of the cornu. and 
sometimes termed the i1esicular column of tlie 
anterior conm. It consists of two groups of 

Folz 
ceit:bri 

ceJls: one mesial, near the anterior column ; the other lateral, near the lateral 
column. At the base of the posterior horn on its inner side, and joining the 
~ray comrnissure. i~ a group of nerve-cells, which gi\'e ri~e to the projection men
tioned above as being seen on transYcrsc section in the upper part of the cort.I., 
which if; callcJ Clarke's posterior rnsicular column. 

At the junction of the anterior abcl posterior cornu. in the outer portion of 
the gray matter, is a third group of cells, the tractus intermedio-laterali.'J. In cer
tain regions of the cord these cells extenJ in amongst the fibres of the white 
matter of the lateral column, an<l gi,,e rise to the lateral horn. In addition to 
these groups a. few large scattered cells are found in the posterior horn, extending 
into the suiJstantia cincrea gelatinosa. 

THE BRAIN AND ITS MEMBRANES. 
Dissection.-To examine the brain with its membranes the skull-cap must be remo\·e<l. In 

ortler to effect this. saw through the external iable, rill' !'\C{'tion commcnc:ing, in front, ahout au 
inl'h above the rnan:rin of the orbit. and extending, behind, to a le\'cl with the oc-cipital protu
~·ram·e. Thl'n break ~he internal table wi.th the chisd and hammer, to avoitl injuring the inn .. ,.t. 
m!! membranes or brarn; loo~en and forcibly detach the skull-cap, when the dura mater will be 
expo:-etl. The adhesion between the bo11e and the <lura mater is very intimate. and much more 
;<t1 111 the youn1.1; suhject than in the adult. 
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MEMBRANES OF THE BRAm. 

The membranes of the brain arc the dura mater. arachnoid membrane, and 
pia. mater. 

The Dura Mater. 

The Dura Mater (Fig. 410) is a thick and dense inela,tic fibrous membrane which 
lines the interior of the skull . Its outer surface is rough and fibrillated, and adheres 
closely to the inner surface of the bones, forming their internal periosteum, this 
a1lhesion being most marked opposite the sutures and at the base of the kull. Its 
inner surface is smooth and lined by a layer of endothelial cells. It sends three 
processes inward, into the cavity of the skull , for the support and protection of 
the different parts of the brain, and is prolonged to the outer surface of the skull 
through the various foramina which ex ist at the base, and thus becomes contin uous 
with the pericranium; its fibrous layer forms sheaths for the nerves which pass 
through these apertures. At the base of the skull it sends a fibrous prolongation 
in to the foramcn crocum; it sends a series of tubular prolongations roun<l the 
filaments of the olfactory nerves as they pass through the c ribri form plate, and 
also round the nasal nerve as it passes through the nasal slit; a prolongation is 
also continued through the sphenoidal fissure into the orbit, and another is con
tinued into the same casity through the optic foramen, forming a sheath for the 
optic nen"e, which is continued as far as the e_ycball. In the posterior fossa it 
sends a process d own the internal auditory meatus, enshcathing the facial an<l 
auditory uen·es; another through the jugular foramen, forming a sheath for the 
structures which pass through this opening; and a third through the anterior 
condyloid foramen. Around the margin of the foramcn magnum it is closely 
adhere11t to the bone, and is continuous with the dura mater lining the sp inal 
canal. In certain situations, as already mentioned (page 650), the fibrous layers 
of this membrane separate, to form sinuses for the llllssagc of venous blood. 
Upon the outer surface of the dura mater, in the situation of the longitudinal 
sinus, may be seen numerous small whitish bodies, the glandulr.e Paa<:ltioni. 

Structure .-The dura mater consists of white fibrous and elastic tissues 
arranged in flattened Jamin~. which are divisib1c into two layers, the fibres of the 
two layers intersecting each other obliquely . A layer of nucleated endothelial 
cells, similar to those found on serous membranes, lines its inner surface; these 
were formerly regarded as belonging to the a.racLnoid membrane. 

Its arteries are Yery numerous, but are chiefly distributed to the bones. Those 
found in the anterior fossa are the anterior meningeal branches of the anterior and 
posterior ethmoidal and internal carotid, and a branch from the middle meningeal. 
In the middle fossa are the middle and small meningeal branches of the internal 

%~x~~~:1~~: I~~~~~:~ f::~tl~~ a;~:i~d~~a~R~1~1~:~~~~~- ~~·.~:ht:~t~~·~c~~~ea~kc~~~o~~t~~~ 
a recurrent branch from the lachrymal. In the posterior fo:-sa are meningeal 
branches from the occipital , one of which enters the skull through the jugular 
foramen, and the other through the mastoid foramen: the posterior meningeal, 
from the ,·ertebral; occasionally meningeal branches from the ascending pharynge.al 1 

which enter the skull , one at the jugular foramen, the other at the :mtenor 
conddoid fora.men, and a. branch from the middle meningeal. 

'l;he z1eins. which retu rn the blood from the dura. m:iter 1 and partly from the 
bones, anastomose with the djploic veins. 'l1hesc vessels terminate in the various 
sinuses, with the exception of two which accompany th~ 1?iddlc .men ingeal a1:tery, 
and pass uut of the skull at the fornrnen spinosum to JOltl the 111te rnal ma:olla:·y 
rein. 

The uat•l'8 of the <lura mater are. the recurren t branch of the fourth and 
filaments from the Gas~erian ganglion, from the ophthalmic an<l hypoglossal ne1Tes, 
and from the sympathetic. . . . 

The so-callcil glandulro Pacchioni arc numerous small wl11t1sb granulations, 
usually collectecl into clusters of ,·ariable size, which a.re found in the fol1 o" ing 
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.situations: 1. [''pon the outer surface of the dura mat('r, in the ,·icinity of the 
superior longitudinal sinus, being re~ei,·e<l into little depressions on the inner 
surface of the calmrium. 2. On the inner surface of the dura mater. 3. In tht 
superior longitudinal sinus. 4. On the pia mater, near the margin of the 
hemispheres. 

'l'he::;e bodies arc not glandular in structure, but simply enlarged normal ,·illi 
of the arachnoid. In their growth they perforate the <lura mater, and are thus 
fmnd on its outer surface. and when of large size they cause absorption of the 
b:me, and come to be lodged in pits or depressions on the inner table of the ~bll 
The manner in which they perforate the dura. mater is as follows: At an earl.r 
period of their growth they project through minute holes in tbe inner. layer of the 
dura ma.ter, which open into large venous spaces situated in the tissues of lhe 
membrane on either side of the longitudinal sinus and communicating with it. 
In their onward growth the villi push the outer ltLyc1· of the dura mater before 
them 1 and this forms o,·er them a delicate membranous sheath. In structure thev 
consist of trabeculre of connecti,,c tissue covered orer by a layer of endotheliuui. 
l'he spongy tissue of which they are composed is contilluous ~with the trabecular 
tissue of the subarachnoid space. 

'l'he~e bodies are not found in infancy, and rery rarel,v until the third year. 
They are usually found after the se,·enth year, and from this period they increa~e 
in number as age adrnnces. Occasionally they are wanting. 

Processes of the Dura Mater.-The processes of the dura mater, sent inward 
into the carity of the skull, are three in number: the falx cerebri, the tentorium 
cerebelli, and· the falx cercbelli. 

The.folx cerebrl, so named from its sick le-like form, is a strong arched proce!'s 
of the dura. ma.ter, which descend~ vertically in the longitudinal fissure between 
the two hemispheres of the brain. I t is narrow in front, where it is attached to 
the cristn. galli of the ethmoid bone, and broad behind, where it is connected with 
the upper surfare of the ten tori um. Its upper margin is convex, and attached to 
the inner surface of the skull as far back as the internnl occipital protuberance. 
In this situation it is broad, and· contains the superior longitudinal si nus. Its 
lower margin is free, concave, and presents a sharp curved edge, which contains 
the inforior longitudinal sinus. 

1~1.ie leulorlnm cerebelli is an arched lamina of dura. mater, elevated in the 
middle and inclinin~ downward toward the circumference. It cornrs the upper 
surface of the cerebellum, and supports the occipital lobes of the brain. an<l 
pre,·ents them pressing upon the cerebellum. It is attached. behind, by its con,·ex 
border to the trans\·erse ridges upon the inner surface of the occipital bone, and 
there enclop;es the la teral sinuses; in front, to the superior margin of the petrous 
portion of the temporal bone, enclosing the superior petrosal sinuses : and at the 
apex of thi~ bone che free or internal border and the attached or external border 
meet, an<l, forming two processes, crnss one another and are continued forward. to 
be attached to the anterior and posterior clinoid processes respectiYely. Along the 
middle line of its upper surface the posterior border of the falx cerebri is attached. 
the straight sinus being placed at their point of junction. Its anterior border is 
free and con?aYe. and presents a large oval opening for the transmission of the 
~rura cercbr1. 

The falx cere{u>lli is a small triangular process of dura. mater received into the 
indentation between the two lateral lobes of the cerebellum behind. Its base is 
attached, above, to the under and back pa.rt of the te.ntorium; its posterior margin. 
to the lower didsion of the Yertical crest on the inner surface of the occipital bone. 
As it descends it sometimes di,·ides jnto two smaller folds, which are lost on the 
sides of the foramen magnum. 

The Arachnoid Membrane. 

'!'be arachnoid (dpdf."1 duo;, like a spider's web), so named from its extreme 
thinnt->"'·"· i!:i a delicate membrane which cnrelops the brain, lying between the pia 
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mater internally and the dura. mater externally; from this latter membrane it is 
separated by a space, the subdural space. 

It imrests the brain loosely, being separated from direct contact with the 
cerebral su?stance by the pia. mater, and a. quantity of loose areolar tissue, the 
subaraclmouleau . On the upper surface of the cerebrum the arachnoid is thin and 
transparent, and ma.y be easily demonstrated by injecting a stream of air beneath 
~t by means ?f a blowpipe; it passes over the convolutions without dippir.g down 
into the sulc1 between them. At the base of the brain the arachnoid is thicker, 
and slightly opaque toward the central part; it covers the anterior lobes, and 
extends across between the two temporo-sphcnoidal lobes. so as to Jea,·e a consid
erable interval between it and the bra.in. the anterior subaraclmoidean spcwe: it 
is in contact with the pons and under surface of the corcbellurn, but between the 
hemispheres of the cerebellum and the medulla oblongata another considerable 
interrnl is left between it and the brain, ca ll ed the posterio1· subw·aclmoidean space. 
~L1h eso two spaces communicate together across the crnra cerebclli. The arachnoid 
membrane surrounds the nerves which arise from the brain, and encloses them in 
loose sheaths as far as their point of exit from the skull. 

The sttbcffaclmoiil spaee is the interrnl between the arachnoid and pia mater: 
this space is narrow on the surface of tho hemispheres, but at the Lase of the 
brain a. wide inten·al is left between the two temporo-sphenoidal lobes, and, behind, 
bet11·een the hemispheres of the cerebellum and the medulla oblongata. This 
space is the scat of an abundant serous secretion, the arebro-spinal,1iuid. which 
fills up the inten•al between the arachnoid and pia mater. The subarnchnoid 
space usuall.Y communicates with the general \'entricular ca,·it_y of the brain bv 
means of an opening in the inferior boundar,Y of the fourth "entricle. · 

The subthlral space also contains fluid; this is, howernr, small in quantitv 
compared with the cerebro-spinal fluid. ~ 

Structure.-1.'he aracirnoi<l consists of bundles of white fibrous and elastic 
tissue intimately blended together. Its outer surface is CO\'ered with a layer of 
cmlotbelium. From its inner surface are given off a numLer of bundles of fine 
connectiYe tissue, which form a sponge-like trabecular network in the subarachnoid 
space, in the interstices of which the cerebro-spinal fluid is contained. V cssels of 
considerable size, but few in number, a.nd, according to Bocb<lakk, a rich plexus of 
nen•es derived from the motor di\'ision of the fifth, the facial, and the spinal 
accessory nerves, arc found in the arachnoid. 

The cerebro-spinal fluirl fills up the subarachnoid space. It is a clear. limpid 
fluid, having a saltish taste and a slightly alkaline reaction. According to 
La.ssaigne, it consists of 98 .• 5 parts of water, the remaining 1.5 per cent. bein~ 
solid matters, animal and saline. It rnries in quantity, being most abundant 
in old persons, and is quickly reproduced. Its chief use is probably to afford 
mechanical prorection to the nervous centres and to pre\•ent the effects of concus
sions communicated from without. 

The Pia Mater. 

The pia mater is a vascular membrane, and derives its blood from the mternal 
carotid and ,·ertcbral arteries. It consists of a minute plexus of blood-vessels. 
held together by an extremely fine areolar t i ssl~e. It i1nest~ the cnti 1~e su rface o~ 
th e brain, dipping do,\U betwf:en the convolut10ns and lam11ue_, and ts prolongea 
into the interior, formin"' the velum interpositum and cboro1d plexuses of the 
fourth ventricle. It rcpr~sents only the inner layer of the pia mater of the cord. 
[pon the surfaces or the hemispheres, where it covers the gray matter of the 
convolutions, it is ,·erv vascular, and gi,·es off from its inner surface a multitude. 
of minute \'essels, whiCh extend perpen<lic:ularly for ~omt: distance _into the cereb~·al 
substance. At the base of the brain, in the situation of the anterior and posterior 
perforated spaces. a number of long straight \'Csscls a1:c gi,·e~ o~, which pass 
through the white matter to reach the gray •ubstance m the mtenor. On the 

" 
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t'crcbcllum the membrane is more de1icatc, arnl thC' \'C'.'i~cls from its inner surfare 
are shorter. L'"pon the crura cerebri an<l pons Varolii its charnctcr.s arc .altogether 
changed; it here presents a dense fibrous structure, milrke<l only by slight trace.-; 
of vascularity. . . 

Accor<lincr to Fohmann and Arnold, tl11s membrane contains numerous 
I_ymphatic ve~sels. Its n_en·es are dcri,,cd from the s.vmpat~etic, and. also from 
the third, fifth, sixth, fa.c1al, glosso-pbaryngeal, pncumogastr1c, and spmal acces
sory. They accompany the branches of the arteries. 

THE BRAIN. 
(BY BERN 8. GALLAUDET. M. D., 

Demonstrator of Anatomy, College of PhH~~:~r:t~~\~u,~~~~1~df.Jlumhla Unh•crsity): Surgeon to Bellevue 

GENERAL CONSIDERATIONS AND DIVISIONS. 

T11 r. Brain, or encephalon, is that portion of tho cerebro-spina.l axis. which is 
containe<l in the cranial cavity. It may be divided into five portions, which, from 
below upward, are as follows: 1. The medulla oblongata.: 2 . 'l'he pons Varolii 
and cerebellum; 3. The mid-brain ; -!. ~l1he inter-bram; 5. The two hemispheres. 
The inter-brain and the two hemispheres are sometimes grouped together as the 
cerehrwn. Commonly. however, the word "cerebrum" means the two hemi-
spheres only. · 

'l1bese various subdivisions of the brain are based on the method of development 
of the brain, each of which corresponds to one of the flee cerebral vesicles into 
which the original footal brain, a mere tube, is soon divided. 

Authorities differ as to the precise method of development of the early footal 
bra.in after it has become a closed tube. Some observers state that this brain
tubc b~comes partially constricted in two places, thus giving rise to three p1·imary 
''l'rebral vesicles, and that no further constrictions as such occur. Others chdm 
that, while this is true, soon afterward the anterior an<l poslerim· vesicles are fur
ther subdivided by similar, though not so well-rna.rkc<l, constrictions. 

This latter method seems, perhaps, the simpler, and is the one wh ich wil l be 
fol lowed in the present descr iption. 

'l1hcrc are thus formed, first, three 7n-imary cerebral vesicles, and then fhe 
secondary cerebral vesicles. rl1he three former arc known respectively as the 
fore-brain, the mid-brain, and the hind-brain. Of the five seconda1'y vesicles. the 
first and second result from constriction of the fore-brain; the th ird is the orig
inal mid-brain unchanged, while the fourth and fifth arc derived from the hind
brain in a manner similar to tba.t in which the first two are formed from the fore
brain. The first secon<lary vesicle is known as the proseneeplw.lrm ; the second, 
as the tlwlamenceplwlon: the third, as the 1nesenceplwlon, or mid-brain; the fourth, 
as the epcnccplwlon : and the fifth, as the mctenecphalon (Fig. 412). Each of 
these subdivisions, of course, contains its own portion of the original brain
cavity, and these various portions are all in direct continuity, one with the 
other. 

In comparing these divisions of the embryonal brain with those of the adult 
brain already mentioned, it. is found that the 7n-osencephalon, together with th" 
tlwlamencepltrtlnn, develop mto or go to form the 1·nter-bndn, and hence their 
C:t\'ities make up the third tientri<'le, which is the na,me g iven to tba.t portion of 
the general brain-cavity, in tbe adult, inclucle1l in the intcr-brnin. It is common, 
however, in describing the adult bra.in to use the names "inter-brain" antl 
"thalamencephalon '• iuterchangeab1y, thus <lir.;regn.rcling the prosenccphalon. 'J'he 
rea~on for ~his is that the latter, in the adult brain, is merely the extreme ante
rior part of the true thalamencephalon, while its cavity hollls a similar relation 
to the third ventricle-i. e. it is only the anterior e11°d of the ventricle. It is 
that portion of the third \'Cntricle which has on each si1le the openina known as 
the foramcn of '[onro, the significance of which will be dwelt upon i:;:'ter. 
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The mesencepltal~u, or .mi~-brain, simply develops into the corresponding por
tion of the adult bram which 1s known by the same name, micl-brain. The epen
ceplwlon becomes the future pons Varolii and cerebellum, while the metenceplwlon 
cle,·elops into the medulla. oblongata.. These names, "prosencepbalon," etc., which 
have been given to the five secondary cerebral vesicles, are also used, sometimes, 
to designate the corresponding divisions of the adult brain. 'J1he terms "bind
brain" and "after-brain" are often employed, the former as a name for the pons 
and cerebellum, the latter for the medulla. 

It will be observed that in making the above comparison there bas been no 
mention of the hemispheres nor of a 
corresponding portion of the embryonal Mid-brain 

up?n. Soon _after the forma~ion of the Inter-brain A Hind-brain 
bra.in. T his point wi ll now be touched ~ 

primary, or simultaneously with that of ~ 
the secondary, cerebral vesicles there AJMr-braf.n 

grows out from ea~h side of the front Hemisphere ·~ 
part of the fore-bram or prosencephalon t'taicle (fore· . , l'\ 
a hollow protrusion. These protrusions bramJ ~ 
from the sides of the prosencephalon are Olfactory lobe , 

known as the" ltemii1phere" t'PSicles, and Optic lobe B ~~~~~ 
each one is to form the corresponding 

~'~';'!'!(~':.~fo~~11~':t 3;~~~;.ob~;~~ ~!~~./~:)~ Midb,.,. 

process of extension and growth in all 
directions, forward, backward, upward, 
and downward. until, as the ltemisplteres, 
the enormously enlarged hemisphere lle'::t!??:l:re 
vesicles come close together above, and 
o\·erlie from above downward all the 
remaining div isions of the encepbalon. A.f~~0m"~fi-;-s?d~'.ni~~r~c~c!'b~;:~s·(~~fhilk~~~~S~Jeen, 
(The term " fore-brain" is sometimes 
used to des i•nate the prosencepbalon and the hem ispheres.) 

It will be
0 

remembered that the name "third ventricle" menns the cavity of 
the inter-brain. The cavities of the other divisions are known as follows: That 

Fo',!i;;:.'::,"'~~:~~' 
/,a!.t'Crllri('. 

Thirctvmt. Jlid-l>rain 

.-1q1~ed~ct of 

Fo~~:;;1 ~:llt. IIind-brain 

Ajler-brain 

Central('a-
m1loftht 

1pinalc<.ml. Spinal cord 

FIG. -H3.-lliagram showing intercommunication 
ofthevarious'•lJrniu-ca\'itics."' (Gegenbaur.) 

A Mid_,,,.,,, 

'" 
brain 

Gbmmw1icaUon 

latml""'"'"" ~ bttwunboth. 

Ch.,oid~ plaus 

Foramtn 
of i.Uo11ro 

Nop!. fll~f:~ib-~ 
X.u·ig. 

!~~~78J!::Jt(~~J!fa,~~~!rfr,1~:~113'!.lff~it:h~~r 
of each of tLc hemispheres is the lateral ventricle of the corresponding side; that 
of the mid-brnin is the aqueduct of Sylvius; while that of the pons and cerebellum 



708 TIIE XERl'Ol'S 81~~1'/<J,Jf. 

and of tLc medulla is de~criLcd as one cavity under tlH' na.me of the fmo-tlt 
ventricle. ~,ht·~e space" all communicate with one another (Fig. -1-13). Thus the 
fourth ventricle opc:n~ abon• into the. aqaeduct ~f Sylvi~1~, ~' hid1 in i.t8 turn leads 
into the hack part of the third ventr1~le, and this, fro~n its front port1~n laterally, 
communicates with each lateral ventricle by means of the corrcspond111g foramcn 
of :\fonro. lt is thus seen that this foramcn was ori~inally the simple orifice 
formc1l by the protrusion of the hen:isnhere vesicle from the side of the pro::;cn· 
cephalon (Fig. -IH). 

THE MEDULLA OBLONGATA (Figs. 415 aud ~16). 

General Description. 

'L1hc medulla oblongata, or spinal bulb, is the first division of the brain, pro· 
ceedin"' from below up":.ll'd. I t bas two extremities, :;iupcr ior and in ferior, and 
four !'~·faces, dorsal. ventral, and two lateral 'l' hl' inferior extremity is directly 
connected with tl1e ~pin:tl cord; the upper has a s imilarl.v d irect connection with 
the pons Yarolii (Fig. 415). The surfaces in the upp.e r Lalf' of' the m~<lulla. .arc 
distinct from each other: in the lower half carL run~ mto the other by rnsens1blc 

Umni~rua 
orjllltl 

gradations. Hence the outline of a eross·scction of the upper half would show 
each of these surfaces distinctly, while a s imilar outline of the 1owcr half woul<l 
be almost th:tt of a circle. 

'rbe lateral diameter of the medulla increases from below upward, that of the 
lower end being about equa l to that of the cord, while that of the upper is but 
little le:;is than tLat of the pons. 11he dorso-vcntral diameter also increases 
sligl1tl_v fr<!m be:low up\\ard, but is always k•ss, at an_v ~i\'Cll level. than the 
corresponding lateral diameter. Hence the lll('<lulla is some\\ hat flattened dor:-<o· 
ventrally and expands laterally as it ascends. It is <lirectc(l ohliquc l ~- from J,elo" 
upward an1l forwanl, and its lower end, which joins the cortl, is 011 a Jc,·cl with 
the lower marg-in of the fora.men magnum. Its \'Cntral 8urface re!-'t~ on the 
bas_ilar ~roon.• of the occipital bone, while it" dor~al surface lie!' un<ler the ~pace 
which ::-eparatcs the two hemispheres of the cerebellum. Y cutrally its upper en<l 



THE BRAIN AND ITS MEMBRANE'S. 709 

is cleady marked off from the pons by prominent transversely directed fibres 
belongmg to the latter~ dors~lly, however, there is no such line of separation, 
the dorsal surface passmg directly and smoothly into that of the pons. The 
length of_ the medulla is nearly 1 mch (20 to 24 mm.); its greatest lateral 
diameter 1s about three-quarters of an mch (17 to 18 mm.); its greatest dorso
ventral diameter is somewhat less (15 mm.). 

'l'hc further description of the medulla will be divided into that of its surface 
and that of its internal structure. 

Surface. 

The Surfaces of the Medulla.-The ventral swface of the medulla is divided 
into two symmetri cal lateral halves by the continuation upward of the anterior 
median ~ssurc of the spinal cord. This continues up to the pons, whore it ter
minates ma rcces~, the foramen c£Eciim of Vicc1 d'Azyr. lt is interrupted, how
ever , for a short distance after its passage into the medulla by the decussation of 
the crossed pyramidal tracts of the cord . The dorsal sm:f(we of the lower lialf 
of the medulla is sim ilarly divided by the posterior median fissure of the cord, 
which does not cxtenfl on to the dorsal surface of the upper half. This surface 
is, however, bisecte<l by a groove or sulcus which lies in the middle line and 
extends from the junction of the upper and lower halves of the medulla on to 
the dor~al surface of the pons as far as its upper extremity. 

Each lateral su>face of the medulla is separated from the adjacent halves of 
the dorsal and ventral surfaces by a groo\·c, well marked above, less distinct 
below. These grooves may be called, respectively, the dorsv-lateral and 1.'enlro
/ateral 9roo1·es of the medulla. 

The dorso-lateral groove is the continuation upward of the postero-lateral 
groove of the cord, and from it emerge the fibres of the accessory portion of the 
spinal accessory nerve, of the vagus, of the glosso-plrnryngcal, and, from the 
extreme upper part, close to the pons, the fibres of the seventh and mesial root 
of the eighth. 'fhere are two points to be noted in connection with this groove: 
First, it is interrupted at its lower end by the change in position of the direct 
cerebellar tract of the cord. In the cord this tract is anterior to the postero
lateral groove, but as it passes upward into the medulla it becomes dorsal to the 
groove, and tbus belongs to the corresponding half of the mcdullary dorsal sur
face. Secon1lly, its direction is not straight up ancl down, but is upward, for
ward, and outward. The reason for this change of direction, as well as for the 
cessation of the posterior median fissure, will be explained below. 

The ventro-lateral groove is the direct continuation upward of the line of 
emergence of the anterior roots of the spinal nerves, although in the cord there 
is no similar su lcus. Out of this groove, in the upper half of the medulla, where 
it is very (listinct, pass the fibres of the hypoglossal nerve. 

These various surfaces will now be considered in detail. 
Tim VENTRAL Su1tFACE OF THE UEDUUA.-lts lower half is made up, 

mesially, of the dccussation of the crossed pyramidal tracts, and, laterally, o_f 
the continuations upward of the direct pyramidal tracts of the cord. H ence 1t 
is undivided, and extends latera1Iy from the lower part of one ventro-lateral 
groove of the medulla to the other. Its upper half is divided in two, as already 
stated, by the anterior median fissure. 'l'h ese two ha! ves are known as the 
pyramids. 

The pyramids arc two prominent, somewhat pyramidally shaped bundles of 
white matter or nene-fibres, placed one on either side of the anterior median 
fissure, each being separated from the upper half of the, corr~sponrling lateml 
surface by the upper part of the ventro-lateral ~roovc. Supenorly, they reach 
to the pons, at the lower border of which they are some what constricted. Each, 
as it descends, becomes somewhat enlarged, an<l then tapers at its lower extrem
ity. The fibres of which each pyramid is composed are disposed in two bundles, 
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a large mesial and a sma1ler lateral one. '.l'he fibres of the form~r ar.e directl,v 
continuous \\ith tho~e of the crossed P.'~ramalal tract of the opposzfe s1<lc of the 
conl by means of the decussa.tion alrea<l.v referred to. This •lccusi:.;ation i~ more 
commonly opoken of as the deeuss~tion <if the J~!Jramid.. 'l'bc fibre.< of the lateral 
bundle are directly contmuous with those of the direct p_vram1dal tract of tlie 
same side of the cord. This tract, it will be remembered, in the cord iH next to 
the anterior median fissure. Hence in the pyramid it is di•placed laterally hy 
the passage upward, next to the median fissure, of the crossed pyramidal tract 
after its decussation with its fellow of the opposite side. Each pyramid. close to 
the pons, is often crossed by a fairly-well marked band of fibres, the ponticulus 
of Arnold. 'l'be fibres of the pyramid are continued directly upward into the 
pons Varolii. 

111rn LATERAL SURFACE OF THE l\IEDULLA.-Eacb of' thcsC' i;:;urfaces. as 
already stated, is separated from the corresponding half of the ventral and <lorsal 
surface respectively by the ventro-latera l and dorso-latcral groove. 'l1hc cutire 
upper half of this surface is occupied by a well-m arked olive-shaped prominence, 
the olive or olivary body. 'l'he lower half, below the olil'e, is often spoken of as 
the •( lateml ll'act" of the medulla. It is not raised up from the general surface, 
as is the olive, and consists of white fibres dcri,·e<l from the antrro-lataal ground 
bundle and antero-la.tera.l ascending and descending cerebellar tracts of the cord. 
These fibres pass upward, some going beneatli the olive (the major part), while 
others proceed over its surface, thus forming part of its structure. and still 
others are found in the grooves on each side of the olive. The fibres in the 
grooves ma.y be considered as coming from the cerebellar tracts (ascending: and 
descending). while those on the surface, and those which dip under or beneath the 
oli\'C, are direct prolongations of the antcro-1atera1 groun<l bundle. The further 
destination of all these fibres will be noted later on. 

The Olive or Olivary Body.-This bas just been partially described. It is 
made up of the white fibres above mentioned, and also of a nucleus of gray 
matter in its substance, the projection of which really causes the prominence 
itself, or the olive. This nucleus is the olivary nucleus or dentate nitcleus of the 
olivar_v body. It will be further considered below. The upper end of the oli l'e 
reaches nearly to the pons, only a short but deep, transversely directed groove 
intcn·cning. This small groove really connects the upper ends of the dor~o
lateral and ventro-1atcral grooves, between which the oli ve is p1ace<l1 and which 
are here nearer together than their lower portions, owing to the fol'\\ ard tend
ency of the former . Between the olirn and pyramid (ventro-lateral groove) 
emerge the fibres of the bypoglossal nerve. The oli1·e is equal in breadth to the 
pyramid1 is a little broader above than below, and is about half an inch in 
length. X umerous white fibres (s1qm:fi.cial arcifonn fibr£•s) are seen winding 
across the lower half of the pyramid and the olil'ary body to enter the restiform 
bod)- (see below). 

T11E DORSAL SURFACE OF THE i\1EDUI,LA.-The lower half of this surface is 
divi<led in two by the posterior median fissure continued up":ard from the cord. 
Each of these halves of the lower ha(f of the dorsal surface of the medull" is sep
arated from the so-caHed lateral tract or area. by the inferior portion of the <lorso
lateral groovc1 and receives the upward prolongation of the direct cerebellar tract 
of the cord, as a lready mentioned. 

Situated in and forming parts of this same portion of the dorsal surface of 
the medulla are three other column s or tracts of white matter, besides the one 
just mentioned. TheHe columns are known as funiculi, and are placed :-ide by 
side, separated by slight grooves, between the direct cerebellar tract laterally 
and the posterior median fissure mcsially. The one next to rhe direct cerebellfir 
tract is the funiculus of Rolando, adjoining which is the funiculus cuneatuR. an<l 
the innermost, next to the fissure, is the funfrulus {Jrarilis. 

The ll/>per lia(f of the dorsal surface of the medulla is considerabh· wider 
than the lower, this increase in width being progressive from below upwai:d. Its 
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appeMance is therefore somewhat like that of an equilateral triangle, base upper
most and with thick rounded sides. lt is divide<l in t\\·o , as before stated, by a 
longitudmal mcsial sulcu.s or groove. The lateral boundary of each of these 
hah·es of the uppa lwlj of the dorsal surface is the superior portion of the 
dorso.la.tcral groove, immediately besond which is, of course, the olivary body on 
the lateral surface. The thick rounded sides of the "triangle " are the restiform 
bodies, and the space between them, including the longitudinal tnesial groove, is 
the lower lw(f" of the fl oor of the fourth t'entricle . The restiform bodies project 
dorsally, so that they are slightly elevated above this part of the floor of the 
fourth ventricle, which they bound. 

The Funiculus Gracilis-Open and Closed Portions of the Medulla.-The 
funiculus grarilis is the column immediately next to the posterior median fissure 
on the dorsa l surfa.ce of the lower half of the medulla, an<l its fibres are continued 
clirectly up from the postero-mesial column (column of Goll) of the spinal cord. 
Its upper end is slightly enlarged, and is somewhat more prominent than the 
rest of the column. 'l'his enlargement an<l prominence are due to the nucleus 
founcl in its substance at this point (Fig. 417). 'J'he term cla»a is given to this 
enlarged upper end. 'l'be two dm:ce diYerge from each other, and each encroaches 
somewhat on the inner aspect of the lower part of the restiform body, thus exclud
ing this particular part of the restiform body from its place as lateral boundary 
of this the lowest portion of the floor of the fourth Yentriclc, and becoming itself 
such boundary. As each clava ascends it tapers gradually to a. point, and is lost 
on the restiform hod_v. The course of the fibres of the gracilis and its nucleus 
will be clescribc<l under the H internal structure " of the medulla. The fibres do 
nol join with those of the restiform body. The angle of di\'ergence of the clav::e 
indicates the points of cessation of the posterior median fissure and of the begin
ning of the groo,·e which lies along the middle of the floor of the fourth ven
tricle. In other worcls, it is at this spot that tbe lower half of the medulla, which 
contains the upper part of the centra.l canal of the spinal cord, now begins to 
widen out and become somewhat f1attcned dorso·ventrally. This wide separation 
of its edges necessari ly destroys the median fissure ttnd brmgs to the surface the 
central cana l of the cord, covered in only by the dorsal part of its lin ing epi
thelium and tt Llelicate layer of gray matter. The canal now shares in the widen· 
ing·out process and becomes the lower half of the fourth ventricle, the roof of 
which is the same layer of epithelium and gray matter, but which now stretches 
across, as a delicate triangular-shaped lamina, between the inner margins of the 
restiform bodies and the elacce, with its apex necessarily right in the angle of 
diYergencc of the claYro. This layer always comes a.way with the removal of the 
pia mater; hence in specimens stripped of pia there is seen, of the lower half of 
the fourth \·entriclc, only its .flour and lateral boundaries. For this reason also 
the lower half of the medulla is often called the dosed portion, and the upper 
half the open or l'entn'eular portion (t:;ec 'l'ela choroid11a i1~feriur.) 

The Funiculus Cuneatus.-This column is next to the gracilis, and the fibres 
of which it is compo!oied are the direct continuations upward of the fibres of the 
postero-lateral column (column of Burtlach) of the cord. Its upper end, lying 
immediately under the restiform body. is enlarged and prominent, like that of 
the gracilis, hut to a. less extent. 'rhis prominence is known as th~.cu11eate 
tubercle, and is due to the projection of a nucleus within its subs~ance (lj 1g . .U 7). 

The Funiculus of Rolando.-This column is lateral to the funiculus cuneatus, 
and, like it, its upper en(l is somewhat enlarged a.ncl prominent, this prominence 
hein« known as the 111herclc of' Rolando. There is also a nucleus (Fig. ·117) 
within its substance, an<l its t;pper encl lies immediatel.v beneath the restiform 
body. '!'his column i• found only in the medulla, it hlLving, apparently, no cor
respon<lin(J' column in the cord. 

The L~wer Half of the Floor of the Fourth Ventricle.-This is the triangular 
space already mentioned :.is lying between ~h~ rcsti~orm bodies and claYre of the 
funiculi gracile~. fts bmw joins that of a s11u 1lar triangular space (upper half of 
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the floor of the fourth ventricle) found on the dorsum of the pons. Its further 
consideration will be postponed until the floor as a "hole i~ rlc:wribc<l. 

The Restiform Bodies.-These are the largest and thickest •·columns" found 
on the medulla. Each is a well-rounded mass of "bite fibres, and is directed 
from below upwanl, outward, and somewhat forward, dh·crging from its fellow. 
[t~ upper extremity is at the widest part of the me<lulla, "here it bends, almost 
at a riirht nnO'le, directly dorsally awa.y from the medulla, and immediately enters 
the cc;'ebellu~. JI cnce a. synonym. of the restiform body is the h~f"erior ]Jedw11·lc 
tJ( th1• <'l.'rebellum. Its lower extremity is somewhat tapering, and not so rounded 
:~ud prominent as arc the succeeding portions. 'l'his is due to the fact that the 
upper encls of the gracilis, cunea.tus, and Rolandic columns are not quite on the 
same level, the cuncatus reaching a little higher t han the gracilis, and the 
Hola.ndic column a little h igher than the cuncatus. 'Tho fibres of these three 
columns end here in a manner to be subseq uently described. They do not cuter 
the rcstiform body, which does receive, on the contrary, al l the fibres of the direct 
1·erebel/nr tract, previously mentioned. The "widening-out'' of the medulla. in 
its gro\\ th explains the di,'ergence and oblique position of the restiform body, as 
well as the change in direction of the dorso-laternl grooYe, which separates the 
rcstiform body from the olive, and out of which emerge the fibres of origin of 
the se,·cnth to the eleventh, inclusiYe, cranial ncnes (except the lateral root of 
the eighth). 

External Arciform Fibres.-The external arciform or arcurrte fibres are seen 
on all three surfaces of the medulla. They arc small, but rnry in number in dif
ferent medull::e. They emerge from. the anterior median fissure, between the 
pyramids. and cun'e dorsally on both sides. 'l'hey puss over the pyramid and 
oJi,·e, and then turn upward to join the restiform body. In doi ng so they often 
conceal from 'icw the upper part of the cuncate and Rolandic funicu li. Often 
thPsc fibres arc collected into a. ''ell-marked bundle which crosses inferior to the 
oliYe, thus obscuring the "lateral tract" and portions of the grooves between 
the pyramid, olive, and restiform body. Sometimes they spread out over the 
entire surface of the olivary body. 

Internal Structure . 

The intemal strnctnre of the medulla includes that of the whole me<lulla-i. e. 
its ,·arious ~zujaces, ah-ea<ly described, as well as the deep JJOrtion surrounded an<l 
included by these surfaces. 

'l'be deep portion is divided into three bilateral areas, separated by a median 
raphe or septum, each of which is known respectively as the anterior, lateral, and 
posll'rior area of the me1lulla, and each of which conespon<ls to, or may be 
regnrded as hnxing for its superficial or,. surface" aspect, one of the subdiYisions 
of tho x1u:(aN! of the medulla. Thus, the anterior area corresponds to one-half 
of the decussation of the pyramids and to the pyramid of its own side; the late
ral area. to the olive and lateral tract; the posterior area, to the restiform body, 
fioor of fourth ventricle, and the four small columns below-viz. the direct ccre
belhtr tract. the funiculus of Rolando, cunea.tus, and gracil is. These areas, 
obsen'e1l in transverse sections, are seen to be somewhat wedge-shaped, especial ly 
in the lower half of the medulla, and each to be separated from the adjacent oue 
by a line of nerve-fibres running do1·so-ventrally through the substance of the 
bulb (Fig. 417). Furthermore. the two anterior areas have between them the 
raphe, while the two posterior, in the lower half of the medu ll a, are separated by 
the posterior median fissure. The nene-fibres referred to a.hove are the root
bundles of the h,rpoglo'8a! ncrrn on the one hand, and, clcpen<ling on the level 
of the Rcction, of either the sm'cnth, glosso-pbaryngeal. rngus, or spinal acces
~ory on the other~ the root-bundles of these last Lcing, of course, in the same 
perpc.rnlicular plane. '1,hese fibres are all proceeding from their various nuclei 
of origin in the clor'Ol part of the medulla, to emerge, those of the hypoglossal 
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between tho pyramid and olive, those of the last-named group between the olive 

r:dli~ecst~!~~·: t~~d~~~n1s\J~n~~~~ ~~.~~vt:,a;e:1~:~~la~~1~:15 ' a~·~c~~r~~~i~l~~;~l ~~~J·if~! 
similarity between the methods of division of the "deep portion" of tho medulla 
a.n<l its 1

• surface·• is rendered complete; thus, the root-bundles of the twelfth 
srparate the anterior and lateral areas, while those of the seventh (some of the 
eighth), ni~th, tenth, and eleventh, according to the )cvel1 run between the lateral 
and posterior areas. 

_Each ?f th_e above "areas" is made up of gray and w~ite matter, the former 
bemg derived m part from that of the cord. 'l1be latter 1s composed of fibres, 

FIG 417.-Sectionorthcmedullaoblongataatnbouttbemiddleoftbeollvarybody. (Schwa lbe. ) 

some longitudinal, directly continued up from the cord , and others running for 
the most part transversely, but with a. slight dorso-ventral curve, and intersecting 
the preceding ones. Between these intersecting fibres are scattered the various 
cells and nuclei of gray matter which, together with their processes, form a net
work. This network, together with the intersection of the white .fibres, gives a 
reticular appearance to cross.sections of the medulla, which is known as the 
formatio reticulariR. 

As there is quite a difference between the structure and appearance of both 
arMs and f1Jrnwtio reticularis as they occur in the upper (ventricular) or lower 
(closed) portion of tho medulla, as well as between that of tho corresponding sw·
faces, it will be more convenient to describe the internal structure of en.ch half 
of tho medulla separntely. 

'l111E LowEn on. CL0s 1m P .. \R'I' OF 'l'HE Thh;nuT,LA.-11 hc gray matter is here 
more direct ly continuous with that Qf the cord, the central canal of which is still 
present, but placed dorsally, and th

1
e posterior med ian fissure and dccussation of 

the pyramids arc al~o seen. 'L1 he "w idenin g-out·· of the medulla and the de~us
sation of the crossed pyramidal tra cts of the ('Ord arc the prime factors in bring
ing a.bout the following changes in arrangement of the gra.y matter as com pared 
to that of the cord (sec Fi!(S. ·H S, 419, and -120). Th o anterior conrn (in the 
cord) is broken up by tho crossed pyram idal tract passing through it from behind 
forward and inward to gai n the pyramiJ of the opposite side. 'The caput cornu 
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is thus separated from the base, and becomes pushed over laterally. At firot it is 

l1framid Pvramld 

nitit;r 411~e-iJ:d~~l~e~f .sefJ~~~~Ga~;jh the begin· ~:Jl:~gn ~~:~he~J!£i~:L1~e~f~c~i1~~c~1l~~·~f~h~~; t~!<~;~~ 

some'\ hat distinct, but as seen in sectwns immediately a.bo\'e (Fig. 420) it rap· 
idly becomes disintegrated, as it were. into the gray 

~'·uc1 gm('ilia matter of the formatio reticularis of the anterior 
and lateral ar~'" (see above). The base of the 
cornu remains as a portion of gray matter clo:-oe to 
tfle ,·entro-lateral aspect of the central canal. The 

Cornupoll. ~~~~~~;;~o~·~}~!g~0~~7~~ftth~e f~:~~~~ :~~: s~~a~w~~! 
surface as the mu:leus lateralis . 

. xr7Y,;!~u~s cha~~~he~ l~~~~!'~io;_,i:;r~~~n~ri;;- 1~! 8~0;~~:107.~~~ri: · 
Pyramid .1ccwQry oti1:ar11nucleu.1 becomes enlarged, and gradually shifted out\Htr<l, 

Fm 1'.?ll-Trun:;\·crse section of the so that it forms a. rounded mass, which produces 
~~1~~ 1~~\:~1~j~1J_1 i(G~~~gb~~i::)"0d the prominence on the surface called the funiculus 

of Rolando and its tubercle. rrlie neck of the cornu 
UiminisLcs in size, and is broken up into a reticu lar formation, which blenrls with 
that derived from tLe anterior cornu 1 by the passage .of longitudi nal and trans· 
ver6e fibres through it, so that the ca.put is separa.ted from the rest of the gray 
matter. 

Just before and as the central canal expanrls into the fourth ventricle the hase 
of the posterior born of gra.y matter is pushed outward into the funiculus cuneatus 
an<l funiculus gracilis; in each of these funiculi it forms a di!'tinct accumulation 
of gray matter, constitutmg the nucleus cuneatu.s and the nucleus graeilis. The~e 
nuclei may be regarded as helping to form the "forma.tio reticularis" of the pm::. 
terior area, although the reticular appearance i much le:.:.s marked than in the 
lateral or antenor area. On the surface these nuclei produce. respecth·el_r. the 
ewwate tubaele and clm·a. A small portion of the base of the posterior horn is 
separated from the remainder, and is placed lateral to the cunea.te nucleu~; it is 
known as the accessory l'Uneale nucleus. probably cleri,·ed from Clarke's l'PSic1tlar 

column (gray matter) of the cord. Fibres from this nucleus run to the restiform 
bo1k 

1fhe white matter of the clm:ccl portion of the medulla 1s made up of white 
fibres, some collected into large bundles on the .~w:face, "hilc others are found in 
tLe .fimnatio l'eticularis. rrhe latte1\ being directly continued upward into the 
fibres of the formatio reticulal'is of tLe upper or OJJen portion of the medulla, 

will,st: .~~~.~: 0~po:: 8~l~fa:ee~cnption of that region. 

Of these the deeussation c!f the p,1/rlmuds, the •· lafi>ral tract," and direct 
t•t•r1·bellar fl'ar't ha.,·e been already dwelt upon. Tl.icy will again be referred to. 
howe,·er. in connection with the upper part of the Lulb. 

The funiculus of Rolando is due to the enlarged head of the po~terior cornu of 
the gray matter, which is displaced laterall.v in con:-;equence of the increa"'e in 
i:;ize of the posterior columns of the medulla, ~o that it lies almost at right angles 
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to ~he posterior median fissure, and ~pproachin~ the surface forms a prominence 
which 1s covered over by a very thm layer of white matter derived from the 
funiculus cunc~~us. Its most prominent part is its upper end, which is called 
the tubade oj Rulandu. 

'fhc funiculus. cunea.tus is. th~ d1re?t ~ontinuation upwar<l of the postero
laternl co!t11~.n ot the cord-:--•· e. its white fibres .arc derived from this region of 
the cord. Ihe fibres end l1l the _gray rnatte1· "b1ch forms tLe so-called nucleus 
of this column: t~is nucleus, ~t first narrow, gradually enlarges, and produces, 
externally, the emmence mentioned above as the tuberculum cuncatum. 

'~-'he funiculus gracilis is the direct continuation upward of the posterior 
med1.an colu1?n of the cor~. I~ consists entirely of white fibres, which are 
continuous with those of this region of tho cord. Like the f'uniculus runeatus 
its fibres encl in its so-calle<l nucleus, which produces externally the promincnc; 
mentioned above as the clava. 

'l'HE UPPEn, OPEN, Oil VEXTRTCl'LAR PART OF TllE l\IEDULLA .-The gray 
matter, as in _the lower part, contributes to form a formatio reticulw·is, but this 
is confined chiefly to the anterior and lateral "areas." In the posleri01· "area" 
the gray matter, dorsally, is found to consist mainly of numerous indi,·idual 

::~~~:~s a::: n~~~l:1y0~01:~~~~'~{in~~~~!-~~~~ ,.:~~~l,y ~!~;~: . eho~:fdea 
is a small amount of 1·etieular formation. i11ferior 

'fhere are also oilier individual nuclei found in 1Jfi.~::f,::i: 

the ~~!;r~~~~~ ~:t:~:l ~~~::ior and Lateral Areas. :~:~~: !:~1~· 
-This is chiefly seen in the formatio retirulm·is, :r::::~./oot 
~~~)~ 1 ~~ ~:ep~fc:~~i~~~ :n~on°t\i~·~!ti~~ig:p!,!;d a~~ '~{i~~~3t 
the same structure in the closed portion of the bulb. .Jla~~fiv. 
In the anterior area the nerve·cells are infrequent RapM 

and small as compared with those in the latera l Pyramid 

area, gi\'ing a wliiter appearance on section. Hence F10. 421.-Trimsverse section of the 

that part of the formatio reticularis which is in the ~fJb!ui~rt of tile medulla x f. (Ge

anterior area is caJled the formalio reticularis alba, 
while that of the lateral area is kuown as the formatio reticularis grisea. Just 
anterior to the latter-in fact, projecting into the oli\'e, the prominence of which 
it produces-is a large isolated nucleus. the nucleus of the olivary body (Figs. 
H7, -120, and .J.21). 'fhis is really a hollow capsule, with an opening or hilum 
directed toward the middle line. White fibres extcnrl into and proceed out of 
this capsule throu_gh the hilum, constituting the so·called olfrary peduncle. On 
section the wall of thi:-1 cap8ttle is seen to be wa,·y and irregular in outline: hence 
the nucleus is often called the cor1ms dentatum or dmtale nw·lntff of the olivary 
body. l\Iicroscopically, the wall of the nucleus appear!-: to be made up of ncu:· 
oglia, in which are placed small mult1polar nene·cclls. From the surface this 
nucleus is not seen, being concealed by the fibres of the olil''" 

In a<l<lition to the main olirnn nucleus there are two ar·ces.'iory olivary 1wclei 
(Fig. -l-17), 11 inner" and "oute.r ,·, respertivcly. The former is in the anteri?r 
area, dorsal to the pyramid; the latter in the lateral area. dorsal to tLe mam 

nucleus. 
Gray Matter of the Posterior Area (Figs. -117, 420, and 421).-lnferiorly, 

cloec to the lower half of tbe hulb, are seen the 11ppa ends of the nuclei of the 
foniculus cnneatu~ and gracilis. The bulk of this gray matter, .however,_ is 
observed, on section, to c:om;ist of numerou::; nuclei, \'Cutrnl and mes1al to which 
is a sma11 area of rrticular formation. 

The Nuclei (Fig. -117).-It must be remembered that t.hc region now being 
considered is just tentral to f/,e floor of the fo11rfh renlncfr and the rest1form 
bo<lie~. In other words-i. owing to the'" widening-out" process which has occurred 
in this part of the medulla the posteriot '"area" has dor~al to it, lateralllJ, the 
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re;tiform bodies, and mesia/111 the lower half of the floor of the fourth Ycntricle. 
It is therefore wore con,·cuient to regarcl these nuclei in their rcbtion to the 
floor of the fourth ''entricle and the rcstiform body, and cspeciall.Y to the fornu·r, 
as there is practically but one nu~leus in rclat.ion with the lattcr-\•iz. the fol
lowincr: Just ventral to the latter is the en<l of the g ray matter of the tubcrcll' 
of H 1~ando, showing somewhat indistinctly as a rounclrd mass tr:.n·ersed by the 
root-bun tiles of the ,·agus (Fig. 417). 

Nuclei in Relation to Floor of Fourth Ventricle.-~\ s before stated, in the closed 
portion of the medulla the base of the anterior cornua. is found close to the cen
tral canal, on its ventro-lateral aspect. As tLc floor of the c11na.I becomes the 
floor of the fourth Yentricle in passing inlo the upper part of the mc<lulla, it 
necessarilv follows that this gray matter is shif'te<l st ill more dorsally and comes 
to lie beiiratlt (ventral to) the floor of the ventricle on each side of the median 
grooYe. In this g ray matter is_ a column of large nerve-cells from which the 
roots of the hypoglossal nen·e anse. Hence these cells arc calletl the hypoglossal 
nucleus. This nucleus extends upward to the pons, and is co,·ered dor.:-nlly by 
white fibres, which are known as the fu,nicuhtf! tere~ (see below, floor of fourth 
,·entricle). In these fibres, dorsal and mesial to the hypoglossal nucleus, there 
is also a. smaller group of cc11s, the nucleus of the .funirnlus teres, from which fibres 
arc traceable to the rngo-glossopharyngeal roots. 

The remaining nuclei in this region arc those of the auditory, glossopharyn
geal, vagu~, and spinal accessory nen·cs. 

The Nucleus of the Spinal Accessory Nerve.-'I'hi s group of cells begins in the 
closed part of the medulla, close to the base of the posterior cornu, and extends 
upward, lying benea.th the beginning of the floor of the fourth ,·entriclc, and 
lateral to the hypoglossal nucleus. Its upper extremity reaches to the eminnttirz 
einerea (~ee below, floor of fourth ventricle). 'l'bis is the nucleus of the accessory 
part of the nerve. 

Nuclei of the Vagus and Glossopharyngeal Nerves.-Thesc are known as prin
cipal and acceRso1·u. The 11rincipal 11/lwlei of both these nerves a.re groups of 
cells practically in continuity upward with the nucleus of the spinal accessory 
nerve. '11hesc cells lie beneath (ventral to) the ala <·i1ietea and h{ferior fovea in 
the floor of the fourth ''entricle (which see), that of the ninth being above the 
tenth. 

'fhc accessor.IJ nuclei are the upper and lower portions respectively of a. small , 
detached pear-shaped mass of gray matter (nucleus mnb(r;uu.<J) containing nene
cclls, which is found in the reticular formation of the posterior area at some dis
tance from the floor of the ventricle, and about on a line, ventrally, with the ala 
cinerea. Its stalk is seen to extend mesiall_v and dorsally, and fibres run in thii;;, 
and then turn outward and forward to join the main bundles of their respcctiYe 
nerves. The nucleus of tlie funiculus teres (sec abo,·e) is also an accessory 
nucleus of these nerves. 

Nuclei of the Auditory Nerve.-Thcse are two, dorsal and ventral. The dorsnl 
nucleus lies external to the vago-glossopharyngea.l nucleus and underneath the 
tri'gonum acoustici, which is on the Hoor of the ventricle ju;.;t lateral to the inferior 
fo\•ea. The 1•entral or accessory nucleus lies bPlU'ren the two roots of the auditory 
~erve (which sec), ventral and close to the restiform bod.v; above, in the pons, 
~t un_ites with the gang~ion of the _lateral root, which in this region is found mixed 
rn with the fibres of this root as 1t passes around the restiform body . 

The white matter of the upper part of the medulla is, like that of the lower, 
found on the sw:face in comparatively large bundles of fibres and, as smaller 
bundles or eYen as individual fibres, in the furmatio retlcnlaris of the various 
''areas" of the deep portion . · 

The sw:facP .fibres are those of the pyramid, the olivarv body, and restiform 
boil!,• together. with small bundles in th~ '·en~ro-l~tcral. and~ clorsO-la.teral groo,•es. 

Ihe pyram1d has alreach been clescnbed Ill d1~cuss1110" the 1.'entral surface of 
the medulla. It only remains to state here that its fibres all proceed .directly 
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upward into the pon.s, of wbic.h they should be considered a part, and then pass 

:'i'l~ (~~gc'l~2laebn (m1d-brarn) and internal capsule (hemisphere) of the sa me 

The olivary body, due to the projectio.n of its dentate nucleus (see above) bas 
on its surface (or is made up of) longitudmal fibres continued up from the 1a'teral 
tract immediately beneath it. 'l'be fibres of this lateral tract have already been 
traced upward from the cord. Some now pass upward over the surface of the 
olive to its upper encl, where they dip into the deep portion of the medulla and 
join the fibres from the lateral tract, 1rbicb have already passed beneath the olive 

Fw. 422.-Superficial dissection of the medulla oblongata and pons. (Ellis., 

(see ''lateral surface" of medulla. for this and paragraphs immediately preceding 
and following). 

Fibres in the Grooves.-Tbose in the dorso-lateral groove are the continuations 
upward of the antero-lateral ascending cel'1'be/lor tract (column of Go11ers) of the 
cord. At the upper end of the groove they clip into the formatio reticularis, and 
pass at once into the dorsal part of the pons. H ere they reach the corresponding 
superior 7Jedunele of the cerebellum, turn backward and mesially in this, and 
then pass into the superior medullary velum, and arc thus continued into the 
white matter of the worm or middle lobe of the cerebellum. 

Those in the ventro-lateral groove on reaching its upper en<l may be com;idered 
to dip into the formatio reticularis, and then bend dorsally over the top of the 
olirc to join the fibres of the restiform body, and thus reach the cerebellum. 
They are the upward prolongations of the antero-lateral descending cerebellar 
tract (column of Loewenthal) of the cord. 

The Restiform Body.-As before stated, each of these columns is the largest 
tract on its own half of the medulla, and receives the fibres of the dfrect cerebellar 
tract (dorso- lateral ascending cerebellar tract-Flechsig's column), the antero-

~~t~~~!i~::c:::~i~fh~~r~~:IJ:ro;r~~~·e~rf:~~ ~~~dfo~~(~t~~ere{~r~~:~
1i~ ~?K0;· 1~e~~~f!: 
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which will be mentioned below. Each restiform bod.r passes into the cerebellum 
(sec under "dor;al surface" of the medulla), and is therefore known, also, as the 
injt_·n'or peduncle of the cerebellum. . . . . . 

The white fibres of the deep port10n, or .formatw retzculans, Wiii now be 
described. 

Fibres of forma.tio reticularis in both closed and open portinns of the medulla. 
-These fibres are described :is longitudinal, trans''crsc, and dorso-ventral. The 
longitudi11a! fibres really make up the .bulk of the deep portion (all three "areas"') 
of the medulla. :\Iost of them come directly from the antero-lateral ground b1rndle 
of the cord, while others are derived from cells in the gray matter of the formatio 
rcticularis itself. 'l'hey are all more or less directly continued upward into the pons, 
and thence into the mid-brain and inter-brain. All of them have by no means 
been traced definitely from origin to destination. 'l'hi s last statement is equally 
true of the transverse and dorso-veutral fibres. But there arc certain bundles in 
all these fibres which have been quite clearly made out, and these will at once be 
described. 

Longitudinal Fibres of the Formatio Reticularis .-In each anterio1· area, just 
dorsal to the pyramid, is seen on section a well-marked bundle of fibres. This is 
the fillet, or lenmiscus. Traced downward, each fillet, at about the Je,·el of the 
lower end of the pyramid, bends dorsally and mesially, and then most of its fibres 
decussate across the middle line (raphe} with the corresponding fibres of the oppo
site .fillet, and proceed to the euneate and gracilis nuclei of the opposite side, in 
the cells of which they terminate. This decussation of the fillet is dorsal to and 
above the decussation of the pyramids. The remaining fibres of each fillet are 
traceable downward on the same side to-(1) the lateral tract of the medulla, 
and thence to the ante,.o-lateral ground bundle of the cord; (2) a few fibres run 
through the trapezium of the pons to the ventral auditory nucleus of the opposite 
side. 

The Posterior Longitudinal Bundle.-This is a band of fibres running upward 
in each anterior area dorsal to the .fillet. Below, its fibres arc continued directly 
into the "lateral tract," and thence into the antero-lateral ground bu,ndle of the 
cord. Both this and the fill et are continued upward into the pons and mid-brain, 
where their final distribution will be described. 

In the latrral area the longitudinal fibres do not appear in any well-marked 
bundles. 1'hose on each side of and in front of the olive have been described. 
'I1hose dorsal are merely indeterminate fibres of the formatio reticularis or belong 
to the internal arciform .fibres (see page 710). 

In the posterior area, besides the indeterminate fibres, two rather distinct 
bundles arc to be noted. One is thefunirnlus solitarius, an<l the other the asceud
ing root of the .fifth nen•e. 

The Ascending Root of the Fifth Nerve.-This is seen on section (Fig . .J17) 
to lie just external to the gray matter of the tubercle of Rolando and do1nl to 
the issuing root-bundles of the vagus. Lower down, its fibres may take origin 
from the cells of the tubercle of Rolando, but this is considered doubtful 
Passing upward, this root enters the pons, and contributes most of the fibres of 
the regular sensory 1·oot of the fifth nerve (see page 722). 

The Funiculus Solitarius.-This lies just ventral to the JJrineipal mwlei of the 
vagus and glossopharyngcal nerves. It is round OD section, and is su rrounded 
~y gra,v m~t.ter .. Traced downward,. t~is bundle grad ually disappears; upward, 
its fibres .JOlll with the roots of ongm of the ninth and tenth, especially the 
~o::~:;·.- It may thus be regarded somewhat as an "ascending root" of these 

. Transvers~ and . Dors~·ventral Fibres.-Th c tramH"er.(/,e fibres arc found clnefl.y 
m the format10 rct1culans of the upper half of the mc1lulla. Of these the most 
important-or, rather, those which have been more or less llefinitelv traced-are 
known as f'l"frrnal and internal arciform fibres. · 

'l'he external arciform fibres hav~ already been described on the surface of the 
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medulla (see page 712). 'l'hey join the restiform body, and emerge from the 
anterior median fissure. Traced back ward into the fissure, they enter the raphe, 
cross over the median line, still in the raphe, and then bend uiiward and become 
longitudinal, after which_ their course is not traceable. As these fibres emerge 
from between the pyramids a few fibres from each pyramid are said to join with 
them. As they pass across the ventro-lateral groove and olive thev are joined 
by some of the internal arciform fibres (see below). Scattered amongst these 
fi'bres, or between them and adjacent parts of the medulla, arc small masses of 
gray matter with nerve-cells. These masses are the nuclei of the external arci
form fibres . 'l'he largest on each side is Yentral to the pyramid. 

The Internal or Deep Arciform Fibres.-A portion of these have already been 
mentioned. Traced upward, they start from the nuclei of the gracilis and czmeate 
columns, and then constitute the decussation of the fillet (sec page 718) . 'l'he 
remainder of the internal n.rciform fibres are known as the olivary peduncle (see 
page 715). The fibres of this peduncle decussate across the median line (through 
the raphe) with those of the opposite peduncle. It must be remembered that 
this peduncle, as a whole, is really a lamina of superimposed transversely run
ning fibres, and not the mere bundle it appears to be on section. Traced from 
one side to the other, they start from the cells in the gray matter of the oliva»y 
nucleus (see page 715), and pass mesially out through the hilum. 'l'hey then 
decussate, as a.IJo,·e mentioned, with the opposite peduncle. and enter, through 
its hilum, the opposite olivary nucleus. Here tbey direrge as they approach the 
gray lamina of the nucleus, and proceed in different directions, after passing 
tlttougli the lamina. This "passing through" the lamina. is not true for all the 
fibres, for some end in the nuclei, which in their turn give rise to new fibres 
which continue the course of the old ones. On "passing through," then, the 
lamina, the most poste1·ior fibres nm backward through the lateral area. and join 
the restiform body, and thus reach the cerebellum; the ttppennost pass upward as 
longitudinal fibres in the formatio reticularis of the lateral area (see page 718), 
and have been traced on up to the cerebral hemisphere of the same side; the 
more anterior fibres run between the longitudinal fibres on the surface of the 
oli\'e or between those in the grooves on each side of the olive, ancl there bend 
backward and join the external arciform fibres, and are continued to the restiform 
body and cerebellum. 

The Raphe.-The raphe is situated in the middle line of the medulla, ab~ve 
the decussation of the pyramids. It consists of nerve-fibres intermingled with 
nerve·cells. The fibres have different directions which can only be seen in suitable 
microscopic sections; thus: 

1. Some are dorso-ventral; these are contrnuous ventrally with the superficial 
arciform fibres, and dorsally with fibres from the stri::e acustic::e. 

2. Some are JonO"itudinal ; these are derived from the arciform fibres, both 
sets, which on enteri~g the raphe chang~ their <l~rection and bec?me longitudi~al. 

3. Some are oblique: these are contmuous with the deep arc1form fibres which 
pass from the raphe. 

Some of the fibres of the raphe arise from the nuclei ventral to the fioor of 
the fourth ventricle. 

THE PONS VAROLII (Figs. 415, 416). 

The pons Varolii is the ventral portion of the hincl-brain. the dorsal port10n 
being the cerebellum. rrhe ?Jons is in d.irect continuity below with the medulla, 
all the longitudinal fibres of each bemg directly continuous from one to the 
other. with the exceptions of the restiform bodie., of the medulla, "h1eh go to the 
cerebellum (inferior peduncles), and the Bltpe»io» pcdunt/Ps of the cerebellum, 
which, as will be seen, belon~ to the structure of the pons. after they lea,·e or 
before they enter, according as they are traced, the cerebellum: . 

The pons is about one inch long, ~nd fiO~e" hat more m ~rnlth.. Dors~· 
ventrally, it is about three-fourths of an 111ch (11-18 mm.), hence its thickness 1s 
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gre:1t.cr than that of the mellulla. There are four surft~c1cs to the pons-s~p~ri~r, 
inferior, ventral, ancl dorsal; the two latter are free. lhc Rttput11r an<l utferwr 
surJ'acl'R are ~ecn only on section, the former being attached, by direct continuation 
of ·fibre>, to the n,id:braio, while the latter is similarly attached to the medulla. 

The ventral surface is markedly cum·e.r from side to side; it rests upou the 
groo1·ed doN1l •urfaee of the dorsum sel/O! of the body .or the sphenoid bone., It 

~~.t~ci:c~i~~t~~~~~~~~~~;~~l~11~~~1;~ l~;~i1:~~~~~~eg~~~~f~t;\'J:~i1~:1Jr~~ta t~::~e~e~b~~~ 
layer of well-marked transversely runmng fibres, extendmg across the me<l1au 
g1:oove from side to side. 'l'he lowermost tibres slightly overlap the upper ends 
of the pyramids and cross over the extreme upper en<l of the anterior median 
fissure. "'The u,ppn·most 6bres, sim.ilarly but to a greater extent, overlap the 
lower part of the ventral surface of the mid-brain (crura cerebri or crustre). 
Hence it follows that this surface has an upper and lower curved free margin, 
an1l each somewhat rounded and distinct from the medulla on the one hand an<l 
the crura cerebri on the other, and that these margins haYe nothing to do with 
the respective attached surfaces of the pons. Furthermore, after cro/j:sing the 
mid1lle line the superior 6bres bend downward and the inferior upward. 'The 
middle fibres are exactl:T transverse; hence their extremities are overlapped by 
those of the other two sets. The extremities of all these sets of fibres arc seen, 
in horizontal section, on the dorsal aspect of the pons1 and they here form, 
together with other transverse fibres coming from the deep part of the pan~, a 
large rounded bundle of fibres on each side, which is directed doroally into the 
cerebellum, and is known as the middle peduncle of the cerebellum of the corre
sponding side. Owing to its prominence this surface is often called the tuber 
aw1ulare. 

The dorsal surface of the pons is almost flat, and, though free, is concealed 
from above by the cerebellum. It is clivitled into a mesial and two lateral por
tion8. Each lateral portion is raised up somewhat from tbe mesial, and is seen 
to be " rather broad, Hat band of white fibres. These bands are not parallel, but 
eonreq1e from below upward. Superiorly, the flbres of each are continued into 
the mid-brain; inferiorly, they pass into the cerebellum. 'l1hese bands are the 
superior peduncles of the cerebellum. Besides being raised from the mesial por
tion. each of these peduncles overhangs it a little by its inner margin. Between 
the inner margins of these peduncles stretches a delicate la.yer of white matter 
(val Ye of Yieussens) roofing o,·er the following: 

The 11wsial portion of the dorsal surface of the pons is the upper half of the 
fioor of the fourth ventricle. Like the lower ha(f (see page 711), it is triangular 
in shape, but its apex is upward. Its base corresponds to that of the lower or 
meclullar11 half. As these two portions of the floor of the ventricle run into each 
other without any line of demarkation, it follows that the entire floor of the fourth 
ventricle is rhomboidal or diamond-shaped. 'l'he widest part of the floor is the 
line of union of the two bases of the triangles, and, if this line is continued 
\"Cntrally, it will be found to run close along the lower free margin of the tuhet 
ammlare (l'entral surface of pons). The floor, as a whole," ill be described after 
the description of the pons is completed. 

Relations of the Cerebellar Peduncles to Each Other.-If the cerebellum be 
remornd from the pons and medulla by cutting through the three peduncles on 
each side close to the pous and medulla, it will be found that the cut ends are 
all grouped together in an area immediately external to the widest part of the 
floor of the ventricle. In this group the cut end of the middle is external to the 
cut ends of the superior and iJtferiot pe1luncles, which here are in contact (see 
Fig. 410). 

Deep Portion of the Pons.-Thi.:s is comprised between the dorsal and ventral 
surfaces. It is ma<le up of both longitu<l.inal and trans,·erse fibres and gray 
matter. 'The lon~itudmal and trans\·er:-1e fibres in each lateral half of the pons 
are arrange<l in two groups, i·entral aucl donml. 
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The ventral longitudinal .fibres are placed just dorsal to, and are concealed 
from below by, the. transverse fibres. of the. ventral ourface just described. They 
are the clirect cont111uat1ons of the fibres of the pyramid. Each of these pyram
idal bundles soon after entering the pons breaks up into smaller bundles which 
"'c intersected by. certain transverse fibres (see below). Superiorly, they are 
contmued upward mto the crusta of the m1d-bram. These fibres lie on each side 
of the middle line, and cause a corresponding bulgin" of the tuber annulare. 
Thus is produced the median groo\'e (sulcus basilaris) fo~· the basilar artery . .As 
they pass upward through the pons these fibres are somewhat increased in number 
from being reinforced by fibres derived from the nerve-cells in the ventral trans
verse fibres (see below). 

'l'he dorsal longitwlinal fib1·es are separated by quite an interval from the pre
ceding. '.11his interval is fi ll e<l in by transverse fibres, especially the trapezium 
(see below). 1:L1 hcy arc continued upward from the formatio reticularis of the 
medulla, and among them arc especially to be noted the ascending root of the fijlh 
nerve, the fillet, and the posterior longitudinal bundle. 

The Transverse Fibres .-1'hese comprise ventral and dorsal, and must not be 
confounded, especially the former, with the superficial transver•e fibres of the 
ventral smjace (tuber annulare), already described. These transverse fibres now 
under discussion belong to the "deep portion'' of the pons, do1·sal to those of the 
ventral surface. 

The ventral transverse fibres of the deep portion of the pons intersect the 
bundles of the pyramidal fibres (see abo1'e), and then curve dorsally and join 
with those of the ventral sm:face to make up the middle 11eduncle of the cerebellum. 
'.I1hese transverse fibres, taken together, form a much thicker layer than the super
ficial set, and contain much gray matter between them. Across the median line. 
intersecting or dorsal to the pyramidal bundle, they meet and interlace with 
those corning from the opposite side. Fu rthermore, all of these fibres do not join 
the middle peduncle, many of them joining the nerve-cells, which are situated i,n 
the gray matter (nuclei 71ontis) of tbis layer. From these cells other fibres are 
given off which proceed to the pyramidal bundles (see above). 

The dor.al tran.,,,erse fib1·es of the deep portion of the pons, especially in its 
lower hal f, are collected into a distinct mass called, from its shape, the ttapezium. 

The t rapezium is situated just dorsal to the pyramidal bundles, and its fibres 
proceed laterally on each side, tapering as they go, until they reach the cells(with 
which tbey become connected) of the accessor.y (ventral) auditory nucleus (Fig. 488), 
and, through this, the lateral root of the auditory nerve. Some of the fibres of the 
trapezium are connected with the cells of the superior olivary nucleus {see below), 
11 hich lies just dorsally on each side, and others pass to the fillet. 

The Septum or Raphe.-This is the upward prolongation of the medullary 
raphe. I t is found in that portion of the pons which is dorsal to the trapezium, 
and does not extend to the ventral surface except at the upper and lower extrem
ities of the pons. At these places certain of the raphe fibres pass out of the 
median line, and then bend laterally to jom with and become part of the upper 
and lower margins, respectively, of the tuber annulare. It follows, therefore 
(see page 720), that some of the fibres of the upper margin of the tuber annulare 
actually encirC'lc the corresponding ci~us ccrebri. 

The Gray Matter ot' the Pons.-'l'h1s may be arranged as follows: 
(a) Tbc nuclei pontis, which arc small masses of gray matter. containing small 

multipoln,r ne1·ve-cells, foun<l scattered between the bundles of the rrntnd trans
t•erse fibres (sec abo\·c), an<l al$O to a. less extent, between those of .the .tubet 
ammlare. Some of the fibres of the fo.ttet may ba,·e an arrangcment-l. e: mter
lacing and taking origin from these nuclci--similar to that already described as 
occurring in many of the fibres of the ventral lransra8e set. 

(b) Gray Matter of the Formatio Reticularis.-'l'his .fonuatin. as before stated. 
lies dorsal to the trapezium. Its ~ray matter comprises, first, zts own. gray 
matter-i. 1' . small reticularly arranged masses with nerve-cells, exactly similar to 

16 
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those of the formatio reticularis of the medulla. Rccondly, and more important, 
a. group. m each laternl half, of much more distinct nuclei, some of which are 
close under the floor, upper half, of the fourth \'Cntriclc. whil e others arc more 
deeply, as well a /attrally, situated. These distinct nuclei merit. each, a. separate 
description, :rs follows: 

The Superior Olivary Nucleus.-Tbis is a ma!'.ls of small ncnc-cc11s situated 
ju'it 1lorsal to the lateral part of the. trapezium. and between .r he. i s~uing root
bundlc:-; of the sixth and seventh cranial nerves. I t structurt' 1s sm1ilar to that 
of the i1{frrior ol irnry nucl eus of the medulla, though it bas not the capsular 
form of the latter (see p. 71 5). Its cells give origin to some of the fibres of 
the trapezium (sec p. 721), and these fibres. crossing th e mediau lino, pass to tho 
accessory auditory nucleus of the opposite side (see p. 721). 

Th e remaining '' di stinct" nuclei are those o~ va.rio~s crania.I nerves : One of 
these forms the nucleus of the sensory root of the fifth nerve: a second 1 tbc 
nucleus of the motor part of the sam e nerve ; n third, the nucleus of the sixth 
nerve; and a fourth. the nucl eus of the fa cial nerve. 'l'he nuclei of the auditory 
nerve arc also prolonged upward into the pons. 

Nuclei of the Auditory Nerve.-T he dorsal nucleus (see p. 716) is prolong-e<l 
upward into the pons, beneath the upper half of the floor of the ventricle, where 
it is s liiftcd laterally and soon tapers a.way. It is widest at the junction between 
the pons an1l medulla. Th e i•,,ntral or accessory nu cleus lies entirely external to 
the Hoor of the ventricle, and rather deeply in the formatio reticularis of the 
pons. Extrcmel_v dorsal to it is th e upper end of th e ?orresponding mferior 
peduncle (rest iforrn body) of the cerebellum. It is the united accessor_v auditory 
nucleus of the medulla and nucleus of th e lateral auditory root (see p. 7lli) . 

Nucleus of the Facial Nerve.-T he nucleus of the seventh or facial acn e lies 
deeply in the substance of the formatio reticulari s of the pons fust dorsal to the 
superior olivary nucleus. The fibrt'.~ <d. origin of' the facial nerve proceed from 
this nucleus dorsally and mesially until they are close under the floor of the ven· 
tric lc, where they arc collected, on each side, into a. rounded bundle. Tlus 
bundle now runs upward (ascendin.q part of the root) for a. short di stance close to 
th e median line, having beneath it the nucleus of the sixth, and then makes a 
sllnrp bencl, ventro-laterally, and continues its course in this direction through the 
substance of the pons, to emerge close under the inferior margin of the tuber 
annularc in the extreme upper end of the do1·so-lateral medullary g roo,·e. 

Nucleus of the Sixth Nerve.-Tbis is situated immediately ventral to the upper 
half of the funiculus terPS in the floor of the ventricle. I t is external to and 
beneath th e ascending root of the se,·enth, just described. The fibres of origin 
of the sixth nerve proceed from this nucleus obliquely t•entrallN and down1card 
and through the pons, and emerge at the lower margin of the tuber annulare at a 
point corresp?n<l ing to the upper en<l of the 1.'en tro-lateral mcdullary groo,,e clo:'e 
to the pyramid. 

Nuclei of the Fifth Nerve.-The mnto1· nurlew~ is higher up in the ponl:! 
than the nucleus of the set•ent!t nerve, but is about on the ~ame lin e. It is. 
furthermore, nearer the surface of the floor of th e ventricle, being just ventral 
to th~ later~ll margi n ?f the la.tter. 1rl1e srnsory nurleus is larger than the motor 
and lies to its outer side. I t would th erefore li e beneath the superior peduncle 
of the cerebellum, and be outside of the limits of the floor of the ventricle. The 
cell.~ of this nucleus are, howeYer, smaller than those of the motor. Special fibrrs 
are c;;cen to pass from each of th ese nuclei to the raphe of the pons, but the reg
ular fibres arc tbo~e of the root-bundl e5' of the motor and SPnsm·y roots, respect
i"cly, of the fifth nel'\'e . These root-b u11dl cs proceed ventrally and sorne11 bat 
laterall~- through the substance of the pons; anrl emerge on the 5'urface of the 
tuber annulare. nearer its superior than its mferior mar,~dn, :rn<l having between 
them ~ome of its transverse fibres. All the fibres of each of these roots do not 
come, however. from its respectn·e nucleus, for, 1f traced im1•ard or dorsally. 
ea.ch root is seen to di\'ide, just before reaching its nucleus, into two bundles, the 
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smaller of which, in each case, goes to the nucleus, while the other takes a dis
tinct course, differing for the two roots, thus: 'l'he ''non-nuclear'' division of the 
moto.r root passes up11ard as a distinct bundle through the dorsal part of the pons 
a~ll rnto .the mtd-bram, where its fib~es terminate rn a group of large nerve-cells 
51tuated m the way matter on the side of the aqueduct ~f Sylvius . Th is is the 
so-called descemlwg root of the fifth nerve The " non-nuclear .. division of the 
'ensory root is the so-called ascending root of the fifth nerl'e, already sufficiently 
described. 

Floor of the Fourth Ventricle (Fig. -123). 

As already stated, the floor of the fourth ventricle is made up of the mesial 
71ol'tio11s of the dorsal suifaces. of, the pons Varoli1 above and uppe,. half of the 
medulla oblonga,ta b~low . It .1s loie~gc- or diamoml-shapccl; that is to say, it is 
composed of two tr1auglcs, with then· bases opposed to each other. H ence it is 
often called the fossa rhomboicla/is 

'fhe lower triangle is formed by th e divergence of tbe clavre of the funiculi 
graciles and the restif'orm bodies. These columns pass upwar<l and out\\ar<l at an 

FIG.423-F'loorofthefourth venlricle. (llcnle) 

acute angle, leaving b_v their divergence a triangular space which forms the lower 
half of the floor of the fourth ventricle. In like manner the upper triangle is 
formed by the divergence of the superior peduncles of the cerebellum. These, 
traced downward, as they emerge from beneath the corpora quadrigcmina of the 
mid.brain. are almost in ontact by their inner margins, but they gradually 
diverge, passing downward, backward, and outward , to reach the cerebellu m, thus 
enclosing a triangular space which forms th e upper hal f of the floor of the fourth 
rentricle. 

'l'he floor presents four angles. Th e uppe1' an,qle reaches as high as the upper 
border of the pons, it presents the lower opening of tbe 1.u1ueduct of Sylvius, by 
which this ventricle comm uni cates with the th ird veutricle. Th e lower angle is 
the angle of divergence of the clavre, and is about on a level with the lower 
en<l of the oli var.v bo<l.v. lt presents a minute opeuing, the aperture of tho 
centml canal of the sp in al conl. 

The two lataal an,qles arc situated eacL at an end of the conjoined bases of 
the triangles. 1)1he distance between them is the \\ idcst part of the floot.. Each 
latera l angle is also the point of the "coming together·· of the supcnor and 
inferior peduncle (rcstiform body) just as they pass into the cerebellum. 

In the me<lian line of the floor is a longitudinal yruol'e which extends between 
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the upprr and _lower angles. From the fantir<l . re~e!11Lla11_c~· in the 1·~mbin1•d 
Jo ,Hr end of tl11s groove and lower angle, to the 111 b of a. \H1t1 ug pcu, ti.us Jo,,<:r 
angle has been named the calamu!i scriptorius. 

On each i;idc of the tuedian fissure arc two spindle-sba.pcd lougituilmal t•mi
nen ccs, the fasciculi or funiculi teretes; they extend the entire length of the floor 
Each eminence consists of white fibres, and is due to a. portion of th<: base of tbr 
anterior cornu of gra.y matter of the cord which comes to the surface of the floor 
of the fourth ventric le after the central canal of' the sp inal cord has opened out 
rnto this cavity. This gray matter of the .t Uase of tlrn anterior corn u " no'' 
constitutes the nudei of on:9in of' the l1ypo,qlossal and si.rtlt crani al 1~ crvcs. Th e 
white fibres of the funiculus teres are partially thoRe of the u asccndmg part " of 
the root of the seventh nerve (see page 722) an<l tbo8c of the formatio reticulariM 
of' the posterior "area" of the medulla. 

'J'he wi<lest part of the floor of tile ventricle is crosse<l by several \I bite trans
verse lines, linece t1·wlsversce, auditory stria•, or strire acusticm; they emerge from 
the posterior median fi ssure, and, passi ng over the fa.s~iculus ten~s of the same 
siJe, some of the fibres enter the lateral root of or1g111 of the auditory nen'e, 
while others may be traced to the fiocculus of the cerebellum. Y entrall.'" through 
the posterior median fissure, these fibres are traceable to the raphe. 

Below these stn::c1 on each si<le, and extern al to the fasciculus teres. 1s n. 1ittle 
foE<sa, called the .fCn·ea infn·ior : while above, srn1 ilarl.v pluced. is a fossa, called 
the fovea superior. Extending upward to th e top of the ventricle from each 
su11enor fovea is a shallow groove; this g roove is called the locus <·re1:ule~ts, which 
µresc nti:i a bluish tint through the thin stratum covering 1t. 'l'his tmt 1s due to 
an underlying stratum of pigmented nerve-cells (substantia ferru,qinea). The 
locus cmruleus li es a long the ex treme lateral limit of th e upper half of the floor of 
tbc \'cntri cle, and hence converges upward toward iti:i fe llow of the opposite si de. 
lt i::s s liµ:htl,V overhung by the inner margin of the cerebellar superior peduncle. 
Just ventral to the locus eceruleus in the substa nce of the pons is the motor 
'"'"'"" of the fifth nerve (see page 722). 

The fovea inferior is the depresse<l apex, which is directed upward, of a tri
angular area. Th e .floor of this triangular area is dark er JU color than the rest 
of the fl oor of the ventric le : hence it iJS callc<l the ala cinerea. ~~be base, being 
eJe,·ated in conseq uence of th e depression of the apex, is known as the eminentia. 
cinerea. The triangular area itself, as a whole, including inferior fovea {apex), 
ala cincrea (floor), and emi nentia cinerca (base), is known as the trigonum vagi. 
hnmcdiately ~entral to this trigonum is the nucleus of orig in of the vagus, anrl 
at the apex 1s that of rhe glossophary ngeal ner ve. 

Between the trigonwn i•agi and the mcsial g roove is the lown· lw{f of the 
funieulus teres. This is triangular in shape, its base turned upward toward the 
stri~-c acusticre. 1.'h is lower half of the funicnlus tcres is the trigonum hypog1ossi. 
Y cntr~ I to it is the nuf'leus of origin of the hypoglo"snl ncr\"C 

Between the tr~qo1ut111 iiagi and the rcstiform body is another trian~ular area, 
"hose base is a lso directed upward, and acro.ss "h1clt the strh\" :\CuRticre pa!'s. 

~~:~::111a~~~H~~c~i~1~. tr\~~:~~\ ~~u~~\:\.i~o~~~~l ~~~:f t:~b~~-~:~~i~t t~;i£';::~~t~· 1~~:1e'l:l:~; 
the ttuditory nerve. 

Betwee n the superior fovea (above the strn.'C acusticre) and the mi<ldle O'l'OO\'C 1s 
the 11ppe;· lwU' nf' thefunfrulus ti'res . Just ventral to this , but 11ot clo~ to the 
miclJ le line, is the ntu.:le1us of origin of the sixth ner ve, while th e superior .fo1·1•1t 
it-,e lf ma y be taken as indicating the po~ition of th e mu:b,us of th e seventh nerve, 
which , however, i~ quite deeply situated in tl1e pons (~we page 7:22). 

THE CEREBELLUM. 

The cerebellum, to~etber with tbe pon" Yarolii , form s the hind-brain It is, 
mQrplwlogicall.r. t.he c·nrJrmnu"lv th1 ckem•cl a111l li,rpert ropl1ied mid(ll e portion of 
the lmun.mattcr iorrning the roof of that part of tln: brarn.ca\•ity known as the 
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fourth ventricle (Fig. 424), of which the ventral boundaries are, as already 
rlescribed, parts of the dorsal surfaces of the 
pons and medu lla (after-brain). PA. B . 

. 'l1h e 1.:erPbellum i ~ co.ntained in the inferior p ~--~. 
occipital foss":'- It 1s situated beneath the oc- e p· ~ 
cipital lobes of the cerebrum , from which it is 
separated by the tentorium. In form the cere-
bellum is oblong, and flattened from above 
downward, its grea.t diameter being from side 
to side. lt measures from three and a half to ~i~li!i1Fi~:~i~~i:~;J>:~~~t~J~·~~~1Jr.g:~ four inches (10 centimetres) transversely, and baur.J 

from t wo to two and a half inches from before 
ba.ckward, being about two inches thick in the centre and about s ix lines at the 
circumference, which is the thinnest part. It consists of gray and white matter: 
the former, darker than that of the cerebrum, occupi es the smface; the latter, 
the interior. The su rface of the cerebellum is not convoluted like the cerebrum. 
but traversed by numerous curved furrows or sul ci, which vary m depth at dif
ferent parts, and separate the laminre of which its exterior is composed. 

Weight of the Cerebelbm.-lts average weight in the male is 5 ozs. -l drs . It 
attains its maximum weight between the twenty-fifth and fortieth year, its increase 
in weight after the fourteenth year being relatively greater in the female than in 
the male. rl'he proportion between the cerebellum and cerebrum is, in the male, 
as 1 to 84, and Ill the female, as 1 to 8!. In the infant the cerebellum is propor
tionately much smaller than in the adult, the relation between it and the cerebrum 
being, according to Chaussier, between 1 to 13 and 1 to 26; by Cruveilbier the 
proportion was found to be 1 to 20. 

Main Lobes of the Cerebellum.-The cerebellum is divided into three large 
Jobes, a middle and two lateral. The middle lobe is the worm, and the two latera l 
are the hemispheres. 'l'bese lobes arc not separabl e from each other, being j oined 
together by their sides. Hence the upper surface of the cerebellum, as a whole, 

Fw. 42:>.-Upper surface of cerebellum, x J. (Gegenbaur.J 

is the upper surfaces of the two hemispheres connected in the middle line b:f the 
upper swface of the worm, which last appears as a s ligh tly elevated ?arrow ndge, 
about 1 centimetre wide, from which th e upper surfaces of the hemispheres slope 
away laterally and posteriorly, and a_re therefore flattened or slightly concave 
(Fig. 425). 'I'be il\f"erior s1u:faccs (Fig . .i26) of the hemISpheres . are markedly 
convex both from before backward and from side to side. In the middle Imo they 
partially overlap and conceal the i1~ferior Slo:face o~ the worm_: but on ~cparating 
them-which can be <lone to a certain degree without tearing any tissue-the 
entire inferior surface of the worm is brought into view. This is for more dis-



i2H 

tinct than the upper surfacC'. and ha:::. on each ~iilc of it, marking it off from the 
hl·misphl'rt..', n. dnp !lro111·e nhich run!-i antl'ro·po:-.tl'riorly. The inforior surfac·c of 
the ,,orm can be seen as a ''bole only aftC'r rt·moval of the pons anti nw1lulla. 
The space o?· fo:-.:-oa between the inferior surfaces of the hcmi:-.phcrcs, and "hicl1 con· 
tain~ the inferior worm, is calle<l the i•allr<'ula, an1l tlic yruul't'S abo\"C mcntionc1l, 
une on each i:;ide of the lower surface of the norm. arc known as the sulf'i rnlfrt·-
11/(r. The upper or anterior part of the rnlleculu. lies dor--al to the medulla, and 
is continue<l upwar<l into the anterior caebella1· notclt; the lower or posterior 

part contains the lower portion of the falx cerebelli, and is continued into the 
po8terior cerrbdlar notrh (see below). 

Althouizh in the adult human brain each hemisphere is much larger than the 
worm, still the latter is morphologically tbe more important, being the part firi>t 
developed in mammals. and. in many of them lower than man, constituting a large 
median lobe quite distinct from the hemispheres. Furthermore, in fishc~ a.nd 
reptiles it is the onl~r part which exists, the hemispheres being addition~ and 
attainin~ their maximum size in ma.n. 

The Notches of the Cerebellum.-'l'he hemiRpltues aro separated in front in the 
middle line by a deep notch. the anterior cerebellar notch (i1u.:i~lll'a ccritbelli ante-

J11ci.~11rr1 

ceubtlli.pu11leriur. 
FIG.4:!i.-l'.ppcrsurfuccofthcccrcbcllum. 

riM). and a)!'io behind (similarly) hy a 8maller notch, 7wsteriur c1'rebfllru· not1•/i 
in1•irt1u1t c:urbdli posterior) (Fig. 4:2i'). The unterior notch is much wi<ler, and 
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its sides arc much more curved, than those of the posterior. 'l1his notch is really 
the deeply hollowed-out "anterior margin " of the cerebellum. It lies close to the 
pons and upper part of the medulla, while the upper edge of the notch extends to 
or encircles the posterior pair of corpora quadrigemina of the mid-brain. This 
edge can be raisecl, however, and then can be seen the superior cerebellar pedun
cles and valve of Yieusseus (sec below). The poste1·ior notch is free. When 
within the cranium it contains the upper part of the falx ccrcbelli. The sidefs of 
each notclt arc formed by the respective hemispheres, while the bottom of each 
notch, or its centr1:1, is the anterior and posterior extremity, respectively, of the 
worm. 

The fissures of the cerebellum are very numerous and dip deeply into its 
substance. Of these the largest and deepest is the great horizontal fissure. 
Tbis passes completely around the cerebellum, forming its ci rcumference as it 
were, and its plane is horizontal. As it crosses the median line, in front and 
behind, it cuts int~ the respective extremities of the worm, and splits the f:Iides 
of each of the notclies as well (see above). H ence this fissure divides each hemi
sphere and the worm (the entire cerebellum) into au upper and a lower half. The 
edges and sides of this fissure are everywhere in contact, and lin ed by gray mat
ter, except where it run~ across the anlerior cerebellar notcli, where its edges, 
upper and lower, are separated by the passage between them of the white matter 
of the cerebellum. 

All the remaining fissures of the cerebellum arc lin ed by gray matter; their 
e<lges arc eYcrywhere in contact, and they ali terminate, by one extremity at least, 
in the great horizontal fissure (see below for further details of these fissures). 

The Worm.-This, as alreadv state<l, is the middle lobe of the cerebellum. It 
has an upper and a lower surf~ce, and two extrem iti c~, anterior and posterior. 
The upper surface is called either the supe1·ior verm{!Onn process or the itpper 
W(Jrnt; and the lower surface, eith er the inferior 1•erm~"(vnn process or the lower 
worm. Its sides arc attached directly to the mesial sides of the hemispheres, and 
are not seen except on section. Each extremity is divided by that portion of the 
great horizontal fissure which dips into the corresponding notch into au upper and 
a lower half. ll encc cacL of these anterior hab_ies is the anterior extremity, 
respectively, of the 'ltpper and lowu worm; and each posterior half is , similarly, 
the posterior e:ctremit.lJ of the corresponding worm. The horizontal fissure does 
not clip into the extremities of the worm nearly f'O deeply as it docs into the 
margin of the hemispheres. 

Each surface of the worm, or the itpper and lower worm respectively, is sub
clivide<l into lobules by transversely directed.fissures which arc continued laterally 
into and across the corresponding surfaces of the hemisphere to the margin, where 
they terminate in the great honzontal fissure. H ence any two of tbese fissures 
conta in between them a lobule of the upper or lower worm in the middle, and, 
laterally, a portion of the corresponding surfaces of the hemispheres. These 
fissures arc known as infrrlobular fi.ssurPs. 

The Hemispheres.-Each hemisphere has a slde, an uppl'1" sw:faee, a lower sur
face, and a nw.rgin. The side of ea.ch is dircctl_y attached to the correspo.nding 
side of the worm. The inar,qin is curved a.nd extends around from the side of 
the posterior exll"e111ity of the worm to the corre~pondi ng side of the anterior 
e:rtremit!} of the worm. H ence in the notches this margin is the same thing as 
the side of the notch. The margins of both hctni sphcrcs, together with both 
extremities of the worm , contain the great horizontal .fi!tsure-i. e. the upper edge 
of tbe jissure is made up of the anterior extremity of the upper worm, the margin 
of the upper ha(f of one hemisphere, the JJOSterior t•.rtremity of the upper worm, 
the margin of the 1tppu ha(f of the other hcmisphrrc. 'J'he lower edye of the 
fissure is simi larl .r made up. . . 

The sll1;/"aces, both lower an<l upper, are. like tho8c of the worm, subd1\' tded 
mto lobules by the lateral prolongations of the inter/obn/a,· fissures, already men
tioned. On ·the uppe1· surface of each hemisphere these fissures arc disposed 
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'luitc rcgularl~· anrl with a. direction. some'\ha.t cun'.ed, concav1t:: forward, which 
is outward an1l fornard. On the lou•a surface the wfrrlobular jl~SUl'l!S ha,·e not 
such a regular arr:rn~cmcnt, but arc much more curved, concavity forward, the 
cune~ bri,ng greater in those placed anteriorly. 

The general outline of each surface has alrea<l,Y lJcc11 mentioned. 
l~PPER ~l'HFACE OF \\'oR~l AXD HE.,lfSPllERE:-'.-Each of tbc~c. as already 

~tate<l, is subdiviclcd into lobules by the intalobular .fi~sures. There are fi,·e 
lobule and four fissures on the upper surfaces of the worm and hemispheres, 
"hich, f,·om b~fore barktrard. are as follows (Fig. 425): 

Lobules of superior worm: li11gula, lobulus centralils, culmrn, dh•us, folium 
caeuminis; lobules of hemisphere (upper surface): frcemdum, ala, anterior cres
centic lobule, posteri01· erescentic lobule, postero-superior lobule. 

The interlobular .fiss1ll"eS are the prf'central, the post-central, the preclival, and 
the post-l'liual. 

The complete arrangement is as fol lows: On each side of the lingula is the 
frwmdwn; these three lobules are separated by the precentral .fissure from the 
lolntlu.'1 centralis with its ala on each side. These three a.re in turn separated by 
the po11t-eenfral .fissure from the culmen, with the anterior crescentic lobule on each 
side. Posteriorly to these is the preclival .fissurt•, behind which are the clivus and 
two postrri1)r eresceutic lobules, which arc separated by the post-clfral fissure from 
thefolium eacuntiniR and postero-superior lobules, and these last are limited below 
by the 9,-eat horizontal .fissure. 

Low1m Snn'ACE OF Won:\l AXD IlDUSPHERES.-The lobules of each of the~e 
!:lurf'a.ces arc four in number, separated by three fissures (Fig. 426). They are. 
from heh incl forward, as follows: 

Lobules of inferior worm : tuber ralvul<E, p!framid, uvula, 11odulus : lobules of 
hemisphere (lower sioface) : postero-inferior lobule, digastric lobule, amygdala or 
ronsil, jlof'culu.!f. 

The intrtlobulur fissures are the post-11od1tlar, the 7Jrepyramidal, and the post· 
11ymmidal. 

'l1h~ complete arrangement is as follows: 'l'he post-nodular .fi.ssure separates 
the nodulus and the two jlocruli in front from the uvula and two amygclalw 
behind; the prepymmidal fissure lies between the three last-mentioned lobules. 
an<l the JJ/Jl'Gmid with a d~r;astric lobule on each si"de, which Ill their turn are sepa
rated by the post-pyramidal .fiss1t1'e from the tuber vab..'Ulce and postero-inferior 
lobules, "hilc between these last and the folium caemnini.11 and postero-superior 
lobules of the upper surface runs the great horizontal .fi.ssure, which, in front, also 
runs between the lingula aud nodulus and their prolongations. 

LOBL'LE=' OF 'T'llE CimEBELLU'.\r.- As above mentioned, each group of tlm!t: 
lobules (c.·ntrnl of the worm, lateral of the hemispheres) is limited either by two 
interlobular fissures or by one such fissure and a portion of the great horizontal 
ji111ntre. Besides these there a.re other smaller fissures, known as intralobular, 
which al~o run more or less trans,·ersely and cut up each lobule into sull smaller 
subdi,·iRiou:-. or lmnin{e, and which are quite irregularly disposed. especially in the 
hemisphere ~obulei::, where they may run obliquely, and, many of them, 5:top short 
of the margm. Furthermore, the lobules vary greatly m size and, on the under 
surfocc, in $yrnmetry. 

The structure of each lobule (Fig. 428) is seen, on an antero-posterior bection, 
~o conRis~ ~f white matter .surrou~ded by an irregular margin of gray matter, these 
1.rregular1t1cs or 111dcntat1ons bemg due to the intmlobula1· fissures; "ht le the 
utterloln~lar fissures are seen to be deep clefts sPparating the lobules. Hence the 
cut sw:lrwe of each lobule,. whether of worm or hemisphere, looks like a dentated 
leaf or folium, the branching stems. of which are white ma.ttcr, uud the m.ar11inx 
gray matter: which last is also contmued from lobule to lobule at the botto~ of 
each fi~~ure (:;;cc also page T3·4J 

On the other hand •. should the cerchellum be >!iced from •idc to side. the plane 
of each tra1v-n·erse sectuut corresponding a~ nearly as possible to that of each illtn-
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lobular fissure, it w~uld appear that eac.h group of three lobules would really con
stitute a smglc lamma, or sheet, of wlnte matter reaching from margin to margin 
of the cerebellum, the central part (worm) being more prominent than the lateral 
p_ort!ons \hemispheres); .whil e from each surface of th is lamina would appear pro
Jertrng ridges also of white matter, the entire lami na and ridges being covered by 

FIG. 428.-Antero-posterior median section of the worm. (Henle.) 

gray matter. 'l'he spaces between the ridges would be, of course, the intralobular 
fissures . 

The Lingula. and Framula.-Tbc lingula is the smallest lobul e of the upper worm 
{Figs. 428, 429, 430). I t is peculiar from all the other lobules in that its cut 
surface is not like a folium, but appears merely as a series of three or four 

Fm. 4:?9.-Antero-posterior median section of the worm, also showing fourth ventricle, X !· (Gcgenbaur.) 

small elevations on the dorsal surface of a layer of white matter (valve ~f 

rieussens), whi ch is here emerging from the middle part of the great hori
zontal fissure at the bottom of the anterior cerebellar notch . rrhese elevations 
are white matter (<leri"ed di rectly from the valve of Vi eussens) covered by a 
layer of gray matter which clips in between them . Posteriorly, this gray 
matter is continuous with that of the central lobu le; anteriorly, it disappears 
or is continued merely as an epithelial layer over the dorsal surface of the valve 
of Yieusscns. 

'l'he .fi·cenula (Fig. 430) stretch laterally from each side of the lingula. 'l'hey 
are short, not reaching beyond the superior peduncles of the cerebellum, over 
which they li e. Each frrenulum is overlapped considerably by the ala. 

Lobulus Centralis and Al"' (Figs. 428, 429).-'l'he central lobule, though of good 
8ize. is much smaller than the culmen, immediately behind. and by which it is 
o,·erlapped. It, in its turn, o,·erlaps the lingula, and together with it forms the 
bottom of the anterior notch. 

'J'he alee are slender, and arc prolonged almost to the lateral limits of the 
anterior notch. Hence each iR cu rved, with the concavitv forward . 

Of the remaining lobu les of the "J'J'el' su rface it may be noted that the culmen 
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an<l clivus or daliN! are each very large as compared to the other divisions of the 
upper worm (Figs. -l25. -!28, -!29). Taken to~cthcr, they ron•titutc t!1c bulk of 
the upper worm, ancl arc the only parts seen 111 the natural pos1t1~n, for the_ cu/
men must be lifted anteriorly to show the central lobule, on<l the clwus posteriorly 

$up.mcd.1'!l. 

clos~Wll~~i~A(j\~~Y!.f8ri of cerebellum from above. Tbe central lobule and alre are drawn backward to dis-

to show the foliuui cacuminis. On antero-posterior section each appears as made 
up of a mtmber of secondary .fnlia with well-marked intralobular fissures. ~I.1he 
term monticulus is often applied to the conibined culmcn and clivus. The cres
centic lobules, anterior and posterior, or lunate lobules, are large and have numerou!1 
intralobulat fissures. Taken together, on each side they constitute the so-called 
quad'l'ate or quadrangular or square lobule. ' l'he antr1rio1· crescentic overln.ps tbe 
ala and reaches to beyond the lateral limits of the anterior notch . The folium 
cacuminis (see also Fig. 431) is smaller than ony of the lobul es of the upper worm 

FIG. 431.-The cerebellum from behind. (IIcnlc.) 

~~~ft:g~tro~;z~h!~ev;:,s t~~t :::~~~~~s~0:e:~o~i~:b~1!~0(s~~J~~-~!,.0:/n:;;:;;;:~,.), ~1~e1 ~::~:~ 
each being fully as ]arge, and beset with as many intralobular fissures, as either 
of the crescentic lobules. 

Tuber Valvulre and Postero-inferior Lobules (Fig. 431).-'l'he tuber vaft.ulm is 
the posterior extremity of the mfer10r worm. It is decidedly larger than the 
f?lium cacumin~s, and its cut surface shows at least one secondary folium in addi· 
tJOn to t.lrn.t ~f its own _cut _surface. Its point of junction, on each side, with tbe 
postcro-mferior lobule 1s slightly grooved. This yrool'e is the posterior extremity 
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of the corresponding sulcus mlleculce (see above), which deepens as it runs for
ward along the side of the inferior worm. 'l'hc postero-inferior lobule is as large, 
taken as a whole, as the larger lobules of the upper surface of the hemisphere. 
It resembles them also in general appearance, except that it is much more convex 
and its intralobular fissures are very la.rge. 'l1hesc fissures a.re a.lso considerably 
more curved, concavity forward, tLa.n those of the upper surface. Two of them 
are of especial depth ; hence the postero-i11ferio1· lobule is often described as being 
made up of tltrte subdivisions, the most posterior being called the inferior semi
fonar lobitle; the middle one, the posterior slender lobule; and the anterior, the 
anterior slmder lob1'le (lobuli gracil es). In exami ning the mesial extrem ities of 
these "sublobules" it is found that only that of the inferior semi lunar actually 
joins with the tuber valvulre, while those of the other two terminate abruptly in 
the sulcus valleculro, and do not join with any lobule of the inferior worm. 

1''10. 432.-The cerebellum from in front, with pons and medulla removed. (Ilenlc.) 

Therefore the post-pymmidalfissure (see above) is prolonged, on the hemisphere, 
in front of the anterior slender lobule. 

Pyramid and Digastric Lobules (Figs. 432, 433; also preceding ones).-'l'he 
pyramid is a 1arge laminated, somewhat conical projection. Its cut su rface shows 

Fm. 433.-The cerebellum from in front and below (llculc.) 

numerous intralobular fissures. On each side of it is the sulcus valleculre, here 
r1uite deep, an<l it is connected, across thi"s su,/eus, with the di'gastric lobule by 
means of a narrow ronnertin,q ridge of gray matter. 

'l'he digastric (biventral) lobule (see also Fig. 434) is triangular in general out-
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line," ith the apex at the'' connecting ridge'' just mcntion~d. lts l:nuinm o: subdi
visions, <luc to itti intralobular fissures, are cuncU, concavity fon,ard ;rnd mwar<l, 
but :;.hon, au1l tend more antero-posteriorly; hence the lobule is embraced pos
teriorlv bv the anterior slen<ler lobe an<l post-pyramidal fiswre, both of "hich arc 
detitlc<llv · tooc:a,•e, while the laruinm of the former arc much longer than those 
of the di•rastric lobule. 'J1he base is anterior. and i:s ou a line with the ante
rior cxtr~mity of the amygdala, and is scparat~<l from the .Jloecu.lus, jui:;t i.n 
front, by the prolongation of the post-nodular ji.m11-e. Mcsia lly the d1~astnc 
lobule is separated from the amygdala b.y the pr~pyramulal .. fissure, "h1eh o.n 
the hemisphere runs almost antero-posteriorly, while on the rnfenor worm 1t 1s 

transverse. 
Uvula and Amygdalre (Fig. -13-1 and those preceding).-The uvula is longer 

than the pyramid. It is more prominent posteriorly than anterwrly. It lms 

Fm. 43-1.-'l'he cerebellum from in front and somewhat from below, X !. (Gegcubaur.) 

three or fo ur well-marked transversely running intralobular fi ssures, clearly seen 
on antero-po~terior section. It is connected with the amy,qdala on each side by 
means of a. corrugated ridge of gray matter, the furrowed band, which lies in the 
sulcu:; valleculro. 'l'hc amy,qdala or tonsil is a. roumlc<l mass smaller than tL e 
digastri c lobule. I t has a. large number of intr~l l ob ular fi ssures and lami1He. 
'l'b ese last are short and directed sagitta lly. Externally is the prepyrami<la l fi s
sure, bet ween it and the digastric. On removal of t he amygdala. a mark e<l hol
low (Fig. -133) is seen on the mesial side of the <ligastric. This hollow is the 
nidus avis (bird's nest). Internally, the amygdala is connected to the uvula by 
the furrowed band, and besides has a free surfaec boundc<l by th e sulcus valleculre. 
In the natural position this surface is applied closel.r to the side of the uvula, 
which, together with that of the opposite tonsil, it conceal ~ from view. Ante
riorly is the post-nodular fissure. 

Nodulus and Flocculi (Figs. -126--!34).-'l'he nodule is the most anterior as 
well as the smallest lobu le of the lower worm. Its t!ut surface shows a :single 
folium indented by a. few intralobular fissures. It is larger than the lingula. 
Its white matter is usually a si ngle stem, which brancht!s peripherally. This 
stem, furthermore, lik e the small projections of white matter in the lingula (see 
page 729), which are derived from the val vc of Vieusscus, is seen in its turn to 
come from a similar, but more curved, lamina of white matter which lies at fir::;t 
ventral and anterior to the nodulus, and then rlorsall.11 or O!'er it. Thi s lamina is 
the inferior medullary velum (see below). 'J'hc sulcus va ll eculm on each side of 
the nodulus is deep and wider than it is posteriorly. 

'l'he post-nodular fi.ssure, transverse between nodule and uvula, becomes irreg
ularly cunrcd on the hemisphere. On leaving the worm it is at fir:;t concave for
ward in the sulcus vallecuke, then bends, ron1,1erity forward, a.round the front of 
the amygdaln and runs laterally, between the base of the digastric lobe behind 
an<l the tlocculus in front, to terminate in the great horizontal fissure. In its 
course it recei,·es the anterior end of the prepyra.midal fi~sure, and at its termi
nation in the horizontal fissure is joined Ly the anterior end of the post-p_vram-
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idal fissure. As it lies i~ the sulcus vallecukc it separates the .furrowed band 
from a very slender lam1n:a of gray matter which is continuous with the gray 
matter of the nodule mes1ally, and, laterally, follows the course of the post
nodt~lar fissure until it reaches the .floeculus, with the gray matter of' which it is 
contmuous. This slender lamina is known as the pedwwie of the flocculus . 

The flocculus is the smallest of the lobules of the inferior surface of the 
?emi~pbere, and is situated farther a.way from its corresponding lobule of the 
mfenor worm th~n any. of the others. .It is a rounded: tuft-like body, its 
expanded extremity looking forward, and it tapers toward its peduncle. It is 
situated below the middle peduncle of the cerebellum; its surface is composed of 
gray matter, subdivided into a few small la.min:~; it is sometimes called the 
pneum?grrstrir lobule, from being situated behind the pncumogastric nerve. 

It 1s thus seen th~t the flocrnlus, amy,gdala, and di!Jaslric lobllle differ m 
regularity, both of outline and position, from all the other lobules of the hemi
sphere; also that the prepyrnmidal Jissiu-e differs from the other interlobular fis
sures in that it, as a whole, is almost "horseshoe., in shape, while they have a 
generall.v transverse direction. 

WHITE M.\TTER OP THE CEREBELLUM .-'l'raced from within the. cerebellum, 
all the white matter is found to emerge from between the edges of the great liori
zontal .fiss1U"e. where that fissure lirs in the anterior cerebellar notch (Figs. -!32, 
433, 434). It may be described (after removal of pons and medulla by cutting 
close to the cerebellum) as consisting of two layers, an upper and a lower. In 
other words, this white matter on emerging from the cercbcJlum may be said to 
split into two dfrerging layers. The cleft-like spa.cc between these two layers 
extends entirelv across the anterior cerebellar notch, at the lateral extremities of' 
which the two ·layers are continuous. It has already been noted (sec page 727), 
that the edges of the great horizontal fissure, in close contact everywhere else, 
are separated in the anterior notch . Hence the .1Jpaee between the layers migbt 
be regarded as a part of the horiiontal fissure li1ied with wliite matter. Of these 
two layers, the upper is much the thicker and more substantial, the lower being 
merely a thin, delicate white lamina. 

The 'tlpper la;;er is divisible into a mesial an<l two lateral portions, of which 
the mesial is much thinner tLan the lateral. This mesial portion 1s the vah·e of 
Yieussens or superior medullary velum. It is of uniform thickness from side to 
side. On transverse section, close to the cerebellum, its width is seen to be about 
er1ual to that of the upper worm . It has above it the lmgula, together with the 
central lobule resting on the lingula. The latrntl portions increase 10 thickness 
from within outward, so that the cut surface of each looks somewhat racket
shaped. Each latrral portion occupies the side of the anterior notch, and is made 
up of the three 11ecluncles of the cerebellum, the handle of the racket-shaped sur
face representing the superior peduncle, while the rounded, expanded hca<l repre
sents, externally, the middle, and, inferiorly and mesially, the inferior, pedu1.1Cle. 

The lower layer is the hiferior medullary velum. It is an exceedingly delicate 

;~·~~ t~01~b~ 1~~ h ~:;c1~~~~t~~ ~1t:etboeth:~ i ~::~~~1:1~ 0 ~~, ~~:e fl~f ~.~~.~~ t a:l:·~~~ v\~f o:si ~~i\~ 
now be considered in <letail. 

Peduncles of the Cerebellum (Figs. 426, 432, 4~3).-'l'hc 8/qie,.ior pedllncles 
(Fig. 430) arc on the dorsal surface of the pons Varolii, as previously describ.ed, 
diverging from each otbcr from above downward. Ea.ch enters ~he correspond1?g 
hemisplu're of. the cerebellum beneath the .f1·cenultun and a.la (Fig. ~30), "here its 
fibres blend with those of the two otlter peduncles and a part of the 1n.fcr10r medul
lary velum, to form the white matter of the hemisphere. 'rhc supenor peduncles 
form the lateral boundaries of the upper part of the fourth ventricle. 

The middle peduncles are large rounded bundles made up of most of the trans
verse fibres of the pons, as already described. Each, bending dor,ally from the 
pons, euter~ thr cerebellum between the edges of the horizontal fissure at ~be 
lateral limits of the anterior notch-i. t' . between the ala. and the edge of anterior 
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crescentic lobule above and ftocculu below-and its fibres contribute to form part 
of the "bite matter of the hemisphere. 

The inft·1·if/r pPdunde, restiform bod_y of medulla, as it enters the cerebellum 
hes a little deeper in the anterior notch tha.n, and inferior to, the middl e pedun
cle. With in the cerebellum its fibres blend with those of the preceding to form 
the white matter of the hemisphere. Just as this pc<lundc bends sharply back· 
"ard from the medulla, an<l just before 1t actually enters the hemisphere, its under 
surface is free, and forms, in this situation , the upper boundary of the elrft 1 above 
referred to, between the layers of the white matter of the ccrcbcllnrn. The lower 
boundar.v of this part of the cleft is the lateral part o f th e inferior rn eclullary velum. 

Inferior Medullary Velum (Figs. 426, 429, 432, 433).-As already mentioned, 
this is the lower layer of th e white matter of the cerebel lum, and is very thin. Its 
central portion enters the cerebellum over or dorsal to the norlultus at tb e centre of 
the auterior uo tch; and at the bottom of this part of th e great honzontal fi ssure 
it joins witlt the superior medu,llary t•elum to enter the cerebellum as the v.•ltit1• 
mlllter of the worm . As it passes over the noclulu s it is adherent to it-i. e. 1t 
sends mto the nodule a stem of white matter . 

• \ s the velum passes laterally it has a cunred direction. co ncavity forward, and 
extends almost to the limits of the anterior notch, where 1t blends with the white 
matter of the flocculus. These curving portions, lateral to the nodu lus, are the 
so·ca.11ed lateral parts of the Yelum. Each of these lateral parts, traced into the 
horizontal fissure, passes above or dorsal to the peduncle of the jloecufos (see aboYC), 
and blends with the under smfaces of the three peduncles to form the white matter 
of the ltemisplm·e. Thus it is seen that the white matttr of th e worm is made up 
of the union of the superior medullar.11 velum above and the eentral part of the 
inferior medullary velum below 1 while that of th e hemispheres is the conjoined 
three peduncles and lateral 1Jart of the inferior i•t•hw1. 

Tent and Lateral Recess.-The cleft between th ese layers of white matter 1s1 

like them, divisible into a central and two latera l portion s. Th e tentral 7wrt lies 
between the superior velum above and the central portion of the mferior velum 
below . It is call ed the tent, from its ponitetl appearance on section. 'She lateral 
po1·tio11s, when closed m by the upper ends of th e rcstiform bodies (see page 738), 
are known ns the laleml ·reces:wrs of the fourth ventricle, while the tent form s the 
roqf of the central part of the fourth ventricle (see page 738). 

Superior Medullary Velum.-The fl.uperior medultary relum, or i 1alve of T""ieus
sens. has been partially described. It is a. tbm lamina of white matter st retched 
between the inner margins of the superior cerebellar peduncles; it forms the roof 
of the upper half of the fourth Yentncle. It is narrow abO\'C, where it passes 
beneath the lower corpora quaclrigemina (mi<l-bram), arnl broa<lcr below at its 
c?nnection with the upper Yermifonn process of th e cerebellum. A slight elernte<l 
rn.lge, the .frcenulum, descends upon the upper part of the Yake from between tl1e 
lower corpora. quadrigernina, and on eith er side of 1t may be seen the fourth nen·e. 
Its lower ha lf is co,·cred by a thin, trans\·l'rsely·grooYed lobule of gray matlt'r 
prolonge1l from th e anterior border of the cerchrl lum ; tins 1s th e lin9lda. 
_ Arbor Vitz (Fig~. 428, -t-29).-Thts is th e nam e given to the white matter of 

e1tlt~r worm or hem isphere when viewed on antcro·postenor section. On such a 
section the white matter looks like a tree with a central trunk an<l LranchPs, \\ith 
th e branches a lso subdi vidi ng into stems. These stems, being surrounded by gray 
matter, resemble leaves or .fUlia; and there may also be lieco11dary jolia wh ose 
stf'ms come from a. primar,v stem, and not from the ma111 trunk of white matter. 
Tb esc J'olic~, as already explained (pa~e 728), arc merely th e cut surfaces of the 
correBpond111g lolmles, w_hethcr of worm or l1cmisphcre. Th e main trunk of the 
arbor vit::c of the worm 1s slender. while that of the arbor vit::c of each ltewispliere 
is thit:k a~d bulky. 'J.' h.is difference is due to tlH' large amoun t of white matter 
rc!-<ultm~ from the conJomed peduncl1·R ancl lataal JWrl of in.fnior i•t•lu.m as com· 
pared with that resulting from the union of the comparati\·ely thin !iUperior l:elum 
with the enllral pad of the inferior velum. 
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Fibres of t he Peduncles (Fig . ..135).-'l'be fibres of the Bllperior pedllncles ou 

entering the hemisphere pass to a great extent into the interior of the corpus 

dentatum (see below), though some wine! round it and reach the gray cortical 

matter, especially on its infer ior surface, while others pass into the white matter 

Fm. 435.-A section of the cerebellum to show dentnte nucleus. (Denle.) 

of the worm. Into the white matter of the worm pass the fibres of the superior 
velum, of which certain longitudinal ones are quite distinct. These last are the 

nntero-lateral ascending cerebellar tracts of cord a.nd medulla (see page 717). 
The fibres of the middle peduncles on entering the hem isphere have a gen

erally dorsal tendency, after which they go in various directions: the upper fibres 

of the tuber annulare pass to the lower part of the hemisphere; the lower 6bres 

of the tuher pass into the upper part of' the berni_sphere; while the remaining 
fibres (middle of tuber and dorsal transverse; see Pons) pass fo r the most part 

into the middle region of the hemisphere. 
The fibres of the inferior peduncles on entering the cerebellum are placed 

between the middle peduncle externally and super ior internally. 'l'hey then pass 

upward, and radiate into the upper part of the hem isphere, curving over the 

corpus dentatum; some are extended into the white matter of the worm. These 

last are the continuations of the direct cerebella1· traf't. 
The .fihrrs already described, which make up the inferior peduncle or rcstif'orm 

body, may be summarized as fo11ows: 1. Direct cerebellar tract; 2. External 

arciform fibres; 3. Internal arciform fibres (from opposite olivary nucleus); 4 . 

Fibres from accessory cuneate nucleus; 5. Fibres from antero-lateral descending 

cerebellar tract of cor<l; 6. Fibres of Solly. 'l'hese last are occasionally found, 

and are seen on the surface of the medulla runn ing upward and backward from 

the direct pyramidal tract of the cord just before it enters the pyramid. 
The fibr re proprire of the cerebellum are of two kinds : (1) commissu.ral j£bres, 

"Lich cross the middle line to connect the opposite halves of the hemispheres, 

aome at the anterior part, and others at the posterior part, of the vermiform pro

cess; (2) arcuate or association fibres, which connect one lamina. with another, 

arching across the fissures between the lamin::c. 
The GRAY MATTER OF TUE CEREBELLU,\I is found in two situations: (1) OU the 

surface, forming the cortex; (2) as independent masses in the interior. 
(1) ':l1 he ,qray matter of the cort<'x presents a characteristic foliated appearance, 

due to the series of laminoo which are given off from the central white matter: 

these laminIB give off secondar.v laminre which are CO\'ere<l with gray matter. 

This arrangement gives to the cut surface of the organ the foliated appearance 

already described. Externally the cortex is co\·erc<l h.Y pia mater, and internally 

is the medullary centre, consisting main ly of nerve-fibres. 
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.llfrroscopical Appearance of the l'ortex.-'J'hc cortex presents a remarkable 
structure. comdtiting of two distinct 1a.yers-viz._:rn external gray or cellular layer, 
and an internal rust-colored granular layer. Between the two la.yer!:S, or rather 
situated in the <lecpest part of the gray or cellular layer, is an incomplete stratum 
of the characteristic cells of the cerebellum, the C01'f>UScles qf Purki11Je. 

The external gra11 or cellular layer (Fig. 436) consists of fibres and cells. The 
fibres are delicate fibrillre, some running at right angles to the surface-fibres of 

Bergman. 'rhese are the deudritic processes of large glia-ce/ls situated in the gran-

-Exter11algmyor 
cellularlaytr. 

ular layer. On reaching the periphery these fibres expand into small cones, bases 
supcrficia.ll y 1 and berE" form a delica.te support ing connective-tissue.Ji kc membrane, 
which spreads out into a. brond base against the inner su rface of the pia mater. 
Other fibres are horizontal, and can be observed to unite, by means of a T- or Y
shape<l junction, with the long a.xis-cylinder processes of the granule-cells in the 
granubr layer. 

The cells are small, and are in two Javers, outer anJ inner. All ha\·e numer
ou~l.v branching axis·ry1inder aml protoi>Ja!o;mic processes, the former of which, 
from the inner ce1ls (basket-cells), gi\-c off descending vertical branches which 
ramify like a. basket aroun<l the corpu~cles of Purkinje. 

The ''nrf'"·'r/,. '!f PurkinJe (Fil(. HG) are fta,k-sbaped cells in the deepest part 
of the external gray or cellular layer, resting against the internal rust-colored 
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layer. From their under surface a slender axis-cylinder process arises, which 
passes through the internal la.yer, and becomes continuous with the axis-cylin<ler 
of a me<lullate<l nerve-fibre in the medullary (white) substance beneath. From 
the other extremity a number of protoplasmic processes (dendrifrs) arc gi.,uu off 
whic? b1:anch in an antler-like manner in the external layer, all having free 
terminations. 

The internal or nt•t-colored layer (Fig. -!36) is characterized by containing 
multitudes of granula r-looking cells . There are also minute stcllate cells and 
glia-cells. Between the cells is a fine nerve-network, with which the processes 
of all the cells are continuous, except the axis-cylinder processes of the granulc
cells. 

'l1here are st ill otlier fibre.q to be found in the cerebell ar cortex. These come 
directly from the white centre, and penetrate through the entire cortex . Each 
fibre, thus penetrating, gives off branches in the granular layer, the ramuscles 
exhibiting peculiar moss-like appendages, hence are called "moss-fibres" (Hamon 
y Cajal). Other ramifications arc also found around Purkinjcs corpuscles. 
Finally. in the external layer these fibres terminate by becoming longitudinal and 

horizontal. The cell-origin of these fibres is probably situated in the gray matter 
of the spinal cord. 

(2) The inr/Ppendent centres qf gray matter in the cerebellum are-(1) the cor
P"" rlmtalum ; (2) the roof nuclei of Stilling. 

The corpus rlentatwn (Fig;s. 435, -!38), or yan.qlion qf tlic cen·bdlwn, i• situated 
a little to the inner s i<le of the centre of the stem of" hit(' matter. It consists of 
an ope:n bag or capsu le of gray matter1 the section of whivh presents a. gr:1y den
tatcd outline. open at its anterior part. It is surroundrcl by white fibres; white 
fibres are also contained in its interior, which arc derived from the superior 
peduncles. 

'l1he roof nuclei of Stilling are two small grny masses situated in the anterior 
part of the white mn.tter of the worm, close to where the valve of Yicussens 
begins to assist in the formation of the roof of the fourth ventricle. These can 
only be seen in microscopic preparations. 

The Fourth Ventricle (Fig•. -!23, 4291. 

The Fourth Ventricle , or ventricle Qf the cerebellwn, is the space between the 
me;ial portions of the dor<al surfaces of the medulla oblongata and pons ventrally 
and the cerebellum dorsally. It consists of a floor, roof; and lateral boundaries. 



The floor has alreadv been dc,cribcd in detail. Jt i> Hat anrl lozenge-shaped, its 
uppef half heing on.the dorsal surface ~f the pon~. it~ lower half I.ying between 
the rc<tiform botlies on the upper portion of the dor,,11 >111·face of the medulla 
Its wi1lc~t or central portion is at the junction between pon:; and medulla. Like 
the floor, the ventricle itself j,.:. divided into an upper. a. lo,, er, and a mi<l<lle portion. 

Boundaries of the Fourth Ventricle.-ri1hc lljJ/-" r 11ortirm has for its .floor the cen· 
tral part of the do,.sal sw:face of the pons; for its lataal bo1mdarfrs, the inner 
szu:faces of the su11etior cerebellar peduncles; for its ruqt~ the SllJ crior medullary 
t'dum. 

The middle portion bas for its roof the tent, or space between central part of 
inferior medullary i•elum, below: and that part <l superior med.ullar/I i·elum 1rhidt 
is below tlie lin,qula, above; and their line of junction dorsally . The tent. on section, 
appea.rs pointed, the angle projecting dorsally from pons and medulla into tbr 
worm, between lingula. above and noclulus below. In the complete ventricle the 
tent lies dorsal to the widest part of the .floor: and the lateral bounda,.ies of this par
ticular region of the ventricle are the lataal a11r1les (sec page 723), each lateral 
angle being the point of contact of the lower en<l of the inner surface of the 
superior peduncle with the upper en<l of the inner surface of the inferior peduncle, 
just as each peduncle bends dorsally to enter the hemisphere. 

The lower portion has for its .floor that part of tbe dorsal su~faee of the 
11tedulla which is between the restiform bodies, an<l for its lateral boundaries the 
clai·re vf thefunieuli graeiles and the inner surfacn; of the n!sl(form bodies. The 
inner surface of the restiform body is merely the inner aspect of its generally 
rounded, clcrated surface. Hence it is not so marked as that of the flattened 
superior peduncle, which also has an inner lllM!fin, to \vhich is attached the supe· 
rior medullary velum; while the inner margin of the roun<le<l inferior peduncle 
\\Oulcl be merely the line drawn between its inner and dorsal aspects. The ronf 
of the lower portion of the fourth ventricle is the tela dwroidea h~ferior, which 
will now be described, together with the lateral raesses of the fourth ventricle. 

Roof of Lower Portion of Fourth Ventricle; Lateral Recess; Tela. Choroidea. 
Inferior.-In the description of the white matter of the cerebellum, :is it lies 
between the edges of the great horizontal fissure in the anterior notch 1 it was 
stated tha.t this whit,j matter was split into two layers, the lower of which is the 
il~fcrior medull.lry 1.'elum. An important difference between these two layHs must 
now be note<l, in addition to the others already gi,·en. This difference is that, in 
the complete specimen, the inferior medullary velum, as such, has a .fi·ee edge. 
while the upper layer is continued directly into the prolongations of its com
ponent parts, superior mcdullary velum and the peduncles of the cerebellum. 

This .free edue of the inferior velum is direC'tcd, in the natural position, down· 
ward and forward. The free edge of the me~ial part lies O\'er the nodulus. which 
projects somewhat beyond it. Being very thin. it cannot be made out distinctly 
except on antcro·po:-tcrior section. The free edgC's of the lntcral rrtions, how· 
ever. arc we11 seen on remornl of cerebellum from pons and medulla and after 
separating the edges of the great horizontal fissure. In the complete condition 
each of these lateral free edges of the velum lies just dorsal to the upper extrem· 
ity of the corresponding restiform body just before it bends backward into tbe 

~~~~~~\~bt~~h:~~ tc~::~sm~J~~~en~p!~'i~~ni,t l~:~rj~~:~~~~~~·~af~~ ~~~e~~~~:a\0 a~~:c~0ocf 
the rcstiform body. 

Ila.Ying thus locat~d the free edge of the entire inferior medullary velum. it 
uow remains to establish its connection with the subjaccnt parts. This connec· 
tion is effected by a layer of epithelial cells prolnni'cd from the i;eneral epithelial 
lining of the '·entricle. It is un<ler~too<l. of couri'". tb:it all the ventricles of the 
brain. as well a~ the central canal of the corrl. are linerl with epithelium. There· 
fore in the fourth ventricle this epithelium lines the un<ler mrface of the superior 
,·elum; the inner f:urfacc of the superior cerebellar peduncle: covers the entire 
Door. Jnd is also found in the tent and 1t~ /,1ttral prolongationf(. Therefore it 
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must also co,·cr the upper surface of the entire inferior rnedullary velum; and it 
is the prolongation of th is particular layer which was just referred to. 

The epitltelium covering the central part of the inferior t•elwn on arrivin<T at 
its free edge is continued over the projecting portion of the upper surface of

0

the 
nodulus, an<l then bends sharply downward an<l backward around the anterior 
extremity of the nodulus, and is continued on down to the ca lamus scriptorius
i. c. angle of divergence of. the c1avre-whcrc it dips into the upper (medullary) 
part of the centrnl canal of the cord, and becomes continuous with its dorsal lin
ing epithel ium. 1'his layer of epithelium, thus tracctl from above downward, has, 
of course, lttleral attacll1nenls, and on each side this attachment is mainly the line, 
already referred to, which marks off the inner from the dorsal aspect of the resti
form body . Below, this line of attachment is continued down on the clava, and 
at the calamus scriptor ius meets the line f~·om the opposite si <l e. Along this line 
for its entire extent the layer of epithelium is continuous with the ep ith elium 
lining the slightly elevated inner aspect of th e rcstiform body and tbat cover ing 
the }loo,., but is not prolonged over the do,.sal aspect of the restiform bouy, which 
is closely invested with p1a mater. Owing to the divergence of the restiform 
bodies and cht\'<"C, it is evident that this layer of ep ith elium is triangular in shape, 
with its ape1· at the ca.la.mus scriptorius. This triangu lar layer of epithelium is 
the real roof of the lower portion of the fourth ventricle. 

Lateral Recess.-'l1he epitlielium cover ing each lateral portion of the inferior 
medullary \"Cl urn on arriving at its free edge is prolonged directl.v on to the upper 
extremity of the restiform body, close to which the free edge li es, and is then 
reflected upward for a very short distance-i. e. to where the rcstiform body bends 
bar:ku•aNl to enter the hemisphere. The epithelium then bends backward also, 
covering the (now) under surface of the inferior cerebe llar pe<lunclc, and thus 
enters the lufrml portion of the cleft (see page 73-1) between the "laminre" of 
the tcrebellar white rncttter: a rriving at the bottom of this cleft, it is reflected 
back agai n over the upper su rface of the lateral part of the inferior mcdul la ry 
velum to its free edge, at which point its tracing was commenced. 

The linr• of attw·lanent of' the epithelium to the upper end of the restiform 
body just after its reflection from the edge of the inferior velum is, of cou rse, 
directecl trallS\'Crscly. Its inner end bends downward and becomes continuous 
with the line already mentioned on the restiform body, along which the" roof" 
epithelium hlenrls with that of the side and floor. 

Thu:-; is formed the complete lateral rece.r.;s, which, when a.II the parts are con
nected, is really a triangular-shaped, tunnel -like prolongation of the cavity of 
the fuurth ventricle, cuning around the extreme upper end of the restiform body 
ju't before that body benus backward into the hemisphere of the cerebellum. 

'l'hc outer extremit.11 of the lateral recess may be reµ-arded as a pointed cul-de
sac. .At its innn· extremi(lj is an aperture through which its linin~ epithelium is 
continuous with that of the fourth ventricle. Thii;; aperture is situated just at the 
lateral rrnyle (see abO\'C) of the ventricle. The cul-de-sac is situated just between 
the flocculus externally a.nd the outer aspect of ~he r<'stiform body internally. 

~ela Choroidea Inferior.-The p~a mater wh ich invests the inferior worm ~s 
contmue<l upwanl and forward, dippmg in and out of' the various fi~sures. until 
it reaches the noclulus. lt now closely invests the nodulus and bends sharply 
around it, fo rward, upward, and a litde hnckward, following exactly tLe course 
of, hut lying jJO;sterior to, the epithel ial roof of tl1e ventricle, nlr<'ady <lescribe~, 
until it reaches the.free edge of the inferior velum lying on the nodulus. At this 
point it i:; reflected at an acute angle r ight hack on itself, and now f?llows the 
'

1 epitLelia.I roof" llown to the ca.la.mus scriptor.ius. In its course this r~flected 
layer of pia mater lies, naturally, do,.sal to the epithelial roof, and so closely adhe
rent to it that the two form one structure. rrhis .structure is the lela choroidea 
inferior. It is the 11ractical roof of the lower portion of the fourth ventricle, 
because when the pia. mater is pulleU a.way the epithelial la.ycr comes with it, 
and thus this portion of the ventricle is expose<l. 



710 THE XERl'Ol"S SJ"ST!-.'.lf. 

If the pia mater covering the hC'mi:.;plH:rt• 011 L'at:h ~itle of that conrin~ the 
inft'rior worm (the lateral cxten:-:ion of the same layt•r) be tr:u·e!I, it "ill be found 
to follow a. :-:1milar course, thu~: ~\.ftl' r pa..,sin~ llfl\\anl it rca('hcs the under sur
face. arnl thl'll the .frn• ed,qe, of the late ral part of the inforior ,·clum. It is now 
sharply rt'!lccte1l on it:-:elf. and pa::::::es downward on the dor:wl a~pcct of the rest i
form 1;01ly. Thi:s is mcreh- the [1frral l'i.·t1·11Nio11 of' the pia uwtral portion of the 
teht chorO i1lea inferior . ..: \ s this layer passes from th e edge of the inferior ,·clum 
(lat('ra l p~ut) to the restiform holly it i~ in conta~t._ju~r. at it~ downward bend, 
with the 1pithelium of the lateral 1W'e.'<8 JUSt "Lcrc 1t 1s being reflected on to Llw 
extreme upper end of the restiform body. It i8 therefore C\'iilcnt that a~oug the 

~~~e~·d~:n~:~t~11~~ ~?i~~~~'~:~~~~· ~~j~uJh~1J t'i~~~:11::. Jt~1:~:e i;~~·t·~~:1~~l ~i~~~:·~1en <~~ 1! 11~~ 
ward these two layers arc somcw hat adherent to cac:l.1 other. 

The Ligula..-Tn the fourth ventric le, as well as in the other ventricles, the 
linin rr ep ithelium has between it and the surrounding brain-tissue a deli cate layer 
of m:'uroglia kno11 n ao;:, the epeml,11ma. 'l'hc upper surface f the inferior velum 
al~o has on it some of this epC'ndyma. At the free edge of th e velum, howe1·er, 
thi..; cpendyma. ceases ::ibruptly, au<l the epi thelium comes in dirett contact with 
the pia. mater. But where the epithelium lea1·cs the J~ia mater to be reflected 
upu•arcl on the re:; ti form body (lateral recess). or "here 1t leaves the under 1$Ur
.fare of the tda £'/wroiden iJ~ferior to be rellcctecl on the inner asppct of the rcsti
form bo<ly and floor of the ventricl<.', the epcncl,rma reappears. H ence this ed,qe 
of epcnd)·ma follows the line qt" r~fleclion of epithelium all the way from the 
calam us fol<:r iptorius ohlil(Ucly upwanl anU outward. and then outward around the 
upper end of the rc~tiform bod.r. It is ilOt visib le to the nak ed eye until the pia 
mater is pulled a.way. 'l'bis tearing away of the pia, mater necessarily brings 
with it th e epithelium lining it. and tl.icre is seen a very delicate, jagged line of 
tissue following the course of the "l in e of reflection " just desc ribed. '!'bis lint' 
of tiswe is th e edge of the ependyma. plus the torn edge of epithel ium, and is the 
l~fJlllu. not to be confounded with the lingulrt. The union of the lower entls of 
the two li gu l:u in the calamus scriptorius is known as the obex. 

This tea ring away of the pia mater and epithelium also brings into dew the 
fr ee ed~e of' the inferior medullary vtdum, especially its bteral portions on each 
side of the nodulus. 

Choroid Plexuses.-Tbe under surface of the pia-matral portion of the tela 
dt0roid1•rt h{fainr is not smooth. It has a linear seri es, on each side of the mid
dle line, of minute vascu.lar tufts of pia-mater ti ssue projecting ventrally. The!'e 
tufts, howe\'('r, do not pierce the epithelial ''roof," but are co\·crcd, 1·entrall~·· 
en•rywhcrc by the epith elium . These lines of tufts with their epithelium are the 
churoiil plexuses of the fourth 1•entricle. 

::-;imilar. but longer. tufts of pia-mater ti~~uc are al~o prolonged from the pia 
mater which lico;:, beneath the epith elium, closi ng in the lateral reee1$R. These ]a~t 

~·e8~~111le~~~~!.~~1~0 t~~~it~0~0<~\~~!n ~~:{u~1:~~·r r~:~)1:1~~l i~f ~1~r~~i~i ~:n~mb~d~~i.11i. 1:~ h:~~ 
middle of the!-i<.' villi is the 71ointed cul-de-sae of the lnteral recess, whil:h bv ~orue 
obsel'\'<.'r:;; j., 8nid to be perforated by a minute foramen. .. 

..\ ~i milnr foramcn is ~aid to_be present in the tda elwroidea infaior just above 
the ca la.mus scriptoriu :;. Thi s 1s the fl.O·c all e1 l furamen of i.1IaJe,;die. 

THE MID·BRAIN (Figs. 415, 416, and 4o9). 

~l.1he mid-brain, or meseneepltalon, is that portion of the brain which connect~ 
the pons Yarolii below with the C<.'rcbrum (i nter-brain and hem ispheres) abo1·e. On 
thi~ acrount it is ~ornetim c:;i. called the i.'ftlunuR or the crus rerebri. It has four 
surfaN·~-a supHior, an in ferior, a. tlor:'a\. and a 1·cntral. The first two are flat· 
teaed aJHl arp a·~nrltf'rl. the superior to the cerebrum. the infc~·ior to the pons. 
'l'h<.'y are al~o nearly parallel with each other. Th e two latfrr are somew hat cun•eJ 
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transversely. and meet each other ?n th~ side of the mid-brain. being separated 
only by a. grooYe, the suleus latera hs, which runs from below upward and forward. 
The dorsal sm:fai:e is free, but is conccalt::<.l from view, from above, in the com
plete brain b.v th e overhanging hemispheres. The tientral sw:face is also free, 
and also concealed, from below . by portions of the hemispheres, apices of tem
poral lobes, nhich O\·crlap it. These two surfaces are not parallel, as the ventral 
surface, besides being com·ex from side to side, is slightly concaYc from below 
upwar<l and forward. The cavity of the mid-brain is the smallest of all the brain 
·' Yentricles." It is call ed the aqueduct of Syluius, and is a. mere tube whose 

Fie;. 139.-Medulla, pons. and mid·brain seen from the right ~ide. f. (G<'genbaur. ) 

diameter is very small compared to the bulk of the mid-brain in ''Lich it lies. It 
is situated close under the dorsal sw:face in the middle line; Lenee its direction 
is upward and forward. It opens below into the fourth rnntricle and abo,·e into 
the third ventricle. 

Main Divisions.-'l'hc mid-brain 1 as a whole, is divided into two portions (Fig. 
-1-10), a. postero-superior and an antero-i"nferiot', by a lamina. of gra,Y matter, the 
substantia n(t}l"a. "hi ch is seen to be coll\·ex 

downward and from side to side in sections weo::t'u'::n~~~1.· 
made both dorso-Ycn_trally_ and from above /' . ,.iqu1{ft~Tua 
:l~w~1~:~:~~~po~tlc~~~~ tcL~:.vl:,m:\~~h a:h~ '~~~11:~,~~~ f Tcg:entum 

look in~ ventrally. lts two edges lie along and ". Snbsi. nigra. 

in the suZ,.us laf1'ralis. · 
All of the mitl-brain dorsal to and above (pos- l>""° 

;~;~~~~ri~:;!~~Jb~~1: t~~~~t:l?t~~~l ~'~~::h ii~ ~::~~~ :~~ FIG. 4~0.-Tr~T-eto~~~~~~~s mid-brain, 

anterior (antero-inferior) is known as the ernstce. 

up'\:~~~tre .Th~, 111:~~~ra;:a t:'f e~~hs~~' 0~::1~J~)P:iJ~~ftbf~·ot~lp:~c!a~~~~r o}r~~e ~:~~:: 
annu1are of the pons. Each crusta is a thick 1 wide1 rounde<l bun<lle_ of long~tud1-
nal "hite fibres, its outer margin being limited by the sulcus. lateralis .. Its rnner 
margin is free, an<l in the interrnl between it and tbe_ opposite crus~a 1s. the sub
stantia. nigra passing across. Dorsal to each c~ust~ 1s t.he substantia lllgra., an_d 
on the inner margin of each 1 where the suhs.tant1a nigr:i. 1s ab~ut to cross over, 1s 
a groorf!, the mesial sulcus, or sulcus oculo-motorius, out of which the roots of the 
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third nerve pass. The two crustce are often spoken of as the l'J"llra or pedu.nculi 
cerebri. 

Fibres of the Crusta.-'l'hese arc-(1) the up"ar<l continuations of the fihres 
of the pvramnls. p,11tamidal tra<:t, which in passing throu~h the pons arc kt~own 
as its ,-eutral longitudinal fibres: this pyramidal tra.ct forms about the muldle 
third of the crusta. Superiorly, it is continued into the middle part of the int<'rnal 
capsule of the hemisphere, and thence to the fronto-parietal or Holandic rl'gion 
of the cortex. (2) 'l1he diret:t scwwry tra<'l: these fibres occupy the outa tldnl 
of the crusta; below, they probably come from the nuclei poutis; abo1•e. they 
pass into the posterior part of the internal capsule, an<l thence to the cortex of 
the occipito-ternporal regions of the hemisphere. (3) Fil>res of the inner third 

~itlt;~ll'~~~s~~~~ t~hec 1~~·1~~ ~tW1~ ~~b1:t~1~t1~fn~:~~~ isl1~~":~ 1)h~;6;:~~~ th~~hue~~ Pt~s~ 
anterior part of the internal capsule to the cortex of the prcfrontal region of the 
hemisphere. One bundle, however, is distinct. It is the mesial Jillel (see belo,1 ). 
As it passes upward it crosses obliquel.v outwanl through the other fibres of tLe 
crusta, antl its fibres are finally lost in the sul>tbalamic region. where they prob
ably become continuous with the ansa lenticulari;s (sec page 747). Below, it is 
one of the three di,·isions of the fi/M. 

The substantia nigra or locus niger is, as already mentioned, a lamina of gray 
matter situated between the crustc.""e and tcgmcntum and projecting here and there 
between the Lun<lles of the former. It is thicker at the inner than at the outer 
side, and is tnwcrsed in its mesial part by the fibres of origin of the third nene. 
It contains irregular nen·e-cells, in which are lodged numerous dark pigment
granules. r.L'hc portion between the crustc.e, together with the crustre, form the 
t•t·ntral surface of the mid-brain, which, on each side, is l11nite<l by the xult·u11 
lateralis. 

The Tegmentum.-This comprises all that part of the mid-brain dorsal lo and 
superi01· to the substantia. nigra. Its longitudinal fibres run up through the 
"dorsal" part. and then bend fornanl in the "super ior" part, from "hich the.v 
pass to their destination. There are really two il!,qmenta, but each is united with 
its fe ll ow of the opposite side by a prolongat1on of the median septum or rapLe 
of the pons. 

~J.1he tegmentum consists of lougitudina.I bundles of white fibres interlaced by 
tranS\'Cr~e fibres, together with a quantity of gray matter with scattered nerH'
cells. 1t forms a. well-marked f'ormatio rl'lir-ularis similar to that found in the 
pons and medulla, with which it is cont111uou:;, rccei,·incr, bowe,·er, a. bundle of 
fibres (1mperior pt•d1rncle) from the cerebellum. e 

The most distinc:t of the lon,gitudrnal fibres comprise the following bmullc!-!. 
whose cour:.;e in medulla and pu11s has alseady been dc~cnbetl: (1) The p0Rff'n11r 
lollf/itwliual bundle: this lies on each side of the median line a111l just below the 
aqueduct of Syh·ius. Ia the mid-brain it gn·es off fibres to tLc nuclei of the 
third and fourth cranial nerves, and receives fibres, in the pons, from the nurleus 
of the sixth. At the junction between the dor~al aml superior imrface of the 
mid-brain each posterior lon~itudina.l bumilc passes clorsal to the a4ueduct arnl 
acrO$S to the opposite side in the JJORlerior coum1iR8lo-e; some fibres, bowen:r, pass 
to the subthalamic region of the same side; there are a.1so clecussatin~ fiLn·;;; 
betwce~ the two "bundles" in the raphc. (:?) The .fillet: its 11101lc of ori~m aud 
course Ill the medulla and pons have been described. Arrived at the mid-bra111, 1t 
cli,·ides i11to t/11-ee subdivisions-tLc me1Jial fillet, the un1er fil let, the lower or 
lalaal fillet. The first has already been descnbed with the tru•ta. 'l'he upper 
fillet pa~:-es to the superior corpus qurulrigeminum. 'l'he lua•r•r fillet appears on 
the dorl!.ttl ."l.1u;far•e (~ec below). Abo\'e. 1t!-; fibres pa~s to the mfenor corpus quad
r1gemin11m1 being reinforced by some fibres from the superior medullary ,·clum 
It also l'('CCi,·es. tLrough the trapezium of the pons, some fibre~ from tbC ventral 
auditory nutleus of the opposite side. (3) F1brn from the sup1·rior ped1mcl1• 1:f 
the cerebl/lum: the~e on lea,·ing the pons dip ventrally, and beneath the corpora 
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quadrigemina the fibres of each peduncle decussate with each other, so that fibres 
from one half of the cerebrum are continued in the other half of the cerebellum. 

~l~c 1~~r~~u~·~<~:~x111~~~-~r~p~:1aJ·dt~u:~e t~~ll:p~~ ,~!:1~~c~m;i~~y st;.:~~~1~:li~~~l ~8iv~htl~1~~'. 
(~) Certain fibres from the o/icary nucleus of the medulla: aboYe, these arc trace
able into the internal ca.psulc of the hemisphere. 

'l'hc n•d nu,../eus (Fig. 451), or nucleus of the tcgmcntum , is a. cylindrical mass 
of ~ray matter on each si<le of the middle line. Un crm•s-scctio11 it is seen as a. 
1·c<ltl1sh ci rcle iu a.bout the middle of the tegrncntum \'Cntntl to the aqueduct of 
Sylvius. 

The following structures ure all grouped on the dorsal surface of the mid-brain. 
They belong to the tegmcnturn, since they are dorr-:.al to the substantiC1 nio-rn. 
This dorsa.l surf':we is limited by the wlcus lateralis on ca.ch side. 

0 

The corpora or tubercula quadrigemina are four rounded eminences placed in 
pairs, two in front and two behind, an<l separated from one anolLcr by a median 
longitudinal an.d a trnnsvcrse groom. 

They are situated immediately behind the third ventricle and posterior corn
rnissure, and beneath the pm;terior border of the corpus callosum. Below, they 
rest upon :t layer of white matter, the quadri'gemhwl la111:na, immediately beneath 
which, in the median line, is the aqueduct of $ylvius. 'l1lle anfrrior or upper 
pair are the larger, oblong from belore backward, and of a gray color. The pos
terio1· or lml'er pair are hemispherical in fmn and li ghter in color than the pre
ceding. From the outer side of each of these eminences a prominent white 
band, termed bral·hium, is continued. Those from the anterior pa;;· ('·racltia 
rmteriora) are long and slender, and each passes at first obliquely out\\ard, and 
then cunes ha.ckwarJ, downward, and forward aroun<l the posterior extremity 
of the optic thalamus, which overhang~ it, and then between the inner and 
outer geniculate bodies into the optic tract. Those from the poRterior pair 
(bratltia 71osteriora) arc comparati\'cly short and broad, and each passes to an 
oral prominence, the interna l gcniculate body, bencatli \\hi ch it apparently dis
appears. Both pairs of these bodies are composed of white matter external ly 
and gmy matter within. In fi shes, reptiles, and birds t hese bodies ~re onl.v two 
in number, and are call c<l the optic lube~, from their con nection with the optic 
nerves; but in mammalia they are four in nuwber, as in man. In the human 
fretus they are developed at a very early period, and form a. large proportion 
of the cerebral mass. 

These bodies are appareutly connected with the cerebellum by means of the 
superior pedunclt•R of the cerebellum, which are continued onward to the optic 
thalami through the tegmeutum. as already mcntio~e<l. . . 

..Arching o,·er the upper ends of these pedu_ncles 1s .a fl~ttt1sh t1:1angular-~haped 
band of white fibrcR, the lemniscus or lou·er fillet, which is.sues from benc-ath the 
transverse fibres of the pons to pass obli r1ucly round. the upper cml of the superior 
peduncle of the cerebellum and become lost in the mforior quadrig<-minal body. 

rl1be corpora geniculata are two sma ll, flattened, oblong mas8es, plact d on the 
under and back part of each optic thalamus, and named, from their po~itions, 
corp1u.i; yt>niculatnm e.flernum and intennw1. 'l'he t,~·o bodies are scp_arat~d from 
one another by the brachium anterius from the antenor corpus q11adr1gcmmum. 

Structure of the 0017;ora (Juaclr~qemina ancl G'-enintlata.-The pertplteral 
r;ra,11 matter o.f the corpora quadr(qemina differs somewliat. in the postenor and 
antenor bodies. 'firn 7;oste1·ior are composed almost cnt!l"ely ?f gray matter, 
corered over bv a t11in stratum of white matter, and sepa rated from the central 
yroy matt111· of "the a.<1uecluct by traC'ts of transverse "Lite fibres der_1ved from, a~d 
formmg part of. the lower fill<>t. 'l1he anterior are coverc1l !-i uperfic1ally b,r a tbm 
stratum of white matter: beneath this is a layer of gray matter, termed t.he 
i<tratum cinerewn, an<l consiRting, as well as the gray matt~r of the posterior 
lobes. of small multipolar cells imbed<led in a fine network of ncn•es. Beneath 
this, again, is a charactenst1c mass of gra_y matter, termed the stratum opticum, 
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which i~ nude up of fine ncn'e-fibrcs, cour.-.in.~ in a l1mgitudinal dir('ction, and 
cont:.1.ini11~ bt.'tWl't'H tlicm ... mall masses of gray :-;11!,:-;talll'i.', L'On"i"tin~ of small mul
tipolar 11cr\"t.'-c:cll' inil.>cddcd in gray mattl'r. J~a..;tly. h<'l\\t't.'ll this bod.r :uul lilt' 
ccnT:.d gray matter around the ~yh-ian a11uedttl'l is a thin larni11:1 of" Lite matter, 
dcriYcd from th<: upper fillet. 

'L'lic ,1,•ni,·ulnfr bodin.i are continuous with the gray sub!'itancc of the optic 
thal:unn~. and the external one (corpu!3 .rJl·niculatlWl el·ternu111) i:s peculiar 011 

art·n1111t of it~ 1brk color, due to it:s cells tontaining pigmt•ut. It prCSl'llh 

~~1 a:~~:~ i :~\~ ~c~\.. i 1~L 1~1~3,'.~~.: 1~~1\~: hi ~~1 d mact~~I~.i~ tslt~ 1~e I~~ t~~·1~~t: u l ~:~;~ tt r. la.':~;~~ ?,~·te~-1~:i'~ 
ho<lv ( rw°jlllff geni -~drtlwn intermw1) is of lighter color, does not prc:::ent a lunii
natCLl arrangement, aml it.s cel ls are $maller in size a111l_ fusifor1~ in shape. 
The:-:.e bodie.5, strictly speaking, belong, the e.cternal to tlJC 111ter-brain 1 aad the 
intern1tl to the mi<l-brain. 

rl,hc {m·us n~</l'1'. or gray matter of the crus cerebri, _lik e the external ge 1~i culate 
bo<lv, is peculiar from the large number of dark pigment-granules which are 

~~t1~t3~~f~,~~t\:!s 11~:1!lioJ~~e~~~isa~1~e :·:i:1~ ~~:i° ~~ltii~)~~~ 1~~ark color, from which it 

The Aqueduct of Sylvius.-This is the .~ventricle" of the mid-bra.in. It is a. 
narrow tube into which the fourth ventricle opens below, and which opens into 
the third ''entric1e abo"e. Hence it is sometimes called the iter a tertio ad 
'Jll'll'tum t•1•1drfrulum. It is a little OYer half an inch long. It lies in the teg
mentum, and its course is upward and forward, the same direction as that of the 
d o'?J •tl su1:f(1,•1• of the tegmcntum. on which the groO\'C between the right and left 
corpora qn:ulrigcrnina indicates its position. lt lies immediately ventral to this 
groore. lts ro1d' is the lamina 11uadrigcmina, the white !:lyer which supports the 
i:orpora. quadrigcmina, and into which arc prolonged the fibres of the superior 
111e1lullar.Y \'Clum. I ts ~bape, on transverse section, varies, being T-sha.ped near 

~1l~~Lrfi: 1~1~ll~h~~~;1t~:~~~;1:ic~~'.eil1~\~11~11~1ci~h a.:~0~:1 ~:~!d.J~,~~~ ~1; :~1~ c~e~~·~e,b::~,~~e~~-i~1~~11:; 
dorsal surface and beµinning of the superior surface of the mid-brain. 

ln all cross-sct:liom~ through the ar.1uclluct-i. t'. at right angles to the plane 
of the dors;\I :-<urface, from its beginnmg to end-a lar9e amount f~l lf',rpnentlf{ 
ti.'fHll1' is to be seen between it anil the .'ittl).'ffuntia n(11rrt, ventrnll.y. H ence the 
latter can ha\·e nothing tf) do with the formation of the floor of the a<1uedurt. 

The central gray matter surrounding the Hy lvian a11ue1luct presents some 
fl.'atures rc1piirin~ e~pccial mention. It formg a to ll'rably thitk layer surrouu1l
ing the <:anal, but is thicker on the lower "all-that i~, below thC canal-than 
abo,·e. The cells, "liid1 are multi polar, arc here tollectccl into groups, and form 
nw·ll'i for the or(11i11 of the third and fourth cranial neneg, The nudt•us for the 
third and fourth ronsi ... ts of_ .n column of cellR of large size on either side of. and 
clo:0;e to. tlie medi:rn line. In addition to these cells there are found at tbe per
iphrry of the zone. of' gray matter surrouncling the aqueduct some other. and 
brger, cells, somet11nes single, sometimes g:roupecl in twos or threes. or en•n 
rnore. The,\· arc globular. nncl lie in the mid'°'t of well-marked nene-fibrcs, with 
'\ hii:h their processe~ appear to be continuou~. Close to the lateral marrrin of 
this gray matter, in its lower part, is the upper end of the upper nuefrus ~f the 
fifth nerve. 

The tliird n.en•e passes from its nucleus in a somewba.t curved manner throu~h 
the tcgmcntum, and emerges from the ocn lo.motor groove on the inner mar~in of 
the crusta. Some of its fibres, howeYer, from tbe dorsal pa.rt of the nucleus, 
decus~ate. 
. 'Th~ ,fo1~rlli nen·e paS$eS downward from itR nucleus towar<l the pons, on enter· 
rng w111t'h 1t turns dorsall.11. and then rnns tran~ve,·sely in the supe1'inr merlullrrr!f 
rr!uJ11, crossing the midclle line and dccu'!sating whh its fellow. to emerge from 
the •lorntl '!1rface of the ,·elum. It then curves ohli4uely downward and for
" art!, re~ting on the crusta. 



TI-IE RRAIN A.YD I'J:~ ){J;'JfBJIAXt:S. 745 

Superior Surface of Mid·brain.-'l'hc superior ~urfac(' of the mid-brain begins 
just anterior to the anterior pair of the corpora qu:.Hlricremina. It is directed 
downward an<l forward, an<l meets the upper extremit)· of the vrntral surface at 
c1uite an acute angle. The rnltntl porfi11n of this surface is narrow and free. It 
consists of te,q1nt•ntu111, a.ml forms the first part (from lJehin1l forwa rd ) of the floor 
of the t/1irtl wntrir•l1• (F ig. ?-12): Of each laterrtl portion the area immediately 
wUal'ent to the CC'ntra l portion is also tegmentnm, and has resting on it and is 
closely connected with the optic tlwlrrnrnf< of the inter-lira.in. External to tl1is 
area is the 11 margin" of the superior surface, which, when the mid-brain is iso· 
latecl by dis ection, is seen to consist of the upper cn<ls of the fibres of the crusta, 
cut across just as they are ab?ut to be continuous with those of the internal cap· 
sule of the hemisphere (sec Figs. -HiO and -161). 

Posterior Perforated Lamina.-In vert ical transverse sections through the pos· 
ll'rior 7>m·t of the optic thalami and superior surface of the mid-brain the tegmen · 
tum is clearly to be distinguished, both the portion s beneath the optic thalami 
and the central free portion between them (beginning of floor of third \·cntncle). 
In all sim ilar sections made anter ior to this, howeYer, the tegmentum is s.een to 
become less and less distinct, uutil it finally <lisa.ppears, and "e have only the 
optic thalami lying dorsal to the snbstantia nigrn, which la•t also bridges over 
the interval _(thirrl ,-cntriclc) between them. 7'/1i1< portion of the substanti a uigra 
is the anterior part of that (already mentioned) \d.iich is seen in the interval 
between the crustre. It is called the poF1.terior pe1:forated lamino, and is the 
secon1l structure, from behind forward, forming the floor of the third Yentricle. 

Subthalamic Region.-'l'be gradual disappearance of the tegmentum in the 
cro~s-sections just referred to is due to the blending of the tegrncntal tissue with 
that of the superjacent portion of the optic thalamus, the central tegmental tissue 
also thinning out as the lateral parts are thus absorbed. To this tissue, thus 
made up of tegmentum and optic thalamus, the nam e s1tbtlwliw1ic te,cpnental 
re,qion is gi,·cn . In it are seen the rem nant of the red mwleus on each si(lc, 
together with what correspon ?s to the lateral parts of the substantia nigra
nurleu.'1 (}_f Luy.rs. Dorsal to this is the zona incerta, a layer of reticular fo rmation 
derived from that of the tcgmentum proper, and sti ll more dorsal l,v is the stratum 
dorsale. a layer of longitudinal fibres deriYed from the posterior longitudinal 
b1rndle an<l superior peduncle ~f the taebellum (sec page 7-!2). 

THE INTER-BRAIN (F;g. 4H). 

1.'he inter·brain, or thalamencephalon (i.e. thalamenccphalon proper and prosen· 
cephalon, see page 706), together with thP hemispheres. constitutes the cerebrum. 

Anteriorly, the inter-brain is connecte<l with the combined frontal lobes of each 
hemi~phere: latPrall!/, it is connected with the inner aspect of each hemisphere: 
811.JH'l'irirl/f, it has resting on it, but with two layers of pia. mater interposed, the 
under surface of the combined hemispheres; posteriorly, it is connected, m.esially. 
with the lamina. quadrigcmina of the mid.brain, beyond "hich connectwn, .on 
each side, it is free, this free portion being the rounded posterior extremity 
pulvinar) of the optic thalamus. . 

'l'he ecH'it// of the inter-brain is the third i•entrielt', a verti cal antcro-poster1or 
slit lying between the optic thalami, which arc the thick side-wr~lls ?f the inter· 
brain (see also Figs. H7 and 451). '!'h e 1·oqf pr~l"" of the i·.entncle .•s a layer of 
epithelium, like that of the lower half of tLe fourth vcntl'lclc, winch st retches 
between the optic tha lami, and, together with their superior ~urfaces, constitutes 
the upper surface of the inter-bra in. Il encc (see above) the under surface of. the 
combined hemispheres lies, in the middle line, on the roof of the tlmd vcntl'lcle, 
but with two layers of pia mater (v·e lum interpositurn) interposed. 'J'he Jloo1· of 
the third ventricle almost meets the roof pm.;teriorly. being separaterl from it on J,,· 
by the orifice of the Sylvian aqueduct, and then proceeds downward and ~orward 
until it attains its greatest distance from the roof (infundibu.lum), where 1t turns 
upw:ud an<l forward, and finally upward to meet the anterior encl of the roof 
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proper. This •·upward yrolongation" of the floor i:s known as the ·· antC'riof" 
boundary" of the rcntnc_lc. 

The Optic Thalamus.-Each optie thalamu.s is a, laq.!e oblong mass of, chi.f'fly, 

~l1:~i:~~:.u:~j>erf~r,h<:~r~;~~r,ro::t~~~af,x:;;:i1i~~~!~.,~~\~~rio~ and postcrio~·, and four 

The infrri11r tturftlt:e rests upon, and ts umtcd "1th it~ correspon1hng part of 
the tegmn~tum. The c.rternal szoface lies in contact with the infrrnal capsul1• of 
the lumisp!tere. Its inll!rnal swface forms the lateral boundary or wall of the 

third ventricle (Figs. -l-17, 4-12, -4-H ). Its upper sm:faee is free, and is traverl'iC!l 
by a groove from behind forward and inward. 'l'bc portion external to this 
groove is seen in the floor of tbe body of the lriteral ventricle, but it is cov('rcd 
by a. layer of ('pitbeli um continuous with tha.t lining the lateral ventricle. It is 
marked in front by an eminence, the an~el'iot tube1·rfr. 'l'he portion of the upper 
surface internal to the grOO\Te i~ con.'red b~r the ,·clum interpositum. 

The postrrior l'i·trnnif.11 of the optic thalamus projects beyond the level of the 
corpora qua11rigemina, an<l forms a well-marked prominence, the posfrrior tubu-1·/e 
or pufrincu in clo8c connection with which arc two small rounded cmincncci;:, the 
infrrnal and r:rft'rnnl genii·ulate bodi1•s, the internal lying in t!te groore between 
the <lor;ally projecting pu"'inar and side of the mid-brain, the external being placed 
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immediately beneath the pulvinar (Figs. 439. an<l 443). Its imlf>rior extremity, 

;~h01~~r~~~;~~le~1~~~0smaller than the postenor, forms the posterior boundary of 

Structure of the Optic Tbalamus:-:--'l'he optic thalamus is chiefly formed of gray 

matter, covered over by a superficial layer of white, which on the outer si<lc 

(utemal medullary lwzzina) separa.tes it from the internal capsule. 'J'his layer 

on the upper surface is known as the stratum zonale, and is prolonged downward 

on the internal surface. 
'l'he gray matter is arranged in two masses, the outer and inner nuclei, par

tially divided by a vertical white septum, S-sbaped 011 section. the internal med11l

lary lamina. 11hc thalamus is traversed by numerous nerve-fibres, which for the 

s~r~J~1~i{ 

g~~:I'~l. { ~:~: 

Tractu1optict1& 

Fm. t.13.-Geniculate bodies seen frvm bC'low. Th~ cut.surface is throu.e:h the plane of junclion between 

ponsaodmid-brnm, {. (1Jcg1.:obnur.) 

most part h~we no de6nite direction: some, howe,·e1·, converge and form ''arious 

bundles which pass out of the optic thalamus to bl encl with tbc "bite matter of the 

hemispheres, as follow~: (1) from its anterior extr(·mity to the frontal lobes (antaior 

stalk of thalamus); (2) from its lower part (subthalamic region) to (a) lenticular 

nucleus of corpus st ria tum (ansa lenticulm·is) nnd (b) internal capsu le (ansa 7)edun

.-ularis), the fibres of which pags below the lenticular nucleus and into the 

"external capsule" of the hemisphere: (:3) from its: outer surface tlirough inter

nal capsu le to parietal and temporal lobes: (.t) from pulvinar (outer aspect) to 

occipital lobe. ~rh ese last are long an<l cune backward, an<l radiate toward the 

cortex. They are called the optic racliatio11.r;. They connect, through the pulviuar, 

with the outer root of the optic tract. The gray rna.ttcr contains comparatively 

large nerve-cells, both multipolar and fusiform. ~L1he inner nucleus is connected 
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across the mi1l1llc linr with tht.~ inner nuch.'us of the oppo1'ite f.lide by the ml"tldle 
t•rmunis.'(/U"t' of the third nntricle. 'l1bC' nutl'r nnl'IPus i8 l'Ontinuctl into the 
puh-inar. 

There arc t\\O other smaller nuclei in the optic lhalamu'.'-Olle the mtdelllf of 
the ant1·ri11r t1tben•IP, and the othcr1 just beneath the tr(qonu111 lwlwnulu• (~t·e 
bC'low). the .'lan,qlion of thC' habcnula. There are :ihm two bundle~ of fibre~ in 
addition to those just llcscribed. One of thei'C run~ throu.rth tht• nnfrrior part of 
thl• optic thalamus. It is the anterior pillar of the fornix, and will be again 
rC'ferrc(l to. as will also the other, much snittller, the bw111lt• of Vicq d ' Azyr, "ho~c 
fibres run do"nward from their origin in the cell::; of the 111tdt1t8 of tbe anterior 
tubacle. just mentioned. 

'l'hc third ventricle (Figs. 442, 447, -!51) is the fissure pl ~cc<I between the optic 

;1~~!~:~~~ ra~~!n~~xi~~~~~!t~~1c~0tht~1 ~1 n~~~51~ s~;.r!~~ obt~1\:· ve~l~n~si1~~~~'. ;~~l~~l~11~~0i1{~'c~yw~1:~ 
epithelium, from which arc suspended the choroid plcxu~cs of' the tbird ventricle. 
Its floor, somewhat oblique in its direction, is forme~l, from before lwckward, by 
tho· himina cinerea, the tuber cinereum nnd infund1bulum, the locus pcrforatus 
posticus (posterior perforated lamina.) and behind thc:-;e by the tegmentum of the 
mill-brain; its sides are formed by the internal surfaces of the optic thalami. Ir 
is bounded, in front, by the lamina cinerea, "bile the extreme upper part of its 
"anterior boundar.\~" is a layer of epithelium CO\'Cring, JJOsteriorly, and through 
which are seen, from within the ventricle, the anterior pillars of the fornix and 
middle part of the anterior commissure. 

'l'bese last-named structures belong to the hemispheres, and the epithelium 

f~1~~~i:~i~~~~~/~,:~~~~01~i:cit t~'~ :::~i~~~~:~~~~~~i~~.h~~~11!~~:a~';~e~0;::s:ts \i·!t~r!~~ 
of it. and i~ continuous with the corpus cal1osum of the hemispheres. This extreme 
upper part of the lamina. einerea is often called the lamina tf'rminalis. It is the 
representative in the adu lt brain of the ante rior end of the primary fore-brain, 
around an<l in front of which ha,ve grown the anterior parts of the hemisphere 
vesicle~ to form the frontal lobes of the hemispheres. 

rrl1e laternl e.i:ten.r;ion of tbis epithelial layer is througb the corresponding font· 
men of ~ l onro, which lies just behind each anterior pillar of the fornix. 

The \':Hious structures which enter into the formation of the third ventricle 
will now be described more in detail, beginning with those of' the llOOF (Fig. H~). 

'l11te posterior commissure is a. distinct roundc<l bundle of white fibres running 
tn.ms\·ersely just a.bo\·c the opening of the Sylvian aqueduct. The pineal glan<I 
is placed abo,·c it a.nil connected to its upper surface. It is made up of : (1) the 
combine(} upper ends of the two posterior longitudinal bundles (see tegmentum of 
micl·brain} a:0: rach l>ends to the opposite side in or<ler to pass through the opposite 
optic thalamus :rnd reach the white substance of the hemisphere; (2) commif:sural 
fibres between the optic thalami; (3) fibres from one anterior corpus <1uadrigem· 
inum to the oppoxite upper fillet. 

'l1he pineal gland (epipliysif.! eerebri), so named from it~ peculiar shape (pinus, 
a fir-cone) , is a. small red<lish·gray body, conical in form (hence its synonym, 
conarillm), placed immediately behind the posterior commissure and between · the 
anterior corpora. quadrigemina. It is retainc<l in it~ position by a duplicature of 
pia ma.tcr <lcrived from the under la.ycr of the velum interpositum, which almost 
completely in.Yest~ it . 'l~he pineal gl ~1HI .is about four lines in length and from 
two to three Ill width at its bas~, and 1s sa1<l t _o be larger in the child tLan in the 
adult. and in the female than Ill the ma le. Its base is connecte<l to the optic 
thalami by a stalk, which consists of two lam in:~, an upper and a lower, the inter· 
vening space, apex .tow:ird t~10 gland. being known as the pineal recess. 'l'he 
lower or i·~ntrnl law ma 1s den \•e<l from the lower :ispcct of the posterior commis
sure, and is reflected upward and backward to meet the upper or dorsal layer at 
the base of the gland. 'rhe dor.<Jal lamina is the Uirect contittua.tion backward of 
the epithelial roof of the third ventricle. When this is torn away the do"al 



TIIF: BRATN A.YD IJ;~ JlE.lf/IRAXES. i49 

lamin~ necc~~arily ha~ a free edge looking forward. On cath ::-ide this lamina is 
prolonged into a ::;omc" ba.t triirngular-shapeJ, <leprcssc<l area on the upper surface 
of the optic thalamu~, known as the tr(qonum lwbe11ul((>, because the word '"ha
bcnub '" lbrid le) is often applie<l to this dor'<1l lamina of the stalk. The.free rd.</< 
of tlu.• lamina i~ also prolon:red as a delicate whitish IJand on to the optic thalarnu~, 
on which it runs forward along the sharp margin "hid1 separates the supel'ir11· 
from the intanal su rfa ce of the thalamus. These bands a.re the pinf!lfl stri1e or 
pctlu1~cle~ ?f the. piuca~ gl.an<l. Anteriorly ea.ch blends with the corrc5=ponding 
autcr1or pillar of the formx. 

Structure.-The rincal gland consists of a number of follicles lined Ly epith e
lium and connected to~etl.ier by ingrowths of connective tissue. The follicles 
contnin a, transparent viscid fluid, and a ttuantity of sa.bulous matter. named 
w·ert'ulus <'erebri, composed of phospha.tC' and carbonate of lime. pho~phate of 
magnesia. and ammonia. with a little animal matter. Th ese concretions are 
almost constant in their existence, and are found ut all periods of life. At times 
the sabulous matter it< found upon its su rface, and occasionally upon its peduncles. 
In the footal brai11 the pineal gland is a hollow protrusion fro

0

m thP posterior part 
of the roof of the inter-brain . 

The Epithelial Roof.-Tbis stretches across the third vcntric:le from one pineal 
stria to the Cllher, and then is reHccted downward to become continuous with the 
epithelium co,·ering the si<lr of the Yentricle (interna l surface:-. of thalami). The 
epithelium is not coutinueU on to that part of the superior surface of the thala
mus which is <uUacent to the pineal stria. and '' hich is; internal to the oblique 
1:1hallow groo,·e, already referre<l to, whi<.:h runs along tl1iR surface. External to 
the groo\'e, boweYer. this upper !-lit1 rface is coYered by epithelium, but this epithe
lium belongs to the lateral Ycntricle. 

The ,-oof e1Jitlwlim11 of the third Yentricle is continued anteriorly between the 
pineal strire until just before they join the down-curving anterior pillars of the 
fornix, where it is interrupted by the foramen of ~fonro 1 around the nrnrgin of 
which it pa~Res into continuity with the epithelium, lining its ow11 ventricle an(l 
the lateral ventricle. 

The veh1.m interpositum (Fig . .J..SS) is a vascular membrane, a. prolongation 
from the pia mater. lt is of a triangular form, an<l separate::; the under surfaces 
of the body of the fornix, posterior pillars of the fornix, and 11ostcrior pa.rt of 
corpus callosum above (the last-named structures representing the 1

• under surface 
of the cond..1ined hemispheres"), from the ca,·ity of the third ventricle and the 
inner portions of the superior su rfa ces of the optic thalami below. Its anterior 
extremity. or ape.r, is bifid, each bi.furcation lying close to and behind the c~1-re
sponding anterior pillar of the forn1x, and hence 1

• in." but to,·cred by epithelium, 
the foramen of Jlonro. Its ba8e li es beneath the po!'-terior rounded border of the 
corpu~ c-allo-;um abon•, and the optic thalami, the corpora quadrigemina, and 
pineal glaurl below 

'l'hc velum intnpositum is composed of t1f'O layers of pia mater. "hi(;b sepa
rate from ca.th other at its La$e. the upper layer pa!-lsin~ IJa.tkward on .the under 
surface of the oc:cipital 1ohes of the licmi!'pheres, the lower l::iy!'r pas~ing <lo\\11· 
ward o,·er tbe mid-brain, pon~. and cerebellum. At the apex the t"o layers are 
conti111wus with each other, as "ell as at the nui1-.r;ins, 'diich are free and lie ulong 
anti prnjN·t a little Ucyond the ,c;roove, already referred to, which. ru11s ro1:wa~·d and 
inward on the supc.·rior ::;urface of the thalamus. Along this margm 1s ~he 
1•ltoroid J1lt>.1w; r~f' thf' lateral l'f'ntrfrle. which is covered LJ' the mcsial prolon{!at1on 
of the l:l\'er of epithelium c·o\·crinrr tlie outer portio11 of' the upper surfoc:e of the 
thalamus~ _, \ft t'r i11vci:;ti11g the ma~gin of the ,·clum interpm;itum t11e epithelium. 
still prolonrrc<l mc.·sially, is attached to the edp-c of the f(1rnix, umler "hith the 
velum lies ~111l IJeyo111f "hid1 it projects. ~ \ ::;will he.• !'ecn later, the fornix forms 
p~irt of the floor· of tlii!-li di~trict of the lateral ventricle; la·nce tbe roughened 
tbitkC'1w1l margin (<·horoi1l plexus) of. the ,·el um _interpositum rea!lJ inn1ginates 
into the hitcral n·ntricle, that 1mJ"t of its /lo111· which ha11 betome tlwmed out to a 
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layf'r n/ f'j}itlil'liwn. and whicl~ st retches from thC' edge of the fora ix outwanl o'.·!'r 
the thalamus (outer part of 1t~ ~upcri o r :-;11rli1ee) tn the tx-nia. 8cmicirculari~ (a 
:;tructun• forming part of the floor of the lat C' ral ,·cntriclr). \\hich lies along- that 
m:.tr,!.tin of the optic thalamus which separates it~. MIJ~cr_ior from it~ ex ternal surface. 

Tela Choroidea. Superior.-From the precc~hng 1t !);. e lt•a r that the uwfrr l11.'f1'r 
of tlw n•lum interpositum bus three cli~tr i cts.-a. me~ial and two lateral. the latll'r 
rl'-.ting on the upper ~urfaces of the thalami, the fo1'llll'r on the·· roof epithelium" 
of the third ventr icle, with whi ch it forms practically one mrmbranc. Thi !:' mcm
branC' i~ the telrt dtoroidea superior, and is exactly similar to th e tcla choroitll·a 
inforior of the fo urth ventricle. 

The reason. on cmbr_vologica.l grounds, for the exiRtence of two layers of the 
velum intcrpo~itum will he gi \'en in de~cribing tb e choroid pl ex uses of the lttteral 
ventricles. 

Of the structures forming the FLOOR (Figs. 442, H6) of th e third ventricle. the 
tf'g1ar•1ltwn of the mill-brain has been <lescribe<l. Th e rest of the floor, including 
the "anterior boundary," is a gray lamina prol onged from the substantht 11(qm, 
a!Hl its rcntral surface appears at the ba se of the brain , where. however. the 
tegmentum can not be seen (Fig. 473). Various porti ons of thi:.; lamina hare 
recC"ircd different names. Each of these will now be considered. beginning po:;
t(•riorly. 

rrlle posterior perforated lamina succeeds tLe tegmentum. It is th e anterior 
part of that portion of the substa utia nigra which appear~ in th e interrnl between 
the ( li \'l'r~ing cru~tre of the mid-brain on each si de and the upper margin of the 
tuber annulare of the pons Yarolii posteriorly and below. 'l'oyetlta tl'it/1 tlwt 
port/1111 it is often call c1 l the posterior perforated space (prms Tarim). It reac:hes 
fonrnril a~ far as the mamlllary tubercles, be~·ont.l which the gray lamina is kno'rn 
a~ the t1th1•1· <'i11C1"f'1un . 

Th e "space" is perforateJ by numerous small orifi ces for the passage of the 
po:-::.tero-rne(lian ganglionic branches of th e posterior cerebral and posterior commu
nica ting arte ri c~. 

'11he corpora albicantia, or mamillaria, or mamillary tubercles, arc two small 1 

round, whit(' rnas:-;es, each a.bout the size of a sm:lll pea. pln ced si<le by side immr
diatcly bchincl tlic tuber ci nereum. Each projects dowrnrnnl from the under 
~ urfa tc of the optic tlJtLlamus. the exceedingly narrow intcnal between tl1em being 
brillgetl O\'(•r by a gray comm i ~sure co ntinuous with the poster ior perforated lamina 
behind arnl the tuber ciuercum in front. Ea ch is composed externally of white 

:1~~;~.~\n~~· ·~;~ ~ ti1~~~e~~~~~~~~ <~:mg~:;;:~~~:t~fr~l:~ :afi~; ·~11::1t'~~·ti~11; .r~~~l~~e~';·~nbe~~g con-
Thc fib res of the whitE' substance terminate in the cell -. of the gray matter. 

a111l they are (1e ri,·ed from two (fo•t in t t bunt.lies: one, deeply situated in the suh
:--tant·1.• of the optic thalamu~. is the hwulle of r icq rl'Az/lr. already mentioned : 
the othC' r, mnd1 lar~er. il5 the anterior pillar of th e fo rnix. which, after bcn<lin~ 
:-harply (lowuwanl aroun<l the foramen of )fonro, pa~!-;eR obliquely, downward and 
lm<.:kwanl. through the ::;ub~tance of the anterior portion of th e thal am us. toter
minatc in, and thus help to form. the correspondi ng corpu ~ alhicans or bulb of the 
fornix. ln its cou rse through the thalarnu!' it li e~ quite near thc internal surfa te. 
and may even cau~e a slight projection on the :- ide of the third \·entricle. 

Th e tuber cinereum is the next portion of thr genC'ral lamina of the floor. 
It i8 widrr than tbc poi'tcrior pcrforatt>ll l:-tmi11a . and bl e111ls latcrallv with the :iiuh
~tan(·C of the lower and anterior part of the thalamus, whilr antcro:laterall_v, pa~ s· 
mg dor~al to the optic tract, it extend~ bt•yon1l the limits of the tlw.lamus into the 
gray matter of the :rnterior perforated space on the under l".u rfacr of the hemi· 
sphere. .\nteriorl,r, it i8 att:lcLed to the po,terior edge of the opti c comrni ... ~ure. 
From the n~iddl~· of ih un.der su.rfact• a con ical tubular 1n·oce~s of gra,\· matter. 
about two lme' Ill l<•117th, ts coutrnue<l 1lo"n''al'll and forwar<l, to be attachc1l hJ 
the J>O"tC'rior lohl' of the pituitary ho1h: this is the infundibulum. Its canal. 
which j.., funnl'l·shapcd, communic~ates ~\ ith the third ventricle. 
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The pituitary body ( 11ypopl1y.1is cel'ebl'i) is a small reddish-gray \'ascular mass 
weighing from five to ten grains, an<l of an oval form, situated in the se11a Tur
cica, in connection with which it is retained by a process of <lura mater <leri\'cd 
from the inner wnll of the ca,·ernous sinus. This procei.:.s covers in the pituitary 
fossa., enclosing the pituitary body·, and haxing a small hole in the centre through 
which the inf'undibulum passes. The pituitar,Y body is very vascu lar, and consists 
of two lobes, scparate(l from one another by a fibrous lamina. Of these. the ante
rior is the larger, of an oblong form, and somewhat concave bchin<l, where it 
receives the posterior lobe, which is round. The two lobes differ both in develop
ment a.rnl structure. The anterior lobe, ~f a. dark, ye1lowish-gray color, is deYel
oped as a. tubular prolongation of the ep1blast of the buccal ca.vity, and resembles 
to a considerable extent, in .microscopic structure, the thyroid bOdy. It consists 
of a number of i~olated ves icles and slightly convoluted alveoli lined by epithe
limn and united together by connective tissue. The epithelium is rolumnar, and 
occasionally ciliated. 'The ah-coli sometimes contain a colloid material similar 
to that found in the thyroid body, and their walls are surrounded by a close net
work ol' lymphatics and capillary hlood-\•essels. The posterior lobe is developed 
by a. hollow outgrowth from the embryonic brain, and during footal li fe contains a 
caYity "hich c-ommunicates through the infundibulum with the ca,·ity of the third 

~~~not;·i~ 1 :pon~ne_\1i1~ e a~~u,! ~1 ei:ti~:c~::~e 6 ~-~.::~:~di ~11~~-~ f~~:1~<~f 01~:~f ti i~t i\~; g~~ :~: ~s~ 
bet"een which arc branched cells. some of them containing pigment. 

The lamina cinerea begins at the posterior border of the optic commissure. in 
continuit_v with the tuber cincreum. It passes forward and downward o,·er the 
commissure, to which it is adherent, and then turns upward, forms the anterior 
boundarv of the third ventricle, and terminates, as thC' lamina tenninalis, by 
blending with the middle portion of the anterior cxtr<>mity of the corpus cai
lo~um. It is continuous on each side with the gray· matter of the anterior per
forated space. The angle made by the upward bend of the la.mina. is known as 
tbe optic 1·1,eess. 

The anterior boundary of the third ventricle is the lamina cincrea below; 
abo,'e this. for a Yen' short distance, the anterior boundary is tl1c la.vcr of epithe
lium co,'ering portiOns of the posterior aspect~ of the a 1~ terior co1~missure and 
anterior pillars of the fornix, as already explained. 

The f.:.lDE:3- of the Ycntricle arc the intanal Rurf(1<'f'fl of the tltolami. Each is 
slightly corwex, and just in front of the middle point of each is attached the c?r
responding extremit.Y of the middle commissure, a band of gra_,~ matter which 
pas ... es right acros8 the ventricle. It is frequentl.v broken in examining the brain, 

::~e~·;f:tt c1l~,~~,,~er:~1,~p~~~~-ct~lo~'~n:~-~~~ii:~~d ~c~~~:l~·<i1: 1 ~;:~,a~~o~~ 1(i<~r~~~ •. :~ .. s~~~\a~: 
of fornix. aln•ad,r explained). As the~e pillars. traced up,,·ard, bec-ome.fre1', they 
bend sharply up,,ard and backward, thus forming a c-ompleted curve. each enclos
ing in front~and aLo,·e the foramen of Monro, which has for its posterior boundary 
a part of tlic a11terior extremity of the optic tbabrnu~. 

J\ntero-i11feriorly to the curved e l enition~ is ~till. 011 each side. a ismall portion 
left of the intrrnal Hurfacc of the thalamus, conncctc.·d to the similar opposite por
tion. IH.·low arnl in front, bv the tuber cinercum and lamina. cincrca.. It is thus 
seen that a.11 tbe!:'e stru ctu;.cs really form the cmtaior e.rtremit.IJ (d' lite third l'en
tricle (see page 70Li), which is the pro."$PW<'phalon, or, i~ the foota.I brain, the first 
i::ec·ondar y cerebral vesicle. J lence the "curved elevations" may be regarded as 
in!li<.:atin.g, approximately, the line of di,·ision or con5triction between the first 
and sccoml secondary cerebral ,·esic:lcs (prof-l-enccpbalon and thalmencepbalon 
proper), while the fon.unina of )fonro arc to be rrgar<lcll as opening fr?m the 
proscm·l'pbalon, and tl1u"' repre~cnt the fcetal fornmina caused by the bulgmg out 
of the hcmigphcrc \'Csiclcs (see Fi.gs. -112. 413, -lH). . . 

The choroid plexuses of the third 'cntricle, formed like those of the fourth, 
lie along the roof, projecting: downward, one on each side of the middle line. 
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ThC'V arc coven•il with epith<.'lium, and are (ll•rin•tl from tlw l1rner !aver of the 
\'t'lu'm intt.>rpo:-;itum. Of the arfl'rfrs. of till' vdum interpo.-.;it11111. som~ bnrnchc~ 
from tbe :-;uperior cerebellar :irnl po~terior cerebral enter from behin1l hcneath the 
l'nrin1~ ca!Jo:-;um. The i·t'in:J of the ,·clum interposit11m. the 1•1•we Clafrni, two in 
nurnl.Jer, run between it:s layer~; they are formed b,r the ''CU<\? corporis kitriati nnd 
th<' ,·cins of the chornid plexuses: the ,·enro Galcni unite po~tcriorl_y iuto a "inglc 
trnnk , "hich terminate~ in the ~traight sinus (Fig. 3X:J). 

Openings.-Thc third ,·entricle has four opening~ connected with it. In front 
are the two foramina of )fonro. one on ea<..'h si<le, through which the third com
municates with the lateral ventricles. Bchin<l is a thir<l opening, that of the 
aquerlw·t qt' .S'.11lrill8, or iter a tutio ad quartum 1•entriculu111. The fourth, !:iit

uatc<l in the anterior part of the floor of the \'entriele. is a deep pit, which lea1ls 
downward to the funnel-shaped cavity of the i11fundibulum (iter ad il{fundibulum). 
A flfth opening exibts in the footus which commun icates behind with the cavity 
in the pineal gland. 

The lining: membrane of the lateral ventricles is continued through the 
foramen of :\lonro into the third \'eutricle. and extends along the itcr a. tertio 
(a1 1m·liuct of ~yh•iu!li) into the fourth ,·entricle; at the bottom of the iter ad 
infundibulum it ends in a rul-de-sac. 

The Optic Tracts (Fi!(8· -115. -1-13).-These are two well-marked Oatteued bun
dles of fibres which lie along the upper parts of the crustro. ~rh ey are a.ttachc<l 
only by their itpper edye.~, which also serve ~o mark the transition between upper 
limi t of crusta and internal capsu le of ht:m1sphere. 'l'hese edges also mark the 
limit of separation, without tearing, between the temporo-sphenoidal lobes of the 
hemi:spheres, which, at the base of the brain, O\'Crlap the optic tracts and the 
crust::e. Each trnct was originally :.t hollow outgrowth (optic vesicle) from the 
back part of the fore-brain. Anteriorly each unites with the other to form the 
optic commisslll't" The .fibres of each are described in connection with the optic 
nerl'<' (which see). 

THE HEMISPHERES. 

General Considerations and Development. 
~,he two hemispheres are by far the largest portion of the encepha.lon, each 

one in bulk exceeding somewhat all the other !li \•isions of the brain. Together 
with the fore part of the third \'entriele they form what is called b\• some writers 
the proscncephalon or fore-brain. " 

Each hemi~phcre is an enormously dc,·cloped n hemi!-l.pbcre ve;.:.icle" whose 
ca,·ity i;; the laltral t•entri<·le, and whose walls, originally smooth, thin. an<l 
spherical. are con\'olutcd, elongate(l in rnrious directions, and, for the most part, 
cxccediHgl ~T thick. Although the two hemispheres in the adult brain arc con
nec·tecl \\ ith each other by means of the corpus callosum and anterior commi:.:.:-;ure. 
this connection is merely between the ~uljacent U'lllls, and in no wi~e in\'oh·cs the 
ca,·ities. each caxity hcing a~ lli~tinct from the.- opposite one ag it is in early f<ctal 
life before the intermurnl connection is established. Each lateral ,·entricle i:-:, 
therefore. a complete c:nity, communicating only with the tbir<l ventricle through 
the corre~ponding forarnen of ~Ionro. 

Tbe development of each hemisphere \'C;icJe may be <lescribe<l approximately 
a~ follows (Fi~$ . -H2, 413. -U-1) : After becoming a rounded hollow projection 
from the side of the prosencephalon, each hemisphere vesicle expands in an 
11nf1 1i·ior direction and approaches close to it:-< fellow. At the same time it grow8 
upward oi·er the inter-brain and back\\anl along its side, while from this lntt1•r 
portion tlf'o projection~ may he ~ai<l to take place-one :still farther backward, 
l'OVcring o\·er the dor~~tl :-;urfacc of thl' rni<l-brain and t·crebellum: and the ritlu·r, 
downward and forwar<l. o,·erlappin~ ~oml''' hat the external surface of the portion 
from which it i1' deri\·ell. until its lower e111l project<.:. below, and also O\'erlap .... the 
1•1·11ftnl surface of the mid-brain (l'rn .. t;l~). We can thus disti1wuish four main 
di\'i~ions of the rlen:• loping hemi~phcrc \'C~ il'le: an mtleri<u·, a. 1mferiot, the latter 
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giving off an inferior, and a posterior Jivision. As these four divisions repre
sent sufficiently accurately the four large divisions or lobes of the adult hemi
sphere, it will be more conYcnient, in tracing their further <levclopment, to give 
them the same names, thus: the anterior division will be called the ji·ontal lobe; 
the superior, tLc parietal lobe; t?e posterior, the occ1.j1itul lobe; and the inferior, 
tbe temporal or lemporo-•phenol<lal lobe. Each of these has its portion of the 
original c:.wity, all of which naturally intercommunicate. 

The frontal lobes are now closely approximated in f1·ont of the inter-brain, 
while ~here is a.Isa to be not_c<l the fo_rmation of the optic thalami, which are merely 
the th1ckeued sides of the inter-bram (prosencephalon and thalamencephalon). 

The parietal lobes arc similarly approximated above the opt ic thalami, but they 
b~ve now enlarg.ed, so tb~t the inner a~pe<:t of ea.ch comprises two regions (see 
Fig. -!59)--:-onc,J~St menti ouc<l , close to its fellow aboiie the inter-brain; the other, 
lower region , ly mg external to the external st1/rface of the optic thalamus. 
Furthermore, the upper region is the inner wall of the cavit/j of the parietal lobe, 
which also comes above the inter-brain, while the lower region is simply the inner 

~~~e~~o~·f o~0:~l~t11~ti~:t~~~t~h: ~~:·~~:~:dc~~~~7:~~n~ ~t:1~~t~i1~~1nt~b:~~l .no~~~~~~ 
a thickening which soon resolves itself into a bundle of fibres. '!'bis band of 
fibres, when traced forward, is found to be continuous with a similm· thickening 
around the fora~nen of ~lonro, which in its turn is continued down through the 
optic thalamus tanterior pillar of fornix; see page 761). The cu1·ve of this band 
is due to the marked antero-posterior flexure of the entire frotal brain which has 
already taken p_lace, while its transition in position- i. e. to the .floor of the 1

• pari
etal cavity ··-1s due to a certain twisting or rotation which the hemisphere 
resicle now undergoes. 

The approximation of the parietal lobes brings these bands very close together 
as they curve upward, and, as neither one is developed in the cavity of the cor
responding .frontal lobe, each sen·es, just here, as a line of dcmarkntion between 
the inner wall of the frontal lobe in front and that of the parietal lobe behind. 
'l1raced backward, these bands are necessarily found to lie dorsal to the inter
brain, since each is in the floor of the corresponding cav ity of the parietal lobe. 

Fornix.-'rhe next point to be noted is the absolute approximation of the two 
frontal and of the" upper regions" of the inner aspects of the two parietal lobes. 
As a result of the latter approximation, the two anterior pillars of the fornix, just 
aboYe the foramen of Monro. are brought together edge to edge, and au actual 
union takes place between them . Tin's union extends posteriorly for more than 
half the length of the floor of each cavity of the parietal lobe, and is known as 
the bod.¥ of the fomix, or as "the fornix" in the adult brain. Tbe anterior 
pillars, however, as they curve downward, are not united, this slight separation 
persisting in the adult brain. 

Anterior Commissure.-Immediately anterior to and connected with each of 
these pillars, just pre\·ious to its passage through the optic thalamus, is a portion 
of the innu wall of the cavitv of the frontal lobe, which is now in close contact 
with the opposite one. Just at this point there now occurs an interchange of 
fibres between the inner walls of each frontal cavity. The8e fibres (anterior com
missure) run transversely across tLe front of the upper part of the anterior 
bonndar.lJ of the proscnecphalon, and causes an absorption of its tissue, its epi
tlielial lining excepted, so that the latter comes to lie directly on the centre part 
of the poste1·ior aspect of the anterior commissu rc, in the interval between the 
anterior pillars of the fornix. . . 

1~h e lower part of the anterior boundary of the prosenccphalon pe~·s1sts m the 
adult brain as the upper limit of the lamina cinerea. (lamina terminalis). 

Corpus Callosum.-Thc frontal Jobes La\•ing now grown well forward, and hav
ing also cuned u1m·arcl to ~ora~. the pa1:ictal lobe~, an<l. the inner surfi~ce of ~ach 
frontal and the "upper regwn of the inner surface of the correspondmg parietal 
lobe h~:ing met the same structure:; of the opposite hemisphere, there is formed 
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a t•un·nl lim• of act1utl contact, all along "hith occurs an interchange of fibres 
runninn trall~Yersclv from one hemisphere to the other. Another f:.u:tor. bc~itk." 
the up~ar<l cun·e oi· the pariet?l lobe, iu c:n~i:;ing- this Jim: of conta~t to be ('Unctl 
i~ doubtle~s the antero-postenor f:lexurc of the whole frctal brarn, alrcad.'· re
forrcd to. This large transYerse commisRurc, thus formed, cuncd anteriorly, i:< 
the corpuN callo~um of the a?ult brain. . . 

ThiR cuncd lmc, ::dong which the abovc-mcntion.cd mterchange of fibres take.'l 
place. bas two extremities, an anterior and a posterior. 

'l'he anterior e.rtremity is immcdiatel:y in front of, and in direct contact with. 
the lateral part of the anterior comm!ssure. 1 lcrc the corpus callo~um it~clf i~ 
thin and conceals the anteri-0r comrn1:-i.~tll'e from in front and below; it is also 
adherent to it and blends inferiorly with the lamina. tcrminalis. 

The 110.~terior e1:tremity of the Curved line is at the posterior part.of th~ inner 
wall of' the c:H•ity of the parietal lobe. Herc t~1e coq~us callosu 1 ~1 itself 1s. very 
thick and with a free posterior edge, beyond which project, posteriorly, the mucr 
surfaces of the occipita l lobes. entirely scpara.te from each other. 

This curved line-or the cut sm:fare of the em·pw~ l'allu.~wn, which is the same 
thinO'-will now be traced from the posterior to the anterior extremitv. 

Xs it passe8 along anteriorly in the i1111er wall of the "parietal Ca.vity" it is 
quite near the floor, so that it soon reaches and become~ adherent to the. corre
::;pondin~ half of the ""bod,v of the fornix ., immediately below it. As 1t g<H: .... 
forward from this point it separates from it~ half of th<" fomix, which is now eun·
mg: around the forarnen of ~lonro. C:onti11ui11g forward, t~1e cut edge of the corpus 
callo::;um is now on the inner wall of the•• frontal t<L\'lt\'." It continues this 
cour~e for a <fo1tance, an<l then ben<ls sharply dmcmNtrd, ai"ter which it runs fi<11·k-
1f'flrd until it reaches the anterior comrni~N1re, hy "hi ch it is separated from the 
anterior pillar of the fornix, just as the latter is about to run downward through 
the optic thalamus. 

Septum Lucidum.-'l'herc is thus formed a. somewhat oval-shaped interval, 
tapering posteriorl.Y, bounded above and in front by the corpus cal losum; be/!llf', 
by the corpus callo:-:.um (reflrcted pa rt) and antcrinr commi~sure; behind and below, 
by the anterior pillar of the fornix an(l bo<ly of the fornix, respcctiYel,y. 

rrhis intcn::tl is filled in by a. lamina on each :-; ide, "liich is a portion of the inner 
wall~ of both frontal and parietal ca.vities. This lamina is necessnrily in close 
contact with the opposite one, and they both together constitute the 1.:eptum luridum 
of the adult brain (Figs. 448, -tol ). 

The cor1ms callowm in addition to forming the cornmis.sure just clescribC'(l 
~preads outward(1J, also, in the frontal antl parietal lobes. and, as it is now <p1ite 
thick, its under ~urface forms the ron.f of the .. parietal and frontal ca Yi tics;" 
its posterior :-:.urface (at the bend) is the ant1'rim· boundarz; of the "frontal c:w
ity,." while the upper ~urface of its reHcctecl portion is the .floor of the frontal 
canty. 
. .\Ion,!! the outer wall of bo_th fr~ntal and parietal ca,·itie8 the ctJr/lll8 st1 iat1w1 
1~ de,·cloped as :1 marke<l th1ckenmg. and clo!-lc :lbo,·e it pa:::~e~ the corpus cal
lo:-um. All portions of the frontal and parirtul lohe:;i. external to the corpu~ :-;tri
atum and ahove the corpus callosum. and tho~(' portion~ of tl1e frontal Jolie ante
rior to and below the corpus callosurn. develop into thick, solid matter an1l 
project for a considerable distance, hut u•ithrmt unitin~ with the oppo~itc ~idt• 
beyond the corpus callo:-::11111 in the corresponding directions. Th is solid matter 
constitutes the bulk of the lobe. 

The" lower region., of the internal surface of the parietal lobe (internrtl N111xul1 1 

of aclult brain) is C\'Cntually clo:-:.ely united to the external irnrfoce of the optic 
thalamu> (Fig,. -t61, -!tiO). 

rrhe occipital lobe is _the backward f'xtension of the hrmisphere. It is rntirel,\· 
~eparate from the oppo!i1te one. Tts Ca\•itv is l'Oofcd O\'C'r hv backward cune<l 
prolongation~ from the corpus callo~nm. · · 

The temporal lobe (temporo-Rpllenoidol) grows downward and forward. a..; 
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already described. I t carries with it, in its floor, a prolongation of its corre
spomling half o~ th? .fornfa> which, .c~n~equently, 

~~01\~,ei:~uli\sbt~t~~·~' 1~~8~1:1~i~\~b~~l::s.d1'l~1n~i~~~t~~ ,4-~· ~lfilllllo.. 
cun·es downward it embraces, but does not adhere lo, 
the puh·inar of the optic thalamus. 

ln the fretal brain a wide shallow cleft (Fig. 
444) lies between the temporal and portions of the 
frontal and parietal lobes, but this deepens and nar
rows (fissure qf' Sylvius) as tLe lobe develops. 'l'be 
l'avil!J of the temporal lobe lies close to its inner 
aspect, the bulk of tbe lobe developing externally. 
A portion of the corpus callosulll roofs over the 
beginning of the temporal cavity. 

The Lateral Ventricles, and Structures in Connection therewith. 
The lateral ventricles are the ca\•ities of the hemispheres, ea.ch being distinct 

from the other. In each hemisphere the lateral vcntr ic.-le is situated in its lower 
and inner regions, being surrounded above, in front and externally, by the soli<l, 
chieAy "bite. matter of the hemisphere. Each lateral vc11tricle communicates 

~l~~~~~~o~~e ;~;~~~~n~f ~:: 1~p:'~!~~n~~), t~~~~r:~~nt~~:cl1~;,~~~~te~~ ~J~i~~~e~~n~ !~!~ 
cilia, scattered here and there in patches. It is moistened by a serous fluid. 
which iB sometimes, even in health, secreted in consiclera.blc quantity . Each is 
separated from tLe other b~T a ,·ertical septum, the .r.ieptwn lucidum . 

Each lat eral ventricle consists (Fig. 4-!:i) of a centra l cav ity, or body, 
and three acces~ory cnvit ies or cor
nua. ~'he antai"or cornn cu n-es 
forwa.rd and outward into the sub
stance of the frontal lobe. I t com
pr ises that portion of the ventricle 
which is anter ior to the foramcn of 
Monro. 'J'he body comprises that 
portion of the ventricle which lies 
between the fonunen of Monro and 
the posterior part of the corpus cal
losum. It is situated low down in 
the parietal lobe. From its poste
rior extremity diverge the two fol
lowing: The posterior conw, called 
the d~qital ecwity, cun'cs backward 
into the occipita l lobC'; the middle 
conm descends into the tempora l 
lobe. 

If the upper part of both hemi· 
spheres i1' rC'movctl, about half an 
inch above the level of the corpus 
callosum. the internal white matter 
will be exposed. It is an oml
sbapcd centre. of white suLstance. 
surroundC'll 011 all sides by a narrow 

~\~~~~~1 ~~~~e~~~ 1~~1~ne<~~'tf~·~lc~~:!!ei1~ 
(G~~Gri~~~~Right late ral \"Cntricle seen from above. ~~1~ 1~~'l~"~::·: ~~~~·cnl~:·~:lj~h':l~~~t~~tl:,~ 
oiiale minus. Its surface is studded with numerous minute red clots (ptrncta rascu-
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/oiw), pro<luced by'tbe C:'Capc of blood from di\·idc<l blood-\·e~~ek In infi:Hnm3tion 
or great conge~tion of the brain th.esc arc ~Cr.'~ numcrou~ an<l of n. dark color. lf 
the remaining portion of one he1~11sphcrc is lightly Rl'J~arakcl from the other. a. 
broa1l ban1l of" hitc substance will be obscne<l counccuug them at the bottom of 
the loucritmlinal fi:--surc: this is the corpus callosu111. 'l1

he mar~ius of the la•mi
:-;phcrcs0" hit:l1 on~rlap this por_tion of the brain arc eallcc.l the labia. cn~6ri. Eath 
labium i" part of the con,·olut1ou of the corpus callo!'um (r111rw~ .f"1'nu·atuJ<), and 
the ~pace hctwcen it and the upper surface of the corpus callosum bas been t~·rmetl 
the t·1·11frfrfr <d' tlie <'Orpus eallosum (Fig . ..J.~U). . 

The hemi~phcrcs should now be slic:e<l oft to a 1cvcl '\1th the corpus callo:rnm. 
when the white subi:;tance of that structure \\ill be seen connecting the two 
l.wmi1'phercs. 'l1lrn large expanse of mc<lullary matter now exposed, su1Tountlt·d 
by the conrnlutcd margin of gn.Ly substance, is c;.dlt~d the ccntrum oi•ale 11u!Jtt8 of 
\'icusscns. 

The corpus callosum (Figs. 442, 4-46) is a thick stratum of transrnrsc fibres 
exposed at the bottom of the 1ongitu<lina1 fissure. lt connects the two hcmi-

FIG. 116.-Antero-posterior median section of the bmin, J. (ncnlc.) 

spheres of the brain, forming their great trans,·crsc commissure. and forms the 
roof of the lateral ventricles. It is about four inches in 1cngth. extending to 
within an inch and a half of the anterior, and to within two inches and a half 
of the posterior, end of the hemispheres. It is somewhat broader behind than in 
front, antl is. thicker at either end than in its centra l part, being thickc~t behirnl. 
It presents a somewhat arched form (Fig. HG) from before backward. and termi
nates anteriorly b,Y cuning downward and backward between the frontal lobes. 
This distinct bend is named the genu, \\hence it is ::it ill continued downward and 
backward to tbe base of the bra.in, where it blends with the lamina cinerca. The 
reflected portion of the corpus ca.llosum is calle(l the beak or rostrum: it becomes 
gradually narrower as it pa>:ses backward, and if.I attaclied by its lateral margins 
to the frontal lobes. At its termination. besides blending with the lamina cinerea, 
the corpus callosum gi,·es off two small· bundles of'\ Lite l"Ubstance1 which, diverg
ing from one another. pass backward, a.cross the correl-iponc.ling anterior perforated 
space, to the entrance of the fissure of Sylvius, to enter the end of the temporal 
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Jobe, where they meet the outer olfactory roots. 1'Ley are called the peduncles 
~f' the corpus callow11i. l)ostcriorly, the corpus callosum forms a thick roun<led 
fold, called the splenill1n or pad, which is free for a little distance as it cunes 
fon,arcl, and is then continuous with the fornix below. On its upper surface 
the structure of the corpus callosum is very apparent, being collected into coarse 
tntns,·crse bundles. Along the middle Jine is a lincur depression, the raphe, 

bounded laterally by two or more slightly elevated longituclinal bands, called the 
stri<e longitucli11ales or nenes of Laneisi; a.ml, still more externally, other longi
tudinal strim arc seen beneath the convolutions which rci'lt on the corpus callo
sum. These arc the sfl'ite longitiulinalcs laterales or troz/ce tecta!. The under 
surface of the corpus callosum is contiuuous behind with tbe fornix, being sepa
rated from it in front by the septum 1ucidum, which f'ol'ms a. n•rtical partition 
between the two Yentriclcs. On each s ide the fibres of the corpus callosum 
cxteud into the substance of the hemisphere~. connecting them together. 'l1be 
!treater thickness of the two extremities of this commissure is explained by the 
fact that the fibres from the anterior and posterior parts of each hemisphere do 
not pass directly across, but taken. cuncd direction. The peduncles of t!te cor
pus callosum may be traced upward a._round the gcnu to become continuous with 
the strice longitudiuales, or nenies of Lancisi, on the upper surface of the corpus 
callosum. 

The fibres from the splenium, which curve backward to roof in the poste
rior cornu are known as the forceps major; those from just above the genu, 
which cune forward to roof' in the front part of the anterior cornu constitute 

the .forceps minor; while the term ta1Jetu,m is given to the main body of the 

fibre•. 
The central cavity, or body, of the lateral ventricle is comparati,·cly wide, but 

is a mere slit as regards its perpendicular diameter. It is (Fig. 4-17) bounded, 

abo,·c. by_ tl1c undC'r .:-;urface o.f the co1~p.us callosum, w~icb for~s the roof of the 
ca,· ity. Interna.lly is a. "?rt1.cal part1t1on 1 .the post?nor portwn of the se71tun~ 
lw·t'dum, which r-;cparates 1t from the oppos ite ,·entr1clc, a111l connects the unde1 
!-lurface of the corpus callo~um with the fornix . Its floor is. formc(~ by the fol
lowing parts, enumerated i11 their or<lcr of position from without rnwar<l: the 
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l'UfJi1l8 striatum (caudatc nuc~cus~, ta nia "r111irir<'1tl1~ri~, opti1• ~/1a.la~n u s, clloroiil 
Jile.nt.'1. one-hal f of body of jormx, and corrc~Pi1o:H~~feJ::'':~:~p~~lud~ep and 

narrow, passing outward into the 
frontal lobe an1l cun·ing round the 
anterior ex tremity of the corpus stri
aturn . Its apex points outward. Ir 
is bounded. abo,·e, uy the corpus c:tl
lo:rnm ~ ex ternally, by th e corpus stri
ntum (head of caudate nucleus.); in 
front, by the posterior surface of the 
genu of the corpus callosum; intt•r
nally, by the anterior or broad por
tion of the septum lucidum; infe
riorly, by the upper surface of the 
rostrum (each si.lc of its middle line) 
of the corpus callosum. This last ii:i 
the {loot of the cornu, and is exceed
ing!)· narrow, the outer wall , coIH·ex: 
towa.rd the cavity, almost meeting the 
lower part of the septum lucidum be
low (Figs. 448 and 449). 

' l1be posterior cornu, or digital cav
ity (Fig. H5), cun·es backward into 
the s ubst~rn cc of the occipital lobe, 
its direction being backward and out
ward. and th en itrnard. On its inner 
wa11 is seen a. longitudinal eminence 
which is produced by the extension 
inward of the calcariuc sulcus; this is 

fo'w. rn1.-Uorizootal secllon of the right hair or the called the hippocamptlS minor, or cal-
~iwgrtb~la~\tS. 2icfe~~~~b;~r .)a, b. and c nuclei of the ;~~j~~~f~n, ~~tsl~ ad~Ju~h1:!s~~ 1~0~~lh~l1~1: 
I Fig. 456), caused by the bulging of the fibres of the foreep• 1110.fot of the corpus 
calloH1m. 

Between the middl e and posterior 
horns a smooth triang ular surface is 
obserYed. I t is called the t,·igonum 
i·entriculi. 

The middle or descending cornu, 
the longest of th e three (Fig. H 5), 
traverses th e temporal Jobe of the 
brain. forming in its course a remark
able curre round the back of the optic 
thalamus (pull•inar). It passes, at 
fi rst. backwanl, outward, ant.l down
ward, and then cuncs round the 
Cru.::)ta forward and inward, nearly 
to the apex of the middl e lobe, cloRc 
to the fissure of ~yh·ius. Its upper 
boundary, or roof~ is formed hI th e 
under sllrfaee of .the corpus callOsum. FIG. 1w. Tra1M·l·N ver1iMl bt:ction of the ht:mi
thc smal l portion of tl1e pul,·inar of rr~~(:l~~~r;~~K'!r~:l' ::!~~~::~a:;·;~;ma,x~. Tbecutiiur· 
the optic thalamuRi CO\'Crccl by cpitbe-
lmm. and by the "hite matter (internal cap<ule) of the tcmpornl lobe, "ith "hi ch 
are incorporated the reflected parts of the nucleus eaudatu~ of the corpus str iatum 
.md Henia ~emici rcula ri s, '' hi cb are prolonged into it. Iti::. lower boundary, or 
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.fl?ot, pres~nts ~or e.~amination ~he following par.ts: the hippocampus major, 11es 

Aippoeampl, e111mentm collateral1.s or pes aaes11onus, an<l (,'Orpw~ fimbriatwn ji·om 

tlteforniJ·. The oufrr wall is white matter of the temporal lobe. 'J1 he innn 'lnall 

is~ lay_cr ?f epi_thelium, prolonged ~rom that COYering the pulvinar
1 
just mentioned, 

wh1~~1 ts uwa921rn~ed by a ~ol<l of p1a mater, .aud ~hus is for.med the <'lwroid plexus. 

I he ~orp~s stria~um (Fig. -150). has received its name from the stripe(} appear· 

ance which its ::;ect1on presents, 111 consequence of diverrrin<r white fibres beinrr 

mixc<l with ~be gray. matter. w.hich form~ the grea.ter part 
0
of its substance. 'J'h~ 

grea~er portion of this body 1s nnbechl?cl m the white substance of the hemisphere, 

an<l 1s therefore external to the vcntncle. It is termed the ei-trm•eutricular por-

tion, or the nucleus lentifularis: a part, however, ~s visible in the ventricle and 

its anterior cornu: this is the intraventrintlar portion, or the nul'lew:J cauclatus. 

The intra ventricular portion is a pear-shaped mass of gray matter: its Lroad ante

rior extrem ity is the convex outer wall of the anterior cornu. Its narrow end is 

directed backward, and lies on the outer part of tbc floor of the body of the Yen

tricle. It is continued. by a sharp anterior bend, in to the roof of the descending 

cornu; it is co,·crcd by the liniu~ of the cavity and cros~e<l by some veins of 

cousidera.ble size. It is separated from tLc c~traventricular portion by a lamina. 

of white matter1 the intrrnal ca}Jfmlf', in contradi::-tinct!on to a lamina of white 

matter which co,·cri; the outer surface of the exlra\'Cntricular portion of the corpus 

stri:ttum, arnl "hi ch is calle1l the 11.rtNnal Mp.r.:.1de. 

The extra\'entricular portion of the rorpu~ striatum, or 1/Ufleus lf'ntif'ulan·R, 

i~ oval in form. It cloes not extend as far forward or backward as the nucleus 
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ca.mlatus. lt is boumled cxtcrn::dlv hv a. lam ina. of "hite matter call ed the e.rter· 
nal mpsufr, which is CO\'Cretl on it~s 0~1ter surface by a. thin layer of gray matter 
termed the dau:;trum. The cla.ustrum presents ridges and f'unows on it~ outer 
surface, corresponding to the conrnlutions anti sulci of the i:;lan<l of Heil, witL 
the white matter of which it is in immediate relation. 

Antcro·infcriorly the ends of the two nuclei of the corpm; "triatum are united 
by a. thin gray lamina which appears at the base of the brain in the auterio1 
perfora.tcd space. 'l1he caudate 11uclcus terminates, after ruuning downward anti 
forward in the roof of the descending cornu1 in the nudeus amyrtdahe, a. collec· 
tion of gray matter in the apex of the temporal lobe. 'l'he base of the claustrum 
is al~o in connection with this nucleus. 

'J1he gray matter (Fig. -1-19) of the corpus striatum is permeated by tra.cb of 
med ulhtted nerve-fibres, some of which proba.bly orig inate in it. 11hc nerve-cells 
are multipolar, both lrtrgc anJ. small , the larger bciug principally founJ. iu the 
lenticular nucleus. 

On section, the substance of the corpus striatum appears of reddish-gray 
color. On a transverse vertical section, the lenticular nucleus shows two lamin..-c 
of white matter parallel with its outer surface, forming three areas of gray matter, 
the two inner of which are known as theglobus pallidus, the outer as the pulamm 
(Fig. 4-47). 'l'hcjibres of the nucleus enter and leave it, the former eh ieftyderived 
from the ansa lenticularis (sec page 7-17), the latter proceeding into the mternal 
ca.p5ule and corona radiata, which last is made up of the radiating diverging 
fibres of the upward prolongation of the internal capsu le which extend to the 
cortex. 

'fhc internal capsule is formed by fibres of the crusta of the crus eerebri, sup
plemented by fibres derived from the optic thalamus and corpus striatum on each 
side. In horizontal section it is seen to be somewhat abruptly curved, with its 
c01wcxity inwa.rd; the prominence of the curve is ca ll ed the genu, and projects 
between the intra.ventricular portion of the corpus striatum and the optic thal· 
amus (Figs. 4-17, -1-18, 450). In front of the µ:c uu the internal capsule separates 
tbc two portions of the corpus striatum; b('hind, it li es between the optic thaJ. 
amu:s and lcnticuhir nucleus. 'l'he portions of the internal caps1tle, anterior an!l 
posteriol' to the genu, are known, respectively, as the anterior and posterior 
st·gmmts. The fibres of the former proceed to the pref'rontal region of the 
cortex; of the latter, to the occipito·tcmporal region; while those of the mid
dle third go to the Rolandie region (motor) of the cortex. Other fibres, in 
the interna.1 capsule, than those of the crusta arc derived from the nuclei of the 
corpus striatum, the op.tic thalamus, the subthalamie tcgmcutal region, and from 
the cortex of the opposite si<le through the corpus callosum (sec also page iR:J). 

'l'he tcenia semicircularis (.Figs. -145, 4-17, and .fUl) is a n<trrow, whitish ban1l 
of medullar_y substance situated in the depression between the nucleus cauclatus 
and optic tl1alamus. Anteriorly, it descen1ls, between the head of the caudatc 
nucleus anti the anterior cxtremit_v of the optic thalamus, to join the anterior 
pillar of the fornix, below the level of the foramen of ~Ionro, \\here most of the 
fibres continue with those of the pilltir, whi le the rcrnainder pass over the anterior 
commi8surc and terminate in the gniy matter of the anterior perforated space. 

~t~!11~:1\d ·,.~tn:~ic~~:1 t~~~~~tlp~~.~~l~lhew~~~oftl~! ~~~1l~t~lc~~cf~~sc~et~ce~l1~1~~11~ !~.~;~ ~:: !~: 
nucleus a.mygdalm. Beneath it is a large vein (vena. corp01·i.r; Rlriati), which 
receives numerous small veins from the surface of the corpus stria tum and optic 
thalamus, and joins the vcni'e Galeni. On transverse vertical section the tr.enia 
is seen to lie upon a projection from the internal capsule. 

The fornix (Figs. --l-42, ..!H, -151) is a 1nngitudma.l barnl or "bite matter situ· 
atcd beneath the corpus ca.llosum, with which it is continuous behind, but scp
aratc1l from it in fro11t b~~ the septum lucirlum. It may be <lcscribc1l as co1u~isting 
~f. two symmrtr~ca l ha! r~s. on~ for either hcrnispl1crc. These two portion~ :ire 
JOlllcd together Ill the m1Jdle line (along which is attachetl the lower edge of the 
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septum Jucidurn), where t_hcy form the body, but are separated from one another 
in front and behind, formmg the anterior and po&tedor pillars, or columnce forni
cis and crura fornicis, respectively. 

The body of the forni.r is triangular; narrow in front, broad behind. Its 
upper surface is connected, in the median line, to the septum luci<lum in front 
an<l the corpus callosnm behind, wh_ile laterally this surface fo1·ms part of the 
floor of the bod,11 of each lateral Yentricle. Its under surface rests upon the Yelum 
rnterpositum, w~ich se 1~aratcs it from .the third. ventricle and from the inner por
~JO~ of the sup~r10r surfaces _of the optic th_alamt. . Its fr?e outer edge, on each side, 
1s 111 _cont:ict with _the ?horo1d plex_us, which pr~JCCts from under it. This edge, 
run?ing fro.m .bch111~ to1:wanl and mwar<l,. rests 1~ the groove al ready referred to, 
havmg a s11nilar dm::-ct10n , on the supenor surface of tlie thalamus, but with a 
portion of th e velum intcrpositu m, of course, scp:.na.tinO' it from the aroove. 

The anterior pillw·s arc roun<lcd bundles which arch d~wnward toward the base 
of the bra.in, sepan1tcd from each other by a narrow interval , and each descends 

io'JG. 451.-Trnns\'erse vertical section ofllrain behind the middle commissure. The cut-surface looks back
ward, X !. (Gegcnbaur.) 

through the anterior portion of the optic thalamus. Each is placed immediately 
behind the anterior commissurc. At the base of the bra in the white fibres of each 
pi llar make a sudden cun-e and form the outer part of the corresponding eo171us albi
cans (see page 750), from which point they may be traced upward into the substance 
of the correspond ing optic thalamus. The anterior pillars of the fornix :uc con
nected in their cou rse with the peduncles of the pineal gla nd and the ~uperficial 
fibres of the t:""Cnia sernicircu la ri s, and receive fihrer.; from tl1e r.;eptum lucidum. 

Between the anter ior pilla,rs of the fornix a.nd tbe anterior extremities of the 
optic thalami an O\'al aperture is seen on each si de: t his is the foramen of Monro 
(Fig . .J:-1:2). 'l'Lie two openings desccn<l toward the middle lin e and lea.cl in to the 
upper part of the third ventri cle. Through these openin gs the l<Ltcra l ventricles 
ou each side comm uni cate with the third ventricle, and consequcntl.v with each 
other. Its howularies arc, therefore, in front, the anterior pi Ila.rs of tlw fornix; 
behinJ. the anterior extremity of the optic thalam us; above, the body of the for
nix; and below, the jlrnction between the anterior pillars of :he fornix and the 
optic th:.damus. 

The postaio1· pillar.'f arc flattene1l bands, arnl at their commencement are inti
mately connected by their upper surfaces with the corpu~ callo:mm: <li\·erging 
from one another, each passes downward around nnd behind the pulvmar of the 
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optic thalamu ..... arnl thl'n along the floor of tlit· lh.'"l't•utlmg horn of the latt•rnl 
\'C'ntrirle. "here --omc of it:s fibres h1L•n1l with the \\bite matter of the hip1>ucampuH 
lfU{ior. "hi le the remainder are prolo11ged along iH inner bonier as the cor1m:.: 
.fimlitiatunl (Fig-~. -1-l;'), -15-1). which extends into the "bite matter of the uncu ... 
of the hippo<·ampal g_nus. L"pon examining the umler surfact.~ of the fornix. 
between it" clin•rgmg pm;terior pillars a triangular portion of tht• under :;urfatl' 
of the tnrpu" <!allosum may be ::iCCD, the ba~c of "bi ch is the ~plenium. Un it 
arc a uumbc,· of lines, some transverse, others longitu<linal or ohlil1uc. 'I1bi .. 

Fw. -t.J:?.-The fornlx, ,·eium iuterpositum, and middle or descending cornu uf th' lateral ventricle-

portion has been termed the lyra, from the fancied rescruhlancc it bear~ to the 
strings of a harp (Fig. 452). The corpus firnbriatum is oftt·n called the.timbria. 

'J'hc anterior comm.issure is a round bundle of white fibres placed in front of 
the antC'rior pill:u·s of the fornix. and appears to connect to:.rethcr the corpora 
l!triata. It passeR outw:ird through the corpus striatum on each tiiJc. and tlwn 
curve:;; bacb\anl into the substance of the tt>mporal Johe. 

'l'hc septum lucidum (or pellucidum) (Figs. Hl.i, H!l) forms the internal bound
W'!f of the body and anterior cornu of the lateral Ycntricle. lt is a thin septum 
attached. rtlmi•e. to the under surface of the corpu~ callo~um; bf'lou•, to the ante
rior part of tbr fornix. and in front of this to the n:flf'rted 1w1·tirm of the corpu~ 
<.:allo:-;um an1l anterior commis:mre: behind. to the anterior pillars of the fornix: 
i11 .front. tn the po:-terior surface of ,qenu of the corpu:-: callo~nm. It i!$ Lrnad in 

~~:::~~ ~:i~~~~ n~;:~~w ~~~~~1~~1. c~~s~~~c:~:1 ! ,~ ~ \~~~~,~~o;~;fi.:~e~;a;~~ ~h :a~~.:i,~-i~~ ~:n~:I~ 
tlie .h.ftlt l'1'1tfri<!l1·. ~ 



'l'lfF: RRAIN AND ITS MEMBRANES. 163 

Fifth Ventrick-Thc fifth Yentricle was. originally. a part of the great longi
tudinal fissure which separated the two hemisphere vesicles, but has become shut 
off by the union of the hemispheres in the formation of the corpus callosum and 
the fornix. Its "alls are therefore formed by the median wall of the hemispheres, 
and each consists of an internal la.yer of gray matter derived from the gray mat
ter of the cortex and an external layer of white substance continuous with the 
white matter of tbe cerebral hemispheres. Th is is li11etl on its external surface 
by the ependyma of the corresponding lateral ventricle. 'l 'he fifth ventricle is 
not lined by epithel ium, but by a delicate layer of modified pia mater. It bas no 
co nn ection with any of the '' regular " ventricles. 

The structures of the /loo,. of the descending cornu will now be con
sidered. 

'.!'he hippocampus major, or cornu Ammonis (Figs. 4-15, 452, 456), so call ed from 
its resemblance to a ram's horn, is a white emin ence, of a curverl elongated form, 
extending throughout the entire length of the 
floor of the middle horn of the lateral ventricle. 
At its lower extrem ity it becomes enlarged, and 
presents a. number of rounded elevations with 
intervening depressions, which, from presenting 
some resemblance to the paw of an animal, is 
called the pes lu"ppoeampi. If a trans,·erse sec- ~~b: 
tion is made through the bippocampus major 
(Fig. 453), it wi ll be seen that this eminence is 1;,,~t~ 
produced by the extension inward of the clcntatc llipp 

(bippocampal) fissure on the mesial aspect of the "''"' 

!~~o~~\~oe~~·e~t:~j~!.~~ui:\~;(~ ~~ ~h~i~J~~I~ fi!~; Fm. 453.-Par~f~:
1

~~1::endin cornu. 
an<l out a.ga.rn of the gray cortex; but, whereas ID The cut surface looks forward. (~enle.) 
tltese fissures the gray lining, after coming out, is 
continuous with that of an adjacent fi ssure, the gray lining of the ltippocampal 
jissu,re, after turning on itself, comes out and terminates in c1, free edge, forming a. 
notched ridge, the fascia clentata (Figs. 453, 45-l). 'l'he hippocampus is covered 

FIG. 4.>l.-1'hc mcsinl or internal snrfat·c or the 1'ight llani/lphc,.c of n six mont hs' fCl.!tus. (Schmidt.) 

on it:s ventricular surface by the lining membrane of the ventricle, beneath which 
is a thin lamina of white matter (alveus) 1 which is continu ous with the corpus 
fimbriatum of the fornix, and beneath this is the "gray matter" of the hip po
campus-i. e. the cortical lini ng of the hippocampal fi s~u rc, just described. l 1his 

:{:n'~~al~~·~1~~!s s~~n~r~~t:r~~~~~~~t~~~i ,.~od 1~1~~ ~,;:c~~~t~~l'i\:.~t:~~~ ~·~;;1~c ci~~::;~:e~ 
as the free edge. 

'J.1he corpus fimbriatum (Fig:;. -1-!;j, -154, -150) (trrnirt ltippocampi) is a narrow 
white band 8ituatccl imme1liately below the choroid plexus. I t is the thin pro
longa.tio11 of the po~tcrior pillar of the fornix, and is attached by ils inner margin 
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along the cun·cd inner border of the hippocampus major as it dC'!:>.ccnds into the 

F1G. :.'i::i.-J!oriz.ontalsectionofthehemh;pbC'rcsattheh.''Clofthccorpuscnllosum (Ilenle.) 

Fm.156.-IX~ccndingand part of posteriurcornu of lt:ftside. (Ilenle.) 

middle horn of the lateral ventricle. It may be traced as far as the crochet or hook 



TITE BRAIN AND ITS 1llEJIBRANE8. 765 

of the hippocampal convolution. Its outer edge is free, and lies on the surface 
of the bippocampus. This edge is directed to11ar<l the cavity of the descending 
cornu. 

~he ~m~entia collateralis (Fig. -1~3), or pes accessorius, is a white eminence, 
rnrymg m size, placed between the b1ppocampus major and the outer wall of the 
cornu. It is formed by the protrusion inward of the C'ollateral fissw·e . 

Fascia Dentata (Figs. -153, -!5-1, -!56).-0n •eparating the inner border of the 
corpus fimbr1atum from the choro1d plexus, and raising the edge of the former, a 

serrated band of gray substance, the edge of the grny substance in the clentate or 
b1ppocampal fissure, will be seen beneath it: this is the.f<isaia dentata. Correctly 
speaking, it is not placed with in the c~wity of the descending cornu . Tbe.fllscia 
dentnta has a curved direction, following the course of the bippocampus, and a.Jso 
runs obliquely from above downward and forward. lts lower extremity is lost 
in the gray matter of the uncus or hook of the hippocarnpal gyrus, where it is 
seen as a. small band (Giacomini) passing transverscl.r O\' C'l' the hook. Its upper 
extremity is well markc1l (fasciola einerea), and lies immediately behind an<l below 
the splcri"ium of the corpus. callosum, over and above "hicb it is continuous with 
the lateral aud mesial long1tu<linal strioo of th~t body (Fig. -!55). 
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The choroid plexuses (Figs. -!57, -!58) of each lateral ventricle arc t110 in 
number, nne in the .flnor of the bod,11. and the othl'r in the dt•x<•cndin,IJ ronrn. 
Each is a. rnscular fringe-like membrane with a. free edge lookin~ toward the 
nntricular ca\'ity. and an attached margin "hich is continuou8 "itb two layers 
of pia mater. 

'rltc choroid plexus of the body of t he ventricle i~, as before stated, the thick
ened. convoluted side of the velum interpositum, which is mnclc up of two layers 
of pia mater. The reasons for the presence of two la.vcr~ in the velum interpo
:;itum1 as well as for their continuity "ith one another at their free margins, and 

--Olud.nucl 

.Int pdlarojjorni:r 

--Opticlhafo11111• 

\Poskriorcornu 

The ,·elum interpc>~i-

for the fact of the existence of such free margins, must be sought for in the method 
of development. 

In the brief account given of the dc1·elopment of the hemisphere vesicles no 
mention was made of the pia. ma.ter. But it must be understood, of course, that 
the pia mater covers the entire brain-tube, and takes pal't in, and adapts itself to, 
all the different changes in shape and position which the various portions of the 
brain undergo. 

We thus have, at a certain point of development, three "tubes" of pia mater 
-one encircling the intrr-brain, and one investing each hem isphere vesicle (see 
Fig. -!59). As the latter a,pproaches its fellow it also grows in toward the inter
hrain. Finally, as already described, actual adhesions take place between the 
me~ial aspects of each hemisphere above the intcr-brain 1 and between tliat portiun 
of the hemisphere which lies external to the intu-brain and the ~ide of the inter
brain (optic thalamus): while the under surface• of the hemispheres (corpus cal
lo1'urn and fornix) merely rest on, aucl arc not adherent to, the superior surface of 
the iuter-brain. The effect on the pia mater (see Figs. -!60, 461) mesially and 
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above the inter-brain, is thus clear: (1) The pia lining the mc8ial aspect of each 
hemisphere is absorbed by the formation of the corpus callosum and the coming 
together of the two halves of the fornix; hence (2), the part abM't' the corpus cal
lm:um becomes continuous with that of the other si<lc ar·ross the upper swj'aer of 
the corpus callosum; while (3) the pia on the undt'r surfo.cc of each hemisphere 
(below the corpus callosum and fornix) becomes continuous with tha.t on the under 
surface of the other, an<l. forms one layer from side to side (upper layer of Yelum 
interpositum). This upper layer of the \'elum intcrpositum is now in close con
tact with the layer of the pia covering the superior surface of the inter-brain 
(lower layer of the velum interpositum), but they arc not absorbed, because no 
adhesions take place between the corresponding portions of the brain. 

On tlte side., the effect of tue adhesion between the Lcmi,phcrc and tbe optic 
thalamus is to ca.use absorption of the layer of pi:i ma.tcr covering ca.ch; 

/ 

1/ 
/ 

Fir.. IY.l.-Dia~rnm or ('ro-.!Mccliou or hemisphere ,·csiclcs, inu·r·lmain, nn•l micl·bruin to explain formation 
or t'dum inttrpo!itiw< nncl chor<lid. plauus. The red line is the pin mntcr. (U. U. li.) 

hence. as the pia mater on the hemisphere is ori~inall.v continuous with the uppet 
layer of the velum interpositum, and the pin. mater on the outer side of the optic 
thalamus with the lower layer of the ~ame, it follows that the two lrtyers become 
continuous at their 11utr,qins or along the line where each is ''cut off,·' as it were, 
from its original prolongation (Figs. 460, -161). . 

This mrtr.qin is n.t first alon.r; the border between the superior and external :;;ur
face of the tha.lam11R, but soon becomes shifted mesi:illy, so that it comes to lie 
along the .qroove on the superior surface of the tlntlamu s. This shifting is due 
to the absorption of the pia-nrnter layers ei.:tenud to the groove, caused by the 
adhesion which has taken place between the subjaccnt portion of' the thalamus 
"1Hl the supc1jacent portion (epithelial floor, see below) of tbe hemisphere. 

The anterior e:rtremity of the ,·cl um intcrpositum, narrow and bdid, aR alrea<l,v 
de:::cribed, is neccRsarily limited by the curve of the anterior pillars of the fornix, 
behind which the two la.vcrs arc continuous, because it is :it and around this point. 
which might be regarde~i ~s a s?rt of hinge, that the .he1:nisphc.res Rwing up and 
over the inter-brain, carryrng with them each one half of the future upper layer 
of the velum intcrpositum. 
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Epithelial Floor of the Body of the Ventricle.-ThC' margin of th(' n~lum intt'r· 
positum thus fonnrtl :~ necessarily situated between the u1Hlcr surface of tht· flour 
of the hn<h- of latcrnl ,·entricle abo,•e and the upper surface of optic thalamus 
Lc·lnw, but.it docs not reach out O\'er nil of Lhis s.urfacl', but lie:s only on its h1111·r 
lia(f. ns alreruly explained. Hence a. portion of the under surface of the floor of 
the \'Cntricle mu~t rc~t on the outer half of the upper surface of the thalamus. 
Xow. this portion of the floor. together with that immediately supe1:jacent to the 
margin of th(' ,·elum iuterpositum, becomes rc1lucctl to a la,11u of t•pitl1elium 
which strctcb('s from the edye of the .fomi.r over to the twnifl RemicireulnriR. 'fhis 
epith('lium i~ continuous with that l ining the ,·entricle both at the e1lge of the 
fornix anti at the trenia. .._\ s it passes o\·er the fringe. like margin of the \"Clum 
intcrpositum it i1wests all its processes. antl thu~ forms the true choroi<I plexus. 
As it passes o,·er the optic thalamus it has cpemlymu. beneath it, as also where it 

{BB.G.) 

co,·ers trenia scmicircularis, cauclate nucleu~. un<lcr surface of corpus callosum, 
,·entricular aspect of septum lucidurn, and upper surface of corresponding half 
of fornix. 

Epithelial Inner Wall of Descending Cornu.-Tbe entire inner wall of this 
cornu is reduced to a layer of epithelium. It is, morphologically, the continua· 
tion of the epithelium forming part of the Aoor of the body of the ,·entr iclc just 
described. nnd it stretches between the same structures, or rather their prolonga· 
tions-i. e. ia'nia 8emieirrulari.q in roof of descending cornu and corpus .fl"mbriatum 
in floor (Figs. 460 and 461). In the reg ion of transition from body to descend
ing cornu, just at the cunc, the epithelium cun·cs downward also, a~ncl stretches, 
now, between edge of posterior pillar of fornix (posterior part) across. on the 
rounded puh·inar of the optic thalamus. to the c1uiied part of the ta~nia. which 
is immcdiatel~t external to and lies aµ;ainst the outer aspect of the puh-inar. 
Hence this part of the epithelium is. strictly speaking. a portion of the roof of 
the clc--cen1ling cornu (sec p. 758). Just beyond this point the epithelium assumes 
the me:-;ial position and becomes the regular inner wall of the cornu. 
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Choroid Plexus of Descending Cornu.-Thc epithelial iune:· wall, just described, 
i~ i1waginatecl by and closely invests a fringe-like margin of pia. mater (Fig. -161), 
which apparently pa$SC51 into the ventricle, turns on itself, and passes out again, 
but is even" here covered, toward the cavity of tLc cornu, by the latter 's now 
greatly con\•olutc<l inner epithc1ial wall. 'i1his is the elto,:oirl plei_·us of lite 
dt~cending cornu., and when seen from abo,·e it lies orer the hippocampus major 
and conceals it from view, as well as the corpus fimbriatum. 

'l'he two foyers of pia. mater. of which the margins, covel'e<l b.v epithelium, 
make up the choroid plexus. arc in continuity '\ ith the two layers of the rnlum 
interpositum, whose margi~s, a lso CO\'ered by epithelium, form the choroid plexuses 
of the bodies of the ,·ent1:1cles. But t he 1tppe1· layer of the velum is continuous 

with the lower layer of the choroid plexus of the cornu, and, 11ia iif'rstl, this rela
tion being due to the bending downward, forward, and inwnrd of the temporal 
lobe and the <lesc:cnding cornu. This relation may perl1aps he better appreciated 
by tracing thc:sc layers Reparatcly, thus: 

The l91cer layer of the u choroid plexus" of the descending cornu, if traced 
out of the cornu-i. e. toward the medinn 1ine-pa~sl's, at its lower pru·t, right 
around the under su r face of the temporal lobe; if trace<l nt its upper nnrt-i. e. 
at the rltrl'<' of' junction between this cornu nncl body of Ycntriclc-this same 
layer wi ll be foun1l to bend slwrpl.IJ forward on itself an<l to come forward under 
the edge of the now superi~rl.v placed fornix. and !)C eonti~u~us witl~ th.c HPJ:U 
la,11er of the \·clum. Posteriorly and externally, this 1ayer 1s Ill continuity with 
the pia. mater covering the under surfaces of the occipital and temporal lobt:s. 

The uppu la,1Jer of the "choroid plexus" of the descending cornu. if traced 
in the same manncr-i. e. at two levels-is found, at the lower level. to be con
tinuous "itb the pia. mater cm·ering the crustre of the micl-hrain; a.t the upper 
level it also bends sharply forward, comes forward under the fornix , an<l is cou-
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tinucd into th<' lmt•rr la,11er of the velum interpositum. Just at the foru:arrl 
b1·J1<l this lan·r is rrally antrrior tn the otbcr one. l)osteriorh·, this same !aver i~ 
in continuit:v "ith tbc 

0

pia mater COYCl"ing the corpora. quaclrig'Cmina, which, ·in its 
turn, if traced ventrally. is seen ro be continuous with that already mentionPd 
co\·ering the crustre. 

It would appear. then. from the foregoing. that this whole arrangement of pia 
ma.ter is a. complicated inrngina.tion or tucking.in process of an originally single 
layer. :\1orphologicall.r, howcrnr. we fin<l this a rrangement to be caused by the 
absorption of the contiguous layers of the three ~.tubes" of pia mater already 
referred to. Thus (cf. Figs. 459. -160, 461), the pia mater covering the crnst:u 
should Le considered, as it reall.v does in an early stage of c.levelopmcnt1 as run
nin~ up on the outer side of, and around and behind•the pulvinar of1 the optic 
thalamus to its upper surface, and thence inward to pass into continuity with tbe 
lower layer of the ,-elum intcrpositum, thus making one tube: while, similarly. 
the upper layu of the pia from the choroid plexus of the descending cornu should 
be considered. not as being reflected mesially on to the crnstre, but as running 
upward alonp; the inner aspect of the intenwl capsule to the t::cnia scm icircu lnri s, 
antl thence inward along the under liw:face of the floor of the bocly of the ,,entricle 
to join with the upper layer of the \'Clum interpositum, which, in its turn, should 
be considered as splitting along its middle line, each half to bend upward, lying 
mesial to the corresponding h:llf of the fornix. septum lucidum, an<l corpus cal
losum, to meet the correspon1ling la~Te r of pia mater lining the mesial aspect of 
the hemisphere abo,,c the corpus callosum; thus forming two tubes. 

At the j11nc:tion between the choroid plexus of the body and that of the 
1le~ccnding cornu in the adult brain there is :i twisting backward of the latter. so 
thnt its free edge is directc1l posteriorl.v, while that of the former looks antcro
extcrnally (Fig. -1.57). It may sometimes look mesially, bending OYer the fornix. 

Structure of Choroid Plexus.-rJ1he plexus consists of minute anrl highl,v YaS
cular '"illous processes, composed of large round c-orpusclc~. conb1ining, besides a 
central nucleus. se,·eral yellowish granules and fat-molecules, and covered by a 
sing-le layer of flattened epithelium. The arteries of the choroid plexus enter 
along the descentling cornu, and. after rami~yi ng through its substanc<', send 
branches. into the sub~tancc of the brain. A constant branch, the anterior 
..::horoicl. enter~ at the extremity of the middle horn of the lateral ventricle, and 
supplies the ''cl um interpositum~ and the choroid plexus. The ,·eins of the choroid 
plexus terminate in the ven;:e Galeni. 

The Transverse Fissure (Fig. -1. 54).-The de~ceucling cornu is a mere cleft: 
that is, its roof and floor are very close together. llcnce the trenia semieirculari.~ 
of the roof, which runs along iu the substirnce of the white matter of the tem
poral lobe, this white matter Leing the outer and under aspect of the beginning 
of the internal c::ip:-.ule, is quite near the corpus fimbriatum in the floor. Between 
the two pass the two layers of the pia mater which form the choroid plexus. If 
this pia mater be pulled out, the epithelial inner wall will necessarily come with 
it, and a cleft-like orifice into the cornu be produced. A simi lar cleft aboYe will 
be caused by removal of the velum interpositum and choro id plexuses of the 
bodies of the \·cntricles, and if the plexus of the other corn u be remo\·ed also, 
there will remain two large curved fissures, one on each side, extending from the 
end of the descending cornu to the corresponding forameu of )fonro. Begin
ning at the forarnen, the fissure will be bounded by ed[Je of body and posterior 
pillar of forn1x above, and upper surface of optic thalamus below (Fig. -11J2 ). At 
the curce of the de~cending cornu the cleft will lie between pulN"nar of optic 
~hala.mus in . .fi·o1~t and edge of posterior J~illar of fornix (now beginning to t."i:-t 
mt? 1t~ pos1t1on Ill the /l.oQr of the descending cornu as corpus fimbriatum) /1elmzd: 
w?ile .along the cornu 1t is bounded below by corpus .fimbriatwn. and abo\·e by ecl!ft: 
o.f wlute matter of temporal lobe, along which is running the tcenia semicireularis. 
'l'hese two fissures. taken together, arc known as the transurse fiJ~sure of the brain. 
and only exi::it \\hen the pia mater and choroid plexuses arc removed. llence it 
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is not a real fissure or sulcus, but a rent in part of tbc floor of the body and in 
thC' inner wall or the descending cornu of the lateral ventricle. The cleft formed 
by removal of the plexus of the body of the ventricle leads mcsially into a space 
whose upper boundary is the under surface of fornix an<l corpus callosum, the 
lower boundary being the upper surfaces of the optic thalami on each side, while 
in the middle part is seen the cavity of the third ventricle, which has necessaril.Y 
been unroofed by the removal of the \'elum iutcrpositum. Posteriorly, this space 
continues into the larger one separati ng splenium of corpus callosum above and 
pineal gland and corpora quadrigemina below; while in its turn this interval is 

prolonged posteriorly into the still larger interspacc between under surfaces of 
occipital lobes and upper surface of cerebellum (Fig. 463). 

The Surface Aspect of the Hemispheres. 
Each hemisphere, as already stated, has four main lobes, .frontal, pa1'ietal, tem

pontl or tcmporo-sphenoidal, and otcipilal. 'l~hc white substance or mcdullary 
centre of each of these lobes 1ies next to the conespondin~ portion of the ventri 
cle. and is of course directly continuous with that of an adjacent lobe, so that, as 
far as the white matter is concerned, there is no actual dcmarkation between the 
lobes. The su1faces of these Jobes, bowever1 ca n be fairly accurately scpa ratctl 
from each other; Lut, since they constitute, all taken together, tbe surface of the 
entire hcmispherc1 it is more convenient to consider this fir~t, and it is to be 
remembered that the various "lobes" to be mentioned arc rea1ly the swfaees of 
these lobes. 

'11he surface of each hemisphere presents the following general points for con
sideration : Its under szo:face or base is of an irregular form, resting in front on 
the anterior ancl midrllo fossre of the sku ll , behind upon the tcntorium ccrebclli. 
'!'here is a. small portion of the under surface which is adherent. 'Phis is equal 
in width to the internal capsule, and is the line of junction between its fibres and 
those of the crusta (sec Fig. -!60). Its upper s111f(ll'e is of an oro id form, 
broader behind than in front. convex in its general outline, aiul separated from 
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that of' its fellow b\· thr .'/l"l'Uf lrm,qit1ulinul.fhnwn>, "hich extend!'! throughout tl1c 
entire Icn(rth of' th0 cerebrum in the middle line, rcachin~ do" 11 to the base of 
tlit• brain in front an1l behind, bnt interrupted in the rnifhlle by a broad transrcr~c 
commis!-iurc of "bite matter, the (·01pus callmmm, '' hich connects the two lu.·mi· 
~phcrc~ together. This fis~ure lo<lgcs the falx C'creliri, and indicates the oriµinal 
den'lopment of the hcmi!':pbcrc:-i by two latcrnl ~1ah·c:;. . . 

Each hemisphere pre~cnts also an 01der sutjaa. "h1ch 1s conYCX to corre~ponrl 
"ith thr rnult of the cranium; an inner sm/a<"e, "hi ch i:-; flattened :rnd in conract 
with the opposite hemisphere (the two inner surfaces forming the sides of tht• 
longitudinal fissure); that is, above, in fron.t of', a.1.1<l b~low (reflected _ portiou) 
corpuR callo~um; the lower part of the mcs1al surface (rnner aspect of 111ternnl 

Fm. ~G3.-Thc brain from behind. The hemis1>heres and cerebellum arc willl'lr separated (llcnlc.) 

capsule) resting agninst and being adherent to outer si1lc of optic thalamus 
(Fi!(. 4Gl). 

If the ara.chnl)id and pia mater arc remo\·ed, the entire surface of each hemi
sphere will Le seen to present a number of depressions (ji.8stu·es and sulri) sepa
rating n. number of conYolutcd eminences (("01wolutious or r1.1;ri). 

The dcprc8sious are of two kinds, fissures and sulci. The .fir:sto-eft arc few i11 
11umbcr; they are constant in their arrangement, an<l arc produced by marke!l 
foldings of the hemisphere during the process of de,·clopmcnt. 'l1bcre are senn 
-fissure of Sylvius, fissure of Holando, })a.rieto-occipitnl, calloso-marginal. hippo
campa l, calcarinc, a.ad collateral fissure~. rl,hc.fi1·st.four ser ve to mark off from 
each other the larger lobes of the hcn1i~phcrc-i. e. frontal, parietal, temporal. 
<11Hl oc<·i71ital-ancl also two others, the 'island of Reil or centrrtl lobe, and the 
limbic lobe. There is still one other lobe, the o/(rictm'.'I· Tbe three last-named 
fi~surcs cause ele,·ations in the ventricle-viz. hippocampus major and minor 
and rminentia collatcraliR. 

'l'lie Mtlri are much more numcrou~: they arc <lcpre!'l!'lions of the gray mattrr 
which i~ folded inwarrl an<l only indents the central white substance; they var.\· 
in different brains and in different parts of the l-iame brain. 
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The terms" fissure,. and "sulcus ,. are often used interchangeably. 
The Gyri or Convolutions.-'J'hcre is no accurate resemblance between the con

rnlutions in different brains, nor arc they exactly s,· mmctrical on the two sides of 
the i::.a~n e brain, but th eir general arrangement oi· p

0

lan is fairly constant. Cer ta in 
infoldmgs of the cercbru~n take place at an early period of developm ent and fo rm 
important lnndma.rks, wh1~h are constan t a 1~d ca n without difficulty be recognized, 
but the secondary depressions and convolutions var v considcra.bl L 

The number ~nd extent .of the com·olutions, as "well as ~heir ·depth, appear to 
hear a close relation to the mtellectual power of the individual, as is shown in 

Fm. •16-1.-l'ppcrsurfaccofthe brain,thearacbnoidhaviugbccn removed. 

their increas ing complexity of arrangement as we ascend from the lowest mammalia. 
up to man. 'L1hus they are absent in some of th e lower orders of mamrnalia, and 
they increase in number and ex tent through the h igher orders. ln man they· 
present the most complex arrangement. A gain , in the ch ild at birth. before the 
intellectual faculties are exercised, the convolutions ha ve a vcr,v simpl e arran~e
ment. presenting few undulati ons, a.nd the sulci between them are less deep than 

in the adult. 
The convolutions on the outer convex surfa ce of the hemisph ere arc the l::i.rgc~t 

and most compli cated; their general direction is more or l e~s obliqu e ; the,,.,. frc
quenth· branch lik e the letter Yin their course upward and back\\:.lrd to"ar<l the 
1ongitt;<linal fis~urc: these c?n~olutions attain thei 1: greatest dcvclopmcut in man, 
and are especially charactenst1c of the human bram. 
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Structure of the Convolutions.-Thc outer surface of C'3('b convolution, at-i \\(·II 
as tbt• ~ides and bottom of the sulci betwt•cn them, arc compol'eil of' gra,,• mattl•r. 
which is here called the cortieal substant'l>. The interior of' each com·olution is 
composed of "bite matter, medullar,t/ rentre. the '\hitc fibres of which blend \\itli 
the gray mnttcr not oDIJ on the surface of the 6.Yru8. hut at the side::; and bottom 
of the sulci as well. By this arrangement the convolutions are adapted to 
increase the nmount of gray matter without occup~·ing much additional spa1·t'. 
and to afford n. greater extent of surface for the termination of the "hitl' 
fibres. 

EXTERNAL LOBES AND FISSUHES OF TJIE lh:i'W'PHEHE.-Each hemisphere of 

F10. <1r.r1.-Ml'!!ial or Inner HSfK'<'I of part or left hcml~phcrc. Thl' large C'l'ntrnl concavitr shows place of 
rcmornlofo1iticthalamus. (Ucnlc.) 

the brain on its external sur.fare is cli,·ided into five lobes, the cliYision being rnailc 
b_v the ma.in fissures an<l by imaginary linei:; drawn to connect them (Fig. 460). 

'J'he fis8ures di,·iding the fh·e lobes on the externnl surface of the hemisphere~ 
are three in number, a.n<l are 1i::1.med fissute of Syfoius, jisNure of Rolcrndo. and 
pa1·ieto-oce1]Jital.fissure. 

The fissure of Sylvius separates the frontal fron the temporal Jobe. and 
lorlgc::o the middle cerebral arter~~. It begins. at the base of the brain. n.t the 
outer si<le of a depression at the bottom of which is the anterior perforated space. 
This depres~ion is called the rallecula Syli•ii. It then pa:;i:i.es out"a.nl to the exter
nal surface of the hemisphere. and gives off a short antaior lin1b, which pa!':-:e~ 
forward, and another, ascending limb, which pas!"es upward into the inferior frontal 
conYolution. It is then continued backward a~ the ltorizontal li111b, and trrminateR 
in the parietal lobe after cuning upward for n. :;::hort distance. It separate:-; the 
frontal and parietal lobes from the temporal, nml occupies about the middle third 
of the lateral surface of the hemisphere. 

'l'lic fissure of Rolando is situate1l about the middle of tbc outer surface of the 
hemisphere. It commences at or near the longitudinal fo•Rurc. an<l nmli downw1ml 
and forward to termin:1te a little above the bc~inning of the horizontal limb of the 

~::~~::.of 1~-:~';;.~\~~t:~H:h•~bf.1~~~1~:1lf~r~~ i~11~~1 1~~1~~~~~;l \l~~~~sccnding limb of the 5ame 

The parieto-occipital fissure is only s<:>en to a i-light extent on the outer l'urface 
of the hcrnil!.phere, and i:;:. not :-:.o di:;:,tinctl,v mark<:>d a~ the others. The portion on 
the ouwr surface of the hemisphere is somrtimc~ called the c.rtanal parit-ff1-ocr·1J1-
1tol .fix,"l1m-, to rli!'ltingui!'-h it from the continuation of the sulcus on the internal 
~urface of the hcmi~phere, which would then he t<•rmrtl the infi'rnnl parieto-m·1·1)1-
ital Ji;s;sur·1.;. It comwcnces about midway !Jct ween the po!'-tcrior extremity of tile 
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brain and the fis:5ure of Rolan<lo, and runs downwaril ancl forward for ~omcwhat 
Jess than an inch. It separates the parietal and occipital lobes. 

'l'hesc th.rec fi!'l.surcs div.idc the exte~·n_a l surface of the hemisphere into fhe 
lobes-the .frontal. the parietal, the oeeip1tal. the temporal. and the central or 
i•land of .Heil. 

'L'he
0

frontal lobe is that portion of the brain which is situated in front of thC' 
fis>ure of Holanrlo and abo1•e the horizontal limb of the fi8sure of Sylvius. Its 
under surface rests on the orbital plate of the frontal bonr. and is' termed the 
orbital lobe. 

Th e outer surface of the frontal lobe presents three sulci, which di\·ide it inro 
four primary convolutions : 1 . 'J1110 pre,·entral sull'us run f.i upward through thi~ 
lobe. parallel to the fissure of Holando. It may be interrupted by annectant 

FIG. t66.-Convohltionsand fissuresofthcoutcrsnrfi1ccorthccercbrul hcmi~phere . 

gyri. It di,·idcs off a conrnlution which lies between it and the fissure of' Hohrndo. 
and which i::; ca1lell the ascending .f1·ontal <·onl'olution. 2 and 3. From it two sulci. 
the superior and h{f'erior frontal sulci, run forward and downward. and <li,·ide the 
remainder of the outer su rface of the lobe-namely, that part in front of tLc prc
tentral sulcnR-into three principal convoluti om:, named, respectively, the Sll/H'rfor, 
11tiddle, and inferior frontal convoluHous (or '·lobes''). 

'l1he under surface of tbc frontal lobe, which rcstR on tltc orbital plate ~)f the 
frontal bo11e, is named the orbital lobe (Fig. ~G7 ). Thi s eurfoce of tbc fro11tal 
lobe if' divi<lc<l iuto three convolutions by a well-marked Hul cus. the orbital .~ufru.i:;. 
These are named, from their positions. the internal, anterior, and }J().~fen'o1· or/iital 
c01wolutions, and are the continuationg respccti,·el,v of the RHJ_>Crior, middle. and 
inferior frontal convolution". The i11tn·11al orbital conYolut10I1 prc~euts or is 
sul)(_livi(led hy a. well-marked groO\'<.' or sulcus (o(flt ·toi·lJ .'<ufru..,) for the olfoc-tory 
ll':l('t 

TLe mwn1din,1/ frontal f'om·olutirm i~ a "irnplc co11volutio11, hournled in front hy 
the precentral sulcus, b<.·himl by the fi:-; ... urc of Rolando, arnl ext<.•111ling from the 
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uppC'r margin of the hemi~phere abon• to a littk• lu .. hind tliC' hifu1Tatiu11 of thl· 
fissure of Kvh-iu~ hdo". 

'l'hr .'(1q1;,,.;or ,frontal cr1111·oluti"11 
i~ .!:'ituatt•d lit:t\H.'('ll tl1l' m:ll'.!.!in nl 
the longilutlinal fi:-~un• and tht• ~u
pC'rior fro:ital :-;ulcu.... ll cxtcrnJ ... 
abo,·e on to tl1t• inner a:-pt•tt of tla· 
hemisphere. forming tlit• marginal 
com·olution. and in front ;1n1l lielo\1 
on to the orhital ~urfoc£' , for111in)! 
the internal orbita l tOll\'Olution. !t 
is much di,·idc1l bv ~ccondarv ~ulti. 

The middh· f~·<mtal r·oni:olllt111u 
is situated bctwe.l'll the superior and 
inferior frontal sulci. and extend:-; 
from the pn.'ct•utral sulcus to till' 
lower margin of the lobe. "here it 
forms the anterior orbital eonrnlu
tiou. 

The infrrim· frontal com•oluti1111 
is ~ituatcd. belo" ·the inferior frontal 
sulcus. and extends from the lowtr 
part of the prcccntral sulcu~. cirdin)! 
round the ascending and anterior 
lim bs of the fissure of ~Yhiui<. tu 

the un1ler l't1rfo<:e of the lo.be, "hen• 
it forms the pl>;:o;tC'rior orbital como
lution. 

rrh(• parietal lobe is situated l>e
twccn the frontal and occipital Johe:-<. 
and is not much more than half the 
size of the former. It is bounded in 

FIG. -167.-COU\'Olu~r~1;:~~t~~~g:~~l1. the under surface front by tl1c fi;-;sure of Holando: bc-
biml, b,v the external paricto-occi11-

ital fo~·i<-urc and a line dra\\n in continuation of that sulc:u!-1 oYcr tLe hemi~phen•: 
aucl below. by the horizontal lim b of the fi:-~urc of ~yhiu~ and a line conucctin.!! 
thi:-< with the lower encl of the superior occipital sulcus. Abo,·c, it ext(·mb to the 
louf.!ittttlinal fissure. ft presents for examination two sulc:i and three conrnlution:-. 

The iutra1w1·il'fal .rnlcws commences clm:c to the horizontal limb of the fi::;!'un' 
of :-;.'~h·iul'. about midway between the fi~~ure of HolanJ.o and the uptunml 
extremity of the fi~:-;urc of Syh·ius. lt fir~t run~ up"ard parallel to and behind 
th(• lower half of the fissure of Rolanclo, an<l then turns backward, extemliH)! 
nearly to tlH· t(•rmination of the external paricto-oc<:ipital fi:5sure, \\here it :50tul'
time.s hetorncs continuous with the :-uperior occipital sulcus. The ascending por
tion of thiH sulcus separates off a eonvolution, the axcnulin,q pal'irtal, "hicb lit" 
hctwecn it and the fi:-surc of Holando, "hilst the borizontal portion diYide:s till' 
remainder of the parietal lobe into two other convolutions, the ISllfleritH arnl 
iJ~f"t'1'i111' /Hll'frtal. 

The 110!-<f-('('ntnd .<{ulrus is a slightly marked grooYc, "hich is :::.omctimts a 
branch of the intra parietal sulcus, being gin·n off \\here the nsccnding portinu 
of this ~ulcus turns 1);\ckward. I t li es parallel to and heliind the upper part of 
the fi:-o!'.urc of Holarnlo. and separates the a~ccnding from the l"t1perior parit:tal 
COll\'ulution. 1 

t·nti,'.. P~~~,;~~a~(111~1 ~1~·~~!1 '~:1 ~~'j~·~~n1!1i~:; ~~·otl~~ 1t;,i;~\~~:,Y~~!,~ 1 ~~.1·~1111~. 1:i1\1~i~l~~:\t~.'i:J~~wl,\~~ a,\~;:~ 
part:-<: the :'l'<·endin)! porti1•n uf the intrapariernl, ~ d~cribed al"Hn-e. he term~ the rmn111i l"l'l"lirnli.A ''~Ti-

~:= ~U~1111:, ':.:l;ljl~::~lj'.:!,li;:~:~:'.~l J:lte ~l\~t~1~l~l~ :~:;~j~Jn~~:~~J~ ~\;~t;bjn~~· r::l~~~i1~~~~ ~~}~·Ji;! ~l:l:t1:~~~!~~1~l~ 



1'HE BRAIN AXD n:~ ,lfE,lfBRAXES. 77i 

'J1hc a~rendinr1 parietal co1u•olutio1l is bounded in front by the fissure of Ho1ando, 
behind by the ascending portion of the intraparictal and the post-central su lci. It 
extend:; from the great longitudinal fissu re abo,·e to the horizontal limb of the 

~:~~~r~· l~fct~~~,·~~ 8 c~~:~;~teltb~\~s}~~~f e;l ~~it:e~~e~·a~~;e~~~:~~ ~1;~;1 t;~r~0i~~~:~~io:f 
tlic fissure of Holando. 

The xuperior parietal eom:olu.tion is bounded in front by the po~t-ccntral sulcus, 
which separates it from the pre,'ious convolution, but with '' hich it is usually 
connectc<l above the upper extremity of the su lcus; behind, it is bounded by the 
extenrnl pn.ricto-occipital fissure, below the termination of which it is connC'cted 
with the occi pital lobe b,Y a. narrow convolution, the jir8l mmectant ,qyrns. Below, 
it is Repa rate<l from the inferi or parietal con\'olution hy the horizontal portion of 
the intra parietal sulcus; and above it is continuous on the inner surface of the 
hemisphere with the quadrate lobe. 

The i'l~fcrior 11arietal com.wlution is that portion of the p:1rictal lobe ''Iii ch is 
sitm1ted between the ascending portion of th<' intraparictal sulcus in front, tb c 
horizontal portion of the ~ame snlcus above, the horizontal limb of the fissure of 
~yhiu~ below, and the po~tcrior boundary of the parietal lobe behind. It is sub
di,·ided into two convolutions b_y an indit:>tinct groove. On e, the RUJYamar.t/inal, 
lie~ behind the lower encl of the intra.parietal sulr:us ancl aLo\"e the horizontal limb 
of the fis~ure of Sykius. It is connected, in front, with the ascending parietal 
convolution beneath the intraparietal sulcus, and with the supt.:rior temporal cou
rnlution behind, around the posterior extremity of the fissure of Syh-ius. rrhe 
other. the angular, is connected in front with the foregoing and with tbe middle 
temporal co1n-olution by a. process which cunes round the superior temporal or 
parallel sulcu~. lt is connected with the occipital lobe by the s1·cund wmectant 
.1/!fJ"l('I. 

The occipital lobe is triangular in sh~1pe a.n<l forms the posterior extremity of 
the hemisphere. I t rests upon the tentoriurn. Its external surface is bounded 
in front by the external pa.rieto-occipital fissure a.nd a line drawn from the 
cxtrcmit\· of this in the direction of the fissurt? across the outer surface of the 
bemisphCre. It is continuous below and in front with the tempora l lobe, and 
abore and in front with the parietal. It is divided on the outer sul'facc of the 
hemisphere into three convolutions by two indistinct sulci-thc wperior an<l 
middle orctj1ital wl1·f. They are directed backward across the lobe, beiug fre
quently ~mall arnl ill-marked; the superior is sometimes continuous with the 
horizontal portion of the intra.parietal sulcus. 

The kupt•rior occipital com:olution is situated abo,·e the superior sulcus. and is 
connected to the superior parietal conrnlution b_y the Ji1·.'(t annef'irrnl 9.tJrm. 

The middle occipital <·u11rolution is situated between the superior and middle 
occipital sulci, and is conne<:te<l to the angular c01wolution b_y the ffecond an11ecta11t 
!JHrU.'<, and to the middle temporal by the tltird annertant .rtlJru.R.. 

The iJ{f'erior of'eipital c01wolution is situated below the middle occipital sulcus. 
an1l j:s :::ornetimes separated from the external occipito-tempora l (fourth temporal) 
tonYol utiou on the under surface of the hemisphere by an inconstant sulcus, the 
i1!f(:ri()r 0tTtj1itul suleus (posterior extens ion of third temporal Rulcus: sec next 

pag1~he ~~~~::~~?/~n~;~11~~~!;~~~!n~f~~;) l~~~t~: t;_~a.t:)t~·t~~11~ S1~f~~ ht~l~~i~~,;~~l'eg~·v:~.i1 
is lodged in the middle fossa of the base of the Hkull. ln front and above it is 

~lt1~e ;l~~' ~~1 ~:e c~~1~fi~1~~1 r;;t~ Vo ~a~h~ i~n ~~~t ~~~1l:t~~ ~~I~~~~ cl~:~ ~>:1!.1 a\~t!11~:i·~~ . !~, 1\;~::vc~ :.~ ~1. et :1)~ r~I~ r~~ 1·,~~~I~ 

~~~~~~*~~~¥~tl~~ii~~~~:~~~~~ 
xxi'i". part ii. p. 135 ). 
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limitct.1 by the fi~sur1..• of Svlvius: bcbintl. on its external i;urface, it is connecll'fl 
with the 

0

parietal and occiPital lobes, aud iR limited artificially b,Y a line co11tin11i11,g 
the direction of the cx1crnal paricto-occipital fissure acro~s the outer surface of the 
hemisphere. It j15 divided into three convolutio ns by two sulci. ' l' hc_supcrior of 
thei;c runs parnllcl to tho horizontal limb of the fis.!;ure of Sylvius. It 1 ~ named 
the superior or .fir."5t temporal or pal'(dlel .mfr.us, a1~d it is well marked and con
stant. The ~ccond, the middle or saond temporal, 1s not so well rna,rked or con
:--tant; it takes tbe same course at a lower lc\'el. 

The wprrinr or .first temporal eonl'Olution is situated between the horizontal 
limb of the fissure of Ryh·ius and the superior temporal su1 cus. It is continuou .... 
behind with the supram.arginal convolution. 

The middle or second temporal cont•olution is situated brt"cen the superior 
allfl middle sulci of the sa,me name, and is continuous bcliind with the :ingular 
and middle occipital convolutions. 

The i1~ferior or third temporal courolution is s itu11ted below the middle tem
poral su lcus, ;ind is sep11rated from the external occipito-tcmporal (fourth ft'IJl
porcll) convolution, on the under (mes ia.I ) swface of the hem ispli ere1 by a sukus 
which is called the il~ferior or tl1inl temporal sulc:us. It is con nected witb the 
inferior occipital con\'olution. 

'J'be central lobe, or island of Reil (Figs. 467, 168), is 8ituatcu in tbe fissure 
of Sylvius; at the base of the brain it is separated, in front, _from the P?stcr~or 
orbital convolution by a nearly transverse sulcus, the ante1:wr .~nlrus of R eif: 

externally, from the mferior frontal con
volution and the lower ends of the ascend
ing frontal and pari etal conrnlution~ Uy 
another deep su lcus, the e1_.ternal sufrux 
of Reil; and posteriorly, from the tem
poral lobe by a third su lcus, tbc JW•
terior sulcus of R eil. It is a trian~u
lar-shapcd (a pex downward) promine11t 
cluster of about six convolutions, tht 
m;ri operti, SO called from being CO\'Cred 
in by tbe gyri bounding the fissure. By 
the removal of these convolutions the ex
tr:wcntricular part of the corpus stri:Ltum 

Fm. 468.-ExtC'rnal surface or le~ hemisphere. would be reached. 

~ka~~:~:~i~,~:.~~~:~;£:t~\~~~f~~r~~;gt~ tog~·e:~~ c:~,1~~~\~te"';1~~ ~;tlt~~: i 1i;,,:~~~,·; 
insu.lce. 'l1be sult·us centralis insulce di

vides the lobe into a pre-central and a. post-central lobulr, of which the fornwr 
corresponds to, or may be regarded as part of, tbe frontal lobe; and tbe latter to 
tLe parietal and temporal lobes. 'J1110se portions of the correspond ing lobes from 
which the above-mentioned sulci scp;wate the island overl:.ip it in the normal cou
<lition, and are known as the opercula. 

THE :\IESIAL LOBES AND FISSURES OJ.' THE II E:\IISPllEH.E.-'l'he arrangement 
of the convolutions in this region is Jess complex: they are generally well define11. 
and, some of them being of great length, there is not the same subdivision into 
smaller lobes as on the external su rface (Figs. 4G9, 170). Th e .fissures on the 
internal surface arc five in number, :.ind are named the calloso-marginal, the 
parieto-occipital, the calfarine, the collateral, and the dentate . 

The calloso-marginal fissure is seen in front, commencing below the anterior 
extremity of the corpus callosum: il at first runs forward and upward, parallel 
with t~1e ros~rum of the corpus ca.llosum, and, winding round the genu of th~t 
body, It contmues from before backwanl, between the upper margin of the hem1-
sphcr(I and the convolution of the corpus c:allosum, to about midway between the 
anterior ancl po~terior extremities of the brain, where it turns upward to reach the 
upper margin of' the inner surface of the h~misphcre (prtl'(tr·entral fissure of 
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1Vilder) a short distance bebin<l the superior extremity of the furrow of Holando. 
It separates the margina.1 convolution from the gyrus fornicatus or convolution of 
the corpus eallosum (limbic lobe). 

'l1he parieto-occipital fissure (internal parieto-oceipital) is the continuation of 
the fissure of the same name seen on the outer surface of the hemisphere. lt 
extends in an oblique direction downward and forward to join the calcarine 
fissure on a level with the hinder end of the corpus callosum. It separates the 
\luadrate from the cuneate lobe. 

The calcarine fissure commences, usually by two branches, at the back of the 
hemisphere, runs nearly horizontally forward, and is joined by the paricto-occipital 
fissure, and continues nearly as far as the posterior extremity of the corpus ca.llosurn, 
to terminate a. li ttle below the level of th is commissure. It separates the cuneate 

Pulv.of 
Qpticlflal. Corp.quad. 

lobe from the fifth temporal or it{fracalcarine gyrus, and causes the prominence in 
the posterior cornu known as the hippocampus minor or calcar a vis, whence its name. 

The collateral fissure (fourth temporal sulcus) is situated below the preceding. 
being separated from it by t~e infra.calcarine gyrus. It runs forward, from the 
posterior extremity of the brain, nearly as far as the commencement ?f the fif:.s~re 
of Sylvius. It rnns, at first, between tho fourth tempora l (below) and mfracalcarme 
(above) convol utions, and then lies beneath the liippocampal gyrns. It lies below 
the posterior and middle horn of the lateral ventricle, and causes the prominence in 
the latter known as the eminentia collateralis. 

'l1hc dentate or hippocampal :fissure commences immcdia.tely below the posterior 
extremity of the corpus callosum. and runs forward to terminate at the recurved 
p<U't of the hippocarnpal gyrus. It corresponds witlt the prominence of the hippo
campus ITI<Ljor in the <lcsccJHling horn of the lateral vcntl'icle. 

'fhc lobes or convolutions seen on the internal surface of the hemisphere are 
as follows: .fl//rur.; fornicatus, 11rnrgina_l1 fJlutdrate. l'Wlf'ctff', lu]J}'OCanqutl, l1.11ci11ate, 
iitfracalcrll"ine, fourth il'mporal, and tlu· pararentral lobule. 

The gyrus fornicatus, or convolution of the corpus cal1o~um. is a. well·markeU 
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IolJe "hit·h l1t.',!!i""' ju:-ot in front of the an1erior perforatc1l spac~ at. the base of the 
brain: it pa:-.--c;:. fon,anl bclow the ro~tnun. :111111hcn asccn<ls m front o.f _tl~c gcnu 
of the corpu~ callo~um. and ruus bac_k,\a.rcl along tht•. ~l)IJll'r im.rfacc of tl11s botly 
to ih po:-terior t.'Xtrt•111ity, arountl \\l11ch it.bends to .JOlll tlic_h1ppocampal conrn
lution ))y a co11~1riction. the iRtlwllt::J . It 1:-; bounded below, Ill front, :11111 abon'. 
in the grcat<'r pa_rt of its exrc.nt, by.the callo~o-m:ugi!ial fh.sur~. ,~·hic:h i::eparntl•.; 
it from the mar~mal com·olutIOn: aoo,·e an<l bel11nd Jls bl11Hl ll is separated l1y 
the po~t-li11d1it· ,ti.'<.'llll'{' from the quadrate lobe. Bct\\ecn it anti the corpus callosum 
i~ the 1·al/o .... n/ xufrus. 

The marginal convolution is situated parallel with the anterior portion of th1• 
Jll"l'te1ling, an<l ha:s recei,·ed .its name from its ~osition along the border of rhc 
l1cmispherc. It commences 111 front of the an tenor perforated. space, ru.ns along 
the margiu of the longitu<li nal fissure ot~ the under s.urfacc of the orb1t~tl Johe. 
being sub<li\'ided by the sulcus for the olfactory tr:iet: 1t then tums upward to thC' 

F110.4i0.-Convolutionsandfi~sure!;oftlleiuncr &urfl\C'Cofthcecrcbralbemispherc. 

upper :-;urfocc of the hemisphere anti runs backward, forming the marginal courn
lution. on tL<.• inner surface, to the point where the calloso-marginal fissure turn-, 
npwarcl to reach the superior border of the hemisphere. .At this point, together 
,,-ith tlw upper extremities of the aRccnding frontal arnl parietal gyri, wl1ich arc 
l1ent over on the inner 5mrface of the hemisphere, it form~ the paracentral lobule. 
Thi~ com·olution iR regarded as being on the mcsinl aspect of the frontal lobe. 

rfJw quadrate lobe (prec/Wl!ll·") is tJ1e '· marginnl" C011V01tttion of the }ongitu
tlinal fo•sure behind the po~terior portion (p:tracentral fissure) of the calloso-margina? 
.. _u\cus, lying between thiR fissure in front and the internal parieto-occipital behind. 
It is separated by the post-limbic fo:sure from the ft.Yl'US fornicatus below, anJ. is 
continuou~ abO\'C with tbe superior parietal convoluti on. 

The cuneate or occipital lobule is triangular in shape, being situated between 
the internal parietn-occipitnl and calcari ne fo;isurcs, which, as above mentioned, 
meet behind thl' isthmus of the gyrus fornicatus. 

The infracalcarine (fifth temporal) c01nolution extends from the posterior ex
tn•mity of the temporal lobe to join the hippocamp:1l frynu;:., being bounded abon 
hy the ralcarine arnl it~ anterior prolongation, after it:'\ junction with the pa.ricto· 
onipital fi:-o..,ure. and separated below from the fourth temporal convolution by the 
collatc:ral fis:mrc. 'l'he back part of this COJHolution-that is. the part below the 
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posterior portion of the caJcarinc fissure- is sometimes known as the lingual lobule 
or g.v.-us. 

The ~ourth t emporal convolution is of considerable length, and lies on the inner 
a:-;pcct of the temporal lobe, between the collateral fi~surc :1born an<l the inferior 
(third) temporal s_u leus below, which latter separntes it from the inferior (third) 
temporal con~ol uuon on the outer surface of the temooral lobe. Its po:sterior part 
is callc1l, a.t tunes, lhc fus{form lobule. · 

mes~~~1es~~~:::~Pt~~ c~:1:~~1~!~n1~t:,li~/'.~1~'~n~;~··~1 sa 1~~1· 1f~~:~:;~ J::·~~ 0~1t~~~i~~~~ 0~t~t1~~ 
bas bent a.round and beneath the splerumn of the corpus callosum. Its direction 
is to~n.rd the a.pox .of the tempora,l lobe, just bc~ore reachi ng which, howev~r, its 
antenor extrem ity 1s recur ved or bent backward m the form of a hook, which is 

~~f:~~:~:~~;:fi~,\~!!~1Y~!;~t~~~f,~~~i~~:i;~~~~~::{~t'Kf ~~ii~f~~Y.:;i,f ffW'..i~i,!1i\i{i.!~j 
IL Retraction of the 1_1.111.:lc of the mouth. 12. Movements of the eyes. 13, I;)', Y1sio11. 14. Hearing. a,b,c,d. 
)lovement:.ofthe\H1st:.a11dfingen.. 

~omctimes called the ctocliet or ltncu.s. It is boundc1l below by the eollateral ./i.«
sure (anterior portion), an<l above by the lu)Jpoeampal or dcntate .fis1mre. 

The Uncina.t e Gyrus.- 11hc h ippocampal and infracalcarine gyri are, taken 
together, often described as one gyrus, the uncinate. 

Besides the great pr imary convolutions above named :rn<l describe1..1. and 
wh ich can be recognized in almost any well-devclopcll hrain, there arc a great 
number of secondary convolutions which pass from one primary c01wolution to 
another, and often render the arrangement of the latter somewhat obscure : of 
these annectant <'O>wolu.tions the connections of the occipital lobe, rLhove mentioned, 
may be taken as cxamplc8. 

'11rrE LDIBIC LOBE.-By th is term is understood a grouping to~cther of certain 
portions of the hemisphere which have a peculiar course. 'rliat is, beginning 
anterior )\\ they cun·c forward, upward, and hackwarcl, then downward and for-

;~·:~li~ sz~~~a~~~~:i1~1~,~~e::~~~::.~~c;dl,i:~t(;1i~~CC~~s~0}\~~\~St~e(~. ) ri
1

.~~~ll~tl~~~~~;~~u~f' ::~(~ 
hippocampal gyrus; (2) the supracallosal gyrus (see helo"): ('JJ each half of the 
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fornix, with its corrcspond111g anterior and poRtcrior pillar an<l half of the septum 
lucidum. 

Th(' su111·aenl/o.~al !/.1frus. just mentioned. may be ref!anle1l as made up of thL 
pNluncle~ of the corpus caJlosum. the longitudinal $trire on the upper surface of the 
$ame. and the fascia <lcntata with its upper part, thi:> fasciola cineren. The:-oe 
structure~ arc continuous "ith each other. as bas alrcn<ly been mentioned in the 
1lescriplion of each . The name dentatt• yyrus 1s often u;cll to designate the com
hinetl fasciola cinerea and fascia <lentatn.. 

'l'he boundaries of the limbic lobe are the ealloso-marginal fissure, the collateml 
fi~sure. and the post-limbic fissure. 

THE 0LBCTORY LOBE (Fig. 473).-This is situated on the orbital lobe (unJcr 
~urface of frontal lobe). In general outline it is long and $lender, widest behinJ. 
Tt is divisible into two, anterior and posterior, o?factory lobules. 'l1110 olfactory 
lobe is developed as a hollow outgrowth from the 1·entral and lateral part of the 
corresponding hemisphere ,·esicle, the ca.,· ity of wliich, in man anrl primates, i~ 
enntnally obliterated . In the adult condition the J>o.~terior lobule is fouml to have 
remained on the hemisphere. and thus to form a part of it, while most of the ante
rior lobule i_s attacllCll only by a stalk to the posterior, it being freely separable in 
the rest of its extent: that 1s, after removal of the membranes. 

The anterior olfactory lobule is made up of (1) the o/(aclory bulb; (2) the 
u(ti1cto1·,11 t1·act; (3) the t1·(qonum olfactorium ; and ( 4) the w·ca of Brow. 

rrhe o?factor.'I bulb is an oval mass of a gra.yi8h color, which rests on the crib
riform plate of the etbmoid bone, and form~ the anterior expanded extremity of 
tbe 'lender process of brain-substance. the u/(a~tory tract (see page 7n2). From 
the under part of this bulb are gn·en off the o{faetory ncnies, which pa~R through 
the cribriform foramina an<l are distributed to the mucous membrane of the nose. 



'!'f l/;' B l lAIN AND I11S MEMBRANES. i83 

'~be o{fac~rny. frru·t, ,~·hen trace;~ backward, di~·ides into two slips. or roots, 
exte1nal ~ncl m.tc1nal, ~t 1t.s base. Ibe so-called middle or gray root 1s the tri
gonum o~f(wtorwm, which 1s enclo~ed ~y the two roots. 'I1raced fon,ard, these two 
roots unite and form t.he t1:art: which 1s a fiat band, narrower in front than behind . 
and of a somewhat pr1smo1d form on section. It is soft in texture and contains 
gray matter (ncuroglia.) in its substance. As it passes forward it is contained in 
a. deep ~ulcus, the olfactol'y sulcus, which subdivides the internal orbital conYolu-
11on. lying on the under surface of the_ frontal lobe on each side of the longi
tudmal fissure, and ts retamcd in pos1t1on by the membrane (pia mater), which 

frn.173.-Baseofthcbraln. 

Co\·ers it. On reaching the cribriform plate of the etbmoid bone it expands into 

the u(factory bulb. 
The trigonwn olfactorium a.nd the aren, of BroNt constitute one and the same 

area of cortical gray matter, bounded internally and posteriorly by a fissure 
(.fimcla prhna), which separates it from tbe anterior part of the peduncle of the 
corpus callosum on its inner aspect, anfl from the anterior perforated space pos· 
teriorly. Externally, this area passes into continuity with the cortical gray 
matter of the internal orbital gyrus. This area is diviUe<l into thre1• districts by 
the passage across it, from before backward, of the two roots of the olfactory tract. 
'fhe internal district, lying bet\reen the internal root and anterior part of pedun· 
cle of corpus ca.llosum (fissura. prima inten-ening) is the arl'a of Broca, continu· 
oua with the beginning of the gyrus foruicatus . 'l'hc rui<l<llc district, included 
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between thl' two nlol:-l. is the tr(110111w1 o(faf'lorium. Th e l'Xlernal 4li~tril·t, 
external tn the t•xternal l'Oot, is very small :.11111 ha~ no c:--prcial name. 

'l'hc posterior olfactory lobule or anterior perforated space (1rnll>rifJr 1w1:forrttnl 
lamina) is situated at the inner siLlc of' the fi:-;i.;tirc of S_ylvius. lt i~ boundPd 
in front hv th e fi~sura prima (transn'r::.;e part) and the orbital eonrnl111io11-.; 
of the fro;1tal lobe; bebinrl. by the optic tract: cxtt1 rnally. by tbc t<.•m11oral 
Jobe arnl comm<.•neemcnt of the fi s:mre of Rylviu . ..; (l'tt ll1•eula); internally. it j.., 
<-ontinuou.-; "itl1 the lamina cinerea. Jt is cros:-;ed internall:· :.1nd posteriorly II\ 
the pm~terior p:nt of the peduncle of the corpus <.·allosum, and cxtcrn;dly h,r thl· 
external olfactory root. ft is of a gn1yish color. and concsponds to the unih·r 
surface of the corpus striatum (lenticultu· nw·leu~) and part of the cln.ustrnm. It 
has recei\•ed its name from being perforated by nurnC'rous minute apertun::o; fo1· 
the trnmm1iss ion of small straight vesse ls into the substance of the corpu.s i:;tri
atum, const ituting the antero-median and antcro- latcral gangli onic branches of tlw 
anterior and middle cerebral arteries. 

The Olfactory Roots.-Tb e e:rternal root passes outward at ross the anterio1· 
pcrforntcd space and the fissure of Sylvius to the temporal lobc-i. e. end of 
lli'ppocampal .<!,l/''US (possibly nucleus a.mygdahe also)-whcre it meets the tenrn
nation of the peduncle of ti:ie corpus ca llosum. 

The intemal root passes inward and joins the lower end of the ,qyrus forni-
1·at u~ after bending around a.nd behind the area of Broca, into '\hich also some 
of its fibres pass. 

Tbe rn:qonum receives a few fibres directly from the end of the tract-i. 1·. 

bet" rcn the diveq:~encc of its roots. " ·hen these fibres arc well marked thl')' 
c:on~titut(' 1he so-called ··middle root." .From the end of the tract a. few fibn·~ 
also pa$~ directly dorsally into the white ma.tter of the frontal lobe, upper or 
clors1tl root (U eale). 

Eacl1 root of the olfactory tract is thus seen to be connected with an cxtrcrn
it~' of the limbic lobe-the external " ith th e cud of the hippocampal gyru~. 
and the internal with the beginning of the gyrus fornicatus. 

Under Surface or u Base" of the Encephalon.-Th c various objectE. ~xposed to 
view on the under su rface of the bra.in, in and near the middle line, arc here 
arranged in tbc order in which they are met with from before backward (Fig. 
-!i3) : 

111 the Jiiddle Line. 
Longitudinal fi~sure. 
C ndcr surface of rostrum of corpus 

callosum and its peduncles 
Lamina cincrea. 
()ptic commi~sure. 
Pituitary body. 
Jnfun<libulum. 
'l\1bcr cinNeum. 
Corpora albicautia . 
l)o:-i.tcrior perforated space. 
Tuber annulare of pons. 
~Jcdulla 0Llo11gata (ventral surface). 

Each Side ~f the J.Iiddle Line. 
C ndcr surface of fro a ta I lobe. 
Olfactory bulb. 
Olfactory tract. 
Olfactory roots . 
. .:\ nterio1: perfora.tcc.l space. 
Fissure of s,·lvi us. 
Optic tract. " 
Crn!-ita. 
Cn<lcr ~ml'face of temporal lobe. 
l"n<ler surface of hemisphere of 

cerebellum. 

~I.1he longitudinal fissure partia11.v separates the two hcmiRpheres from e3ch 
other : it divides the two frontal loLcs in front, ancl on raisinµ: the cerebellum a111l 
pons it will be seen completely separating the two occipital lobes. Of thc-.c t\\11 

portions of the longitudinal fissure, that which ~('paratc~ the occipital lobes is tlw 
longer .. 11'~1c intermediate portion of the fi~!-iurc is filled up h:· the i:rre:tt tran~rcr ... t' 
band of white matter1 the corpus calloswn. ln the fissure b('twccn the two frontal 
lobes the anterior cerebral arteric!'l ascencl on tl1e corpus callosum. 

Interpeduncular Space.-lmmediately bebiu<l tLc din:rging optic tractR, anti 
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between them and the inner margins of the crustre or pe<lunclcs of the cerebrum 
(aura eerebri), is a lozcn~c-shaped interrnl. the inte17Jedwu:ulm· space, in which 
arc found the following parts : the tuber cinercum, infundibulum, pituitary body, 
corpora. alb1cant1a, and the poster10r perforated space. 

1'be remaining structures aborn enumerated have all been previously described, 
each in its own region. 

Structure of the Hemispheres. 

Each hemisphere is ma.de up of gray and white matter. The latter constitutes 
nearly the whole of the deeper portion (medullar11 centre), and enters into the 
~tructurc of the convolutions. 1' he gray matter covers in tlH• convolu tions, form
ing the cortex of the hemisphere, and a.lso is collected into three masses or nuclei 
sitmtted in the hcmispl1crc-thc eorpus striatum, the clau.i:itrum, aml the nueleus 
a.mygdala•. These lust might be regarded as subdivisions of one la.rgc nucleus, 
smce they are more or less connected in the anterior perforated space. 

The WHITE :\IATTE!l OF TllE HEMISPHERES consists of medullated fibres, vary
i~g. in ~.izc and arr:.~n~ed in bundles, sep~rated by neuroglia. ']'hey ma.y be 
tl1rnled mto three d1stmct SJStems, accordmg to the course which they take: 
1. Projection jibreJs, which connect the hemispheres with the medulla obloncrata 
and .cord. 2. 1'ranst•rr:~t· ?r c~nunis.rmral .fi.bres. '~hich connect together the /:)two 
hemispheres. 3. AkMewtwn:libres C~Ieyuert), which connect different structures 
in the same hemisphere. 

1. The projection or peduncular fibres consist of a main body, which originates 
in the cord and medulla. oblongata, forms the longitudinal fibres of the pons, which 
last are then continued up into the mid-braiu. where, as has been before described. 
the fibres are arranged in two strata, which arc separated by the locus niger, the 
\'Cntral or superficial stratum forming the crusta, and the dorsal or deeper stratum 
the bulk qf the tegmentum. The fibres derirnd from these two sources take a dif
ferent course, and will have to be separately cons idered. 

rrhe fibres of the cnuda are derived from tbc py ramid of the med ulla., wh ich 
fibres arc continued upward through the pons to form the crusta; they are rein
forced in their passage through the ems by accessory fibres derived from the cen
tral gra.y matter a.round the Sylvian aqueduct, from the nuclei pontis, and from 
the locus niger (see page 742). Most of the fibres of the crusta (except the 
mesial fillet, p. 742) pass into the hemisphere as part of the internal capsule, 
which last, passing upward, diverges into fibres wlticli radiate forward, upward, 
and backward, thus constituting the corona radiata, Each fibre of this last
named structure proceeds to the corresponding portion of th<' cortei·, where it 
becomes the direct prolongation of an axis-cylinder process of a pyramidal cell 
(see below). Home, if not all, of the fibres of the internal capsule girn off wl
laterals to the optic thalamus and the nucleus caudatus and lcnticularis of the 
corpus strw.lum. 

"From tlJC•c ganglia (see pages 747, 760) there are also fibres whieh proceed 
into the internal capsule and the corona ra.diata, thus forming parts of each in 
addition to the fibres from tbc crusta . The fibres which arise from the ganglia. 
arc more numerous than those which terminate in the ganglia, so that more fibres 
pass out of the ganglia. than pass into them. 

The fibres of' the te,qmentum are conti nuous with those longitudinal fibres _of 
the pon;.;. '\hich arc derived from the formatio 1·eticlllaris of the medulla (which 
see), including also fillet (per corpora quadrigemina) and po~t~rior. longitudinal 
bundle. ']~hey arc reinforced by fibres from the corpora <1uacll'lgcmma. and_ cor
pom geniculata, and from the :.<uperior perluncle of the cerebellum. Supcrwrly. 
i:ome are l o~t in t he subthalamic region, while others enter the optic thalamus an<l 

~~1'~~11~~~-ji~:,; t~) l~l~·3 rc~u::t~~·,.;: h,~-'~1~: ht~)~~·ca1~c~~n ~il~:~~;:."i ':.~~e~-'.l.~{; '\t:1;~~1h c~~s~~: 
<le,rription of the optic thalamus and ju't abo\'e. 'l'bus, the leymental fibres 
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which lu.•lp make up the projection fibrt'R 110 1'0. not directly, hut hy the intC'rpo
~ition of th<' optic thalami and corpora. striata, bl'fu•n·n u1!tit>l1 there arc :d...-o c:on
nt•cting fibre:-; which run tLrou~h the internal capsule. 

~- The transverse or commissural fibres connect togethrr the two hemi:--phcrt·~. 
~~~~~1 i~:~111~~l~C (a) the transverse fibres of the corpus callmmm, and (b) the autl·ririr 

'l'he t•orpw~ calloswn, "hicb bas already been <lcRcribcd, connrrt!'i togctht•r thC' 
two hemispheres of the brain, forming their great trans,·cr:-;c rommi .... surc. pe11t•-

~1;~~~~~1~/~~:~ c~~·~n~~.~~i~~~:~· s~~~s:a~~1~es0~f 1t~1: ~~:.1,:~7~~~;1l:::u~111~a~11!~~~ctt;nt~a~~:~ 
either a~ a direct prolongation of an axis-c_Ylindcr process of n. p,namidal Cl'll in 
the gray matter of the cortex . or as a collateral from one of the prvji:1:tiu11:fihn·x 
just rlcseribcd. 

' l1h<' a11terior conunis.mre is a round bundle of "bite fibres \\Lich is placed in 
front of the anterior pillars of the fornix, and apprar,'{ to eonnect the corpora !".tri
ata. lt pas8eS outward through the lenticular nucleus of the corpus striatum on 
each si<l.c, and then cmTe~. somewhat twisted on it:-;elf, downwanl and backwartl 
into the !-iub:-.tancc of the temporal lobe. where its fibres radiate from each other. 

:3. Association-fibres connecting Different Structures in the Same Hemisphere.
These 6brc8 arc of two kinds : (1) those which connect adjacent convolution.;, and 
which arc term<:'cl .<J;hnrt a.'<rJ;ociatinn-jihres; (2) those "hi ch connect more distant 
parts in the same hemisphere-the lon,q art.~ocit1lion:filn·e11. 

The Rlwl't a.11,f!nriation:fl'breR are situated immediately beneath the gra~- suh~tanre 
of the cortex of the hcmisphcrrs. and connect together adjacent conYolution!'l, 
arching bericath the cortical matter \\ hich lie::; at the bottom of the fissures. 

The lm1,r1 aRsrwiation:fibrt'R include the following: 
(a) The uneinate .faRcil·ulu . ., connects the con,·olutions of the frontal an<! tem

poral lobe. It pas:-;cs across the bottom of the ~yhian fissure and tran~r:;c~ tlu.' 
claustrum. 

(b) The .filfrt qf the ,qyr11s fornicatus or cin,qulum i• a band of white mattl'r 
which encircles the hemisphere in an antero-posterior <lirection, lyi ng in the suO
~tancc of the co1nolution of the corpus ca1losum. Commencing in front at the 
anterior perforated space, it pa~seR forward ::rnd tqrnanl parallel ""ith the rostrum, 
winds round the genu, rnns in the com•olution from bcfol'e backward immediatrl.v 
abo,·e the corpus callosum, turns round its posterior cxtremit~·· and is continm·d 
<lownwanl an<l forward in the hippocampal µ-yrus to its extremity. In its cour~e 
it is connected with the secondary conrnlutions of the gyrus fornicatus by short 
arcuate fibres . 

((') The superior lonpilwlinal .fasdeulus run8- along the com·ex surface of the 
hemisphere and connects the frontal lobe with the temporal and occipital. 

(rl) The h~tf.•rior longitudinalfasciculuR is a collection of fibres which connrets 
the tc!oporal and occipital lobes, running along the outer \\all of the middle anil 
poi>.terior cornu. 

(r) 'l'be perpendicular fa.'reiculus pas:<:es ,·erticalls through the front part of the 
octipital lobe, and connects the il{ferior paril>tal l'Ont'olution abo\·e with the po~
terior part (fusiform lobule) of the fourth temporal ronrnlution helow. 

(f) T'hc .f<n·nfr connt·cts the corpus alllic:rns with the crochet or wu·us of the 
hippocampal convolution in the manner which has already been described. 

'1111E OJU\' .\l.\TT1rn OP TllE llB:\118.PllEnE i:-:i cli~pose(i'in t\rO regions: 1. The 
p:ray matter of the cerebral cortex : ~ . The gray rnattPr of the ba!-l-al ~auµ:lia; 
that is, the corpus striatum and nucleus amygdal:c. As the la!-it two have alrc:ul_v 
been de~cribed, there remains only the rortrx to hr con:;id1.•retl. 

'l1l10 gray matter of the corte'x. (Fia;. -1:7-1) inre!'.ts the imrface of the lll·mi
sphcres, co\·ering in the conrnlutions or g~Ti aucl lining the intcn·cning fi:•:-un:s 

::;a1~~t1~1i1~ ot!1 c~·h~t,.'";;:~1i~~I i~~;~~~d t~~n:d~lo~·1~[i,~1 g,~~ ~u;Y:~~~:.;~ !:11f~;~n11~,t;~ 1:~ 
txaminetl 111iC'roscopically. is found to consist of' five ::;cparate layer~, Lut tu this 
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there are somC' exceptions. According to ~~eynert, these exceptionH arc to be 
found-(1) in the posterior portion of the occip-
ital lobe : (2) in the gray cortex of the hippo-~~ 
campus major: (3) in the wall of the fissure of I , ; 1 ' , 1 _,,.r. T) IT"•" 1 /

1 ~yl\'ius; au1l (cl) in the olfactory bulb. r'i./ J...{ 1... ~ 
The ffre layers in the common type (from , / 

parietal lobe) are as follows: (1) 'l'he first (super- ~i,t-, ~ J l~ ~~ 
.#"ial or 111nl1•1·ular) tayer is principally_composed A ".!rt~·!~, r~ r ~ 
of a nrntnx. of ncuroglia; through wh~ch a few ~\\ 1 A~~ ~]ll~ fJli 2 

small gangl10n-cclls are 1rrcgularl.\-r d1stributccl, ~ ~ ~ ~l\~~ 
and a norve-fibrc network of both uon-medullatcd \'r A ) 

nncl mc<lullatccl fibres, the latter constitutin(I' a ~ ~ I 
dclicntc "hite lamina almost in contact with t_hc J ~ 
pia mater. Of the former, the majority come I 
from the processes of the pyramidal cells in the '1 

next layer, the remainder being made up of both \ 
dendrites (protoplasmic proce,ses) and axis-cyl- J 

indcr procc~scs of the ganglion·ce1ls in this layer. 
1 

11 I 
(2) The second layer consisb of numerous ~ I 

rwmll pryanridal cell:.., which h~wc their long axes J 

vertical to the surface of the con\·olutions, and ) 1 

are closely ag~rc~arcd together so as to com- I! 
pletely fill the layer. 'l'he dendrites of each of 
these cells extend into tbe preceding 1ayer, '\hi le 
the axis-c.11li11da process, starting from the ba~c 
of the cell, gircs off a few collaterals an cl extends 
through the white centre of the con,·olution, and 
thence to the corpus striatum. :is a projection-fibre. 

(3) 'J'lic third layer is made up of cells, which 
are the same kind as those in the .formation of 
the cornu. Ammoni.o.;. These cell s are large 
pyramidal cells, arranged YCrtically to the sur
face, as was founcl in the precccling layc1\ but 
they are of \'Cry much larger s ize, and increase 
progressively toward the deeper parts of the 
layer, and they arc much more widely separated 
from each other, thus forming groups between 
which are radiating nen•c-fibrcs. ~'his ]ayer is 
the principal and broadest one of the series, and 
is at least twice as deep as the preceding layer. 
The axis-cylindt•r proCC!-l-S(IS of these cells pass cort~~· m~rl~~~:»mattcroftllccer~bral 
into the white i-:.ubstancc, and there become med-
ulla.ted. Previously eaeh ~i,·cs off a. number of collaterals, wbicb also become 
me<lullated and form ramifications in the layer. 

(-!) 'l'h e /011rth /a;1er is terrnecl the layer Qf pol11m0171ho1lS rel/.,, and consists 
of numerom;, small, irregular cells, each of which has numerous dendrites, but 
only one axis-cylinder process. This last, from most of the cells, passes into 
the white centre. but from some it goes peripherally to the first layer and becomes 
continuous with one of its fibres. 

(5) The jijt!t layr>· (lri11er qf' fusiform ce/f.,) consists of a very large proportion 
of spindle-shaped or fu~iform cells, \\hicb arc the peculiar clements of this layer. 
~l1hey arc cspeciall.v nulll('l'OUS in the inner half, an1l arc arranged horizontally. 
extending parallel to the ~urfoce. TLe ('htw.:trum is rnadc up almo~t entirely of 
an accumula.tion of c(•lls of the.: same kind. 

The wltitc t'f'llfn· lil'S just Ucneath the fifth layer," hi ch gradually blen<ls with 
it. As its fibre~ radiate into tlie cortex they become fiu('r, and mo~t of them are 
continuous, as stated aborc, with the axi~~-cylindcr processes of the large pyr-



788 TIIE NERVOUI; SYS'l'EJf. 

amidal cells in tLe third layer of tLc cortex. 'J'hc col/atentls, alrctu!y referred to. 
of these proccs~cs become meclullate<l and form two plexuses. one alonrr each 
bonier of tLe third !:tycr. These plexuses appear to the naked c,vc us t~o fine 
white lines (Baillarger) in sections of the cortex of a. fresh brain. 

Special 'l'ypes of the Gray 11fatt er ~l the Cortex.-'l'he specia l types of gra:· 
mutter of the cortex are the foll owing: 

(1) On the posterior portion of the occipital lobe, near the calca rinc fissure. 
the gray matter consists of six or eight la_rers. This is produccrl by the intN
calation of intermediate small , irregular cells, similar to those forming the fourth 
layer of the typical cortex. Furthermore, the large pyramidal cel ls of the t11pica/ 
third layer are very few, while, on the other hand, in the upper part of the a1:1rnul
ing frontal con1Job.dion (psycho-motor region) these pyramidal cel ls of' tltc third 
layer are. many of them. of unusual size. 

(2) Iu the gray matter of the co rtex of the hippocampus major or rornu 
.\.mmonis pyramidal eells are found 1 such as have been describcLl in the third 
layer of the typical cortex. They constitute the greater part of the strncture. 
the fourth and fifth layers being absent. Hence this layer is called tbefon11atio11 
of the cornu, -lmmonis. The bases of these cells are close un<lcr the white 
famina. (alveus) which covers the h ippocampus on its ,·entricular aspect. The 
second layer-i. e. toward the hippoc:.unpa.l fissure-contains no cells. It is 
represented by a. closely interwoven arborization of the dendrites (protoplasmic 
processes) of the pyrami<lal cel ls just mentioned, of \\hich the a1-·is-cylindet pro
ce:;ses pass, in the opposite direction, into the aheus. Finally, be,rnnd the 
'CCond layer is the first layer of the gray matter of the hippocampus, or, as it 
is tcrmed 1 the granular .formation (Mey nert), and consi:-:ts of numerous small, 
irregular cells, which resemble the nerves-corpuscles found in the internal granulc
layer of the retina. 

· (3) In the Sy lvian fissure the fifth layer of the cortex contains an unusual 
number of fusiform cells : hence this layer, in this region, is called the "claus
tral formation," because of the number of the same kind of cells in the structure 
of tLe claustrum . 

(4 ) In the olfactory bulb, which is a port ion of the cerebral hemispheres, form
ing "a cap superim posed upon a conical process of the cerebrum.'' is another 
var iety of structure, differing from the type of the cortex of the hemispheres. 
'J1he bulb consists of both gray and white matter, and in most of the lower animals 
retains a central cavity lined by epithelium, around which is a layer of neuroglia, 
surrounclcd in its turn by white fibres. the whole being enclosed by gray matter. 
In man the central cavity is obl iterated, and in the 11 centre" of the bu lb is found 
ueuroglia. surrounded iu section by a. flattened ring (medullary ring) of white 
fibres. The gray matter is now exceedingly thin dorsally, but Yery thick i 1e11-
trally, and in section this ventral portion shows the following layers from below 
upward : 1. The o{factory nerve-layer1 consisting of a plexus of non-medullated 
nerve-fibres derived from the nerves which supply the olfactory region. 'l'he~e 
fibres pass downwanl through the forarnina in the cribriform plate of the ethmoid. 
and dorsally into the gloweru li of 2, the stratum ,qlomerulosm11, consisting of 
nodulated masses (the ~lomcruli) , each mass consisting of a dense interlacement 
of fibres, which are partly the prolongations of the olfactory fibres just mentioned, 
and partly the dend1'ites of the mitral cell.• in the superjaccnt part of the next layer. 
Small neuroglia-ce11s also are found in these glomcruli. 3. 'l1 he ,qrcawlar layer, 
consist ing of (a) small irregular nerve-cells resembling those of the granule-layer 
of the cortex of the cerebellum; (b) a deeper layer (next to the stratum glomeru
losum) of large, conical cells (initral cells). The <lenclrites of these pass down to 
the glomcruli (see :iboYe). while their axis-cylin<lcr processes (medu11uted) pass 
upward between small cells of the granule-layer to the me<lullar.v ring. with the 
fihres of which. after bending sharply backward, they become continuous, an<l 
thence pa~s backward along the olfactor,v tract toward the base of the brain: that 
i<, the fibres of the medul1ary ring arc the continuations of these processes. 
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Weight of the Encephalon.-Tbe average weight of the brain in the adult male 
is -!Di oz .. or a little more than 3 lbs. a\'oirdupois; that of the female H oz .: the 
a\·crn~e difference between the two being from 5 to 6 oz. 11he prevailing weight 
of the brain in the male ranges between 4G oz. and 53 oz. 1 an<l in the female 

~~t~·:~na~~ ~~~ ~~~f~t~~· w!~~~3~n~!~ t~~1~11~1:i~~~~~~r~·ic~~~~~} ~l~.c~~t~~s:es~:~! 
brain, out of 191 cases, was 56 oz. 1 a.nd the minimum weight 31 oz . According to 
Lnscbka, the a\'erage weight of a man 's brain is 1-12-1 grammes (about -1.S oz.), 
of a woman's 1272 grammes (about 41 oz.), and, according to Krause, 1570 
grammes (about -!Si oz.) for the rn:ile, and 13;)0 (about-13 oz.) for the female. I t 
appears that the weight of the brain increases rapidly up to the seventh year, more 
slowly to between sixteen and twenty, and still more slowly to between thirty an•l 
forty, when it reaches its maximum. Beyond this period, as age advances and the 
mental faculties decline, the brain diminishes slowly in weight, a.bout an ounce 
for each subsequent decennial period. These results apply alike to both sexes. 

'l'he size of the brain was formerly said to bear a. general relation to the intel
lectual ca.pa.city of the individu~I. Cuvier's bra.in weighed rather more than 04 oz., 
that of the l:ite Dr. Aborcromb1e 63 oz., and that of Dupu_ytren 62o} oz. On the 

~~:e~.\~~~<l:ii!~:sb 1~~~cf~s~~c:~~~ 8~~~~~·~i·1e~g1~:"~o~~~~a~;s~ ~~~ig~t~t l~~~~e ~:~t~ 
equalled by the brains of persons who never displayed any remarkable intellect. 
Dr. Ilalclennan of Cincinnati has recorded the case of a mulatto, :J.O'Cd fortv-five 
whose brain weighed 68~ oz. ; he bad been a slave, and was neve1:' regarcie\.l a~ 
particularly intelligent; be was illiterate, but is said to have been rcsencd, medi
tative, and economical. Dr. Ensor, district medical officer at Port Elizabeth, 
reports that the brain of Carey, the Irish informer, weighed 61 oz. M. Nikiforoff 
has published an article on the subject of the weight of brains in the Novosti. 
According to him. the weight of the brain has no influenre whaternr on the 
mental faculties. It ought to be remembered that the s ignificance of the weight 
of the brain should depend upon the proportion it bears to the dimensions of the 
whole body and to the age of the individual. It is equally important to know 
what was the cause of death, for long illness or old age ex hausts the brain. To 
define the real degree of development of the brain it is therefore necessary to 
ban a knowledge of the condition of the whole body, and, us this is usually 
lacking, the mere record of weight possesses little s ignificance. 

The human brain is heavier than that of all the lower animals, excepting the 
elephant and whale. 'l'he brain of the former weighs from eight to ten pound.;;: 
and that of a whale1 in a specimen sc'i-·enty-five foet long, weighed rather more 
than five pounds. 

Cerebral Localization and Topography. - \\'ilhin the last few yea rs ph~·siological and 
patholo~ical re:-<ea~h h .. 1.\'C gone far to pro,·c. tha_t tJ1c. surface of the brai1! may be maJlpc<l. out 
mto series of dcfimte areas, ('ach one of which 18 mt1mateh• ron nctted with some well-defined 
function. And this is especially true with regard to the c01wol11tion~ on cith('r side of the fi.s
Bnre of Rolando, which arc believed hy most ph)·siolo~i s t c; of the present driy to be concerned 111 
motion, those p-rouped around the fis..,urc being a~:-;ociated with mo\·ements of tl~e extremities 
of the opposite !'ir!e of the body, and those around the lower end of the fissure bemtr related to 
mo\'rmcnts of the mouth and ton!!'ue. 

This is not the placc. nor can s pac~ be ~i,·en. to describe tl~esc localities. Bt~t tl10 two 
a('('(m1pafl\•in~ woodcut~ from FeJTier (FH?;S. 471, 472) ha.,·c been 111troducccl 1 and. will i-cr\'e to 
indirate the position of t hckC areas as for as they ha\'C been at present ascertamed. 

'J'hc relation of the principal fissures and convolutions of the cerebrum to the outer su rface 
of the SC'alp has heen the sul~jcct of much recent investigation, and many s.r&tems have been 
de\'iscrl by which one may localize the:sc parts from an examination of' the external surfac:e of' 
the hca<l 

1l'hese plans can onlv be regarded as app.roxiruatcly C?rrect for seYcral reasons: in the first 
plare, because the relations of the con\•olut10ns and su lc1 to the su rfac-e are fot!nd to be very 
rariable in different individuals; secondly, because the !:iurface area of the t-;Calp 1s greater than 

1:~~~~~~·1;~I;:~\·'.:l1i1~:~h.i~~"~~::;~]~!1~~i~~~~~;~~~~.:f 
1

~:~:'1~~~:::~i'~~~~~I~:!~::r~::f1~:i~~l·1i:·~~~ 
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~~~cf~\~~-s~~~;!~~1.\ :}~~u~.\~~~~cil1~ ~a~~, i~h~J~~ii 11 r~~~~Jn~:c:· :rt' :~1i~l ,~::~~ i:;~r~:F1tll:~ <~k1~j'J)~1t.~1;:~a~a11 I~· 
lbe ''anou:s landmarks on Lhe outsuJc ol the skull , which can be ca:sily folt 1 

and which ~n·e 

as indication~ of the position of the parts bcncath 1 have been already referred to I see page 222}, 
an<l the relation of' the fo.:.-.;urcs and convolutions to these landmarks is as follows: 

Longitudinal Fissure.- Tbis corre:-;poods to a line drawn from the ,elabclla at the root of 

the 
1Th: TI~~~r~~~~t'S'~1~~f~~fi~0~~~ti~~c~f the fi!"surc of f-iylvius and its horizon tal limb is 

marked by a line starting from a. point oue inch and a. quarter horizontally behind the cxtcni~ I 
anzular protc,.;s of the frontal bone to a {)Qint thrcc·quarters of an in('h below the mo.:;t 11rom1· 
nent point ot' lhc parietal eminence. The first threc41lrnrter:s of an inch will repm:;em the mnin 
fissure, the remai nder the hori zontal limb. The hif'urcation of the fi~:sure is1 therefore , two 
ind1es behind arnl about a cluarter of an inch al.IO\'e the level of the external anµ-ular proc:ess. 
The :t$CCndin£?; limb of the fissure pas~es UJ)\\'al'll from this point parallel to, and imme<liattly 
behind, the coronal soturl'. 

Fissure of Rolando.-To find the upper t'nd of the fo·~ure of Rolando, a measurement 
should be taken from the glabclla to the external (){·<'ipiuil 1wotuherance. The position of the 
top of the suleus will he, measurint?; from in front. 55.6 per rent. of the whole distance from the 
~labcll:t to the ('Xternal occipital protuberance. ProfC';.;~or Thane adopts a somewhat simpler 
l:nethod. lie divide:-; the distance from the u:labelh to the external oc<:ipital )Jrotuhcrancc over 
the top of the head into two equal parts, and, h •u•i n~ thus <lcfined the middle point of the ,·cr
tex, he takes half an inch behind it as the top of the> sulcus. This is not qmte so accurate as 
the former mcthod 1 but it is sufficiently 80 for all praNical 1rnrpo:o;cs. and on account of its sim· 
plirily i~ very. gencr~11ly adopted. Fr~m t_his poi11t .thc fi::sure r.nns downward and ~orward for 3~ 
mchc~. its axis makm~ an an.de of61° with the 1111cldlc hue. ln or<ler to mark this groove, two 

~~~·~\1: 1~1~.;:~i'~~~g~ay I~0tl~~J~!~~:~;;?;i~ 1~~~v ~11!:~~~~1'~11~~!~-~h~~~~i~~at1~~1t1~1~~e th~~~hc0jt~~~ti;n1 ~f 
~~~i~'~~'.i1l\~:nrc.~~e01'i~~ tl\1::ct\~1~11~nd07ti!~~}~~!11 ~·i:1° n~~:~k t~Ne 1!:1~~h Ef!~h:1ft~~:a~\'~orn~: \e.1i1.~;~ 
has <le,·i:-;cd an in4rmnent, called a cyrtoru etcr, which combines the sc:alc of measurements for 
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;cal~.1G.(f~·d.re·ations of the principal fissures nnd convolutions «f the cerebrum to the outer surface of the 

his .i ba/'ic-line" (that is, a line from the lowest part of ihc infra-orbital marg-in through the 
middle of the external auditory mcatt~S to the back of the hca<l) to the LOP of the cranium, one 
(DE, Fig. 476) from the depression 10 front of the external auditory mcatus, and the other 

~~~;ib~~·o,{ ~~~ ~~1~f~c~l~el' 1~h~tcl~~°:d ~f~~~-~i~e~1 fid~:-~t{~!<lo 1~~.0t~i~~t 4 ~1~ ) 1r~~1~ a 
1Ji~gl~~~I 1li~: 

~~~!h0~,1~)~f:r:1~r,:iJr~;;~:e~~';.,l~h~o ft~~~'~ntcrior perpendicular line where it is crossed by the 
The prairto-()('cipitolfi~sw·e on the upper surface of the cerebrum runs outw:lrd at right 

31l!!les to the great longitudinal fissure for about an inch, from a point one-fifth or an in<:h in 
front of the lambda (posterior fontanelle). Reid states that if the horizontal. limb of the fissure 
of Rylvius be continued onward to the sagittal suture. the last inc:h of this )me will indicate the 
positionof'thesulcus. 

'l'hep1·rcrntral .rnlcu.1~ lies in a line drawn \'ertically downward from the point of junction of 
the sagittal and corona.I sutmes. It begins four-fifths of an inch in front of the midd le of the 
fissure of Rolando, and extends nearly, but not quite1 to the horizontal limb of the fissure of 
Sykius. 

'J'he !i1tperim·f1·011tal.fi~s111 ·e runs backward from the supra-orbital notch, parallel with the 
line of the longitudinal fissure lO two-fifths of an inch iu front of the line indicating the position 
of thP fissure of Rolando. 

The inferiorfrontalfissure follows the course of the superior temporal ridge on the frontal 
bone. · 

The intrapnriPtal fi.~1mrc be~ins on a ]eye) with the junction of the middle and lower third 
of the fis.1ture of' Hofondo, on a. line carried across the head from lhe batk of dlC root of one 
nurit:le to th:tt of rhe other. After passing upward it cun·cs ba~kward, lying parallel to the 
lom~ituclinal fi&me, midway between it and the parietal eminence; it then cuncs downward to 
end midway between the posterior foutanelle and the J>(1rietal eminence. 

1 L«11cct, ml. i, 1888, p. 408. 
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THE CRANIAL NERVES. 
'l'hc cranial ncncs arise from 8nme part of the (·ercbro·spinal centre aml 

arc transmitted through foramina in the ba .. e of the cranium. They haYe been 
named numerically, according to the order in "hicb they pass through the dura 
mater lining the base of the :;kull. Other names arc also gi,·en to them, dt•riH'il 
from the parts to which they are distributed or from their functions. Taken iu 
their order, from before backward, they are as follows: 

1st. Olfactory. 7th. Facial (Portio dura). 
2<l. Optic. 8th. Auditor.I' ( Portio moll is). 
3d. ~lotor ocul i. 9th. Glosso-phary ngeal. 
4th. Pathetic. 10th. J>ncumogastr ic (Par ''agum). 
5th. 'J1rifo.cial (11 r igeminus) . 11 th. Spinal acce~sory. 
6th . Abducent. 12th. ll ypoglossal. 

All the crania l nerves a.re connected to some pa.rt of the surface of the brain. 
This is termed the ir superficial or apparent on:qhi. But thei r fibres may, in all 
ca~es, be traced deeply into the substance of the brai n to some special centre of 
gray rnalter. termed a nucleus. 11his is called their deep or real origin. 'l'hc 
nen-es, after emerging from the bra.in a.t their apparent origin, pass through 
foramina or tubular prolongations in the dura mater. leave the skull through 
foramina in its base, and pass to thei r final d istribution. 

First Nerve (Fig. 473, pa~c 783). 
'The First Cranial or Olfact ory Nerves, the spel'ial ncncs of the sense of smel1 , 

arc about twenty in number. 'l1hey arc g iven off from the under surface nf the 
olfactory bulb. an oval mass of a gra~·ish color, which rests on the cribriform 
plate of the cthmoi<l bone, and forms the anterior expanded extr('mity. of a slenckr 
process of brain.substance. named rhc o(factory trart (see page 783). 1J1he olfacto ry 
uact, when traced backward, divides into three slips or roots at its base. 'l'he 
middle root is attached to t he under su rface of the fro n tal lobe, just in fro nt of 
tbc> :interior perforated space. The cxtcr nn l root pa:.:ses outwa rd, round the 
antrrior perforated space, across the fis~rnre of ~ylvius to the temporo-sphenoidal 
Johe. 'rlie internal root pas~es inward, and joinR the lower end of the gyrufl. 
fornicatus. 

T'hc~c three roots unite and form a. flat hand. narrower in the mid<lle than 
at either extremity, and of a. somewhat pri~muid form on ::.ection. It is soft i11 
texture al](l contains a considerable amount of gray matter in its substance. A~ it 
pa ... :-;es forward it is contained in a deep sulcus, the o{f'actory sufrus, between t\HI 

convolution:>:, lying ou the under surface of the frontal lobe, on either side of tbe 
longitudinal fissure , arnl is retained in position by the arachnoid membrane. "hicb 
co,·ers it. On reaching the cribriform plate of the cthmoid bone it expanrls into 
the fJ?faC'lory bulh. From the under part of this bulb are giYen off the olfac:tury 
nen·es, which pass through the cribriform foramina. and are distributed to the 
mncous membrane of the nose. Each nene is surrounded by a. tubular prolonga
tinn from the clura n1ater and pia. mater: the former being lost on the pcriosteum 
lining the no:..c ; the latter, in the neuri lemma of the ncnc. 'J'hc nencs, as they 
enter the narcs, are di risib le into three grou ps : an inner group, larger than those 
f)Il the outer wall, spread out o,·er the upper t h ird of the septum; a middle set, 
confined to the roof of the nose : and an outer set, wh ich arc distributed over the 
~uperior and mi<l1llc turbinate( l bones and the surface of the cthmoid in front 
of them. As the filaments descend they unite iu a. plex ifo nn network, an<l a~«' 
believed bv m 1>st obKen·er::; to terminate in the l'l!l!.'f of Schultze. 

The oli"actory differ in structure from other nen:es in being composed excln· 
'-iYclv (,f non-me1l11llated fibres. They arc deficient in the "bite substance of 
~ch,~·an11 an1l c-ithist of axis·cylin<lcrs·. with a. 1fo;tinct nucleated ~heath, in \\hicb 
chcn' arc h11We\·er. fewer nuclei thau in onlinary non-mcdullated fibres. 
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S~gical An~tomy.-Tn se\Tere injuries _to the hca_cl the olfacto~y bulb_ may become sepa.
ra_tt>ll Ir.um the _oltadory ncn:es, thus producm!.! lo:-s of the sense ot :.mcllmg (anosmia), and 
with ~\11!) a c:o11s11lcral;~c loss m the ~~n~c of ta:-;te, as muth of the pcr!Cction of the sense of 
taste 1s due to th!.! sap1J subistances bemg also odorous and simultaneously exciting the sense of 
smell. 

Second Nerve (Fig. 4 77 ). 

'rhe Second or Optic Nerve, the special nene of the sense of siO'ht. is distributed 
exclusi\·cly t? the eyeball: 1'he nerves of opposite s ides a.re c~nncctcd together 
at the comm1ssurc, and from the back of the 
commi~i-ure they may Uc traced to tlte brain, 
under the name of the optic tracts . 

rl1l1e opli(' frm:t, at its connection with the 
brain, js divided into two bands. externa.I and 
internal. The e.rternal arises from the external geniculatc bo<l.v and from the under 
part of the pulvinar of the optic thalamus, and recei1·es most of the fibres of the brachium of 
the superior corpus quadrigeminum. The in
tenwl :irises from beneath the internal genic
ulate body, from which it deri\·es fibres, and 
joins with the other band to form the optic 
trnct. From this origin the tract winds ob
lic1uely across the surface of the crusta in the 
form of a flattened band, destitute of neuri
Jemm'l and attached to the crusta. by its an
tero--.;upcrior margin. It then assu1Iles a cyl
indrical form, and, as it passes forward. is trac~~1.G. 47i.- The left optic nerve ancl optic 
connected with the tuber cincreum and lam-
ina ciDerca. It finally joins with the tract of the opposite side to form the optic 
eummissure. 

The eonuni."frmre or chiasma, somewhat quadri latera l in form. rests upon the 
oµtic groove of the spbenoid bone, being bounded, above, b,v the lamina. cinerea; 

behind, by the tuber cinereum; on eitl1er side. by the 
anterior 1)crforatcd space. " 'ithin the commissut.'c tbe 
optic nerves of the two sides undergo a p:1rtial decus
Ration. The fibres which form the inner margin (in-

~ To.opticn~i>e frrior rommissun' of G-ud1len) of eac:h tract are con-

io .~;:;~;,~;~,:;~ff;:::: }:'.'.!i~~;rE~:::;c~~~~i~::t:~~'.:f~;1::1:~~~~r"~s:~-c (~~.~;i 
fibres are continued acroi:-!' the anterior bonier of the 

chia!'ma, arnl connect the optic nerves of the two sides. brn-ing no relation with 
t!Je optic tracts. 1 They may be regarded as C'ornmis~ural fibres between the two 
retinrc (inter-retinal .film•."f). The outer fibres of each tract arc continued into the 
optic nerve of the same side. ~rhc central fibres of each tract :ire tontinucd into 
the optic nerve of t l1 e opposite side, dccussating in the cornmissure with similar fibres of the oppoRitc tract.' 

'l'he optic nerves a.rise from the fore part of the commissure, and, divergi11g from 
one another, become rounded in form and firm in texture, and a.re enclosed jn a. 
sheath der ived from the arachnoid. As each nen'C passes through the correspond
ing optic foramen it receives a sheath from the dura. mater; and as it enters the 
orbit this sheath subd iYides into two !avers, one of which becomcr-; continuous with 
the periosteum of the orbit; the other" forms the proper sheath of the nerve aml 

1 The pre!'<'nC'C of these fibre!\ h:1s been doubted b.v some obs~rvers, but they ha,·e been recently 

;::::t:~:N;~;'.?f:f~'~~\:\,~b;~~~.~~,'!~~.7,1;~~,~;'~~~:':d~ ~'.,'°'"'found ;n 1hc Museum or the 
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surrounds it a~ far as rhe sclerotic. The ncnc pa~,e~ through the cavit.r of thl' 
orbit, 11i('rce-. the ;.;eJcrotic and choroid coats at the hack p:t!·t of ihc eycbaJI, a Iii tie 
to the na"-al :-.idc of its centre, and cxpan(lR into the retina. Arnold de~cribt.·~ a 
communieatinn between the optic nene in the orbit and the ascending branchts 
of ~Ictkcl\ ganglion. ..:\.::-mall artery. the arteria nntntlis retim1•, perforates tlu.• 
optic ncnc a little .~chind the globe, anti runs along its interior in a tubular canal 
of fibrous ti~:o<.uc. lt supplies the inn~r surface of the retina. :rn<l i!" accompanied 
by conc.spon<ling ,·cins. 

Surgical Anatomy .-The optic ner\'e is peculiarly liable to hcc:ome tlrn scat of ncnritis or 
un lcrg-o atrtl!)hy in affel'lions of the central ncrrnw;; i;y~tem. and, as a rule, the patholo.l!ital 

~£:\'.~i!~:;~~i~'.~~!i~~~~1:1 "~f i~,l~:~~h :~~~~;~~~~~:~10i,\;;r,~i~,:·!~,~,~~\~~:;i::<lc1~ /;%;~~~i;i~!' ~:\~:\~\f j 
development (!'ce Jla.!rC 123) and from its structure the optic n('ne must be regarded as a 11!0!011/!a· 

w~~~ ~t: 11~a~1~'\i;l;~~~t,~~~~f;e~~h~e&o~~~~l1!8tl~ :~~r~~:.~1~~;1{~1~~!~~b;.~l1~~~~:~1~;:~~c11(;)l ~~~~~J~1f·~: 
the 11ia mater, an intermediate sheath from the ar:u:hnoid, and rm outer i.heath from the dura 
mater, whid1 is also conne<·ted with the periosteum as it pa&ses throuL!h the optic foranu.>n. 
These sheaths are separated from each other by spaces which l'Ommtmicatc with the i:;ubdur:1l anrl 
snbarachnoid spal'e::. rcsrcctively. The innermost or perincural 1-iheath semis a proee around 
the arteria centralis retrnre into the interior of the ncrn~. and cntl'rs intimately into the Hmt·· 

~~~~r~f ~\~~~~~}~~~s J!11~~ ~1:::1~~~~~i' 0~~~1~:~~1~1~! i1~t~~~i~\1!\1 ~~1~~cti~.~l~i~~:~lt1 ~h~ r,~:~~~~· 
The coun;e of die fibres in the optic commi:-surc has an important pathological hearinu:. and 

has been the i:;ubjetr of much eomro\·e~y. :.\licrosC'opK- examination, experiments. and patholo.zy 

N11e8~~,1~rct~)~1~cili~1~J1~Jf 11,}r~~!l~te~~~~r~oi~1~f~J1t!a!i~h~u~;:~~0~,~~1\~: ~l~~e:t:ri~tc~~a\f~tf ~~~1; 1~~~~~ 
aml the lcfl tratt the lcfL half of each eye. .\t the same time, Charcot believes-and hiis Ylew 
ha::. met with ~cneral acccptation-thaL the fibres which do not cleeu~:tte at the optic C'Ommiis· 
sure have aln-ady decu:-;.;ated in 1he corpora quadriu:emina, so that lesion of the cerebral centre 
of one :side l':lll~f"~ complt'le blinrlness of the opposite ('.\'C, becau~e both sets of decuS&1ting- fibre" 
are clc~troyed. Wherea.s !'hould one tract-say the riu:ht-be debtroyed by disease, there will he 
blirnlnc:ss of the ri!:!;ht half of bmh retinre. 

_\n :mtero-posterior 5eetion throuc:h the commi~sure woul<l cli\'i(}e tlrn decussating fihre .... , 
an<l would tlwrefore produce blindness of the inner half of cat'h e.re; while a section at the 
mar~in of the sitle of the optic commissure would produce blindne!"S of' the external half of the 
reti11a of' the same side. 

The opLic nerve nrny al:;o be affected in injuries or di::;eru;es i11"oh-in~ tl1e orbit, in fractures 
of the anterior fo~:'a of' the base of die skull, in tumor:; of the orbit it:scli'. or Lhose inrnding this 
cm·ity from neiu:hboring part:s. 

Third Nerve (Fig•. 38+. HD, +RO. 481. +81>). 

The Third or Motor Oculi Nerve supplies all the muscles of the orbit. except 
the Superior oblique an<l External rectus; it al~o sends motor filaments to the iris 
an<l rhe ciliary mu:.cle. It is a. rather large nerre, of rounded form and fin~ 
texture. Its apparent origin is from the mner surface of the crus cerelm. 
immediately in front of the pons Yarolii. 

cru~rt~c :1:'1~;~t:~:~ 1~it:~~~-~<lh~1~1:i~~~1:h;;~l~~~1f t:~~e 1 ~·~~~i~~g~~·n~0~~e~e~1~~~tucmff~!rt~; 
the a.1pie1lu1:t of 8yh·ius. On emerging from the hrain tbe nen·e i:. invc:-;ted with 
a. sheath of pia. mater, and enclosed in a. prolongation from the arachnoid. It 
then pierces the dura. mater in front of and external to the posterior clinoid pro
ces,.;, pa:-sing between the two proces!';eS from the free and attached bonlcrs of the 
tcntorium, which arc prolonged forward to be connected with the anterior an1l 
posterior c:linoi1l JH'Occsscs of the sphcnoid ?one. lt pasReR along the outer wall 
of the ra,·ernnus Hinus. abo,·e the vtlier orbital nenes, rccci,·ing in its course one 
or two filaments from the ca,·ernous plexus of the Ryrnpathetic and from the oph
thalmic ili,·ision of the fifth ncne. lt then di,·idcs into two branches, wbil'h 
enter the nrbit through the sphcnoidal fi.8:--ure between the two heads of the 
External rettus mu!".tlc. On pas:-ing thron:th the fis!Surc the ncn-e is placed bl' low 
the fourth anil the frontal and lachr.nnal branl'hes of the ophthalmic nene. and 
has pas..;ing between its two di\'i:.;ions the na:oal ncne. 
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T?e supa~<1r d~'i•ision, the smaller, passes inward over the optic nerrn. an1l 
supplies the t'uperior rcctus and Levator palpcbr::e. lt occasionally communi-
cates with the ganglioni c branch of the nasal ncne. .. 

The h~fi!riro: dil•ision. the larger. <lirides into three branches. One passes 
beneath th? optic ncn·c to the Internal rectus: another. to the Inferior rcctus; 
and the tlmd, the largest of the three, pass.es forward between the Inferior and 

External recti to the Infonor oblique. }"'rom thiH latter a ~hort, thick branch is 
given off to the lower part of the lenticular ganftlion, "liid1 form8 its inferior 
root. It also givc8 off one or two filaments to the Inferior rectus. All these 
branches enter the muscles 011 their ocular surface, except that to the Inferior 
oLlique, which enter:;; its po:sterior Lordcr. 

Surgical Anatomy .-Paralysis of the third nene may be the result of many raus<'s: as 
ecrchral disea!;e; c:onditions causing pressure on the cavernous smus; periostitis of the bones 
entering into the formation of the sphenoidal fissure. It results, when complete, in (1) ptosis, 
or drooping of die upper eyelid , in consequence of the J ... cv:ltor palpebrro being paralyzed i (2) 
external strabismus1 on account of the unopposed action oi' the External rectus muscle, which 

~e~outs:l~l'i~li:J~hi~-t~~e ~G:~~ ~1rtJ~~ ~~i: a!~ ;~~~·a\~-~~~i'~rf.i:i~l~t~~~I bo\:Jrd~ft~~~~1:n:·o~~~i~1~,P~~ 
the sphincter pupilh:c, the ci liary mu8Cle, an<l the internal rectus arc paralyzed; (5) ~light 
prommcnce of the eyeball, from the compre~in~ action of the Superior oblique, which 1s not 
~ralyzed. Oc·ca. .. ionally paralysis may atf~cL 011\y a part ol' the uen•c; lhat is to say, there may 

ne~t~1~:~~~~~11~11~;.~~ 1<l~lr~1~1c ~~do~!~~: oF~\~~· 1~~·~~1J;t~~!~i11 1\i~~ b~ i~\h~l~t~~~i;er:~i!;ti~\1~t~r~!~i 
strabismus from spasm of the Internal rectus; a<.i:ommodallon for ucar ohjccti'i only from spa~m 
of the ci\iary nrnsde. or myosi~, cont raction of the pupil, from irritation of the i-phirn::ter of the 
pupil. 
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Fourth Nerve (Figs. 3S~, -!ifl, -!8ti). 

The Fourth or Trochlear Nerve ( patltl'fi1·), the ~malle ..... t of the cranial IH'n'C'~. 
supplies the t-'uperior oblique muscle. Its ap1>armt ot1f;in is bl'liiml the corpora 
quailrigl'mina, from the_ valrn of Yicussens, in thr uppC'r ~urfacc of which tla• 
two uen-es dccussatc. Its deep oriyin may be tracc1l to the nucleus in the lloor 
of the aqueduct of ~~-Ivius immetliatel,Y below that of the tbirll ncnc. with \\hicL 
it is continuous. ...\_ftcr emergence from the surface of the rah·c of Yieu:si;cn8, 

Fm. lhO.-Plan of the motor oculi nC'rvc. (After 1~1ower.) 

the ncn•c winds across the superior peduncle of the cerebellum and round the 
crusta of the mid-brain, immediately aborc the pons Vurolii, pierces the dura 

in the free hor<lcr of the tcntorium ccrcbclli juEt behind, and external 
to, posterior clinoid process, and passes forward in the outer wall of the cav
ernous sinus, between the thinl ncn'C and the ophthalmic division of the fifth. 
[t then cros:-\cs the thirti ucrve. and enters the orbit through the sphcnoidal fissure. 
It now lies at the inner extremity of the fi~sure int~rn:il to the frontal ncrre. Tn 
the orbit it pa$~es inward a.bo\·e the origin of the Lcn1tor palpcbrm, and finally 
enters the orbital surface of tbe Superior ohliquc mu~clc. 

In tLe outer wall of the cavernous sinus this nen·c rccei,·es some filaments 
from the ophthalmic divis ion of the fifth as well as from the ca,·er11ous plexu!-' or 
the sympathetic, and gi,·es off a recurrent branch 1 \\ l1ich p:is~cs hackwanl betw(·t•n 
the laycra of the tentorium, <liYiding into two or three fil:iments which may ln1 

traced aR for ba"k as the wall of the late ral Rinus. In the sphenoiclal fis~ur<• 
it occasionally gives off a branch to a~sist in the formation of the lachrymal 
nerve. 

Surgical Anatomy .-The fourth nerve when paralyzed causes loss of function in the 
Rupcrior oblique, so that the patient is unable to turn his eye downward and outward. Should 
the patient attempt to do this, the eye on the affected side is twisLCd inward, producing diplopia 

ft1~~lfui~ 1~i~~l\~;~ss ~~h~~c~~~~~' ~to~~~a~il ltl~~~ i~1d~s~~nd1~P~~;:;;,f'o\~:l~gdi~~~h~v~~c~b/~~i~i~t'~ 
induced by the patient looking at his steps while descending. 

Fifth Nerve. 

The Fifth or Trifacial Nerve (trigeminus) is the largest cranial nerve. It 
resembles a spinal nen·e (1) in arising bv two roots; (2) in having a. gan~lion 
den~lopec~ on its posterior root; and (3) in its function, since it is a compound 
nene. It is the great sensory nene of the head and face arnl the motor nen·e 
of the musclci; of mastication . Its upper two didsions arc entirely scnsor,v; the 
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third cliYision is partly sensory and partly motor. It arises by two roots: of these 
the anterior is the sma.ller, and is the motor root; the posterior, the larger and 
sensory. Its supeijicial·origin is from the side of the pons Varolii, nearer to the 
upper than the lower border. Th e smaller root consists of three or four bundles; 
the larger root consists of numerous bundles of fibres, varyi ng in number from 
se\•ent.r to a hundred. The two roots are separated from onC another by a few of 

~~efr~~~111!\':~~~c:~ 1~~s t~fe t~:n~,0j:~t ~~fo~vd:I~~ ~:~~.h~n°J J~:t 1 ~~~:1~.n~11; ~~n~~? ~-~~~ 
gin of the upper half of the fo urth rnntricle. The deep or(qin of the smaller or 
motor root is from a nucleus internal to the sensory root, and just externa l to the 
faseiculus tercs on the upper half of the floor of the fourth ,·entricle. 'J'h e t11·0 
roots of the ncn·e pass forward through an oval opening (c<wmn Neckelii) in the 
dura. mater,, on the sup~rior border of the pctrous portion of the temporal bone, 
above the internal auditory meatus: thes then run between the bone and the 
dura mnter to the apex of the petrous portion of the temporal bone, where the 
fibres of the sensory root form a large, semilu nar ganglion (Oasseriall), ,\bile the 
motor root passes beneath the ganglion without having an.v connection with it. 
and joins outside the cranium with one of the trunks derircd from it. 

1'he Gasserian or semilunar ganglion 1 is lodged in a depres:;:.ion near the apex 
of the petrous portion of the temporal bone. 1t is of somewhnt crescentic form, 
with its com·exity turned forward. Its upper surface is intimately adherent to 
the dura mater. Besides the small or motor root, the large superficial petrosal 
nerve lies underneath the ganglion. 

Branches of Uommunication.-Tbis ganglion receives, on its inner side, fila
ments from the carotid plexus of the sympathetic. Branches of Distribution.-It 
gi,·es off minute branches to the tentorium cerebelli and the dura mater in the 
middle Iossa oi the cranium. From its anterior bo1·der, which is directed forward 
and outward, three large branches proceed-the ophthalmic, .~uperior maxillmy, 
and inferior •maxillary. 'l'he ophthalmic and su perior maxillary consist exclu
sively of fibres deri\'ed from the larger root and gangli on, and a,re solely nerves 
of common sensat ion. 'l'he third division, or inferior maxillary, is joined outside 
the cran ium by the motor root. 'l1 his. therefore, strictly speaking. is the only 
portion of the fifth nerve which can be said to resemble a spinal nen ·e. 

Ophthalmic Nerve (Figs. 38-l, -179, 481, -182, -186). 

'l'he Ophthalmic, or first di,·ision of the fifth , is a sensory nerve. It supplies 
the eyeball , the lachrymal gland, the mucous lining of the eye and nasal fossre, 
and the integument of the e.yebrow, forehead, and nose. It is the small est of 
the three diviRions of the fifth, arising from the upper part of the G-asseriau 
ganglion. ~t is a short, fla ttened band, about .an inch in length, which passes 
forward along the outer wall of the cavernous srnus. below the other nenes, and 
just before entering the orbit, through the spheuoidal fissure, di\'ides into three 
branches-lacltrymal,frontal, and nasal. 

Branches of Oomm.unication.-'.I'he ophth almic nerve is joined by filaments 
from th e cavernous plexus of the sympathetic, communicates with the third and 
sixth nerves, and is not unfrequently j oin ed with the fourth. 

Branches of JJistribution .-It gives off recurrent filaments (nenii tentorii) 
which pass between the layers of the tentorium aloug with a branch from the 
fourth nerve, an<l then <livides into 

Lachrymal. Frontal. Nasal. 
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'l'hc Lachrymal i' the smallest of the three branches of the ophthalmic. Xot 
unfrequcntl,v it ari:-;e~ by two filaments. one from the ophthalmic. the other fr11m 
the fourth. It pa~~es forwanl in a separa.te tube of <lura mater an<l enters the 

Fro. 481.-Xerves of the orbit and ophthalmic ~anttlion. 

orbit through the narrowest part of the sphenoidal fi~!'iure . In the orbit it runs 
along the upper border of the External rectus muscle with the lachrymal artery. 
and ~crnl~ off a. recurrent branch which joins the orbital branch of the superior 
maxilla.r.v nerYC, and occasionall.v takes the place of the temporal branch of this 
nen·c. which is then ab~ent. Within the lachrymal gland it gives off sevcrai 
filaments, which supply the gland and the conjunctirn. Finally, it pierces the 
tar:;al ligaments. and terminates in the integument of the upper eyelid, joining 
with filament~ of the faci3l nene. 

The Fronta.1 is the large:it di,·ision of the ophthalmic, anti may be regarded. 
both from its size llll(l direction, as the continuation of the nerve. It enter~ the 
orbit aborn the muscles through the highc!'t and broadest part of the sphenoidal 
fissure, and rnus forward along the middle line, between the Lerntor palpebrre 
an<l the periostcum. ~Iidwa.Y between the apex and base of the orbit it dirides 
into two branches, supratrochlear and supra-orbital. 

'rhe sup1·atrochlear b1·anch, the ~mailer of the two, pa~~es inward aboYe the 
pulley of the Ruperior oblique mu$clc. and gi,·e~ off a cle~cencling filament, which 
join~ with the infratrocblear branch of the na~al nene. I t then c~capes from the 
orbit between the pulley of the Superior oblique and the supra-orbital foramen, 
cun·es up on to the forehead close to the bone, and ascends beneath the C0rrugator 
supercilii and Occipito-frontalis muscles, and supplies the integument of the lower 
part of the forehead on either side of the middle line. 

The rmpra-orbitrtl branch passes forward thrnugh the supra-orbital foramen. 
and gi,·es off, in this situation, palpebra l filaments to the upper eyelid. It then 
ascends upon the forehead, and terminates in cutaneous and pericranial branc:ht's. 
The cuta11eow1 branches, two in number, an inner an<l an outer, isupply the 
integument of the cranium as far hac:k as the occ:iput. 'J'hey are at first situated 
bcnt·ath the Occipito-frontalis, the inner branch perforating the frontal portion of 
the musde, the outer branch its ten<linous aponcuro~is. The perfrrrmial brmu·lws 
are tli!"trihutetl to the pericranium OYCr the frontal a111l parietal bones. 

The Nasal nerve i~ intermediate in ~ize bet\\ CCU the frontal and lachnmal, and 
more deeply placed than the other branches of the ophthalmic. It enters the orbit 
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between the two heads of the External rectus, anti between the two divisions of 
the third nerve, and passes oblhtuely inward across the optic nerve, beneath the 
~uperi?r oblique and ~t.1perior r~ctus muscles, to the inner wall of the orbit, 
where it l'nters the anterior ethmol(.lal foramcn. It then enters the ca,·ity of the 
cranium, traverses a shallow gro~,·c on the cribriform plate of the ctbmOi<l bone, 
and pa~ses _clown, ~hrough the slit by t_he side of the crista galli, into the nose, 
where 1t gives oft t\\O branches, an mtenrnl and an external. 'l'hc internal 
branch supplies the mucous membrane near the fore part of the septum of the 
nose. ri1Jie e.1·ternal braneh supplies a few filaments to the mucous membrane 
coYering the fore part of the outer wall of the narcs as far as the inferior sponO'y 
bone. 'l1l1e n~t'\'C then descends in a groom on the back of the nasal bone a~d 
lca,·es the cav1t,r of the nose, between the lower border of the nasal bone an<l the 
upper lateral cart ilage of the nose, and. passing <lown beneath the Compressor 
nasi, supplies the integu ment of the ala and the tip of the nose, joining with the 
facial nerve. 

'l'he branches of the n:1sal nerve are the ganglionic, ciliaty; and infratroch
lrar. 

The .'Jll1l[/lionil• is a slender branch, about half an inch in length, which usually 
arises from the nasal, between the two hearls of the External rectus. It passes 
forward on the outer side of the optic nene, and enters the superior and posterior 
angle of the ciliary ganglion, forming its superior or long root. It is sometimes 
joined b,,. a filament from the ca,·ernous plexus of the sympathetic or from the 
superior dil·ision of the third nerrn. 

The lung ciliary nen•es, two or three in number, arc gi,·en off from the nasal 
as it crosses the optic nel'\'e. They join the short ciliary nen·es from the ci liary 
ganglion, pierce the posterior part of the sclerotic, and, running forward between 
it and the choroid, are distributed to the cil iary muscles, irh.;, and cornea. 

The infratroehlear branch is gi,,en off just before the nasal nen·e passes· 
through the anterior ethmoidal foramen. It runs forward along the upper border 
of the Internal rectus, and is joined, beneath the pulley of the Superior oblique, 
by a filament from t!Je supratrochlear nerve. It then passes to the inner angle 
of the eye, and suppli es the integument of the eyelid s and side of tho nose, the 
conjunctirn, lachrymal sac, and caruncula lachrymalis. 

Ophthalmic Ganglion (Figs. 481, 482). 

Connected with the three divisions of the fifth ncne are four sma ll ganglia. 
With the first dirision is connected the ophthalmic ganglion; with the second 
dil•ision, the splieno-palatine or .Meckel"s ganglion: and with the third. the otic 
and submaxillary ganglia. All the four receive sensory filaments from the fifth, 
and motor and sympathetic filaments from various sources; these filaments are 
called the ?"oots of the .ganglia. 

The Ophthalmic, Lenticular, or Ciliary Ganglion is a small, quadrangular, 
flattened !(anglion, of a reddish-gray color, and about the size of a pin"s head, 
situated at the back part of the orbit between the opt1e nerve and the External 
rcctus muscle, lyinR generally on the outer s ide ~f th? oph.thalm1 e arter;r.. It 1s 
enclosed in a quantity of loose fat, which makes its d1ssccfion s?mc~rhat d1fficu~t. 

Its bmnrhes of commnnication, or ?·oots, a.re three. all of which enter its 
posterior border. ·One, the long or sensory root, is cleri rc<l from the nasal branch 

~!0~~~s 0~~~~~~~~~ii~~dnjc~·i;:, ~:~a~\1g:~i?;· ~i~,7:1~·d i~'~c t~~z~:~!:t;,h~ h8i~r~s0d~~~;cl 
from the Lranch of the third ner\'e to the Inferior obli11ue muscle, anll is connected 
with the inferior angle of the ganglion. The third, the s_.vm p~tt~c~ic root, is a. 
slender filament from the ca,·ernous plexus of the sympathetic. 1 h1~ is frequently 
blended with the long root, though it sometimes passes to th~ gan~l10~ sc1~arately. 
According to rricdemann. this gangl ion recei\·cs a. filament of commurnca.t10n from 
the sphcno-palatine ganglion. 
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FIG. lb:?.-Plnn of the fifth crnniul nern!. (.\ftcr Flow<:r.J 

It~ /Jf'(tn1·hes of dixtril1ution arc tbc short ciliary nerves. These are delicate 
filamenhi, from si~ to ten in number. "hich arise fro1;1 the fore part of the ganglion 
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in two bundles, connected with its superior and inferior angles; the lower bundle 
is the larger. They run forward with the ciliary arteries in a wa"y course, one 
set abo,·e and the other below the optic nene, and are joined by the long ci liary 
nerves from th_e nasal. They pierce the sclerotic at the back part of the globe, pass 
forward . 1~ delicate groo,·~s. on its mner surfa~e, and a.re distributed to the ci liary 
muscle, ms, and cornea. Tiedemann has descnbed one small branch as penetratinu 
the optic nerve with the a rteria centralis retinre. 

0 

Superior Maxillary Nerve (F ig. 483). 

The Superior Maxillary, or second di,·ision of the fifth, is a sensory nerve. I t 
is intermediate, both in position and size, between the ophtha.lmic and inferi or 
max ~ll ary . It commences at the middl e of the Gasscrian gangli on as a flattened 
plex1form ba.nd, and paS$CS forward through the foramen rotundum, where it 
becomes more cylincll'ical in form and firm er in texture. I t then crosses the 
spheno-maxillary fossa 1 enters the orbi t through the spheno-ma.x illary fi ssu re, 
tra,'erses the infra-orbital cana l in the fl oor of the orbit, and appears upon the face 
at the infra-orbital foramen. 1 At its termination the nerve li es beneath the 
Levator bbii superioris muscie, and divides into a leash of branches, which spread 
out upon the side of the nose, the lower eyelid, and upper li p, joining with filaments 
of the facial nerve. 

Branr•ltes qf Distribution .-Tbe branches of this nen·e may be di,·ided into four 
groups: 1 . Those gi,·en off in the cranium. 2. Those g iYen off in the spheno
maxillary fossa. 3. Those in the infra-orbital canal. ..J. . Those on the face. 

In the cranium . . . Meningeal. 

{ 

Orbital or temporo-malar. 
Spbcuo-maxillary fossa Spheno-palatine. 

Posterior superior dental. 
I f b. 1 1 { Miclcllc su perior dental. 

0 ra-or ita cana Anterior superior dental. 

{ 

Pa lpcbral. 
On the face Nasal. 

Labial. 

The meningeal branch is given off direct ly afte r its origi n from the Gasserian 
ganglion, anrl supplies the dura. mater, communicating with a meningeal branch 
from the inferior maxillary nen-e. 

rrhe orbital or temporo-malar branch arises in the spheuo-max illary fossa, 
enters the orbit by the spbeno-maxillary fissure. an<l divides at the back of that 
cavity into two branches, temporal and malar. 

rfhe temporal bnmrh runs in a groo,'e alon~ th_e outer wall of the orbit (in the 
malar bone), receives a branch of commun1cat1on from the lachrymal, and, 

~:::~~~ ~h~~~~e~~ ~h!o~ao~:na~~ ~~~s:~:;· :t~b~ ~fi!:·~1o~~f 1~~:~~~~~a:)i~~~~~- th{! 
muscle and the temporal fascia about an inch :~hove.the zygoma, and is disti:ibu~ed 
to the integument co,·eri ng the temple and sHle nf .'h.c .forehea~l, commumcatmg 
with the facial and auriculo-tcmporal branch of the rnfcrwr ~axil l ary nerve. As 
it pierce:s the tem poral fascia it g i,·es off a slender t~v i g, which runs between the 
two layers of the fascia. to the outer angle of th e orbit. 

r11he 11wlar {mrnrh passes along the externa l inforiorangle of th~ Ol'bit, cmm:ges 
upon the face Lhrnugh a foramcn in the mal:ir bone, and .. perforatrng the Orb1cu
lariR palpebrarum muscle, supp l ie~ .the s.k in on tl~c yrommcnce of the check, an1l 
is named ,rmbl'utaneu.s mala•. It JOIDS with the fa.crnl and the palpcbral branches 
of the superior maxi ll ar.'·· . 

The spheno·pa.latine branches, two in number, descen<l to the sphcno-pala.tme 

ganglion. 

1 After it enters the infra·orbital canal, thencrl"e is frequently called the i1ifm-orb1tw.. 

" 
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Th<.' posterior superior denta.l branches ari~c from the trnnk of the nenC' ju)',t 
as it i:-; about to enter the infra.·orbital canal; they arc gcncrall_y two in numlwr. 

F1<;. ll'J.-Di:.lributlonofthesecondandlhirddi\'lsionsoflhctlfthncrvcnndsubmuxillarygnnglion 

but sometimes arise by a single trunk, and imm ediately divide and pass <lownwanl 
on the tubcrosity of the superior maxillary bone. They girn off se,·eral twigs .to 
the gums and neighboring parts of the mucous membrane of the cheek (wperz~r 
yin,qil'fll brwu·ltes). They then enter the posterior dental canals on the zygomat1r 
surface of the superior maxillary bone, and, passing from behind forward in the 
~ubstance of the bone, communicate with the middle dental nerve, and give off 
branches to the lining membrane of the antrnm and three lwigs to each of the 
molar teeth. These twigs enter the foramina. at the apices of the fangs and 
suppl.I" the pulp. 

'rhc middle superior dental branch is given off from the superior maxillary nen•r 
in the back part of the infra-orbital canal, and runs do,\nwanl and forward in a 
specinl canal in the outer wall of the antrum to supply the two bicuspid teeth. Tt 
communicate::; with the posterior and anterior <lental branches. At its point of 
communication with the posterior branch is a slig ht thickening which has recei,·ed 
the name of the .r;auglion of Valentin; and at its point of communication with the 
anterior bnrnch is a second enlargement, which is ca ll c<l the ganglion of B ochdalek. 
:Neither of these is probably a true gangl ion . 

~l1he anterior superior dental branch, of large Rizc, is given off from the supe
rior maxillar.v nen·e just before its exit from the infra-orbital foramen; it enters a 
special canal in the anterior wall of the antrum, and, coursing from before back
ward. di,·i<le~ into a series of branches \\ hic:h supply the incisor and canine teeth. 
It communicates \\itb the middle dental branch, and gives off a nasal branch, which 
pa~~(·:; through a minute canal into the nasal fossa, an<l Ruppl ies the mucous mem-
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bra nc of th e fore pa.r t of the in terio r meatus and th e fl oor of th is ca,·itY, communi· 
catiug with the naso-pa lati ne nen e from M eckel's ga ng lion . · 

Fm.1~ 1.-Thespheno-pal at i nega nglionand i t s brunches. 

The palpebra.l branches pass upward beneath the Orbiculari s pa lpebrarum. 
They supply the in tegumen t and conjuncti va of th e lowe r eyelid wi th sensati on, 
joining a.t the oute r ang le of the orbi t wi th the fa cial nc1Te and malar branch of 
the orbi tal. 

The nasal branches pass inward: th ey supply the in tegum ent of the side of 
the nose and join wi th the nasal branch of th e ophthalmic. 

The labial branches, the la rgest and most num erous, descend beneath the 
Lerntor la.bii superioris, and a re distributed to th e in tegum en t of the upper li p1 

the mucous membrane of the mouth, and labial glands. 
All these branches are j oined, im mediately beneath the orb it, by fil aments from 

the facia l nerve, fo rming an in t ri cate plex us, the infra-orbital. 

Spheno-palatine Ganglion (F ig. 484). 

Th e spheno-palatine ganglion (i1Ieckel's), the largest of the cran ia l ga ngli a, is 
deeply placed in the sph eno-max illary fossa, close to th e spbeno-pala tine fo ramen. 
I t is triang ula r or hear t-sha ped, of a reddish-gray color, and is situated j ust below 

• the superior m:i.x ill ary nerve as it crosses the fossa . 
I ts B ranches of Uomm unication.-Like t he other ganglia of the fi fth nerve, i t 

possesses a motor, a sensory, and a sympathetic root . Its sensory 1·oot is de ri ved 
from the supe ri or max il lary ne rve throug h its two sph cno-pa la.tine branches. 'Th ese 
branches of t he ne r ve, g iven off in the spheno-max iJlary fossa, descend to the 
gang li on . Their fibres, fo r the most pa rt, pass in fron t of the gang li on, as th ey 
proceed to th eir d es ti nati on, in th e pa late an d nasal fossa, and arc n ot incorpora ted 
in the g angli onic mass; some few of the fi bres, however, enter the ganglion , 
const it ut ing its sensory root. I ts motor root is clcri\·ed from the facial nenre 
ihrnugh t he la rge ~u pe rfi ci a1 petrosa] nene, and its sympathetic 1·oot from the 
c:trot id plexus, t hroug h t he la rge deep petrosal ner ve. T hese two ncn-c~jo i n together 
to fo rm a si ng le ner ve, the 1"'idian, before their en trance into the gang lion . 
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The la rye supaffrial pelrosnl brmwh (nt'rt'll8 pffrMmR lJ,Uj>t rJirialis maJnr) •~ 
ginm off from the intume...;centia ganglioformis in the aqncductus Fallopii; it 
p:t""Cs through the biarns Fallopii: e~Hers the cranial ca,·ity. and ru!1s fonrn.r1l 
<:nntaine1l in a "roo,·e on the anterior surface of the petrouR portwn nf the 
temporal bone. l~inrr beneath the dura mater and the lia~!'erian gan::dion. 1t 
then enters the fibr~us substance which fills in the foramcn Jacernm medium ba~i.; 
cranii. and. joining with the large deep petro~al branch, _forms t~1e ~~i<lian ~terni. 

'l'hc lw·ye det'}J petrosal bnrneh (nervlls petr~sus pn~fundus) 1s give~ ofl from 
the carotid plexu~, and runs through the carotid canal on the outer ~1de of the 
internal caroti1l arten~. It then enters the fibrous sub . ..;tance which fill~ in the 
f0ramen laccrnm medium, and joins with the 1arge superficial petrosa1 nenc to 
form the Yidian. 

rrhe rirlirm nervl'. thus formed, passes forward through the Yi<lian canal 
with the arterr of the same name, recei\'es the spheuoidal filament from the otic 
g:anµ;lion, a1ul: entering the sphcno-maxillary fossa 1 joins the posterior angle of 
~leckcl's ganglion. 

It~ Branches of Distribution.-Tbese are cliYisible into four groups: ascendrn!f. 
which pass to the orbit: der<cending, to the palate; internal, to the nose. anll 
posterior branches, to the pharynx and nasal fo~S<-{!. . 

'l'be a3cewli11g branches are two or three delicate filaments which enter the 
orbit by the spheno-maxi1lary fissure and supply the pcrio:;teum. Arnold descrihes 
and delineates these branches as ascending to the optic ncne. Bock describe!" a 

~.1~~:~~~:~0~o~n~0~>~~:i~~;·i~~l~t~.~!~~u~0t~h:o~;~~bn~f~~~ ;·~~hgl~~=- sixth nene. and 

The chsecnding or palatine branches are distributed to the roof of the mouth. 
the soft palate. tonsil. and lining membrane of the no:se. They are almost a direct 
cominuation of the spheno-palatine branches of the superior maxillary nene. and 
are three in number-anterior, middle. and posterior. 

The anterior or large palatine nerre descends throup:h the posterior palatine 
canal. emerge:-\ upon the hard palate at the posterior palatine foramen, and pai-:-es 
forward through a groo\·e in the hard palate nearly as far as the incisor teeth. It 
supplies the gums. the mucous membrane and glands of the hard palate, and 
communicntes in from with the termination of the naso-palatine nene. "'bile in 
the posterior palatine canal it gi\'eS off inferior nmml lirm1d1ex. which enter tLe 
nose thrcn1gh openings in the palate bone, and rami~,. oYer the middle meatu~ antl 
the middle an!l inferior spongy bones; and. at its exit from the canal a palatine 
branch is di,trihuted to both surfaces of the ~oft palate. 

The middle or e.rternol prrlatine nen•t• de:;cends through one of the acce!"~ury 
palatine canal~. di~tributing branches to the urnla. tonsil. and i:;oft palate. Ir j:-; 
occa~ionally wanting. 

The postairir or :wwll palatine nen·e de~cends with a i-;mall artery through the 
~mall posterior palatine canal. emerging b~; a ~eparate opening behind the posterior 
palatine foramen . !t supplies the Lerntor palati and Azygo.s nrnhe mu:-Jcle!". th~ 
~oft palate. ron:'.il. and uvula. The middle and posterior palatine join with the 
tonsillar brnncheo of the glosso-pharyngeal to form the plexus around the tonsil 
(1·ir1·1tlus ton~illarix) . 

The internal brrmchcs arc distributed to the septum and outer wall of the na,al 
fos~rc. They are the superior na~al (anterior) and the naso-palatine. 

'l'he superior nasal hranf'he.~ (anterior), four or fi\·e in number, enter 
the back pnrt of the nasal fossa by the spbeno-pnlatine foramen. They 
supply the mucous rnernbrnne co,"ering the superior and middle spongy bone~. 
all(l that lining the posterior ctbmoi<lal cell~. a. few being prolonged to che 
upper and hack part of the septum. One branch is continued on to the inner 
~urfoce of the anterior wall of the antrum, and there forms a communication 
with the anterior dental nene. .\.t the point of communication a swelling 
exi~t:-:.. 1lenominaterl ··the ganglion of Bochdalek,'. the nature of which ~eem:s 
to he. ho\\ e,·e1-. uncertain. 
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'l1he 11ruw~palatinP nenie (Cotunniu~) also enters the nasal fossn. through the 
spheno-palatme foramen, and passes mward across the roof of the nose, below 
the orifice of the sphenoi<lal sinus, to reach the Reptum; it then runs obliquely 
downward and forward along the lower part of the septum, to the anterior palatine 
foramcn. lying between the periosteum and mucous membrane. It descends to the 
roof of the mouth through the anterior palatine canal. The two nencs are here 
contained in separate and distinct canals, situated in the intermaxillary suture, 
and termed the foramina of Rcarpa. the left nerve being usually anterior to the 
right one. In the month they become united. supply tlie mucous membrane 
behind the incisor teeth, and join with the anterior palatine nerve. The naso
pala.tine none occasionally furnishes a few small fi laments to the mucous mem
bntne of the septum. 

'l'he postl'1·io1· bnrncltcs are the pharyngeal (pterygo-pahttine) and the upper 
postenor nasal branches. 

The plw1-.~ll[Je<tl ne»l'e (pte»yuo-palatine) is a small branch arising from the 
back part of the ganglion, being generally blended with the Vidian nerve. It 
passes through the pterygo-pala.tine canal with the pterygo-palatinc artery, and is 
oli,tributed to the mucous membrane of the upper part of the pharvux, behind the 
Eustachian tube. .. 

'11he 'ltppe1· posterior nasal branches are a few twigs given otf from the posterior 
part of the ganglion, which run backward in the sheath of the Vidian nerrn to 
the mucous membrane at the back part of the roof, septum, and superior meatus 
of the nose and that covering the end of the Eustachian tube. 

Inferior Maxillary Nerve (Fig. c!83). 
The Inferior Maxillary Nerve distributes branches to the teeth and gums of 

the lower jaw, the integument of the temple and extemal ear, the lower part of 
the face and lower Jip, and the muscles of mastication; it also supplies the tongue 
with a large branch. It is the largest of the three divisions of the fifth, and is 
ma.de up of two roots: a large or sensory root proceeding from the inferior angle 
of the Gasserian ganglion : and a small or motor root, which passes beneath the 
ganglion, and unites with the sensory root just after its exit through the foramen 
ornle. I mmediately beneath the base of the skull this nerrn divides into two 
trunks, anterior an(l posterior. Pre,,ious to its div ision the primary trunk giYes 
off from its inner side a. recurrent (meningeal) branch and the uerYe to the Internal 
pterygoid muscle. 

The recurrent branch is girnn off directly after its exit from the foramcn 
ovale. It passes backward into the skull through the foramen spinosum with tbe 

~~c:~~e ~~~~nl~~:~ at1~=r~ai;t df,~;~i~~ss ~~t~h~w~r~;;n~~~~' s~1~~~11;o:h:ngu;,~s!:~~~::~ 
The anterior branch communicates with the meningeal branch of the superior 
maxillary nerve. . . . . . 

The Internal Pterygoid Nerve, gn·en off from the mfer10r max1llar.v pren.ous 
to its division, is intimately connected at its origin with the otic ganglion. It 1s a 
long and slender branclJ, which passes inwa1d to enter the deep surface of the 
lnternal pterygoi<l muscle. 

The antetior and smaller division. which receives nearly the whole of tbc 
motor root, div ides into branches which supply the remaining muscles of masti
cation. They arc the masseteric, deep temporal, buccal, and external ptcrygoicl. 

'fhe masseteric branch passes outward, above the External pterygo1d muscle, 
in front of the temporo-maxillar_v articulation, and crosses the sigmoid notch with 
the massetcric artery to the )[asscter muscle, in which it ramifies nearly as far as 
its anterior border. It occasionally gi,·es a branch to tbe Temporal muscle and 
a filament to tbe articulation of tbe jaw. 

The deep temporal branches supply the deep surface of the Temporal muscle. 
'I1he posterior b1·a!t~h, of s~all s.ize, is p1ac~d at the bac,~ of the t~mporal foss~i. 
It is sometimes JOlllCll with the masseter1c branch . The anterior brancli is 
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rcHectc<l tqrnanl at the ptcrygoid ridge of the sphcnoid to the front of the tem
poral fo~!:'i.L. It i~ often given off from the lnw<.'a[ branclt after the latter ha~ 
pierced the external ptcrygoid muscle. The third branch (middle deep i<'lllJ•om/) 
pa~scs out\\ard O\'Ct' the External pterygoicl mul:'.lclc and enters the deep surface 
of the '.I1cmporal muscle. 

The bucca.l branch passes forward between the two heads of the External 
pterygoid, and downward beneath the inner surface of the coronoid proc ss of the 
lower jaw, or through the fibres of the 'J1cmporal mu~cle, to reach tbe surface of 
the Buccinator, upon which it <li\•ides into a superior and an inferior branch. It 
giYes the branch to the External pterygoid during its passage through that 
muscle, an<l is usually joined with the anterior branch of the deep temporal nene. 
'l'he upper branch supplies the integument and upper part of' the Buccinator 
muscle. joining with the facial nene round the facial vein. The lower hra111·Ji 
passes forward to tbe angle of the mouth : it suppli es the integument au<l Bucci
na.tor muscle, as well as tbc mucous membrane lining the inn er surface of that 
muscle, and joins the facial uerve. 1 

The External Pterygoid Nerve is most fre4ucntl,v clcri,·cd from the buccal, but 
it ma~· be gi,·en off separately from the anterior trunk of the nene. It enters the 
muscle on its inner surface. 

~I.1he posterior and larger cli,,ision of the inferior maxillary nene is for che 
most pnrt sensory, but recei,·es a fow filaments from the motor root. It cli,,ide:-> 
into three branches: auriculo-temporal, lingual (gustatory), and inferior dental. 

The Auriculo-temporal Nerve general1y arises by two roots, beneath which the 
miclcllc meningeal arte ry passes. It runs backward beneath the External ptery
goid muscle to the inner side of the neck of the lower jaw. It then turns upward 
with the temporal artery, between the external ear and condyle of the jaw, under 
co,·er of the parotid gland, and, escaping from beneath this structure, ascend" 
over the zygoma. and dh·ides into two temporal branches. 

'l 1he branches of communication are with the facial and with the otic ganglion. 
'The branches of communication with the facial , usually two in number. pa~s 
forward from behind the neck of the condylc of the jaw, to join the tomporo·facial 
division of this ncne at the posterior bonier of the Massctcr muscle. 'fhey form 
one of the principal branches of communication between the facial and the fifth 
nenre. The filaments of communication with the otic ganglion are derived from 
the commencement of the auriculo-temporal nerve. 

The branches of distdlmtion a.rc-

Auricular, inferior and superior. Articular. 
Branches to the meatus auclitorius. Parotid. 

Temporal, anterior and posterior. 

The inferior a1lricular arises behind the articulation of the jaw, and is distrib
uted to the ear below the external meatus: other filaments twine round the 
internal maxillary artery and communicate with the sympathetic. The superfor 
auricular a.rises in front of the external ear, and supplies the integument co,·er
ing the tragus and pinna. 

BranelieR to the meatu."/ auditorius, upper and lower. arise from the point 
of communication between the a.uriculo-tempornl and facial ncncs. arnl are 
distributed to the mcatus. A filament from the upper passes to the membrana. 
tympani. 

A bl'cttich to the tempoto-m.axillary articidation is usually derived from the 
:rnricu lo-tcmporal nerve. 

The pm·otid branches supply the parotid gland. 
The anterior temporal accompanies the temporal artery to the vertex of the 

skull, and supplies the integument of chc temporal region, communicating w~th 
the facial nerrn and the temporal branch of the tcmporo.malar from the superior 

1 There '-l>ent<; to be no reai--011 to donbt that lhe hranch supplyin~ 1he Bu<'cinator muS('Je is entire-
ly a ner\'e of ordinary !:!E?n~ation, and that the true motor-.. upply of this muscle j:, from the facial. 
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mttxillary. 'l'he posterio1· lempol'<t/, the smaller of the two, is distributed to the 
upper part of the pinna and the neighboring tissues. 

The Lingual Nerve (gustatory) supplies the papill::c and mucous membrane of 
the tongue. It is deeply placed throughout the whole of its course. It lies at 
first beneath the External pterygoid muscle, together with the inferior dental 
nen·e1 being placed to the inner side of the latter nen'e, and is occasionally 
joined to it by a branch which crosses the internal maxillary artery. '!.'he chorda 
tympani also joins it at an aC~lte angle in this situation. The nerve then passes 
between the Internal ptcrygo1d muscle and the inner side of the camus of the 
jaw, and crosses obliquely to tho side of the tongue over the Stylo-glossus 
muscle, and then between the Hyo-glossus muscle and deep pa1·t of the submaxil
lary gland: the nerve lastl,v rnns across Wharton's duct, and along the side of 
the tongue to its apex, lying immediately beneath the mucous membrane. 

The braneltes of conwninication are with the facial through the chorda tympani, 
the inferior dental and hypoglossal nerves, a.nd the submaxillary ganglion . The 
branches to the subma.xillary ganglion are two or three in number; those con
nected with the hypoglossal nen'e form a plexus at the anterior margin of the 
Hyo-glossus muscle. 

The branclies of distribution are few in number. They supply the mucous 
membrane of the mouth, the gums, and the sublingual gland, while tho lingual 
or terminal branches supply the mucous membrane of the tongue over its anterior 
two-thirds, terminating in the filiform and fungiform pa.pill::e. 

The Inferior Dental is the largest of the three branches of the inferior max
illar.\• nen•e. It passes downward with the inferior dental artery, at first beneath 
the External pterygoid muscle, and then between the internal lateral ligament 
and the ra.mus of the jaw to the dental foramen. It then passes forward in the 
dental canal of the inferior maxillary bone, lying beneath the teeth, as far as the 
mental foramen, where it divides into two termina.l branches, incisor and mental. 

The branches of the inferior dental are, the mylo-hyoid, dental, incisive, and 
mental. 

~l1he m.ylo-liyoid is derived from the inferior dental just as that nerve is about 
to enter the dental fora.men. It descends in a groove on the inner surface of the 
ramus of the jaw, in which it is retained by a process of fibrous membrane. It 
reaches the under surface of the Mylo-hyoid muscle, and supplies it and the 
anterior belly of the Digastric, occasionally sending one or two filaments to the 
submaxillary gland. 

The dental branchPS supply the molar and bicuspid teeth. They correspond 
in number to the fangs of those teeth: each nerve entering the orifice at the 
point of the fang and supplying the pulp of the tooth. 

The incisii1e branch is continued onward within the bone to the middle line, 
and supplies the canine and incisor teeth. 

~l1he mental branclt emerges from the bone at the mental foramen, and divides 
beneath the Depressor anguli oris into two or three branches; one descends to 
supply the skin of the chin, and another (sometimes two) ascends to .supply the 
skin and mucous membrane of the lower lip. ~l1hese branches commun1cate freely 
with the facial nerve . 

. Two small ganglia are connected with tl~e inferi.or ~ax_illary nerve-the otic 
with the trunk of the nerve, and the submax1llary w1tb its lmgual branch . 

Otic Ganglion 1Fig. 485). 

'L'he Otic Ganglion (Arnold's) is a small, oval-shaped, flattened ganglion. of a 
reddish-gray color, situated immediately below the fo1:a1!1en O\·al~, on the mner 
surface of the inferior maxillary nerve, and round the ongm of t~e 1~ternal J?tery
goid nerve. It is in relation , ei_·ternally, wi.th_ the trunk of the rn~enor .maxillary 
nerve, at the point where the motor root .JOIIlS the sensory P?r~ton; inte:·:ial(lJ, 
with the cartilaainous part of the Eustachian tube. and the ongm of the lensor 
palati muscle; be!iind it is the middle meningeal artery. 
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lltmu·ltt'.-.: of Com11wnication.-'L1hi~ ga nglion i." connect ed with the internal 
ptcrygoi<l branch of the inferior maxillary ncrrc b.'' t\\o or three f'hort, delicate 
filaments. From thi~ it may obtain a. motor root. and possibly al~o a. sensory root. 
as these filaments from the uen·e to Lhc Inte rnal ptcr.rgoid may contain sensory 

FIG.18J.-Theoticgangllonnnditsbranches. 

fibres. It communicates with the glo~so-pha.ryngcal and facial nerves through the 
iol mall superficial petrosal nerve continued from the tympanic plexus (pages 811 and 
H18), and through this communication it probably rccci\'CS its ~cn~ory root from the 
gl o~so-pba.l'yngeal and its motor root from the facial ; its commun ication with the 
~ympathetic is effected by a fi l am~nt from the plexus surrounding the middle 
meningeal a r tery . 1l'he gangl ion also communicates with the au r iculo-temporal 
nerYe. This is probably a branch from the g losso-pharyngcal which passes 
to the ganglion. and through it and the aur iculo-tempornl nerve to the parotid 
gland. 'l1he Rpltenoidal filament joins the Vidian nerve. 

lts branehes of distribution are a filament to the 'l'en!'or tympani and one to the 
Tensor palati. The former passes backward on the outer side of the Eustachian 
tube; th e latter arises from the ganglion. near the origin of the internal pterygoid 
nerve. and passes forward. The fibres of these nerves are 1 Lo"e,·er, mainly cleri,•ed 
from the nerve to the Internal ptPrygoid muscle. It also gives off a small com
municating branch to the chorda tympani and one to the buccal nerve (Hauber). 

Submaxillary Ganglion (F;g. 483). 

The submaxillary ganglion is of small size, fusiform in shape, and situated 
above the deep portion of the submaxillary gland, near the posterior border of the 
Mylo-hyoid muscle, heing connected by filaments with the lower border of the 
lingual (gustatory) nerve. 

Branclies of Uouwmnication.-Tbis ganglion is connected with the lingual 
(gustatory) nerve by a few filaments which join it separately at its fore and back 
part. It also receives a branch from the cborda tympani, by which it communicates 
with the facial, and communicates with the sympathetic by filaments from the 
•ympathetie plexus around the facial artery . 

Branches of .Disl1·ibution. -These are five or six. in number: they arise from 
the lower part of the ganglion, and s upply the mucous memlirane of the mouth an<l 
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Wharton's duct, some being lost in the submaxillary gland. 'J1be branch of com
munication from. th~ lin.gual to th~ fore part of the ganglion is by some regarded 
"'a branch of d1str1button, by wh.ich filaments of the chorda tympani pass from 
the ganglion to the nen·c, and by 1t are COll\'eyed to the sublingual gland and the 
tongue. 

Surfac.e Ma.rk.ing:~~t will. be seen from the above description that the three terminal 
branches ot the three chv1s1ons of the fifth nerve emer)?c from foramina in the bones of the skull 
and face on to the face: the terminal branch of the first division emerging through the supra-

~l~~it~~e~~~:if~~~m~~~t 0~h1~0 sS:~~~!r~i[.~u1~r~~~~e!111 f~a;?;~~~~~~1 f~l1t:l~1 \u~'~ti;,1:eoV1 ~}~ i~~~~~~~ 
and mid~lle tl~ir<l.of the supra-orbi.tal 3:rch between the intcrnrll and exicrnal angular processes. 
Ifa straight lme l!'t drawn from ~111s 1~omt to the lower border of 1he inferior maxillary bone, so 
that. it passes between the two b1cusp1d teeth in both jaws, it will pass over the infht-orbital and 
mental foramina. tl.10 former being situate~l about one centimetre \two-fifths of' an inch) below the 
mar~in of tl~e .orb1.t. and the latter varyrng in position according to the a~e oft.he individual. 

i\~1 t~ec :1~il~\t }~t i~5 ~~~~~vrai'h~01~~;:,~ ~~:d:i·~P~:1J'1~ lh~'~d~~r~~io~s0}~~! 1~f i~[~r~~~ 1i1~i~i~~~~ ~~h~ 
upper margm. 

Surgical Anatomy.-The fifth nen·e may be affected in its entirety, or its sensory or motor 
root may be affected, or one of its primary main di,•isions. In injury to the sensory root there is 
anresthesia of the whole of the side of the face on the side of the lesion 1 with the exception of 
the skin over the parotid gland; insensibility of the conjunctiva, followed by dest~uctive inflam
mation of the cornea.1 partly from loss of trophic influence, and partly from the irritation pro-

1~~~e~o~)~~~~if:dsb~c~1~~ .. ~~r~t~i~~?~~s i 0~lr~~~=~i~r ti1r: 1~stc;i=1~e~ ·~~n~1idc~~b~~~~~~~ ~;.eth~ 
sense of taste1 and diminished secretion of the lachrymal and salivary glands. ln injury to the 
motor root there is impaired action of the lower jaw from paralysis of' the muscles of mastication 
on the affected side. 

The fifth nen•e is often t.he seat of neural~ia, and each of the three divisions has been 
di\1iclcd or a. portion of the nerve excised for this affection. 'l'he supra-orbital nerve may be 
expoJSed by making an incision an inch and a half in length along the supra-orbital mar~in below 

~~Li~;'ie~1r~t~1;.wh,i~~e i~~t~1~a~da O~bir~i~~f~ ~~jP~eb~~:u~; \~1:v~~~~~b~~.~0JT~rfe0d:c~;~~ ~~:!:: ~~1;rb~ 
easily found emerging from the notch and lying in some loose cellular tissue. Tt should be drawn 
up by a blunt hook and divided, or, what is better. a portion of iL removed. The infra-orbital 
nerve has been divided at its exit by au incision on the cheek ; or the floor of I he orbit has been 
exposed, the infra-orbital canal opened up, and the anterior part of' the nerve rcsected; or the 
whole ner\•e, together with ~Ieckel's ganglion as far back as the fora.men rotundum. has been 
remo\'ed. This latter operation, though undoubtedly a sc,·ere proceeding, appears to ha.ve been 
followed by the best results. 'l'he operation is performed as follows: 'filC supe~ior maxillary 

!h~1ed~h~~s\~~,\~0st~~e bXe~:;~~~f Ptl~si 1~?!~~~~~1~!1d~~~bt~~ss~h~ek1~~gtl;~~,!~~J~1~f~1~}~~1 ~1~~1~~~ 01~f1t~ 
nerve is then found, divided, and a piece of silk lied to it as a. guide. A. small trcphine (one-

~~~~u~~:c~~~sn!3~n 'l1l1~li~~e~l1it~~e i~~~!e~1°~Ji~~t ti;c!h~in>~1st~hrio:1~~~Jj0~Fi:h~ ~~::~~~~' ~~1 ~~= 
spheno-maxillary fossa exposed. 'l'he in~a-orbital c:ma\ is now opened up from below by fine 
cutting-pliers or a chisel, and the nerve drawn down into the trephine hole, it being held on the 
stretch by means of the piece of silk; it is severed with fine curved scissors as near the foramen 
rotundum as po ible, a1w branches cominl? off from the !!;anJ!lion being also divided. 1 The 
inferior dental ner\'e has been divided at its exit from the foramcn by an incision made through 
the mucous membrane where it is reflected from the akeolar process on to the lower lip ; or a. 
portion of the nerve has been resected by an incision on the cheek through the Masseter muscle, 
exposing the outer surface of the ramus of the jaw. A Lrephine was then applied oyer t_he 
position of the inferior dental foramen and the outer table removed, so as to expose the. mfenor 
1le11tal canal. The nerve was dissected out of the portion of the canal exposed, and, havmg been 

~::1~111i~e j~~i~, id~a~,~~t o1~~~~~·1t.i~~~. ~~d1 ~~~t ~0t?~~cJ:ig~1t t:~'l~s 1~;o~~ibf~~:1 0·1:1it~1 fnf'~~~~e;xS~1~~~l i1~e~~!! 
has also been divided by an incision within the mouth, the bony 110111t ~u~rd111g the !nf~i:10r 
<lental fora men fbrming the guide to the nerve. The buccal nerve may be cl1V1cled by an mc1s1on 
throu!!h the mucous membrane of the mouth and the llm:cinator just in fro11t of the anterior 
border of the ramus of the lower jaw {Stimson). 

The lingual (~ustatory) nerve is occasionally divided with the ,·iew of relie,·ing.th~ pain in 

~~~\c~J~i~cfi~l~:ia~f ~~~1!~1~~~~1~. 'l~¥8a1Yt~~ ~ ~~~~.,~nf~~1r~t S1t~rtn~i~jje('~f~he"~:.~~:n1~~e:hi::~~~ 
molar tooth to the ;rnrde oft he jaw, it will cross the nerve, which lies about half an inch behind 
the tooth, parallel to 'the lrnlging ah',eola: rid,!!e 0~1 the inner side of the body of the bone. .If 
the knife is entered three-quarters of an md1 bel1md and below the last molar tooth and earned 

1 ('arnochnn, Amer. Journ. Med. Scic11rt\ 1858, p. 130. 
2 Mean;, 7'rcrns. Anier. Snrg . . lssoc., vol. ii. p. 4ti9. 
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~-l1'~:~1e 'i~ ~~~·1~:~~~~1t~1~l.~·1h)~·~1~~i1.111:od~;·i~!1~l:~ b~!1i!~0~~1~it~1~~.~i~)~l1;~1;~e t:>~~~l~·ri;:.~~·~ll;a1 ~~1:{~;~.~~~ 
tn rhe opro:.i.itc siJc. when the ncn·e can l>e ~een standinl!' out n~ a firm eon.I under die mm·nu:-; 
memhnrne by the si1le of the ton!!UC. and can be easily 8Cizcd with a. i:;hnrp hook and didde1l nr 
a 1mrtion cxci..;c(I. This is a $imple enou!!h operation on the carl:wer, l>ut when the di:-t•n.~ i:; 
cxtt.'n!-<i\"e and has extended to the floor of the mouth. ru; is gcncn11ly the case when di\·b•ion of 
the ncnc is required, the operation is uot practil·:i.hle. 

Sixth Ner ve (Figs. 384, 481). 

The Sixth or Abducent N:erve supplies the External rectus muscle. Its s1tper
fi.i:ial origin is by several filaments from the constricLe<l part of the p,nami<l clo~e 
to the pons, or from the lower border of the pons its.elf' in the groom between thi~ 
bod,v an<l the medulla. Its deep origin is a little lower than the motor root of the 
fifth. and close to the median line, beneath the super ior portion (above the audi
torv strim) of the fasciculus tcres on the floor of the fourth ventricle. 

~Tbe nerve pierces the dura mater on the basilar surface of the sphcnoid bone, 
runs through a. notch immediately below the posterior clinoicl process, an<l enwrs 
the cavernous sinus. It passes forward through the !'iuus, lying on the outer side 
of the internal carotid artery. It enters the orbit through the spbenoidal fo:surt'. 
ancl lies abo,·e the ophthalmic Yein, from which it is separated by a lamina of dura 
mater. It then passes betwe2n the two heads of the External rectus, and is cfo,. 
tributed tO that muscle on its ocular surface. 

Bran('lies of Communication. - lt is joined by several filaments from the carotid 
and ca,·ernous plexus. by one from .:\leckel's ganglion (Bock), and another from 
the ophthalmic ncrrn. 

The above-mentioned nene, as well as the third, fourth. and the ophthalmic 
di,·igion of the fifth, as the.v pass to the orbit, bear a certain relalif:rn to each other 
in the ca,·ernous sinus, a.t the spbenoidal fissure, an<l in the cavity of the orbit. 
which will now be described. 

In the catw11ous sinus (Fig. 384) the third, fourth, and ophthalmic division of 
the fifth arc placed on the outer wall of the sinus, in their numerical order both 
from above downward and from within outward. The s ixth ncn-e lies at the 
outer side of the internal carotid artery. As these nerves pass forward to the 
sphenoi<lal fissure, the third and fifth nerves become divided into branches, and 
the sixth approaches the rest, so that their relatirn position becomes considerably 
changed. 

lu the splienoidal.fissure (Fig. 486) the fourth and the frontal and lachrymal 
di,·i13ions of the ophthalmic lie upon the same plane, the former being mo!o;t 

Fw. -t86.-Relatlom ofstruetures plll!!sing through the apbenoidal fissure. 

internal, the latter external, and they enter the ca,·ity of the orbit a bore the mu:-;. 
ele!'. The remaining nenes enter the orbit between the two heads of the 
External rectus. The superior di,·ision of the third is the bighe:-;t of tbc:-:e: 
ht'neath thi:-; lie~ the nasal branch of the ophthalmic; then the inferior division nf 
the thiril: arnl the eixth lowest of all. • 
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. In the 01·bit the fourth and the frontal and lachrymal divisions of the ophthal

m1_c he. on the same pla~e umuediately beneath the periostemu, the fourth nene 

hemg lllternal and rcstmg on the Superior oblique, the froncal resting on the 

Lem.tor palpelm.e, and the lachrymal on the External rectus. Next in order 

c,omes. the superior di,·ision of the third none, lying immediately beneath the 

~~~~·'i.:~c~~:s, o~~!r 
1~o0~h!hfn~:~.3!i~~a~fc~I~: o\~~~t~ph~~~~~:~~; ~~~:~~~ :~~~1~ 1~~~ 

optic .nerve, .surrounde_d in front by_ the cilia.ry nerves, and ba,·ing the lenticular 

~nngli?n o~ its ?~t~r side, betw~en tt and th~ Exter~al rectus. Below the optic 

10 the mfenor dms1on of the third and the sixth, which lies on the outer side of 

the orbit. 

Surgical Anatomy.-TJ~e sixth 1.lCrve is more frequently involved in fractures of the base 

of the skull than ~ny Olher of t.J1~ cramal nerves: 'l'he result of paralysis of this nen·e is internal 

or convcrg~nt ~umt.-:1 When tnJured so that its function is destroyed, there is, in addition 10 

1hc paralysis of the External re.ctus muscle. often ~ ~ertain amount of contract ion of the pupil, 

~:~~some of the sympathetic fibres to the rad1atmg muscle of the iris pa...«s along with this 

Seventh Nerve (Figs. 487 and 489). 

The Seven~h 01~ Facial Nerve (porlio dura) is the motor nerve of all the mus-

~~~~~: E:~~~-~s~fne~~' t~be f~~:t~~i~i~f the natysma and Buccinator, the muscles 

belly of the Di gastric, and the Stylo

h~·oid . Through its chorda tym- Eztunal petroaal. 

l~~:n:y:~p:urE~1~~-~11t:: ~~n%ut~~~~ i~{. ~~~==~~~~~=: ' 
lts rmperjicial origin is from the Inlumescenlia ganglioformu. 

upper end of the medulla oblon
g:Lra, in the groove between the 
olirary and restiform bodies. Its 

ileep 01·(qin is from a nucleus in the int~~~C~~~Jl1~~~~11'l!candconncctionsort11cracinln('n·c 

pons, below the floor of the fourth 
vt•ntricle, somewhat ventral and external to the nucleus of the sixth nerve. 

The auditor.v nerve (portio mollis) li es to its outer side, and between the two 

is a small fasciculus (portio inte1· du.ram et niollem of W risbcrg, or pars intermedia), 

which arises from the medulla and joins the facial nen-e in the internal auditory 

meatus. At its origin it is frequently connected with bolh the nerves between 

which it lies. 
The facial nerve, firmer, rounder, and smaller than the auditory, passes 

forward and outward together with that nerve, and with it enters the internal 

auditory meatus. Within the mcatus the facial nerve lies in a g roove along 

the upper and anterior part of the auditory ncne. The pars intermedia 

is placed between the facial and autlitory nerves in the internal auditory 

meatus; a few of its fibres frequently pass into the auditory nerve, while 

the remainder join the facial. At the bottom of the meatus it is connected to this 

ncne by one or two slender filament s. 
At the bottom of the meatus the facial none enters the aqueductus Fa11opii, 

and follows the serpentine course of that canal through the petrous porti on of the 

temporal bone, from its commencement at the internal meatus to its termination 

at the stylo-mastoid foramen. It is at first directed outward toward the inner 

wall of the tympanum, where it forms a reddish gangliform swelling (intumescentia 

yrm.qlioformis, or .r;eniculate gan,9lion). and is j oi ned by severa l nerres; then bending 

suddenly backward, it runs in the internal wall of the tympanum, aboYe the 

fcnestra. ontlis, and at the back of that cavity passes ,·ertically downward behin<l 

the tympanum to the sty lo-ma stoid foramen. On emerging from this aperture it 

runs forward in the Rubstancc of the parotid gland, crosses the external carotid 

artery, and di,·i<les behind the ram us of tbe lower jaw into two primary branches. 

tempM·o1acial and eervico-fa.cial, from which numerous offsets are cfo;;tributecl over 
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the "itk of thl• hl•:111. face. and upper part of th(• tH•tk, :-;upplyin~ the ::;.u perfh·ial 
llltl:'Clt•s in 1hese regions. .\.~the primary br~1ncl11.·~ and their offwr~ cli\'Cl'J?t' from 
each other they prei:icnt somewhat the appcarnnC'c of a hirer~ cla" : hence tl1 l• 
name of /U"'t rrnsi:rinzt.'f is giYen to the di,·isions of the facial nen-e in a1Hl ncar thl' 
parotitl ,!!fon<l. 
'l1hc branches of commu nication of the facial nenc may be thus arranged: 

111 the internal auditory 
meatus . 

\\. ith the auditory uenc. 

" . ith )leckel':; ganglion by th e large supcrfitial 
petrosal ncnc. 

\Yith the otic !(augliou by the small superficial 

Iu the a.qureductus Fallopii Witt~i~~s~~~-n~11~,:·~·}~~tic on the middle rncniugeal 
by the external superficial pctrosal nern·. 

\\'"ith the auricular branch of the pneumo
gastric. 

{ 

With the glosso-phar:·ngeal (Digastric). 
Af · · f 1 t l With the pneumogastric (Posterior auricular). 

ter its cci' 1 ~ rom 110 s .'- o- \Yi th the carotid plexus (Stvlo-hyoid). 
mastot oramen · · With the auricularis magnus~(Posierior auricular). 

With the auriculo-tempornl (Temporal). 
On 1bc face With the three di,·isions of the fifth. 

In the internal auditory meatus some minute filaments pass between the fac:ial 
and auditory nenes. 

OppositC the hiatus Fallopii the gangliform enlargement on the facial uen·c 
communicates with .)1eckel'8 ganglion by means of the large superficia l petroi:-al 
nc1Te. "hi ch forms its motor root; with the otic ganglion, by the small superficial 
petro5al nerve: and with the sympathetic filaments accompan~·ing the middle 
meningeal a.rter,v, by the exterual petrosal (Bidder). From the gangliform enlarge· 
ment, according to Aruold, a tw ig is sent back to the auditory ncn-c. 

Ju!l-t before leaYing the aqueduct a. twig joins the auricular branch of the 
pneumogastric nerve. 

Jui:it after its exit from the stylo·mastoid foramen it communicates with the 
following ncn-es by means of its respecti,-e branches: With the auricular branch 
of the pneumogastric and auricularis magnus of the cervical plexus, b:r the Po~
terior auricular branch; with the glo~so-pharyngeal, b.r the diga~tric: with the 
carotid plexus, by the stylo·hyoid; and '' ith the auriculo·tcmporal. by its km· 
poral branches. 

B RANCHES 01-" Dlt-'TRIBl' TIOX. 

Within Lhe ac1ucductus Fallopii. { ~h~.1~~1,~~~· mpani. 
. . . { Posterior Auricular. At its exit from the sty lo-mastoid Digastric. 

foramcu · · · · · · Stvlo-hvoid. 
.. ., f T emporal. 

'l'emporo-facial i ;\lalar. 

{ 
l In fra-orbi ta!. 

On the face · {Buccal. 

Cenico·facial ~~1fi.:~1~~1~x~;:~~.:t 
rrbe tympanic branch arises from the llCITC Opposite the P.Hamid: it pa~~e~ 

throuµ:h a small canal in the pyramid and supplie!'i the ~tapc<lius mu~cle. 
The chorda tympani is gi\·en off from the facial a"I it pa~:'('~ n~rtica1J.\~ down· 
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wanl at the back of the tympanum, about a quarter of an inch before its exit 
from the sty lo-mastoitl forarnen. It passes from below upward and forward in a 

Rml ~~d~~·;]~lode of origin of auditory nerve (diagrammatic). (The sectiou is dorso·\·cntrnlly, bctwt.>en pons 

distinct canal, and enters the crl\·ity of the tympanum through an apert1tre (iter 
1•/iorcla, po.~teriw~) on .its posterior wall between the opening of the mastoid cells 
anfl the attachment of the membrana tympani, and becomes inYested with mucou~ 
membrane. It pnsscs forward through the cavit.v of the tympanun1 1 between the 
handle of rhc malleus and vertical ramus of the incu s, to its anterior inferior 
anµ-le. and emerges from that ca\·ity through a. foramen a.t the innC'l' end of the 
Glaserian fo;sure, wLich is ca lled the itu clwrda' tt11l<'rius, or canal <l lhtguie.1·. 
It th('n dc~ccnds between tbe rwo Pterygoid muscles, meets the lingual nerrn 
at an ttcute angle, and accompanies it to the submaxillary g land; part of it then 
joins the submaxi llary ganglion; the rest is continued onward into the prop<'r 
muscular fibres of the tongue-the Inferior lingualis muscle. .:\ few of it~ fibres 
probably pa~~ through the submaxillary ganglion to the sublingual gland. Before 
joining the lingua l ner\'e it recci\·es a small communicating branch from the 
oric ganglion . 

'l1he Posterior auricular nerve arises close to the stylo-mastoi<l foramcn. and 
passes upwar<l in front of the mastoid process, where i"t is joined by a filament 
from the auricular branch of the pncurnogastri c, and communic:.ues wiib the 
mastoid branch of the auricularis magnus and with the small occipital. As it 
ascends between the mcatus and mastoid process it divides into two branches. 
The auricular branch suppl ies the Rctrahcns aurcm and the small muscles on the 
cranial surface of the pinna. The oecipital b1·anclt, the larger, passes backward 
along tbe ~uperior cune<l line of the occipital bone, and suppli es the occipital 
portion of the Occipito-f'rontalis. 

The digastric branch wrnally arises by a common trunk with the Stylo-hyoi<l 
branch: it divides into several filaments, which supply the posterior belly of the 
Digastric; one of these perforate~ that muscle to join the glosso-pharyngeal nenre. 

'llhe stylo-hyoid is a long slender· branch, whith passes inward, entering rhe 
:'.tylo-hyoid mu~tll' about its middle: it communicates with the sympathetic 
filaments on the external carotid arterL 

The Temporo·facial, the larger of the two terminal branthes, passes upward 
an1l forward throu~h the paroti<l g lands. cro:.:.:;.cs the external carotid arter~- and 



'l'JJE Nb'Rl'OL'S 8YS'.l'EJf. 

tt•rnporo-maxillar.'· ,·ein. and pa$SC~ over the neck of 1hc conclylc of the ,ia\\, heing 
tn11ncctcd in thi~ ~it11:1tion "ith the auriculo-tcmporal Uranth of the inft:rior 
maxillary nerve'. ~md divides into branchc!;: \\hith arC' diRtributed O\"C'r the tcmplt• 
and upper pan of the face: these arc cliridcd into three sets-tempora l, malar, and 
infnH1rbital. 

F1G.4t'.-9.-Thenen-cs ofthescalp,faee,ancl sldeorthcncck. 

The temporal btancltes cross the zygoma. to the temporal reg ion, supplying the 
Attrahens and Attollens aurem muscles, and join with the temporal branch of the 
tcmporo-malar, a branch of the superior maxilb.ry, and with the auriculo-t<'lll
pond branch of the inferior maxillary . 'Phc more anterior branches supply tlH• 
frontal portion of the Occipito-frontalis, the Orhicularis palpebra.rum, and Corruga
tor supcrcilii muscles, joining with the supra-ol'b ital a.ncl lachrymal branches of 
the ophthalmic. 

rJ1he malar branches pass across the rnala.r bone to the outer angle of the orbit. 
where they supply the Orbicularis palpebrarum muscle, joining with filaments from 
the lachrymal nerve; others supply the lower eyelid, joining with filaments of the 
malar branch (su.bcutrmeus malce) of the su perior maxillary nerve. 

The infta-rJ1·bital, of larger size than the rest, pass horizontaJly forward to he 
distributed between the lower margin of the orbit arnl the mouth. The suptt1:fi1·i11' 
l11·r11wlw~ run beneath the skin and above the superficia l muscles of the face, whi('h 
thc•y .... upply: :--omc branches are distributed to the Pyramidalis na~i. joining at the 
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mner angle of the orbit with the infratrocblear and nasal branches of the 

ophthalmic. The deep bmnehes pass beneath the Zygomatici and the Levator labii 

gup~riori s, ~ U.PJ?lyin~ them a~d th e L~\':ttor angul i oris, and form a plexus (i11ji·a-
1Jrbdal) by JOlmng with the mfra-orb1tal branch of the superior maxillary nene 
and the buccal branches of the cervico-facial. This branch also supplies the 

Lerntor Iabii su perioris alrequc nasi and the small muscles of the nose. 

The Cervico-facial divi~ion of the faci~l nerve passes obl iquely downward and 

fi.mrn~·d t?r?ug_h. the parottd gland, crossmg the external ca.rotid artery. In this 

s1tuat101.1 1t is J O IIl~d b~, b1:a~che~ from the great auriculal' nerve. Opposite the 
angle of the lower .Jaw 1t d1v1dcs into branches which are distributed.on the lower 

half of the face and upper part of the neck . These may be divided into th ree sets 
-buccal, su pramaxillary, and inframaxillary. 

ri
1
he ?wHJa~ bra~wlws c~·o?s th.e l\lass_cter mus.clc. They supply the Buccinator 

a~1~ ?rbicularis oris, and JOlll _with the mfra·orb1tal branches of the temporo·facial 

dl\'ls1on of the nen-e, and with filaments of the buccal branch of the inferior 
maxi llary nerve. 

The suprama1·illar.11 or mandibular branches pass forward beneath the PlatrHna 

ancl Depressor anguli ori~. supplying the muscles of the lower lip an<l cl1in: and 

commu nicating with the mental branch of the inferior dental nerve. 
The i"nframa.rillary or cervical branches run forward beneath the Plat\·sma. 

and. form a series of arches across the side of the neck O\'er the su pra.hyoi<l 

reiz10n. One of these branches descernls ''ertically to join with the supcrficialis 

colli nerve from the cervical plexus: others supply the Plut_ysma. 

Surgical Anatomy.-'l'he facial ner\'e is more frequently paralyzed than any or the other 

7f1::~1~F~::~~~~~1:~~,t;,~~~i~-~li'..;!<l~;;,:~~i~I.~·~:t;:~~~,:;~~ ~~~r1~~:
1

'::~~;~~~~::~r;~;:t~i~!~~: 
p~age through the petrous bone by damage clue ~o middle-ear disease or by fractmes of' the 
base. Or (3) it may be affected at or after its exit from the stylo-mastoid foramen. This is 
commonly known as " Bell's paralysis." It may be due to exposure to cold or to injury of' the 
ncrve1 either from accidental wounds of' the face or during some surA"ical operation: as remoYal 
of paroti<l tumors, opening of abscesse~, or operations on the lower jaw. 

'fhe facial nerve is at fault in c;lses of so-called " histrionic spasm, 11 which consists in an 
almost coustant and uncontrollable twitching of the muscles of the face. This twitching is 
sometimes so severe as to cause gre:lt discomfort and anuoyance to the patient and to interfere 
with sleep, and for its relief' the facial nerve has been stretched. The operation is performed 
by making an in~isi?n behind ,the car from the !·oot <;if' the I?astoicl process to ~he angle of the 
jaw. The parotu.l 1s turned forward, and the d1sscct1on earned along the anterior border of the 

Sterno·mastoid muscle and mastoid proce · until tbe upper border of tbc posterior belly of the 
Digastric is found. The nen·e is parallel to this on about a le\•el of the middle of the mastoid 

:~~tt1~1g ·it f ~~~~11'.d f~ ~~dd~ut~~'~,;t·\·i·o~t~~ea~e f~:~~t~!~e! 1~%1 Y!~~~gd~ t~~uf~~rhgr~e~~~~~~.~~ itnj~~·~ 
tothenerrn. 

Eighth Nerve. 

The Eighth or Auditory Nerve (portio mollis) is the special nerve of the sense 

of hearing, being distributed exclusively to the internal car. 
Its superficial origin is by two roots. One, the me~ial, is from the groo,-e 

between the oli vary and 1·estiform bodies at the lower borde1: .of tbc pons. '!'be 

other, or [aleral root, winds around the upper end of the rest1fonn bo<ly, dorsal ly. 

and joins the former at its exit in the groove. This root is :.tpparentl.Y c?nt~uous 

with the ciuditory strire. The nerve, thus formed, lies external to the facial nerve. 

Each root bas a deep origin: l. r11be mcsial root is tmccable dorsally, through 

the substance of the medulla, lying close to the mcsial or attached su rface of the 

rcstiform body, to the dorsal auditory mwlrus, which lies im.medi.i1tel.y ventral to 

a. promin ence, the acoustic tubercle, on the outer side of the 111fcrior fovea on the 

floor of the fourth ventricle. 2. 1J1l1e fibres of the /aternl root a.re traceable dor· 

sally to four different sources: (a) To the accesso ry or i•entral a~ulilory 11ttclew;, 

which li es close in front of the rcstiform body ond between thJS root and the 

mesial ; (b) to its own ganglion, or gan,qlion of the lateral root, situa ted among 

the fibres where they bend around the restiform body; (1·) to the auditory stria': 
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and (d) trapezium of the pons. 'l1he first-mentioned ori~in 1 bowevt:r, give:; most 
of the fibres (see Fig. 488). The auditory nene pa~~es forward across the pn!i
tcrior bonier of the middle peduncle of the cerebellum, in company with the 
facial nerve, from 11hich it is partially sepamtcd by a small artery (auditon·). 
It then enters the intern:ll auditory mcatus. with the facial ncne in a groOn 
along its upper and fore part. At the bottom of the meatus it recei,·es one or 
two filaments from the facial nene, and then di,·idcs into two branches, cocltlnll' 
nnd vestibular. The auditory nen-e is soft iu texture (hence the name porti11 
mollis), and is destitute of neurilemma. The distribution of the auditory ncne 
in the internal ear will be found described along with the anatomy of that organ 
m a. subsel1uent page. 

11er,.:,i.~\~~~t~r~:~~fi~~~3d1:f~~~r~r1W~~'bd:C ~c<~J1~11!~~~1\n1i~~~~11~a:i~~~e~\~~ri~~~~!:1ai1:~uJl~:·1i~! 
meatus. The nerve may be either torn across, produciug permanent deafness. or it mav IK· 
bruised or pressed upon by cxtravasated blood or inflammatory exudation, when the d<..1at

1
ncs.<1 

will in all probability be temporary. The nerve may also be injured by violent blows on tl1e 
head without fracture, and <leafne~ may arise from loud explosions from dynamite, etc .. prob
ably from some lesion of this ner\'e. which is more liable to be injured than the other tronial 
nerves on account of its ~tructure. The test that the nen·e is destroyed and that the deafues.o:; is 
noL due to some lesion uf the auditory apparatus is obtained by placin!! a vibrating tunin~·fork 
on the head. The ,-ibrations will be hear<l in cases where the auditory apparatus is at fault, hut 
not in cases of destruction of the auditory nerve. 

Ninth Pair (Fig>. 490, 491, 491). 

The Ninth or Glosso-pharyngeal Nerve is rlistributed. as its name implie:-o. to 
the tongue and pharynx, being tbe nerve of sem:ation to the mucous membrane 
of' the pharp1x, fouce~. nnd tonsil, and a _!:<pecial nerve of taste to all the parts of 
the tongue to "hic:h it is distribute<l. Jts rmzm:ficial ori'gi11 is by three or four 
filament closely connected together, from the upper part of tbe medulla oUlou· 
gata, in the groom between the olivnry and the restiform body. 

Its deep or(qin ma:· be traced through the frt!'Cituli "Lich lie betwccu the 
ln.tcral and posterior areas of the medulla to a nucleus of grn~~ matter iu the 
lower pnrt of the floor of the fourth ventricle, beneath the inferior fo,'ea, ahove 
the nucleus of the pneumogastric. From its superficial origin it passes out\\ard 
acrof:s the floeculus, arnl 1eaYC>s the skull :it the central part of the jugular fora. 
men, in a separ:ite sheath of the <lura mater, cxter11a l to and in front of the 
pneumogns.tric nnd i-pinal acces~ory ncn('S (Fig. 380). In its pa~~ag-e throu:.d1 
the jugular foramen it grooves the lower border of the petrous portion of th<:' 
temporal bone. nnd at its exit from the sku1l passes forward bc:tween the jn;!ular 
vein :md internal carotid arten·, ancl de~cen<ls in front of the latter ,·es~el. and hl'
n<'ath the styloid procCS!' and ihe mu~c:Jes connected with it. to the lower bonler of 
the ::5tylo-ph:.iryngeus. ~:rbe nen·e now cun-es inward. forming an arch on the :o.i<le 

of the neck, and lying upon the Stylo-pharyn~t·u:-; 
and :\Iiddle comtrictor of the pharynx, aLOYC the 
superior laryngeal Il<'l'H'. It then pa:-.se~ Ut11t:ath 
the Ilyoglossus, and is finally di~tributed to the mu
cous membrane of the fauccs and base of the tongue. 
and_ the muc:ous ~Jami:.; of the mouth and torn•il. 

In pnssing through the juf!tdar foramen tlie ncne 
presents. in succe~~ion, two µang liform enlarE?e· 
mcnts. The superior. the $rnaller. is c:al1e1l thejuy· 

:?. ular gan.r1lion; the inferior alHl larger, the pl'lr11w1 

~~0c£ig~i;~·.~~t1~
1~1\~t.11 &~1~rlc~~!!~i~i·z;: f)rtn.~,lJ1~(~~u~:ri~~' ·%~ ~1~~~~r'!~;~~~~~~·~~ l~.i tua tcd in the 

upper part of the groove in whic:h the nen·e i~ lod~til 
<luring it~ pa~--age throug-h the jugulnr for:rnwn. It is of ,·en' ~mall ~ize. and 
invoh·e:-; only tht• lower part of the trunk of the nerve. It is ·u:-.ually regarded 
a:-; a segmentation from the lower ganglion. 
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~ 
~ To1Jlous 
~gula:. ---

Fm. ~9 1.-Plan of lhe ,t:' I O~so-pharyngeal , rneumol!:nstric, a nd spinal ncec~~ory nen ·cs. (.\ft t.'r .Flower.) 

The inferior, or petrous, ganglion iR Fl ituated in a. depression in th e lower bor
der of the petrous portion of the temporal bone : it is larger than tbc former anrl 

; 2 
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in min~~ the "hole of the fibrl'S of the nc1Te. From tbi::- ganµfo1n arise thn~L' 
filaments which connect the glosso-pharyngL•al with the 1mrumng<1:'tric and sym
pathetic nenc:'l.. 

Tht.• fi.-111u·hfs of comnmnieation are with the pncumogastric. ~ympathetic. a11rl 
facial. 

Th<' branches to the pneumoga~tric arc two filamt>nt~, ari!"ing from tht' petrous 
gang-lion, one to its auricular branch. and one w the upper ganglion of tLc 
pncumogastric. 

'l1hc branch to the 5.\·mpatheric. also arising from the petrou~ ganglion, i~ l'nn
nected with the superior cenical ganglion . 

The branch of communication with the facial perforates the posterior bell,,- of 
the Dig:a~tric. I t ari:.:es from the trunk of the nc1Tc below the petrous ganglion, 
a11<l join.1 the diga'1ric branch of the facial ('ec pa!(C 813). 

'l'he liranrhes of distribution arc the t,rmpauic, carotid, pharyngeal, mui-ciilar, 
ton!'illar, and lingual. 

The tympanic branch (Jaeobson's nert'c) arises from the petrou~ ~angliou, and 
enters a small bony canal in the lower surfi1ce of the pctrous portion of the tem
poral bone, the lo,~·er opening of which is situated on the bony ridge which sep· 
aratc~ the carotid canal from the jugular fossa. It ascen<ls to the t:·mpanum, 
enterti that caxity by an aperture in its floor close to the inner wall. and <li,·ides 
into branches which are conraine<l in groo,·es upon the surface of the promontory, 
forming the tympanic plexus. 

Its brmu•lies of disf!'ibution are-one to the fenestra rotunda. one to the fenestra. 
ornlis, and one t~ the lining membrane of the tympanum and Eustachian tube 

Its branches of eommunieation are three, and occupy sevaratc grooYes on the 
surface of the promontor~T . One, the small deep pl'fN18(1l. arches forward and 
downwartl to the carotid canal (piercing the bone) to join the carotid plcxu~. .\.. 
second, the tmw petro~al 11en:e, rnns forward through a can:ll in the procc-...,us 
cochleariformis and enters the foramen lac:erum medium, where it joins the 
carotid plexus of the sympathetic, and generally the large superficial petrosal 
nen·c. rl'hc third branch runs upward through the substance of the petrous por
tion of the temporal bone. In its course it pa:sses by the gangliform enlargement 
of the facial nerve. and, receh·ing a connecting filament from it, becomes the 
small superfirial petrosal nerve. 'fhis nene enters the skull through ·a small 
aperture situated external to the hiatus Fallopii on the anterior surface of the 
petrous bone, courses forward across the base of the skull, and emerges throu~h 
the petro-sphenoidal fissure or a. fora.men in the great wing of the sphenoid, an1l 
joins the otic ganglion. 

'l'he carotid branches descend along the trunk of the internal carotid artery 
as far as its commencement, communicating with the phar5ngeal branch of the 
pneumogastric and with branches of the sympathetic. 

The pharyngeal branches arc three or four filament~ which unite opposite the 
)Ii<ldle con..,trictor of the pharynx with the pharyngeal branches of the pneumo
gastric. the external laryngeal, and sympathetic nenes to form the phar~·nJ!l'al 
plexus, branches from which perforate the muscular coat of the pharynx to :sup
ply the muiieles an<l mucous membrane. 

The muscular branch is distributed to the ~t:'Io-phar:·n~cu<::. 
'fhe tonsillar branches suppl~· the tongiJ, forming a plexus (1•irculus tomdllatix) 

around this body, from which branches arc 1li::;tributl•1l to the soft pal:itc an1l 
fauce8-, \\here they communicate with the palatine nene8. 

'!'he lingual branches (terminal) are two : one snppliC'~ the circumrnllatc papillre, 
the mucous membrane co,·ering the ba~c of the ton.~ue. a.nil the anterior ~urfare 
of the epiglnttis: the other supplic:', the mucou::; membrane of the side of the 
tongue for about one-half its length. 
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Tenth Pair (Figs. 491, 492). 

Tb~ Tei~th .or ~neumoga.stric Nerve (nen1us M///l.'( or par MfJU'ln) lias a more 
~~~~ns~:~l l~ll~~:~~xut~~n t~~'lnu~P~/f the othrr cr:mial nerves, passing through the 

part of the ab<lomen. It i• 
composed of both motor and 
sen>ory fibres. It "'PPlies the 
organs of voice and respiration 
with motor and sensory fibres. 
and the pharynx, oosophagus. 
stomach, and heart with motor 
fibres. Its xupe1:fieial urigin is 
Ly eight or ten filaments from 
the groove between the olirnry 
an<l the restiform bo1ly below 
the glosso-pharyngcal; its deep 
origin may be tracctl through 
the faseieuli of the medulla to 
its nucleus of gray matter in the 
lower part of the floor of the 
fourth ventricle beneath the ala 
cinerea. below and continuous 
with the nucleus of origin of 
the glosso-pha ryngcal. 'l'he fil
aments become united and form 
a flat cord, which passes outward 
beneath the floceulus to the jug
ular foramen, through which it 
emerges from the cran ium. In 
passi ng through this opening the 
pneumogastric accompanies the 
spinal n;ccessory, being contain ed 
in the same sheath of dura. mater 
with it, a membranous septum 
separating it from the glosso
pharyngeal, which lies in front 
(Fig. 386). The nen•e in this 
situation presents a. well-marked 
ganglionic enlargement, which is 
called the jugular ganglion, or 
the ganglion of tlie root of the 
pneumo,qastric: to it the acces
sory pert of the spinal acce~sory 
nene is connected by one or two 
filaments. After the exit of the 
nerve from the jugular foramea 
the nerve is joined by the acces
sory portion of the i;ipinal acces
sory, and enlarged into a Reconcl 
gangliform swelling. called the 
gan,r;lion i1{/''eriuR, or the g{tn-
glion of tll(' trunk of thf' nen·e, Frn. :&~.-Course and distribu!lon of the ninth, tenth, and 
orer which the fibres of the spi- eleventh ncncs. 

nal accessor5• pa~~ unclwnge1L . 
being principally di~tributcd to the pharyngca~ and ~upc_nor la_ryugcal branches 
of the vagus; but some of the filaments from 1t are contmued mto the trunk of 
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the.• ng:n~ bc.•low the ganglion, to he di~trilmh'd with th(' recurrent laryn,!?<'al 
nern• :uHI prohahly al~o with the c:1nlia(' nern.·~. TIH' 1wrn• pa~~<'"' n•rticallr 
1low11 thr lll'ek "ithin the ~heath of the c:trotitl \'{'~~C'li-l lying between the intl'rn:tl 
r:1roti1l :ll'lrry :11ul internal ju!!ular \·cin n..:; for a~ the thyroitl cartilage. and .thc.•n 
hrt\\N'n tin• "'amc n•in nnd the common cnroticl to the root of th<' neck. ll ere 
the conr~c of the nerve becomes different on the two side~ of the body. 

On the r(qht side the nen·e passes across the subrlanan artery belwccn it nnd 
the right in nomi nate vein, and descends by the side of the trachea to the back part 
of the root of the lung, where it spreads out in n. plcxiform network (posterior puf. 
111mwry) 1 from the lower part of which two cords descend upon the ccsophagus, on 
which they diYide, forming, with branches from the oppos ite nene, the oosopha~eal 
plexus (plexus _qulce); below, these branches arc collected into a s ingle cord, which 
runs along the back part of the oosophagus, enters the nbdomen, and is distributed 
to the posterior su rface of the stomach, j oi nin g the left side of tl1e solar plcxu~. and 
sendi ng filaments to the splen ic plexus and a considernble bnrnch to the cccliac 
plexus. 

On the ltft sicle the pneumogastric nerve enters the chest between the left 
carotid and subcht\'iau arteries, behind the left innominn.te vein, It crO$SCS the 
arch of the aorta and descends behind the root of the left lung, forming the poBle· 
rior pulm01wr.11 plexuB, and a long the anterior surface of the c.csophagus, where it 
unites with the nene of the right side in forming the plexus gu lre, to the stomach, 
distributing branches O\'Cr its anterior surface, some extending o\·er the great 
t·ul-de-rwc, an<l others along the lesser curvature. Filaments from these branches 
enter the gastro·hepatic omentum and join the hepatic plexus. 

The ,qan,glt'on of tlte root is of a grayish color, circular in form, about 
two lines in diameter, and resembles the g:rnglion on the large root of the fifth 
nene. 

Uo1rneeti11g Branclu•3.-To this ga ngli on the accessory portion of the spinal 
accrssory nerve is connected by se,·cral dclica.te filaments; it also has a communi
cating twig with the petrous ganglion of the glm•SO·p lrnryngeal, with the facial 
nerve by rneam; of' its (the ganglion's) auricu lar branch, aJHl with sympathet ic 
by means of an ascending filament from the superior ccnrical ganglion. 

Th e ,qanglion of the trunk (inferior) is a. plexifol'm eord, cylindrical in 
form, of a reddish color, and about an inch in length; it involves the whole 
of the fibres of the nerve, and passing through it is the accessory portion of 
the spinal accessory nene, which blends "ith the pneurnof!astric below the 
~anglion, anti is then principally continued into its pharyngeal and superior 
laryngeal branches. 

Uon11e1·tinl! Branl'lies.-rl1his g:tn~li on is connectecl with the h~'poglossal. the 
superior cenical ganglion of the sympathetic, and the loop between the first anil 
second cervical nenes. 

The branches qf the zmeumogaBtrie a.rc-

In the jugular fossa 

In tho neck 

In the thorax 

In tho abdomen . 

{ 
~lcningcaL 
Auricular. 

t 

Pharyngeal. 
8uperior la ryngeal. 
Recurrent l:tr.yngcaL 
Conical cardiac. 
'l'horacic cardiac. 
Anterior pulmonary. 
Posterior pulmonary. 
msophageal. 
Gastric. 

~he m~ningeal branch is a recurrent branch giYen off from the ganglion of the 
root 111 thc,1ugu1ar fora men. It passes backwanl, and is distributed to the dura mat(']' 
corerin!( the posterior fossa of the base of the skull. 
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The auricular branch (,lrno/d's) arises from the gangl ion of the root, and is 
joined soon a_ftcr its origin by a fil~ment fr?m the petrous ganglion of the glosso
pharyngeal; it passes outward behrnd the Jligular ,·cin) and enters a small canal 
on the outer wall of the jugular fossa. Trasersing the substance of the temporal 
bone1 it crosses the ac1ucc.luctus Fallopii about two lines abo,·e its termination at 
the stylo-mastoid foramcn; here it gives off an ascending branch, which joins the 
faci.al: the cont inuati on of the ne_rrn reaches the surface by passing through the 
auricular fissure between the mastoid process and the external auditory meatus, anti 
cliviJes into two branches, one of which communicates with the posterior aul'icular 
nene, while the other supplies the integument at the back part of the pinna and 
ihe posterior part of the external auditory meatus. 

'l'he pharyngeal b~anc~, the pri~1ci pa1 motor ncrre of the pharynx , arises from 
the upper part of the in fen or gang hon of the pneumogastric. lt consists principally 
of filaments from the accessory portion of the spina l accessory: it passes across 
the internal carotid artery (in front or behind) to the upper border of the llliddle 
constrictor," here it di,·itles into numerous filaments, which join with those from 
the glosso-phar_yngcal, superior laryngeal (its external branch), and sympathetic, 
to form the pharyngeal plexus, from which branches are distributed to the muscles 
an<l mucous membrane of the pharynx and the muscles of the soft palate. From 
the pharyngeal plexus a minute filament (lingual branch) is gi\'Cll off, which 
descends and joins the hypoglossal nene as it winds round the occipital artery. 

The superior laryngeal is the nen·e of sensation to the larynx . It is larger than 
the preceding, and arises from the middle of the inferior ganglion of the pncumo
gastric. It consiscs principally of filaments from the accessory portion of the spinal 
accessory. In its course it recei\•es a branch from the superior conical ganglion 
of the sympathetic. It descends by the side of the pharynx behind the internal 
carotid, where it di,·ides into two branches. the external and internal laryngeal. 

The external lar}fll.CJeal branch, the smaller, descends by the side of the larynx, 
beneath the Sterno-thyroid, to su pply the Crico-thyroid muscle. It~ives branches 
to the pharyngeal plexus and the Inferior constrictor, and comrn un1catcs with the 
superior cardiac nerve, behind the common carotid. 

'l'he internal laryngeal branch descends to the opening in the thyro-hyoid 
membrane, through which it passes with the superior laryngeal artery, and is 
distributed to the mucou:s membrane of the larynx . A smal l branch communicates 
with the recurrent laryngeal nen•e. The branches to the mucous membrane are 
distributed, some in front to the epiglottis, the base of the tongue, and the 
epiglottidean glands; while others pass backward, in the aryteno-epiglottidean 
fold, to supply the mucous membrane surrou nding the superior orifice of the 
larynx, as well as the membrane which lines the earity of the larynx as low down 
as the \·ocal cord . The filament which joins with the recurrent laryngeal descends 
beneath the mucous membrane on the inner surface of the thyroid cartilage, where 
the two nencs become united. 

The inferior or recurrent laryngeal, so called from its reflected course, is the 
motor nerve of the larynx. It arises on the right side, in front of t~e subclavian 
artery; win<ls from bCfore backward round tha.t vessel, and ascends obliquely to 
the side of the trachea, behind the common carotid an<l Uchind or in front of tJ.e 
inferior thyroid artery. On the left side it arises in front of the arch of the 
aorta, and winds from before backward round the aorta jm;t beyond ''here the 
remains 0f the ductus arteriosus are connected with it, arnl then ascent.ls to the 
side of the trachea.. 1'he nerves on both sides asccrHl in the groove between the 
trachea and oosophagus, and, passing_ under the .lower. border of _th? ~nferior con
!<lrictor muscle, enter the larynx behind the art1culatwn of the rnfenor cornu of 
the thnoid carti la"e with the cricoid, being distributed to all the muscles of the 
larvnX except the 

0
Urico-thyroid. lt communicates with the Superior laryngeal 

nc;ve ~nd sends twig:s to the mucous membrane below tl1c true cords. Th.e recur
rent 1arn1<real, as it winds round the subcl~wian artery and aorta., gives off 
FC\'er<ll Cardiac filament8, "hicb unite with tLe cardiac branches from the pneu-
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mogastric and s,,·mpatbetic. As it ascends in the neck it gi,·cs 11ff crsophagl'al 
branches. more numerous on the left than on the right side, which Ruppl,r the 
mucous membrane and muscular coat of the resopbag:us; tracheal branchl'~ to th(' 
mucous membrane and muscular fibres of the trachea. : anU some 11hary11~eal 
filaments to the Inferior constrictor of the phar.1nx. 

The cervical cardiac branches, two or three in number, arise from the pncumo
gastric, at the upper and lower pa.rt of the neck. 

The superior branches are small. and communicate with the cardiac branches 
of the sympathetic. They can be traced to the great or deep cardiac plexus. 

Tbe inferior branches, one on each side, arise at the lower part of the neck, 
just above the first rib. On the right side th is branch passes in front or by the 
side of the arteria innominata1 and communicates with one of the cardiac nerres 
proceeding to the great or deep cardiac plexus. On the left side it passes in front 
of the arch of the aorta and joins the superficial cardiac plexus. 

'11he thoracic cardiac branches, on the right side, arise from the trunk of the 
pneumogastric as it lies by the side of the trachea, and from i ts recurrent laryngeal 
branch, but on the left side from the recurrent ner ve only; passing inward, they 
terminate in the deep cardiac plexus. 

The anterior pulmonary branches, two or three in number, and of small 
size, are distributed on the anterior aspect of the root of the lungs. They join 
with filaments from the sympathetic, and form the anterior pulmonai-y 7Jlexus. 

The post erior pulmonary branches, more numerous and larger than the anterior, 
nre distributed on the posterior aspect of the root of the lung, some filaments 
going to the pericardiwn; they are joined by filaments from the third and fourth 
(sometimes a lso first and second) thoracic gangl ia of the sympathetic, and form 
the posterior pulmonary plexus. B ranches from both plexuses accompany the 
ramification of the air-tubes through the substance of the lnngs. 

'l'he resophageal branches are given off from the pneumogastric both abo\·e 
and below the pulmonary branches. The lower are more numerous and larger 
than the upper. They form, together with branches from the opposite nerve, the 
cesoplwgeal plexus, or 7Jlexus gulce, which also supplies the pericardium . 

'rhe gastric branches are the terminal filaments of the pneumogastric nen·e. 
The nene on the right side is distributed to the posterior surface of the stomach, 
and joins tbe left side of the creliac plexus and the splenic plexus. The nerve 
on the left side is distributed over the anterior surface of the stomach, some 
filaments passing across the great cul-de-sac, and others a.long the lesser curvature. 
They unite with branches of the right nerve and with the sympathetic, some fila-
ments passing through the lesser omentum to the hepatic plexus. 

Surgical Anatomy.-The laryngeal nerves are of considerable importance in consi<lerina: 
some of the morbid conditions of the larynx. When the peripheral terminations of the superior 
larynri:cal ncn'e are irritated by some foreign body passinp; O\'Cr them, reflex spasm of the glottis 
is the result. 'Vhen the trunk of this same nerve is pressed upon by, for instanc:e, a l!Oitrc or 
an ancurism of the upper part of the carotid, we h<we a peculiar dry, brassy cough. \Vhen the 
nen·e is paralyzed, we have anresthesia of the mucous membrane of the brynx, so that foreign 
bodir-s can readily enter the cavity1 and, in consequence of its supplyin~ the crico-thyroid muscle, 
the \'ocal cords cannot be made tense, and the voice is deep and llOarse. Paralysis of the 
superior laryngeal nerves may be the result of bulbar para\_ysis, ma.y be a sequel to diphtheria, 
when both nen·es are usually i1woh•ed 1 or it may, thougl1 less commonly, be caused by the 
press.ure of tumors or aneurisms, when the paralysis is generally unilateral. Irritation of the 
inferior laryngeal nerves produces spasm of the muscles of the larynx. \ \Then both these 
recurrent nen·es are paralyzed, the vocal cords are motionless, in the so-called "cada,•eric rosi
tion "-that is to say. in the position in which th<'y are found in ordinary tranquil rcspiration
neither closed as in phonation, nor open as in deep inspiratory efforts. When one recurrent 
nen·e is _paralyzed, the cord of the same side is motionles.s, while the opposite one crosses the 
mit!Ule lllle to accommoJate itself' to the affected one i hence phonation is present, but the voice 

~a:~J)~;·~d o;~~te;'Ji~hi;J1et:~~~~hen'~!1 ~1s~~JJ;r~ff ~cl~rJ;~B~a!iJ:;·~·e~r 1~l~~·y ~a~ab: 1~ff~ct~0d t~1~h~ 
pre:-;:-.ure of aneurisms of the aorta, i1111omill<lte or subc:l:wian arteries; by mediastinal tumor..; 
by .Lronchot:ele; or Ly cancer of the upper part of the cesopbagus, when the paraly~is is often 
umlateral. 
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Eleventh Pair (Figs. 491, 492). 

'l'be Eleventh or Spina.I Accessory Nerve consists of two parts-one the ::i.cces
sory part to the vagus, nncl tbr other the spinal portion. 

The ac.cessory part ii:. ~he small~r of the two. Its supe1:ficial or(9in is by four 
or five dehcat? filaments from the side of the medulla, be loll' the roots of the ngus. 
Jt:-; dcrp ongw may be .traced to a nu~lcus of gra.y matter Ill the medulla, just 
d·1rsal to the lo1rer thml of the ohve and dorso-latcral to the hypoglossal 
nu.deus. ~t passes. outward to t.he Jugular foramcn, where it joins with the 
spmal port10n, and 1s connecteJ wit~ the upper .ganglion. of the vagus by one or 
~wo filaments.. It t~en separates from the spinal portwn, passes through the 
fo~·amen, and 1~ cont111ucd over but adherent to the surface of the in ferior gan
glion, or ganglion of the trunk of the vagus, to be distributed principally to the 
pharyngeal and superior lary ngeal branches of the pueumogastric. 'l1brough the 

~~Wn%e~·~eb'!e~vc~1~.J~;~~sa~(~~u~['I~~~ t~:n:fnu~~~esi~{o t~l~e s~,f~n~al~~et~s:ev~~~: 
below the ganglion, to be rlistributed with the recurrent laryngeal nerve ;nd 
prob:ibly also with the cardiac nerves. 

The spinal portion is firm in texture. Its superficial origin is hy several fila
ments from the lateral tract of the cord, as low clown as the sixth cervical nerve. 
Its deep onjin may be traced to the intermedio-lateral tract (lateral horn) of the 
gray matter of the cord, where it forms a column of cells reaching, above, to the 
lower end of the nucleus of the accessory part of the nerve. This portion of the 
nen-e ascends between the ligamelttum denticula.tum and the posterior roots of 
the spinal nerves, enters the skull through the foramen magnum, and is then 
directed outward to the jugular fora men, through which it passes, lying in the same 
shrath as the pneumogastric, but separated from it by a fol<l of the arachnoid. In the 
jugular foramen it joins with the accessory portion. At its exit from the jugular 
furamen it passes backward, either in front of or behind the internal jugular vein, 
and descends obliquely behind the Digastric and Stylo-h,yoid muscles to the upper 
part of the Sterno-mastoid. I t pierces that muscle. and passes obliquely across 
the occipital tria.ngle, to terminate in the deep surface of the 'l1rapczius. '11his 
nerve gives severa l branches to the Sterno-mastoid during its passage through it, 
anrl joins in its substance with branches from the second cervical, which supply 
the muscle. In the occipital triangle it joins with the second and thi rd cervical 
nenes and assists in the formation of the cen·ical plexus. Beneath the Trapezius 
it joins with the third an<l fourth cen•ical nerves to form a sort of plexus, from 
which fibres are distributed to the muscle. 

fail!i~Jf~,i~~,~~ra!~~s1'~~~f :~~~:t~n sgt~i~c0~1\in;<r;~~~~;~ ~d;~~1 J~~ b~~~a~~~~:tred\~.cn~l1i: 
may be clone either a Ion~ the anterior or posterior border of the Sterno-mastoid muse le. The 
former operation is performed by making an incision from the apex of the mastoid process, 
three incht•s in lcn!!"th, :ilong the anterior border of the 8terno-rnast1Jid muscle. The anterior 
Lortler of Lhc mustle is defined and pulled hackward, so as to stretch the nerve, which is then to 
Le sought for beneath the Digastnc muscle, about two inches below the apex of the mastoid 
11roeess. The other operation consists in makin!!" an incision alon~ the posterior border of the 
muscle, so that the centre of the incision corresponds to the middle of this border of the mus
cle. The superficia l structures having: been cli\'i<led and the border of ~h~ n111!"~·le df'fined, the 
nerrc is to be sou~ht for as it emerges from the muscle to <:ro~ the ~cc 1 p1t.al triangle. 'Vb.en 

!~1~1!1:~ i~t ~iv~~ ~fr tf~ce~:i~J~~~d~;~f1~u§~~~~~~-:~~~:~~f d. an~n~ t\~i~t~~;~:~ii~Ln e~~:~e~f '~J~e"d;~~,{~ff~~ 
branches of the superficml eerv1cal plexus 1s liable to be mistaken for the ncr\'e. 

Twelfth Pair (Fig. 493). 

The Twelfth or Hypoglossal Nerve is the motor nerve of the ton1tue. Its 
superficial origin is by several filaments, from ten to fifteen in number, from the 
groo\;e betwe~n the ~pyramid and olirnry body, in a continuon~ line l\ith the 
anterior roots of the spinal ncrn.·~. Its cit' ('/> or(qi1t can be tratcd to a nucleus of 
gray matter Jying under the lower part of the fasciculus tercs (trigonum hypo-
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~Io~~i) in tlie floor of the fourth YCntridC', and l'\tl'111Jin~ (lO\\ll\Htnl into the 
clo~ccl portion of the medulla.. 'l'hc filament1' of thi~ 1u•rn• arc collt.>cte1l into t"o 

bun<llcs "hich perfornll• tlH.• 1!11ra 
Contn11u•fni:tfmi.bthttml!!C1nd?d 
C.-n•lca/Xen.aandllypoQl"5¥ll 

mater separ:udy, oppo;-;ite the nu
tcrior concl doi1l forarnen. a111i 

;:
lij ~~;~~;l~g~:~1.cr l~~·tct1b~~:i1~!1·~:af~ 

amcn in the occipital· hone i~ 
;'! }I - double these two i:ortions Of thC' 

/11 
which the anterior <:ondvloid for-

:_-~-~ nenc arc separated b.Y the ~mall 
:- piece of bone which divides the 
,.., c"mmunrrm11ra foramctl. 'L1he 11cn·e <lesc<'nd~ al-
~~llupO(J/out most vertically to a point carre-

l spondin~ '' ith the flngle of thC' 
jaw. It i~ at first deeply f:('atcd rnl beneath the internal carotid art<·rv 
and internal jugular vein. and i~
timatcly connected with th e pncu
mogastric nerve: it then pa:--:--('1' 

forward between the ,·cin and 
Descendens arterv, and lower down in the 
H11P09tossi neck~ becomes superficial bcJo,1 

~ 
the Digastric mu:::cle. 'l'bc Il(.'f\"C 

then loop1' rouncl the occipital 
E:?1, nrtcry, tl1e sterno-ma.!'toid brauth 
t/I:011'":,'7:';.u.e1e3 of "hich hooks o,·er the m·nl'. 

Fl(l. ·193.-Plan (l f communicnntes nnd descendeus hypo- and crosses the external carotid 
gln!,,.l nC'm.•s and its lingual branch below the 

tcn<lon of the Digastric mu,.tlc. 
It then pa"5es beneath the tendon of the d igastric, the stylo-hyoid, and the Mylo
hyoid muscles, lying on the llyo-glossus, accompanieLl b,Y the ranine Yein, aucl 
communicates at the anterior border of the latter muscle with the lingual (gusta
tory) nerve; it is then continued forward in the fibres of the Genio-hyo-glossus 
muscle as far as the tip of the tongue, distributing branches to its substance. 

The branches of cummunication are-with the 

Pneumogastric. 
Sympathetic. 

First and Second Cervical Nerves. 
Lingual (gustatory). 

The first mentioned takes place close to the exit of the nerrn from the skull, 
numerous filaments passing between the hypoglossal and lower ganglion of the 
pneumogastric through the mass of connective tissue which here unites the t\\O 
nerve~. It also communicates with the pharyngeal plexus by a minute filament 
as it winds round the occipital artery (!hi.qua[ branch, sec page 821). 

The communication with the sympathetic takes place opposite the atlas by 
branches deri,·ed from the superior ccnical ganglion, and in the same situation 
the nen-e is joined by filaments derived from the loop connecting the first two 
cervical nerves. 

'!'he commu~ication with the lingual (gustatory) takes place near th<: anterior 
boNler of the Jlyo-glossus muscle by numerous filaments which ascend upon it. 

The lmmclus of distribution are-the 

~Ienin~ral. 
Dc>ccrHlcns hypoglossi . 

Tbyro-byoid. 
)lt;scuht~. 

Meningeal Branches.-As the hypoglo~c.:;a] ncne pa~ses through the anterior 
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conclyloid foramen. it gives off, :.~cco~·ding to Lu:-:.chka1 several filaments (1·ecurrent) 
to the durn mater Ill the posterior fossa of the base base of the skull. 

The descendens hypoglossi is a long slender branch "bi ch c1uits the hypoglossal 
where it turns round the occipital artery. It descends 0Ulil1uely across the sheath 
of the caroti<l ''esscls, and joins the con;municatiug branches f1:om the second and 
thir<l cen-ical ncrw:s, ju:;t below the middle of the neck. to form a loop. From the 
w1n·cxity of this loop branches pass forward to i:rnpply the 8terno-hyoid, Sterno
th,vroid, and both bellies of the Omo-hyoid. According lo Arnold, another filament 
descends in front of the ,·essels into the chest and joins the cardiac and phrenic 
nene!;. The <lescendcns hypoglossi is occasionally contained in the sheath of the 
carotid vessels, being sometimes pla.ce<l oYer, and sometimes beneath, the internal 

1''1G •l!).\.-flypoglossalncn·e,ccrvicnlplcxus,aoclthcirbranchcs. 

jugular vein. The fibres of this nerv~ are chiefly derived from the first and 
second cervical nerves by means of the filaments of commurncat1on already men

tioned. 
Th e thyro·hyoid is a. smal l branch a.rising from the hypoglossal near the poste

rior border of the H yo-glossus; it passes obliquely across the great cornu of the 
hyoit! bone and suppli es the Thyro-hyoid muscle. . . 

The muscular branches are distributed to the Stylo-glossus, H yo-glossus, Gcmo
h_roitl, and Genio-hyo-glossus muscl~s. At the under sur~ace of the tongue nurn~r
ous !-ilcnder branches pass upward into the sub~tancc of the organ to supply its 
muscular structure. 

tun• ~r.rt,;~t~u!~t~~::.;~;~~c 1i;:~·i~~~f3~~1 ncrrn is an important ,!!Uidc in thcopcrnlion ofliga· 
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THE SPINAL NERVES. 
'11hc spinal nerves are so called bec:tu~e they take their origin from the ~pinai 

cord. an1l are tran~mittc<l through the intc1Tertchrnl foramina on <.•ither side of the 
spinal column. There arc tbirty·onc pairs of spinal ncn-cs, \I hich are arranged 
into the following group , corresponding to the region of the spine through which 
they pass: 

Cervical. 
Dorsal 
Lumbar . 
Sacral 
Coccygeal . 

. 8 pairs. 
, 12 H 

5 " 
.5 " 
1 pair. 

It will be observed tLat each group of nerves corresponds in number with the 
vertebrro in that region, except the cen·ical and coccygeal. 

Each spinal nerve arises by two roots, an anterior or motor root, and a pos· 
terior or sensory root. 

Roots of the Spinal Nerves . 

The Anterior Roots.-The su,perfi.cial origin is from a somewhat irregular series 
of depredsions which map out a. longitudinal area opposite the anterior cornu of 
gray matter on the antero-lateral column of the spinal cord, gradually approach
ing toward the anterior median fissure as they <lcscend. To the deep origin the 
fibres can be traced through the antero-lateral column; the roots, after penctrat· 
ing horizontally through the longitudinal fibres of this tract, enter the gray sub. 
stance of the anterior cornu, where their fibri ls diverge in several directions: 
some, passing inward, are continued across the anterior commissurc in front of 
the central canal, to become continuous with the axis.cylinder processes of the 
large cells of the anterior coruu of the opposite side; others terminate in the 
mesial group of cells of tbc anterior column of the same side; other fibri ls pass 
outward, some to become continuous with the axis-cy linder processes of the group 
of cells in the lateral part of the anterior column; and others enter the la.tcral 
column of the same side, where, turning upward, they pursue the ir course as 
longitudinal fibres . The remaining fibri ls pass backward to tbc posterior horn, 
where they arc continuous with the axis·cyH:-iU.crs of the cells at the base of the 
posterior cornu. 

The Posterior Roots.-The superficial ol'(qin is from the postero·lateral fissure 
of the cord. The deep origin is from the gray substance of the posterior cornu, 
either directly through the substantia gelatinosa1 or indirectly, by first passing 
through the white matter of the posterior column and winding round in front of 
the ca.put cornu. Ti:iose which enter the gray matter at once for the most part 
turn upward and downward, and become continuous with the fine nene·plexus in 
the central portion of the gray matter; some few fibres pass trans\·ersel~r through 
the posterior commissure to the opposite side. an<l others into the anterior cornu 
of the same side. 'l'hose fibres which enter the gray matter in front of the caput 
cornu reach the posterior vesicular column (Clark's column) and blend with it, a 
few fibres passing through it, to become longitudinal in the posterior column of 
the cord. 

The anterior roots are smaller than the posterior, devoid of ganglionic enlarge
ment, and thei r component fibri ls are collected into two bundles near the inter
vertcbnil foramina. 

The 71osterior 1·oots of the nerves are larger) but the individual filaments are 
finer and more delicate than those of the anterior. As their component fibril> 
pass outward, toward the aperture in the dura mater, they coalesce into two bun· 
dies, recci\·o a tubular sheath from that membrane, and enter the ganglion which 
is de\·eloped upon each root. 

'l'he posterior root of the first cervical uene forms an exception to these cha
racter~. It is smaller than the anterior, has frequently no ganglion dercloped 
upon 1t, and when the ganglion exists it is often situated within the dura. mater. 
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Ganglia of the Spinal Nerves. 
A ganglion is cle1·cloped upon the posterior root of each of the spinal nerves. 

'J'bese ganglia are of an ornl form and of a reddish color; thc.v bear a proportion 
in size to the nerves upon which they arc formed, and are placed in the intcner
tebral foramina, external to the point "here the nones perforate the dura 
mater. Each ganglion is bifitl internally, where it is j oi ned by the two bundles 
of the posterior root , the two portions bein g united into a single mass externa lly. 
The ganglion upon. the first and second conical nerves forms an exception to 
these cba.racters, being placed on the arches of the vcrtebrm over which the nenes 
pass. The ga nglia, also, of th e sacral nenes are placed within the spinal cana l; and 
that on the coccygeal nene1 also in the canal , about the middle of its posterior root. 

DISTRIBUTION OF T llE SPINAL NERYES. 

Immediatel.r beyond the ganglion the two roots coalesce, their fibres inter
mingle, and the trunk thus formed passes out of the in tenertebral foramen, and 
divides into a posterior division for the su pply of the posterior part of the body, 
and an anterior diYision for th e s upply of the anterior part of the body, each con
taining fibres from both roots. Before division each trunk g ives off a recurrent 
Lranch to the durn mater of the cord. 

rrhe posterior divisions of the spinal nerves are generally smaller than the 
anterior; they arise from th e trunk resulting from the union of th e roots in 
the intra.vertebral foramina, and, passing backward, divide into internal and 
externa l branches, which a re distributed to the muscles and integument behind 
the spine. The first cervical, the fou r th and fifth sacral, and the coccygeal 
nenes arc exceptions to these characte rs. 

':L1he anterior divisions of the spinal nerves su pply the parts of the body in front 
of the spine, including- the limbs. 'fhcy are for the most part larger than th e 
posterior rli,·isions. Each d iYision is connected with the sympathetic by slender 
filaments from wh ich a communicating branch runs to the recurrent filament from 
the trunk. In the dorsal region the anterior d ivisions of the spinal nrrvcs are 
<"ompletely separate from each other, and are uniform in their di st ribution: but 
in the cervical, lumbar, and sacrai regions they form intricate p lexuses previous 
to their distribution. 

Points of Emergence of the Spinal Nerves. 
The roots of the spinal ncrrns from their origin in the cord run obliquely 

downward to their point of exit from the intc1: rnrtcbral f?ramina, th~ amoun t of 
obliquity varying in d ifferent regions.of the sp1110, ~nd being grc~tcr .111.the low~r 
than the upper part. The level of thei r emergence from the cord is within certam 

I 
Level or Level o ft1p Le,e1 of 1:r'Se~ 1~~ ~f J ~~~~~~ 
Cl Cl - DS 9 7d I 

2 { ~ 1~ ]~ i~ ~ ~ 
3 4 2c - 12 IO cl 
4 5 3c 11 L 1 11 d 
5 6 4c { 2 -6 7 5 c. 12 3 12d 

7 D ~ ~~ r : - II D I 2 1 d S l 
2 3 - L ll 2 3 4 2d 3 
4 5 3d 4 IL I 5 6 4 d. 5 
6 7 5d G. I 
7 8 6d. L.2 
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limits variable, and of course cloe not correspond to the point of cmcrg:cnce of 
the nH,·c from the intcn-ertcbral foramin:i.. The preceding tabl('. from )lac
ali~tcr. ~hows. a~ accurately as can be shown the relation of the:-;e points of origiu 
from the spinal cor<l to the bo<lies and spinous proce:-:~c::i of the Ycrtehr~~. 

THE CERVICAL NERVES. 
The roots of the cervical nerves increase in size from the first to the fifth. anrl 

then remain the same size to the eighth . 'The posterior roots bear a proportion 
to the anterior as 3 to 1, which is much greater than in any other reg-ion. the 
indiYiclual filaments being also much larger than tho:-;e of the anterior roob. In 
directton the roots of the ccrYical are less oblique than tbos.e of the other spinal 
nen·c8. The first cen·ical nen-e is <lirccte<l a little upward and outward; 1he 
second iR horizontal; the others arc directed obliquely downward and oubr:ml, 
the lowes.t being 1hc most oblique, and consequently longer ihan the upper, the 
distance between their place of origin and their point of exit from the spinal caual 
nc,·er exceeding the depth of one ,·ertebra. 

r11he trunk of the .fi.1·st ce1Tical nen•e (suboccipital) lea,·cs the spinal canal betwern 
the occipital bone and the posterior arch of the atlas.: the s.econcl, between the 
posterior arch of the atlas and the lamina of the axis; and the eighth (the la>t), 
between the las.t cen·ical and first dorsal rnrtebn-c. 

Each nenc. at its exit from the intervertebral forarnen. di,·ide~ into a posterior 
and an anterior diYision. 'rhe anterior cli,·isions of the four upper cenical nenes 
form the ccniral plexus. The anterior <fi,isions of the four lo" er cen'ical nenes, 
together with the first dorsal, form the brachia! plexus. 

Posterior Divisions of the Cervical Nerves (Fig. 495). 
The posterior division of the first cervical (1mbrwcipital) nerve differs from thC' 

posterior di"i~ions of the other ccr"ical ne1·yes in not di,·iding into an internal 
and external brnnch. It is larger than the anterior di\·ision, and escapes from the 
spinal canal between the occipital bone antl the posterior arch of the a.tlas 1 lying 
behind the vertebral a.rtery. I t enters the suboccipital triangle formed by the 
Rectns capitis posticus major, the Obliquus superior, and Obliqnus inferior. and 
supplies the Hecti and Obliqui muscles, an<l the Cornplexus. From the branch 
which supplies the Inferior oblique a. filament is gh·en off which joins the second 
cervical ncn·c. This nene also occasionally gi"es off a. cutaneous fi lament, which 
accompanies the occipital artery and communicates with the occipitalis major and 
minor ncn·es. 

The posterior division of the second cervical nerve is three or four times greater 
than the anterior di\'ision, and the largest of all the posterior cer"ical dh·isions. 
It emerges from the spinal canal between the posterior arch of the atlas an<l 
lamina of the a.xis, below the Inferior oblique. It supplies this muscle. and 
recei"es a. communicating filament from the first cenical. It then di\'ides into an 
internal and external branch. 

The internal branch, called, from its size and distribution, the occipitalis 111aj11r, 
ascends obliquely inward between the Obliqnus inferior and Complex us, and pierces 
the latter muscle and the Trapezius near their attachments to the cranium. It is now 
joinetl by a filament (third occipital) from the posterior division of the thi rd cervical 
nenc, and, ascen<ling on the back part of the head with the occipital arter_v, di
,·i<les into two branches, which supply the integument of the scalp as far forwarcl 
as the rnrtcx, communicating with the occipitalis minor. It gives off an auricular 
branch to the back part of the ear anti muscular branches to the Complexus. 
The cxtemal btcrndi is often joined b_,. the external branch of the posterior 
dirisiun of the third, and supplies the Rplenius, 'l1rachelo-ma:stoi1l, and Complex us . 

The posterior division ~f the third cervical is smaller than the prece<linµ-. but 
larger than the fourth ; tt differs from the pn:-;terior (li vh•ions of the rcmaiuing 
ccnical nern.•.s in its supplying an additional filament, the third occipital 11ene. 
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to the integument of the occiput. The posterior diYision of the third nerve, like 
the others, divideH into an intl ... nal and external branch. 'The internal branch 
passes between the Complexus and Semispinalis, and, piercing the 8plenius and 
rrra.pezius, supplies the skin over the latter muscle j the external branch joins with 
that of the posterior division of the second to supply the Splenius, Tracbelo-mas
toid. on<l Complexus. 

The tltfrd occl]Jital nen1e arises from the internal or cutaneous branch beneath 
the Tra.pezius; it then pierces that muscle, and supplies the skin on the lower and 

I<"m.•195.-Posterillr<livislcmsofthcuppcrecrYicalnervcs. 

bock part of the head. It lies to the inner side of the occipitalis major, wit!.t 

whi~hh~t pi~st~~.f;~~1\~~~ion of the suboccipital .nerve a~1d the internal bl'an~bes o~ 
the posterior di\·isions of the second and third ccrnca.l ner,",cs. arc occas~ona.ll; 
joined beneath the Complcxus by comm~micati~g branches. Ibis commumca.t1on 
i~ described bY Cnn·eilhier as the postenor cen1wal plultS. . . 

The posterior divisions of the Court~,. fifth, si~th, _seventh, a~d _e1gh~h. ce~1~al 
nerves (Fig. 502) pass backward, and <l1nde. behrnd the Postenor rnteit1ans,e1se 



830 THE ,YER f'OCS sn;TE.lf. 

mu~cles, into internal and external branches. 'l'bc intunnl brancl1es. the forger. 
arc distributed diffcrcntl.r in the upper and lower pa.rt of the neck. Those 
dcrh•cd from the fnurth and fifth ncn·es pa:;;.s between the Complcxus anti ~cmi
spinalis mu~clcs. and, haxing reached the spinous proc.-c~scs, perforate the 
aponcurosi~ of the Splenius aml Trapczins. ancl arc Cflntinucd oULwanl to tht.' 
inici.rumcnt m·cr the 'l1rapczius, whilst th()se dcriYcd from the three lowest cerrical 
ncn?es are the smallest, and are placed beneath the ~emispinalis colli. which thC'y 
supply. and then pa~s into the Interspinalc--, :\Iultifidus sp.ina~, and Complcxus, 
and sencl twigs through this latter muscle to supply the 111tcgumcnt near the 
spinous processes (Ilirschfehl). The external branch<"s supply the mu•clcs at the 
side of the neck-Yiz. the Cel'\'icalis ascendens, TrnnS\'Crsalis colli, an<l 'l'rachclo
mastoi<l. 

Anterior Divisions of the Cervical Nerves. 
The anterior division of the first or suboccipita.l nerve is of small size. It 

escapes from the spinal canal through a. groom upon the posterior arch of the 

~~~~~~cc~~s 1~~~li~i1~0~~·t:r~\ i~:es l~ni~a ~~o~~=s \~b1:0i~:::~n~~1~:eii~r ~1~~ :1~1~1~~:r:~ ;~~~c:~ 
of the atlas it receives a filament from the sympathetic on the \·ertebral artery. 
It then descends, in front of this process, to join with the ascending branch from 
the second cenical nene. 

Communicating filaments from the loop between this nen·e and the second 
join the pneumogastric, the hypoglossal, and sympathetic (superior cenical 
gang1ion), and some branches are distributed to the llectus lateralis and the two 

~l~~:~i~~t~eft~·de~~J~cl!~~e7tYl~~;z:~~~~~lt~~f c:~t: l~~;e hs'~~)~lossal are mostly con-

'l1hc anterior division of the second cervical nerve escapes from the spinal 
canal, between the posterior arch of the atlas and the lamina of the axis, and, 
passing forward on the outer side of the vertebral artery, divides in front of the 
Intcrtransverse muscle into an ascending branch, which j oins the first cervical, 
and descending branches, which join branches from the third. These last-named 
intercommunicating branches of the second and third cervical nerves, give off 
the small occipital, the great auricular, and the superficial cervical nerves. The 
nerve also gives off one of the commun icantes hypoglossi, and a filament to the 
Sterno-mastoid which communicates in the substance of the muscle with the 
spinal accessory. 

The anterior division of the third cervical nerve is double the size of the 
preceding. At its exit from the inten"ertcbral foramen it passes downward an<l 
outward beneath the Sterno-mastoid, and divides into branches. The ascend
ing ones join with branches of the second cervical, and this combination giYes off. 
as already stated, the small occipital, the great auricular, and the superficial 
cervical nen-es. 'rhe descending branches pass down in front of the Scalenus 
anticus, and are as follows: One of the communicantes hypoglossi; a branch to 
the supraclavicular nen·es; a filament to assist in forming the phrenic; and 
muscular bra11ches to the Levator anguli scapulro and 'J,rapezius; this latkr 
nerrn communicates be11cath the muscle with the spinal accessory. Sometimes 
the nene to the Scalenus me<lius is derived from this source. 

The anterior division of the fourth cervical is of the same size as the preceding. 
It sends a communicating branch to the fifth cervical, and, passing downward 
and outward, unites with a branch from tho thi r(l, and from this union arc derh·e<l 

~~J~11~:~f~,~ic~1\~~e:::v:~~icl~t~~:~ ~~\~e!~s~~·1~~~h t1:~0tt1: ~L.~~~c n:~;,:/~,~·~i~f i~I~~ 
containccl in the intcrtrans\·erse space, an1l sometimes a branch to the Scaleum; 
medius muscle. It also gives a branch to the Lerntor anguli scapulre and to the 

ihe ~~i~~~~~:~~~~"~·:;~i1~~!~t~~1: :~~e~~~;~1~:Ji~~~t~~ t~~e 1J~~~~~r~~li a~~e~imibutb tilamencs to 



THE CERVICAL PLEXUS. 831 

Trapezius, which unites with the branch given off from the third nel'l'e, and 
communicates beneath the muscle "ith the spinal accessory. 

'l1he anterior divisions of the fifth, sixth, seventh, and eighth cervical nerves 
a.re remarkalJle for their larg~ size. They are much larger than the preceding 
nerves, and arc all of equal size. They assist in the formation of the brachia! 
plexus. 

The Cervical Plexus. 

The cervical plexus (Fig. 496) is formed, as above described, by the anterior 
diYisions of the four upper cervical ncnes. It is situated oppo!':ite ihc four upper 
cervical vertebrre, resting upon the Levator nnguli scapulro and Rcalenus medius 
muscles, and covered in by the Sterno-mastoid. 

Its bn1nches may be divided into two groups, superficial and deep, which may 
be th us arranged : 

Superficial 

D eep . .. 

{

Occipita1is minor. 

!Ascending . Auricularis magnus. 
Superficialis coll i. 

l { 
Suprasternal. 

Descending . Supracladcular SupraclaYicular. 
Supra-acromial . 

{

Internal . 

External . 1 
Communicating. 
Muscular. 

· Communioans hypoglossi. 
Phrenic. 
Communicating. 

· Muscular. 

Superficial Branches of the Cervical Plexus. 
The Occipitalis minor (F ig. 502) arises from the second and third cervical 

nerves; it curves round the posterior border of the Sterno-mastoid, and ascends, 
running parallel to the posterior border of the muscle, to the back part of the 
side of the head. Near the cranium it perforates the deep fascia, and is continued 
upward along the side of the head behind the ear, supplying the integument. and 
communicating with the occipitali s major, the auricularis magnns. and with the 
posterior auricular branch of the facial. 

This nerve gives off an auricular branch, which supplies the integument of 
the upper and back part of the auricle, communicating with the mastoid branch 
of the auricularis magnus. This branch is occasionally deri,·ed from the great 
occipital nene. ~rhe occipital is minor varies in s ize; it is occasionally double. 

The Auricularis Magnus is the largest of the ascending branches. It arises 
from the second and third cenical nerves, winds round the posterior border of 
the Sterno-mastoid, and, after perforating the deep fascia, ascends upon that 
muscle beneath the Platysma to the parotid gland, where it divides into facial, 
auricular, and mastoid branches. 

'!'be.facial branultes pass across the parotid. and arc distributed to tho integ
ument of tho face over the parotid gland; others penetrate the substance of the 
gland and communicate with the facial nerve. 

'l'he crnrfrular branches ascend to supply the integument of the back part of 
the pinna. except at its upper part, communicating with the auricular branches 
of the facial and pneumogastric nerves. 

The mastoid branch communicates with the occipitalis minor ancl the posterior 
auricular branch of the facial, and is distributed to the integument hehin<l the ear. 

The Superficialis Colli arises from the second and third cenical nerves, turns 
round the posterior border of the Sterno-mastoid about its middle, and, passing 
obli<1uely forward beneath the external jugular ,·ein to Lhe anrcrinr border of that 
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rn11:-:.1·lc•. pt•rforatcs the de<.·p C'enica} fa:--ci;.1, an1l <Jj, id<.'!' hc•1wath the Platy~ma. into 
two hrauchcs "hich arc <listributc<l to the :rntcro-latcral parts of the neck. 

The n.'i •1·ndin.'I b1·a11ch gi,·es a filament" hicb accornpanic~ the externa l jugular 
Ycin; it then pa..,:-;cs upward to the submaxilla.ry region, nrnl di,·idcs into branchc .... 
:;0111<.• of" hit.'11 form a plexus with the cervical hran('h<.·~ of the facial nen·e beneath 

Fm.496.-Planol thcccn·ical plexus 

the Platysma; others pierce that muscle, supply it, and are distributed to the 
integument of the upper half of the neck, at its fore part, as high as the chin. 

'l'be descendinl/ branclt (occasionally reprc~cntcd by two or more filaments) 
pierces the Platysma, and is distributed to the integument of the side and front 
of the neck, as low as the sternum. 

The Descending or supraclavicular branches arise from the third and fourth 
ce1Tical nencs: emerging beneath the posterior border of the Sterno·mastoid, 
they descend in the intenal between tha.t muscle and the Trapczius, and divide 
into branches, which a.re arranged, according to their position, into three groups. 

The inner or suprastenrnl branches cross ob liquel .Y o,·er the ch1Yicular anti 
sternal attachments of the Sterno-mastoid, and supply the integument as far as 
the median line. 

'J'be middle or supraclm.:icular branf'l1eR cross the cla.Yicle, and supply the 
integument OYer the Pectoral an~l Deltoid muscles, communicating with the 
cutaneous branches of the upper 111tcrcostal ncnes. 

'The t•.rtanal or .rmpra-aeromial branches pass obliquely across the outer surface 
of the Trapezius and the acromion, and supply the integument of the upper and 
back part of the shoulder. 
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Deep Branches of the Cervical Plexus. Internal Series. 

The communicating branches consist of S<'vcml filaments which pass from the 
loop between the first and second cen•ical nerves in front of the atlas to the 
pneumogastric, hypoglossal (see page 825 and Fig. ·Hl3) and ympathetic. and a 
communicating branch between the fourth and fifth cervical. 

Muscular branches supply the Anterior recti ancl the Hectus Jateralis mus
cles; they proC'ccd from the first cervical nen-e au<l from the loop formed 
between it aml the second. The Longus colli is supplied from the thir<l an<l 
the fourth. 

'l1he Communicans Hypoglossi (Fig. 493) consists usually of two filamcntg, one 
being derived from the second, and the other from the third ccnical. 'L1hese 
filaments pass downward on the outer side of the internal ju<tular Yein, cross in 
front of the 1·ein a little below the middle of the neck, and f;,·m a loop with the 
descemlens hypoglossi i.n fro~t of the sheath of the carat.id vessels (sec page 825). 
Occasionally, the JUnct1011 of these nerves takes place w1thm the sheath. 

The Phrenic Nerve (intcmal i·e.,piratory qf Bell) arises chiefly from the fourth 

~~~·~i\~~c1~f~~1~' '~;~l~~~:~·d~\~m~~~8r:~~~f ~t: 1~~~1~~ ~~~~~~~~nc;i:~;il~~:~t~i~~r~~: 1~~~ 
front of the 8calcnus anticus, passes ornr the first part of tbe subcladan arten. 
between it and the sul>cla.\·iau vein, and, as it enters the chest, crofses tl;e 
internal mammary artery near its origin. \rithin tbe chest it descends nearls 
Yerticall.1· in front of the root of the lung and by the side of the pericardium. 
between it and the mediastinal portion of the pleura, to the Diaphragm, "here it 
dirides into branches, which separately pierce that muscle and are distributed to 
its under ::;urfacc. 

The two phrcnic nerves differ in their length, and also in their re1a.tions at 
the upper part of the thorax. 

The n:r1ht 1lenw is situated more deeply, and is shorter and more vertical in 
direction than the left; it lies on the outer side of thE: right Yena innominata and 
superior vena cava. • 

The l1:ft nerve is rather longer than the right, from the inclination of the 
hear t to tb e left side, and from the Diaphragm being lower on this than on the 
opposite side. At the upper part of the thorax it crosses in front of the arch of 
the aorta tu the root of the lung. 

Each nerrn suppli es filaments to the pericardium and pleura, and near the 
che~t is joined by a filament from the sympathetic, and occasiona1ly by one from 
the union of the descendens hypoglossi with the spinal nerves: this filament is 
found, according to i:lwan, only on the left side. l t is also usually connected by 
a filament with the nerve to the Subclarius muscle. Branches have been 
described as passing to the peritoneum. 

From the right nerve one or two filaments pass to join in a small ganglion 
with phrenic branches of the solar plexus; and branchci; from this ganglion are 
distributed to the hepatic plexus, the suprarena1 capsule, and infol'ior Yena cava. 
From the lift ne1Te filaments pass to join the phrenic plexus of the sympathetic, 
but without any ganglionic enlargement. 

Deep Branches of the Cervical Plexus. External Series. 
Communicating Branches.-The deep branches of the external series of tLe 

cervical plexus commu ni cate with the spinal accessory nerve, in the substance of 
the Sterno-mastoid mu~clc, in tLe occipital triangle, an<l beneath the 'l'rapezius. 

Muscular branches arc <listribute<l to the 8terno-mastoicl, 'J1rapezius, Levator 

angl11~e 8~~~:~1!~~· ro~'.1 ~h~c~l:0~.~~-~~~~l~~\~ is derived from the 5'Ccond cervical; the 
Trapezius and Le\•ator anguli sca.puh~ recei\'e. branches from ~he third .and 
fourth. The Scalenus medius is supplied somct11nes from the thll'd, sometimes 
the fourth, and occasionally from both ncn-es. 
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The Brachia! Plexus (Fig. ~97). 
The Brachial Plexus i~ formed by the union of the anterior branches of the 

four lower ccnical and the greater p3rt of the first dor~al nene~. rece i' ing- nl:-;o a 
fa~ciculus from the fourlh ccn·i1·al ncn'C. It extend!'; from llw lower part nf the 
!-li1le of the neck to the axilla. It is very broad. and presents little of' a plt•xiform 
arrangement at its commencement. It 1s narrow oppm•itc the clavicle. bcen111t·~ 
broad and forms a more dense intcrlaccrncnt in the nxilla, an<l di,-i<le'i oppo.-.i1t• 
the coracoid prnce!5s into numerous branches for the supply of the upper limb. 
The nenes which form the plexus are all !ol;imilar in 8izc, aJHl their mode of <.'nm
munication is subject to considerable mriation. so that no one plan can be p;iHn 
as applying to en•ry case. rrhe following appears, howm·cr, to be the rnn~t con
stant arrangement: the fifth and sixth cenica l unite together soon nfrcr their 
exit from the intcrvertebral forami na. to form a common trunk. The eighth ccni
cal and first dorsa l also unite to form one trunk. So that the nenes forming the 
plexus, as they lie on the Scalenus medius external to the outer border of the 
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~calcnus anticus. arc blended into three trunks-a n upper one, formc<l b.'~ the 
junction of the fifth and sixth ccnical ncn·c:-1; a midfllc one, cou ~i!fling of the 
8cn,nth ccl'\'ical m•n·c: and a. lower ont'. formed by the junctio11 of the eiµ:htli 
cen·ical and first ilor:-•al nenes. As they pa:-;s beneath the chl.\'iclc, each of tlw·e 
thn•t truakt;. cli,·ides into two branche.s, an anterior all(.l a. po~frrior. The antl'rior 
•li,•isions of ti.Jc upper a!Hl mitlille trunb then unite to form a common conl. 
which is ~ituated on the outer side of the rni1hllc part of the.• axillary artery. a111l 
j,,. talled the outer e111·d of the Uracbial plexus. The anterior div ision of the 
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lower trunk. j~rmed by the union o.f the eighth. Ccl'\'ical and firl'-t dorf'a!. pa<:.~es 
1!0"11 on ~he 111ner side of the axillary artery tu the mi1l11lc of the axilla. ani1 
forms the umer cord of the bra.chial plexus. rl'hc posterior divi~ions of the upper 

FIG. 4!18.-C'utnnC'Ou!i n('rvcsof right upper 
extremity .. \nll'.ri1Jr\·iew. 

trunk (formed by the junction of the fifth and sixth ncrrcs) and of the mi<lclle 
trunk (the sercnth ncn·c) unite together to form the po•terior cord of the brachia! 
plexus, which is situated behind the second portion of the axillary artery. From 
this posterior cord arc gin~n off the two lower subscapular nen-cs, the upper sub
scapular ncrre being given off from the posterior diYision of the outer trunk 
prior to its junction with the posterior division of the micl<llc trnnk. 'The pos
terior cord divide:; into the circumflex and musculo-spiral nerves. The musculo-· 
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Fu;. C:iOO.-XcrYCs or the left upper cxtrcmit)·. 

:-.piral 11en-e i~ :--ub~e11uentl,Y joine<l by the po!-itcrior <lirision of the inner trunk. 
formell h~· the union of the eighth C('ITical an1l first 1lor:sal. 
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'l'he brachial plexus communicates with the ccn-ical plexus by a branch from 
the fourth to the fifth norm, and with the phrcnic ncnc by a branch from the 
fifrh cen-ical, which joins that nene on the Anterior scalcnus muscle: the cervi
cal and first dorsal nerves are also joined bv filaments from the middle and 
inferior cenical ganglia of the sympathetic, c10se to their exit from the intener
tebral fornm ina. 

Relations.-I n the neck the brachia! plexus lies at the first between the Anterior 
and )Iiddlc scalen i muscles, and then abo,·e and to the outer side of the subclavian 
artery: it then passes behind the clavicle and Subclaviu s muscle, lying upon the 
first serration of the Serratus magnus, and the S ubscapularis muscles. In the 
axil/a it is placed on the outer side of the first portion of the axillary artery; it 
surrounds the arlery in the second part of its course, one cord lying upon the outer 
side of that vessel , one on the inner side, and one behind it, and at the lower part 
of the axillary space g ives off its terminal branches to the upper extremity. 

Branches.-':L1he branches of the brach ial plexus are arranged in two groups
viz. those giYen off above the cla1·icle, and those below that bone. 

Branches above the Clavicle. 

Commnn ica.ting. 
Muscula.r. 

Posterior thoracic. 
Suprascapular. 

The communicating branch with the phrenic is derived from the fifth cervical 
nene or from the loop between the fifth and sixth ; it joins the phrenic on the 
Anterior scalenus muscle. 

The muscular branches suppl,v the Longus colli , Scaleni, Rhomboidei, and 
Subclavius muscles. Those for the L ongus colli and Scaleni a.rise from the lower 
cen·ical nerves a.t their ex it from the intcrrnrtcbral foramina. Th e Rhomboid 
branch arises from the fifth cervical, pierces tho Scalenus medius, and passes 
beneath the Levator anguli scapula" which it occasionally supplies, to the Rh omboid 
muscles. The ncn'e to the S ubch1NiLLS is a small filament which arises from the 
fifth cervical at its poin t of junction with the sixth nerve; i t descends in front 
of the subcladan artery to the ~ubcl a\· ius muscle. and is usually connected by a 
filament with the phrenic nene. 

The posterior thoracic nerve (lonr; thoracic, e.rternnl rf'spiratory of Bell) 
(Fig. 500) supplie~ rhe ~erratus magnus. and is remarkable for the length of its 
course. I t sometimes arises by two roots from the fifth and sixth conical nerves 
immediately after their exit from the inrervertebra.l foramina, but generally by 
rhreL' roots from the fifth. sixth, and sernnth nenes. These unite in the substance 
of the )liddle scalenus muscle, and, after emerging from it, the nervr passes down 
behind the brachial plexus and the axillary \'Cssels, resting on the outer surface of 

:~ett:·1~~~~~1~a~~l~;~iyi;~ ~~:~ne~st8a~~n!a~~e0}i~:s ~fi ~~~t~i~i~:.t to the lower border 
The suprasca.pular nerve (Fig. 501) arises from the cor<l forrne<l by the fifth and 

~ixth cervical 1101'\'eS; pasging obli quely outward beneath the rrrnpezius, it enters 
rhe supraspinous fossa., through the notch in the upper border of the scapula, and, 
passing beneath the Supraspiuatus muscle, curves i.n front of t~1c ~pine of the 
sc;ipula to the infraspinous fossa. ln the suprasp 111 ous fossa 1t gt\'CS off two 
branches to the upraspinatus muscle, and an articuhtr filament to th e sho_ulder
joiut; and in the infra8pinous f'ossa it g ircs off two branches to the lnfrasprnatus 
muscle, besides some filaments to the should~r-joint and scapula. 

Branches below the Clavicle. 
The branches below the cJa,·icle arc derivccl from the thr<.'e cords, as follows: 
From the oufl'r <·nrd arise the external of the two anterior thoracic nerres1 the 

mu~cu l o-cutancou!-i ncnc, the nen·e to the Uoraco-Lrachialis muscle. and the outer 
head of the me1lian. 
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From the inner corrl arise the internal of tlw two nntcrinr tlrnrncic nen'cs. the 
internal cutaneous, th e lesser internal cutaneous (nen·c of ,\. ri~bcrg), the ulnar, nnil 
inner hca<l of the median. 

From lite posfrrior cord arise two of the three irnb~rapufo.r ncn·cs, the thir1l 
arising from the posterior di,·ision of the trunk formed by the fifth and sixth 
cenical nenes; the cord then divides into the musculo-spiral and circumflex 
!lCl'\"CS. 

'fhcse may be arranged according to the parts tbc.r i;;upply: 

To the chest Anterior thoracic. 

To the shoulder ( Rubsca.pular. 
'\. Circumllcx . 

Jntcrnal cutaneous. 

To the arm, forearm, a.nd band . kr~:~~~~~nternal cutaneous. 

{ 

i\Iusculo-cutaneous. 

Ulnar. 
Musculo-spiral. 

The fasciculi of which these nerves are composed may be traced through tlie 
plexus to the spinal nerves from which they originate. They are as follows: 

External anterior thoracic from 5th, 6th , and 7th cerYical. 
Internal anterior thoracic " 8th cerv ical and 1st dorsal. 
Subscapu lar " 5th, 6th, 7th, and 8th cervical. 
Circumflex " 5th, 6th1 71h, and 8th cenica l. 
Musculo-cutaneous " 5th, 6th, nnd 7th cervical. 
In ternal cutaneous " 8th cervical and 1st dorsal. 
Le~ser internal cutaneous " 1st dorsal. 
Median " 6th, 7th, an<l 8th cervical, and 1st dorsal. 
Ulnar " 8th cervical and 1st dorsal. 
Musculo-spirnl " 6th, 7th, and 8th cervical. and 1st dorsal. 

The Anterior Thoracic Nerves (Fig. 500), two in number. supply the Pectoral 
muscles. 

The e:rternal or superficial nerve, the larger of the two, arises from the outer 
cord of the brachia! plexus, through which its fibres may be traced to the fifth, 
sixth, and !'e\'enth cervical nerves. It passes inward, across the axillary artery 
and \'Cin, pierces the costo-coracoid membrane, and i~ distributed to the under 
surface of the Pectoral is major. It sends down a communicnting filament to join 
1he internal nene, which forms a loop round the inner side of the axillary 
a.rtery. 

~r·he internal or deep nerve arises from the inner cord, and through it from 
the eighth cervical and first dorsal. It passes upwa.rcl between the axillary artery 
and vein, and joins with the filament from the superficial nerve. I t then passes 
to the under surface of the Pectoral is minor muscle, where it divides into a number 
of branches, which supply the muscle on its under surface. Some of the branche!! 
pass through the muscle; others wind round its upper border and pierce the costo
coracoicl membrane to supply the Pectoralis major. 

The Subscapular Nerves, three in numbe1\ supply the Subscapularis, 'J1cr('S 
major, and Latissimus dorr&i muscles. rrhc fasciculi of which they are composed 
may be traced to the fifth, six th, se\'enth, and eighth cervical nerves . 

"rhe "Pl'"' subscapular nerve, the smallest, enters the upper part of tLe Sub
scapularis muscle. 

The fouta subsrapular nerve enters the axilhr~' border of the Rubscapularis 
and terminates in the 'J'eres major. The latter muscle is sometimes supplied by a 
!-il'Jiarnte branch. 

The middle or long sztbscapular, the largest of the three, follows the course of 
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tl1e subscapular artery, along the posteriol' wall of the axilla to the Latissimus 
dor:-;i, through which it ma.r be traced as far as it~ lower border. 

The Circumflex Nerve (Fig. 501) supplies some of the muscles and the inteO"J1-
ment of the sho11lde1: and the shoulder-joint. It arises from the posterior cord

0
of 

tLe brach1al plexus, Ill common wtth the musculo-spiral nenc, and its fibres mav 
be traced through the posterior cord .to the fifth, sixth, seventh, and eighth ce1:
mal nen·es._ lt is at first placed bchmd the axillary artery, between it and the 
~ubscapulans muscle, and p:isses downward and outward to the lower border of 
that muscle. It then '~inds backward in company with the posterior circumflex 
artery, through a q1rndrilatcral space bounded above bv the rreres minor below 
by the 'rercs major, internally by the long head of the 'i1 riceps, and extern~lly by 
the neck of the humerus, :rnd divides into two branches. 

The upper b1·a11c!t winds round the surgical neck of the humerus, beneath the 
Deltoid, with the posterior circumflex vessels, as far as the anterior border of that 
muscle, supplying it, and giving off cutaneous branches, which pierce the muscle 
and ramify in the integument covering its lower part. 

The lower branch, at its origin1 distributes filaments to the Teres minor and 
back part of the Deltoid muscles. Upon the filament to the former muscle a 
ganglifonn enlargement usually exists. The nerve then pierces the deep fascia, 
and supplies the integnment O\'er the lower two-thirds of the posterior surface of 
the Deltoid, as well as that co\·ering the long bead of the Triceps. 

The circumflex nerve, before its division, gives off an articular filament, which 
enters the shoulder-joint below the Subscapularis. 

'l'he Musculo-cutaneous Nerve (Fig. 500) (c•·tenial rntaneous or perjorail8 Cas
serii) supplies some of the muscles of the arm and the integument of the fore
arm. It arises from the outer cord of the brachia! plexus, opposite the lower border 
of the Pectoralis minor, receiving filaments from the fifth, sixth, and seventh 
cenical nencs. It perforates the Coraco-brachialis muscle. passes obliquely between 
the Biceps and Bra.chialis anticus to the outer side of the arm, ancl 1 a. little above 
the elbow, winds round the outer border of the tendon of the Biceps, and, perfo. 
rating the deep fascia, becomes cutaneous. This nerve in its course through the 
arm supplies the Comco-brachialis (this branch often arises sepamtely from the 
outer cor<l), Biceps, an<l part of the Brachialis anticus muscles. It :semls a small 
branch to the bone, which enters the nutrient foramcn with the accompanying 
artery an1l a filament, from the branch supplying the Hrachia.lis anticus, to the 
clbow·joint. 

The c:utaneous portion of the nerve passes behind the rne<lian cephalic vein, an1l 
divicles, opposite the elbow.joint, into an anterior and a posterior hranch. 

The anterior branch descends a.long the radial border of the forearm to the 
wrist, and supplies the integument over the outer half of the anterior sur~ace. At 
the wrist-joint it is placed in front of the radial artery, and some filaments. 
piercing the deep fascia, accompany that vessel to the back of the wrist, supplying 
the carpus. The nene then passes downward. to the ~all of the th~nub, where. it 
terminates in cutaneous filaments. It commumcates with a. branch from the radial 
nenc and the palmar cutaneous branch of the median . . . 

The posterior branch passes dowm~·ard al?ng the back yart of the r~d1al si<lc 
of the forearm to the wrist. It supplies the mtegument of the lower third of the 
forearm, communica.ting with the radial nerve and the lower external cutaneous 
branch of' the musculo-~piral. 

The Internal Cutaneous Nerve (Fig. 500) is one of' the smallest branches of the 
bracLial plexus. Tt arises from the inner cord in comm.on with the ulna1: and 
internal head of the median, and at its commencement 1s placed on the 111uer 
side of the axillary artery. It derives its fibres from the <'ighth cervical ;rnd first 
dorsal nerves. It passes down the i~rner side of t~1c arm, pierces .the deep fasci:i 
with the basilic vein, about the m1dclle of the ]1mb, and, bccom111g cutaneous, 
diddcs into two branches, anterior and posterior. 

This nen•e gi,•es off, near the axilla., a. cutaneous filament, which pierces the 
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fo1;cia and supp lie:-; the integument CO\ ering tht• 13itcp~ mustlc JH'arly a ... far as 
thl' t•lbow. ri1 hi~ filarnrnt lies a little external to the common trunk, from ''hich 
it :ni:-:c.-.:. 

'L'bc rrnfrrior bNrnrh, the larger of the two, passc~ wmally in front of. bu1 
occa ... innally behind, the median bai:;ilic vein . It then de~ccnds on the anterior 
imrfacc of "the ulnar side of the forearm, <.liRtribnting filament~ to the integumem 
as far as the wrist, and communicating with a. cutant•ouR branch of the ulnar 
nenc. 

The posterior branf'lt passes oblique!~· dowDward on the inner side of 1hc 
ba~ilic ,·cin, pas~es in front of. or over, the internal con<lyle of the humerus to tLc 
back of the forearm, and descC'nds on the posterior 8urfacc of its ulnar ~idea~ for 
as the wrist, distributing filaments to the integument. It communicates. abnrc 
the elbow, with the lesser internal cutaneous, and above the wrist with the <lort>al 
cutaneous branch of the ulnar nenc (Swan). 

The Lesser Int ernal Cutaneous Nerve (n<'J'/'e qt' Wrik0<'1'.'/) (Fig. 500) is distrib
uted to the imcgument on the inner side of the arm. It is the :5-malle~t of the 
branches of the brachial plexus. and, arising from the inner cor<l with the internal 
cutaneou~ and ulnar nenes, recei,·es its fibres from the first dorsal nene. lt 
pa~ses through the axillary space, at first lying behind, aml then on the inner siJe 
of. the axillary ,·ein, and communicates with the intercosto·humeral nenf". It 
descellfls along the inner side of the brachia! artery to the middle of the arm. 
where it pierces the deep fascia, and is cfo;tributecl to the integument of the hack 
part of the lower third of the arm. extending as far as ihe elbow, where some 
filaments are lost in the integument in front of the inner eondyle, and other~ 
o,·er the olec:ranon. It communicates with the posterior brnnt:h of the internal 
cutaneous nen·e. 

In i:mme case . ..; the nel'\'e of \\'risbcrg and intereosto-humeral are connected hy 
two or three filaments which form a plexuR at the back part of the axilla . ln 
other ca~es tlie intcrcosto-humeral is of la.rge ~ize, and takes the place of the 
nen·c of Wrisberg, receiving merely a. filament or communi<:ation from the brachia\ 
plexw:-, which rcpre:-ents the latter nene. l n othCI' cases Lbis filament is wanting, 
the place of the ncn-c of Wrisbcrg being supplied entirely from the intcrco:Ho
humeral. 

The Median Nerve (Fig. 500) ha\.\ n•cci\·ed its name from the course it takes 
along the middle of the arm and forearm to the hand. lying between the ulnar 
and the mu~culo·spiral and railial nen-e:-:. lt ari:-o.cs b,,. two roots. one from the 
outer, an!l one from the inner. cord of the brachial plexus; the:--e embrace the lower 
part of the axillary artery. uniting either in front or on the outer i;:itle of that 
vessel. It recciYes fi laments from the sixth, :sc,·cnth, an<l ci~hth ccnieal an1l tht· 
first dor:'al. As it dC'scends through the arm, it lies at fir~t on the outer ~ide of 
the brachial arter\'. cro~ses ihat Ye~sel in the middle of its course, usualk in 
front. but occas.io1ialh· behind it. and lies on it::; inner side to the bend of the 
elbow, where it i~ plaCecl beneath the bicipital fa!'icia, and is separated from the 
elbow-joint by the Bmchialis anticus. In t/11' fort•arm it pas~es between the two 
hea(ls of the Pruna.tor radii teres. and descends beneath the Flcxor sublimi~, l,rin!! 
on the Flcxor profun<lus, to within two inthcs above the annular ligament, \\hen• 
it hccomes more superficial, lying between the tendons <if the F lexor i-;uhlimi~ 
and Flcxor carpi raclialis, beneath, or rather to the ulnar si<le of, Lhe tendon of 
the Palmaris longus, covered by the integument and fascia. It then passes beneath 
tLc annular ligament into the hand. l n its course through the forearm it is 
accompanied by a small artery. 

Brand1es.-Xo branches arc gin:>n off from the rnedi:rn netTC in the arm. l1l 

tlw fnrMrm its branches arc mu:-cular. anterior intero~:;eous, and palmar cuta· 
neou~. and, according to Rudingcr an1l ~laC'alister, mo articular twigs to the 
elbow-joint. 

The u11tH1•11lor bnrn1•h1'S supply all the superficial muscles on the front of the 
f11n.•:1:m. except the Flexor carpi ulnaris. Thc:-;e hranches are derin:•d from the 
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nerve near the elbow. The radial head and index fingcl" belly of the Flexor 
~ublimis, each has a. sepa rate filam ent. 

The anterior intaosst•ous supplies the deep muscles on the front of the fore
arm. cxc~pt ~he inner half of the Flexor profundus digitorum. It accompanies 
the antcr10r mterosseous artery along the rnterosscons membrane, in the interrnl 
between the Flcxor lougus pollicis and Flcxor profundus digitorum muscles, both 
of which it supplies, and terminates below in the l>l'Ona.tor quaclratus. 

The palmar l'U.taneous branclt, arises from the median nerve at the lower part 

~~-:~~hf:t~f~'.~~~cn~~ ~\~,1;~1~~ 1~0t:a~~~~ t~)~-~:~~~:; a~~~~·~1\c~g~;~~enocz~t~~cl~t~~~~fi:~d~~~ 
skin m·cr the ball of the thumb, and communicates "ith the anterior cutaneous 
branch of the musculo-cutaneous nerve; and the inner su ppli es the int egument of 
the palm of the hand, com11111nicating with the cutaneous branch of the ulnar. 

Jn th!! palm of the lwwl the median nerve is covered by th_e integument and 
palm<tr fascia and crossed by the superficial palmar arch. It rests upon the 
tendons of the flcxor muscles. In this s ituation it becomes en la.rged, somewhat 
flattened. of a, r edd ish color, and di'"ides into two branches. Of these. the 
uternal supplies a muscular branch to some of the muscles of the thumb and 
digital branches to the thumb and index finger; the internal suppli es digital 
branches to the cont iguous si<les of the index and middle and of the middle and 
ring fingers. 

The branch to the muscles of the thumb is a short nerve which subdi,·ides 
to supply the Abductor, Opponens, and outer head of the Flcxor bre\"iS pollicis 
muscles, the fCmaining muscle5 of this group being supplied by the ulnar 
nene. 

The rl~qital brwu·hes arc fi,•e in number. The .first and seconcl pass along the 
borders of the thumb, the external branch communicating with branches of the 
radial nenc. The third passes along the radial s ide of the index finger, and 
supplies the First lumbricalis muscle. The fourth subdiv ides to supply lhe adjacent 
sides of the index and middle fingers, and sends a. lmt11ch to the ~econd lumbrical 
ruu!'Cle. 'l'hc fifth s upplies the adjacent sides of the middle and ring finger:;, and 
communicates with a branch from the ulnar nenc. 

Each digital nene, opposite the ba:.1e of the first phalanx, giYes off a. dorsal 
branch. which joins the dorsal digital nen·e from the radial and runs along the 
si<le of the donmrn of the finger, to end in the integument O\'Cr the last phalanx. 
At the en<l of the finger the digital nene di,·ides into a palmar and a dorsal 
branch, the former of which supplies the extremity of the finger, and the latter 
ramifies round ancl beneath the nail. The di7ital nenes, as they run along the 
fingers, arc placed superficial to the digital arteries: . 

The Ulnar Nerve (Fig . . 500) is placc<l along the 111ncr 01: ulna~· side of the upper 
limb, and is distributed to the muscle$ and rntegument of the forearm and hand. 
It is smaller than the median, behind which it is placed, divergin~ from it in its 
course down the arm. It a.rises from the inner cord of the brachia} plexus, in 
common with the inner bead of the median and the internal c11rnne0us nene. and 
deri\·es its fibres from the eighth cenical and first dorsal nerves. At its commence
ment it lies at the inner side of the axillary a rtery, and l1 olds the same relation 
with the brachia! artery to the middle of th? arm. F1:om thig point it runs obliquely 
across the intcmal head of the 1l 1riccps, pierces the mtcrnal mtenirnscular septllln. 
an1l dcscemls to the grno\"C between the internal condy l.c and the olecranon, accom
panie<l by the inferior profunda artery. At the l1lboll' 1t rests upon th~ back of the 
inner condyle, and passes into the fol'earm between the two .hca.ds of the Flex.or 
carpi ulnat:is. In the forNltm it descends in. a. perfect.1_,. straight c.ou1:se along .its 
ulnar f:.i1 le, lying upon the _Fl~xor profundus d~g1tor11m, ns upper .ha1f bemg C0\·~ 1 ed 
l;r th(' F.exor carpi ulna.ns, its lower half 1ymg on the on~er side of th~ musc!e, 
cO\·ercil Ly the integument an fl fascia. The ulnar art.er.'·· 111 th.e upper th1rcl. of its 
cour:-ie, is separated from th~ ulnar. ne~·,·e by~ eon~ulerablc 1_ntenal, but m the 
rt•-.;c of it~ l!xtent the nene lies to 1t~ 1~111er side . ~ .At tlw u•n15t the ulnar nene 



8-12 TJIE NElll'OCS srSTE.V. 

cmsses the annular ligament on tbe outer side of the pisiform bone, to the inner 
..;itle and a little behind the ulnar artery, and immediately besond this bone diridt•s 
into two branches, su perficial and <lecp palmar. 

The branches of the ulnar ncn·e are-

{ 

Arti cular (elbow). 
Muscular. 

In the forearm Cutaneous. In the hand {Superficial palmar. 
Dorsal cutaneous. Deep palmar. 
Articular (wrist). 

The articular branches distributed to the elbow-j oint consist of several sma1l 
filaments. They arise from the nen-c as it lies in the groo\·e between the inner 
condvle aml olecranon. 

'lihe muscular branches are two in number-one supplying the Flcxor carpi 
ulnaris; the other, the inner half of the Flex or profundus digitorum. 'l111ey arise 
from the trunk of the nen'e near the elbow. 

The cutaneous branch arises from the ulnar nene about the middle of the fore
arm, and diYides into two branches. 

One branch (frequently absent) pierces the deep fascia near the wrist, and is 
distributed to the integument1 communicating with a branch of the internal 
cutaneous nerve. 

'l'he second branch (palmar cutaneous) li es on the ulnar arter.v, which it 
accompanies to the hand, some filaments entwining round the rnssel ; it ends in 
the integument of the palm , communicating with branches of the median nen·e. 

The dorsal cutaneous branch arises about two inches above the wrist; it passes 
backward beneath the Flexor carpi ulnaris, perforates the deep fascia, and, along 
the ulnar si<le of the back of the wrist and hand, divides into two digita l branches. 
of "hich one supplies the inner si<lc of the little fingcr, .. and the other bifurcates 
to supply the adjoining sides of the little and ring fingers; it communicates with 
the posteriflr branch of the internal cutaneous nerve. and sends a communicating 
filament to tLHt branch ol' tbe radial nerve "bi ch supplies the a<ljoining sides of 
the mi1Jdle and ring fingers. Sometimes there is a tliird digital branch which 
goei;: to the adjacent sides of' the middle and ring fingers. In this case the radirrl 
nerrn-supply is correspondingly diwinishcd. 

The superficial palmar b1wlcli supplies the Palmaris bre\·is and the inteµ:u
ment on the inner si,Je of the hand, and terminates in two digital branches, which 
arc distributed, one to tbe ulnar si<le of tbe little finger, the other to the adjoining 
sides of ~be little and ring fingers. the la.tter communicating with a. branch from 
the median. rllhe digital branches arc distributed to the fingers in the same 
manner as the digital branches of the median. The dorsal di~ital branche.~ . 
except those on the little finger, do not extend, as a rule, beyond the second 
phalanx, the remaining portion of the skin being supplied by filaments from the 
correi;:pon<ling palmar digital branch. 

The dt'ep palmar branch passes between the Abductor an<l Flexor bre\•is 
minimi digiti muscles, an<l follows the course of the deep palmar arch beneath the 
flexor tendons. At its origin it supplies the muscles of the little finger. As it 
crosses the deep part of the band it sends two branches to each interosseou~ 
space, one for the Dorsal and one for the Palmar interosseous muscle, the branches 
to the Second and Third palmar interossei supplying filaments to the two inner 
Lumbrical muscles. At its termination between rbc thumb and index finger it 
supplies the A<lductores trans\·ersus et ob1iquus pollicis and the inner head of the 
Flexor bre\·is pollicis. Articular fo·anches to the wrist are derived from this 
nen'e. 

'J'he Musculo·spiral Nerve \Fig. 501), the largest branch of the brachia! ple\\1'. 
suppli es tLe muscles of the back part of the arm and forearm an<l the integument 
of the same parts, as well as that of the hack of the hand. It arises from the 
posterior cord of tLe brachia.I plexus by a. common trunk with the circumflex 
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nerve, and is afterward joine1l by the posterior diYision of the trunk. formed by 
the junction of the eighth cenical and first dorsal ncncs.. I t receives filaments 
from the sixth, seventh, and ci~htb cervical and iirst dorsal m•rvcs. .\tits com
mencement it is placed beliin<l the axillary an<l upper pa.rt of the brachia} arteries. 
pa88ing down in front of the 
tendon:-; of the Latissimus dorsi 
and Tcrcs major. It winds Suprascapular. 

round the humerus in the mus
culo-spira l g roove with the su
perior profunda arter.Y, passing 
from the inner to the outer side 
of the bone, between the inter
nal and ex ternal heads of the 
Triceps muscle. It pierces the 
external intermusculax septum. 
and descends between the 
Brachiali s anticus and Supi
nator longus to the front of 
the external condyle, where it 
1fo·ides into the radial and 
posterior interosseous nenes. 

The branches of the mus-
culo-spiral nene are

Muscu lar. 
Cutaneous. 
Radial. 
Posterior interosseous. 

The muscular fo·anches are 
di\·ided into internal, posterior, 
and external ; they supply the 
Triceps. Anconeus, S upinator 
longus

1 
Extensor carpi radialis 

longior, and Brachialis anti
tus. rrhesc bran ches are de
riYed from the nerve at the 
inner s:ide, back part, and 
outer si<le of tl1c arm. 

The internal muscular 
branches supply tbe inner and 
middle hea<b of tbe Triceps 
muscle. That to the inner 
head of tbc Triceps is a long, 
slender filament wh ich lies 
dose to the uln ar nerve1 as far 
as the lower third of the arm, 
and is often intin:iately con,. 
nected with it (1dnar collateral 
/,ranc/1). 

The posterior muscular 
branch, of large sir.c1 arises 
from the ner ve in the groove ncn'.~;· 501.-The suprascnpulnr, circumflex, and musculo-spiral 

between the Tri ceps an<l the 
humerus. I t di,,idcs into branches which supply the outer and inner head of the 
Triceps and Anconeus muscles. 'l'he branch for the latter muscle is a long, slen
der filament wh ich descends in the substance of the 'J1ri ceps to the Anconeus. 

The external muscular branches supply the Supinator longus, Extensor carpi
radialis Jongior, and (usually) the outer part of tbe Brncbialis anticus. 
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'l1hc 1•utmu•ouN branc/111 .11 arc three in numbcl', om.• intcmal and two external. 
Th(' intt•rnal cntaneow~ branch arise~ in the :ixillary :;;paee with thC' inner 11111~

rnlar branch. Jr j:-; of small size, and passes throu~h tht• axilla to the inner side 
of the arm, supplying 1he integument on its po::-terior aspect nearly a:-1 far as the 
olt•cranon. ln its cmir~e it cros8CS bcncad1 the intcrcosto-hnmeral. with '\hich 
it commnnicatC's. 

The two cxtcmal cutaneous branches perforate the outer head of the Triceps 
at its attachment to the humerus. The upper and smaller one passes to the 
front of the elbow, lying close to the cephalic Ycin, an<l supplies the integu
ment of the lower half of the arm on its i1nlcrior a~pcct. 'L1hc lower branch 
pierces the deep fascia below the insertion of' the Deltoid, and passes do,u1 along 
the outer sjcle of the arm and elbow, and then along th<.' back pa.rt of the ra<liul 
side of the forearm to the wrist, supplying the integument in its course, and join
ing, near its termination, with the posterior cutaneous branch of the musculo
cutancous nerve. 

The radial nerve passes along the front of the rndin I side of the forearm to 
the commencement of hs lower third. It lies at first a. little to the outer side of 
the radial artery, concealed beneath the Supinator longus. In the middle third 
of the forearm it lies beneath the same muscle, in close rcJ3tion with the outer 
side of the artery. It quits the artery about three inches abo,·c the wrist. passes 
beneath the tendon of the Supinator longus, and, piercing the deep fascia at the 
outer horder of the forearm, divides into two branches. 

'J'he external branch, the smaller of the two, suppl it·s the integument of the 
radial sicle and ball of the thumb, joining \\ ith the anterior branch of the rnusculo
cutaneous nerve. 

The internal branch communicates, aho,'e the wri:.;t, with the posterior cuta· 
ncous branch from the musculo-cutaneous, an<l on the back of' the hand forms an 
arch with the dorsal cutaneous branch of the ulnar nerve. It then di,,ides into 
three digital nenres. which arc distributed as follows: 'l'he first supplies the ulnar 
~idc of' the thumb and the radial side of the index finger; the seco1Hl, the adjoin· 
mg sides of the index and middle fingers; and the third, the ::ulja.cent borders of 
the midclle and ring fingers .1 rrhe latter nerve communicates with a. filament 
from the dorsal branch of the ulnar ncn'e. 

The Posterior Interosseous Nerve wind:.; to the back of the forearm through 
the fibrcH of the Rupinator brevis, 3nd pa$RC8 clown, between the superficial 
and deep layer of mu$cles, to the middle of the forearm. Con:;idcrably dimin
ished in ::.izc, it descends on the interos.l'leous membrane, bcncaLh the Extensor 
longus pollici~, to the back of the carpu~, wl1ere it presents a gangliform 
enbrgement from which filaments arc distributed to the lig-aments and artic
ulations of the carpus. It supplies all the muscles of the nulial and posterior 
brachia! n·p;ions, excepting the Anconeus, :-lupinator longus, and Extcn~or carpi 
radialis longior. 

Surgical Anatomy.-The brac:hial plexus may be ruptured by lnH"tion on the limb leading 
to complete paralysi~. ln the,.;e ca:;e::; the lesion would appear to be rather a tearing away of 
the nc!·\'l'S from the spinal cord than a solution ofcontimmy of' the nCr\'e-filJres themselves. In 

~l~~ ~~~'.!l i~\~'kf~~ 1:l~e 1~c,~~c,~ 1~ri~11l~fi1~~~ R~~~~~1;:~~1~~1 <l:~·~l:.~~1li ~1~1\•:ji~~cgx ;~~~;t01~~~11~;1~ 1~~1rf:;~~ 
musculo-spiral, on account of its sheltered and deep position, being the least often wounded. 

;~:1~1:~r:~~ 11 ~1111t~~~,~~x~: i:1c~~~chx~lt~~ .. ~j.\~!!~'~ <ll~~13t1~~cfi~~~c!11 ~h~r;~~~~~~1l~f~s~i~~\11~~~pg;·~:11:~ib~ ~\~: 
ncn'e which i~ most frequently implicated to the greatest ex tent, the ulnar ncn'e Lcing the one 
ihat appem"R to suffer next in fi.'cquenty. 

The cfrc1w~fh~t l/('/'fe is of particular surgical intere!-it. On ac<:ount of its course round the 
joint it is li.iblc to he torn in fractures of the surgit:-11 neck of the humcru~ and in <li~lo<::-1tions 
of the ~houlcle1:·.ioint, lead in~ to paralysis of' the deltoid, and, :u·tording to Erb, inflammation of 
the ~houldcr.jirn1t ii, liable to be followed by a. neuritis ol' tJ1is ncn·e ffom cxten:-;ion of the 
inflammation tu it. 

di~ 1,L:/·:~"~;·:1~~·~::·~~:/~~E:'~1.'~'.~:::~:'.:~~·;:;~;',~:i~!.,~:~::~~~:;;~:·~}~,;·v:r~J~'.0;7r.·:~~·::~;':~ 
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l\Ir. Ililton takC's the circumflex ncn·e as an illustration of a law which he lays down, that 
11 the same trunks of' n c r\'CS whose branches supply the groups of' m111'J<:lcs movin~ a joint furnish 
also a tfo:iributiou of ucn·cs to the skin over tlrn insertions ol' the !-iame mu&:les. and the interior 
of the joint rccei\•es its ncn•cs from the same source." Jn this wa.y he explains the fact that an 
inflamed joint. becomes rigid , because the same nen ·es which supply the interior of the joint 
suppl,\' the musdes also which m~,·c that joint. 

'l'hc median urrte is liable to rnjury in wounds of the forearm. " 'hen Jlaralyzed, there is 
Jo;;.s of tlcxion of the second Jlhalangcs of all the fingers and of the terminal phalanges of the 
index an(l middle fin~ers. Flexion of the terminal phalan!!CS of the rim~ aud middle fingers is 
effected by that portion of the Flcxor profundus digitorum whi1:h is !;upplied by the ulnar nerrn. 
'!'here is power to flex the proximal phalanges through the lntcro!:<sei. The thumb cannot be 

fl~~~~ti~~ f ~J\~:t~d, '.n~ '~~·i~~'~'.~~ a i~c~ei~1ed 1Pif~i81~11 l~t~ll}i~e ifi~.is~11 a:d~J!,:~~11,w~~?~iie ~~li~~~f r th~ 
K!~.~~b , i~~~f ~ix ,u!;~~f ;1i~, ;1~~[ 1~u i~1~J~~ I f?~ i ~}~~1 ~~i~~:; 1fit, i~~r~~ 1:.~ ~li~1:1 ~J~ e 1 ~11~rs!~\11~~~~f ~~~ 1~f ~i1 ~~a~!~~ 
fingers over the la~t two l)ha!anc;es; except in the thumb, where the loss of sen~atio n would be 
limited to the back o ~ t.1e last phalanx. In order to expose the median nel'\'e for the purpose 
of st retching an incision Hhoutd be made along the uluar iside of the tendon of the Palmaris 
}om:.~us. whit h scn•es as a. guide to the nerve 

'l'he tdnar nert'l' is also liable to be injured in wounds of the forearm. When paralyze<l1 

U~~·;~,!s ~~~i ~~J~0~~·i~~1~f t~1~~~0J~ ii~1;tf1i~~~fo ~~~e~~1tl!u~115~~rin~~~j.j~ni111 \~:~~~f,~~i~lO~fe~·l~~-I~l~~~~ 
o~ei; and there is inability to adduct the thumb. 8en~ation is lost or impaired in the sk in sup-

~1l~i~~13);!1~~~JC:~J~n~T ~1h~r~~~e~~ ~~s~:~f IWrnn~~~J~:; ~:~~,~~'}~11~!1~;t c~;.p\h~l 1~~~~:1r~~~d a~h~1~i:!~.~ 
will be found lying on the ulnar side of the ulnar artery. 

The mm~culo-.~piml nn-re is probably more frequently injured than any other nen·e of the 
upper extremity. [n con~equence of ib dose relation~hip to the humeru~ as it li i:>s in the mus
culo-spiral J!roove. it is frequently torn or injured in fractures of th is bone, or subsequently 

~~~~~~i"~~~t1~~1~ecr~1u~i~t~t 1¥~~,s ~~1 l'~'ble ~~tb:r~~11~~~.~~~ra~!~i~~ta;J~e \~~~c b~~;tici;'g:'b1~~~~ i~~ 
to be divided by wounds of the arm. When paralyzed, the hand is flexed at the wrist and lies 
flacrid. This is known as "drop-wrist." The fin.!'.!'ers are also flexed, and on an attempt being 
m:t<le to extcml them the hist two phalan~es only will be extended through the action of' the Tnter
o~i, the fin;t 11halanges re1uainin£?: fl exed. 'fhere is no power of extendinA' the wrist. Supina-

~i~~~1i1~ ff~1l11~1~t~-~~!.~~t is"~~~~J }~~ ~~n~~a~ij~~: ~t~h1:~~ti~11~ ~\~et1~!1Jii!~~s!t i~d~~~~~~:e~0 of c~~~~:1~ 
sion of the forearm is lost on account of paralysis of the Triceps. The best position in which 
to expose the nerve for the purpose of stretc:hing is to make au incision along the inner 
border of the Supinator loni:rn~ , jnst above the level of the elbow-joint. The skin and super-

~~!~1 i1~~1Yi~~i1;~~ ti:~ b0or~krd~j~c~h~ ~~1i~:~e i ~l~~Pb~1stf~fi,~:{\~0~~1~i tl:l~hd:~!~itf~~/~e dit~, i~~~j i~t~}~i; 
line. B.r now raising the Supinator longus the nerve will be found lying beneath it1 on the 
Brachialisanticus. 

THE DORSAL NERVES (Fig. 50~). 

The Dorsal Nerves are twelve in number on each side. The first appears 
between the first and second dorsal vertebne, and the last between the last dorsal 
and first lumbar. 

'l1hc roots of tlu• dorsal nen:es a.re of small size, and va.ry but slightly from the 
second to the last. Both roots are Yery slender, the posterior roots only slightly 
exceeding the anterior in thickness. 1'hey g_ra.dually i!1creasc in l c ngtl~ from 
abo\•e downward, and pass down in contact with th e sprnal cord for a. distance 
equal to the height of, at least, ~wo vertebrre, ,i~ the lower. 1~a.rt_ o f' the .dorsal region, 

~:,~~1~0c,;~;n~1~~r~~ef::0:i~h~i~1:~:ain~:n~~-o l~.f~~r~~7v/,~~~s'.na t~~s:~~f~,~,%~~~~~ 
and an anterior (intercostal). . . 

The first aml last dorsa.l ncn-es are peculiar 111 some rc~ pects. 

Posterior Divisions of the Dorsal Nerves. 
~'he posterior divisions of the dorsal nerves, "hich arc ~m.a1 1 e.r th~n the ante

rior, pas:; backward between the transverse processes, and d1YH.lc mto mtcrnal and 

ext~l;~:\.~;·,~~~r~t°~1·,·anrl1r8 of tlie si.r upper nen'<'R pafl-S inward between th~ Se~i
spinalis dorsi and ~Iultifidu:.. :3pinm muscles, whith they supply, and then, ptercmg 
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thc origins nf the Hhomboi<l<:'i and '11rapczius muscles, become eutancous b_,. tht' 
s.idc of th<.• 8pinous proces:'CS and rami~\' in the iutcguml'llt. 'l'hc internal brnncht·~ 
of the six lower ncncs are distributed to the ~Iultifi<lu:-; spinre, witlrnut gi,·in~ off 
any cutaneous filaments . 

·The txfl'rnul lmmdtes increase in size from above downward. They pa~s 
thrnu1'th the Longis:-;imus dorsi to the cellular intcrral bctw£1cn it and the llin. 
costalis, and supply those muscles, as "cl1 as their continuation!'i upward to th<• 
head, arnl the Lenltores costarum; the firn or six lower ncne~ also gi,·e off 
cutaneous filaments, which pierce the Scrratus posticusinfPrior and Latissimusdor~i 
in a line with the angles of the ribs1 and then ramify in the integument. 

1'bc cuta/l('OllR branches of the dorsal nl'1"C<'H arc twehe in number. 'l'be 8iX 
upper cutaneous ncnes are 'deri ved from t he interna l branches of tbc posterior 
dirisions of the dorsal nones. 1'h e,v pierce the ori gi n ~ of tbc H homboidci and 
Trapczius muscles, and become cutaneous by the siUc of tlie spi nous proec~!'e~. 
and then ramify in the integumen t. The.'· are frequent ly furnished with ganglifo1·m 
en largements. '!'he six lower cutaneous nenes arc de r ived from the external 
branches of the posterior divisions of the do rsal ne1Tcs. T hey pierce the Rern.i.tus 
posticus inferior and Latissimus dorsi in a line with the angles of the ribs . and 
then ramif)' in the integument. 

Anterior Divisions of the Dorsal Nerves. 
'J'he anterior divisions of t he dorsal nerves (inter<'O,Qfa[ nl'rt'elf) are twehe in 

number on each side. They are. for the mo~t part, distributed to the parietes 11f 
the thorax and abdomen, separately from each other, without being joined in a 
plexu~: in which respect tbe_v differ from the other spinal nen·es. Each nenc i~ 
connectc1l with the adjoining gangl ia. of the sympathetic by one or two filam('nt~. 
'l'hc intcrco~tal nerrcs ma,· be di,· ided into two sets, from the difference thcr 
prcseut in their distrihutioi:.. The six upper, with the except ion of the first au(! 
the interco~to-humerul brunch of the second, arc l imited in their d istribution to the 
parietes of the chest. The six lower supply the pariete;., of the chest and abdomen, 
the last one sending a cutaneous filament to the h ip. 

The First Dorsal Nerve.-The anterior clivit:'ion of the first don::al JH~n·c divides 
into two branc:hcs : nnc, the larger, leaxes the thorax in front of the neck of the 
firRt rib, arnl enters into the formation of the brachial plexus; the other and 
smaller brunch runs along the first intcrenRtal !'pate, forming the Jir.11t infrrcoxf11l 
nrrt'i', and t~nninatcs on the front of the chest by forming: the first anterior 
cutaneous llC'nC' of the thorax. Occasionally thi~ anterior cutaneous branch is 
wan.ting. The first intercostal nerve, a~ a ,:ule, gi,·es off no lateral cuiancomi 
branch, but SJmctimcs a. ~mall branch i:- gi'"en off "hith <.:(•mmunicatcs with the 
intercosto-humeral. 

The Upper Dorsal Nerves.-The anterior didsions of the !:iecond, third, fourth, 
fifth. and sixth dorsal nenes and the small branch from the first dorsal are 
confined to the parietes of the thorax, and a.re named UPJicr or peclol"al infrrcoxtal 
nt'l'l't'R. They pa~s forward in the intercnstal space:; with the intercosrnl vc:;.sels. 
being :-:;itua.ted below them. At the back of the chc~t tltcy lie between the pleura 
and the Externa l iutercostal muscle, but are soon placed between the two plaiu·:0-
of IutercoRtal muscles as fa.r as the middle of the rib. 'l'bcy then enter the 
substance of the Internal intercostal muscle~1 and, running amidHt. their fibres ai;; far 
as the costal ca.rtilagcs, they gain the inner surface of' the muscles and lie between 
them and the pleura. Near the sternum the)" cro~s the internal mammary artery 
and 'l1 rianguhi.ris stcrni musde, pierce the Internal iutercosta l and Pectoralis major 
muscles. an1l suppiy the integument of the front of the che~t and OYer the 
mammary gland, forming the anterior eutaneous 11en1es n.f the thorax, the branch 
from the ~ccon1l nen-e becoming joined with the supra.clavicular nerve:s of the 
cen·ical rlcxus. 

Bm111·/11·s.-Xumcrous slender mu~cular filaments supply the Intcrco~tal~, the 
Infral.!ostales, the Le,·atores costarum, ~erratus poi:;ticus superior, and Triangularis 
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sterni muscles. Some of tbeoe branches, at the fro nt of the chest, cross the costal 
cartil ages from one to another intercostal space. 
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Lrt11 ml l'utaneous Xt-1'l·es.-Tbe . ..:;e arc dcri\•cd from the intcrco5'tal ner,·e!"I. 
mi1lwav between the ycrtebrrc and srcrnmn: they pierce the Extcmal intcrcn:;.tal 

an<l,~~~·1~~,~~11~1.~;~~~r~'~,.~;~s~l1~~~.r~~~c~!:~it~~ri'~~~l{'~~ ~11::~~~~~~ 1~1t~\~~~(i~;>~~~>~~;t:;·i1<:~ 
chc ..... t. ~npplying the integument of the chc8t and mamma and the upper digitations 
of the External obli<1ue. 

The 1w~fl'rior b1·mu:lies are reflected backward to supply the integument over 
tl1c.• ~capnla and over the Latissimus <lorsi. 

The lateral cutaneous branch of the second intercostal ncnc is of laq:rc i;:.izc, 
a111l does not di,·i<lc, lik e the other nencs, into an anterior and posterior braneh. 
It i!-1 named, from its origin an<l <listribution. the inter<'0Rto-~1111neral ne1:i·e (Fig: 500). 
It pierces the Externnl intcrcostal mui-.cle. crosses the ax1lla. to the rnncr ~1<le of 
tlJe arm, arnl joins with a filament from the nrnc of Wri.sbcrg. It then pier('cs 
the fascia, and supplies the sk in of the upper half of the mner and back part of 

~1~~.,~~:m, ' l~~~n~;~~1~t\i~~ ';~i:~'"!hi~ i~~e~·~~~ 1~~t·~:~~1~~.:~~~n:~1 ~l~e t~i~~11~1;c:~~~-:~;:·:~ 
cutaneous ncl'res, especia ll )' the nen·e of 'r risberg. A ~ccond intercosto-humcral 
ncne is frequently gi,·en off from the third intercostal. It supplies filaments to 
the armpit an<l inner ~ide of the arm. 

The Lower Dorsal Nerves.-'J1heanteriordi,- isions of the seYenth. eighth. ninth, 
tenth. and ele,·enth dorsal nen·es are continuc<l antcriorl)' from the intercostal 
8paces into the abdominal wall. hcnc:e these ncn-es arc named lower or abdominal 
in'1·1wn~fal Jlt'rl'C-~; the twelfth dorsal is continuc1l throughout its whole cour:oc in 
the ab1lominal wall, since it is placed below the last rib (subcostal nerve). They 
ha'"e (except the last) the same arrangement a'i the upper ones as fo.r as the 
anterior extremities of the intercostal spaces, where they pass behind the co~tal 
cartilages, and between the Internal oblique an<l 'J'ransvcrs.alis muscles, to the 
sheath of the Hectus, which they perforute. They supply the Hectus muscle, and 
terminate in branches which become subcutaneous near the li nca a lba. The.-:;e 
branches are named the anterior cu.tane01u1 nervea o/ the abdomen. Thev are 
<lirccted outward as far as the lateral cuta.nco;.is ncrveS, supplying the intcg~m1::nt 
of the front vi: the l,:!lly. 'l1he lower intercostal nenes supply the Intercostals, 
~crratus posticus imcrior, and Abdominal muscles. }""i laments haYc been traced 
to the costal part of the Diaphragm. About the middle of their course they 
gi,·c off lateral cutaneous branches, which pierce the External intercostal and 
Externttl obli11ue muscles. in the same line a:.; the lateral cutaneous nenes of the 
thorax, and <lh·i<le into anterior and posterior branches, which are distribute.I 
to the intctt11UH.'nt of the abdomen and back1 the anterior branches passing nearly 
a~ far forwarcl a~ the margin (If the Rectus, the posterior branches pas:-5ing 
backward to supply the skin o\·er the Latissimus dorsi, where they join the dor:-5al 
cutaneous nencs. 

The last dorsal is larger than the other dorsal nenes. Its anterior cliYision 
runs along the lower border of the last rib in front of the Quachatus lumborum. 
perforates the Trans,•ersalis, and pa:-:ses forward between it and the Internal 
oblique to be distributed in the same manner as the lower intercostal ncnc..-. It 
communicates with the ilio-hypogastric branch of the lumbar plexus, and is 
frequently connected with the first lumbar nenc by a slender branch, the dorso
lumbar nerve, which descends in the substance of the Quaclratus lumborum. 

'l1 he lateral cutaneous branelt, of the la.st donml is remarkable for its larp:e size: 
it perforates the Internal and External oblique mu~clcs 1 passes clmrnward o,·er 
the crest of the ilium in front of the iliac branch of the ilio-bypogastric (Fig. 509), 
arnl is distributed to the integument of the front of the hip, Rome of its filaments 
extending as low down as the trochanter major. It docs not di,·icle into an anterior 
and poslerio1· branch like the other lateral cutaneous branches of the intercostal 

Surgical Anatomy.-The lower ~e,·en int('rco.--tal n('n·es and the ilio-hrpo,!!'a...;;tric from the 
fir:--t lumhar rll'nc ~u)lply the skin of the abdominal wall. They run do",1ward and inwarJ 
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fairly equidistant from each other. The sixth and sennth supply the skin over ti1e "pit of the 
stomarh; 11 the eighth corrC'spond:s to about the pos1ti_on of the middle linen trans,·crsa; the 

~W1~~1~~1:~~1 ~i.~~~~i~fh~r~ ~~~ ~~~r!\i~;i~1~-~?~~~~i;N1i!!~~~~,1~n~~i'~.~~~[ 111~1: d1i~~bu~i~~! ~r~h~~ 
m•n·c~. and 1t is important to remember their or1gm ancl <.'Otn'5C, for m many diseases affectinu 
the nen•e+trnnks at or near the ori,1?in the pain is referred to their peripheral tC'rmination; 
Thu~ in Pott\; disca.sc of the spine children will often be brou~ht to the surgeon suffering from 
pain ~n the belly. This is due to the fact that the nen·cs arc irritated at the scat of disease as 
tliev 1&;uc from the spinal canal. When the irritation is tonfinecl to a single pair of nerves, the 
.sen~ation complained of is of'Len a feeling of constriction, as if a cord were tied round the abdo· 
men; and in the:3e cases the situation of the sense of constriction ma\· scn•c to localize the 
disease in the spinal column. In other cases, where the bone disease is J;10re extensive and two 
or more nen ·es are invol\'cd 1 a more general diffused pain in the abdomen is complained of: A 
similar t'Ondition is sometimes present in affections of' the cord itself°. as in ta bes Jorsalis. 

Again, it must be borne in min? that the same nerves which su~ply the skin of' the abdomen 
supply also the planes of muscle which constitute the greater part al the abclomi11al wall. H ence 

~\1 ~0~1ki'~50V1tl;ea~&ci~~~~~;ifs0i1~~~~~i~t;}y1}~\1g,~~~ft~~e~~~l~i~11~~1i~~tii1~· ~fetl~~t~bd~~~i~~j~~~::ie~~ 
A rood practic.11 illustratiou of' this may sometimes be seen in watching two surgeons examine 

~a11~1:1~~J~e~c~~~~r~~~1~~S~\~~1~11~~~e~~~~~ ~,~iS, i~1~d1~~,~~~~5n~~~l;~1~~~~i~:~~~!1f~1?~~:~t::~~ 
tion; the other1 who has taken the precaution to warm his h:rncl, examines the abdomen with· 
out exciting any reflex contraction. The supply of both muscles and skin frorn the same source 
is of importance in protcctin!! lhc abdominal viscera from injury. A blow on the abdomen, 
even of a se\•crc character, will do no injury to the Yiscera if the muscles nrc in a condition of 
firm contraction; whereas io cases where the muscles have been taken unawares, and the blow 

~h: ~t!J~,~~i~~lk ~~:J1i 1i1.~e&e:r~r~t~1~d!~lt:i~fi ~~~~lt~r~ i~ii·us7i1~~s~11'?~~~1~bda11~1:~~~lc~o~1~~·n~~~io~rh~ 
importancc1 thereforc1 of immediate reflex contraction upon the receipt of rm injury cannot be 
m·erestimatecl, and the intimate association of the cutaneom; and muscular fibres in lite same 
nen·e produces a much more immediate response on the part of the mn!o;des to any peripheral 
~timulation of the cutaneous filaments than would be the c.-isc if the two sets of fibres were derived 
from inclcpenclentsources 

:\.gain
1 

the nerves supplying the abdominal muscles and skin Jerived from 1he lower inter-

~h~~~zhe';J~s l~:c~11 ~~~~~l~ ~~1~'.~f~~e~ro~:;1;~,1;:~J1 ~J~~P;~;11~~1~h,;i~JlN~;:~~~~ ~~: d~~~~t.rnl I~i~~~1~ 
5e<1uencc of' this, in laceration of the abdominal viscera and in aeutc peritonitis the n~uscles of' the 
belly-wall become firmly contracted 1 and thus as far as po~iblc prcscn·e the abdomrnal contents 
in a.condition of rest. 

THE LUMBAR NERVES. 
The lumbar nerves are fh·e in number on each side. 'fhe first appears between 

the first and second lumbar vertebn:e, and the last bct11Ceu the last lumbar and the 
base of the sacrum. 

The roots of the lower lumbar (and upper sacral) nener-; arc the largcst1 and their 
filament,;; the most numerou!', of all the spinal nen-cs, and they arc closely aggre
gated together upon the lower end of the cord. rsbc anterior roots are the 
~mailer. Lut there is not the same disproportion between thetn and the posterior 
roots as in the eenical nerves. The roots of these nerves ha,·c a ,·crtical direction, 
and are of considerable Ienoth, more especially the lower ones, since the spinal 
cord <loes not extend beyond° the first lumbar vertebra. 'l'he roots become joined 
in the intcn'ertebral foramina, and the nenres so formed divi<lc at their exit into 
two Jivisions, posterior and anterior. 

Posterior Divisions of the Lumbar Nerves. 
The posterior divisions of the lumbar nerves (Fig. 502) diminish in size from 

abo\·e downward; they pass backward beneath the t ran sverse processes, and 
<livicle into internal and external branches. 

rrhe internal branches, the smaller, pass inwnrd close to the art!cuiar 
processes of the vertcbr::c, and supply the i\Iultifidus •pimc an<l lntcrspmales 
muscles. 

The e:rtrrnnl brrmrhrs i;;upplv the Erector spinre and Intertransverse muscles. 
frrym the three upper branches .. c.utaneous nerveR :ire dcri\·ecl "hi ch pierce the 
aponeurosis of the Latis~imus clors1 mu::;cle and descend O\'Cr the back part of the 

" 
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tl'l'st of tlil' ilium. to he di~tributcd to the integumc•nt of the J!lut<.•al region, som(' 
of the filan11.:nts pas!->iug ns far as the trochantcr major (m·n•i cluniwn ·"ll)Jfrflm·x). 

Anterior Divisions of the Lumbar Nerves. 

'J1hc anterior divisions of the lumbar nerves incrcaRe in Rir.e from aboYC' do'' 11-
ward. At their origin they communic:atc "itl.1 the lumbar ganglia of' th<.• ~ym
patbctic h,Y long, slender filament~, which acC'omp;rny the lumbar arteries ro11111l 
the ~ides of' the bodies of the ' 'crtebn-c, beneath the Psoas muscle. The 1wnes 
pa s:-; ohliqucly outward behind the Psoas rnagnu!'i or between its fasciruli, dis-

~1;·i~~~~1f~u~\~;;;)c~~.t~1c11~v~: ;i1~·~ ~t~ t~~i·~.<l~:1~~~~~bl~~11~~\~)l~~'~:·ric~r~7 :~~~~~:~~;~;il~v;~;~'.:: 
which arc called the Ztanbar plei·us. The anterior division of' the fifth lumLar. 
joined with a branch from the fourth, descends across the ba8-e of' the ~acrnm to 
join the anterior division of the first sacral nel'VC and assist in the formation of 
the sacral plexus. The cord resulting from the union of the fifth lumbar and the 
branch from the fourth is called the lumbo-sw:ral nervt·. 

The Lumbar Plexus. 

The lumbar plexus, so called, is formed by the anastomotic loops aboYC mcu
tioned. The plexus is narrow abo\·e, and often connected with the last don.al by 

a. slender branch, the donJo-lumbar nerve; it i:; broad below, where it is joined to 
the sacral plexus by the Jumbo-sacral cord. It is situated in the substance of the 
Pboas mu scle ucar its posterior part, iu front of the transverse processes of the 
lumbar vcrtcbrre. 

'l'he mode in "bi ch the plexus is formed \'arics greatly in 1liffcrcut subjects. 
A plan which is often found i:s tht" followiug: 'l'hc fi rst lumbar nerve rctci,·cs a. 
UraIJch from the la::;t Uur:sal, and gives off two Ur:rncllc~, the upper of \\hich sub-
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diridcs into the ilio-hypogastric and ilio-inguinal; the lower one descends an<l 
subdivides into two branches, an anterior and a posterior. '11he second lumbar 
nerve sends a branch to join with the anterior of tl1c two preceding, to forru the 
gcnito-crural nerve; the rest of the nerve tlic1.1 rece ives the posterior of the two 
above ment ioned, and proceeds downward, gi\'JOg off an e.rtenwl, a middle, and 
an internal branch. The t hird lumbar nerve gives off three branches, known as 
dorsal, middfr, and ·ventral. 'l1 he fourth lumbar nerve also divides into three 
Lra.ncbes, known as anterior, posterior, and inferior. These nirious subdi\·isions 
now unite as follows : The e1:temal from the second joins the dorsal from the 
thir<l to form the external cutaneous nene. The middle branches from the second 
r:ind thi rd together with the posterior from the fourth, unite to form the anterior 
crural ncne; while the remaining (internal and ventrnl) branches of tl1c second 
an<l third lumbar nerves unite with the anterior of' the fourth to form the ohturator 
nerve. rl'he remainder of the anterior division of the fourth nerve passes down 
to communicate with the fifth lumbar nerve. rJ1bc accessory obturator, when it 
exists, is formed by a small branch from the tbinl nene joining with a small 
branch from the fourth. 

From this arrangement it follows that the ilio-hypogastric and ilio-inguinal 
are derived entirely from the first lumbar nerve; the gcnito-crural from the first 
and seco!Hl nen•es; the external cutaneous from the second an<l third; the ante
rio r crural an<l obturator by fibres derived from the second, third, and fo urth; 
and the accessory obturntor, when it e"'xists, from the third and fourth . 

'rhe branches of the lumbar plexus are-the 

llio-hypogastric. 
Ilio-inguinal. 
Genito-crural . 
External cutaneous. 

Anterior crural. 
Obturator. 
Accessory obturator. 

'The Ilio-hypogastric Nerve (snperior nw.sculo-cutaneous) arises from the first 
lumbar nerve. I t emerges from the outer border of the Psoas muscle at its upper 
part, and crosses obl iquely in front of the Quadra.tus lumborum to the crest of the 
ilium. It then perforates the Transversalis muscle at its posterior pa.rt. near the 
trest of the ilium, and divides between it and the Internal oblique into two 
branches, iliac and hypogastric. 

The iliac branch pierces the Internal and External oblique muscles imme
diately above the crest of the ilium, and is distributed to the integument of t.he 
gluteal region, behind the lateral cutaneous branch of the Inst dorsal nerve (Fig. 
509). T he s i'l.e of this nen•e bears an invcl'se prnportion to that of the cutaneous 
branch of the last dorsal nen·e. 

obli~':: ~~~o~;,·~~~,.::~~7i~' i;,~~ie:.05itc~~!~m;~~r~:sw~~~ ~~;:~~c:i ~~fi:,~e~ei~nnal 
near the middle line perforates the aponeurosis of the External oblique, about an 
inch above and a little to the outer side of the extemal abdominal ring, and is 
distributed to the integument of the hypogastric region, . . . . 

The ilio-hypogastric nerve communicates with the last dorsal and iho-mgumal 
nerves. 

The Ilia-inguinal Nerve (inferio1· niusru.lo-eutaneous), smaller than the pre
cedin(I' arises with it from the first lumbar nerve. It emerges from the outer 
borde~

1 

of the Psoas just below t~e ilio-hypogastric, and, passi?f ub l iquel.~ across 
the Quadratus lumborum and Il1acus muscles, perforates the Iransversahs near 
the fore part of the crest of the ilium, and communicates with the ilio-hypogastric 
nerve between that muscle and the Internal oblique. 'l'he nene then pierces the 
Internal oblique, distributing fil~ments to it; and, accompanyin~ the. spermat~c 
cord through the inguinal canal, 1t escapes at tl~e external abdomn~al nng, and is 
distributed to the integument of the upper and mner part of.the thigh, and to the 
scrotum in the male and to the labinm in the female. 'l1he size of this nerve is in 
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innrsc proportion to that of the ilio-hypoga:-;tic. Occa~ionnll~· it is 'rr:· :'lmall. 

h ~~11110~~:\~-i~ .\' t~~~i~:i i~~e t !~fa ~~o~~Ytl~:g~\~~:~~:~~:~:i'.c~:r \~:~·~a~ 1~::·\~1;·1~: cfr~~~ y 
1 ~~ ,: : : ::~ 

get~;~e a~:~1i1;~-erural Nerve ari.scs from the fir~t and ~ccnnd lumbar nene:0i. It 
passc:o< obli1111l'ly throu,!!h the substance of the P~oa!":. :rn1l emer~t·s from its innl:'I' 
IJOrdcr at a lcn•l corre~pon<ling to the inten·ertrl>rnl ~uh:--tancc between the rhiril 
arnl fourth lumbar vertebr;.u. It descends on its su rface for a variable distautl', 
and dividrs into a genital and crural branch. 

FJG.001.-Thelumbarplexusandltsbranchc~ 

The .'}euital branch passes outward on the Psoas ma.gnus. near the external 
iliac artery, to which it gives a. twig. It then pierces the fa-:cia trans\'ersalis or 
pas~es t!nough the internal abd~minal ring, de~cends along the back part of the 
~pcrmat1c cord to the scrotum m the male, and supplies the Cremaster muscle. 
Jn the female it accompanies the round ligament. 

The <nual b1·anch descends on the external iliac artery, sending a few fila
ments round it and, passing beneath Poupart's li gament into the thigh, enters the 
slH'ath of the femoral Yessels lying superficial and a little external to the femoral 
artery, to whic.:h it also supplies a few filamC'nts. It pierces the anterior layl•r of 
tilt' ~hr-ath of the vessels, and, becoming ~uperficia l hy pa~~ing; throurrh the ra~cia. 
lata, it ~upplies the skin of the anterior a~pect of the thigh a~ fa~ as midwa.Y 
Ll't"l't'n the peh·i~ and knee. On the front of the tbi~h it communicates with 
the outer branch of tbc mi<l<llc cutaneous nene, <leri\•e<l from the anterior crural. 



THE LUMBAR PLEXUS. 853 

Fm.fllXi.-C'utancousnervesoflowerex Fm. 506.-Ncrves of the lower extremity. 

The External Cutaneous Nerve arises from the second and third lumbar nerves. 
It emerges from the outer border of the P soas mu<clc about its middle .. an<l 

tremity. Frontview. 
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croi:;:;c~ the lliacus muscle obliquely, to the notch immediatt•ly be1u.•ath the ante· 
rior ~npcrior spine of the ilium . where it pa~se8 untlCI' Poupart's ligament into 
the thigh, an<l did<lcs into rwo branches. anterior and pns1crior. 

Th e anttt.rior branch descends in an aponcurotic canal formed in the fascia 
lata, hccomea superficial about four inches below Poupart's ligament, and cli,·i(k.., 
into branches which are distributed to rbe integument along the anterior a111l 

:~~~·c~~;·: ~'~i t~ea t ti1~11~·ch8 !fr ti:w~~:: t~~P~;1~~;.1s ~!1.~~c 11 ~:~"~.r~~~a~ir1t1!-" kc;~~~ 
joint. 

The poste1'ior branch pierces the fascia. la ta, and subdi,•idc into branches which 
pass backward across the outer and posterior surface of the thigh, supply ing the 
integument from the crest of the ilium as far as the middle of the thigh. 

1l1L1e Obturator Nerve supplies the obtura.tor externus and Adductor muscles of 
the thigh 1 the articulations of the hip and knee, and occasionally the integument 
of the thigh and leg. It arises by three branches-from the second, the third, and 
the fourth lumbar nerves. It descends through the inner fibres of the Psoas mu~tle 

~~1~1 1~~~.:~Y~~[i\0~ ~~~ i;~l~·1~s~~:oe,~·e11t~::· ~~~u~t:~~~· 0vf~~~:l~~e~~i~l ei~~bp:~. ;~~~~ <~j~~~ 
obtura.tor foramen, where it enters the thigh. and di,·ides into an anterior and a 
posterior branch. separated b.'- some of the fibres of the Obturator extcrnus, and 
lower down bv the Adductor brevis muscle. 

The ante1:ior branch (Fig. 506) pa~ses down in front of the A<lductor hreds, 
being co,·ered by the Pectineus and Adductor longus, and at the lower border of 
the latter muscle communica.tcs with the internal cutaneous and internal saphenous 
ncn·c~, formin~ a kind of plexus. It then dei;:.ceuds upon the femoral artery, upon 
"hi ch it is finail.'· distributed. The nen·e, near the obturator fora men, giYes off an 
articular branch to the hip-joint. Behind the Pectineus it distributes mufl.cular 
Lrnnchcs to the Adductor longus and Gracilis. occasionall_v to the Adductor brevis1 

and rarely to the Pcctineus, and receives a comm uni cati ng branch from the acces
t:iOry obturator nerve. 

Occasionally tJ10 comm uni cating bra.nch to the interna l cutnn eous and internnl 
saphcnous nerves is continued down, as a cutaneous branch. to the thigh and leg. 
Wh en this is so, this occw;ional cutaneous branch emerges from benea,th the lower 
border of the Adductor longus, descends along the posterior margin of the Sartorius 
to the inner side of the knee, where it pierces the deep fi.1sci;t, commun icates with 
the long saphcnous nerve, anJ is distributed to the integument of the inner side 
of the leg as low down as its middle. When this communicating branch is small, 
its place is suppl ied by the internal cutaneous nerve. 

'fhe posterior branrli of the obturator nerve pierces th'J Obturator externus, 
sendin3 branches to supply it, and passes behind the .Adductor brevis on the front 
of the Adtluctor magnus, where it divides into numerous muscular branches, which 
suppl,r the .. \..dductor magnus, and occasionally the Adductor brcvis. One of the 
branches gi,·es off a filament to the knee-joint. 

'l'he artirlllar braneli for the knee-}oint perfora.tes the lower pa.rt of the .Adductor 
ma gnus and enters the popliteal space; it then descends upon the popliteal artery 
as far a~ the back part of the knee-joint, where it perforates the posterior ligament, 
and is distributed to the synovial membrane. It gives filaments to the artery in 
its course. 

'l'bc Accessory Obturator Nerve (Fig. 50cl) is not constantly present. It is of 
small size, and arises b.'' separate filaments from the third and fourth lumbar nerves. 
It descends along the inner border of t he Psoas muscle, crosses the horizontal 
ram us of the os pubis. and passes unclcr the outer border of the Pcctineus muscle, 
where it divides into numerous branches. One of these supplies the Pectincus. 
penetrating it~ uncler surface: another is distributed to the hip-joint; while a third 
communiea.tes with the anterior branch of the obturator nerve. w -hen this ncn·e 
i~ absent the hip-joint rccei,·es two branchc8 from the ohturator nerve. Occasion
ally it is ,·cry ::mall. and becomes lost in the capsu le of' the hip-joint. 
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'l'be Anterior Crural Nerve (Figs. 50.;, 50G) is the largest branch of tlw lumbar 

plexus. It supplies muscular branches to th(' lliacus, Pcctineus, and all the 
mu:-:.cles on the front of the _thigh, ~xcepting the Tensor vaginoo fcmoris; cutaneous 

~!.~;~~:~\~ ~~a~hc~1~-o~ot ~~~l ~~1l~1e~-n~1d~n~~. tb~tt~~~e:nf~o~~ ~~= ~~~o~~~:l t~~:d;, ~~~ 
f,rnrth lumbar nerves. It descends through the fibres of the Psoas muscle, 

emerging from it at the lower part of its outer border, and passes down between 
it and the Iliacus, and ben.e~th P?upart's 1igamcnt, into the thigh, where it becomes 
somewhat flatt~ne<l, and d1ndes 111to an anterior part which passes superficial to 

the external cir~umflex ,·essels, and a posterior part which passes beneath these 
\'csscls. lI ncler Pou part's ligament it is separated from the femoral arterv hY the 
Psoas muscle, and lies beneath the iliac fascia. ~ ~ 

Within the 11elvis th~ anterior crnral nerve gives off from its outer side some 
small branches to the Il1acus, and a branch to the fomoral artery which is <listrib· 
utcd upon the upper part of that vessel. 'rhe origin of this branch varies: it 
occasionally arises higher than usual, or it ma.v arise lower down in the thigh. 

External lo tlte pelvis the following branches are girnn off: 

Front tlte Anterior Division. 
Middle cutaneous. 
Internal cutaneous. 
~Iuscular . 

From tl1e Posterio1· JJil'ision. 
Long saphenous. 
Muscular. 
Articular. 

Anterior Division.-':I1he middle cutaneous nerve (Fig. 505) pierces the fascia 

latn. about three inches below Poupart's l igament, and divides into two branches, 
11hich descend in immediate proximity along the fore part of the thigh, dis
tributing numerous branches to the integument as low as the front of the knee, 
where it communicates with tLc nervus cutaneus palellCP, a. branch of the intemal 
saphenous nene, he-lping to form the patellar plexus. Its outer branch communi
cates, abo,·e, with the crural branch of the genito-crural nerve, and the inner 
branch with the internal cutaneous nerve below. The Sartorius muscle is fre-
4uently pierced by this nerve or by its outer branch . 

'l1he internal cutaneous nen•e passes obli11uely across the upper part of the 
sheath of the femoral arterv, and diddes in front or at the inner side of that Yessel 

into two branches, anteriot~ and posterior or internal. 
'l1he antaior branch rnns downward on the Sartorius, perforates the fascia la.ta 

at the lower third of the thigh, and divides into two branches, one of which 

supplies the integument as low down as the inner side of the knee; the other 
crosses to the outer side of the patella. communicating in its course with the 

ncnus cutaneus patellre, a branch of the internal saphcnous nerve. 
The posterior or internal brancli descends along the inner border of the 

Sartorius muscle to the knee, where it pierces the fascia la.ta, communicates with 
the long saphenous nene, and gi,,es off ·several cutan?ous branches. T!1e n~n:e 
then passes clown the inner side of the leg, to the mtegmnent of which it is 
distributed. This nerve, beneath the fascia Jata, at the lower border of the 

Adductor longus, joins in a plexiform network by uniting with b1:an~hcs of the 
long saphenous and obturator nerves (Fig. 5UG). When the commun1catmg branch 
from the obtura.tor nerve is large and continued to the integument of the leg, the 
inner branch of the internal cutaneous is sm:Lil and terminates at the plexus, 

occasion~lly gi\'ing off a few cutaneous fi~a~n~nts. . . 
':J..1he mternal cut::rneous nerve. before chnding, gn·es off a few. filamenti, wl~1ch 

pierce the fascia lata, to suppl.v the integument of the inner side of 1bc thigh, 
accompanying the long saphenous Yein. One of these filaments pa~BC'R through 

tho ~aphenous opening; a secon~l b~come~ subcutanec!us about the m1ddle of the 
third1 · and a tl1ircl pierces the fascia at its lower 1h1rd. 

0
The muscular liranrltes supply the Pectincus n.nd Sartorius. _'11ho~c .to the 

Pectineus, often united with the intemal cutaneous nerve at tbeff origm, are 
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u::-ually two in number and pass inwnrd behind the femornl \'('~!:'e l s, and enter the 
muscle on its anterior surface. Sometimes one of thc8c ncrn~s i8 gi\Cn off in th{' 
pclvi8. and is then often united with the acccs!-iory obturator. ~l'h c Sartoriu~ is 
supplied by fi laments "hich arise in common \\ith the middle cutan('ous ncnc n11<l 
enter the upper part of the muscle. 

Posterior Division.-The long or intemrrl saphenous nenie is the largest of the 
cutaneous branches of the anterior crural. It approaches the frmoral artl•rv 
where this vessel passes beneath the Sa rtorius, and lies at first on its outer si<IC 
and then crosses o,·er it, beneath the aponeurotic covering of lluntcr 's cu nal. as 
far as the opening in th e lower pa rt of tl~e A<ld~1ctor .magnus. lt tbcn 11uits the 
arters, and descends vertically along the mn~r s ide of the knee, beneath the Rar
torius, pierces the fascia Iata, opposite the mterval between the tendon:; of the 
Sa rtorius and Gracilis, and becomes subcubrneous. 1l'hc ncnc then passes along 
the inner side of the leg, accompa nied by tb c internal saphc11ou s \'Cin, dcsccnd!i 
behind the internal border of the tibia, and, at the lower third of the leg, divides 
into two branches : one continues its cou rse al ong the marg in of the tiUia, termi
nating at the inn er ankle; the other passes in front of the auk le, and is distrib
uted to the integument along the inner side of the foot, as far i.1~ the great toe, 
communicating with the internal branch of th e musculo-cutanC'ous nerve. 

'l'hc long saphcnous nene about the middle of the thiylt giYcs off a communi
cating branch which joins the plexus formed by the obturator and internal euta· 
ncous nerves. 

At the inner sille of the knee it g i,·cs Clff a large bnrnch (nervus cutannrn 
11atell1f'} which pierces the Sartorius and fascia. lata, and is distributed to the 
integument in front of the patelh1. This n cr\'C communi cates abo,·c the knt'c 
with the anter ior branch of the internal cutaneous and\\ ith the middle cutancon!': 
brlow the knee, with other branches of the long saphcnous: and on the outer idc 
of t l1 c j oin t, with branches of the extemal cutaneous ncn·e, forming a plexifonn 
netwo rk, the ple.rus patellre. The cutaneous ncr \'C of the patella is occasionall_v 
small, and terminates by joining the intema.l cutaneous, which suppl ies its place 
in fron t of tho kn ee. 

Below the knee the branches of the long sa.phcnous nerve are distributed to the 
integument of the fron t ~1nd inner side of the leg, comrn1111i cat ing with the cutaneous 
bran ches from the internal cutaneous or from the obturator nerve. 

'J'hc muscular bram'1tes are as follows : 
'11110 branch to the R ectus muscle enters its under surface high up, sending off 

a small filam en t to the hip-j oint. 
'l'hc branclt to the Vastus 11xtenws, of large size, follows the course of the 

descending branch of the external circumflex artery to the lower part of the muscle. 
It girns off n,n articular filament to the knee-j oint. 

'l1hc branch to the rastus internus is a long branch which runs down on the 
outer side of the femoral Yessels in com pany with the internal sapheuous nerve for 
its upper part. It en ters the muscle about its middle, and gives off a filament 
which can usually be traced downward on the s urface of the muscle to the kncc
j oin t. 

The bram•h lo the Orureus enters the muscle on its anterior surface about 
the middle of the thigh , and sends a filam ent throug h the muscle to the Sub
crurcus. Articular bt-anches to the Mp-,ioiut are deri \'Cd from some of' the other 
muscular branches as well as from the nerve to the Hectus. 

rrbe articular branches to the knee-_joint are two in number. One1 a long, 
slender filament1 is de ri ved from the nerve to the Vastus externus. It penetrates 
the capsular ligament of the joint on its :rnterior aspect. Th e other is derh·e<l 
from the nerYe to the Vastus in ternus. I t can usuallv be traced downward on 
the surface of this muscle to near the j oint; it then penelmtes the muscular fibres, 
and accompanies the deep branch of the anastomotica magna arte ry, pierces 
the capsular ligament of the joint on its inner side, and supplies the sy novial 
membrane. 
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THE SACRAL AND COCCYGEAL NERVES. 

The sacral nen1t'S are five in number on ea~h side. The four upper ones pass 
from the sacral canal through the sacral foramma; the fifth through the foramen 

between the sacrum and coccyx . 
The •:ools of or~qin of the upper sacral (and lo1ce1· lumbar) nerves are the 

~~tgve:~~! t~~ ~:al~~~~-al nerves, whilst those of the lowest sacral and coccygeal 

':l1he roots of these nerv.es are of Ycry considerable len_gth , being longer than 

those of any of the other spma.l nerves, on ace.aunt of the spina l cord not extending 

beyond tbc first lumbar vertebra. From then· great length and the appearance 

they present m c?nnect1on with the spm.al cord the roots of origin of these nen'CS 

~re calle<l ~~ll~ct1vcly the_ eauda equ:ina. Each sacral and coccygeal nerve divides 
mto two d1v1s1ons, posterior and anterior. 

The posterior divisions of the sacral nerves (Fig. 507) arc small , diminish in 

F10. &J7.-The posterior sacral nerves. 

size from abO\'e downward, and emerge, except the last, from the sacral canal 

by the posterior sacral foramina. 
'rhe three itpper ones are covered, at their exit from the sacral canal. by the 

Multifidus spinre, and divide into internal and external branches. 
The intemal brcmclies arc small , and supply the Multifidus spinre. 
The erlernal branches join with one another and with the last lumbar and 

fourth sacral nen'es by means of communicating loops. These branches pass out

ward to the outer su rface of the great sacro-sciat ic ligament, where they form a 

second series of loops beneath the Gluteus maxirnus. Cutaneous branches from 

this second series of loops. usually three in number, pierce the Gluteus maximus: 

one near the posterior inferior spine of the ilium; another opposite the end of the 

s"crum; anrl the third midway hetwccu the other two. 'l'hey supply the integu

ment over the posterior part of the gluteal region (nervi clunium .. medii). 
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'L'he po81Nior dfrisions n.f the tu·o luu·l'r .wtn-al 11cr1·1·.11 are r-;ituatecl bc]nw the 
:Jiultifidm; spin:-c. They are of small !'izc, an<l !lo not cli,-idc imo internal and 
external hranc:he.1:;, but join with each (_Hher, and with th<' eoccygeal ncnc. !:'o a~ 
to form loops on 1hc back of the sacrum. filaments from which supply the Extc:ns1:r 

cuc~~E~"c~~1c<ly~~=l :et::eu:li~~~e~~:~ot~:s ~:ct~~-~r and posterior fo·isions in the spinal 
cati:tl. The posterior dii:isivn is the smaller. It does not di\'idc. but receircs, as 
3frcady mentioned, a communicating branch from the last sacra l. and is lost in rhe 
fibrous structure on the back of the coccyx. 

The anterior divisions of the sacral n'erves c..lirnini:d1 in size from above down-

LCV.t.TORANl .SPHINCTUIANI 

}"JG.508.-Side,·iewofpelvis,&howingsaeralnen·es. 

ward. The four upper ones emerge from the anterior !=:acral foramina: the ante
rior di\' ision of the fifth. after emerging from the spinal canal through its termi
nal opening. cun·es forward between the sacrum and the coccyx. All the anterior 
sacral nerves commun icate with the sacral ganglia of the s_,·mpathetic at their 
exit from the sacral foramina. rrhe .first nerve, of large size, unites with the 
/umbo-s11cral cord, formed by the fifth lumbar, and a branch from the fourth lum
bar. The second, equal in size to the preceding, anti the third, about one-fourth 
the size of the second, unite, together with a small fasciculus from the fourth, to 
form the -~acral plexus, a. visceral branch being given off from the thir<l nene to 
the bla<lrlcr. 

'l'h c fourth anterior sacral nerve send:;, a branch to join the sacral plexus. The 
rcmainin~ portion of the ncne di\·ide:;, into \' i:-<.<·eral and muscular branches, and 
a communicating filament <lc:5ce1H.ls. ti) join the fifth f:acral nene. The i•iM•eral 
branclit'8 are <list ribute<l to the \·iscera of the pclds. cornmunicatinp: with the 
s..ympatbctic nerve. These branches a~cenil upon the rectum and bladder. and 
in the female upon the vagina, communicating with branches of the sympathetic 
from the peh·ic plexus. The mwu·ulnr /1rrnu·l1es arc distributed to t"he Lcrntor 
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ani, Coccyf?eus, and ~phincter ~ni .. 'She branch to the Sphincter ani picrcC"~ the 

~t~~~o~~~~~x~
0 acl:~a~~~~~:: t~ll~u~~:~:~-~~f::

1 i~~~\h':hf~~t~;. \:r~~~11b~ !~~~:~\ i~ll~~~~; 
the integument between the anus and coccyx. .Another cutaneous branch is fre
quenth· given off from this nen·e, though sometimes from the pudic (i'chwalbe). 
It perforates the great ~acro-scrnt1~ hgarnent_. and, w111d1ng round the lower bor

der of the Gluteus max1mus, supplies the skm O\'Cr the lower and inner part of 
this muscle. 

The fifth anterior sacral nerve, after passing from the lower end of the stteral 
canal. curves forward through the fifth sacral foramcn, formed between the lower 
part of the sacrum and the trans,·erse process of the first piece of the coccvx . It 
pierces the Coccygeus muscle, and descends upon its anterior surface to ~car the 
tip of the coccyx, where it again perforates the muscle, to be distr ibuted to the 
integument over the back part and side of the coccvx. This nerve communicates 
abo,·e with the fourth sacral and below with the cowccygeal nen'e, and supplies the 
Cocc.rgeus muscle. 

The anterior division of the coccygeal nerve is a delicate filament which escapes 
at the termination of the S.'lcral canal; it passes downward behind the rudiment
ar,r trans,·ersc process of the first piece of the coccyx, and curve~ forward throu~h 
the notch between the first and second pieces, piercing the Coccygeus muscle, and 
descending on its anterior surface to near the tip of the coccyx, where it again 
pierces the muscle. to be distributed to the integument over the back part and side 
of the coccyx. It is joined by a branch from the fifth anterior sacral as it 
descends on the surface of the Coccygeus muscle. 

The Sacral Plexus (Fig. 508). 

The sacral plexus is formed by the lumbo-sacral cord. the anterior divisions of 
the three upper sacral nen·es, an<l pa.rt of that of the fourth. These nerves proceed 
in different directions; the upper ones obliquely downward :md outward, the 
lower ones nearly horizontally. The sacral plexus is triangu lar in form, its base 
corresponding with the exit of the nerves from the sacrum, its apex with the lower 
part of the great sacro-sciatic foramen. It rests upon the anterior surface of the 
Pyriformis, and is covered in front by the pelvic fascia, which separates it from 
the sciatic and puclic branches of the internal iliac artery and from the viscera of 
the pelvis. 

'l'he special method of the formation of the plexus is as follows: The lumbo
sacral cor<l, first, second and larger part of the third sacral nerves unite to form a 
large upper cord or baud. The smaller part of the third, together with the branch 
of the fou rth nerve, already mentioned as going to the sacral plexus, unite to 
form a smaller, lower, cord or band. 'l'hc larger is continued into the great sciatic 

nal'e; the smaller is continuous with the 7nulic neri·e. The remaining branches 
of the plexus are derived separately or by more or less intercommunication from 
the sacral nerves before the latter form the two principal cords just mentioned. 

'l'he branches of the sacral plexus are
Muscular. 
$uperior gluteal. 

Perforating cutaneous. 
Pudic. 
Small sciatic. Inferior gluteal. 

Great sciatic. 

The muscular branches supply the ])yriformis, Obturator i.1~ter~us, ~he two 

31~mb~~ !~ ~~ c~~~efi ~~~<~ref t~!c~~:i 0 :~~ra ?~hc~·v~~a~~~~~e t~ht:)~ ~)~~~·f 
0t1~~ 1 ~ 1~~~1 ~~ ;fr~~ 

branch to the Obturator inter1111s arises from the Jumbo-sacrnl and first two sacra.I 
ncrrns: it pa~ses out of the peh,is throu~h the g:eat sacro-sciatic foramcn, cr~ss~s 
the spine of the jp;chium, and re-enters the pelvis through the lesser sacro-sc1at1c 
fora.men to the inner surface of the Obturator internus; the branch to the 
Gemellus superior arises in common with the nerve to the Obturator internus: it 
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Fm. ~"'9.-f'utaneous nerves of 
lowerextr('mity. Posterior,·iew. 

vie,r10. 510.-Nern?s of the lower extremity.' p,)$terlor 
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enters the muscle at the upper part of its posterior surface; the small branch to the 
Gemellus inferior :rnd CJua<iratus femoris ari~es from the lumbo-sacral cord and 
first sacral ncnc: it pas~es through the great sacro-scintic fora men, and cour~es 
do"n beneath tht• Gcmelli and tendon of the Obtura.tor intcrnus, and sup
plie" the muscles on their deep or anterior surface. It rives off an articular 
branl'h to the hip-joint. Another articular branch is occasionally derirn<l from 
the upper part of the great sciatic ncnc. 

'J'he Superior Gluteal Nerve (Fig. 510) arises from the back part of the lumbo
sacral cord and first saCral nerve: it passes from the peh·is throu(l'h the areat 
sacra-sciat ic fora.men above the Pyriformis muscle\ accornpaniell b:t the gl~teal 
resscls, and divides into a superior a.nd an inferior branch. 

'l'he superior branch follows the line of origin of the Gluteus minimus, and 
supplied the Gluteus medius. 

'J:he inferior brancli crosses obliquely between the Gluteus minimus an<l. 
medius, distributing filaments to both these muscles, and terminates in the 'l1ensor 
vaginre femoris 1 extending nearly to its lower end. 

The Inferior Gluteal arises from the lumbo-sacral cord and flrst and second 
sacral nerves, and is often intimately connected with the small sciatic at its origin. 
It passes out of the pelvis through the great sciatic notch, beneath the Pyriformis 
muscle, and. <li,·iding into a number of branches, enters the Gluteus maximus 
muscle on its under ~urface. 

The Perforating Cutaneous Nerve is derived from the second and third ~acral 
nen'eR. It pierces the great sacro-sciatic ligament and winds round the lower 
border of the Gluteus rnaximus muscle to supply the skin of the buttock. 

The Pudic Nerve arises from the lower cord of the sacra.I plexus (sometimes 
containing fibres deriYe<l from the second and e'"en first sacral ncnes), and leaves 
the pelvis, through the great sacro-sciatic foramen, below the Pyriformis. It then 
crosses the spine of the ischium. and re-enters the pelvis through the lesser sacro
sciatic foramen. It accompanies the pudic vessels upward and forward for a short 
distance along tlrn outer wall of the ischio-rcctal fossa, and then divides into 
three branches. tbc perinea} nerve, the dorsal nerve of the penis, and the inferior 
ha~morrhoidal nerve. 

'fhe inferior hcemorrlwiclal nerve is occasionally deri,·ed scparntel.Y from the 
sacral plexus. It passrs across the ischio-rectal fo:-sa, with its accompanying ves
sels, toward the lower end of the rectum, and is distributed to the integument 
rournl the anus. Branches of this ncne communicate with the inferior pudenda) 
and superficial perinea! nerves at the fore part of the perinmum. 

The perinea[ nene, the largest of the branches of the pudic, is situated 
below the pu<lic artery. It accompanies the superficial perinea! artery in the 
perinreum, <lividin11 into cutaneous and muscular branches. 

The cutancous
0

branches (superficial perineal) a.re two in number. posterior 
and anterior. The posterior or rxternal b_rane~i passes forward along _the. ou~er 
~ide of the P"rineal space parallel to the mf?rior pu~lendal ~Cl'\'~, and 1s d1str~b
uted to the ~kin of the scrotum. It communicates with rhe mfenor hremorrho1d
al, the inferior pu<lendal, and the other superficial _perine~} nene. ~'h~ anterior 
or intemal branch passes forward nearer to the middle l111e, to be d1stnbuted ~o 
the inner and back part of the scrotum. Both these nerves supply the labia 
majora in the female. . . 

r11he muscular branches arc distributed to the Trans versus permre1, Accelerator 
urinm, :Erector penis, External sphincter and Levator ani, and Comprcss~r ureth~::e. 
A distinct branch is given off from the ncne to ~be Accclc1:a.to1: urmro1 which 
pierces this mu~clc an(] supplies the corpus spong1osum, endmg 10 the mucous 
membrane of the urethra.. This is the nerre to the bulb. 

The dorsal 11erve of the peni., is the deepest division o.f the 1rndic nerve; it 
accompanies the pu<lic arter.~· alon.11 t~e 1:amus of the 1schrnm: p1cr.c1ng the p~s
terior Iaver of the deep pcrmcal fascia. 1t runs forward :dong the 1~ner mar~m 
of the i·3mus of the os pubis, between the rwo la_yers of the deep fascia. It thc11 
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pierces the anterior layer, and. in compan.v "ith the dor~al artery of the p('nis. 
1 111~:-;(.•:-; through the suspensory ligament. and. running forward. is llistributcd to 
the µIan~. On the penis this ncne gives off a. c111anco11:; hranc:h '1 hil'h nm:-:. 
alo1~g the ~idr of the organ; it is joined with branthes of' the sympathetic, and 
suppl ies the intc~t11nent of the upper s.urfacc an<l sides of the penis and prepuce, 
gi' ing n. large branch to the corpus cavcrnosum. 

In the female the dorsal nerve is very small and ~upplies the clitoris. 
The Small Sciatic Nerve (Fig. 510) supplies t in• intcµurncnt of th<.' perina:-nm 

and back part of the thigh and leg. It i:; usuall,Y formed by the union of thn·e 
branches, which ari:;e from the first, second, and third nerves of the sacra l ple.xus. 
It issues from the peh,is through the great sacro-sciatic fora.men below tbc P,vri
formis muscle, descends benea.th tbe Gluteus maximus with the sciatic arlen·. and 
at the lower border of that muscle pas:;es along tlie back part of the 'thigh, 
beneath the fascia, la.ta, to the lower part of the poplit cal region , where it pierces 
the fascia. and becomes cutaneous. It then accompanies the cxtemal saphcnous 
vein to about the middle of the leg, its terminal filaments communicating "ith 
the external sa.pbcnous nerve. 

'l'he branches of tLe smal l sciatic nen•e are all cutaneous, and are as follows: 
prrincal, femoral, and ascending. 

'fhc perincal cutaneous branches are distributed to the skin at the upper ancl 
inner si<lc of the thigh, on its posterior aspect, and to the pcrin~cum. One branch, 
longer than the rest, the i1~ferior pudenda{, curve.'! forward below the tuber iscbii, 
pierces tbe fascia lata, and passes forward beneath the superficial fascia of the 
perinreum to be Jibtributed to the integument of the scrotum in the male an<l the 
labiurn in the female, communicating with the superficial perinea! and inferior 
hromorrhoidal nerves. 

The femoral cutaneous branches consist of filaments, which are derived from 
both si<lCs of the nerve and are distributed to the skin of the inner and outer 8ide 
of the thigh on its posterior aspect, as far down as the middle of that region, :rnd 
al:-)O to the skin of the back pa.rt of the thigh, pop1iteal region, and upper part 
of the leg. 

The as-·endiny f'ltianeons branches cons ist of two or three filaments, which turn 
upwa~·d round the lower border of the gluteus maximus, to supply the integument 
cuvcr111g its surfo.ee (nervi clu,niu,111, h~faiore.'1) . 

'l'be Great Sciatic Nerve (Fig. 510) suppl ies nearly the whole of the integu
ments of the leg, the muscles of the back of the thigh, ancl those of the leg and 
foot. It is the largest nervous cord in the body, measuring three-quarters of an 
inch in breadth, and is tbe continuation of the lower cord of the sacral plexus. 
It passes out of the pelvis through the great sacro-sciatic foramcn, below the 
l)yriformis muscle. It descends between the trochanter nrnjor and tuberosity of 
the ischium, along the back part of the thigh to about its lower third, "here it 
di"ides into two large branches, the internal and e:rtrrnal popliteal 11r>n•es. 

This di\' ision may take place at any point between the sacral plexus and the 
lower third of the thigh. Wh en the didsion occurs at the plexus, the two ner\'CS 
descend together, side by side; or they may be separated at their commencement 
by the interposition of part or the whole of the Pyriformis muscle. As the nerre 
descends a long the back of the thigh it rests at first upon the External rotator 
muscles, in company with the small scia.tic nerve and artery, being CO\'ered by 
the Glu teus maxim us; lower down, it li es upon the Adductor magnus and is 
co»crcd by the long head of the Biceps. 

The branches of the nerve, before its division, arc articular and muscular. 
The arliculrtr branches arise from the up1Jer part of the ner\'e; they supply 

the hip-joint, perfnra.ting its fibrous capsule posteriorly. These branches are 
sometimes dcrirnd from the sacral plexus. 

Eic:~~~ ~~::;~~;~z~;ii~,~~:~~1 :Snt'~e~~~~~:~~~n~:.1s~h~nf 1~xt\~n°:~ t~: :~~A~1i~~1c~~~ 
magnus. Thc:-o(' branches are giYen off beneath the Biceps muscle. 
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gw:~1:~i.;~~i~~r~:!c~1~~~it:~~n:e:i::, ~~=k ]~·~l~:· o0f t~!~c ih'·i~~~1~;11:·~~~1~ 1~:~:('~~~~d~f ct~; 
the pop Ii teal space, to the lower border of the Poplitcus rnuscl<'. "here it pa$~Cs 
with the artery beneath the :web of the Solcus and hccomc:; th e pQ~tcrior tibial. 
1t is o,·crla.rpcd by the hamstring muscles above, and then hccomes more super
ficial,. and hes to L~1~ on~e1: s~<le of, and so.me di.stance from, the poplitcal vessels; 
opposite the kncc-JOlllt 1t 1s Ill close relation with th e vc~r.;cls, and crosses to the 
inner side of the artery. Below, it is ovcrla.ppcd by the Gastrocnemius. 

the'~~~~,~:;::~~::::~ %~J}~~;:i~~~~~~~-are-articu lar, muscu lar, and a cutaneous branch, 

'l'he arti(·ulrtr brandws, usually three in numbe r, supply the knee-joint: two of 
these brn~1chcs accompany th~ superior and inferior internal articular arteries, 
and a. tlurd, the azygos articular artery. 

'L1h e umsru{ar branches, four or fi\•e in number, arise from the nerve as it lies 
between the two heads of the Gastrocnemius muscle; tbe,\' supply that muscle, 
the Plant:iris, Soleus, and Popliteus. The filaments which suppl), the Popliteus 
turn round its lower border and are distributed to its deep surface. 

The conwrn,11iNms poµlitei descends between the two heads of the Gastrocne
mius m.uscle, and about lhe middle of the back of the leg pierces the deep fascia, 
and joins a communicating branch (conmmnieaus peronei) from the cxtcmal 
poplitcal nerve to fol'm the extemal or short sapbenous (Fig. 509) . The exter
nal saphenous nerve, formed b.r the cutaneous branches of the internal and 
external popliteal nerves, passes downward and outward near the outer margin of 
the tendo Achillis, lying close to the extemal saphenous vein, to the interrnl 
between the externa.l malleolus and the os calcis. It winds round the outer mal
leolus, and is distributed to the integument along the outer s ide of ihe foot and 
li ttle toe, communicating on the <lorsum of the foot with the musculo-cutaueous 
nene. In the leg its branches communicate with those of the small sciatic. 

'l'hc Posterior Tibial Nerve (Fig. 510) commences at the lower bol'der of the 
Popliteus muscle, and passes along the back pa.rt of the leg with the posterior 
tibial ve~sc ls to the interval between the inner rnalleolus and the heel , where it 
di\·i<les into the e.rternal and intenial plantar nervrs. It li es upon the deep 
muscles of tile leg, and is Co\·ered in the upper part by the muscles of the calf, 
lower down by the skin and fascia,, In the upper part of its course it lies to the 
inner side of the posterior tibial artery, but it soon crosses that vessel. and lies to 
its outer s ide a!3 far as the ankle. In the lower tbinl of the leg it is placed 
parallel wilh the inner margin of the tendo Ad1ill is. 

The brnnches of the posterior tibial nenie arc-muscu lar, plantar cutaneous, and 
articular: 

'fhe musrular branrhes arise either separately or by a. common trunk from the 
upper part of the nene. 'J1hey supply the Tibialis posticus, Flexor longus digito
rum, and Flexor longus hallucis muscles, the brnnch to the latter muscle accom
panying the pcroneal artery. A branch is also gi\·en to the Soleus. 

~I.1he plantar cutaneous branch perforates the internal annular liga.ment and 
supplies the integument of the heel and inner side of the sole of the foot. 

The articulal' b1·mu·h is gi\·en off just abo\'C tbe bifu rcation of the nerve and 
suppli es the ankle-joint. 

'l1he internal plantar nerve (Fig. 511), the large r of the two terminal. brnnches 
of the posterior tibi~d . accom pani es the internal plantar artery along the 111ner side 
of the foot. From its origin at the innel' ankle it passes beneath t!rn ~~ductor 
hallucis, a.nil then forward between this muscle and the Flexor brens cl1g1torum, 
divides opposite the bases of the metatarsal bones into four digital branches, aJHl 
communicates with the external plantar nel'\'e. 

Branclu.'>;.-In its course the intemal plantar nene gi\·cs off cutaneous 
lmmches, which pierce the plantar fascia. and ~u ppl .v the integu ment of the sole 
of the foot; 11zwwu.la1· hraMhes, which supply the Abductor halluci s and Flex or 
brcris dig itorum; arlicultll" branclu:s. to the a1·ticulationl:' of the tar!'lllS and meta-
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rnr~us ~ ancl four d1:r1it11l branches. These pa:->:'\ bc:>twcC'n the did~inns of the 
plantar fo,..cia in the rlc:>ft:;; between the toe~. a111l arc cli1;.trihuted in the foJ. 
lo" ing manner: '1'he .fir."t supplic:>s the inn<'r borclcr of the great toe. and 
semi~ a filamt.•nt to the Flexor lne"i~ halluci~ mu!-'cle; the IH'l'Ond bifurcates 
to .supply the adjacent sides of the great and io:ecnn(l toes, sending a filament 
to the Fir~t lumbrical mn~cle; the thfrd cl(qitnl l11·rr.nrl1 supplic~ the adjacent 
sides of the second and third toos, and the Secon1l lumbriral muscle: the 

fourth supplies the corr<:'sponding ~ides of 
the third und fourth toe~ . and rccci\·<:'s a. 
communicating branch from the external 
plantar none. It "ill be obscned that 
the distribution of these branches is pre· 
ciselv .s imil ar to t lrn. t of the median nene 

111ta11al in the hand. Each digital ncn·e giYes off 
plautar.- cutaneous and articular filaments, and oppo· 

site the last pha.lanx sends a dorsal brunch, 
which suppl ies the structure round the nail. 
the continuation of the nerve being dis
tributed to the ball of the toe. 

'l 'he external plantar nerve, the smaller 
of rbe two, completes the nervous supply to 
the structures of the sole of the foot, being 
distributed to the little toe and one-half 
of the fourth, as well as to most of the 
deep muscles, its distribution being similar 
to that of the ulnar in the hand. It pass.es 
obliquely fon,ard with the externa.1 plantar 
artery to the outer side of the foot, I.Ying 
between the Flexor brevis c.ligitorum and 
Flexor acccr-;!?-orius, and in the intenal be· 
tween the former muscle and Abductor 
minimi digiti divides into a superficial and 
a deep bnrnch. Before its dirision it sup· 
plies the Flcxol' accessorius and Abductor 
minimi digiti. 

}'JO. 511.-The plantnr ncn·cs. The .~iq1n:firial branrli separates into 
two c.ligital nerves: one, the sma ll er of 

the two, supplies the outer side of the little toe, the :F'Iexor bre\'is minimi digiti 1 

an1l the two I nterosseous musc1es of the fourth metatario:al space; the other and 
Jargcr digital branch supplies the adjoining sides of the fourth and fifth toes, and 
communicates with the internal plantar nene. 

~t1he cleep or uuuwular branch accompanies the external plantar artery into the 
deep part of the sole of the foot, beneath the tendons of the Flexor muscles and 
Adductor tramwersus hallucis, and supplies all the Interossci (except those in the 
fourth rnetatario:al space), the two outer Lumbricales, the Adductor obliquus hal
lucis, and the ..Adductor trans\·ersus hallucis. 

'1,he External Popliteal or Peroneal Nerve (Fig. 510)1 about one-half the size cf 
the internal popliteal, descends obliquel,v along the outer sides of the popliteal 
space to the head of the fibula,, close to the inner margin of the Biceps muscle. I t 
is easily folt beneath the skin behind the head of the fibula, at the inner side of 
the te1ldon of the Biceps. It passes between the tendon of the Biceps and outer 
hea1l of the Gastrocnemius muscle, winds round the neck of the fibula, pierces the 
origin of the P croneus 1ongus, and di\'idcs beneath that muscle into the anterior 
tibial aml rnusculo·cutaneous nerrns. 

The lmuu·lws of the peroneal nerve, previous to its didsion, are articular and 
cutaneous. 

The arlfrulor brrmcheR are three in number; two of these accompany the 
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superior and inferior external articular arteries to the outer side of the knee. The 
upper one occasionally arises from the great sciatic nerrn before its bifurcation. 
The third (recurrent) articular ncne is gi,·en off at the point of diYision of the 
r.~r~n~al ne~·ye; it ascends with the anterior recurr~nt .tibial artery through the 
l1biahs ant1Cl!S mllscle to the front of the knee, which 1t supplies. 

The cutaneous brcrnch~s, two or three in numl~er, s~1pply the integument along 
the back part and outer side of the leg as far as its m1c.l<lle or lower part; one of 
these, larger than the rest, the communieans peronei, arises near the head of the 
fibllla, crosses the external head of the Gastrocnemius to the middle of the 
leg: and joins w~th the c~mmtmicans poplitei to form the external saphenous. 
This nerve occas1onally exists as a separate branch, which is continued down as 
far as the heel. 

'J'he Anterior Tibial Nerve (Fig. 506) commences at the bifurcation of the per
oneal nene, between the fibula and upper part of the Pcroneus longus, passes 
obliqllely fonrnr<l beneath the Extensor longus digitorum to the fore part of the 
interosseous membrane, and reaches the outer side of the anterior tibial artery 
abol"e the middle of the leg; it then descends with the arterv to the front of th

0

e 
ankle-joint, where it <li\·i<les into an external and an internal' branch. 'l'his nerve 
Jies at first on the outer side of the anterior tibial artery, then in front of it, and 
again at its outer side at the ankle-joint. 

The branches of tlte anterior tibial ne1'1.!e in its course through the leg are the 
mu::;;cular branches to the 'fibialis anticus, Extensor longus digitorum, l)eroneus 
tertius, and Extensor proprius hallucis muscles, and an articular branch to the 
ankle-joint. 

'fhe utemal or tarsal bmnclt of the anterior tibial passes outward across the 
tarsus, beneath the Extensor breds digitorum, and. having become ganglionic, 
like the posterior interosseous nerve at the wrist, supplies the Extensor breYis 
cligitorum. From the ganglion are g i,·en off three minute interosseous branchef:: 
which supply the tarsal joints and the metatarso-phalangeal joints of the second, 
third, and fourth toes. 'l1he first of these sends a filament to the second dorsal 
intcrosseous muscle. 

The internal branr·h, the continuation of the none, accompanies the dorsalis 
pcdis artery along the inner si<le of the dorsum of tho foot, an<l at the first inter
os~eous space <lhides into two branches, which supply the adjacent sides of the 
great and second toes, communicating with the internal branch of the musculo
cutaneous nen·e. Before it diddes it gives off an inte1·osseous branch to the first 
space, which supplies tho metatarso-phalangeal joint of the great toe and sends a 
filament to the First dorsal intcrosseous muscle. 

The Musculo·cutaneous Nerve (Fig. 506) supplies the muscles on the fibular 
side of the leg and the integument of the dorsum of the foot. It passes forward 
between the Peronei muscles and the Extensor longus digitorum, pierces the deep 

~~~~~i~r:~~~:s~ow~11hi~hi~~r~~ ti~e i ~~gcZ~r!~s h~~~~~e:u~he0~~~c~~~0gi~~~ o~ ,·~l~!c~1~!~ 
branches to the Peroneus longus and bre\·is, and cutaneous filaments to the 
integument of the lower part of the leg. . 

The internal branclt of the musculo-cutaneous ner1.1e passes m front of the 
ankle-joint and along the dorsum of the foot, suppl.ying the inner side of th~ grea.t 
roe and the adjoining sides of the second and third t~es. It also .supplies the 
intecrument of the inner ankle and inner side of the foot, commun1catmg with 
the internal saphenous nerve, "'ancl communicates with the anterior tibial nerve 
between the great and second toes. . 

~L1he external brmll'h, the larger, passes along the outer RHle of thr dorsum of 
the foot, to be distributed to the adjoining sides of the third, fourth, and fifth toes. 
It also supplies the integument of the outer ank,1; and outer si1~e. of the foot, com
municating with the short sapheuous nerYc. Ihesc dorsal <l1g1tal ncn-cs reach 
as far as the last phalanges. . 

The distribution of tbe~e branches of the musculo-cutaneous ne1Te will be 
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fouml to rnry: tngC'1her, they :supply all the toes cxcrptin~ rhc outer ~idc of the 
littlt• tne anti the ;uljoining $ide:-1 of rhe great anil Hccnnd toe:-:. tbe former hl•i1111 
!-iupplil'1l by tlie e\'.tcrnal ::aphcnous. arnl the latter by the internal branch of th~ 
:.mtt•rinr ribi:1l. 

::·1s:i:~~i~i~'.'i~~~\~:~~,'.
1

:!'·~·~~~;,~~;~;;:~,:~{~~:~'.:i!~::;~~:~1:~::~~:·~~·~·;~:~~~;~':;;'.i~.\~'F~~'.'.~i 
~~;i~~:;tf ~~,~i':\?1~:'.)}'.)3;J\~~;~~~~#:~~;~l~~lfi\~~~:~~\~i~;~;;i::i:;r;~f l~;~·~;~~;~rf'~;i'.ili·'.Et~i 
~l::~;r~'.;~r:g;~~;;~i::E:i.,~:~~;if:~·~~trn;~~)::~~r~.:~I\::~f::\:~~~:;~~g~:~y:~l:~~;~~~J:::~~~\:::: 
1if ~::;li~,i~t;~}~f :~;t:::Dt/~i~ti~~:I~r~~~:f i~:.;q~;r :~t1~/f l'.{l~i!r@:;~~0~rf.titlr,;~1 
~~~~~~~:~~j~~~~~~?:i!::~)~~~~~I~:~:~:t!~~ 
~~t'.~;\

1

;~1;~,!::~ti~~~:,:;~~W~,\1~: E::~;,:~~ii~::!;L:1:i;~c~ci~·;~~~'.~:1',',',\~]:E~\;~':!'.!~trr~;~!~~~~·::: 
the earlier ~t;\gcs of hip-joint disca::;c the patient ilot'S not t·omplain of pain in that ~lrtitulatiou 
but on the irmcr ::-ide of the knee or i11 the knee-joint it~ell: _\!fain, the same thin!! (l('(·un; i11 
~a.t:ro-iliac disca:-c. 'l'hc obturator nerve is iu dose relatiou~hip with the ~aero-iliac anit·ulatiu11 

t~j~i~~~~'.~\\~·~t:~~~Ii~~~~i¥~~~~~~~:~~~~~;:r~tJ~1f:\f :1~~:{J~;;\~~{~;~'.0r.~{;!i 
~~1~1~c~~, 1\\~ ~~11~~~1~~.~c~1~~~1e~~tsto ~~~:1~~l~ele~L~~~~1~orh~e~~t:. 1~~;··~~~~~~;1;h~l1~;~S;sii~ ~~~a11l~~ 
~~:~~:~:~~.r muscles. Hotation outward of the thigh is impaired from paralysis of the Obturator 

The !!'rcut !:i<:iatic ne1TC is liable to be pressed upon by various forms of' pelvic tumors !!"rnw
in!.! from lhe pcki<: \'i~era or bones, by aneuril"ms of some of the bmnches of the internal iliac 

ifi~!itf 1~~:g~~'.i\\1~:~~::I{fil~~1J11j:~:f ~~~~~i1}~,g~~j!~~;~~~;~~~~:~€~~i~#~ 
i~ lo~'i of motion in all the musc:les below the knee, and loss of senl:iation in rhe re~ious ~up
plied by it. 

The :sciatic nen·c has been frequcndr cut down upon and stretched fur the relief of ~iatit·a, 
arnl al!:'o in c~cs of locomotor ataxy, the an~~thesi:t of leprosy, etc. In order 10 define it on 
the ~urfacc, a. point is taken at the junction of the middle and lower third of a line stretchimr 
from the po::;ierior superior spine of die ilium lO the outer part of the tuber isd1ii. and a linl' 
drawn from this to the middle of the up)ler part of the pupliteal ~pace. The OJleration of 
!:ilrCtt:hing the sciatic ncn'C is performed by makin!.! an inci~ion over the c·ourse of the nerve 
about the centre of the thi~h. The O\'Crlyiu.!.! ~tructurcs Jinxing been diYided. the interrnl 
between the inner and outer hamstrin!?S is to he defined, and thc1<e muscles pulled inward a111l 
outward with retractors. The ncn·e will be found a little to the inner side of the Biceps. h 
is to be SC'paratcd, l1ooked up with the finger, and stretched by Meady and eontinuous traction 

:;:i~r~~;: 1~~:~
1

1'.':f ;~:g~~1i~~~{i~:~dt:f~"~~l~fiE. 11~'iJi~/i~ii1
1

~ 1~:1~r,~;:~\~~::1~~~~~,h::;::F~!~i~~1:'~ 
the le:r is forcibly extended to its full cxtcut arnl the foot as fully flcxc1l on th~ le.e:. 

l!ili:J:~l,~ s~~i,~~;~ ,0&1~l~~/b~e;~~~~:~o~;~Jl1/~~i~l~~~~~~l~t~li,.i~;~~l~t· ~11:etl:~n~~~~p.s on the outer 
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THE SYMPATHETIC NERVE. 

'l1he Sym.pathetic .Nervous System ~onsi.~ts of(l) a series of ganglia, connected 
together b,,. 11~tencnmg c?r<l~, e~tcnd1ng from the base of the skull to the cocc~n, 
one on each snlo of the middle line of the body, partly in front and partly on eac.:h 
si<le of the Yertcbral. col~mrn ; (~)of th rec _great g:_ang~iatcd plcxu~es or aggregations 
of nerres an<l ganglia, situated 111 front of the sp1110 m the thoracic, abdo111iual, and 
pekic c:;nitics rc~pcctiYely; (3) of smaller ganglia, situated in relation with the 
abdominal viscera; a1Hl (-1) of numerous ne1Te-fibres. These latter are of two 
kinds: comm1miclttiug, by which the ganglia communicate with each other and 
with the cercbro-sp inal ncrrns; and distributor!/, supplying, in general, all the 
internal viscera aml the coats of the blood.vessels. 

Each gangliated cord ma~· be traced upward from the hasc of the skull into 
its ca\·ity by an ascending branch, which passes through the carotid can;Li, forms 
a. plexus on the in~e~·i~al carotid artery, and communic:atcs \\ ith the ;:ranp:lia on the 

~,:~:t :~:.~\s8~~·~11J1oi\~1;~i: 1 ~~s t ~~i ~ h~e~l~ ~ i cn::~~~mi~~~~~~~ 1~~:~~ s~~~~~~~~~1t1~.~~1'c ~~~ 
communicating in a small ganglion (the 9anglion (~f Ribr~), situated upon tLe 
anterior communicating artery . 'l'he ganglia. of these cords are distingui~hed as 
cerrical, don•al, lumbar, and ~aeral, and except in the neck they correspond preen· 
nearl.'· in number to the ,·crtebrre against which the.v lie. They may be thu"'s 
arranged: 

Cenical portion 
Dorsal H 

Lumbar 
Sacral 

3 pairs of ganglia. 
12 " " 

4 
. 4or5 

In the neck they arc situated in front of the transverse processes of the Yertc
b!'re; in the dor:--al region. in front of the heads of the ribs; in ~he lumbar region, 
on the sides of the bodies of the vertebrre; and in the sacral region, in front of rhe 
sacrum. As the two cords puss into the pelvis they con"erge and unite together 
in a. single ganglion (ganglion impar) pla.ce<l in front of the coccyx. Each 
ganglion may be !·cga.rded a a distinct centre, and, in addition to its branches of 
di~tribution. posse!Sses also branches of communicat ion which communicate with 
other ganglia. and with the cerebro-spinal nenes. 

The branches of communication between the gang1ia arc composed of gray 
and white nerrn-fibrcs, the latter being continuous with those fibres of the spinal 
nenes which pass to the ganglia. 

The branches of communication between the gangli a and the ccrcbro-spinal 
nenes also consist of a white and gray portion, the former proceeding from the 
spinal nerrn to the ganglion, the latter passingfrom the ganglion tc; the spinal 

ner;~h:~~~:t g~e~i~~:g:~~~~ch~~~~:s::~~·~ ~~~~: t~:J1~'~cR·o~~e o} "~~~~.\~~~7:sin the 
thoracic, abdominal, and peh-ic regions, and arc named, respectively, the cardiac, 
rhe solar or ep(qastric, and the h!Jpogasu~c plexus. '.rbcy con.sist of collections of 
nen·e::i and ganglia, the nerves bc111g denve<l from tbc g:flngl1ated cords and from 
the cercbro·spinal nerves. 'l'he.v <listribute branches to the \' isccra. 

Smaller ganglia arc also found lying amidst the ncn·es, some of them of 

~1b: 1:~tsec1~~:i.c s~h~~~ scc~\~:i::s "~~~~fi\~~.~i\~~~·t:.~: 1f~1;:.c~h~11 0~·~1;i1~1 ~:r;,~~'~e~~~1~:s~h, and 
The brrmf'heH. of" rlildrilmlion deri,·c<l from the µ:angliatcd cords, from the 

pre\·ertcbral plcxui;:..cs. arnl ali;:.o from the sm~iller $anµlia, arc p_rincipa!ly dC'stined 
for the bloo<l-vc::;!-iCI~ and tl10racic and abdommal nsccra, supply111g the m,·oluntary 
muscular fibre of the coats of the vessels and the hollow viscera, and the secreting 
c:ells. as well as the muscular coats of the ,·essel~ in the glan<luh.i.r viscera. 
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In ad.dition to these mrious divisions of the. s,Ympathetic, th~ ganglia con
nected with the three branches of the fifth cramal ne1Te are beJie,·ed by some 
to constitute a part of the sympathetic system. These ganglia ham already been 
<lescribe<l (page 799 et seq .). 

THE GANGLIATED CORD. 

Cervical Portion of the Gangliated Cord. 

. The ?ervical ~OI:tion. of the gangl.iated con~ con~i~ts of three ganglia on each 
sale, which arc d1st1ngu1she<l, accordmg to then· position, as the superior, middle, 
and inferior cervical. 

The Superior Cervical Ganglion, the largest of the three, is placed opposite the 
second and third cervical vertcbrre, and sometim es as low as the fourth or fifth . I t 
is of a reddish-gray color, and usually fusiform in shape, sometimes broad, and 
occasionally constricted at iutervals1 so as to give rise to the opinion that it consists 
of the coalescence of se\·eral smaller ganglia; and it is usually belicrnd that it is 
formed by the coalescence of the four ganglia, corresponding to the four upper 
cen·ical ner\'es. It is iu relation, in front, with the sheath of the internal carotid 
artery and internal jugular ,·ein; behind, it lies on the Jtectus capitis anticus 
major muscle. 

Its branches may be divided into superior, inferior, external, internal, and 
an1erior. 

The suprrior brrmclt appears to be a direct prolongation of the ganglion. I t 
i:s soft in texture and of a reddish color. It ascends by the side of the internal 
caroti<l artcr:-·, and, entering the carotid canal in the temporal bone1 divides into two 
branches, which l ie, one on the outer, and the other on the inner, side of that Yessel. 

The outer branr•h 1 the larger of the two, distributes filaments to the internal 
carotid artery and forms the carotid ple1·us. 

The iw11·1· branch a lso distributes fi laments to the internal carotid, and, con
tinuing onward, fol'ms the cm1tr110us ple.rllS. 

The Carotid Plexus. 

The carotid plexus is situated on the outer side of the internal carotid. Fila
ments from this plexus occasionally form a small g:rngliform swelling on the under 
:-;urface of the arte1·y, which is called the carotid ganglion. 1'be carotid plexus 
cmnmunicates with the Ga1'sci-ian gang1ion, with the sixth ncn·c. and the spheno
pahuine gan~lion, r..nd cli:;tributcs filaments to the wall of the carotiLl artery and 
10 the dura mater (Yalcntin), while in the carotid canal it communicates with 
.Ja.cob:;on 's nel'\'e, the tympanic branch of the glosso·pharyngeal. 

The f·o1111mmir·atiny bMnches with the sii:th 11en.ie consii5t of one or two fila
ment:; which join that nen·c as it lies upon the outer si<le of the iutemal carotid. 
Other filamcms arc also connrctell with the Ga~ser i an ganglion. The communi
cation with the spheno·palatine ganglion is effected by a branch, the lw'fle de,p 
1wtro~al, which is gi\·en off from the plexus on the outer side of the artery, and 
wliieh passes through the cartilage filling up the foramcn Jacermn medium, and 
join8 the great superficial petro:.:.al to form the V idian ner\"C. The Vidian n~rve 
then proceed::; a long the pterygoid or V idian canal to the sphcno-palatinc ganglion . 
The communication with Jacobson's nerve is effected bv two branches, one of 
which is called the wutll deep pelrosa/ 111'>·1•e, and the other the long pet,·osal. 

The Cavernous Plexus. 
The cavernous plexus is situated below and interna l to that part of the internal 

carnti1l which is placccl by the side of the sella 'l'urcica in the c:wcrnons sinus, 
ancl i:; formc1l chiefh· hv the internal cli\"ision of the a~ccndin~ branch from the 
:-<tqicrior crnical ganglion. It communicates with rill· thi]'(l, the fourth, the 
ophthalmic diri~ion of the fifth. an1l the sixth nerves. and with the 01ihthalmic 
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{!:tnglinn, and dist.ributes filaments t_o the wa.11 of the internal carotid. The 
branch of commu111cation with the third ncne joins it at its point of <li,·ision: 
the branch to the fourth nel'\'e joins it as it lies on the outer wall of the c.:avernous 
sinu~; other filaments are connected with the under surface of the trunk of the 
ophthalmic nerve; and a second filament of cornmunication joins the sixrh nene. 

The filament of connection with the ophthalmic "<lll<riion arises from the 
anterior part of the ca\'Crnous plexus; it accompanics~tb~ nasal ncn-c or con-
1inue:-; forward as a separate branch. 

The tc~·minal filamc1;1ts from_ the carotid an~ cavern~us plcxu~es arc prolonged 
aloof!, the mtcrnal carot1cl, formmg plexuses which cntwme roun<l the cerebral and 
ophthalmic arteries; along the former ,·essels they may be traced on to the pia 
mater; along the la.ttcr, into the orbit, where they acCompany each of the sub-

~~~;·~s~~1:si~~e\~~rv~~s~~·c ae;~:~~1;f.te ~l~=t~s1 i~~!~~~g;l~~\~hn~~~l ;~1;~e;~at~~n:1\~~i1~i~·~t~~:~ 
municating artery form a small ganglion. the ganglion of Ribe.~, 1 "bi ch serves1 as 
mentioned above, to connect the sympathetic nenes of the right and left sides. 

The inferior or descending branch of t he superior cervical ganglion communi
tateg with the middle conical ganglion. 

The external branches arc numerous, and communicate with the cranial nerves 
anrl with the four upper spinal nen-es. Sometimes the branth to the fourth 
t<)nal nerrn may come from the cord connecting the upper and middle conical 
ganglia. The branches of communication with the cranial nenes consist of 
ddicate filaments, which pass from the superior cervical ganglion to the ganglion 
d' the trunk of the pneumogastric and to the hypoglos~al nen-c. A separate 
filament from the cen-ical ganglion subcli,·ides and joins the pctrosal ganglion of 
the g:losso-phar~·ngeal and the ganglion of the root of the pncumogastric in the 
jugular foramen. 

The internal branches are three in number-the plwrynr1utl, laryngeal, and 
xuprrior cardiac nen1e. The pharyngeal branche.~ pass inward to the side of the 
phar.ynx, where the,,~ join with branches from the glosso-pha.ryngeal, pneumogastric, 
and external laryngeal nerves to form the phar.y11,gt·al pll•.rw~. The laryngeal 
bmnf'!tes unite with the superior laryngea l nen'e and its branches. 

'l11ie s1tp11rior canliac nerve (nervus superfir:ialis t•ordi.~) arises by two or more 
branches from the superior cenjcal ganglion, and occasionally receives a. filament 
from the cord of communication between the first and second cervical ganglia. It 
run:-; dnwn the neck behind the common carotid artery, lying upon the Longus 
colli mu~c:le, and crosses in front of the inferior thyroid artery and recurrent 
laryngeal nen-e. ~ · . . 

The n:qht .rnperior eardiae nerve, at the root of the neck, passes either m front 
nf or behind the subclavian artery, and along the arteria innominata, to the back 
part of the arch of the aorta, where it joins the deep cardiac plexus. This nerve, 
in its course, is connected with other branches of the sympathetic: about the 
mi<ldle of the neck it receives filaments from the external laryngeal nerve; lower 
clown, oue or two twigs from the pneumog:istric; and as it enters the thorax it is 
joined by a fi lament from the recurrent laryngeal. . Filament~ from thi~ nerve 
communicate with the thyroicl branches from the m1ddle ce!·v1cal ganglion. 

'l'he left superior cardiac nerve, in the chest, runs by the side of the left com
mon carotid artery and in front of the arch of the aorta to the. supedi.crn l cardiac 
plexus, but occasionally it passes behind the aor ta a.nd termmates m the deep 
cardiac plexus. . . 

The anterior branches ramify upon the external carotid artery and its branches, 
forming round each a delicate plexus, on the nerves composing wb.ich sma11 ~angli.n. 
arc occasionally found . 'l'h4'?se ganglia ha,•c ~ecn n~med, ~cconlrng to the11· P?SI
tion, intercarotid' (placed at the angle of b1furcat1011 of the common carotid). 
lingual, temporal, and pharyngeal. The plexuses accom1 anying some of these 

~ .'f.i'i\~ ~~:~r:~~~ ~f 0~l~ii:tf:!1~0~~r~:c~~1~b~~dtl~~· :~~,;~f~i~~d { Lu-;chka). 
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arteries ban• imporrant communieation:-> with 11ther llt.'l'H''· That ~11rro11111li11µ: the 
external carotid is <·mrnected with the branch nf thr fiH·ial nene tn the :;tyJn-ll\·ni1l 
mn..,elc: that surroun<ling the facinl cnmmuni<·att•s with thl'..,nhmaxillary'g:a11~linn 
hv one or two filamcnh; and that accompanying tht' mid11\e tnl'ni11gt•;ll artny 
sC.nd.., off..,ct.., which pa!".'.:i to the otic ganglion arnl to the intumcs<:cntia ganµliofnrmi" 
of tht• fal'ial ncrrn (external petro1<al). 

The Middle Cervical Ganglion (th.11roid ga11,qlio11) i~ till' smallest of tb<' thrt·1• 
ccnical ga.nglia, and is occasionally altogether wanting .. I~ i~ placed opposite the 
sixth ccrncal ,·ertebra, u:;;ually upon. or clo:-<e to, the rnh•r10r thyrou.l :trh.'ry: 
hence the n:11uc, "thyrnid ganglion," assigned to it b_y lJallcr. It is prohahl,r 
formed by the coalescence of two ga.ngli;_t corresponding to the fifth and ~ixth cer· 
vical neHes. 

Its Ruperiol' braneltes ascend to communicate with the superior cervical l!'an. 
glion. 

Its iltferinr branehes descend to communicate with the inferior cen'ical ganglion. 
It!i e.rternal branrht>s pa!'iS outward to join the fifth and sixth spinal nenc . .;. 

ThcRc branches are not constantly found. 
It:-:. inll'rnrtl branches arc the thnoid and the middle cardiac ncn-e. 
The th.1tl'()i1l hraneltes arc small filaments which accompany the inferior thyroid 

artcr.v to the th,\'roid gland: they communicate, nn the artery, with the superior 
cardiac nerve. and, in the gland, with branches from the recurrent and external 
laryn,!:!;eal nen-e.5. 

rl,hc middlr cardiac nerl'e (nerrns rardiacus 11rn,r1111u~). the largest of the three 
cardiac nerrc~. arises from the middle cenical gan~lion or from the cord between 
the middle an cl inferior ganglia. On tJJc right ~idc it dcs;ccnds behind tbc common 
carotid artery, and a.t the root of tbc neck passes either in front of or behind tl1c 
!'iubcl:.wian artcn·: it then descends on the trachea., rccciYes a few filaments from 
the rcet1rrent la.;·.rngcaJ nen-e, and joins the deep cardinc plexus. In the neck it 
communicates with the superior cardiac and recurrent laryngeal nones. On the 
left side the micl<llc cardiac nene enters the chest between the left carotid and sub· 
cla.Yian a..rtcrie1'1, and joins the left side of the deep cardiac plexus. 

rL1he Inferior Cervical Ganglion is situated between the base of the tran~vcr:-;c 
procc::s of the last conical vertebra and the neck of the first rib on the inner ~ide 
of the superior intercostal arter.\T. Its form i!' il'rcgula.r: it is larger in size than 
the preceding. an1l fre1piently joined with the fir5it thoracic ganglion. It is proha. 
bly forme<l by the coalescence of two ganglia "hich corre!'ipond to the two la);t 
cenical UCITCS. 

Its su11erior branches co1mnunicate wirh the micldle ccrYical gan~linu. 
Its infaior branches descend. some in front of, others behirnl. the subcladan 

artery, t~ join the first thoracic ganglion. 
Its int1·1wtl branch is the inferior cardiac ncrrn. 
The ;,~frrior 1'anliac 11l'1TP (nen'lUI cardiacu.rt minnr) ari~cs from the inferior 

ccnical or firgt thoracic ganglion. It passe~ down behind the subcla.Yian artrry 
and along the front of the trachea. to join the deep cardiac plexus. It cmnmuni· 
caws freely behind the subcla.Yian artery with the recurrent laryngeal and middle 
cardiac nencs. 

1,hc external branches consist of se,·eral filamcntR, some of which communi· 
cate with the ~e,·cnth and eighth spina l nen·es; other~ accompany the YCrtebral 
al'tcry along the ,·ertebral ca.nal 1 forming a plexus rou!Hl the YC~scl, suppl~·ing it 
with filaments, and communicating with the cen·ical spinal nerves as high as the 
fourth. 

Thoracic Portion of the Gangliated Cord. 
rrbe thoracic portion of the g:angJintc1l COr<i COn'l.iSt~ of a ~cries of g:anp:lia. 

which n!'ina1ly correspond in number tn that of the ,·ertehrre, but, from the occ·a· 
"ional co~le'l.C'Cnce of _two, the_ir nnm_ber i:-- nnrrrtain. These ganµ:lia are placed 
on ead1 ~11lc of the spmc, restmg agam:-:t the hc:.uls of the rihs and co,·cred by the 
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pleura COtit:1lis ; the last two are, however, anterior to the rest, being placed on the 

:~~l~~ntb~il~o~1i1~; ~~ ~1; 1~;~~~nt~0~~~1 t~.i~~1!·tbfii~~-r~~~·~·:1~·t~~~·:· th'!
1

h~0~~ni~l~af a~: 
elonga.te1l form and frc1lucntly blended with the las:.t conical. Thcv are connected 
together by cord-like prolongations from their sub8tancc. " 

cat?~~t~.rt:~·~lhll 0~r~t~t:h~~1~~lms;i~:~ ~::~~~~~n, usually two in number, communi-

The internal branches from the six upper ,r;m1.q/ia are very small; they supply 
filaments to the thoracic aorta and its brancbc!-'. besides small branches to the 
bo<lics of ~he Yertebrro and their ligaments. Branches from the third and fourth, 
and :-;omcumcs also from tLc first and second ganglia, form pal't of the posterior 
pulmonary plexus. 

Th? il~ternal braneltrs .frmn the si:c lower ganglia arc large aud white in color; 
the_,. d1str1bute filaments to the aorta and unite to form the three splanchnic nen·es. 
These arc named the great, the lesser, and the ~mallest or renal splanclmic. 

The great splanclmic nerl'e is of a white color. firm in texture, and bears a 
marked contrast to the ganglionic uen·es. It is formed by branches from the 
thoracic ganglia between the sixth and tenth, recci,·ing filamellts (according to Dr. 
Beck) from all the thoracic ganglia aborn the sixth. These roots unite to form a 
large round cord of considerable size. It descends obliquely inward in front of 
the bodies of the ,·ertebn-e along the posterior mediastinum, perforates the crus of 
the Dia.phragm. and terminates in the semilunar ganglion, distributing filaments 
to the renal and supra.renal plexus. 

The le.9ser .~plam:lmie nen:e is formed by filaments from the tenth and eleventh 
ganglia and from the cord between them. It pierces the Diaphragm with the 
preceding nen·e and joins the cceliac plexus. It communicates in the chest with 
the great splanchnic nene, and occasionally sends filaments to the renal plexus. 

The smallt•Rt, or renal, splaneltnie nerve arises from the last ganglion, and, 
piercing the Diaphrngm, terminates in the renal plexus and lower part of the 
cceliac plexus. It occasionally communicates with the preceding nerve. 

A strik ing analog_Y appears to exist between the splanchnic and the cardiac 
nenei:;. The cardin.c nerves are three in number; the\· arise from the three 
cen·ical ganglia. and arc distributed to a large and import.lnt organ in the thoracic 
ca,·it.\·. The splanc:hnic nen·es. also three in number, are connected probably with 
all the dor~al ganglia. and arc distributed to important organs in the abdominal 
CaYity. 

The Lumbar Portion of the Gangliated Cord. 
The lumhar portion of the gangliat_cd cord is situated in front of the Yertcbral 

;:~u;;1i~.a~~~~e~~~<1 1~~~~t~~~-g~;: f!t;~~;a~;~~~n~u~~~~i~. ItTh~n;~~~~l~~~l:~1~!Yo~fs::i; 
size. of a gra.\°i:-;h color, shaped like a barleycorn, and pla.ced much nearer the 
median line than the thoracic ganglia. 

'l'hc lWJN'1·ior arnl inferior brandies of tlie lumbar 9a11lJZia sen-e as communi
cating branches between rhe chain of ganglia in this region. They are usually 

sin~l;hea~.:~fl>~·~u~ b:.~:~~lil~;}~~~ruunicate with the lumbar spinal neHes. From the 
situati on of the lumbar ganglia these branches arc_ longer thai: in the ot~1cr r~gions . 
TheY are usually two in number from each ganglion, but their connection with the 
spin.al nenes is.not so uniform as in other regions. They accompany the lumbar 
arteries a.round the siilcs of the bodies of the vcrtebrro, passing beneath the fibrous 
arches fmm which some of the fibres of the Pi;;oas muscle arii;;e. 

( )f the i1ttemnl brrrnf'l11·R. some pass in wan I, in front of the aorta. and help_ to 
form the riortic plexus. Other branches 1le8C:CJ)(l in fron~ of the common iliac 
artcric . ..,, an1l join o\·cr the promontor_,. of the ~acrum, ~lCIJ~lllg to form the .hypo
ga:-;tri{' plcxus. Xumcrous 1lclicate filaments arc also d1stnbute<l to the bodies of 
the vcrtchne an1l the ligaments con11ectin:.r them. 



Sil 

Pelvic Portion of the Gangliated Cord. 
1'he pelric portion of the gangliatcd cord i::; situa.lc1l in front of the ~arn11n 

along the inncr :-;i(lc of' the anterior i-:aeral forarnina. lt comd~t:-; of' fonl' or fin.• 
~mall gangl ia on each 8idc 1 connected together by intcrganglioniC' cord:-;. Below. 
tit<·~e L·onb c0tncrgc and unite on the front of the coccyx by BH.'ans of a f'mall 
:ranglion (the coC<',11,fJNrl yanylion 01· !JClll/jlion impar). 

Tiu.• ;supPrior arnl ii{f'aior branclt('s arc: the cor<ls of communication hct\\Ccn thr 
ganglia above and below. 

The e:rtunal branrh.es, exceedingly short, communicate with the f'acral nerH'~. 
They are two in number from each ganglion. 'J'hc coccygenl ncn·ecommunicate~ 
either with the last sacral or coccygea l ganglion. 

The internal bl'anch1•s communica.te, on the front of the sacrum, with the 
corresponding branches from the opposite side; some, from the first two :t~nglia, 
pas~ to join the peh•jc plex us, and others form a plexus which at'Compau1cs th<:' 
rnid<l le sacral artery and sends filaments to the coccygeal g land. 

THE GREAT PLEXUSES OF THE SYMPATHETIC. 

'rhe great plexuses of the sympathetic arc the la.rgc aggregations of nerve:. 
and ganglia, abo\'C alluded to, situated in the thoracic, abdomin.al, and pelvic 
cavities respectively. From them arc derived the branches which supply the 
Yiscern. 

The Cardiac Plexus. 
rrbe cardiac plexus is situated at the base of the heart, and is di\•idcd into a. 

su1w1:/if·ial part, which lies in the concavity of the arch of the aorta, an<l a dPep 
pw·t, which lies between the trachea. and aorta. 

The great or deep cardiac plexus (ple.nus magnus profundw~. Rcarpa) is 
situated in front of the trachea at its bifurcation , aborc the point of division of 
the pulmonary artel'y and behind tl1 c arch of the aorta.. It is formed b~· the 
cardiac ncncs derived from the conical ganglia of the sympathetic and the 
cardiac branches of the rccu rrent laryngeal and pncumogastric. rl 'hc only cardiac 
tH~ne~ which do not enter into the formation of th is plexus arc lhc left superior 
canliac nenc and th(I- left inferior conical cardiac branch from the pncumogasrric. 

'J1 he branches from the r(qltt side of th is plexus pasg, ~ome in front of, a111l 
others behind, the right pulmonary artery; the former. the more numero11~, 
transmit a few filaments to the anterior pu lm onary plexus, and a.re then continuecl 
onward to form part of the anterior coronary plexus; those hebind the pulmonar_y 
artcr.v distribute a. few filaments to the right auricle1 and a.re then continued 
onward to form part of the posterior coronary plexus. 

'rhe branches from the left side of the deep cardiac plexus distribute a few 
filaments to the superficial cardiac plexus, to the left auricle of the heart, and to 
the anterior pulmonar,Y plexus , and then pass on to form the greater part of the 
posterior coronary plexus. 

The superficial (anterior) cardiac plexus lies beneath the arch of the aorta, in 

~1~~~:.~,0[h~hl~f~-i~thntd 1~~~1~~i~~:11;\~~·~:igh~) i\~ r!~i1~~e~~ 1~~1c~~~;1~Jfa~ 1;};~:~~~e~~1~d:~~ 
pneumogastric, and filaments from the deep cardiac plexus. A small ganglion 
(cardiac ganglion of Wrisberg) is occasionally found connected with these nerves 
at their point of junction. This ganglion. when present, is situated immediately 
beneath the arch of the aorta, on the right si<le of the ductus artcriosus. The 
~uperficial cardiac plexus forms the chief part of the anterior coronary plexus, and 
~ernral filaments pass along the pulmonar.'' artery to the left anterior pulwonary 
plexus. 

The posterior coronary plexus is chieAy formed by filam ents prolonged from 
the left s ide of the deep cardiac plexus , and by a few from the right side. I t 
surrounds the branches of the coronary artery at the back of the heart, and its 
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fibm ents are di stri buted wilh those vessels to the muscu lar substance of the 
Yentricles. 

'l1he anterior coronary plexus is formed ch iefly from the superficial cardiac 
plexus. but receives filaments from the ~ccp cardiac. plexus. Passing forward 
between the aorta and pulmonary artery, 1t a.ccompamcs the left coronary arterr 
on the anterior su rface of the heart. · 

\' ::dentin has dcscri~ed nervous flln.mc.nts ramifying under the cn<locardium; 
and R emak has founcl, Ill several mammalta, num erous small ganO' lia on the cardiac 
ncn·es, both on the surface of the heart and in its muscular sub~tance. 

The Epigastric or Solar Plexus (Figs. 512, 5H). 

'rhe Epigastric or Solar plexus supplies all the Yisccra in the abdomi 1rnl cavitv. 
I t consists of a. great network of nerves aml gangl ia, situated behind the storn aC b 
and in front of the aorta and crura of the Diaphragm. It surrounds the creliac 
ax is and root of the superior 1uesenteric artery, extendi ng downward as low as the 
pancreas an~ ou~ward t_o the suprarenal capsu l ~s. This plexus, and the µ-ang lia 
connected wnh tt, receive the great splanchmc ncn·c of both sides. and some 
filaments from the right pneumogastric. It d istribu tes fila.meuts which accompanv, 
under the name of pl exuses, all the branches from the fron t of the abdomin°,_d 
aorta. 

The semilunar ganglia of the solar plexus, two in number. one on each side. 
are the largest ganglia in the bod.\T. They are la rge irregular gangliform masses 
former] by the aggregation of smaller ganglia, having interspaces between them. 
They arc situated in front of the crura. of the Diaphragm, close to the suprarenal 
capsules : the one on the right si de lies bcnea.th the in ferio r vena ca"a; the upper 
part of each ganglion is joined by the greater splanclrnic nerve, and to the inner 
side of each the branches of the solar plexus are con nected. 

From the epigastric or solar plexus arc deri,,ed the following: 

Phrenic or DiaphragmMic plexus. {Gastric pl exus. 
Suprn1·cnal plexus. Cooliac plex us Splenic plexus. 
Henal plc.xiJ'. H epatic plexus. 
Spermatic plexus. Superior mesenteric plexus. 

Aortic plexus. 

The phrenic plexus accompanies the phrenic artery to the Diaphragm, which 
it supplies, some fil aments pa!-'sing to the supra.renal capsule. I t a.rises from the 
upper part of the semi luna r ganglion, a.n d is larger on the right tha.n on the left 
side. I t recei,·es one or two branches from the phrenic nerve. In connection 
with th is plexus, on the right side, at its point of junction with the phrcnic nerve. 
is a small ganglion (.qrmglion cliaphragmaticum). 'l'h is ganglion is placed on the 
under surface of the Djapbragm, near the suprarenal c:.1psul e. Its branches arc 
dist ributed to the inferior vcna casa, supl'arenal capsul e, and hepatic plexus. 

There is no ganglion on the left side. 
The supra.renal plexus is formed by branches from the solar plexus, from the 

semilunar trangli on, and from the phrenic and g reat splanchnic nen~s. a gangl ion 
bein rr formed at the point of junction of the latter nerve. It suppli es the supra.
renal' capsule. ~L1he branches of this pl ex us are remarkable for their large size in 

comparison with the size of the organ they supply. 
The renal plexus is formed by filaments from the solar plexus, the outer pa.rt 

of the semiJunar gangli on, and the aor t ic plexus. I t is also j oined by filaments 
from the lesser and smallest splanchn ic nerves. ~L1 he nerves from these sources. 
fifteen or twenty in number. have numerous ga.ng lia dev~loped upon t~em. They 
accompany the branches of the renal artery rnto the kidney, some ~laments on 
th e _r ight side being cli ~tribu te<l to the inferi or vena. cava., and others to the sper-

mat1c plexus on both s1d~s. . .. 
~l1h e sperma.tic plexus 1s clcrn·cd from the renal plexus, rcce1vmg branches from 

the aortic plexus. It accompanies the spermatic ''e~scls to the testes. 
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Fir.. a1 !.-Lumbar portion of the gan~liatcd cord, with the ~olnr ancl hypogao,tric plc:rns1:s. (.\ft('r Henle.) 

In the fc.inalc th ovarian plexus is distrihutc<l to tLc ornric~ and fundu:-; of the 
uterus. 

The cceliac plexus, of large :--ize, is a rlirect rnntinuntinn from the solar plexu~: 
it ~u1T 'll'Hls the C'o.:liac axi:-: and subdiri1lt•:-< into tht• !..t;astric, hepatic, a.:d ~picnic 
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plexuses. It rccei\·es branches from the lesser spla.nchnic nen•es, and, on the left 
side, a filament from the right pneumogastric. 

The gastric or coronary plexus accompanies the gastric artery along the lesser 
currnture of the stomach, and joins with branches from the left pneumogastric 
nen•e. It is clistl'ibutccl to the stomach. 

The hepatic plexus, the largest offset from the cooliac plexus, recei ,·es filaments 
from the left pncumogastric and right phrenic nenes. It accompanies the hepatic 
artery, ramifying in the substance of the lirnr upon its branches and upon those 
of the Yena. port::u. 

Branches from this plexus accompany all the divisions of the hepatic al'tel'y. 
Thus there is a pyloric plexus accompanying the pylol'ic branch of the hepatic, 
which joins with the gastric plexus a.nil pneumogastric nc1·ves. 'There is also a 
gastro-duodenal plexus, which subdivides into the paucreatico-<luodena1 plexus, 
which acco~ra~ics t_he paucreatico-duodcnal artery, to supply the pancreas and 
duodenum, JOmmg with branches from the mesenteric plexus; and a,qastro-epi
ploic plexus, which accompanies the right gastro-epiploic arte1·y along the greatel' 
curvature of the stomach and anastomoses with branches from the splenic plexus. 
A cystic plaus, which supplies the gall-bladder, also arises from the hepatic plexus 
near the Ji,·er. 

The splenic plexus is formed b_,- branches from tlJe ;::ooliac plexus, the left semi
lunar ganglia, and from the right pneumogastric nerYe. It accompanies the 
splcnic arter.' and its branches to the substance of the spleen, gi,·ing off1 in its 
course, filaments to the panc!'eas (pmw·eatic J lern•) and the lejt gastro-epiploic 
ple:ru.'i, which accompanies the gastro-epiploica Binistra artery along the com·ex 
border of the stomach. 

'l1he superior mesenteric plexus is a continuation of the lo,, er part of the great 
solar plexus, receiving a branch from the junction of the right pneumogastric 
nen'e with the cooliac plexus. It surrounds the superior mesenteric artery, which it 
accompanies into the mesentery, an<l di\·ide8 into a number of secondary plexuses. 
which:nedistributcd to all the parts supplied by theurtcry-Yiz. p:rncrentic branches 
to the pancreas; intestinal bnrnches. which supply the whole of the small intestine; 
and ileo-colic, right colic, and middle colic branches, wLicb supply the correspond
ing ]1arts of the great intestine. The nen'es composing this plexus are white in 
color and firm in texture, and have numerous ganglia deYcloped upon them near 
their origin. 

The aortic plexus is formed by branches deri \·eel, on each side, from the solar 
plexus and the semilunar ganglia, recei,·ing filaments from some of the lumbar 
ganglia. It is situated upon the sides and front of the aorta, between the origins 
of the superior and inferior mesenteric arteries. From this plexus arise part of 
the sperma.tic, the inferior mcsenteric, and the hypogastric plexuses; and it dis
tributes filaments to the inferior vena cam. 

'l'he inferior mesenteric plexus is deri\'Ccl chiefly from the left side of the aortic 
plexus. It surrounds the inferior mesenteric artery, and diYides into a number of 
secondar.v plexuses, which :ire distributed to all the parts supplied by the a!'tery
,·iz. the left colic and sigmoid plexuses, which supply the descending and sigmoid 
flexure of the colon; and the superior bromorrhoi<lal plexus," hich supplies the 
upper part of the l'ectum and joins in the pelvis with branches from the pelric 
plexus. 

The Hypogastric Plexus. 

The Hypogastric Plexus supplies the visccm of the pelvic cavity. It is situated 
in front of the promontory of the sacrum, between the two common iliac arteries, 
and is formed by the union of numerous filaments, which descend on each side 
from the aortic plexus and from the lumbar ganglia. This plexus contains no 
ganglia, and bifurcates, below, into two lateral portions, which form the pelvic 
plexuses. 
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The Pelvic Plexus. 
The Pelvic Plexus (:-oomctimes c~tlletl in.ft-dor 71!/JIO!/llRtrfr) supplies the ,·i:-;c(•ra 

of the pelvic cavit:·. is situated at the side nf the rectum and bladder in the male, 
and at the :-oi<lc of the rectum, rngina. and hlad1ler in the female. It i:-< formc1l h_,. 
a continn:.Hiirn of the hypogastric plexus, by hnrnchc~ from the ~ccon1l. thinl. an1l 
fourth ~;tcral ncnc~. and by a few filaments from the firs.t two ~acral ~an7lia. .\t 
the point of junction of these nencs 5:mal1 ganglia are found . From thi~ plcx11:
numeron~ branches are distributed to all the viscera of the peh·is. Thc.Y atcom
pany the branches of the internal iliac arter.v. 

The inferior h::emorrhoidal plexus arise:;:. from the back part of the pehic 
plexu~. It supplies; the rectum, joining with branches of the superior h:l'mor
rhoiclal plt•xu~ . 

The vesical plexus arises from the fore pa.rt of the pelvic plexus. The nencs 
composing it are numerous. and contain :.t largP proportion of spinal ne1Te-fibres. 
The:· accompa.ny the ,.c!-l-ical arter ies, and are distributed at the side and ba"e of 
the bladder. Numerons filaments also pass to the resicuhe seminale and rn~ 
cleforcn!-i: tho~e accompanying the ms defcrens join. on the sperma.tic cord, with 
branches from the spcrmatic plexus. 

The prosta.tic plexus is continued from the lowPr part of the pelvic plexu~ . 
The nen·es compo~inf! it are of large sili:c. 'They arc distributed to the prm;
tate gland, vesicuhe seminales. and erectile structure of the penis. The nern~~ 
supplying the erectile structure of the peniR consist of two sets, the small anti 
large can•rnous nenc!-l-. They are s.lendcr filaments, which arise from the fore 
part of the prostatic plexus. and, after joining with branches from the internal 
pudic nen-c, pass forward beneath the pubic arch. 

The small cm·er1wus nerres perforate the fibrous co,'ering of the peni~ near its 
rootR. 

The larlJe rai•ernow~ ncl"l'e passes forward a1ong the dorsum of the penis 
joins with the 1lorsa l branch of the pudic ncnc, and is distributed to the corpus 
cavcrno:-;11111 and spongimrnm. 

The vaginal plexus arises from the lower part of the pelvic plexus. I t is lost 
on the walls of the vagina, being distributed to the erect ile tissue at its anterior 
part and to the mucous membrane. The ncn'es compo~ing this p lexus contain, 
like the vesical, a. large proportion of spinal uenc-fibres. 

The uterine plexus arises from the upper part of the peh·ic plexus above the 
point where the brnnches from the sacral nenes join the plexus. I ts branches 
accompan~· the uterine arteries to the side of the organ between the l a~·ers of the 
broad ligament, and are distributed to the cen·ix and lower part of the bodr of the 
uterus, penetrating its substance. · 

Other fi laments pass separately to the body of the uterus and Fallopian tube. 
Branches from the plexus accompany the utcrin~ arteries into the substance 

of the uterus. Upon these filaments ganglionic enlargements are found. 



THE ORGANS OF SENSE. 

T11~1~~~Y.a~; Kc~~fn~,e~~~: ofr~i~~~. in ~~~~~~·~,~·ihi·c~~~58~1~[ ;;.~~~~Pa~fs:ra~5~1'' t~~ 
sense of touch , has been described in the chapter on General Anatomy. 

THE TONGUE. 

The Tongue is the organ of the special sense of taste. It is situated in the 
floor of tbe mouth, in the interval between the two lateral portions of the bod1• of 
the lower jaw. " 

Its base or root is cl.irectecl backward. and connected with the os hyoidcs by 
the ll~·o-gloss1 and Gcmo-hyo-gloss1 musclci::. and the hyo-glossal membrane; with 
the epiglottis by three folds of mucous membrane 
which form the ,glosso-epiglottic ligaments; with 
the soft palate by means of the anterior pillars 
of the fauces: and with the pharynx by the Su
perior constrictor and the mucous membrane. 
Its apex or tip, thin ant.I narrow, is directed for
ward against the inner surface of the lower in
cisor teeth. The under surface of the tongue is 
connected with the lower jaw by the Genio-byo
glossi muscles: from its sides the mucous mem-

brane is reflected to the inner surface of the~~;~~~"." ;I~~)~~ 
gums: and in front a. distinct fold of that mem-
brane, tbc.fi·ccnum linguce, is fonned beneath its v. 
under surface. 

The tip of the tongue, part of the under 
surface, its sides and dorsum. are free. 

The dorsum of the tongue is conYex, marked 
along the middle line by a raphe, which divides 
it into symmetrical halves; this rapbe terminates 
behind, about an inch from the base of the organ, 
in a depression, the .foramen ccecum. The ante
rior two-thirds of this surface are rough and 
covered with papillre; the posterior third is 
smoother, and covered by the projecting orifices 
of numerous muciparous glands. 

Structure of the Tongue.-The tongue is .11 1, t ~ 

partly invested by mucous membrane and a sub- F1o.om.-rpper"urfn<'e ofthe tongue. 

mucous fibrous layer. It consists of symmetri-
cal halves. sepa.rated from each other, in the middle line, b,v a. fibrous ~eptum . 
Each half is compo~cd of muscular fib res arranged in various directions, contain
ing much interposed fat, and supplied by vessels and acnes. 

The mucous membrane invests the entire extent of the free surface of the 

~~~ ~~~athO ~ft~~ c d~::·~~~~ e~ t :~~t~~~c:aert~ef ti,n ~~ 1~~~~h i 11tl: ~o~~;b~~t~~!~1~0~ ~i1~0~1~u~a~~~t1~ 
On the under surface of the organ it can be traced on each side of the frrenum 
through the ducts of the subm?'xillary and the subli_ngual ~lands. As it passes 
over the borders of the organ 1t graduallx assumes its pa.p1llary character. 

'l'he structure of the mucous membrane of the tongue differs in flifferent parts. 
That co,·cring the under surface of the or~an is thin, smooth, an<l identical in 

Si9 
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structure with tba.t lining the rest of the oral cavit_y. 'J'he rnucou:; mernhrnnl' 1.11 

the anterior part of the tlorsum of the tongue is thin and intimately adherent to 
the muscular tissue, \\hilst tha.t at the root is much thicker and looser. It consists 

Filiform 

F1111!1ifor111. 

F1G.611i.-Thethreekindsofp1tpillre,magnlficd. 

of a layer of connective tissue, the corimn or mucosa, supporting numerous papillce 
and covered, as well as the papillre, with epithelium. 

The epithelium is of the scal.Y variety. like that of the epidermis. It COYcrs the 
free surface of the tongue, as ma.y be easil,v demonstrated by maceration or boiling1 

when it can be easily detached entire : it is much thinner than on the skin : the 
interrnls between the large papill:.e am not filled up by it, but each papilla has 
a separate investment from root to summit. ~l1he deepest cells may sometimes 
be detached as a separate layer, corresponding to the rete mucosum, but the,v 
never contain coloring matter. 

'l1be coriwn consists of a dense feltwork of fibrous connective tissue, with 
numerous elastic fibres, firmly connected with the fibrous tissue form in g the septa 
between the muscular bundles of the tongue. It contains the ramifications of the 
numerous vessels and nerves from which the papi11re are suppli ed, large plexuses 
of lymphatic vessels, and the glands of the tongue. 

'l'he Papillce of the 1'on,qu.e.-Tbeso are papillary projections of the corium. 
They are thickly distributed over the anterior two-thirds of its upper surface, giving 
to it its characteristic roughness. The varieties of papillre met with are-the 
papill:.e maxim:.e (circumval/atce), papill re medire (fungifonncs), papillre minim:.e 
(eonicce or filiformes), and papill re simplices. 

The papillce maximce (circumvallatre) are of large size, and vary from eight to 
twelve in number. 'l'hey are situated at the back part of the dorsum of the tongue, 
near its base, forming a row on eacli side, which, running backward and inward, 
meet in the middle line, like the two lines of the letter V inverted. Each papilla 
consists of a projection of mucous membrane from n- to n of an inch wide, 
attached to the bottom of a cup-shaped depression of the mucous membrane; the 
papi11a is in shape like a truncated cone, the smaller end being directed down
ward and attached to the tongue, the broader part or base projecting on the sur
face and being studded with numerous small secondary papillre, which, howe,•er, 
arc covered by a smooth layer of the epithelium. 'l'he cup-shaped depression 
forms a kind of fossa round the papilla, having a circular mal'gin of about the 
same elevation covered witb ~maller papillre. At the point of junction of the two 
rows of papillre is the deep depre8sion, the.foramen ccecum, mentiouc<l ahoYc. 

'l1l10 papillre medim (fungiformes), more numerous than the preceding, are 
scattered irregularly and sparingly over the dorsum of the tongue, but are found 
chi~fly at its sides and apex. 'l'bey are easily recognized among tbe other 
pap1llre, by their large size, rounded eminences, and deep-re<l color. They are 
narrow at their attachment to tbe tongue, but broad and rounded at their free 
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extremities, a.nd covered with secondary papillre. Their epithelial i1l\'cstmcnt is 
vcrv thin . 

0

The papi/lre mim'mce (conic'" or filiformes) Col'er the anterior two-thirds of the 
<lorsum of the tongue. They are very· mi
nute, more or less conical or filiform in shape, 
an<l arranged in lines corresponding in di
rection with the two rows of the papillre cir
cumrnllatro, excepting at the apex of the 
organ, where their direction is trans\'erse. 
They have projecting from theil' a.piccs nu
merous filif'orm processes or secondary pa
pillrc, which are of a whitish tint, owing to 
the thickness <tud density of the epithelium 
of which they arc composed, and which has 
here undergone a peculiar modification, the 
~ells having_ hcc~mc cornificd and elongated 
mto dense, tmbncated, brush-like processes. 

~:~fJh c~:~d~~- ~k~ma ~~~::.~,~~~le:~~~c ~~~~~~ JI~.' 
th•n the papillm of mucous membrane gen-

eral~;;11ple papillw, similar to those of the ~~:·~~t~~~::~~iit;.'§i!t::~:71;;~~~~~~i::s: 
skin, coYer the whole of the mucous mem- ~.\i"~J~~~ia~~~~.mre. 11. ~ledullnted nerve. 
brane of the tongue, as well as the larger 
papillm. 'l'hey consist of closely-set, microscopic elcmrions of the corium, con
taining a capillar_v loop, co,·ered by a layer of epithelium. 

Structure of the Papillw.-The papillre apparently resemble in strncture those 
of tbe cutis, consisting of a. cone-shaped projection of connective tissue, covered 
with a thick la.yer of squamous epithelium 1 and contain one or more capil1ary 
loops, amongst which nerves are distributed in great abundance. If the epithe
lium is removed, it will be found that they arc not simple elevn.tions like the 
papillre of the skin, for the surface of each is studded with minute conical pro
cesses of the mucous membrane, which form secondary papillre (Todd and Bow
man). In the papillro circumvallatre the nerves are numerous and of large size; 
in the papill::e fungiformes they are also numerous, and terminate in a plexiform 
network, from which brush-like branches proceed; in the papillre filiformes their 

mode of termination is uncertain. Buried in the 
epi<lermis of the papillm circumvalla.t::e, and in some 
of the fungiformes, certain peculiar bodies called 
t 1ste-,qoblets ha1·e been described.' They arc flask
like in sha.pe, tLeir broad base resting on the co
rium, and their neck opening by an orifice between 
the cells of the epithelium. 'l'hey arc formed by 
two kinds of cells: tl1c external (cortical) are 

~~-:~~~~~~\ti~l ~~~:::f1~gh~:~(;·:, ; a~~-:f )~l~l'~OJ~~~:~t ~;;\::~; 
~~~:sto t~l~e t%~1.~ 11fr ~~~r~;~~~:~~ e1~~~t:.ii~~Ji~:~me1~~: 

ccl'°i/t~rt~~~t~~~~blets. a. Centrul bound the orifice (gustatory pore) just mentioned. 
rl1hey thus enclose the central cells (gustato1:.Y cells), 

which arc spindle-!-l.hnpc<l and hav-e a large i:;.phrrical nucleus about the middle of 
the cell. Both extremities of a. gustatory cell :ire filanH.'ntous: the inner proce~s 
is described (deniccl by G. Hetzius) a!': continuous with the terminal fibril of a 
nerve (gloRso-pliaryng:enl), while the outer one projects as au extremely fine hair 
through the orifice of the taste-goblet.' 

'These bodies are nl!V> found in considerable number; at the side of the base of the tongue, ju:;t 

in f~~fl~i~~l~::1~1~:::ri 1;i~l:~i:k~~·!'Ji,~~~J; {Nt'U' Syd. Sx . T1·aM. ), vol. iii. p. 2. 

56 
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Glanrls n.f the T"ny1t1'.-Thc tongur i~ prmiclcd with mucou~ :rncl ~erou~ 

glands and lymphoid follicle•. 
The mur·ouR [JIUn(b~ arc similar in struct ure to the l:lhial anti h1tl'('al g:lnnd.'l. 

They arc found all on:~r the ~urface of the mucous mcmhrant' of' tht· ton_!.!uc. 
c~pel'ially at the hal'k part. bdiind 
tbc tircumrnllatp papillc\'. lmt al:--o 
ut the :lJW\'. and m;.u·,zinal parti:;. 
ln c..·onncl'tion with thl'::'C f.dandr-: a 

-mn::{,[!~,~~::'.din m\~~~~ l~:~~H!J:~ ult1~~~u ;~c~~1~::::1~t~~; 
near the apex of the ton::rur on 
either side of the fra:-num. ::in<l i~ 

con:~recl O\'Cr bY a fa!lcitulus of 
mur-:cular fibre 'tlcri,·cd from the 
~tylo-glor-:r-:n~ and Inferior Jin. 
gualiio:. It is from half :rn inch 
to nc:irly an inch long and about 
the third of an inch broad. It 
b~1s from four t() ~ ix ductr-:. which 
open on the under l:Surfacc of the 
npex . 

Fm .. ">tfl_-rnder surruce of toni,nie, .!'how in~ po;;ition nnd The Sl'rt 1llR ,qlands occur onl.'· 

[j~~1;~~t1 ~1 ~, 1~!~~~~1{[irl{\~~W~-~l111:!0ff~:~1;>r ~~:~~~01~~.rrmrn- at the back of the tongue in the 
neighborhood of the taste-g:ohletll. 

their ducts opcnin~ for the most part into the fossrc of the circumrnllate papillcc. 

Th('~l' µ:lands are racemosc, the duct branching into S('\"Cral minute <luct:s. \\hich 

terminate in ::dn~oli lined by a. si n~l e layer of more or le~s columnar epithelium. 

Their secretion is of a watery nature. and prob:ll;ly assists in the distribution of 

the sub::;tance to be t::i:;ted o,·er the taste-area (Ebner). 

1'/te L.11mphoid Follicles.-'l'he l!Jmphoid tis!iue is situated. for the most part at 

the back of the tongue, between the epiglottis and the c ircumrnllate pa.pi11re. and 

is collected at numerous points into dislinct masses known as lymplwid follicles. 

H ere and there in this situation a.re depressions in the mucous membrane, 

surroundet.l by nodules of lymphoicl tissue, simila.r to the structure found in the 

tonsil: into lhem open some of the ducts of the mucous glands. 

'rbe Ji_brous septum consists of a rnrtieal layer of fibrous ti~sue, extending 

throughout the entire length of the middle lin e of the tongue, from the base 

to the apex, though not quite r eaching the dorsum. lt is thicker behind than 

in front, and occasiona ll y contains a sma ll fibro-cartilage about a quarter of 

an inch in length. It is well displayed by making a. ,·ertical section across the 

organ. 
ri1be Hyo-glossal membrane is a strong fibrous lamin a which connects the 

under surface of the base of the tongue to the bod~- of the hyoid bone. ~L1his 

membrane recei,·cs, in front. some of the fibres of the Genio-byo-glo~si. 

Vessels of the Tongue.-The arteries of tl1e ton_que arc cleri,·ed from the lingual, 

the facial. and ascending pharyngeal. 'l 1he veins of the tongue accompany the 

arteries. 
Muscles of the Tongue.-The muscular fibres of the ton~ue run in ''arious 

directions. These fibre!'\ are di,·ided into two sets. Extrinsic an1l Intrinsic. 

'l'he E'xtrinsic muscles of th.e tonyue a.re those which have their origin external 

to it, and only their terminal fibres contained in the substance of the organ . They 

are the St.'· lo-glossus, the Jlyo-µlossus. the Palato-µ:los:.itrn, the Gcnio-hyo-µlossus, 

and part of the Ruperior con~trictor of the phar.'~nx (Phar_vnµ;o-glo~~us). 

The Intrinsic 11rnRl'i1·s are tho~c which arc containecl entirel:- within the tonj.!ue 

and form the greater part of its !'Ubstancc. Both sets barn been already described 

(paf!C -tJ5). 
The l,11mplirttic ressrls from the tongue pa~:;; to one or two small glands situated 
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on the H~·o-glo~sus muscle in the submaxilla.ry region, and from thence to the deep 
glands of the neck. 

The lll'r1·1·.~ of tlie lrm,que are four in number in each half: the linaual branch 
of the fifth. which is distributed to the p>tpillm at the fore part and ;Jdes of the 
tongue: the lingual branch of the g:losso-pharyngeal, which is distributed to the 
mucous membrane a.t the base and side of the tongue and to the papillrc circum-

i.·allatre; the hypoglossal nene, which is distributed to the muscular substance 
of the tonp;uc; and the chorda. tympani to the Lin~ualis muscle. Sympathetic 
filaments also pa:.s to the ton~ud from the ncni molles on the lin~ual and other 
arteries supplying it. Th e glosso-pbaryngcal branch is the special nerve of the 
sense of taste, the lingual (gustatory) is the ncn·c of common sensation, and the 
hypoglosr-ml is the motor nene of the tongue, except for the J nfcrior lingualis, 
which is supplied by the chorda tympani. 

Surgical Anatomy.- The diseases to which the ton~ue is liahlc are numerous. and its 

~~;1i~~1;i~~~1'~f~~~. ~~t!~1~~r.\:;;,~1l;r~~~.e ~1;~~rY.~. ~!~;~is~t:~~~~.~~~8a~1~1'''1~:.~~11;,1i1~~~;,~~,~~~~~t;-W1~5C::~ 
of mnrbid than!?C'S. It is not of'tl'n the i;;eat of con!!e11ital dcf'c(·ts, thouuh a fCw C'al'csof \'CrtiC'al 

~~1i'~at'i~. ~~~~ ~f''~'.r~~c1~;l~~~li~,t, ,is f~~~"~\~~~l~~~~~t l~<t\J~~ 'f ~~;!~ 1 :~~'.1rc1 ~~~c~;:1~~a1~~~. cj°111 monly sup-
Thcrc is, however, one ro1ulition which m11~1 he l'C'!!':ird<•d as COIH!Cnital, thou!!'h it ilo('S not 

sometime:, e\·idene(' it:-<rlf until :t year or two afwr Lirth. which is not mwommon. This is an 
enlar!!'l'lllCnl of the lOIH!llC whi1·li is due primarily to a dilatation of the lymrh-clrnnncb and a 
greatly i 1wrea~e<l clcnlopnwnt of' the lymphatit' ti:-:~ue throul!hout the tongue. This is often 
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~~~~,::~~;·~~:::;~~1:.~:::~:'.i:l~~~'.~"~;~;~~:~~\~E'.~!:':.1.:.~t.l:;r"r:S~~:::T~·~::;;.t~r-:~:,~~:~:ii~·:~,~·::-,~:::,; 
~~~,:~'~f 3::~~1~'.;~.~:~~·:r~~~\~:,~::~:;!:~;.~1;1~~~~i· ·~:f~i~~~.~~;:;::~:.~ri:":~n;,~;:'.~~~~::,a~f~ 
~~.;~~:~i~~i~~

1

.~Fi: 1,1ir~'.:1o~:~'..:1~~~l·£'.~~~~::~~~~:::~:~~~':.~:~:~:i.~:~~~: .. ~~;t:;~i ... ~~f "~:~:~:::::::~;~: 
for can('Cr, mav also occur in the substance of the ton,!.!ue. 

The mucOus membrane of lhc ton~ue mny hcC'omc <·hronically inflnmcrl. and prei"cnt~ 

~:.~"[iii~l~~~~~:~~;!~i~:~:~r.:~::::u~~:~~: :::~:1~~'::7~~
0

n::.i:::, ~::,:.::::::~~·:~::kli1:,::,.;:::· 

;;;;~:.~~·~,1~~:~Ii~~~~~'.~~'.i~1t:~:~~~K.~~~1~~1~:n~~~1;1~;~1;,::;~,.~:;:;r,1:~0,'.'.~;~(,~~·f :~: i!r=~ ~E~~: 
epithC'lioma. whiC'h soon dcnlo11s into nn uleer with rtn imluratcd hasc. l t prodnrcs .e-reat pain 1 

whirh Sp<'cdilr extend!-l to all parts supplied with sen~ntion h.\· the fifth 11<:1'\'C. ei:-pccially to the 
re~ion of the car. The 11ain in these cases is cond11c·t<'d to the ear nnd temporal rc)!ion hy the 
ling-ual nen·c. and from it to the other branrhes of the inferior maxillnr_r ner\'e, e~pceially the 
auric·ulo-temporal. Pos.-;ibJ_,. pain in the ear itself may be due to im1)litatinn of the fibres of 
the ~lo~o-pharj'n1?eaJ ncn·c, whic:h by ils tympauic: br:mth is coml.u1.:tcJ to the tympanic 
plexus. 

Cancer of the tonzue mav necessitate remo\"al of a part or the whole of the ore:an, an<l 
mam· different mNhorls have been adopted for its CX('ision. Tt may }I(' removed from the mouth 

~~· {~~]~;~~~:~·~~ ~l:Cwl~(r:cis;~r:~· m~:·cl~1i~1~,j~:~~Y1:l~~~~e1l1\~~:1~f~ ~~;~.\'dl1~!Cl~~·~~~~~1:n~~,fi~1!·;i ~\~i~hr~ 
i:-tout silk lic:aturr. by whirh to hold anrl make trartion rm it and t hr rcfleNion of muron~ mC'm
branC' from thl' lomruc to the jaw. and the in<..:C'rtion of' th(' Dcuio-hyo-_c: ln:<~U~ fir~t di,·ided with 

~t!~~~!~~{~~~~!~~~lE\~~~~~:I1':ti:~:~~1:~rn:~l~~:;:~~n~~;~tt~(\~~~1t:~:~:[~~jf.~i:J~~ 
\~:~~'~!1''~l' tl~

1~ ",~~:~,~~·e,:~0:;;~",~: ,\·:~' e~'i"~\,f :''~ntl0;]:.~~~;~:g 1 'i1 ,t~~~·:~ol· 1:hc n :~~~~c 01'~;~i~I~ 
In cases where the disease is confined to one si<le of the tongue thi1-1 operation may be 

modifietl by splitting the tongue dowu tl_1e cemre aml rcmovin~ o.11ly the affected hall'. In 

'i~c:~~~~.i:s ~:~: t~:~;~~f!.~~:l~~·ll~~~~~~t, l~~vi111;~~~~~t~l'~~ll 1~e~;~l h!~i,~:~~·~?~1ra~\~~~!~1u~ e)~l;~r;'~~i1!~ 
ion from ne;.u the lobule of the ear, clown the a11terior border of' the ~terno-mastoid to the lerel 
of the great cornu of' the hyoid bone. then forward lO the body of the hy(Jitl bone, and UJlWard 
t.o near the srmphysis of the jaw. The lin!!ual artery is now seturc<l 1 anJ by a careful diSl:ICC'
tion the submaxillary lymphatic glands and the tonJ.\'UC rcmo\'e<l. lfognoli adrneated the remornl 
of the ronc:uc by a ~emi!unar incision in the submaxilfary lrianple alona- the line of the lower 
j_aw, and a vertical mcis1on from the centre of the semilunar one hatkward to the hyoid hone. 
()arc mu:;:t be taken not to carry the fin.t incision too far backward, i:;o ali to wound the faeial 
arteries. The ton!!ue is thus reac:hed through the floor of 1hc mouth. pulled out throu:rh the 
external incision. and rcmo,·cd with the Ccra~ur or knifo. The µ-reat ohjetiion to this operation 
is that all the muscles which raise 1he hyoid bone and larynx arc <fo·idcd, an<l that therefore the 
lllO\'ements ol' dc~lutition and rc.;;piration are interfl•rccl with. 

Finally, where both sides of the floor of' the mourh are i1wolve11 in the disease. or where 

~~~:~{~~~r.i~~i:(;:ri;t~i~i:I;~f &;;::::]it:~s)t~t.:~;i{~~~~;.~1\J:~:~E1:0~~~1~;:~:ri(i1t 
bep;1rated from the bone, aml the Gcnio-hyo-i:doN:ii dctal'hcd from the bone. and the ll.ro-,!!IOi<.'i 
di,,ided. 'l'hc ton!:!;ne is then drawn forward and rNL10\'Cd do~c lo il:-; attadnnent to the hyoid 

~1~~~~~~f I~~~~~~t~i1i1~~/~~;~~~ 
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THE NOSE. 
The_ nose i_s the speci~l organ of the sense of smell : b_,. means of the peculiar 

properties of _us nerves 1t protects rhe lungs from the inlial:ttion of deleterious 
ga:;;es and assists the organ of taste in discriminating the properties of food . 

Fws.521,522.-Cartilagesofthenose 

The orµ:an of smell consists of two parts-one external. the nose; the other 
internal , the nasal fo8.'fre. 

The nose is the. more anterior a~cl prominent part of the organ of smell. It is 
of a triangular form, directed vertically downward, an<l projects from the centre 
of the face immediately above the upper lip. It8 summit or root is connected 
directly with the fO!ehead. Its inferior part, the base of the nose, presents two 
elliptical orifices, the nostrils, separated from each other by an antero-posterior 
septum , the colu,mna. The margins of these orifices arc provided with a number 
of stiff hairs, or vibri.~scf', which arrest the passage uf foreign substances carried 
with the current of air intended for respiration. 'l1 he lateral sul'faces of the nose 
form, by their union, the dorsum, the direction of which rnr ies considerably in 
different individuals. The dorsum terminates below in a rounded eminence, the 
lobe of tlte nose. 

'l'he nose i~ composed of a framework of bones an<l carti lages, the latter being 
sl ightly acted upon by certain muscles. It is co,·ered externally by the integument, 
internall.v by mucous membrane, and supplied with nssels and nen·es. 

The bony .framework occupies the upper part of the organ : it consists of the 
nasal bones and the nasal processes of the superior maxillary. 

The rartilaginous framework consists of fi\•e pieces, the two upper and the two 
lower lateral cartilages and the cartilage of the septum. 

The upper lateral cartilrtl}eS are situated below the free margin of the nasal 
bones; ea.ch cartilage is flattened and triangular in shape. Its anterior margin is 
thicker than the posterior, and connected with the fibro-eartilage of the septum. 
Its posterior margin is attached to the nasal process of tbc superior maxi llary and 
nasal bones. Its inferior margin is connected by fibrous tissue with the lower 
lateral cartilage: one s urface is turned outward, the other inward toward the 
nasal cavity. 

11be lower lateral cartila,qes are two thin. flexible plates situated immediately 
below the prccedinp:, and bent upon themselves in such a manner as to form the 
inner and outer walls of each orifice of the nostril. rrhc portion "hi ch forms the 
inner wall, thicker than the rest, is loosely connectrd with the same part of the 
opposite cartila"C, and forms a small p.art of the columna. Its inferior border, 
free, rounded, a°nd projecting. forms, ''1th the thickened integument and subj a-
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c·t·n1 ti:-.,..u(' and thC' l'Ol'l'C'!-'JlOllfling pnrt:-. of thC' oppo:--itC' :-.iile. th(' tip of till' no,.;t.•. 
Tlw part "hich forms the outer wall i::i l'Unt.•d to eorrc~pond "ith the ala of thr 

no~e: it i!:l ornl a1ul flattt.•m·<I. narro'' 
L0hind. "here it i~ t.·onnretl>d \1 ith tit<.• 
nasal procc:-;~ of tlu .. ' irnperior m:n:illa 
by a tough fibrous llH'mhratH'. in "liid1 
a.re found three or four s1nall cartilagi
nous plates (~esamoid carlila,!!C!-i), cr;r
tilar1ine.<i. minor1'8. ... \ lH)\'(', it is ('Otl

nec'tcd to the upper lateral cartilag:c 
and front part of the cartilage of the 
septum: below, it is 5eparatcd from 
the margin of the nm;tril b.~' den::;c 
cellular tissue; and in front, 1t forms, 
with its fellow, the lobe of the nose. 

The cartilave of the septum is some
what qua<lrilatcral in form, thicker at 

~:m~ll~~~~n~h!h~:pa:~~t/~~ ~~~\~.1~e~n ~ii:~ 
Rig~{~;~·~.-Boncs and cartiha~~·s uf septum of nose. nasal fossre in front. Its anterior mar· 

gin, thickest above, is cou nccted from 
abo\'e downward with the nasal bones, the anterior margin of the two upper lateral 
cartilages, and the inner portion of tlic two lower late ral cart il:t~es . It~ posterior 
margin is connected with the perpendicular lamella of the cthmoid, 1t:;; inferior 
margin with the rnmer and the palate processes of the superior maxillary hones. 

These various cartilages are connected to each other and to the bones by a. 
tough fibrous membrane, which allows the utmost facility of movement between 
them . 

The muscles of tlu• 110se are situated immediately beneath the integument: 
they are (on each side) the Pyramida.lis nasi, the Levator labii superioris alreque 
nasi , the Dilatator naris. anterior and posterior, the Compressor nasi, the Com· 
pre!SSOr uarium minor, and the Depressor alre nasi. 'fh ey ha\·c been described 
above (page 399). 

The inle!fu.mmt covering the dorsum and sides of the nose is thin, and loosely 
connected with the subjacent parts, but where it forms thf' tip or lobe and the 
ahc of the nose it is thicker and more firmly adherent. It is furnished with a large 
number of sebaceous follicles, the orifices of which are usually very distinct. 

'l'hc mucous membrane lining the interior of the nose is "cont.i;rnous with the 
skin externally and with that which lines the nasal fossre within. 

~L1 h e arteries of the nose are the latcralis nasi from the facial 1 and the juferior 
artery of the septum from the superior coronary, which supply the alre and 
septum, the sides and dorsum being supplied from the nasal branch of the 
ophthalmic and the infra-orbital. 

'l'he veins of the nose terminate in the facial and ophthalmi c. 
'l'he nerves of tlrn nose are branches from the facial, infra-orbital, and infra

trochlcar, and a filament from the nasal branch of the ophthalmic. 

Nasal Fossre. 
The nasal fossro arc two irregular cavities situated in the mi,ldle of the face 

and extending from before backward. They open in front by the two anterior 
narcs, and terminate in the phar.rnx, behind, by the posterior nares. The anterior 
nares are somewhat pear-shaped apertures. each measuring about one inch verticaJly 
and half an inch trans\·crsely at their widest part. The posterior nares are two 
Qrnl openings situated at the upper part of the anterior wall of the pharynx. 
They are smaller in the body than in the f-lkcleton 1 because narrowed by the 
mueon8 mf'mbranc. Each opeuin~ mea~urc:;; an inch in the vertical and half an 
in\!h in the trans,·erse direction in a well-developed a<lult skull. 
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The mucous membrane lining the nasal fossm is called the pituitruy, from the 
nature of its secretion; or S(·luieiderian, from ;--;chneidcr, the first anatomist who 
showed that the secretion proceeded from the mucous membrane, and not, as was 
formerly imagin ed, from the brain. It is intimately adherent to the periosteum 
or perichomlrium, OYcr "hi ch it lies. It is cont inuous cxtcrnall,v with the skin 
through the anterior narcs, and with the mucous membrane of the pharynx 
through the posterior narcs. From the nasal fossm its continui ty may be trace1l 
with the conjunctiva through the nasal duct and lachrymal canals ; with the 
lining membrane of the tympanum and mastoid cells through the Eustachian 
tube: and with tho frontal, ethmoidal. and sphenoillal sinuses, and the antrum of 
Highmore through the sereral openings in the meatuscs. _The mucous membrane 
is thickest and most vascular over the turbinated bones. lt is also thick over the 

Eye·baU 

-Anlr~m of Highmore 
bifertormeatuB 

111/eriorturbinatedbQne 

-{ g':df:lft':;1:g cheek a11d gum 

-Molartooth,upperjo.w 

Root of molar tooth 

Fm. su.-Transversc vertical section of tile nasal fossre. The section is made anterior to the superior 
turbinated bones. (Cryer.) 

septum, but in the intervals between the spongy .bones and on the floor of the 
nasal fossre it is very thin . -where it lines the vanous si nuses an<l the antrum of 
Highmore it is thin and pale. . 

Owing to the great thickness of this. membrane, the nasal fossre are much 
narrower, and the turbinated bones, espec1ally the lower on.es, appear larger and 
more prominent than in t~e skeleton. From the same circ.umstance also the 
\·arioua apertures commumcating with the mcatuses are either narrowed or 
completely closed. . . . . 

In tlte superior mNttus th~ ~p~rturc. of. comm11111cahon with t~e postenor 
etbmoidal cells is considerably d11m111shed rn size. a11d the spheno-palatme foramen 

completely covered in. . . . . . . 
In the middle nu•atus the openmg of the 1nfund1bnlum IR part1al1y lmlden by 
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~10 1~·~j1~:\i1n:i ,:~)1~;~~~'t~C~~~~~. ~~;t~1~~;.:~~~r t~l~a~r;~c~h~l~~~:~ict~:~ 1~1.·11m is con tmcted 
Jn tlw in.frrinr mMtus the orifice of the na:-;nl duct is partiully hi<Men by £'it her 

a ~inrrlc or double \'alvular mucous fold, and the anterior 11a lat inc cana l either 
com1Jetel,r closed in or a. tubular cul-cle-sac of mucous menlbranc is continu t.•1l a 
short di~tance into it. 1:l1his cul-de-sac is tcrmccl the m:qan of Jacobson, and is 
prc~cnt in all mammals as well as man. In the former it consists of a bilateral 
tube. :dtuated in the nasal septum and supported by hy:1linc cart ilage, the cartiln,r;e 
qf .Jacobson. 

ln the roof the open ing leading to the s ph enoida l si nus is narrowed 1 and the 
apertures in the cribrifonn plate of the ethmoid compl etely closed in. 

Strnctm·<' of the .illul'ous . .Lliembrane.-'l'be epithelium co \·cring the mucous 
membrane differs in its character according to the fun ct ions of th e part of the 
nose in which it is found. Near the orifice of the nostril , the 'l'estibule, where 
common scm;ati on is chiefly or alone required, the epithelium is of th e ordinary 
pa,·ement or scaly variety . In the rest of the cavity, below the distribution of the 

Fm. 525.-llorlzontnl section, high up, of the nnl!nl foss.e, viewed from above. (Crrer. ) 

olfactory nerves-i. e. in the respiratory portion of the nasal cav ity-the epithelium 
is columnar and ciliated. This is the case also in the meatuscs of the nose. In 
this region, beneath the epithelium and its basement mem brane, is a fibrou s layer 
infiltrated with lymph-corpuscles, so as to form in many parts a diffuse adenoid 
tissue. anJ beneath this a nearly continuous layer of small er and larger glands, 
some mucous and some serous, the ducts of which open upon the surface. In the 
olfactory regiou-i.e. the region in which the terminal filaments from the olfactory 
nerves are distributed (see page 889)-the epithelial cells a re columnar and, for the 
most part, non-ciliated : their free surface presents a sharp outline, and their deep 
extrem ity is prolonged into a process which runs inward, branching to commu
nicate with similar processes from neighboring cells, so as to form a network in 
the deep part of the mucous membrane. L ying between them are cells (termed by 
~lax Rchultze, o(factory cells), which consist of a nucleated body and two processes, 
of which one runs outward between the columnar epith elial cells and projects on 
the surface of the mucous membrane; the other (the deep) process runs inward, 
is frequent l.Y beaded lik e a nen-e-fibre. and is bclie,·ed by most observers to be in 
connection with one of the terminal filaments of the olfactory nerve. Amongst 
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the branched ends of the columnar cells there is a deep layer of epithelial cells of 
a con~cal shape •. then· ~ro~d en<l restmg on the basement membrane, :•n<l their 
ta.pcrm_g extremity JH'OJl'~tmg between the other cells. Beneath the epithelium, 
exten<lm~ through t~1e tb.ickn~ss of the mucous membrane, is a la.ycr of glands, the 
glm~1s of Bowman, nlent1ca.I .in s~ructure w_itb serous glands . 

. I he mt~cous .mcn~brane 1s pigmented m the olfactory, but not in the other 
reg10ns, being of a. light yellow color. at least iu the white races. 1 

1l'hc m·trrfes of .the nasal fossre are the anterior and posterior ~thmoiclal, from 
the ophthalmic, which s.upply the ethmoidal cells, frontal sinuses, and roof of the 
~osc; a min~te twig f.rom the .small meningeal; the spheno-palatinc, from the 
rnternal maxillary, which supplies the mucous membrane covering the spongy 
bones, th~ mcu.tuscs, and sep.tu~u ; the inferior artery of the septum from 
the supenor coronary .of the famal; and the alveola1· branch of the internal 
n.1axillary, which suppli es the lining membrane of the antrum. 'fhc ramifica-

:)\~:~fo~·~ tl:!~wo~~se~c:Z~~ aan~08i~ 
the substance of the mucous mem
brane. 

The veins of the nasal fossce form a 
close network beneath the mucous 
membrane. They pass, some with 
the veins accompanying the spheno
palatine artery, through the spheno
palatine foramen, and others through 
the ah·eolar branch, to join the facial 
vein; some accompan.'- the ethmoidal 
arteries and terminate in the ophthal
mic vein: and, lastly, a few communi
cate with the rn ius in the interior of 
the skull through the foramina in the 
cribriform plate of the ethmoid bone 
and the fora.men crecum. FIG.526.-Nerves ol septum of nose. Right side. 

'l1he nenies arc-the olfactorv, the 
nasal branch of the ophthalmic, filaments from the anterio r dental branch of the 
superior maxillar~', the Yi<lian, naso-palatine, descending anterior palatine, and 
nasal branches of ;\lcckel's ganglion. 

The o{faetor.IJ, the special nene of the sense of smell , is distribute<l over the 
upper third of the septum a.nd over the surface of the superior and mi<ldle spongy 
bones. 

'l'he 1rn8al brm1el1 ~f the ophthalmic distributes filaments to the fore part of the 
septum and outer wall of the nasal fossre. 

Filaments from the anterior dental branch of the superiot nwxillary supply the 
inferior meatus and inferior turbinated bone. 

'fhe ridian nen'e supplies the upper and back part of the septum and superio r 
spongy bone, and the upper anterior nasal brancltes from the spheno-palatine 
ganglion have a similar distribution. 

The naso-palatine nerve suppli es the middle of the septum. 
The larger or anterior palatine nerve supplies the mi<ldlc and lower spongy 

bones. 

Surgical Anatomy.-Jnstances of congenital deformity o~ the nose arc occasionally meL 
with, such as complete absence of the nose, an aperture only bemg present, or perfect. develop
ment on one side, and suppression or malformation on the o~her; or there may be 1mpe~f<;ct 
apposition of the nasal bones, so that the no~e presents a median cleft or furrow. Deformities 
which have been acquired are much more common, StH.:h as flatten in~ of the nose, the result of 

1 An intc>re .. tin~ speculation ha'i been suggested by Dr. W. Ogle, ( Jlrrl .. Ch~r. '.l'rans., vol. !iii. p. 
277) as to the po . ..;giblc> connection hetween the presence and abundance of tlus pigment. and the pt:r

fcct ion of the sense of smell. 
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;trl~l(~~~;c(l~~r:~~)i::~· (~t t\~~.':~~·~~~\~1~~,~~~,l~~ur:~~uof;i~.~~~l:~:~~al lxml'~ in ('il~'r! of' ('()11.!!l'llital ~.rphili~, or 

f !:~r::1'l~:~1i~~~:~~~:\:f ::~,~~~~,:~i~:~~!,1~r1·i(~~:(~~;~~~:;t11~:;~~;m1:~~~~~i~~;l;~~;G;:~:~f f:t~l~~~ 
eol1l. l'tl'. 'l'hc ),kin of the nose al.so contains a lar,ue number of sebaceous follicles, and illl'..-..C, a), 

~~~~f ~]~f~~lt~~!!~!!1~ 
ing. Bony elosurc of the posterior narcs may also occw·. 

'.l'o examine the nasal cavities, the head shoulJ be thrown back and the nose drawn upwanl, 
the parts being dihtctl by some form of speculum. It can al!!.O be examined wilh the little fin.l!er 
or :t probe•, and in this way forei~n bodies detected. 1\ still more exicnsi,·c cxamin:ltion can be 
made by Rou~o's oper;ttion. whicb was intl'Oduced for the cure of ozrona by the removal of' any 
dead bone whidi lll•l.Y be present in this disease. 'J'hc whole framework oft he nose is lifle<l up 

~~·p~~1~11~!~~~'lr:J~:~ iJ~~~r~lt~~1~~iJ::~~~' .~!~~ji~ld~le "~il~j~c~~~~n~f'~i~1~ptiJ1 1~l:e'~~~1e;~~~ 1:~~~~ ~;: 
completely exposed. The poslerior nares can be exrloreJ by reflected light from the mouth, by 

:i!~:~I~ t~~u\~,s~e;~;ie~l~ri~ f~~::1a1:fo1! 1':::;~!';J~~~· th!' ~re~~~~~~ii~j~ifu:~ig~efuJ}~~~~l~ut~~~";;~ o;;lt~ 
~·~~!~~;~~h~x ·fh~ :P~~l~i~r\1!~· ~~=ei'~~~~:l~ti3i·~ 1S!~~de !0ff!~i~~1 il;~n~hti1:°1~~ia~:tii~~~0~1~t 
may be the result of an injury or from some con!!:cnital defect in its de,·elopment. Sometimes 
the deviation may be so great that the septum may come in contact with the outer wall of' the 
nasal fos&'U, aml may even beoome adherent to it, thus producing complete obstruction. ])er
forntion of the septum is not an uncommon affection, and may a.rise from senral ta uses: sr11h
ilitic or tuberC'ular ulceration, blood-tumor or abscess of the septum, an<l especially in workmen 
exposed to the vapor of bichromate of potash, from the irritati1;1~ an<l corrosi,·e action of' the 

~\~'J;~~· h\l%'.1;~1 1~~~~\l~;3~~)~h~ofu~i~~!?; 'i:1a~rctl~:eb~icf;~l~;.atl 1 ;v1~1~~~.1ng sound during respin1tion. 

~~pi!:!taxis is a, very common affection in children. 1t is rarely of much consequcncc1 and 

;~~e~!:,~~:)~~1 ~t:~r~1e8~~~~~~~0~~1tar~~. thin 7,~~f01~~~~1 t tl~;;u~i~~~~~~;J;~it i~· d1~~i~~b\i~etoi~·ei~1:~1~~ 
the size of' the posterior nares. A ready method of regu lating the size of the plug to fit 
the opt•nin.~ is to make it of the same size as the terminal phalanx of the thumb of' the patient 
to be operated on. 

the ~;~~~~~'.)~1,~'S'~t~s ~1~~~,~~~.1m~l1~1 i£r:e·i~'lb1Y vg;en~~ \~~~~i i~o~~~~~/0rT: =~:!~~sg~~~~~10r1h~ 
mueotLS membrane of the outer wa.11 of the nasal fos._...;a, where there is an abundant layer of 
hi1d1ly vascular suhmueous tissue; rarely from the septum, where the muC'ous membrane is 
doscly adhcrcut to the cartilage and bone, without the interYention of much, if any, :suburneou~ 
tissue. Their mo~t common scat is probably the rnidJ\e turbinated bone. 'l'he fibrous polspus 
µ-enerallr .(!rows from the bas~ of the skull behind the posterior narcs or from the roof of the na::al 

~~;rn~i~~,~~:i:\il~i;~~\ ''::,1)(1,i~)bo~~)·~,;~:~~~llj~, ~1,~·~~~~~~~:~~<l· ,:~~;.~J~·~,:~~:,~111;';:;~'.~::~~11 
Rhinolith.s, or nose-stones, may sometimes be found in the na~al cavities, from tlrn formation 

of phosphate of lime upon either a. foreign body or a piece of inspissated secretion. 

THE EYE. 

The eyeball is contained in the cavity of the orbit. In this situation it is 
securely protected from injury, whilst its position is such as to ensure the most 
extensi,·e range of sight. I t is acted upon by numerous muscles, by wbich it is 
capable of being directed to any part; it is supplied by \'Csscls and nerves, and i~ 
~d<litionally protected in front by sernral a.ppcndages, such as the eyebrow, eye· 
hds. etc. 

The eyeball is imhedded in the fat of the orbit, hut is surrounded bv a thin 
membranOus ~ac, the capsule of Tenon, which i~olatcs it, so a-= to allO\\: of free 
movrmcnt. 

The capsule of Tenon (lu1ti<:a raginrtlis 01•tdi) ma.y be regarded as a distinct 
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serous membrane, consisting of a parietal an<l visceral l::wer. The latter im'ests 
the posterior part of the globe from the ciliary margin of the corn ea. backward to 
the entrance of the optic nene. and is connected to it by very delicate conncc ti\·e 
tissue: the former (parietal) lines the hollow in the fat in 11 hi ch the eYeball is 
imbed<lc<l. Both layers arc lined on their free surfaces by endothelial cells. 'l'hc 
carity between them is continuous with the spaces betwcCn the different layers of 
the sheath of the optic nerve-that is to sa.v, with the subw·admoidean between the 
pia·matral and the arachnoid sheath, and the snbclural between the ar~chnoid and 
<lural sheath-and into it empty the lymphatic \'essels of the sclerotic. '11he capsule 
is pierced by the muscles of the eyebnll near their insertion, and sends tubular 
prolongations on thcm1 which become continuous with the sheath of the muscles. 
From the outer surface of these sheaths expansions, consisting of elastic fibres and 
muscle-cells, are given off to the margin of tho orbit, which serve to limit the 
degree of contraction of the muscles. 1 

The eyeball is composed of segments of two spheres of different sizes. The 
anterior segment is one of a small sphere, and forms about one-sixth of the eyebal l. 
It is more prominent than the posterior segment, ''hi ch is one of a much larger 
sphere. and forms about five-sixths of the globe. The segment of the larger sphere 
is opaque, and formed by the sclerotic, the tunic of protection to the eyeball; the 
smaller sphere is transparent, and formed by the comea. 'l'hc axes of the eyeballs 
are nearly parallel, and do not correspond to the axes of the orbits, which are 
directed outward. The optic nerves follow the direction of the axes of the orbits, 
and are therefore not parallel; they enter the eyeball a li ttle to their inner or nasal 
side. The eyeball measures rather more in its trans,·erse than in its antero
posterior and· vertical diameters, the former amounting to about an inch, the latter 
to about nine-tenths of an inch. 

The eyeball is composed of sereral investing tunics, und of fluid and solid 
refracting media, called liwnors. 

'.l1he tunics are three in number: 

1. Sclerotic and Cornea. 
2. Choroid, Iris, and Ciliary Processes. 
3. Retina. 

The refracting media, or humors, are also three: 

Aqueous. Crystalline (lens) and Capsule. Vitreous. 

The sclerotic and cornea form the external tunic of the eyeball ; they are 
essentially fibrous in structure, the sclerotic being opaque, and forming the 
pm~terior 

0

fh-e-sixths of the globe; the cornea, which forms the remaining sixth, 
being transparent. 

The Sclerotic (axJ.r;pO,, hard) (Fig. 527) has received its name fron~ its extre?Ie 

~~~sitt6~ ~~~~:~1~~1:~°:~;1~~:.s a I~1~~,~~cte/~ii~kg~r6b~1~oi~1~ ~~:nb:~~~~~~~·v'Jfs ~~.:~1~~:z 
sm:face is of a white color, quite smooth, except at the points wh?re the Rect1 and 
Obliqui muscles are inserted into it, an? co,·ered, for. ~art of ~ts extent, by the 
conjunctirnl membrane; hence the whiteness and brilliancy of the front of t~e 
eveball. Its inner Rw·face is stain ed of a brown color, marked by grooves, Ill 

":hicl1 are lodged the ciliary nerves. and connected by an exceedingly fin.c cellular 
tissue (laminn. Ju.sea) with the opter su rface of the .choroid .. Beh1~1cl, it 1s l?1erccd 
by the optic nerve a little to its inner ~r nasal side, and is contrnuous with ~he 
fibrous sheath of the nerve, which is derived from the dura ma.tcr. At the point 
where the optic nerve passes through the scler?tic this. mcm~rane. forms a thin 
cribriform lamina (the lamina crih1·osa); the mrnute 0~·1fices 111 this. 1~.~er serve 
for tLc transmission of the nervous filaments, and the fibrous septa d1v1ding them 
from one another arc continuous with the membranous processes which separate 
the bundles of nerve-fibres. One of these openings, larger than the rest, occupies 

1 See a paper by )tr. C. B. Lockwood (Jounial fJj Anntomy and Pl1ysiofo:.i!1' \'OI. xx., part i. p. I ). 
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the centre of the lamclla; it is c~1llcd the porwi optfrus, and fran~mit~ the nrtt•1·in 
ccarralis retinrc to the interior of the cvchall. Around the cribriform lamella arc 
nunu'rou:-> :-;mall apertures for the trnn;mission of the cil iary ,·c:-~el~ and nencs 
In front the sclerotic is continuous with the cor1H~a hv direct continuity (lf li:-;sue, 
but the oputpte sclerotic o\·erlaps the cornea rather ;norc on its outer.than on it·• 
innt•r Hurface. 

Stnwltll't'.-'l'h c sclerotic is forme<l of white fibrous tissue intermixed with fine 
cla~tic fibres. and of flattened conncct i,·c-tissuc corpuscles, some of "hirh arc 
pigmented, contained in cell-spaces bet'':ecn .the fibr~s. .Tbes~ fib~·cs are afigrc
gatc<l into bun<lles which are arranged chiefly in a long1t ndmal dJrcct1on. It yields 
gelatin on boiling. Its ,·csscls are not num erous, the capilhwies b~ing of small 
s ize, uniting at long and wide intervals. The ex istence of nerves in 1t is doubtful. 

Fm. 527.-A horizontal section or the eyeball. (Allen.) 

The Cornea. is the projecting transparent part of the external tunic of the 
e3•eball, and forms the anterior sixth of the globe. It is <llmost circular in shape1 
occasionnllv a little broader in the tr<tnS\'ersc than in the vertica.1 direction . It 
is com·ex ;_\nteriorl.r, and projects forward from the sclerotic in the same manner 
that a watch-gla::.s docs from its case. Its degree of curvature rnrics in different 
indi,·iduals, and in the same individual at different periods of life, it being more 
prominent in youth than in advanced life, when it becomes flattened. 11he 
cornea is dense and of uniform thickness throughout; its posterior surface i~ 
perfectly circular in outline, and exceeds the anterior surface slightly in extent. 
from the l:ttter being 01,erlappecl by the sclerotic. 

Stnu•turr.-The com ca consists of four ]{Lyers-namcly, (1) se,·eral stratn 
of epithelial cells, continuous with thoM of the conjunctirn; (2) a thick central 
fibrous structure. the rornect proper; (3) :1 homogeneous elastic lamina; and(-!) 
a single layer of epithelial cells, forming part of the lining membrane of the 
anterior C"hambcr of the cvebal l. The name of mrmbrrrne of 1Je.w•1•111et or IJemours 
is giH•n to this posterior eJastiC lamina. and its cudotheJiai COa.ting. 
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The conjunctival epithelium, which covers the front of the comea proper 
consists of several stra.ta of epithelial cell s. 'l1he lowermost cells are columnar; 
then follow two or three layers of 1iolyhedral. cells, some of which present ridges 
and furrows similar to those found m the cuticle. Lastly, there arc three or four 
layers of scaly epithelium with flattened nuclei. 

The prope1· substm.we of th~ cornect is fibrous, tough, unyielding, perfectly 
transparent, and coutmuous with the sclerotic, with which it is identical in 
structure. It is composed of about sixty flattened Jamellre, superimposed one on 
another. These lamcll ::e arc made up of bundles of fibrous connccti,·e tissue, the 
fibres of which a re directly continuous with the fibres of the sclerotic. The fibres 
of each lamella arc for th e most part parallel with each other; those of alternat
ing lamellm at n ght angles to each other. Fibres, however, frequ ently pass from 
one lamella to the next. 

'fhe lamell~ <tre connected with each oth er by an interstitial cement-substance, 
in which are spaces, the l'Orneal spaces. ~l1 b e spaces are stellate in shape, and 
have numerous offsets by which they commun icate with other spaces. Each space 
contains a cell , the conll'al corpuscle., which resembles in form the space in which 
it is contained, but docs not entirely fill it. 

Immediately beneath the conjurictival epith!!li um the comca proper presents 
certain characteristic differences, which barn led some anatom ists to regard it as a 
distinct membrane, and it bas been named bv Bowman the anterior elastic lamina. 
I t diffen;, however, from the true elastic 13.mina or membrane of Descemet in 
many essential particulars, presenting eYidcnce of fibrillar structure. and not 
hnxing the same tendenc.v to cu rl inward or to undergo fracture when detached 
from the other layers of the comea. I t consists of extremely closel.Y in terwoven 
fibrils, simi lar to those found in the rest of the cornea proper, but contains no 
corneal corpuscles. It seems, rherefore, more proper to regard it as a part of the 
proper tissue of the comea. 1 

The posterior elastia lamina, which coyers the proper structure of the cornea 
behind, presents no structu re recognizable under the microscope. It consists of a 
hard, elast ic, a nd perfectly t ransparent homogeneous membrane, of extreme thin
ness, which is not rendered opaque by either water, alcohol, or acids. I t is very 
brittle, but i ts most remarkable property is its extreme ela:.:;ticity. and the te11d
ency wh ich it p resents to curl up or roll upon itself, with the attached su rface 
innermost, when separate from the proper substance of the corn ea. I ts use 
appears to be (as suggested by Dr. Jaeob) "to prescne tho requisite perma nent 
correct cun-ature of the flaccid cornea proper." 

At the margin of the cornea this posterior elastic membrane breaks up into 
fibres to form a reticular structure at the outer angle of the anterior chamber, 
the intenrals between the fibres forming small cM·ernous spaces, the spaces of 
Fontana. Th ese little recesses communicate with a somewhat larger SJJaee in the 
substance of the sclerotic close to i ts junction with the comen.. 'l ,h is is the canal 
of ScMemm, or sinus cireularis iridis, and, according to some authors. is a lymph
canal, but according to others is a venous si11us. Some of the fibres of this 
ret iculated structu re are continued into the front of the iris, forming the liga
mentum pecti natum il'idis, while others are connected with the fo re 1mrt of the 
sclerotic and choroid. 

'fhe endothelial !inina of the aqueous clw..mber covers the posterior surface of 
the posterior elastic lam ina. It consists of a sing!c _layer of polygonal f.l~ttened 
transparent nucleated cells, i:;imilar to those found lm111g other serous cant1~s. 

Aril'ries and .• Nerve~.-Tbc cornea is a non-rn8c11lar strncturc, the cap illary 

~:~s~l:c 1~c\;1~:~~~~1i~~~ait1~dl o~!)Si~~t }~:.~ c~::~u:~:~~,'.:.~nc~~-cd J~;1~l:~a~il~a:~~1~1~Isi~~~~i~~\~! 
bundle::; of nenes run; these arc lined bv an cnclotbcliurn and are continuous 
with the cell-spaces. The nenes arc numerous, twenty-four to thirty-six in 

mo:eT~~~Nci~bJeh:~" i~tlb:,~1~:1~~ ~('" }!~it~~f~; ~t11:81
1

i'(:1;~\~11;~::."limiting layer
1

'-a name which appears 
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number (Kiilliker), forty to forty-fin.' (Walclcyer n.1Hl ~iimisrh): they are clcri\L•1l 
frnm the cilian• ncne:' an1l enter the laminated tissue of' the cornea. Thl'V 
rami(,· throuµh;>ut its !-lubstante in a dditall' network. :mtl their terminal fil:~
menh form a firm and c111~cr plexus 011 the ~urfatc of the c:ornca proper bt•nc•ath 
the epithelium. Thi" j;.; tcrme<l the :mbepithelial p/t>J·lf,'(, and from it fibril .. are 
µ:in•n off "hich ramify between the epithelial cells. forming a network "hieh is 
te:111e1l the intra-l'pitltelial ple.:nus. 

th~ ~;.~iJ:1~f~J~;1~1be0ri~,~~n~~sS:J''i~t~ ~~~ail1~:~J ~'f.u"~~t~~c~;n~I' J~~.1~f ~~~~~1~ht~1~L\r,\1~e~u:::~i 
thunib. The s.dcrotic is then carefully incised. in the equator of the i:i. lobc1 till the <'i10roiU i'.'. 
cxp01:icd. One blade of a pair of prolle-pointe<l scis.,.ors i811ow. intro<lu(·ed throu!!:h the openiul{ 
thus made, and the !:it'lerollc divided around its entire ei rcumlerl'nee, and rcmon~d in separate 
portions. The front sc.12:ment being- then drawn forward, the handle of' the scalpel should be 
pres:-;e1 l ,1?ently ag-ai nst it at its connection with the irii;, and. th e~c being ~e paratcJ, a quant ity 
o l' perfectly tran:-:1parcnt fluid will escape; this is the :1q11eous humor. ln the course of the 

~;~~l~~S;'.'.~1\~eo~i~i~.~i:li~~~Jei~ :l~J·i~~:C ~~~}~~,~~1 ~1111e1 ~:~n~~0s~~ .. 1~~~i~:V1i!~sh~~ t~~t;:~~~1~ll1r1~~~:1 •0roi t1 
/')

11•t•oml 1'unii:.-This is formed b,- the choroid behind. the iris and ciliary 
JH'OCC~~es in front, and b_y the Ciliarj: mu::;clc, opposite the junction of the sclf
rotic and cornea. 

F10. 528.-The choroid and iris. (En larged.) 

Th_e choroid is the rnscular and pigmentar~· tunic of the eyeball in\'est ing the 
posfcnor five-sixths of the globe. and extending: as far forward as the cornea, 
the c iliary processes being appendages of the chornid deYeloped from its inner 
surfoc~ in front. The iris is .the .cir.cular muscular septum which hangs ,·ertical
! ~· beL.11~cl the cornea, presentmg.m 1t~ centre a la.rgc circular aperture, the 7mpil. 
I he ~~li~r.~· mn.:;;c le forms the white. nng: obscned at the point where the choroid 

and ll'I S JOIU with each other and with the sc:lerotic ancl cornea. 
The ~horoid is a. thin . highly rnscular mrmbranc. of a dark brown or cbocola.te 

C<.1 lor, which. im·ests the po~cerior ffre-~ixths of the centra l part of the globe. It is 
pierced hchmil by the optic nene, and extend<:; in front as far forward a<:; the 
cili~ry. ligam ent. where ~t is connected wi.tl~ the iri8. and bends inward. forming 
on its mucr :-;urface a ~enes of folds or phutings. the eiliary prut•e;sse~. It is thicker 



THE EYE. 895 

bchinrl than in fr?nt. Externally it is connected by a fine cellular web (membrana 
fu.'(1·a) with the inner surface of the sclerotic. Its inner surface is smooth and 
lies in contact with the retina. 

Structu~e.-Tbc ~horoid c?nsists mainly of a dense capillary plexus and of 
sma~l arterJC£-i and veins. ~arry1ng the blood to and returning it from this plexus. 
On its external surface-i. e. the surface next the sclerotic-is a thin membrane 
of fine elastic fibres a.rrangcd in 1amellre, which are co\·crcd with endothelium and 
form spaces, which commun icate h.r perforations in the sclerotic, through which 
the \·cssels and nerves enter, with the capsule of Tenon. This layer is named the 
lamina su,praclwroidea. and is continuous with the lamin a fusca Or the sclerotic. 

Int~rnal ~o this is the choroid proper, and, in consequence of the small arteries 
and \·ems being arranged on the outer surface of the cap illar y network, it is cus
tomary to _describe t?is as. cons~sting of two_ layers. the outCrmost composed of 
small arteries and vems, with pigment-cells mterspersecl between them, and the 

Fm.529.-Theveinsorthcchoroid. (Enlarged.) 

inner consisting of a capillary plexus. The external layer consists, in part, of 
the larger branches of the short ciliary arteries. which run forward between the 
reins before the.v bend inward to terminate in the capillaries; but is formed 
principally of veins, which are named, from their arrangement, ·l'ence vorticosce. 
They conYerge to four or five equidistant trunks. which pierce the sclerotic mid
way between the margin of the cornea and the entrance of the optic nerve. Inter
spersed between the \"essels are lodged dark star-shaped pigment-cells, the fibrous 
offsets from which, communicating with similar branchings from neighboring cells, 
form a delicate network or stroma, which toward the inner surface of the choroid 
loses its pigmentar_v character. 'l1be internal layer consists of an exceedingly £ne 
capillary plexus, formed b.v the short ciliary vesse]s, and is known as the tunfra 
Ruysrliirma. The network is close. and fin er at the hinder part of the choroid 
than in front. About half an inch behind the cornen its me~hes become larger, 
and are conti nuous with those of the ciJiary processes. On the inn er surface of 
this tunic is a very thin, structureless-or, according to KO!liker, faintly fibrous
membranc. called the laniina vitrea : it is closely connected with the stroma of the 
choroid, an1l separates it from the pigmenta.ry l ~ycr of tho retina.. 

'fhe ciliary processes should now be examined. They ma.y be expo:;ed 1 either by detaching 
the iris from it" conne<:tion with the Ciliary muscle i or by making a tran::i\'Crse section or the 
globe and. examining them from behind. 

'l111e ciliary 71roreRRN-l are forme<l b,v the plaiting and foJding inward of the 
rnriou~ }avers of the choroid (i. e. the choroid proper and the lamina. vitrea.) at its 
anterior niargin, and are recei,·ed between cone:; ponding foldings of tho suspensory 
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ligament of the lens. thus establishing a connection between the choroid and inner 
tunic of the eye. rrhcs a.re arranged in a circlel and form a sort of plaited frill 
behind tbc iris round the margin of the lcn:.. They rnr_v between sixty and 
eighty in number, lie side by :,iae, anci may Oe divided into large and small: the 
latter, con~i~ting of about one-third of the entire number, are situated in the 
spaces between the former, but without regular alternation. 'L'he larger processes 
arc each about one-tenth of an inch in lcngth 1 and are attached b_y their periphery 
to the Ciliarv muscle, and are continuous with the hwers of the choroid : th'e 
opposite ma;gin is free, and rests upon the circumf'erCncc of the lens. Their 
anterior surface is turned toward the back of the iris, with the circumference of 
which they are continuous. The posterior surface is closely connected with the 
suspensory ligament of the lens. 

3tructure.-The cilia.r,v processes are similar in structu re to the choroid, but 
the vessels are larger, and haYe chiefly a longitudinal direction. 'l1bey are corered 

F10. 530.-The arteries of the choroid and iris. The sclerotic has been mostly remo\•Cd. (Enlarged.) 

on their inner surface with a layer of black pigment-cells continuous with the cells 
of the pigmentary layer of the retina, and in their stroma a.re also other, stellate, 
pigment-cells, which, bowe,·er, arc not so numerous as in the choroid itself, and 
toward the free extremities of the folds are devoid of pigment. 

The Iris (iris, a rainbow) has received its name from its rnrious colors in dif
ferent indi,·icluals. It is a thin, ci rcular-shaped, contractile curtain, suspended 
in the aqueous humor behind the cornea and in front of the lens, being perforated 
a little to the nasal side of its centre b; a circu lar aperture, the pupil, for the 
transmiss ion of light. By its cirmunfot·ence it is intimatel.v connected with the 
choroid; externa lly to this is the Ciliary muscl&. by which it is connected to the 
sclerotic anU cornea; its inner edge forms the margin of the pupil; its surfaces 
are flattened, and look forwa,rd and backward. the anterior su rface toward thl' 
cornea, the posterior toward the ci liar.v processes and lens. The circumference 
of the iris is connected to the cornea bv a reticular structure denominated the 
ligamentwn pectinatwn iridis. The an.terior surface of the iris is variously 
colored in different intliriduals, and marked by lin es which cotlYerge toward the 
pupil. 'l1he posterior surface is of a deep purple tint. from being co,·ercd by dark 
pigment; it is hence named uvea, from its resemblance in color to a ripe grape. 

Structure.-The iris is composed of the following $trnctmes: 
1. In front is a layer of polyhedral c:cll::.: on a delicate h.,·aline hn.~emrnt 

membrane. This layer is continuouR with the epithelial la.,·cr of the membrane of 
De..-cemct. an<l in nH.'n with <lark-colored irides the ccJb, contain pigment-granules. 

2. Str£>uw.-'l'he stroma. consists of fibres and cells. The former are m:i<le up 
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of fine delicate bundles of fibrous ti1'sue, of which some few fibres ha.Ye a circular 

direction at the circumference of the iris. but the chief mass consists of fibres 

radia.ting toward the pupil. ~l1lrn.v form, by their interlacemem, a delicate mesh, 

in which t~e ,·~s!3els and nenes are contained . Interspersed between the bundles 

of c:ot~ncctn'c t18suc are .nu":1erous branched cells with fine processes. Many of 

the~n m dark eyes co~Ham p1gmeut-granules, but in blue eyes and the pink eyes of 

nlb11lllS the.'· ;ne unp1gmented . 
:}. The muscular .fibre is iu"oluntary, and consists of circular and ratliatin_cr 

fibres. The circulm· fib1-es (sphincter of the pupil). sunound the margin of th~ 

pupil on the postenor surface of the ms, like a sphincter. forming a narrow baud 

about one·thirtieth of an inch in width, those near the free margin being closely 

aggregated~ those more external somewhat separated, and forming less complete 

circles. The radiating fibres (di lator of the pupil) converge from the circumfer· 

ence toward the centre, and blend with the circular fibres near the margin of 

the impil. 
4. P1gme11t.-The situation of the pigment·cells differs in different irides. In 

the rnrious shades of blue eyes the only pigment·cells are several layers of small 

round or polyhedral cells fill ed with dark pigment, situated on the posterior surface 

nf the iris and continuous with the pigmentar~~ lining of the ciliar_y processes. The 

color of the eye in these individuals is due to this coloring matter showing more 

or less through the texture of the iris. In the alb in? e,·en this pi~mcnt is absent. 

In the ll'ray. brown, and black eye there arc, as mentioned above, p1gment·granulcs 

to he fo
0

uncl in the cells of the stroma and in the epithelial layer on the front of the 

iris. to which the color of the eve is due. 
~J.1he artaies of the iris are clCri,·ecl from the long and anterior ci liary and from 

the "essels of the ciliar.v processes (see pa)!C 570). 

rrhe nerres of tlie iri~ are dcrirnd from the cilia.ry branches of the lenticular 

ganp:lion and the J on~ ciliar.~· ~r~m the na~al branc~ of the ophtbah~< divi~ion of 

the fifth. After reaching the ll'IS in the manner descnbed abo\'C (page 191) the.1· form 

a plexus around the attached ma.rgin of the iris; from this ~re deriYed non· 

57 
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medullated fibres which trrminate in the circular and radiating muscular fibre!l. 
'I heir exact mode of termination bas not been as.ccrtained. Other fibres from the 
plexus terminate in a network on the anterior surface of the iris. ' l.1he fibres 
der;1·ed from the motor root of the lenticular ganglion (third nerve) suppl)· the 
<'i1·cular fibres, while those dcri,·ed from the sympathetic supply the radiating 
fibres. 

jlfembrmw Pupillal'is.-ln the footus the pupil is closed bya delicate tronspnren< 
vascular membrane, the membrana pupillaris, which divides the space into whith 
the iris is suspended into two distinct chambers. This membrane contains numerou t-< 
minute vessels, continued from the margin of the fris to those on the front part of' 
the capsule of the lens. These vessels have a looped arrangement, and com·crge 
toward each other without anastomosing. Between tbe seventh and eighth months 
the membrane begins to disappear, by its gradual absorption from the centre 
toward the circumference, and at birth only a few fragments remain. It is ~ai d 
sometimes to remain permanent and produce blindness. 

The Ciliary muscle (Bowman) consists of unstriped fibres: it fon11s agrayi~h. 
sem itransparent, t.:'ircular band, about one-eighth of a.n inch broad, on the outer 
surface of the fore part of the choroid. It is thickest in front, and graduall,Y 
becomes thinn er behind. It consists of two sets of fibres, radiating and circular. 
'fhe former, much the more numerous, arise at the point of junction of the cornea 
and sclerotic, and, passing backward, are attached to the choroid opposite to the 
ci liary processes. One bundle, according to Waldcyer, is continued b~ckward to 
be inserted into the sclerotic. '11he circular fibres arc internal to the radiating ones. 
and to some extent unconnected with them 1 and have a circular course around the 
attachment of the iris. 'l1hey are sometimes ca11 cd the "ring muscle " of Mi.illcr. 
and were formerly described as the ciliary ligament. The Ciliary muscle is admitted 
to be the chief agent in accommodation-i. e. in adjusting the eye to the \'ision of 
near objects. Mr. Bowman belie\'ed that this was effected by its compressing the 
vitreous body, and so causing the lens to advance; but the view which now 
prevails is that the contraction of the muscle, by dra~ving on the ci liary processes, 
relaxes the suspensory li gament of the lens1 thus aillowing the anterior surface 
of the lens to become more convex . The pupil is at the same time slightly 
contracted. 1 

The Retina is a delicate nervous membrane upon the surface of which the 
images of external objects are received. Its outer surface is in contact with the 
choroid1 the inner surface with the vitreous body. Behind it is continuous with 
the optic nerve; it gradually diminishes in tbickn<::ss from behind forward, and 
in front extends nearly as far forward as the Ciliar_)f muscle, where it terminates 
by a jagged margin, the ora serrata. I t is soft. aI).d semitransparent in the fres.h 
state, but soon becomes clouded, opaque, and of a pinkish tint. Exactly in the 
centre of the posterior part of the retina, and at a point correspondi ng to the axis 
of the eye, in which the sense of vision is most perfect, is a round, elernted, 
yellowish spot, called, after its discoYerer, the yellow spot or lirnbus lntm• (macula 
lutea) of SOmmerring1 having a central depression at its summit, the .fovea. 
eentralis. The retina in the situation of the fo\'Ca centralis is exceedingly thin; so 
much so that the dark color of the choroid is distinctly seen through it; so that 
it presents more the appearance of a foramen, and hence the name "fora.men of 
SOmmerring n at first given to it. It exists only in man, the quadrumana, and 
some saurian reptiles. About one-tenth of an inch to rhe inner side of the yellow 
spot is the point of entrance of the optic nen·e ( ponts opticus); here the nervous 
substance is slightly raised so as to form an eminence \colliculus nervi optici}; the 
arteria centralis retinre pierces its centre. rrhis is th.e~on ly part of the surface of 
the retina from which the power of Yision is absent. , 

Structure.-The retina is an exceedingly complex structure, and, when exam· 
ined microscopically by means of sections made perpendicularly to its surface, 

1 See ex planation and diagram in Power's lll~tru.tions of Some of tlte Principal Diaeasea of tlie Eyt, 
p. 590. 
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is found to consist of ten ]ayers, which are named from within outward as 

follows: 
1. )[embrnna limitans interna. 

~: ~ibrous layer, consisting of nerve-fibres. 

-1. Ine~~~·ui~~~·1 !:~;f~·;., c~:.1~~:~1t~ao1~: ~~~;·,~-cells. 
5. Inner nuclear layer. 
6. Outer molecular, or granula,r, layer. 
7. Outer nuclc:ir layer. 
8. Membrnna limitans extcrna. 
9. Layer of rods aud cones (Jacob's membrane). 

10. Pigmcntary layc1· . 

. . 1. The me1~zb1'ana lhnita_ns inte1·na is tl~ e mo~t internal layer of the retina, and 

1s m contact with the hyalo1d membrane of the vitreous humor. It is deri\·ed from 

the supporting framework of the retina, with which tissue it will be described. 

(Enliir~elf2..-Thc artcria centralis retinre, yellow spot, etc., the anterior half of the eyeball being removed. 

2. The fibrous layer is macle up of nerve.fibres, the direct continuation. of the 

fibres of the optic nerve. 'l'bis nerve therefore passes through all the other layers 

of the retina, except the one previously mentioned, to reach its destination in the 

fibrous layer. As the nerve 1 passes through the lamina cribrosa. of the sclerotic 

coat the fibres of which it is composed lay aside thci1· medullary sheaths and 

are continued onward, through the choroid and retina, as simple axis·cylinders. 

\\"hen these uon-medullated fibres reach the internal surface of the retina, they 

radiate from their point of ~ntrancc over the surface of the retina., grouped in 

bundles, and in many places, according to :Mich el, arranged in plexuses. The 

layer is thickest at the optic nerve entrance, and gradua!Jy diminishes in thick. 

ness toward the ora serrata. 
3. ~l'hc zresieular layer consists of a si ngle layer of large gangl ion-cells, except 

in the macula lutea, where there are several )ayers. 'l111C cells are somewhat flask· 

shaped; their rounded internal margin resting" on the preceding layer, and sending 

off a single process, which i.s. prolonged into the fibrouR layer, and is believed to be 

continuous with a nerre·fibre. From the opposite extremity of the cell one or 

more thicker processes extend into the inner molecular layer1 where they divide 

dichotomously and become lost in its reticulum 1 or, according to some, pass 

through. this layer to reach the inne.r nuclear layer. . 

.J:. 'l'he inner molerular la!fe1· consists of a stratum of granular·lookmg sub

stance, from which circumstance it is sometimes called the ' ' inner granu lar " layer. 
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It is maclc up of a ill·n:-c reticulum of minute fibl'i l ~. inl<•rn1i11g-le<l with thl' fine 
prorL·:-;~t·s of the ganglion-ce ll ~ and a lso proce:-;~t':-i dnhcd from ('l'l'ta in cell ~ 
containc1l in the next lan~r, immccliatclv to be dt':-><:ribc<l. No direct connt•ctinn 
bet\\t.'t'tl tl1t• .... e :-oct:;i of p1:oce~~C!" has yet~bcen demonstrated. but it i~ con!'idered 
prohahlt• that tlwy do comwun ic:.Hc. and that there is therefore a direct connection 
bctwt•t•n 1hc ganglion-cells of the ,·esicu lar layer and the nuclear cells of the inn er 

~£"":!~~·~~l!~~-~r~at~~:-~.h~~·ctf1~~:~:~~1~1~1m formed by these fi bri ls minute clea r gra nul e~. 
;). The inw.>r nu('/ear la!Ja is made up of nuclear bodies, of "hich there are 

three different kinds: (1) A large number of oval nuclei , which are commonly 
regarded as bipolar nerrn-cells, and are much more numcro11s than either of the 
other kin<l. Th ey consist of a large oval nuclear bo<l,v placed Yertically to the 
su rface, containing a distinct nucleolus : they are surrounded by a small amount 
of protoplasm. which is prolonged into two processes : one of these passes inward 
into the inner molecular layer, is varicose in appearance, and1 as stated above, is 
believed to be continuous with the processes of the ganglion-cells. The other 
process passes outward into the outer molecular layer, and there bifurcates. 
According to some obscrrers, the divisions thus formcrl communicate with the rod
and cone-fibres pierkel). (2) At the innerm ost part of this inner nuclear layer 
" a stratum of cells which are not branched. (3) Some few cells are also found 
in this layer connected with the fibres of Mliller, and will he described with those 
structures. 

6. The oute1· molecular layer is much thinner than the inner molecular layer, 
but, lik e it. consists of a dense network of minute fibri ls, and presents the same 
granular appearance. It differs, bowm·er, from the inner molecular la.yer in con
taining branched ste1late cells, the processes of which are extremely fine and 
exhibit ntricosities 1ike nerrn-fibrils. 'l1l1ev arc therefore considered bv Schultze 
to be ganglion-cells. ' · 

7. 'l.'he Outi.: 1· 1Yuelear Layer.- Like the inner nuclear layer, thi s layer contains 
se,·eral strata of clear ornl nuclear bodies; they are of two kinds, and, on account 
of their being respect iYe ly con nected with the rods and cones of Jacob"s membrane. 
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a.re named rod-granules and cone-granules. TLc rod-,r;ranuh"~ arc much the more 
numc!·ous, and ar_c placed at different levels throughout the l~ycr. They present a 
peculiar cross-stnpcd appearance, and barn prolonged from either extremir\· a fine 
process: the outermost is continuous with a single rod of .Jacob's mcmbra1ie: the 
innermost passes inward toward the outer moleculal' Ja.yer, and terminates in an 
enlarged extremity, from which are giYen off a number of minute fibrils, which 
enter the outer molccnlar la yer. In its course it JHCscnts numcrou!:I "aricosities. 

rrhc cone :.f1r~nules. fewer in number tha n the rod-granules. arc pla ced close to the 
membrana lnnitans externa. and are closely connected with the cones of Jacob·!S 
rnembrnnc .. 'l'hc,v do not present any cross-str iping, but contain a pyriform 
nucleus, which almost completely fills the cell. From their inner extremitr a 
thick process passes inward to the outer moleculal' layer, where, like the proccSses 
of the r?d-cc ll~. it terminates in an enlargeme n t, from which a.re gi\·en off uumerous 
fine fibnls which enter the outer molecular la.ycr. 

8. '1 1111' J / enibrana Limitans Externa.-'l' l~ is layer, lik e the rncmbrana, limitans 
interna, is deri\'ed from the fibres of Mi.il1c1·, with which Rtructures it will be 
described. 

9. Jacob"s 11I embrane (bacillary layn").-'l'hc elements which compose tLis 

~~~~~;~~~.of ;~i~: ~~;~~l~l'r:0;~~ i~~~/~:~~j _;~1~1 t7;~~~1c~·i ~~.i ~~ ci1~ ~~~!:,;;~~ep~~-\~~~1;i~~t lr~1~ ~ 
to the surface. Each rod consists of two portions, an outer and inn er. wh ich are 
joined together by a cement-substance and a.re of about equa l length. The.'· differ 
from each other as regards refr~ction and in the ir beha.vior with colori ng 
reagents, the inner portion becoming stai ned by carmine, iodine. etc. 1 the outer 
portion remaining unstained. 'J'b e outer portion of each rnd is marked b,v trallS\'Crse 
strim, and is made up of a. number of thin disks super imposed on one another. I t 
also exhib its faint longitudinal markings. The inn er portion of each rnd at its 
inner extrem ity, where it is j oi ned to the processes of the ro<l-gnrnulcs, is indistinctly 
granular: at its outer extremity it presents a fin e longitudinal striation. being 
composed of fin e. bright. biglil_y refracting fibril s. 

The cones are con ical 01· Bask-shaped , their bro:Lll ends resting upon the 
membrana limitans extcrna, the narrow pointed ex tremi ty being turned to the 
choroid. Lik e the rods, they are made up of two portions, oute r and inner: the 
outer portion being a short con ical process, which, like the outer segmen t of the rods, 
presents transverse strife. 'l1he inner porti on resembles the inner portion of the 
rods in structure, presenting an outer striated and an inner g ranul ar a.ppearnnce, 
but differs from it in size, .being bulged out laterally and pre!Senting a flask shape. 

10. 'l'he Pi'gmentary La.11er, or 'l'apetmn 1'-r~qrmn.-The most externa l layer of 
the retina, formerly regarded as a part of the choroid, consists of a single layer of 
hexagonal epithelium cells loaded with pigment-granules (Fig. 21). In the eyes of 
albinos the cells of the pigmentary layer are pre8ent, but they contain no coloring 
matter. In ma.nv of the mammals also, as in the horse, and many of the carnirnra1 

there is no pigmCnt in the cell s of this layer, and the choroid pO:;sesses a beautifu l 
iridescent lustre, which is termed the tapetwn lncidum. 

Connective-tissue .Framework of the Retina.--Almost all these layers of the 
retina a.re connected together by a sort of s upporting connective tissue, which has 
been nam ed the .fibres 4 jJfaller, or radiating .fibres, from wl1i ch the memb rana 
limi tans interna et externa are derived. ~rhese fibres a re found stretched between 
the two limiting la vers 1 "as columns between a fl oor and a cei li ng," and passing 
through all the ne'rvous layers except Jacob's membra ne. They comme~~e. on 
the inner surface of the retina by a conical base. tli e edges of the bases of adJoinmg 

~~-~~n~e:~?er~~1~'. 10X~ ~~~~v ~:~: t~~~~~~~1g t~e ~·~~~:~t~~ry:~;,i:i~ ~l1~~~t;)l'~set1~tc a ~:l~t1::S: 
on their surface. as if a number of membranous processes hall been abruptly 
broken off. Bv these the,· are continuous with lhe reticulum of the inner and outer 
molecular Ja.yer and with a sponge-like stroma, in which the nuclei of the inner 
nuclear l aye~·s are imbedded. In the inne1· nuclear layer each fibre of l\Iiiller 



pre~·.cnb a ti car m·al nuc:lens. referred to aboH•, "hi ch i:-1 s.oml'tirnc:-1 ~ituated at the 
side of, ~omctimcs altop:ether within, the fibre. In the outer nuclear layer the fibre 
break~ up into fine lamelhe. which form a fcne~trated or 8ponge-likc ti!->~ue. in 
which the rod- and cone-granules are e1H:lo:-1cd, arnl at the outl1 r 1.wrder of thi;.; 
layer the ... e lamcllm unite along a definite line. forming the mcmbrana limitan~ 
ex1crna. 

Jlaculri Lutea and Fm•1:a r'entrali.~.-'l'hc structure of the retina at the ye1l1rn 

spot presents some modifications. In the maeula lutea (1) the nen·c-fibres are 

t'IG. 63j.-The layns of the retina (diagrammatic). (Aficr!:ichultzt:.l 

wanting as a continuous layer; (2) the ,·esicular layer consists of se\•tral strata of 
cell~ instead of a single layer; (3) in Jacob's membrane there are no rods, but 
only cones, and these are longer and narrower than in other parts; and (4) in the 
outer nuclear layer there are only cone-fibres, which ttre very fong and arranged in 
curved lines. At the fo,·ea centralis the only parts which exist are the cones of 
Jacob's membrane, the outer nuclear layer, the coi1e-F.bres of which are almost 
horizontal in direction, and an exceedingly thin inner granular layer. 11.1he color 
of the spot seems to imbue a.11 the layers except Jacob's membrane; it is of a rich 
~·ellow, deepest toward the centre, and doc~ not appear to consist of pigment-cells. 
but simply a staining of the constituent parts. 

At the ora serrata the layers of the retina for the most part terminate abruptly. 
and the radiating fibres of )Ililler. co,·cred by the pigmentar~· layer, can be traced 
forward, as the pars eiliaris. to the iris. 'l'he fibres of ~Hiller here present the 
appearance of columnar epithelial cells arranged in a single stratum. 

The attaia centralis retinre and its accompanying Yeiu pierce the optic nene, 
an•l enter the globe of the eye through the porus opticus. It immediately di,·ides 
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into four or five branches, which at first run between the hrnloid membrane and 
the nervous layer, but they soon enter the latter membra1lc, and pass forward . 
di,·idin.g dichotomously. From these branches a minute capillary plexus is g iven 
off. which does not extend beyond the inner nuclear layer. In the fanus a small 
,·essel passes forward, through the vitreous humor, to the posterior surface of the 
ca psu lc of the lens. 

Humors of the Eye. 
The aqueous humor completely fills the anterior and posterior chambers of the 

cycbalL It is s1~all in quantity (scarcely exceeding, according to Petit, fou1· or 
fiye grams in weight), bas an alkalme reaction, in composition is little more than 
water, less than one-fift ieth of its weight being solid ma.ttcr, chiefly chloride of 
sodium. 

'She anterior chamber is a space bounded in front by the cornea, behind by the 
front of the iris. The JJOsterior chamber was the name formerly giYen to a space 
"hich was bclie\·ed to exist between the iris in front anrl the capsule of the lens, 
ils suspensory ligament. and the ciliary processes behind. It is now known that 
the posterior surface of the iris is in immediate contact with the lens throughout 
the greater part of its extent. The only space which remains to represent the 
posterior chamber is a narrow chink between the peripheral part of the iris. the 
suspensory ligament, and the ciliary processes. 

In the adult these two chambers communicate through the pupil: but in the 
fretus in the se1·enth month, when the pupil is closed by the membrana pupillaris, 
the two chambers are quite separate. 

The Vitreous Body. 
The vit reous body forms about four-fifths of the entire globe. It fills the con

cavity of the retina, and is hollowed in front for the reception of the lens and its 
capsule. It is perfectly transparent, of the consistence of thin jelly, and is com
posed of an albumi nous flu id enclosed in a delicate transparent membrane, the 
ltyaloid. This membrane invests the su rface of the vit reous bo<ly; at the y1ars ciliaris 
retinro it splits into two layers. a.n anterior, the suspensory ligament of the lens, and 
a posterior, which passes over the front of the vitreous body. lt ha:; been supposed, 
by Hannover, that from its inner surface numerous thin lame11re are prolonged 
inward in a radiating manner, forming spaces in which the fluid is contained. In 
the arlult these la.mellre cannot be detected eYen after careful microscopic ex3mi
nation; but in the fretus a peculiar fibrous texture pen•ades the mass, the fibres 
joining at numerous points. and presenting minute nucleur granules at their 
point of junction. In the centre of the vitreous humor. running from the posi
tion of the entrance of the optic nerve on the retina to the posterior surface of the 
lens, is a canal filled with ftuid and lined by a prolongation of the byaloirl mem
brane. 'l'his is the canal of Stilling, a.ncl is the canal which in the embryonic 
\"itreous humor conveyed the minute artery from the central artery of the retina 
to the back of the lens. 'l'he fluid from the vitreous body resembles nearly pure 
water; it contains, however, some salts and a l itt le albumen. 

The hyaloid membrane encloses the whole of the vitreous humor, that port.ion 
on its anter ior surface, which is hollowed out for the recept ion of the lens, being 
tbe posterior layer j ust mentioned; whi le the anterior layer i~ the suspensory 
l~qament. It is a del icate ~tructure_less me~bra~1c, excep~ wh_ere 1t forms tl~~ sus
pensory ligament, where 1t contams long1tudmal elastic fibres. Innncct1at~ly 
beneath the hyaloid membrane are found small, granular, nuclca.tecl cells which 
are said to be possessed of amreboid movements. 

I ii tlte fmtus the centre of the vitreous humor presents a tubular canal, through 
"hich a minute artery passes along .the vitreous body to t~e capsu~~ of the lens. 
In tlie adult no vessels penetrate its substance, so that its nutr1t10n must be 
carried on b.r the yessels of the retina and ciliary processes situated upon its 
exterior. 
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The Crystalline Lens and its Capsule. 

The crystalline lens, enclosed in its caps ul e, is situated immediately )J('hiud 
the pupil, in front of the vitreous body. and su rrounded by the ci liar,Y prnt<.'s~L'."· 
which slightly 01·erlap its margin. 

Th e Ntpsule of the lens is a transparent, highly elas ti c, and brittle memlmn.1t• 
which closely surrounds the lens. I t rests, behind, in a deprcs~ion in the fore part 
of the vitreous body ; in front it is in contact with the free border of the iri~ , this 
latter receding from it at the circumforencc, thus forming the posteriol' chamU r1· 
of the eye; and it is retained in its position chiefly by the ~ u s p ensor_y ligament of 
th e lens. The capsule is much thicker in front than behind. st rn ct urelc~s in tl'xt
ure, and when ruptured th e edges roll up with th e outer R11rface innerm ost1 like 
the elast ic lamina of the cornea. The antcriol' sul'f'ace of tho lens is connected to 
the inner surface of the capsule by a single layer of transparent1 polygonal. nucle-

ated cells. At the circumference of the lens these Cl•ll 8 

undergo a change in form: they become elongated. a1ul 
Babuci n states that he can trace the gradual transition 
of the cells into proper lens-fibres, with which they are 
directlv continuous. 'l'bel'e is no epithelium on the 
posteri.or surface. 

In the fretus a smal l branch from the arteria centra lis 
retinre runs forward, as already mcmioncd. through the 
Yitreous humor to the posterior part of the capsule of the 
lens. where its branches radiate and form a plexiform 

lk~;\:1~~11;~Jh:n~r>dsit~lA~~~ ~~~":~~kn~,. ~ ~:h m~1~·~~;~s o\~ s t I~~ r~~~~~ut~1 ~\' ~~he~ h:r~·e~~~~~i nc:~~ 
the pupillary membrane and with those of the iris. In 

the adul t no ,·esscls enter its substance. 
Th e lens is a transparent1 double-conrcx body, the con,·cx ity being greater on 

the posteri or than on the anterior surface. It measures about a third of an inch 
in the tran:nrcrse diametel', and about one-fourth in the antero-posterior. It c:on
~ists of concentric layers, of which th e external in the fresh state arc soft and 
easily detached ; those beneath are firm er, the central ones form ing a bardeuccl 
nucleus. These larnin m are best demonstra ted by boiling, 0 1· immersion in alcohol. 
Th e same reagents demonstrate that the lens consists of three triangular segments1 

the sharp edges of which are directed toward the centre. the bases toward the 
circumforence. The laminre consist of minute pa,rallel fibres which are hexagonal 
prisms, the edges being dentated, and rhc dcntations fittin g accurately into each 
othe r ; their breadth is about ffi0 th of an inch . They run from the sutures or 
lines of junction of the triangu1a.r segments on the one surface to the peripher~· of 
the lens, and, Clll'Ving round its margin, they tenrnnate at the line of junction of 
the segments on the other. No fibres pass from pole to pole, but they are 
arranged in such a way that fibres which comm ence near the pole on the one 
aspect of the lens- that is to say1 near the apex of the triangular segment
terminatc near the peripheral extremity of the plnne on the other, or near the base 
of the t riangular segment, and vice versa. Th e fibres of th e outer layer of Lhe 
lens each conta in a nucleus, whi ch together form a la_yer (nuclear layer) on the 
surface of the lens, most dist inct toward its circumference. The meridians, or 
lin es of junction of the three segments. are composed of a.n amor1,hous granular 
substance which sometimes becomes opaque1 when the lines are seen forming a 
dist inct star on the lens. Th e lin es on one su rface do not lie imm ed iately opposite 
thos.e on the other, but a rc intermediate. 

Th e chan,qes produced in the lens by a.ge are the following: 
In the fwtus its form is nearly spherical, its color of a slightly reddish tint. it 

is not perfectly tran~parent. and is so soft as to break down readi ly on the slightest 
prc~sure. 
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ln the adult th e posterior surface is more convex than the anterior; it is color
less, transpa.rent, and firm in texture. 
. In old age it becomes flattened on both su rfaces, slightly opaque, of an amber 

tmt, and increases m density. 
1-'he suspensory ligament of the lens is a thin, transparent, memb ranous struc

ture placed a.t fir st bc~wee~1 the vitreous body and the ciliary processes of the 
choro1d, and then passing from these same processes to the anterior surface of 
the lens near its circumference. It assists in retaining the lens in its posit ion. 
Its outer surf~?e presents a number of folds or plriitings in which the corresponding 
folds.of the c~lit~ry processes arc recci,,ed. rl'hesc plaitings are arranged round th e 
lens JD a radiating form , and arc stained by the pigment of the c il ia ry processes. 
The su ~pcn so i:.r l igame nt is that part of th e 'hyaloid membrane, which, as d escribed 
abO\'e, is continued forwa.r<l t o the anter io r part of the rna.rgin of the lens . It is 
covered on its outer surface by th e pars ciliaris, or connective-tissue framewo rk 
of the retina, prol onged forward from the ora se rrata. 'J'ha.t portion of this m ern
bra.ne whi ch intenenes between the ciliary processes and th e caps ule of the lens 
form s part of the boundary of the posteri or chamber of the eye. The posterior 
surface ? f tbi ~ layer is turned toward the vitreous humor, being separated from it 
at the circumference of the lens by a s pace called th e canal of Petit. 

The canal of" P etit is about one-tenth of an in ch wide. It is bounded in front 
b.'· the suspen~ory ligament; behind by the " posterior layer " of the hya loid 
membrane, its base being formed by th e capsule of the lens. When inflated with 
air it is sacculated at intervals, owing to the foldings on its anterior surface. 

The arteries of the globe of the eye are the short, long, and anterior ciliary 
arteries and th e arte ria eennalis retin~. They have been alreadv described (se'e 
page 570). • 

Tbe riliary 11eins are seen on the outer surface of the choroid, and are named, 
from their arrangem e nt, the vence vorticosw. ~!'hey converge to four or fiye 
equidistant trunks, whi ch pierce the sclerotic midway between the margin of the 
cornea and the entrance of the optic nerve. Another set of veins accompany the 
anterior ciliary arteries and open lnto the ophtb:1lrnic ve in. 

'fhe cilim·,t; nerve.s are derived from the nasal branch of the ophthalmic and 
from the ciliary or ophthalmic ganglion. 

Surgical Anatomy.- li'oreign bodies frequently get into the conjunctival sac and cause 

fh~a1iJ>~i1~d ~h~c:;~ll~ni~~~h)~~h~~~ inTh0~1 ~~j~~~l;i;~ei~0f;~~:~e~~gaf1~'~J~;!d~i1~ 1:\~~~~,i~j~~it:s ~~-
the eyeball , but is seldom ruptured alone: the most. common form of injury to the conj unctiva 
alone is from a burn, either from fire1 st rong acids, or lime. In these cnscs union is liable to take 
place between the eyelid and the eyeball. The conjunctiva is often the scat of inflammation 
:irising from many different. causes, and the anangement of the conjunct ival vessels should be 
remembered as affordin~ a means of dia!!;nosis between this condition and injection of the sclero
tic. which is present. in inflammations of the deeper structures of the globe. The inflamed con
juncti\·a is bright red i the vessels are large and tortuous, and greatest at the circumforence. 

~~~;i~~11o~t~~'ll:~~:J1e0~o~N:~lla~~ri~~ ~ctr~tl~ ~'~~~~~1~~~sc freely and form ;i dense network , and 
From a surµ:ica l point of- view the cornea may be regarded as consisting of tl~ree layers: {I) 

of an ex ternal epithelial laycr
1 

developed from the epiblast , and continuous with the external 
epithelial covering of the rest of' the body, and therefore in it s lesions rcse°:1bling those of the 

bF~t~r:i1;d ~~o~t~i~d6f1~alt~arif~!a~stl~~i~}:rtJ~:; fih~~-~~~~11a~~1;~~~cr~~~Jse~1· c~J~~vb~c1;!·~n~1~S1;}eth~ 
po.r; terior elastic layer with its endothelium, also deri,•ed from the mesoblast. .and having the 
characters of a serous membmne, so that inflammation of it. resembles inflammation of the other 
serous and synovial membranes of the body. . . . 

~l1ilC cornea contain8 no blood-vessels, except at its periphery, where num~ rous d ehcat~ 
loops, derived from the anterior ciliary arteries, may be de11101~!Strnte~ on the anterior surface ol 
the cornea. The rest of the cornea is nourished by lymph, which gams access to the proper sub
stance of the come:~ and the pasterior layer throUgh the spaces of F?ntana: Thi~ lack of a 
direct blood-suf:ply renders the cornea very apt to inffame in the cachecuc and 1\l-no.ur1sh~<l. Tn 

~~~~~i~;· ~~'.~~ ~{: ~;!s c~~;1~~'t tc~o~e~u!~ui!i~~~)111 a?i~ ~1:ic~~ 1~~~~.i1:~l~~ bf~d~~~:C~h~~/k: 
seen on tile (_•ornca: and in interstitial kcrati tis new vessels extend into the ('Ornea, ~i~ing it a 
pinkish hue. 10 which the term "salmon patch" is applied. The cornea is richly sup)lhed with 



HUG 'l'H/.; ORUAXS OF Sf,'.YSE. 

~;,~1~~~::~,;:~.~~~n:r~:~~::~~,:.~::~;~rJ1r~~i~~~~:~i[(:;~·iJ.E'.~1:i:£~:~~· ;i~~~~~~P:~~~;; 

~~:~~i~~~;if ~¥f~~~~~~~~!if:~~~:~~~~f {(~j 
~1t~~~r :~~~:::,rin:~~5f )::~~,j~g~:fi:'.~:ir.:~~~~~.·:~;~i:~f:·::{~:1,:~:-~i~~~~r~;~:~;~~1~~~ 
seldom much affected, d10ugh the cornea a!id sclerotic arc structurally continuou~. 'l'his woul<l 
appear to be due lO the fact that the nutrition of' the cornea is deri,·e<l from a different t:-0urcc 
from that of the sclerotic. 'l1ltesclerotic may be ruptured subcut:rncously without any laceration of 

~i~~:;~)~;i~~!r\~ii~;~;1\'.:Kri(~~~~~i~~~~~~!l~cl}~~f.~~;~i;~:ji~i~:~t£J,~i~,~}!,~~ri~:\~'.\,~~ 
throu'!h tbe rent in the sclerotic, an<l has been found u111.ler the conjuu<:tiva. Wounds of the 
sclerotic are always dan!!crous, and are often followe<l by intlarnmation, suppuration, and by 
sympathetic ophtha\111ia. 

'l'hc function of the choroi<l is to provi<le nutrition for the retina an<l to co1wey Yessels and 
nerves to the ciliary !Jody aml iris. Inflanunation of the choroi<l is therefore followed by j!r.n·e 
di:st.urbance in the 11utritio11 of the rf'lina, and is attcn<led with early intcrforence with vi!iion. 

~ 10!~: oJ~5tJ~1~l;~e!4·~~u '~vh?~}~i~:;h,~~~ti~n~~~~~'m;~a t:~; ;~1!,~h ~i~~ste 1:~em~~~1~o~1;~i1u l~kiar~t; 
amount of pigment in 1hcir cells, and .!.!!'OW only from those 11arts where pigment is naturally 
prc:rent. 'Ihe choroid may be ruptured without injury to the other !uni<:s, as well as panicipa
tin; in general injuries of' the eyeball. In ca~es of un<:omplicated rupture the injury is usually 
at its posterior part, aml is the result of <L blow on the front of the eye. It is attended by con
siderable h;umorrhat!.e, which for a time may oLsc:ure \1isio11, but in most cases this is restored as 
soon as the blood is absorbed 

'L'he iris is the seat ol' a malformation, termed coloboma, which con~ists in a deficiency or 
cleft, which in a p;rcat. 111u11ber of cases is clearly due to an arrest in cle\•elopmcnt. In these ca::;es 

};e~~u~~~l;Ue~'tte1~~J~ t~~,~~~~l~~\~~c~J1i1~~J1~051ed~i;~:~~:c:~'f'.'~}~'~lt~)t~~01~~r~~.e }~P~~·n;~1!r~~e c!~ 
~~~~r~id. is,1,fi~11 f~.i~1 i~t~~b~n~J~~ J~f :~11~pii'i~d ~~_lil~his bl~~~t ~·~~~J~0~:~~c~~c~~~!~11 ~~~~} i~e~~~e:~fbr~r,.~1~~ 
prone to become infl:unecl. And when inflamed, in consequence of the intimate relationship 

j~h~J!~ ei~1ifi~~1~1~~:~~~~ thX,~d~ir!s ~~J~io~~.is i~fl~1~1~:~i~1 1 ~:~ !~1~;c:e~~n~~ri~c~~~~s'.1 ~t!0c1~~:~~~i~a~j 
cl!~~~~~iri~ri~t s~~.~~;~~~:b~1~1~~ :!~ict li~1~h~: ~~r~~~~rr~~, 'i~tNab\~t:~el~~!~· ~1~1aP~J!~~~s e0fu~~~ 
tion when inflamed. and contract adhesions, either to the cornea in front (.w11echia anterior), or 
to the capsule of 1he lens behind (synecltia pl'ISterior). In iritis the lens may become inl'oh-ed. 
and the condition known as secondary cataract may be set up. 'Tumors occasionally commenL'c in 
the iris; of the:;e, <:ysts, which are usually <.'Ongenital and sarcomatous tumors, are the 
most common and require removal. Gummata are not unf'requently found in this situa-

~~~i~, 0~1~ bl~~'~ ,!fll~n.~ ?vti;~~l~i~ 0fr~~~~;;t11d~~,~~1:di 11ffu~;,t tl!'e aciG~~;, ~~:~~.,~1,1 ~hr:~~~~n~t~f 
detachment ,·arying from the slightest degree to the separation of the whole iris from its ciliary 
connection. 

The retina, with the exception of its pigment-layer and its vessels, is perfectly tram;parent. 
so as to be i1wisible when examined by the ophthalmoscope, so that its diseaPed conditions arc 

~~~~~1~/~~d o~;~~t~)0~f i~~t~::~~~g~~:~~0~;1d ~~~e~,~;~~~l!~.~ti~s~~~~:~·a1~~~i~n~ ~rb1~~dlei~t~ci~~ ~~:b~ 
~~1~1f,~fiau~~1~1:i~~~hag<:>s may also take place into the retina from rupture of a blood-\·essel with· 

The retina may become displaced from effusion of serum between it and the choroid or br 
blows on the eyeball, or may occur without apparent cause in Jlrogressi\'C myopia, and in this 
case the ophthalmoscope shows an opaque, tremulous c:lou<l. Ulioma 1 a form of sarcoma, and 
cs~entially a. disease of early life, is occasionally met with in connection with the retina. 

The lens has 110 blood-nssels. nen'es1 or connecti\·e tissue in its structure, and therefore is 
not subject to those 1uorbicl changes to which tis.-;ues co11tainin_g- the:se structures arc liable. Il 
docs, howcn!1-, present certain morbid or abnormal conditions of \'arious kinds. Thus, variations 

~~1s,111:~::~;~bse01~~ci:;e~1~1~~!1~~~: fili~rti,tj~~~~.e ~!:1\i~ a~h~~!~~l.n~~l,~~::iG~~1~~r01!~~~tin~~~~\; 
or llt!\·elopmcnt. Senile changes mar take place in the lens, impairing its elasticity and render-
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in~ it harder than in youth, so that its cun·aturc can only be altered to a limited extent lw the 

~~~a{~~ ~r,~~~s t~1~~1r1~:~~~~~1~~~~~~u~~Y a~~~:d1b;t~3h~~i~:~!)~arc~J~:~r~~~~~eu~f1~~!~.eg~~~'~b1!'. 

~d;.;:~"fE:::·.~11 i!~.'.~r~~~'.:~~:~1:~ i:~;r;~~!:e!~,~~:i~:! J;~1i~~~~·::~;i~
1

.::::~~1:: ~J:~'.~f ~~;~:~ 
of Fontana. whi('h (,'()111municate with the canal of Schlemm. throu~h which the chief transuda
tion of fluid from the eye is now believed LO take place. The danqfrow~ area of the eye is the 
region in the neighborhood of the ciliary body, and wounds or injuries in this situation are 
peculiarly dangerous ; !Or inflammation of the ciliary body is li able to spread to many of the 
other struetures of the eye~ especially to the iris and choroid, which are intimately conuecteJ. by 

H~bl~l;~ ~df~·1:i~~;~jrb~u~~~~~~>~~lh~ti~r~o~h[1;~}~i~~inw~~.\~ ~~l~n<l~~~~u~~f,.~il/~~~~e1~i~:io~eof5g~~i~;~~ 
is ex<:1tcd by :some irri tation in the other. 

The Appendages of the Eye. 

'l'he appendages of the eye (tu, tamina oculi) includ e the eyebrows, the eyelids, 
rhe conjunctirn, and the lachrymal apparatus-,·iz. the lachrymal gland, the 
lachrymal sac, and the nasal duct. 

'11he eyebrows (supe1·cilia) a re two arched em inences of integument which 
surmount the upper circumfe rence of the orbit on each side, and support numer
ous short, thick hairs, directed obli t1uely on the su rface. In structure the eye
brows consist of thickened integument, connected beneath with the Orbicularis 
palpebrarum. Corrugator supercilii , and Occipito-frontalis muscles. These mus
cle~ serve, by their action on this part, to control to a certa in extent the amount 
of li~ht admitted in to the eye. 

'l'he eyelids (palpebr") are two thin, mornble folds placed in front of the 
eye. protecting it from injury by their closure. rrhe upper li<l. is the larger 
and the more movable of the two, and is furni shed with a separate elevator 
muscle, the L evato1· palpebrc.e superioris. ·wh en the e_yelids are opened an 
elliptical space (fi88urtt palpebrarurn) is left between their margins, the angles 
of which correspond to th e junction of th e upper and lower lids1 and a.re 
called 1.;rrntlti. 

The outer cant/ms is more acute than the inner, and the lids here lie in close 
contact with the globe ; but the inner cautlms is prolonged for a short distance 
inward toward the nose, and the two lids are separated b.Y a triangular space, the 
lams lacltr,11malis . At the commencement of the lacus lachrymaJis, on the margin 
of each eyelid, is a small conical elerntion, the lachrymal papilla, or tubercle, the 
apex of which is pierced by a. small orifice, the 7ninctum lachrymale, the com
mencement of the lacbrvmal canal. 

'fh e eyelashes (cili<t) are attached to the free edges of the eyelids; .they are 

~i~~r:t, t~h~::~ttb'~e~:;~:~s,lid~r:~~ed ~~~e~~~:1~1~d t ;·~~l;e::o~,~~! t~~eml~1~~~~. ~~~.~: 
upward; those of the lower Jid curre downward, so that they do not in~erlace in 
closing the lids. Near the attachment of th~ e_yelashes are the opcnmgs of a 
number of glands, glands of M ohl, arranged m sernral rows close to the free 
margin of the lid. 'fhey resemble in st ructu re a portion of a sweat-gland, and 
are rec:rarded as the modified sweat-glands of this region. 

St~cture of the Eyelids.-The eyelids are composed of the following struc
tures, taken in their order from without inward: 

I~tcgument,. ar~olar tissue,. fibr~s of the Orbicula_ris ~1uscl e; 
1 
tarsal pla~e 

(cart ilage), and its l igament, Meibomian glands and conjun ctiva. The upper lid 
h.,. in add iti on, the aponeurosis of the L evator palpcbrre. . . 

The integument is extremely thin, and continuous at the margin of the hds 
with the conjunctiva. , . . . 

The subcutaneous areola1· tissue 1s very lax and delicate, seldom contams any 
far. and is extremely liable to serous infil tration. 

The fi.bres of the OrbiculariR muscle, where they cover the palpebra~, are thin, 
pale in Color. an<l possess an involun tan- action. 
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The tarsal 1dat1'.rt (r·artilage~) 1 are two thin elonµ-atc1l plate~ CJf dC'n~e connert. 
h·e ri~sue about an inch in length. They are placed one in each litl. contriln1t· 
infJ' to their form and support. 

c- The superi01·. the larger, is of a semi lunar form, about one.third of an inch in 
brea1hh at the centre, and becoming gradually narrowed at each extremity. lnin 
the anterior surface of this plate the aponeurosis of the Lemtor palpebra~ i~ 
attached. 

The h~frn'or fa,-sal plate, the smaller, is thinner and of an elliptical form. 
'l'hefri'l' or ('iliarp margin of these plates is thick, and present!', a pcrfeelly 

straiD'ht edcrc. The attached or orbital marqi1L is connected to the circumferenee 
of th~ orbi~bv the fibrous membrane of thc

0

lids with which it is continuous. The 
outer an~le of each pla,tc is attached to the malar bone by the external palpebral 
or ta.r~al ligament. ~rhc inner angles of the two plates termina.te at the com
mencement of the lacus lachrymalis, being fixed to the ruargins of the orb it by 
the tentlo ocu li. 

The tar.'ial l(qament, or fi.brous memb1·ane of tlu• lid.'J, is a layer of fibrous 
membrane beneath the Orbicularis, attached marginally to the edge of the orbit. 
where it become-. e;mtinuous with the periosteurn, and centra lly to the tarsal 
plate, near its ciliar,v margin. with the tissue of which it is continuous. I t is 
thickmn an<l densest at the outer part of the orbit. Upon its under surface i!-l. a. 
la.yer of unstriped muscle, which in the upper lid pa$ses from the aponeurosis of 
the Lerntor palpebrre muscle to the tarsal plate. This ligament senes to support 
the eveli<ls, and retains the tarsal plates in their position. 

'l'he Jfribo111ian glands (Fig. 537) are situated upon the inner ~urface of the 
e_velid:-; between the tarsal plates and conjuncli\"a, and may be distinctly ~een 
tbrourrh the murous membrane on e,·erting the eyelids, presenting the appear
ance ~f parallel strings of pearls. 'l'bey are about thirty in number in the upper 
eyelid, and somewhat fewer in the lower. ~l1 he_y are imbedclcd in grooves in the 
inner surface of the tarsal plates, and correspond in length with the breadth of 
each plate; they are, conseq uently, longer in the upper than in the 10wer eyelid. 
Their ducts open on the free margin of the lids b.v minute foram.ina, which cor
respond in number to the follicles. Th e peculi:.tr parallel arrangement of these 
glands, side by si<le, forms a smooth layer adapted to the su rface of the globe. 
o,·er which they constantly glide. The use of their secretion is to prevent adhe
sions of the lids. 

Slntrtun> of the Jicibomian Glands.-rrhese glands are a rariety of the cnta· 
neons scbriceous glands, each consisting of a single straight tube or follicle. ha,·
ing a crecal termination, and with numerous small i;;econdary follicles opening 
into it. The tubes consist of basement membrane. con!rcd bv a }ayer of scah· 
epithelium; the secondary follicles are lined by a layer of poh·hecl;·al cells co~
tinuous with the cells of the tube. The remainder of the follicle is filled with 
large polyhedral cells charged with fat. They are thus identical in structure 
with the sebaceous µ:;lands . 

The conjunctiva is the mucous membrane of the eve. It lines 1he inner surface 
of the eyelids, and is reflected o,·er the fore part of the sclerotic and cornea. In 
each of these situations its structure presents some peculiarities. 

The palpebral portion of the conJunctira is thick, opaque, high}~., Yascular, and 
covered with numerous papillm, its deeper parts presenting a considerable amount 
of lymphoid tissue. At the margin of the li<ls it becomes continuous with the 
lining membrane of the ducts of the )Jeibomian glands, and, tlnou~b the lachrymal 
canal~ with the linin g membrane of the lachrymal sac and nasal duct. At the 
outer angle of the upper lid it may be traced along the lachrymal ducts into the 
lachrymal gland, and at the inner angle of the e.Ye it forms a semilun:i.r fold. 
the pliM .'(nnilunaris. The folds formed b~· the reflection of the conjunctiva from 
the lie!' on to the eye are called the x11perior and il(frrior palpebral .fold.•. the 

fa~-~~.n~ 1~1');1~:~lt;h~\!~~: •r:o::~~:~t~!1~ so-called u 1arsal cartilage<>" do not contain any carti· 
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former being the deeper of the two. l~po!1 tbe .~t'/erotic the conjunctirn. is Ioose1v 
connecte<l to the globe : it becomes thmncr, loses its p:.tpillan· structure. i's 
trnn~parcnt, and on ly slightly rnscular in health. rpou the cdmea the con-

{~'~~j1:1:~~~~~ri:l~~t~~:.~:1~1) ~/;.~.~c~~-i~\~;c~~~~~~its~~~1~d~1~93)~ 17;,,~;j~l~t~i~~ a11~:ecio~·i;~: 
conJunct1rn Ill a delicate zone around the cornea, from "hich the rnssels run to 
the ocular cunjunctiYa. 

At the point of reflection of the conjunctiva frmn the li rl on to the ~lobe of the 
e~·e. tenne1l th.~.for11ix eon.~'uncti1xe, a.1:e a number o~ mucous g lands" hi;b are much 
convoluted. Ibey are chiefly found in the upper li d. Other glands, analogous to 

Fm. 537.-The Meibomian gland~. etc .. seen from tl:c inner !;UrfoC'e or the eyelids. 

lrmpb oid follicles, and called by H enle trachoma .glands, a re found in the con
junctirn, and. accord ing to Strohmeyer, are chiefl y situated near tho inner canthu.5 
of the eye. They were first described by Brush. in his description of Peyer's 
patches of the small intestines, as " identi cal structures existing in the under eye
lid of the ox.·· 

The nerves in the conjunctiYa are numerous and form rich plexuses. According 
to Krause, they terminate in a peculiar form of tactile corpuscle, which he terms 
the ·· terminal hulb." 

'l'he carunrula lachr.IJmalis is a small, reddish, cnn ical-shapccl body, situated at 
the inner can thus of the eye, and filling up the small tr iangu lar space in this situa
tion, the laeus lacluymalis. It consists of a cluster of follicles similar in structure 
to the ~Ieibom i an, covered with mucous membrane. and is the source of the whicish 
secretion which constantly collects at the inner angle of the eye. A few slender 
hairs arc attached to its surface. Ou the outer side of the caruncula is a slight 
semilunar fold of mucous membrane1 the conca\·ity of which is directed toward the 
cornea; it is called the plir:a semilunaris. Mi.ill c'r found smooth muscular fibres 
in this fold, and in some of the domesticated animals a thin plate of cartilage has 
been discoverccl. 'l1his structu re is considered to be the rudiment of the third eyelid 
in birds, the membrana nirtitrws. · 

The Lachrymal Apparatus ( Fi:r. 038). 

The lachrymal apparatus consists of the lachrymal gland, which secretes the 

¥1~~:fi~1~~l i~t~~~:;f~~~t~~::.,~1 ~~.t~h~\·~~~~r~~~~le~·a:1:~s ~~,:~It~~ )~~b1~~~~c~a~.fa:1~i°a1~:~ 
the nasal duct into the cadty of the nose. 

The lachrymal gland is lodged in a depression at the outer angle of the orbit, 

00 the inner side of the external angu1a1: process of the frontal bone. It is of an 
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ornl form, about the ~izc and shape of an nlrnond . Its upper conn~x Rurface i~ in 
contact with the pcriosteurn of the orbit, to which it is connected b_y a few fibro11~ 
bands. lts under conca,·c surface rests upon the cnnn~xity of the eyebal l an1l 
upon the ~upcrior and External rccti muscles. Its ,·csscls and 1H.'nes enter it ... 
po~terior border, whilst its anter ior margin is closely adherent to the back part of 
the upper eyelid, where it is covered to a sl ight extent b,r the reflection of the ton· 
j uncti rn. The fore part of the gland is scparatecl from the rC'£.;t by a fibrous septum : 
hence it is Mrnetimcs described as a. separate lobe. cal led the 1mlpt'bral portion ':f 
the gland (acee!fso1·u ,gland of R osemniiller). Its ducts1 about se,·en in numht'r. 
run obliquely beneath the mucous membrane for a short distance. and, F-eparatin~ 
from each other, open by a series of minute orifi ces on the upper and outer half 

Fm. t>38.-The lachrymal appnrntu~ Right side. 

of the conjunctiva near its refl ec tion on to the globe. These orifices a.re anan~cd 
in a row, so as to disperse the secretion over the surface of the membran e. 

Structure of the .Lachrymal Gland.-In struc ture and general appearance lhe 
lach rymal resembles the serous salirnry glands (page 946). In the reoent state the 
cells are so crowded with g ranules that their limits can ha rdly be defined. They 
contain an oval nucleus, and the cell-protoplasm is finely fibrillated. 

The lachrymal ca.na.ls commence at the minute orifices, puncta lacltrymalia, 
on the summit of a small conical elevation, the lachrymal papilla, seen on the 
margin of the lids a.t the outer extrem ity of the lacus lachrymalis. The supaior 
canal, the smal ler and shorter of the two, at first ascends, and then bends at an 
acute angle, and passes inward a nd downward to the lachrymal sac. The 
i1!ferior canal at first descends. and then, abruptly changi ng its course. pa~:-;c~ 
almost horizontally inward to the lachrymal sac. These cana ls are den::;e and 
elastic in structure an<l somewhat dilated at thei r angle. The mucous membrane 
is Co\·ered with scaly epithelium. 

'l1he lachrymal sac is the upper dilated extrem ity of the nasal duct, antl i~ 
lo<lgcd in a deep groove formed by the lachrymal bone and nasal process of the 
superior maxillary. It is oral in form, its upper ext remity being closed in and 
rounded, whiJ$it below it is continued into the u.asal duct. It is covered by a fibrous 
expansion deri\·cd from the tcndo ocu li. and on the inner side it is crosSed b>· the 
Tensor tarsi muscle (H omer's muscle 1 page 395), which is attached to the rid~c 
on the lachrymal bone. 

Structure.-It consists of a fibrous elastic coat, lin ed in ternall v by muc•>US 
membrane, the latter being continuous, through the lach rymal ca n.als,' with the 
mucous lining of the conjunctirn, and, through the nasal duct, with the pituitary 
membrane of the nose. 
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The na~al duct is a membranous canal, about three.quarters of an inch in 

length, which ex tends from the lower part of the lachrvmal sac to the inferior 

meatus of the nose, wh ere it terminates by a somewhat e~xpa uded orifice, provided 

with an imperfect vah·e, the iialve of liasn r>r , formed by the mucous membrane. It 

is co.ntai1~ed in a~ osseous canal .formed by th~ superior maxillar_y, the lachrymal , and 

the 10fenor tur?ma~ed bones, 1s narrower rn the middle than at each extremity, 

and takes a direct1on downward, backward , aud a little outward. It is lin ed 

by mucous membrane, which is continuous below with the pituitary lining of the 

nose. rrhi s membrane in the lachrymal sac and nasal duct is co\"Crcd with ciliated 

epithelium as in the nose. 

~~ac.e F!>r~ .-~'he palpeb.ra_I fissure. 01: op4:!nin i:.:- between the eyelids, is ellipticn l in shape, 

and d1fte~ m size in d1fferen~ md.1v1duals and m different races of mankind. Jn the Mongolian 

~J~p;;a~1~~~~\leintl~he~~e;~~~~. 1 ~v1~,:1:~·a!1~h~1 ~izC:~;: ~l~a~~~w i~s;~1J~~·i,~J~ ,~~1;~, ~~:~~~18n~~le 1~j~~ 
~~~~;::~1~l:i~i~',~ ~f s\\~11~~\1~~,~~:\~~~\1rh~~1li~~~ei 1~~ ~~·. di1~1~~~0i~ ~!~~~i~111~,n~o~i~~:~b~ ·i1~0t1~~~r ~:1~ 
golmn races, in whom , owing to the upward project ion of the malar bone and the shortness of 

the external angular process of the frontal bone1 the tarsal plate of the upper lid is raised at its 

OUlCWh~~l as! ~~~~S ~~~~ J?;~~~:dd;~~~~~~d, ~St?~~ gl~rn~~:~~llvfsio~l~Cth e UJ)11Cr part of the Cornea is 

co,·ered by the upper lid, and the lower marg in of the cornea corresponds to the level of' 1 he 

lower lid , so that about the lower three-fourths of the cornea is exposed under ordinary circum

srnnces. On I he margins of' the lids, about, a quarter of an inch from the inner can thus, are two 

small openings. the v1111cta kiclu·ymalia. the commencement of' the lachrymal canals. They are 

be.~t seen by C\'erting the eyelids. In the natural condition they are in contact with the con

junctiva of the eyeball , and are mai ntained in this position by the Tensor tarsi muscle, so that 

the tears running o,·er the surface of the globe easily find the ir way into the lachrymal canals. 

The position of' the lachrymal sac into which the canals open is indica ted by a little tubercle 

(pa!!e 224), which is plainly to be felt on the lower marg in of the orbit. The lachrymal sac lies 

immediately above and to the inner side of this tubercle, and a knife passed through the skin 

in this situation would open the cavity. The position of the lachrymal sac may also be indicated 

by the tendo oculi or internal tarsal ligament. lf both lids be drawn outward, so as to tense the 

skin at the inner angle, a prominent cord will be seen beneath the tightened skin. This is the 

tend" oculi, which lies immediately over the lachr:v_mal sac, bisecting it, and thus forming a use

ful guide to its situation. A knife entered immedmtelr beneath the tense cord would open the 

lower part of the i::zae. A probe introduced through this opening can be read ily passed down

ward through the duct int-0 the iaferior meatus of the nose. The direction of the duet is down-

:lJ;;;wi~:7h~d)>~i~~ ~~;b:r~1ri~,1~~ W1i:o~h~h!h~1~1l~ :n~0~~~h~11 ~f i:J~~ i~a1~~\~i'X ~~~w~~i~~ 
~~~ ~~o,~rd;c:t t!f~ S1r:~,;~r j~~1o~ ~l1~0~:~1~h:~d!f' ~t ~]~~e~d~~iedI~~~h;~ ,~~o~d~~

1~1!tr~~~g!~~ 
standing in front of hi s patie nt should carry in hi s mind the position of the first molar tooth, 

and ~~~~~l'~uti!~ 1i~~J~~~a~ea~~~l~~d ~:~~~~
1of ~vh~' fuJ1~ia\1~~:i~-h~ ~~1Ji~~,c~/~\~~ sg~~~~~~i~~ oblique 

muscle of the eye can be plainly felt by pushini. the fin ~er backward between the urper an_d 

~nu'Jj~~,~~fi~ ~~le~~~~~~~ ~n~el~hf~/~~~li:t ~i:ta~11~e1.t ; passmg backward and outward rom this 

Surgical Anat-Omy.-The eyelids are composed of various ti ssues, and consequent ly are 

liable to <t variety of diseases. The skin which covens them is exceedingly thin and delicate, and 

is supported on a quantity of' loose and lax s11bcuta1icous tissue which contains no fat. Jn .conse

quence of this it is very freely lllO\'able, and is liable to be clra.wn clown by the contraction of' 

~fi~~1:JrJ~1 p~:J~;i~~:) f;0~nt~1~:s:~;~t11~1~e Orbi~:J~~.i~ ~~1~)1~b1~~~u~~
1~~·1fr~~1 cl~~~1~f~1 i;1ft;~,~~;~~~i~:~ 

~ft~1,~e tfi~1~:~[~1f c~~~~::1~;v;r:,~~iJ"1~:1 ~~~1ih~~· n~!~i~ e)l~~!~~"~}~~~ 1;'1~1 Pf:~1~~e;:!f ;,1 ~~1~;~;c~11~~s a i°~ 
this situation. The loose cellular tissue beneath the skin is liaLle to become extensi,•el.r infil

trale<I either wiLh blood or inflammatory products, producing very great swelling. l~ven frf!m 

very sli ght injuries to this tissue the cx travasation of blood may be so grc<~t as to produce ~on:s1d -

~~~~~~.\-s~~!~~11~t~fa;~1~~:~r~d~~1t~·oi1,C~e~~IJl~~~r~t[i.i~~~~~J-~~l~~~lo~1~i1~:i~~l~a~e~~~ ~J~~1,~;
1~~~?~?~;1~d 

with these foll1cles may be the seat of :nflammat10n1 const1tutmu the ordinary sty. 1 he 

)leibomia n glands are a'trectcd in tl~e so-called "tal'S:.11 tumor;" ~h~ tum_or1 according to some, 

bein" caused bv the retained secretwn of these glands; by others 1t is belie,·ecl to be a neoplasm 

conn~ctecl witll the ,ulancl . 'l'he ciliary follicles are liable to become inflamed, constituting the 

disease known as Ueplwritis ci/im·1$, or ''blear-ere:'' lrregular or disonlcrly growtl1 of the e~·c-

f~W~~~ 1~~~i:i~1 ~,~J l~~~!~;~tf:l~f' t ~cm~11~~e!~~~11d bl~~~;i ~J;~~·~nt~;~i{vd c~~~~pf~~~bd
1~s~~~t i'.~~?~f c~~: 

eye. 'J'he Or11icularis palpebrarum may he the seat of spasmi either 1ll the fo rm of slight qmv· 



cring of lhe lid:-i or repeated twitchin!!s, 1.nost commonly due to errors of refraction in d1ildren, 
or more cont inuous :oiJl:l:oitll, due lo some irritation of the fifih or r.c\'l'nth cranial nen·e. The 
Orbicularis m'.ly be puralyzcd, gener.1\ly :u;sociatcd with par<~lysis or the other facial mu~d1..•s. 
Under these circumstances the patient is unable to dose the litls, and, if' he attempts 10 do so, 
rolls the eyeball upward under the upper lid. The tears o,·crflow from displacement of' the 
lower li<l, and d1e conjunctiva. and cornea. being con:oitamly_ exposed aml the paucnt being unable 
to wink, b<'come irritated from dust and forei~n bodies. ln paralysis of' the Lc\•ator 1mlpcbr:e 
superioris there is drooping: of the upper eyelid and other symptoms of' i111plitation ol' the thirrl 
ncn·e. The eyelids may be the seat of bruises. wounds, or bun1s. In thc!'je latter iujuries adhc
~ions of' the marp-ins of the lids to each other or adhesion of' the lids lO the globe may take 

e~,~~e~ for~:!~fn~\·~111i~li~~~·~r~~lf~f11f~et~~bit~at 1°/ sl11~1~~:~~'~ft~~~ s~~:hra111i'\1,~i~:.:~ tl11~ ~1~1:~n~fb~~~·~tl1\ii~~ 
nose, air is forced from the nostril through the lacerated structures into the connecli\·e ti~nc of' 
lhe eyeli<Js 1 which suddenly swell up and present the peculiar c:r:1ekling charac:tcristic of this 
affoclion. 

The lachrymal gland is occasionally, though rarely, the scat of inflammation, either acute 

~f,,~)\;~~:1~.~J~t~!J1 \~i~~;:~=:1t~~~~ ~f,~~::~·~:;~~~;:· 1!~~1~~\:011:.~·:.~,l:f 
1

b~~\:~~)~;<l
1

~i;.~(~
1

~:1~~·~~:~J 
without opening the general cavity of the orbit. The eana\ic:ult may lJe obstructed, either as a 

~~;~,l~i!a~h~~~.ct r£J1~~l~1~~ji~L;ftr~1~~~! %~3\;:~o~~e e~~J:~~lled\1'~ ~11~~r;~~~\1~ ~f'Y:~~~:1~ ~11~i1~je~11\~ ;t~\~·~~'.~ 
flow of' the tears may in addition result from deviation of the puncta or from chronic infiamma
Lion of the lachrymal sac. This latter condition is set up by some obstruction to the nus:-i\ duct 
frequently occurring in tubercular subjects. In con~equcnce of thi s the tears and mucus acc·urnu-

~rt.~• j;~,~~~ ~~~:~£~~~~:~;~~r~!~~:~1:,~~;i~,.1~:;i~~:~.~~ii·;,j:::~;~~.£c?.~r~'~~!Y 1i,~":~:~.r~;,:f ~~r~ 
lacl1rymal fistula. 

THE EAR. 

The organ of hearing is divisible into three parts-the external car, the middle 
ea r or tympanum, and the internal ear or labyrinth. 

'rhe external ear consists of an expanded portion named pinna or auricle, and 
the auditory canal, or m.eatus. The former serves to coll ect the vibrations of the air 
by which sOund is produced; the latter conducts those vibrations to the tympanum. 

'rhe pinna, or auricle (Fig. 539), is of an ornid form, with its larger end directed 
upward. Its outer surface is irregularly concave, directed slightly forward. and 
presents numerous eminences and depressions which result from the foldings of its 
fibro-cartilaginous element. 'r o each of these names ha,·e been assigned. Thus 
the external prominent rim of the auricle is called the lielix. Another cuned 
prominence, parallel with and in front of the helix, is cal led the antilieli:t·: this 
bifurcates above, so as to enclose a triangular depression, thefossa of the antil1eli.r. 
T1he narrow curved depression between the helix and antihelix is called tbefossa 
of the helix (fossa innominata or seaphoidea); the antihelix describes a curve 
round a deep, capacious caYity, the con.cha, which is p:.trtially di,·ided into two 
parts by the commencement of the helix. In front of the concha, and projecting 
backward ornr the meatus, is a small pointed eminence. the tragus, so cal1ed 
from its being generally covered on its under surface with a tuft of hair resem
bling a goat"s beard. Opposite the tragus, and separated from it by a deep notch 
(incisnra intertragiea) is a small tubercle, the antitragus. Below this is the lobule. 
composed of tough areolar and adipose tissue, wanting the firmnes.s aucl elasticity 
of the rest of the pinna. 

Stru.ctw·e of the Pinna.-The pinna is composed of a thin plate of yellow fibro
carti lage covered with integument, and connected to the surrounding parts by the 
extrinsic ligaments and muscles, and to the commencement of the external 
a:uditorv canal. 

The intPfJllment is thin, closely adherent to the cartilage, and furnished with 
sebaceous glands, which are most numerous in the concha and scapboid fossa. 

The eartilage ~f the pinna consists of one single piece: it gives form to this 
part of the ear, and upon its surface are found all the eminences an~ depressiom: 
abo'"e described. It does not enter into the construction of all parts of the 
auricle: thus it does not form a constituent part of the lobule; it is deficient 



TJTE EAR. 013 

also between the tragns and beginning of the helix, the notch between them beincr 
fille1l up by dc1~sc fibrous tissue. 4\.t the front part of the pinna, where the heli~ 
ben1..I~ up.wanl, 1~ a H~all projection of carti lage, called the proe1•Jss of the helix. 
The ca rtilage of the pmna. presents se,·era l iutcrrnls or fissures in its substance 
which partially separate the different parts. The fissure of the helix is a short 
YCr~ i ca l slit_ s i~uatcd at ~be fore pa.rt of the pinna, immediately behind a. small 
con.1c::tl pr0Jcct1on ?f cartilage, opposi te the first cun·c of the helix (process of the 
helix). Another fissure. the fissure of the tragus, is seen upon the anterior sur
face of the tragus. The antihelix 
is didded below, by a. deep fi ss ure, 
into two parts : one part termi
nates by a. pointed, ta il-lik e ex
tremity (proce!fsu:i ca1tdetlus),· the 
other is continuous with the anti
tragus. The ca rtila11:e of the 

FIG. fl.10.-TJu.• muscles or the pinna. 

pinna is very pli able. elastic, of a yellowish color. and belongs to that form of 
cartilage which is known under the name of yellow fibro-cartilage . 

The ligaments of the pinna consist of two sets: 1. Th e extrinsic set, or those 
conn ecting it to the side of the head. 2. The intrinsic set, or those connecting the 
rnrious parts of its carti lage together. 

The extrinsi<! l1:r1aments, the most importan t, are two in number, anterior and 
posterior. The anterio1· ligament extends from the process of the helix to the root 
of the zygoma. A few fibres con nect th e tragus to the root of th e z,vgoma. The 
posterior l(qament pa~se8 from th e pos terior surface of the conch,,.'\. to the outer 
surface of the mastoid process of the temporal bone. 

Th e intrin."tfr l1:qmnrnts arc also two in number. Of these. one is a st rong 
fibrous ~an<l stretching across from the tragus. to .the commencement ?f the helix . 
c:ompletmg th e meatus in front and partly encirclin g the boundary of the concha; 
the other ex tends between the concha and the processus caucla tus. 

rrhe musrfrs r~f the pinna (Fig. 5-!0) consist of two sets: 1. The extrinsic, 
which connect it with the side of th e bead, mo,·ing the pinna. as a wbole-Yiz. the 
Attoll ens, Attrab ens, and Hetrabens au rem (page 394); and 2. The intrinsic. which 
extend from one pa.rt of the auricle to i.rnothcr-Yiz. : 

H (' licis major. Antitragicus. 
H clicis minor. T ransrersns :wriculre. 
Tragicus. Obliquus auris. 
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The JluRculu~ 11diri.~ 111a.ior is a narrow nrtica I han1l of muscuhll' fibre~. situatl•tl 
upon the anterior margin of the helix. It arises hl'low from thl' proce!-'~ of thl• 
helix, nnd i!-i in!->ertcd into the anterior border of thl' helix. jn:-it \\here it is about 
to cune b:ltkward. It is pretty cons;tant in it!'i existence. 

The Jlu,"fl'!llus ht•lir>ir~ minor is an oblique fo~ciculu~. atl~H.:hcd to th<H part 11f 
the helix which commences from the bottom of the concha. 

The Tra!lfr11.11; is a ~horr. Aattcnell band of rnnstular fibres situate<I upon tlw 
outer surface of the traµ;us, the direction of its fibres being \'Crtical. 

'rhe .. lntitmgfrus arises from the outer pa.rt of the antitra~us: its fibres a.re 
inse.rte<l into the proccssus caudatus of the helix. 'J'his musrlc is usually rer,\ 
distinct. 

The 1'ranrwl'rsus aurieulce is placed on the cranial surface of the pinna. Jt 
con~ists of radiating fibre~, partly teu<linouR and partl,Y mu:-cular, extending from 
the con\·exity of the concba to the prominence corresponding with the groO\'C of 
the helix. 

rrhc Obliq1w!l rmris (Todd) consists of a fow fibres extending from the upper 
and back part of the concha to the convexity immediately above it. 

The arteries of tlte pinna are-the posterior auricular from the external caro1i1l. 
the anterior auricular from the temporal. and an auricular branch from the 
occipital artery. 

The rt•ins accompany the corresponding arteries. 
The neriw1 are-the auricularis magnus, from the cel"\"ical plexus: the posterior 

auricular. from the facial to the muscles of the pinna~ the auricular branch of 
the pneumogastric; the auriculo-temporal branch of the inferior maxillary nene: 
the occipitalis minor from the cel"\"ical plexus; and the occipital is major or internal 
branch of the posterior di\·ision of the second cenicnl nerre. 

The Auditory Canal (meatus auclitoriu.~ e.rtenms) extends from the bottom 
of the Concha to the mcmbrana tympani. It is about an inch and a quarttr 
in length; its direction is obli<1uely forward, in" anl. and clown ward. At first it 
slightly ascends, while in the middle portion it makes a sharp bend backward. ]t 
forms an ovul cylindrica1 canal, the greatest diameter being in the vertical direction 
at the external orifice, but in the transverse direction at the tympanic end. 'l'Le 
calibre of the canal is narrowest about the middle. 'fbc mernbrana tympani, which 
occupies the termination of the mea.tus, is obliquely directed, in consequence of 
which the floor of the canal is longer than the roof. and the anterior wall longer 
than the posterior. The auditory canal is formed partly by cartilage and mem· 
brane, and partly by bone, and is covered by skin. 

The cartilaginous portion is about half an inch in length, being rather less than 
half the canal; it is formed by the cartilage of the concha and tragus, prolonge(l 
inward, and firmly attached to the circumference of the auditory process of the 
temporal bone. rrhe cartilage is deficient at its upper and back part. its plate 
being supplied by fibrous membrane. This part of the canal is rendered extremely 
mornble by two or three <leep fissures (inci:mrre Sautoriui), which extend through 
the cartilage in a vertical direction. 

The 0111H'o1l.'f po;·titJn is about three-quarters of an inch in length, and narrower 
than the cartilaginous portion. Its inner end is milrked. except at its upper part. 
by a narrow ~rOO\'e (.'fu/cus f!Jmpanic1t~) for tltc insertio11 of the mcmbrana. tym· 
pani. The bony ridge, external to the sulcus. is the remnant of the fcctal ty111· 
panie ring. It ah;o is deficient abo\·e, nnil thi~ deficiency is known as the notrli 
of Rh•inus. ~J.1he end11 of the incomplete ring bonnd the notch, and arc knowu 
as the anterior arnl posterior t,11mpanic xpint'.IJ.. Its outer t•nd is dilated. and rough. 
in the greater part of its circumference. for the attachment of the cartilage of tl1t• 
pinna. Its vertical tr<lllS\'erse ~ection i~ ornl. the greatest diameter being from 
aboYe 1lownwar<l. The front an1l lowcr part~ of this. canal arc formed by a curn·d 
lilate (tympanic plate) of bone, \\ hicb, in tlH.' fretus. exi:-.t~ as. a separate rinµ 
{tympauic rin_g) incomplete at its upper part. 

The ~/•in liuinL?; the mecttus is ver.Y thin. ;ulhere:s closely to the cartilaginou .. 
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an~l ?sseo.us portion of the tube. and CO\'Cr~ the surface of the membrana tympani, 

fo.1 mmg 1ts outer layer. Afrcr macerat10n the thin pouch of epidermis wh en 

w~tlidrawn .. pr~sel'\'es the form of the meatus. In the thick subcutaueous' fo:.sue 

of the cart1lag111ous part of the meatus are numerous ceruminous glands, "hich 

Fm. lJ.ll.-Transverse section of external auditory meatus and tympanum. Left side. (Gegenbaur.) 

secrete the ear-wa.x. They resemble in structure sweat-glands, and their ducts 

open on the surface of the skin. 
The arteries supplying the mea.tus a.re branches from the posterior auricular, 

intC'rnal maxillary. and temporal. 

·~_'he nen•es are chiefly derived from the auriculo-tcmporal branch of the inferior 

rnax1llary nene. 

Surface F orm.-At the point of junction of the osseous and cartilaginous portions the lube 

forms an obtuse angle, which projects into rhe tube at its anlero·inferior wall. This produces a. 

sort of constriction in this situation, and renders it the narrowest portion of the canal-an im· 

tJ1r~:~,~~-S1~~1i~~~1~is~~:;~~~tedi
1~~ i31~0l:,~t;~~~t~~~1 fit~~~~J:~T:su~:, ~~11fi~J:i~e~1d~~i~h~

1~~~:r ~~:;t 
of the tube very mornble, and therefore by drawing the pinna upward and backward the canal 

is rendered almost straight. At the external orifice are a few short, crisp hairs which sen·e to 

pre,·cnt the entrance of small particles of dust, or flies or other insects. In the external auditory 

mearns the secretion of the ceruminous glands serves to catch any small particles which may 

find their way into the canal 1 and jJrevent their reaching the membrana tympani, where their 

~f ~~n~=r~? ~~fi~i~~tt~~:{~:~~Y~~ing
1 :1~~~j~gof h~I~~~· ;J~~ nl~1~~%~~~p:~~l~ ~/~~;), 

1!~i1~he~~;~p1~~~! 
the membrana tympani. In the fretus Lhe os.seous part is enlirely absent. The shortness of the 

canal in ehildren .:;honld be borne in mind in introducing the aural speculum, so that it be not 

pushed in too far. at the risk of' injnrin!..(' the membrana. tympani i indeed, even in the adult the 

speculum should nC\'Cr be introduced beyond the constriction which marks the junction of the 

~h:~~I81~ 1~r~~:.;i~~g!;.~0rd~ b~~~~,~~1. ~1
111d ~s1i1~fie t !1!,~~~~~~l~~~e::! ~~-~~cl~~'~i1~:b~~n;~

1 ~~ sV1~~iJJ~~1 ~~ 
possible, and thus assist the operator in obtaining, by the aid of refte<.:ted light. a good view of 

the membrana tympani. .Just in front of the membrane is a well-marked depression, situated 

on the floor of the canal and bounded by a somewhat prominent rid£.!e i in this foreign bodies 

111aY beeome lod~cd. By aid of the speculurn, combined with trnction of the auricle upwarJ and 

L;\Ckw:ml, the whole of the membrana tympani i:s rendered visible. lt is a pearly-gray mcm· 

branc, ~li.ghtlr gli:-;tenini:?; in the adult, r.laccd obliquely, was to form wi~h tl~e ~oor of the .meatus 

a ''CIT acute amdc, while with the roof 1t forms ar1 obtuse angle. At bir1h 1t 1s more honzontal, 

situale1I in almost the 1'amc plane as the base of the s~ull. About midway bf;tween Lhe antc~ior 

and posterior margin!'; of. th!3 membrane, and cxtendmg from. th~ (:cntrc ob!1qucl.r upward, 1s a 

rc<l<lish·.rellow streak; rim; 1s the handle of the malleu!'I. wluch 1s 1pscrtecl .mto the membrant:. 

~~tn~ei~1 ~e:i~1 J':.a;~ 0te 1;~i:ns~r~ht~ ~!0:hrl~);~~~:~: b;c~i~ ~fe~t~5;1~1\~~~ ;!~.f~eti1~~n~;~in~~
0~i~'~ 

i~~l:!~~0i;n~;~(f, ~~o~~~~~:!1~Y~t~;~i ~~~,~~~~~;u~r~~~
11t ~1f~ah:~njJ~f~fe ~h0~1 ~1:~i1~~~~~~;j i~i1~~1~\~ 

txternal Htrfacc is rendered concave 
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Middle Ear, or Tympanum. 

'l'h e middle ear, or tympanum, is an irregular Ca\· it_y, compr<";scd from "ithout 
inward, and ~ituate1l within the petrous bone. It is placed abon• the jugulal' fos~a; 
the caroti1l canal lying in front, the mastoid eell~ behind. the meatus auclitorim; 
cxtemaJI ,,, and the labyrinth internally. It is filled" ith air, and com municate:-; wi1h 
the pha1',\·nx by the Eustachian tube. The tympanum is traYcr~cd by a chain of 
mo,·ahlc bones, "hi ch connect the membr:rna tympam wi1h the laby rinth, and :-;ene 
to conyey the vibrations comm unicated to the membrana. tympani across tLe carit_v 
of the tympanum to the internal ear. 

'The eavity of the f!Jmpanum measures about ffre l ines from befo re ha ckwanl, 
three lin es in the Yertical direction, and between two and three in tbe tran;,,;\ er.se. 

~~~~~n:1~~~t~~, ~i-~~a~1e~;1~~~.!~~ ~;!l~:1~t~t1~1;t:~1~:t~~1:0i11~t'~,~~:S 1.~·1: ~'.~?~~·e ~~,~~ 1~)::::.';i!~~ 
of the intemal ear, and communicates, behind , with the mastoid cells, and in front 
with the Eustachian tube and canal for the Tensor tympani. Its roof and fl oor arc 
formed by thin os~eous laminre, the one forming the roof being a thin plate situated 
on the 11nterior surface of the petrous portion of the temporal bone, close to its 
angle of junction with the squamous portion of 1he snm e bone. 

The roof is broad, flatt ened. and formed of a. thin plate of bone which separates 
the cranial and tympanic ca,·ities. 

The .Door is narrow. an<l corresponds to the jugular fossa. '' bich li es beneath. 
I t presents, near the inner wall, a small aperture for the passage of Jacobson's 
ll Cl'\'e. 

Th e outer wall is fo rmed mainly by the mcrnbrana. tympani, partly by the ring 
of bone into which this membrane is inserted. Close to it arc three small aperture,:;,
thc itcr cbordre posterius, the Glaserian fissure. and the itcl' chordrc anterius. 

'l'hc aperture of the iter clwrdce postert'us is in the angle of junction between the 
posterior an<l external walls of the tympanum, immediately behind the memhran:t 
tympani an cl on a le\'e l with its centre; it leads into a minute canal. which dc~ccnds 
in front of the a<p1eductus Fall opii and terminates in that canal near the stylo
nrnstoid f'oramcn. Through it the chorda tympani ncn ·c ente rs the tympanum. 

'l111c Glasert'an .fixrwre opens just above.and in front of the ring of b~ne into 
which the mcmbrana tympani is insened; in thi s situation it is a mere slit about 
a lin e in length. It lodges the long proce~s of the mallcus and gi,·es pas.sage to 
some tympanic ,·e~scls. 

'l'he apcrtun• c~f' tlie iterchorda>anterius is seen just above th e preceding fissure; 
it leads into a canal (canal o.f l lu,quier). which runs parallel with the Glase rian 
fissure. rl1hroug:h it the chorda tympani nerve leaves the tympanum. 

The internal wall of the tympanum (Fig. 542) is vertical in direction and looks 
directly outward. I t presents for exam ination the following parts : 

:Fenestra ovalis. Ridge of the a<luccluctus F<1.llopii . 
I?enestra rotunda. Promontory . 

Th e .feneRtrrt oioaliR is a reniforrn opening leading from the tympanum into 
the ,·estibulc; its long diameter is directed horizontally. and its eom·cx bor<ler is 
upward. The opening in the recent state is occupied by the base of the stapes. 
which is connected to the margin of the fornm en by an annular ligament. 

'L1hc.fenestra rotunda is an aperture placed at the bottom of a. funnel.shnpecl 
depression leading into the cochlea. It is situnted below and rather behind the 
fenestra oval is, from which it is separated by a. rounded elevation, the promontory; 
it is closed in the recent state b.r a membran e (menzbrana tympani seeundaria, 
::_..icnrpa.). ~11hi s membrane is concave toward the tympanum, convex toward the 
cochlea. It consists of three layers : the ex ternal , or mu cous, cleri,·ed from the 
mucous lining of the tympanum; the internal, or serous. from the lining membrane 
of the coch lea: and an intermediate, or fibrou s layer. 

The promontor,11 is a rounded hollow prominence, formed by the projection 
outward of the first turn of the coch lea.; it is placed between the fenestrre, and 
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~~.!~:~:·~~~c;~l;;u~~s surface b.v three small grooYcs '\Lich lodge branches of the 

The 1·01mded eminence of tf,p ar;uedudus Fallopii, the prominence of the bonv 
canal in which the portio clura is contained, traserses the inner wall of the tvai'-

~~:~~11~:.~:~.~i°:f0~1~c t~~~l~~~·:c~i::.li~:a~:~d behind that opening cunes nearly Yertic~lly 
The posterior wall of the tympanum is wider aborn than below, and presents 

for examination the Opening of the mastoid antrum. 
Pyramid. 

. 'l1~e i~1astoid antrum is an iri:egular cavity with several small apertures opening 
mto 1t, situated above and behmd the tympanum proper; tl1e smaller opcninas 
lead into canals which communicate with lal'gc inegul<tr cavities contained in the 
interior of the mastoid process. These cavities vary considerably in number, 

Fto. &-12.-Antcro·postcrior section through the tympanum. (Gcgcnbnur.) 

~~zee, c~~,~\;~::~ ~ht:ei;,~\~a~t~~c~ bJ~~~~c~~fo,~~e~~~~r~1~~n~~~ti~rt~~ "~~1l~r:~1~t il~n~~~ 
pyramid. The antrum really opens into au upwa,rd and backward prolongation 
of the tympanum, known as the attic or epitympanic recess1 in which are situated 
the head of the malleus a,nd greater part of the incus (Fig. !i-!3). 

The />yramid is a conica l eminence situatC'd immediately behind the fenestra 
o\·alis, and in front of the \·ertical portion of the Fallopian eminence a.born 
described; it is hollow in the interior, anU contains tLe t)tapedius muscle; its 
summit projects forward toward the fenestra ornlis, and presents a small aperture 
"hicb transmits the tenrlon of the muscle. The cavity in the pyramid is pro
longed into a minute canal, which communicates with the aqueductus Fallopii 
and transmits the nerrn which supplies the Sta.pediu~. 

The anterior wall of the tympanum corresponds to the carotid canal, from 
which it is separated b~, a thin plate of bone. It presents the 

Canal for the Tensor t.vmpani muscle. Orifice of the Eustachian tube. 
'J'he processus cochleariformis. 

The orifices of the canal for the Tensor tympani nntl of the Eustachian tube 
are separated from each other by a thin , delicate, horir.ontal µlate of bone, the 
processus <'Ol'ltlear{t"ormis. 'J'hcse canals. run from the tympanum, fonq1rd, 
inward, and a little downward, to the retiring angle between the squamous and 
petrous portions of the temporal bone. 

The canal for the 'l'ensor .tympani muscle is the suprrio.r and the smaller 
of the two; it i~ rounded, and lies beneath the upper surface of the pccrous bone. 
close to tl1c hiatus Fallopii (Fig. 542). 

The Eu.lil.fru:hian tufw is the channel through which the tympanum communi
cate:;; with the pharynx. Its length i~ from an in~h ~ntl a ltalf to two inches. aad 
it~ direction do" nward, forward 1 and mward. It IS formed partly of bone, partly 
of cartilage and fibrous tissue. 
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The oPseous portion is about half an inch in length. Jt commcnrc!-' in the lower 
part of the anterior wall of the tympanum, hdo'' the proces:--u~ coc:hlearifornm. 

l .Ju ly1111>'!11icrtu.u 
and. gnuluall,r narrowing, termi1rntc::; in an 
ornl dilate<l opening at the angll' of junction 
of the pctrous <ind squamou~ portion~. it" l'X

trcmity pre!'cnting a. jaggl•d margin which 
scrv~s for the attachment of the c:wtilagin<>ns 
portion. 

The 1•artilagino11~ 1u1rtfon. ahout an i11('h 

~ ~a~~t~g~;;r~~:.~1~·~~~~e~ f c~~ r :~·:t 1:~>~1,~ r i t1~~i !·~· :: ~ 
interral lH.•ing left ~clo". between the margin~ 
of the cartilage, winch is completed by tibrons 

.lq. f'ulfop and m11~cular ti~~me. lts canal is narrm' 
the {~1~n~~1;,*nt(G~rc1~~\~~r> section through behind . wiclf'. C'Xpanded. an cl :::ome" hat trn1n-

pet-Rliape(l in front. terminating by an OYal 
orifice at the upper part and side of the phar_ynx, hehind the back part of tlie inf't.•
rior mcatu~. Through this cana l the mucous membrane of the pharynx is <:ontin
uous with that which lines the tympanum. The mucous 
memhrane is coYcrc<l with ciliated epithelium (Fig. 5H). 

'J'hc membrana tympani separates the cavity of the @· ~(,j'i.~· r "".") 
tympanum from the bottom of the external rneatus. It (! / / 
is a thin, ~emi-tran~parent membrane. nearly o\·al in 
form, F-omewhat broader abO\'C than belO\\, and directed 
YCr~- obliquel_y downward and inward. Its circumfcr- of ~Loc5-ti;,;~~~~~~·1c~~.;~." 1 ir~~ 

~~~~tuiss, ~t~~~i~~t-tisn t~e g;~~-~:~~t}!r~~~ei~;!~\1 i~11:a~[, ~}~~ ~~b~~·ris 1~;":~~ ~::;~it ii~ mill•ll~ 
cepting abo,·e. 'l'he portion filling in the notcl1 of Ril1inus (see aboYe) is l oo~l'r 
in texture than the remainder, and is known aR the membrana Jlaccida. The 
handle of the mn.llf'us descends \'erticall:y between the inner a.nd middle ln.Yer1' of 
this membrnnc as for down as its centre·, where it is firmly ntta<.:hed, draw

0

ing the 
membrane inward. ~o that its outer surface i~ concave, its inner conrnx. The 
middle of the concaYitv is known as the uJ11bo. 

Structure.-This m;mbrane is composed of three la.yers, an extemal (cuticular). 
a middle (fibrous), and an internal (mucous). 'l'hc cuticu/a,· /ining is deri1·e<I from 
the integument lining lhe meatus. The jibtozts layer consists of fibrous an<l ela.:;tic 
tissues; some of the fibres radiate from near the centre to the circumference: others 
are anan~ed. in the form of a dense circular ring, round the attached margin of 
the membrane. The mucous lining is deriYed from the mucous lining of the 
tympanum. The ,·essels pass to the membrana t:·mpani along the handle nf' rhe 
malleus, and n.re distributed between its layers. 

Ossicles of the Tympanum (Fig. 54.;). 

The tympanum is tr:wersed by a chain of mo' able bones three in number. the 
malleus, incus. and Rtapes. The former is attached to the membrana tympani. the 
latter to the fenestra ovalis, the incus being placed between the two, to both of 
which it is connected bv delicate articulations. 

The Malleus, so name<l from its fancied resemblance to a. hammer, consists of 
a head 1 neck. nnd three processes-the hanclle or manubrium, the proccssus gracilis, 
and the processus brc,·is. 

'l1hc head is the large upper extremity of the bon('; it is OYal in ~bane. ancl 
articulates posteriorly with the incus, heing free in the rest of its exrent. 

The nel'k is the na.rrow contracted part jnRt beneath the head. and belo" this 
i!-': a prominence to which the rnrious proce::.!'l-eH are attached. 

'l'he 111a111tbrium is a ,·ertical process of hone whi<:h is connected hY its 1rnter 
margin with the membrana tympani. It dccrca!oiCS in ~ize toward its extremit:·. 
wh ere it i~ tuned i:- lightly forward, and flattened from '\ itbin outward. On the 
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inner :;:ick. near it~ upper end, is a 8li~ht projection, into whith the tendon of the 
Tcn:;:or tympani is inserted. 

'J1h~ proceRsus graeilis if.; a long and ,·ery delicate process "hicb passes from 
the eminence below the neck forward and outward to the Glascrian fissure to which 
it is connected by bone and li~amentous fibres. ' 

The prof'f'.r.i~us bret•ix ~s a. slight conical projection which springs from the root 
of the m::rnubnum, and lies m contact with the membrana. tympani. 

The lncus has received its name from its supposed rcScmblance to an am·il. 
ln~t it is more like a bicuspi<l tooth, with h~·o roots, which differ in length and are 
w1del.r separated from each other. It consists of a body and two processes. 

The body is somewh:.1t{1ua.drilateral, but compressed 'taterally. On the a.nterior 
!"urface of its summit is a. deeply concaYO·convex facet, which 3.rticulates with the 
mallelts; in the frc~h state it is COYered with 
cartilage and Jined with synovia1 membrane. 

The two proccsf.l,es diverge from one another 
near]~' at right angles. 

The slwrt process, somewhat conical in 
~lrnpe, projects nearly horizontally backward, 
and is attached to the margin of the opening 
lea1ling into the mastoid cells by ligamentous 
fibl'e•. 

The long prot·eff."-, longer and more slender 
than the preceding, dC'scends nearly Yertically 
behind and pamllel to the handle of the mal
leus. and. bending inward, terminates in a, rr011~·w1es.:;~t;~:~~ 5(1t:~!la~~5~1°rthe ear, seen 
rounded globular projection, the os orbiculare, 
or lenticular vrorf'.<J;.<J;, which is tipped with cartilage and articulates with the head 
of the stapes. In the fretus the os orbiculare exists as a separate bone, but 
becomes united to the long process of the incus in the ad11lt. 

The Stapes, so called from its close resemblance to a stirrup, consists of a head, 
neck, two branchcH, and a base. The 11ead presents a depression, tipped with 
cartilage, "hich nrticulates with the os orbiculare. The nef'lr. the constricted 
part of the hone hclow the head. receiYes the in~rrtion of the ~tapedius mu;;;cle. 
The tn·o brmu·l1eR (trura) di\'erge from the neck. :rnd arc connected at their ex
tremities by a ftattenerl. O\'al-shaped plate (the />((RP). "l1ich forms the foot of the 
!5tirrup1 and is fixed to the margin of the fcnestra ovalis by ligamcntous fibres. 

Ligaments of the Ossicula.-These small bones are connected with each other 
and with the wall!; of the t_vmpanum b_\. ligaments, and mo,·ed by small muscles. 
The articular ~urfaces of the malleus and incus and the orbicular process of the 
incus and head of the stapes are coYered with cartilage, c:onnectecl together by 
delicate capsular ligaments and ]ined by syuovial membrane. 11hc ligaments con· 
necting the o;;;Rieula. with the wall:; of foe t,rmp:rnnm are four in nnrnher-two for 
1he malleus, one for the incus, an1l one for the stapcs. 

The a11terio1· l(tpw1e1tt 1!t' f/a• malleus wa~ formerly dc;;;cribC'tl b,r ~iimmerrin~ a£ 
a mn~cle ( La.xatrJ1· ty11ipani). It is now, lrn" C\'Cr, helicved by m?st obser\'ers to 
('Ollf.l,ist of ligamentous fibres only . It is attached by one cxtrem1t~r t0 the neck 
of the mallcus, just abo\'e the proccs;;;us gracili~. nn<l by the o.ther to tbe ~nterior 
wall of the tympanum, c1ose to the Glaserian fi8Rurc, i-omc of its fibres bcmg pro· 
lonirrtl through the fissul'e. 

The RW<pensm:IJ l(qament of the malleus is a dclicn tc. round bundle of fi.bres 
which descends perpendicularly from the rnnf of the tympanum to the bead of the 
mallem;. 

The posterior l(qament o.f tlte iw·u.t:t i$ n }'bol't. thick, ligamentous band which 
connects the extremity of the ~hort proce~s of the incus to the posterior wall of tbe 

r,rm,_\~~~1~:'11~~;11.' 1::!;~,;:~.~11;g~f t~1~ t!~:,~rse~~~~e~~~tht~:n~~~~~~~~!.~~ce of the base of 
this bone to the margin of the fene:--tl"a. o\;dis. 
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A ft.URJ1cnsrir.11 l(</(W11·nt n.f the incu.s ha~ been tlescriht•d hy .\rnnlrl. de8cen11in.~ 
from the roof of th<:' tympanum to the upper part of the incus. near its articul:ttinu 
with the rnalleu:-i. 

'J1he muscles of the tympanum are two: 

Tensor tympani. RtapcdiuR. 

The TeJZso1· t,1r1111urnl, the htrger. is contained in the bony canal abon• the 
o~~enus portion of the Eustachian tube. from which it is separated by the proce,~u-. 
corbleariformis. lt ari~es from the un<ler surface of the petrous hone, from tht· 
l'artilaginous portion of the Eustachian tube, and from the 0$8Cous cana l in "hit'h 
it i!-i contained. Pa:.sing backward through the canal, it terminates in a slender 
ten(lon which enters the tympanum and makes a sharp bend outwanl round the 
cxtl'emity of the proce~sus cochleariformis1 and is inserted into the handle of the 
mallcus near its root. lt is supplied by a branch from the otic ganglion. 

The ,)'tapediws arises from the side of a conical cavity hollowed out of the intC'
rior of the pyramid: its tendon emerg<'s from the orifice at the apex of the pyra
rni<l, and, passing forw:ud, is inserted into the neck of the stapes. Its :.:;urfate i:-. 
aponeurotic. its interior Hesby, and its tendon occ~sionally contains a slender bony 
i:!pine. which is constant in some mammalia. It is supplied by the tympanic 
branch of the facial nen'e . 

... l rtion.<1.-The Ten:\or tympani draws the membrana tympani in\\anl an<l thu~ 
heightens its tension. 'l1hc Stapcdius draws the Lead of the sta pes backward, an!l 
thus causes the base of the bone to rotate on a ''crtical axis drawn through its o" 11 

centre : in doing this the back part of the base would be pressed inward towanl 
the ,·estibulc, while the fore part would he drawn from it. It probably compresse~ 
the contents of the ,·eslibule. 

'l'he mucous membrane of the tympanum is thin, slightly vascular. and continuous 
wilh the mucous membrane of the pharynx through the Eustachian tube. lt 
inve:sts the ossicula and the muscles and nenes contained in the t_ympanic cavity. 
forms the internal layer of the membrana tympani, covers the foramen rotundum. 
a.nd is reflected into the mastoid cells, which it lines throughout. Jn the tympanum 
and mastoid cells tbi~ membrane is pale, thin, slightl~'' vascular, and co,·ered with 
cilia,tcd epithelium , [n the osseous portion of the Eustachian tube the membrane 
is thin, but in the carti laginous portion it is very tbick 1 highly rnscular. corered 
with laminar ci liated epithelium, and provided "ith numerous murous gland:-;. 

The arteries supplying the tympanum arc six in number. Three of them are 
lar~er than the rest-,·iz. the tympanic branch of the internal maxillary. which 
supplies rhc membrana t.nnpani; the Vidian and the stylo-rna:::toid branch of the 
posterior auricular, which supplies rhc back part of the tympanum and mas to i1l 
cell~. The smaller branches al'e-thc petrm::al branch of the middle meningeal. 
"hi ch enters through the hiatus Fallopii; a branch from the a!'ccn<ling pharyngeal. 
an<l an or her from the Yidian which pa~s up the Eustachian wbe: an cl the tympani<: 
branch from the intemal carntid, g i,·en off in the carotid canal an<l perforating the 
thin anterior wall of the tympanum. 

The veins of the tympanum terminate in the temporo-maxillary ,·ein and in 
the :-;uperior petrosal sinus. 

The nerves of the tympanum may be diYidcd into-1, thosn supplying the 
mu5lcles; 2. those distributed to the lining membrane ; 31 branches communicating 
with other nenes . 

.1.Yenies to Jiu~cl1•s.-Tbe Tensor tympani is supplied by a branch from the otic 
ganglion: the ~tapedius1 by the tympanic branch of the facial (ROmmerring). 

The 1u1Tes di&tributed to the lining membrane are <leri\'e<l from the t~rmpanic 
plexus. 

The rommmd1·rrlion.~ which take place in the tympanum are between the 
tympanic branch of the glo~so-phar,rn~eal with the sympathetic and with filament~ 
1leri,·ecl from the intumescentia ganglioformi:-; of the facial. 

The t,v1111umfr btanch of the glosso-phury11t1eal (Jacobi;;on ·s nen·e) enten:i the 
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tympanum by an aperture in its floor. close to the inner wall, and di,-ides into 
branches which are contained in groo\'eS upon the surface of the promontorv 
forming the tympanic plexus. · 

Its branches of distribution are-one to the fencstra rotunda, one to the fenestra 
oral is. and one to the lining membrane of the tympanum and Eustachian tube. 

It~ btanches of communication are three, an<l occupy separate groo\·es on the 
surface of the promontor)·· One branch, the rmwll deep petrosal, a.relies forward 
a1ul llownward to the carotid canal to join the carotid plexus. A second, the lon,q 
ptll'oj(al nr1Te. runs forward through a canal close to or in the processu~ cochleari~ 
formi~. and emers the foramen lacerum meclium, where it joins the carotid plexus 
of the sympathetic, and generally the large superficial petrosal ne1·vc. The rhird 
branch runs upwa.rd through the substance of 1hc petrous portion of the temporal 
bone. In its cou rse it passes by the ga ng liform cn la.rgement of t he facial nerve, 
and. receidng a connecting filament from it, becomes the .'"1mall liupe1:ficial petrosal 
nenl'. It then enters the skull thrnugh a small aperture. situa.ted external to the 
hiatus Fallopii on the anterior surface of the pctrous bone, courses forward across 
the base of the skull, and emerges through a fora men in the middle fossa (~ometirncs 
throuµ-h the forarncn ornlc) and joins the otic ganglion. 

Thr clwrda tympani leaxes the facial about a quarter of an inch abm·e the 
exit of the latter. It ent('rs the tympanum through the iffr cltordr:e p osteriu/$, 
and Lecomes invested with mucous membrane. It passes forward, between the 
handle of the malleus and vertical ramus of the incus, an<l lea\·es the tympanum 
through the iter cbord;c antcrius. 

l'he Internal Ear, or Labyrinth (Fig. 5~6) . 

The interna l ear has two main divisions, the osseou~ and membranow: 1abv-
rinth.s. The\· are called labyrinths from the "' 
complexity of their shapes. The osseous laby
rinth consists of three parts- the vestibule, 
semicfrcular canals, and cocMea. It is formed 
by a ~cries of ca.Yities cbauuell ed out of the 
s~h~tance of the pctrous houc. communicating 
externally with the ca,·itr of the tympanum 

~~~·;1~~~~~l~·h:.i~~n:~~r:~c~~~~i·:u~~~~1:i~1~~1i~1~:~.~~l~~ 
bv mean~ of minute bonv canals which contain 
tLe auditory nen-e-fi lauicnts. W'ithin the os
seou:-; labn:inth is contained the membranous 
labnintb: upon which the ramifications of the auditory nerve are distri buted. 

·rrhc Vestibule (Fig . . 547) is the ~ommon central ca,:ity of c?mmu!1ication between 
the parts of the internal car. It 1s situated on the mner side. of the t.rn1pa,11~m, 
behind the cochlea, and in front of the semicircular canals. It 1s somewhat orn1dal 
in ~hape from before backward, flattened from within outward. and measures 
abnnt one-fifth of an inch from before backward, as well as from abo,·e downward, 
bein(, narrower from without inward. On its outer or t.vmpanic 1Mll is the 
fenc~tra oval is. closed, in the recent state, bJ the base of tb.e sta.pes and it~ ann.u lar 
Jicrament. On its inner 1oall, at the fore pa.rt, is a small circular depress1on . .fol'l.'O 
'1~11ispherica, which is perforated, at its anterior and ~nfcrior part, by se~'era l 
minute boles (maeula <'ribrosa) for the passa,i:te of the 61a.ments of .the au~1tory 
nen·e; and behind this depression is a ,·crtical ridge: the p,11~·~11wlal t•mnu!1lCf' 

(t.ril5ta i•t>stibuli). At the hinder part ()f the.inner wa1l 1s the orifice of the. aque
ductus restibuli, which extends to the postenor surface of .the pctrous portion of 
the ttmporal bone. It t~·ansmit~ a sm::tl~ vein .. and cont:11n.s a tubular J~rolo~ga
tinn (dudu~ enrlolywplwta•uJJ) which. dcnvcd from the sacculc and utr1clc, 1~1 .a. 
manner to be described later, ends in a cul-de-.lfm" On lhe UJiJH'r wall or roof 1s 
a trausYer::se oval dcprc:;sion, fovea se111i-ellipti.ea, separated from the fo,-ea. hem-
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i:..pheri1.:a hy the pyramidal <•minenre already tlll'lllioned . Bt.•liiml. tlu.• '.'-l'llllc'1r· 
cular <·anal~ opt.•n into the vc,::;tibu le hy fiyc ori:ic.'L'S. 111 front i ~ :t lar:.r\• mal 

~ ::il~:.i~:g0;:t~:.i1~!:.t~~~~;;~:~ '~.~:~~i~z~'"~~:.lt~~~ - ~ta la H'~tibu li o f the l'Ol'h le:t h_y a ~111~\t• 
Th e Semicircula r canals arc three honv t<lllll ls situated :lboH~ :inti ht•birnl 1ht.• 

n•stibule. They arc of unClJliill lcngtL, cOm JH'CS!'iCd from side to ~ id e, and clt· .... niht• 

~11:~11~;·~~~,c~n~t ~~l~lf ~r:~~~1r~· a ~·ii:~{t :~:~:s·.:~e 0':1~01~~11\,11~~\ ~~~l1 ~~~~ ha ~,1; 1~~~,, '.'~~ti<~:: 
mcasun.•s more than twice the diameter of the tuhc. Th ese c·arnt1R open into lh<• 
''<•stibulc by firn orifices, one of the apertures hei ng C"ommon to two of the <:ana l:-;. 

The superio1· semin'rcular canal is ,·crtical in clirc<:tion, and s tretches tu.·rn~~ 
the pctrous portion of the temporal bone, at rig ht angl c!-1 to its postcri ol" surfa ce; 
its arch forms a. round projection on tl1c anterior s11di.1cc of the pe trous hon~. It 
clc~c rihcs about two-thirds of a <: irclc. Its outer extremity, whi ch is ampulla ted. 
commcn<:cs by a distinct orifice in the upper part of tl10 vestibule; tbc opposite L·111l 

Fm. Mi.-The osseous labyrinth laid open. {Enlnrgcd.) 

of the ca nal , which is not dilated , joins with th e COl'responding part of the }Jo~
rerior canal. and opens by a common orifice with it in the back part of the 
\'es ti bu le. 

The posterior snnfrircular canal1 also \'Crtical in direction, is directed bac:k
ward, nearly para llel to the posterior s urface of the petrous bone; it i~ the 
longes t of the th ref': its ampullated e nd com mences at th e lowe r and bac:k 
part of the \'estibulc, its opposite end joininf!: to form the common canal alrea<l,\• 
mentioned. 

The ei:tvnwl or horizontal canal is the shortest of the three, its arch being 
1lirected outward and bac_kward: thus each :;emi circular cnna} s tands at right 
angles to the ot her two. Its ampullatecl end corres ponds to the upper and outer 
angle of the restibulc, just above the fcncMrn oYalis; its op posite cud opens h~· a 
dist inct orifice at the upper and back pari of the vestibule. 

rrhe Cochlea bears some 1·e:..embla11cc to a common snail-shell: it forru~ the 
anterior part of the lnbyrinth , is conical in form, a nd placed almost hori zontall,v 
in fmnt of the ,·estibu lc; its apex is directed forward and outwa.rd towanl the 
upper ancl fron t part of the inn er wall nf the tympanum; its base correspond ... with 
rhe antNior <lepression at the bottom of the internal auditor~· mcat u.:-; , anti i~ 
pl•rforated by numerous apertures for the passage of the cochlear branch of the 
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~~\:~~~~a·,)~h~c~~:~ i!\i~:~~:~b~ :~~,~~a i~Ll~~t:~-i~t~ '~} i~l~~)l~:~.~f-~~.~1;)~~11 ~e~:r~re:~its~ 
the modiolus or £•olumella ~· of a. canal wound spirall.v roun1l the axis for two turns 
and a.half, from the base to the .apex; and of' a delicate lamina (the /amino s1,fra/is) 
conta111etl w1thm the canal, which follows its wmd111gi5 and partially subdi,·ides it 
\nco two. · 

The cNilral a.ris, or uwdiolus, is conical in form, :rnd extends from the ba~e to 
the apex of the cochlea. Its base is broad. cnrre:-<ponds "ith the first turn of the 
coch lea, and is perforatc<l by numel'ous orifice:-;, which transmit filamems of the 
coch lear branch of the auditory nel'rc; the axi~ climinishes rapidly in ~ize in 
the second coi l, and terminates within the la:o;t half-coil, or <'Upola, in an expanded 
del icate, bony lamclla, which resembles the half of' a fun11c l divided longit11dinally, 
and is called the infu,ndibulwn: the broad part of this funne l is directed toward 
the summit of the coch lea, and blends with the ('upola or la~t half-tum of the 
spiral cana l of the coehlea. At this point the two larger i-:caLe of Lbc coc:hlcn. 1 the 

~~;,~~t.ty1~~1~·~n~1~~1~~~ ;~~~~~c;·~st~~~\~~~~~~1~i~:1\~1sb·~~a':.1; ~r;~i~1~r~~11l~1 ~~~ l~(~t~~l 
canal, and is dense 111 structure: but its centre is channelled, as far as the last 
half-coil, by numerous branching canals, which tram~mit nen·ous filnment:.. in 
regular succession into the canal of the cochlea or on to the surface of the 
lamina spiralis. One of these, larger than the rest, occupies the centre of the 
modiolus, and is named the eanalis c·mtrali.'J morlioli: it extends from the base to 
the extremity of the modiolus, and transmits a small nen-e and artery (a1·teria 
centmlis modinli). 

The spiral canal (Fig. 548) takes two turns and a half round the modiolus. 
It is about an inch an<l. a ha.If in length, measured a long its outer wall, and 

f'1G. 5-18.-Thecochlea laid open (£nlargetl. 1 

uiminisbes gradually in size from the base to the summit, where it terminates in 
a. cul-de-sac, the f'ujJola, which forms the apex of the cochlea. 'l'he commence
ment of this canal is about the tenth of an inch in diameter; it di,·erges 
from the mocliolus wward the tympanum and ,·estibnle and presents three open
ings. One, the .fenestra 1·otunda1 communicates witL the tympanum; in the 
recent state this aperture is closed bv a membrane. the 111e111brana tympani 
ser•1nidario. Another aperture, of ail ornl form, enters tlie vest ibule. The 
third is the apertnre of thu aquedut:fus cochlNt', leading to a minute f'unnel-Rh~ped 
canal , which opens on the basilar surface of the petrons bone and transmits a 
~mall ,·ein. 

The interior of the ~piral canal (Fig. 54D) is pal'tinlly 1livided into two. in the 
dry state, by a thin bony pla.te, the lamina -~piralis .. \\ hich consists of two thin 
lamellro of bone, between which arc numerouR canals for the pas!.;age of ncne
fibres. 'fhiR lamina. projects from tl1e rnodiolus into the canal,. but does ~1ot rea~h 
more than halfway towar<l the outer wall of the tube. From Its extrcm1t,\- a thm 
membrane cxte1Hi"' to the outer wall, and completes the divi!.;ion of the canal into 
an upper compnrtmcnt. the Sl'Ctla ves.stibuli. and a. IO\\Cr one. the !wala t11mpani. 
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B;I' n. ~l'l'0 1 11l ml•mhrane a portion of the upprr of tht'sC' tw o c·n 1rnL"'i i~ cut off from 
the n·~t. constituting the ~mda 111nlirt. Th e lamiua. !'>piru li ... ends abo\-c in a hook. 
!:>ha pell prott't':'o (lwulltlw~) "hi ch partly bouncl::i the lH.•licolrtnrn.. ~ \ t the point wh ere 
the o:-'-l'OHs lamina. is atcarhctl to the rno<liolus i~ a ~ma ll ca ual , "hicb "inds rou nil 
tl1e 111n1liolus, and was denominated by Uo::;enthal the ('(tnalix s11iral£s modivli: it 
is o<:cupicd by :1 swelling of' the cochlear ncrn•. the yanylion s;1irah·, in which 

ganglion-crlls are found. and from which the nerves pass to the osseous lamina. and 
organ of Corti. The scala media belongs to the membranous labyrinth. 

'The osseous lamina, as aborn stated. extends only part of the distance between 
the modiolus and the outer bony wall of the cochlea.. Near its outer end the 
peri1)Steu m on the upper or vestibular su rface of the lamina swells up into an 
ele \·ation which is called the limb ~l ·"'- lamintP spiralis ('· denticulate lamina " of Todd 
and Bowman). The lamina spiralis terminates in a grooved extremit~1 , the suleus 
•piralis . which presents the form of the letter C: the upper part of the letter, 
being formed by the oYerhanging extremity of the lirnbus, is named the labium 
t'eslibulare; the lower part, prolonged and tapering. is called the labium lympani
rum (Fig. 550). From the labium tympanicum n thin membrane extends over to 
the bon.'· wall of the coch lea. completing the scala tympani . 'l'his membrane is 
called cbe membrana basilaris. At its outer attachment it swells out so as to form 
a thick triangular structure. which was regarded as a muscle by Todd and Bowman 
(cochlearis). but is now recognized as ligamentous-the ligamenlum spirale. 
Between the labium rnstibulare and the actacbmeut of the membrane of Reissner, 
presentl.'· to be described, a. ,·er.'· delica.tc membrane extends o,·er to the outer 
wall of the cochlea, running nearly parallel to the membrana basilaris. It was 
described by Corti, and covers oYer the organ "bich is called after his name, and 
is therefore called membrane of C01·ti, or membrana tectoria . Farther inward, 
near the comm encem ent of the l imbus laminre spimlis, another delicate mem
brane, the membran(' of R eis.<J.1wr, is attached to the Yestibula.r surface of the 
pcriosteu m of the osseous lamina and s tretches across to the outer wall of the 
coch lea. Th e canal which lies below the osseous lamina and mcmbrana basilaris 
is the Rf'a{a l!Jmpani; thn.t which is boun<led by the osseous lamina and membrane 
of Heis::;ner, the ~f'ala l ' 11Rtilmli; while the space between the membrane of 
Rei:--~ner and membrana basilaris is generally described as the Scala media, l'an
alis mf'111brana1·1·a, or ('a nali1S eoclilea•, and this is the nomenclature which will be 
ui;:.ed here. Others. however, apply the nam e canalis cochlece onl~· to the canal 
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ly~ng betw~en t~e memb_ra1~c of l~eissncr and th~ membrana tectoria, "hicb con

ta1~s no object for descr~pt1?n: while ~be spac~ lying between the membrana tec

tona and me~brana bastlans 1s descnbed by itself as a fourth canal-the (luetus 

c~chl~it~is or d~tclus a,i~d!torius . 1 T.he l~tte1: is. the space in which the organ of 

~orti is contamed. lbt~ organ (Fig. 5v0) 1s situated upon the membrana basila

r1s1 and appears at first sight as a papilla, winding spirally with the turns of this 

membrane throughout the whole length of the cochlea, from which circumstance 

it bas been designated the papilla spiralis. ~fore accurately viewed, it is seen 1-0 

FIG. 5.50.-Floor of scaln mediA, showing the organ of C'orti, etc. 

be composed of a remarkable arrangement of cells which may be likened to the 

keyboard of a pianoforte. Of these cells, the two central ones are rod-like 

bodies. and are called the inner and outer rods of Corti. 'l'hey are placed erect 

on the basilar membrane at some little distance from each otLer, the space 

between them being denomina~ed the zona arcuata; the.v are in<:lined towar<l 

each other, so as to meet at their opposite extremitie!' and form a. series of arches 

roo6ng over the zona arcuata, thus forming a minute tunnel between them and 

the basilar membrane. which ascends spirally through the whole length of the 

cochlea. 'They are estimated at o,·er three thousand in number. 

The inner rods, which are more numerous than the outer ones, rest on the 

basilar membrane, close to the labium tympanicum: they project obliqu e!.'· for

ward and outward 1 and rerminate abo,-e in expanded extremities, which rel?-emble 

in shape the upper end of the ulna., with its sigmoid cavity, coronoid and olecra

non processes. On the outer side of the rod, in the angle formed l.Jctwccn it and 

the basilar membrane, is a protoplasmic ce11, whilst on (he inner side is a. row of 

epithelial cell s surmounted b.v a brush of fine, st iff, hair-like processes, tLcse cells 

being continuous with the cubical cells lining 1Le sulcns spira lis. 

The outer rods also rest bv a broad foot on the basilar membrane: they 

incline forward anrl inward, ami their upper extrem ity re~cmbles the hea<l ani:l 

bill of a. swan, the head fitting into the concaYity-tbe analogue of the sigmoid 

cavity-of one or more of the internal rods, and the bill resting against the 

phalanges of the lamina reticularis, presently to be described. 

In the head of these outer rods is an oval portion, where the fibres of which 

the rod appears to be composed are deficient, and which stains more <leeply with 

carmine than the rest of the rod. This is supposed to represent tbc nucleus of 

the cell from which the rod was originally de,·eloped. At the base .of the rocL on 

its internal side-that is to say, in the angle formed by the rod with t~e ba.sila.r 

membrane-is a sim ilar protoplasmic cell to that found on the outer side of the 

base of the inner rod, whilst external to the outer rod are three or four successive 

1 In readin~ the older descriptio.ns C!f the organ of .hearing the studen~ must bear in mind that the 

;.:~m~E.~~:i~~'.·~rr~:~i,~;r:~;11::~~~~~~~{·;:,1·!:r~::r~~;,~E~~~.~~~~;E~r;·~;:::i;i= 
'Corti's original paper is 111 the Zedsclmftj. IVissen. Zool.1 tu. 109. 
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row5i of epithelial Cl•ll:-;. more elongatetl than tlrn~c fou111l on the internal side of 
the inner ro<l. but, like them. fnrni;-;hed "ith minu1c hair~ or cilia. These are 
termed the 11ufrr lrnfr-<"1'llx, in contradi~tinction to the inner srt. which arc termed 
the i11111·r ltair-1·1·1/s. The,· arc attached IH· their bases to the ba!-iilar 1rn.·mbranc. 
whil:'it from the oppm~ite e'xtremit_,. a bru~l; of hairs or cilia projel't!'i through tht.• 
reticular membrane. Thev arc C'Ontinuou:'i externally with the cubical cells on 
the ltucral part of the bd!':ilar membrane: .. 

The rl'lirnlru- lrw1ina or 11le11z/mrne of I(i.illik1T is a. delicate framework pcrfo. 
rated bv rounded boles. It extends from the in:1er rods of Corti to the external 
row or' thE' outer hair-cells. and is formed by ~ereral rows of •· miuute fiddle
shaped cnticnlar ~trnctures," called plwlanyt'.~·, bet,,cen which are boles for the 
projection of the tilic-:e of the outer hair-cells. 

CO\'ering o\·e1· these strucrnres, but not touching them, is the membrana. tce
tori:.1. or membl'anc of Corti. which is attached to the vestibular surface of the 
lamina spiralis clo~c to the attachment of the membrane of Hrissner; it coursc:-1 
over the denricula.tc lamina. and, passing outward parallel to the basilar m~r:D.
brant'. is blended with the ligamentmn spirale on the outer wall of the spiral 
canal. 1 

The iimN slu:face of the o.11seous labytinth is hued by an exceedingly thin 
fibro-serous membrane. analogous to a periosteum from its close adhesion to the 
inner surfaces nf thei:;e cadties. and performing the office of a. serous membrane 
bv its free surface. It lines the \·estibule. and from this ca.,·ity is continued into 
the semicircular canals and the scala \·cstibuli of the cochle3., and through the 
helicotremn. into the sca!a tympani. This membrane is continued across the 
fenestr~u ornli8 and rotunda, and consequently bas no communication with the 
lining membrane of the tympanum. Its attached surface is rough and fibrou~, 
and closely adherent to the bone; its free surface is smooth and pale. covered 
with a layer of epithelium, and ~ecl'cteR a thin, limpid fluid, the aqua labyrintlti, 
liq11u1· Uotunnii, or puilymph (BlainYillc). 

The Membranous Labyriat.h. 

The membranous labyrinth (Fig. 551) is a closed sac, conta ining fluid. on the 
walls of which the ramifications of the auditorv ncn'e arc distributed. It has tbc 
Rame general form a:s the cochlea, vestibule, ~~ncl semicircular canals in which it 
is enclosed, but is considerably smaller. and the vestibular and canalicular por
tions arc more or less surrounded b.Y the perilymph. 

The seala media, already described in connection with the cochlea, iR closed 
abo\·e and below. The upjler blind extremity is attached to the cupola. at the 
upper part of the hclicotrema: the lower en<l fits into the angle at the com
mencement of the osscou~ lamina on the floor of the YeRtibule. Near this blind 
extremity the scala media recei\·es the l'analis reuniens (Fig .. 551). a nry delicate 
canal b~· which the <.luctus cochlearis is brought into continuity with the saccule. 

The restibulrtr portion consists of two sac:s, the utricle and the saccule. 
The utriflt> ii; the larger of the two. of an oblong form, compressed latcrall~'. 

and occupies the upper and bac:k part of the \·estibule, lying in contact with the 
frffea ~cmi-elliptica. ~tunerou~ filaments of the auditory ucn-e are distributed 
on the wall of this ~ac. and it~ ca.,·ity communicates behind with the membra
nous semicircular c:an~ds by fi\·e orifices. It a\~o S('nds off a minute canal into 
thl' ar1ueductu:- YC~tihuli. wliich unites witb the ductus nulul!Jmplwticus, a similar 
Lut som('wha.t lnrg:er tubular prolongation from the saccule. 

The saa1df' i:-; the ~ma Iler of the two \·ci:;tibular sacs: it is globular in form, 
lies in the foyea hemispherica near the opening of the ,·c~tibular scala of the 
cochlea. and recei\·es nurnerou~ ncrrnus filaments which enter from the bottom 
of tht• depre;;;~ion in which it i~ contained. ltR cavity communicates with that 
of rhl· '-<:ala mc>dia b,~ means of the canalis reunil'lh an<l with that of the utricle 
in tl.H: manner ju~t nieIJtioned. 

1 Jn Fig. 550 onl~· the inn<'r hnlf of the membrane i.:. repre:oented. 
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The ntfmbrmwlH~ 8l'1nieirtular canals are about onc-tLinl the diameter of the 
0~1'<.'0ll:-i canals. but in numLcr. shape. aml general form thev arc preciselr :simi-

~~1\11·1~11~~1~Ytt~\~\~o<~•~':1:is~tn<.~J'~l~~:~ ~i:1~~f1~ri~:cst{11:!~c\~1 ct~1,~:~ic~fi~ o~:s~~~n:~i t~t:~ 
arnl neal'ly till the c~wities in which thev are contained. 

:X umerou::; fibrous ban<ls st r etch acro~i:'s between the membranous and bonv 
labyrinth:-. Thct<c fibrous bands com·cy tbc blood-,·e~scls ancl nervous fih;
mcnts di~tributc<l to the utricle, to the sacculc, and to th e ampulla of each 
canal. 

Structure.-The wall of the membranous laby rin th is sem i-transparent1 an<l 
con:;.; ists of thl'CC layers. The outer layer is a loose an<l flocculent structu re. 
apparently com posed of ord inary fibrous t iss ue, conrnining bl ood-\"essels an<l 
numernus pigme_nt-cclls analogous to those in the pigmen t-coat of the retina. The 
middle layer, thicker and more transparent, bears some resemblance to the hyaloid 

r·m.551.-Themembranouslabyrinth. (Enlarged.) 

membrane. but it presents on its internal surface num ernus papilliform projections. 
and on the addition of acetic a.cid presents an appearance of long itudinal fibrilla
tion anrl elonga.ted nucle i. The inner la.yer is formed of polygonal nucleated epi
thelial cells, which secrete the endolymph. 

The enclo/.1;mpli (liquor Scarp.~) is a limpid serous fluid which fill s the membra
noui- labyrinth; in composit ion it closely resembles the peri lymph. 

The otoliths are two sma ll rounded bodies consisti ng of a mass of minute crys
tallin" grai ns of carbonate of lime, held together in a mesh of delicate fibrous 
ti~~ue, and contained in the \\alls of the utricle and saccule, opposite the distribu
tirm of nerves. A calcareous material is also, according t<J Bowman, sµa ringl.\• 
scattered in the cells lining the ampulla of each sem ici rcular canal. 

'l'be arteries of the labyrinth are-the internal auditory, from the basilar ; tbe 
st_rln-m astoid , from the posterior auricular; and, occasionally, brancLes from the 
occi11 ital. Th e internal auditory di,·idcs at th e bottom of tbe internal meatus into 
two branches, cochlear and vestib11lar. 

rrhc cochl ear bra.nch subd i,,ides into from lweh-e to fourteen tw igs, which 
trarer:-:e the canals in the modiolus, and are distributed, in the form of a capi llary 
network. in tbe substance of the lamina spirali s. 

The ,.C8t ibnlar branchc8 accompany the nenes, and arc distribute(], in the fo rm 
of a minute capi llar.v network, in tbe Substance of rhe membranous labyrinth. 

The veins {tLud itory) of the ,·cstibulc and semicircular canals .accoillpan~- the 
arteries, and, receiving those of the cochlea at the bmiC of tLc mod10Ius, term mate 
in the ~upcrinr pctro~al sinus. 

The audit.;iry lJerve, the specia l ncne of tLe sen8e of hearing, divi1l e~. at the 



bottom of the internal a111litnn· IUC'at u ~. into two branc:h('~, thC' C'fl<•h )('n r :rn fi H>..i.

tibul:ir. '!'he trunk of the n"ervc, :is "ell :is the b1·anc:lic8, cont :un :-:i numl'rnu~ 
ganglion-cells with caudatc prolongations. 

'!1he l't'Stibular 1U'n•e, the posterior of the two, <li,·idcs into three branebe~
supcrior. middle , and inferior. 

The sup<'rior ,·cst ibular branch, 1he largest, divides into numerous fihrn11.~n1~. 
which pas.s through minute open ings at the upper and back JHlrl of the r·ul-de
sar a.t the bottom of the meatus, and, entering the YCStibulc, arc dis1ributccl 
to the utricle and to the ampulb of the external and superi or sem icircular 
cana ls. 

The middle ,·cstibula.r branch consists of numerous filament s. '' hich enter the 
Yestibule hy a. smaller cluster of foramina placed below those above ment ioned. 
and wh ich correspond to the bottom of thr fovea hemis1Jheri ca. ; they arc di~tributcd 
to the sa<.:<.: ul e. 

'!1he inferi or and smallest branch passes backward in a. canal behind the fora
mina for the nen·cs of the saccul e, and is dis tributed to the ampulla of th e pos
terior sem icircular canal. 

The nel'\'ous filaments en te r the ampullary cnl:ngcmcnts at a deep dcprc.,sion 
seen on their cxtemal surface, with a. corres ponding clc\•a tion when seen from 
within; the nel'\"e-fibrcs ending in loops and in free extremi ties. In the utricle 
and sacculc the nerve-fibres sp read out, some blending with the calcareous matter; 
others, rad i1tting on the inner s urface of the wall of each cavity, become blended 
with a la yer of nucleated cells and terminate in a thin fibrou s film. 

The l:ochlrar nen·e di Yi<les into numerous filaments at the base of th e modiol us, 
which ascend a long its canals, and th en, bending outward at right angles, pass 
between the plates of the bony lamina. spiralis, close to its tympanic surface. 
B etween the pla.tes of the spiral lamin a the nen cs form a plex us which contains 
ga ngli on cells forming the gang li on spirale. From thi s gangli on delicate filumcnt~ 
pass between the layers of the osseous lamina to the s ul cus spirali l'i and pa~"' o ut~ 
ward .to the org<tn of Corti. Their exact termination is uncertain. Walclcycr 
describes them as collected into two groups, one group ending in th e outer and the 
other in the inner hail'-cclls, 

Th e bottom of the internal auditory meatus, known as the lamina cribrosa, is 
subdivided by a horizontal ridge, the crista .falq'/"omti8, into a superior and a,n 
inferi or fossa. In the :mperio1· fosrw is seen anteriorly the .fora111enftu·iflie or 
orifice of the a.qucductus Fallopii: and posteriorly is a. g1oup of foramina, area, 
cribrosa .~uperior, for the uen e-filamcnts to th e utricle, superior and ei·tenwl 
semicircular (·rnwls (superior \'estibular branc:h). In the i1{ferior fvssa arc: (1) 
a group of foramina, area cribrosa media, for the filam ents to the saceule (middle 
vef'tibular branch); (2) posteriori:·. the .forauwn sin,r1ulare, for the ncn'e to the 
poRterior semicircular canal (inferior ,·estibular branch); (3) antcro-inferiorly, the 
foramina. for the filaments of the cochl ea r branch1 grouped in a !-ipiral, ll'act11s 
.qpiralisfo1-mninu.leutw~, and at the end of the spiral is thejOramen centrale col'li 
/l'a' or orifi ce of the central canal of the mocliolus. 

Surgical Anatomy.-~lalformations, such as impcrfec:t dc\'elopmcnt of the ex ternal 11art s, 

~~1:.~~~1~~ ~~~~:~~i~~fufi~~~1.~t~!~1~fcl~Y~cJ~~v t~t~l'~~::ti,~ccl~~~~~0~1f~1~~~~ 11~~~~,,~~i~cr?ir c\~ft~)~:-1 \~1~!~:~; 
oftlrn.t portion of' it which is nut concerned in the formation of' the Eusta.chian tube, tympanum, 

~1i~ •g~~~t~~;t \ y' I~~~~ ~~~~ ~f. \~,~~s~~b1i~~1.0 cl~:l~~1 t\~~<l f,~~~h :)~ .~~·f~Pi~~~~~~~~'.1 c~\~~~~clb~~ i~~kCi~~1~fl~~~ ~ 
the usual coveri nb!" of suhcutnneous fat found rn most other p:1r1s of the body. A collection of 
blood is someti mes found between the cartilage and pcrichondrium .f lta'11ta rm1m (llfris), u~ua\ly 
tlrn reisu lt of traumatism, but not necessarily clue to this canse. ]tis said to occur m0t;t f'rc
quentlr in th~ ears of the, insa.nc. Kclo~d sometimes gr~ws in the auric!c aTI?uncl the pum:tmc 
made for carrm)?S, and ep1thelioma oc:cas1onally affects tlus part. Deposits of urate of soda are 

ofte1!r1j11~t ~:i;!~,~~~I tl~~.m:~~~ i 111n~~~~~ s~~~!l~s. most sati sfactorily examined by li ,!!ht reHerted 
down :\ f1mnl'l -:-hapecl speculum ; by gently moving the latter in different directions the 
whole of' the canal and membrana tympani can be broug-ht into view. 'l'hc 11oints to be noted 
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are, the prcr-encc of wax or fore i.un bodies, the size of the canal, and the condition of the mem
brana t):mpani. rrhc accumulation of wa~ is oflc>n the ernsc of dt1afnc~:-<. arnl may :ri,·e rise to 
ver.v serious COll!'C((ucnccR, cau;;in.r; ulceration of the membrane and C\'Cn absor11tion of the bonv 
wall of. the can.al. F(!l'cign b~dics ~re not infrequently introdu<'ed into the ear by c·~lildrcn, ancf, 
when situated m the hr8t port10n of the canal. may be remO\·ed with tolcrahlc facil1t\· br means 
of a minute l~ook or loop of fine wire, with. reflected li_cl~t i but when they haxe slipj1cci beyond 
~he_ n~rrow m_1cldle part of the mcatu!'=. then· remo\•al is_ m no wi;.;e easy, and attempts to effect 
1t, m mexper1cnccd hands, may be followed by destruction of' the membrana tympani and possi
bly the contents of the tympa.num. The calibre of the external nnditorr cana'I mar be narrowed 

~~~~1t~~~1~:~~;~~~;f ~~:~~~r~i~~~~~~g~~~1:~~~(r(~~j~~(~~~;::~~!~~~~1~i;~~~~:{: 
is a white streak formed by the handle of the mallcus, while nt thc11ppcr and middle part of tile 
membrane may be seen a slight projection, c:tused by the short process of the mal\eus. In 
disease alterations in color, lustre, currnture or inclination, and perforation must be noted. Such 
perforations may be caused by a blow or a loud report or by a wound. 

The upper wall of the meatus is separated from the crani_al cr1xity by a tl1in plate of bone i 
the anterior wall is separated from the temporo-maxilJary joint aud parotid gland by the bone 
forming the glcnoid fossa; and the posterior wall is ~n relation with the mastoid cellsj hence 
inflammation of the external au<litorymeatus mayreadd_\'Cxtcnd to the membranes of the brain, 
to the tcmporo-maxillar.v joint, or to the mastoid cells; and, in addition to this, blows on the chin 
may eausc fracture of the wdl of the meatus. 

The nerves supplying the meatus are the auricular branch of the pncumogastric, the 

r Iii~J~t~:~i·~;~°':r~~~~~ ~r
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temporal. No doubt also the as:socin.tion of earache with toothache in cancer of the ton.!!;ue is 
due to implication of' the same nen·e, a branch of the fifth, which supplies also the teeth and 
the tonc;uc. The Ye&;els of the meatus and me!ubrana tympani arc derived from the posterior 
auricular, temporal, and internal maxillary artenes. 'J'he upper half of the memhrana tympani 
is much more richly supplieJ with blood than the lower half. For this rcasoP, nnd also to aYoid 
the chorda tympani ncn·e and os:;ic\cs, incisions through the membrane should be made at the 
lower and posterior part. 

'l'he principal point in connection with the surgical anatom.\· of' the tympanum is its relations 
to other parts. Its roof is formed by a thin plate of bone. whic:h, wilh the dura 1~rnter, is all that 
separates it from the tcmporo-sphcnoidal lobe of the brain. ]ts floor is inunediatdy ahove the 
jugular fo~sa behind and the carotid canal in front. ] ts posterior wall presents the openings of 
the mastoid cells. On its anterior wall is the opening of the ]£ustachian tube. Thus it follows 
that in clisea~c of the mid(lle ear we may get subclural abscess, sept ic mcnin2:itis. or abscess of 
the cercbrnm or ccreLcllum from extension of the inflammation through the bony roof'; throm
bosis of' the lateral sinus, with or without pya::mia, by extension throup:h the floor i or mastoid 
abscess by extension backward. In addition to this, we may get fatal ha::monha.a;e from the 
internal carotid in dcstruc:ti\·e c:lrnn~es of the middle car; and in throat discnsc we may get the 
inflammation extending up_ the Eustachian tube to the middle car. The Eustachian tube is 
accessible from the nose. If the nose and mouth be c-losed and au att~mpt made to expire air, 
a sense of prc~sure with dulness of hearing is produced in both enrs. from 1he air finclin!! its 
way up the .Eustachian tube and bulgin!! out the mcmLrana tympani. Durin,1? the act of 

~h:11~~;~~i~ ~£~ th~a1~~~1~~1 ~)~-:~~~1~i~· t;~hi~u1fu~;r;~:~!1 ~~n;:k;;.~dll·J;~?'J;:\~lz~~- i:~e~l~~.;sf,~·~~~~1~:~~: 
Oi~t~~~\;~t it~~~~~-Lr;1~1~~t\~fuJ· or'1:~:t~r0~~~d J;old~ ii~<li~- 1h\1~b~~d:~~1i~'~Sf~~1; 1:~~~-:~J~ i~1~~ ~~~~~ds~~i1~1; 
the fin!!cr and thumb to prc\·ent the escape of air, and the patient is then requcRted toswallo_w; 

~~~~ ,~hi~1i8is t~ig\~1~·,;:/or~f J!e0i~~1;:~ci1~ef ih~11~~ ~%i ,!~~st J~~~e:~;:~r~~1~r~~~~~1~1;!\0 e~\\e ~~lJ~!~~~:'if 
the membrane is sound, by means of a piece o~ mdia-rubbcr tubmg-, one c,n,d of _which 1s mser~cd 

~'} t~1~!1 J~11~~5~~~~\ia~~ ttl~be ~~t~~~~! b~r ll;~e E!11~~~c}~i~~1 t~~~h~~~;~e 5rj~rn~~~- pa·!!d c~J~~~~ ~h~nfl~~1~1~f 
the nostril, with the cur\'C downward, to the post~rior wnll of' the _pharynx. When this is felt, 
the catheter is to be withdrawn about half an mch, and the pomt rotated out.w<lrd through a 
<1Uarter of a. circle, and pushed a~ain slightly backward, when it w~ll enter the ~nfic.c of the tube. 
and will be found to be caught, and air force~ into the catheter ml\ be heard impm_gm_g on the 
tympanic membrane if the cars of the patient and surgeon are connected by an 111cl1a-ruLber 
tube. 



'rHE ORGANS OF DIGESTIO . 

r1;1~<l~1;p:~~:,:~~1 ~~~c~~=e~;~~~~~i~.of the Foo<l consists of the alimentary canal 

rl1l10 alimentary canal is a musculo-mcmbranous tube, about thirty feet in 
length, extending fl'om the mouth to the anus, and lined throughout its entire 
extent by mucous membrane. I t has received d ifferent names in the various parts 
of its course: at its commencement, the mouth, we find provision made for the 
mechanical division of the food (mastication), and for its admixture '\ ith a fluid 
secreted by the salivary glands (insalii:ation); be,vond this are the organs of 
<leglutition, the pharynx and the resophagus, which co1ney the food into that part 
of the alimentary canal (the stomach) in "bicb the principal chemical changes 
occur, and in which the reduction and solution of the food take place; in the small 
intestines the nutriti1·e principles of the food (the cliyle) are separated, by its 
admixture with the bile and pancreatic Hnid, from that portion which passes into 
the large intestine. most of which is expelled from the system . 

;\Iouth. 
Pharynx. 
<Esophagus. 
Stomach. 

Teeth . 

.Alimentary Canal. 

{

Duodenum. 
Small intestine ~cjunum. 

Il eum. 

{

Crecum. 
Large intestine .Colon. 

Hectum . 

.Accessory Organs. 

{ 

Parotid. 
Salirnry glands Submaxillary. 

Liver. 
Pancreas. 
Spleen. Sublingual. 

THE MOUTH. 

The mouth (oral or bucca.I ca.1·it,1') (Fig. 552) is the vestibule to the alimentary 
canal. h is a. nearly ovaJ-..,hape1l ca.,·ity, bounded in front b.\' the lips. upon the 
sides by the check:::, behind by the soft palate and faucc~. The upper and lower 
dental archc:.:., to~cthcr with their alveolar procc:.:.:-:;cs, subdi,·ide the ~cneral cavity 
into a. lingual antl a buecal cavity. 'l1he latter ha~ as it$ inner wall the external 
faces of the tct'th an1l gums of both jaws.~ its external wall is formed by the lip~ 
and chrcks. The lingual carity i~ houndc1l anteriorly arnl laterally by the lingual 
surfatl'~ of hoth denta l arches; above, by the hard antl the sort palates; below, by 
tUc floor of till• mouth ant.I the tongue. 

The 1111tcrms membrmu• lining the mouth is continnom:. with the integument at 
the free margin of the lips aml with the mucous lining of the fauccR behind; it is 
of a rn~c-pink tinge 1luring life, :rn<l rel"y thick \\here it c:o,·crs the hard parts 
bonn<lin~ the carity. It i:0; con~rcd by ~tratificd epithelium. 

The lips arc two flc~hv folds which surroun<l the orifice of the mouth, formed 
exte rnally of integument' and internally of mucous mcmlmrnc. between which are 
fountl the ( >rbicularis ori!-; muscle. the coronary \"e~sel~, some nerves, areolar tissue, 
an1l fat. and numerous small labial glands . ~I1he inner surface of each lip is con-

930 
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nected in the mid,lle line to the gum of the corresponding jaw by a fold of mucous 
membrane, the frcenum, labii superioris and i1tferioris- tbc former being the larger 
of the two. 

The labial glands are situated between the mucous membrane and the Orbicu-
1aris oris round the orifice of the mouth. They are rounded in form, about the 
size of small peas. their ducts opening by small orifices upon the mucous mem
brane. In structure the.v resemble the salivary glands. 

'The cheeks form the sides of the face and are continuous in front with the lips. 
They are co111posed externally of integument, internally of mucous membrane, 
and between the two of a muscular stratum, besides a large quantity of fat, areolar 
tissue, vessels, nerves, and buccal glands. 

~l.1he mucOu8 mem.brane lining the cheek is reflected above n,nd below upon the 
gums, where its color becomes lighter; it is continuous behind with the lining mem-

Jo'JO. 552.-Sectiona.lvieworthenose,mouth,phnrynx,etc. 

brnnc of the soft pabtc. Opposite the second mobr tooth of the upper .jaw is :i 

papilla, the Humrnit of which pre~cnts the apertnre of the duct of the paroti<l glan<l. 
The principal muscle of the cheek i~ the J3uccinator, lrnt numerous other muscles 
entC'l' int9 its forma.t iou-viz. the Zygomatici, Hisorius t'iantorini, and Platysma 
ruvoi<lcs. 

~ 'l1lrn bureal r;lands a.re placed between the mucous membrane and Buccinator 
muscle: thcv a~·e similar in structure to the lalJial glands. but smaller. Two or 
three of Iaricr Ri:he than th.c rest a.re placed bct,~·cen the :\Lasseter and Buccinator 
muscles; their duct~ open mto the mouth oppoR1te the last molar tooth. They are 
callml molar (/lam/ . .,. 

The gum's are composed of a den~c fibrous tissue closely connected to the 
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pcrio~tcum of thl' aln.•olar proce;-;:::e:S and M11Tou111ling tlw JIL•ch.of the tcdh. Th~',Y 
nre con.•rcil hy :::.mooth and n1c.:cular mucous membrane. "hich i:- remarkable for 1h 
limitecl scnsib

0

ility. ..\round the nccb of the teeth thi~ lllL'llll.mrnc presents lll~Jll(•l'
ous fine papill:c. The deep fibrous la~·cr is continuoug with the pcriostcum )ming 
the ah•eoli, (the pcriccmentum). 

THE TEETH. 

'l'he bumn.n subject is proride<l with two sets of teeth, which make their appear
ance at different periods of life. ~rhe first set appear in childhood. and arc called 

the tempnrcll'f/, dt•eidwmN, or milk teeth. rl1he 

A 
~ccond :set an• named }il'rWWH'llf. 

AA 
'l 'he lt'mporary tc!t•th nrc twenty in nuru-

~ 
bcr- four inci;.;or~. two ca n ine, and four 
molars, in each ja.w (Fig. ;);)!3). 

The pt'rnummt teeth arc th ir ty-two in 
number-four inci$ors (two central an<l t11·0 
lateral). two c:i.ninc8, four hicuspi<ls, and six 

~ ~ fR ~ 
rnoha:,~~,.~'tZ•i!,~~~,~~'.~:~~~~h tooth cousi>ts 
of three portiont'O: the crown, or bud!J7 pro
jectin_g abo\'C the gum; the root, or fan!/, 
entirely couccaled within the ah'colus: and 

:F1G .. '>.l3.-0ccl•luuu:. tc1.:th. 1.1.:n ~itlc the ne~lr, the COll!-itrictc<l portion, between the 
root and crown . 

The 15w:f'aees of a. tooth arc nmned thu~: that which look'; toward the lips is 
the labial; tha.t towar<l the tongue is the l£ngual: that toward the mcs.ial line. 
pron'mal: that away from the same, distal: that toward the check, the buccul 
surface. Thi~ applic~ to the roots as wcH .1~ to tlic crownR of teeth. 

Fw. »t.-Permuneut teeth. Hight ~i(\c (Burt'lrnnl). 

The roots o.f the lt·~tli are firmly implanted with in the alveoli (Fig. 558); these 
depression.;; :ne l ined with periosteum (the periccmcnturn) which is rcfl ('ctcd on to 
the tooth at the point of the root and COYcr;o; it aR far as the neck. ..\ t the margin 
of the ah•eolus the periosteum becomes continuouR with the fibro us structure of 
the gums. 

Permanent Teeth (Fig>. 55'> and 5.i6). 

The incisors, or cutting teeth. are 'l.O named from their prcse11tinµ: :\ sharp cut
ting: edge, a1lapte1l for in<'i..;in_g the fo011. They are ei!?ht in number. and comprise 
the four front teeth in each jaw. 
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The crou•n is directed ahno~t vertically and i!:l :spade-like in form; it has the form 

of a trunca.tcd co~rn who~c top has bc~1~ com1~rcssed into u. sharp horizontal cutting 
edge. Before bemg subjected to attrition this edge pre-

:~::t~1~~1~·~:Lit~~ 1 t~\~:~\~~~1l~si.tulr:~~ t{:~~(~c~u;~~~~1:1~ 1~~n ;~.~~; 
the edge tubercles to\\·;.rn.l the neck of the tooth. rrhe 

lin!flllll surface is cancan~. and iR marked by two mar"inal 
ridges exteu~ling fron~ an encirding ridge atthc ne~k to 

the nngle~ of the cutt111g. edge of the tooth. The ridge at 
the neck JS termed the cmgulum or ba~al rif.lcrc. 

'l'he meRial and dixtal sw;fo<'l'S arc tri~1gular, the 
apex of the triauglc at the cuttincr etl<rc. 

'L'hc neck of the tooth is constri~tcd .
0 

The ruot is long, sin~le, and has the form of n. tran"

,·er~f·ly flattcne1l cone, thicker before than Lchind. 'fhc 

root 1;1ay be cunctl. 

aud'1:~~0~~;:,01;11:~· ;C~~~lPj;l''~1~;'l1~~,~~~- j~~~e~:~~r c~~~~~-~~ 
incisors being larger an<l flatter than the laterals. 'l'hcy 
arc directed obliquely downward and forward. 

'The incisor:-. uf tlw lm1w jau1 arc smaller and flatter ja,~11fi-1~),~.~~~~.)~ !~i:~ ~~~l~!~r~ 

~~~~ ~~: nl~J~I~~·~r{~:~~ tl~~1~1~~:-~ri;;~str~~r~1:e ~;1~~1; 1~:.n3~:,~~ ~l~~1~~~~t~~~i~~,1i~;~?~'::~~::~~ 
the two lateral inci~ors, being the smallest of all the 

teeth. 'fhe roots of these teeth arc flattened laterallv. 

The canine teet!1 (cuspidati) arc four in m~mber. t'~o 
in the upper, two m the lower ja.w-one bemg placed 

distal to each lateral incisor. ~'bey are larger and 
stronger than the incisors, espe<:iall~- in the roots, whicl1 

are deeply implanted and caui;;e well-nwrked prominence 

of the proceE-s at the places of ini<ertion. 
The crou•n is large. of spear-head, form and its very 

con,·ex labial surface is marked by three longitudinal 

ridµ-cs . The concave labial ~urfacc is also marked by 
three ridges which unite at a ha~al ridge. The point or 

cusp is longer than in the other teeth, and is the point of 

division between a short mcsial an d :1 long distal cutting 

edge. 
The root is ornl or elliptical in transverse section, and 

is longer and more prominent than the roots of the 

incisors. 
The upper rnnines or cuspid~ (vulgarly called t?e eye 

Fm. r.~.-Ri"ht half nr ~~e~~~lu:1i.~n 1 ~:'.~c:ii;~~:~l t~~~~:~ t~~'t 1;h~h:xt~~\~ !t1i~:·if ~
11~~ 

JowN jnw. wilh the rorr('· 
sp ... ndin~ teeth. The letter width of the crown. 
~~~11n::~1;~u~~~or1 ~~:~fr~11{W1~ The lower canine.'J (rnlg:arly called the stomach teeth) 

m:;~~1~';di~hedifli:n•nttt:eth have the general form of the u .. pper cuspids, b~1t their lin-
al,~ence of the elevation~ !~~~i~~r~~:su;;~~r.m~litei~01'.~ot~

3~~=111~~'re0~,~~iu!d at~3 
may he hifi<l nt thC'ir apices. 

·r:rhe bicuspid teeth (premolars) arc eiO"lit in numher, four in ea<:b jaw; they are 

placed <li:::;tal to the cu~pid teeth, two upon ~ach side. 'fhey arc double cuspids in form. 

The rrou•n is surmounted l1y two cu!-ip~ 1 one huccal and one lingual, separated 

by a f!roove, the buccal hein~ mo1:e prominent ~nd larger ~b~1~ th~ lingual. The 

lower bicuspi<l~ are not truly h1cusp1d, the first havmg but a pnm1t1vc lmgua.1 cusp, the 

seco~i!:1~~~-~A~ ~~c t~!~~~~~hc~:.~ ~~,~~1~(~1\1~t~0~:~ :~~t;~~~~~{~ e~0i;1 ~~·~s~~~l~l·~ht~~c~?tib~ 
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first upper bicuspid being frequently bificl. The first upper hicu•pill is usually the 
largest of the series. . . . . 

~l.111c molar teeth (multu·w~pzdat1: or grm1lcr1'\) arc the large:.;t trcth of the den
ture. 'J~hcy arc a<la.ptcd by their forms for the c:rm;hing and ,!?;rirnling of the food. 
They are twch·e in number, six in each jaw, three being placed po~tcrior to each 
seco;1d bicuspi1l. 

1l 1hc crowns are cuboi<lal in form. are convex buccally and lin,!?;nally; they arc 
fl:ittencd me;ially and distally. They are fonned by the fusion of three primitive 
cuspid" in the upper and four in the lower. 'J'o these arc added in the first and 
second upper molars a disto-lingual tubercle, and in the first and third molarR of 
the lower jaw a <listo-buccal tubercle. 'l'hc unions of tlJC primi t ive forms are 
marked hy sulci. ~rh c necks of these teeth arc large and rbomboidal in form. 

'The roots of the upper mob.rs are tb ree in number-one ln.rgc 1ingu:d and two 
smaller buccal roots. In the lower, two roots arc found, a mesial :ind a distal, each 
of which is much fl attened from before backward. 

The first molrff teeth are the largest of the dental seri es: they have four cusps 
on the upper and five in the lower-three buccal and two lingual. 

The second molars are smaller; the crown of the upper is compressed until the 
disto-lingual cusp is reduced. The crowns of the lower arc almost rectangular, with 
a cusp at each angle. 

'fhc third molars are called the wisdom teeth (denles sapientice) from their late 
eruption : they have three cusps upon the upper an<l 6 ve upon the lower. 'l1be 
three roots of the upper arc frequentl_v fused to~etbcr, form ing a grooved cone, 
which is nsn:tllv curved backward. 'l111b roots of the lowcr1 two in number1 are 
comprcs.se<l togCther und cuHe backward. 

Temporary Teeth (Figs. 553 and 557). 

~A4 .. ~@ 
Lower. 

n~~ tR 
Fm.~7.-Dl'cidnous teeth. 

gun\ \•lew 

The temporary or milk teeth are smaller, but 
resemble in fo rm those of the permanent set. 'fh e 
neck is more marked, owing to the greater degree 
of convexity of the labial an<l lingual surfaces of 
the crown. 'l 1he binder of the two temporary mo
lars is the largest of all the deciduous teeth, and is 
succeeded by the second bicuspid. 'l 1he first upper 
molar has only three cusps-two 1a.bia1, one lin
gual; tl1c secornl upper molar has four cusps. The 
first lower molar has four cusps; the second lower 
molar has five. 1.1hc roots of the temporary molar 
te.eth are smaller and more <li verging than those 
of the permanent set1 but in other re:;pects bear a. 
strong resemblance to them . 

Arrangement of the Teeth.' 
~rhc human teeth :ire arranged in two parabolic arches, the upper arch being 

largcr1 its teeth overlapping the lower. 'rhc average distance between the centres 
of the conclyles of the inferior maxillary bones is about four inchcs1 which is also 
the distance from either of these points to the line of junction between the lower 
incisor teeth. Wh ether the jaw be large or small , the equi lateral triangle indicated 
is inclutlecl in it; the range of size is between 3~/'-4.\-". 

Owing to the small er sizes of the lower in ciSors, ihc teeth of the lower ja.w are 
each one half a tooth in ad Yance of its upper fellow, so that each tooth of the dental 
series has two nutagonists, with the exception of the lower central incisors and 
upper third molars (Figs. 558, 559). 

'!'he grinding faces of the upper bicuspids and molars curve progressively up· 
ward and point outward, the first molar being a.t the lowest point of the curve, 

1 After Dr. W. G. A. Bonwill. 
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the third molar at the highest. The curve of the lower dental arch is the rernrse, 
the first molar at_ its deepest part, the third molar at its extremity. 'J~be greater 
the depth to whtch the upper incisors overlap the lower, the more marked this 
curve and the more poi nted are the cusps of the grindin::i; teeth. 

1:-~1<;. s.."J."!.-\'icw of teeth in.6ilu, wilh the external plates of th e nlvcolnr procei;s('s rcmo,·cd (Cryer). 

The movement of the human mandible is forward and downward, the resu1tant 
of these directions being an oblique line, upon an average 35° from the horizontal 
plane.' When the lower !'""""....,..,,....__ 
jaw is advanc:e<l until the 

~~~;~~u-~drr~s ci~t::t~ t\~1~ 
jaws are separated, but ...,...,.._. '-· 
as the highest J:>Oint .of 
the lower arch, Jts tbml 
molar ad vanccs, it meets 
and rests upon a. high 
point, H:cond molar of the 
upper arch, and thus un
due strain of the incisors 
is obviated. 

In the laternl move
ments of the mandible but 
one side is in cffccti vc action 
at one time; th e oblique 
positions of the cusps of Fm. 559.-Front and side \'lcws or the teeth ancl juws 

~~=t0fvh~~t~it~~:~1 :~Jes~~hin action the other is balanced at two or more points. 
t W. E . \Valker, D ental COllmM, 1896. 



TIIE ORG.lXS OF J)IGES'l'JOX. 

There i~ an anatomical corre:::po11tlencc ht>twt.•cn the form~ and arrangement 
of the teeth, the form of the condrlc of the inferior maxilla. and the ums
cul:ir arrangement. Incli\ i1luals who. ha.\'l' teeth with long cu:-op."' ha\·c the hca1l 
of the bone much ro1tndcll from before belii11(L and h:H'C a preponderance of 
the direct over the oblique muscles of llla)l.tication, <t111l 1•i1•1• l'l'l'Hd: teeth with 
~hort 1)1' no cu"ps arc a~sociatecl with a Hattcncd comlylc and !-ilrong oblique 
mu ... elc;-;. 

Yer_, .. !!reat aberra.tion., in the dental arran.~cmcnt are frequently followe<l hy 
accomotlati \'e clrn.ngc~ in the hcaU:-c of the inforior maxilla. 

Structure of the Teeth. 

The Dental Pulp.-_\ longitudinal section of a tooth will show the presence of a 
central chamber ha\·ing the general form of the nown of the tooth . Proce~:-)es of 
the chtunber pa-=s from its body. one for each root and down each root, an1l open a.t 

j ··C.wn. 
Pu1p 
car:ily. ".Y(Ck .. 

- · ··Root 

the apex by <\. minute orifice, the apical 
forameu. 'l'his cavitv is known as the 
pulp-chamber, the i~inute canals the 
pulp-canals. The cavity contain'i a soft, 
vascular. and sens iti \'C organ calietl the 
dental pulp. It is made up of myxorna-

1 

tous tissues, anti containR numcrouR blood- ~ 
vessels and nc1·yes, which enter by way ""·'Xi 

of the apical forarnina. It does not poo
se~s lymphtitic~. The periphery of the 
pulp is bouml('1l hy a layer of cells ar
ranged like columnar epithelium. each 
cell sending one or more branched pro
ce.-;ses through the ba:-;ic tiUbstance of the 
dentine. 'L1he~e are the dentine-forming 
cells, the odontoblasts of Walde\·c1-. The 
blood-,·e:'sels break up into in;umeralJle 
capillary loops which lie beneath the 
Ja,·cr of odontobla"t:->. The nene-fibrils 
b1:enk up into numberle~s non-medullary 
filaments, which . .:;pread out beneath the 
odontoblasts1 and probably se111l terminal 
filaments to the extreme periphery of the 
pulp outside the otlontobla,ts. 

T!J.e matrix. ce1ls ancl their processes 
are irregularly arranged in the hotly of 
the pulp1 but in the canal portion the 
fibrillre are in the direction of the axis 
of the root. 

'l1he .!:)ection will exhibit three hard ti:-~mes in a. tooth, one forming the greater 
ma~s of the tooth: hence its name dentiw' (the ivory). The dentine upon the 
crown is sheathed by a. layer called the enamel; the dentine of the root is enclose1l 
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in. a distinct tissue, the cementum or crusta pctro;.;a; both ce111cntum and enamel are 
thrnnest at the neck and thickest upon their distal portion:;. 

'l111c solid portion of the tooth consist~ of three <.li~tinct structures-viz. the 
prop~r dental substn1~cc, which forms the larger portion of the tooth, the ii•ory or 
dentme; a. layer wl11ch CO\'ers the 
exposc1l part~ of the crown, the 
enamel: and a. thin bycr, which is 

~~~p~;~~~,,~;1 0t1~~,~~;~~~~~e~~o::.e fang, 
The ivory, or dentine (Fig. 561), 

forms the principal ma;.;:-; of a tooth; 
in its central pal't is the cavity en
closing the pulp. It is :t motli
fica.tion of osseous tissue, from 
which it differs, howe\·er, in strnc
ture. Un microscopic examination 
it is seen to consi~t of a. number 
of minute wa.vy n.nd branching 
tubes having di:~tinl'l parfrtes. 
':l1hey are called the> denlinal lu
buli, an1l arc imbcddrd in a. dense 
homo.trcneous substance, the inter
tubular liiJRW'. 

The dcntinal tubuh (Fig. 562) 
are placed parallel with one an
other, and open at their inner en<ls 
into the pulp-cavity. In their 
course to the periphery they present 
two or three curves, and are twisted 
on themsehTes in a spiral direc
tion. The direction of these tubes 
varies: they arc vertical in the up
per portion of the crown, oblirtue 
in the neck and upper part of the root, and toward the lower pal't of the root 
they arc inclined downward. The tu buli, at their commencement, are about 
-:r:foo of an inch in diameter; in their course they divide and subdi,·ide dichoto
mously, so as to gi,•e to the cut surface of the dentine a striated appearance. 
From the sides of' the tubes, e~pecially in the root, ramifications of extreme 
minuteness arc gi,'en off, which join together in loop~ in tlte intcrtubular sub
stance, or terminate in small 11ilatations, from whi('h branches arc given off. 
Near the periphery of the dentine the finer ramifications of the tubuli terminate 
in a layer of irregular branched spaces which communicate with each other. 
These a.re called the interf!lobular spaces of Uzermak, or the granular layer of 
:l'om('8 (Fig. ;jt):2

1 
J). rl'he clcntinal tuhuli ba.vc comparatively thitk walls, and con

tain slernlcr cylindrical prolongations from the proccssc~ of the cells of the pulp-
• ti:-.sue already mentioned, and first described by ~Ir. rromes and named Tomes's 

fibres or dcntinal fibres. 'J'hese dentinal fibres arc analogous to the soft contents 
of the cana.liculi of bone. Between 'l1omes's fibres and the ivory around the can:.ils 
thrre is a tissue which is markedly resistant to the action of acitls-the dentinal 
slieatlt of' }..71•wMrnn . 

'l1hc ·intertubular wbstrrnre or tiRsue is translucC'nt, and contains the chief part 
of the earthy matter of the dentine. After the earthy m.a.ttcr has been removed 
b:• steeping a tooth in weak ac id the animal ba:-;is rc>mtuning may be torn into 
laminre which run parallel with the pulp-cavit,v aero:-.::-; the direction of the tubules. 
~rhc~c fominm ~how the mctho<l of growth to be hy deposition of sucCC'ti~ivc strata 
of dentine. Fihrils have been found in the matrix of the intertubular substance, 
and are probably continuous with the <lentinal fibres of Tome>. In a dry tooth a 



e;(•ctiou of dentine often <lisplays a. ~eric of lines-the incre111nltfll lin1·R flj Srtltt'1'

which arc para I k l '' ith the laminm a born lll(•ntionccl. 'J1hcsc linrs ar<• rau:-i<.•tl hy 

two fotb: t 1) The imperfect calcification of the 1lentinal larninrc imm<.•diah'l,r 

adjacent to the line; (:!)The drying procc~s, "hith ren•als tl1C'J-1C (kfccb in the 

ca lcification . 'L1hcse lines arc "idc or 1w1Tow al'<:onling to the 11umLer of la111i11m 

i11rnhcd, and :dong their course, in consetiuencc of the irnpcrfcctiou in the calci

(Ying 11rocc.ss, little irregular cavities :ll'c left, "hirh arc the infrrglobular 8/WCt'S 

already rcf'cncLl to. They ham rec:cin:-d their name from the fact that they arc 

~urrou.nded by minute nodules or globu l e~ of dentine. Other cuncd line~" may 

be seen parallel to the surface. ThcRc arc the lines of ~','clu·e,tjl'I", and arc due to 

the optica l effect of sim ultan eous cnrrnturc of the clentinnl tubu les. 

l'hemical Com110.'!itio11.-According to Berzelius an<l Bi bra, dC'ntinc consists of 

28 parts of animal and 72 of earthy matter. 'rho animal matter is rcsolrnble Uy 
boiling into gelatin. 'J1he earthy mattrr consists of phoflpliate and carbonate with 

calcium, with a trace of fluoride of calcium, phosphate of nrngnesia, and other 

salts. 
Th e enamel is the liardest an<l most compact part of a tooth, and forms a. thin 

crust over the exposet.l part of the crown as for as the commencement of the root. 

It is thickest on the grinding su rface of the crown until worn away by attrition, 

and becomes thinner toward the neck. lt consists of a. congeries of minute 

hexagonal rods, columns, or prisms. 'l'hcy lie parallel with one another, resting 

by one extremity upon the dentine, which presen ts a number of minute depres

sions for their reception, and fonning the free surface of the crown b.v the other 

extremity. These fibres arc directed vertically on the summit of the crown, 

~~::~~~n~a1~~0~! ~~e1 es8i:l~~~v~b~~u~·~=· al~~~h tl~~a~~lfr:J ~n c!·~~!~c\n b~U:,~!~:~s a~t 
<lark tran5,·cr:se lin_es, which mark the mode of the forma.tion of the rods (Fig. 

503). Another senes of lines, having a brown appearance, and llcnominatcd the • 

parallel stria• of Retzius, or the colored lines, are seen on a section of the enamel. 

These lines are concentric anU cross the enamel rods. They are caused by the 

mode of ena.mel deposition. Inasmuch as the enamel columns, when near the den

tine, cross e~1ch other and only become parallel farther away, a series of radial 

markings, ligLt and dark alternately, is obtained (Fig. 5Gl ). 
Numerous minute interstices intervene between the enamel.fibres near their 

dentinal surface. lt is noted in rare cases that the dentinal fibres penetrate 

a certain distance between the rods of the enamel. No nutrith·e canals exist 

in the enamel. 
C'liemieal Composition .-According to Bibra, enamel consists of 9G.5 per cent. 

of earthy matter and 3.5 per cent. of animal matter. 'l'he earthy matter consists 
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<>f the phosphate with the carbonate of calcium, with traces of fluoritlc of calcium, 
phosphate of maµ:ncsia, and other salts. 

The cortical substance, or cementum (crusta petrosa), is disposed as a thin lav-er 
on the roots of the teeth, from the termination of the enamel as far as the apex~ of 
the root, where it is usually ,·ery thick. In stmcture and chemical composition 
it rcsem~lcs bone. It contains, sparingly, the lacunre an<l canaliculi which 
-characterize true bone; the lacunre placed near the surface have the canaliculi 
radiating from the side of the lacunm toward the periodontal membrane, dental 
pedosteum, and those more deeply placed join with adjacent dcntinal tubuli . In 
the thicker portions of the crusta. petrosa the bme11m and lfavcrsian canals pecu· 
liar to bone arc also occasionally found. 

As ago ad\'ances t~e cement increases in thickness, and gives rise to tl1ose bony ~rowtl1 s, or 

~~o~t~~d =~b~~~~~~1i1~~~;!~~ji:~!~ ~; stt';~c~t7:~1 bet~~,?eJ~1ua~,~~~1i!~~~dcb~1;: (~~~cJ>.d~,:~!-~ ~~,6~~~e~ 1~ 
~~i~:~l_'Y dentme, Tomes). It is formed by the odontoblasts, the dental pulp lessening in 

Development of the Teeth. 
The teeth are an evolution from the dermoid system. and not of the bony skele

ton: they are developed from two of the blastoclermic layers, the epi blast and 
mesoblast. From the former the enamel is developed, from the latter the dental 
pulp, dentine, cementum, and pericementum. It is customary to view the develop
ment of the permanent and temporary teeth as separate studies. 

The earliest evidence of tooth-formation in the human embryo is observed in 
about the seventh week. 'The mucous membrane covering the embryonic jaws is 
seen to rise as a longitudinal ridge along the summit of each ja.w. 1 A tranS\'erse 
section through the jaws wil1 show the elevation to be due to a linear and outlined 
activity of the germinal epithelial layer: a. corresponding epithelial growtf1 is seen 
to sink as a. band into the mesoblastic tissue beneath. The local cell·activity con· 
tinues 1 aud in its descent the band a.ppea.rs to meet with a resistance which cau~cs a 
flattening of its extremity into a continuous lamina.. From the inner (toward the 
tongue) edge of the lamina. epithelial conls arc g iven o fl~ ten in number, one for 
each temporary tooth. 

'L111e growth of each cord rontinues, and each expands into a flask.like form, the 
walls covered by a layer of grrminal cells, its interior by swollen mature cells. 
The ingrowing bulb is now seen to flatten upon its lower ~urface, as though it ha<l 
met with an outlined re:;:.istance from the mesoblastic ti:;:.:;:.ue beneath. 1.'he epithel ial 
ingrowth as:;umes the general form of the several teeth : it is the enamel-organ of 
the tooth (Fig. :364). At this period the mesoblastic tissue around each enamel
organ is seen to become differentiated into fihrous tissue surrounding the enamel
organ.:;, but a.t some distance from them. Islets of bone are also seen to be forming 
the beginning of the bon~r maxiJlre. 

1.1he indentation of the ba~c of the enamei·organ continues until it assumes 
the form of the future teeth. The cells bounding the orp:~m assume a cylin
drical form; the cells of the interior become much expanded, irregular in size 
and form. 

The mci:;oblastic tissue underlying the enamel-organ is much condense~; evi. 
clences of cellular differentiation and a vascular system a.ppcar. Bone contmues to 
develop until nil of the tooth-follicles are embraced in a gutter of bone. From the 
lingual side of the cords of the temporary teeth epithelial buds arc given off, which 
sink into the mesoblastic ti~sue and form the enamel-organs of the permanent teeth. 
1.1he conden~ation of fibrous tissue continues until each embryonic tooth is enveloped 
in a sac, the dental sac; this, together with all of its contents, i~ called the dental 
follicle. 

The cells of the cnamel·organ now undergo a. series of differentiations : the 
inner layer is arranged as columnar epithelium, and is callec.1 the ameloblastic or 

1 The maxillary rampart or Kolliker Waldeyer. 



!llO TIIE ORG.LYS OF DJ(!l·:,s7'JQX. 

enamC'l-formin~ lnyer (Fi:;s . .jf);j :rnd ;)66). The cells of the outt:'r wall rem:un 
cuboid al; the cell-, "hi eh lie between become much distcmle<l. and on account of 

their appearance wlwn :-oN'n in ::-;cction this portion of the orf!:m i::; called the stcllate 
reticulum (the cnamel -j l1 ll~·). The la.yer of cell8 immediately comiguous to the 
arnclohla...;ts form a layN called the :::trarum intcrmcdium (Fig. ;)GU.A-D). 

The enc1osed lllC:-iohlastic papilla (the future tlc·ntal pulp) hn~ itl'l prl'iphcral cd ls 
differentiated into columnar hodic-5 di;.:.pot-:cLl a8 a. layer, each cl'l l ha \'i ng a larµ:r 

I11tcniale11""11'lloytr, 
/or(ul1111wutub/t1st1 

f.01urj(lw. 

Fm. '>65.-Yertiral l!Cction of th(' inft:rior maxilla of an t'arlr human fu:tu~ () l a~nilled 2Sdiam1::ten!.) 

nucleus. The \'a;.:.cular :-;upply of thr pulp is now well marked. A section of a 
follicle at this period will exhibit the follicular wall springing from the base of the 
dental papilla and h a,·in~ a. we1l-marked blood-supply. The bony ah'eol:u walls 
a.re well outlined, and evidences of a periostcum appear (Figs. ,5()5 and 566). 

Development of Ena.mel.-Iu point of time, the deposition of dentine actually 
bl'gins before that of enamel. RO that the fil':-;t-formcd layer of enamel is deposited 
against a. layer of immature dentine. Th e l'namcl is built up of two distinct sub
~tancc~-globul es of uniform size which are formed by the amcloblasts, and a. 
rementing sub~tance, probably an albuminate of calcium (c:llco-globulin), the ha~itoi 
of all the calcified tit-:sucs. At the end~ of the nmelohlat-:t::-, next to the dentinc, 
the secretion ealco-globulin i~ deposited. nrnl into the plastic mass the enamel
globules are extrudetl, each globule remaining connected with the amcloblasts by 
plasinic stri ngs, which also join the globules laterally.1 

The first deposit of enamel begins in the tips of the cusps, and is quickly fol
lowed by a. (lisappea.rance of the stellatc reticulum at that point; the stcllate retie· 

~:~;~t 1~~~~0~~8~~11.~viW1 ~l~~o;~.;tu: ~1~~trn;~di~~~~~~;}~~·c:0~!~~~~~~s":tlilri·e!·~n~::~t~~hit11~~t~ 
glan<lular (f'ecreting) ti!':sue which elaborates the calcic albuminous basi8 of the 
enamel. '!'he $ecretion pa~-.es from the cells of the stratum intermcdi um through a 
membrane into the amcloblasts, where it i8 in part combined with the ce11ular 

1 J.L.Williar11s,1Jl'lllrifCv:JmOs1 1896. 
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g.lobulcs, .and irrcg~1lar mas~cs of it extrude<l as cementing substance. The depo .... i
t1on con~muc~ un~tl. th~ enamel-cap has i.ts typical form. The depo~ition of the 
layers of globules 1s m<l1cated by parallel lme::; tra.n..;,·cr::ie to the axe:; of the enamel-

rod". At the completion of amelifica.tion the ameloblasts a.re partialh calcified and 
form the l'lllicula. denti.'1 or Na.smyth's membrane. " 

Formation of Dentine.-The layer of columnar cells bounding the periphery of 
the pulp (the oclontoblasts) are in apposition with 
a plexus of capillary Ycssels (Fig. 5ti6, A). Each 
cc11 is a. ~ecretin~ hocly which selects the mate
rial for dentinc-huilcling. Against the byer of 
a.me lob lasts cm·erinp: the dental papilla the odon
tobl::tsbs 'leposit µlo!Jules of the calcium albu
rninate, and, receding as the deposits are ma<le. 
learn one or more protoplasmic proC'esscs in 
the calcic dcpo>it (Tomes's fibres). The proce'9 
continue:-; until the normal dentine thicknC's~ is 
formecl. The 1leposit is lai<l clown in a i::.caffold
in~ of finely fihrillatr1l ti~~uc. 'The Jayer of 
formative cells remains ron~t:rnt. 

Formation of Cementum.-IIertwig asserts 
that the rpithclial edge of the enamel-organ 
formed by the inner and outer epithelial layers 
of the organ grows clownwarcl, or rather the 
<lernloping- tooth grows upward until the future root-form of the tooth is outlined 
b.v a double layer of epithelial cells (the root-•lieoith of llertwig). The gro1rlh of 
ah•rola.r process is synchronous. 

Upon the pulp oirlc of the >heath a layer of orlontoblasts is developer!: upon 
the outer side the fibrous encasement becomes c:Josch· :1ttachc<l to the sheath and a. 
layer of osteogcnctic cells (cementoblasts) is rliffe1;cntiatod. The growth of the 
dentine of the root is the !mme as in the crown. 'l.1he epithelial shcnth undergoes 
a.trophic change~, leaving cpitbeli:tl whorls which remain in the pericementum. 
~L1he cementum is developed as subperiosteal bone. 'J1he cementum over the apex 
of the root i~ not formed until after the eruption of the tooth. 

Formation of Alveoli.-By the time the crowns of the teeth ha,·e formed. each 
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i~ rncloo:C'cl in n. loculu:-; of hone which h a~ llrrdopcd arnm11l it and at some di~hrncc 
from it; the lotulu" i~ open at the top toward the ~um~ . where it i::.. cln:-etl by 
fihrou;.; ti ... :-;uc: the dc,·eloping permanent tooth is contained in the same locul u:--, 
hue i" latrr s;rparaft'll from the temporar,v tooth Ly a ;:rrowth of hone. 'Th<.' ah·C'Olar 
procc"~ i~ not completed until nf'tcr the eruption of the tc<.'lh. Durin~ erupt ion 
that portion of the proc:c . .::s o,·crlyin~ the crown undcrµocs a.hsorption, and as i:iOon 
a" the immat11r2 tooth has ernpte<l the ah-colar process is developed about the root1 

whose formation is ab:o completed after erupt ion. 
Development of the Permanent Teeth.-Thc pcrmnncnt teeth as regrmls th ei r 

<lc\'C•lopmcnt may be dividc1l into two sets : (1) those which rC'placc the t<.>mporary 
teeth, and which, lik e th em, arc ten iu number: these arc the .1.Jucces.'jiunal per-
111anent teeth: and (2) those which haNe no temporary prcdece~:-<o rs, but arc 
superadde<l a.t the back of the dental series. Tb.csc arc th ree in number on either 
side in each ja.w, and arc termed the superadd~£l permanent teeth. 'l'hcy arc the 
three molars of the permanent set , the molars of the temporary set being rep laced 
by the prernolars or bicuspiJs of the perman ent set. 

The development of the sueceRsional permanent teetlt-thc ten anterior ones 
in either ja.w-will be first considered. A s already stated, the germ of each 
milk tooth is a. special thickening of the "free" edge of the common dent;ll germ 
or dental lamina. In like manner is formed the special dental germ of each 
of the successional permanent teeth. But th ese thickenings are not at the 
"'free·· edge of the dental lamina., but occur behind and lateral to each of the 
milk-tooth germ~ (Fig. 56-1:). There are ten of these, and th ey appear in order, 
about the sixteenth week, on each side, the central incisor germs being the 
first. 

i 1Lesc special dental germs now go through the same transformations (and 
becnme enamel·orga.ns) as were described in connection with those of the milk 
teeth; tha.t is, they recede into the substance of the gum behind the germs of the 
temporary teeth. A s they recede they become flask-shaped, form an expansion 
of their distal ex tremity, and £nally meet a papilla, which ha s been formed in 
the mcsoblast, just in th e same manner as was the case in the temporary teeth. 
The apex of the papilla. in<lcntates the dental germ , which encloses it, and form
ing a cap for it, undergoes analogous changes to those described in the develop
ment of the milk teeth, and becomes converted into the enamel, whilst the papilla 
forms th e dentine, of the permanent tooth. In its dc,,eJopment it becomes en
closed in a <lentinal sac which adheres to the back of the sac of the temporary 
tooth. Th e sac of each permanent tooth is also connected "ith th e fibrous ti~:-ue 
of tbc gum by a. slender ball(} or guhern(u·uhun} which passes to the margin of 
the jaw behind the corresponding milk tooth (see abo1·c) . 

Th e HUJINaddecl permanent teeth-three on each ~idc in each jaw-arise from 
:o:iucce~.sirn extC'nsions backward-i. e. along the line of the jaw-of the common 
dental germ from the back part of the special dental germ of the immediately 
prcecding tooth. During the fourth month or sevcntC't·nth week, in that portion 
of the common dental germ which li c.s hehind-i. e. lateral to the spC'cial dental 
germ of the last temporar.Y molar tooth, and which has hitherto remained unal
tered, there is deYelop('d the special dental germ of th e first permanent molar 
lnto which a papilla. projects. In a similar manner, about the fourth month 
after birtb the ~econd molar is formed, au<l about the tbird year the tbir<l 
molar. 

Eruption.-\\'heu the calcification of the uiffcrcut tissues of the milk tooth 
i ~ !'nffic iently ach:inced to C'trnble it to hear the pre~l-'1tre to which it will be after· 
"anl suhjetteil. it!'! l'l'llption take:-. place, the tooth making its way throuah the 
f!UlU. The g:nm is ah:-:orbed by the pre~ .... urc of the cm\\ n of the tooth aµ-aiust it. 
"hich is ibelf' JH'l·:--~ed up h.Y the increa~ing i:- izc of the fang. &\. t the !'ame time 
thl' 7"'t'Jlta lil1hH•l'll the dentinal sac:-. at fir.;.t fibrous iu structure, m•7"'ifr and thus 
form tht..' lnculi or aln•oli; these firmly ernLracc the necb of the teeth~ and afford 
tht'm a soli1l basii'i. 
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Previous to the permanent teetli penetrating the gum 1 the bon.v partitions 
which ~eparate their sacs from the deciduous teeth arc ab8orhcd, the roots of 
the tcmporar.v teeth disappear by absorption through the ngcncy of particular 
multinuclcated cell~, called (Jclontoclmsts, "hich n.1·e developed at the time in the 
neighborhood of the root, and the permanent teeth become placed under the 
loose crown of the deciduous teeth; the latter finallv become detached, and tbe 
permanent teeth take their place in the mouth (Fig. iiG8). 

Fm. 568.-Tbc milk-teeth in a. child of about four years. The pcrmnncnt teeth arc seen in their alveoli. 
(Crrer.) 

Calcification of the permanent teeth proceeds in the following order: First 
molar, soon after birth: the central incisor, lateral incisor, and cu::;pidi about six 
months afcer birth; the bicuspids, at the $econ<l year or later; second molar, end 
of second year; thir1l molar, about the twelfrh year. 

~rlic eruption of thr temporary teeth, commences at the R<'Ycnth month 1 and is 
complete about the end of the second year. 

'l'he periods for the eruption of the temporary set arc (C. R. Tome,)-

I~owcr C('llfrnl inci~or:-1 
rppcr iucisors 

G to 9 months. 
8 to 10 " 

Lo1rc•r lateral inci:;ors and fir.st molars . 
Canin(•s . 

],) to 21 
16 to 20 

Sccou<l rno\;.1rs 20 to 2.,1 

The eruption qf t!tl' 7u'rm~ment teeth takes place at the foll1~'1 ing periods, the 
teeth of tlw lower jaw preceding those of the upper by a !-iliort 111tcrval: 

tE vcars, fir:-;t molars. 
7th" vcar, two 111id1llr incisors. 
8th \·ear 1 two latt.·ral inci~ors. 
9tli year, first Licuspiu. 

10th rear, second 1Jicu:-;pid. 
11th to 12th H:1r, canine. 
12th to 1 :Jth ·nar, ~ccoml molars. 
17th to 2ht )·car, third molars. 
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THE PALATE. 

'rhc pa.late formi:; the roof of the mouth: it consists of two portion~, the hard 
palate in front, the soft palate bchin1l. 

The hard palate is bounded in front an<l at the •ide• by the ah·eolar arches 
antl gunu•; hehin<l, it is continuous with the soft palate. It is co,·cretl b.Y a. dcn!'e 
~trn<'turc formet.I h,Y the pcriostcum and mucous membrane of the mouth, which 

~~~h~: 1 !:1;1=;~~l\~~~:1;\~~-=~c~ ~ngt:~~~~::i.v i~~l~L11~u~1111° 1~~;1(::::1° d1i1~~si!1~ ;w~~t)e~~-n~~~l~~n~~ 
inO' with the inferior opening of the anterior palatine foR~a . 'l1his papilla 
rc~ciYcs filaments from the naso·palatinc and anterior palatine nerves. On either 
side and in front of the raphe the mucous mcmhr:rnc is th ick, pale in color, nntl 
corrugated: behind, it is thin, smooth, an<l of a. deeper color : it is covered with 
squamous epithelium, aml furnished with n umerous gla.nds (palatal glan<ls)1 

which lie between the mucous membrane and the surface of tho bone. 
~rhe soft palat e (velum peudulu,m 7Jalati) 1s a 1110\':1blc fold suspended from the 

posterior border of the hard palate, and forming an incomplete septum between 
the mouth and pharynx. It consists of a fold of' mucous membrane enclosing 
muscular fihrcs. 1 an aponeurosis, vessels, nc1Tes, adenoid tissue, and mucous 
glancls. When occupying its usual position (i.e. re laxed an<l pendent) its anterior 
surface is conc~we, continuous with the roof of the mouth, and marked by a 
median ri1lgc or raphe, which indicates its original i;;.eparation into two latCral 
hah·es. Its posterior surface is c01nex. and con~inuous with the mucous 
membrane coYerinp; the floor of ihe posterior nares. Its upper border is attached 
to the posterior margin of the hard palate, anll its ~ides arc blended wilh the 
pharynx. Its lower bonier is free . 

J langing from the middle of its lower border is a small, conical-shaped 
pendulous proces:-;, the m·ula, and archi11g outward and downward from th..! ha!'(' 
of the uvula. on each f-l.ide are two cuned folds of mucous membrane, containing
mu:-;(•nla.r fibres, callc<l the arelies or pillar.() of the snp palate. 

The antrrior pillar,~ run downward, outwar1l, and fo r ward to the sides of the 
base of the tongue, an<l al'C formed b:1 the projection of the Palato-glossi muscles, 
covered bv mucous membrane. 

'firn p~n;terior pillru-s are nearer to each other and la rgcr than the anterior; they 
run downward, outwanl, ::tJl(l backward to the sides of the pharynx, and are 
formed by the projection of the Pala.to-pharyngei mu~cles, co,·crecl by mucous 
membrane. 'l'hc anterior and posterior pillars are ~eparate<l below by a triangular 
interrnl in which the tonsil is lodged. 

'l'he space left between the arches of the palate on the two Rides is called the 
iRtlwmR of thr .fmu'1'x. It is bounded, abo,·e, by the free margin of the sofl palate: 
below, by the back of the tongue: and on each sid~, by the pillars of the soft 
palate and the ton•il. 

The m1u·nuF1 mem/Jrmu of the soft palate is thin. and covered with squamous 
epithelium on its under surface, while on its i;;.upcrior Rurfacc the epithelium 
is columnar and ciliatcd.1 Beneath the mucous membrane on the oral surfa<:e 
of the soft palate is a considerable a~ount of adenoid tissue. The palatine glands 
form a continuous la.Yer on its postenor su rface and round the uvula. 

rl1he aponeuros;s of the srd~ palate is a. thin but firm fibrous layer attached a hove 
to the posterior border of the hard palate, and becomi ng thinner tow<ird the frpe 
margin of the velum. Laterally, it is continuous with the pharyngeal aponeurosis. 
It forms the framework of the soft palate, and is joined by the tendon of the Tensor 
palatt musc.:lc. 

The 11111Sdcs of tlie soft palate are fi,·e on each side: the Le,·ator palati, 
'l'eusor pal:tti, ~zygos un~la~. Pa~a..ro-glos.sus, and Pabto-1~har.vngcus (see page 421). 
The followmg 1s the rcla.tn·e pos1twn of these structures tn a. dissection of the soft 

1 According to Klein, the mucous n;i~mbrane. on .the nas.~\ surface of the soft palate is in the 
fu.>tus covered throughout by colnmnar c1hate<l ep1theltum1 wluch subsequently becomes squamous. 
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palate from tbc posterior or nasal to tbc anterior or oral surface: Immediately 
hC' neath the na.!<al mucous membrane is a thin stratum of muscular fibres, the 

r~=t~;il~~~j~~s~;~~l~~ ~{c t~~d~l<~i~~~~~ha~ve:~~~I~ ~1~1:ci~et~~i~~~;g:·~t~v:::,u~c!~o~;i::-
lllg of two rounded fleshy fasciculi, placed si<lc by side in the medinn line of the 
i:.:of't palate. Next come 'the fib res of the Lcrntor"' palati, joining with tbc muscle 
of the opposite s ide in the middle l ine. Fourthh·, the anterior fascicu lus of the 
Palato-pharyngeus, thicker than the posterior, aild separating the Lcvato1· palati 
from the next muscle, the rrensor palati. This musc:lc terminates in a tendon 
which, after winding round the hamular process, expands into a broad aponeurosis 
in lhe soft palate, anterior to the othet muscles which have been enumerated. 
Finall.v1 we ham a thin muscular strat11m1 the Palato-glossu8 muscle, placed in 
front of tbc aponeurosis of the T ensor palati. and separated from the oral mucous 
membrane bv adenoid tissue. 

The tonsils (amygclalft') a.re two glandular organs., situatP<l one on each side of 
the fauces. between the anterior and posterior pillars of the soft palate. They are 
of a rounded form, and rnry considerably in size in different individuals. Exter
nally the tonsi l is in relation with the inner surface of the Superior constrictor, 
which separa.tcs it from the internal carotid and ascending pharyngeal arteries. 
It corresponds to the angle of the lower jaw. Its inner smface presents from 
tweke to fifteen orifices, leading into small recesses. from which numerous follicles 
branch out into the substance of the gland. These follicles are lined by a continua
tion of the mucous membrane of the pharynx, co,·ered with epithelium; around 
each follicle is a layer of closccl capsules imbedded in the submucous tissue. These 
capsules are analogous to those of Peyer's g lands. con~isting of adenoid t issue. 
:No openings from the capsules into the follicles can be recogn ized . 'l1hcy contain 
a tbick grayish secretion . Surrounding each follicle is a close plexus of lymphatic 
;essels. From these plexuses the lymphatic ,·essels pass to the deep cerrical 
glands in the upper part of the neck, which frequent ly become enlarged in affec
tinn,c;; of these organs. 

'l,he arteries supply ing the tonsi l arc the dorsalis li ngure from the lingual, the 
ascen<lin{)' palatine and tonsillar from the facial, the ascending pharyngeal from lhe 
external 

0
carotid. the descending palatine branch of the internal maxillary, and a 

twig from the s.mall meningeal. . 
The veins terminate in the tonsillar plexus, on the outer side of the 

tonsi l. 
The nerves are derived from i\leckcl's ganglion and from the glosso-pharyngeal. 

THE SALIVARY GLANDS (Fig. 569). 

The principal salivary glands commun i c~ting with. the mouth an(~ pouring 
their secretion into its cav ity are the pa.rot1d1 submaxtl lary, and sublingual. 

The pa.rotid gland, so cal led from being placed near the car. (;ra{Jd, n~ar: oLJ,, 
cbr0,1 the ear). is the largest of' t~e three saJi,,a~·y gh~nds, ,·ar,p.ng m ~\'eight from 
half an ounce to an ounce. It lies upon the side of the face 11nmcd1:1tcl.Y below 
and in front of the external ear. It is limited abo,·e by the zygoma; below. by 
the angle of the j<tW anrl by ~ line drawn between it and the mastoid pro.cess: 
anteriorly, it extends to a vanab1e extent o,·c1'. the :l\Iasscter muscle; postenorl.y, 
it is bounded by the external meatus, tbe mastoid process, and the Sterno-mastoid 
and Diga tric muscles, slightly overlappmg the latter. . . 

Its anteriot 1tmface is groo"e<l to embrace the posterior margm of the ramus ~f 
the lower jaw, and adrnnce:s fon,ard beneath the ramus, between the two Ptery1?0Jd 
muscles an<l in front of the ramus o,·er the Masscter muscle. Its outn· sw;fat·e, 
slightly Jobulatecl , is cove.red b,Y, the intc~umcnt a~ul parotid fascia, a~1d bas one or 
two lymphatic ghrnds restmg on 1t. Its w1.irr s1~1;face e.xtends deepl~ mto the neck 
bv means of two la.rge processes, one of'' luch dips bebmd t~c stylo1<l process an.<l 
p;·ojects beneath the mastoid proce~s and the Sterno-masto1d muscle; the other 1s 

60 
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sit11aU.'1l in front of the gtyloi<l procegs, and passC"s into the batk part of th<..> glrnoid 
fo~1'a. behi111l the articulation of the lower ja.\\. The :-;tructures pa:-;:-.ing through 
the parotid gland arc-the external carot id artery, gi,· ing off its three terminal 
branches: the po~terior auricular arter,\' emerges from the gland behind: the 
temporal artery abo,·e; the transverse facial. a branch of the temporal. in front; 

Fw. 569.-Thcsalivary g\11nds. 

and the internal max illary winds through it as it passes inward, behind the neck 
of the j aw. Superficial to the ex ternal carotid is the trunk formed by the union 
of the temporal and internal maxillary veins; a branch, connecting this trunk 
with the in te rnal jugular, also passes through th e gland. It is also traYersed by 
the facial nen·e and its branches, which emerge at its anterior bor<ler; branches of 
the great auricular nene pierce the gland to join the facial, and the auriculo
temporal branch of the inferior maxillary nerve emerges from the upper part of the 
gland. The internal carotid artery and intern al jugular vei n lie close to its deep 
surface. 

~L1h e duct of the parotid gland (Stenson's) is about two in ches and a half in 
length. It commences by numerous branches from the anterior part of the gland, 
crosses the i'ilasscter muscle, and at its anterior border dips down into the substance 
of the Buccinator muscle, which it pierces; it then runs for a short distance obliquely 
forward between the Buccirnttor and mucous membrane of the mouth , a.nd opens 
upon the inner su rface of the cheek by a small orifice opposite the second molar 
tooth of the upper jall'. While crossing the Masscter it rccei,·es the duct of a small 
detached portion of the gland, socia parotidis, which occasionally exists as a separate 
lobe. just beneath the zygomatic arch. In this positi on it has the transverse facial 
arterv above it and some branches of the facial nerve below it. 

structure.-The parotid duct is dense, of cons iderabl e thickness, and its canal 
about the size of a crowqui ll; it consists of an external or fibrous coat. of 
considerable density, containi ng contract il e fibres, and of an internal or mucous 
coat lined with short columnar epi th elium. 



TIIE SALIVARY ULA,\"DS. 

Su~face Form.-'J'he rlirection of the du<:t correi-iponds to a line drawn across the face about 
a 6n~cr s brl'ruhh below the zygoma; that is, from the lower part of the tragus to midway 
between the free margin of the upper lip and the ala of the nose. 

Vessels and Ne.rves.-'l'be arteries supplying the pa.rotid gland a.re cleri,·ed from 
the external caroud, and from the branches giYcn off by that ''cssel in or near its 
sub~tanc.c . . T?e t•eins empty the~nse)n~s into the extei·nal jugular through some 
of us tnbutanes. 'rhe ~1pnphatlcs terminate in the superficial and deep cen·ical 

FIG. 570.-A hii;hl)' magnified section of the submaxillary gland oC the flog, stained with carmine. (KOlliker.) 

glands, passing in their course through two or three lymphatic glands placed on 
the surface and in the substance of the parotid. 'The nerves are derived from the 
carotid plexus of the sympathetic, the facial, the auriculo-temporal, and great 
auricular nerves. 

It is probable that the branch from the a.uriculo-tempornl nerve is derived 
from the glosso-pharyngeal through the otic ganglion (wbich sec). At all events, 
in some of the lower animals this has bee11 proved experimentally to be the 
case. 

Th e submaxillary gland is situated below the jaw, in the anterior part of the 
submax illar_y triangle of the neck. It is irr~gula.r in form and weighs about two 
drachms (8-10 grammes). It is co,·ered by the integument, Platysma, deep cer
''ical fascia, and the body of the lower jaw, corresponding to a depression on the 
inner surface of the bone, and lies upon the My lo-hyoid, liyo-glossus, and Stylo
glossus muscles, a portion of the gland passing beneath the posterior border of 
the i\Iylo-hyoid. In front of it is the anterior belly of the Di gastric; behind, it 
is separated from the parotid gland by the sty lo-maxillary ligament, and from the 
sublingual gland in front by the Mylo-hyoid muscle. The facial artery lies im
bedded in a groove in its posterior anrl upper border. 

The duct of the submaxillary gland ( Wlwrton"s) is about two inches in length, 
and its walls are much thinner than those of tlrn parotid duct. It commences by 
num erous branches from the deep portion of the gland, and passes forward and 
inward between the Thlylo-hyoid and the l !yo-glossus and Genio-hyo-glossus mus
cles, then between the sublingual gland and the Genio·hyo·glossus, and opens by 
a narrow orifice on the summit of a small papilla. at the side of the frrenum lingure. 
On the Ilyo-glossus muscle it li es between the lingual an<l hypoglossal nerves, but 
at the anterior border of the muscle it crosses under the lingual nerve, and is then 
placed above it. 

Vessels and Nerves.-The artnies suppiying the submaxillar.\' gland are 
branches of the facial and lingual. I ts vein& follow the course of the arteries. 
The nnTer1 are deri,·erl from the subma.xillary ganµ; lion. through which it recei,·es 
filaments from the chorda tympani of the facial nnrl lingual branch of the 
inferi or maxillarv, from the mvlo-hvoid branch of the inferior dental. and from 
the s.vmpathet ic. · · • 
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The sublingua.l gland is the smallest of the !-l.alirnry gland~. [t i~ ~ituat<.•tl 
beneath the mueou!-1 membrane of the floor of th<.• mouth. nt the ~ide of the fr<X"num 
linA"lHC, in contact with the inner surface of the lower jaw. clo~c to the :--ymphy~is. 
It i~ narrow, Hattene1L in shape somewhat like an almond. anll weighs about a 
drarhm. It i8 in relation, abore, with the mncOuf.l membrane: bt'loll'. with th(' 
:\Irlo-ln·oid mu~clc: in front, with the depression on the ~ide of the S\'mpln·sis 11f 
the lm;·er jaw. and with its fellow of the opposite side: be/iind, ":ith the deep 
part of the submaxi1lar~~ µ:laud: and internall,11, with the Genio-hyo-glm.:su~. 
from which it i1' separatc<l by the lingual nene atlll Wharton's duct. l1f<. 
excretory ducts (ducts of Rivinus), from eight to twent,\• in numbe1-, open 
separately into the mouth. on the elernted crest of mucoui:; membrane caused hy 
the projection of the ~Janel. on either side of the f'r~num linj!u~"'C . One or more 
join to form a tube wLich opens into the Whartonian duct; this is ca11cd the duf'l 
of' Bnrtholin . 
· Vessels and Nerves.-The sublin~ual gland is supplied with blood fl'om the 
sublingual and submental arteries. Its nenes are derived from the lingual. 

Structure of Salivary Glands.-Tbe. salirnry arc compound racemose gland:', 
coni-isting- of numerous lobes. which are made up of ~maller lohnlcs connected 
toµ-ethcr by dense areolar tissue. ,·essels, and ducts. Each lobule consists of the 
ramifications of a single duct, u branching frequently in a tree-like manner,·· the 
branches terminating in dilated ends or alveoli, on "hich the capillaries are 
distributed. 1-'hese ah-coli, howe,·er, as Pfliig:er points out. are not necessaril~· 
spherical. tbouµ;h sometimes the.v assume that form; sometimes they are perfectly 
c.vlindrical. an<l ,·er~~ often they are mutuall~r compre!?-sed. The alveoli are enclosed 
bv n basement membrane which is continuous with the membrana propria of the 
duct. It presents a. peculiar reticulated structure, ha,·ing the a1)pearance of :t 
basket with open meshes, and consisting of a network of brnnchecl and flattened 
nucleated cells. 

The ah'enli of the salivary glands are of two kinds. which differ both in the 
appearance of their secreting cells, in their size, and in the nature of their 
secretion. The one variety secretes a rop~7 fluid which contains mucin, and 
has therefore been named the mueoiu~, whilst the other secretes a thinner and 
more waterv fluid. which contains scrum-albumin, and has been named serou.f.f 
or albttminOus. The sublingual gland ma~' be reg:arde<l as an example of the 
former variety, the parotid of the latter. 'l'he snbmaxillary is of the mixerl 
variety, containing both mucous and serous alveoli. the la.tter, howe,·er. prepon
derating. 

Both ah·eoli arc lined bY cells. and it is b,· the character of these cells that the 
nature of the µ;land is chiefl.\· to be determine'ci In addition, howe,·er, the ah·eoli 
of the serous glands are smaller than those of the mucous ones. 

The cells in the mucous alveoli are spheroidal in shape, glass:'t. transparent. an<l 
dimly striated in appearance. The nucleus is usuallv situated in the part of the 
cell which is next the basement membrane, against which it is sometimes flattened. 
The most remarkable peculiarity presented b,· these cells i~, that they gi\·e off an 
extremel)· fine procesj-i which is cun-ecl in a direction parallel to the surface of the 
ah'eolus. lies in contact with the membrana propria. and overlaps the nrocei-s of 
nei1?hborin,g cells. The cells contain a quantit.v of mncin, to which their clear. 
transparent appenr:rnce is cine. 

Here and there in the alveoli are seen peculiar half-moon-shaped bodies lyin!! 
between the cells and the membrana. prnpna of the ah-eolus. They are termed 
the crescents ~f' Gianuzzi or the demi/unes qi' Heiden/win (Fig. 570), and are 
regarded by Piliiger as due to post-mortem change, but b,r most other later 
obser\'ers they are believed to be compose<! of polyhedral granular cells, "hich 
lieidenbain regards as young epithelial cells destined to supply the place of tho;e 
salimr.'· cells which have undergone di::in1cgration. This view, bowe,·er, is not 
accepte_! b.'· Klein. 

Serous Alveoli.-ln the serous alreoli the cells almost completely fill the ca,·ity. 



9~9 

Ho that there is hardly any lumen perceptible. Instead of presenting the clear. 
n _ansparent appeara~c~ of the ccl1s of the muco~1s alveoli, they present a granular 
appearance, due to d1stmct granules of an albummous nature imbedded in a closeh·
reti.culated prntoplasm. Th~ clu~ts which originate out of the ah-coli are lined ;t 
thc11· commencement b.'' e~1the~1um which differs little from the pavement type. 
As the ducts en large the ep1thehal cells change to the columnar tvpe. and they are 
descri.bed by Pfluger as :tttached .to the basement membrane by a brnsh of fine 
ha1r-hkc processes, which he behe\'CS to be continuous with the nene-fibres. 
~ther anatomists rega1:d these cells as u:icrely st ri~ted ?n their deep surface. 
Ihe lob ules of the sah~·ary glands are nchl)' suppli ed with blood-rnssels which 
form a dense network m the !nteralveolar spaces. } ... inc plexuses of nen·es are 
also found jn the interlobular t issue. 
Plliiger describes the nerves as being 
directly continuous with the salivary 
cells of the a.l veol us. the nenre some-

tunes passing through a ganglion-cell just before joining the alveolus (Fig. 571, 
A and n). 'l'his fact bas not, however, been corroborated by other obsen•ers. 
There is no doubt that ganglia are to be found in some salivary glands in connec
tion with the nerve-plexuses in the interlobular tissue; thus they are to be 
found in the submaxillary, but not in the parotid, but whether the ultimate 
fibril:.; are connected with the salivary cells, as asserted by Pffiiger. remains to be 
pro,·ed 

In the submax illary and sublingual glands the lobes arc larger and more 
loosely united than in the parotid. 

JIIucous G/ands.-Besides the salivary glands proper, numerous other glands 
are found in the mouth. They appear to secrete mucus onl.v, which senes to keep 
the mouth moist during the interrnls of the saJi,·ar.'' secretion, ancl which is mixed 
with that secretion in swallowing. i\Ian y of these glands are found at the posterior 
part of the dorsum of the tongue, behind the circumvalla te papillre. and also along 
its margins as far forward as the apex. 1 Others lie around and in the tonsil 
between its crypts , and a large number in the soft palate. These glands are of 
the ordinary compound racemose type. 

Surface Form.-The orifice of the mouth is bounded by the lips1 two thick, fleshy folds 
covered exlernally by integume~1t and internally by mncou~ mern~r,ane,. and. consist_ing of 

:h~~~~;lhc~li~s 1~~;~id1c:~b)~ai~1 td~ffe~~~~1~ndi\!fJ~~J~ b~1~d~e~~~~~ b:ai;e as~J~s~f r~l~~i~~;~~e S1~ 
~ize am! prominence of' the teeth. I.ls cori:ers correspond pretty accurately to the f?Ul~r border 
uf the canine teelh. In the )lonc:olian tribes, where the front teelh are la~ge and. mclmed fo r
ward. lhe moulh is large; and this, c~mbined with th~ thick and e\·crted lips ":l11~h appc~~ to 
be as,..;ociatcli with prominent teeth 1 gn·es to the 1~egro ~ face .much of the pecuharuy by WIHth 
it is characterized. The smaller teeth and the slighter prommem:e of the akeolar arch of the 

~~;0j.~~gg~g;§~~~i~~:;~~~::~~~~1:i~~~}~f :&~~;0;g~!1~
0

11::·~;~~:~'.~! i~~~~~.~~~~: 
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~:!~~~1! 1 \~ 1~1;~· i~11Xl!~ti~nr~f.cin~:i'J1i~~~1c~~~'\~difii~e r:i·a~l~d 11~~u:~:: ~:~tJ~~~l('~11::1·11 ~1~~ J1S~111~~1 ~i,iiiz~1:J;~:~ 
of the indi\•idual. 

lrpon look in~ into the momh, the fi~t thin!! W(' may note is die hml!UC, th(' upper surfa('C' 

~fo,:'~h~I~~ ~:~l~(1fu. Ii~~ ~:C~'Z~~~ 11,~trchdi~,~~l~~eitci,~·;~\·.twJ'~~~n~~~:~~~,;s~~~1i~·,~;~: 31~l·111~ :!1,~~~;i~'~ 
two-thirds is rou!?;h and studded with papillre j the po~terior thir<l smoot h and tubcrl'ltlatcd, 
co,·crccl by numerous !!lands which project from the surface. Fpon raisin.I!: the tou.!.rnc the 
mucous membrane which i1wests the upper surface may be traced co,·crin!Z' the isidt..·~ of the 
under surface, and then reflected over the floor of' the mouth on to the inuer !'urfare of the 
\ower jaw, :t part of which it CO\'ers. As it p~ses over the bordcns of the tonuue il dian,a:es it-, 
thara<:ter1 becoming thin and smooth and losing- the papill::c which arc to be seen on th<> upper 
.surface. In the middle line the mucous membrane on the under smfacc of' the tip of the 

~~~~~;~c Jfi~I~~ ~l~j~ti1Q~[.~~n~11\~ t·;~w;~u~~tg;J~~~ ~),i~·h;~~n~::~~ ~r~·~~hi:/~J;~1~~~~lht~nt:~~t~~;.~~J: 
an(!, acting as a. bridle, prevents the complete protrusion of' Lhe tongue. When this condition 

~h~8fl8o~~t~}1 '~1::t,;11~l1:1thi1s t~~dd~I~~ d~~~~~~eof1:i1e 0:~,~\·ic11\~ ~.~;id~;·~d b~·c81;?'~d1~v~~: 1 ~~~~l b~~~~.~ ~·; 
less extruded from the mouth j at the same time a deep furrow will be noticed to appear in the 
middle line of the anterior part of the dorsum. SotuetinH'S, :L little external to the fr::cnum, 
the ranine ,·ein may be seen immediately beneath the mucous membrane. 'J.'he correl'.lponding 
artery, being more deeply placed, docs not come into Yicw. nor can its pulsation be folt with the 
finger. On either side of the fncnum, in the floor of the moath. is a. lon:dtudinal elc\'ation or 
rid~e. produced by thr- projection of the sublingual ,gland, which lies i1111uediately beneath ihe 
mucous membrane. _\..nd close to the attaelnnent of' the fr;"Cnum to the tip of 1hc ton.f!ue may 
be seen on either ~ide the slit-like orifices of Wharton":; ducts, into which a fine probe may Le 
pa&;ecl without much difficulty. By e\·erting the lips the smooth mucous membrane lining them 
may be examined, aud may be traced from them on to the outer isurface of the ah-eolar arch. 
[n the middle line. both of the upper and lower lip, a small fold of mucous membrane J'flS:,;eS 
from the lip to the bone, constitutin~ the frn:nn; the~e are not so l:m.!;C as the frrenum lin .2:m'C. 
By pullin~ outward the angle of the mouth. the mucous n1embranc linin~ the cheeks can be 
seen, and on it may bu percei,·ed a little papilla which marks the position of the orifice of f.:ten
son's duct-the Juct of' die paro1id gland. The exact position of the orifice of' the duct will be 
found to he opposite the second molar tooth of the upper jaw. The introduction of a proLe 
into this duct is attended with considerable difficulty. The teeth are the next objects whiC'h 
claim our attention upon look in~ into the mouth. There nre, as sta ted abovc1 ten in either jaw 
in the temporary set, and sixteen in the permanent set. Tl1e gums, in which they arc implanted, 
arc dense, tirm, and ''ascular. 

At the back al' the mouth is seen the istlmm8 of the j(rnce.~, or, as it is popularly called, 
''the throat:'' this is the space between the pillars of' the fauccs on either side. and i:s the 
means b.'' which the mouth communicates with the pharynx. Above, it is bounded hr the soft 
palate, the anterior surfh.ee of' which is conc:H'e and c_orercd with mucous membrane, which is 
continuous with that. lining the roof of the mouth . Pmjectiuc- from the rniddlc of its lower 
border is a. conical·shaped projection, the urn/a. On either ::.idc of the isthmus of the fauc-es 
are the anterior and posterior pillars, formed by the Palato-glof'.sus and Palato-pharyn_2'cus 
muscles respectively, covered o,·er by mucous membrane. Between the two pillars on either 
side is situated the tonsil. By their external surface these J!lands are in close relationship with 

~t~.j:1~~1~1111~ln~a~l~~i~,.:~llt~j.\h~~l~;r;~1~~rnletcli:r~~t;d1 i;11:~~~~~s 0,~~;~~Y1111~; ~i~~.g~·:~fedfi:~ 1 ~-~~~~~~ 
iug the tonsil. The extirpation of this glandular body is not uuattended with clanger of 
hremorrhai;e from other sources. Dr. \Veir has stated that he belie,·es that when hremorrhage 
OC'Curs after their remornl it arises from one of the palatine arteries havin.~ been wounded. 
These ves::iCls arc large: they li e in the muscular tis.')ue of' the palate, and when wounded are 
constantly exposed to disturbance from the contraction of' the palatine muscles. The vessels of' 
the tonsil, Dr. Weir states, arc small and lie in the soft tissue, and readily contract when 
wounded. 

When the mouth is wide open a. prominent tense fold of mucous membrane may be seen 
and folt, extending upward and backward from the position of the fan:r of the last molar tooth 
to the posterior Jlart of the hard palate. This is caused by the Pt er.112o·maxillary ligament, 
which is attached by one extremity to the apex of the internal ptcrygoid. plate, and by the other 

~~rt~~it!~0ti~~t!·P~~~~~,~~~~1~fc~~: ~~)~~~h~~~~Q~:1(~~e 1·1;1!h~a:~~v~)~1~'~ la~~ c~nol~~t:o~~h ~d~~~~; 
the lJOSition of' the lingual (gustatory) nerve, where it is easily acct: ible, and can with readiness 
be chvided in ct1ses of cancer of the tongue (sec page 810). On the inner side of' the last mola.r 
tooth we can feel the hamular process of the internal ~ter.rgoid plate of the sphenoid bone, 

i1~~~~~~a~~·~~c~~1 t~1~;f~r~~~1~f 1\~~c ~1;c';!~io1~~f t!ti~li'~~ior1:!;1~y~xa:~~?:i~~~-tl~i;J1 i~f ~ei1~c~~ i~ 
front of the hamular process, and the same distance din .. >ctly inward from the last molar tooth, 
is the situation of the opening of the posterior palatine canal, throul?h which emerges the pos
terior or de1'Ccnding pahniue l.Jran<:h of the internal maxillary artery and one of the descending 
palatine nen·es from )leckel"s ganglion. '£he exact position of the opening on the subject may 
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!~~111i~~~~\~~~~~ 1f~1~:~"~:1~e~ ~11~:c~~n.!tro~J~~~ -~~t~r~·i~~~~~~!!i,(!!i \\~m~~1}~~c 0 :~~.~l!!; ~il~~~t]g~,·\.;~~lei1:1 i~ 
~roovc in tlw bone ju ... t internal to the alveolar border ol' the h.:ml palate. and m:w be wounded 
in th.e operation for the cure of cleft palate. l1'ntler thc8e c·irct11 1hta11('e~ the palatine canal may 
reqmre pluggin~. By iutrodu<:ing the finger into the month the anterior border of the coronoit.l 
proce~:-:; of the j:tw can be folt 1 an~ is e:;pccially prominent when the jaw is dislocated. By 
throwing- the head well back a cons1<lerable nort1011 of the posterior wall of ihc pharrnx ma\• be 
seen throu!?h the i!--thmus faucium. and on -introducing the fing-cr the anterior sui-face of the 
bodies of' the upper c·en•ical vertebr~ may be folt immediately beneath the thin muscular stra· 
tum funning the wall of the phar~·nx. The finger can be hooked around the posterior bor<lcr 

b~ ~~\~,8~;\J~~l~~~~~\~l~~ ~'{· t~~~~i~1tTe~ot~r~~~~h~l;eg1~~~~~h~t; ~J~·~~;S~·l1l1J:~1~;~x ~1v~~~~ai~1~~tnu, cau 

THE PHARYNX. 

1'hc pharynx is that part of the alimentary canal which is placed behind the 
nose, mouth, and larynx. It is a. musculo·membran ous sac, somewhat conical in 
form, with the base upward and the apex downward. extending from the under 
surface of the skull to the cricoid cartilage in front and 1he intervertebral disk 
between the fifth and sixth cenical Ycrtcbra:! behind. 

'l1 he pharynx i ~ about four inches and a. half in lengtb . and broader in the 
trans,·erse than in the autero·posterior diameter. Its greatest breadth is opposite 
the cornua of the hyoid bone; its narrowest point, at its termination in the 
resophagus. It is limited. aboi·e, by the body of the sphenoid and basilar process 
of the occipital bone; below, it is continuous with the cc~ophagus: poslerior~11, it 
is connected by loose areolar tissue with the cenical portion of the rnrtebral 
column and the Longi colli and Hecti ca.pi tis antici muscles; anteriorly, it is 
incomplete, and is attached in succession to the internal ptcr_vgoid plate, the 
pterygo·rn:ixillary ligament, the lower jaw. the tongue, hyoitl bone, and th~yroicl and 
cricoid cartilages; lateral(11, it is counecte<l to the styloid processes and their mus
cles, and is in contact with the common and internal carotid arteries, the interna l 
jugular veins, and the glosso·pharyngeal, pncumogastric, h_rpoglossal. and sym· 
pathetic nen-cs, and above with a small part of the lntemal pterygoid muscles. 

It has :seven openings communicating with it-the two posterior na.res. lhe 
two Eustachian tubes, the mouth. larynx, and ccsophagus. 

'!'he posterior nares are the two oval openings (sec page 222) situated at the 
upper part of . the anterior wall of the pharynx. 

'l1 he two Eusla('ltian tubes open one at each side of the upper part of the 
pharynx, at the back part of the inferior mcatus. Below the posterior nares are 
the posterior surface of the soft pala.te and urnla. the large aperture of the 
mouth, the base of the tongue, the epiglottis, and the co rcliform opening of the 
larYnx. 

· The cc1oplwgeal openin.r; is the lower contracted portion of the phar~·Dx . 
Structure.-'l'he pharynx is composed of three coats-mucous, fibrous. und 

muscular. 
'The pharyngeal aponeurosis, or .fibrous coat, is situated between the _mucous 

and muscular layers. It is thick aborn, where the muscular fibres a.re wauttng, and 
is finnly connected to the basilar process of the occipital and petrous portion of the 
temporal bones. As it descends it diminishes in thi cknes~, at~d is gradually lost. 
It is strengthened posteriorly by a strong fibrous band which 1s Mtached abo.'·e to 
the pharyngeal spine on the uudcr surface ~f the basilar y ort1 ?n of the occ1p1t::d 
bone, and passes downward, forming a. medrn.n raphc, which gives attachment to 
the Constrictor muscles of the pharynx. 

The mucous coat is continuous with that linin rr the Eustachian tubes, the nares, 
the mouth, and the larynx. It is coYered by col~mnar ci li~tcd cpit~cliu~ , as. lo": 
clown as on a level with the floor of tbe narcs; below that pomt the epttheltum 1s of 
the squamous ''ariety. Beneath the mucous membrane a.re found racemose mucous 
glands; they arc especially num~1~ou::; at the upper part of the pharynx around the 
orifices of the Eustachian tubes. ] brougLout the pha.r_ynx are also nu.merous crypts 
or rcCCS$CS, the walls of wliicb a.re surrounded by lymphoid tis:;iue similar to what 
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i-. found in the tom•ils. Acro:ss the back part of the pharyn~t·al t'<Hity, between tbr 
l\\O Eustachian tubes. a. consi<lcrable ma:-;s of this tissue exists, and has bC'Cll 1rnmNI 
the plirrryngeal tonsil. Just below this in the middle line is the orifice of au 
irregular, flask-shaped rccc::;s of tl1c mucous membrane, extending up as far a!"! 
the basilar process of the occipital bone. ]t is known as the bursa p!tar,1111//M. 
and is the remains of the diverticulurn of the alimenrarv canal, "hich is con
cerned in the development of the pituitary body (which ·see). It is only o('('a
t--ionally pre.sent in the adult. 

The musrula,- coat has beeu already described (page 419). 

Surgical An::.tomy.-The internal <:arotid artery is in dose relation with the pharyux, so 
lhat its puls..'l.Lions can be folt. thrnu~h the mou1h. It has bce11 occasionally wounded b.v ~harp· 
vointetl lll5'lrllmcnts introduceJ into the mouth and thrust through the wall or the pharynx. 

t 1~1ea:! i~·~~~i~~1 i ~ ~~.J~tJ~csi~el 11: ~e~~ ~"it!~ kt 1~!1 jc~~~1~ 1 ~~s is~~~1~~~ r~~~t ~i1~~cj )ti~~ b~1 ~,,g~:~• ri j ~ i~x ~. ~:s~ ~1 ~11~ 
the mucous membrane except the thin Con~trictor m11stle1 whereas 011 the outer side there is 
the dense cen·ical 13.scia, the mnstles desccndin,1! from the styloill process, and the margin of tht• 
Sterno-mastoid. 

tion. ·i;~~!,~~cl:;S.~.'~J~1~Z:,~~i~e el1~r~1~~e~,h:,~~n~Ja~,1!~~·i,s\'~~~~~u~1~do;~ i~:1~;~J~11~c~·e~~ ~~r~~~a~~ 1:!~11~ 
larrnx. On account of the tissue which surrounds the plrnryngeal wall beiu~ loose and lax, till' 

f g~~\~'::~i;:i~:,~~~:~:~~;-~~}~)i:;~~i!i~~.:~~~;;~r~~~;\i~:~g:~~~~~~:1::~~:r~&fi~f ~I!il~1 
;;::~~ 1/:l'i~~;;~f 1

1

1;'~1f.i~f ~:~3~1~:l'~'.~d:~~~;~f~~-,. '.};~~~'. ':f~~~i~'~,~~~~1:'·'.t;il;;f{~f.1\~~ ''.~~~~;~~~~ 
~~·~r~~~~:;~~~o~~n ~1ht~~~a~io~~1J~~~~~~.~~~s;:~ ~J~~~:f:1~;;e~yu~1\e~1~\~~o~~~~~~ei~~)~~n~f,~~nr.,tl!~~ 
ally. and docs not gi,·e such free access to the scat of disea~e for the removal of nccroseJ bone, if 
a11r cxisl8, and does not appear to prc~ent sufficient. adrnntages to warrant i1s perform:mce. 

Forei!-\'n hollies not unfrcqnently become lodged in lhe pharynx, and most usually at its 
termination at about the Je,·cl of the <'ricoi<l carti lage, just beyond the reach of the finger, as tl)C 
dii<tanre from the arch of the teeth to the com mencement of the oosophagus is about six 
im·hC'~ 

The position of the opcnin.f;S of tl1c ]~us1acl1ia n tube::- should be stntlic<l with a ''icw to 
cadictcrism of these tubes. This is to be done by introducing the iustrument through the 
:111terior narcs, so that its points rcot on the floor of the nasal ea\'ity close to the septum i it is 
then pushed gra.Juallr and :,lowly backward u11til the pooterior wall of the 11harynx is reached. 

~~:~~~~l~~;~~~a!J~~:1d1 i~~~~~r:tt~d~}~~t1h~ ~i11~ ~r.e~h~1~n~~:~~~~tmi~h~;:i'~1 ~~,~~~<lp~11~~·'::tc;~1:~\ 
car1 and it c:rn then be made to glide into the Eustuchiau tube. 

THE <ESOPHAGUS. 
The cesophagus, or gullet, is a. muscular c:111al, about nine inches (23 centim.) 

in length, extending: from the pharynx to the stomnch. Wh en empty its lumen 
appears as a. transverse slit. Its dinmeter varies from 1.8 to 2 -4- centirn. lt 
commences at the upper border of the cricoid cartilage, opposite th e intervertc
bral <lisk between the fifth and sixth cerv ical vertebne. descends along the front 
of the spi~e through the posteri~r mediasti11um, passes tLrougb the Diaphragm. 
and, entermg the abdomen, termmates at the cardiac orifice of' the stomach oppo
~ite the tenth dorsal vertebra or the inten·ertebral disk between the tenth anfl 
rle\'C•nth dorsal vertebrre. T~e general direction of the cesophagus is vertical. 
hut it presents two or three slight curves in its course. At it8 commencement it 
i8 plated in the median line 1 but it iucli11e8 to the left side as far as tlt e root of 
the neck, grad uall .v passes to the middle line again, and finally again deviates to 
the left as it passes forward to the <esophagea l open ing of the Diaphragm. Th1: 
msophagus :tl:-:o prcsent!-l- an antcro-posterior flexure, corresponding to the cuna
tun• of the c:enical an1l thoracic portions of the spine. It is the narrowest part 
of' the alimentary canal. IJeinj( most contractl•d at its commencement and at the 
point "here it passes throug-h the Diaphragm. 

Relations.-/n tlu• nu·f.~ the 0!$0pl1agu:-; i~ in relation, in frr.11f, with the 
trachea. an<l at the lower part of the 1u.•tk, "here it projects to the lrft side, with 
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the thyroid glrin<I arnl thoracic <luct; behind, it re~ts upon \he ,·ertebral column 
and Longi col Ii mu~cles; on each side, it is in relation with the common carotid 
artery (especially the left, as it inclines to that side) and part of the lateral lobes 
of the thyroid gland: the recurrent laryngeal nen'es ascend between it and the 
trachea. 

In the thorax it is at first situated a little to the left of the median line; it then 
passes behind the lefr side of the aortic arch, and descends in the posterior 
~nediastin_um._ along the right side of the aorta, nearly to the Diaphragm,. when• 
It passes m front and a little to the left of the artery, pre\'ious to entering the 
ab1lomcn. lt is in relation, in front, with the trachea, the arch of the aorta. 
left carotid, and left subclavian arteries, the left bronchus, and the posterior 
surface of th e pericanlium ; behind, it rests upon the vertebral column, the Lono-i 
colli muscles, the tborncic duct (opposite middle dors>il vertebrre), the right inte~
costal vesRels, and below, near the Di<tphragm 1 upon the front of the aorta: 
laterall/I, it is COYf>red by the pleurm: the vena azygos major lies on the right 
nml the descending aorta. on the left side. The pneurnogastric nerves descend in 
clo~c contact with it on ea.ch s ide; lower down the right nerve passes behind, and 
the left nen•c in front of it. 

Structure.-The resophagus bas three coats-an external or muscular: n 
middle or areolar; and an internal or mucous coat. 

The muscular roat is composed of two planes of fibres of considerable thickness. 
an extemal longitudinal and an internal circular. 

The longitudinal .Pbres are arranged, at the commencement of the tube, in three 
fasciculi: one in front. which is attached to the vertical ridge on the posterior 
surface of the cricoid carti lage; and one at each side, which is continuous with 
rhe fibres of the Inferior constrictor: as they descend they blend together and 
f inn a uniform layer, which co,·ers the outer surface of the tube. 

Accessory slips of muscular fibres arc described by Dr. Cunningham as 
pass ing between the oosophagus and the pleura, where it coYers the thoracic 
aorta (alm ost ahrnys). or the root of the left bronchus (usually), or the hack of 
the pericardium or corner of the mediastinum (more rarely), as well as other still 
more rare accessory fibres. In Fig. 572, taken from a dissection in the l\Iuseum 
of the Royal College of Surgeons, se1·eral of these accessory slips may be seen 
passing from the resophagus to the pleura, and two slips to the back of the trachea 
just abO\'e its bifurcation. 

The circular .fib1·es are continuous aborn with the Inferior constrictor: their 
direction is transverse at the upper and lower parts of the tube, but ob1ique in the 
central part. 

':I.1hc muscular fibres in the upper part of the resophagus are of a red color, and 
consist ch iefly of the striped rnriety, but below they consi" for the most part of 
im,oluntary muscular fibre. 

The areolar coat connects loosely the mucous and muscular coats. 
'l 1he mucous coat is thick, of a reddish color abo,·e and pa.le below. It is 

disposed in longitudinal folds, which dis>ippear on distension of the _tube. Its 
~urface is studded with minute papillre, and it is covered throughout ''1th a thick 
layer of st rati fi ed paYement epithelium. Beneath the mucous membrane, between 
it"' and tbc arcnlar coat. is a layer of longitudinally arranged non-striped 
muscular fibres. This is the muscu.laris llllU'o.~a'. At the commencement it is 
aLsent, or only represented by a few scattered bundles; lower down it forms a 
considerahlc st ratum. 

rl1he tNwpha,t/Ntl ,<Jlands are numel'ous sn~al l compound ra?emose g lands 
scattered throuo-hout the tube; they are lodged m the submucous tissue, and open 
upon the surfac~ by a long excretory duct. 'l1hcy a.re m~st nu~n.erous at the lower 
part of the tube, where they form a ring round the cardiac orifice. . 

ri\·cXe}~~~~ ~~1ethi:f~~~;.h;~~:~'l~1~n~;~c~~e~h~u~L~;.~~~ !~~s ~~·0i1~~lgs~:b:i~~-i:~~ 
from the (lc~ccnlling thoracic aorta anrl from thf> gastric brtm<:h of the cceliac 



T ill:: ORG,JX::) OP 01(!]-.;~"l'JOX. 

;ni ... from the abdominal aorta. They hare for the mo.-.t part .1 longiuulinal 
<lirt•ction. 

Nerves of the CEsophagus.-'J'hc nen-es arc dl'rin•d from th o pncumogastric 
and from the ~ympatbctic; they form a. plexus in "hich al'c g roups of gangli on~ 
c<.'11~ between the two layers of the muscubr conts. an(l abo a. ~C'C:ollll pl<•xu;:, in 
the submucous tissue. 

Surgical Anatomy.-The relations of the resi)phagu~ are of considcrahle practicn.I imcre:-t 
111 the surg~on. as he is frequentlyb~~1t~~i~;\~}~~~ ~fi=t~~·ti~~~·~t~·~a~!~~ 1t1~:~il~~ ~:/!.~~~i~)~c0f3/J~~ 

resophairus am! its relations to surrou111li11g p11rts should be 

:~~1~~~1~~r~~~u!~1 1~~·~~s bc~~~11~~i ~~!~t~~1~l\5f~~~1 °/:1~1\~,.~~'~)~f·!!rll~ 
b~o~~~i~l ~\~~~~~~ti; t~J~e ~;t~i~~~~c~l\J~~a!·~, r~~1u~sif~i~~1 ~i~:\t~~!!n~~~ 
~~~i\1i~1~1~ ~~·y~~~ ~~~~ ~~e ti~~t~~11111~~:nl~l~~~~~~} ~'.!~1t~~:t~/~~e:111~~~~ 
the pericardium. 

The student should also rcmcmbrr that contraction of the 

E1~i~~~~;~:!~~'.Gs;:::~~n~:,~~,1°~i[i~~c'/i~1"",~~:!rrn;: 
In passmg a bou~ie the left fore fin (!'er should be intro· 

dueed into the mouth and the cpipfotti:s fe ll fo r. tare being 
taken not to throw the head too far backwanl. The bougie is 
then to be passed beyond the fin !!er until it touches the pos
terior wall of the pharynx. 'l'he patient is now asked to iswal
low. and at the moment of swallowi n~ the bouf!ie is pa~l·d 

~e m~\ ~~:~~;·~.;afi1~, h:~~~;~~~~ !h~'t.i cf1~~~~~;' ~~;f\~(\:Omes im-
pacted in the ce!SOpha !,!; US which can neither he brought upward 
nor 1110\'ed downward. " ' hen all ordinary means for its P'

moval have failed, excision is the only resource. This. of 
course. can only be performed when it. is not very low dowu. 
If the fo rei.c;n boJy is al\owetl to remain, ex tensive infl.amma· 
tion and ulceration of the resop h a~us ma.v ensue. In oneca,.,e 
the forc i!!n body ultimatcl.v penet rated the intcn 1ertcbral suh
st:1nce, and destroyed life by inflammation ol' the membranes 
and substance of' 1he cord . 

J Jat i!r:tbei~~r~~~~~d0\,~~~ 1i!i ~1~:~k1~ -':\'ii~htl:h~ \~~~~yr~~~~J1 ~h'!~;l~ 
ders sli!!htly elevated, an incision, about four inches in len}!th , 
should be made on the left side of the trachea, from the th)·
roirl cartilage downward, di\·idin~ the skin and Platysma. 

bret~t~J;;;~Af~~ss~{i~h~~ln~r~ ~:l~t~d~d~h~ufJ, ~}1~1e:~~~~~,, 1j~ntJi\·kj~~·~~;~~ - tl;~efi~~o~l?~1~~ 
rF,';1~1m,r:·~~.:,:,~.c~!0~1\1)~~,f~.·n,',t. ~ut ),

1.f0~.','.P.u1c!i 8terno-h\'oid and 8 terno· thnoid muscles drawn inward · the 

v ~ " 

1 
( '" '" ~ ~~~~~~ahjt~1~~l ~ec~~i~~~: i~~~~~~t'1~~/ ;i~nc~!J~:~r~~~:~~l~h1: :ii:l1~ 

a2u~ will now be exposed, and should be divided over the forciun body, which can lhen be 
~h~J~'1~~!; !!c~ir~~~,~~~c is ncce~ary to amid wounding lhc thyroid vc&els, lhe thyroid gland. anJ 

The ccso!Jhagus mar be obstrucred not only by forci~n bodies, but. also by chan,(!e:-i 111 

~tt~.coat~, prm ucinu stricture1 or by pressure on it from without of new growths or ancuri:-111. 

The different forms of stricture are: (1) the s1>asmodic1 \1sua\ly occurrin~ in nen ·uu::. 
women, and int crnuttent in character. so that the dysp ia~i:~ is not constant ; (2) fibrous, clue to 

~~::,:!::~~::~~ '~:;::!~;·i~~~~t1,'~~,!~i£1~~~~;~fi~:~: 1~~,~:r~~~,1~'~!,~Efa~~-~:~~,1::E~h~~ifi~~:t~~i 
also occasionally found at that part of the tube where it is crossed bv the left bronchus. 

The operation of ccf':ophaµ-osto my has oc·ca!:iional ly been pcrform(.d in cases where the 
8lricture in the <:esoph a:ru~ is at the upper part. with a view to makin.l! a permanent opening 
Uclow the st ritture throu!!h whieh to feed the patient. but the operation has heen far from a 
suc<:c~ful one, and the risk of setting up diffuse inflammation in the loose planes of L'o n
nective ti~:-cuc deep in the neck is so great that it would appear to be better to perform g~
tro:-wmy. 
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THE ABDOMEN. 
[B\· FRl::DJ.BRon;:w.n,)I. ll., 

ASst' Demonstrator of 1\na1omr, College of Physician~ auJ ~ur:,:t.>ons {{'olumbia rniwr--itn ~cw York City.] 

.In ~he early st_agc5 of th~ embryo the .. body-ca,·ity ·• (plcuro-peritoncal 
~anty) ts of large size. ~nteriorly (i. e. superiorly in the erect posture) there 
is developed 1.L comparatively enormous spa<'C', calle(l the pn·ieardio-thoracie 
cat•ity (Fig. 573, A, Band l'). There also appears a. transl'er8e folcl marking 

u -;,l/cJtifi~'.; .... ·::::;;• Fl (;"'"-· 
Cat·ity 

c 
Fm. 573.-Schematic representation of the serous cn\'itiC's. (CTeJ!'t'nbnur.) 

off this cavity in part from the future abdominal Mrif;lj. r11 bii:; fold. associated 
with many large veins, is next developed into the primar.IJ diapl1ragm, but its 
dorsal part is incomplete. This is completed later. con~tituting the diapl11·agm 
as we know it in the a.dult. 'l'he diaphragm is thus made up of' a ''entral yo1wger 
part antl a. dorsal older 1u1rt. 'Yhcn this posterior part fails of de,,elopment, 
there is an opportunity for the "congenital diaphragmatic hernia .. to be present. 

The superior or pcricardio-thoracic ca' ity becomes £.:eparatcd into three dis
tinct compartments (Fig. 573, Band f'). the two latf'rnl being continuous for a 
time with the abdominal ca,·ity. ~.L1hu:s are formed the four large seroui' spaces 
of the body, each one lined with serous membrane. Two are thoracic or pleural, 
lined with pleura, one is cctrdiae, defined by the pericardial ~ac. and one is ab
dominal, lined with peritoneum. 

The word abdomen 1 is applied to thr part of the body lying betw~en the 
thorax and peh•is; it refers to the largest c:.H'ity of the :ulu lt hod.v. and 1s often 
applied incorrectl,v to the anterior wall of this cav ity. lt conta ins nearly :ill the 
digestive apparatus and a part of the urinary s.v~tem. 

Superficially the abdomen is marked from the thorax abo1·e by the costal 
arches, and below from the pelvis by the crests of the il ia. and from the thighs 
by Poupart's ligam ents. 'l'he!:ic limits, bowc\·er1 do not cones poud with those of 
the abdominal cm·if!J. This extends l1igb into the thorax to the cupola of the 
diaphragm. The lowest limit is the so-called ~-diaph ragm of the peh·is .. made 
by the Levator ani and Coccygeu~ muscles on either sitlc. 'l'his great ca,"ity 
shows a sma ll er artificial "'uhdi\·i:::ion. the 71eh•ic rai1it.11 (Fig. •377) The two are 
not separated. Lut the limit between them is taken t1s the brim of the true pekis, 

:~d ~~t;~~~~:~~~~~~~ et:~t;;~;~~~F~!;r~~J;:~f£::;,!1:f~:~3;;:~.:~:~~~~~-~~~~·~:~:i:~~:~:.~~ 
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the.• linm in110111inattr. The larger upper ca,·ity i~ rallr1l thC' abdominal c1wi(I/ 
111·01wl'. 

The .for111 and l'.rtntf of the abdonll'n var.\" with a~e a111l i-:ex. In the adult 
mafr with intc:'tincs moderately distended it -is b:.irrel-shapc<l or oval. some,\ bat 

G BB 
A 8 C 

flattened from before backwanl (Fig. 574, .1, R. and. U). The hifantile type is 
conical with apex below, as the peh·is is undeveloped. In woman the type is a 

reHrsed infantile. regardless of so-callcrl ci,·ilize1l dress. The circumference of 
the full)·-de,·eloped pelvi• here i' ahrn." laq:rcr than that of the lower cod of the 
thorax. 
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Boundaries.-Thc abdomen proper iis divided for description into the nbdominal 
lt'llll or boundar£es a111l the abdominal crn•ity a11d l'OntPntff. The boundaries are 
a. roof, a floor. and. the wall, which iucl~1des an antn-o-late/'(ll and a. posterior por
twn; tbt: former 1s soft and contractile, muscular on the sides, fibrous and 
aponcurotic in the centre: the posterior wall il:l partly osseous, ligamentous and 
muscular. 

SeYeral facts depend on the character of the antero-lateral wall. It does not 
offer to the \'iscera. and great vessels a passiYC protection as docs the skull to its 
contents. but allows a mutual reaction which is of the greatest importance. lt 
yields lightly to every pressure and corresponds to the changing rnlume of the 
intestines a11d to the changes of position and form of' tbe vi$:.cera. Atmospheric 
pressure acts on e,·ery side, but this is overlooked when the many muscles are 
considered which exert a constant tension. Tl.1e re lations of each organ to its 
neighbor arc modified by this tension, and soft orgaus like the liver, pancreas. or 
spleen a.re mou lded by it and show the imprint of nearly every viscus that touches 
them. The tension is seen in cases of penetrating wounds, where the mornble 
intestines tend to flow toward the spot of least resistance and arc replaced or 
restrained with difficult~7 • The same pressure helps to develop hernire and forces 
the portal circulation through the liver. 

The shape of the soft antero-lateral wall depends upon the degree of disten
tion of the alimentary canal, the size of the parenchymatou~ organs, and espe
cially upon the deposit of fat in the subcutaneous tissue, in the peritoneal folds, 
and in the great omentum. All gradations occur between the great fat belly 
'' hich depends over the thighs and the conca,·e trough-like one of a thin person. 
The pliability and thinness of the wall allo"· palpation to be of more value here 
in diagnosis than percussion. 

The component parts of the walls have already been discussed. A br ief 
review is here adde<l (Fig. 575). 

In the antero-lateral wall from without inward are found in order: 
1. Skin. 
2. Superficial fascia, two layers. 
3. Cellular tissue co\'Cring the External obliq ue muscle, and intercolurunar 

fascia from the external abdom inal ring. 
4. Muscles of the wal l. Broad muscles- the External oblique and aponeur

osis, the Internal oblique and aponeurosis, the Transversalis and aponeurosis. 
Longitudinal muscles-the Rectus and Pyrarni<lalis. 

5. Fascia traus,·ersalis. 
6. Subperitoneal cellular tissue. 
7. Peritoneum. 
In this wall several regions are described: the inguinal, inguino-femoral. and 

umbilical. 
The arteries of the antero-lateral wall are superficial and deep; the super

ficial epigastric and superficial circumflex-iliac from the femoral, the lower two 
intercostals from the thoracic aorta, the lumbar from the abdominal aorta, and 
ilio-lumbar from the internal iliac. Above arc the superior epigastric and mus
culo-phrenic from thr internal mammary-all fonninµ; the superficial set. Below 
are the deep circumflcx-ilia.c and deep epigastric (inferior cpigastric) from the 
external iliac. 'l1 hc latter is the most important and gives off the cremasteric 
artery, pubic and muscular branches. T!1erc i~ an ann.sto.mosis between the two 
lower ep igastrics and b~t,~·een .the deep ep1~;~~tnc an<I the mter~al mt~n~mary. 

The veins arc also d1v1ded mto a superficial anrl clcrp set. ~npcrficial are the 
suprrficial epigastric and ~uperficial circumflex-ilia~ and :rnoth~r which ~asses 
subcutaneously along the ~tdc o~ the thorax, conn?ct111~. abo'·.c 'u~h the _axillary 
vein and emptying below 111to either the superficial rp1gastnc ,·em or into the 
femoral through the saphenous openini!'· Jt is <lignifie<l by the name rrnrt 

~~:r~c~~~;.~:·~:s,~~·~r~t a~.'~:;~i~~ t=~~~n~~-~t~;~:J1~r~~:;~L. '1;:,ll~e ~~~};rfi~:.~t \.~f~~~i~~:~~ 
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exact!_,- l'onr~po1Hl tn thrir artcric~. n111l ar(' 11:-.ually l'iin;.rl c. Th e superficial cpi
ga:.;tric :.1ua:-.to1110:-.t'~ ,,jth the deep cpig-:1~tric, and h(1tl1 \\ith thC' inll'l'11al mammary. 

Prc~~ure upon tht:' n.•na can1 inferior fo1Tl'~ hloo1l into tla• 8UJWrficial cpi~a8-
tric ,-ein. . \ dilatation of' the ::-uperficial abdominal \'t•in:-; to the size of the littl e 
finrrcr (capu l >lt·dn~~t') may thus be cau~ed hy cirrl1osi8 of' the ]i,·er. This is 
(•xPiaim•1l hy thr anastomosil' between the ~npl•rficial cpigastric n~in and the 
portal i-;yl"tcm: the l'it1pcrficial Yeins commnnicatc "ith tltc <lccp cpigastrics arnl 
these with the portal s.vstcm b~~ mcam of a little 1·ena 1uu·iwtbiliealis running in 
the f'aleiform li~amcnt of the Ji,·er. 

Depending upon the seat of obstrnction, whether in the vena. cuva. inferior or 
in the port:il system, the course of the blood·stream in the dil;Lted veins may be 
in one of t"o directions: tO\\ard the umbilicus in the former case, and from it in 
the latter. 

~111.i e deep veins arc the nnre comitcs of tb<; de~p cp igai:itr ic and deep circum· 
flex.iliac arteries. They commun icate with th e :-.npcr ficial set, the interual mum· 
mary, the portal system, and behind the shea.tL of the Rectus with a plexus in 
the parietal peritoneum. 

The superficial lynipl1at£e vessels above the umLilicus em pty into the axillary 
glands. below the umbilicus into the inguinal glands. The derp lymphatics prob· 
abl!· empty above into the sternal glan<ls and below into the iliac glands. 

,11,,.cctu!nhtlomini.; 

The nerveR supplying the whole musculature are the lower five intercosta.I. 
the anterior part of the first lumbar. ''iz. the ilio·h_vpog:astric and ilio-iuguina1. 
Twigs from the lo\\ er se,·en iutercostal an<l from the ilio-bypogastric anrl ilio· 
inguinal furni::ih the !;ensory supply. 
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There may exist a con:zcnital deformit_y in the anterior wall, a. partial lack of 
<lernlopmcnt ;rnd an ununitc<l syrnphysis pubis; with this the anterior wall of the 
blad{1er is lacking a111l its posterior wall, with ureters, exposed. This condition 
is called e.r~tr11plt,11 1~f the bladdn·. 

'J1be 1w.~taio1· u•all of the abdomen proper has no ~rccial line of demarcation 
f:~~rt~~ ... i·~~t~~~-~~teral wall; its ,·ertical length is of much Jc~s extent than the 

It is the part into which the skeleton enters, compo!-<cd of the fi,-e lumbar 
Yertcbr::e connected by ligaments and disks. Laterally arc the Psoas and (.Juad
ratus lumborurn muscles, and behind these the Sac ro-spinal is mass (Erector sp in::e 
muscle). 

Throu gh the lumbar region on eithe1· s idt.~ of the ,·ertcbral column the follow· 
ing :st ructures arc met in ortler: 

l. Skin. 
2. Subcutaneous fascia and cellular tissue. 
3. Lumbar aponcurosis, posterior hwer. 
-4. Erector spin;-:e muscle. ~ 
5. Trans\·erse process and lurnba.r aponeurosis, midcllc layer. 
6. Quadra.tus lumborum muscle. 
7. Lumbar n.poneurosis, anterior layer. 
8. Psoas muscle. 
9. Yisceral layer of kidney, cellular tissue, and colon. 
10. Suhpcritoneal tissue and peritoneum. 
This region presents the special districts, lumbar and iliac, already described. 

The arten'es, t 1eins, nerl't'S, and Z1Jmphatics arc all ca.lied lumbar. 
The roof and floor of the abdomen are elsewhere described. 
The apertures found in the walls of the abdomen for the transmission of 

::structures to or from it are-the umbilicus, for the transrni!'sion (in the footus) of 
the umbilical Yesscls; tbe caval opening in the Diaphragm, for the transmission 
of the inferior ''cna cam; the aortie opening, fo r the passage of the aorta, ,·ena. 
az;rgos, and thora.cic duct; and the c:esoplia,qeal opem'ng. for the ccsopha.gus and 
pneumogastric nerves. Below, there are two apertures on each side, one for the 
passage of the femoral vessels, and the other for the transmission of the sperrnatic 
cord in the male and the round ligam ent in the fem:de . 

'I'1rn Auoo~rrXAL CAVtTl AXD CoxTEXTS. 

It must Uc carefully noted that there is a difference between the abdominal 
ca\·ity proper and the peritoneal caYity . The peritoneum docs not closely cover 
evervwhere the ahdominal walls, but is pushed in and out, leaving spaces and 
di,·ei-ticula. so that some organs will be cxtraperitoncal, others intrapcritoncal, 
yet all will be in side the abdominal cavity. 

Before studying the peritoneum it will be best to become more familiar with 
the names and location of the important viscera.. This can be shown in a topo· 
.ftrrtphical way by dividing off the surface of the abdomen into districts and con
i'ideri ng the ch ief organs lying in each. 

R egions. 

Many authors bM'C devised many mean s for this subd i v i s i ~n, all of which 
consist in a.I lowing two horizontal planes to crosR two perpendicular ones; the 
edrres of these planes arc indicated bv lin es on the abdomen. An old w:.1y was 
to let the cdgo of one horizontal planC intersect the antcrio_r cxtrcm~ties of the 
ninth ribs, and to let the lower plane pass through the lughcst points of the 
crests of the ili a. 'fhf' perpeodicular planes passe<l each one through the ceotre 
of Poupart's lif!ament. 

'l'he aclrnntaf!C of the following method (Joesscl) is that all its planes pass 
through bony points and its two perpendicular planes through the brim of the 
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pelvis. JI ere the highest plane i Sllbcostal, passing ju:-.t under the lo" est martin 
of the thorax in a line drawn through the cartilagmou8 ends of the tenth nh.s. 
The lower plane is inlenpinou.q and passes through the anterior superior spitH':-. 
of the ilia (Fig. 577). 

'l'his marks off three zones or regions: 1. Ep(r1astrir· . :2. JleRo.rtastric . :~. 
1~11po.11astrir. Each one is aga~n subd_ivided i~1to tbre_c parts ~." the two sagittal 
planes which pass through on either side the tlco-pectmcal emmcnce and end 011 

the horizontal line connecting the tenth ribs (Fig. 578). 

Fir.. flii.-Ontline of the nh
dominal ('IWity 1\.S ~cen in mE:~i.al 

i~~l~~~-in~\~~fe1gbt>; J~l~udlxi\\~·~~: 
(Cunnlugham.) FIG. 578.-Rcgions of the abdominal ca,•ity. Anterior view. (Joe~~el 

The ep1:9a.1:Jtric zone contains, in order, the r(qlit h,11pocl1011drium (U-;:O, undt:r: 
zO ... Op0t, cartilages), ep~qa.'1itriwn (fai, upon; yaar~p, stomacb) and tbe le.ft lty1111-
ehondr£um. 'l'hc ?/JP.'if'l.fJardric zone conta ins the n:ql1t lum/Jru. the ttmln.liral. and 
the lift lwnbrrr 1·r.1ion8 (the 1ateral regions may be ca l\ c(l latC'ral ah<lnminal). 
The l1.11por1nM1·ir zrme contains the r(qht iliae, the pubic, and l1/t iliac rej!iOib. 
~ometimc!-1 the iliar reg-ions are called inguiual; thC'n a suliin,r1uinal region i8 t{j,._ 

tingnisbcd below l'oupart's li~ament. 
The limits of the em[Jcu;ll"ie zun;• are the diapbrngm nborn and helow tlw 

horizontal plane thrnuf!h the anterior e111l~ of the tl'nth rib8. The lateral autl 
poi:;rerior limits follow the (•Jc,·cnth and t\\clf'th rih:s to t•11d with the Ja.4 on the 
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spina.l column. The epigastric surface of this rc~ion is triangular, placed between 
the CO::ital arches arnl horizontal line below. 'l'bc trans,·ersc colon corresponds 
to tbi~ horizontal line. t'omewhat higher, opposite the ninth rib, is the greater 
cunaturC' of the stoma.ch in moderate distention. In the middle of the epigas
trium farthest abo,·e is a llcpression called the ,qastric or cardiac .fo.~srt (scrobiculu.;;. 
cordi'); corresponding to this place is the li1·er and pyloric end of stomach. 

The hypocltnnclriac 1·egions include the spaces between the diaphragm supe
rior!~-. posteriorly, and externally, the costal cartilages internally, and the hori
zontal plane below. 'l'he right one is filled by the liver. '.l'hc left one contains 
the spleen, the splcnic flexure of the colon, the greater part of the stomach, and 
after distention of the stom:ich a large part of the great omcntum. 

F10. 5i!l.-Regions or the abdominal cavity. Posterior view. {Jotssel.) 

'l'hr meso,qastric zone is bounded above by th.c cpigast_ric zo~e and bclo'\'. ?Y 
the horizonta l plane passing through the ~~tenor supcnor _spines o_f th? ilia. 
Laterallv and bchin<l are the crests of the ilia. In the umbilical region he the 
great offientum, the loops of small intesti_nc, and_ their mescntcry. In th~ lumbar 
reyions, "hi ch extend from the perpendicular lines drawn tbrougl~ the ~leo-pec
tincal eminence!; around to the vertebral column, are also sma11 mtestrnes, the 

kiclW:'!t~~~,;a~~,~~i~~n~ni~ i~~~e;:~"!i,:~!0~~ the mesogastric and below by the 
brim of the true pelvi~. 'fhe pttbzc regwn 111 the centre _cont:1ms the bladder, the 
right iliac. the cxcuru, an<l the left iliac. a part of the s1gmo1<l flexure. · 
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To recapitulate: 

R1f1ht ll,11p11c/1(111drium. 
LiYCl'. 

R(qht L11mbm·. 
Hight kidney. 
Small i11tc~tines. 
Ascending colon. 

Ri[!ht Iliac. 
Crcc:um. 

.L'p(1/ttJ1;ff'iu01. 

Lin11" 
~tornatb. 

["mbilica/ Rr,qion. 
Great orncntuw. 
f-:.mall intc.stinc:-;. 
Mcsentcry. 

l'ltbic. 
Bladder. 

Lt;ft llm1rwho111l1·i11m. 
Gn1ah'r part of ~tomaeh . 
~plct:n. 
~plt•nic flexure of colon. 
<.heat omcntum. 

L~ft Lwnl"""· 
J,cft kiolney. 
~mall inte~tincs. 
Descending colon . 

L~(t Iliac. 
Part of sigmoi<l flexure. 

Fig. 57U p;iYes a posterior view of the abdominal ca\·ity1 showing a 1:ertebral 
r1'.r1im1 ancl the two lateral regions of the rncsogastric zone continued posteriorl.v. 
the right and left lumbar. There arc to be seen the outlines of the kidneys, the 
spleen 1 the a1'cending and descending colons. 'J'hc dotted line meeting the \·er
tcbral column at the ele\'enth rib is the lo\\ Cr lung limit: the line at the t\\Clfth 
rib i~ the lower pleural Jimit. The Yertebr3l region includes the \·ertcbral column 
an(l part of the Ouadratus lurnborum muscles. 

THE PERITONEUM. 
Let us now ~uppose the student has finishe<l the dissection of the ankro

l<ltcrnl abdominal wall, has studied the anatomy of i11gninal and femoral hernia. 
tlie ~hcalh of' the Hel'tus muscle, and bas seen tLe adminiculum linea, albce. The 
semilu11ar fo lds of Douglas arc before him) and h e is ready to incise the trans
\·ersalis fascia and the parietal peritoneum. 

'l1lic Hccti muscles sboulJ have been cut transYc r:.; eh· a little below the umbil
icus and both turned do,,u together from their sLcath 'without dividing the Jinea 
alb". 

1-·w. ~.-Posterior \'iew of the Recti abclominis musclcl:i (Luschka.) 

llchirnl the Rrcti on the lower and posterior pa.rt of the linca alba is a trian
~ular h:1111l of fibrous tissue called adminiculum linert alba• (admiuiculum. n prop 
on which a \·inc grO\\S '')(Fig. 580, -!). It passes up ..J: or 5 em. to strengthen the 
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white line, its apex being aborn and its ba~c below. It ri~e~ from the crests of 
the pubic bones aml arches o,·cr the upper C(lgc of the ~,vmphysis pubis. This 
should not be mi~takcn for the urachus which lie:'! bchin<l it, separated by the 
tran"'\'Cr::.oalis fa~cia.: both arc outside the peritoneum . 

.Xow open the peritoneal c;nity. Do not make a median incision from the 
en!':iform cartilage to the symphysis pubis. ~tart at the umbilicus and make two 
oblique cut:-1 from it. one to each Poupart's ligament near the anterior superior 
spine of the ilium; make one more from the umbilicus to tbc cnsiform cartilage. 
1\Jakc a. tnrnsYcrse cut on either side when more room is desired. 'l'o the right 
of the upper incision will be seen a round cord passing from the umbilicus to the 
under surface of the li"er and enclosed in a <loublo layer of serous tissue. 11he 
bttcr is peritoneum, call c<l the broad, suspensory, or jalc~'frmn l(qament of the 
liver; the conl is the round ligament of the liver, or a part of the obliteratul 
umbilical l'ein, whic:h in the footal state carried arterial blood from the placenta 
to tbe li1·cr first and thence over tbe botly. 

Turn down the lower triangular fla.p and the view presented is ~hown in Fig. 
581. Three distinct bands or cords are seen passing from below upward towar<l 

the umbilicus. 'l'liev arc all fretal structures. TLc middle one is the luaelwR. 
the remnant of the .. i:-;talk of the allantois; it may remain pcl'\"ious. The two 
lateral ones arc the obliterated 11ypogw1tric arti:ries \\hich con\'cycd ,·enous blood 
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from thr f1ctus to thr plal'enta for oxygenation \1hich \\:t~ rctul'IH'1l, as ."c have 
H'l'l1. h.'' the umbilical vein. 'l'hc ;rnungcl' th<.' !<.t1hjcct under tlit-<scct1011, the 

~)li1~~:~'{\s :~:·~:i~:~e:~ \~.~.t~j1~!:1· t~e~·~-a~.\~~18~11;~bi!:.~~·1; r~11;1c,}:r;~b~~!~,i;~~~;I i~~~~ u~1~~~~'i1~~1l:~ 
and 0111,Y the 8malle!:it part reaches it. '.J'hc proximal part of this artery is still 
penious af'tt.•r birth as far as the blad<ler under the name of superior vcsical. 

'l'o either ~idc of the three cords is seen the deep c11igastric artery JW$Sing in 
behind the Rectus at the scmiluaar fold of Douglas. These fi,•c band::- arc cov
eretl posteriorl.'' by peritoneum, "hich is thrown backward in fh·c folds or ridges 
(plira. fold) forming in all six fossa::, or three to a side. Sometimes the obliter
ated hypogaslric artery is idcntjcal in position "ith the deep cpigastric, in wh ich 
caf.le folds and fo>.:st-e are less in number. 1'hc midd le fold i1:1 called plica mnbil
it-aliR media or superior ligament of the bla.ddcl'; the next on citber s ide the plica 
umbi/ica/is /ateralis, or lateral ligament of the bla<lcler; the fold 01'er the deep 
epigastric artery is the plica epigastrica. 'l'hc simplc!'t nomenclature is JJlica 
llraclti, plica h,1jpo9astriaa, pliaa epi'gastriea. ~!'he fossro included between tbcf.lc 
folds arc named-the most external, outside the cpigastric artery and aboYe Pou
part's ligamC'nt, the e:rfrrnrr.l i"nyuinal fosRu: between the urachus and the corrl 
of the obliterated bypogastric artery is the internal ?.

0

119uinal fnssa
1 

and the 
remaining depression is the 'middle inguinal j'fJR.cta. ~'his one may be very narrow 
and quite deep. 'J~he external fossa has on its floor the internal abdominal ring. 
and atlmits the ol>li<1uc inguinal hernia; either of the other two allows a clirrct 
in.zuinal hernia. ~'o the inner side of the femoral vein is the .femoral or crnral 
fr1 .... w11 the site of fcmoml hernia.. All the above points should be noticed \\hen 
tlw ahdomcn is opened. 

The !Strnctures now pre~entcd for study, more or )cs.>.: preliminary at first an<l 
in 1lctail later, arc here pre~ented. 

1. Peritoneum which lines the cavitv and clothes the viscera. 
~ - Ab<lowinal part of alimentary c:.i'nal: 

{

Duodenum. 
Small Intestine Jejunum. 

Ileum. 

I
Ccccum. 
Ascending colon. 

Lar()'e I ntestine ~rransvei:sc colon. 
o Dcscendinp; colon . 

Rigmoid FJcxurc. 
lllecturn . 

fLi,·c1-. 

3. Accmory Glan<ls l g:~l~~~~~.<ler. 
-1. Rplecn. 
5. Two Kidne)T~' ··creters. ~drenals or Ruprn?·enal Capsules, and Bla<l<ler. 
G. In .female, L terns, Ovaries, and Fallopian Tu\Jes. 
7. L)·mpliatic Glands, Yessels, and beginning of ~~horacic Duct. 
R Abdominal Aorta and nine sets of branches. 

min~; .. Y ena cam. inferior and tributaries; l>cgi1rning of Y cna. azygos major and 

10. Portal venous systC'm. 
11. I..iumbar .Plexus of ccrebro-spinal nerves; R~rmpathetic Nerves and 

Plexuses . 
. i\'e !(Ct but :i partial view of all "hen the vi•eern are undisturbed (Fig. 58-1). 

~~: 1~; L~ ~:;:~~~1~/l:~r~;·d111~ 1~1~:1~~u~~ec~~dc:.alsr111b~s;3~~·s t:~e b~~~~n i1~1~:s~i1~~i~a~:J ii~ 
the diagram. To foul. the transl.'erse rfJlon, throw the great omcnturn and stom
ach well up over the nb::;; now the whole colon can be traced, beginning in the 
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Fio. !ii-12.-Anlcrior \·icw or llis' models or th<' ahdomlnnl contents. Drawn from photographs. 



Lr.fl liil~: nf lirrr 
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l'cnacam i11jcriQr 

_i'°:"!}':)iorwJI 
-RightlolMojlfr-er 

-Impreuiorroali& 

-ImpresEi.ocolica 

eald:f~ofright 

- t ·C7iafKJ1tre 

-Commonbile-<l11{'t 
--S11p.me3e11.f'e.ISSCU 

-Backo/peril.oueum 

_ _,,.--~-- -eaput fenwri1 

-··~·-~~,-~~-+-i- _Protlalegfond 

Fm. 5-"3.-PoHerior view of His' m0th•lQ, Drawn from photographs. 
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rig~1t iliac fo:-:M at the creewn, _then upward, acrn~s, downward, and into the sig~ 
moHl flexure arnl rectum. Tins surrounds the coil-. of the small intestines. 

Fro. 5&4.-Position of abdominal organs in a state of moderate distention. (Joessel.) 

The other structures not evident without dissection or manipulation can be 

locate1l b.r aid of Figg. 5821 583. The organs there are all spaced and so are 

not in their cxa.ct positions. 
It is customary to study the peritoneum before taking up the separate viscera. 

This membrane has quite a reputation. 1Ybcne,·er in Human Anatomy any

thinl( is difficult or obscure, one shoulr\ leave the complex adult form and study 

the more primitive simple type of the embryo or ncw·born; if that be not wholly 

~ati:--fa.ctor~v, go to the ]ower animal~ (Comparative Anatom.''), while the ambi

tiou:; student im·estigates even fossil animals (Pah~ontolo.izy) . It is meant b.v 

this that the medical student should first study somethinl( of the development of 

the peritoneum before opening the ahdominal cavity and de!':troying important 

::-tructures. 

Some Essential Facts in tlie .Deiielrqnnent of tl :,, Pffitoneum. 

In the early de,·elopment of the alimentary caual. before the twelfth da,- in 

the human emliryo, all three germ -layers push forward, arc folded over, an<l pro

duce the head and the anterior part of the fore-put . Thi s is blind at the front 

end, and the wmtli is de,·eJoped later hy an invaginati on from the exterior. The 

mi<lclle part of the future alimentary tract. mt"rl-l}ut, i;.; in fr ee communication for 

some t ime "ith the blastodermic ve~icle which is later c:dled the .11ollr-Rcu·. The 

approximation of the horly-wall~ at the umbilirus ~radually pinc·bes the .unllr-.~talk 

off into the l'itdliu.e rlw.:t, so the sac finally lies '' bolly oubitlc the botl,v of the 
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embryo nn<l tlrnt part of it enclo~cU within is tlw pleurn-prritonral rm•it.11 (Fi;i 
;)k5)." }"'inall_y, at the caudal end a hind-,qut i~ formc>rl and an ww.-< ad<ll'tl Ly a 
proce~s of inrnginntion. 

F10. 585.-Diagram of a longitudinal section or a mammalian embryo. \'cry early. (After Quain.) 

Thus the whole alimentary canal was originally a straight tube placed in 
front of the aorta, or the original two primary aortre, and that in front of the 

Fm. 556.-~chcmatic median section of a human embryo (After Dc:xter.) 

future vertebral _column, _the chorda ~nrsa/is (Fig. 586). Alon!( its middle 
region, the anter10r wall 1s lackmg as it opens here mto the yolk-sac. 
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, 
1 

.'Tbc fore-gut ?ontr~ct~ to fo~·m the_ reso1~lwr1n~, w?ic~1 i:;. ,·cry short (Fig. 5R7). 
Ihts gradually \\Hlcns mto a spm<llc-likc d1la.tatwn m<l1catmg the stomach. 'l 1Le 

Fm. 587.-Schematic median section of a human embryo of fourth week. (Ancr Dexter.) 

small intestine is short and straight with a wide opening into the yolk-sac. Just 

Fm. 588.-Schematlc median section of a human embryo of fifth or sixth week. (After Dexter.) 

below the stomach
1 

the Ji,·cr is budding out from the duodenum. 'fhis stage is 
attained in the fourth week in the human cmbr.yo. 'fberc arc now five successive 
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di:-tril't~ in the "hole canal, mouth, throat and 1•i .. ~1·eral l'l1:fi~. u .~oplut!!U.S, spiu<llc· 
.-.hapt•d . .,,tomac/1, and the remaining tube connected with the yolk-sac. 

Br the fifth 01· sixth week, the stmnaclt, at fin;;t :struigbt and parallel with the 
axi::- Of the body, begins to show a. com·cx .'/realer <'W'l'alure lO\\ard the n•rtcbra l 

column and a concave fr~.'1rr cunalllre on the opposite 
side. This is covered by the voluminous li\'cr. The 
pyloric end is tilted awa,Y from the column and this 
forms the duodrnal loop (Fig. 588). As the comm u
nication with the yolk-sac becomes constricted and 
absorbed there is developed a long wnbilical loop of 
intestine opposite the 1.'itellinc duct . 'J'he end of this 
loop pasSPS for a. time into the umbilical cord sur
rounded by a protrusion of the peritoneum. rrhis 
loop passes downward and forward, and consists of 
two nearly parallel arms between which js stretch ed 
the mescntery. At a little di stance from the vitellinc 
duct on the lower arm of the loop is seen a small en
largement; this marks the future ca?cwn and begin
ning of the colon and cud of sma11 intestine. Five 
portions of intestine arc now to be distinguished: 
the short part pas~ing back from the stomach toward 

ieri::1ic1~~1d~ •75~ ~~r~) iih mcsen- f ~:-~~~ ~~1i nct~1~~~11u 1~1~~~ {~~~f 1:~~o~e~\~';'~i~1 o::e1;~;.eJ\~:~~l 
iunction; the anterior descending arm and bend of 

the loop become small intestine; most of the ascending posterior arm becomes 
<.'Olon, and the terminal part, sigmoid jle:i:un and ·rectum. 

At first the alimentary tract is mo tly in co ntact with the chorda dorsalis 
held by a. broad mass of cmbryonal connective tissue. r.J'hi s tissue contains two 

primiti\"C aortre. The right and left portions of the body-cavity approach each 
other aud compres~ this tissue into a mesentery, which is attached to the whole 
!~ngth of_ the tube_ be~inning with the stomach, connecting it with the chorda. 
lhc •pecial part of th1' membrane attarhell to the stomach posteriorly is called 
11teso9astruwt, that to the small mtestrnc 1s called mesentery (medium, £ntestinwn 
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or µiaov i'ilrepoJJ, midd le intest in e); that to the colon, the mesocvlon; that to the 
sigmoid fl ex ure, the mesosigmoidea or siymoid mesocolon; and that to the rectum, 
the mesort•etum. 'l'his has not been represented in the abo\·e fiuures for the sake 
of simplicity. 'l'hcrc is also :.t venfral mesentery, but not of s~ch extent as the 
dorsal. It ex tends along the front of the alimentar y canal from the throat to 
the lower en d of the duodenum and in front as tu· down as the umbilicus 
(Fig. 589). It almost rn:ikes the body-c:i1·ity "pai red structure. In the upper 
part of this mosontery is developed the hear t, tho part enclosi ng it being ca lled 
mesocardium anteriu11 and JJOsteriw;. The lower part extends from the stomach 
and duodenum to the anterior wall and bas many names-ventral gastric and 
duodenal mesentery, liver-ridge and proliepaticus; it is never called auterjor 
rnesogastrium. 

The live~· is here developed anterior to the stomach, budding from the anterior 
part of the beginning of the duodenum (Fig. 590). 

'l'he pancreas buds from the posterior part of the duodenum, vertical at first 
and covered on both sides by the mcsentery of the small intestine; it passes into 
the mesogastrium later and becomes transverse. 

The .'ipleen is developed in the second month in the mesogastrium an<l is not 
connected directly with the alimentary canal. 

At this stage, passing from before backward, we find the strnctures arranged: 
anteriorly, liver; in the centre, stomach ; posteriorly, spleen and pancreas. The 
anterior mesen tery in front of the liver becomes the suspensory or .falcifonn li9a.
nient of the li ver, extending to the umbilicus below and embracing the intra.
abdominal part of the umbilical vein. The anterior mesentery between the li ver 
and stomach becomes the lesser omentum, or lig. liepato-gastro-duodenale. 'rim 
mesogastrium between stomach and spleen becomes gastro-splenic omentum, and 
that part between the spleen and vertebral column forms the great omentu.m. 

Fig. 591 is a cross-section of the same embryo . Anteriorly arc the two sacs 
of the liver projecting one into each s ide of the body-cavity. 'l1hc right sac 
grows to a hrger size than the left; they form respectively the right and left lobes. 
Behind these is the duodenum and behind that the pancreas. 'l'he intervening 

l'Nl~l"i:ll -~ DorsalMeu11ter11 

D•od<••m& 
Uu..llf:patO· 
duodena/t 

~-·· Jlrpa.li11 

F JG. 592.-Schematic rcprescntationofthcmesenteryinasix
weeks'human cmbryo. (Toldt.) 

parts of the mescntery are call ed ligaments, viz. first, su~pe ~ism·y ligament of 
Ji,'er, next hepato-duoderwl ligament, next duodeno-panr:reatw ligament, and lastly 
the dorsal mcsentcry . Note that pancreas and duodcnu_m are wholly enclosed . 

Th e vascular aaangement of thi s stage is show n Ill . Fig. 592. . rl'he. emliae 
axis, the superior mesenteric and i1~.ferior u~esenteric art~1;ws have th: 1t· pomts ~f 
supply definitely mark ed .out even m th~ sixth week. I l~c.v pass .fi om ~be ~01ta. 
between the two layers of the m~sogastnum and mc:-1entc1.v to their dest1nat1ons1 

which 11 0 ,·cr change. Th e crcliac axi~ goes to th~ stomath, SJ?lcen, pancreas, 
li,,er and part of duodenum; the supcn or mcscntcnc, to part of d uodenum. tbe 
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!:'mall i11tl'~ti1w~. nrnl p:1rt of colou; the infl•rior Ul('H'Ilt('ric. to thL• rcmnirnlcr of 
the tuhl' 

'l'hl' IL•nrr1h of the inte~tiue continually increa~cs, :rn1l it become . .., more l>cnt 
a1Hl tortuou~ till from the thirJ month on 'there occur two jmportant changes. Ont' 

FIO. 5!13.-Torsionoftheum!Jilicnl loop. 
position. (Jouncsco.) 

Fm. 5!11..-Torsion of the umbilical loop Ac· 
quirc<lposiuon. 1Jonncsco.) 

in regard to at" ist of the intestinal loop :rnd one in regard to a. change. in posi
tion of' the gtomacb. 'l'hc ascending and descending arms of the umbili cal loop 
hase been lying side by side one above the other; now the lower arm, which 
becomes c:"Ccum an<l colon, begins to pass OYer the upper arm and crosses the small 
intestine transversely (Fig. 503). 1'he upper arm moves but little or none, as it 

Common 
bile..dud. 

.Duodenum 
JIC$~1/ery 

Smallin,. 
testinc 

l'itclline 
d11ct 

Greal.er 
curt:olure 

Grev.tuomrn-
1,m 

Pfacetcheret.~ 
in!estinuci·o.sa 

is already fixed to the vertebral column at its upper duodeno-jrjunal end, perhaps 
by the muscle of 'L1rcitz . 

The crecum, "hich has already dc,·eloped an appendix, is thus lamled wholly on 
the rii!ht side of the body up under the li1'er (Fi~s . 59-! and 50il). At first there 
is no a~cending colon. the tranS\'erse colon running across the duodenum inferior 
to the ~tomach an<l up to the spleen. making a splenic flexure; it passes tbrou.!!h 
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the left lumbar region an<l is continued into the sigmoid flexure and rectum. 'fhc 
cre(.'um increases in length and, finding least rc:;i~tancc below, finally settles into 

the .~,ie~tn!~:~c0[~:;:'s~~~gf~0fb~o;:~pa :I1Ffg~8~~~~1i~~kc;:lo~ . half rotation as does 
the loop, and its anterior surface becomes posterior, :.t$ may be inferred from Figs. 
595 and 596. 

Fig. 597 shows the arterial supply after the t11·ist of the umbilical loop, 11 ith 
the cooliac axis behind the stomach, the superior mcsen-
teric artery fastening the duodenum between itself and 
the aorta, and the inferior mesenteric coming off below. 

During this perio<l of intestinal torsion, the stoma.ch 
has suffered a double change. First the stomach twists 
aroun<l a.n antero-posterior axis, so its cardiac or ccsoph· 
ageal encl mo,·es to the left and downward, while its PY· 
Jorie end moves a little to the right and ttpward; and 
its vertical po ition becomes more transverse. 

Secondl.v-. its long axis having been parallel to the 
,·ertcbral column. it originally presented a right and left 
surface, supplied respectively by the right and left vagus 
nene5'. It now falls onr so that its right side becomes 
posterior and its left side anterior, and the greater ctu·v· 
ature becomes more inferior, and the lesser cun-ature 
more superior. The n.gus nerves still supply the same 
surfaces. which ha,·e changed their positions: the right 
nene now ~oes to the posterior surface and the left one 
to the anterior surface. 

The lower end of the cesophagus also experiences 
the same torsion. 

'l'he mesogastrium. is modified by this rotation to 
the right. In the anterior mesentery is the li ver (Fig. 
590), but in the adult we find it shifted to the right side 
of the body . The spleen was posterior to the stomach ; 
in the adult it is to its left. So these three antero-pos
terior organs 11ave become ]atera!ly placed, and from 
right to left are hereafter found: 11'"er, stomach, spleen. 

\11ain connected with this torsion of the stomach is assoriated the formation 
uf tb;f,reat omentwn. 'l1o illustrate tLi~, carve a piece of wood to represent the 
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:-tomach; IC't two la.re1·_ .. of eloih attarhe1l to th<' pnf<tl•rior l11mlrr rrprr;;;c1~t.lh<' 
rnt.•:-;ngn:-;trium :i.ttnclH•(l to the ,·crtchral column tFi~. ;)~IH). 'l'hiioi "a:; the Ol'IC!ll1al 
condition (Fiµ:. :;~l:!)._ .:\'ow.turn ~lH.' :;tomach_ to _tli~ right._allo"ing: tl1e cloth to 
fall l oo~t· lv to the ll'ft, an1l 1mme<l1atclr a tant\· 1:-0 fornn•d 111elucled betwN•n two 
layer:' of 'cloth anteriorly and t\\·o layCrs po~tt.'riorly (Fi~. t>!ltl) . In the embryo 
a :-.imilar ca\" itv is formed called the cm•it.111if thr lf1't•at 0111entum, the le.~~er .1wc 
nf 11aitonnw1,' f1ursa 01111·11 /alis: and a. similar fold of fot~r lay~rs is _formed callC'1I 
the qreat 01111.'nl um "hich in the embrvo and infant contams tl11 canty. 

;l1he entrance to this cavity is in(Iicated b_y the arrow in }"'igs. 595, 596, and 

~~~t~~ 1~:1~~a~~:~.~i~f. ~l~c t~t:u~:~:~: °C~~,\~~~·ci.~t~:e~1bt~vcth'~ i /,~ftF~~-aggO;~l~<l- ~t: 
position of' the sac will be better understood . . 

The front wall of the bur.sa omentalis is forme<l by the stomach; the posterior 
wall by the mesorrastrium, wh ich at first completely invests the pancreas, touches 
the spicen, and c~vers part of the left '6uprarenal capsule. The opening is turned 
to the right and covered anteriorly by the lesser omcutum. 'l'hc space between 

the lesser omcntum and right end of pancreas is the atrium b1u·1w1 omentalis or 
the antechambrr or lesser omental pocket. It lies below and bcbin<l the Spigelian 
lobe of the li,·er. The bursa proper. or lesser sac, is that part bC'hind the stomach. 

By the end of the third month the pancreas touches the left suprarenal cap· 
sulc (Fig. GOl), the layer of mesogastrium separating the two becomes later 
ab~orbe(l, and the pancreas is then an extrapcritoneal organ separated from the 
kidney or capsule by connective tissue. By further development this lesser sac 
continues to push between the layers of the great omcntum downward and to the 
left, rind fuses "ith neighboring Yisccra. 'J'hc great omentum, formerly a part 
of the rncsogastrium, comes to hang freely down O\'Cr the transverse cOlon and 
then in front of the small intestines, as about to do in l•'igs. 59G and 602. 

'J1110 lamellm composing the bursa omcntalis or lesser sac arc each composed 
of two la.yers; they are place<l .close together an(l arc continuous below (Fiers. 
002 and U03). 'l'he more anterior one is attached to the greater cun·a.ture ~f 
th e l'itomach and the posterior one lyin~ on th e intestines wag orig:ina11y attache<l 
to the ,·crtcbral column an<l cnclo>ed mo>t of the pancreas (Figs. GOO and 602) 
In many mammals no further change O{'Ctll'~. In man fusions follow: the pos· 
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terior 1amclla CO\'C'l'S a. l:.trgc part of the posterior abominal wall, an<l its original 
line of vertebral attachment gets displace<] to the left: it joins the diaphragm and 
forms the l(IJ. phreno-lienale, suspcns.ory ligament of the spleen. Below it be
comes fused to the upper layer of the trans,·er~c mesocolon and to the trans
verse colon (Fig. 603). 'fhese two contiguou~ layers, i. e. the posterior layer of 
the mcsogastrium and the upper layer of the transverse mc~ocolon, may pre~ent 

~h~;~~~~~ ta b~:~~l~nl::~~[~ 1~,~~~11~1 ~~po~t ~iFfti~(~I~.incig~).Y i{~ ~~Ju~t"11~:nn~p~~:: 
of the extra Jayer is seen. 

'fhcro arc then three types of relation of the posterior layer of the grent 
omentum to the transverse mcsocolon: fu:tal, where they arc separate (Fig. 00:2); 
il\fantile, where they are fu sed into one layer (Fig. 603); and adult, where all 
trace of this layer ha~ disappeared and the postcl'ior lam cll~ of the great omen· 
tum sc•ems to enclose the tranS\-erse colon (Fig. 606). 

Greatereurm.ture 
A11terior lamdla of !Jreater omci.tum 
l'inl.erior tumeilu Qj Y• cater omentu111---1.LJL-'7ff 

_ Tramn't'Tsemc.socol-On 
Duodenum 

11be lesser MC of peritoneum (bursa omentalis) is still continuous with the 
grenter sac or general peritoneal cavity, something lik e the two cavities of an 
hour-gla<S, on ly the upper cavity (lesser sac) is comparatively small and bent 
down behillll the other. In Fig. 603 the cavity behind the stomach is connected 

Pancrta8 

Puslcrior famcllaof~;::~: c:::::-Jw~~lrnr===Rf~~t:e;:,t;~~~osing paacnas 

with the ]ar«er cavitv in front of it by means of a foramcn to the ri~ht of the 
lesser omcntt~m. It is the formnen of lVin.'!lm1•, and is to be found just urnlt>r 
the hilu• (the black spot on a bean) of the li ver to the right side of the neck of 
the !(•II-bladder. . . . 

After childhood the cant~· of the l<'sser sac cle~cendmg mto the great omc-n
tum is oLlitcratcd and tLe four layers arc fused into an 011wntal plate. 
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Mesentery of the Small Intestine and Colon. 

~t b~~~~n~c~;~:~:~·~·p~~l:n~~~~~sec~c?~tt~~ti~t~r~:~:~r~1i10!~ 1;~:,;1 ~11:et\\~t:·~~~,~~ i 1i1:c~;1~~ 
timeR that of its origin from the lumbar vertcbn'!; so it lies in folds and is ra ll<.•d 
a .frill. Jn man after the fourth month, this becomes more complicated by fusions 
"ith the pootcrior body-wall or neighboring viscera. It affects c•pccia lly the 
mesentcn· of the duodenum and colon. 

rrhc ;luodcnum at first is completely invested with peritoneum (Fig. 595); 
later other \'i~ccra grow ing faster are thought to pull it away and appropriate it, 
an<l so posteriorly it comes to li e on the posterior wall of' the body aml becomes an 
immovable 01·gan (Fig. 603). 

'rhe large intrstine possesses a suspensorium attacbed to the vertebntl column 
amt designated the mesocolon. When the twist of the umbi lical loop occurred, 
the tranS\'Crse colon and its mesocolon were dra.wn transversely across the duode
num, and a tH'W secondary line of attachment was thus formed. This explains 
"hy in the adult 11c find the body-cavity divided by the transverse colon an<l 
transnn;c rnesocolon into chambers, an upper and a. lower. In the upprr are the 
stomacli, li\'cr, pancreas, spleen an<l part of duodenum; in the lower, part of 
duodenum and the 1:imall intestines. 'The duodenum, in order to get from the 
upper to the lower space, passes underneath the transverse colon or apparently 
through the mc;ocolon (Fig . 596). 

rl1ll(; ca•cum, ascending and descending colon, al::w lie with their posterior 
w:tlls more or less in coutact with the body-wall, but sometimes they have a more 

Retro~<m£al Kid11cv 

1''w.OOt.-Crru-sscctlonofalimc.ntarycannlofFig.OOOtoshowmc11cnto;:fics. (Dexter.) 

or less distinct mc!\cntery as they did originally. The originn.1 disposition can be 
seen by taking a. cross section of the alimentary cana l in Fig. 596 along the 

~~:-.:;·"@v;:.::::;:i; 
0 

- ca,.ftu - Scro"1Cat·llu 

Mall" 0 MW"' @::::_ .·:::::::;: 
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fJO. 605.-Schemntic druwing of a cross s1:clion of a serous cavity. (Gegcnbo.ur.) 

line X. Each colon and the small intestine arc fixed to the aorta. and vertebral 
column by its special mcscntcry, which a llo11s freedom of motion (Fi!(. 604). 
The 111esentery is seen to be formed of two la~·e1 ·s of peritoneum which surround 
an inte:-otine completely, except at a posterior line where there is opportunity for 
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vessels, ncn·el', and lymphatics to enter or return. Two layer!' of peritoneal con

nccti vc ti::;:o;ue, "hi ch lodge YC~scls, BCl'\'Cs, and I vmphatic~, constitute a rncRcntcrv. 

1'hc intestine looks as though it ha<l pushed its' "::t.V into the sac of peritoneum ;JS 

a finger enters a. glo\'C. 'l'ha.t comparison i~ incorrect, for intcRtine and perito

neum are den•loped 8imultancously . '1'h€ intestine is not first made and then 

p11<hcd, ns would apµcar (Fig. GO.>). 
. 'l'l.1c intestine and the two layers of' peritoneum arc formed to.gethcr. As the 

mtcst111e rcccUes, the serous membrane comes from the wall to it m a duplicaturc. 

Th~ layer covering the intcRtine is callccl vir~ceral: that reflected upon the 

panetes or wa11 is the JJarietal layer, and the passage from one to the other is the 

mesenter.11. 
In the adult the small intestine is unchanged, but the mesenterv of the ricrht 

an<l left colon has been widely separated postcriorl,Y1 and it and ROn;e of the p;ri· 

etal peritoneum ham been changed to connective tissue, so ca.th colon becomes 

fixccl and partly cxtraperitoucal, lik e the duodenum and pancreas (~'ig. 603). 

'l'he kidneys were always outside, being de,relopeLI. Ill the retropcritoncal space. 

Summary. 

Separation of the alimentm·y tube and its mesente1·y into distinct regions 

(llertwig): 
1. The alimentary canal is originally a straight tube from mouth to anus-, 

near the middle of which the yolk-sac is attached by the vitelline duct (Figs. 586 

an<l 587). 
2. The alimentary tube is attached throughout its whole length to the verte· 

bral column by a narrow dor~al mf!sentery; it is also connected with the anterior 

wall, as far as the umbilicus, bv men.ns of a ventral mescnterv. 
3. At some distance behind (below) the visceral clefts, tl; c stomach arises ns 

a spin<lle·shape<l enlargement; its dorsal mcscntery is designated as meSOfJWJ· 

trinm. 
4. The portion which follows the stomach grows more rapid!)' in length than 

does the trunk, and therefore forms a. loop with an upper, dcsf'ending, narrower 

arm, which becomes the small intestine, and a lower ascending more capacious 

arm which produces the large intestine. 
5. The stomach takes on the form of a sac and hC'cornes so turned that its 

!~~~t a;;s t~o~n1~1i~~~sg:!~!~i~~~ t~~n~t:c1;~e~:~~ oL~.'~·~t:~~: :'.~~cth~1\ tl~~.ti~n,~:sf ~~t1~s~~i~ 
comes to lie below or caudad . 

6. 'rhc intestinal loop undergoes ~mch a twisting that its _lower ascending arm 

~:~~~cfr~~e~f~~1e{ t~s l~~:~-mOJ'~~·o~~:~\1~1~ 0~(. it;~e01~~f~1~~~~~c:t~~~c~~·m (small intcs-

7. The t~·isting of the intesti11al loop expl:ti ns wh,Y in the adult the duodenu~ 1 
as it merges into the j~junum, passes ur.H.ler ~he tr.ans,•crse colon and through its 

mesocolon (crossing and crossed parts of the m~est1.ne). . . . 
8. rJ1he lower arm of the loop, during and after Jts tw!sting and ~ro.ssin~ of tbc 

upper arm, as~umes the form of a horseshoe, and permits one to d1stmgu1sh the 

c:ecum, the colon ascendens, colon trans,"ersum, antl colon descendens. 

9. Within the space bounded by tbe horseshoe, the uppm· arm of the loop 

becomes folded to form the co1nolutions of the sma ll rntestinc. 
IO. The mesentcry, which .is at first comm?n t? the who.I~ tube, becomes 

differentiated into separate rcgwns and aiJapt:s itself to tb~ <~1Herc_nt folds an~l 
elo1wations. lt is el on~atCll and here aml t.hcre. undcr~ocs fos10n ~"Ith t~rn pen

tonc~m of the body·ca.Yity, by means of'' h1ch 1t acq111r~s new pom.ts of .attach. 

rncnt or in certain tracts wholly disappears; some portions of the mte!'tmc arc 

thus 'c1cpri1'c<l of their rncscntcry (Fig. 61-1). 
11. 'l'hc mesentcry of tl1<' duodenum, and in part tLat of the colon asceudens 

and descendens, fuses with the wall of the ho<ly. 
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12. The mc~rntcry of the colon trani;;vcrsum acquire~ a new line of attachment 
running from right to left, and becomes diffcrcntiate1l from the me~cntcry a~ 
1Jl(',•w1·1dou. 

1:3. The mc~oga:-:.trium of the stomach follows the torsion:;; of the latter. and is 
conYcrkd into the greater omentu.m, whicl~ grows out from the greater cunature 
of the stomach to coYer all the viscera. lymg below. 

1-t Fu~ion of the walls of the omentum occur with the adjacent .!3Crous mem
branes: (1) on lhc po:-;terior wall of the body, where its line of origin from the 
,·crtebral column is displaced to the left side of the body (Fig. 614); (2) "ith the 
transverse colon and mesocolon (Fig. 603); (3) anterior and posterior walls come 
into close contact and fuse into an omental plate. 

Development of special organs out of the walls of the tllimc,,1ary tube : 

l. From the intestinal canal proper there arc formed only two glands, devel
oped from the duodenum, viz. the liver and pancreas. 

2. 'l111e liver is developed as a branched tubul:n gland "bi ch becomes a net
work: (a) There grow out from the duodenum into the ventral mesenter~~ or pre
bepaticus two Ji,·er-tubcs, the fundaments of the right and left lobes of the Ji,·er. 
(!•) 'l'he tubes form hollow or solid branches, tho hepatic cylinders. which become 
in part bile-ducts and in part parenchyma of the liver. («) 'l'he common bile-duct 
ri~cg as au crngination of the wall of the duodenum receiving the two hepatic tubes, 
and at one place an cvagination which becomes the gaJI-blaclder an<l cystic duct. 

3. :From the \·cntral mcscntcry into which the liver grows are dcri,·ed the suii
pcnt:iory ligament of the Ji,·cr (folciform) and the le~scr omentum. 

-! . rl'he pancreas grows from the duodenum into the dorsal mcsentery and into 
the mesogastrium. 

'J1be rncscntery, which the pancreas originally possesses, disappears and fuses 
with the posterior body-wall. By reason of the twist of the stomach, the long 
vertical a.xis of the pancreas becomes transverse. 

ADllLT PBBlTONJWi\I. 

During life and before dissection of the dead !->nbjC'ct the abdominal caYity is 
afr-t(lJhi. .AtmosphNic pressure and muscular frn:-.ion allow no space to be vacant. 
'J'l1e peritoneum (rri;peri;i!)rn.1, to extend around) is the sLiny serous membrane 
]ining the abdominal wa11s and posteriorly either lining the wull or covering the 
Yi~ccra. If onC' is asked to touch the Ji,·cr or stomach it js the peritoneum to\·cr
ing those organ~ which is touched. The pl'ritoneal cavit:y w::t$ opened when the 
anterior nhdominal "~all was incised, and does not exist till artificially produced 
by the surgeon or d1:-sscctor. 

ln the male it is a. rlosed sac with its two walls approximated, and conserp1ently 
perfectly empty extept for a small amount of .'~ellowi~h-green 1ubricatin~ fluid, 
liquor paitun1•i. Its anterior wall bas already been opened and is called the 
parietal peritonrnm. Its. posterior ·wall is tucked into every crevice and corner 
around and bet\\een the nscera 1 which may be regarded as lying behind the whole 
sac. This ]ayer is largely visceral ~nd the spaces between single organs arc only 
capillary. In the female, the pcntoneum bas two openings; there i.s a 1'inglc 
region on either side where mucous membrane is continued into serous membraue, 
viz . where the Fallopian tube opens into the pel'itoncal cavitv. 

Other serous membranes are comparatively srna.11, and, li.ke the pleura, serous 
pericardium. or tunica rngina1is, surround one organ. In tliese it is very ca!->\" to 
trace the layer around the walls, then its reflection upon the viscus and Otr again 
to the startin~-point. In the p~ritoneum, or really behind it, we ha.Ye many 
org:.~11s itl\'OIY~d, ncarl;· all of wh1:h ha.Ye experienced changes in size or po~ition 
durmg fcctal l1fo. ~o that the task 1~ some\\ hat more complex. It is to trace the 

~'b'~~~o:~c~~ t~~y~·~;c;.:o~~-eo~:u~~-~~~u:~ ~~~~~~r ao~ 1~~~~ s~'~. organ to a wall, and to 
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w·c may say that the peritoneum ha~ two surfaces, i. r. one attacbctl to the 
w.all or viscus and the other is free and shiny; there are two layers, parietal and 
\'1$CCral, and two sat5;, ~incc the large one has a posterior subdi,·ibion formed when 
the !'itomach rotated to the right in the ctubryo. 

. The va1:ious fo lds and bands forn~cd b.v -the peritoneum in passing from the 
different viscera or walls ham definite names. 

An Omentum means a. fold of peritoneum "bi ch connects the stomach with 
other Yisccra, viz. great and ,qast1·0-colic omentum, small or qastro-l1epatic

1 
and 

gastro-splenie. These arc situated respectively below, above, 'and to the left of 
the stomach. 

A Mesentery is a fol<l of peritoneum conn ecti ng any part of the small intestine 
to the posterior wall. It is use<l also in a. wider sense. r.l'he name of the fold 
connecting any part of tl~c alimentar,v canal below the o::sophagus to vertebral 
column or posterior abdominal wall may be foun1l by prefixin g the Greek acljecti\•e 
mesos (p.foo~) or Latin medium to the Greek or L:itin name of the part fix ed, as 
llll'.'Wgastriwn, mesoduodenwn, mesentery, mesenteriolwn (little mesentery for ver
miform appendix). There is no mesoc<.-ccum in the adult, but sometimes an 
ascending or descend ing mesocolon; al ways a transverse mesocolon, a sigmoid 
mesocolon, and a mesorectn m. 

Ligament is a term applied to folds connecting viscera not belonging to the 
intestinal canal, to the abdominal walls. or to fo lds which bind viscera to the 
diaphragm. The German anatomists apply this term also to omcnta. There 
are ligaments of the bladder, uterus, and lirnr, and others, as licno-renal, hepato
renal. and ;ra:;;tro-phrenic. 

We will now trace the peritoneum in a Ycrti c:a l direction simply to show its 
continuity and to see from a side \·iew bow it surrounds viscera or forms bridges 
from one Orf!an to another (Fig. 606). 

We may begin anywhere. perhaps best at a point abo,·e the liYer , where the 
parietal layer of peritoneum is reflected from the diaphragm to the liH~ r. becoming 
,·isceral layer. 

'l'he student is su pposcLl to ba1·c read carefully all the descri ption of the 
peritoneal <le,·c lopmcnt. Kow he follows by hand the parts in the subject and 
the diagram by eye. Lifting up the diaphra~m the band pa~scs over the glisten
ing superior surface of tLe li,·er in the middle line till it is stopped posteriorly 
by a fol<l cal led the c11r01iary lij;a111ent. The per itoneum eoYers al l the surface 
of the li\·er to its anterior acute margin. :Xext lift up the li,cr from the c:.tomacb 
and trace the lan·r backward on the under su r face of the li\·cr to the tr;msrnrse 
fo .. ;-;ure or hilu~". an1l the Land is again stopped, this time by the peritoneum 
de.:;ccnding to the le:-scr currnture of the stomach, making one layer of the lesse1· 
omentum : or, ~i,·ing the uamcs of the vi~cera connected, !te1mto-,qnx!J'ie omentum. 
This Jayer now con:r:-<. the anterior surface of the stomach and reaches the greater 
currntt~re; here it falls directly clown ward to a \·ar,ring extent, usually to the 
pubic re"ion, making tLe anterior superficial layer of the great omenlwn. Just 
below the stomach the transverse colon may be seen shining through. This 
bycr in the fWtus and young child should not be atta.died to it, bowc\·er. Now lift 
up the µ:reat ome n tum oYer the stomach and this layer. may be seen ~o be reflect_ed 
up to the un1ler su rface of the transYerse colon, makmg the poster10r su perfi c.: 1al 
la.vc r of the g reat omentum. Fig. 602 shows that the great omentum has not 
alwav1' been prc~l·nt; this layer \\Care now trncing used to pass above th e trans
Yer:-~ co lon and go to the pancreas and then return, making two layers. Fig. 603 
shows how these two laycr.'3 united into one; and Fig. 1>06 shows how one has 
disappeared as sucb, and how this J;\yer. pa~.-.e."i b_eneath the transYersc co~on and 
on to tLe vertebral column and anterwr margin of the p:rnc:n•as 1 makmg the 
lower layer of the transvcr.11e 1111·sol:ofon. 

This la.yl•r i~ do . .,ely connected "1th the Ycrtebral column. aortil, and vena ca\·a 
inferior, ailll on leaving the pancrea~ meets the superior rncsc11tcric YC~sels and 
surrouu<ls them. It co,·ers only anterivrly the pre-aortic portion of the duode-
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num. nn1l makr' anothL'l' cxcur.;ion to :-;urrnurnl the ~mall intc:-.tinc~ and r1.•t11r11 .. 
nllfler tht.• n·~:o-L'I' forming the two layers of the 1111'.'wllffl',ll proper. ('11<lkt> :i 

1lefinitc portion of the ~mall intc~tinc :rn<l JH'OH.' this-that the rnc:--t•ntcry has an 
uppt•r :rnd n lo"t'l' fayer and the inh.• .... tinc i!-; fastl'111•d to the !'.piual tnlurn by it.) 

Cai:ilyof greatome11/um 

Pu-iV';t~~urce of 

Symph!i.''i8p11bis 

Next. this layer descends into the pelvis and forms a mc~cntery for the intcs· 
tine, there !'Urrounding it as low down as the mid1llP of the third i::ac:ral vertebra. 
If anatomist...; agree to call that intei-;tine the upper ptut of the rectum, the fold i~ 
nu'"Wl"f'r•tum, but if the intestine be calle1l the lower part of the ~ig:moid flexure, the 
fol<l is .<:1:11111oid 111eSOl'Olo11, and there is no nll'::;on•ctum. Ju~t at the third sacral 
,·ertcLra the }>l'ritoncum lca,·es the po~terior ::-urfatc of the inte!'.->line, then the 
i;idb, aJHl thl't1 tlu.• frout, and i!i reHecte1l in the female next upon the upper fifth 
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?r fourth ?f the posterior wall of the vaf?inn. and thrn upon the uterus, co,·ering 
its pos~cr10.r wall, its fundus. its anterior surface, but it <locs not pass on to 
the vagma m front. About the le,·el of the internal os it par--scs over the ::;ummit 
of the bladder a~ far as the urachus. The deep pouch L<.'hincl the uterus and 
vagina is called the recto-iiaginal pouch, or cul-<fr-Srtl' uf Douglas, or recto-uterine 
pouclt. The more shallow anterior pouch is the 1 1 ef~ic1J-u.ltri1~e. In the male the 
peritoneum passes from the rectum dircctl_y upon the posterior wall and summit 
of the bhul~ler to the urach~s, forming behind the ref'to-i•t•sfral vouth. In either 
sex the peritoneum passes directly from the bladder to the anterior abdominal wall 
and does not cover the bladder anteriorly. The surgeon umkcs use of this fact in 
opera.ting upon the bladder through this space below the peritoneum and a.bo,'e 
the symphy,is pubis. It is called the pre-vesical spare qf Retzitts, and is much 
increased in size by di,tending the bladder. By putting 420 c.c. of fluid into 
a rubber bag in the rectum and 500 c.c. into the bladder, the rectum will so 
push up th e bladder and the bladder will so push up the peritoneum that a space of 
8.5 cm. will exist between the lowest fold of peritoneum and the symphysis pubis. 

This parietal layer is then simply traced, lining the anterior abdominal wall 
around to our starting-point between the liver and diaphragm. We sec then that 
this is a closed sac and the parietal layer is continuous with the visceral. 'l'his is 
the ca.,·ity of the ,greater peritoneal sac. 

We have not yet brought the peritoneum into contact with the Spigclian lobe 
of the Ii ver or the posterior surface of the stomach or internal surface of the 
spleen. Behind the upper part of the large ca,·ity and running into its lower 
part is another artificial cavity which we have not traced. ''iz. the cavity of the 
lessrr sar, or the /,zusa omentalis. \r c ha,·e seen that these two sacs are con
tinuous with each other through the foramen of \rinslow. 'l'Lat is best shown in 
a cross section, but is indicated in the diagram. 

'Ihe boundaries of the les,::er sac cannot be well seen at this stage. nnd for the 
present must be mostly !'tudied by diagram till the anterior parts arc dissected. 
Remember the diagram is onl:- true for the median lin e or nea r it, and no,Ybere 
else but in the region of the Spigciian lobe of the ]i,·cr docs the lesser sac reach 
up behind it as here rcprci':ente<l. Imagine the hand introd uced through th e 
foramen of Winslow from right to left into the lesser sac; push the finger up 
behind the li ver and in front of the diaphragm till stopped b.v the fornix made by 
the transition of parietal to ,·i~Ct'ral layer. r11 his la.y<'r invC'st~ the Sp igelian lobe 
onlr behind ancl inferiorh· till the transverse fis8ure is reached; it then de~cends, 
a~ did the layer of greate;· :-ac in front of it, to the lesser cun·a.ture of the stomach 
forming the posterior la~~er of the lesser omC'ntum. Next it descends behind the 
stomach and in front of the trans,·erse colon into the great omcntum, passing 
nearly to the free bonier of' that apron. It now turns and a.;;.ccnds an<l covers 
the upper 8urfacc of the trans,·erse colon and goes back to the vertehral column, 
forming the superior layer of the transrer!W mesocolon . It now co,·crs ~he ante
rior surface of the pancrea:-:., next the vertebral column aud crura of Uiapbragm 
and great vessels to the reflection on to the Ji,·er . . . 

It is ach·isccl tha.t the abO\'C tracing~ for both sacs be followed JU Fig. 607. 

~\;\~~be I~f!~J:~':i~! t~~~e o~·~a~1~: t.~tr~~~~ro~1:t~~· its ~~~~1~1,~af,~~~01~~JO\~ ~'~~l~~~t~oe~~ 
tion would show i\s third portion about a.t the root of tlie mc:-entery (Fig. 606). 

'Ve hase tracc:<l the l a,,~ers sin~l y, and some new features may be presented 
if we take two layers togetlier. beginning ahov.c at the lircr. . 

Anteriorly, a layer pa~ses back under the d1aphra~m an.11 from behind a~other 
approaches it; one is from the greater sac anil the other from the lesser (1f sec
tion be near median line). They both turn down upon the li ver, making these 
the anterior and posterior layer:; of the coruwu·.11 l1:qa111enf, including between 
them a small surface of liver directly connected to the diaphra.2m and unco,·ered 
by peritoneum. T~1e:-;e two layers then 08UtToum~, the Ji,·e1-. forming it.:; serous 
coat, and meet agam at the trans,·erse h:-~ure. 1 he two uow dc::;cenU to the 
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l e:--~rr cunaturr of the ~tomach, forming the lt.' ~:<.e r omentum or hcpato-gastric 
omen tum, the right free margin of "hich, also ni:1Ue of two layers, is called tLe 
L1:rr lt1·1mto-d1wrfrnale. because it passes betwt'cn livC'r and duodenum. B etwct'll 
the l\\O byrrs of t l1i s l~ gamcnt to the right are the c01~miou bile-duct, the hepatic 
artery, and portal \'Cm, a ll surrounded by connective tissue, th e capsule of 
U-lis.'fon. 'l1licsc la,,·cn; nc.xt in\'est the stomach, meeting at its greater curnture. 
'l'h l'\' next pa:-..;. do'' n in front of the transverse colon and small intestines and 
fnrnl the ar1tcrior larnclla, of the great omcntum ; they turn on thernsekcs and 

reach the traDSYCl'::iC colon, forming the posterior la.mclla. of the great omentum, 
a.n<l next :surround the transverse colou. 'l'beu they p:1ss to the vertebral column, 
forming the trans\·crsc mcsocolon with its upper and Jo,\cr layers, and covering 
the antl'r ior and i11forior ~urfaces of the pancreas by then· bifurcation, one layer 
passing upward and the other dow nward. These layers now .di,,erge to complete 
their respective :sacs, which have been tra ced, an<l meet again as the coronary 
ligarncub of the Ji,·cr at the starting-point. 
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So far we have seen the reflections and pouches in a lonaitudinal section in or 
nca.t the median line. 0 

It is the arrangement as found in the infant up to the age of two years; after 
that age the great omeutum docs not usually show a cavity. 
. We shoul<l ncx~ trace the peritoneum transversely in cross sections. This is 
simples~ low down m the abdomen, where only the greater sac is involved. Let 
the section be ma<le through the lumbar region somewhat above the level of the 
umbilicus (Fig. GOS). Beginning at the linca alba, trace the parietal layer 

around to the right until it nearly reaches the outer border of the Quadratus 
lumborum muscle. It then passes up over part of the anterior surface of the 
right ki<lncy an<l meets the ascending colon . It partly surrounds it, forming 
sometimes a proper mesocolon, but usually lca\•ing one-third of the posterior sur
face exposed . At birth only the anterior and externaJ surfaces are covered. 

~'bis layer then passes from the right kidney over the Psoas muscle, over the 
vena cava, and, meeting the superior mesenteric vessels from the side, is led by 
them to surround the small intestine, enclosing blood-vessels, lacteals, lymphatics, 
and nerves in the mcscntery proper. It next pa!-=ses O\'Cl" the vertebral column and 
aorta, anterior to the left Psoas muscle and left kidney, and covers the anterior 
surface and sides of the descending colon, forming sometimes a true descenJing 
mesocolon. It next is reflected upon the antcro-latcral abdominal wall an<l is 
continuous with itself at the lin ea alba. 

Notice that the lower end of each ki<lney may be best felt by palpating to the 
right of each colon. 

By taking a cross section higher up, just above the tmnsverse colon, both 
cavities are involved, making the tracing more complex, but the continuity of one 
with the other is well seen. The spleen is met in this section, and all parts of 
the colon are below (Fig. GOD). Begin again in front at the linea alba and trace 
to the right; soon the layer makes a fold open to tbe front and encloses the 
obliterated umbilical vein, now called the 1'01tn<l l~qmnent of the liver. 'rhe folrl 
is a part of the fcctal anterior mcsentery, now callcd.falc{fonn or suspensory l(qa
ment of the liver. 'rlie layer is a parietal one, pasHes to the posterior abdominal 
wall and covers the anterior surface of the right kidney and then passes in front 
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of thl• n•na earn n111l hl'hind the mar~in (lf the hC'pnto-duo<lrna1 li~ament "hi~·h iR 
the rig-ltt frl'e t•dge of the 1cs:;:.cr omPntum. Thig 1ayrr now form~ the po!-itl'rior 

1·a~d~ o.; lu~rr 
omollum 

wall of the lc~scr sac and is directly continuous with the layers of the greater 
sac. 

Goof:~.·) 6lO.-lforl1;nntnl scclion t\Jrough the abdumen at the level of the foruuu:n of Wini.low. (1Iodilicd from 

It }J~!-i~c: on:r the vcr~cb1:aI column. the. crura of the tliaphragm and great 
vc,>cls, m trout of tLc left k1<l11cy to tLc L1lus of the spleen . forming 11ith the 
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gre.atCr S:tC, behind, a double foJ<l, the /irno-1·e11al l(qamenf (lir>n, lieniR, spJ.ecn) in 
which run the SJJlcnic and pancreatic vessels. Anteriorly it forms with the 
greater ~ac another 1loublc fold, the linw-gas.frir l1.f1ament or ya . ..,,tro-splenic om1:n
t1wt, in which pa:-;:s th~ \'asa bre,·ia. to the fundu~ of the stomach. 'l'his layer 
then co,·ers the posterior surfac.c of the f:.tomach and makp::; the posterior layer of 
the les!'icr omcntum, surroun<lmg the three \'C!-iscls and forming the anterior 
bouu<lnr~r of the for:tmcn of Winslow. .Xow it form~ a part of the greater sac 
and makes the anterior layer of the lesser omcntum. co,·ers the stomach ante
riorly, dips down Lctween "it and the spleen to the anterior lip of the hilus to 
meet the lei;ser sac, ancl so forms the gastro·splenic omentum . It then covers the 
whole phreni c surface of the spleen, a.pproacbiug the hilus from all sides, and 
meeting the le!Sscr sac again from behind. Completing the lieno-rcnal ligament, 
it turm1 back on the left kitlncy to the abdominal wall and courses as parietal 
peritoneum to tlic middle line again. 

If we trace a section through the lernl of the foramcn of Winslow, the pan
creas and li,'e r arc introduced (Fig. 610). 

IIcrc again the peritoneum is traced from the rni<l-linc anteriorly where it 
i1wests the round ligament of the li,·cr, then it COYers the right abdominal wall 
and posteriorly touches the diaphragw, passes anterior to the right kidney and 
crosses the inferior \'Cna. ca.rn, where it makes the pu:-tcrior boundary of the 
foramcn of Winslow. It then extends to the left as the po:-tcrior wall of the 
lesser aac, in front of the aorta, splenic n:·ssels, pancreas and left kidney to the 
hilus of the spleen. Xow the pancreas is interposed between this layer and 
the left kidney, and the sp1enic vessels pass behind or just abo'"c tbe pancreas in 
the lieno-renal ligament as before. The Je:-;sc r sac makes a small blind pouch 
near the hilus of the spleen, and its peritoneum Co\·ers the posterior wall of the 
stomach, make/3 the posterior layer of the lesger omcntum, bounds the foramcn 
of Winslow anteriorly, and is then traced as in the last figure. 

The peritoneum simply surrounds this section of the linr, not showing any 
coronary ligament. The peritoneal relations between stomach 1 kidney, pancreas, 
rind spleen are shown 111 more rlctai] in Fig. G11. 

Herc we sec three pouches of peritoneum cente rin g at the ~lilu~ of the s~lcen_ 
Anteriorh' and po:-;tcriorly arc two from tlH.' ~rcater l!ac and lJ1 the centre ts the 
left blind~ extn•rnity of thr lc:-:ser sac. :-ihoul<l the ~tructure~ at the hilus be 
grasped, the Liand ~rnuM enclm:e anterior!~~ a la.rcr of the :zreater ~ac . then two 
of the lesser r:ac, then one of the greater. or four in all. arnl a sect ion throuµ:h 
them wouhl show their cut edges stau<li11g out as two concentric ring:5 (Fig. 612). 
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The lay<'r of p('ritoncum con~riug the pancrC'as and atta<'lu.'d to the .::;pleen may 
he called the linw-pancrt·atic ligament: it is really the antrrior layer of the licno
rcnal ligament. 

fh;. 61'.!.- Inner surfncc of spleen. showing" peritoneal lines" at hilus. (From mudcl of His.) 

W c nre now prepared to follow a whole layer of peritoneum instead of tracing 
it in certain lines. 

Parietal Peritoneum. 
l'hc wall-impl::mtcd peritoneum follows essentially the wall of the abdomen 

and that of the pch-is, being bound firmly to the lauer and quite loosely to the 
former. In most places it possesses a greater thickness than the visceral layer 
and a marked rcsit1tancc. A separate piece will resist a pull of about fifty 
pounthi. In the greater part of its cxte~1t it is intimately conncctc<l with the 
endo-alH.lominal fa!-icia (trnnsversalis and iliac fascia.) which covers it as does th~ 
en<lo-thoracic fascia co Yer the pleura.; or as the fibrous pericardium covers the 
serous pericardium. 

Anterior Wa.11 of the Peritoneal Sac. 

From the umbilicus down along the inner surface of tbe_ anterior abdominal 
wall the parietal la_yer descends to the top of the bladder and Pou part's ligaments, 
an<l extends from bere into the peh-is. In its course it is thin on the linen. alba 
and umbilicu~, a!Hl is fu~ed with the parts beneath. On both sides of the linea 
alba, c10:pccially below in the pubic region, and close above Poupart's ligaments, 
the peritoneum is thicker and does not lie ~o close to the abdomiual wall, as a 
well-<len•lope1l properitoneal fatty la.yer comes between and separates them. 
Higher up along the linea alba the peritoneum is rather loosel.Y attached and 
very often covers numerous, knobby, oYerlappe<l proces8CS of fat which project 
inwar<l 1 Jilfra! adiposce. 

Lower <101111 the processes of the fatty layer project in the opposite direction 
towanl the linca alba, and may push oul through aponeurotic holes ancl make :\ 
fat hernia of ,·ariablc ~ize. 

A.bore the umbilicus the peritoneum forms itself into a sheath which contains 
the beginning of the round ligament of the Ji,·cr. lt forms a pocket open from 
aboYc whil'h i:-.. in a po!<.ition to receirn a loop of inte~tine and to ~bare in the for
mation of an umbilical hernia. 
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Below the umbilicus we have alreadv notr<l the fj,,e 1onrritm1inal folds and the 
inguinal fossm (p. nt.i3). .. 0 

The parietal layer passes from the anterior "all to the under surface of the 
diaph_ra~~ and clo.thcs it up to the ceutr~l tendon where the resophagus and vena 
ca.va inferior pass through. From here it spreads out on one side to the liver, on 
the other to the stomach and spleen, and so chana~s into the visceral layer. 

'l'he parietal peritoneum of the posterior abclominal 'wa ll rests on Small and 
limited spaces and passes over such structures as the kidneys, transverse duo
denum. right and left colons, great rnsscl trunks, many lymph~glands and vessels 
and 11cn·c-plcxu;.;es. 

By means of a loose fatty connecti,·e tis!-<ue called retroperiloneal cellular tissiw 
these structures fasten themselves together and themselves to the peritoneum. 
On this posterior \\all to the left of the duodenum there mav be as many as three 
infolt.lings or rctropcritoncu.1 pouches which \\ill be dcscribe~d later. 

Upper Wall of the Peritoneal Sac. 

1,he lower surface of the diaphragm repre!'enting the roof of the abdomen is 
not covered wholly by peritoneum. Behiu<l the central tendon it is partly free 
where the surface of the li,·er rests upon it and where the suprarenal capsules and 
kidn<.>ys come in contact with it. The g reater part of the diaphragmatic covering 
is directly continuous with the anterior and lateral parietal la.rnr:.:. and is distin
guishe<l bs its extreme delicacy and firm connection with the endo-abdominal 
fascia. In the cleft-like holes left between the eostal anrl sternal parts of the 
diaphrag:m and between the cos.tal and rertcbral parts, peritoneum and pleura 
meet; these arc called '·weak places," and here a diaphragmatic hernia can be 
ac11uire11. 

A small surface of the diaphragm situated behind the lobus Spigelii gets a 
co,·eri ng from the upper end of the posterior wall of the les~<.>r ~ac which docs not 
enter into contin uity with the serous covering of either side, but on the left it turns 
into the mcsi:.11 layer of the gastro-sp!enic omcntnm and on the right into the 
mes ial layer of the bcpatico-renal ligament. 

Inferior Wall of the Peritoneal Sac. 

This belongs in part to the false pelris and in part to the true pelvis. In the 
former it is connl'cteil with the fascia iliaca. In the iliac fossa the peritoneum ex
tends it~e lf underneath and behind the crecum so that that structure hangs free in 
the peritoneal caxity. There is usually no mesocrecum in the adult. Near the 
crecum there arc pericceral fossce, for later del:l-cription. On the left si<le the peri
toneum pa~~es from within an<l without o,·cr the ilia cus muscle and fascia. to the 
formation of a very morn.hie fold which surrounds the sigmoid flexure, the meso
R(qmoidea or s(qmoid 11tesoeolon. "·here this attaches to the intestine, opposite 
the brim of the true pelvis, the peritoneum rai1'ies it~elf into a fold which has been 
callc<l Zz:r1- me.'lt'nterfro-meaoeoliemn (W. Gruber), which on one side runs into the 
mescntcr.r proper anrl on the other into the mcsocolon of this flexure. It seem1' 
to ha,·e the purpose of limiting the deep descent of the rectal limb of the sigmoid 
flexure. 

In the left leaf of the mesosigmoidea is usu~lly to be found the /ossa snbsig
moidert or iuterst:ymoidea. 

In the hollow of the true pehis the peritoneum clothes that region of the lateral 
wall which in man extends between rectum and bladder, in wom:rn between rec
tum and va"ina, also between rectum and uterus. In the first it forms a. pouch 
open above~ t•.rcai•atio terto-i1es~·cn.lir~ or rer.t~-vesiral poueh. ~l1he mouth. of th~ 
pouch is boun<led by a crescent1c fold of peritoneum on each SJ(le, the plwa senu
lunal'is. The left one is usually the larger. rrhcy form the 110,r;;terior false l(r1a-
11ie1118 of the blnddcr. The depth of this pouch extends to within one inch of the 
prosta.tC or "ithin about 8 cm . of the anal orifice. 
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Jn tht• fl.malt' \H' h:nc 8CC!l that two poudw;.; t•:xi:-t at tLe IO\\t'l' encl of the 
pl.'ritont.' ::d ~a(•: a :-;hal lo" one hetwccn hl:ultler anti nt t•ru;.;, 1·.rl'fl1'1tfio 1·1·Ri1•11-1tfrrinr1 : 
a po:-tt•rinr dt•t•p one bct\\cen rectum behind and uteru~ and ct•rvix and upper crnl of 
rng:ina in front. 'L'lw dccpc~t part i~ bou111lccl on each t:"i dc by a !'harp :-;cmilun:u 
fold a~ in the male, which fol<ls are called :mr·rn-uffrine l(11m111·uf.'1., OI', acconling to 
~omc. n ·do-utainr. They pa::::;; from the up per part of the cen ix in frout anil 
extend hal'kwartl to the sitlcs of the rectum toward the t:'<l(Tum. 'l'hiH pouch hn ~ 
antt•riorl)' the !:'uprarngin:i l cervix uteri and the upper fifth of the po~terio r wall 
of the vagina, and postcriorl.Y th e r ectum and sacrum ; it is tbe recto-vagina] pouc:h 
or the proper cul-dc-sae of .Douglas. The spa ce abO\'C this, between rt:cturn and 
utcru~, is tallcd the recto-ult!rine pouch . 

On either side of the uterus the peritoneum fo rms a. broa <l doubl e layer pass
ing to the s ide of the pelds. It i::; callccl the broad l(qament , and cac:h contain s 
three important ~tructures, :rntcriorly t he round Ji ga mcnt of' tb c utern~, in the 
middle and hi ghest up the Fallop ian tube, and posteriorly the O\'a ry. 

In a di:.;tended condition of the pelvic orgr111s tbc pouches arc filled by them, 
otherwi se coi ls of small intesti nes and usually a part of the sigmoid Aex ure fall 
into the peh·ic ca1· ity. 

The Visceral Peritoneum. 
By this te rm one understands in general th e prolonµ:;ations of th e peritoneum 

into its own ca\·ity, usually from behind, co\·ering or ncn rly ~urrounding a. viscus. 
It is al:'o applied to prolongations from pari cta.l layers and those \rhicb pass bridge
likc from one o r~an to another. 

In the mitldle line, the peritoneum accompanies in its course from the 
umbi licus to the diaphragm the cxtrapcritoncn l obliterated umbili ca l ,·ein, forms 
a fo ld aro11n1l it which on one hallfl follows the vein (lig. tercs) to the under sur
fa tc of the lin·r, and on the other continues itself to the upper surface of the 
liYer, and from there passes to the diaphragm as the l(q. su~pensoriwn lwpr1liii. 
It covCl's the concave surface of the diaphragm as for a ~ th e spot where the liver 
comes into direct contact with it and then passes upon the liver in a frontal direc
tion as the anterior (or upper) layer of the h:q. e01·mrnrimn hepati::J (coronary an<l 
lateral li gaments). rrhe kft ]ea f of the suspensory ligament pa sses out over the 
upper " 'rface of th e left Johe of the Ii Yer, meeting above the left part of the coro
nary ligament, and the right len f paS$CS O\'er the upper surface of th e right lobe 
in the same ma.nner. After clothing the com·ex surface of the liver it advances 
O\'l' r the ante rior acute marJiin and then covers tb e quadratc lobe to the portal 
fasure . the gall-blacl<lcr except where adherent to the li\·er, and under surfaces 
of the right and left lobe$, to turn finall.v back to the diaphragm, forming the 
lower byer of tbc corona r,\- and lateral ligaments. rl1h erc is but one place, the 
portal fo..sure, "here this la~·cr does not turn hack . H erc by the out- an1l ingo i1) g 
n•:o:'."els i t is ohl iged to dc~cend to the stomach. 

Farther to the left the peritoneum goes from the diaphragm to the s tomach 
(c:anlia) ns the liy. 71lirf'nito-,r;ru:;l!'ieum CO\'Cring the antNior and left surfaces 
of the resophagus; it dc~ccnds from the diaphragm to the spl een as the l ((;. 
plU"enieo-liowfr or s u ~pcnsory ligament; and to th e f"pil'nic fl exure of the colon 
as th e l~q . plm•11i<•o-eolir-w11. 

From the fundus of the stomach. the peritoneum pas~e8 in a dupli cature to th e 
splC'cn as the ll:q. ,qa~tro-lienale (gastro-spleni c omentum), whi<;li c·overs tl1e gastric 
sur fa ce of the spleen and is continued O\'C l' its plircnic ::uul renal su rfaces as we 
have Reen. 

rJ'bis omentum descends O\·er the ~p icn i c flexure of the c·o lon ancl tbcrc rnav 
be callccl nmentum coliemn; thence it is connectc.•cl with tlic po:-;terior abclomi nal 
wall and de:'c:cniling colon. 

The peritoneum leave~ nbont one-third of the po!'tl•rior :.:;urf'ace of the left 
colon uncon·re<l, formin~ no nH~!'ocolon u~ua ll \'; hl•lo''· it ~urrou nds the siamoid 
f!t..>xure, forming a long mc::;entcry, which follo\vs it into tl.ic pelvis. 

0 
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the rl~~~·:·1c11:~~~/~rn~i11e1a~~f~~: ~~~m:1~;l c~~~~~·d1~~~ 111 ~H~b,:c·;~lJ ~:.~ f!~~:~ th~rtu~:-
phragm. 

B elow the Iin'r, the peritoneum pa:-:se~ to the ~tomach aml duo1len11m as the 
li9. hepato-_1;axttfr1tm and lig . ltepato-clwnle11rtl1•, hoth of' which make the lesser 
omcntum of two layers. A part of the right edge of this omentum pa:-:scs to the 
hepatic flexure: of tbc colon, called l(q. hepato-colic1w1. 'l'bc peritoneum from the 
neck of the gall-b la.chlcr to the duodenum is the h:rr t•.11stfou-d1wdl'llale. Behind 
the foramcu of Winslow and beneath the neck of the gall-hladder another thin 
layer passes to the right kidney, lifJ. !tepato-rtnalr• (Fig. LlLJ). Farther <lown the 

FH,, GJ3.-hlc~cntcry. ~mall intc:stine~ pushed to the right and nllo,·c (Tillaux.) 

peri tcmcum from th e posterior. nbdominnl wall, c?11ti 11uuus ''ith the hepato-c?lic 
ligament, covcr:s about two-tbmls of the a~rcml111g colon a::; on .the Jcft side, 
makin"' 110 rnci::-ocolon, and covers the whole of the ca'!curn, makmg no meso
crecun~ because the layers have fu sed into a clo:-:c-fittiug pocket ,~-ith no attach
ments cxct•pt ahoYe. This: as the mesentery p~ ·oper, forms .~ little mcscntery 
for rbc appendix (rnesc1uer1 oh_11n) and 1lcsc·ends 111to the pch 1::;. 

Mesentery.-Wbcn the pentoncurn on the vertebral column reaches the ante-
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rior !\11rfaC'C' of the superior me~cntcric vc ... scls, it follow~ th<'m 1ln" n to the loops 
of small intestine s11rroun1ling all the jejunum ancl ill'llm, but not the- 1luocle11um; 
it returns to the !-Opinnl column, constituting the llll'Xt'llifr,'I. lt has n. rif!:ht uppt•r 
nml a ll·ft lower lan•r, between which am the mcsenkric artc.•rie."' and nins, 
lacteals, lympLatit.:, and nene:::. all fu:::-e<l together by fatty c:onuecti,·e ti::-sue. 
The point of <1rigin of the two layers is called •·root of the mt."'t'Dtery ·• (Hadix 
mc>enterii) (Fig. 613). 

It runs obliquely from the left side of the body of the second lumbar Ycrtehra 
acro .. s the n•rtebral column, aorta, ,-ena. c:na. infc•rior, anti ti.lint part of the duo-

-11::::!:."l:;::;:;:.~ ... 
.... G.u1,.,·p.b<t>1icl1g .. ..,.1. 

•GMtro .... >1ko•'""'""
Fo,a11U>10/KinJ-. 
O.odon••(IUp<ulJ. 

clenum to the right sano-iliac articulation or to the right iliac fossa. (Fig. Gl-l). 
It is three-cornered or fan-shaped, with its root six inches Jong and its com·ex 
inte~tinal edge about twent~~-one feet Joni; its a,·erage wi11th is eight or nine 
inc:he:-o. It is wi<le~t-i. c. giYes grcatr~t frt'cdom to the inte~tmc, 20 to 2.j cm. 
abo,·c the c:t'cum. and then SlHhlenly ~hortcns . 'She mitl<llc nrnl )ower loops of 
intestine have the lon~e:0.t me:-oentery, autl nre more movable a1Hl more liable to 
Lernia. Tbey usually 1ic in the pch-is. From its obliquity, fluid exu<late of any 
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kind on the right side would press upon the right inguinal region; if upon the 
left i:iidc, would have an inclination to gravitate to the true pelvic cavity. At 
the root, the right la_ycr i~ continued into the lower la_ycr of the transverse me.so
colon; on both ::;ides the la,vers continue tbcmseh·cs, one into the inner lamella 

~~n~\\~u1:.~·t ll~~~~~rn~~~di~~: ~~~e~~~i~~~::~.0~~,?ef~·i~~c ~~~hfu:~~~- ve~:~~r~~t ,~.~~~:~ 
passes over the promontory to the pelvic organs. 

The Omenta and Bursa Omentalis. 

The great omentum we have seen consists of four layers formed by an anterior 
descending l::nnclla of two and a posterior ascending la.m ella of two. It was 
deri1•ecl from the mesogastrium (Fig. 599). Its two middle layers (Fig. 606) con
stitute the 11·alls of the lesser sac and come from the right leaf of the mesogastrium: 
its two superficial layers belong to the greater peritoneal cavity and come from the 
left leaf of the mesogastrium. 

Only in footal life could the first and second or third and fourth hiyers be 
separated and only up to about the age of two years does the cavity exist between 
the second and thir<l layers. Before that age and sometimes in adults the cavity 
of the great omentum can be distended by air introduced through the foramen of 
Winslow or a finger could be inserted into it through an incision made just below 
the stomach diYiding the two anterior la:Ters. 'Sbis finger would come in contact 
with another introduced from right to left through the forarnen of Winslow. This 
can rarely be done in the adult without breaking down adhesions, for the reason 
that at about the age mentioned the anterior lamella of two layers fell back upon 
the transverse colon and became adherent to the posterior lamella, obliterating 
the ca\·ity of the great omentum, which may now be called the omental plate. 
Figure G06 shows the opportunity. This arrangement gives the stomach a direct 
connection with tb e transverse colon and the two layers descending from the 
greater cunature cannot be lifted from it. Our former great omenturn ma.y now 
be called yastro-culfr omentum ; some speak of the layers between stomach and 
colon only as the gaf'4t1·0-eolic part of the great omentum. 

'rhis part connects on the left with the gastro-splcnic omentum and on the 
right with the hepatic flexure of the colon :rncl dc!'Ccn<ling colon, meeting there 
the hepato-colic ligament, and is distingui.:;hc<l at those points as omentum colicum 
(Haller). In later time, the great omentum is a. four-cornered curtain which 
hangs down from the great curvature of the stomach in front of the small intes
tines fused with the transrnrse colon, ending usually in a free edge and descend
ing a little lower on the left side as c,·irlenced by its greater frectuency in left 
hernit~ . It mav be tucked between the intestines or wholly pushed upward. It 
mav accumulate" much fat. ~ 

"Its i•es11f'lH-iiasa epiploiea-are chiefly derived from the art. gastro-~piploica 
sinist,.a, only the smallest part from the dextra. It is poorly supplied with 
lympliatfrs. Its neri•es are from the creliac plexus. 

The oastro·splenie omentwn we have seen (F igs. 610 and a: 1) as a double 
fold, clipping in between the fundus of the stomach and the gastnc surface of the 
spleen. It is where the greater ~ac bas opportunit.'· to touch the l~sser sa.c 
Letwcen these two organs. In this fold, made by two sacs, the splcmc artery 
sends its vasa brevia to the stomach. 

The lesser omentum (omentum minus) or ,qastl'o-he7wtic omentum or li'g . hepato
,qastricum passes nearly vertically bet,~·een the transv?rse fissure of tLe liYer and the 
lesser curvature of the stomach, contmuou::; to the nf?ht upon the first part of the 
duorlcnum. This right free edge going to the duodenum. containi11g: vc~!'els, is 
callccl the lig. hepato-duodenale. 'l'be lc!'ser omentum and hepato·tluodcnal liga
ment are made of two ]ayers, one from the greater and one from the less.er sac. 
An index fin<rer pa'>!-i£'d into the foramcn of ""in~low. if approximated to the thumb 
placed upon lhc anterior .surface, includes the two layers, thiu as they are. The 



a11tt'1'ior layer at the right free hord{'r turu:-: IH'hiud till' H':--:-->l'l:-->. no" lwlong~ to 
the Jt·,.ser ~ac, :11111 make~ the po::-tcrior la.yt•r of' thl' ht•1mto-duode11al liµanu•nt and 
of the lc:-:::-cr omcntum. Tl.11::-:c two !aver;; bd1rn cnclo:-->c the :-->tomach. and to t11c 
left :-;idc form the ga:-;tro-;.;.plcnic omenium. Above. the :rntt.•rior l:lyer i::-; attached 
in front of the transYer~l' fi~~ure and then ~JH't•a1ls on•r all th<-' inferior .surface of 
thl' Ji,·cr. The po:-->tcrior la~~er aborn is attached just behind the transYcr:5e fissure, 
:ind here ~cparatl'~ from the anterior to pass bark\\ard arnl tqrnard over the 
~pig:clian lobule only. rrhe combined layers le<nC the left <.'IHI of the trans,·er~c 
fb:-:urc and rnn along the edges of the fis~ure for the cluctus ,·eno;.;u;.;, passing to 
the diaphragm aml on that forn~r<l to the ccsophagus., ,d1icb the t"·o layers partly 
surround, the anterior one coYenng its anterior and left side, the posterior one its 
posterior aml right side, in part. rrhc anterior one is the plircnico-gastric liga
ment. Between the two layers of the hcpato-duodenal ligament at the right 

edge of the lesser omentum, the outgoing and ingoing ,·essels are arranged as 
reprei'entetl in Fig. 615. 

Xear the duodenum there are three Ye~sels, the common bile-duct to the right. 
the hepatic artery to the left, and behind and between the two the portal 1·ein . 
. c\ t the transverse fissure of the liver the artery and Ycin <li•:ide into right and 
left branches for the right and left lobes, and the common bile-duct recei\'es the 
cystic duct and the hepatic ducts descending from the two lobes. Besides these 
arc lymph-glands and vessels and nerves, all surrounded by connectiYe tissue 
which is called Glisson's capw.le. 

'rhc foramen nf Winslow (J.B. Wfoslow, 17-13) or 01~ficiwn epiplofrwn, is 
the point of c?mmunication between the bu~·sa. omcntalis (lesser sac) and the 
greater ~ac. It may be round in shape, tnangular or semilunar. It should 
admit about t"o fingers . lt is best shown when the lin•r i~ tilted upward and to 
the right, anti the intestines. with the fir:-;t part of the duodenum, downward and 
to the left. Its uoundaries arc-above, the cau<late lobe of the lil'er; below. the 
firot part of the duodenum and the first part of the hepatic artery as it passes 
forward: in frnnt arc the right free border of the lc1'Ber omcutum, Jig. hepato
duodenak \\ ith iti;:, contained H~~el--. hepatic artery, vena portm and com mun 
bilc-<luct; behind arc the Jig. hepato-rcnale an<l. n·na cant inferior. 
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As a result of closure of this forallll'tt duC' to a1lhc8iYc inflammation, a h!ldrops 
sarMfu~ can bl' formed hv a collection of scrum ill tlie lc:sscr sac, and the :stomach 
will re:-1t on a sort of water-bt•<l. 

AnotlH.'1" rare anomaly i~ a hernia through this foramcu. A great part of the 
small intrstinc."' have worked their way through it hy pcristalsi:s into the lesser sac. 

The Lesser Sac or Bursa. Omentalis.-Bctwcen the mcsogastrium and posterior 
,.-.dl of the :stumacb there was originally a three-cornered space with its apex 
turned to tlie left and ba<e to the right (Figs. 599 and 600). During dC\·elop
mcnt the base ha..; been narrowed to the foramcn of Winslow. The caYity is 
called the lesser sac or omcntal bursa. Figure UOG shows that it sends a di,'er
ticulum up behind the Spigelian lobe of the Ji,·er, another downward known as 
the cavity of the great omcntum, and in figure 010 we sec the main chamber 
behind the stomach sending off a third pouch to the spleen and left kidney. 

w·hen the finger enters the foramen of \\'inl-ilow it is able to mark out a cir
cum!'cribed rrgion confined by the Spigelian lobe anteriorly and the diaphragm 
behind. Push the fin~er to the left until it is obstructed and let it deswnd: at a 
level below the papillar.'~ tubercle of the liver it will slip under a. prominent band, 
and can now ascend under the fundus of the stomach up to the posterior surface 
of the crsopbagus; we can then push over to the spleen, or, if the subject be 
young enough. down into the great omcntum. 

Tue lesser sac seems to be subdivided. Iluschke called the first portion, 
which rccei \'CS the Spigelian lobe, the bursa omenli minor is, because it is just 
behind the lcl'Scr omentum. 

rrhe $CCO!ld large Jjyjgjon going upward behind the stomach and downward 
into the omcntum and over to the spleen was the bursa omenti maJoris. Each 

communicates with the other by the foramen om1•nti mnJoris. These subdi,·isions 
are still found, au<l the constricting band is still present, caused by the gastric 
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:nkry. throwing forward a fold of peritoneum in relief. Thi:; is callct.l tLe li!J. 
1p1~tro-pancrcatfrum (Fig. 6IU). 
' The figure shows the posterior "~II of the bursa. lyiug in front of the. pan
crC'a...... Through the opc111ng to the right aml abo,·c may be seen the papillary 
tubercle of the 8pigelian lobe. 

The connection of the two bursaJ is nnrrowcd by the tuber orncnt;dc of thC' 
p<.1ncrcas and the gastro-pancreatic ligament" hith runs obliquely from the canlia 
to the anterior surface of the pancreas in about the mi<lt.llc line. 

It is now proposed to call the first bursa. the atrium bursa• omentalis or ante
chamber, and the second bursa the bursa omentalis proper. 

The part behind the stomach persists throughout life. The surfaces arc in 
immediate contact, and by their smoothness and moisture permit easy movements 
of the stomach in its various degrees of distention. 

Recessus Peritonei or Retro-peritoneal Fossre. 
In four or five different parts of the abdominal ca.vity there arc regions of sur

gical interest from the possibility of the occurrence of' retro-peritoneal lternice. One 
we ha,•e already noted, the fora men of"·inslow, another is a. phrenico-ltepatic fo.~sa 
at the left lobe of the Ji,•c1-. As many as three may occur at the upper end of the 
root of the mescntery: a duodeno-;"eJunal and duodenal fossw; an intersi[;m(lid 
fo:wi to the outer side of the sigmoid flexure, afossa iliaeo-sul!faseialis connected 
with a. left Psoas minor muscle. Fina lly three fossre may exist in the neighbor
hood of the crecum. 

ll enle says of the first one, "It is remarkable that a hitherto overlooked 
pocket bas been brought to light by Von Brnnn, 1874. l t is on the under sur
face of the cliapl~mgm, of various dimensions, and can be found in about one-half 
of tbe !!clults. It opens to the right from the left margin of the l iver an<l extends 
to the left, parallel to the coronary ligament, sometimes only deep enough for the 
introduction of the point of a probe and sometimes distensiblc to a. length of 13 to 
16 cm. an<l to a dia,metcr of 3 to 4 cm. Its existence depends on the atrophy of 
tltc left lobe of' the liver. When the g land substance rC'tracts, a flat peritoneal 
fold remains on the un<ler surface of the diaphragm, penetrated by vessels and rnsa 
a.hC'rrantia. of the liver and often lodging se1,aratc particles of gland tis!-l-ue . The 
pocket .fossa phrenfro-liepntis originates therefore when the anterior or posterior 
edge of the atrophiC>d lobe. by far most frequC>ntly the anterior, fuses with the 
diaphragm. lt develops after birth . In new-born and children it is not to be 
found." 

Duodenal Foss~. 

Jonnesco htts found a. series of three fossro in t he vicinity of the asceIHling 
duodenum and <luodeno-jejunal angle. Tbcy IHu-e all generally been called the 
duodeno-jcjunal fossa, or fossa. of 'l'reitz. 

1. 'J.1110 iJ{t"erior duodenal .fossa (Fig. Gl 7) is most frequent, and occurs in 
about i5 per cent. of cases. It is situated to the left of the upper part of the 
ascending duodenum and has the shape of a. cornucopia bound to the intestine. 
The apex of the fossa is directed to the right and almost touches the root of the 
mcscntcry. 

Its widened mouth is turned upward and circumscribed by the free cdO'e of 
the inf_erior duodenal fold . . Th.is fol cl is t~·iangular, bas a falci.fonn e<lge "it'h its 
concanty turned upward; its nght margrn rests on the anterior surface of the 
duodenum ~rnd its left on the prercnal peritoneum and is continuous with the 
parit·tal peritoneum. It contains no ve5:scls, nor fat. and the cluodcnum is readily 

:~~:na !~;·~~ifi~g i ~l 110~:~~~1:o~~l 1:~~i ~·~g~;t~ 1:~1 ~0~}.~ :~~:1;:it{t~s o~? 1t(: 1 ~0tJ~~:~l r;~~1 t~;~,~;:!~ 
bra behind. ft~ tip may extend to the anterior surface of the fourth lumbar YCr

tcbra.. 'l1he depth may attaiu 8 cm.; its orifice admits the tip of tl1c index finger. 
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~~~~:~mes tLe fol<l is bound to the intestine an<l the fossa is then apparently 

'l1he vascular relations of this fossa arc not close. rrhc inferior mesenteric 
Yein is about one finger's brea.dth to the left and the art. colica. sinistra. is as far 
below. 'l 1hc vessels ha,·c no causal relations and the fossa is non-vascular. Jon~ 
nesco met one case where the artery and vein were rebtcd to the fold. 

The fossa described by Treitz and known as the duodeuo-jejunal fossa of 
Treitz is this one. but it is "rnscu lar," in which the inferior mesentcric vein 
runs in the edge of the crcscentic fold and the inferior extrem ity of the fossa is 
formed by the colica sinistra. artery. Trcitz rcgardcLI the formation of the fossa 
due to the presence of the vessels (Fig. 618). 

··The orifice of the fo:-sa. was limi ted on the right b.v the duodenum, on the 
left by the free edge of the duodenal fold. The fossa la.'' on the third lumbar 
vertebra left side, and in the bottom of a depre$Sion of the posterior abdominal 
wall limited by the pancreas, left kidney and aorta." 

2. The superior duodenal .fossri is present in about .50 per cent. It often CO· 

ex ists with the inferior one (F ig. 617). It is always at the level of the superior 
extremity of the ascending duodenum, and its orifice looks downward, opposed to 
the preceding. The orifice is limited by the edge of the superior duodenal fold, 
which presents the free S{'milunar base turned below. Th o summ it of the fold is 
lost above in the inferior layer of the transverse mesocolon, its left side passes 
over i11to prcrenal peritoneum, and its ri ght s ide on to the duodenum and left leaf 
of mcscntcrv. 

The fossa is limited in front by this fold, to the right by the duodenum and is 
stopped aho,,e by the body of tlie pancreas ancl rests on the second lumbar verte
bra in the angle formed b.v the left renal ,·cin crossing the aorta. Its greatest 
depth is 2 cm. 1.rhis fossa i ~ always vascu lar, i.e. is related to the inferior mescn· 
teric vein which pas~c:-; to its left along its adherent parietal border and dis&p· 
pears under the pancr{'a~; sometimes it enters the.· frC'c fol1l <:O\'l'rin,!! the orifice. 

3. The duoden"-:frju11al or mesoenlic .f'o~.'lfl. This is found in H) per cent.; it 
does not coexist with any other. Its cxistcutc necessitates that the <luodeno-
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jejunal angle ~houltl penl'tra.tc the root nf tln• tran~\cr:--r llll':'OC'olon. This Ol'CUl'~ 
in two form~: (1) a :-in1.!11• ~imple fo:":-;a (Fi~. lil!I). allll (:!)a dnullle fo~:-;a. Bdo~' 

thl' duodenum is tin' inft•rior mes.entcril' 

:::~~~~d::'.~~':£ctr ~r.;~: ~~~ip:::1;i\~~:;::'. 
de>cribcd b,- llu,cl1kc in 1844. Jn 
llr::rning the '.Jejunum fol'\\anl an(l to the 
ri~ht, the mesocolon being raised. the 
lluodcno-mesocolic li~amcnts are ~c<.•n 
~trrtched between the duodcno-j cjunal 

~1.~~~~1~s a~~ ~:~oe~oiZ1;; l;!:s~~gse~~oto t~: 
mesocolon. Limited by these folds and 
b,- the upper surfa ce of the duodeno
jcjunal angle and the inferior mesenteric 
vein there appears an almost circular 
opening leading into a deep fos.sa. This 
plunges into the mes.ocolon and occupies 
a retro-peritoneal space to the left of the 
s.econd lumbar vertebra, limited a.l)o,·e by 

Fit;. 619.-Simple duodeuo·jo.:Junnl ros~a. {Jouuesco.J tbe pancreas, on the right by the aorta, 
anti on the left by the left kidney. In 

this ctt\'ity is the anp;lc: of the duodeuo-jejunal flexure antl°higber up can bf' seen 
under it the left renal vein. The orifice admits the little finger and its depth is 
2 or 3 cm. 

The inferior mcsenteric vein passes at first along the adherent mesocolic 
border of the left f'ol<l and then its conc::witv crosses near the orifice. 

Junnesco has seen one case of a double <luo'dcno-jejunal fossa. where there were 
three ligaments. All these are related to the inferior mesenteric vein. 

It is not believed that any of these arc pathological. They are more or less 
deve!Oped in children and new-born. 

Ghmification. 

. I. Duodenal fossm may co-( 
{

Inferior 

exist). Superior 

IL Duodeno-jejunnl or meso- } ,,. 1 colic fossa (never coexists with Dimb1° tbc preceding). ou e 

( X on-vascular most often. If ,·a~
l cu lar, is the fossa of Treib;. 
( Always vascular, simple 
l venous. 

} Always vascular, venous. 

Fossa Intersigmoidea. 

L nder the name intersigmoid or subs(qmoicl fossa, Treitz described a. funnel
sbaped recess of the peritoneum, commonly found in the fcctus, next most often 
in the child, and rather rarely in the adult. Its mouth opens below in the left 
iliac fossa on the left side of the root of the mesentery of the sigmoid flexure. 

'l'o ~~~ i~,p~~~~!!tl~~t~1~~';~e~"~~:~ ;t~ ';i~;t .C~~~ .. n~~~{i·ac vessels at the interval 
between the edges of the Iliacus and Psoas muscles. 

'l1he pouch runs up under the parietal peritoneum of the posterior abdominal 
wrill and ends blind at the point of division of the inferior mesenteric arterv into 
the colica si ni~tra and it~ descending branch. )fore often the fossa. is i~com
plctely subdi,·idc<l b.'· .a fa lei for~ projection of the wall. SometimC'~ two separate 
f?ss:.-e extend from a ~rnglc open mg.. I>roba hly !he fossa. is formed hy the separa
tion of the two layers of the pen ton cum behind the descending colon "hi ch 
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~onnerly .made. t~e descending mesocolon. On the right side the subeceNrl fotfsa 

1 ~ ma<le 1 ~ a snrn lar way. 

. .. 'l'he ~)soas minor n?uscle. ca1~ rai::;c the pe.rit??eum into a fold by the sprca.d

mg out of its tendon of tn::;ert1011 mto the fascia 1haca; at the side of this a peri-

FIG. 620.-Fossa-lntersigmoi<'lea. Sigmoid flexure o r a ntm -born, drawn upward. (Henl(.) 

toneal fossa. may ex ist which in some cases receives a part of the descending 

colon." Bies iadecki , who described it, gave it the name fossa iliaco-subfascialis. 

This fossa , of course, is of slight importance. 

Pericrecal Fossre. 

At least three fossre are to be found in the crecal region. Th ere is no agree

ment upon their frequency and nomenclature. Just above the ileo-coli c junction 

between tbe end of the ileum and ascendin g colon , bounded in front by an ilco

colic fold may be the ileo-colic fossa, also called snperio1· ileo-ereeal. (Luscbka.) 

I t is ju:;t where the mesentery changes into the peritoneal coat of the ascend

ing colon . It is smaller and less constant than the ne xt. 

"Cnderueath the ileum, between it an<l th e cmcum, is the ·ileo-eawdfns;;sn, which 

may be call ed the ii(fufor ileo-cwcal. and has been described as the subc.>lcal. It 

lies between two definite folLh; of peritoneum, th e forrna.tion of which requires 

explanation. Originally in the liurnan frctus there were three fo lds passing 

between the conti guows surfac<.'s of the ileum and ccccum. These arc normal 

in the spider monkey rFi,2. 1)21). 
They arc calh·d anterior rmvulm·1 posterio1· 1'ftstular, rind intermediate non

Mscular foldx. ln the human subject the anterior vascu lar arnl the middle non

rn:scular foldi:; unite on the cc.-ecurn, but do not clc:wend upon the appendix; the 

po.:;terior vasc11 la1· fol<l with it::i contai ned po:-;tcrior ilco-crecal arter~· passe~ to the 

appendix ancl forms its na•:-:.entcry. 'l'hc :-pace left between this fold behind and 

the mi<l<llc non-vascular folcl in front is tht· ilco-crecal frn;::;a (Fig. 6:!2). 

'l'hc sulietNtd fo.11sa i:-:. directly b<.· l1i11 rl the crecum; it is really po:-:.t-crt'cal. lti:; 

fundus may puss up bchin<l the a~cl·Ht.l.ing c:olon1 i.e. the C~l'CUW iu <lc:scen<liug 
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from it:' ~uhhrpatic po~ition has never contrartetl e:dcnsin~ adhr~ion8 to the pos
terior abdominal "all, and a fossa is left brt\\(•en thC' layers of its mesocolon. 

1'~1G;621.-Tbethreeileo-crecal folds of Alclcsntcr. (Huntington.) 

'rhe ascending colon can be easily separated from its posterior connections. 
'.l'hesc fossre nrny nearl,v all be the site of retro-peritoneal herni~. Attention 

was first callc<l to such bernire as early as 1778, an<l a most important work on 

E11t1a11reofoppend1c11 
lnralleiy 

Fm. 622.-Iluman crecum and ileo-colou, showing ilco-ca::cal ro~~a. flluntington.) 

the subject appeared in 1857 by Treitz, who deocriued the fossa of his name and 
rl'porte<l case::; of •·retro-peritoneal " hernim through his fossa. 
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~uch cases arc sometimes seen in the <lissecting-room, say about 3 in 1000 
sub.1 ects. 

Contents of the Abdominal Cavity. 
'_l~hcy arc intra-peritoneal and retro-peritoneal, two groups. 'l1he stomach, 

small and large intestine, liver, and spleen recei\'e a more or less complete 
inrnstment of peritoneum, and are called intra-peritoneal organs. ~'he other 
group, to which belong the kidneys, suprarenal capsules, pancreas, and great 
vessels are only covered on the side turned toward the abdominal cavity by 
pariernl peritoneum and a re retro-peritoneal. 

THE STOMACH. 

Form and Size (Figs. 623 and 62-1).-The stomach is a sac·like, pear-shaped 
dilafation of th e alimentary cana l placetl between the resophagus and beginn ing 

of the small intestine. Its big end is directed above and to the left, to the dia
phragm, its small end below and to the right. The beginning of the stomach or 

lll c"""-~-Orijici11mpyloricum 

l'al1mlapylorica 

}"m.621.-Posterioroutlioesofstorouch 

its mouth is the cardia or cardiac opening, which passes from the resophagus like 
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nn i1wertc1l funnel without ,·i:.;ihlc external limit. On the i11nl'I' surfat<' a (h'fi
nitc line is ~cen between the re~opha,!!us a11(l c:mlia. .A IHn·c tlH' line tlH• 111uc1111~ 
ml'mhranc i5' "hiti~h and made largely of' paYcuH.•nt epithelium, "Iii le below thr 
color i~ red and the mucous membrane ~how:; clrnractcristic cylindrical epithc
liuiu. ~onwtimcs. an external ring a~ well a~ an intrrnal projection is found 
between rardia and the re~t of the F':tomach, forming n kind of anlru111 <·ardifH·w11. 

Passing from the cardia. to the left and above, we find the first ~rcat poucb. 
the bl incl sac or fundu.f(, whose relati,·c size rnrics with age. In earl)· youth it is 

slig!~,t~·Ts l~~~ct\~11~~;· ~:~ ~~~il:i;h~11i~~:0t1~~5b:~.~u:/~~~/~~~~,,~~ht,h~-l~~~~l;~~~~ two sur-
faccs-antl'rior nnd posterior-and two borders. 'rho anterior surface looks 
upward and forward, the posterior backward aml downward, and they are 
included bl'twcen the borders lesser cw·iratuN, concave and turned to the right 
and above, and larger f·m·11atw·r. convex and three or four times as large as the 
ksser, turned to the left and below (Figs. 623 and 624). 

At the right the body of the stomach gradually contracts toward its duodenal 
eml. 'l'hcn follows a second smaller part of the stomach, the portio p,11lorica, which 
includes the antnun P.lJlorfrum, whose form ancl sir.c vnry. Psually the antrum 
appcarR as a double pouch; the Hatter one is higher and extends from the lesser 

~~-r~.~~~~·c t~1: ~~~~1 .'~egi,f~~n ~tl~!r tl:~s d ~~~t~~.:~~~ ~ 0a nJ ti~8 S~J~~r:~~~~i t~~t :ln ~~~;~e11~~.r~e~~ 
deep notch from the greater cun-ature (Fig. 027). 

:-:.omctimes a. third one is found under this last one. On the inner surface of 
the stomach there is sometimes a mucous fold, plica Jn·a•p.11lorica, separatinµ; the 
antrum from tbe body of the stomnch. The pouches representing the antrum 
pylori are cause<l hy two flat ligamentous bands sowe millimeters wide, one run· 
ning along the anterior wall, one on the posterior. They arc called pyloric liga· 
menls (lig. pyloricum) an<l lie between the muscular ancl scrnus coats and are 
closely fused with the latter (Fig. 627). 

The divi~ion between the stomach and intestine is marked extcrnal1y by a. 
circular con~trirtion, sulcus pyloricus, and more deeply by a. muscular ring, 

sphinctn· p,yloricu,!;1 and internall.v 
by a. corresponding projection of 
mucous membrane ca lled valvula 
pylorica or pylorus (Fig. 625). 

r11 hc valve usually presents a 
round opening, bigger or smaller
oriji.ciwn duodenale- whicb may ba\'C 
a central or eccentric position . It 
may not be an enclosing ring but a. 

Fm. r.21.-nin~rnmmatie \ icw or coats or the stom- crescentic projection, and rarely con-
ach, duodenum, uud pylorus. (Allan Thomson.) Si:'.'ts of two h:ilves lying opposite 

ead1 othl'r. 
The first part of the duodC'num is often poucliC'd, called antnwi cluodcni. 

of c~~~~ 11·~f~~l.of the stomach varies according to age. ~rx, indiYidua.1, and degree 

A woman's ~tomach increases more in length, is more slender, and in general 
s1~.iallcr than tlrnt of :t m::rn. In moderate distention Sappcy foun<l the greatest 
diameter of the stomach to be 2 l-26 cm. (10-12. inches), from the 1cs~cr to the 
greater cun'ature 10-12 cm. (..J--5 inchc~), and from the anterior to the posterior 
\\all 8-D cm. (31 inC"he:;). The di~tance brtwern tho two orifices is three to six 
inches. J.u~cl1ka, liy blowing up the stomacl1, found its long axis to measure 3-l 
cm., trrcatl'st vertical diameter 15 cm., gn·atcst antern·po;.;tcrior diameter 11.5 
<:m .. rrn1l ~mallc•:-:t :rntero·posterior diameter, at pyloruR, 3. 7 cm. 

In the empty contlition, as in the de:Hl subject, tl1c grt·atest diameter is reduced 
:~ali:-t~~c~~., tho secon<l diameter is 7-8 cm., arnl the third di~appcars as the two 
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The weight of the f'rC'ed stomach is in the maJc about four and a. half ounces. 
Its normal capacity in the adult male is 2.5--! litres (5-8 pints). 

A blown-up stomach dried contained f> pounds of water, female; and 8 
pounds, male. 

Position and Relations of the Stomach. 

It lies i~ the epig:as~ric _region a.ncl left hypochondriurn, rarely in the right 
hypochondr1um , about five-sixths to the left of the median line, and one-sixth to 

l~m. 62&.-Rolationsof thcubdominnl \•isccm (JOC8SCI.) 

the right. Of the left segment the greater part li es in the left bypoebondrium, 
vj;1,, the canlia, fundu~. and the most curved pa.rt of the bo<ly; the rest of the 
body and a part of the pars p,dorica faH in th e left part of the epil?astr ium. The 
ouly part belonging: to the ,nght half rnclud~s a. very Hmall yortlon of the pars 
P.dorica an<l tl1c py lorus. 'lbe stomach then lies ull(l rr .the ~l1aplnagm autl Ii:·er, 
a!Jorn the j('junum, ileum , and trans\'Cr8c_ colon, ext_cndm.g its ~rcatrr part mto 
the lrft hvpochornlrium ancl smaller part rnt_o the cp1gastnum between the sp1ecn 
on the Jci"t and ga ll-hladck•r on the right lt does not li e transYcrsely nor yet so 
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H'rtically a!" Lu..,chka puts it. unles:-: in the infant or in thr fomalc deformed by 
cor:-il't". It i!:i directed from abo,·e and the left do"1rnar1l an<l fon,~ml to thr 
right. ...\11 empt,,· ~tomach ma.'· hang nearly n·rtirally arnl pn·~cm an anterior 
and a po~tt•rior ~urfocc, but there is usutlll,Y !:'Ome obliquity . lf the :-;mall intr:.o
tmcs are much tfo,tende<l it ma)· be trans'"er;:;e, or if rigor morti:-; be rapid it ma~· 
be r~·Jindrical. e~pcciall~· below. 

ln moderate distention the em·dia lies :2-3 cm. (1 inch) below the ccsophagea l 
opening of the diaphragm (Fig. 626). 

'This point is distant about 11 cm. from the anterior body-wall. is opposite the 
sternal junction of the left se,'enth costa l carti lage, and that corresponds to the 
left side of the eleventh thoracic Yertebra. A horizonta l line drt1wn backwarcl 
from the ziphoid carti lage to tbe vertebral column marks the tr:1nsition from cnnlia 
to resopbagus. 'Jhe fuuclu s is 3-5 cm. higher than the ca rdia. It lies in the left 
hypocbondrium and, if distended, against the left cupola of the diaphragm, which 
separates it from the overlying lung. Its highest point on the cadaver reaches a. 
hori:r.ontal lin e con necting the sternal end of the left sixth costnl cartilage and the 
1·crtcbral end of the tenth rib. 

In it~ full condition the fundus lies upon the upper half of the inner su rface 
of tbe ~p l ecn. connected by the gastro-splenic omentum. ~\ full stomach there
fore may intrude upon rc:::piration, or it may touch the left part of the central 
tendon an1l exert an influence on the heart's action, or may compress the big Yes
sel trunks on the vertebral colum n. 

The anteriol' sw:face of tbc body of the stomach toucheR on the left the poste
rior ~urfacc of the anterior thoracic wall, where it is coYercd by the :rnterior parts 
of the !'lCYenth, eighth and ninth ribs. 'The pnrt of the lesser curvature I.Ying 
next iR co\·crcd hy the liver. Thus one finds in the so-ca lled ,qastric fosfw of the 
abdomen not onl.v the stomach but the li\·er in front of it. Between the part 
covered by the li\•er and that covered hy the left ribs, there is a triangular :.:ection 
of about 40 sq. cm. of the anterior wall of the stomach in contact with the 
a.bdorninal wall. It is bounded on the left by the cartilaginous ends of the 
seventh, eighth and ninth ribs, on therigbt by the anterior margin of the Ji,'er. 
and below by the transverse colon. 'Thi s is the only part of the stomach to be 
actuall:· seen when the subject is opened. 'fhis is the part '' hich the surgeon 
can re~ulily approach in operation. In the new-born the stomach is'' holly co\'ere<l 
by the left lobe of tbe liver. 

· 'rhe posterior s111:f"ace of the body covers, in moderate distention, the end of 
the trans,·crsc colon and its splenic flexure . The greater pa.rt of the posterior 
surface of the stomach rests on a u bed " formed largely by the transYerse colon 
and its upper layer of mesocolon. If the organs are hardened in situ, the trans
Ycri;;e mc:.:ocolon "ill be found to present a conca\·ity directed upward, correspon<l
in~ to the convex shape of the stomach, and thus the latter receives great support. 
~till in this bed arc the pancreas with the spleuic vessels running along its upper 
bonier. the upper part of tbe left kidney, the left suprarcnal capsule, spleen, 
burs.a omcnta li s, duodenum, and left crus of diaphragm (Fig. 680). Cases are 
known where ulcers on this surface of the stomach ha,•e perforated branches of 
the splcnic artery and caused fatal hremorrhage. 

The le.11.~er curvature, with its concavity directed to the right and upward towa rd 
the under su rface of the Ever, descends in front of the vertebral portion of the 
diaphragm at first quite obliquely along the left side of tbe eleventh and twelfth 
thoracic vcrtcbrre, then crosses the Yertebral column at the level of the first lumbar 
vertebra, and then ascends into the pylorus. The _greater cnruatur1• forms a con
vex arch directed below. In ~oderate distention it crosses the epigastrium in a 
line which connects the cartilages of the two ninth or tenth ribs. 'rhis line 
ui;;ually lies two finger~' breadth abo\·e the umbilicus. In great distention the 
,!!reat currnturc can reach it. and in pathological cases c:rn descend far below it. 
The portio p:·lorica, bent backward and outwanl. J.,~inrr in the epi"'astrium, is 
con~rc<l by the 'luadrate lobe of the liver. The pylorus i:s to the right and some-



J'JIE SJ'OJIA ClI. 1003 

what below the ziphoid process between the sternal and parastcrnal lines on a 
level with the upper edge of the first lumbar vertebra. 'l1his ma.y extend into the 
right hypochondrium. In an empty, fasting stomach these i·elations are all 
changed and the surfaces of contact are small. In a well-filled stomach a 
twist of the or.gan occurs, so th~t th~ anterior surface comes to be more superior 
and the posterior surface more mfer10r. The lesser curvature- is more directed 

~oa~·~::~1 i1_he ,;~1~t~~~~\.~~I~~~ ~~~.::~~1::a~~\~~r~~~b~~ toward the anterior abdomi-

Relations of Stomach in Detail. 
Cardia, opposite left 7th chondro-sternal junction. 
Fundus reaches left 6th costal cartilage and left cupola of diaphragm. 

l incPy lorus reaches upper border of 1st L . vertebra to the right of the median 

brea~~~·~s; ~~l~~i:bft;~~~~r curvature in median line reaches to within two fingers' 

Anteriorly : 
Diaphragm; 
Thoracio wall formed by anterior parts of 7th, 8th, and 9th ribs; 
Quadrate and left lobes of li1·er; 
Anterior abdominal wall. 

Posteriorly, or '·bed :" 
Diaphragm; 
Left crus of diaphragm ; 
Aorta and vena cava. inferior; 
1st lumbar vertebra.; 
Creliac axis; 
Bursa. omentalis (lesser sac); 
Splenic flex ure of colon; 
~rransversc colon; 
Transverse mesocolon (upper layer); 
Gastric surface of spleen ; 
Left kidney and capsule ; 
Pancreas; 
Splcnic vessels; 
4th part of duodenum . 

RiylttEnd : 
Junction of transverse colon and under surface of liver. 

L~ft End: 
Spleen; 
Diaphragm. 

The peritoneal relations of the stomach have in general been deserih:d. It 
presents double "peritoneal lines" on both curvatures and funclus, showmg the 
CLLt edges of peritoneum. Above, in front of the ca.rdia is the attachment of ~be 
gast ro-phrenic ligament running down along the le!'ser cu1:vature as the antenor 
layer of the lesser omcntum. Behind it, separated by a lrnear space where the 
stomach is uncovered, is the line for the po!'terior ln.yer of the l e~ser omentum. 
Larger triangular spa.ccs are left u~1co\:er~d a~ either end of the Rtomach. ~n 
the greater curvature 1s the double lme 111<l1cat111g the two laye.rs of the anterior 
lamclla of the great omen tum running on the left into the two lines of the gastro
splcnic omentum. 

Points of Fi:ration of tlie Stomarh.-lt is a part \'Cr,Y \\Cll secured, e~pecially 
by the resophal!ll> fastene<l to the diaphragm aud by the duo<leuum firmly bouud 
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to the \'Crtl'hral column. :-;omc peritoneal fohl~ :d:-;o aid. :.1:-; the Jig. phreuil'O
ga!'itricum co111H.•din~ the canlia. to tbc diaphragm. To the ri~lit thi:-1 joinH thr 
le~~l'l' 011H.'ntu111, \\liid1 is very thin, but farther to the right i.s the l"tl'ong Iiµ:. 
hcpato-lluodt•n:.dc, "hi ch confim·s the pylorus. 'l'hc great om cu tum :11ul ga ... tro
i:;plcnic nffonl no fixation to the ::-tomach. The spleen has no firm1H.';o;~ of po:--ition. 
:oo the stoma.ch gain-1 nothing by that attachment. The great OllH.'lllum hang:' 

free in front of the intc~tincs, and could only modify the position of the stornac:h 
when caught h1 a, hernia. 

Alterations in Position.-'J'hcre is no or~an in the bodv the position an<l connedions of 

If il~Jt;11 f ttlii!llll 
~;G,~~~~:~~:,1t~~~~i~~~i~'.::·\:~~£r~.(,;~~~.~~\;'J\:~::~::;~:~d~t;~:::~~r~:r;~,~l~f ~:isv~i'i1~~ ~h~,~··~; 

Structure.-Its wall~ arc composed of four coats named in order-serous, mus

cular, submucous or nrcolar, and mucous. 
The 8ero1ls coat, pcritoneum 1 is thin, smooth, and moi:;t , aJlo,\ ing some mo

Lility of the organ. It encloses the stoma.ch between two la_ycrs, <lcrirnd from 
the lc:.-:-;cr omeuturn. "·here the 
layers come upon the surface and 
leaYc it again-greater and lesser 
curvature-they lie loosely and 
leave a. snrn ll int<'rspacc, in which 
bloo<l-vc~scls . nen'cs1 lymph-,·essels 
and glands, take their course. Else
" hcrc the serous layer is held so 
tightly by subserons tissue to the 
muscular coat that it can onlv be 
r emo\·cd artificially in f-:mall bits. 
There is a small posterior are;L 
near the car<li1L not covered by 
peritoneum which touches the di~
pliragm. 

)f1uu·ulature.-Threc set~ of' 
unstriatc<l muscular tissue are here 
inclmlccl- longitudinal, circular, 
and oblique. Their purpo~c is to 
set the ~tomaeh contents in motion, 
to JH1t5h them on, a11cl to empty 
glanclular H·crction. 

The external or lon,qitmlinnl 
la/jr1· i~ ,·cry incomplete an1l i~ 

directly continuous with the longitu<linal fibres of the ~!'opha~us (Fig. 627) 
There is a connected layer on the outt•r side of the carl\ia, from which fibn·s 

~1.~i!':'1'.~itjl,:;;,~~:i1,~~ ~t;;/~:~,t L:~ ~,~'~::~;:'~;,~ 
1:.':11~~f,;'m'~,~~;· ~Y •::7c 'd~'.~:.~:;0;,: .~',tf.~::: 
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stream outward in all d irections with unc11ual lengths. They arc thickc~t aloncr 
the lesS{'l' cu r vature. At the fundus and anterior an<l posterior wall." there ar~ 
only a few delicate bundle:.; which seem to pa:-:;.; deeply Letwccn the circu lar fibres. 
'l'hc substantial longitudinal layer is trnitcd at t~e pylorus, "here it i~ firm ly 
hou1Hl to the serous coat and wholly covers the circular la\'C'I'. To this layer 
hclong the l(qa111rnta p.11lorif'fl. r11his layer pas.:scs o,·er the p

0

vlorus to the duo«Ie
na l "all. The longitudinal la,yer stands in closest relation °to the apertures of 
the :-;tomach. 

Circular fi.hres CO\'Cr th e whole length of the stomach in an uninterrupted 
layer, but they are not m·ervwhcre coll ected nith the same tliickne~s and strencrth 
(Fig. 628). 'l'hey arc fc11 c~t on ° 
the fumlus, where there is a sort 
of whorl. They pass along the 
stomach in circles at right angles 
to its axi~. and become thickest 
•t the pylorus. where they form 
the sphincter pyloricus. On the 
margin of the duo<lcnum they 
abruptlycease. Abo,•e tb eyseem 
connected with the c ircular coat 
of the re•ophagus. By thi s set 
the peristaltic movements of the 

~~~lllC<~~ht:~t~ r~·o~:ll~C~~~.'J~1~i1~·~~~~ 
~~;~~~·e!:io:x~::;e~}~~~l t~a;t~o~e~ 
laxation of the antrum py lori
<:um and of th e pyloru ~, a.ncl 
then the longitudinal fibres can 
cxerc i~e their expulsive strength 
on th e whole circumference. 

'fh e obli1ue .fi.l.J1·rs, like the long itudinal , form an imperfect layer. They li e 
urnler the circular layer, and are thought to be deri,·e<l from it. They can be::.t 
be seen when th e stomach is turn ed inside out and the mucous membrane is 
rcmo\•ed. This group is said to ha,rc no counterpart in any region of the digest
i,·e tract. They a.re not belie,,ed to represent ~he ring fibres of the resophagus. 
'J'be,- form a loose layer to the left of the card1a and pass superiorly and poste
riorl.v toward the greater curvature. ~rhc upper edge of these fibres forms a 
raisc11 ligamentous s trip on either s ide of the lesser cul'\'ature. about tt finger's 
breadth below it ; thi s goes in a fiat curve (seen on inner surface of stomach) from 
the left of the cardia on both sides toward th e port io pylorica. At the apex of 
the fun<lus and toward the greater curvature the fibres grow smal ler and paler. 
The bundles are apt to split into a. sort of "icker-work, ka,·ing long itudinal 
cleft :5. D elicate fibres run from these to the submucosa and to the circular 

fibre' 
~rhese fibres seem able to bring nearer together th e car(lia and Jl.dorus, th e 

~neater and lesser curvatures, and also the contiguous surfacci::; of th e anterior 
anti posterior walls, 1~esulting in the function of the pharyngea l groorn in rumi
nant~. A sort of half canal is formed along the lesser cu n 'ature, where fluid 
could be sent directly from cesopbagus to pylorus or various juices could be sent 
in the opposite direction. 

The submu.rous NJ(tl consists of loose, filamentous: areolar ti f:.:o:ue, connecting 
th e mucous and muscular la_Yers, thus a11o" ing free movement to the former. It 
supports the blood-ves~eh; pre"ious to their distribution to the mucous membrane. 
'r11e ru crre of the stomach invoh·e the mucous an d submucous cants. 

'l'h; mw·ous mnnhr·rrw' is thi ck, it :-; ::. urfo t•e smooth, soft, and Yelvety. In the 
fr esh state it is of a, pinkish tinge at the pyl oric end, and of a. red Or reddii-::.h-
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brown color m·C'r the regt of its surface. In infancy it i~ of n hri~hter hue. tho 
rn~rular n·dnt.''·"' being more marked. It i~ thin tit the ~·ardiat t•xt.n'~nit.r, hut 
tbickrr t1rnard the pylorus. During the contracted ~late of the nr~?11 1t.1~ th 1:0"11 
into numerous plaits or rug:.--c, which for the most part ha.\'e a longnud111al t.hrcc
tinn. and an• mo8t marked toward the 1C1"i'Cr ernl of the Htomach :rnd along the 
trn•atcr cunaturc. These folds are cntin·ly obliteratt.'d "hen the orga11 bc~·omt.':-i 
di~tcnde1l. 

Stnu·t1ue o( tl1e .Jiucons .. Jlembrane.-,rhen examined 'dth a. lens the inner 
surface of thC mucous membrane presents a peculiar honeycomb a.ppcarance. 
from being core red "ith small shall ow depressions or a~,·eoli. of .a polygonal 
or hexagonal form .. which ,·ary fro~ n\o to rlo of an mch _m diameter_, and 
a.re ~epa.ratcd by slightl y elemted ntlges. In. the. b?ttom of_ the ah-c~1 !J arc 
seen the orifi cel-i of minute tubes, the 9a1stnc joll1cle."-, which are situated 
perpendicularly side by side throughout tbe entire substance of the mucous mem
brane. 

'l'ho ~nstric gla nds arn of two kinds, which differ from each other in fl.truct urc, 

Fm.629.-Pylori<'gland. 

and it is bclic\·ed also in. the nature of their secretion. Th ey a.re named respectiYelv 
jJ,IJlon"<· and peptia glands. '!'bey are both tubular in character, ancl are formed of· 
a delicate basement membrane, supporting epith elium. 'J1bc basement membrane 
cons ists of Aa.ttcned transparent endothelial cell:.:, with processes whicl1 extend and 
suppor t the epithelium. The p/jloria glrwrl.'f (Fig. G:2!1) arc mos t numerous at tbe 
pyloric encl of the stomach, and from this fact ba.ve recei vcd thci r name. Th ey were 
former!,\• termed mucous glands, and were supposed to sc('J'ctc mucus; but, as' I<lein 
poi ms out. ·•the cells are serous, not mucous, and the secl'etion of the ~lands cannot 
therefore be mucus." 'rh<'.Y consii.;t of two or three i.; hort closed tubes opening 
into a common dnct. the extemal orifice of which i8 i.;ituated at the bottom of an 
a!\'eolu~. The <-:ccal tube~ arc wa\·y, ancl a.r~ of ah~ut ~qual length with the duct. 
1 he tubes and cluct are lined throughout "llh ep1tlieli11m, the cluct being lined 
h:· columnar cells continuous with the cpitl1t·lium linin,!! the i.;111-face of the mucous 
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mcn'bra11c of the Rtomach, the tubes with ::-.hr1rtcr and more cubical cell:;, which are 
finely granular. 'rhc peptie .f.flands (Fig. 030) arc fottll(l all oYer the !'lu rfacc of the 
stomach. Like the pyloric glands. they con5;i:-;t of a duct into "bich open two or 
more c~cal tubes. The duct, bowen'r. in these gla1Hls is shorter than in the other 
rnt'iety, sometimes not amounting to more than one-sixth of the "hole length of 
the gl:rn ~l; it is lined throughout by columnar epithelium. At the point where 
the tcnnmal tubes open in to the duct, and which is termed the neck, the epithe
lium alters, the cells becoming much shorter and opacluc: the lum en also becomes 
sudden ly constr icted, anJ is continued down to the bottom of tbc tubes as a ,·erv 
fine clrn.nnel. H erc also are found, between the epith elium and the l.1<1semen"t 
membrnnc, la.rge spheroidal, coarsely grnnular cells, "hich were formerly termed 
peptic cell1:;, and which produce an outward bulgiug of the basement membrane. 
They are seen. throughout the remainder of the tube at mtervals, an<l g i"e ir a 
beaded 0 1· van cosc appearance. B elow the neck the rcnnin al tubes, in addition 
to these isolated spheroidal cells, are occupied with finely gni.uular, angular cells 
(columnar, Klein), lea,,ing only a small channel in the ccntl'c. 'They arc continuous 
with the short columnar cells of the neck, and are termed the central or ('/l1'ef cell.-;, 
becauRe they are belic,·cd to be principally concerned in the secretion of the gastric 
juice. The peptic cells, which were formerl.v supposed to possess this office. are 
now termed parietal or o:ryntic cells. Between the glands the mucous membrane 
consists of a connective tissue framework. with lymphoid tissue. In places ibis 
latter tissue, especially in early life, is collected into little ma~ses, which to a certai n 
exten t resembl e the sol itary gla nds of the intestine, and are by some termed the 
lenticular glands of the stomach . 'l1hey arc not, howc,·er, so distinctly circum
scribed as the soli tary glands. Th e epithelium lining the mucous membrane of 
the stoma.ch and its ah·coli is of the columnar variety. Beneath the mucous 
membrane, and between it and the submucous coat, is a thin st ra,tum of iD\'Oluntarv 
muscular fibre (rnuscularis mucosa:), which in some parts consists only of a single 
longitudinal layer; in others, of two layers, an inner. ci rcular. and an outer, 

l on~~l~~:~l~'l~nd Nerves.-Th c arteries supply ing the stomach arc-the gastric, the 
P.vloric and right gastro-epiploic branches of the hepatic, the left gastro·epiploic 
nnd ''nsa brcvia from the splcnic. They supply the muscular coat, ramify in the 
submucous coat. and arc fin ally distributed to 1he mucous membrane. The 
arrancrement of the vcs~els in the mucous membrane is some\\ hat peculiar. Th e 
arteri~s break up at the base of the gastric tubules into a plexus of fine capi lla1 ics 
which run upward between the tubu_les. ana~torno£.Oing with each other, and end ing 
in a plexus of larger capi llaries, wh ich ~n.rrduncl the mouths of the tt~bes a.nd a lso 
form hexagonal mcshe!S a.round the alveoli. From thc~c latter the 1..·ems ans~, and 
pursue a straight cnur~c backward. between the_ tubu les, to .the ~ubmuco~s t1ssu.c, 
and term in ate either m the splcnIC and superior mesentenc ''Cills 01· directly in 

the portal ,·cin. The lymphatics are nun_ierous; they consist of a superficial and 
deep set, which pa!o<S through the lymph~tJC glands found a lo~g the two cunatures 
of the organ. '..l'l1c nerves are the termmal branches of the nght and left pneumo· 
gastric, the former being distributed upon the back, and the la,tter upon the front 
part of the organ. A g reat number of bnrnchcs from the sympathetic also supply 
the organ. 

Surgical Anatomy.-Qp9r~tio!1s on the stom~d1 are frequcnt~y J_lcr~ormed. l~y 

i!\tl~;~;l!lll~~lJlti!~~t~iill 
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THE INTESTINAL CANAL. 

'rhi~. in the form of a cuned tube, passes unint<."rruptedly from the pylorus 
to the anu~. It has a renrnrkablc length of about !".ix times the hci~ht of it~ po~· 
~C'~!-ior. thou~h in the adult it may be independent of th(' age, height. or weight. 
Tu this relation man stand~ midway between the herbivores, e . .<J· rabbit with Yer.'· 
long inte:-;tinc. and c:uni,·orcs, e. y. lion. whose intesti ne is three times the length 
of its body. 'r hcrc is ~ome evidence to pro,·e that YC"ACtn.rians mny have a. longer 
intC'~tinc t han those living on a mixctl or a Hc~h diet. The "all of the intei:tine 
offer.s throughout a serous, muscular aml muCOlh cont pre~cnting many modificn
tio11,;, hy which the upper four-fifths is di,.tin~ui..,Jied as small intextine anU the 
lower fifth as lrtrye i11te . .,tint'. 

The Small Intestine . 
By this term i~ understood the part of the a lim('ntur:· canal extending from 

the p,Yloru" to the ileo-c~-ccal valve. I ts ~werage length is about 8 metres or 
(Lu~ch ka.) :!;) feet, or 6 metres longer than the whole body ; 'l'reve:-:. ~a:·s :2:2~ feet, 
and Quain :2:2 feet. The extremes founrl are 3-l feet and 8 feet. Its circumfer
ence decreases from the stomach toward the large inte!'l.tinc from 12.8 cm . to U.5 
cm. Its ca.pacity, inflated an<l dried, is 15 pints. The wall of the ileum is so thin 
and transluct:'nt that a newspaper may be read through it. 

'J'he small inte:::.tinc is di ,·i<lcd into three parts : 
1. Dno<lenum (12-fingcr intestine); 
2 .. Jejuuum (empty intestine); 
3. l leum (curved or tw isted intestine). 

The Duodenum. 

The d1todeimm begins at the sulcus pyloricus and ends at the duodeno,i~iwrnl 
an,qle or .fll'xure, where it becomes jejunum. I t was named by H eroph ilus. but it 
pos:-:.es'.'ics neither the len~th nor the breadth of tweh-c ~ngrr!-1. 

~\ better name would be intestinum panaettticum (Luschb) on a.ccount of it~ 
intimate relation to the pancreas. In the adult male its axial 1en~th is 30 cm. 
(or 10-12 iuchc•), an<l its usual circumforencc 12 or 13 cm. (1.-5 to 2 inches in 
diamctc1'). ~\.mLors fail to agree on its direction an<l form. 
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l. Frcnc:li ,author~ ~j\-e three_ portions: ending it n.t the superior me:--enteric 
YC~~~ls ,; , sup~~·u1r_ hon ion.ta!, Yert1c~al, and 1nfe~·ior horizontal parts. 

part-·a~~~n~~~~~gtl~1_1~~n Jl:~i~h{I~~l~~f~~rausc, lham, and other~ ::11111 a fourth obliiiue 

:3. Lu!'.<:hka. Hi:-:, :mil Braune describe an 
annular form. 

4. UruYiclhicr, Young, and Treves 1lc;.:;cribc 

~h~0~~~f 01:.°:1~:~:lc17u~~~- bl~LJc;i~fn~i~t/~i-l:'o~i-~~1~~ 
j~junal junction. 'rhc,v .. arc all d~scribed as clif

~t~~-'~\i~-~1~~1s;c~~- which, according to Jonnesco, 
1 

l. Annula1· or rirculaJ' type, infantile; 

~- ~::J:~J:::t ~tf,~'. } adult, rare in infant 

(Figs. 632 and 633). 
The tvpical annulru· form is al ways found in 

g3e
1 
)~hilli up to about the age of SeYen (Fig. 

The terminal point of this ''arietv is stronr.rly 
fixed to the left side of the fir:;t lmn.bar rnrtebr~1 

~~~~iso~x~~:IJ:h~~lc~~l~lll~at~~l 1 ~~:~easisth:e~i~1~1n;he ~tomach (Fif!. 634). 
Between these points, the one fastened by the rnus<:lc of Trc1tz and the other 

b.Y the ltepato-cluollcnal ligament, the <luotlenum describes a Tegular cun-e in front 
of the ,·ertebral column. This ring is filletl and its margins overlapped by the 

FIG. @!.-Duodenum in u. (Jonncsco.) FIG. 633.-Duodcnum in V. (Jnnnesco.) 

head of the pancreas, the neck of which is limited by the two extremities of the 

ring. 
In the adult this t~·pe may be found, but the terminal poiuL does not usuall.v 

attain the same level that the origin has; it is pu~hed hack more to. the left as 
though the clmrclopinµ: neck of the pancreas had forcc1l the duodenal ring to open 
more widely for its lodgment. 

Course of the Adult Duodenum.-Rcparatcd from the pylorus at the riµ:ht of 
the upper ed"e of the first lumbar vertebra there is usually at first a bottle-shaped 
dilatation, th~ antr11111 d1rndmi. The direction of the JirHl portion cl<'pends on the 
condition and length of the o:.tomach and po~ition of the p)·lorui;;. With nn empt:.,. 
stomach the fir~t part is nearl:- horizontal an1l trans\'t•rse. W"ith a distended 
stomach, it i~ nearly antero-po:o.tcrior: it:;.: di:-;tal ernl i:-; ~tationar,,~ aud its proxi-

1 "Anal. topographiqne du duodc'nnm," .Jonncseo, l'ari!I, l~S9. 



JU]() 7'118 ORG.IXS OP 11J(;f.'S1'10X. 

mal crn] j_._ not. 1n g:e11eral, it is dircctc1l up"ar1l to the right :inti hackn:ir'I 
untler the qrnulrate lobe of the liver and curn.•s hack"anl 11111ll'r the ncl'k of the 

~~:~b~~' ~\11:.r i ~~~t~~1t kr~r~·e~ha~i i~u~: ~~o!~~r ':!fi~~ ~e;l"~:!·a~i:eof; i 't~.\: ._!~~~;11;~\ l-~~~t;{~~:\~ 
that it is ~tainc<l by bile soon after death.' ]~ehi111l it :rn.' th<.• rommon hilc-tluct. 
H'll:l port:\.'. and g<;stro-<luo<lenal artery. BebiJHl and _to tl1l' l~·ft is th~ neck of 
the p::uwrca~. anil below, the hea1l of the pancrea~. Its antenor ~urface arnl :l 

part of its po~tcrior f'urface near the pylorus :.ll'C wholly coq•re1l by peritoneum. 
dcri,·cd from the lig. hepato-duodcnale. The leuf!:th of this portion is l"O \'ariahle, 
'· t\\O inches" (Quain) ... often almost inapprcciahlr" (.Jonnrsco), tlrnt the latter 
author unites it an<l tbe cune which follows it under ODC name. the .'illJH'rior 
hepatic eunie of the duodenum (Fig. 03-1). Placed on t he vena ca\·a inferior an<l 

Jnferi()rm(.•eutericurtery 

rcm~!·~d 6f,_1 ·t;;~i~~\~c~f ()~·ud~f;~dnJ 1~~~ ijTl'~~~~t.fnrts, 11, b, c, d, Ill\!\ c, aud puncrt>Us The part. of hlomnch 

right kidney 1 it next descemls along tbe rigl1t side of the vertebral column a 
variable length, usuaily to the body of the fourth lumbar ,·crtcbra., startina from 
t~1e right .side of the first: '11his is ca llcd t~e. 1'el't1:ral, desrenrlin,q, or .~ecm~l por
twn. It l!-i three or four mche::; long and d1vu.lcd mto two parts, suprarolic aJHl 
h~fraeolif', since the transverse colon cro~scs it:s mi1Mlc thinl. The two b.H"ers of 
tramwcrRe mesocolon (Fig. G79) lea ,.e an inter:-; pace unco,·erc1l by pcrii:onenm 
where ~be approxim~ted ~urfaccs of duo(lenum a~1<l trans,:er~c coJon. touch except 
for a little arpolar t•~~uc. Abo,·e an<l Ldow this place 1b anterior surface and 
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sides are CO\'Crcd with peritoneum. Above it is in contact with the rirrht lobe of 
t~1e liver, 1c~wing its "impression." Posteriorly there is no pcritone~m. areolar 
tissue connecting it with the ki<lneY, ves~cls at its bilu.::;, and n:!nn. cava. The 
pancreatic a111l common bile-ducts o~pcn into its postcro-internal wall below the 
middle. The head of the pancreas is to its inner side. 

No.w the dn~d~num changes its direction and passes more or les:-; horizontally 
from r.1ght. to left m front o~ the great vcs~el-trunks and crurn of the diaphragm, 
mouldiag 1t.;;.elf over the third or fourth lumbar \'C'rtebra. This is the transverse 
or pre-aortic portion an<l is two or three inches Ion". 'l1l10 bead of the pancreas 
is above it. It is crossed by the superior mesenteri~ vessels and mesentery. Its 
anterior surface is covered by the peritoneum of the mesentery, but is separated 
from it when the superior mesenteric vessels cross it from a.hove. On the riaht 
its posterior surface has no peritoneal coverin~. but on the left the posterior la.Jer 
of the mesentery may be prolonged behind it. In the middle line this part of 
the duodenum is situated at the point of cJi,·crgence of the two layers of the root 
of the mesentery (Fig. 606). 

Thence the duodenum ascends along the left side of the vertebral column and 
aorta, touches the left kidney, lies upon the left crus of the diaphragm, and ends 
at the left side of the second or first lumbar vertebra. This part is about two 
inches Jong and is called the.fourth or ascendin!J portion. 

It often turns abruptly forward to unite with the jejunum and form the duo
deno-jejunal angle. 'l1his terminal portion, about 2 cm. long (less than one inch), 
has been described as the fourth portion, but with the U-shape<l duodenum it 
makes the fifth portion. 

'fhe duodenum begins with a short portion looking back ward and ends with a 
short portion looking forward. 

The five parts are-1. Sztperior hepatic cun1e, or pars superior horizontalis. 
2. IJescending or vertical portion. 3. Pre-aortic or trawa1erse portion. -±. Ascend
ing portion. 5. 1'nminal portion to form (6) the duodeno~jejunal angle. 

When the above anangemcnt is complete1 the duodenum has the form of the 
letter U, considering the second, third, and fourth portions (Figs. 632 a.nrl 63-1). 
When, howC\'er, the descending and ascemling portions unite by a short curve 
or angle, the tmnsvcrse portion is practic:illy lacking, and the duodenum is then 
V-shaped (Fig. 633). The angle of the V is thrown to the right aga.inst the vena. 
can, and the ascending portion crosses the abdominal aorta. at a sha.rp angle. 
The U-slwperl duodenum usua.lly <le~cends to the fourth lumbar vertebra, and 
seems to occur in fcetal life when the ascending colon obstructs the way. The 
V-slutped duodenum usually descends to the fifth lumba.r vertebra, and occurs 
when there is plenty of room and no obstruction by the descent of the ascending 
colon. 

The lengths of the parts rnry in the two types thus (measured from fifteen 
subjects): 

Superior cun·e .. 
De!:!Cending portion. 
Pre-aortic portion 
Ascending portion 

Duodcnum-
ln u. InV . 

. . 4 cm. 4 cm, 
. .. 10 . .')" 12" 

. . 9Jj" :! " 
7" 13" 

3f 31 

Peritoneal Relations of the Duodenum.-The duodenum is included among the 
extra-peritoneal vi~ccra. In the fretuR it is completely inv~Rted. but the .two 
Javers of it!' mcRentC'l',V have beC'n separatc<l or pcrbapR appl'Opl'latcd by the rapidly 
g1:owinµ: kidneys, and its po,.tcrior surface. baR adh.ercd to thc,posterior ab~omin~l 
wall. Its viRccral )aver ha" become parietal pentoneum. Io get at this per1-
toncum it is nccessa

0

rY. on the cadan•r, to pr:H'ti~e certain manipulntions: to 
discloRc the initial Rnpl•rior part$. <lraw the hepatic flexure of the colon down and 
to the left, and lift up the anterior mar~in of the li\•er. 'J1he pylorus and supe-



1012 

rior c..·ttr\'C' of the duoclcnum can he ~C'Cll atta<'hC'd to tLe liv1..•r by a li~nment in 
\\hi ch (.'an he fr1lt thn•c cor<ls. the h:r1. hepato-d1wduwle, :rn<l to the gall-hhuhh.•r 
l>y a ~implc fol<l, the l(rJ. t'.'f-'ilico-duodenale. 

Xow pull towar<l the left this ~upcrior curn.• of the duoclcnum, aml a clerp 
!Oipn.ce i~ form('(l houudrd above by the ri~bt lobe of the li\'Cr. Below this is thl' 

~-.:~-~~ ;f~ 1 ~:~(::1'~0::11;~!~~ t~f,h~e~tc1~,t:1~~!~! 0!~~;f,i~~~ t~~ <~1~~~;.~~;o~~1~i~~~ }~~: ~~1~ ~~~~:~ 
kidney pas:-:es from right to left, above, upon the vena ca.,'<L inferior, thence behind 
an orifice, fora.men of Winslow, into a large cavit,Y which cannot be S{'Ctl, the 
atrium fmr.ru1• mllentalil5 (Fig. t:i3•J). .As thi8 layer coven, the vcna. cava it passcg 
to the posterior surface of the liver, and is the lt/J· hcpat(M·enale. A little lower 
than this, "here the \'ein is CO\'ered by the superior angle of the duodenum, the 
peritoneum from tbc kidnc.v covers the right .aml anterior surface of the first por
tion and part of the surface of the dCS<.:Clldlllg portion, l'UUUing below into the 

FIG. 63,;.-Pcritoucal rclntiousof the liver, first vortion of cluodcnum, and entrance to the lesser 5ftC 
(J,uschka). 

ga.stro-colic part of the grrnt omentum. Often the renal peritoneum passing to 
the first part of duodenum is raised into a fold. from the summit of the kidney to 
the summit of the cun·e of the duodenum, call ed lig, duodc110-1·enale (IIuscbke), 
Finally, stil l lower, where the hepatic flexure of the colon crosses about the mid
dle of the descending duodenum, the renal peritoneum passes directly O\'er the 
hc>pntic flexure of colon and fixes it. rrhrec organs are thu~ bound together b~· a 
contin11ous layer, hepatic flexure of colon 1 duodenum. aml ri~ht kidney. In other 
cases the hepatic flexure and ascending colon present a. me~cntery; here the rena.l 
peritoneum loses itself on the right leaf of thi~ rnci;;rntc>ry, whiCh now covers in 
the de~cending duodenum. To sec another si1lc of the drsccnding duodenum, 
incii::e the two anterior la)TCr~ of the great omcntum along thC' inner side of the 
duodenum an1l upper i::iclc of the tramwerse colon. 'fhis will open the bursa 
omentalis (Fig. ()lG). The large peritoneal ~nrfacc whic:h forms the po1'terior 
wall of this sac co"er~ the pancreas an<l the left ~icle of thC' dt•sce1Hlin<J duoflenum. 
'I'hc n"4 of the tluodcuum still remains concealed under thick co\·eri~gs. 'l'o ~cc 
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~he t1:ansv.crsc and ascending portions and duodeno-jejunal angle, displate the 
mtcstines Ill two \\:.tvs. ~cize the lower cud of tl1e omcntnm and turn it and the 
traillffCrse COion up 0\'Cl' the tl1cst-wa!I: then pn:-;Ji the coils of the smaJI intestine 
below and to the left. There is now uncovcrNl a large pt•ritoneal surface formed 
abo.vc by the lower layer of the t.rans,·crse mesocolnn. on the right by a layer of 
peritoneum to cover the asccndmg colon, on the left u,,. the right layer of the 

i~:~::~.n~e1~·~·.t~~:<;l~J~l~;rc~1~.ctsh: ~~~~-~·~c:~c adug~~~·nt~~.ii;;~1 gin~~::f~~~~n~~!s o~·0:.::s~ 
verse portion. 

~omctimes none of it can be seen here; that means a low duodenum, and in 
order to d isclose it, turn all the sma.ll intestines upward and to the ri"ht (Fi". 
613). '.L'ben one secs perhaps a portion of the <lcscrnding part, the Pi·e-aortic 
part, and al ways the ascending part, and duodcno-jejunal angle, escaping from 
the mcsocolon. It has been noticed that whrn the transverse colon is held verti
cally up above the body (tbe subject being supine) the transverse mesocolon forms 
a horizontal partition. It di\·ides the peritoneal cavity into two chambers-a 
superior gastro-splcno-hepatic, and an inferior intc~tin:il. The ceiling of the 
upper chamber is formed by the diaphragm, the sides by the inner surface of 
the short ribs, and the floor by the upper layer of the transverse mesocolon. 
'l'he liver, spleen, and stomach form its contents. 'l1he inferior chamber is 
limited above by the lower layer of the trans,·erse mesocolon, on the sides by 
the ascending and descending colons, below by the ii iac fossa~, while the middle 
of this floor bas been broken open to allow free communication between abdomen 
nnd pelvis. 11bis chamber contains small intestine::;. 'The duodenum makes a 
ba~-relief on the posteriOr walls of these two stories. ~L1he superior angle and a 
part. of the descending portion is in t~e upper one; the rc~t of the descending 
portion, n.11 the pre·aortic and a.scenclmg portion, and often the duodeno-jejunal 
angle, belong to the inferior stor~7 • Sometimes the duodcno-jcjunal angle is in 
the thickness of the mesocolon forming the partition. 

To describe the duodenal peritoneum of the lower cliambcr, renrse the great 
omcntum as before, isolate the mesentery and hold it tense, tlicn follow the course 
of its two layers. The left layer at first covers the part of tlic duodenum situated 
to the left of this mesentery and then proceeds to lose itself below in the right 
leaf of the sigmoid mesocolon, passing over the inferior mcsentcric Ycsscls; to 
the left it is continuous with the left prercnal peritoneum and right la.yer of peri
toneum coYerinµ; the descending colon; farther aho,·e, this layer pas:-:es over the 
left surface of the duodeno-jejunal angle an1l is continued into the inferior layer 
of the transverse mesocolon. The right leaf of tlie me~cntcry covers the duode
num to the right of this root and continues to CO\'Cr the ascending colon; below 
it co,•crs the ileo-c::ccal angle. Above, it pas~cs upon tlie inferior layer of the 
transverse mesocolon and on the right surfac:r of tl1e d11odeno-jej11nal angle. 
Sometimes the two leaves of the mesentcry embrace the duodeno-jejunal angle, 
aud, instea.cl of immediately reuniting beyond, the,v lea.ve a. space between, form· 
ing the orifice of the duodcno-jcjunal fossa. 'J11ie duodenum is no~se<l ~y two 
mcseutcries, the second portion by tLe transverse lllC'!iOColon, and the third or 
fourtl1 portion by the root of the mesentery. . 

The first part of the duodenum is almost completely covrred by peritoneum 
derived from the two layer::; of the lesser omentum. Only a part of its posterior 
surface near the vena. cava and neck of the gall-hladtlcr i~ unCO\'erccI.-. '.L'be supra
colic part of the descending portion !ins no posterior co.vcring. Its right .and 
anterior surface are covered by peritoneum from the anterior surface of the right 
kidney; its left side is covered b.)~ peritoneum o!" the lc~scr. sac. Next on its 
anterior i;;urfacc is a. non-serous region COITeRpondrn~ to the rntcrl'ipace between 
the JaycrH of the tr:u11werse. m~socolon. The infracolic part of the second portion 
is covered hv tl1c right leaf of the mesrnt<>ry. 

A part 0·r tbc prc-aort_ic portion has only a1~ ~rnterior co,·cri.ng from thc.~·ip:ht 
leaf of the mcsentery. Deprnd1n~ on ihr po:->1t1on of the radix mescntcrn and 
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of thr duodenum. the remaining part;; wouM lie ('OH'l'l'<l anteriorly by the lt>ft 
lea" nf nH·~cntery until the inte:-1ti11c i:-; called jt•junum. "lien it is \\holly inq~:-.ted 
by llH'H~nterv. 

i~ t;~~1~:~~~~r1~~t~ l~~~~:~~;;~ft~~f:~1ct~~oc711~~1~1;:ta~~ ;~;·r~;~~(~·:~d:~~-,~~rming any coq~ring 
~\ persistence of the meso<luodenum is normal iu m:uly animals, abnormal 

in man. 
Ligaments of the Duodenum. 

ThcsC' arc peritoneal folds connecting it to neighboring viscera or to the poste
rior ab1lominal wall. 

1. /~('f. su.'lprnsori10n duodeni or l~q. ltepato-duodl'11a/1• is the right edge of the 
lesser omcntum. and passes from the hilus of the liver to invest b,Y two layers the 
first portion of the duodenum, except a part of it:-; postNior Ru l'fa cc. 

2. L(q. f'!fHiif>o-duodenale, from the neck of the gal l-bla<l<lcr to the superior 
cunc of the duodenum. 

3. Li(;. rfofJdeuo-rnzale, triangular in fo rm, from the right surface of the supe
rior curve of the duoJcuum to the summit of the right kidney. The lig . hcpato
rcuale is posterior to this one. 

4. On the left of the ascending duodenum, where the left layer of the mesen
tcry runs into the lower layer of the tranS\'ersc mesocolon or into prcrcnal peri
tot;cum, one or two 1igan1ents may limit certa in fossrc: they are Zig. duode110-
me1Jocolica. 

For duodenal fo"''" sec p. 994. 

Relations of Duodenum. 

The duodenum, occupying a fixed position agaiust the posterior abdominal 
wall, comes into relation with all the abdominal organs except the spleen, which 
is fixed in the left cupola of the diaphragm. We may describe the r elati ons with 
(1) Movable organs of the abdominal cav ity, (2) Fixed organs of the posterior 
abdominal wall, (3) Lumbar skeleton. 

(1) '~1 he relation with movable organs can be determined at once on opening 
the casit_v. ~.rhe stomach, in its empty state, touches by its antrnm pylori the 
duodcno-j~junal angle (Braune), (Fig. 634). This occu rs \Jchind the posterior 
wall of the stomach, and tbc two arc separated by the transverse mcsocolon. If 
the stomach be distended the pylorus is deflected farther to the right, and the 
above relation is lost. 

The hepatic .fknu·e of the colon passes ovrr the lower part of the anterior 
surf:1cc of the right kidney, and the beginning of the transi•erse colon over the 
middle part of the descending duodenum, as \\C ha.vc seen. 'fhe mornhle small 
inf(•stim's, l1cing included in the rjng of the colon, cover the duodenum as 
it lieR in the lower chamber, and so render it almost inaccessible. 

(2) 'l'he relations with fixed organs are with liver, the two kidneys, and the 
pancreas. The first and second portions are related to the litin· and n~clr. of _qall
bladdn·. An imprcssio cluodcnalis is not ::tlwass made on the quadrate lobe, 
although the fir~t part of the duodenum pasf'es under it. The initial curYc is 
fixed at the inferior vcna cava and neck of gall-bladder where the peritoneum is 
brok<'n an(l the irn'estmcnt is incomplete. 'l'he imp1·esflio duodena/iF; is on the 
inferior surface of the right lobe to the_ right of the ga ll-bl adder, to the left of 
the renal impression, and behind the co l1 c imprcRsion. 

In respect to the lridne!/8, not all .authors 'peak of the left as beini: related. 
Lui-chka has alway:.. found the asccml1n~ <luodcnnm related to the loft kidney, as 
well as the desccmling duodenum to the riµ:ht kitlney, but the two duodenal 
parts alwa._ys bel1n.vf differently to their rc!"pcttivc kidneys. 

The descending .cluo<lc1!um is thrown 1"-t.ro11gl~\: b:.u:kward on the right of the 
lumbar column, and 1rnmc(lrn.tely meet:. tht.~ right kHlncy n.n1l ~uprarenal c-apsulP as 
tlH.',Y all ll'avc the lin·1·. It then rests 011 tlie innl•r margiu of tbc anterior surface 
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of the kidnc,v aml on the renal ,-e:sseb at the hilus. f'omctimes it onlv abuts 
again~t the inner margin, not co,·ering its ~urf'acc at all. 'fhi:s is thought to be 
due ~o a ~hanµed po~ition of kidney and uot of duodenum. 'l'he adhesion by con
nectl\:c t1s~uP between the <l.uodenum aml kidney is c~pccially close where the 
hcpatrn flexure crosses the kidney and then cr01"~Ws the duo<lcnum as trans,·erse 
colon (Fig. li3li) . 

In case the duodenum descends rc:ry low to the fifth lumbar ,·crtcbra, it then 
border:-; the lower extremity of the kidney. The rcl:itious of the ascending por-

FIG. ti36.- Diagram to show relations of duodenurn to both kidneys. 

tion with the left kidney are much more Yariable. A 1ight traction from left 
to right tlisplaccs them. There are no adhesions, and the ascending duodenum 
glides asil~· on.·r the subjacent tis~ue. 

The annular or the U-sha.ped <luo<lenum usuall_v O\'erlics the inner margin of 
the lower third or half of the left kidney; with tlie Y·shaped duodenum, only the 
ascending portion or the duodeno-jejunal an~lc may touch the lower part of its 
inner margin . C1·etu"'1 and spermat1."e nssels arc CO\'ered on the two sides by the 
duodenal arch. 

Between the duodenum and J>rrncreas there exists not only a relation of con
tiguity but one of continuity of tissue, which is explained by the duodenal ori~in 
of tho pancreas. Tho head of the pancreas fills the space limited by the duode
nal arch and then escapes as the neck by the opening of the intestinal ring. It is 
to be noted that the hear! is always proportional in extent to the duodenum, and 
assume" the form allowed by that intestine. Jn the adult the head of the pancreas 
embraces the duodenum n'luch as the pnroti<l gland cmhraccs the ramus of the 
lower jaw. It advances in front and behind1 covering about one-half of tLe cir
cumference of the intestinal wa.11, generally more anteriorly than posteriorly . 

'The second portion is much more enveloped than any other. Guion between 
the intestine a.n<l pancreas is estahlislted by cellulo-fibrous tissue, by pa.ncreatico
duo<lenal vessels, by excretory ducts, ancl perhaps by lonp:itudinal muscula.r fibres 
from the intc:-.tincs whit:!1 run between the lobules of the gland. Ycrneuil and 
Treitz beliern the cluo1lenum holds the pancreas in place t111cl not rir·e rer.'l6. 

By lifting all the viscera from the al.iclominal <:11\'ity, the vertebral column 
with its J>rt'1..Wtft!f11·rtl l'<'·~xe/.'( are disclo~c<I _ IH.·hi~1d th<' .lluoclcnum. 'fi1ere ~s. the 
aorta. often a little to the left of the nH~dian hue. '' hwh nearly alway!:l d1\•1dcs 
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at thC' fourth lumhar YC'rtehra into ib two primitin• ilial's. .\.. 1ittlc tn thl" ri:.rlit 
is tlu.• inft•rior wmt c.·a.Ya. liaYing ju~t rreein.•tl tlw l\\o l·ommo11 iliac H'in::.. It 
:d:--o rt:n·in·:-. h<.'hirnl the de:-<:ending- :rn1l asc('n1l111.g part of the durnlc·num, tltt• 
l'l' llal n ·in:---the right on th e len•l of' tht• IO\H'l" part of the :-.t•cmHl lumbar n•rte· 
bra. a111l tla• lt.• f'r a little hight•r on the len•I of the uppt'r part of the same vcrtt._•bra, 
haYing pa:--:-Cil in front of the aorta. 

The ~uperior hepatic cun·c of the <luo<lc.•num re:-1t.-.; on the n.•na cam at the 
fir:-.t lumbar n•rtC'bra right side. The descending portion con•rs ahout thC' two 
external third~ of the anterior surface of the vcna c:na aml the right renal 
\' l'~~('l!oi. 

The horizontal portion of the duodenum in the U-form applies it::;elf in one 
part to the ,·cna ca,·a, and in another to the aorta, and sometimes passes oYcr the 
<:0111111011 iliac::;. In the duodenum in the V-form tliC' inferior angle lies upon the 
Ycna canl to the right of the aorta, then the ascending portion crosses the aorta 
sharply, from right to left, then borders it on the left and cros8cs the left renal 
Yein and ends in the duodcuo-j!'junal angle. 

The ascending portion in the U-form runs along the left $urface of the aorta 
an<l finallv o,·cr tho left renal Yeiu as the above. 

(3) R;latfon.Q, tu tlte Lumbar Colznm1.-B,r fixin~ the duodenum with pins 
while in situ, Jonnesco examined thirty subjects and found that the first portion 
of the duodenum lil's to the right of the fir::;t lumbar ,·ertebra. Its pyloric end 
in the me1lian line is on the leYel of the inferior cxtremit,· of this \'l'rtebra, and 
it is directed up to the right and backward to reach tbC upper bm·der of the 
same Hrtl•hra. 

The prl'-aortic portion. or inferior angle, reaches a rnriahle point; in chi ldren, 
the suprrior bonier of the fourth lumbar, or the di:::k between it and the third. 
In adults "ith the duodenum in U-form, this pre-aortic portion moulds itself 
on•r the co1nexitv of the fourth lumbar vertebra in 12 out of 20 cases. In some 
ca~l·~ it pa:-:ses ovCr the fifth vertebra. In the duodenum in V-form the inferior 

·angle applies it:-;clf most often to the ri~ht of the column, and the lower bonkr 
of the fourth lumbnr Ycrtebra, in 5 out of 8 ca~es. .Again it nrny go to the side 
of the fifth lumbar three times in 8 cases. 

'J'here urn,v be three t~~pes: :;, h(qh type, cone:-:ponding to the superior border 
of the fourth, or artic:.:ulation between it and the third, ~een in the child; middle 
type, to the body of the fourth lumbar; low l.'fpe, to the hody of the fifth lumbar, 
confined almost wholly to the V-t,\~pe . 

'l1
be chwileno-jcju11al an!!le corresponds to the l!'ft of the Yertehral column. 

ma; be to the first lumbar ,·crtebra (infantile type), or to the "eeon1l (adult type 
~n .u ur V). In the ~rst ca~c the a11gle approaches the median line, in the latter 
1t ts thrown to the Sl(le of the column. 

Relations of Duodenum in Detail. 

Superior Hepatic Curve, First Portion. 

Abo1•e ancl in .front : 
Quad rate lobe of liYer; 
N eek of gall-bladder; 
Fora men of Winslow; 
Jrepatic artery. 

Bel1hul: 
Common bilMluct: 
Ycna.port:\:'; 
Gastro-cluoclenal arten: 
Y ena <-·:n-a inforior (at summit of turn~}, 
Fir>! lumhar \WteLra (on the left). 
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Bdoll': 
N eek of pancreas: 
Head of' pancrea~. 

Descending, or Second Portion. 
A11teriorl!t: 

Right lobe of liver (impressio duodenalis): 
Right end of transYerse colon; 
Two la.yen~ of transverse mesocolon; 
Sma ll intestine'; 
Right leaf of mesentery. 

Posteriod,11: 
Right kidney and suprarenal capsule (at times); 
Structures a.t hilus; 
Common bile and pancreatic ducts; 
Vena cava inferior ; 
Spermtttie vessels. 

lliternally: 
H ead of pancreas; 
Pancrcatico-duo<lenal vessels; 
Common bile and pancreatic ducts; 
First. second, third, fourth, or fifth lumbar ''Crtebr<e. 

Pre-aortic, or Third Portion. 
Superiorl!J: 

lira<l of pancreas; 
Superior mesentcric vessels. 

Anterior~11: 

Root of mesentery: 
Right an<l left layers of mescntery; 
bupcrior mes.cnteric vessels; 
Small intestine. 

Postuiol'Z11: 
Yena. cava inferior: 
Aorta; 
Crum of diaphragm : 
'Thir<l or fourth lumbar vertebra. 

Ascending, or Fourth Portion. 

Anterinl'/y: 
Antrum pylori (at times); 
Transverse colon ; 
'l'raus,·crdc mcsocolon (lower layer); 
Small intestine; 
Left layer of mescntcry. 

Posteriorl,11: 
l ieft Pi;:oa~ mu~clc; 
Left renal ve . .:sel~: 
Rpcrmatic ,.e:'i~cb: 
Lower part of inner edge of left k i1lucy 
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/11frrnall,11: 
] IC'ail and n('C'k of pancreas: 
~\ortn : 
F'omth, third. :u1d ::o:eeornl lumbar \'l'lt('brre; 

('l'hir<l, second, an<l first in child). 

Terminal, or Fifth Portion. 
/;.,'uperiorly: 

Bocly of pancreas. 

Anteriorly: 
Duocleno-jejunal angle; 
Left layer of mesentcry. 

E1·ternally: 
I nner margin of left kidney. 

Means of Fixation.-:Neithcr peritoneal adhegions nor peritoneal ligaments 
really fix an or~an; if the latter ever docs, it is because it contains vessels and 
nenes and cellular tissue between its layers. 

The means here arc-1. Biliary nncl pancreatic ducts. 2. Arteries wh ich are 
the conductors and support of fibro-nerrnus tissue. 3. Suspensory muscle of 
Treitz supporting the duocleno-jejunal angle. -1 . A cellular fold under the pan
creas. ('l'reitz.) 

1. 'rh e ducts of the two glands, common bile-<luct and the pancreatic. con
tribute to the fixation of the duoden um, yet the Jig . hepato-duodena le must 
render !?-enice in resisti ng a downward pull, whereby the ducts would be stretched 
and their functions disturbed. 

2. Two abdominal arteries are important in fixing the duodenum to the poste
rior wall: the ccclia.c a.xis above it and superior mcsenteric above and in front, 
which have retained their original positions of fretal life. 1l'bcre is a. complete 
anastomosis or arterial circle between these vessels, con necti ng the posterior 
abdom in a.1 wal l to the li ver, stomach, pancreas, duodenum , a.n<l spleen. 

3. Fibro-nen·ous investments accompany the arterial circle formed of cellular 
tissue and sympathetic nerve-plexuses. Th ey have two rOlcs : first, innervation 
of the vessels, and secondly, support. 'fbc crelia c and solar plexuses support as 
one the duoden um and its neighboring organs the li ver, stomach, an<l pancreas. 

-! . )[urwle of' 'l'reitz . 
In 1R58 'J'rCitz described a muscle running from the <luodcno-jcjunal angle to 

the diaphragm. Many ba,·e since described it for him. If the beginning of the 
j~junum be pressed dow n. after turn ing up th e stomach and tl'illlS\'Crsc colon, a. 
ridge of peritoneum will be seen to extend from the duodeno-jejunal angle up 
under the pancreas to the left crus of the diaphragm. ' 11 his ridge is called the 
ligament of 'l'reitz. The original article 1 reads in substance thus-

secn ·~t~~~l~~d11t1~ t\~~n~;)~~~r~:.(~~J~~~i1:m\t "~Jtb)~eu~;~l!10~'~~· o;wc ~1~J~~~~1~1·~i/~ 1i1~1~1~:~IT1~nid 

~}~,:~{:~f~!~~'.~,:~~;i!:~ii~~\ ~~g~}·~!~i:cl~~~ ,!i~~~f ~~fr~!;,~t~:~:~~:;::,~:~~:l~~~;~1~;J~~il~~f f ~c~t~~~I:~~~ 
~~\\~~J~l ;i~du~c~~: ~~0~{ ! 11~; 11~,g c~1J1i~c 8~i'~~~~~· 1]3 ~\~~~~~~~i~n :l~it1~~·~ ti1~1~~ 11~~~~:~~] ~t ~~~ ~~ kl;e ~~~~~11~~:~~gcc~~d 
with the inner pillars Of the diaph_ragm, and co111monly wilh the right border of the oosophageal 

~:::;~;,:~:~:\~~l(;;~:~1~1t.¥;t~!,~f?,~~3~[fi;~~~1:~~~i\~;n1~;,\;;;!,~~,:~~~}~;,~:.:;1~]B}!'.fi; 
~rhc muscle is continuous with the longitutlinal muscular layer of the tluotle

num and is ~trongcr the older the subject. 
1 Prager l'i,1·teljalin.~J1r~11, 18.33, f'l.113. 
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. 'J1reih im~icatc~ a cellular ~embnrne (Fig. 637) i:;tretching hctwccn the supe
n01: rne!?-~ntcn~ artery on one s1<lc, the pylorus. duocleno-jcjunal anJ?,le, and con
canty of the uuodc11um on the other, which forms a lloor to the posterior surface 
of the pancreas and represents the f"cetal mes-
cntery of the duodenum. Ile savs on account 
of it!:l.tcuuity it is unable to offe1: any fixation. 

:::;uch are the means of fixation il1 general. 
The duodenal r!n~ is fixed in all its length, 
but unequally; 1t 1s suspended by two fixed 
c"Xtremities. Its superior hepatic angle is 
fixe<l by the totnl of organs attached to tLe 
liver and by the th ick cellular tissue wh ich 
fastens it to the infcriol" vena cava. Thc1·e 
are also the :-.trncturcs forming the hepatic 
peclicle, artery, duct, and portal vein, all sur
rounded by flbro-nerrnus layers and all united 
into one b)• the serous mcnibrane forming the 
Jig. bepato-duodenale. Finall,Y, the fibro-ner
''ous ti!'lsue contained in the lig. cystico
duodenale serves to render the £rst part of 
the duodenum solid to the liYer. The liver 
is fixed, not by peritoneal folds, as is com
monly said, but bv a thick cellular tissue ancl 
numerous subbep~tic ,·eins emptying into the 
inferior cava-nailecl, so to speak, to the pos
terior abdominal wall. By such attachment 
to the vena cava and liver, the superior angle 
is secure. 

'.l'he duorleno-jejunal angle is fixed b,r the 
muscle and ligament of 'l'rcitz. When this angle penetrn.tes the thickness of the 
trans\•erse mcsocolon its fixation is still more assured. ~'he branches of the supe
rior mcsenteric artery gi,'en to this angle reinforce the support. .More than the 
ends of the duodenal arch must be supported or its lower part would separate 
from the po~tcrio1· abdominal wall anrl come forward on a hinge-movement. As 
long as nothing pres~cs this part of the duodenum backward this forward move
ment docs occur, as in early human embryos or in ca::;e of a mcsocluodenum, as in 
many animals . 

.Normally the adult human duodenum cannot separate from the posterior wall, 
owing to many agencies which come, in turn, to bold it down. 

The descending duodenum is fixed to thr inferior ,·ena cava. and right kid
ney by thick cellular tissue. 'l'his is further strcngtlicncd by the hepatic 
flexure and transverse colon, which apply themselves directly to the kidney and 
duodenum . 

The pre-aortic portion is fixed b.v two agents-(rr) by fibrous fosuc bet"·een it 
and the aorta. nncl \'ena. cava. inferior; (b) l>y tl1e superior rncscnteric artery sur
roun<lcd by its fibro-nervous tissue, which forms the rnot of the rnescntery and 
presses t his part of the <luo<lenum clown upon the aorta.. So the mesenteric 
artery and aorta, passing one behind the other, con~titute a. sort of vascular 
press, lessening the calibre to "bat may be called the isthmus of lite duode-
1w,m. 

The ascending portion i~ mucl? lcF:~ fixe<l th~u any other ~art to the po.sterior 
wall and left kidney. It 1s eas1l,Y d1splaced from left to nght, and pentoneal 
co,·ering is its sole agency of fixation. 

Reimme.-'rhc duodenal ring is fixed a~ainst the posterior abdominal wall, 
or, better, again~t the fixed oq?anH which ("0\' ff it. This fixit_,~ i:; assured in 
part b.v the vascular system au~I. },:,. tho fibro-ucrvous layers connected, and iu 
another part Ly tho muscle of lrc!l". 
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Jejunum and Ileum (Inffsti11u111 m1','(f'fl(l'riafr). 

Fnllo\\inrr the lluodl'num. about the uppl' I' b\o-fifth~ of the remaining ~ma ll 
intr..;Lilll' is ~:tlll'1l j C'jnnum and the lower thrrr-fifths ileum There is no rnor
pholo:!il':d li1w of distinction between these two. but th ere is. con~ id crahl c cliffcr
cuce lH't\\l'l'll the beginning of the jejunum and end of ileum . 'l'he diameter of 
the fir..;t i:-; nbont one and :t half inches: of the latter, one anll one-fourth inchc . .;;; 
the walls of the jejunum arc thicker and a ginn lenµ:th wcigh!-l. more than the 
same of the ileum; the character of the mucow; rn embr:ine nm] of the contents 

}~~:~ ~ccJl~~~l ~~;\~ g:::1 n~~'.!n ~~~-~· 7J'~~j~J !~~; u n;
1

il~c u ~ ~~11; i~, i11~0~~:s~~~1 b1i11~~1:~1 ~;~i~~o~!~~j 
left iliac ro~~a, while th e coils of the ileum arc more on tho right side and right 
iliac fos~a anti true pehis. Both these parts of the intest ine ret ain the mesentery, 
which the duodenum docs not. 

There is !mt little ji.rativn to the loops of th e small intestine; the mesentcry 
allows the freest motion. EYery moment the coil must accommodate itself to 
changes in form and position of "the peritoneal cavity or be prepared to fill some 
hole. Contraction of the diaphragm and abdominal muscles, the filling and 
emptying of ,·iscera, presence of tumors, position of body, must nll occasion 
changes of position in the sma11 intestine::. \\'' ith this g reat motility, no definite 
shape ca n be ascribed fo r the coi ls, but freq uently the upper loops of the jejunum 
are trans,·e r~ e and the lower of the ileum arc more Ycrtica1. 

The term inal part of the il eum is more fix ed than any other, as its mcsentery 
pn~sing o,·er the r ight Psoa.5 muscle is Yery short. At th e point of transicion 
from the duodenum to the jejunum or from the small to the large intestine the 
n1rio11s fosr-:c haYC been noticed (p. 99-1-). 

The Yitellinc tlutt corn ing from the original convex ity of the intestinal loop 
(F ig. 588) may persist in adult life~ it is tb en callc(l .illeckel'8 dfratieulmn. It 
i ~ a. blind i11t<.·~ti11e, ha.ving the same la.ycrs as the ileum, with the lum en of which 
it direcll_v communi c:atl's. It is two or three inch es Jong (one-half to $Cven 
inche;;;), a11tl ri~es aU01lt forty-three inches from the il eo-toli c junction (from one 
to ten feet); origi nall y it passes toward the umbilicus, bnt usually hangs free in 
the cav ity. Jt may be connected with tlie umbili cus or ot li cr points b_v :i Fioli<l 
barnl, "hi ch attains great firmness au<l is the enlarged rcnin ins of the omphalo
mcsentcric Yl'~:"iels. It may be conical, cylindrical, or hour-glass in shape. It 
occurs about once in fifty ca~cs. and may cause Fi urgital complications. 

Structure of the Wall of the Small lntestine .-Like the Rtomaeh, the "all 
is composed of four layers. serous, mu~cular, suLmu cou:-;, and mucous. It is 
much thinner than thnt of the stomach. only 1-1 mm. thick. 

The e.rlanal or serotts coat is peritoneum, which :-u rround ::i the whole of the 
ileum and jejunum except along the Jittl e inter:-;pacc left at the meReuteric border 
of the intestine. H erc a sort of Ji near hilus is left hetween th e two layers ''here 
vessels, ncn-cs, Ycins, and l.vmphati cs ha,·e their entrance or exit. 'rn case of 
the duodenum, each part is covered to a different degree. 

Th e muscular coat consists of two layers; as usual for the alimentary canal, 
t11e external is made of longittHlinal fibrei:;. and the internal of circula1: fibres. 
The lonµ-itudinal fibres nre best developed at th e begi nning of the duodenum and 
end of the ileum, and are here closely attached to the ~crous coat. They arc 
mo:st marked 011 the free border of the intes tin e, and may be wholly lacking on 
th e rnescntcric attachm ent. The circular $Ct is thn'C times thicker than th e 
l on~itudinal , and consists of com plete muscular ri11gs \\hich are prc~scd so clo:.:elv 
together as to only le:n•e tleft~ fo r the pa~~agc of n:~s~c l s and nerves to deepCr 
part~. This double coat gets thinner below, is prilc. and ma.de of unstriated mus
cu lar t i ~suc. It pro<luccs JMristal.~iR, by "hich food is pu:-;hcd onward. 

'J1hc xul11111u•oux f'Ofli acts as a bed for the mu<:Ma, is connectcrl more closclv with 
it than with the mut-tular coat. and i:-; made of areolar ti~MIC. llerc :ire lymjJhatic 
,·c~~cb au<l tu:nc-plcxu.:::cs, an<l the Ulood-Yc::;::;cls <liYi<le up for the muc:o8a. 
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'rhe muenus mrn1brane is thick. red, and highly \'ascular at the upper part 

~~I~.~~; ii~ 1\~:t\1:e,ll~~t t~a~~11~ r;1~~s~~ic~n:~ 1~~!1ou'~~ p~·~~~~~~r c:~1~:;}c:iJ~·. sh~~~~t l~t: 
submucou~ coat is a layer of unstripNl muscle fibres, the uwsculoris 11tlll'08a!. 

This thin layer from the sheep makes the "catgut·· of commerce. Internal to 
this is a quantity of rctiform tissue contaming goblet-cells and migratory leuco
cytes supporting tubular glands, bloocl-vcssels, ncn·cs, and lactcals. )lost inter
nally the mucosa is con~red by a single layer of columnal' epithelial cells rei::.ting 
upon a basement membrane. rrhe prismntic cell:-; contain granular protoplaf.l.tu 
and oval nuclei. Tbe free ends of the cells arc invested by a cuticular zone Ol' 

hasilw· borda, a. well.defined band exhibiting a fine vertical striation. Some 
interpret these as para!lel canals for absorption of chylc. 

'l 'hc muco u~ membrane presents in its different pa r t:s the folio" ing strnctures: 

l "alvulce <:onniventes; 
Villi. 
Inte:tinal true glands ~ Glands of Liebcrkiilm; 

( Glands of Bnmua; 

Intestinal l!Jmplt:folliele.c.s l ~~::1~:~~/t:t;~~~~ls, or Peyl!r'i; patches. 

ralvu[a> eonnfrmtes (rnl\'eS of Kcrkring, 1G70), who ga\'C the incorrect name, 
eon11ieente11 (runnfrire, to close the c~·clids) (Fi~. 638) arc p(•rnrn11c11t crescentic 
folds of mucous membrane and submuco:"::t.; 
each contains two la Yers of mucous mcm· 
brane, placcu Lack to back and separated 
b.Y the submucosa. They contain no part 
of the mm;cular coats, and are not obliter
ated bv dh~tcntion of the intestine. 'l'hcy 
extend" transversely across the axis of the 
tube for about one.half or two-thi r ds of its 

~~Ju:he;~e~l~~ira~so;m:h!O l~~i~~l~l~~:~:lt~~; (Brii;~gnf·-Dingrnm of val\'ulre connirn1tes. 

extend two or thr<'C times around the internal tircumfcrence. Tb is is of intere~t, 
as a spiral ,·a.Ive i~ the characteristic of the intc::;tine of certain fishes-t' . .'/· the 
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shark fomil~r . The htr~e folds project about one-third inth into the lumen. and 
ofkn (·onned at one end ohli1p1cly "ith a :-mailer fold. Sometimes a. rnhc ter
minates abruptl,Y. or it bifurcates at one or hath cntl~. 'l'hc,r arc so close that in 

a relaxed condition thcv cover the intes
tinal surf'ac:c like roof-ti°les. These rnh-c~ 
are mo:-;t abundant in the duodenum arnl 
jejunum; they decrease and disappear at 
the lo" er end of the ileum. 'Their total 
number is 800 or 900. 'l'hcy begin "ith 
the commencement of the descending duode
num, there being usually none in the first 
portion . Just bc)·ond the point of entrance 
of the bile ancl pancreatic Juets they are 
very large aJHI regular and closely packed. 
About two feet from the lower end of the 
ileum they cea~c. From this point up to 
the middle of the jejunum they arc indis
tinct and irregular, sma ller, and farther 

apart. They arc seen at their best from the lower part of the descending duode
m1111 through the upper half of the jejunum . Their function is to retard the 
passage of food and to afford an extensirn absorpth·e surface. 

The N"lli. ar~ minute Y:l~cul:ir proce~~cs, con!-l.i~ting cntirel.'· of ti!-'"UC'S of tllC 
muco~a, pro.ieetmg from c,·ery part of the inner i::tu-face of the imrn11 intc5tine 
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over the val.vulre connivcntes as well as between them (Fig. G39). They give to 
the surface its veh·cty appearance. Between the bases of the viili, wberenr they 
arc, the mouths of the glands of Lieberkiihn arc seen (Figs. 640 and 642). They 
are large~t anti most numerous ju the duo<lcnum an<l jejunum. resembling the 
rnlrnl:e conniventes in distribution. They are smaller :rnil fewer in the ileum. 
and ::-top al>ruptly at the ileo-crecal orifice. There are none in the larrre intestine. 
They measure :5 to .7 mm. in length, and are present to the number of about 
four millions (Krause); 10 to 18 per sq. mm. in the upper inte;tine, and 8 to H 
to the »rn1c space in the ileum. They are apt to be leaf.shaped in the duode· 
num, tonguc-slrnpc<l in the jejunum, and filiform in the ileum. 

Structure of the Villi (Fig. 641).-'l'hc structure of the 1illi has been studied 
recent ly by many eminent anatomists. \\" e shal l here follow the description of 
Dr. Watney, 1 whose researches have a most important bearing on the physiology 

Capillarits. 

Lymphlr11.11k.· 

FIG. 6!2.-Yilli of small intestine. (Cadiat.) 

of that which is the peculiar function of this part of the intestine, the absorp
tion of fat. 

The essential parts of a villus are-the lacteal vessel, the blood·,·essels, tbe 
epithelium. the basement membrane and muscular tissue of the mucosa, these 
structures being supported and held together by rctiform lymphoid tissue. 

'rhe~c structures are arranged in the following manner: situated in the centre 
of the villus is the lacteal, terminating near the summit in a blind extremity: 
running a.long this vessel are unstriped muscular fibres: surrounding it is a plexus 
of capillary vesse~s, the whole being enclosec~ by a hasemc.nt mc1~1b1_ane, supporting 
columnar epithelrnrn. TL.f)se structures which a1 e contained ''1th in ihc basement 
mcmbrane-namclv, the lacteal, the muscular tis1rnc. and the blood-vessels-are 
~urrouncled and ericlosed by a. delicate reticulum which forms the matrix of the 
yi1Jufli, and in the meshes of which arc found large flattened cellfli, "ith an oYal 
nuclcu~. ana. in smaller numbers, lymph-corpnfliclcs. These latter are to be 

~~:~~~~;~;~1~~cfr~~ ~:-~: I;~~~,~~ ~~n~h:f~1~1~1~1~;i~!1l:~ ~~\1~~1~i1;sh~J111J\~~~~::;'.th ;,~~~:1:t\~nba'~ 
form~. howC\'Cl._ Or all kinds are met with bct"ccn the lymph-corpuscle and the 
proper cells of the ,·illus. . . . 

The lacteal~ are in 8ome cases double, and 1n some ammals multiple. Situated 
1 Pliil.Trcws.i'·ol.cl.ni.pt.ii 
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111 the :nis of' the\ illi. thev commence b\' 1li1atC'tl t':\'(·al <.•xlrtmitit•:-; tH':ll' to. hut 
not 11uuc at. the ~ummit or' the dllu:-:. rJ;hc "alls arc: compo10eil of a ~in1.d<"_ layN 
of <.1111lothelial cells. t!Je interstitial substance be1wecn the cells heing <:out111uou:-; 
with the reticulum of the matrix. 

The 11/U.~f·u!tu· fl_"/,reR arc dcri,·ed from the musculari!-> mucns:~. and are arrang(ld 

~~I1 !::~~l~1\~;, a;~:~~~:~ ~~~ l~~:~~~~~.'~~er~~1\·"~~~1~~ 1!~:~c~-~~~1~1 :!~c ,!);~~~ht~1~h~~~~;:~~~1{; t ;,~ ~~: 
reticulum, and bv it are attached to the hasement membrane. 

'fhe blood-i·e~sels form a, plexus between the lacteal and the basement mem
brane, and are enclosed in the reticular tissue; in the interstices of the capillary 
plexus, \1 bich they form, axe contained the ce ll ~ of the ,,illus. 

Thc!:ic structures are sunounded iJ,. the basement membrane, which is made 
up of ~t stratum of endotheJial cells, an~l upon which is placed a h~ycr of co1umnar 
epithelium. rl1hc reticulum of the matrix is continuous through the basement 
membmnc (that is, through the interstitial !:rnbstance between the incliridual 
endothelial cells) with the interstitial cement substance of the columnar cells on 
the surface of the \'illus. 1.'hus we are enabled to trace a direct continuity between 
tl1c interior of the lacteal and the surface of the ''illus hr means of the reticular 
~issue, and it is along this pa.th that, according to Dr. \\'atney, the chyle passes 
1n the process of absorption by the ,,illi. 'J'hat 1s to say. it passes through the 
interstitial substance between the cpithcJium ceJls, through the interstitial sub
stance of the basement membrane, the rcticnlum of the matrix, and the interstitial 
substance between the endothelial plates of the lattcal, all which strnctures have 
been shown to be cominnnus "ith one another. and, being prnbably semifiuid, do 
not offer any obstacle to the passage of the molecular basis of the chy le . 

.. \mong the structures of the intestinal wall called glands there are two kinds 
-true and false; the l::i.tter belong to the 1ymphatic s_ystcm. The true g lands 
are those or LicberkU.hn and Brunner. 

'l'he follicles, crypts, or ,glands ~/' Lieber/ca/in (Figs. 643 and 644) are very 
num erous, forming an <tlmost continuous layer of tubu
lar depressions throughout the intestines, large ancl 
small. They arc in every part of the small intestine, 
opening between the villi (Fi gs. 640 and 642). 'l'heir 
small circular mouths may be seen by the aid of a 
lens. 'l'h ey occupy nearly the whole depth of the 
mucosa, are upon the valvuhe connivcntes, their blind 
ends approach ing nearly perpendicularly the muscu
laris mucosre. They consist of thin tubes, whose 
walls arc made of ba8ement membrane, lined bv the 
columnar epithelium from the free surface. 5Iany 
of these cells change to spherical secreting cells. some 
of which become goblet-cells (Fig. GH). 'l'hey are 
~ to 3 mm. long and about .04 mm. in diameter. 

Goblct-cell!!~l'l'n nmougthc columnnr epithelial 

The duodenal or Brunner'.« ,qlwuls are limited to the duodenum and first part 
of thr jejunum. They are mo~t numerous in the fir:o.t part of the duodenum. 
with~~ .one or two inches of the r:dorns. ~rhe~· a.re :-.~nall compound tulrnlar g-Jan_1h~, 
con .... 1stmg of a 1111mher of tubular ah·eol1 opt•nmµ.: mto a slcn<lcr <luct, much like 
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the salivary glands of the mouth, which are more compact. They are probably 
direct continuations and higher specializations of the pyloric glands. r_l'hey are 
situated in the submucosa or in part in the mucous membrane. 'J1hcir ducts 
penetrate the ~uscularis mucosm, pass b~tween the g:lands of Liebcrkiihn and 
open upon the mncr surface of the intestrne, or in some cases into the bases of 
the crypts. 

The solitar.11 glands. (Fig: G-1.J) are found scattered ~hroughout the mucous 
membrane of the small mtest1ne, but are most numerous 111 the lower part of the 
ileum. 'l1Jrny are small, roun<l, whitish and slightly prominent bo<lie1!! U mm . to 
3 mm. in diameter. They arc formed on the mcsentcric as well as free border, 
between and upon the valvulc:e connivcntcs. 'l'hc free surfo.cc of the foll icle may 
httve villi upon it, but at the centre or cupola. they arc lacking. Each gland is 
surrounded irregularly by the openings of the glands of Licbcrkiil111. These so
called glands have a structure sim ilar to tb;it of a lymph-not.le, tonsisting of 
dense retiform tissue closely packet! with lymph-corpuscles, ant! permeated by fine 
capiHaries. They have no ducts. 'fhe interspaccs of tbe retiform tissue are con
tinuous with larger lymph-spaces at tbc base of the gland by which they commu
nicate with the lacteal system, or they may even hang into a lacteal sinus which 
may nearly surround the nodule. fJ'he base of the nodule is in the ~ub1nucous 
tissue. They penetrate the muscularis mucosoo and enter the mucous membrane, 
where they form slight projections of its epithelial layer. 

Agminated ,qland.CJ or Peyer's glands (lffi7) may be regarded as nggregations 
of the solitar.v glands, forming circular or ornl patches (Fig. 6-16). 'fhey number 
from twenty to thirty, and rnry in length from one-half io four inches; in width 
from one and a half to two inches. They are largest an<l most numerous in the 
lower two-thirds of the ileum. In the lower part of the jejunum they arc small 

and few and of a circular form. They are occasionally seen in the lower duode
num. They are placed lengthwise to the intestine, covering that portion of the 
tube opposite the attachment of the mesentery, hence to sec them well open the 
bowc1 along its mNwntcric attachment. . . . 

Each patch is formed of a l(l"Oup of 1,rmph-nodes "h1ch arc s1m1lai: to the sol
itary g lands abo\•e dc~cribecl. Each foll1elc becomes somewhat p~Tr~m1dal, due to 
pressure, and they lose much of their indiYiduality, being most d1stmct along the 

65 
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outer boundary. The surface of a patch is u~ually frcC' from Yilli: it i~ ~urrou_ndc<l 
by a row of the crypts of Lieberkiihn. 'fhe.r arc best marked in ~~ouug: ~ubjCCti3 . 

where a~ manv a~ 15 harn been observed ; 
they become ifldistinct in middle life and 
evc'n diMppcar in old age. 'I1heir resem
blance to lymph-g-lunds is seen in any in
fectious disease of the intestines, especia lly 
itJ typhoid fever, "here they may ulcerate 
and perforate to the peritoneal ca.vity, 
causing fatal hmrnorrhagc. 

They ha\'C a large vascular suppJ ~r 
which forms an nbund:rnt pl exus around 
each follicle. 'J'bis gi1·cs off fine capil
laries, which, suppo1tcd by the retiform 
tissue, converge to"ard the centre (Fig. 
6-H). 'J'hc lactea l plexuses, which are 
abundant throughout the small intestine, 
are especially so around the follicles of a 
Peyer's patch, often forming si nuses 
around them (Fig. 648). 

R esume.-Tbc valvulre conniventes 
and villi arc most abundant in the upper 
part of the small intc8tine. 

rlal~\~n':;'~ft~~::~f~~~::.~t;g1Ji~~~~f~':nt~:ee:1abi::it chto~~~~l~11~~r ·s glands arc mostly in the 

Solitary glands and P eyer's patches are most abundant in the lower part of 
1 he small intesti ne. 

Tbe crypts of Licbcrkiibn arc abundant in both large and small intestines. 
The large intestine possesses the crypts of Liebcrkiihn and solitary glands. 

Vessels and Nerves of the Small Intestine. 
The arteries supplying the duodenum arc the pyloric, the ~upcrior pancreatico

duod.,nal, from the gastro-duodenal, all of which come from the hepatic, and the 
inferior pancrratico-<luodenal, from the superior mescntcric. 

The jejunum and ileum are supplied by the superior mcsentcric artery
1 

the 
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branches of which, haxing reached the attached border of the bowel, run betwren 
the serous and muscular coats, with frequent iuosculations to the free border, 
where they also ana~tomose with other brancbc:.; running round the opposite sur
face of the gut. J?rom these vessels numerous branches arc gi,•cn off which pierce 
the muscular coat, supplying it and forming an intricate plexus in the submucous 
tissue. From this plexus minute vessels pass to the glan<ls and villi of the mucous 

~~~~bl:l~;~;',Y ~~~SC O~~~?~ll~a~:ina. si~~l~u~y~~~;~~t~i~:n~j atl~::~~:~~t~1~t~~ti1~ee cf:!~~·~~!i 
are tho c of t.hc mucous membrane and those of the n:\uscular coat. 'l1 he lymph
atics of the villi commence in these structures in the manner described above, and 
form an intricate plexus in the mucous and submucous tissue, being joined by the 
lymphati cs from the lymph-spaces :it the bases o f tho solitary glands (Fig. 6-!8), 
and from thi~ pass to larger vessels at the mescntcric bonier of the gut. The 
lymphatic:-i of the muscular coats are situated to a great extent between the two 
layers of mu8ctdar fibres, where they form a close plexus, and throughout their 
cour~e communicate freely with the lymphatics from the mucous membrane, and 
empty themselves in the same manner into the commencement of the lacteal ,·es
sels at the a.Ltachcd border of the gut. 

According to ~appey the vessels from a ,,illus ha,·e two functions, one set is to 
carry chyle and the other lymph. Th e former either contains rbyle only or is 
empty. .\ftcr the ,·essels ha,·e entered the mesentcry, then they interchangeably 
carry chyle or lymph. The nenies of the small intestine arc derived from the 
plexuses of s_ymp:.tthetic nerves around the superior mesenteric artery. 'rhosc 
nerves come from the creliac plexus, the semilu nar ganglia, and largely from the 
right vagus nerve. From this source they run to a. plexus of ncn·es and ganglia. 
situated between the circular and longitudinal mu~cular fibreR (.Auerbach's plexus) 
from which the nervous branches arc distributed to the muscular coats of the 
intestine. From this plexus a secondary plexus is deri\·ccl (:\Jcissner's plexus), 
which is formed by branches which have perforatecl the ci rcular muscular fibres . 
This plexus lies between the muscular and mucous coats of the intestine. It is 
also ga.nglia.tc<l, and from it the ultimate fibres pass to the muscula.ris mucosre and 
to the mucous membrane. 

The Large Intestine. 

orifi~!.e 1l~gdci~e~·~e}~~n; t~:t::~~,/~·~:s:~nee j~ri;~~11 ~1i·;~r0!z~~em~:~1~x!~1 ~:o~i;~~:~ 
saccular form and appendices epiploicre. It is about five or six feet in leng;th or 
one-fifth that of the whole intestinal canal (Sappcy 1.68 m.). Its capacit.v in 
moderate c1i..;tention averages twenty-two ounces per foot, or ~c,·en <ind a half to 
ei"ht pint:-; for the whole length. Its circumference decreases from beginnin:r to 
e1~cl, except at the ampulla of the rectum; it measures 28.5 cm at its widest 
part. junction of colon and crecum, 20 .. 5 cm. at the end of the ascending portion. 
1-Lj cm. in the descending portion. Diameter varies from two and a. hnlf incbes 
to le.sR than one inch. By accumu lation of frecal matter or gas the colon may be 
distended to double its normal size. 

~ometimc . .., in the fresh body of a robm~t suicide the clescenrling colon or sig
moicl flexure or even part of transverse colon may be contracted t~ the tbic~ness 
of a. thumb. Th e tube is hard anr l can scarcely be opened by 1110at1on. It 1s not 
pathological, as coroners $ay, but a high degree of rigor mortis, which will dis
appear. In the greater part of the colon i~s external su1:face is very une,'en from 
the preRencc of pouches or saccul~s, protrusions arranged in rows.of three colm?ns. 
'J1hcsc arc sepa.ra.te<l by three ligamentous tapes about the width of the little 
finger. . 

In its course the large intestine describes a horscshoe-shapc1l arch which sur
rouncls the con,·olutionl-1 of the small intestine. ft be)!:ins in a blind sac in the 
riaht iliac fossa. ascends along the right po$terior abdominal wall to the right 
hJ'pochondrium. where it is in contact \\ ith the under surface of the liver. It here 
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bends to th,, left, and takes a trans\·er e somewhat a~cending cour~c to the spleen. 
In the left h,vpocbondrium it bends again nnd dc1:ccnds along the left posterior 
abdominal wall to the }('ft iliac fossa., then becomes convoluted a~ the sigmoid 
Hexure: it finally enter the pelvis a.ad descends as the redum along its posterior 
wall to the anus. 

There arc to be distinguished, then: 
1. c~ccum (intestinum c;;-ecum). or Caput coli; 
2. Colon ascenclens, or Right colon; 
3. Hepatic flexure, or Flexura coli dextra: 
-l. Colon trans,·ersum: 
5. Splenic flexure, or Fle_xura. coli sinistra; 
6. Colon desccndens, or Left colon; 
7. Flcxura sigmoidca (Colon sigmoideum), or S . 
8. Rectum (intestinum rectum). 

Structure of the Large Intestine. 
W e find here the same four coats which have been seen in the canal aboYe: 

serous, muscular1 submucous. and mucous. 
The serous coat is the peritoneal covering in\·esting parts of the large intes

tine to a variable extent. 
The cmcum is completel.'- in"ested. The ascending and descending colons in 

the adult ha.Ye u~uall,,- only a third of the poRterior surface left bare. It is a 
lJUestion when to declare' the folds near enough to call them a. mcsocolon. 

TrenR says a rncsocolon may be expected on the left side in 36 per cent. of 
all cases, on the right side in 26 per cent. 

'L'he transYcrse colon is almost completely invested. h~n-ing a proper rneso
colon : the great omentum is :utached to its anterior surface. 

rl'he sigmoi{~ flexure has a mesocolon, ancl the upper part of the rectu.m has a 
mesorectum. In the second part of the rectum the peritoneum covers its ante
rior surface and parts of the sides; its thi rd portion loses it altogether. The 
peritoneum co,•ering the internal trenia. along the colon, especially the transYerse 
and after pa.rt. is thrown into many external pouches contnining fat in wcll
nourisbed people; they a.re called appendices epiploica'. or omentula. 

' l1he muscular coat consists of an external longitudinal and an internal circu
lar lay er. 

The fon,r1itudinal fil1res are partly collected into three Hat longitudinal bands, 
each about half an inch wi<le and one twenty-fifth inch thick. They are found 
on the ctecum and colon and each is called l(qamentum or tcenia coli Between 
these bands the longitudinal layer is present, but ver.'~ thin. On the appendix 
the layer is uniform. rl1hese bands spread out from the root of the \'Crmiform 
appendix to tl1c c;:ecum. Thence they can be traced as far as the rec:tum, where 

they form two bundl<'s. 'J'he poMcriflr band passes 
along the me~enteric attachment of the intestine: 
another, the largm;t, runs along the anterior bonier 
of the ascending and de~ccnding colons and on the 
transverse colon corre~pondg to the attachment of 
the great omcntum. The third or internal Land 
runs along the inner borders of the ascending and 
descending colons, hut herorncs infrrior on the trans
verse colon. 

The three bands arc about onc>-half shorter than 
the real wall~ of the intestinC' arnl so form saN:uli or 
haitstra (bucht,). If the band' be 1li"cctetl a"ay 
the sacculi will be "hollv effacC'd n.nd the eolon he

comes much elongated and cylindrical. The tranR\•e1~sc con~trictions :-.ecn on the 
out~ide of the inte . ..,tine between the sacculi appear on the in:-.ide as sharp ridges 
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which separate the pouches. cellulre, or ba.ustra. '!'be whole projection is made 
up. of all the coats of the intestine and is called the plfra or Mil'ula sigmoid1'a 
(Fig. 649). A vah-e passes between two tronire where otherwise a transverse fold 
would exist. ~nly rarely do two or three rnlves lie in the same plane, so that 
they woulrl be Ill position to effect a scissor-like motion and cut a mass of fi.ecal 
matter into $Cybalro or round balls. 

'l'he circular fibres form a thin continuous la.yer and are especia1ly collected 
in the constrictions bet11·een the sacculi. In the rectum they form the Internal 
sphincter muscle. 

'l'he subnrneous coat is in the same position and serves the same purpose as in 
the small intestine. 

T he mucous membrane is pale, smooth, destitute of villi and raised into cres
rentic folds, separating the pouches and corresponding to the external constric
tions separating the saccu li. 

As in the ~mall intestine, thP mucous membrane consists of a muscular layer, 
the muscularis mucosre; of a quantity of retifonn tissue, in which the vessels 
ramify; of a basement membrane and epithelium, which is of the columnar 
variety an<l exactly resembles the epithelium found in the small intestine. The 
mucous membrane of this portion of the bowel presents for examination crypts 
of Lieberkiihu and ~olitary glands. 

The erifpts of Lieberkiilm are tubular prolongations of the mucous mem
brane, arranged perpendicularly, side by side, over its entire surface; they are 
longer. more numerous, and placed in much closer apposition than those of the 
small intestine, an<l they open by minute rounded orifices upon the surface, giving 
it a cribriform appearance. 

'l'hc solitary glands (Fig. 650) in the large intestine are most abundant in 

Surface ofnmcQU.Jmembrane, 
j;Ji~:J:_1i11g10/ IAd>erkU.hn'a 

Lielm·kUhn'1fol/iclu. 

'11u.mllariJmuco1u:(twolayer1). 

&Jlilarygla11d. 
FtG.650.-Minutestrnctureorlargcintcsliuc 

the ececum and appendix vermifornn."s, but are inegularly sca.ttcre(~ also over the 
rest of the intestine. They are similar to those of the small 1ntestme. 

Vessels and Nerves.-The arteries suppl~ring the large in~estine give off large 
branches, "bich ramify between the muscu lar coa.ts, supplymg them, and, after 
dividing into small vessel.sin th~ subrr~ucous tissue, P.ass to tl~c mucous membra~e. 
~rhose arteries are the ileo-colic, colica dextra, colica media from the superior 
mesenteric, colica sinistra and .sigmoidea from the inferior me~cnteric. 

'l'he lymphatic ,·cssels cons1~t of two laye~s; the deep set lie unc~er the ghnds 
ofLieberkiihn, and the sul?erficwl forms a wJC~e·meshed netwo~·k which penetrates 
the submuco~a in all dircct10ns. The lymphatics of tl1e ascendrng, trans,·erse. and 
descending colons open into the mesenteric glands, those of the sigmoid flexu1e 
into the lumbar glands. 
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The nat'f','f which ~upply the crccurn, a"lcendiug and riµht b:.1lf' of the trans
\'H"e colon are ~ympathctic, coming from the ~uperior ml'~l'ntcric plexus dcri\•ed 
from the cccliac plexus. Those \\hi ch supply the left half' of the transrcr:5e colon, 
the dcsct•ut]ing and sigmoid colon come from the inferior mescntcric plexus 
derircd from the aortic plexus. In their coltrRC' they accompany the arteries. 

The c"'cum (c((cus, blind) (Fig. 653) is the beat! of the colon, or that part of 
the large intc:-;tinc situated below the ileo-crocal rnh·c, some say below the ilemn. 
Its length and breadth are never equal, the breadth being always the ~renter. 
The opinions vary thus-

Q•""" 
Hern• . 
Trc\·es. 
Strut her:, 
Luschka 
Sappey 
H enle 

Avcrngclcni.:th. 
2}inches 
6 cm. 
6" 
6" 

.. 4-12 " 
. 8-10 u 

5 . .3'' 

'rhc discrepancies are due 1arge1y to methods of rnC'a surcmcnt. Treves takes 
as the uppC'r limit of the crecum the lower edge of the ileum. Berry states this 
is t?o short, and the upper limit of crecum is on the level of the ileo-crecal rnlve, 
or ~truthers' "fr::cnal furrows," which arc continuations of the ileo-c::ecal valvf'. 
lf these furrows cannot be seen externally, take as the upper limit an "approxi
mation line," drawn transversel,v across the colon from a. point midway between 
the upper and lower edges of the ileum. In 100 cases this gave Berry's fi~ures, 
6 and 7 cm. 1 for avcmgc length and breadth. "Sex has no influence upon sizr, 
but it \'arics with age, being absolutely and relatively larger in the adult. Ca:!ca 
of insane persons are apt to be abnormal " (Beny). 

The Ct"Ccum lies in the right iliac fo5'sa above the outer half of Poupart's 
ligament, its point being at about the middle, immediately behind the anterior 

Fw. 6."'11.-.1. Crecum of Mangabey monkey B. C:rcnm of spider monkC'y. (TrC\'CS.) 

abdominal wall in front of the ilio-psoas muscle (Fig. 5781. Rhould it be long 
it may extend more or less into the pelvic ttuity (Fig. fi2G). 

Many statements are made as to its peritoneal relations. Bardeleben first 
statc<l it wa~ wholly in\'<'~ted by peritoneum~ J,uRrhka, 'l'reves, very positi,·ely, 
Struthers and Jonne!'co all agree. Quain states that in ;) per cent. of cases the 
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pcri~oneal covering is not complete, but is reflected just below its upper end, 
lcavmg the upper part of its posterior surface uncovered a.u<l connected to the 
iliac fascia Uy areolar tissue. Berry has seen the 8arne thinO' in 6 per cent. of 
cas~s: 'l'hc r.c~ectcd peritoneum ueYer makes a true mcsocroc~m. It may ha\'e 
sufficient motility or length to enter a. right inrruinal or femoral hernia, and in 
rare cases a. left one. Ac~ording to Treves, auy

0

buman crecum can be cla~si6etl 
under one of four types (Fig. 652). In certain monkeys we see a primiti1·e form 

l~IG. G.'">2.-A, B, c, D, four types of humrm creca. (Trcvcs.l 

where the crocum is short , con ical , and broad at the base. with its apex turned 
up anrl in towarrl the ilco-colic_junction_ (Fi~. 651, .A). 'l'his type is seen cady 
in the human frctn~. Next 1t growR 111 IC'ngth more than m breadth. and tl11s 
tvpe is seen in the human fretus in Fig. 6.)1, B. As development goes on the 
IOwer part of the tuhc ceases to grow and the uppC'r part becomes :zreatly in
creased so that a narrow tube is formed hanging from a conical projection. The 
latter j~ the cmcurn. an(l the small tuhe the l'l'rm(fnrm appendix. This is the footal 
or infantile type (Fig. 65~, A). lt may persist throughout life. Trerns found it 
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iu adults to the extent of 2 per cent. The c:~cum is conical. and the appendix 
ri:->e:; from it:; apex in line with the axis of th<' colon. The three longitudinal 
baml~ of the colon start at the root of the fCctal appendix about e<1uidiotant, an<I 
pa~~ up m·cr the ca~cum and colon as described. di"idinµ: them into three rows of 
!'acculation~. The sero11d type (Fig. 652. B) ha:; sub::-titutcd the co11ic·al C<"t'cum 
for a. more quadratc one. The appendix is in the centre of two s.aeculi of equal 
size instead of at the apex of a cone. There i~ an equal extent of intc::;tinc on 
each side of the anterior band. The higher apes have this typc-r . . Q· gibbon. 
In the burnaa otilijcct it occurs ia 3 per cent. 'L'bc third type (Fig. G.)2, C) is 
the normal type found in man. The "alls of the c~ccurn ham grown at unequal 
rates. The right sacculc an<l anterior wall, probably due to better blood-supply, 
haxe outstripped the left saccule and posterior wall. 'l'he appendix still rises 
from the true apex, the three bands still start from its root, but they arc a1l now 
found to the left an<l posteriorly near the ilco-colic junction. A new or false 
apex bas appeared, which really is the exaggerated conrnxit_y of the right sac
cule situated between the anterior and postero-externa.I bands. rrhis form occurs 
in 90 per cent., and hence is of great surgical irnportaucc. as it simplifies the 
location of the appendix. In the fourth t/fl"' the condition of the third bas gone 
still farther. The rig-ht saccule and parts to the right of the nntt:rior band have 
exce~~i,· e dc:YClopment. while the parts to tltc left of the baud are atrophied. 
H!!re the anterior band runs to the inferior angle of the ileum, whilP the ca~cum 
and the appendix s.cern to rise from the ileo-colic junction (Fig. 652. JJ). ~rliio 
occurs in 4 or 5 per cent. 

Ben-~· ha~ gone OH'r the same work and obtained nearly the ~amc percentages. 
pro,·ing that in a Lout 90 cases out of 100 the base of the appendix bears a definite 
rclatiomd1ip to the ilf'o-crecal junction. 

f:omctimcs the ex-cum is small and insignificant, may be enormous: may be 
rotated so the ileum passes behind and enters on the right side; or the left parts 
may be so developed that the ileum enters anteriorly. 

Vermiform Appendix.-Rtarting from \\bat was originally the apex of the 
tube, the inner and back portion of the crccum, usually 1.7 cm. below the 
ilco-co\ic opening, i8 a. fomons narrow round part of the intestine called the 
appendi:i: eCl'ci, or, on account of its worm-like appearance, appendi:c vermi
furmis. '}_1his is first seen low down among the mammals, in the ma rsupial 
group, in the wombat. Ko sign of it again appears ti~l the ichneumon and 
pig are reached. but not then is it a proper appendix. It i8 next seen in the 
lemurs and higher apes, as chimpanzee, orang, gibbon, and gorilla. Finally in 
man it ir-. present as a functionless and dangerous structure. Its length, a,·er
aged from eleq~n authors, is 9.2 cm. Its extremes are 1 to 9 inches, or 3.1 
cm. to 23 cm. It at!ains its greatest length between the twentieth and for
tieth years (Berry). ]ts lcn~th compared to that of the large intestine is 1 to 
10 in the new-born, and 1 to 20 in the a<lult. There is no relation between 
size of Cfecum and length of appendix . Its diameter is 6 mm. a.t base and 5 
mm. a.t apex. 

'l'he appendix has no set position. Tre,·es considC'rs it to pass most frequently 
up from behind the ex-cum to the left behind the ilcmn and mescntery toward the 
spleen. Others regard this position as nearl_v abnormal. Turner of Russia. finds 
it hanging into the true pelYis in 51 out of 83 cases1 and transversely across the 
promontory in 20 more of those cases. 

Berry gives order of f'rcc1uency as: 1. Pelvic position; 2. Rctro-m-ccal ; 3. In
ternal crccal (to"·ard spleen); -!. Variable. 

ofte~h,~ i~:~~~e;d,~r [b~~u~~1~~·bfi~~n~~~~~~!s .. cS~~!~·,~a;)c\ !~a ~·n~~~t~·t:, ~~at~~~:! 
peh·is." 

The. explanat.ion of an up-~urned or tlown-turned appendix i~ probably to be 
sought ID fretal life. If the chstal end of the appendix gain adhesions with the 

1 Ann. Surg., vol. 17, 1893, p. 16-1. 
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me entcr_v or alH.lominal wall when it is still high up beneath the liYer, the ctecum 
will drag it down in an inverted position. If no such adhesions occur, then it 
will descend freely, and perh:tps dip into the peh·is. It takes a somewhat spiral 
form, <lue to its short me~cntery. 

Relations to ececmn have been noted abo,·c under Ca:!cum, where the data are 
quite eonstant. 

R elations to t~1e antaio1· abdominal wall for clini cal purposes <lo not agree. 
Clado draws two Imes, one along the outer edge of the right H.ectus, an<l another 
connecting the anterior superior sp ines of the ilia. The point where these inter
sect Ulado uses as a. guide to the base of the appendix, which brings it into the 
bypogastriurn. Mcllurney draws an imaginary line from the right anterior supe
rior sp ine to the umbilicus. His 11 point" is situated on this line two inches from 
the spine. This is used as a guide to the base of the appendix. ri'his point is in 
the right iliac fossa. 

Relationfl to peritoneum. are that a mesentery is al ways present, but it does 
not extend the whole length of the tube, lea,'ing the distal third or so free and 
completely co,·ercd by peritoneum. '!'his meso-appendii.· is triangular and comes 
from the left leaf of the mesentery. and contains in its fol<l the posterior branch 
of the ileo-crecal artery, which is deri,,cd from the ileo-colic. 

Its walls present the same layers as seen in the colon, an<l its whole mucous 
membrane is closely studded with solitary glands. I t is usually hollow to its 
extremity and its lumen communicates with the crecum by a small or ifice often 
guarded by a rnlve. 

Gerlach in 18.J.7 described a'· semilunar fold of mucous membrane guarding 
the appenclico-crecal orifice." It was only .5 to 1 mm. high and was so turned as 
to cause retention of the normal secretion in the appendix . The existence of 
Gerlach ·s valve is now doubted. It is inconstant and unimportant. 

There is usually another bigger cresccutic fold near the orifice (Fig. 654), but 
with no function of a valve. 

According to Hibbert and Zuckerkandl the cavity of the vermiform uppendix 
tends to undergo obliteration, not as a pathological process, but a physiological 
one. In ch ildren the lymph-follicles of the appendix a.re very numerous and close. 
After the twentieth or thirtieth year it is normal for them to atrophy. Oblitera
tion of the process occurs to some degree in 99 cases out of -!00 (25 per cent.); 
total obliteration in 3.5 per cent. (Ribbert). Or obliterat ion occurred in 23. 7 per 
cent.; total obliteration in 13.8 per cent., and partial (distal half most common) 
in 9.9 per cent. (7.uckerkandl). It neYer occurs in new-born. After sixty years 

~! 6gc~1~f~-~g~h:u0~:'~;~·~1~~!~:~:f1tt~: m~~1?ocs~~~~i:~~~~:;.~11~~~1 t~ stl~o:·1~t~~~~~~~c~ 
of obliteration. 

The pathology seems to be an involution-change in a functionless organ. 
There are no s igns of intiammation or cicatrices. As a first step there is atrophy 
of the mucous membrane, and its glands disappear. 'l.1 li e submuco!la thickens and 
accumulates fat. 'J~he muscular coat is either unchanged or becomes hypertro
phied. The adenoid tissue is finally lost. rJ1herc arc four authen tic cases of 
absence of the appendix. For the fossa! of this region sec p. 007. 

The lleo-colic, Ileo-cc:ecal valve or Valvula Bauhini. 

The end of the ileum passes obli~uel .v upwarrl and to the ri~ht, nnd opens 
into the large intestin e on its postcro-intcrnal surface; it opens upon the sum~nit 
of a plica sigmoidea which marks tbe junction between the c::ecnm and ascendmg 
colon. 

This orifice appears as a trans,'crselv oblique or a douhle convex slit. It is 
often rounded on the left and presents a sharp apex to the ri!(ht (Fig. 6.5-!). It 
is bounded by a rnlve ha,•ing two semi lunar segments, :t colic nnd a crecal one, 
which project into the lumen of the large inte!o\tinc. '.l'he upper of these seg
ments is more horizontal , the lower more concave and longer. At each end they 
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coalesce and are prolonged into frccna or retinacula of the ni h·c. The segments. 
are made by an inrngiuation of parts of the wall of the ileulll into those of the 

colon (Fig. 655). Ea ch segment of the valve coni::ists of two Ia~-e rs of mucous 
membran e continued around the free border, .. _ ~L ••• '".m "" om•" ;,~o;oo ood ooo <mm '"' 

~ ~ =- :-- large, rncludmg bctwC'en them submucosa. and 
_--. _·- . circular muscular fibres : th e longitudinal fibres 

. ~~1~~8~c~1~~~~1c~1 11~~ ~1~~cs~~11~~i1~~c~lh~1n~~~~=:~r~;,~edJ~ 
_ · not enter th eir compo8 ition. ] f these two coats 

·-· · · - be incised and traction made on the ileum, these 
valYes can he unfolded nnd drawn out of' the 

""""-.:::;o;~!lllE,. _ . 1 colon , the ileum appearing to open into the 
3 intes tin e by a 1argc fnnncl- i::. haped orifice. The 

opposed mucous surfa ces of th e segments look-

:~·~s~~~·~~.1~ :~-:.~1ei;l~1~~uoiu~te c~1~~~~~cL~~s;~:~~i. a.I~ 
footal lifc the other two surf'a tcs po~sessecl yilli 
too, but by birth the latter Lave disappea red. 
Th e su rfaces turned toward the large intestiue 
present tl1 c follicles and J:(lamls of Lieberkiibn 

ere!~~ e.~rt\r~~i-~~~c~Ic 1!-?S,.~~roll~~~~~ pec1~~~· /~n~1~fo~'l~7.e t\:1:c~.~:~~ is to pre,·ent re-
~:~~~i~ \·~ini~~~~~iS. c. Ca::cum. Pt" l'ro- gurgitation of intestinal contents back into the 

small intestine. " 7 hen the c:-ccum il:! distended, 
the segments arc approximated. They a.ct even in the cadaNC'l", proving that 
mt"1scular action is not essential. Wlt en in an cx pcr im C' nt wa.tcr was injected 
into th e co lon , not a drop passe<l through the val Ye; " hen the pressure was 
in creased to a. height of two or three metres th e n1lvcs did not y ield, but the 
walls ruptured. ln intestinal obstruction thC'rC' i:< evidence of a rCturn of con
t~nts from the large intc~tine. Thi s is probahly due to a. slow, ~ratlual di~ten
twn of the wa lls of thC' large intest ine, ancl benec a relati,·e ini;i.ufficiency of the 
vah-e. Ili ~h enemata ma~~ pass this vah-c in two out of three ca~e!-' . hut such a. 
valve is rC'garded as imperfectly developed and incompetent from the first. 
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~y '~~~ji~:,1 ~~~l~~~~11J:<i 1it~~~W:1~r1~~~b~n~.eargi:;~e;~ f~~~~w~fuj~\~n~all~~ "i~8r~}~J~~~rei~br:~1:1! 
m 161.8 first tried it!i fur:iction by insuffiation. Casserius1 Tulpins. and Bartholin repeated the 
expemnents. )lorga.~m in 1719 gave tbc best description. \\'inl;low and .Albinu!-i followed 
him. 

Colon.-As in the cmcum. the outer surface of the colon is prismatic ancl tri
angular. Four characteristics are obsen-ed : 1. 'J'hree t::cnim which start from 
the root of the appendix; 2. Three rows of sacculi between the bands; 3. Con
strict~ons which separate the sacculi of C'ach row; -l. Appendices epiploicm. 
The mternal surface bas a reverse conformation, the projections between the 
pouches being called plicce s(qmoidece. 

'L'he ascending colon is smaller than the crecum, with which it is continuous, 
and larger than the transverse colon. It is very short. l t passes up through 
the right lumbar region into the right hypocbondrium until it rcachcR the inferior 
surface of the right lobe of the liver to the right of the gall-bladder, the impressio 
colica. It is retained in contact with the posterior abdominal wall by peritoneum 
which covers its anterior surface and sides, its posterior surface bci;1g connected 
b.v loose areolar tissue with the fascia coYering the Quadratus lumborum and 
Transversal is muscles, and with the front of the lower and outer part of the right 
kidney. An abscess of the right kidney could thus break through into the ascend
ing colon an<l not wound the peritoneum. It is £n relation in front with the 
abdominal wall an<l con,·olutions of the ileum. Sometimes the peritoneum nearly 
surrounds the colon and forms a. short mesocolon. 1 On the under surface of the 
li,·er in the region of the gall.bladder, the ascending colon forms a. sharp angle 
from the posterior abdominal wall to the front and the left, be1.:omes somewhat 
superficial. an<l continues into the trans,·erse colon. This is tho hepatic or rigltt 
colic flexure, bound to the under surface of the liver by the z1.:q. lwpalo-colicum. 

The transverse colon is the longest part of the large intestine, averaging 
twenty inches, while the ascending colon is eight inches, ::iud the descending, 
from the splenic Aexure to the crest of the ilium, is eight and a half inches. It 
passes from the hepatic flexure in the right bypochondrium tranS\'ersely and 
slightly upward from right ~o left along the anterior abdominal wall to the splenic 
flexure in the left hypochondrium (Fig. 626). Since the colon is longer than 
the width of tho abdomen it describes an arch, transtierse arch of the colon. with 
its convexity directed downward and forward. 

It is the most movable part of the colon, for it has a. very long mesentery, 
the trnnsm•rse mesocolon, which allows it a variable position. Its usual position 
corresponds to the line separating the urubilical and cpigai--;tric regions. In four 
times out of five it i~ abo,·e tho umbilicus. It i~ in relation by its 1.1,pper surface 
with the under surface of the liver and gall-bladder, greatrr curvature of the 
stomach and lower end of the spleen ; by its under swface with the small intes
tine; by its antn·ior surface with the great omcntum and abdominal walls; by 
its posterio1· surfare with the transverse mesocolon: on tLe right with the second 
part of the duodenum, and to the left of this with some com,olutions of the 
small intestine. If this colon bas a very direct and obliquely ascending course, 
the greater curvature of the stomach will be behind its left portion. 

In some cases the transverse colon may present a v. or U·shaped bend de· 
scending as far as t~e pubes. rl'hesc bends ar.c alwa~'S do~rnwar<l, abrupt, ~n<l 
angular. 'l're,·es thmks they are due to bab1tual <l1f-ltent1on or to congenital 
causes (Fig. 656). '['hey. are normal in many animals. . . 

The descending colon is continuous with the transverse by the splenic flexure, 

fiftv-: 1~ril~~:v!:8s~~t~h:!1~~ a~1~i~~ef~1~re~d~~~~~~~~gof11~=~J1;~red I ~~1~j1:~~~lyl~~w~Ol~h~r:l~:!s i~ 
deScending mesocolon, bnt no trace of a c;orresponding fold 0~1 the other side. Jn fourtee~ st~bjects 
there was a mcsocolon to both the ascc!'drng and 1he descenclmg ~e~men.ts of the bowel, whil~ 111 the 
remaining twelve there was an ascendmg meSt>colon, but no correspond mg folcl on the left side. It 
follow~ therefore that. in performing lumbar colotomy a mesocolon may be expected upon the left 
~i:J ~~~o~~~n~~~t~1z:11~1~:S~~~.ai£ )on the right in 2G per cent. ( 1'11e AnaWmy of the Intestinal Canal 
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or /~fl colic flei-ure, which is higher up nnd farthc1· ba<'k than the hepatic fl ex ure. 

'J1o th is bend a fold of peritoneum is attached, ri :si ng from the diaphragm betwcC'n 
the tenth and eleventh ribs. It is the pltreno-colir l\q<w1rnt, rather than 1

' costo
colic, " as it docs not touch a rib. 'J'he 
spleen happens to li e just above it, so it 
acts as a support to that orga n though 
not connected with it, and tbu~ rccciYcs 
a second name, sustentaculum liiJni.~ (sup
porter of tbc spleen). 'J'bc colon th en 
clescends along the outer bonier of th e 
left kidney . then turns in a little, and 
descends tO the crest of the ilium or to a 
point where the periton eum begins to 
surround th e intesti ne and form a mcso
colon for th e sigmoid flexure. 

It bas passed :donµ; the outer border 
of the P soas muscle in front of part of 
the Quadratus lumborum , and more largely 
in front of the 'l1 ransversalis muscle. 'l'hc 
relations of the descending colon on the 
left side arc much lik e those of the ns
cending on the right, only the form er 

ve r~1gar~~:-f;~~1r~di~dr~~·~~~~~~.~~~ei,?e~3c trans- reaches a littl e higher and is placed more 
latera1ly, so it can be mor e easily rea ched 

through the posterior abdominal wall for th e establishment of an artificial anus. 
This colon is smaller and deeper than the ascending colon and more liabl e to 

have a mcsocolon . 
The sigmoid colon or :Oexure is in the left iliac fossa, comm encing a.hove at the 

iliac crest and eudmg below in the rectum at the brim of the true pch·is opposite 
the left sacro-iliac articulation, or just as often opposite the upper edge of the 
sacrum. In general it is described as an S-~hapcd curv·e in whi ch can be distin
guished an upper colic limb turned towa.rcl Poupart 's ligament. and a. lower rectal 
limb whi ch hangs more or less into the tru e pelvis. 

rJ'his first part usua1ly passes downward, inwar<l, and some\\bat forward, 
approaching the anterior abdominal wall and outer part of Poupart's ligament. 
This portion may ba.ve peritoneum only in front and on the s ide:;; . rl'be nex t 
part is more movable, its mcscnter~r is :ibout three inch es long, and it constitutes 
the sigmoid loop proper. When it docs not hang down into the pelvis, the blnd
der aud rectum are distended and push it up, in rare ca::.es as Lig h as the umbili
cus or e,·cn Jiycr. This loop m::i.y lie in th e iliac fossa outside the first p:irt: if 
its mesocolon is short, it passes obliquely across the iliac fossa. and is coYered by 
small intc::.tine. 

'The sig moid mesoeolon is inserted into a ]inc running from th e left at the 
crest of the ilium across the pso:is muscle and left iliac ve~se l s a.t right angles to 
the anterior surface of the sacral promontory, where it is continuous with the 

mesorectum (Fig. 614). In the left layer of this mcsentery is th e intersigmoid 
fossa (page 996). Th e pos1twn of the fl ex ure in th e new-born demands notice, 
for here the mese?tery is v~ry long and the flexure may reach over on the right 
to the crecum. This fl ex ure 1s usua.lly filled with mcconium . 

Relations of Large Intestine in Detail. 
Crecum. 

Anterior~11: 

Anterior abdominal wall above outer half of Poupart's ligament. 

Posleriorly: 
Right ilio-psoas muscle: Origin of appendix. 
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Supe,.io..Zy: 
Ileo-crecal va.l ve; and aperture. 

Inner Side: 
End of ileum. 

Ascending Colon. 
Antetiody: 

Ileum; 
Abdominal wall. 

P ostcrio,.ly: 
Quadratus lumborum muscle; 
'l'ransversalis abdominis; 
Lower and outer part of the right kidn ey. 

Superiorly: 
Under surface right Jobe of liver. 

Transverse Colon. 
Anteriorly: 

Anterior abdominal wall; 
Great omentum . 

P osteriorly: 
Transverse mesocolon : 
D escending duodenum.; 
Small intestine ; 
Greater cu rvature of stomach (sometimes) . 

Sttperiorly: 
Under surfn cc of li1·er and gall-bladder ; 
Greater curva ture of stomach; 
Lower end of spleen ; 
Tail of pancreas. 

Inferiorly: 
Small intestines. 

Descending Colon. 
A nterio..Zy : 

J ejunum; 
Abdominal wall. 

P osteriorly : 
Quadra.tus lumborum muscle; 
Trans,·crsalis abdominis muscle; 
Outer margin of Psoas muscle; 
Lo11·cr part left edge of left kidney. 

Superiorly: 
S pleen; 
Phrcno-coli c ligament. 

Antaio,.ly: 
Anterior abdominal wall; 
Smal l inteHtincs. 

P o..teriorl;1: 
J ... eft ilio·psoas nrnRtle: 
Po;.;terior wall of peh·is; 
Hcctum. 

Sigmoid Colon. 
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The rectum constitutes the terminal portion of the intestinal tube. It rcccive(l 
its name inte."tinum rt•ctum from it::; i::-tra ight course in an imals. Jn th e human 
subject it::; course is nearly ,·crtical, but i't presents four curves and should be 
c;illcd int11xtin1011 ew·1•wn (Lisfranc). 

The ancient and much-copied method of description di,·idcs it into three 
part~ . \\' c bc~itate to introduce a change in old nomenclatu re, but will m<'ntion 
those propn::;cd and allow the reader to make hi :. choice. 

Tre,·c.s in 1885 called attention to the fact tlrnt there \I as no demarcation he
twc:cu the ~igmoid flexure an(l the first part of tbc rectum at the brim of the pch·i~. 
~o he conclu<lcs the intestines should be called sig moi<l fl ex ure until the mcsocolon 
is lost, i. e. until it reaches the third sacral vertebra. This rectum. therefore, 
ha~ the two lower parts of the three usuall y dm;c ribcd and no rn cso rectum. Cun· 
ningham and Quain take for the r ectum the upper t.wo of the three usually 
described, the third being regarded as a separate part called anal canal. 

Th e rectum in three pm·ts is situated in the pch1 ic ea.v ity and on its fl oor. It 
is attached to its posterior wall , whose curve it follows. Its inferior limit is a 

circular lin e sepa rating th e Rkin 
from the mucous membrane-the 
anal onJiee. Its superior limit ca n
not be determined precisely; it is 
continuous with the sigmoid flexure, 
but there is only an arbitrary line 
of demarcation . ' This is the jJC:!lvic 
hrim 1 most usually opposite the left 
sa.cro-i liac articula.tion, quite often 
the sacra-vertebral angle, or rarely 
on the rig ht of the ba•e of the 
Racrum. Superiorly, it is united to 
tl1e sacrum by a fold of peritoneum, 
th e mesorectum. Lower down the 
prritoncum only coYers the si des 
and front, much as in the case of 
the descending duodenum (Fiµ:. 
tLJ7). ~t ill lo" er do" n, at a height 

,, of a.bout one inch abo,·e the prostate 
gland, it entire l ~r abandon::; the rec
tum and is reflected upon the neiµh
boriug organs, making, according to 
sex, the rectO·\'<'!-'ical pouch or the 
recto·rngina.I and recto.uterine. The 
height of the recto-,·e~ical pouc:h in 
the male is ne,'er more than 8 c·m. 
above the anus. The height of the 
recto-vagina l in the f'rrnalc is always 
less, nbout G r m. Th e len_qth of the 
r ectum , measured alonµ: its anterior 
wall ( in th e body), is 18 to 22 cm., 

Ou~i~C&~~·~~[t~~~'.01~~·?i~J)~~i.)oneum to rectum und blndder. ~~C~~~~=~~::;c~n~~~~~1 . ~,~1t=i~~~li~~-~ 
varies according to circumstances. 

\\'h en empty it is less than thnt of the other portions of the lnrge intestine. 
When it contams a certa in amount of frecal matter its miiltlle portion is more or 
lc.""s dilated, hut not to the size of the ct-ccum. Th e cali bre of thC' remain<k·r, in 
gC'neral, is not circular. In the lower part of the rectum it presC'nts a trans,·er~c 
slit, a111l the anterior and posterior walls lie upon each other, mainlv from the 
pre::-!-'ure of the anterior organs forcing the rectum back on the fl.Ucrum and 
eoccyx. Just at the turn of the rectum into its third portion, and especia lly 
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:t~~=dr~~~~~im·ly at the apex of the prostate, is the largest part, the ainpulla 

'l
1
he lowest inch of the rectum, the annl canal, is an antero-posterior slit, the 

lateral walls resting on each other (Fig. 658). In pathological cases the calibre 
may be so distended as to occupy the 
whole pelvis. 

The direction or the rectum, starting 
usually from the left of the base of the sa
crum, is obliquely <lownwar<l, backward, 
and to the right. When it comes to the 
level of the thi rd sacral ,·crtebra it has _ 
rcach ec~ the middle l ine. I t now passes that -·-..2.._ 

~ir~~ ap;~~:1 ~t~ier~~t~r~J1°~~c~·~f :i!i~~~;~~~ 
It again returns to the middle line at 
about the sacro-coccygeal junction and 
passes downward and forward, and may 
cross it a second time till it reaches the 
level of a. trans\·ersc line drawn between 
the anterior parts of the ischial tuberos
ities. 'l1his point is also opposite the 
apex of the prostate gland (Fig. 657). 
'l'his point is not opposite the lower end 
of tbc coccyx. as often stated, but fully 
one inch below that. 

Rappey thu.s describes two late~·al F.10. 658.-Coronnl section through the anal canal 

~~:~~~~: a1~~kc:· i t~ol~1~rn al~~~~~·~~ste,~,~~ ~t:~f~~F i~~~"~'~'.~~:~~~~~1;~hrJ:~Uif1i~::;r~·~ 
first turn of the rectum from left to ES. Extcrnnl sphincter. 

right he docs not consider a curve. ':I1 he lateral cu rves arc of little importance, 
and run into each other. '.rhe first is the more pronounced, and corresponds to 
the junction of the third and fourth pieces of the sacrum, with its concavity to 
the left. 'J'be second corresponds to the sa.cro-coccygcal junction. with its con
cavity to the right. 1J.1he,v arc best seen with an empty rectum. and are almost 
effaced when it is distended. 

The rr.ntero-poslerior cw·l•e.~ are more pronounced and independent of the 
degrees of dilatation. 'J1he first or sacral clirt•e is due to the conformation of 
the sacro-coccygeal column. It has its concavity forward, its c:om·exit.y being 
most marked at the junction of the third and fourth sacral n~rtebn'C. The 
second or peri1teul curve has its convexity forward, corresponding to the apex 
of the prostate gland in the male and posterior wall of the \'agina in the female. 
Its concavity looks downward and backward. The sacral cune represents the 
arc of a cirCic. 'rhe last one is angular. 

Acconling to its direction, then, the rectum is di\·idcil into three parts-a 
supn·io1· portion, passing obliquely downward an cl back\1 ar<l: a middle portion 
passing obliquely downward and fo rward; an inferior or anal 7wrtion, passing 
obliquely downwar<l an<l backward. They lll"C not of equal lengths; that of the 
first is 8 to D cm.; second. J 0 to 11 cm.; thi rd, 2 to 3 cm. in the male, 1.5 to 
2 cm. in the female. According to Quain, in order, the first part is ffre or four 

!~~::: ih~e~~~~~~u~hi;:c s~1~~i~l~;~ri,111:~:s ~e~::1u~~,~~11(1 °1~c~~}~~~~~ 1 ~0 l<~'.~~ri 1 ~~~~n ~~1 ~~~ 
adult. In the female it is said to be larger and straighter tl1an in the male. 

'l'he fi,rsl, or superi01·, portion includes about half the length of the tube. and 
extends "obliquely from the pelvic brim, opposite either the left sacro-iliac artic
ulation or the sacro-vertebral angle or the right side of the base of the sacrum. 
to the body of the third sacral vertebra. It is almost completely surrounded 
by pcriton;um, which is connected to the anterior surface of the sacrum by the 



1010 'J'IIH ORGAXS OF DICES'l'JO.\'. 

double fo!J call e<l mt.':ftn•fcfum . 11his is co ntinued abO\'C with the sigmoid meso
colon. is triangular. an<l enc.ls below in an ttpex. ut t~c tLinl 8acm l vertP~ra .. Some 
convolutions of the ileum. or a loop of the s1gmo1d fl ex ure, usua lly h e 111 front 
of this part of the rectum. 'l'hey separate it from the bladder in the male ""d 
posterior surface of the uterus in the female "hen the rectum is empty. If dis
tendc1l, one of these organs1 according to sex, r c:-:;ts on its anterior surfa ce, the 
intestine being pushed up. P olSteriorly is the .mesorect.u~n , left Pyriforrnis u~uscl c , 
left ~acra l plexus of nerves, branches of left 111tcrnal t11a c vessels, left portion of 
anterior i;:. urfacc of two and a. half sacral ''ertebrre. '.L1o the left s ide are the left 
ureter an<l left internal iliac vessels. If this part of the rect um come down in the 
middle line or fron. the right, these relations will diflCr. 

Th e middle or second part of th e rectum is ti.nee 01· four in ches long, and ex
tends from the middl e of the third sacral vertebra to a point oppos ite the apex of 
the prostate g land. H erc th e course of the r ectum changes to a posterior one, and 
that is one inch below the tip of the coccyx. It is onl.v partially covered by 
peritoneum. It has no mesor ecturn and its posterior surface bas 11 0 peritoneal 
corering. At fir :-:.t it is COYer e<l anterior ly and laterally, hut graduall ,Y the peri
toneum lea.\'es the s ides, and finally, about one inch abo"e the prostate or at the 
length of an index finger aboYe the anus, ne\'CI' more than 8 cm ., it is reflected 
from the anterior surface of the r ectum to the bladder or to th e upper fifth of the 
posterior wall of the ''agina, making the pouches as above noted. Distention of 
bladder or rec tum would diminish the <l eptb of these pouches. '!'bis part of the 
rectum is in relation anteriorly in the male with the recto-vesical pouch, with the 
triangular portion of th e ba se of the b1adJer, the vesicuhc semina_l_es and vasa 
deferent ia , an<l beyond them with the unde r su rface of the prostate. In the female 
it is rel ated anteri orly to th e poster ior wall of tL e ngina, with which it is a<lherent1 

with tLc recto-vag inal and r ecto-uterine pouches and small intestines therein. 
The posterior wall lies upon the lower part of the sacrum, middl e s:tcral artery. 

origin of' l)y riformis muscles, coccyx and auo-cocc,vgeal hotly, and Coccygei mus
cles. The ano.cocc_ygea l body is a den:-:.e mass ol' rnusculo-fibrous ti ssue situated 
between th e tip o f' the coccyx and anus. 

'J1hc lower portion or anal canal is about one inch long when th e rectum is 
empty: it is shorter when the r ectum is distended. lt turns downward and back
ward at the lower part of the prostate gland and ends at the anal orifice. It bas 
no peritoneal CO\'Cl'ing. It is invested by tbc sphincter muscles and supported by 
the L e nLtores ani. B ehind it is in r elation to the auo-cocc,\·gcal bod~· and Coc
c,vgei musc: les; on the sides to the fat of the ischio-rcc:ta l fo~~:u and the Lem.tores 
ani muscles. 

Anteriorl,11 in the male is the bulb of the urethra. and its membranous por
tion; in the female it is separated from the lower encl of the rngin<L by the peri
nea! bodv. 

'fbc Skin about th e anus is pro,·ided with a ring of sweat-glands c.tlled circwn
anal ,qlands. 'J'h c skin is also thrown into minute corrugations by means of little 
dermal muscleR, th e Oorrugator cutis ani. 'l'hc ana.l o rifice is not si! uate<l alike 
in the sexes: it is farth e r forward in the female, and less concealed bet"een tl1e 
iscbia l tuberos iti cs. It is 3 cm . in front of the coccyx ? r just at the bi-iscbial 
lin e, a little elongated, and th e skin is de:stitute of hair. In the mal e it is 2.5 cm. 
in front of tb c coccyx just beh ind the bi -isch ial lin e and <lceply placed. 'l'he skin 
is coYercd by hair more or less abundantly. and th e orifice is circular and pre
se11ts little skin folds vertically a1Tangc1l lik e rays toward a centre B etween 
tbe1'e, where they continue into the rnu cous membran e, Jin ear excoriations may 
occur- :fissure of the anus. 

Structure of the Rectum. 
Four coat~ are again met. but the muscular and mu cous ones differ from those 

yet seen. The walls a re 3 to 4 mm. thick, while those of the colo n are 1 to 1.5 mm. 
w The peritoneal <·oat surrounds the first portion only and forms a mesorectum. 
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In the scconcl por tio n it co,·crs the upper par t of the anterior surface, a. part of the 
sides . and none of the poster ior surfa ce. The lower part is de,·o id of serous 
co ,•cring . Th e per itoneum of th e upper par t of the rectum is th row n into a few 
pouches, th e appendices epiploiae. In women, where th e cul-de-sac is lower than 
in men, the peritoneum covers the whole of the an te r ior par t of the middle 
portion. 

Th e musl'ulur cuat is thick ; th e three bands of the colon <lo not spread out and 
fo rm th e uniform layer as descri bed. The anterior band descends along th e mi d
dle portion of th e rectum and continues to th e anus. 'l 1hc external band joins the 
anterior near th e end of the sigmoid fl exure and runs with it over the first part 
of the rectum. The internal band is most mark ed al ong the middle portion of 
the rectum and runs po~teriorly to the anus. 'rlrn three bands of th e crecum and 
colon are reduced to two on th e rectum, an anterior and a posterior on e. In pro
portion as they descend they get larger. 'l'he endings of th ese fibres are various : 
into peh,ic fascia, anterior surface of coccy x, and deep surface of skin, just out
side th e anus. T endencies to sacculation arc dcscribed 1 as the longitudinal fibres 
are rath er short. The longitudinal layer is more or less complete between the 
two bands. 

'!'he circular fibres are well developed and especially thick between the sac
culations. Below, in th e anal portion, they become much augmented as the 
I ntern ti .~p/1incter. This muscle is 3 cm. high1 and 3 to 4 mm. thick ; below it is 
precisely limited by th e circular line, " white lin e," whi ch mark s the mucous 
membrane from the skin. It surrounds the whole length of th e anal canal and 
ends very abruptly aborn in th e thinner circular fibres. All th ese fibres are un
striated. 

P osteriorly two R ecto-coccygei muscles pass from th e second or third vertebra 
of the coccy x to the posterior part of the anal canal. 

The oth er muscles directly connected arc the E xternal sphincter, which de
scends a littl e lower than th e Internal and surrounds th e anal orifice (Fig. 658), 

and~~: ~~,:~~~;· ~~!nZ!.;/,~~ 0s;'~h~r~.~~~ut~e i : i~l~~~ke:~'l:i~~c~ ~1·~~·~ ~~~~u~1::c~~1~~\hat 
of the colon, and, mo vina quite freely on the muscular coat, mak es a, kind of 
independent tube. Whe~ contracted it shows many fo lds of no special direction1 

most of which can be obliterated: some, however, are more permanent, and are 

Fm. 6.)9.-Coronal section of pelv is. Poste rior wall of rectum ~ccn from in front (Jlcnlc.) 

called iwfres of the rect"1n, or of H ouston. or 71/ie<e 1·ecti. l'sually t hree are 
pre:-ent, sometimes two 01: fo ur. One of t hc:o;c, the l a rge~t ~n<l usually consta.nt , 
is s ituated on the r ight sule of the rettum. about at the point wh ere th e per1to-
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ncum i!-i rcHecte1l upon the bladder. i. t'. 6 to H crn. abon· the anal or ifi ce. It is 
hi:-<torical. and lia:-1 l.H.'Cll tle~cribed by ~Claton and \'clpcau as Hpltinrter 81lft'rior: 
a~ llou~ton's ··most frequent., Mfre: as Jl.yrtl'~ spltinctl'I' frrtiu11 : and J\ohl
rausch's pli1·a fl"amH'ersalis. This exten<ls from the right to the anterior \\all of 
the rectum, and cannot be obliterated, a8 it does not contain lon~itudinal n111sc11-

lar fibres . lt projects 15 mm. into the lumen of the gut and extends around one
half or two-thirds of its inner circumference (Fi~. tJ;W). 'J'Lierc are ~(·nerall_v l\\O 

other folds on the left :.<ide, one about one inch abon• and the other one inch 
below, this one of the right side. These two contain a ll the coats of the \\all and 
may be obliterated by distention. Note the tendency of the three to the forma· 
tio~ of a spin1l valYC. 'l'hey may all be ca lled iiafot'.~ or .folds o.f I/oust on. The 
dilatation Uetwecn the lowest vah·c an<l the ana l cana l ii-; the rectal ampulla. 
'rho presence of these valves may cai.:.se difficulty in the 1rn ssnge of bougi<'s or in 
dif!ital examinations. In functi on they seem to asf:ist the sph in cters and :ict a~ 
.s hel\'<'S in supporti ng the frec~d masses. 

In the anal ca nal the mucous membrane is thrown into three to eight longi· 
tudinal folds containing muscular fibres, probably of the muscularis mucosm; 
tl1ey arc called columnce ani or rolumns of Jior,qagni. They commence just abo\·e 
the anal orifice :111<1 extend 7 to 1-1 mm. up the anal canal. rising 1 to 2 mm. 
a.bO\'C the level of the mucous membrane. Stretched between these columns at 
tbe:r inferior extremities arc 81'milu11ar Mfres or fo lds made of mucous membrane 
with concavitieJ.; turned up\\arcl. They are unc11mil in length, \'cnying i1wersel,i; 
with the number of columns. 

Behi11d eath rnh·e and between any t"o contiguous column s is a little con
Ca\'ity or f:i11ur~ '-\ ith 111outh directed upward. Thus, th ere are columns, 'Mires, 
and si111w·• of Jlorgagni (Fig. 660). 

.Si1111sofJio,·gag11i 

1·11lt'eof Jforgog11i 

The characteristic cells of the mucous membra ne are cylindrica l epithelium. 
The glands present are those of Li eberkiihn an<l the solitary lymph-folli cles. 
In ferior ly on the anal canal there is a narrow zone of mucous membrane <le:sti· 
tutc of glands. 

l ~i:ss1·ls and 1Yul'rs qf the Reetwn.-Tlie <uteries spri ng from fi\'e or six 
sources, three of which are named bremorrhoida.l: the l'JU)lerio1· luemorrhoidal 
from the inferior mesentcric arterv: the middle lw:morrhoiclal from the internal 
iliac: and the iJ~f'eri<11· lw,11101.,.hoi:lal from the internal pu<lic. The i;acra media 
and sciatic: arteries also send unnam ed branches to the rectum. u1H.l in the female 
the 11a.r1inal artery does the same. 'J'hcse arteries <:omi ng f'1 om aLo\·c form l oop~ 
on either ~i<le of the rectum with convexities pointing do\\1)\\arcl. Tliese are 
three or fo ur inehcs aborn the anus : from these loop:-; ~('\'C r:1l hranche~ ri se, and 
pass longitucli nally downward, pierce the muro;cul:n coatJ.; nncl ent er the submu· 
cosa, and anastomose freely. In the anal c~nal they a rc longitudi nal in folds of' 
mucous membrane, and reach to the anal orifice. 

'l'hc 1•ci11."4 return the blood in a. simi lar way, st:nting b.v dilatations below arnl 
making a plexus higher up under the mucous mcrnlmrnc. )lost of this blood i~ 
returned b:· the superior hremorrhoidal \·ein to the inferior mcsenteric \·ein anti 
portal s:~stem. The rest of it reaches tbe sy!'tcmic circulati on and vena caxa infe· 
rior. The rectum furnishes an anastomosis between these two sn;tcms. It is \·er' 
:5trangc that till' anatomieil text·books apply the term l1<emorrl;oidal to a ll \·essei~ 



TIIE INTESTIXAL CAN_ I/,, 1043 

connected "ith the rectum. Of course those vessels supply htemorrboiJs \\hen 
th e latter are present, but the implication is, they are always present. 'l'be 
term rectal would seem to be correct and the one intended . 

rehe lymplwtirs, from mucous and from muscular coats, enter glands anterior 
to the sacrum . Those near the anus enter ingui nal glands. 

'J'he 11eri•es are from the sacral plex us (cer ebro-spin al), and from the inferior 
mc~enteric and h.vpogastric pl exuses (sy mpa thetic). 

In animals the long itudinal muscular fibres have a motor su pply from the 
sacral nen es. 

Relations of the Rectum in Detail. 

Anteriorly: 
Small intestines ; 
Sigmoid flexure; 

FrnsT PORTION . 

Posterior surface of bladder in male; 
Posterior surface of uterus in female. 

P osteriorly : 
~Iesorectum; 
Left Pyriformis muscle ; 
L eft sacral plexus; 
Left internal iliac vessels; 
Anterior surface of fir•t two and a half sacral vertebrre. 

Extemally: 
Left ureter; 
Left internal iliac vessels. 

Anteriorly : 
(Jiale) Recto-vesical pouch; 

Small intestines; 

SECOND PORTION. 

Triangular portion of bladder; 
Vesiculre seminales: 
Vasa defcrentia; 
U' nder surface of prostate gland. 

(Female) Posterior wall of vagina; 
Recto-vaginal pouch ; 
Recto-uterin e pouch ; 
Small intestines. 

Posteriorly : 
Lower part of sacrum; 
Coccyx; 
Ano-coccygeal bo<l.v ; 
Mi<id le sacral vessels; 
Origin of Pyriformis muscles. 

THIRD PORTION, OR ANA i~ CA NA L. 

Anteriorl,'f: 
(Jiale) Bulb of urethra; 

Membranou$ urethra. 
(Female) P erin ea ! body. 

P osterir)J·l,11: 
An o-coccygeal body ; 
Coccyp:l'i mu~cll':;i. 



1014 

Laterally: 
Fat of iscb io-rcctal fossro; 
l~crntores ani muscles. 

The other 11ays of describing the rectum (page 1038) on ly affect its method 
of subdivision. 

']_'reves describes the two lower parts of the rectum and includes the first in 
the s igmoid flexure. rl111is is doubtless an irnpro.vcm ~nt on the old method. 11 7 
~a.ys : 1 

.t 'J'hc seO'ments of the gut term ed the s1gmoul fl exure and first part of 
th'e rectum form

0
together :1 single loop whi ch cannot be di,·idecl into parts. This 

loop begins where the descending colon ends, and ends at the !-l.pot where the 
mcsorectum ceases opposite the third piece of the sacrum. This loop when un
folded describes a figure that may be compared to the cap ital omega" (Fig. 661). 

·' The average length of this adu lt omega loop is seventeen and a half inches, 
varying from six to twenty-seven. Its normal po!'ition is not in the lf'ft iliac 
fossa. but in the peh,is. Its most usual arrangement is 1his : the descending c~ l on 
ends just at the outer border of the Psoas. r11he gut crosses th e muscle at n ght 

Bladder 
F10. 661.-0mcga loop of sib'IllOid flexu re. (Tre\·es.) FIG. 662.-Usunl course of the omegn loop. (Treves.) 

angles and descends vertically along the left pelvic wall, and may at once reach 
the peh·ic fl oor. It then passes more or less horizontally and transversely acrm~s 
the peh-is from left to right and commonly comes into contact with the right peh ic 
waH. H ere it is bent upon itself, and passing once more toward the left reaches 
the middl e lin e and descends to th e anus" (Fig. 662). 

~L1h e lin e of attachment of the mesocolon that fastens the omega loop is as 
follows (Fig. 661) : "It crosses the P soas at a right angle, anrl then takes a slight 
cune upward so as to pass over the iliac vessels about at their bifurcation. ~L1h e 
cun·e ends at the point X, which is most frequently a.t the bifurcation of the 
vessels. From here the line of attachm ent proceeds vertically down to termi
nate at N Its course is to the left of the middle lin e, whil e its ending will be 
upon that lin e. At the point X the mesocolon is folder] a little, and here there 
arises that part of the membra ne which goes to the summit of the IQop Y. H ere 
the mesocolon attains its greatest length, and at this spot the s irrmoid artery 
enters. Th e U\'erage length of the mesocolon is over the P soas o;c and a half' 
inches ; at the point ..1Y three and a half inches; on the sacrum one and tbree
fourths inches. The distance bet,reen the ends of the loop flI and N is three 
inches." 

1 Hu11lerirrn Lecture.~, 188;3: "The Anatomy of the Int~linal Canal and Peritoneum in )fan.I' 
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trans~:::~~l~r~~~~~~.~~~~~:edrn;~~e81~:\1c~t~~~;1~ie~~}~~· ~JI~~ ~~~1\ 0:i1~~~t~111~~.om~·~1.b:J!~'~n1~:~ 
part. the .coil:-; of. the ,Jejunum occupy the left side of the abdominal cavity-i. e. the left lumbar 
a.ncl mgumal reg!ons and the left half of the umbi~ical region-wh ilst the coils of the ileum are 

~~t~\~~~1d ~~0d t~\~;1~~t.h~~Pb~~s~~~~t 1 ~j!h~,~~~1:1~1 iii:~;~:~t~dgi~11t81;~0ri~\~t \i,~~1t~i~:i f~·~!i~!!~ uJ~~b!~~~i~ 
~1f 1~l;~1Hf~n~11fo11~f1~. s~~1~1~l~~sf~i~~bi!11,~iJ[ ab~i:~e n~~~kv1~1~~on\~~\i/~1fei1~~0 J'0~~~~~~~~ciJ~.i.noJ~ ~~r~~~~ 
paratn·ely supe1:fic1al. . From it the ascending colon passes UP'_''ilrd through the rigl.1t lumbar 
an~ hy.pochondr1ac re,!nons, and becomes more deeply situated as it ascends to the hepatic fl exure, 
wluch 1s deeply placed under cover of the liver. 'J'he transverse coio11 crosses the bellv trans
v~rsely on the confines .o.f th~ umbilical and epigastric regions, its lower border being on. a level 
slightly a~ove the umb1hcus1 its upper border just below the greater cur"aturc of the stomach 
~he sple~11 c flexure of the colon is s~tuated behind the stomach in the left l1ypochondrium , and 
is on a lugher le\'el than the hcDat1e flexure. The descending colon is deeply seated, passing 
down through the left hypochondriac and lumbar regions to the siemoid flexure, which is situ
ated in th~ left inguinal regions, and which can Le felt in thin pers .... ons, with relaxed abdominal 
walls, roll!ng under the fingers when empty, and when distended forming a distinct tumor. 

S~rg1ca.~ ~atomy.-'fhe small intestines are much exposed to injury, but, in consequence 
of then· elast1c1ty and the ease with which one fold glides over another, they are not so frequently 

r~~~~~bii tl~e"~~~i ~~!~e,~;~~~esi~~atii~nci.~eihe ~~f nr~;~;~f c~~~ds~~~l~:n ~~s;i~c~~~)~~eit1~ub;i~~d~I~~! 
Exe<l than other portions of the bowel, and because it is situated in front of the bodies of the 
vertebrre, so that if this portion of the abdomen is struck by a sharp blow, as from the kick of 
a horse, it is unable to gli<le out of the way, but is compressed against the bone and so lacerated. 
1tYounds of the intestine sometimes occur. If the wound is a smaH puncture , under, it is said, 
three lines in length , no extrarnsation of tl1e contents of the bowel takes ulace. 'l'he mucous 
membmne becomes e,·erted and plugs the litt le opening. The bowels. thei:efore, may be safely 

~,i;l~~~~efc;~i~} ~~~~~,;~1tai~l~~~, trAcl~~1~it~~1i~1~'\1°~·~1~~~t5;~~)e~is;:~~!0:I1~1~ ~1~r;~~~~t;~~~ ~~'~l:1;a:~ 
the greater amount of circular muscular fibres. The small intestine, and most frequently the 
ilemu 1 may become strangulated by internal bands, or through apertures: normal or abnormal 
The banJs may be formt'd in several different ways: they may he old peritoneal adhesions frow 

~~=;ib~f ~;~~~~8b~~fe~t~{!~i~i \:e~ci e~lu~1~ 1~~1~f~}~ h~~e~~~~a!·~~jn aJJ~:s~~~~t ci~~1diJtl31~!~~~1~~~~c~ 
or the band mas be the result of the abnormal attachment of some normal structure, as the 
adhesion of two ap11endices epiploicre) or an adherent ''ermiform appendix or Fallopian tube 
lntussusception or i1wagination of the small intestine may take place in any part of the jejunum 

~f~i11:l~11~1le~~~ ti~<l)~~0~1{i·:c\~~:;lt 1~~;~a~~~~i1\5 ~~~e~~~i~!~~~~citi i~a!1~et l~:~~o~~\1~~nft~1~l~~et~~s~~~~ 
~nn~l~~l~l~~a~:t ~~~~~~L':~ ~~~1.~ l~~d ~~1y1~les~t~~;J~bs~'r~~cio~~paction of foreign bodies, and twist-

Foreign boc!ies antl s~all hardened masses of' frucal matter are Yery liable to become lodged 
in the \'ermiform appendix. H ere they set up infiamn~ation, often cause perforation of' the 
appendix and formation of abscess in the loose connective tissue around. This may requi.re 
operative interference, ancl in some cases of recurrent attacks of appendicitis this little diYert1c
ulum of the bowel has been remo\·ecl. In external hernia the ileum is the portion of bowel 
most frequently herniated. 1tVhen a part of. the large intestine is invoked, i~ .is usually tl~e 
cre:·um, and this may occur e\•en on the le ft side. In s01~1e few cases .the \'~nrnfonn. appendix 
has been the part implicated in cases of strangulated hernia, and has gl\•en rise lo serious symp
toms of obstruction. Occasionally ulceration of the duodenal glands may occur in cases of' burns, 
but is not a Yery common complication. 'l'he ulcer . may perforate one of the large c!uode!rnl 
''essels1 and 1~ay cause cleat.h fi:o.m 11remon:hage, or it may perforate t!1e C'Oats of the. m.tc~tme 
and produi::e fatal acute pento111t1s. The d1~mcter of the large mtestrne gradually c11m1!11she~ 
from the crecurn, which has the greatest diameter of any part of the. bowe~. to tl_i e pornt of 

~~,~~~i~1~1.\?~~~~~:i~1~1do~~n~~~~l~:sni:;\:!~eu~~~~u~, :i~e~1;)~0~~;1ds bl~~~~~~;~l1~~1 tY1~n;res~~~~1~ur'\!J~e~~ 
distended Ly some obstruction low down, the. outlme of the large m~est111c can .be defined 
throughout nearly the whole of its cc;iurse-:-all1 m fact, ex.cept. the hepatic and splemc flext!res, 

:J1 ~J~~ ~bd~:~~~11~f~bg~~c~J!~ ~l~~bcl1\~t:_sio~J.1 1~~ 1~~~~1~~1"l~i~~'~e~'. 1fs t~~~ci~,~~i1~ti~11~clof!\J !~e ~~·~·~j 
which is, of all, most distended. It sometnne~ assl.nnes e n i:irmt;:n~s cl~1~1Cns1ons, ~ncl has been 
known to be perforated from the pressurei .ca.~smg fatal per1to.nit1s: lhe ~1 epat1c flexure and 
the ri,,ht extremity of the tr.ans\•erse colon is rn close. relat1onsh1p with the liver, and abscess of 
this viscus someti1l1es bursts mto the gut in this situation. The gall-bladder may become adherent 

~~:)~~t~d1~~· ,~:~~! g; 1~~tcl~~:g~~t~;e~·n~~n~~~~ir ~}!\~ ;!~~bYff:~ i~f0tl~~~i3~1~idv~~~~1~1 ~~111ci1~~ ~tc~~~: 
liable to becomC the seat of a rnh•ulus or twist than any .other par~ of .the mte~tme. It gener· 
all~· occurs in p:tticnts who have been the subjects of hab1tt~al constq~ation, and 11.1 whom, thcre
fo1'.e, the meso-sigmoid flexure is elon~atecl .. The, gut at this part bemg loaded with froces 1 from 
its weight falls over the gut below, and so gwes rise to the twist. 
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:~1,.·.:;~;i~;:·;~~:.:~~;:;;;!:f ;:~'.1~6:q:~~g~::g~~::,~~2r:~~~:;:~~.11~::I~~.::1:7~g:1·1:i1~~~~·~::~ 
1le\'.eJ11pl'1I: or thC inflc('tion of' the epibhst muy not l'OmmunicaU.' wi rh thr termination ol' the 

~1~~!.~~~11t t /1~~l:\:.(~~·a '1.h~[ ,;~:'~~:~sn :[n~b~~~~ul~'ti1ick 11.~n<lcb~~t11 J~~;\~,1 ~~;1\1~~~~i ~:t1i~ c 1 \~~u~~:t:: 
coat beneath. arnl thu:s farnrs prolapse, especially in c: hildr(' n. The ,·e:-~C'l~ of the red um :n e 

~@~1ij~~,~:f 1i1~~.~~~~~:~i~:0~~:~~~l~~~:~~~~~~;~~~i;i:it~fi:.(W1~~1if :~~i;~tr~!:ifug1 
'W:stem-~o that they may be said to be placed between the portal arnl i;y:stemie d rcu lntions, :rnd 
thus prcd i ~poscrl to con!!C!;t ion a ud consequent d ilatation. Tn add ition to thil'. t~1ere are 110 
vah'es in t he su11erior h::cmorrhoicbl veins, and lhe \'C!"Sels oft he rectum arC' placed 111 a <l epend-

~~\~•i\:~.~1~~~sf:1;~,;~-::~;g~lf rr.::~!:~~~~~J~::~(~:~;;~~i~,!~~;~~:fa~:~~:~!;~~~1:;1~ri)~~1q:.;~;f i 
and cau:-ses it to be<•ome a fistu la .• \lso. the reflex contraction of th is muscle is the cause of the 
sc,·ere pain eompla ined of in fissure of d1e anus. 'l'he rela1iona of the peritoneum to the rectum 
are of im porta uce in connect ion wi th the opera tion of removal of the lower end of the rec1um 
fo r mali!!'.nant disease. Th is membrane gradually le:wcs th C' rectum as it descends into the 
pelvis; fi rst lc>:w in!:' i1s posterior surfo<'c, then the sidei;;, and then the a nterior surfare to become 
reflected in t he male on to the posterior wall of the bladder, form in!?' t he recto-ve5>ic>al pouch, and 
in the fC rn ale on to the posterior wall of the nu!'i na, forming Douc:b ;;;'s pouch. The reet-0-vesical 
pouch of peritoneum extenrls to wi thin three and a half or four i1whei5 from the anus, so that it 
1s not ~afc to r(' mon• more than th ree inches of the entire ci rcum fort.'nce of Lh e bowel for foa r 
of the risk o l' opcn i u ~ the peritoneum. When, howe\·er, the di sease is confined to the posteri or 
surface of the rcetnm. or ex tends farther in thi s di rctt ion, a g rea ter amonnr of the posterior 
wall of the ~ut may be rc 1111H"cd. as t he peritoneum does not n tend on th is surface to :i. lower 
b·el than fi ,-e inl'hcs from the margin of the a nus. 'fh e recto- ,·a i::i nal or Dou,!?h1 s's pouch in 
the female extends somewhat lower than the recto-vesical pouch of the male. and therefore it is 

~::t~u~1 ?i1 ~01:~:b~n~ !1~~1~~~i~;1hol·1~1~~eu~~~r~nc~11~i~efu1
1

t , N~~11i1~~1t;~~1~~!~T1~!1be6~:fii~t!.~d0u~~ 
inLo the bladder, exactly in the middle line; behind this the prostate gland can be recognized 
by its shape and hardness and any enlargement detected ; b~hind the prostate the fluctuating 
wall of the bladd~r when full C:ln be fo lt, aud if thought dcs1rable it can be tapped in this situ 
ation ; on either side and behind the prost.ate the ,·esiculro seminalf's can be readily felt, espe
cially if enlarp;ed by tubercul ar disease. Behind , the coccyx is to be folt , and on the mucous 
membrane one or two of H ouston's folds. The ischio-rectal foss::e can be ex plored on either 
siJ e, with a view to ascertaining the presence of deep~se:ttcd coll ections of pus. Finally, it will 
be noted that the finger is firmly g ripped by the sphincter fo r about an inch up the L>owel. 

B y gradual d ilatation of the sphincter the whole hand can be imroduce<l into the rectum so 
a..s to reach the descending colon. This method of explora.tiou is rarel.r, howcrer, required for 
diagnostic 1m rposes . 

. The colon freq ue1~tly req uires opening in cases. of intmi~inal obst ruction, ~h e descend ing colon 
bemg usually the poruon of bowel selected for tl11 s opcrauo11 . The ope ration of colotom.r may 
be perfo rmed _either withou t open ~ng the pe~it on_cum by an incision iu the loin (lum bar colotom_r J. 

b~ ~~.~~~1~1~~~.1~~ ~l~~l~!1 t!!~e s1id; 1 ~0~~:~i:e {~~gt!11~~~~0t1~1b:1~'i;cra~P~lu~~1~rwi'D!0~0fu.~: 1 i :li fl~~~o~~~~ 
the 10111. A !me is 1hen drawn from the anterior supcnor lo the posten or superior spine of the 

i~il~~·k'e~:1~ 1~3 ~, rfi~~~%i,~~~. ,~;.~~tii~~\!; j~;::~S 'r:1~1 ~~t t ~'\i;~ct1~te~i ib.d 1·F~i~11 ~?~~0~~1~r~~~;1; 1~~i:11~ 
suffieicntcorrectne!IB, the position of the normal colon. An oblique ineision four inches in length 
is now made midway between the last rib and the crest of the il ium , so lhat it s centre bisects 

~i~h"~~~~~~~~~e~.:;!lst1~~1J0!~~~.i~sg a~~~rde~~ccf.'l~i~~ ly fJ)'i11·h~: p~2te;~1~~ fi~;~s s~V.C~~i~x~~~~~i 
oblique and anterior fib res of the Latissimus dorsi. (3) The Internal oblique. (4 ) 'l'he lumLa1· 
fascia anrl the external border of the Quadratus lumborum. The ed~es of the wound are now 

~~,~~e3e,~L~tl~~~~~. '~~t1~~n~= ~11~i~~~t ~~~d.P~~~e1~~·~·11:~;~~~~ t~;~cii,~i~/~n.be 1f~Y1~sb~·we?'l~idi~~e~de~~ 
it w~ll bul~e into. the w?und 1• and no difficulty wi ll be found in <l~al i ng with it. If, however, the 
~ut 1s empty, this b ulgm~ will not ta ke place, and the eolon will have to be sought for . The 
g uides to it are the lower en1 of the kidney: which wil.l be p}ainl.r fe lt , and the outer edge of 
t he Quadrat~1s lumborum. The bowel harn1g bee~1 fou nd , 1s to .be drawn well up into the 
wound, and 1t may be opene~ at once a~d the margi ns of th<'., openmgs !:i tilched to the skin at 
the edge of the wou nd i or, 1f the case 1s not an ur~en t one. 1t m a,\' be retained in th is position 
l1y two harelip pius JJa~ ... eJ through the muf.ieular coat. t he rest of the wound closed , and the 

1 .\Hi ngham says one inch les.s in the female. 
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~'k~~ ~e,~·~~d iu three or four days, when aU hei;ion of the bowel w the cdgc:s of the wound has 

f ~I~1~[ii:~t~'~1:~~~I~1~~~~~:~~~~r~~Lf ;j~l~;~:f {~~@~l\~f ir~~il~i~~~~~!~l 
!<rneum, a <:otl. tan l>t! drawn out of lhe wound and t~le greater par1 of iti; C'alibrc remo,·ed, le~\\·· 

\\~~r 1,~~"~r~~~~H~~ti~i!1~~#::?:~~,~~~~~'~i~r,:'~
1

i::.~1f.~1 ;~~i~~~~i~~l~1 '~~:;.}~if ,~f!::~~~,~ 
JlCrlormed by makmg an 111c:is1on two or three mches m length from :t poim one uu.:h mternal to 

!.~%:~nt~;:i~rh<l~~~~i~~~i' ~~~~:~~~~ l~~~ec:~t o~1;~~~1~;1~~:;1Jla~it~~c~>~~it~~~~1~;t ~s11~~~d1~;{~1 :!:~~~ '~ri~l~1~ 
~1~~;;;; 1 ,{~~~~dl:rt1l1~·e~~~d0~~1~e~.~:~i~oiiz~cl'~ijkufi~~.~~~j; :~Vi~ ~~~~~~1c~~~1°~;~~~c 1~0t\111~tlg~~da~detc:1~~; 
through lhe abduminal wall. The intestine is now sewn to the sk in all round, the suture passing 
only 1hrough the !l;crous and muscular coats. The wouud is drc~sed, a11J on 1he s:econcl to the 
fourth day, according to the requirements of the case, thC' protruded coil of imcstinc i:-. opened 
aml remo,·eJ with scissorsi. 

THE LIVER. 

'l'he Liver ( I lepar) i~ a gland intende<l for the secretion of sugar and bile. 
remarkable for its size, equalling that of all the othPr glands put together. and 
for its connection~ with the system of the portal vein which ramifies in it8 sub· 
stance. It may be <lescribed under two beads: (1) External confornrntion: (2) 
:'tructure or Histology. First we shall study its sit· 
uation, its volume. its weight. its consistence and color. 
its form. its rela.tions, and its means of fixation. This 
organ fills a.li:nost all the right hypochondrium. a great 
part of the ep1gastrium, and adrnnces into the left hypo
chondrium as far as the mammary line in the neighbor· 
hood of the spleen. It is situated 1 co nsct1uently. below 
the <lia.pbragm. which separates it from the luugs and 
heart; above the stomach, duodenum, traDsverse colon. 
and small intest in e:.:. which form a sort of pillow; and 
behind are the right false ribs, which protect it. In an 
emhryo of three weeks this organ fills the gteater part 
of the abdomen (Fig. 663). During the first half of 
intra·uterinc life its anterior border is below the umbil· 
icus. In a chi ld of six or eight years it gets behind t?e 

~\~e~«t~~r~~~n~~:e~·:: ~~~:,~.~l~~~s~s 1~~s.cm~(el~~-!n a11~~te~\~ we!~~· ~h~~~rih°o~!c\~~~a 
it6 at~tero-posterior dimension is 20 cm. (eight i~ches). ii~~"t~"s~~~~'~U~i~~~~1~hi1~~ 
an<l \·ertical dimension is 6 cm. (two and a half mches) appendix. <r.egenbaur. ) 

(Sappey). Quain\ figures are-greate~t vertical <liam- . 
eter on the right lobe. fh·e to sernn 1.nche~, grea.te~t transver:se is. one ~r t 11 o 
inche:s more; its greatest antero·posterior diameter 1s :~bove the ri~ht kuJney. 
four to six inches, and in front of the vertebral column is two and a ha~f to four 
inches. All this rnries with the indivi<lual. the amount of blood contained. anti 
the state of digestion and path.olo.gical state. 

Its vohtme is 90 to 100 cubic mchos. 
The ab.~olutr we~9ht of the li ver is proporti~nal to its volume. and an~oun~ of 

blood contained. '!'he average is in bloodless ll\·~rs 1.451 kg. : 111 pbys1olo$1cal 
Ji,·crs containi1F' blood 1.937 ka. 1 or about onc-thJrt,Y·secon<l of tbe Uod)·-we1ght. 
At birth it is o~c-eighleenth of

0

thc body-weight .. 'l'his i~ 50 or 60 ounces ~1xoir· 
<lupois in the male, a. little hea\·ier than the brarn, and .+O to ~O ou~ces JU tbc • 
female. Its specific gra\·ity i~ 1.0-16. The con~ist~1.1N .o.f the 11'·e~· 1s s?ft. but 
har<ler than that of other glands. It has n cert~11n friahil1ty. Tt ..... tissue IS more 
easil v crushed than depre~scd. 

the phy~iolngical color is a dark. reddish bro\\11. ln the young it takes on a 



1048 TIIE ORUAXS OF DIOE~'l'JOX. 

brightcr tone. due to th<' milk diet, anti iu later year::; may as!-lumc other shades, 
Jue to patholo~ical changes. After death it may be red-hro wn at one place. 
ye llow at anothcr 1 with all nniatioa !-l-; folomctimcs the color8 OCl'Ur in waP; lin es. 
'rJ1i s mcan'i only unequal repletion of the vesscl8. 'l'b c lircr possc::iscs nO 8lrnpc 
peculiar to it8clf. Like the lachryma l, or parotid g land, or pancreas, it is 
moulded to neighboring orga ns. Its general contour. howc\'CI\ is wcdge-shnped, 
with the base to the right. ~lany compare it to the upper section of an OYoid 

cut b.Y a. plane paB~i ng from below 
upward to th e left (Fig. G64). The 
right end is thick and the left en<l 
thin . 

The various surface.ff ascribed to 
the l iver :1rc from t'wo to five , result
ing from the method of observation. 
A pathological, bloodless, decayed 
liver placed on the dissecting table 
as usually seen by the student, will 
al ways Lave two surfaces. It does 
not 

0

follow that that liver shows 
anything of its normal appearance 

F10.6&1.-Fh:urc toillustrutcthc shape of the liver. during life. The inferior Yena cava 

of (his li\' r r is horizontal on its 
inferior surface. yet '' e know that vessel nrns \'crtically along th e spinal column. 
A li\•cr rcmo\·ecl from the body and inj ected docs not g ive the correct form. 
Hardening in situ, by cbromic aci<l or formalin injections lea\'CS the shape of the 
viscera as in life. The liver treated thus shows three smfaces, a. superior, iitfe
rior, and po~terior; an anterior border, a r(qht, and n, left e.rtremity. 'l'Lat which 
was formerly called the posterior blunt margin is now seen to be a pos terior 
surface. Hyrnington regards the shape of th e liver as that of a right-angled 

!~1i;~11~~:.:u~)~~~~s:I~r,a :~:Jld '-\~~~:'.~~~ five surfaces, right basnJ or latera l, anterior, 

Th.e com·cx, upper. smoot_h swfaee ?£the liver is subdivided by a sagittal fold 
of pentoneum drawn Uown from the diaphragm, cal led tho Sllspensory, broad, or 

FJG. G6.i.-Supcriorsurfacc0f1hl·livcr. l lrU\\nfrom ll is· modcls 

fale(form ligament. To its right is a lnrgcr, broader con,·ex lobe, and on the 
Jeft a smalll'r, more Fl len(ler, flatter lol1c (Fig. 6G5). This broad li ,:w ment corre
sponds on the under conca\·e surface of the }i,·cr to the left longitudinal fissure 
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(Fig. 606) running from before backward . 1'his fissure also divides the under 
surface int? a. right and left lobe. The le.ft lobe is variable. and usually consti-

~~:f:r~i:1~.f~:~:~b 0~~b~h~;i!~nd. 'fhree more lobes arc seen on the inferior and pos-

~,~~-~I, ft;~: q~7:~::~te~a~~~ ~ ~ ~ ~ 
caudttte, or tuberculwn ~ ~.~!. ~-~· 
ccmdatwn, and Spigelian ~ ~ ~ 2' 
lobes. 

Surfaces.-rl1be supe
rior or 1Jhrenic sia:face is 
convex, directed upward 
and fo r ward and covered 
by peritoneum except for 
the linear space between 
the layers of the broad 
ligament. It includes the 
upper surface of the right 
and left lobes, the former 
being convex and the lat
ter more fla.t. Between 
and upon the two is a. 
shallow depression or 
flattening corrcspon<ling 
to the central tendon of 
the diaphragm and to the 
heart. 

This separation of 
lobes continues below in 
tbe attachment of the 
falciform liga.ment and in
l'hmra umbilicalis, 'ltmbil
fral or interlobular notcli. 

'l'o the right of the 
notch is a. concavity in
truding upon thi5: surface, 
occupied by the fundus 
of the gall-bladder, the 
iw·ismra usiralis. This 
whole surface is in rela
tion to the under surface 
of the di~phragm, and 
below to a. :;;mall extent 
with the anterior abdom

i 
-7'.'li'k--- l 

inal wall. 
'J'hc i1~ferinr or risrerrrl sw:face is unC\'Cll, conca\'C, and dil'ccteU. backward, 

downward, and to tlrn left. It is in relation with the !'tomacb, duodenum, the 
hepatic flex ure of the colon, the right kidney, nncl 8llJWnrcnal capsule. This 
1"111rfacc, as we ha\•e seen, is divided into a. r ight anil left portion by the left 
longitudinal fis!'urc . It is invested by peritoneum of the grea.tcr sac, except 
where tlic ~all-bladder is adherent to it, and at tlic tramwcr!'c fissure or bilus 
wLerc the two lavers of lesser omentum arc attaehe<l. 

The wufrr sw.'ffwe of the ldt lobe is moulded OYer the cardia of tbe stomach . 
:Xcar the centre a;Hl right part of this surface a rc~ult of moulding is seen in a. 

::;·fe~· 1:i~~~.'.'.~'.~r;"~;~:·1~~e~t~~1~a~~herT~;~'~,·~:~f~ ;:,1~~.~~1: 1i: ;,~;~ct 1}~01~1°~1~:';'.~:1~1'. .~hr~ 
face of the left Jobe and tLe lower left corner of the t'pigelian. lt is in front of 
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thl' anterior Ja.,·er of the lcs-.cr omcntum. Herc it meets another tuhcr omr11talt• 
co111in1r up"ar«I and fornanl from the pa11crc~1!'. 

Tl~· 1uula f(w:fa ce of' the n:qM lobe hag a mid<llc piece cut off from it Uy llH• 

~:>~i~~l1f~~ j 1:1~t g:~~ ~~1 ~\\':r p;'{~~.f c l'~~~t~ t~· th~I' ~\i~,~~1:1~:s a~: 1~{ u~;:~·<~:: l~~;·i~ :~ t~::i1~,~~~~,~~: 
~:: r~;~1~c l~~'.)~~~;1~~~L t ;~~et~~~~:~htt"~· 11~~~~~<la~~~~~~1 ,~ft~:~ a;cl:>!i~:11:~~l<~t~~~r;i~~:.u1~l1~·~: 
anterivr conca\' it'v i1' ma<lc by the hepatic flexure of the colon. impre15sio c(Jli<·u: 
" e ha,·c seen ha·w this ascell<ls in front of the right kidm•y, so posteriorly tlw 
next concn\'itv is the impr1•ssio renali.~ . 

. \t the in~cr border of the renal impre;;;sion is a11otl1cr for the second part of 
the t~uo~lennm, i111prelj1>io duo1'1>11alis: thii; lies outsi<lc tl.ie neck of the gall-bladder 
and 1!'\ limited intel'llally b,,. tbe cystic duct. The supenor curve of the duodenum 
crosi;c~ the neck of the gall-bladder or c,·en t he trnns,·crse fissure, and come~ 
under the ca.uda.te lobe. rrhc pyloric enJ of the stomnch touches the quadrate 
lob1'. starting from its anterior border. Sometimes there is an impre.'<Sio pylorfra. 

The im]n'l'.1t:.;w11 for the right s1tprarenal Mp.'<ule is farther back than the 
i111pressio renalis and clos~ to the inferior nna. c1:mt. Its basal part ~·e~ts upon 
the under surface of the lin•r at the posterior tip of the renal impression. This 
part of the impreRsion is co,·ered by peritoneum. Its ::ipex extends up on the 
posterior surface f)f the lircr just to the right of the vena. cani. This part of 
its impreission is not co,·cre<l by peritoneum. Ro the impre.~.'<io suprarenrrlis Las 
two parts, one co,·ered with peritoneum on the inferior surface of 1he li\·er and 
one uncon~rcd hy peritoneum on the po;.;tcrior surface'. 

Just anterior to the ,·ena earn_ is a. narrow area of liver tissue conne<'ting the 
riµht lo\\ er corner of the Spigeliau lobe to the under surfo.ec of the right lobe. 
lt is the tubaeuliwt cttudatum, not always big enough to be tmlle<l the c-;rndute 
lobe (caw/a, ta.ii). This lies aboYe the foramen of Winslow. 

The po.i;terlo1· 8.W:face is rounded and broad bchin<l the r ight lobe, but narrow 
on tbe left. 'l'n tlie right is not co\·ered by peritoneum for ii space about thrl'C 
inchc broad and t\\O i11cLcs high. This is in direct co11tact with the diaphragm 
u111l posterior abllorninal wall, and is m::irked off from the upper surface by tbe 
Imo of rPllcttion of tlic peritoneum from tl1c <lia.phragrn to the Ji,·er. ~L1bis part 
conRtitutc..:; the anterior layer of the coronary anU right Ja.teral ligaments. lt is 
marked off from the under surface of tlie liver by a 8imilar line of reflected peri
toneum from the posterior pnrt of the diaphragm to tl1c liYer, which here forms 
the inferior or posterior layer of the coronary an<l rinht lateral ligaments. A 
i-::mall peritoneal ::irea. exists on the posterior surface to the right of the rough 
arra. 

At the lower au~I inner part of this rough surface is the non-peritoneal part 
of the impn1sHiu iiuprarenalis. The inner bonier of the surface projects O\'er tl1e 
vena cam, a11d not rareh· encloses it in :.t canal of li,·er tissue. The centre of 
the posterior surface is deeply grooved for the rnrtebrnl column and aorta. 

The lobe so grooved is the Spigelian; it rests against the tenth anJ e)e,·enth 
dor:o'al YCrtebn""C', the aorta and crura. of the. diaphragm, but upon the ri(l'ht crus 
1n- •re than the left. The right crus groo,·es 1t from the right lower turn~· to tlie 
left upper corner; here also is the cesoplrngus. 'l'he enrl of the tlioracic aona. 
lie~ behind the lc>ft lower corner separated by tLc lliap l1 ragm. 'l'o its riO'ht is the 
fos~a or canal for tlie inferior vena ca.va; to its left is the• furrow for tlic obliteratCll 
remains of the d11rlus ·1 .. enosua .Arantii. In f'c.ct1.1l life this duct establishes com
munication between the vena umbilicalis and \'Ona. can~ inferior. Still farther to 
the left of this is a. groo,•e for the cesophagus and bcainninrr of the cardia. 

The free ~urf':tce of the 8pigelian lobe looks bark
0

,\anl. is nc:uly vertical, :rnd 
is concave from side to side. I ts superior border slopes tf)war<l the~ upper surface 
11f the liver, but is separate<l from it by a douLle layer of peritoneum. Below. its 
inferior margin ~how~ a slight notch separating a. right part, which join~ the rau
date tubercle or lobe. and a left part <:ailed papillary tubercle, tul.rr papillure. 
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This is seen as the most prominent part of the lobe when the les:ser omentum is 
th•ided in front. 'J'his lobe is the only part of the lil'er covered by the peritoneum 
of th~ lesser sac. The finger goes under the caudate lobe, through the foramen 
of \\'mslow, and passes up behind the Spigelian lobe. Above, it is limited by the 
postcnor la.yer of the coronary ligament; to the right it is obstructed by the layer 
of the lesser sac attached to the ca1•al fossa; and to the /ejl the finger cannot pass 
01·er to the stomach by reason of the double layer attached to the fissure of the 
ductus venosus. All of the right lobe, except its posterior part, and all of the left 
and qua.(~rate lobes are corcrecl by peritoneum of the greater sac. That on rhe 
catl(late 1s divided between the two sacs. 

Finally, to the extreme left of the posterior surface we have the tlrin posterior 
edve of the l~ft lobe sharply under-cut by the inferior surface. His regards the 
tuber omcntalc as on the posterior surface. 

The anterior border is thin and sharp and marked opposite the attachment of 
the falciform ligament by the itmbiliral notch (incisura un1bilicalis), and opposite 
the cartilage of the ninth rib by a second notch for the fundus of the gall-bla<lder 
(incisura Hsicalis). In a1lult males this border usua11y corrrspond8 with the free 
margin of the ribs; in women and children it may project below. 

The right extremity of the li,~er is thick and rounde<l, co1nex from before batk
ward and usually from aboYe downward. lts upper and anterior angles rire 
rounded. Bdow it forms an acute margin with the under surface. 

The left extremity is thin and Battened from abo,·e downward. 
'J'he fissures of the liver closely follow the lines of the letter H (Meckel), suppos

ing them projected upon a flat surface (Fig. 667). They are five in numbt!r, 
situated upon the inferior and poste
rior surfaces of the liYer, often ca1led 
fossce instead of fissures. The trans
t'l'rse fissure, or porta ltepalis (gate 
of the liver), is the most important, 
because the great vessels and nerves 
enter here and the hepatic ducts and 
lymphatics pass out. It is a short, 
ciecp fi5isure, 5 cm. long (two inches) 
and 12 to 1.) mm. wide (one-half 
inch); it is on the under surface of 
the right lobe, passin~ trans,·ersely a 

!~~lea~~~::f~:. t~1~a;.~~~er~~td s~::~=r t~~: ~e~·1io:it;~~lr!:i1d i~i~~;res or liver 

left extremity than the right. It . . . 
separates the quadrate lobe in front from the cauda.te and Sp1geha,n lobes behmd. 
and joins the two longitu<linal fissures at nearly right angles. 'lhe two vertical 
arms of the H are represented by the ~wo lon~itudinal ~ssu~es,. rig!1t_ and left. 

The left longitudinal, or sagittal, fissure (fossa long1t~dinalis sm1str?) separates 
the right from the left lobe, and is divide~ into an .an tenor and poste.r~or l"~rt hy 
its junction with the transverse fissure. 'lhe antcri~r part 1~ th~ umbtheal jissu!·e, 
which contains the umbilical vein in the fcetus and its remams m the adult, which 
is then called the ro1md l~qament (Lig. teres). It lies between the quadrate <~n<l 
left ]olJcs of the liver. This fissure, and the one for the ductus veno:;:us, are oftrn 
bridged over by liver tissue (pons hepatis), converting a fissure wholly or partially 

intoT~~a;:~~crior part of the left Iongituflina~ fi~s1ire is not so ~1:11ke<l as t~e ante
rior part; it pa•ses between the lobe of Sp1gehus an<l the left lobe. and 1s called 
the fis!fure of thr dzu·tus venosus . . In the footus 1t lodges a vem . but m the adult 
this \'Cin becomes a. slender cor<l, h,9. venuston. 

'J'he riqht longitudinal fissw·e (fossa longituclinalis dextra) runs parallel to .the 
left one. ~ncl ha~ an anterior ancl posterior part. Tt meet~ one mterr_upt1.on .JUSt 
behind the- trans,·cr~e fis~ure. \\here the tnuda1e lohe connects the Sp1gclian an<l 



1052 TJJE OR(;.J,\~S· OP J>J(;.ES'l'IO.Y. 

right lube. 'rhe posfrrior part is the fo,'<xa of the l'ena c1wa, which separates the 
t:pigelian from the right lobe, an<l is separated from the trans\•c1·:sc fissure by tlic 
caudatc lobe. It is a deep fossa, sometimes a canal; at its upper part the hepauc 
veins enter the floor of the fossa and encl in the ''ena ca\'a. 'l'hc anterior part 1if 

~~~e1°~~:!~di~t~ss:8~~e1:~c~ t::~1!°:~a i~\st:e E~1\~,1;~<~:11~::s:~s~~~s~~~'i~·~~ u;;fe~· ~:;~.~ 
face of the right lobe, an<l runs from the incisura vesicalis to near the right end 
of the trans,·erse fissure. 

The transt•erse, umbilical, and vesical fi.ssures are on the under surface of the 
Ii ''er1 and the fissures for the ductus venosus and vena cal'lt are on the posterior 
surface. · 

Lobes. 

W c have seen fi vc lobes, though ouc, the ca.uda.te, is very small. 1l 1he boun<l
arics between right and left are, superiorly, the attachment of the falciform ligament; 
anteriorly, the umbilical incisure; inforiorly, the lig. teres in the umbilical fissure; 
posteriorly, the lig. venosum in the fissure for the <luctus venosus. 

'!'be ri'gltt lobe is much larger than the left, a.n<l is of qua<lrate form. Three 
ti.:sures are on its under and posterior surfaces: the transverse, au<l those for gall
bladder and vena. cava. 1'hese separate three more lobes, all belonging to the right 
one. Three impressions arc seen-renal a.nd suprarenal. colie, and duodenal. 

'fhe l~ft lobe is con vex above, but less so than the right, aml concave below, 
where it rests on the stomach. 1rbis impression is in front of the groove for the 
ccsophagus, and i.~ separatP.cl from the longitm1i na.l fissure by the omenlal tuberosity 
which lies against the lesser omentum an<l lesser (·unature of the stomach. 

'l1he f/lMdrate or squ((re lobe on the under surface of the right is bounded ante
riorly by the acute margin of the liver: to the right by the fossa for the gall
bJad<ler; to the left by lhc umbilical fissure a.n<l hehind by the trans,·erse fo.:sure. 
lts length is greater froru before backward than from side w side. It ma.y present 
an impre8sio 71yloriea. 

'rlie emulate lobe or t1d>el'ele is on the U!Hlcr surface of the right lobe between 
the fossa for the gall-bladder and that for the vcna earn, at the right end of the 
transverse fissure. I t connects the right lobe with the right lower corner of the 
Spigelian lobe. 

'l'he Spigelian lobP is on the posterior ~urface of the right one, looks directl~· 
backward, and is wholly included in the atrium bursce omentali~. lt reaches below 
as far as the pancreas and cceliac axis. It is bounde<l a.hove by the coronary lig
ament; to the right by the fossa for the \'Cna. <:a Ya: to the left by the fissure for 
the ductus venosus, arnl below by the tl'ans~·crse fissure. Its left upper angle is 
partly grooved for the resopha.gus. Its papillar11 tubercle looks <liremly Llownward. 

~l11ie technical 11a111es of the pa.rts seen on the three surfaces of tho liver are, in 
order from left to right-

Superior sw;f'af'e: Ppper surface left lobe, umbilical inci~ure, attachment of 
folciform ligame~1t, cardiac impression on both lobes. vesical incisure, upper surface 
of rigl1t lobe (Fig. Gu5). 

Po~lerior sm:f'ace: Thin margin of left Jobe, OO!?-ophageal incisure, lia. Yenosum 
in fi):'sure for cluctus venosus. lobus Spi::telii in front of the tC'nth and elev~nth dor-:al 
verteLrm; papillary tubercle: fossa. for the vena. ca.va. :tn(l hC'patic veins: non
peritoneal impression for part of the right suprarcnal capsule; non~pe 1·itone:ll sur
face of right lobe for the diaphragm (Fig. (i()IJ). 

I1~f"erior sw:far·e: Gastric impression on the under surface of left Jobe: tuhrr 
ornenrnle which includes lower 1eft part of ~pi,!!elian lobe; umbilical fi~"ure an<l Ji". 
tere:5: quarlrate Jobe with impressio pylorica. :rnd duodenalis (first portion): fo-:~'l 
for gall-bladder: remaimler of under surface of right lohe; impressio 1luoclenali~ 

(:·•econd portion): peritoneal impression for ::;uprarenal capsule: impressio renal is 
posteriorly. and colica . anteriorly. 

There are some abnormal forms of the lircr. Frequently the left. loLc i;;.; so 
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el?ng~ted ,i~ ma.y r~ach the spleen or even be hooked around it or mseparably fused 
with tt. Ihe papillary tubercle may be so developed as to form a, separate lobule. 
An accessory lobe may be attacbe<l to the left one, united by peritoneum and blood
vessels. :\lany t11ues the number of lobes are diminished ancl the form becomes 
square or spherical. )lore often the number of lobes increases, separated by short 
deep clefts called rim<e cceci:e . 

. Be~i<les congenital chang~s, others may be acquired by pressure. By excessive 
laemg m wom.en the super~cial part of the liver will become atrophic and the peri
toneal coat will become thicker. On the convex surface of the liver a transverse 
furrow ~';ii~ be esta.blished dividing off. an anterior po1:tion, especially of the right 
lobe. Ibis part will be pushed down mto the abdommal cavity, and may become 
almost separated from the rest-the "corset liver." If the liver be more resistant, 
its surface may show the flat, stripe-like impressions occasioned by the ribs. 

Ligaments and Peritoneal Rela tions.-The liver is connected in part by peri
toneum to the roof of the a.b<lomina.l cavity, to the a.ntcrior wall, to the stomach, 
duodenum, right kidney. and hepatic flexure of colon, whereby the following peri
toneal fol<ls or ligaments are to be distinguished. With one exception they are 
peritoneal folds . 

The coronary ligament connects the posterior surface of the liver to the dia
phragm. Its two la.yers surround the rough triangular surface seen on the pos
terior part of the right lobe, which is connected directly to the diaphragm by 
areolar tissue. These layers are reflections from the parietal peritoneum descending 
from the diaphragm. This ligament has three portions (Fig. 668). 'l'he right 
part is much the bigger and its layers a.re far apart, enclosing the posterior rough 
surface of the right lobe. The two layers are derived from the peritoneum of the 
greater sac. A middle portion is seen above the Spigelian lobe. The two layers 
are close together; the anterior one belongs to the greater sac, and the posterior 
one to the lesser. Farther to the left is a tliird narrow portion continued into the 
left lateral ligament. Both layers here belong to the g1·eater sac. On either end 
of the coronary ligament the two layers of peritoneum gradually approach, and 
finally unite, thus forming the right and !~ft late>·al liga111e11ts as prolongations of 
the coronary. As they enclose a triangular space, they are also called triangular 
l(qaments; the left is the longer, and lies in front of the oosopbagus. The right is 
often imperceptible. 

The suspensory, longitudinal, faleiform, or broacl ligament is a part of the old 
anterior mescntery of the stomach and duodenum. The liver was de,·eloped in it, 
buckling out from the duodenum, where its duct is still attached. This is a thin 
membrane which passes antero-postenorly above the liver and below 1t. Above 1t 
meets the coronary ligament at right angles. ~y one of its margi.n~ it is connected 
with the posterior layer of the sheath of the right Rectus abdomm1s muscle as far 
as the umbilicus, an<l above to the under surface of the diaphragm. where 1t spreads 
out to the right and left . By its other margin it is attached along. th? up_Per sur
face of the liver, its left layer passing o,·er the left lobe and contmumg mto the 
left part of the coronary and left lateral ligament. Its right layer passes over the 
right lobe and corresponding ligaments. 'J'hc remaining margin is free and 
rounded, a.ml passes from the interlobular notch to the transverse fissure o~ _the 
liver. It contains between its two layers tho intra-ah(lomin~l part of the u?1.b1li.cnl 
vein of the fcetus, now a fibrous cor<l, tho round ligament (lig. hcpato-umbil1cal1s), 
which is lodged in the umbilical fissure. Also between the two layers run some 
branches of the epigastric veins anastomosing with the portal system, htt~e twigs 
of the pbrenic arteries, numerous lymp.hatics, and branche.s of the phren1c nei:ve 
which arc destined for the serosa of the liver and for the peritoneum of the anterior 
abdominal wall. In its natural position the frtlciform ligament forms n. pocket, 
which. with the diaphragm and abdominal wall. enclose the convex upper part of 
the left lobe of the liver. ~.L1 hi s ligament bas no function of suspension. 

R esirles these there are others hardly legs marked which we haYe noted in the 
study of the peritoneum. 'l'he lesser omentum (lig. gastro-hepaticum) with its 
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two layers att::!.ched to the anterior and posterior borders of the transvcr8c Hssure, 
descends to the lesser cur vature of the stomach, containing between its layeril 
ome ascen<ling branches of the left vagus ncnc. The posterior la.ycr descends 

behind the stomach as the anterior wall of the bursa. omen talis, and arches behind 
the curdia into tbe posterior wall of this bursa. On the right both layers 
unite, forming a free edge, constituting the anterior margin of the foramen of 
Winslow. 

'fhi s edge. whose layers separate ?elow and 1~ carly enclose the whol~ of the 
superior curve of the duodenum, constitutes the l1g. ltepato-duode nale, which con
tai ns the portal vein, hepatic artery, common bile-duct, lyrnpha.tics and nen cs 
(not bepMic veins). 

A pa.rt of this ligament passes on over the duodenum into the gre:it omcntum 
and reaches the tmnsverse colon . This is the hepato-colic l(qament (Fig. 635). 

'rbc lig. liepato-renale passes down from the under surface of the right Jl)be 
ri s ing Mar the neck of the gall-bladder and vcna ca.va. aml behind the foramen of 
Winslow to tbe upper part of the right kidney. It possesses a free edge directed 
forwa.nl. Between this and the right lateral ligament of th e liver is often a recess, 
recessu.~ hepato-renalis, into which fits th e right end of the inferior and posterior 
surfaces of the liver. 1'he posterior wall of this recess touches in part the right 
suprarenal capsule and in part the right kidney. That part of the hcpato-duode
nal ligament which rises from the gall-bladder is the l(q. cystico-duodenale. 

The ligameats of the ]iver a.re coronary, rig ht and le ft lateral or tria ngular, 
falcifonn or su pensory, 1·owtd or lig. liepato-tanbilicali11, lesser omentum, which 

f~ns)~~a~~-1~1ic~'.:!:,a~:~'~(~t;~t:~:.,[~~ ~'?r;:o-g;'.~'~e~'.('~s~f · cystico-duodenale, 
Peritoneal Lines.-Beginning at the left. we sec the space between the two layers 

of tbe left lateral ligament (Figs. 668 and 665). The anterior layer belongs wholly 

Fulcijorm 
ligament 

FIG.668.-"Peritoneallines'"ofthc li\'l;r. 

to the greater sac. It passes from tbe left lateral ligament to tbc left layer of the 
falciform, forming a part of the coronary . This becomes continuous with the 
right la.yer ::i.t the umbili cus. 1-'he right layer runs along the upper margin of the 
li ver, making the middle part of the coronary ligam ent, and then goes to the right, 
forming the res t of the coronary in front of the posterior rough surface on the 
li\·er , fin ally ending in the right lateral lign.ment. '1'aking the posterior layer 
from this point, we shall see it belongs mostly to the greater sac. It first completes 
the rig ht lateral ligament, then runs behind th e roug h surface and enters into the 
!mpress~o renalis, fortJ?ing the lig. hcpato-rena.le. It th~n passes under the rough 
1mprcss10 suprarenale m front of the vena ca\·a anti behmd the tuherculum cauda
tum to the lobus Spigelii . It ascenrls on high to the left of tbe rena ca,·a, sur
rounds the upper end of the Spigclian lobe, descends on its left side. turns in 
front of tbe papillary tubercle, follows the anterior erlge of the caudate tubercle, 
and goes back to tbe r ight loLe. It here enters upon the under surface of tbe 
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g:tll.~la 1l1lcr and undergoes a more or less sharp bend, an1l passes to the anterior 

margm o~ the transverse fissure, following the posterior edge or the q uadrate lobe 

to the left. It now reaches the tuber omenrnle, ascends on tl1e left side of the 

fissure for tl~e ductus vcno~us, and, making n~ady a. right angle, is pr~longcd abo,·e 

upon the left lobe. Ile.re It forms the postenor edge of the lateral ligament. .\II 

the parts between tl.10 lines thus traced are not covei·cd by peritoneum. ~J1his all 

belongs to the pcntoneum of the greater sac except that which surrounds the 

Spigelian lobe; this belongs to the lesser sac or atrium of the omental bursa. 

Relations of the Liver. 

lt lies in both hypochondria and in the epigastrium. It comrlctely fills the 

right h,vpochondrium and sometimes enters the right lumbar region. Its enti re 

right lobe lies in the right si.Je of the a.b<lominal cavity; only the left lobe reaches 

the left half of the body . The left longitudinal fissure and the attachment of the 

broad ligament, and the interlobar incisure which mark the limits between the right 

and left lobes, correspond almost always to the merlian line of the body (Fig. 626). 

Its convex upper surface fits itself to the concavity of the diaphragm, in which it 

glides as if in a. jf)int-socket. 'l1hc upper limit of the liver corresponds to that of 

the diaphragm . On the right side in the mammary lin e it is at the middle of the 

fourth intercostal space; on the left in the mammary line it is at the upper border 

of the fifth space. It does nut usually go beyond this line. Above the right lobe 

rests the concare base of the right lung. In percussing the side of the chest down

ward three regions are noted-first, one of relative li ver dulness, where it is covered 

by the lung; second, the region of eosto-phrenic sinus, where diaphragm and not 

lung intenenes; third, absolute liver dulness below the diaphragm. A stab here 

could woun<l at the same time the pleura, right lung, diaphragm, peritoneum, and 

ton vex surface of the liver. Above the right and left lobes arc the heart and then 

the left lung. The convex surface of the liver is co\·ered on the right side by tl1e 

greater part of the lower six or se\•en ribs, but u~ually stops at the eleventh. .An

teriorly it is behind the fifth, sixth, seventh, eighth, and ninth costal cartilages 

and the ensiforrn c~1rtilage. A part of the li ver surface comes into direct contact 

with the anterior abdominal wall. From between the ninth and tenth rib cartih1ges 

the liver passes un<ler the right costal arch into the epigastrium. Close under the 

ensiform process, at a spot usually called gastric fossa, li es a part. of the liver which 

is turne<l forwar<l and touches the abdominal wall n1ore closely. In women with a 

"corset Ii ver" the part in <lirect contact with the wall is much greater. llere 

some loops of intestine or transverse colon may intencne and a. dulness will be 

found in percussing the mesogastrium, modified hy a tympanitic sound. 

'!'he iuuler swface of the liver is in contact by its right lobe direct ly with the 

upper two-thirds of the right kiflney, and in tern_al tf) that, with the descenfli.ng 

duodenum, and above both, near the vena cava, with the suprarenal c~psule winch 

also touches the posterior surface (His). Lateral to .the gall-bladder is_ the colon, 

internal to it the quadr:1te lobe with the port10 pylor1ca of the st~mach 111 relation. 

Going to the left and above. we find the tuber omcntale. and still more h~terally 

the whole concavity of the left lobe covering the lesser currnture, the car<lia, an1l 

a<Jjacent part of the anterior surface of the stomach. In an empty contracted 

stomach it may cover the fundus. 
The posterior ed_qe and wrfaee rest against the tenth a.nd eleventh dorsal rer

telm:e and the posterior en1ls of those rihs. 'l'his part also rests on the c~·ura ?f the 

dia.phra.gm, covers thr o::sophagu:;;;, an<l embraces the ''.ena ~ava.. Agnmst 1t arc 

the aorta, thoracic cluct. nerve~, and small vessels winch nsc from the vertebra l 

column, but are scpara.tccl fro~11 the li\•er by the diaphr:1gm. 
The anterior etlgc of the 11,·cr follow:;;;, in the right hypoch~ndrium. the tenth 

and eleventh ribs, but normally docs n~t rxtencl over the. ante.nor end ~f the last. 

Should one in quiet respirntion feel the.11,'cr lower than. this pomt, tl~ere 1s cn lar~c

mcnt or displacement. Between the ninth and teuth l'lbs the antcnor edge of the 
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liver lca\C!i the costal arch an1l pa~se.:; obliquely fron.1 right to. left, nsccn<l.ing tot.he anterior en<l of the left cifl'hth rib. In case of a tl11n abtlominal wall tlu:; anterior edCTC of the liver can be f~lt as it passes through the cpigastrium. 'l'his part can co~tract adhesions with the wall. 

Relations in Detail. 
..A.ntero-superiorly: 

Diaphragm; 
Right and left lungs: 
Pericardium and heart; 
Anterior abdominal wall j 

On the right{ ~ii~t~\~0~,i~~~l;o;:~~·a;·i~~1:tilage . 
I?lfe>"iorl.v: 

Right kidney and capsule; 
Hepatic flexure of colon j 
Descending duodenum; 
Gall-bladder ancl cystic duct; 
Vessels at portal fi~snre; 
Pyloric end of stoma.ch; 
Superior cune of duodenum; 
Cardia; 
Lc~ser curvature of stomach ; 
Anterior surface stomach, small part (sometimes fundus of stomach). 

Posterio1·ly: 
DiapLragm; 
Tenth and eleventh dorsal vcrtebrre; 
En<l of tenth and eleventh ribs; 
Crura of diaphragm; 
<Esophagus; 
Aorta; 
Vena cava inferior; 
Thoracic duct : 
Non-peritoneal impression for right suprarenal capsule. 

The Fixation of the Liver . -The liver, compared with other intraperitorical organs, bas a firm position, due to its fusion with the diaphragm. The peritoneal folds aicl th is fixation by connecting the liver to the concavity of the diaphragm. They are the falciform, or suspensory, coronary, and right an<l left lateral ligaments. In spite of this fixation. the liver experiences certain physiological changes and variations of position. It passes downward and forward in inspiration, and in expiration is pushed upward and backw::ird. It moves up and clown 1 to 1.5 cm. In inspiration Hasse finds a stretching of the 1iver; in expiration, a compression . 1'hese changes exert an influence over the circulation of the liver. The dilatation of the Yesscls accompanying the expansion of the liver during inspiration favors the influx of portal blood: during expira.tion and the accompanying compression the hlood in the open hepatic veins is pressed into the ,·ena cava. Also the liver suffers small displacements occasioned by changes in the position of the body. In the horizontal supine position it falls back upon the diaphragm. and its anterior margin is more concealed behirnl the ribs. In the erect position the liver descends a little below the costal arch . The horizontal lateral po•ition of body also has influence, displacing it a little toward the left or the right. as the case may be. Furthermore, by rcla.xation of lig:unents1 sometimes in women ::ifter childbirth. a "dislocation'' of the liver result!-l-, or" wandering liver." Any pathological displacements of the <liaphrag-m also affect the liver, <lS effusions into the thoracic cavity: also a<::.cites, tympanitcs, or tumor1' in the abdominal cavity. 
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Vessels.-'l'he blood-supply of the liver follows a <louble course through the 
portt~l i 1t:in and J1epatic artery. The greatest amount of blood flowing through 
the liver, thus differing from other organs, come:'; from the veins of the digestive 
tract and of the spleen, which unite into a great ves:--cl, the 1..•ena portarum or portt:e. 

The hepatic artery anLl portal vein, accompanied by numerous lymph~tics and 
nerves, ascend to the transverse fissure between the layers of the gastro·hepatic 
omentum. The hepatic duct, lying in company with them, descent.ls from the 
transverse fissure between the layers of the same omentum. 'rhc relative pos.ition 
of the three structures is as follows: the hepatic duct hes to the right, the hepatic 
artery to the left, and the portal vein behind and between the other two. Thev 
are enveloped in a loose areoln.r tissue, the capsule of Glisson, which accompaniis 
the vessels in their course tbrougL the portal canals in the interior of the organ. 

In the transverse fissure this portal vein splits into two trunks, the right and 
left, for lobes of the same name. At the point of di vision is an enlargement, the 
sinus vence portre. They enter the liver substance and subdiv ide dichotomously into 
smaller branches, which do not anastomose. r_rhey encl in the interlobular connec
ti\•e tissue in three to 6\'e twigs, and forru a rjcb plexus around ea.ch lobu le, inter
lobular i1eins. These lose tbemsch·es in a. capillary network, which penetrates the 
lobule in a. ray-shaped manner, and are collected at its centre into a little Yein, the 
i•ena centralis or intralobul!u i•ein. These are the roots of the hepatic veins. 

The characteristic point of the blood-current of the portal system consists in 
this: it must first pass through a capillary circu lation before it enters the inferior 
vena cava. 

Accompanying the portal min is the hepatic artery, a branch of the cc.eliac 
axis, which 11ivides at the transver~e fissure into a right and left branch. The 
twigs of the chief branches follow those of the portal vein, which accompany them 
singly or doubly. 'fhe hepatic artery supplies chiefly the connective tissue and 
the capsule of the liver. In the serous covering it anastomoses with the phrenic 
and internal mammary arteries. 

The intralobular veins form, so to speak, the pedicles of the lobules, and, after 
their exit from each empty at an acute angle into bigger veins, the sublobular. 
These larger veins unite with each other and form numerous Yalveless hepatic i1ein~, 
which. draining the blood from the circulation of the portal vein and hepatic 
artery, make their way to the posterior surface of the li\'er and empty. as three 
large trunks and a number of small ones, into the \'Cna. cava. These lupatic veins 
ba\'C no cellular investment, and their walls are direc-tl.'' adherent to the surround
inO" li\·er substance. while the branches of the portnl ,·ein. hepatic artery, and 
hePatic duct are enclosed by loose connective tissue, and the three go together in 
a pl}rtal 1·mwl. . . 

Wh en the arterial. portal. an<l biliary twigs are seen in the same connectn·e tissue 
sheath. the portal twigs are the strongest. and ~be arteries hare the smalles~ lu~en. 

On section of a piece of liver the open solitar~ holes arc ~he c~t hepatic vcm~, 
unable to collap:::e on account of their clo!'e relation to the l1 n·r-t1 ~~ue. For this 
reason bemorrhaae is so dangerous in wounds of the li\'el'. The branches of the 
portal vein colla~e on cross-section. . 

According to Sappey, there are five set~ of acees.r~o~·!I portal vems. The liver 
does not receive all its blood from the hepatic artery nnct vC'na port~. 

~L1be first qronp occupies the lesser omcntum, :ind com.;ists of venules from the 
lesser ctirv::t.tl;re of the stomach . When the pyloric vein rises high. it joins this 
group, which is <li1'tributc<l to the lobes just in front of an(l just behind the trans
verse fi~sure. 

'l'hc s1•rond llroup is more important. and consi~ts ~f twelve to fifteen litt1c.Yei~1s 
ri<irw from the funclus of the gall-bladrler and dl'tributod to the fossa. ,·es1calis. 
Two 

0
cystic Yeins here u:-;ually open into the right branch of the portal vein .. 

'L'liC tltircl group includes all the venules rif-'in~ in th.e wall~ of. the portal rem, 
hepatic artery. and hC'pati~ duct. ~hey ln~c th~m~e\n.•..;, m the _:::;nbpceut. lolmles. 

Thefuuf'lh 9rou11 consists of verns 1lt·:'<:l'JHl111g from the middle portwn of the 
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diaphragm in the falciform ligament. They ramify in the lobes adjoining the 
lirrament. They arc almost capillary and anastomo e with each other. 

0 
'l'he fifth 11roup is formed of veins passing from the subumhilical part of the 

abdominal w;ll to the left longitudinal fissure of the liver. They a.re situated. i!1 
the inferior part of the falciform liga.mcnt. 'L'he most important cnt.1 a.t the mnbi11-
cal incislne of the liver; others end in the umbilical fissure; and others, very <lcli-

~~~~;c8b.1·ro~~tltl~~~· 1~~~~11~~~~:e~!i:n~11c::1~1\:~oicC:t~8~'~i~:l~::~;{g~:~~i~h:e!~~~ 1~~!~~ 
na.l mammary, and the tcgumcntary veins of the abdomen. 

'l'he fourth and fifth groups do not come from the alimentary tract, and hence 
establish an anastomosis between the portal and general venous systems. These 
branches woul<l dilate in some chronic diseases of the liYer an<l aid the obstructed 

portal system. 
'rhe hepatic duct is formed at the transverse fissure by two tributaries, one 

from the riO"ht and one from the left lobe. 'l'hc calibre of each nearly equals that 
of the tru;k formed. 'l'hc tributaries to these two branches start from the inter
lobular spaces in company with the portal and arterial twigs. 

'l'he lymph-i1essels form a. superficial and deep set. 
The superficial lymph-vessels of the convex swface belong either to the poste

rior half or to the anterior half of the liver. Those of the posterior ha.If form 
several groups. aml from right to left arc found first on the right edge, a larger 
lymph-vessel which runs a.rount.l to the right lateral ligament, and from there to 
the inferior surface, and empties into a g la.ncl on the head of the pancreas. 

Then comes a series of lymph-vessels which go over to the coronary ligament, 
and from there to the posterior surfa.cc of the Ji,,er, aud empty into the lymphatic 
glands which lie on the inferior vena ca.va just above the Diaphragm. A long the 
fa.lciform ligament from the right as well as from the left lobe is developed a rich 
network of vessels which unite into several larger trunks. These run between 
both layers of the falciform ligament, and join finally to form a big trunk which 
pierces the Diaphragm and empties into glan<ls situated above this at its point of 
fusion with the pericardium. 

Those vessels spl"inglng more laterally from the left lobe of the liver empty 
into glands situated more to the right, lying on the vena cava j the vessels rising 
to the left of the left lateral ligament, and from it, empty into glands situated on 
the lower pa.rt of the oo5opbagus. 

1'hose vessels springing from the anterior half of the com·ex surface arch 
around the anterior margin of the liver and run into the glands situated in the 
tranSYerse fissure . The vessels of the under surface also pass to those sa.me 
glands. Only a few twigs arising on the posterior surface of the liver end in the 
glands lying on the vena. cava. 

Of the deeper lymph-vessels, some accomp:iny the portal veins, and others the 
hepatic veins. The first, fifteen or eighteen in number, empty into the glands sur
rounding the neck of the 1tall-bladder. '!'he last accompany the hepatic veins to 
the ve_na cava. five or six it~ number, an.d pass t_hrough the fora.men veme cav:.-e of 
the Diaphragm, and empty mto glands s1tuatct.l .JUSt above it. 

:\Iicroscopica.lly the lymphatics arc seen in Glis~on's capsule in the interlobular 
spaces, where they accompany the blood-vessels. They rise from lymph-spaces in 
the intralobular plexus. 

The ner.i•es come from two sources, left vagus and cooliac plexus. 'rhe left 
vagus after its passage through the oosopbagcal opening gives off twigs which turn 
from left to right along the lesser curvature of the stomach, hetween the two layers 
of the lesser omcntum, to accompany the hranches of the portnl ''eins. Tho::•e 
twigs from the cooliac plexus are much more numerous. and come from thrre 
sources, right va~u~. phrenie, and great sympathetic. The.v meet the hepatic 

~~~rl:f~:~t:~1~,~~~c~~1 ~cc~m~1aen;r~l~!vbc1~~~c~1:~ut~ef tl:~haert~:;~:~ a~~~li~~~t~l i~~~n~if:c~ 
the tributaries of the hepatic duct. rrhcy terminate in fine tree-like endings, show-
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ing ~aricositie.s, and are distributed to t~~ blood-v~ssels and ducts, and to spaces 
bet\\een the hver-cells, and follow the L1hary canahculi (Berkeley). The phrenic 
nerves supply part of the external surface of the Ii ver. 

Structure.-The substance of the liver is composed of lobules held together by 
an extrcmel:y fine areolar tissue, and of the ramifications of the portal vein. hepatic 
~uct, hepatic artery, llepatic rnins, lymphatics, and nerves, the whole being 
lll\'ested by a serous and a fibrous coat. 

The serous coat is derived fr?~ t~e peritoneum , and im'ests the greater part 
of the surface of the organ . It 1s mt1matelv adherent to the fibrous coat. 

The .fibrous coat lies beneath the serous ln,·estmcnt and cornrs the entire sur
face ?f the .organ. It is difficult of demonstration, excepting where the serous 
co~t is defic1ent. At the. t ran sverse fissure it is continuous with the capsule of 
Glisson, and on the surface of the organ with the areolar tissue separating the 
lobules. 

. 'J'he lobules form the chi ef' mass of the hepatic substance; they m<t.v be seen 
either on the surface of the organ or by making a secti on through the gland. 

FJG.669.-Longitudlnalsectionofanhepatic 
~ein. C.HterKiernan.) 

They are small granular bodies about the size of a millet-seed, measuring from 
one-twentieth to one-tenth of an inch in diameter. In the human subject their 
outline is ,·ery irregular, but in some of the lower animals (for example, the pig) 
they are well-defined, and when diYided transrnrsely ba,·e a polygonal outline. 
If divided longitudinally they are more or less fol_iated or oblong. 'J'he bases of 
the lobules are clustered round the smallest rad1cles (sublobu/a,.) of the hepatic 
,·eins, to which each is connected by means of a small branch which issues from 
the centre of the lobu le (intralobular) . The remai ning part of the surface of each 
lobule is imperfectly isolated from the surrounding lobules by a thin stratum of 
areolar tissue in which is contained a plexus of vessels (the interlobular ]Jlexus) 
and ducts. In some animals, as the pig, the lobules a rc completely isolated one 
from another bv this interlobular areolar tissue. 

If one of ihe sublobular veins be laid open, the bases of the lobules may be 
seen thrnugh the thin wall of the vein on which they rest, arranged in the form 
of a tcssela.ted pavement, the centre of ea.ch polygonal space presenting a minute 
aperture, the mouth of an intralobular vein (Figs. 669 and 6il). 

Microscopic Appearance.-Each lobu le is composed of a mass of cells (hepatic 
cell•) surrounded by a dense capillary plexus, composed of ,·essels which pene_trate 
from the circumference to the centre of the lobule, and termma.te m a smgle 
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straight vein. which runs through its centre. to open at its ba~c into one oi 
the radiclcs of the hepatic vei n. Between the cells arc also the minute com
mencement~ of the bi le-ducts. 'fhereforc in the lobu le we ban~ all th e essen
tials of a secreting gland: that is to sa.v: (1) cells, by 11 hi ch th e sec retion is 
formed; (~) blood-t•essels, in close relation with the cells, containing the blood 
from which the secretion is deri\'C<l; and (3) ducts, b_v "hich the secretion, 
when formed, is carried away. Each of these st ructures will have to be furth er 
con ... idered. 

(1) 'l'he hepatic cells are of more or less spheroidal form, but may be rou nded. 
fla ttened, or many-sided from mutual compression. Th c,v mry in size from th e 
nho to the ~ of an inch in diameter. They consist of a honeycomb net
work (Kl ein) without any cell-wall , and contain one or some times two dist inct 
nuclei. In the nucleus is a highly refracting nucleolus with granules. Embedded 
in the honeycom b network are numerous yell ow particles, the coloring matter of 
the bile, and oil-globules. 'rhe cells adhere together by th eir surfaees so as to 
form rows, which radiate from the centre to the circumference of the lobules. As 
stated a.hove, the.v are the chief agents in the secreti on of the bi le. 

(2) 'l'he Blood-vesse/s.-'l'he blood in the capillary plex us around the li,·er
cells is brought to the liver principaJly by the portal ' 'ein, but also to a. certain 
extent b_y the hepatic artery. F or the sake of clearness the distrib uti on of the 
blood derived from the hepatic artery may be considered first. 

The hepatic arlcrJl, entering the Ji,·er at th e transverse fi ssure with the portal 
vein and hepatic duct, ram ifies with thes.e ,·essels through the portal canals. It 
gi,·es off l'rtginal branches which rami~v in th e capsule of Glisson, and appear to 
be destincrl chieHy for the nutrition of the coats of the large vessels, the ducts, 
ancl the im·esting membranes of the linr. It also gi,·es off capsular bram•ltes 
which reach the surface of the organ, terrnina.ting in its fibrous coat in stellate 
plexuses. Finally it g ives off interlobular branches which form a. plexus on the 
outer side of each lob ule, to supply its wall and the accompanying bile.ducts. 
From this, lob ular branches enter the lobul e and end in the capillary network 
between the cells. Some anatomists, however, doubt whether it transm its any 
blood directly to the capilbry network. 

':[lb e portrtl iiein (Fig. 670) also enters at the trarn;n~rse fissure and run~ 
through the portal canals, enclosed in Gli!is011's capsule, di Yiding into branches in 
its course, which finally break up into a plexus (the intl'l'lohular plexus) in the 
interlobular ~paces between the lobules. In their cou rse t h e~c br:rnches recei,·e 
the rnginal and capsular veins, corresponding to the rnginal and ca1 sular 
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branches of the hepatic artery (Fig. 670). Thus it will be seen that all the 
blood carried to the liver by the portal vein and hepatic artery, except perhaps 
that deriYed from the interlobular branches of the hepatic artery, directly or 
indirectly finds its way into the interlobular plexus. From this plexus the blood 
is carried into the lobule by fine branches which pierce its wall and then converge 
from the circumference to the centre of the lobule, forming a number of longitu
dinal ,·essels which am connected by transverse or horizontal branches (Fig. 671). 
In the interstices of the network of 'resscls thus formed are situated, as before 
said, the liver-cells: and here it is that, the blood being brought into intimate 
connection with the liver-cells, the bile is secreted. ArriYed at the centre of the 
lobule, a.II these minute vessels empty themselves into one vein, of considerable 
size, which runs down the centre of the lobules from apex to base an<l is called 
the iniralobular vein. At the base of the lobule this Yein opens directly into the 
snblobular vein, with which the lobule is connected, and which, as before men-

tioned, is a radicle of the hepatic vein (Fig. 672). 'l'hc sublobular veins, uniting 
into larger and larger trunks, end at last 
in the hepatic veins, which do not receirn 
any intralobular veins. Finally, the he
patic veins, as mentioned at page 1057, 

Frn.G73.-Scction ofliver. 

_Biliary 
duct. 

con\'errte to form three large trunks which. open . in~o the inferior vena ca.va, while 
that ,. 0~,el i• situated in the fissure appropriated to 11 at the back of the hvcr. 
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(8) :L'lie .D1.u·ts.-l.~:1"ing shown how t~e blood is brought i.nto inti~ate relation 
with the hepatic cells Ill order that the bile ma.y be secr1.~tc<l 1 1t rcmams no" only 
to consi1lcr the way in whi.ch the secretion, ba,·ing been formed, is carried away. 
Sen•ral views ha.,·e prenuled as to the mode of origin of the hepatic ducts; it 
seem~, howe,•cr, to be clear that they commence Ly little pm~.::;agcs which are 
formed between the cells. and which have been termed intucellular bilinrp pas
saues or Oile-Nrnaliculi (Fig. 673). 'l'hcse passages are merely little channels or 
interspaccs left between the contiguous surfaces of two cells or in the :rnt!lc "here 
three or more Ii vcr-cells meet, and it seems doubtful whee her there is any <lclicate 
membrane forming the wall of the space. The channels thus formed radiate to 
the circumference of the lobule, and, piercing its wall, form a plexus (interlobular) 
between the lobules. From this plexus ducts arc dcri \•eel which pass into the por
tal canals, become enclosed in Glisson's capsule, and, accompanying the portal 
vein and hepatic artery (Fig. 674), join with other ducts to form two main trunks, 
which leave the liver at the transverse fissure, and by their union form the hepatic 
duct. 

Structm·e of the Ducts.- Those in the interlobuhr spaces hal'e walls of con
nective tissue lined by columnar epithelium. ri1hey probably contain muscle-cells 

Fro. lii.').-Blin<l tubuk!I of the bit- FIG. 6i.6.-Li~·cr ti!'<cue over !he ~l('rior i:;urface of the \"Cna 
inry duclliofuhorse. (~appcy.) cavainfonor,wllh injected vnsunberrantin. (lh:nle.) 

arranged longitudinally antl circularly. As they lie in the lobule the columnar 
epithelium is very short and flat and the lumen very small. The bile-canaliculi 
open directly into them, liver-cells a.butting against the epithelium. The ducts in 
the portal canals are larger, and present numerous openings on the inner surface, 
sometimes arranged in two rows. Sappey considers them the orifices of m~cous 
!(lan<ls (Fig. 675), and compares their appearance to that of the vegetable para,ires. 
Their function is much discussed, :rn<l at present they are regarded only ns tubular 
recesses. 'They occasionally anastomose, and from their sides saccular dilatntions 
are gi vcn off. 

Sometimes certain parts of the liver gradually atrophy or complC'tcl,r di~appear, 
while the corresponding biliary ducts remain and, on the contrrtrY. heromc bvper
trophied . ~1.1hcy are called 11asa aberrnntia. The,v arc not foun«l in the fcet\1s or 
child, arc not ra.re in the adult, and are most frequent in old age. Accompanying 
them arc all the other vessels which supplied the part, branches of the portal \'Cin, 
hepatic vein, and artery. They are situated at either extremity of the Jiver. most 
often in the left lateral ligament, at the attachment of the folciform, or in the posi
tio.ns of atrophied ''bridges." as over the left longitudinal fi:-~tll"C' or vcna cava. 
(Fig. 676). 'l1hey present certain common characteri~tics. All communicat~ "itb 
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the biliar.y duct ; t.hey have a yellowish color, have epithelial lining, and fibrous 
co:tt, aml 111 proportion as the lobe has atrophied, they have hypertrophied. They 
presen~ the tu~ular recesses, and anastomose with each other. These vessels are 
found m certam mammals. 

T~e ~xcretory App~ratus of the Liv.er.-This apparatus consists of the bile· 
can.al~cz.tlt and ducts, ":h1ch we have seen 1.n an~ between the lobules; of the hepatic 
d1ut fo1med by.the. union of thcs~; of a d1vertteulum or reservoir the gall-bladder; 
of the commu?1ca.tmg tube, cystw duct, and of the united. cystic and hepatic ducts, 
the common bile-duct or ductus clwledoclms (Fig. 677). 

Fw.G7i.-Blliaryvcssclsnndgall-bladdcr,dricdandinsumnted. (Tillaux.l 

The hepat ic duct is formed by the union of the right and left bile-ducts 
descending from the liver. 'rhcy un ite at an obtuse an::rle at the right end of the 
transvcr~c fissure. Their point of union is usuall.v near the spot where they 
emerge from the liver. Often this happens lower down and the hepatic duct is 
shortcnecl. Its usual length is 3-5 cm. (one to two inches) an<l diameter -! mm. 
I t joins with the cystic duct at an acute angle to form the common hi le-duct. It 
descends in the right margin of the ;!<18tro-hC'p;1tic omentum with the vena caNa 
behind arnl the hepatic arter.v to the left. The pas~agc of bile into the gall-bladder 
only occurs when it~ exit to the duodenum is c~o~cd. The bile then from the 
beginning of till' common duct has a pa~sagc provulc<l upward and backward to a. 
reservoir which i~ the gall-bladder. 



JOG! THE ORGA.W; OF JJ1GES1'10S. 

The gall-bladder is pear-shaped. It is directed. with its broader rounded md 
do"nwanl and forward and to the right to the anterior margin of the liver, and \\Ith 
its sharper end backward and upward toward the trausn~r!iC fissure. It is 7 to 8 
cm. long (three or four inches) and near the fundus 2.5-3 cm. broad (over an inch), 
and will contain 30-50 cc. of bile (1-1~ ounces). '!'here arc to be distinguished 
afumlus. a. budy, an<l a neck. It is faste11cd to the liver by connective tissue and 
\•e:-;sels, and lies in the fossa vesicalis. 11bc fumlus extends beyond the anterior 
margin of the liver in the region of the incisura vesicalis. But in a. norm.al posi
tion of the liver, the gall-bladder may be placed more or less behind this edge. 
'The position of the fundus is usually at the lower c<lgc of the ninth costal carti
lage on tho ontcr edge of the right Hcctus muscle. Here it rests directly on the 
abdominal wall. \\"hen it extends beyond the liver it can be percussed. Its 
function is more than a storehouse. It forms some of the constituents of the bile. 
Exceptionally it lies more to tLe right or more to the left. 

The fundus rests usually on the transverse colon and farther back on the upper 
end of the descending duodenum, or on the pylorus. This part is usually stained 
by biliary coloring matter after death. The neck of the bladder usually exten<ls 
in the posterior and upper part of the ''esical fossa close to the trans\'erse fissure. 
It is continued in a spiral cune into the cystic duct . 'l'his curving corresponds on 
the inner surface to a constant more or less well dcYclopc1l screw-like rnhe which 
runs through the whole cy):ltic duct, ralrnla J[eisteri. 

'rhe upper ~urface is attached to the liver by areolnr tissue and vessels. Its 
under surface and fondus are covered by peritoneum reflected from the liver sur
face . Sometimes the peritoneum completely 8urrounds the bladder, suspending it 
by a mescntcry from the under surface of the liver. 'rhe gall-bladder is not present 
in all vertebrates. It is lacking in some mammals and birds, but is present in all 
reptiles, and nearly all fishes. The ass, horse, elephant, and rhinoceros do not 
have it. 

Relations of the Gall-bladder . 
Superiorl.11: 

I .. iver (Foss:.L \'Csicalis). 

Anlel·iorly: 
Abdominal wall : and ninth costal cartilage. 

Inferiorly: 
Hepatic flexure of colon : 
Beginning of trans\'crse colon; 
Duodenum. first an<l second parts; 
Pyloric encl of stomach . 

Vessels and Nerves.-It is supplied by the cystic artery from the right branch 
of the hepatic. Two cystic Ycins usually empty into right branch of the vena 
port:.-e. Twch-e or fifteen from the fun<lus go directly into Ii ver. 

'J'he nen•es arc from the cceliac plexus. 
'rhe l.1Jmplwtirs are numerous and empty into a gland on the neck of the 

bladder. 
'l'he cystic duct, the smallest of the three, rnnning from the neck of the gall

bladder is 3-7 cm. long (one to three incheR) :rnU 2.3 mm. wide. Its course is 
toward the left, at first a little curved and then straight. It joins the hepatic duct 
at an a.cute angle to form the common duct. Tltis il'. contained in the edge of the 
lesser ornentum. 

The du~tus choledochus (xohj. bile, iloxO:: whi{'h _rccciYcs) is the largest of the 
three, and 1s the common excretory duct of both ll\·er :rnd gall-bl:Hlder and con
veys th~ bile t~ the <luol~enum: T~e length is ''nrioul'i <i<>pendinp; upon the point 
of meetmg of its two tnbutan°': 1-8 cm. (Rappey): 2-4.5 (Ln•chka); ll--7 cm .. 
or about three inches (Joessel), and 5.6 mm. to v; tlllr.. wi1le (one-fourth inch). It 
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continues the course of the hepatic duct, running downward and backward in the 
hcpato-duodenal ligament in front of the portal vein and to the right of the 
hepatic artery. It passes behind the first portion of the duodenum and then 
behind and to the inner side of the second portion, lying here in a furrow between 
duodenum an<! head of pancreas; or it may be enclosed by the pai.crcas till it 
meets the pancreatic duct. For a short space it is in contact with the right side 
of this duct. The two perforate the duodenal wall and run obliquely for three
fourths of an inch between the coats. 'rhcy finally open into a little pouch and 
that upon a papilla of the mucous membrane by a common orifice, situated nea r 
the junction of mi1ldle and .lower third of the duodenum on its posterior internal 
wall. 'rhis is three or four mches beyond the pylorns. (Sec Pancreas.) 

When the ga ll-bla.dder is distended with bile or calculi, the fund us may be felt through the 
abdominal parietes, especially in an emaciated subject: the relations of this sac will also serve to 
explain tho occasional occurrence of abdominal biliary fistulm, through which biliary calculi may 
pass out, anc.l of the passage of ca lculi from the gall-bladder into the stomach1 duodenum, or 
colon, which occasionally happens. 

Structure.-The gall-bladder consists of three coats-serous, fibrous and mus
cular, a.nd mucous. 

rl1he ei..·ternal or serous coat is derivetl from the peritoneum; it completely 
im'ests the funclus, but covers the body and neck only on their under surface. 

The .fibro-muscular coat is a thin but strong layer which forms the framework 
of the sac. consisting of dense fibrous tissue which interlaces in all directions and 
is mixed with plain muscular fibres which are <lispose<l chiefly in a longitudinal 
direction, a few running transversely. 

The internal or mucous coat is loosely connected with the fibrous layer. It is 
generally tinged with a yellowish-brown color, and i ever.vwhere elevated into 
minute rugm. by the union of which numerous meshes ar~ formed, 
the depressed intervening spaces having a polygonal outline. The 
meshes are smaller at the fun<lus and neck , being most developed 
about the centre of the sac. 

The mucous membrane 1s CO\'ercd with columnar epithelium 
and secretes an abundance of tLick viscid mucus; it is continuous 
throu{J'h the hepatic duct with the mucous membrane lining the 
.ducts °or the Ii,,er, and through the ductus communis cboledochus 
with the mucous membrane of the alimentary canal. 

In the c,ystic duct the mucous membrane is raised into ob
liriue cre•ccntic folds much as in t.he neck of the bladder .. It 
presents the appearance of a cont111uous spiral rnJve of wh1.ch 

a·;s\1.a'-~r~-~~ni~n:~i:~~~~~~= ~~ \~~i:::lhi;.~~)~mT~~d o1~et~~~~u~.r:~~ thro;11~h 6~t;8~~~~~~ 
of the duct present~ indentations at the attachment of these folds, gl~<Jdae~~(i~~~ 1~fuf~~~) 
gi,,in(J' it a sacculatctl or twisted appearance (Fig. 677). 

Th e coats of the lar9e1· ducts are an external or fibrous an.cl an in_ternal or 
mucous. The fibrous coat is composed of strong fibre-areolar tissue, with acer
tain amount of muscular til'isuc arranged for the most part in a circular manner 
around the duct. 'J1he mucous coat is cont inuous with the lining membrane of 
the hepatic durt anrl gall-bladder, and also with tl1at or. the duod?num, and, like 
the mucous membrane of these structures, its epithelium is of the columnar 
variety. It is provi<led ,~· itb numerous. tubules, which arc lobulatecl and open by 
minute orifices scattered 1rregularly (Fig. 675). 

Surface Form.-The li\'Cr is situated in the right hyporhonclriac a~~l tl1e epiga~tri~ regions, 
and is moulded to the an·h of the Diaphragm. _ ln the g:cate1: part. of _us exten.t It hes unc~er 

ili~e:b~L~i~~r~:.~ll1 11,1:·ill~~,~~1~~~t~~r;:!~fe~s, ~j~~ 1~:,~~1(~· i!~!ft1~?~i1~c~,~;;:, 1iob~~j~~,;~ /Z~!.a:a~:t~ 
defined J.w a line dmwn f'n.>1": the articulation ?f the fifth ri~h~ t0.:-tal carolage to the sternum 
horizontally outwanl to :L little bcJo,~· the n111pl~, ~ml .. th('n !nthm·d do"nward to reach _1hc 

~;~J1\~ ti~~~~ W1~ t'.}~. ~~i:11:~~li~1~tlina~~~ ;)~~~:;~~\~~:.:!' ,;~' i~/~:.l~~~~'7t~ ~l~~'ji~Ju~~~~c~ ~-i1~~1:1~~~ 
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two rndu.:-~ to lhe lclt of thC' :-ternum on:\ Jc,·el with the sixth left l'O!-ilal rartilu.!!e. The lower 

~~g~[{:~~fif ;!;;g.!'~1~~~~:if.i:~;.1:!~:!~K~~ff 1~~~~~~~~;~,'.~t~~~~t~!::~~~~IfiilI;:,i'J~;:~i~ 
line i"ndicatin.g the u11pcr limit will denote the left margin of the liver. The fun<lus of the !!all
bladtler appro:u:hes the surface behind the anterior extremity of' the ninth rostal cartilage, do~ 
to tht.• outer mandn or the lli!?;l1t rcctus musele. 

It mu,.,t be remembered that the liver is suQjcct to considerable alterations in po!-iition. and 
the student !:ihould make himself acquainted with the different cireumstan('CS under whit:h this 
oe<:UI'$, as they arc of importance in determining the existence of enlargement or other di~l·a~es 
of the organ. 

Its pos;ilion v:lt'ies acconlin~ to the posture of the body. In the erect position i1~ the adult 

~~~~f1:~~~s~~~~~1;:~ 1l~~t~~i~~ &;;~1~~~~,~~b~t ~}~~ f~11Li 1i,~ 1~,~~1~i~';,;'~i~1~0ire:·h~df6d~~l!1111:1 ~~;i\1\sc1(l~fr'~! 
In the supine position the liver gra,,itatcs backwar~ and recedes above the lower mar"°dn of' the 
ribs. nnd cannot Lhen be detected by the finger. In the prone position it falls forwarcl 1 and ran 
then i;rcncrally be felt iu a patient with loose and lax abdominal walls. lts position varies also 
with the ascent or desl'ent of the Dinphra:rm. In a deep in:-;piration the liver descends below 
the ribs; in expiration it is raised behind them. Again, in cmphy.<;;ema, where the lungs are 
distended and the Diaphra~m descends Yery low, the live1· is pushetl down; in some other 
diseases, as J>hthisis, where the Diaphragm is much arched, the liver rises \'Cry high up. Pres-

ji~·~er ~~~i:r~~~:b~~1 i~: ~~1~~~~~~~!~~;~' o~~~o~~~~~\:~~ !!1Jo~~::~rt\~~rtc~~~:1~~ ~~~~she~i~~J~a~~~ tl~~ 
co1wex surface is often at the same time deeply indented from the prcissurc of the ribs. Again, 
its position Yarie!; greatly accordiug to the greater or Jess distension of the stomaC'h and intestines. 
When the intestines are empty the Ji,·cr descends in the abdomen, but when they are distended 

~:,:~~~~~~~~~f~l~i~{t~~~i~:~:;;~:~1~it1ir~,~~E£~'.~~~~:;:,~::::n:,:: ~: 
1

:~.::i::'.'.'t:: 
Ji,·cr is more frequently ruptured than auy of the abdominal viscera. The ruprnrc may vary 
considc1·:lbly_in <:xtent, from a slight scratch to au extensive laceration completely l~lrough its 
substance, dividing it into two parts. Sometimes an internal rupture without laceration of the 
peritoneal coverin~ takes place, anti such injuries are most susceptible of repair; but small tears 
of' the surf:.Lce may also heal; when, lwwcYer, the laceration is cxtcn:;i,,c, death usually takes 
place from kcmorrhage, on account. of the fact that the hepatic Yeins are contained in ri$id 
canals in the liver-substance and arc unable to contract1 and arc moreo\·er unprovided with 

i;J~~eiive:.1'~11~t1;} b~r i :~.J~~e~11 5by ~~ab~1•1~rb~t\~~~· ~;~~1c~~r~cf ~~!t~11~d~~i'b a ,1,:Jr~~)~~~~nf11~!~e ~~11i!;fl~t~d 
through the che8t,-wall both pleural and peritoneal cavities may be opened up and both lung and 
liver be wounded. In cases of wound of the liver from the fro11t1 hernia. of a. part of tl1is \'iscus 
may take place, but can generally easi ly be rcplacccl. AbscC!:i!:i of the li\'er is of not unf'requent 
occurrence, and may open in many different ways on account of the relations of this viscus to 
other orirnns. Thus, it has been known to burst into the lungs, and the pus been coughed up, 
or into the stomach and the pus vomited; it may bur!:lt into the colon or into the duodenum; 

~,'.~\{:.r~.\~~~t~~:·;;~~r~~~1:r~~,~:~1 ,i:r2:lE~ ~~~lH':~i~·~;~'~,;:~:~i::~,'.~~~:~~~,~:~::,~~~ 
this should be done preferably by an incision in the right scmilunar line, in two stages: the 

~:~i~~~i~e~~~~i,~~u~.i~~ ~/~! 1fh~ta;::!i~1~!':1~<l0~i1~-!!1 ~:f~~~1 ~a~·~ ~~1iJ~~;~~ttiafe8~b~~! tbei!!~ 
evacuated. llydat1d cysts are more often found in the liYer t1rnn in ~rny other of the viscera. 
The rca~on of this is not far to seek. The embryo of the cg~ of the trenia echinococcus, being 

~~~~L~~~c: 1~~~~ll~·t~l1~t~~ :b1~~d-~~~1~~e~~dti~ 1~a~~i!~ b}~~\~~ 1Jb1~~cl-~~·e~·~~· :~r~l~~\~c~;!~icg~~t~\~ 
larie:s. where its onward course is arrested, and where it uudcrgoes de,·elopmcnt into the ru\ly
formed hydatid. 

When the r;rtll·Ll(t<ldr1'_is ruptu~ecl, or one of its main ducts, which may occur indepen
dently of laceratton of the hver, the mjury is necessal'ily fatal frum peritonitis caused by the 
extnwasation of bile into the peritoneal ca.vity. 

00111~~~11~ blil~~~l~~~~c~·rnf'.:.~1~~:~~1Jeit~~~~}~~aYJ~~l;o~~~e ,~1i1tl~i~eit~f i1~~:1~i1~~~t !J11~1~f f ~~~111~;t :1ia~h~ 
tumor. 'J'he swellin~ is pear-shaped, and projects downward and forward to the umbilicus. 'lt 
IUO\'CS with respiration, since it is attached to the li\'er. To relieve this condition the gall-blad
der must. be '?pcned and .the gal_l-stones _remove~. The 011cratio11 i~ pcdOrmed by an inc:i~ion 

~;\;?. or,ll11~c~e~'i~~~:a\°~~~·i1:.~. ti~eo r>•~!~t~~e~~~~~~~. ~~·~0~01!111~1;,f,'11~i1b~~1:: t'i~t~~d~~~~·1;~1: ~~~t~!a~ked 
round 1t to protect the pentonca\ cav1ty1 and 1t 1s aspirated. 'Vhen the contained fluid has been 
evacuated the flaccid bladder is drawn out of' the abdominal wound and its wall incised to the 
extent of an inch; any gall-stones in the bladder arc now remo\'ed and the interior of the sal' 
spon!!etl dry. If the case is one of obstruction of the duct 1 an attempt must be made to dislod7c 
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Lhe stone by manipulation throuc:h the wall of the duct, or it must be crushed fi·om without by 
~o.rcfully padded forceps. After all obstruction has been remo,·cd a drainag-e-tube is to be 
ms~rtcd and the external wound closed around it, the stitches beinc: pa&sed through the pnrietal 
pcnt?neum and also throuc:h the peritoneum covering the gall-bladder around the incision, so as 
to brmg thc!:ic two surfaces into apposition. The fistulous opening geuerally closes in the course 
of a few weeks 

THE PANCREAS. 
Dissection.-The pancreas may be exposed for dissection in three different wa\'S: 1. By 

~~1idi~gct~~!i,~'di~~1l:1:~i;1·~r <~}~~111:!~~s,~;~~~~1~~~~~gl~~~rii~~ ~;;01~:!f!int~10th~a~~~~~11~~fi~1~fi~~~l1t~f 
the col?1}1 and great 01~1entum 1 and then dividing the inferioi· layer of the transverse meso-eolon 
and. r::us1ng the. ascending la.yer of the transverse meso-colon. 3. By dividing the two layers of 
peritoneum which clesccncl from thegreatcun·aturc of the stomach to form the great omentum, 
turning the stomach upward, and then cutting through the ascenc.ling layer of the transverse 
meso-colon (see Figs. 606 and 616). 

'l'hc pancreas (rrU.:i;-xpiar;, all flesh) or the abdominal sal ivary gland, is a com
pound racemose gland, similar in structure to the sali\•ary glands. tltougb softer 
and less compact. lt is long and lies transversely across the posterior wall of the 
abdomen and when hardened in situ is prismatic, with three surfaces. But 
usualiy, when removed from the body, it appears flattened, with only two surfaces 
an<l two borders. It lies deep in the epigastrium at the lel'cl of the second lumbar 
vertebra; behind the stomach: between the duodenum on the right and the spleen 
on the left, so that for clinical and surgical purposes it is scarcely approachable. 
In shape, :Meckel compared it to a sort of hammer; V crneuil, to a cross placed 
on its side, the short vertical arm representing the head. ·winslow compared it 
to a dog's tongue. Its right extremity being broad is termed the head; then fol
lows a constriction made by the two terminal parts of th<' duodenal loop called 
the neck, which connects head and body. The body is the fret:' portion passing to 
the left, an<l finally it abuts against the spleen as the tail (Figs. 63.! and 6i9). 

I 
'I , I 

t ,/~--
Fm.6i!.l.-Pancrcas and adjoining viscera from before llis' model. (F. E.) 

In colot the pancreas is grayish-white in tho intervals of digestion, turning to 

a ro~r.,, ~,~;11 ~~"ri;1~$:~~t1~0~~~;~,V variations. In ~encra~ it i~ bigger in man than in 
woman. It is usu:illy 15-16 cm. long (six inchcH); its w1.dth 1s n_ot one-fourth or 
one-fifth of its lcn!(tb; its thickness is 15-18 mm. (onc-haHto one mch). Length, 
23 cm.; width, 4.o) cm.: thicknces. 2.8 cm. ( Luschb). Its rnlurnc '"5±-90 c.c. 
I ts wrii:rht is about 70 •rm . in the male and HO in the female, two and one-fourth to 
thrC'e a~<l a half ounc~~. A maximum weight is 10.5 gm: .. 

The head of the pancreas is called disc-shape<l, or, :;:rncC' it 1~ elong:ited both 
abo,·c and below, hammC'r-shape<l. It is Aattcncd from h~f'o1:e hack"ard. :ind co.n
forms to the whole concaYity of the duodenum made up of 1t. ... four parts, and not vwe 
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v1·rs!i. Its edges overlap the surface of the duodenum an<l may be connected by 
muscular tissue. There is an interruption at one place, below and to the left 10 

front of the prcaortic portion of the duodenum, where the root of th e mesentery 
passes, in which are contained the superior mesenteric vessels, th e vein to th e 
right and the artery to the left (Figs. 634 and 679). Both vessels run in a 

'Tubercttlum 
caudatum 

1·enapoTUe 

Common bile-duct 

-.1le1e11terfj 

Fm. 61\l.- Same as previous figUre, but with right kidney and spleen remo\·ed. rDrawn from ms· model.) 

groove on the posterior surface of the head, and near the descendin:.r duodenum 
in a groo\·c or canal i~ the common bile-duet. ...\_ part of the pancreatic ti :::!:me is 
bent around behind the vessels, which is ca lled the lesser hrnd. 'l'h e posterior 
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surface of the hea<l is bound by loose tissue to and rests upon the inferio~ vena. 
cava and right crus of diaphragm, cooliac plexus, left renal vein, and right renal 
vessels; the descending duodenum intervenes between it and the right kidney. 
Near its lower end it is crossed in front by the transverse colon and transverse 
mcsocolon. 'The superior and inferior pancreatico·<luodenal \'essels are in front 
of the head. 
. 'l'he neck is about one inch long, passing upward and forward to the left; it 
1s bounded above by the first part of the duodenum and below by the cud of the 
ascending portion. The stomach, if distended, touches this portion by the poste
f!or surface of the pylorus. Behind it is the junction of the superior mesenteric 
vein with the vena .rortre (Fig .. 681). To the right it is grooved by the gastro
duoclenal and superior pancrnat1co-duodenal arteries. 

The bocly and tail constitute the prismatic portion presenting three surfaces 
and three borders : anterior, posterior, and infe1·ior sw:f'aces; superior and two 
inferior borders. Some regard the surfaces as posterior, antero-superior, and 
antero-inferior, making an anterior border more distinct. This part of the pan
creas passes from the right to the left and is moulded to different structures, 
following the example of the liver. Its anterior surface is fitted to the conYexity 
of the filled stomach; its posterior surface is wore flat except where it covers the 
left kidney; the tail passes upward and backward to the spleen. rrhe anterior 
surface is concave, looks upward and forward. the posterior surface of the stomach 
lies upon it, separated by the bursa. omentalis, or two layers of the lesser sac. 
Perforating ulcers of the stomach can reach the pancreas and result in fusion of 
these two organs, or in hemorrhage from the splcnic vessels. 

'rhe posterior su1:face (Figs. 680 and 681) corresponds internally to the aorta 
and left crus of the diaphragm and the origin of the superior mescnteric artery. 
It crosses thr second or third lumbar vertebra.. Near the upper edge are two fur
rows-one for the somewhat tortuous splenic artery and a straight one for the 
splenic vein . 'rbe surface ~hows a shallow furrow for the splenic vein, which 
ascends from the middle of the lower erlge toward the left to the upper edge. 
This edge carries a furrow from the m id<llc along the left half, in wh ich the 
splenic artery takes part of its course. rrhe splcnic vein in its outer half runs 
above the eclge to reach the hilus of the spleen . To the left is the left kidney 
and its vessels. and sometimes the left suprarcnal capsule. The relations to the 
left kidney show two types: one is seen in the His models and Fig. ()36, where 
the pancreas runs directly ove~ the bilus and centre of ~he k.idney, cxl?osing the 
suprarenal capsule, and a considerable part of the antcrwr kidney surlace abo,·e, 
the tail touching the lower part. of the spl_een. . . 

The other type is seen in Fig. 634. Herc the pancreas 1s higher, and crosses 
the upper part Or the ki<lney, leaving exposed abo\·e its edge the whole or only a 
part of the left suprarenal capsule. r_rhe tail touches the same part of the spl~en 
in each case, showing it is also elevated with the pancreas. (Compare Figs. 
()34 and G70.) . 

'The inferior sw:face is narrow, only 1 to 2 cm. broad, and s!1ows, 111 th~ organ 
hanlcne<l in rdtu, internally a cavity and laterally a. ~onvex1ty, each tlirec.ted 
down ward. It re:;ts by the concavity on the duoclcno-JCJUDal flexure, and often 
on some coibs of the jejunum, and to the left o.n th~ transv~rse colon. 

late:~;~fv,8 l1~/~~~~i~~~cb~::·ff~';t0 fs t~lacrr~~\~!i. ~~Jl~~a\·11~c~~ 18T1~~0~11~e~~\;1~~~t~ie~,:~iofl~ci~~ 
CO\'Cred" by the le~scr omentum, and fits into and bchin<l the lesser curvature of 
the stoma.ch· it is the tubeJ" omnitale of the pancreas. Between it and tbe tu~er 
omcntalc of lhe li\•cr is the lesser sac. rl'bis bor<lcr is related above to the creliac 
a.xis au<l solar plexu:-i, and to two of the branches of the former. the hepatic 
artery passing to t~e right. the splenic to the left. . . . 

The inferior or aater111r boalu 1s the d1\'Hlmg 1111e for the b"? la) ers of the 
transverse mesocolou. The upper layer pa:s~es up over the anterior surface an<l 
here 000..,titute:-; the posterior wall of the lesser sac. 'l1 he lower layer passes down 
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O\"CI' the narrow inferior ~urface (Fig. Gl!J). 'fhus the posterior surface is <le,·oid 

~~~= . 
ri'hc tail of the pancreas rests upon the lower part of the mner surface of the 

spleen, or ii:i i:>ouml to it by a fold of peritoneum, the ltfJ. pmwreatico-lienale. lt 
cro'>es orcr the mi<ldle of the left kidney, or kidney and capsule, or capsule 
alone. ln front of this portion is the left gastro-cpiploic artery. 

The t'J'c,.don; duet of the gland. dul'lllS panaeaticus or cwtal of lJrirsu119 runs 
(16-!!3) from left to right in the long axis of.the gh~n<l, so~nctim~s approaching 
the anterior surface. but more often the poster10r surface. It begms with a ,·cry 
small calibre, formed by union of small ducts from the l obule~. in the tail part, 
and gradually increases in size on the receipt of tribut:.~ries from every si<le; so 
tha.t near its mouth it attains the size of the class ical quill, about one-ninth of an 
inch in <liamctcr. It can be found by its white color an1l close relation to the 
large p<tncrcatic artery. After reaching the neck ~t turns downward, ba.ckwar<l, 
and to the ri~ht in the head, and reaches the left side of the common bile-duct, 
and both go to the descending duodenum. 

It receives numrrous branches in the hea<l of the gland, a large one from 
bel0\\

1 and the dw·tus pancreaticus aecessorius or dzwtus Santorini from a.bO\·e 
(17i 5) (Fig. 682). 

This latter duct opens into the duodenum independently on a papilla about 
one inch abo\'C the orifice of the others. 1 The u8ual course of its contents, how-

cre11~~1g·d~ti~~~~~~:;._.~n;:e~~~~Cl~:~~ p~~t'!1ri~~!.~f1 on~e~~~ 
odenumremovcd. (llcnle.} 

e\·c1-, is below into the pancreatic duct. ~hould this become occluded near its 
orifice then a reverse flow might occur in the duct of F.antorini. 

The bile and pancreatic ducts do not unite out8idc the duo1lena.l wall. 'l'hey 
enter it obliquely and run obliquely a short distance between its coats and theii 
unite at an acute angle and empty into a. common receptacle just under the 
urncous membrane (Fig. 683). 'l'his little bladder-like pouch is ca lled the diver
ticulitm T"ateri (17:20). Tt throws up a papilla. of mucous membrane situated on 
the free edf?e of one o.f the "~l\'Ulre conni,·entcs. This is the papilla qf T~ater. 
It_ ha~ a. s111gle opcrn ng, which can be best found by the presence of a drop 
ot tlu1d _111trudcd by pressure on the izall-bladdcr or pancreas. The papilla 
is still farther conccale<l by a mucous fold, which co,·crs it from abo,·c 
(Fig. 683). . 

Abnormal fo1~ms occur: the de:::cending: tlun1lenum mav be surrounded ln· a 
ring of pa~crcat1c tissue: t.be tail may be bifid: a part· of the bead cunln~ 
around bch111d the mesenteric ''essels; muy form the leif.'jer pancreas. Accessorv 
glands (pancreas aeces.;:orium) are found mo::;t often in the walls of the jejuuufil 
and in tho~e of the stomach . · 

1 Thi-; is of inter(";t, as the pancreas ori.[!inall.\· budded from the duodenum rui two outgrow1bs. 
At about the si.xth week the proces:oes and their ducts join, ai; h<:re ~n. 
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Abdomin~l Aorta. 

pan~;g8.s~\'H~a"~~JJerse section through the middle of the first lumbar vertebra, showing the relations ot th~ 

Relations in Detail (Fig. 684). 
Supe1'io1'ly: 

First part of duo<lcnurn; 
Creliac axis, solar plexus: 
Splenic and hepatic arteries; 
~I.1ubcr omentalc of li,·c1-. 

..dnterio1'lif: 
Bursa omentalis (lesser sac); 
Posterior surface of stomach; 
Gastro-duo<lenal artery: 
Pancreatico.duodenal 'arteries: 
{; ppcr Ia_ver of transnrse mesocolon ; 
Trans,·ersc colon. 

Toriglit: 
Concavity of duodenum. 

To l~ft: 
Lower part of inner surface of spleen. 

Poste,.iol'/y: 
Second (third or first) lumbar vertebra; 
Pancreatic and common bi le-ducts; 
V cna cava. inferior; 
Origin of thoracic duct; 
Crura of diaphragm; 
Cccliac plexus; 
Aorta.; 
Sup. mesenteric artery; 
Rplenic. ~mp. and inf. mesenteric veins: 
Ycna portre; 
Right and left renal vessels: 
Left kidney (or kidney and rapsule or cap8li!c alone). 
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luferiurl!J: 
Duodcno-jcjunal flexure; 
'l'hinl and fourth parts of duodenum; 
Jt~junurn; 

Tramn-crsc colon; 
Lower layer of transYerse mesocolon; 
:.;upcrior mesenteric vessels; 
Inferior rncsenteric ''ein; 
)fosentery. 

r essels and Nerves.-Tbc pancreas is the only abdominal orga.n which docs not 
ha\'C a special artery from the aorta. Its supply co mes from the cceliac axis and 
superior mesentcric. Th e splenic artery gives the panaeaticre parvce and pan
creatica magna, which supply the tail and body. 1'he pancreatico-duodenalis 
superior comes from the gastro-duodenalis of the hepatic. These all come from 
the cceliac axis. '.l1be superior mesentcri c g ives off the pwwreatico-duodenalis 
inferior, which, with the superior, suppli es the bead. 

'.L1he tieins are of the same 11ames, and em pty into the splenic and superior 
mesenteric veins, all belonging to the portal system. 

'11he lymphatic vessels are numerous, divided, according to their course, in 
upper, /01cer, right, and left sets (8appcy). 

'l1he upper open into a row of lymph-g lands alon~ the splenic artery; the 
lower open into g lands on the posterior surfa ce around the superi or mesenteric 
vessels; the right open in to three or fou r glands fou11cl between the head of the 
pancreas and descending duodenum; the left, in to a g roup of glands situated 
between the tail of the pancreas and spleen in the pancrcatico-licnal ligament. 

'J1hc nen•es rise from the cool iac plexus, and probably have some elements of 
the right vagus. and accompany the vessels which supply the pan creas; the most 
of them go with the splcnic artery. 'l'bey are non-medu1lated and gangliated. 
In the gland they run independently of th e vessels. 

In structure the pancreas closely resembl es the pnrotid gland. It differs in 
certain particular~. and is looser an d softer in its tcxtul'c It is riot enclosed in a 

F1G.68.'.>.-Scnionofalvcoliandduct. llumanpancrcas. {llUhmand IJIH'idoft:) 

~listinc~ cap~ulc, ~l~t i$ surroundel! by 3:reolm· tiRsuc "hi ch dips down into its 
111tcr~t1ces and d1nde!-l. the gland t 1 ~sue rnto lobl's, and these are subdivided hv 
::iCpta into lobule~ which in turn are composed of groups of alveoli, connected 
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with on? of _the ramifications of the main du<:t ~Fig. 685). This intcralvcobr 
co11uect1vc tissue !;upports the bloo<l-Ycsscls, an<l 111 ccrtaiu parts of it are seen 
coll~cti~ns of cells, inlerafoeolar ull-islet.s. They arc pl'rmeate<l by a network of 
cap1\larics, and are very characteristic of the pancreas. Their function is un
kuown. The minute ducts are lined by short columnar epithelium, shorter than 
that found in the salivary ducts, and with no striation. '.L1hc aheoli are tubular, 
wa,·y, and conYoluted. lined by columnar cells which presents two zones: an 
outer one prcRenting the nucleus, clear and faintly striated; and an inner granu
lar one, next the lu~en. Th~se arc the secreting cells; after their activity the 
granular zone occupies most of the cell, whereas, in the earliest stage of digestion, 
the dear zone did this. The lumen of the alveolus is hardly vis ible, being filled 
by spm<l~e-sha1~ed cells, the centr~-acwar cel ls of Langcrbaus. Piersol considers 
these as nnpcrfcct ly developed acin i, and call s them bodies of La11ge1·lwus. 

The pancreatic duct presents two coats, fibre-e last ic and mucous. 'l ,bere is no 
sign of muscu lar t issue. Fine interccllular ca nal iculi barn been seen, compar
able to those of the l irnr, passing from between the cells to the lumen of an 
aJ,·eolus. 

Surface F orm..-The pancreas lies in front of the second lumbar ,·ertcbra, and can some
times be ~Cit. in emaciated subjects, wh('n the stomach and colon arc crupty1 by making deep 
preti::iure m the middle line about three inches abo,·e tl1e umbilicus. 

siona~~~~~~!~ft~:::1~~~r~~i~cha:11~t~J1~- ~fi~~~l:1.1~"~~~t<llco~~l~~J~:~tl1 ~~~C0~~~{1~h~re}~:: ~~~~ 
!hsc~~~~1~1 i'~1i'~~~"~i~1~C:,~~;;.e~~~~c~~c~i1!c~it~:S~1~~ 1~;;\~1~: 1!rl~~~1~~~d· to ?i;·~t~i~l:~ ~1l~h~~:~;gn: 
icus, and may require opening and draina~e. The fluid in them contains some of the elements 
of the pancreatic se<:retion and is very irritating, so that 1 if allowed to come in contact with the 
skin of lhe abdominal wall, it is likely to produce intractable eczema. It bns been saicl that the 

~~~i~r~l~is i~;~~~1°1~!~ ~~~uf~~1~!cl~·ii~l~o:1;)i~~\1~~it l ~1~~j1~:~.i~~~~:ni~ i;~u~ 1~~~~~'l~f1di~~h~~a~~~~i~ 
~er~\~~· or~~~e 1}~~.l~C~l~~i1~:db~ff~ k il~"~~s~ ~rc~~~isii~~·~{·11~~i;:dp~~l~~u~h;r~::~c~~i;~\~1~1! c~·;~o~~~ 
cisecl to avoid woundin1.r Lhe pancrca~, as the escape of the pancreatic fl uid may be attende~ 
with serious results. A'"'ccordi ng to U1llroth 1 it is likely, in consequence of' its peptonizing quali
ties, to dissolve the cicatrix of' the stomach. 

THE SPLEEN. 

The spleen is the largest aud most important ductless gland. It is probably 
rela1ed to the vascular system, yet its anatomical relations to the stomach and 
phssiological relation to the l iver, may allow it to be <lcscribcd as an accessory to 
the digestirc tract. 

lt is placed deep in the left h.vpochondrium, between the fundns of the stom-
ach and diaphragm, above the dcscendi?g colon. . . . 

In number there is but one, yet ,-anous ob::;erv:.it10ns show 1t may be congem
tally lacking, or may be multiple; as many as t,~-enty-~hrC'c in one body: These 
;1re callC'd accestsory or supennanerrl1'!J SJ~leens (lwncult ), prohahly. occas1onecl by 
the Jeep notching of the anterior margin and separ~t10n .of the ~nc l ud~d p_arts. 
They ma.y be connected wltb the mother-orgirn b.v thm bridge~ of splen1c t1s~ue 
or only b_v a portion of capsule. Tbey are generally wholly isolated, and s1tu
ntc(l in the p;astro-splenic omentum, great omenturn. transverse mc~oco l on, or 
in the pancreas on a branch of the splenic artery. I?requcntly, one or two arc 
in the region of the hilus. ~l1he.v arc of the size of a. lrnzclnut. red to almost 

black in color anc1 of a rounded form. 
No organ varies more in t'f)lume than the spice~. In child.ren it. is rrlatively 

well developed. ln old age it is u~uall.v atroph1c~l. It rnrl('S with the sa1~e 
j 11 di"iclua.I, with sex, dC'gree of fulne~s of portal vr.111 1 state of h_e:ilt? or o~ d1s
ea~e, and with the influence of _certain chug~ .. ]t 1s .hyprrtropb1ed ~n all 111fee
tious clisea~cs and in all dcpcndrng upon mal:trinl po1:-:on or lcukrcmrn. It may 
be 80 larf!:(' as to rParh the pel"is and weigh many pound"i. . 

Its average k·ngth in ten adult men was found to he 12 cm. (five or six 
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inches); breadth. cm.: thickncS' . 3 cm. (>:app<•y). In chi ldren it< proportion 
to htHlv-wcight is 1 to :J.)0: in a<lult~ J to 3:W; in old nge 1 to 700. 

Its· a.n•ra11c catlaveric weirrht in the abo\·c ten spccinH.'ll~ \\a~ 1!15 gm. lf 
fillc1l with blrt>01l its phy.siolog'ical weight wou~d be ~:!,') gm: (or 7 ounces). I~~ 
specific grn.Yity i::s 1.054, sbO\\ing greater dcmnty than the ln·cr. I ts rnlume 1s 
200 to :300 cc. 

Its col11t in the Jivinrr animal is dark re<l and probabh~ the same in ]j,·ing m:rn. 
After death it is <lark 

0

purplc to a. grayish red, due tO the presence of \'Cnou:;; 

bloo11. 
In consistence it is soft and distensiblc and li able to lri ccration. 
Form and Rela.tions.-'rhc spleen may he ellipsoid, to~1gue-io;h.apcd in l.ength. 

or it rutty be rectilinear with its four cornc;;~c \~~:~~ft;'h is I(~i~~1 t3~2),l ;b~~~·soit 
to be somewhat broader nbove tl1an 
below, whili..• typicnl forms presented 
by Lnsthka !'.how two types both larger 
bClow. One is rectangular "hich is 
most frequent, and one is om.I (Fig. 
686). 

~ gui::~~:~~~1h;.:1,::f;'~::se.i·~1~;az,bias~Y!'.~~:i 
} internal, \\ liich is s:ubdh·idcd by the 

infrrnu•diate rid.r/1' (111a1·,qo inttrrnediull) 
into an anterior !/a.C(tril' portion (supa
.ficieR f/a,11,fricn). and a. posterior J'C1W/ 
portion (supo:ficfr . ., renalis). 

'l'hcrc arc two 11wq;ins1 anterior 
or crenate<l (matyo Ne1wfw-11 and pos
teriot (maryo obtwws). 

'J'he i;:; plcen lies obliqucl~r with its 
long axis pla cc<l deep in the left hypo

chondrium an<l nen rl ,v parallel to the ribs. lt lies betwee n tl1c conc;n·e surface 
of the diaphr.1gm 1 placed to the left, behind and abon~, and the fond us of the stom
a.ch, pla ced to the right an<l in front. It is aboYe th e left kicln cy and splenic 
flexure of colon (Fig. GSO). This figure will r epay stud~· as we do not always 
appreciate that the suprarenal capsule and kidu ey and spleen rise ncarl)T to th e 
car<lia with the pancreas, transYerse colon, and splen ic flexure in immediate 
contact. 

Its large convex phrenic sw:face lies against the costal part of the diaphragm 
and looks upward, backward, and to the left or even a littl e inward abo,·c. It is 
co,·cred by the ninth, tf'nth, and eleventh ribs, but separated from them by the 
peritoneum, diaphragm, costo-phrcnic Rinus1 and in part by the left pleura and 
lung. In ~ornc cases the left lobe of the Ji,·er extends between this ~u rfa ce of 
t11 e spleen and diaphragm. This is normal at birth when th e hepatic surface of 
the spleen is the biggest of all . 

The internal surfaer directed toward the abdominal c:\.\' it_v is diYided by a. 
prominent ridge into two parts, of which the posterior is narrow an<l th e anterior 
broad. 

'J'he liihrn of the spl een ma~T be on the ridge. but is uRually ::rnterior to it. It 
is r epresented by an irregular longitudi nal row of depreRsion~, in wl1ich the arteries 
and nerves enter an(l through whi('h the lymphatics an<l vciM emerge. 

'l1be ~urfoce posterior to the ridge is the Nnrrl sw;fa('l', flnt nnd not r eaching 
a<; high a~ the j!<tStric surface, it is turned inwnnl and downward toward the left 
rr11.;: ~f the diaphraµm. and is in contact with the upper ::ind outer margin of the 
left kidney, and usually the suprarenal cap:-.ulc. 

The ,r1ustrfr ~w:faee, broad and c·on<:aYc, is dircctccl inward and forward. 
When the i;tomach ii; distenilcd in the grt!ater part of its extcnt

1 
this surface lies 
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Lgainst the posterior wall of the fundus and body of the stomach (Fi«. 680). 
O\~~r do\\ n 1t to.ucbcs the tail of the pancreas. 

0 

1 h? liaxal 1:nuiac1' forms the lower and outer cnfl of the ~pleen, and is trian
~ular .. 1n shape.. 'l'~1is <loe!:i not rest on the left kidney, but frequently is in cou-

~~~~11"~~bd t:~l~r~~~-~!li~1 ~i~~~~~~~s and re.Cfularl/j with the Rplcnic tlexure of the 

Th e ant~rior or aniate margin is sharp an<l thin and usually marked bv a 
few, two to four, notches more or less deeply cut. It separates tLe internal fi~om 

FIG. G87.-Rclations of n.bdominal Ylsccra. Posterior \'lcw. (Joesscl.) 

the phrenic su rface. Trace<l from the upper end of the spleen, this bor<ler passes 
outward, convex above. 'l'Lis lies between the diaphragrn and stomach nearly as 
hig h as the c:.~rd i a. 'L1he bonier then 1~a~~c~. do\\ m~'anl au<l forward, and is in 
close contact with the chest-wall at the mul-axdlary line. 

The im1n· or iutf•1·11wdinte border lie~ on the i
0

11tcrior ~urfo.ce posterior to the 
hilus, and RC'parate~ the µ;a~tric and rennl :-.urface~. The potderio1· or blunt border 
:;:eparatcs the intrrnal arnl phrenic Htrfo(·es. It clips in between the diaphrngm 
and left kidney. and run:s downward au1l outward along the lower border of the 
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cll'H'Hth rib. .:\ lou•t'I' /111nlu may b(' dcscriLell bt.•twet'n the phrcnic and ha~al 
~urfiH'l's. 

'l'be 1111110· /'JUI of the spleen lie:-- on the len•I of the tenth clor:-;al n.•rkhra. 
It :ipproache .... the YCrtebral column to within 2 or ;3 c.:111 •• anti often touche~ it. 
It i~ t:nn.~rt.•d behind b,,~ the ribs and the ,great ~acro-~pinalis mu~clc 

'l'hC' lowl'r tnd of the spleen extends more or lc~s fon\anl. but normally. C\·en 
in 1leep in~pir:ttion, docs not extend beyond the co:-;to-clavicular line. ,d_1ich con
nects the left :.terno-cla\'icular articulation to the anterior end of the cleYcnth 
rib. Frequently it only reaches the axillary line. In regard to the relations of 
tl1e l-iplccn 10 the thoracic ca,·ity and Jun g three zones can be distinguished (Fig. 
6'7): (1) 'l'hc upper part of the spleen is completely co1·crcd hy the left lung ; 
(2) the middle part corresponds to the costo-ph re11ic si nus; (3) the lower part 
cxten<ls ovrr the lo\\ Cl' pleural limit an<l projects down over the co tal origin of 
the UiapLragm. Its relations to the pleura and pleural CiLYit~7 explain why 
woumlR of the spleen can be accompanied by wound~ of the lnng a.nil \\ hy absce~s 
of the spleen may open through the diaphragm into the ieft pleural CiL\'it,\7 • 

It can also be seen how the limit of pcrcus~ion is \'Cry narrow. The upper 
part i~ co,·crcd by the lung and thick muscles of the back. Tbe part not covered 
by the lung applies it:-oclf to the left kidney anrl splcnic flexure of colon whereby 
the per<:u~sion note mny be n::oclified. e~pecially if faecal masses be in the colon 
or if the fundu~ of the stomncb be filled with food . Abnormal enlargements of 
the spleen may be diagnn:-ocd by palpation as well as by percussion. 

Relations. 
E.rtanall.IJ and alum!: 

1'eritoneum and left eostal part of diaphragm; 
i\inth 1 tenth, ancl eleventh ribs; 
Co:-:to-phrenic bi nus; 
L ('ft lung and pleura; 
(At birth) left lobe of li1·cr; 
Great rnuRclcs of back. 

l11tenwll,11: 
J>ost('rior surface of fundus of stomach ; 
Left kidn('y and capsule; 
'l1ail of pancreas; 
~omctimcs \'Crtebral column. 

I1{feriorf.11: 
Tail of pancreas sometimes; 
~picnic flexure of colon: 
Lig. phreuo-colicum; saccus licnalis. 

Fixation of Spleen and Peritoneal Relations.-Tb e position of the spleen is 
S('Cure1l hy peritoneal folds which connect it with the diaphragm au.cl neighboriHg 
organs. 
. 'J1he _11:<1. ~>l1reno-lienale come~ from the left crus of the dinphragrn, and pa~se;:; 
111 the d1rcctJon of the long axis of tbe spleen to ih point of in~ertion, which is 
din:ctly bchi_nd tl~e inner border (margo intermc1lins.). The ligament consists of 
firm conncctirn t1~suc strands. and descrres the name suspenNory liqament of the 
spler'n (lig. suspcnsorium lienis). · · 

The b:11. l/fl.'ltro-lienale or ga,<l.tro-.q_plenic omnitnm connectR the hilus of the 
~pleen with the f'un<lus. of the stomach . It con.;;il"ts. of an anterior laver formed of 
peritoneum of' the greater sac. and a posterior layer" hi ch helps fon;1 the anterior 
wall of th(' lc:-: ..... cr sac (Fi~. Gll). It only rccei\·es a ~troncr com:i~tcn<'Y bv the 
presence of the Ya!'::l ,!!as.trica brevia. whil'h run in this. folcl f~om the hihi:-; o"f the 
spleen to thr stomach. The in ..... ertion of the ligament into the funclu~ of tbe 
stomach ha:-; no firm hold and can off<.·r but little fixation to the spleen, but 
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rather serves to fasten the fundus of the stomach, which, in an empty state, nerds 
:support. 

'J'hl~ l(rJ. lit'1to-1"l'1ltd1' (Fi~. 1311) is made of a po~tcrior 1avcr from the greater 
~ac and ~rn anterior layer "hi<:h forms part of the po!:itcrior '~all of the le:sscr sac. 
It contams the spll•nic ves::.cl.s. 

The l(r/. 11hreuo-coliewn (incorrectly co:sto-colic) coutributcs to the :-:ccuritv of 
the splec1~, although unconnected with it. It a~·iscs from the diaphragn1 oppO::-ite 
the anterior cn.<ls of the tench an.d elc\'Cnth l'lbs, an<l pa~:-:cs bcJ0 ,r the ~plcen 
downward and 111wan.1 to the splen1c flexure of the colon and to the anterior sur
face of the descending colon. It forms a pocket, with its conca\'ity directed 
up"arcl and inw~rd; the saceus ZienaZis, which, in the new-born, rcgularl.Y rcceires 
the spleen. Tl~1R ligament may also be called the .r.;ustentar·ulum Zienir-i, supporter 
of the spleen. By the normal condition of the su~pcmwr,v, and especially pltrcno
colic ligament, the spleen retains its position. Should the plircuo-colic be re
laxed then the spleen is displacell antl its long a.xis becomes more vertical. In 
rare cases the normal ~pleen may sink deep into the abdominal c:uih·, c\·en to 
the pel"is. This is called the .. wandering spleen." It is liable to atrophy when 
the splcnic artery suffers torsion. 11here arc still two more inconstant lig;mcnts, 
the Z(rJ. panc1·eatfro-limaZe and coZico-Zienale. 'l'hc former is pre~ent when the 
tail of the pancreas does not reach the lower part of the inner surface of the 
spleen; then the vi~ceral peritoneum from below and the lesser sac from aboYe 
form a short band between these two organs, a. part of the Jig. lieno-renale. 

The ZtfJ· colieo-Zieuale, when present, pa!-l-ses from the basal surface of the 
spleen do" nward and outward to the descending colon and joins the great omen
tum. It contributes to the formation of the saccus licnalis. 

The ligaments, altogether, arc the Zig. gastro-lienaZe or gastro-splenic omen
tum : Zig. phreno-lierwle or suspensory ligament; Zig. phreno-colicwn or supporter 
of the spleen; lig. lieno-1·enale, li'g. pancreatico-lienale, and li'g. coZt.'co-lienale, six 
in number. 

lter<piration exerts an inHuence upon the J_)Osition of the spleen, and especially 
on the pcrcu~sion limits. In inspil'<ttion it smks somewhat, and its area of dul
ne:-s is lessened from the oYcrlapping of the lungs. Yet the respiratory motility 
of the spleen is mucb less than that of the Ji,·er. because the diaphragm exercises 
le~s influence o,·cr it than upon the li,·er. lla:-:-c 1 ~tates tlrnt in inspiration the 
~pleen is compressed from abO\'e downward, and in expiration it passes upward 
and backward along tLe tenth rib. Pathologi~al chan~cs in tb? thoracic cav_ity. 
a~ effu~ion"i, will pu..-h the Rplcen down, or asc1tes and tumon; m the ab<lommal 
caYitY ,dJI pu"h it up. 

Vessels and Nerves of the Spleen.-Thc artaies arc branches of the splenic; 
it di,·i1lc.-t about 3 cm. internal to the hilus into three or four branches which 
~oon sub<liYidc into twch·c or fifteen twigs, whi~h entC'r the gland. The splenic 
i,oein i~ about twice a~ large as the accompany1117 arter~~ -

1:l1hc lym7Jlutlic t•e.'<(!H•ls a.re diYicled into a supcrficia~ arnl dC'ep set. Sappcy c~n
tends for a supcrfitial set in man, which is proYcn ID the horse. deer, and pig. 
'!'he deeper l_ympha.tic \·cs:.:.cls follow the bloo<l-n•r..;sels, .one for ea~h of the larger 
''cins. At the hilu:o; there :ire fiYC or six trunks which <'mpty mto the glands 
,.ituatecl there. In their farther course they follow the blood-vessels and unite 
with the lymphatics of tbe liver m!d stom:_\ch to ro.rm the thoracic duct. 

1:J1hc nenie11 colllc from the ccc1 1ac plexus a.n<l r1ghl vagns, and accompany, 

!:ipai~~r~1i~;;~.~~f.:~~ii~>l~~~~ri;· invested by two coats-an cxtemal serous and an 
internal fihro-cla,tic coat (tunica propria). . . . . 

'The eiil'J'Wtl or ~f'rfnt>t coat is deri\·e1l from the pentoneum:. 1t 1s thm1 s~nootb, 
and in the human s-uhject intimately adherent to the fi1Jr~-elast1c coat. It mvests 
almo~t the entire organ. being reflected from it. at the hilus, 0~1 to the great end 
of the !'tomatli, an<l at the upper cnrl of thl' organ on to the Diaphragm. 

1.rlrch. f A11at. u. Phy.~., H:!8li, ~.:?OH. 
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1J'hc tilmi-daRfir· Nmf forms the framework of the splcPn. lt i1ne~t:;; tl1c 
C'Xtl•rior ~1f the or~an, an1l at the hilus i!'I rcfll·Cteil inwanl upon the ~·e:-:--;t·ls in .1lu.• 
form of rn"'in:e or sh('aths. From the~l' sh('atbs, as well as from thL• ltllll'l' :mrlacc 
(•f the fihr~-ela~tic coat, numerous small fibrous bands, trabaula· (Fig. GR8). are 

FIG. 688.-Tranncrse section of the spleen, showing the trabecular tissue and the splenic vein and its branches. 

~i\·cn off in all di1·ections; these, uniting, constitute the areolar framework of the 
~plccn. The framcw11~·k of the spleen resembles, therefore. a sponge-like material, 
consis1ing of a number of small spaces or areolu1, formed by the trabccuhc which 
are gi,·cn off from the inner surface of the capsule, or from the sheaths prolonged 
inward on the blood-\·essels. And in tbesc spaces or a.rcokc is contained the 
splenic plllp. 

'rlic proper coat, the sheaths of the vesscl8 a1Hl lhc trnl;ccuhc, consist of a. 
<lcn8c mesh of \\bite nn<l yellow elastic fibrous ti!-1-!:'ues, the la.ttcr considerably pre
dominating. It is owing to the presence of thi:; tissue that the spleen possesses 
a con:;i1lcrahle a.mount of clasticity1 which allows of the \'Cry great \'a.riations in 
size tha.t it presents under certa.in circumstances. In addition to these con
stituents of this tunic, there is found in man a sma11 amount of non-striped muscu
lar fibre, an<l in some mammalia (e. lJ· dog. pig, and ca.t) a. very con:;iderable 
amount. so that the trabeculre appear to consist chiefly of muscular tissue. It is 
probably owing to this structure that the spleen exhibits, "hen acted upon by the 
gahanic current, faint traces of contractility. 

The propet sub~tawe of the spleen or spleen-pulp is a soft mass of a. dark 
reddish-brown color, resembling grumous blood. When examined. by means of a. 
thin section, under a microscope, it is found to CCJnsist of a number of branching 
cells and an interccllular substance. The cells arc connecti\•e-tissne corpuscles, 
arnl haYc been named the sustentarnlar or suppotlhig cells uf the pulp. The 
1woccssc:; of these branching cells communic<Ltc with eacl.1 other, thus forming a 
delicate rcticuhued tiss11c in the interior of the rtrcolre formed by the trnbeculro of 
the capsule; so that each primary space may he consi<lered tO be diride<l into a 
number of smaller spaces by the junction of these processes of the branching 
corpuscle:->. These secon<la.ry spaces contain hlood, in which, however, the "hite 
cnqrnsclcs arc found to be in larger proportions tlrnn they arc in ordinary blood. 

:~~;~, t11;1~~~,t~~1~1l~~~tcei1:01~:: ~i:~~);y~1:~~:n~~;1i-\~~~~~e~~~!1~~~ 0l1ai'il~· ~~l~~~~~~~{\\~~ 
~Ialpil(hian hoclies, pre•entl_y to be de.<cribcd (W. ~liillcr), hut like them they pos
~e..,.., a1a.11cboi<l movements (Cohnhcim). Ju manv of tht·m may be ... cen <leep red 
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or red~li:.;h:ycllow granules of nnious size~ which prcRcnt the characters of the 
~Hematm of the blood. Sometimes., also. unchan~cd blood-ilii-h are Reen included 
~n t!1csc cells, but more fretplentl,Y hloo<l-diRb are founil which are altered both 
Ill forn;i and color. In. fa.ct, bloot.l-c01~pu~clc:;; in all stages of disintegrntion may 
O_c n_ottcc1l to oc~ur w1thm them. l\.lcm has recently pointed out that Rome
tnucs these cells. m the ~;oun.g spleen contain a proliferating nuclcuR; that is to 
Stl~~'... the nucleus .1~ of large ~1ze. and .presents a. number (lf kn.ob-like projections, 
a~ 1t .small_ nuclei were bl~dd111g from i_t by a. process of gcmmatinn . This observa
tion is of importance, as 1t may expl:un one possible source of the colol'icss blood
cor~\1scl?s . 

Ibe interspaces or arc?]"' formerl by the framework of the spleen arc thus filled 
by .a dclica.tc rct1~ulum of branched connective-tiss ue corpuscles the interstices of 
which arc occupied by blood, an<l in which the blood-vessels terminate in the 
manner now to be describe<l. 
. JJ_lood-i•essels. of the iS]Jl~en.-The splenic al'tery is rcma.rkable for its large 

size m proportion to the size of the organ, and also for its tortuous course. 

bra:~i~C~.S!l.-Trafl!wcrse Sl'C'tion or lhe human spleen, showing the cllstriLution of the splcnic artery and its 

[t divides into twelve to fifteen branches, which enter the hilus of the spleen 
an<l ramif:v throughout its substance (Fig. GH!J). rccei,·ing ~heaths from an 
involution of the external fibrous tissue. Himilar sheaths also im·est the nerves 

and \'Cius. 
Ea.ch branch runs in the transverse axis of the organ from within outward, 

diminishing in size ch1ring its transit, and gi,·ing off in its passage smaller 
branches. some of which pass to the anterior, others to the posterior part. These 
ultima.ccly leave the trabecular sheaths, and terminate in the proper substance of 
the spleen in s1nall tufts or pencils of minute arterioles, which open into the 
inte1·stices of the reticulum formed by the branched sustentacula1· cells. Each of 
the laraer branches of the artery supplies ch ieHy that region of the organ in 
which the branch ramifies, having no anastomosis with the majority of the other 

branches. 
rJ11.lC arterioles

1 
supported by the minute trabeculm, tra\'Cl'Se the pulp in 

all directions in bundles or penicilli of straight vessels. 'eheir external coat, on 
leavin<r the trabecular sheaths, consists of ordinary connccti\'e tissue, but it gradn
allv u~dergocs a. transformation, becomes much thickened, and is cotwerted into 
a iymph oi<l material.' This cha!lge is effected by the com:ersi?n of the c?n
nccti\'C tissue into a cystogenous tissue, the bundles of comwct1vc t1s:me bccommg 

arnl ;1;r\1~~>::~: 1~1 ~11i ~~!:·~·r i!d~'Jn~i~ ~i';:~!hwY1~c\~1 :u~
1:~~~111d~e~~1~ ,;~~·:~r lik~c;e~f ;1~c1~~

11:1 ~1;~;~~J:~:7~~;:~ 
of 1/1.~flJftiyy, p. 4~-1). 
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loo~l'I' ancl laxer, their fibril~ more tldicate. and l'ontainin~ in their interstic·l'S 
an abundance of lymph·corpu~clcs (\r. )Jiilh•r). This lym11hoitl material is 
supplil•1l with bl1)o<l by minute \'C:-<"'el"' llerin•tl from the artery with \\hi ch tiH'Y 
arc in cuntacr, and which terminates by brraking: up inro a network of capillary 
VC~-il'b. 

The alten.•cl coat of the arterioles, consisting- of lymphoid th•sue. presenh hl'rC 
an1l there thickenings of a spheroidal shape. the .Jialp(tJhian b11dfrs r~t' tlt1· 51pf, 1 n. 
These bo<lil's rnry in Rize from about the Th of an incL to the .,/;;of an inc:h in 
diameter. The,\· are merely local expan::;ions or hypcrpla::.im of the l_nupboid 
ti!:'suc of which the external coat of the smaller arteries of the Rplecn is forme<l . 
'l'Lcy are mm•t fret1uently foun<l surrounding the arteriole, which thus seems to 

tunnel them. but occn~ionnll.\~ they grow from 
one ~itlo of the YC'i-Fel only, and pn•sent the 
app<•arancc of a r-;cssilc bud growing from the 
arterial "all. I\'.lcin. howcYCJ". cl<"nics this, 
and says it is inc:oncc:t to 1lescribe the ~lal
pigbian bodies as i;,,;.olatcd mao;:scs of adenoid 
tissue. but that the\· arc alway~ formc<l arournl 
au artery. thouµ-h ihere is ge

0

nerally a ,!!l"l•atcr 
amount on one f::ide than the other, an<l that, 
therefore. in tram~rerH' :-ections the artery in 
the majority of ca~es is found in an ecc:eritric 
position. These bodies are Yisible to the naked 
eye on the surface of a fresh sectiou of the 
oi·gan, appearing as minute dots of scmi
opaque wliiti~h color in the dark substance 
of the pulp. In minute i:.tructure the~Y re
semble the adenoid tissue of lymphat ic glands. 
consisti ng of a delicate reticulum in the rnt':o.hes 
of which lie ordinnry lymphoid cell s (Fig. 

o;ho'~·:~;g 1~7:iiPi~~1\l;;1;- c~;~:~~cle:~01'Komke:~; 690). 
' l'he reticulum of the tissue is made up 

of extrcm<'J,,- delicate fibrils, and is comparati\'ely open in the centre of the 
c:orpu~cle, becoming closer at the periphery of tlic bo<ly. The cells which it 
~1H.:lo~cs, like the supporting cells of the pulp1 arc possessed of amccboid mo,·e-

Fw. 691.~ection of spleen, showing the termination or the small blood·n:ssels. 

mcnts but when trc3tcd with carmine become dceph· stained, an<l can thus 
ea-.;ily b<.· n .•coµ:nized from those of the pulp. ~ 

The arterioles terminate in capillarie:-'. whicL traver:-;e the pulp in a11 directions; 
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their wall-s ?cco.mc much attenuated, lose their tubular charactcr
1 

and the ccl1s of 

the lymphoid tissue of which they arc compo~(·1l become altcrc<l, prc!'cnting a. 

brandied a.ppearancc an<l acquiring procci-;scs \\bich arc <lirectlr connected with 

the yroce"'es of the "'!stentacuhu· cells of the pulp (Fig. 691). Jn this manner the 

c:i.p1!lary \CS~cls tcnmnatc, and the blood fiowmg throuah them finch.; its way into 

the mtcr~ticcs of the reticulatcll tissnc funned br the b~anched councctirc:tissuc 

corpuscles of. th.e splcnic 1iulp . . Thus the bloo;l passing through the spleen is 

brou~bt mto intimate relation with the clements of the pulp, and no doubt under

goes important change~. 

After these <:hangcs hare taken place the hlocul is collected from the interstices 

of rhe tissue by the rootlets of the ,·cins, which commence mu('h in the ~ame ''av 

as the al'tcric~ tcl'minate. 'rbcre a. ,·ein is about to commenc:c the conncctin!

tissne corpuscles of the pulp arrange thcmselYcs in rows in su<'h a war as to form 

an elo~ga.tc1l space or sinus. Thc,Y become changed in shape, bein"g elongated 

and spmdle-fl-hapcd, and o,·erlap each other at their extrl'mities. Thcv thus form 

a sort of endothelial lining of the path or ~inus, \\hich is the raditlC of a ''ein. 

On. the outer surfac~ of these cells a.1·~ seen delicate trans,·crse l ines or markings 

":hich are due to minute elastic fibrilkc arranged in a. circular manner around the 

smus. '11
hus the ch~nncl obtains a. continuous external in,·estmcnt, and gradually 

becomes con,·erted mto a sma1l n:in, "hich after a time pre!':ents u coat of 

ordi~1ary com~ccti,·e tissue, Jined by a. hner of fu~ i form epithelial cells which are 

contm11ous with the supporting tells of the pulp. The smaller ''eins unite to form 

larger ones which do not accompany the arteries, but soon enter the trnbecular 

sheaths of the capsule, and by their junction form from four to six branches which 

emerge from the bilum and, uniting, form the splcnic vein , the largest radiclc of 

the ,·ena porta. 
The Yeins are remarkable for their numerous anastomoses, while the arter ies 

har<lh· anastomose at all. · 

'fhe lymphatics originate in two ways- i. e. a trabecular set and a perivascu

/a;- set. The former run on the trabccuhe and empty into the superficial network 

of the cap~ulc. 'L'he per i va~cnlar i!>. the deep set, ris ing in the lymphoid tissue 

surrounding the arteries and forming )[alpiµ-hian corpuscles. At first they ha,·e 

no walls. They are seen to run with an arte ry in pairs and !-iingly with each la rger 

vein, forming many anastomoses. Both sets join at the bi I us (see page 1077). 

Surface Form.-Thl' i:;pleen is .situated under cover of the ribs of the left ~ide, hcin~ Sf'!)a-

r~1:r~~r i'.:~'ri!~~:,:~~~:~~;:E~i',1£:\~~,:~~i11i';):~::~1~;;~:~
0

~'.~~~1£3'i,~~~,1~,,~~'~1~~~~~~:~';~ 
from above downward and forward" (Cunningham). 1

' lts highest and lowest points are on a. 

levd re~pc<:ti,·cly with the nin~h doN:al aml fil':-it lumbar spines; its inner end is distant about .an 

inch anil a half from the median plane of the body, an<l its outer end about rca<.:hc:s tbe m1d-

axillary line'' <Quain). . 

Sur gical Anatomy.-Tnjury of the spleen is le::;:; common than tl~at of the_ 11,~er, on ~(·count 

~~~~~1i~~~;~J~¥~~:~~t{~~i~ 
Uc remo,·c<l 'J'he spleen .may becom~ d1~placed 1 p:oducmg grea~ pam from s1rc1chmg of the 

~~~~~1;~~::!::~~ii~::r~~J:li('.i~~~¥Fh'.~:~~~~r.1~~~~h~1, :~L~fFr~1 ~'.1!~,::1~~:·~~~~;1?1:~~::~~:1~!ii 
~i;n~11J11:1l~~,l~<7:0~c~s :ifci1r~~~~:/~~~~~a~h~l~~j~~/~tl~~~l 1~'~) 1~~c11~i1:sk~~e f~~'.1l~~a:i~~;' ~~u~~tl~~~i\~~ 

;:;~f '.~;~f '::~~~:r~c~,;,~~~:i,~:::£;7f.~ib:~::i:~'.'.~i,~\~i~I~'.:~:,:~1i1;~~.~~:~~~:~~,1h'1~~:~£~~ :~~~~~; 
of tlic pus iuto the tJcritoneal cavih·. If po~sihlc. lhc operation should be pt'rformed in two 
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THE THORAX. 

TJIE Thora.x :is a cone-shaped Ca\'ity containing and protecting the bean, 
enclosed 111 its membranous ba~. the peril'nrdiwn. and the_ lungs, invested by 

the pleurn. Its shape and boundanes haYe already been de•cnbed (sec pa•e 230). 
The Cavity of the Thorax.-Tbe size of the ·cavitv of the thorax ch>cs not 

correspond with its apparent size externally, because (lj the space enclosed by the 
lower nbs is occupwd by some of the abdominal viscera, and (2) the cavity extends 
abov~ the fi1:st n? mt~ the neck. The size. of the .cavity of ~he thorax is constantly 
''arymg du1:mg l1~e with the mo,·e~ents ~f the nbs and Dmpbr::igm and with the 
degree. of d1stcns1on of the abdomma.l nscera. From the collapsed state of the 
lun!JS m the dead body it would_ appea1· as if' the ,·iscera only partly filled the 
ca\'lty of the thorax, but dunng hfe there 1s no rncant space, that which is seen 
after death being filled up by the expanded lungs. 

T_he Upper Opening of the Thorax.-The parts "hich pass through the upper 
opening of the thorax arc, from before back ward in the middle line, the Sterno
hyoicl and Sterno-thyroid muscles, the remains of the thymus gland1 the trachea, 
cesophagus, thoracic duct, and the Longus colli muscle of ench side; at the sides, 
the innominate artery, the left common carotid and left subclavian arteries, the 
internal mamrnar.v and superior intercostal arteries, the right and left innom
inate ,·eins, and the inferior thyroid rnins. the pneumogastric, cardiac, pbrenic, 
and sympathetic nerves, the anterior branch of the first dorsal ner"e, and the 
recurrent laryngeal nene of the left side. 'Th e apex of each lung, coYerecl by 
the pleura, also r'rojccts through this aperture, a little aborn the margin of the 
first rib. 

The Lower Opening of the Thorax is wider transversely th:in from before back
ward. It slope!:! obliquely <lownwar<l and back\\ard, 80 that the ca.rity of the 
thorax is much deeper behin<l than in front. The Diaphragm (sec page J-14) closes 
in the opening, forming the floor of the thorax. The tlool' is flatter at the centre 
than at the sides, ancl is higher on the right side than on the left, corresponding in 
the dead body to the upper border of the fifth costal cartilage on the former. and 
to the corrc~ponding part of the sixth costal cartilage 011 the latter. :From the 
highest point on each side the floor slopes suddenly dowm,ar<l to the attachment 
of the Diaphragm to the ribs; this is more marked behind than in front, so that 
only a. narrow space is left bf"tween it and the wall of t~e thorax. 

For meawre111ents of the thorax see page 1099. 

THE PERICARDIUM. 

~rhe Pericardium (Figs. 692, 693) is a conical membranous sac in which the 
heart and the commencement of the great Ycsscls arc contai1H:cl. It is placed 
beLind the sternum and the cartilages of the third, fourth, fifth) sixth, and seventh 
ribs of the left sitlc, in the interva1 between the pl cune. 

Its rt/H'l' is directed up"a.n1, and surrou nd s th e great.vessels about two inches 
abo,·e their oriO'in from the base of the heart. Its lms1• is atlached to the central 
tcn<lon and pa~t of the adjoining rnus~ular ~tructure o_f the.D.iaphragm, extendi ng 
a little farther to the left than to the nght sule. Jn .front a 1s separated from the 
sternum bv the remains of the thymus J!land abo,·e and a little loose areolar tissue 
below, anri is coverc1l by the margin$ of the lunJ?S, especially the lef~. Behind, it 
rests upon the bronchi, the oosophagu~, an~l the descending aorta. Laterally, it is 
covered by the plcurre, the phrenic nene w1th its accompanying \·essels descending 
between the two membranes on either :-;idc. 
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Structure of the Pericardium.-The pericardium iH a fibro-scrous llll'mbnrnc, 

a n11,l~·l1:~1 ;;,:~;u~~h ~::,~,~:~ri~· ~1~t~·::~~~L ~~~:·~c a111~ c~;~ :>l;.~~':1~~,'. ti ~.~';l\:1~· ~~1; ~l ~11~~-1'.c1~111 ~'1~;i:aLll1;c.;,:~~~~ 
YC:'~L'b t1ri . ..;111g from the hasc of the heart, on "Inch H 1:-1 co~1trn11c.•tl 111 the form 
of tubular prolon~ations whi('h are gradually loi-:t 11111;11 tlH.'11'. t.•xlcrnal coat, the 

~~:~~~1J~~:tc h'~,l~:1~1~1.1 :~~ ~·~~1~1~e e~1~~~~~~10~~~c w~~:'\11.1e :11~~~) i'.~~~~~a~t :;:~ :~1:.\'~c~~· ~~·~~,i~:~ 
Un each si1IP of the a:-iccnding aorta it semis tqrnard a <lircrticulum: the une on 

)lm~~~6gf·tJi~e1~~;)~~t1g~1iJe~~o:!}~~;~~g~JLe sac has bccu distend~tl with plu~ter. (From n preparation in the 

the left side, somewh<tt conical in sb::ipe. p::isses up,rnrd and outward, between the 
arch of the aorta. an<l the left pulmonary artery, as far as the <Juctus arteriosuR, 
where it terminates in a. crecal extremity, which is attached by loose connective 
tissue to the oblitcr;ite<l duct (Fig. 692). 'l'he one on the right side passes up
ward and to the right, between the ascending aorta. and vcna cava superior, and 
als.o terminates in a. c~cal extrem ity . Below, the fibro us layer is attached to the 
CC'ntral tendon of the Diaphragm) ancl on the left side to its mm;cular fibres . 
• \ntcriorly the pericardium is connected to the sternum by two ''ariahle bands of 
fascia, the superior and inferio1· sterno-pericanlial l~qaments of Luschka. 

The vc.~~els recei,·ing fil>rous prolon~ations arc the aorta, tbe~mperior nna earn, 
the riµ:ht a.nrl left pulmonary arterie5, and the four pulmonary ,·eins. As the infe
rior vcna. cara tntcrs the pericardium, it rcceiYC!" uo cm·ering from the fibruus laser. 
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f 1'hc -~'":?l~R. l~t!/er invc!'ts th.c heart, and is then r?flcctcd on the inner surface 
~'h th.c. pc1.1c_.ud1~1m. It consists, therefore, of a nsceral and parietal portion. 
. e fot met m vests the surfa~e of the heart and the commencement of the great 
~ csscls to the ex ten~ of one mch and a. half from their origin; from these it is 
ieffected upon the mner surface of the fibrous layer. 'l111C serous membrane 
encloses the aorta and pulmonary artery in a siu<rlC tube · hence between theo;:.e 
vcss~ls and the ~uricles posteriorly is.a. passage, tl~e transi•~rse JJericardi"al sinu;; 
but it only partially covers the supenor and inferior ,·cna cava and the four pul-

Ri_qht 
&u/K'lat•ia1~ 

FIG. fi93.-Pericnrdium, from behind. (From the same prcparntion os the preceding figure.) 

monary veins. Its inner surface is smooth and glistening, and secretes a thin 
fluid which serves to facilitate the movements of the heart . 

..Arteries of the Prn'cardium.-These arc derived from the internal mammary 
and its musculo·phrcnic branch and from the descending thoracic aorta. 

Nen1es of tltr Perical'(liwn.-These arc brancbcs from the vagus, the pbrenic1 

and the sympathetic. 
'1.'he J'estir;ial Fold of the Pei·icrudium.-\\.hcn the perirar<lium is opened 

there is seen lying between the left pulmonar.v artery and RubJacent pulmonary 
vein a triaufrular fol<l (rN~t(qialfold of Jlarshall) of the serous layer, which enclo~es 
bd\\ecn ics(°'Ja,•crs the remains, :l fibrous cord, of the lej~ superior vena earn. Tb is 
cord may somCtimes be traced upwanl to the left superior intcrcostal vein. 
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~ion ~~gi~~~~a~t~·~t~f.i1~·~)~~~~~~1n~;t~t:~~tb~~~~J~~~ 1~hi~ s;l;n~t\:~~~~:~r=i~t'.~~~~~ i1~.t~~~~ 
the left of the sternum. 'fhc operatiou Jia...., been pcrlurrued 1 however1 111 the fourth, sixth, and 
se\'enth spaces, and also on the ri.!.!;ht side of the Mcrnum. 

THE HEART. 
The Heart is a. hollow muscular organ, of a conical form, placed between the 

lungs and enclosed in the ca.dty of the pericard ium. 
Position.-'l'he heart is placed obliquely in the chest: the broad attached end, 

or base, is directed upward, backward, and to the right, an<l corresponcls to the 

interval between the fifth and ninth dorsal vertebne-tbat is, it lies opposite the 
sixth, seventh, and eighth rertebrre; the apex is directed downward. forward, 
and to the left, and corresponds to the space between the cartilage of the fifth 
and sixth ribs, three-quarters of an inch to the inner sitle and an inch and a 
half below the left nipple. The heart is placed behind the lower two-thirds of 
the sternum. and projects farther into the left than into the right ca,·it)· of the 
che:;t, extending from the median line about rhrcc inches in the former direction, 
and only one and a half in the latter. The anterior ~urface of the heart is round 
and com·cx. directc<l up,rnnl and forwarrl. and formccl chiefly b~, the right n•n
tricle and part of the left. Its posterior surface is flattened and rests upon the 
Dirq,bragm, and i~ formC'd chicAy by the left ''cntriclC'. The riaht border is long, 
thin, and sharp; the left border •hort. but thick and round. 

0 



'J'.HB IlBART. 1087 

Si~~--The hc~rt in the adult measures firn i~ches in length, three inches and 
a half m breadth 111 the broadest pad, an<l two mchc~ and a half in thickness. 
The p1:crnlcnt weigh.t, in the ma.le, rnrics from ten t~ tweh-e ounces ; in the female1 

from _eight to ten,:, its proport1o~s to t~e bo<l~· bemg as 1to 169 in males. 1 to 
149 m females .. [be heart contmues mcrea~mg in weight, and also in length, 
breadth, .arnl thickness. up to an adxanced period of life: this increase is more 
marked Ill men than in women. 
. Component Parts.-'l'hc .heart is subdi\'ided by a longitudinal muscular septum 
mto t":o lateral ha.hes, which ar~ ~amcd r~spectirnly, from their position, right 
and. l.eft; and a traDS\'~ 1·se constrict.IQn sn.bd1v1des ea.ch half of the organ into two 
can ties, the upper cavity on each side bcinrr called th e <rnricl1•. the lower the iien
tricle. rl1he right is the ,·enous side of th~ heart, receiving into its auric1e the 

Fm. 69S.-The right auricle and ,·entricle laid open, the anterior walls of both being remo,·ed. 

dark venous blood from the entire body, by the superior and inferior vena cava 
and coronary sinus. From the right auricle the blood passes into the right 
,·entricle, and from the right ventricle, through the pulmonar.Y artery, into the 
lungs. The blood, arterialized by its passage through the lungs, is returned to 
the left side of the heart b.Y the pulmonary Yeins. which open into the left auricle; 
from the left auricle th e blood passes into the left Yentricle, and from the left 
ventricle is distributed, b_v the aorta aml its subdi"h;ions, through the entire body. 
This constitutes the circulation of the bl ood in the adult. 

The great transverse groove separates the auricles from the ventricles, and is 
ca11ed the au,rin.llo-ventticular groove. It is deficient, in front, from being crossed 
bv the root of the pulmonary artery. 'fhe two ventricles arc also separnted from 
e3.ch other on the surface by two longitudinal furrows, the interventricular grooves, 
which are situated one on the anterior, the otbrr on tho posterior surface; these ex
tend from the base of the ventricle to a little to the right of the apex of the organ, 
where thc_v arc conti nuous, the _former bein5 situated nearer to the l ~ft bordet~ of 
the heart , and the latter to the nght. It follows, therefore, that the right ,·entr1cle 
forms tho O'reater portion of the anterior surface of the heart, and the left ventricle 
more of it~ posterior surface, while the apex i:-. made up entirely of the left Yentri-
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clc. '!'hp :?rno,·c~ contain the coronary arteries, ca rdiac vein~, lymphatic~ . ncnl""'. 
and fat. all covered h)· the Yi~ceral layer of the Rero us pl'ricardium. 

Each of' 1hc .... c Cinitic.s should uow l>e ~eparate l_r exami ned. 

'fo cxamirw 1hc interior ofrhe riuht aurit:le. an incision ~ li ou ld bc mar.le alon~ it~ ri g-ht hnr· 
der from the cutra1we of the ~uperior rnna C<l\'i\ to that of' the iuforior. A :-.cl·ornl tut io to he 
made frum the centre of this fir:;t incision to the tip of' the auricular ap pendix , and the flap:; 
rni:-ed. 

'l'he Right Auricle isa little larger than the left, its walls somewhat thinner, 
measuring about one line, and its c::wity is capable of contain mg about two ounccB. 
It consists of two parts-a principal c:l\·ity, or sinus venosus or atrium , and an 
appendix auriculre. 

Th e !<in us is the la.rge quadrangular ca,·ity placed between the two ven.rc caYre; 
its wal ls a.re extremely thin; it is connected below with the right ventricle, and 
in te rnally with th e left a uricle, being free in the res t of its ex tent. 

The appendix au.ricnlce, so called from its fancied resemblan ce to a. dog's car, 
is a small conical muscular pouch the ma.rgins of "hi ch present a dentated edge. 
It projects from the sinus forward and to the left side, ornrlapping the root of the 
aorta. 

'l'h e internal su rface of the right auricle is smooth , except in the appendix and 
acljaccnt part of the anterior or right wall of the sinus venosus, where it is thrown 
into parallel ridges (muscztli pectinati). 

I t presents the following parts for examination: 

r 
Superior earn. 
I nferior cam. {Eustachian 

Openings ·, Coronary sinus. Val\'es Coro~ary .. 
I F oramina Thebesii. 
l Auriculo-,·entricular. 

Relics of fretal {Annulus ovalis. 
structure Fossa oralis. 

Uusculi pectinc.ti. 
Tuberculum Loweri. 

The superi01· ·vena em1a returns the blood from the upper half of the body. and 
opens in to the upper and back part of the auricle, the direction of its orifice being 
downward and forward. 

The h~ferior i1ena cava. larger than th e superior, r eturns the blood from the 
lower half of the body, and opens into the lowest part of the auricle near the 
septum, the direction of its orifice being upward and inward. 'l1he direction of 
a current of' blood through the superior Yena cam would con:;:;equentl,\~ be toward 

:~~er~~\'.· i:~1\~~-:·,~:i~;~icb~a;~ \~~:.~1°~1~~,,:t:~~~11:~1~ s~~~~:'.on ~t~~s t~se t~~o;~r~~}0d~~:ct~~: 
of the two cu rrents in foo ta l life. 

The iuberrulum L oweri is a small projection on the right waJI of the auricle. 
between 1he two Yemc cavre. It is most di;.;tinct in th e hearts of quadrupeds: in 
man it is !-ICarcely visible. It wa;.; supposed by Lower to direct the blood from the 
s uperior cant toward the auriculo-ventricnlar opening. 

'l.1110 cutonary sim.1.~ opens into the auricle. between the inferio1· ,·cna ca.Ya and 
the a.uriculo-\·cntricular opening. It re turns the bl ood from the substan\!e 
of the be3:rt, and is protected by a semi circular fold of th e lining membrane 
of the auri cle, the coronaty i 1ahie (t1alve q,f Tliebe.r.iius) . ~'be sinus, before enter
ing the auricle. is con•idcrably dilated-nearly to the size of the encl of the little 
fin.gc1:. Its wall is part_l.v muscular. ~ncl at i.t!'i junction with the great coronary 
vcm 1s SOillC\\ hat constricted and furn1 ::hc(l with a. vah-e consii:.ting of two unequal 
sl'gments. 

The .f01·a11tini Tltebesii are numerou:- rn.inute apertures. the mouths of ~mall 
Yeins (1·r1111· <'fJrdis minima·). which open on ,·arious part~ of the inner :-:urface of 
the auricle. They return the blood directly from the muscular substance of the 
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heart . . Some of these foramina are minute depressions in the walls of the heart, 
pre:senung a closed extremity . 

The auriculu-l.'enfrit.:ular openin_q is the large ornl aperture of communication 
between the auricle and the ventricle, to be presently described. 

The Bwstacltian ralzie is situated between the anterior margin of the inferior 
vena earn and the auriculo-ventricular orifice. It is semilunar in form

1 
its convex 

mar$.in ~ein~ attached to the wall. of the ,·ein; its concave margin, which is free, 

~~:n~·~:~,\~,~ ~~.;1';~~ ~~~01~i~b~fb~~~~c~ost~:n1 ~tte i~. a~~ft~~ht~~ ;u~·~:ie~nt~f~o~· ,~.~I~·: 0i~ 
:~~~~~a~·yfi~i!~.plicature of the lining membrane of the auricle containi11g a few 

ln the fcet11s this valve is of large size, and serl'CS to direct the blood from the 
inferior Yena ettYa.1 through the foramen ova.le, into th e left auricle. 

In the adult it is occasionally persistent, and may assist in preventing the 
reflux of blood into the inferior rnna cant; more commonly it is small, and its. 
free margin presents a cribrifonn or filamentous appearaucC; occasionally it is 
altogether wanting. 

'L'he coro>u11·y mfre (l'alve of Thebesius) is a semicircular fold of the lining 
membrane of the auricle, protecting the orifice of the coronary sinus. It pre\·ents 
the regurgitation of blood into the sinus during the contraction of the auricle 
This rnh·e is occasional! y double. 

The foMa oMlis is :in oval depression corresponding to the situation of the 
foramen ornle in the fretus. It is situated at the lower part of the septum auricu
larum, aborn and to the left of the orifice of the inferior vena cava. 

The annulus oiialis is the prominent ornl margin of the foramen ovale. It is 
most distinct above and at the sides; below, it is deficient. A small slit.like 
rnlvula.r opening is occasionally found, at the upper margin of the fossa ovalis, 
which leads upward beneath the annulus into the left auricle, and is the remains 
of the aperture between the two auricles in the fcetus . 

~rhe musculi pe~tinati are sma11, prominent muscular columns wLich run across 
the inner surface of the appendix auriculre and adjoining portion of the wall of the 
sinus. Posteriorly, they join a vertical ridge, the eri1:Jta terminalis of His. They 
are called pectinati from their fancied resem blancc to the teeth of a comb. 

The Right Ventricle is triangular in fan~, and extends from t~e right auricle 
to near the apex of the heart. Its anterior or upper surface 1s rounded and 
convex. and forms the larger part of the front of the heart. Its under surface is 
flattened, rests upon the Diaphragm, and forms only a small part of the back of 
the heart. Its posterior wall is formed by the partition between the two 
rnntricles, the septum ventriculorum, the surface of which is convex_ and bulges 
into the cavity of the right ventricle. Its upper and left angle 1.s prolonged 
into a. conical pouch, the infundibulum or conus arteriosu.s, from which the pul
monary artery arises. ':tihe wal1s of the rjght vcntric]c are thinner than those 
of the left, the proportion between them being as 1 to 3. '1'~,e wall is thick.est 
at the base, and gradually becomes tbrnner taward the apex. lhc canty, which 
equals that of the Jeft ventric1e, is capable of containing about three fluidounces .1 

To exami ne the interior of the right ventricle, an incision should be rna~c a little to the 
right of the anterior in~ervcntr!cular groove ~'rom the pu.huona1:.\' artery 1? tl~e apex of the 
heart

1 
and should be car~1ed up fro!u thence a.little to the right. of the posterior mterventricular 

groo,·c, as for as the auriculo-ventr1cular opcnmg-. 

The following parts present themselves for examination: 
· . f Auriculo-,·entricular. 

Openings } p~enin~ of the pulmonary artery. 

y al ves l §;:rt:~~; .. 
vent;i~{~i~U:~1~~~~~~~·i~1t~~~r<lt~1!ii;go~~~~~n~1~1':~(iK~:k~~i~~~~~l~~Y~~b1~ etW1~':~. t~JJtdt 
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And a. muscular and tcndinous a.pparatu~ connected with the tricusp1J rnhe: 

Culum1rn:: carnem. Chord~-u tendincm. 

The a1u·i<· ldo-t·1•1ttricular orifice is the large O\'al aperture of commun icatiQn 
between the auricle and ,·entricle. It is s ituated at the ba~e nf' the ventricle, near 
the right bol'(]el' of the heart. The opening is about an inch in diamcter. 1 ora l 
from side to side, surrounded by a fibrous ring, CO\'ered by the lining membrane 
of the heart, and rather larger than the corresponding aperture on the left sirle. It 
is guarded by the tr icuspi<l valve. 

'l'he opening of the pulmonary arter!J is circula.r in form, and situated at the 
summit of the conus arteriosus, close to the septum ventriculorum . I t is placed on 
the left side of the auri culo-vcntricular opening. upon the anterior aspect of the 
heart, and, when viewed from above, on cross-section, the aottic opening is seen 
in te r vening . Its orifice is g~ardcd by the pulmonary semilunar valves. 

The tricu~pid valve consists of three segments of a triangular or trapezoidal 
shape, formed by a duplicature of the l ining membrane of the heart, reflected on 
both sitles of a. layer of fibrous tissue, whi ch co ntains, nccording to Kurschner and 
Senac, muscular fibres. These segments are connected by their bases to the auriculo
ventricular or ifice, and to one another, so as to form a continuous annular membrane 
which is attached round the margin of the a.uriculo-ventricular opening, their free 
margins and ventricula r surfaces affording attachment to a number of delicate ten
dinous cords, the chordce tendinece. 'l1he largest and most mo vable segment, placed 
toward the left and anterior side of the auriculo-ventricular opening, is directed 
downward between that opening and the infundibulum (lr;ft or infundibular flap) . 
An other segment corresponds to the front and right of the ventricle (right .flap), 
and a third to its posterior wall (posterior or septa/ .f/.flp). '!'he central part of each 
segment is thick and strong; the lateral margins arc thin a.nd inrlented . The 
clwrdce tendinece a.re connected with the segments of the v:i lve in the following 
manner: l. Three or fo ur reach the attached margin of each segment, wh ere 
they are continuous with the auriculo-ventricu lar tendinous ring. 2. Others, 
four to six in number, arc attached to the centra l thickened part of each segment. 
3. 'l'he most numerous and finest arc connected with the marg inal portion of each 
segment. 

The colmnnce crtrnere n.re muscular columns which proj ect from the inner sur
face, excepting near the opening of the pulmonary artery, where the wall becomes 
smooth. They may be classi fi ed into three sets : 'l1l1e first merely form prominent 
ridges; the second set (trabeculce) are :itta.ched by their two extremities only; 
whilst the third set (musculi papillarr~) are attached by one extrem ity to the wall 
of the heart, the opposite extrem ity g iving attachment to the chorda! tendinerr. 
'fhere are two papillar.v muscles, anterior and posterior. 'l'he ch01·dce tendinece of 
the former go to the left and right segments. 'l'hose of the latter, which is often 
replaced by two or three smaller ones, pass to the right and septa} segments. There 
is sti11 another set of rhordIB which arise directly from the septum and pass to the 
septa.I and left segments. 

'l' he semilnnar ualves, three in number,2 g uard the orifice of the pulmonary 
artery. 'l1hey consist of three semici rcular folds, two anterior (right and left) a.nd 
one posterior, formed by a fibrous membra ne, covered above b.v the inner coat of 
the artery and Lelow by a refl ection of the en<locardium. They are attached by 
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their convex m:irgins to the w:ill of the artery at its junction with the ventricle. the 

~t~~~~~t ~1~11~d~;c~c~na~·g~:e~f ~~~h di~~~;:~"~~~~e~~-~~tc~p~~~~l :~c t~e:t1~r~~e 0:al~be: 
is s!rcn.gthen~d by a bundle of tendinous fibres, and presents at its middle a small 
proJcctm~ thickened no<lule called corpus A1'antii. 1 From this nodule tcndinous 
fi~res radia.tc thr?ugh the valve to its attached margin , and these fibres form a con
sutuent part. of its substance throughout its whole extent, excepting two narrow 
lun:itc<l port1<,ns (lunulce) placetl on each si<le of the nodule immediatelv.behind 
the ~ree margiu j here the valve is thin and formed merely by the lining membrane. 
Dm:mg the 1~assag~ of the blood along the pulmonary artery these valves are pressed 
agamst the sides of the cylinder and the course of tho blood along the tube is unin
terrupted; but during the ventricular diastole

1 
when the current of blood a.long the 

pulmonary arte.ry is checked and partly thrown back by its elastic walls, these valves 
become 1mmed1:itely expanded and effectualiy close the ontrnncc of the tube. When 
the valves are ?losed the lunated portions of each are brought into contact with one 
another by thou· opposed surfaces, the three corpora Arantii filling np the small 
triangular sp:ice that would be otherwise left by the approximation of the three 
semilunar valrns. · 

Between the semilunar rnlves and the commencement of the pulmonar~r artery 
are three pouches or dilatations, one behind each rnlvc. These are the pulmonary 
sinnses (sinu>tes of Valsafra) . Similar sinuses exist between the semilunar rnlves 
and the commencement of the aorta: they are larger than the pulmonary sinuses. 
The blood, in its regurgitation toward the heart, finds its way into these sinuses, 
and so shuts down the valrn-flaps. 

In order to examine the interior of the 1eft auricle, make an incision on the posterior surface 

~!r;l~<l ~url~t1~ ~:.~l~l i~!~~ rh~1~.~~::i~.'·e~1~k~ a~~~h~i~in~isi~~osfr~~ :c~ ~1\1d~li~ t~f ;1;~isi1~;iz~~;;~1 
one to the appcriclix. 

The Left Auricle is rather smaller than the right; its walls thicker, measu ring 
about one line and a half; it consists, like the right, of two pa.rts, a principal cavity, 
atrium. or sinus and an appendix auriculce. 

The sinus is cuboidal in form, and concealed in front by the pulmonary artery 
antl aorta.: internally, it is separated from the right auricle by the septum auricu
larum; behind, it receives on each side two pulmonary veins, being free in the rest 
of its f"Xtent. 

The appendix audculce is somewhat constricted at its Juncti_on with t_he auric~e; 
it is longer, narrower, and more curved tl~an tl~at ~f the right side, and its ~arg_ms 
are more deeply indented, presenting " kmd of foliated appearance. Its d1rect1on 
is fonrnrd and toward the right side, overlapping the root of the pulmonary artery. 

Within the auricle the following parts present themselves for examination: 

The openings of the four pulmonary veins. 
Auriculo-ventricular opening. 
Musculi pcctinati. 

The pulmontll'y vein8, four in number, o~en, two into the r.ight, and two into 
the left side of the auricle. 'The two left veins frequently ternunate by a common 
opening. They are not provided. wit_h valves. . . 

~rhc aurir:ulo-ventriaular opening 1s .the large oval aperture of commumcat!on 
between the auricle and ventricle. It is rather smaller than the correspoudmg 
opening on the opposite side (see note, page 1090). 

f#~~l~~~~~i[f.~§~~~~~~~~~@~~~l~ 
~~;i~~~1~T1;ss~':~~~;et~r~1i1:~~1~•~a;g~~1~r~>0;~~0:;0~\~n t~~rfib~~uC:~~JI~~~ 6nb~~:a~:~;';i1n~~~~1on. He 
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The n/118f'llli Jlf'riinati arc fewer in number an<l i;;mallcr than on the right side; 
they nre confined to the inner surface of the appendix. 

"on the inner surface of the septum auricnlarum may be seen a. lunated 
impre~~ion hournlc<l below b.Y :.t crescentic ri<lgc the conca\·ity of which is turned 
upward. rrhc depression is just abO\'C the fo:':;a ornJis in the right auricle. 

To examine the imerior of the left. ' 'entriclc. make an in<'ision a. little to the Jen of the 

~h~~~ii.r .! 1l~~~~e:~~i~~1~rE~f~bcr~:t!~i~rbi~~c;~e~~ric~e1c;xg~!o~·1~~ n~~~fJ1 [:S11~~rc·~~);l;~ ~~rri~~~~ 
ventricular 1?:roo,·c. 

The Left Ventricle is longer and more conical in shape than the right 
ventl'icle. It forms a small part of the left side of the anterior surface of the 

Fw. 696.-The left auricle and ''entricle laid open, the posterior walls of both being removed. 

heart, and a considerable pa.rt of its posterior surface. It also forms the apex of 
the heart by its projection beyond the right ventricle. Its walls are much thicker 
than those of the right side, the proportion being as 3 to 1. '!'hey are also thickest 
in the broadest part of the ventricle, becoming gradually thinner toward the base, 
and also toward the a.pex, which is the thinnest part. 

The following parts present themselves for examination within the ventricle : 

O . { Auriculo-ventricular. V I { ~litral. 
penrngs Aortic. a ves Semiluna.r. 

Chordre tcndinere. Columnre carnere. 

'The auriculo-untricular openin,q is placed below and to the left of the aortic 
orific~. ~t i.s a little s~1aller than the corresp~nding aperture of the opposite side, 
and. like 1t, 1s broader m the trans,·ersc than in the antero-posterior diameter. It 
is surroundefl by a dense fibl'ous ring, covered by the lining membrane of the 
heart, and guarded b,· the mitral 1·a ll-es. 

The aortic np('nin,q is a circular aperture in front an<l to the right side of the 
auriculo-,·cnrricular, from which it is ~eparatccl by one of the scrrments of the 
mitral rnh-c. Its orifice is guarded by the semi.lunar vah·es. e 
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'l'he mitral or bfruBpid Mlve is attached to the circumference of the imriculo
Yentricular orifice in the same way tha.t the tricuspid valve is on the opposite si<le. 
It is formed by fibrous mcmbrant ~overed on both surfaces by entlocardium, and 
contains a. few muscular fibres. It is large in size, thicker, and altogether stronger 
tha.n the tricuspitl, and consists of two segments of unequal size. The large seg
ment is placed in front and to the right, between the a.uricnlo-ventricular and 
aortic orifices. Two sma.ller segments are usually found at the angles of junction 
of the larger. Similar segments are less constantly found between the main ones 
of the tricuspid vahc. The mitral valve-Hn.ps are furnished with chor<lre tcndinere, 
the mode of attachment of which is precisel_v sim il ar to that of those on the right 
side, but they arc thicker, stronger, and less numerous. 

The seniilnnar t•alves surround the orifice of the aorta: two arc posterior (right 
and left), and one anterior; they are similar in structure and mode of attac·hmcnt to 
the pulmonary rnh·es. They are, however, larger, thicker, and stronger, the lunulre 
arc more distinct, ancl the corpora. Arantii larger and more prominent. Between each 
,-nlYe anJ the C)• lindcr of the aorta is a deep dcprcs:-;ion, the sinus aortil'i (sinuses 
of Va.lsaha); they arc larger than those of the root of the pulmonary artery. The 
rig lit coronai:J artery arises from the anterior; the l~f't from the left posterior. 

The rolumnce canu•a> admit of a subdirision into three sets, like those upon the 
righ t side, but they are smaller, more numerous, and present a dense interlace
ment, especially at the apex and upon the posterior wall . Those attached by one 
extremity only, the musculi papillares. are two in number, being connected one to 

l'ulveof 
1'1iebesiws 

M1m.7Jrtpill . 

J'euacarniuf. Hi!1l1tinf.1mf111.i·ei11 

\ 

Left inf. 
p1dm. 't:eili 

Jfosc. papill. 

.. ~!(;. (j!)i.-~cctinn uf till' hc11rt, show in:; t hc i11tt-rurtit-ul11r nm! i11t1:rvcntric11lnr iscplll (Gcg-•·obuur.) 

the anterior, the other to the posterior wall; the,v are of_1arge si.ze, and terminat'3' 
b free rounded extremities from which the chordre tendine_rc artse. . _ 
y Th e Rep tum between tbe two 1·cntrieles is thick, especial ly below (Fig. 691) 
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At its upper part it suddenly tapcr.s off a.u<l lo~es its mu~cular fibres., con~isting 
only of fibrous tissue corercd by two layers of en<locanlium, and on the right .!=idc 
it is also, during diastole, in contact with the septa! flap of' the tricuspid rnh•e. It 
continues upward. and forms the septum between the aortic vestibule and the right 
auricle. It is deri\red from the lower part of the aortic septum of the fcctus, and 
an a.bnonnal communication may exist at this part owing to defcctirn de\·elopment. 
The aortic restibule (Sibson) is a small portion of the ventricular carity immedi
ate! y m1der the root of the aorta. 

The Endocardium is a thin membrane which lines the internal surface of the 
heart; it assists in forming the vakes by its reduplications, and is continuous with 
the lining membrane of the great blood-rnssels. It is a smooth, transparent 
membrane. gi\·ing to the inner surface of the heart its glistening appearance. It 
is more opaque on the left than on the right side of the heart, thicker in the 
auricles than in the Yentricles, and thickest in the left auricle. It is thin on the 
musculi pectinati and on the columnre carnem, but th icker on the smooth part of 
the auricula.r and Yentricular walls and on the tips of the musculi papillares. 

Structure.-'l'he heart consists of muscular fibres and of fibrous rings which 
serve for their attachment. 

TheJibrousringssurround the auriculo-rnntricular and arterial orifices : they arc 
stronger upon the left than on the right side of the heart. The auriculo-Yentricular 
rings serve for the attachment of the muscular fibres of the auricles and \·entric les, 
and also for the mitral and tricuspid yaJves; the ring on the left side is closely 
connected by its right margin with the aortic arterial ring. Between these and 
the right auriculo-ventricular nng is a mass of fibrous tissue, and in some of the 
]arge1· animals, as the ox and elephant, a nodule of bone. 

The fibrous rings surrounding the arterial orifices sene for the attachment of 
the great Yessels and semilunar rnlYes. Each ring recei,·es1 by its rnntricular 
margin , the attachment of the muscular fibres of the Yentricles; its opposite margin 
presents three deep semicircular notches. within which the middle coat of the 
artery (which presents three convex semicircular segments) is firmly fixed, the 
attachment of the a.rtery to its fibrous ring being strengthened by the thin cellular 
coat and serous membrane externall \" and by the endocardium within. It is 
opposite the margins of these semicirclilar note.hes, in the arterial rings. that the 
eudocardium by its reduplication, forms the semilunar val Yes, the fibrous structure 
of the ring being continued into each of the segments of the rn.lve at this part. 
'rhe middle coat of the artery in this situation is thin, and the sides of the YCssel 
arc dilated to for:n the sinuses of Valsalva.. 

The musrular structure o.f the heart (myocardium) consists of bands of fibres 
which present an exceedingly intricate interlacernent. They are of a deep rerl 
color and marked with tramwerse strire (page 65). 

The muscular fibres of the heart admit of asubdiYision into two kin <ls, tho/:.e of the 
auricles and those of the ventricles, which arc quite independent of one another. 

Fibres o.f tlie Auricles.-'l'hese are disposed in two layers-a superficial layer 
common to both cavities. and a deep la~·er proper co each. The supe1:fi.cialfibres 
are more distinct on the anterior surface of the auricles, across the bases of which 
they 1·un in a tra~sverse direction, forming a thin, but incomplete layer. Some of 
these fibres pass mto the septum auricularum. The intemal or deep .fibres proper 
to each auricle consist of two sets, looped and annular fibres. The looped .~bres 
pass upward ornr each auricle. being attached by two extremities to the corre
sponding auriculo-ventricular rings .in front and behind. The annular .fibres 
surround the whole extent of the appendices auricularum. and are continued upon 
the walls of t~e ''en~ cane and coronary sinus on the right side, and upon the 
pulmonary Yems on the left side. at their connection with the heart. In the 
appendices they interlace with the longitudinal fibres . 

Fibres o.f the T"ent1:icles.-'l1h~se are arrnn.ged in an exceedingly· complex man
ner, and the accounts gl\·en by nrwus a~1atom1sts differ con/:.i<lerably. This is prob
ably <lue partly to the fact that the ranous layers of muscular fibres of which the 
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heart is sa_id to be composed are not independent, but their fibres are interlaced 

to a cons1dcrable extent, and therefore any separation into 1a.yers must be to 

a great extent artificial; and also no doubt partly dne to the fact, pointed out b.\r 
Henle, that there arc Yarieties in the arran1rcment <luc to individual differences. 

If the epieardiu,~n (\·isceral layer of pcricanfium)and thesubjacent fat is removed 

from a ~ea.r~ which has been subjected to prolonged boiling, so as to dissoh'e the 

c~nncctirn tissues, the superficial fibres of the \·cntriclcs will be exposed. ~L1he,v 

will be seen to commence at the base of the heart, where thev are attached to 

the tendino.us rin~s a1_·ound the. orifices, and to pass obliquely .. down ward toward 

the apex, w.1th a. d1rc~t10n from right to le~t. At the apex the fibres turn suddenly in

ward, forming what is called the vortn·, mto tbc interior of the left ventricle. On 

the back of the heart it will be seen that the fibres pass continuousl.1· from one 

:~~i~~~l~~o t~ee ~.~!1:~· ~?~~t:~!~~:r:~n~bi:u!~~~l~~:o~~~; 1~,~~/~:~1ai~f ~t~n~~,~~:·i~~ 
intcrventricular groove, but in the middle portion of this groo,·e the fibres passing 

from one ventricle to the other are in ter rupted by fibres emerging from the septum 

along the groove; many of the superficial fibres pass in also at this groove to the 

septum. 'l'he vortex is produced, as stated above. by the sudden turning inward 

of the superficial fibres in a peculiar spiral manner into the interior of the left 

ventricle. Those fibres which descended on the posterior surface of the heart 

enter, at the vortex, the left ventricle, and, ascending, form part of the inner layer 

of muscular fibres lining this cavity and the right (posterior) musculus papillaris; 

those fibres which descenrl on the front of the heart, and which pass to the apex, 

also pass, at the vortex, into the interior of the ventricle, where they also form the 

remainder of the innermost layer of the ventricle and the left (anterior) musculus 

papilla.ris. 'fhc fibres forming the inner layer of the wall of the ventricle ascend 

to be attached to the fibrous rings around the orifices. 
By dissection these superficial fibres may be remornd as a thin stratum, and it 

will then be found that rhe ventricles arc made up of oblique fibres superimposed in 

layers one on the top of another, and assuming gradually a less obl ique direction as 

thev pass to the middle of the thickness of the ventricular wall, so that in the centre 

of ihe wall the fibres arc transrnrse. Internal to this central trans,·erse layer the 

fibres become oblique again. but in the opposite direction to the ~~t?rna l oneS. This 

diYi:sion into distinct layers is, however, to a great extent art1fi c1al. as the fibres 

pass across from one laxer to another, and ha."e therefore to be divided in the 

dissection, anti the cha1;ge in the direction of the fibres is very gradual. These 

ob1it1ue fibres commence abo,·e at the fibrous rings at the ?asc of the heart, and, 

descending toward the apex, they enter th~ septum near its ~ower end: I1.1 the 

septum the fibres wliich form the left ventricle may be traced m. three directions : 

1. Some pa~s upward to be attached ~o the c?ntral fibro-cartilag?. 2. Ot~ers 

pass through the sap tum to become contmuous with t?c fibres of the .nght Yentr1cle. 

3. 'l'he remain<ler pass through the septum to enmrcle the ventnclc as annular 

fibres. Of the fibres of the right ventricle, so.me on entering tl~e septum pass 

upward to he attached to the central fibr~- cartilag_e: some, entering the sept1.1m 

from behind, paRs forward to become contmuo.us ,~· 1 th the fibres on the ante~·1?r 
surface of the left ,·entricle; and others, entenng m front, pass backwa.rd to J.0111 

the fibres on the posterior wall of the left ventricle. The septum therefore con_s1sts 

of three varieties of fibres-viz. annular fib res, special to the left ventricle; 

asccnLlinCT fibres, derived from both vcntriclf's and ascending through the .septum 

to the ce~tral fibro-cartilage; and decussating fibres, derived from the <~ntenor wall 

of one rnntricle and passing to the posterior wall of the other. ,·entncle. or from 

the posterior wall of the right ventricle and paRH.ing to the an tenor .w~ll of the left. 

In ad<li tion to these fibres there arc a comaderable nu~1~er "b1ch. aprear .to 

encircle both ,·cntricles and which pas.s across the septum w1t.1011t turnrng mto .1t. 

Vessels and Nerves.-The artrries supplying the heart are the left or anterior 

an<l.J_:~h!e~>~Sl~°::~:~: 1~~ 1~~~~·;~~~1~~~.\~i~~:·rninate in the right auricle. They are 
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the grC'at, the mi1ldlc 1 anterior, and posterior, car<liac veins, the riµ;lit or small and the 
left or grca.t coronar,r !S inuses, and the ,·enrr! conlis minima~ (i1nm• 'l'liebesii) (p. Gi7). 

'J'h e l,1pnplwtfrs terminate in the thoracic and right lymphatic ducts. 
'rhc nl'1Tes are derirc<l from the cardiac plexuses. which are formed partly from 

the cranial ncITes and partly from the sympathetic. 'J1he_r arc freel,Y distrib uted 
both on the surf1.tee and in the substance of the heart, the separate 6laments being 
furnisbc(l with small ganglia. 

Surface Form.- [n order to show the extent of the heart in relation to the front of the 
chci,t, drnw a line from lhc lower border of the second left costal cimilagi\ one inth from the 

1~hi~1~~1111,r~~c~1:~ ~itb~~-1\~~· ~~- t~1l~P~~-i}i~.:;i{l~~·cD~~al0~·~:\i11.ag~ .. ~k~t'aa;;~;:~h ~,~i~~1c::111~~n~C:'J~~1~. 
bcll.)w antl three-quarters of an inch internal to the left uipplc-that is1 ahout three an<l a half 
inches 10 the left of t he median line of" the J.oJy. This rcprCSL'n ts the apex of' the heart. 

~!i~i:~~~~~~~~~~i!~~~~t~~~~~~;~~:.~~ 
the upper a1~~lc formed by the articulation of the th ird lC'ft c:o~tnl tartila g-e with the sternum ; 
the aortic orifice is a little below and internal to this. behind the left border of the sternum , 
clo:-<c to the artiC'ulatio n of the thir<l left costal cartila!!C to this bone. The left auriculo-,:entric
ular opening is behind the sternum , rather to the left of the mediau line. and opposite the 
fou rth eostal c:a rtila~cs. The ri g-ht auricnlo-Ycntricufar opcn ing is a little lower, opposite the 
fourth imcr:;pace and in the middle line of the body. 

A portion of' the arc:l of the heart thus mapped out is unconrcd hy lung, and therefore 

r:~e~e~(~l~~!t~;~e~11 111~-~lfu.~~e~ i~1k1~~~~i~sd~,~~ 1:r~:f of":t~1~~~1fi~i~l~)~::~~~a~u:1~·11;~~~c~ ath1~1~t~~ 
as the area of deep ca.r<l iac dulnes.~ The area.ofsnpcrfiuia\ cardiac dulncss is inc:ludcd between 
a line dra.wn from the centre of the sternum, between the fourth costal earti la~es, lo the apex 
of' the hear t. and a. line drawn from the same poin t down the lower third of the middle line of 

f~:~tl~~~:;'\~~~~~- ct0~~-~.1 ~}~~ tf~Wo~~~1~ ~1~i~~~: .~·~~~~~i~11~~~~~~ic:i'1~~i<l~~hre~l~~11 ~~~fi11~it~~1~ ~if~he fo::~ 
~~~; ~!u~~;le [~1 ~~;·~t':!~iJ',~~~~r L~~~~~~-:~\1~);1 i\~:;~ ~~J1~J1~r~1~d' ~r.{J~~es~~~1~~!1~ 1 ?.f tl~~ i~:ciJ'l~s gi~u1~i~~ 

Peculiarit ies in the Vascular System of the F retus. 
rr he chief peculiarities in the heart of th e footus arc the direct communication 

between tbe two auricles through the foramen ovule and the large size of the 
Eustach ian \'ah•e. 'fhere are also se,·era1 minor peculiarities. Thus, the position 
of the heart is vertical until the fourth month, when it commences to assume an 
obl ique direction. I ts size is also very considerable as com pared with the body, the 
proportion at the second month being 1 to 50; at birth it is as 1 to 120 ; whilst 
in the adult the average is about 1 to !GO. A t an earl.v peri od of freta l life the 

~~~~~t~~;~~{~~~~1i:~h~~ tlt1~ehl~~~t; i~~~1·~~~:.~~-~n ~~~~·~~~-i~.~~at1::i~~:fa~~ig:o\·~i~~ic~~~0e~ne~ 
the larger. 'l1 be thickness of both ,·entricles is at first about equal, but toward 
birth the left becomes much the thicker of the two. 

'11hc.fOrwnen 01,1ale is situated at the lower and back part of the septum auricu
larnm , form ing a communication between the a uricl es. It remains as a free OYal 
opening from the time of the formation of the auricular septum (about the eighth 
week) unt il the middl e pe1·iod of freta l life. About thi s period a fold grows up 
from the posterior wall of the auricle to the left of the foramcn ovale, and advances 
over the open ing so as to form a sort of n1.h·e, which allows the blood to pass onl.Y 
from the right to the left auricle, and not in the opposite direction. 

'l1he Eustachian i 1afre is dc,·eloped from 1l1 c anterior border of the inferior vcna 
cava at its entr1nce into the auricle. It is directed upward on the left s ide of the 
opening of ti.us vein, aud sen-es to direct the blood from the inferior ,·ena cn.va 
through the forarnen om.le into the left au ricle. 

'fi1e peculiarities in the arterial system of the footus are the communication 
between the pulmonary artery and the desccn<ling aorta by means of the ductua 
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arterifJsus, and the communication between the internal iliac arteries and the 
pla~~nta by means of the umbilical arteries. 

Ihc du.ctus arteriosus is a short tube, about half an inch in lenO"tb at birth and 
of the diameter of a goosequi ll. In the early condition it forms th~ continuati~n of 
th.e pulmonary art~ry. and opens into the descending aorta just below the origin 
of the left subclav1an arter~·, a.nd so conducts the chief part of the blood from the 
right ventnclc into this vessel. When the branches of the pulmonarv artery have 
become larger rcl::tti,•cly to the <luctus artcriosus, the latter is chieih.,. con'nected 
to the left pulmonary artery; and the fibrous cord, which is all that remains 
of the tluctus artcriosus in later life, will be found to be attached to the root of 
that vessel. 

'rho umbilical ?r hypor;astrie arteries arise from the internal iliacs, in addition 
t? the branches gn·en ~ft from those vessels in the adult. Ascending along the 
Slllcs of the bladder to its fundus, they pasa out of the abdomen at the umbilicus, 
and ~~·e cou~11rned along the umbilical cord to the placenta, coiling round the 
umb1ltcal rn111 . They return to the placenta. the blood which has circu lated in 
the system of the frotus. 

The peculiarity in the ,·enous system of the fcetus iR the communication estab
lished between the .placenta and th

0

e liver and portal min through the umbilical 
Yem, and the 111fcnor rcna. ca,·a through the ductus venosus. 

FCETAL CIRCUL.\'flQN'. 

The blood destined for the nutrition of the frotns is ca.r ri ed from the placenta 
to the fretus, along the umbilical cord, by the umbilical Yein. The umbilical rein 
enters the abdomen at the umbilicus, and passes upward along the free margin 
of the suspensory ligament of the liver to the under surface of that organ, where 
it girns off two or three branches to the left lobe, one of which is of large size, and 
others to the lobus quadratus and lobulus Spigelii. At the transverse fissure it 
di\·ides into two branches: of these, the larger is joined b.v the portal vein and 
enters the right lobe; the smaller branch conti11u es onward, under the name of 
the ductus ,-cnosus, and joins the left hepatic vein at the point of junction of that 
vessel with the inferior vena ca,•a. 'l'he b1ood, therefore, which traverses the 
umbilical ,·ein reaches the inferior vena cava in three different ways: the greater 
c1uantity circulates through the li\•er with the portal Yenous blood before entering 
the vena cant by the hepatic \•eins; some enters the li\•cr directly, and is also 
returned to the inferior cant by the hepatic veins; the smaller quantity passes 
directly into the ,·ena cava by the junction of tbc ductus vcnosus with the left 

hepatic vein. 
In the iuferior cava the bloo<l carried b,· the ductus venosus and hepatic veins 

becomes mixed with that returning from the lower extremities and wall of the 
abdomen. It enters the right auricle, and, gnidcd by the Eustachian rnh-e, passes 
through the foramcn ovale into the left auricle, where it becomes mixed with a 
small quantity of blood returned from the h.mgs hy the pulmonary veins: }"~·om 
the left auricle it passes into the left vcntncle. and from .tlie left ventricle rnto 
the aorta, by means of which it is distributed almost entirely to the head and 
upper extrmll ities. a small quantity bein_g_ p1·obably ca._rried into the descending 
aorta. From the head and upper extrem]{Jes the blo?d is returne~ by th? branches 
of the superior vena. cava to the right anricle, where 1t bcco~ncs m1x?d "'''.1th a small 
portion of the blood from the inferior cavn.. J!rom the 1:1ght aun~le 1t desce~1ds 
over the Eustachian rnh·e into the right ventricle, a1~d from. the n~bt ventncle 
passes into the pulmonary artc1:Y· The lungs o~ the fcctus bemg solid a~1d ~~lm?st 
impen•ious, only a small_ quantity of the blood of the 1~ulmonar~r artery is mstnb
uted to them by the right an<l _left p1tln1onar.v arteries, and is returned by the 
pulmonary ,·cins to the left a.uncle; the grcat~r part passes th1:011gb the du.ctus 
arteriosus into the commencement of the descen<lmg aorta, "here 1t becomeE m1xecl 
with a small quantity of blood transmittecl by the left \"Clltricle into the aorta. 



1098 Till>' 'l'l/0//. 1.l. 

.Along this YC'":-"Cl it (lcs:cern.ls to s_upply .tht' lower extrcmitic~ and viscera o.f .the 
n.htlomt•n and pchi~. the chief portwn being. ho\\eYer, conycyed by the umb11i(':J.I 
:.lt'tl'rit•s to the placenta. 

From rhe preceding account of the circulation of the blootl ill the ft:etus it '\ill 
be !oil'Cn-

1. That the placenta serves the double purpose of a respirator~· and nutriti,·0 

;~~:~~(~·:~~(\'·~~i~r~c~l '',~~t~u!cfJft~~n~t~1u~~~i~~\~~:·t:i~~~J.returniug it again re-oxy-
2. 'J'bat uearly the whole of the bloo(l of the umbilical min tra,·erses the Jj,·pr 
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before entcri_ng th~ inferior Ca\'a.; hence the large size of this organ 1 especially at 
an earl.1• penod of fretal life. 

3. 'l'hat the right auricle is the point of mcetin~ of a double current the 
blo~d in the inferior earn being guide<l by the Eush'lchian vah-e into th~ left 
auricle, whilst that in the superior cava descends into the right \'Cntricle. At an 
early period of footal life it is highly probable that the two stl'eams al'e quite dis
tinct, f~r the inferior earn opens almost directly into the left auricle1 and the 
~ustach1an. vahe would exclude. the current along the vein from entering the 
right ,·cntnclc. At a later period, as the separation between the two auricles 
becomes more distinct, it seems probable that some mixture of the two streams 
must take place. 

4. 'l'he blood Cttl'ried from the placenta to the footus by the umbilical vein, 
mixed with the blood fro1!1 the inferior cava, passes almost directly to the arch 
of the aorta, and is distnbuted by the bronches of thttt vessel to ihe head and 
upper extremities; hence the large size and perfect development of those parts at 
birth. 

5. 'l'hc blood contained in the descending aorta, chiefly deri"ed from that 
which bas already circulated through the head and upper limbs, together with a 
small quantity from the left Yentricle, is distributed to the lower extremities; 
hence the small size and imperfect development of these parts at birth . 

CUAXGES IN THE VASCULAR SYSTE:\I AT BCRTJI. 

At birth, when respiration is established, an increased amount of blood 
from the pulmonary artery passes through the lungs, which now perform their 
office as respiratory organs, and at the same time the placental circulation 
is cut off. 'l'he foramen ovale becomes gradually closed by about the tenth 
dav after birth; the rnlvular fold above mentioned becomes adherent to the 
m3:rgins of the foramen for the greater part of its circumfel'ence, but above 
a slit-like opening is left between the two auricles which sometimes remains per
sistent. 

lish;~~~~z~~~~: ~~~~~~f;:~~:~7~~!(tn~~~t~~~t lo~~~~d~~t~t~-~ ~~~;·1 1~~~j~~ 1~~~0~1~~u~!~:f; 
degenerates into an impervious cord which senes to connect the left pulmonary 
artery to the descending aorta. 

df the umbilical or hypo.gastric arteries, the portion continued on to. the 
bladder from the trunk of the corresponding internal iliac remains pernous 
as the superior ve:-;ical a.rtery, and the part between the fundus of the bladder 
and the umbilicus becomes obliterated between the second and fifth days after 
birth, and projects into the peritoneal ~ac so as to form the tw? fo:-s~ of .the 
peritoneum spoken of in the section on the surgical anatomy of direct rngumal 

hernia. 
The umbi/if'al 1•l'in and rluctus 1•eno.'iW<f become completely obliterated between 

the second anrl fifth days after birth, an<l ultimatcly dwindle to fibrous co1·ds, the 
former becoming the rOund ligament of the li,·er, the la.ttcr the fibrous cord, which 
in the adult may be traced along the fissure of the ductus venosus. 

Measurements of the Thorax. 

Perimetei-s. 

At. the level of the hi!!hest point of the axilla 

' · ; : ~1ti}.~1~~-xipl~oid ~rlic~1l~ti~n· 
JJiameters. 

Tran..;\'en-:e, between the eighth intereo:;t_a~ spaces : . . 
Autcro-po~tcri1_>r, at the level of the ens1fvrm cartila~e 

~".::i:~~ . ~~~:~~~:~~~11 . . 

. 89.52cm. 
... SG.64 em. 

. 81.88em. 

. .. 2S em 

... :20 cm. 
lf>.5em. 

.. 31.5em. 
Joessel. ) 



THE ORGANS OF VOICE AND RESPIRATION. 

THE LARYNX. 

T1i~ i~~;-i~,:~c:f ~~~"o;;;ntl~! ~~~~t.~:!~~1~1 
b'.:,!hocf '~),~0 ~o~~~1:e~~t1~~ea~;\'.~~-s~~~ 

fore part of the neck, where it forms a. considerable projection in the middle line. 
On C'ithcr side of it lie the great ve~sels of the neck; behind, it forms part of the 
antl'rior boundary of the pharynx. and is covered by the mucous membrane lining 
that cavity. 

The larynx is broad abo,·e, where it pre8cnts the form of a triangular 
box. flattened behind and at the sides, and bounded in front by a prominent 
,·ertical ridge. B elow, it is narrow and cylindrical. It is composed of cartilages 
which are con nected together by ligaments and mo,·ed by numerou:- muscles; 
the interior is lined by mucous membrane and supplied with vessels and nencs. 

The Cartilages of the Larynx are nine in numbCJ.·, three single and three pairs: 

Thyroid. Two Arytenoid. 
Cricoid. Two Cornicula. Laryngis. 
Epiglottis. 'l1 wo Cuneiform. 

The Thyroid (fluri<o,, a shield) is the largest 
cartilage of the larynx . It consists of two 
lateral lamelkc or a.Ire, united at an acute 
angle in front, forming a. vertical projection 
in the middle line wbich is prominent abo,·e 
and called the pomwn Adami. This projec
tion is subcutaneous, more distinct in the male 
than in the female, and occasionally separated 
from the integument by a. bursa mucosa. 

Each lamella is quadrilateral in form. Its 
outer surface presents an oblique ridge which 
passes down ward and forward from a tubercle 
situated near the root of the superior cornu. 
'J1his ridge gh·es attachment to the Sterao
thyroid and 'l'hy ro-b_yoid muscles, and the por
tion of cartilage included between it and the 
posterior border, to part of the Inferior con
strictor muscle. 

The inner .Y.w:face of each ala is smooth, 
slightly concave. and covered by mucous mem
brane above and behind; but in front, in the 
receding angle formed by their junction, are 

crlc~lJ· g~l~~i~~.'·lcw of the thyroid and ~~~~~~~e~h:h~~~:.~~~~.~~~~~~i~ t~l~~l a~;~)~!~:pivg~~~~ 
tidean musclm;. 

. The l~pper bor~er of the thyroid cartila.~e is si nuousl.v currnd, being concave at 
1ts po~terior part. JU"t m front of the superior cornu, and then rising into a convex 
outline, whith dips, in front. to form the sides of a. notch or im•isztrn in the middle 

~l~: i~l~~~~~~~:t:~-t~~to~·: :~\= rh~~~~h)~ic~a:~m ~.~~e~order gives attachment through-
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. From abo,·c .~he lo!''er bonlu po:steriorly, there pas~cs to the cricoid cartilage, 
m. anl~ on. each :side of the median line, the crico-thyroid membrane, on each side 
of '~~1ch ts th~ Crico-thyroid muscle. 
. ~~~ pos_teno1· bo,~ders terruinat~ above in the superior conrna, a_nd below in the 
u~fe1 WJ co1 nua.. Ihc two supcnor cornua, long and narrow, 1.lirected upward, 
backward, and mwanl, terminate each in a conical extremity which gives attach
ment to the latcml thyro-hyoid lig
ament. 'l'hc two inferior cornua 
are short and thic'k ; they pass 
downward, with a slight inclina
tion forwanl and inward, and pre
sent each on its inner surface a small 
oval articular facet for articulat ion 
with the side of the cricoi<l carti
lage. On the posterior border a re 
inserted the Stylo-pharyngeus and 
Palato-pharyngeus muscles. 

'l'he Cricoid Cartilage is so called 
f~·om its. resem~lance to a. signet
rrng (xptxo;. a. rmg). It is smaller, 

~~;r~~~ckc~~~-t~~1~e~u~:t1~o~:asn ~~= 
lower part of the c'wity of the 
larynx. 

Its anterior lia(f' (annulus) is 
narrow, convex, aff'or<ling attach
ment at the sides to the Crico
thyroid muscles, an<l behind to 
part of the Inferior constrictor. 

Its posterior half (lamina) is 
very broad both from side to side 
and from above <lown ward; it pre· 
sents posteriorly in the middle line 
a vertical ridge (linea eminens) for 
the attachment of the longitudinal 
fibres of the <esophagus, and on 
either side a broad depression (fo
vea) for the Crico-arytcnoideus pos
ticus muscle. 

At the point of junction of the 
two halves of the cartilage on 
either side is a. sma.11 round ele
vated facet for articulation with 
the inferior cornu of the thyroid 

Epiglotti.1. 

Q,.icoid ............ . 
Articular facet for 
arytenoidcarlillige.. 

Artic11lar f11cetfor o ... u '" (',.,,..f, 

inf•,.;,,.""""•!" - "~··, . 
thyroid cartilage. .,, ! \o·~:·::. 

carti lage. FIG. 700.-The cartilages of the larynx. Posterior yiew. 

The lower border of tlie cricoid 
cartilage is horizontal and connected to the upper ring of the trachea. by fibrous 
membrane. 

Its upper border is directed ob liquely upward an_cl b:ickward, owi ng to tbc 
height of the lamina. 'The upper border of. the lamma 1s surmou nted on each 

:i~~8:ya~i:1;1~~tl~,11 ~;.'l~~;ai~e~ ~~·gt1~ti~~~~t~n ~J;~tl~ht:~-~:?;~nt~:~l ~~)L~~I1:ti:rd~e~;"~~~ 
entire cartila"c, a.II the way around from one arytcnoicl facet to the other, is 
attached the °crico-thyro-arytenoid ligament, t1nd externally to thi~, at the sides, 
the lateral Crico-arytcnoid muscle. 

'fhe inner sw/ace of t/1e cricoicl cartilage is smooth and lined by mucous 

memLranc. 
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' l'hc Arytenoid Cartilages, so called from tlp0rat'IJa, a ladle, arC' two in numb C'r, 
and each is i'ituMcd at the end of the upper border of the lamiu a. of the cricoi1l 
carlilage. Each cartilage is pyramidal in form, and presents for exam ination three 
surface:-, a. ba~l', :in<l an apex. 

The postaior s10:f'ace is triangular, smooth, cont•a1·e, and gi \"CS attachment to 
the ~\rytcnoi<l mu~clc. 

The untcto-e.rternul surface is com•ex and rough. It gives attachment to the 
'J'hyro-arytcnoid muscle; and to the false voca l cord imm ediately abO \'C ~\ depres
sion, the fo:<sa triangulm·is, situated at about its centre. 

'l 1hc internal sw:f'ace is narrow, smooth , and .flattened, covered by mu cous mcm
brant·, and lies almost in apposition with the cartilage of the opposite si<lc. 

'l1hc base of' ca.ch cartilage is broa<l, and presents a concave (anlf'rn-postcriorly) 
smooth surfa.ce for articulation with the cricoid carlila.ge. l)rojecting from the ba!:ie 
are two processes, one JJOStero -externally and the other anteriorly. Between the two 
is the base of the antcro-extcrnal surface. 'The former, known as tho 1mtscu
lar p1·oeess, is short, rounded, and prominent, and receives th e insertion of the 
Posterior and Lateral crico-arytenoid muscles. 'l111C latter also prominent, but 
more pointed and flattened, giYes attachment to the true vocal cord . This is the 
vocal ptoeeHs. 

'.fhe apex of each cartilage is pointetl, curved ba ckward and inward, and sur
mounted by a small , cone-shaped, cartilaginous nodule, the eornieuhun laryngis. 

The cornicula laryngis (cartilages of 8antorini) arc two small, conical nodules, 
consist ing of yellow fibro-eartilage, which arc attached to the summit of the ary
tenoid cartilages an<l sen •e to prolong them backward and inward. 'l'o them are 
attached the arytcno-cpiglottic folds. 'l'hcy arc sometimes united to the arytcnoid 
cartilage::;. 

Th e cuneiform cartilages (cartilages of Wrisberg) arc two small , elongated, car
tifaginous botlics, placed one on eac~1 side .in tbe fold ~f mucous ~cmb1:ane, which 
extends from th e apex of the aryteno1d cartilage to the SH.lc of the ep ig lottis (aryteno
epi[jloltil' foz,z); they give rise to small whitish elevations on the free edge of the 
mucous fol!l, ju~t in front of the cartilages of Santorini . 

r11hc epiglottis is a thin la.mella of fibre-ca rtilage, of a yellowish color, sh:iped 
Jik c a. leaf. and placed behind the tongue, in front of the superior opening of the 
larynx. During re$piration its direction is vertically upward, its free extrem ity 
cuning forward toward tho base of the tongue; but when the lary nx is drawn up 
beneath the Lase of the tongue during deglutition, it is carried downward and 
backward so as to close, more or less completely, the opening of the larynx. Its 
free cxtremit.v is broad and rounded ; its attached end is long an<l narrow, and 
connected to the recedi ng angle between the two aim of the thyroid cartilage, just 
below the median notch, by a ligamentous band, the thyro-ep(qlottic l(qament. It 
is also connected to the posterior smface of the body of the hyoid bone by an 
elastic ligamt'ntous band, the liyo-epiglottir ligament. 

I ts anterior or linlJual surfa<·e is cuned forward toward the tongue, and coverE'd 
at its upper part by mucous membrane, which is reficcte<l on to the sides and base 
of the organ, forming a. me<lian and two later:ll folds, the .r;losso-epiglottie folds. 

Its por.:terior or lm·yn,r;eal sia:face is smooth , conca.ve from side to side, concavo
con \·ex from above downward, and covered by mucous membran e ; "hen this is 
removed the surface of the cartilage is seen to be studded with a nurn ber of little 
pits for the lodgment of mucous glands. 'J'o its sides the aryteno-cpiglottic fold• 
arc attached. It is somewhat prominent just below its centre (f1lbercle or cushion 
of the epiglottis). 

Structure.-'iil1e rornicula laryngis. cuneiform cartilages, and epiglottis are com
posed of yellow fibro-cartilage which shows littl e tendenc)- to calcifica.tion, but the 
other cart ilage~ are hyaline, becoming more or le::;s calcifi e<l in old ap:c. 

Lto.\:i+IENT:::.-rr1lC ligaments of the larynx connect the thyroid cartilage and 
epig:lotti~ with the hyoid bone, the cricoid cartilage with the trachea, and the 
se,·eral cart ilages of the larynx to each other. 
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Th_e Thyro-hyoid Ligaments.-These constitute the thyro-ltyoicl membrane, and 
the muldle and two latual thyro-!tyoid ligaments. 

'fhe niiddle tliyro-hyoid li,qament consists of tough, yellowish fibro-elastic tissue. 
Its lower border is attached in the thyroid notch; its upper to the upper border of 
the. posterior surface of the body of the hyo1d bone, thus passing behind its pos
te1rior urfacc, and ~emg separate~ from 1t by a synovial bursa. (sub-li.yoid bursa). 
\\hen the thyro-hyo1d membrane 1s removed, the bteral borders of this ligament 
are seen to be free. 

The two latera.l thyro-lq;oid ligaments. are roundcJ elastic cords, which pass 
between the superior c01:nua. of the thyroid carti lage an<l the extremities of the 
great~r cornmL of.the hyo1d bone. A small cartilaginous notlulc (cartilago triticea), 
sometimes bony, is frequently found in each. 

The thyro-hyoicl rnembrane fills in the interval between each lateral thyro
hyo1d ligament and the free edge of the middle one. In this situation it is made 
~p of .two layers, cellular tis~ue exter~ally and mucous membra.ne internally and, 
JUSt m front of the lateral ligament, its cellular layer is pierced by the superior 
laryngeal vessels and nerve. The cellular layer is attached all the way around, 
above to the cornua and body of the hyoid bone, and below to the entire upper 
border, incisura as well, of the thyroid cartilage. It thus passes in front of the 
middle thyro-hyoid ligament, and here forms the anterior wall of the sub-hyoid 
bursa. At the free c<lge of the middle ligament the mucous membrane passes 
behincl the epiglottis; at the lateral ligament it is reflected on to the posterior 
wall of the pharynx . 

The hyo-epiglottic ligament is a fibrous band, which extends from t~ anterior 
surface of the epiglottis to the upper border of the body of the hyoid bone. The 
thyro-epiglottic lig~ment connects the apex of the epiglottis with the receding angle 
of the thyroid cartilage just beneath the median notch. 

The Crico·thyro-arytenoid Ligament.-'fhis is a strong fibrous lamina, bent on 
itself anteriorly. Its attachments are as follows: (1) Posteriorly, it is attached to tLe 
vocal process of one arytenoid carti lage, whence it extends as a free edge in a prac
tically straight line, forward and a little inwa.rd, to the posterior aspect of the angle 
between the alre of the thyroid cartilage. Here it bends on itself at an acute 
angle, is attached to the thyroid, and passes backwa.rd and a li ttle outward, as a 
secon<l f1 ·ee e<~qe, to be attached to the vocal process of the other arytenoid carti
lage. (2) From these two free edges, as an upper limit, the lamina passes down
ward, with an outward slope, to the curved sloping upper border of the cricoid 

f:rtti~a~:ti~::i~~t~i~:. a~l~1~~~;;~::t,l:1~1~v~~l~~Zs s~~1~' :~~1 ~~c~:1~~~~1~~~~:;e~b~ov!: 
apex forward, but of a curved outline below. Furthermore, its vertic~I dia~eter 
varies, being smallest behind and greatest in front at the middle line, th1~ vanation 
being due to the upper border of the cricoid, whi~h slopes upward postenorly until 
it almost reaches the vocal process of the aryteno1d. 

In the middle line the angle which is formed in front by the bending on itself 
of this ligament is acute above, but obtuse or "rounded" below. ~

1

he upper p~rt 
of this" angle" lies behind and attrtclted to the. angle of the thyroid cartilage, its 
upper limit (i. e. the angle of the free edges) bcmg at some cltstance (almost half
way up) from the lower edge of the cartilage. ~l~ h c lower or "ro·tmdr:d "part is 
the direct continuation llownward of the upper, and passes to the middle of the 
upper border of the cricoid. This last is known as ~he cric~-thproid membrane, is 
subcutaneous, and is crossed by a small anastomotic artena.1 arch from the two 

crico-thyroid artcrie~. . . . . 
Latf'rafly. there 1s a considerable interval. between t.he outer s~irfacc ?f this h~a

ment an<l the inner surface of the correspond mg half of the thyroid carti lage, which 
is fi1lcd in by the 'fhyro-aryten.oid. and Lateral r~ico-arytenoi<l muscl~s. 

The upper frPe edge."J of this ligament are thicker than the rci.uamder, arid are 
known as the i1~f'aior thyro·arytenoicl ligaments. When covered with muc.m1s mem
brane they constitute the true vocal cords. 'fhe inner swfaces of the crwo·thyro-
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arytenoid ligament 3rc co,·erc<l b~7 mucous membrane prolonged from that of the 
true cord~. nnd are the lateral boundaries of this portion of the ca"ity of the larynx. 

The Crico·thyroid Ligaments.-Thcsc are capsular ll[Jmncnts "hich enclose on 
each side the articulation of the inferior cornu of the thnoi<l "itlt the cricoid 
cartilage. The articulation is lined by syno,·ial membrane·, and stn .. ·ngthC'ne<l Ly 
acces~ory (kerato-cricoid) ligaments which pass from the tip of the cornu in rnrious 
<lirectious ro the cricoi<l. 

The crico·arytenoid ligaments are two capsular and two posterior. rl111C cap· 
sula1· are thin and loose capsules attached to the margins of the articular surfaces; 
they arc lined internally b,v synovial membrane. 'l'hc posterior extend from the 
cricoid to the inner and back part of the base of the arytenoid cartilage. 

rrhe crico-tracheal ligament connects the cricoid carti lage with the first ring of 
the trachea. It resembles the fibrous membrane, which connects the rings of the 
trachea to each other. 

hTEllfOR OF THE LARYNX.- The superior aperture ~f the lar.111u (Fig. 701) is 
a cordiform opening, wide in front, narrow behind, and sloping obliquely downward 
an<l backward. It is bounded in front by the epi~lottis, behind by the infrr-ary
tmoid fold of mucous membrane passing between the arytenoicl cartilages, and lat
erally, by a. fold of mucous membrane enclosing areolar ti.!'lsue and muscular fibrC'g, 
stretched between the sides of the epiglottis and the apex of the nrytenoicl carti
lages: these are the aryteno-epiglottic folds, on the margins of whith the cuneiform 
cartilages and cornicula. form more or less distinct whitish prominences. 

The em·il!J o.f the laryni· extends from the superior aperture to the lower 
border of the cricoi<l cartilage. It is divided into two parts by the projection 
inwa.rcl of the true vocal cords; between the two cords is a long and narrow trian
gula.r fissure or chink, the glottis, of which the bound:try is the rima _qlottidis . The 
portion of the cavity of the larynx above the true vocal cords is broad, and contains 
the false vocal cords, between each of which and the corresponding true vocal cord 
is the corresponding ventricle of the larynx. The portion below the true vocal 
cords is a.t first elliptical, au<l lower down circular, in form. 

'l1he ,glottis is the narrow fissure or chink between the inferior or true vocal 
cords in front (intcr-ligamcntous portion), and the vocal processes of the arytenoid 

cartilages behintl (intercartilag
inous portion). It is the nar
rowest part of the cavity of the 
larynx. Its length in the male 
measures rather less than an 
inch, its breadth when di lated 
varying at its widest part from 
a third to half an inch. The 
form of the glottis varies. In 
its half-closed condition it is a 
narrow fissure, a little enlarged 
and rounded behind. In quiet 
breathing it is somewhat trian
gular, the base of the triangle 
directed backwanl, and corre
sponding to the space between 
the arytenoid cartilages. When 
widely open it is lozenge-shaped. 
In forcible expiration it is 

r·m. 701.-Tbe 111.r)·nx and adjacent parts, se1:n from abo\'e. smaller than during inspiration. 
When sound is produced it is 

more narrowPll, the edges of the vocal cords being approximated and made parallel, 
the approximation and tension corresponding to the height of the note produced.' 

Czer~?k, VJ: th~a£:~~J~·~:n;:,n;~~~~~~~isfoi; l~~~e-~:~i~~~e~~~t1~~7a~~ breathing and ~peaking-, see 
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The ."11tfl'1'io1· or .tithi1• l'Oeal cords, :-10 called becau~e they arc not <lirectly 
concerned 111 the production of the YOicc, arc two fol1.b of mucous membrane, 
~~c.h ~ndosing n. ~lelica.te rounded ban<l, the su1wriol' th,1;ru-al'!Jfrnoid liyamc.nt. 
I~1s 1 1 g•~mcnt co1h1sts of areolar tissue, attached in front to the angle of the thy
roid ca1:t1Iagc ~elow .the epiglottis, and behind to the antero-cxternal :-;urface of the 
arytenoul cartilage, .ptst above the fo~:-:a. triangularis. This ligament, enclo:-;e<l in 
mucouo:. membrane, torms a. free margin, whid1 constitutes the upper boundary of 
the corresponding ventricle of the larynx. 

The. il{tiTio1· or true i•oaal cord.1.;, 'so called from their being concerned in the 
procluct1on of sound, are two strong fibrous bands (i1~f'el'io1· tliy1·0-a1ytenoid liga-
1~tentij). covered on their surface by a. thin layer of mucou~ membrane. These 
ligam ent8 ha\'C already been described. Each forms th(' lower boundary of the 
corre~pontling \'entri elc of the larynx. Externally, the Thyro-nrytcnoideus (inn er 
portion) muscle lies parallel with it. 

~be ~1entriele of' the larynx is an oblong fos~a. situated between the superior 
and mfcr1or vocal cords on each side, and exten<lina nearly their entire length . 
This fossa. is bounde1l above by the free crescentr~ edge of the superior vocal 

~~:<l~r~:10:.'~c~l' ~~:,1 ~t~·~~~~~ai~~~1~;n t~~ 
mucous membrane co\·ering the inner 
surface of the corresponding Th.vro-ary
tenoitleus mu>cle (outer portion). The 
anterior part of the ventricle leads up 
by a narrow opening into a ca~cal pouch 
of mucous membrane of \'ariable size 
call e<l the la1'.'/ll,Venl poudi. 

'rhe sacaulus laryngis, or laryngeal 
pouch, is a membranous sac placed 
between the superior vocal cord and 
the inner surface of the thyroi<l carti
lage, occasionally extending as far as 
its upper bonier; it is conical in form, 
and cuHecl slightly backward. On the 
surface of itio:. mucous membrane are the 
openings of six ty or seventy small fol
licular glarnls whi ch are lodged in the 
submucous areolar ti ssue. This sac is 
enclosed in a fibrous capsule continuous 
below with the superior thyro-arytenoid 
li!?amPnt : its laryngeal surface is cov
ered by muscular fibres <ier i1•ed from 
from tho ... e found in the a.ryteno-epiglot
tic fold ( .Aryteno-epig lotti<leus inferior part or the trachea 
muscle, C(Jmp1·eft801· stu•culi laryngis, 
Hilton), whilst its exterior is covered by the Thyro-arytenoidcus and Thyro-epi-
glotti1leus muscles. . . 

Muscles.-The muscles of the larynx are eight m numb er, and are as follows: 
The l'ricoid-th111·oirl is trin.ngular in form, ~ml situated a.t the fore part :ind. s i~e 

of the cricoid carti lage. 1.t arise~ from the front and lateral part of the. cr1co1d 
cartilage: its fibres divrrge, passi~g obli.quely upw~nl and outw(~r<l to be mserted 
into the lower border of the thyro1<l carti lage ancl mto the antrr101· border of the 
lower cornua. 

The inner borders of these two muscles are separated in the middle line by a 
triangular interval occt~pied by t~e crico:thyroid memhra.ne. . . 

'rhc l'drfl-rrr,11t1mouleu.r:; J~m~tu:wJ arises from t~1e hrori.cl ilepre:1:.~1on ~ccupy11.1g 
each Ja.tcral half of the poster10r surface of the lan11na. of the cnco1d cartilage: its 
fibres pa;.:s upwartl and outward. cou\·erging to be inserted into the muscular pro-

'" 
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Cl'"~ of thr ha!o>l' of the arytenoi<l cartilage. The upper fibre~ arc IH'arly horizontal, 
the miihllc nhliquc, arnl the lower almost vcrtical. 1 

'l'hC' ( 11·h·o-r11·ytl·1widnu~ l11teralis is !-;lllallcr than the preceding. an<l of an 
olilong form. l~ ari,es from the upper border. o~ the si1lc. of the cricuid cnrtila1!<'· 
an1l. pa:o.~ing obhqucly upward and backward, 1s m:::;crtcd mto the mu~c:ular proccs~ 
of thC' ha .. c of the arytenoi<l cartilage in frnnt of the preceding mu,clc. 

The ~'''/fli'nnidl'u.r; is a single muscle filling up the posterior conca,·e surface 
of the arytcnoid cartilages. It a.rises from the posterior :surface an<l vutcr border 

of one nrytcnoid cart ilage, and is in
serted into the corresponding parts of 
the opposite cartilagf'. lt consists of 
three planes of fibres, two oblique and 
one transverse. The oblique jilink, 
the most superficial, form two fasciculi, 

Fu;. 7n'l )111"-dh nf larynx. ~ic1c ,·iew. Right ala Fu;. 7111 lntC'fior of tllc larynx, seen from 
ofthrroidcar1ilai.;\·r,·mo,·cd. above. (Enlarged.) 

which pas:-; from the base of one cartilage to the apex of the oppm:;ite one. The 
tnrn .. <1•a,'lr JilirtR, the deepest and most numerou!-i, p:u:~ transversely acro::::s between 
the two cartilage~; hence the Arytcnoideus was formC'rly considered as several mus
cir:-;. urnler the name of trall!it'et'Si an<l oblir1ui. ~\ few of the ohlique fibres arc 
ui-.ua11y continue(l round the outer margin of the cartilage, and Llcnd with the 
Thyro-ar,,·tenoid or the .._\ryteno-epiglottideus superior muscle. 2 

The 1'h.1Jro-w·yfr11oirleus is a broad, flat muscle, which lies parallel with the outer 
sicle of the trne vocal cord. It arises in front from the lower half of the receding 
angle of the thyroi<I cartilage and fr?m the Cl'ico-thyroid rnembrnnc. Its fibres 
pas:-; backward and outward, to be msertcd in to the arytenoi<l cartifagc. 'l'hi ~ 
muscle consist~ of two fasciculi. The inner 7wrtion, the thicker, is inserted into 
the vocal process of tho base of the arytenoi<l cartilage and into the adjacent por-

st;i~Iif~·~f 1t:i~~;;r :~.B~fil~~?;t~~}f~il~~1~f !~~l!~f '~~f:t~:t~i.:;1~;;,;1 ;:~TJ~i!~ 
;~;;ti::;~·,~~!;~. ~~~~\(~:~r~~ t\~e fi1~a~~1 ~l~;:~r ~~7:_J~y ~~:f.1tl:~;.:~~~ r~ 1·1t t~lli'?f~ ~~~~~;~~::\ ~~1~\1~~~:1~~'~i~~· n~~~~ 

ant:.:,1:::r t'.:11;:~;J;;~~''b;1;~;.":~"1 h;1~~c~~~:g~~i\~~~~~i~~ :1( c~'.~~ii~;~u1.~) 1:1~:-et.he. i'::~~~~~~r1i~~~~'r~.0~ 1 t~~e 
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tio~ of. it~ a.ntero-cxternal surface; it lies parallel with the true vocal cord, to 
~,·bich it 18 adherent. The outer or superior faseiculus, the thinner, is inserted 
mto t~c muscular. p~·ocess a.n<l outer border of the arytcnoid cartilage above the 

prc~~~~n~,z:,~~~e~i~l!~~a~~st?se ~uJ:ri:~~: 7a~c~~~I~~c~~;~~1 1~::rs~~t~m the an(Fle of 
the thyroid cartila~e, close to the origin of the 'l'hyro-arytenoid, and spreads out 
upon the o_uter ~urface of .the sacculus laryngis; some of its fibres are lost in the 
:;;;;r0n~;~~;f lott1c fold, whilst others pass to the margin of the epiglottis (Depressor 

. The Aryteno-epiglottideus superio1· consists of a few delicate fasciculi, which 
arise. from the apex of tho arytenoid cartilage and become lost in the aryteno-epi
glott1c fold. 

~l1he Aryteno:epiglo~tideu,~ i1~fe1·ior ( Gompresso~· sacculi lm·yngis, Hilton), arises 
from the arytcno1d cartilage JUSt below the precedmg; and passes forward and up
ward, it spreads out upon the inner surface of the laryngeal pouch. 2 

Actions.-In considering the action of the muscles of the larynx
1 

tbcv may 
be cotweniently divided in.to two groups, Yiz.: 1. 'L1hosc which open and close 
the glottis. 2. Those which regulate the degree of tension of the meal cords. 

1. The muscles which open the glottis are the Crico-arytenoidei postici; and 
those which close it are the Ar_ytenoideus and the Crico-arytenoidei laterales. 
2. The muscles which regulate the tension of the meal cords are the Crico
tbyroidei, which tense and elongate them ; and the Thyro-arytenoiclei. which relax 
and shorten them. The 1~byro-epiglottideus is a depressor of the epiglottis, and 
the Aryteno-epiglottidci constrict the superior aperture of the larynx. compress 
the sacculi laryngis, and empty them of their contents. 

The CriM-arytPnoirlri JJosti'ci separate the chorcke vocales, and con:;cquently open the glottis, 

~y~~~~ti~lfui\~~~. ~1~'~i11~~i~111~i~.1'~1i!1·~~~io~l~~~~i;~ a~;·~rl~I~~ ng~~~~~~~~ ~~~cN:d~~~11t~;1~0b~~~~1~0;i~~~~ 
separated, the ,·ocal cords at the same time being made tense. 

The rt·ico-1ll'.1Jff'11oidr·i latprafrs close the gloLtis by rotating the arytcnoicl ca rtilages inward : :f~1::::;~;~~;;~~:~t1

::~f:~:;i~r~~::~~te the arytcnoid cartilages, and thus c·lose tbe opening 

The rrico-tl1!/l'oid nrnscles produce tension an<l elon1:ration of the vocal cords. This is 

~Jf.~~:i1~~:1~;~:~~;~~·1::~\£)~!J~~1:~~i:~!~,:'.~~·1r;F-~~1 £'.1:£i}1:£~~~{~~i,1~.r.~i·e;1!~~~~J.~£~ 

~~~~~~~{i~~~~~~~~~i~l~~~~ 
The Aryteno-epiglotticleus superior constricts the _superior aperture o~ th~ larr~n:, when 1t 

~~?:1~~1i1d~~~rf,1:f~1.i~~~i~[g~j1~11~~~f~h11~0~~ fiG:es0gf'~J;~g'l~~~~:1a1~;~e\~~ici~i'.g~~!~11~;.est ~1~/~~~~~}t~~ 
laryngis. 

The Mucous Membrane of the Larynx is continuous abo,·c with that lining the 
mouth and pharynx, and is prolonged through the tracb_ea and brond1i int? the 
Jungs. It Jines the posterior and upper part of the antenor st~rfacc.of the ep1gl.ot
tis, to "bi ch it is closely adherent, and forms the arytcno-ep1g lott1c folds \l"btch 

t Henle dtscribes these two portions as separate muscle!O, under the name.s or External and 

~~i f~~~~~~~~~~f~1~~~i~~§i5f~,;~,§ 
on one only. 
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cn<.'ircle the i-;upcrior aperture of the larynx. lt lint's tlu.' "hnll' of the carity of 
the larynx; forms, by its reduplitation. the thief part of 1hc superior or fal~_e 
rnl'al <:onl; and, from the ventricle, is continued into tl1c :-;iu:culus laryagis. It 
i~ then reflected on•r the trne meal cords, "here it is thin and Hn intimately 
ailhercnt: covers the inner surface of the crico-tbrroi1l membrane. anLI cricoifl 

~~\ r~ ~I a~1~,·;e 1:~1;111 ,:~ t;: It~~ ;~1~~1~~~o~;1i i:~~ds e;! ~ :~ e ~ ~11~0! i 1~i~~~'~n71111~ b :~~~r';~rt l~·~ct:t~~~3: 
hut ahm·c this point the cilia are found onh· in front, as high ag the middle 
of the epiglottis. In the rest of its extent the epithelium is of the squamous 
\'aricty ; as is also tbilt covering the true vocal cords. 

Glonds.-rrhe mucous membrane of the ]:u·ynx is fumishc<l with numerous 
muciparous p;lands, the orifices of which al'o f~rnncl in nearly c,·ery part; the.v 
are rery numerous upon the epiglottis, being lodged in little pits in its substance; 
they are also found in large numbers along the posterior margin of the a.rytcno
epiglottidcan folt.l, in front of the arytcnoid cartilages, where tLcy axe termed the 
ar.1;tenoirl qlro1d.<t. They ex ist also in large numbers upon the inner su rface of the 
sacculus laryngis. None arc found on the rncal cords. 

Vessels and Nerves.-Thc arteries of the lttr,1Jnx arc the laryngeal branches 
deri,·ed from the superior and inferior thyroid. 'l'hc t1ei11s accompan.v the arteries: 
those accompanying the superior laryngeal artery join the superior th:n·oid ,·cin 
which opens into the internal jugular ,·ein.; "hi le those accompanying the inferior 
laryngeal artery join the inferior thyroid ,·ein which opens into the innominate 
vein. The lymphatics terminate in the deep cen'ical glands. 'fhe nen.•es are the 
superior laryngeal and the inferior or recurrent laryngeal branches of the pneumo
gastric ne1Tes, joined by filaments from the sympathetic. 'l'he superior laryngeal 
nen·es supply the mucous membrane of the larynx and the Crico-thyroid muscles. 
The inferior laryngeal nenes supply the remaining muscles. The Aryrenoid 
muscle is supplied by both nerves. 

THE TRACHEA (Fig. 705). 

The Trachea, or Windpipe, is a cartilaginous and mcmbmnous cylindl'ical tube, 
flattened posteriol'ly, which extends from the lower part of tLc larynx, on a level 
with the sixth ccn'ical ''ertebra, to opposite the fourth, or sometimes the fifth, 
dorsal, where it divides into the two bronchi, one for each lung. 1l'he trachea 
measures about four inches and a. half in length (10-11 cm.); its diameter, from 
side to side, is from three-quarters of an inch to an inch (2-~~ cm.), being always 
greater in the male than in the female. 

Relations.-Tbe anterior surface of the trachea is convex, and covered in the 
1u:clr, from above downward, b_v the isthmus of the thyroid gland, the inferior 
thyroid Ycins, the arteria thyroidea ima (when that Yesscl exists), the Sterno-hyoid 
and Rtcrno-thyroid muscles. the cervical fascia, and more superficially, by the 
anastomosing brnnches between the anterior jugular Yeins: in tlte thorax it is 
coYHe<l from before backward by the first piece of the Rtern.nm, the remains of the 
thymus gland, the left innominate ,·ein, the arch of the aorta, the innomina.te and 
left common carotid arteries, and the deep cardiac plexus. Posteriorly, it is in 
relation with the resophagus; laterally, in lite 11el'lc, it is in relation with the com
mon carotid arteries, the lateral lobes of the thyroid gland, the inferior thyroid 
arteries, a.nd recurrent laryngeal nerves; a.nd in llw llwra.l.' it lies in the space 
between the pleur::e (superior mediastinum); having the pneumogastric nerve on 
each side of it. 

'The Right Bronchus, wirler, shorter, and more horizontal in direction than the 

!~:1~~ei~r~~ot\h~11 vi~~= <~~y~~sg:~j:~<l a;c~;:~·so~1~~ 1i·~gj~.!1~lll~~~i~1~1:8~~d t~~ee 6,~t~h~o;~~~ 
monary artery lies below and then in front of it. About three-quarters of an inch 
from its origin it gi\·es off a branch to the uppt•r lobe of the right lung. This 
branch i..; know~ as f'}Htrt~rial becau~c it is gi,·en off ali0tH' the right pulmonary 
artcr.'·, l1elow which the mam bronchus now passes and is known as hyparterial; 
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this sub<lividcs into two branches for the mid<lle and lower lobes of the riaht 
lung. o 

'11he Left Bronchus is smaller, longer, and more oblirp1c tb·rn the rirrht beina 
nc:~rly ~w~ in~hes in lengt.b. It enters the root. of the left Iun~ opposit~ th'e sixth 
do1sa~ \C1teb1a, about an mch l.ower than the nght bronchus. It pass.es beneath 
the a1ch of the aorta

1 
crosses, m front of the ccsopbagus, the thoracic duct and 

Fm.705.-front\·icwofcartilngesoflnrynx;thclrnchcnandbronchi. 

the <lescencling aorta, an<l has the left pulmonary artery lying at first n hove and 
then in front of it. lt is entirely ltyparterial, having no ('j!{O'tt:rial branch, an<l 
divides into two branches for the upper an<l lower lobes of the left lung. lf a 
transverse section is made across the trachea a short distance ~tbove its point of 
bifurcation, it is seen, in many cases, on looking down the tube that the right 
bronchus a.ppears to continue the direction of the trachea. more directly than <loes 

the left. 
Subdivisions of the Bronchi.-Acconling to Achy, whose observations a.re based 

on casts of the trachea an<l bronchi made with Hoser's fusible alloy, the following 
is the arrangement of the bronchi and larger bronchial tubes (Fig. 706) : 'l'he r(qht 
brom•hus, after giving oft~ th? epartnial bnrnrh, becomes hypartcria1, which the left 
bronchus is from the bcgmnmg. Each bronchus then pusses downward an<l back-
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war<l, co.nstantly dimini~hing in calibre until it cmls., as ~uch, in the lower and pos
terior pa.rt of the inferior lobe of the corresponding lun~: In its course each ~r?nchu~ 
fri\•es off four t•cntral and four dorsal branc!tt''l, the right bronchus also g1\'111g ofl 
~n aJditi~nal or ac('essory bronchus, the so-c:dlctl ''heart- bronchus" "h.ich pas.~~s 
mcsially and dorsally into the infer_ior l?be. l~s na.mc comes from the. fact tba~ 1t 
is the homologue of a bronchus which, m ccrtam an11nals, rnns to the mfra.canltac 

lobe. or the right bronchus, the .fi»st ventral branch goes to the mitldle lobe; the 
other YCntral and all the dorsal passing to the inferior lobe. Of the left bronchus, 
the .first rentral branch passes to the superior lobe, all the others, \'Clltral and 

~~::~!;1 ~~i'~,?c1f~1st~~e i:~~:~~.1~. l~.::~h;;y, t~e~~ c~1~~~~l;:;ist~~ g~~1~:·a~i~:~;.s: 1:r ~~·~~ 
bronchus is oullincd in the Diagram. 

Structure.-Thc trachea. is composed of imperfect cartilaginous rings, fibrous 
membrane, muscular fibres, mucous membrane, a.n<l glands. 

The cartilages vary from sixteen to twenty in number; each forms an imper· 
feet ring which surrounds about two.thirds of the cy linder of the tra<:hca, which is 
completc!l behin!l hy fibrous membrane. The carti lages arc placefl horizontally 
above each other, separated by narrow membranous intervals. 'l1hey measure 
about two line:;; in depth and half a lin e in thickne~s. 'l'hcir outer surfaces are 
flattener}, hut internally they are conYcx from hcing thicker in the midrllc than at 
the margins. 'l'wo or more of the cartilage~ often unite partially or completely, 
antl arr :-.ometimes bifurcated at their extremities. 'l1hcy arc highly elastic. but 
somrtime:; become calcified in advanced life. Jn the rirrht bronchus the cartilarres 
vary in number from six to eight; in the left. from ~ine to twelve. 1.1hey ~re 
shorter antl narrower than those of the trachea. 
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. . The .fi.rst cartilage is broader than the rest, and sometimes di \•ided at one end; 

~i~~ ~~~rce~t:~ '~~i3;hfi~h~t~~1:::1t~~n:a~;~~gtehf t l~s"':~~nbc~~·~~~~ ~lc~~(lc~~·icoid cartilage, 
The la.st cartilage is thick an~ broad in the mid<llc, in consequence of its lower 

border being prolonged into a. triangular book-shaped process which curves down
ward and backward between the two bronchi. It terminates on each side in an 
imperfect ring '~'hich encloses the commencement of the bronchi. ~rbe cartilage 
abo \'C the la~t 1s somewhat broader than the rest at its centre. 

The Fibro~s ~embrane.-The cartilages are enclosed in an elastic fibrous 
membrane which f~rms a doub~e layer, one layer1 the _thicker of the two, passing 
over the outer ~urface of the.ring, the other over the m11er surface; at the upper 
and lower marf?JUS of the cartilages these two layers blend together to form a single 

::~~~:lei~'' ~l~~\uc:~~ ~~~~e:he I~1 ~~! ~~:c: 1 t~1~\~~lt,h~~·tw~~~ e{h ~11:x ~~~~~ i ti~; toF'~i~e~ 
rings, the membra ne forms a single distinct la.ycr. 

rrhe muscular fibres arc of the unstriped variety and are disposed in two la.yers, 
transverse and longitudinal. 

The fransi1e1·Iw jibrl!S (Trachealis muscle, Todd and Bowman), the most inter
nal, form a thin layer which extends trans,·ersely between the ends of the carti
lages in the internls between them at the posterior part of the trach<'a. Outside 
of or posterior to these are a. few bundles of longitudinal fibres . 

The Mucous Membrane is continuous a.hove with that of the larynx, and below 
with that of the bronchi. )licroscopically, it presents a well-marked basement 
membrane supporting a layer of" columnar ciliated epithelium. between the deeper 
ends of which a.re smaller round or elongated cells. It contains a large amount 
of lymphoid tissue and some tracheal glands. Next to the submucous tissue, the 
mucous membrane contains ela~tic fibres, most abundant posteriorly, where they are 
collected into distinct longitudinal bundles. 'They arc especially numerous about 
the bifurcation of the trachea. 

Tbe Tracheal Glands (racemosc) are found in great abundance at the posterior 
part of the trachea. They arc small , placed upon the outer surface of the fibrous 
}ayer: eneh is furnished with an excretory duct, which pierces the fibrous and 
m~scular Javers and opens on the surface of the mucous membrane. Rome glands 
of smaller Size are also found at the sides of the trachea, between the layers of 
fibrous ti~:.:.ue coi:nect~ng the rings, and others imrn~diately ~enea.th the mucous 
coat. The secretion from these glands senes to lubncate the mner surface of the 
trachea . 

Vessels and Nerves.-The trachea is supplied with blood by the inferior thyroid 
arteries. The 1•eim1 terminate in the thyroid \'Cnous plexus. The 1lcrt•es are <le
ri\'ed from the pneumogastric and its recurrent branches and from the sympathetic. 

Surface Form.-In the middl(' line of the neck some.of the ea~tilac:es of the la_rynx can be 
readilv ili::;timmi:-.hcd. In the receding anc:fo below the chm the hyo1d. hone can ~a&1ly be made 
~1~1~ f ~~)~)~:!!b0;;i~~ ~r the61~~~·. :1~eif ~\~eb~:~~;~fdi~~!~i1t!~~~1 ~· 1:ti~~~~11 ::i• 1 \1,~cfirll~J~~~ 1~his~e!~;'"~h~ 
~~~'.~~}1~;~;~i:~}~r~:::!~;\·:~" .. c·~!\~'.,~B~~,~~l:.i~'.~~1~~~~i~~;t~:i~r?i:1'.~~;i: ~~~~i~

1

~~lt~~: ~;y~·:~E£ 
atea adult that the i;;eparate rin~s can be distin!!ui bhed. The lower part of t}\e trachea 1s not 
easi ly made out. for as it dl'stends it is fanher 1:emo,•cd .from the surf~c·e. 1. li e lc\'el of the 
vocal f'orc ls <'Orl'l'!-iponds to the middle of the antcr10r mar.!?m of the t,hyro1d car~1 la!!c . 

\\'ith thC' \arym.roscope tl1 e followini!' structures 5·an ~c l'<'l'll: '1 he lJaSc ?f the tongue an<l 

f he. u PP~,~~\1j~;J·~,~fei\1}1~:~!N~0~~s~ h~i~~,-~~~o~~~~icl~t1~i~ 1fl;[l\~, ~~!<!~i1 i~}~ n~~~~b~~:e~f:':~~-~r~o~1~1t\~d 
£i~1~~\~~s ,.~~~J(';~~~S~~i'~it 1~ '> t ~;~e v~~~ii~1~1:1~~,~~ec~~u;~~~)1:'.11 R~i'N 1~l~;~~r. ~1~~~~i~~o~ll1~:~~·li~~1:c ~1~<l 
~me of the antrrior parts of the rin!'.!:S of the trac·hc:t. and 5omct11nc~, 111 tleep m~p1rauon, the 

bifng~~0i1c~~·x~ea!~:~;~:_F,n·ri,qn l,.rJ<.li1-s often firnl their wa~' into thC' air-paK"'a!'.!:er;. These may 

:/;~~<~:'\'~":!~~"~::;"~' dlo1;;;<l;~, '~;"\"~:~~e"'!;:~~,i:.",'~if:,::~,J~~g~;,\.i;~ ~~~.;;N;.i~~t ~ 1;:\"!f'~r ~:n1~:; 
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~~t1;~~~:~:'.:i~f ~~~~~~1J~{~~'.:~1;;~t~£'.%~~:f~~1~ 
f ,~r~:j~;:l~;~:;~:if :~~:}~3~:'.~;}:~~:J.{~~{,;ci~\~~i;~f'~:!0?lt~.~~:.~~f.\i~~/f l.::!.\:::·:~:~:~;~~~::: 
amount of ~ulmnu·ous ti::-::;ue which is liable to Lc{'otue much .-.wolll'll from cffu~ion in i11fla11111m-

~1~:i\·c~~~;;~i11b~J·,,~~111h~t)~t\~~l!!of1~Y1~i\~~~f c~~~S;~,~ .~~~~-~111~~,:~ft· ~l~ct~~~u~~~:~i~.1~:m~~!11,i;~ eJ!y;~~~,~~~~ 
a'lh(•rl'IH to tht'"C ::-triu:turcs. ~o that in cases of this disease the operation of laryuuotomy is 
i:;uffo:ieut. 

man .~ 1~~,~~i~h\i.~;~·:~~.iti1t 'i'!1~~~ ut~c1~/~~ ~:!r~~r::~~~:~ ~p~~~I ::;:.· ~·11~ai,1~ 1 :1;:~~!c~ 1 1i~ ;{:.~\~;~~~e'~ ~11~~~;~ 
prololJ~~~~-a~/;~;:t~\!1~;c farymt mar ortur from $yphilis, eilhcr superficial or from the !"Oftening- of 

~~~;~}~i~:~i:~!:t~:~r :.~~fl[~~~~~2~~;::-~~~.~~:~i~:i;~l~:;;:~fi::}'.~l::~~!i.!.·f ~~~~~~~J~~~~~!~~~w~ 
;~~r~~~:::?i?~::t::::\1;::;~Vi;f :~~1~i;~;;~!~;~~ti~i~:f Fj1/~:i~~~it~~1~~'.2;:;:.~.\~~~:5~.~1~~~ 
~i~r:: 11i-1~!~:;~'.:!J 1 1)~;~:~~!~:~~1~~11::~h g;~-~J~~~ ~\i~!~t~/'~~~:s ~t~1a~~~~.~;~;Jl:!\~l::r1:~~1i~.r ~j~~~~!1~;~~~~~j 
ut'an.'· imporl:ml"l' in 1·onnectiu11 with thiR operation ill the c-ri('(1-thyroid artery, whid1 tro:-scs the 
cri(·o-1h.\'roiil uwmbrauc, and which may b(• wounded, Lut rarl'iy .Ui\'C'~ ri~e 10 auy tronLle. The 
operation i:; pcrfortlll'!l thu:-.: The crico-thyroid <leprc:-;:,iou h;H·imr been fell for aml foun<l. a 

d~~,~:~~1111i·:~~~l; 1 ~1h:)s fil1~~i1;: :::~~i\et 1~~ 1~~1!~~1 l;~~o~f i~1ei111 11 b~~.:~1c ni1~(~~;:11~:.:J. 0'Xc~-~~ ~!~~tis :~J:!~:~~-11~J~ 
~lrn~:1~\:etl~·~i~1~·:1:~:;~;;f·a~!~~~-.t~ 1~(1!~'l l~J;.;:1~c~~~~1;;:*;>,;1J~1f11~!:~}~;~c~-frtilage 1 so as to a\"oid, if po:;-

'l'mclu'ot1J111,JJ mar be pcrforrncrl either above or lielow the iilt hmus of the thyroid body, or 
this ~trm·tm·c may be iliYidcd and the tradwa opened hcncath it. · 

rl1hc i."thlllll:-> of the thyroid g-Ja11d u:;ualJy ("nJ:-'."'il'S the SC<:Ontl arnl thi rd rill!!S of the tra('hC-a; 
alono; it:-; up1wr Lor1ler is frequently to he fOund tL lar,uc trau~H'l"l-e tn111urnni1«ltin!! Lranch between 

t!:r, ~!:~~~1.~:;~
1

;;::~:'..'.~:r:,:~;,i::~iit~\~::·th•!f1:~~;:~:~.:""c·0~i~~~~~~::~,";:·i:'~:1~.;~;1;1~',i0,::~~i3 ~f,'iai~~ 

~~~~ll~i~tJi;ti~~l{~~~~l~~~i 
1J~:\·'~;~··;\~ll~~~~l;::::::;c.1~/!i;~ 1:i::~E!h'\~~~i~::~~~;:i:W::::~h~~ ~~~:~~~c~fr,!~~~t0~~~::~~·~;~~~~;::1~~ 
warJ along ilw front of the trad1ca. 

Fr11m tlll'~e ol1!-0Crrntiuns it must be C\·idcnt that the trachea <:an he more rcaJih· opene<l 
abO\'C than ht'imv lhc bthmus of the thyroid hotly. · 

Trad1cotnmy :lhrH'e the isthmus is JH:rfonne(l thus: ~\ n irwi~ion i~ m~ulc from an i1wh aml 

~JJ~i~~~:·\~:1:.:;\;.{f ~.;~1'.:))~~t:\~~~2~\~\~~~;,1~~~~l~"!i;;~)i:.~:;:?iP;~;.\,~;~\:~::t~(~i~i~~ 
in fi-.mt of thl' trada·a. !ihnnl1l be divi(lcJ tran"n'r:-.;ely at the lewl of' the lnwcr bOrdcr of the 

E:~:11:\.J.·:i·:Y!.YtJ:;;~1~:~,,::~i:~~;;,~~:.~~~::~1l~'.'1~~1'.::~·:::;i~,:f::i
1

.'.'.:i::rr.::~::~~::r11 ;~~&~~l~;~I;~~i.'.l! 
trau-..tixcd with a sharp hook an<l <lrawn furwar·l 111 unll·r to :steady it, and is 1hcn opene<l by 
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insert in!! the. knife into it and di,•iclin!! the two or threC' upper rin,f!S from below up~nrd. lf 
the tr~td~t·a 1s l<! he opened below the i!:ithmus, the inti~ion mu!<t be made from a little below 
the c:rtc.•oal ca~ll)ag-e to the top of the sternum. 

ln the .ch1IJ. ~he trnc:hca is :-.nwller, more deeply plated, and more moYable than in the adult. 

E~:fo~~~~;:~~~~~1~}~!:rn~:ti;:~:~;l'~;(:~~~~l~:.fi~~~~i;~t1~r~lJ!!;i~:~f f i~t~1~I~1~lii~~ 
anJ othC'r stnu::tures m front, ~eparatm!.! the larynx from the tr.\Chea below, and chsscdmg off 
the deeper strm:turc from below upward. 

THE PLEUR.IE. 

Each lung is invested, upon its external surface, by an exceed ingly delicate 
serous memb rane, the pleura, whi ch encloses the orga n m1 far as its root, and is 
then refl ected upon the inner surface of th e thorax. 'J1he port ion of the serous 
membrane in\'est ing the surface of the lung is called the pleum pulmonaliJ.J 
(dsceral layer of pleura), while that which lines tbc inner Rurfacc of the chest is 
called the 1ileura eostali.'j (parietal layer of pleura). Tli e i;i.pacc between these two 
l a.'~ers is calle(l the e<m'ty f?f the pleura, but it mui;i.t be borne in mind that in the 
healthv c0111lition the two lasers are in contact. and there is no real ca,•ity until the 
lung become~ collap::.:.e(l anci a scpanttiou of it from the wall of the chest takes 
place. Each pleura is therefore a shut sac. one occupying: the right. the other the 
left half of the thorax, ancl they are perfectly sepa rate, not communicating with 
each other. The two pleurm do not meet in the middle line of the chest, excepti ng 
anterior),· oppo:;ire rhe upper part of the 8econd piece of the sternum-a space 
being left between them, which contains all the viscera of the thorax excepting 
the lungs : th ii; is the nwdiaslinum .. 

Reflections of the Pleura (Fig. 707).-Com mcncing at the sternum , the pleura 
passes outwa.rd. co,·ers the costal cartilage~. the innel' surface of the ribs and 

Fm. i07.-.\ trans\'cr;e ~cction of the thorax,showlr11!" till' rduli\·c positlrm of the vi!iccrn. and the reflections 
orthc11\eur« 

Intcrco:ital muscles, and at the b~ck pa.rt of the thorax. p:m_;e:;; over th~ thoracic 
ganglia and their branches, and 1s retlected upon the sulcs of the bodies of the 
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vertcbrm, where it is separated b~- a narrow intcrrnl. the postaiur mediastinum. 
from the opposite pleura. From the \'Crtebral column the pleura pa~~es to the !'ide 
of the pericardium. which it cornrs to a ~light extent; it then coven• the back part 
of the root of the lunCT, from the lower border of which a 1.riangular fold descends 
vcr1icallv bv the side

0
of the posterior mediastinum to the Diaphragm. 'J'his fohl 

!~t~~i~1 ~i~(~ai~~,t~~:~tt ~[ tt~1,:t ~l:.~~~ \1:1° p~~i~i~~~tw~,.~~~tu~1h/~~~~~l~~~\i~~~-:~~~:~~ ~~ 
trnced O\"CI' the conrnx surface of the lung, the summit and base, and also o,·er the 
side~ of the fiRsurcs between the lobes on to its anterior su rface and the front part 
of it5:. root; from this it is reflected upon the side of the pcric<trdium to the inner 
surface of the 8ternnm. Below, it coYers the upper surface of the Diaphragm, and 

~b~~~,d~L~nl~~~?~: ~l~e1~;;1~~ t.~~~ ~~s~~~ ~·:~:i~~~! ~~dtl:~:e~·i~~~~ ~~\;h~1tri~Jl~ts~~~c~f~:~~ 
behind, it reaches as low as the twelfth rib, and someti mes C\'Cll beyond it, as low 
as the transverse process of the first lumbar vertebra. Above, its apex projects, in 
the form of a cul-de-sac, through the superior opening of the thorax into the neck, 
extending from one to two inches a.bo,·e the margin of tha. first rib, and recei,·es 
the summit of the corresponding lung; this sac i8 st rengthened, according to Dr. 
Sibson 1 Ly a dome-like expansion of fascia, attached in front to the posterior border 
of the first rib, and behind to the anterior border of the transverse process uf the 
seventh cervical ,·ertebra. This is covered and strengthened by a few spreading 
muscular fibres deri,·ed from the Scaleni muscles. 

A little abo,•e the middle of the sternum. the contiguous surfaces of the two 
pleurm are sometimes in contact for a s1 ight extent; but aboYe and below this point 
the intel'\'al left between them forms pa.rt of the mediastinum. 

The inner surface of the pleura. is ~mooth. poliEihed, and moistened by a 
serous fluid; its outer surface is intimately adherent to tlae su rface of the lung 
and to the pulmonary vessels as they emerge from the pericardium; it is also 
a<lherent to the upper surface of the Diaphragm: throughout the rest of its 
extent it is somewhat thicker, and may be easi ly sepa rated from the adjacent parts. 

rrhc right pleural sac is shorter and wi1ler than the left. 
A portion of the Diaphagm below and behind, 1·. e. a narrow interYal a.round 

this pa.rt of its circum ference, is not covered by pleura and is in direct contact with 
the costal parictes. Furthermore, it is to be noted tha.t there are certain localities 
in the pleural $:tC in which the surfaces of two portions of parietal pleura arc always 
in contact, even when the lung is in a state of complete inspiration. ~J1hcse localities 
arc known as simtl1t'S or complementary spaces. The largest and most distinct of 
these is the co8to-pltrenic sinus, which follows the line of reflection of the costal 
pleura on to the <liaphragm. 

Vessels and Nerves.-The artrties of tl1e pleura are <lerh•ed from the inter
costal, the in1C'rnal mammar.v, the musculo-phrenic, thymic, pericardiac, and 
bronchial. The veins correspond to the arter ie!'I. rJ1hc lymphatics are very 
numerous. 'rhc nen1es are dcriYed from the phrenic and sympathetic (Luschka). 
KOlliker sta.tcs that nerves accompany the ramification of the bronchial arteries 
in the pleura pulmonalis. 

Surgical Anatomy.-In operations upon the kidney it must be borne in mind that tllC 
pleura may :--omctimcs extend below the Je,·el of the laf't rib, and may therefore be opened in 
these opcratio11s1 especially when the last rib is rcmo,·cd in order to give more room. 

THE MEDIASTINUM. 
The Mediastinum is the space left in the mctli•n portion of the chest by the non

approxirnai ion of the two pleune. It extends from the sternum in front to the 
spin~ h~hind, arnl contai~1s. all th? viscera in the. thorax. e~cept.ing the lungs. 'l'he 
mc<l1ast1Uulll may be (.hYHle<l for pul'po::-;cs of tlcscr1pt10n rnto LWO parts-an 
upper portion, aho,·e the upper len•l of the pericardium, "hich is named the 
1'i'uprrio1· 111rdi1t.~tim1111 (:_..;truthers): ancl a lower portion, helow the upper Ie,·cl of 
the pcricarclium. This lower portion is again subcliYide<l into three-that part 
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~-=1~:}~"~7~1:a/8° 8i~h~r pericanlium a1~d it~ contents, the. middle. me~iastinum; that 
part whicl ·. b •l. otth of th~ pe~·1card1um, the antenot nzedzastinu,ni; and that 

1 1::s c 1JUl t e pcnca.r<l1um, the postcrio,. mediastinwn. 

i:w.708.-ThC]IO"t('riorm('<llustlnum 

The superior mediastinum is that portion of the inlerplcurnl space which hes 
above the upper level of the pericardiu_m, between the rnanubrium sterni in front and 
the upper dorsal vertcbnc behind. It .is bounded below by a P.lane passing back· 
ward from the junction of the manubnum an<l g ladiolus stcrn1 to the lower part 
of the bodv of the fourth dorsal rnrtcbra. lt contains tbe origins of the Sterno
hvoid an{(~tcrno-thyroid muscles and the lower ends of the Longi colli muscles; 
the tran!irer:-;c portion of the arch of the aorta. ; the innominate. the thoracic 
portion of the left carotid and subcla.Yian arteries; the upper half of the superior 
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\'('na c:na an1l 1hc innmuinatc ,·cin"<, and the left superior intcrtmaal Yrin; tht 
p1H.'11moga:;tric, canliac, phrcnic. and left recurrent lar,vngeal nC'ncs; the trachea, 
ccsuphagus. and thoracic duct; the remains of the thymus glantl and lymphatics. 

The anterior mediastinum is boundt•Ll in front by the sternum. on each side by 
the pleura, and behind by the pericardium. Owing to the oblitpie position of th'e 

Vtrtebral 
.lrlrr_•f .• --

C.efl Sublcar:ian. 
Ai-lery. 

®oph119111.---

[,eft I11om- Left Cill'olid Thymus 
i1111le 1·n11 Arter,11. Gl1111d. 

Fm. i09.-Trnnsvcrsc section through the upper margin of the third dorsal vertebra.. (Braune.) 

heart toward the left side, this space is not parallel with the Rtcrnum, but directed 
oblic1uely from aboYe <lowmrnrd and to the left of the median line: it is broad 
below, narrow abon~, ,·ery narrow opposite the first segment of the gladiolus of the 
sternum, the contiguous Slllfaces of the two pleurre being occasionally united over a. 
small space. The anterior mediastinum contains the origins ~)f the Triangularis 
stcrni muscles , and a quantity of loose areolar tissue in which some l~nnphatic 
vessels are found ascending from the com·ex surface of the lirnr, and two or three 
lymphatic glands (anterior mediastinal glan{h;). 

'fhc middle mediastinum is the broadest part of the interplcnral space. It 
C1Jntains the heart enclosed in the pcrica.nlium, the ascending aorta. the lower 
half of the superior Yena. cam, with the ,·cua azygos major opening into it, the 
bifurcation of the trachea and the two bronchi, the pulmonary artery dividing into 
its two branchc~ and the ri~ht and left pulmonary veins, the pbrenic ncn·es, and 
some bronchial lymphatic glands. 

The posterior mediastinum is an irregular triangular space running parallel 
with the rertebral column; it is bounded in front by the pericardium and roots of 
the lungs, behind by tho vertebral column from the lower bonier of tho fourth 
<lors.al Yertebra, an<l on enher s1de Ly the pleura. It contains the dC'~ccml
ing thoracic aorta. the greater and )c:-;~er azygos vein.;., the pucumogastric and 
:->planchuic nene::s, the <.esophagus. thoracic duct. and some lymphatic glands. 

THE LUNGS. 

The Lungs are thC' C!'sential organs of respiration ; the~· arc two in number. 
placed one on each side of the chest, ocparate<l from each other by the heart and 
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~t~er.con.tcn~s of the mcdiastinum. Each lung is conical in shape, and presents 

fu1 exammat1on an apex, a base, two border:;, antl two :mrfaces (}"""ig. 710). 

FIG.ilO.-FTontl·iewofthebeartaod lungs 

The apex forms a tapering cone which extends into the root of the neck about 

an inch to an inch and a half above the level of the first rib. 

The base is broad, concave. and rests upon the convex surface of the Dia

phragm: its circumference is thin. and fits into the space between the lower ribs 

and the costal attachment of the Diaphragm, extending lower down externally 

and behind than in front. 
The external or thoracic sw:fare is smooth, COD\'CX. of considerable extent, 

and corresponds to the form of the cavity of the chest. being deeper behind than 

in front. 
The inner swfare is concM·e. It presents in front a depression corresponding 

to the convex surface of the pericardium, and behind a deep fissure (the bilum 

pulmonis) which gives attachment to the root of the lung. 

The posterio1· bordu is rounded and broad. and is received into the deep conw 

cavit'V on either side of the spinal column. It is much 1onger than the anterior 

bord€:r, and projects below between the ribs and the Diaphragm. 

The antuiu1· bonle,. is thin and sharp, hod o,·erJaps the front of the peri

cardium. 
Each lung is <li,·i<led into two lobes, an upper and lo~,· er. by a long and deep 

fi~:mre which cx:tenfl:; from the upper part of the poster10r border of the organ, 

about three inchc~ from its apex, downward and forward to the lower part of its 

anterior bnrdcr. This fo'5surc y~nctrates nearly to the root. In the. right lung 

the upper lobe i~ parrially subd1.ndc<l by a second a?d shorter fissure which extends 

from the middle of the preceding, fonrar<l and sli~htly upwnrd, to the anterior 

margin of the organ, marking off ;i small triangular portion, the mid<.lle lobe. 
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ThC' r(11!tt ltmy is the larger and header; i1 i:; hroailt•t· than the lc..•ft. o"ing to 
the in('lination of the heart to the left side; it is also shortl'l' l;y an in <: L. in comc
'luenco of the Diaphragm ri~ing higher on the right side to :H:<.·;1m u11Hlatc tLe liH'l'. 

The Root of the Lungs.-.\ Ji rtlc abo,·c iLc middle of the inner surface of each 
lun«. and nearer its po$terior than its autcrior hortlcr, is ia; root. by "hic.:h the 
Inn~ il'i c1m1H.'l'tc1l to the heart and the t1·achca .. Th e root is fo1:med by .the bronC'~ial 
tube, the pulmonary artery, the pulmonary ,·ems. the brond11al a rt ern.'s an<l ,-ems. 
the pulmonary plexus of nerYes, lymphati c~, bronchial gland~, and arC'olar ti s.sue. all 
of which arc 'enclosed h~· a reflection of the pleura. Th e root of the right lung li es 
behind the superior \·ena ca,·a a.nd ascending portion of the aorta ant.I. below the 
vcna. azygos rna.j or. 'l'ha,t of the left lung passes beneath the arch of tho aorta and 
in front of the de~cending aorta; the phrenic nerve and the anterior pulm onary 
plexus li e in front of each, and the pncurnogastric an<l posterior pulmonary plexus 
behind each. 

The chief structures composing the root of each lung arc arranged in a similar 
manner from before backward on both sides- viz. the pu lmonary Yeins most 
anterior; the pulmonary artery in the middle; :111d the bronchus, togPther with 
the bronchial vcf:sels, behind. From abo\·c downward. on the two sides, their 
arrangement differ~. thus: 

On the right side their position is-bronchus (undi,·i<led portion), pulmonary 
artery, pulmonary veins; but on the left side th eir posit ion is-pulmonary artery, 
bronchu..,, pulmonary veins; this is accounted for by th e bronchus being placed on 
a. lower Ie,·el on the left than on the right side, in order that it may pass under 
the arch of the aorta. 

'.I1he weifJ!tt of both lungs together is a.bout forty-two ounces, the right Jung 
being two ounces he:.wier than the left ; but much rnriation is met with according 
to the :1lli0111lt of iJlood Ol' serous fluid they may Contain. rJ1hc lungs are bca,·ier 
in the m:ilc than in the female, their proporti on to the body being in the former 
as 1 to 87, in the Ja,tter as 1 to -!3. r11he specific grM·ity of the lung-tissue rnries 
from 0.3-1;) to 0.7-lti, 11ater being 1000. 

'L1 hc color of the lungs at birth is a. pinkish-white; in adul t life a dark 
sla.tc-colnr, mottled in patches; and as nge advances this mottling assumes a. 
black color. 'l1he coloring rn rttter consists of g ranul es of :1 c<.Lrbonaceous substance 
deposited in the al'cola.r tissue near the su rface of the orga n. It increases in 
quantity as age a!lvances, and is more abundant in males than in females. The 
posterior border of the lung is usually darker than the anterior. 

'l'he 8urfa1·,, of the lung is f:moot h, shining, and marked out into numerous 
polyhedral spaces, indicating the lob ules of the organ; the area of each of these 
spaces is crossed by numerous lighter Jin cR. 

The sub.'1tanee of the lung is of a light. porous, spongy texture; it floats in 
water and crepita tcs when handled 1 ow ing to the presence of air in the tissue; it 
is also high ly elastic; hence the collapsed state of th m•e organs when they are 
remoYed from the closed cavity of the thorax. 

Structure.-The lungs are Composed of a n external serous coat, a subserous 
:i.reo?ar tissue, and the pul.monary substance or parenchy ma. 

11.'he serous coat is the visceral layer of the pleura.. 
. . Tbe subserous areolar tissue contains a .large proportion of cla.stic fibres; 
it mvests the surface of the lung, and ex tends mward between the lobules. 

'l'he parenchyma is composed of· lobules which , although closely connected 
together by an interlobular areolar tissue, a.re quite distinct from one another and 
1~ a.y be teased asun der without much difficul ty i~1 the footu s. 'The lobules va~·y in 
size; those on the surface arc large, of pyramidal form, the base turned toward 
the surface~ those in the interior. smaller and of various forms. Each lobule is 
composed of one of the ramifications of a bronchial tube and its term inal air·cells 
and of the ra.mificatiom of the pulmonary and bronchi.a. ve~sels, ly mphatics, and 
nerves, all of these structures being connected together oy areol.~r tissue. 

'l'he broucltus, upon enteri ng the subRtance vf th ... lung, divi<les and subdivides 
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dichotomously, or rather bipinnately, throughout the entire organ. Sometimes 
three bran.chcs arise together, and occa~ionally small lateral branches are given off 
from the s1<les of a. larger. Each of the smaller subdivisions of the bronchi enters 
a pulmonary lobule, a.ntl is tcrmc<l a. lobular brouc!Lial tube or bronchiolt'. Its wall 
now begins to. prc!"icnt irregular dila.tation:;:., .air-cclb1 or alveoli. at first sparingly 
aml on oue s1tlc of the tube only, but as 1t proceeds onwar1l these dilatations 
become more numerous and surround the tube on all ~ides, so that it loses its cyl
indrical. character. 'l'he lobulcu bronchiole now becomes cn largctl 1 and is known as 
t~e atnwn or ali:eolar passa[!_e. From the atrium are now given off in all direc
tions somewha.t elongated blmd pouches (1 mm. in diameter), the infundibula. 
Each infu1~<libulum is, i~ its turn, closely beset with alveoli. \\'ithin the lungs 
the bronchial tubes arc c1rcular1 not fbttcncLl, :inJ present certain peculia.rities of 
structure. 

Changes in the Structure of the Bronchi.-As the bronchial tubes become 
smaller and smaller the following changes take place : 'L1he cartilages consist of 
thin lamint--e, of varied form and size, scattered irregularly along the sides of the 
tube, bring most distinct at the points of division of the tubes. They may be 
traced into tubes the diameter of which is only one-fourth of a. line. Beyond this 
point the tubes are wholly membranous. The fibrous coat and the longitudinal 
elastic fibres nrc continued into the smallest ramifications of the bronchi. The 
muscular coat is disposed in the form of a. continuous layer of annular fibres, which 
may be traced upon the smallest bronchial tubes. 'l'he mue()uS membrane lines 
the bronchi and its ramifications throughout, anJ. is covered with columnar ciliated 
epithelium. 

In the lobular b1·onehial tubes and in the infundibula. the following changes 
take place : rrhe muscular tissue begins to disappear; the lo11gitudinal elastic fibres 
be"in to break up, so that in the infundibula. they form an interlacement around 
th~ mouths of the air-cells. '11he epitlieliwn becomes non-ciliated and flattened. 
'This occurs gradually ; thus, in the lobular bronchioles patches of non-ciliated 
flattened epithelium ma.y be found scattered amongst the columnar ci liated epithe
lium; theu the::m patches of non-ciliated flattened epithelium become more and 
more numerous, until in the infundibula and a.ir-cells all the epithelium is of the 
non-ciliated pavement variety. In addition to these flattened cel ls, there are small 
polygonal granular cells in the a.ir-sacs, in clusters of two or three, between the 
others. 

The air-crlls arc small, polyhedral. receEses composed of a fibrillated connec
tiYe tis:;:ue and surrounded by a. few involuntary muscular and elastic fibres . Free 

~;~~~in ~!~e~ 1~~~~~\~~sa~i~~e,f:i•~I:~~~· 01:u~~~y:~~·fa~f~e;f ~~~t~~1;1i~.g a~~r~,~~.;c?i~': !h~t 
to .,.tlfth of an inch in diarncte.r, bein~ la~·gcst on the surface at the thin borders 
and at the apex, and s111allest 111 the mtenor. . . _ . 

':l1hc Jndmrnwry artery conreys th~ venous blood to ~he lu1~g8; 1t d1ndes. mto 
branches which accompany the bronchrn.l tubes, and termma.t~s m a dense cap1lla.ry 
network upon the walls of the intercellular pa~i-:ages and air-cell~. In the lu~1g 
the branches of the pulmonary artery arc usually above and bel11nd a bronchial 
tube. the vein below and in front. 

'J,he pul1nfJnr11·,1; capillaries form plexu~cs whic~1 lie imme<lia.tcly ?eneat~1 the 
mucous membrane in the walls and septa. of the a1r-cc lls and of the mfundibnla. 
In the septa between the air-cells the capillary network fo1:ms n. si ngle layer. The 
capillaries form a very minute network, the me~lrns of ~d11cl~ 

1
a.re smal.ler than. the 

vc!'lscls themseh•es; 1 their walls are also exccedrngly thm. lhe artencs of ne1gh
borin" lobules are distinct from each other, and <lo not anastomose, whereas the 
corre~>OtHling- venous anastomosis is extremely free.. . . 

The radic)e!o; of the 11ulmonary i•eins commence 111 the pul~nonar.v cap1llanes, 
and coalesce into larger branches, which accompan~~ the nrcenes and return the 

(Ko/iI~1~ ;f~::,1,~; 3ffcr~:~~~ 1~.~~;~;;mt;) .0.008'" in width, while the \'cs-;cls are 0.003'" to 0.005
111 
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o:xvrrcnated hloocl to tht• IL.ft auricle of the heart. rrhc r:ulitlcs come together in 
th~ ~l'pta ht•twl'l:tl the 111f'un<libula, entir<.'1.v sc1!aratc from the ~mall :11'.tL·~·ia.l ramifi
cation~. '11ho~c which arc nea1 the ~urfacc ot the lung ha\"C an un<ln,11Je<l cour~c 
for ;o;ome di.-;tancc an<l then either unite with some <lccpcr lyiug vein or form, with 
their companion!-:, a. n1de-mc:-"bc1l ~upcrficial plexus. . . 

The (i,.f!llC'hird al'taieJ:J supply blood for the .nutrition of th.c Jun~: they a.re 
tlcri,·ctl from the thoraciJ aorta, and, accompa.nymg the broncl11al tubes, arc d1s
tribute1l to the brcnchial glands and upon the walls of_ the la.rger bronchial ~ubcs 
an!l pulmonary ve~~t+~. ri1hose supp~ying the_ bronchial. tubes. forn~ a. capil lary 
plt•xu:-; in the muscular coa.t, irom winch branches arc gl\·en off to form a second 
ph.•xu~ in the mucous co:tt. This plexus in the lob.ular branchiol.es is contim.wus 
with tha.t of the pulmonary artery, and the. blood which the ~ro1~chial a~·tcry b.rmgs 
is thu~ carried b:-tck by the pulmonary vein. Others arc l11str1huted Ill the mtcr
loLular areolar tis:o:;uc, and termina,tc partly in the deep, p~lrtly in the superfi cial , 
bronchial vein~. Las1ly1 some rnmifJ upou the surface of the lung LencaJh the 
pleura, where tliev form ;l capillary network', . . . 

The hronl'l1ial t•em 1s formed at the root of the lung, receiving supcrficia.1 and 
<lccp \'eins corrc~pomling to bran.ches of the Lronchial artery. . It does not, how
e,•er, recei,·c all the bloo1l supplied by the artery, as ~omc of 1t passes i.nto the 
pulmonary vein. It terminate.s on the right s ide in the vena ~zygos maJOr, and 
on the left side in the superior mtcrcostal 01· left upper azygos vem. Some author
itiC' .... , especially Zuckerkandl. state that, m other prll'tS of the lung than in t?e 
lobular branchioles. bronrhial reins, even those coming from the larger bronclual 
tubes, join more or less freely with pulmonary veins. rrhe intereostal arteries give 
small branches to the surface of the lung, by way of the Jiga.mentum la.tum pul- . 
mon is. (Turner.) 

'J1hc lymphatics consist of a superficial and deep set: they terminate at the 
root of the lung, in the bronchial glands. 

Nerves.-'L1he lungs are supplied from the a.ntel'iOI' and posterior pulmonary 
plexu~C'8, formed chictly by branches from the sympathet ic and pncumogastric. 
'l1he filanwnts from these plexuses accompany the bronchial tubes, upon which 
they arc lost. Km~tll ganglia arc found np<m these nerves. 

the ~~~~~d;'~f~.:;;·~~'l~ef ~\~~'{S~~r~~~,!~~~fo\d~it~J1~~r\1i~i;/:~ t~e~~~i~~1i~·~~:s~~ea~~;~:~h1ebcl;~fcl~ 

~~JE1:;~·:;~~::~\r:~;:·r,~~~~i,i~~~·~~:r::~i~~::i.;.~'.~~~:'~~. "~'.~:£~:f·'.n!~~~f il1,wr~~ .. '.~~1t1ir.~H! 
~0o:C.~~~':'J;a ~~·~V11e t~,~t::i~~ -\:~J~r 0~f !J~~h St~~;~~-~~::s!~i'<l1 ~1~1~\~.c~~·,~~~~,;;~~Y1 ~;~\h~~·,:.~~X~.:~ 
the i;terno-C'la,·icula r articulation and first pie('(' of the sternum until it meets, or almo~t meet~. 
its follow of th(' other side oppo:-ite the articulation of the mannbrium and gladiolus. l;'rom this 
point the two lines arc to be drawn downward, one on either side of the mesial line and close to 
it, a:s far as the Jc,·cl of the articulation of the fourth costal c·arti lag-cs to 1hc sternum. From 

g,;~~)~f i1~~~:if Y~~~1t~J~;;:~r~~r~1{feiif ;.~~~~;:.~~~l~~~~:~~'.~;~;t~~~~·E~t:~:~f ~,::~f~~~f~ 
of the sterrmm to the fifth mtercosral space, an rneh and :~ half helvw and three-quarters of au 
inch internal to the left. nipple,. 'J:he e:ontinu:ttion of th.e ant~rior border of' the right hmg is 
marked by a prolon!{atu~n of its ln~e from th~ lc\·cl of L~1c fourth c.~stal cartilages \'Crtically 
~~t\~~1y;~~·;~ 11a~vt~J~ ~·i~et1;;b~1xth, when it slopes oil along the line of lhc sixth costa l cartilage to its 

'J'l~c lower b01:dcr o.f the. lung i~ marked out b): a sl i f!"ht l~· cm:Yetl line with its conYexity down
ward from the art1culat1011 of the sixth costal cartilage to its rib to the spinous process of the 

i~~.~t,\~~:r~,~~ ~~~l~~~b~f: .t h~f~l;~c,~~1il~ 1 \~~i~n~ l~i~~ ~~~~~l n~~o~~i~~~ll}i·(~~~l~ll1 ~1~~d~!~)ri~~yt~l~o::1~11j-,~~!~i; 
thr)i ~Oll\"CX lmc, the hr.-:t at du~ ~1xth, the second at the eighth. and the third at the tenth rib. 

frt 1~~',~1~. )~~t\;.l!~n~f~'.t ~:1a} '.~h\~J~~::1~~a~~~/::;t~~1J~ 1 i~! e~~~~7~;!si~~~·t!11~~ )1~~~:1h~~~~.tl~~Jt~~~~ninJ~~! 
the ab.lommal n:-; .. era, without the lung hem!!: 11woh-e11. 

Tlw po;.;tt•rior bonier of' the lun4'. is indicated by a line drawn from the level of the spinous 
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TH:& THYROID GLAND. 

The thyroid gland bears much resemblance in structure to other glanduln.r 
organs, and is c:lassi fied , together with the thymus, suprarcna.l capsules, and 

' · 

spleen, uudcr the head of ductless glands, since "hen fully developed 1t has no 
excretory. (luct. ~?rom its situat.ion in . connection with tli c trachea and larynx , 
tLc tl1yro1<l Lrnly is u:-;ually descr1hed with tho:-;e organs, although it takes no part 
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in t~c function of respiration. It is situated at the upper pa.rt of the trachea., and 

consists of two lateral lobes, placed one on each side of that tube and connected 

together by a narrow transvcr::;e portion, the isthmzas. 
Its anterior swface is corn'ex, and covered by the Sterno-hyoi<l, Sterno-thyroid, 

and Omo-hyoid muscles. 
Its lateral sw:f'aces, also con vex, lie in contact with the sheath of the common 

carotid artery . 
It~ po>.>tirio1· su.1:face is concave, and embraces the trachea and larynx . 'l1lw 

postenor borders of the gland extend as far back as tho lower part of the pharynx, 

and on the left side to tho oosophagus. 
'l'he thyroid varies in weight from one to two ounces. It is larger in fema.lcs 

than in males, and b~comes slightly increased in size durinrr menstruation . Each 

1obe i::; somewhat corneal in shn.pe, a.bout two inches in length. and three-qua.rtcr::; 

of a.n inch to an inch an<l n. Cfllarter in breadth, the right lobe being the larger of 

the two. 
The i.<:Jtlwws connects the lower third of the two lateral lobes; it measures 

about ~alf an inch in breadth and the same in depth, an<l usually covers the second 

and third rings of the trachea. Its situation presents, howe\•er, many rnriations

a point of importance in the operation of tracheotomy. Sometimes the isthmus 

is altogether wanting. 
A third lobe, of conical shape, called the J'.IJramid, occasionally arises from the 

upper part of the isthmus or from the adjacent portion of either lobe, but most 

commonl,v the left, and ascends as high as the hyoid bone. It is occasionally quite 

detached, or divided into two parts, or altogether wanting. 
A few muscular bands a.re occasional1 y found attached a.bore to the body of 

the hyoid bone, and below to the isthmus of tbC' gland or its pyramidal process. 

These form a muscle which was named by SOmmcrring th e Levato1· glanchllce 

tliyroidece. 
Structure.-Thc th.\Toid bod_y is in,·ested by a thin capsule of connective tissue 

which projects into its substance and iwperfectly divides it into masses or lobules 

of irreguhir form and size. When the organ is cut into it is of a brownish-red 

color, ancl is seen to be ma.de up of a number of closed vesicles containing a 

yellow glairy fluicl a.nd separated from each other by intermediate connective 

tissue. 
According ro Dr. Baber, who has recently publii::.bed some important observa

tions on the minute structure of the thyroid/ the resicles of the thyroid of the 

adult animal are generally closed cavities; but in some young animals (e.g . young 

dogs) the vesicles a.re more or less tubular and branched. ~l1his _aP1?ear_ance he 

supposes to ?e clue to the mode o~ gro,~·th of. the gland, and merel_y 111~1ic~tmg that 

an increa:;e m the number of vesicles 1s tak111g place. Each vesJCle 1s lined by a 

single layer of epithelium, the cells of which, though differing somewhat in shape 

in different animals, have always a tendency to assume a columnar form. Between 

the epithelial cells exists a delicate reticulum. 'r~e.\·csicles are of ''i.uiou.s si~es 

an<l shapes, and contain as a normal product a. v1sc1d, homogC'neous, sem1-fiu1d, 

slightly yell owish mat?ri_al wh.icb frequently .c~1ntains _blood. the r ed. corpuscles 

of which a.re found in Jt Ill various stages of d1s111tegrat1011 and clecolonzat1on. the 

vellow tinge being probabh· due to the b;-emog~obin,_ which is th~1s set free from 

the colored corpuscl°' . Baber has also rlcscnbe<l 111 the thyroid g land of the 

dorr la.r.cre round cel ls (" parenchymatous cells"), each provided with a single oral

sh~ped0nucleus, which migrate into the interior of _the gland-Ye~i.cles .. 
The capillary blood-vessels fo~·m a <lense plexus 111 the connect1\'C tissue aroun<l 

the vesicles, bet'ween the epithelium of the vesicles and the e_ndoth~lium of the 

lymph-spaces, which latter surround a greater or smaller part of the circumference 

Or the vesicle. 'J'hesc lymph-space~ empt.'' thcmhchcs into lymphatic. Yessels 

which run in the inter1obul:.w connect1ve t1sst~e, not ~incommonl,Y su~To111Hlmg tbe 

arteries which they accompany, and commulllcate with a network m the capsule 

1 "Researches on the Minute Structure of the Thyroid Gland," Phil. Tran.q., part iii., 1881. 
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of the fl'lnrnl. Baher ha..; found in the lvmpliatit·~ of the thvrnitl a ,-istid mate
rial w hi~·l1 i~ morpl!!>lo~,(ically identical '' iih the normal con~tiluent of the 'csitlr. 

Vessels and Nerves.-Thc arfrrii•!S supplying the thyroid are the ~upcrior and 
inferior thyroid. antl i:;nmelimcs an additional lmrn<:h (tbyroidea media or i111n) 

Jrallofgla11d·re.~icfe.-· 

Fm. i13.-:mnutc 1>tructurc of thyroid. From a trans\·crsese<'tion of the thyroid or a dog. (Eemi-diagram
mntic.) (Bilbcr.J 

from the innominatc artery or the arch of the aorta, which ascends upon the 
front of' the trachea. 'fhe arteries are remarkable for their large size and frequent 
anastomoses. The veins form a plexus on the surface of the gland and on the 
front of the trachea, from which arise the superior, middle, and inferior th~Troid 
veins, the two former terminating in the internal jugular, the latter in the innom
inn.te vein . The lymphatics are numerous, of large size, and terminate in the 
thoracic a.nd right lymphatic chtcts. The nen.ies are <lcri,·c<l from the middle and 
inferior cer'"ical ganglia, of the sympathetic. 

Surgical Anatomy.-The thyroid gland is suhjeet to cnlarg-ement, whith is called goitre. 
Thi:; lll::l)' be due to hypertrophy of any of the COll!:'titucnts or the gland. The simplest 
(parend1ymatous !!Oitre) 1s tlue to an enlargement of the fullicle:-<. 'l'liefib1·oid is due to increase 
of the interstitial eonnecti\"C tissue. The cy.~tic is that fonu in which one or more large cy::.ts 

~~l~e;.~m~h~ f;.~:~:~1;1t~l~~1~1f!~~<l 1:~~~~~~1~~l~~~:~c~h~f ·~~,'.~~~~};y~I;~~~~;: a·~~letfi~/~~~~jf/'~f '·~·J;! 
f1~·~~~ i~r~r~~~e~~~~l~~i~~.r~~~i ol~~~;' 1 ~;~l~~ti~~1 1i~~~~~~~~~i~<l111;~Yg:~~'1·;·h~~~.~\1l~~~·.s l~~~j~~~etl~~:J~e~d 
rapid pubc. 

For the relief of the:sc .(!T()wths ''arious operations ha\"C been resorted to, such as injection 
of tinctnrc of' iodine or perchloride of iron, especially :ippli('able to the cy:'ti(• form of the disease, 
li!mture ol' the thyroid arteries, excision of the istlnnu::;, and extirpation of the whole or a part 
of the l!land. This latter operation is one of diffil·nlty, am! whcu the entire gland has been 
remo\'ed the operation has been followed hy a. condition re~cmblin~ myxooderna. rn removin.c: 
the or~an !!rcat care must be taken to arnid tcarintr the <:apimle. as if this happens the gland
ti~sue blt>Cd1'1 profusely. The thyroi,J arterie!'i should be \iJ?aturcd hefore an attempt is made to 

~~\1.~~,·~1~~~ b~ab~r:~~t~~·~n\:~I~t~~i~~ 1~~: t~1l~~\~1~1 ~1\fi~;<~j1 ~1Jig:~~~~~~n of the rceuncnt laryn~eal 

THE THYMUS GLAND. 

The thymus gland presents much resemblance in strncturc to other glan1lular 
organ<:, anrl is another of the organs which arc d(:nomina.tcd ductless glands. 

'The tltymus gland is a. temporary organ, attaining its full size at the en<l of the 
~ccornl year. whc>n it ceao:e-. to grow, arnl ~raclually ilwincllcs, until at puLcrty it 
has almost clisappcarc<l. If examinc1l when its growth is mo::it active, it will be 
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~?uml to com;ist. of two later~tl lobes pla~ecl in c1ose co.ntact a long the micldle line, 

situated partly Ill the super10r medm:-;tmnm, partly in the nce;k, and extending 

from .the fourth co~tal carti lage upwarcl as hi~h a~ the lower bonier of the 

tby1:0Hl gl a1~d. It ts co_,·crcd by the sternum and by the origins of the ~tcrno

hyo1<1 and 8ternn-thyro1d .muscles. Below, it rests upon the pericanlium, being 

separated. fro~n the arch of the aorta and great YC!'sch; by a Iaycl' of fascia. I n 

the neck i t li es on the front and sides of the trachea behind the Sierno-hrnid 

and Stcmo-thyroid muscles. The two lobes geiiemll;, differ in size; they' are 

occasionally united so as to form a singl e mass, and sometimes separated by an 

intermediate lt'Jbe. rl1he thymus i8 of a pinki ::! h-gray color, soft, and lob nlated on it::! 

surfaces. It is about two inches in length, one and a half in breadth below, and 

about three or four l ines in thickness. At birth it weighs about half an ounce. 

Structure.-Each lateral lobe is compm;cd of numerous lobules held together 

by delicate areolar tit::sue, the entire gland being enclosed in an in,·csti ng ca.psulc 

of a similar but denser structure. Th e primar,Y lobules rnry in si;1,e from a pin ·s 

head to a small pea, and arc made up of a number of small nodules or follic les 

which arc irregular in shape and are more or less fused together, especially 

toward the interior of the gland. A ccording to Watney, each folli t lr consists of 

a medullary and cortical portion, wh ich differ in many esi;:.cntial particulars from 

each other. The co1·tieal portion is mainly composed of lymphoid cells supported 

bv a. delicate reticulum. In addition to this ret iculum, of which traces only are 

f0u nd in the mcdull a.r.Y portion. there i8 also a. network of finely-branched cells 

which is continuous with a. simi lar network in tLc medullary port ion. This 

network forms an a1lventitia to the blood-\'essels. In the medullary portion there 

ar•:! but few h-mphoid cells, but there arc, especially toward the centre. granula r; 

cel1s ancl conCcn tr ic corpuscles. 'I1h o granular cell s are rounded or flask-shaped 

masses attache<l (often by fib1·i ll ated extrem ities) to blood-vessels and to nc11ly

formed connccti,,c tissue. TLe concentri c corpuscles are cornpose<l of a central 

mass consist ing of one ?r n}f)re gra~ular cell_s, and of a caµsulc which is.formed 

of cpitbelioid cells which are c:ont11111ous wllh the branched cells form111g the 

network mentioned aboYC. 
Each follicle is :iu1-ro111uled by a capillar;' plexus f'nim which YCi3se ls pass into 

the interior an<l raclia.to from the peri phery toward the centre, and form a second 

zone just within the margin of the mellullary p_ortion ., Jn the centre of the medulla 

there arc ,·cr,v few ,·c.-:sclg. and they are of mmu lc size. 
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Dr. wratnl'Y has l'l'l'('IHly ma<le the import:lllt ob~cnation that h;\"mnµlobin is 
found in the rhymus either in cysts or in cells situated nc..•ar to or forming part 

A® ODO 

of the concentric corpuscle~. This b remo~l obin va.rie~ from granules to ma~ses 
exactly rc:;cmblin~ colored blood-col'pu~clcs, OYal in the bird, reptil e, and fish: 
circular in al l mammal~ except in the rnmcl. Dr. 'ratney hai;; also di~co,·ered 
in the lymph issuing from the thymus !'imi lar cell i;; to those founrl in the gland, 
and, like them, containing hremoglobin e ither in the form of granules or masses. 
From these fi1co; he arri,·e~ at the physiological conclus ion that the t hymus is one 
source of the colored blood-corpuscles. 

Vessels and Nerves.-The atteries supplying the thymus a.re deri,·ed from 
the in ternal m:unmary and from the superior aml infori or thyroid. 'The reins 
terminate in the left innominate nin and in th e thyroid ve ins. '.rhe l!Jmpliaties 
are of large s ize, arise in the substance of the g land, and are said to terminate in 
the in te rnal jugu lar vein. The nen.•es a.re exceedi ngly minute; they a.re derived 
from the pncumogastric and sympath eti c. Branches from the dcsccndens hy po
glossi and phrenic reach the investing capsule, but do not penetrate into the sub
stance of the gland. 



THE URINARY ORGANS. 

THE KIDNEYS. 

TI-IE Kidneys, two in number, are situated in the back part of the abdomen, and 
ar~ for the .purpose o~ separating from the blood certain materials which, 

when disso lved m a quantity of water, also separated from the blood by the kid
neys, constitute the urine. 

Tb~y are placed in the loins, one on each side of the vertebral column, behind 
the peritoneum, and surrounded by a mass of fat and loose areolar tissue. Their 
up~er extremity is on a le1·el with the upper border of the twelfth dorsal vertebra, 
their lower ex~remity on a level with the third lumbar. The right kidney is 
usually on a slightly lower level than the left, probably on account of the vicinity 
of the lil"Cr. 

The kidneys rest on the lower part of the Diaphragm and the fascia covering 

}~:n~~;d1~-i~\~1: 11~~:b~;·~i~e~~ie~·~t~!:s~~s i~;!;-~,~~i~~,8~:1ces.dc;~~~c~~it~!1 tp~r~i~~e:~clt~~ 
duodenum, and the beginning of the trans\•erse colon; the left bas in front the fun-

clus E~:~ek~~~~;~~, !t~~~ijo~~- ti~~if:s"~:·el~~~~~~ t\~~ ~~s~1~·~'~:~5 ~o~o:iP\~P~~e1~~~~; 
and rather more than one inch in thickness. 11he left is somewhat longer, though 
narrower, than the right. The weight of the kidney in the adult male varies from 
4~ ounces to G ounces, in the adult female from 4 ounces to 5.1 ounces. rl1he com
bined weight of the two kidneys in proportion to the body is a:"bout 1 in 240. 

The kidney has a. characterist ic form. It is flattened and presents at one pa.rt 
of its circumference a hollow. It is larger at its upper than at its lower extremity. 
It has two surfaces, two borders, and an upper and lower extremity. 

Its anterior swface is convex, looks forward and outwar<l, and is covered by 
peritoneum. 1'he upper part of this su rface on the right side is in contact with the 
under surface of the right lobe of the li ver, on which it produces a slight concave 
impression. the imp1·essio renalis; below this the descending portion of the duode
num and the hepatic flexure of the colon are connected to th is surface, the former 
by areolar tissue and the latter by its rncsocolon . On the left side the upper part 
of the anterior surface of the kidney (covered by peritoneum of lesser sac) is in 
contact with the under surface of the stomach, an<l below this with the left extrem
ity of the pancreas, whilst the lower part has anteriorly the splenic flexure of the 
colon, and internally the last portion of the duodenum. 

11he posterior swfaee is flatter than the anterior, and is im~cdded in areola.r 
tissue, which separates it from the Diaphragm arnl from the anterior lamella of tl~e 
lumbar fascia covering the Quadratus lumborum and Psoas magnus muscle. It is 
also in relation with the last dorsal, ilio-inguinal, and ili o-hypogastric nerves. 

The external border is convex, and is directed outwa.rd and backward. On the 
left side it is in contact, at its upper half or more, with the spleen, and below with 
the descending colon. On the right side, upper two-thirds, liver; below, ascending 
colon . 

'fhe internal border is concave, and is directed forward and a little downward. 
It presents a deep longitudinal fissure bounded by prominent anterior and poste
rior lip. This fissure is the hilwn, and allows of the passage of the vessels, nerves, 
and ureter. 

The snperiot extremity, directed slightly inward as well as upward, is thick 
1127 
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an<l rn111Hlell. ancl i:;:. surmounted by the suprnn•n:tl cups ult>, \\Lieb con•r:; abo a 

~ma.\~h~o::,t1 i;{,1;;,~;: ,~:~~n'.;,';1,~~/l~i·:i·ir~~:·~~lce:~ little :mtwanl as \H.'11 as dm\lrnanl. il'i 
smaller an1l thinner than th(' superior. It extends to within two inc:hct' of the 
crest of thL' ilium . 

.At the hilum of the kidney the relati,·e position of the main structures pas:-;ing 
into an1l nut of the kidne\· is as follows: the q•in i~ in front. thr arten in the 
mii.lillc. a nil the duct or urfter behind and toward the lower part. ]3y a kilo" ledge 
of thc:-;e relations the student may distinguish between the right and left kitlne."' 
'J1he kiclnev is to be In.id on the ta.hie before the student on its posterior surface. 
with its fower extremity toward the obscner-that i:.i to say, with the ureter 
behind and belo/il the othCr Ycssels; the bilum \1 ill then be dire(·ted to the side to 
which the kidne.r belongs. 

General Structure of the Kidney.-The kidney is sun·o111Hled by a. distinct 
im·cstmcnt of fibrnm; tissue which forms a firm, sm.oot h COYCring to thC organ. It 
closely in\'C~ts it, but can be easily stripped off, in doing "hich, ho\\e,·ei\ 
numerous ~ne processes of connective tissue and small blood-vessels arc torn 
through. Beneath lhis coat a. thin wide-meshed network of unsrriped muscular 
fibre forms au incomplete co,·ering to the organ. When the fibrous coat is stripped 
off. the surface of the kidneJ is found to be smooth and even and ofa dcc1H·cd color. 

ln infants fissures extending for some depth may be seen on the surface of the 
organ, a remnant of the lob:.ilar construction of the gland. The kidne.' is dense 

in texture. but is ea~ih· laccrable by mccbanic:al 
force. In order to ol>tnin a know.ledge of the 
structure of the ghmd, a. vertical sect ion must 
be made from its con,·cx to its concarn border, 
and the loose tissue aud fat removed from around 
the vessels and the cxcrctor_v duct (Fig. 71li). 
It will be then seen that the kidnev consists of 
a central ca,•ity surrounded at all p

0

arts but one 
by the proper kidney-imbstance. This central 
cavity is called the .«inns;, and is lined b~· a pro
longation of the fibrous coa.t of the kidney, 
which enters through :t longitudinal fissure, the 
hilum, (before mentioned). 'dJi<:h is situated at 
tha.t part of the cadty "hich i:- not surrounded 
by kidney-structure. Through this fi~sm·e the 
blood-Yessels of the kidnc\' and it:- cxcrcton 
duct pass, and therefore tl;e..,c structures. upoii 
entering the kidney, arc contained "ithin the 
sinus. 'l1he excretory duct, or ureter, after 
entcrin~. dilates into 'a" idC', funnel-shaped sac 
named the ;u•b1i>1 . Thi:-. cli,·idcs into two or three 
tubular divisionR, "hi ch subdiv ide into seYeral 
short, truncated brnnches named t·alices or in
.fundibula, all of "hich arc contained in the 

Fm. ilV.-\\·rti<'al scc·tion of kidncv. centrnl ca \'itv of the kidne\'. 'l'hc blood-,·e~sels 
. . . · of the ~idne:'": after p::issirlg thrnngb the hilum. 

a.re eontamcll 111 the smus or central canty, lym~ hctwecn its lining membrane 
and the excretory appa.ra.tus, before enterin~ tlrn ki1lnc~·-substance. 

ThiR central casity, as before mentioned, i~ su 1To11ncled on all 8icles except at 
the hilum hy the substance of the ki1lncy. which is a.t once ~cen to corndst of two 
pans-viz.. nf nn external f!rnnular inrei;:.ting pa.rt. "hich is called the cortical 
7inrtio11; an<l of an internal pa1·t, the ou•1lullar.11 7>m·tion, ma1le up of a number of 
dar~-col~retl pyr:lmic~al mas~es, with their ha<.;e~ re~ting on the cortical part and 
th<'1r ap!C<'~ <"OnYcrgmg toward the centn>. wher<' the\· form prominent papillm 
which prnject into rhc interior of the calices. · 
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.The cortical :-;ubstance is of a bright red•fo•h-brown color, soft, granular, an<l 
easily lacerable. It is foun<l e,·erywherc immcdia.teh· beneath the capsule. an<l i;:; 
seen to extc!1d in an an:bc1l form Q,·er the ba:-;c of c:.~cb mc<lullary pyramid. The 
part separating the side.:$ of any tw'l p,vramids through which the arteries and 
nenes enter, and the ,·eins and lymphatics cmerO'e, from the kidney. is called a 
rn1·tfrrt.l cnlunm or eolumn of B1•rtin (A, A', Fig. 71G): whilst that portion which 
stretches from one cortical column to the next. and intervenes between the bai:;e of 
the pnamid and the capsule (marked by the dotted line from A to A' in Fig. 716), 
is calle1l a. cortical atch, the depth of which rnrics from a third to half an inch. 

'11bc medu,llary substance, as before sta.te<l1 is seen to consist of pale rcil
colorc<l, striated, conical masses. the 71yramicb:; of Jlalp~ghi, the number of which, 
varyinp; from eight to eighteen, correspond to the number of lobes of which the 
organ in the foot:.tl State is composed. 1fhe base Of each pyramid is SUl'l'OUtlded 
by a cortical arch, and directed toward the circumference of the kidney: the sides 
are contiguous with the cortical columns; whilst tho apex, known as the papilla 
or mammilla of the kidney, projects into one of the 
calices of the ureter. one calyx receiving two or three 
papillm. 

These two parts, rortieal and medullar.'J, so dissimilar 
in appearance, are rnry similar in structure, being 
made up of urinary tubes and blood-vessels united and 

bou~int~~et~~~~O~~-~~~~~t~~t~u1ftt:~:~Jl'ij~,~:.1·~f3~vhich 

~ 
.~~ 
~f 

J 
id 

the kidney is for the most part made up, commence in 
the cortical porrion of the kidney. and, after pursuing 
a ,·ery circuitous course through the cortical and med
ullary parts of the kidney, final)~· terminate at the 
a'1ices of the ~lalpighian p_yra.mids. by open mouths 
1Fig. 717), so thai the fl11id which they contain is 
emptied into the dilated extremity of the ureter con
tained in the sinus of the kidney. If the surface of 
one of the papilhe is examined with a lens, it will be 
seen to be studded ornr with a number of small depres
sions from sixteen to twentv in number. aml in a fresh 
kidn cv. upon prc:=o;surc being made, fluid will be seen to 
ex1111c" from the~c depres::>ions. They arc the orifices of 
the cubali uriniferi, which terminate in this ~ituatiou. 
The,~ commence in the cortical portion of the kidney 
as (he Jialp~r1hirm hodies, which are ~mall r~undcd 
ma:"se8. Yanin~ in !Size. but of an average of about 
rh of an i~cb in diamet~r. They. arc of 3: dee1~-red 
colur. an<l are foun<l only m the cortical portion of the 
ki<l11c,-. Each of these little bodies is compo$ed of two 
parts_:_~t central glomcrulus of ''ei:;sch~., callcil ~t JI_al
p~qltian tuft, and a membranous. cnYelopc_. the .. .lla~
p(gltirm cnpsufr, or cnp.<t.ule of B011•!1um,, '1:h1ch latter is 
a small pouch-like commencement of a ur1111frrnus tub1!lc. 

rrhc Jlalpigltian ttdl~ or vascular glomerulus. 1s :i- n~twork of con1·oh~te<l 
capillarv blood-vessels held together by scanty co~nect1~·e t1s~11c and grouped n~to 
from tW•O tO fh·e Johulcs. rfhis capillary network IS denYefl from a small a.rter.ia} 
twi ,, the atfaenl l't'SSl'l, which pierces the wall o~ rLe capsule. generally· at a po_mt 

0 
)]f<>:-;ite that at which the latter is ('onnettcd wnh the tuhe: ~nd ti~~ resultmg 

,,~in. the 1ffaent rrHRel, emerg:e.:$ from th~ ca11sulc a! ;he flame I_JOJ~t. Ihe affere~t 
\·es~el i!-5 u:-;uall r the larger of the two (Fig: .. 1l8). I he Jin.lp1ylurm or Bowman s 
rrt JJlitlr, which· surrounds the glomer~ilufl .. 1s form~1l o~ a. hy:~lme me~brane !'up-

cfrtcrl IJ\' a ~mall amonnt of conn~chrn t1s~ne ~d11ch 1~ contmuons with the con
~ectiH· 'ri~:-;ue of the tube. It i:s lmc<l on it" mncr surface by a layer of SfJUa-
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mou~ epithelial ccll!-i \\ hitb are reflected from 1he linin;? m!'mbr:tuc on to the 
glnnwrulus ac the point of entrance or exit of the afferent :lll(l efferent ,·c:--~el~. 

'l'hl' whole surface of the glomcrulus is covered with a continuom; layer of the 
same n•lls on a. dclicarn supporting membrane, "hich with the eel I· <lips in between 
the lobules of the glomcrulus. closely surrounding them (Fig. 710). Thu~, between 
the glomerulus and the capsule a space is left, forming a. cavity lined by a. con-

Fm.718.-)linutcstructurcorkidncr l-10.719.-1.lalpigbianl>ocl). 

tinuous layer of cells, which varies in size according to the state of secretion and 
the amount of fluid present in it. 'rhe cells are squamous or flattened. 

The tubuli lffinife.ri, commencing in the Malpigbian bodic~, in their course 
pre~ent many chau~es in shtlpe and direction. and are cont:linecl partly in the 
metlullary and partly in the conical portions of the organ. J\ t their junction with 
the ~falpighian capsule they present a ~omewhat constricted portion which is 
terme<l the neek. Be)·ond this the tube becomes coiwoluted, and pursues a con
!-iidcrnLle course in the cortical structure, constituting the 7n·o.rimal convoluted 
tubl'. ...Uter a time the convolutious di:-;ttppcar, and the tube approacLcs the 
rnedullar.v portion of the kidney in a. more or less spiral manner. 'J'his section of 
tin• tube has been called the .11piral tube Qf' i','rhaahou·a. Throughout this portion 
of their cour~e the tubuli uriniferi have beC'n contained entirely in the cortical 
strncturc, an<l have presented a pretty uniform calibre. They now enter the 

:11~~S 1:11i1;1;~·o~:o~·t~~~~ia~t~~.t~~!~~~~~j~t~ef~~~~1:~u~~,~1~:~~~::.r·c~~~~~~t~~1~:11;1 ~~1~nd~!~:~~~~'~ 
limb nf lienle"s loop . Bending on thcmsch·cs. tbcy form a kind of loop, tbe lonp 
rl llenle, and. reascending, become suddenly enlarged and again spiral in 
direction, forming the ascending limb of llenle's loop, and re-enter the cortical 
structure. 'fhis port ion of the tube does not present a uniform calibre, but 
becomes narrower as it ascends and irregular in outline. As a narrow tube it now 
is found in the cortex along the medullar,11 ray and ascen<ls for a short distance, 
when it again becomes dilated, irregular, and angular, and leaves the rneclullary 
ray to enter the labyrintA of the cortex. This section is termed the irregular 
tubule; it terminates in a convoluted tube which exactly resembles the proximal 
com'oluted tubule, and is called the distal amwoluted tubule. This again terminates 
in a narrow euJ11ed or j unctiona.l tube, which enters the straight or coJlecting tube. 

Each .'Jtraight, other wise called a collecting or receiving, tube commences by a 
small orifice on the summit of one of the papillre, thus opening and discharging 
its contents into the interior of one of the calices. ~l1 raced into the substance of 
the pyramid, these tubes are found to run from apex to base, dividing dichotomously 
in their course and !-'lightly di,·erging from each other. Thus dividing and sub
diddinµ;. the.' reach the base of the pyramid. and enter the cortical structure 
greatly increased in number. Lpon entering the cortical portion they continue a 
straight course for a. variable distance, and are arrange<l. in groups called medullary 
rays, se,·cral of these groups corresponding to a single pyramid. The tubes in the 
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c~n.~re of tlie group a1.·e the longci;t, and reach almost to the surface of the kidney 

w 11 c the external oues are shorter, and a<.hance only a short distance into th; 

~£1'~~: icaf~n~~s~~::1 ~~~ c:I~~:: :t~::~~~ie~~:t t ~J~ e
0~)·~~~f~f.~~-t~~n tb~e~~~~~1~ : ~d ~~~ 

bases are applied to the medullary portion . These are termed the pyramids qf 

Ferrein. As they run through the cortical portion the straight tubes recei,,e on 

either side the curved extremity of the convoluted tubes, which, as stated above, 

commence a.t the Malpighian bodies. 11hc portions of the cortex between the 

medullary rays are known as the labydntli of the cortex. 

It will be seen from the above description that there is a continuous series 

of tubes from their commencement in the l\Ialpighian hodies to their termina

tion at the orifices on the apices of the pyramids of Malpighi, and that the 

urine, the secretion of which commences in the capsule, finds its way through 

these tubes into the cal ices of the kidney, and so into the ureter. 'l'o recapitubtc : 

the tube first presents a constricted portion, (1) the neelc. 2. It forms a wi<lc 

con1'oluted tnbe, the proximal com·olnted tube. 3. It becomes spiral, tbe spfral 

tubule of Schar.:lwwa. 4. It enters the medullary structure as a narrow, straight 

tube, the desee11din,9 limb of H~nle's lo()p. 5. Forming. a. l~or. an~ beco~ing 

dilated it ascends somewhat spirally, and, gradually d1mm1shmg m c~d1bre, 

aO"ain ~nters the cortical structure, the ascmding limb of He11le's loop. 6. It now 

b~comes irregular and angular in outline, the ir~eu.u~ar_tubl~le . . 7 .. It then becomes 

conrnlutecl, the distal eo1wol·uted tubule. 8. Dnmm~hing m size, 1t forms a curve, 

the curved tubule. 9. Finally, it joins a straight tube. the sttaight eollel'fing tubP, 

which is continued downward through the medullary substance to open at the apex 

of a tl:·a;:;t;,z; Urinifed: their Strncture.-The tub11li uriniferi consist of base· 
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rncnt membrane lined with epithelium. 'J.1bc epithelium vari es con~ i ( lcrab ly in 
different ~cction;;:, of the urinifcrous tubes. 1n the llN' k the ep ithelium is con
tinuous with that lining the :\Ialpighian capsule. and. like it, con~ i sts of flattened 
cells with an ornl nucleus (Pig. 7:W ,\). The cclb arc, howcYc1-, rcry in<listinct and 
difficult to trace. and the tube has here the appearance of a simple basement 
mcmbrant' unlinc(l by epithelium. In the proximal cou\·olutcd tubule and the 
spiral tubule of ~chachow:i the epith elium is polyhedral in shape, the s ides of the 
cells not being stra ight, but fitting in to each other, aml in some animals so fu sed 

tubc~IG1~.7t!~-li~~i~~f~i:1~1ut1~~if'~gft~~i~fi~~~ 
b. Mcmbranaproprla. 

together that it is impossible to make out the lin es of junction. In the human 
kidney the cell s often present an angular proj ect ion of the surface next the base
ment membran e. 'l'hese cells are made up of more or less rod-Jike fibres, which 
rei:.;t by one extremity on the basement membrane, whilst the other projects toward 
the lumen of the tube. This giYes to the cells the appearrmce of di s tinct striation 
(IIeirlenhain) (Fig. 720 n). Jn the descending limb of Tlenle"s loop the epithelium 
resembles that found in the ~Ialpigh1an capsule and the commencement of the tube, 
co11sisting of H<tt transparent epithelial plates with an ov::d nucleus (Figs. 720 A, 
721). In the ascemling limb, on the other hand, the cells partake more of the 
character of thoi:.;e described as existing in th e proximal con\'Oluted tubule, being 
polyhedral in shape and presenting the f'ame appearance of striation. The 
nucleus, however, is not situated in the centre of the cell, but near the lumen 
(Fig. 720 c) . After the ascending limb of Ilenlc's loop becomes narrower upon 
entering the cortical structure, the striation appears to be confined to the outer 
part of the cell : at all e\·ents, it is much more dist inct in this situation, the 
nucleus, which :-ippc:trs flattened an<l :-ingnlar, being st ill s ituated near the lumen 
(Fi)!. 720 D). Jn the irregular tubule the cells undergo " sti ll farther change, 
becoming very <wgular, and presenting thick bright rods or markings, which 
render the striation much more distinct than in any other sect ion of the urinary 
tubules (Fig . 720 n). In the distal co.nvoluted tub~le the epithelial cells are long 
in sha.pe, a.re highly rcfracti ve, and thei r nuclei arc comparati vcly large. In other 
respects they re,cmble those in the proximal convolute<l tubule (Fig. 720 n). In 
the cuned tub ul e, just before its cntnmce into the straight collc1.:ting tube, the 
epithelium varies greatly as regards the Rhape of the cells, some Lcing angular 
with short proce"ses, others spindle-sh apecl, others poly h cclral (Fig. 720 E). 

In the :.traight tubes t he epit helium is more or less columnar; in it f.l. papillary 
portion the c<.• ll s arc distinctly columnar and transparent (FigR. 722, 723 ), but ,;ti 
the tube approaches the cortex the cells arc leRs uni form in shape; Rome arc 
polyhedral, and others angubr with short proce~~cs (Fig. 720 F :ind G) . 

1 From the Ha11dbook for Oie Phy11iol.oyicul Laboratory. 
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The Renal B!ood-vessels:-The kidney is plentifully supplied with blood by 
the renal artery, a large oflset of the :1bdominal aorta. Previously to entering 

the kidney, each artery di\·irles into four or fi,·e branches, which arc distributed 
to its substance. At the bilum these branches lie between the renal Yein and 
ureter, the vein being usually in front 1 the ureter behind. Each vessel gi,·cs 
off some sma.11 branches to the suprarenal capsules, the ureter, and the sur-

rounding cellular tissue and muscle~. Frequently there is a second renal ~rtcry, 
which is gi,·en off from the abclom1nal aorta at a lower Jm·cl, and supplies the 
lower portion of the kidney. It is termed the i1{fel'ior renal artery. ~l1be 
bt"Lnches of the renal artery whilst in tl1c sinus gi\'C off a. few twigs for the 
nu\rition of the sunonuding tissues\ and terminate in the aderi(P 7>rnprirt' renales, 
which entCI' the kidne.\'." proper in the columns of Bertin. 'J'wo of these pass 
to each pyramid of ~lalpighi and run along its sides for its entire length, 
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f ~~ i~~I 11~1~ns~~ ; ~~;:i n~1 \~~~~f~et~ha~ ~:;r~~:e~·e~r~~c 0 ~1.r~.1~:~ui~~<~ 1 :J!~.~~ i~~a k1~0t~~:e 1~:~ 
in their cnur::oc. ,:.;o as to lie between the bnsc8 of the pyn.unitl :'l a nd the cort ica l 
arche~. where they break up into two distinct sets of brancbcs <lernte<l to the 
suppl.'· of the remaining portions of the kidney. 

The.first sfl, the interlobular arteries (Figs. 724, 72;3 n), are g iven off at right 
angles from the side of the artcria~ propri:u re· 

___ b --~--- nale~ l oo~ing tow.ud th e cort ical subs tance, a1~d, 
passing d1rcctl.v outward hetwecn the pyramids 
of F errei n, they reach the capsu le, where tbey 
terminate in the capillary network of this pa.rt. 
In their outward course they g ive off lateral 
branches; these arc the a:ffaent t1es.gel~ for the 
i\falpighian bodies (see page 1130), ancl. h•wing 
pierced the cnpsule, cn<l in the Ualpighian tufts. 
From each tuft the cone.~ponding renal efferent 
:.1rises, and, h:lYing made its egress from the 
cap!'1.ulc near to the point where the afferent ,·es~ 
sel en tererl1 anastomoses with other efferents 
from other tufts, and contributes to form a 
dense i·eno1ur plexus around the adjacent urin
"'T tubes (Fig. 726). ort~:! 1t·,:!r~~~~;,~i~~1~~i~u'i;I't~~~~~1 ~n;:ri~ 

~~~:1.:~?r ~F~~-~;~:~~~t:1~f ~~~1[~:~1~t~~~ 
aiforl'ils. gl. (;Jomt'rului;. rt'. \·asefft'rt:'n~. 
1:.\'('11nu<1t11·i~ofllwintNlolmlaris.{from 
l.tHillig, in ~trh-kl•r's /11.wdlx1<1k.) 

'The .qecoml set of branches from the arterire 
propire rcnales are for the supply of the medul
la.r.v pyramids, which they enter at their bases ; 
and, passing straight through their substance 
to their a.piccs, terminate in the \'enous plex· 

u~es found in that s ituation. They are called the arlerioll"e rectce (Figs. 72-1, 
i25 I·} 

~rh e Renal l'"eins arise from tkree som·ces-the Ycins beneath the capsule, the 
plex uses around the tubuli contorti in the cortical arches, and the plexuses situated 
at the a.pices of the pyramids of :Malpighi. ~l.1he veins beneath the capsu le are 
stellate in arrangement, and a re cleri,·cd from the capillary network of the capsule, 
into which th e terminal branches of the interlobular arteries break up. These 
join to form the 1•enrt' interiobulrlJ'es, which pass inward between the py ramids of 
F errein , recci ,·e branches from the plexuses around the tubuli contorti , and, 
ha ving arrired at the bases of the )falpighian pyramids, join with the rnn<""e rectre, 
next to be <lescrihecl (Figs. 724, 725 b). 

1'he l'"eme R eclle a.re branches from the plexuses at the a.pices of th e med ulJary 
pyramids, formed by the terminations of the arteriohe rectre. They pass outward 
in a straight course between the tubes of the mc<lullary st ructure, and j oining. as 
aborn slated. the 1·em" interlobulares, form the proper renal 1·eins (Figs. 724, 725/). 

'l1he8e res~el s, 1 ·enre Proprire R enales, accompany the arteries of the same name, 
running along the entire length of the s ides of the pyramids; an<l. bas ing recei,,ed 
in their course the efferent ,·essels from the Malpighian bodies in the cortical 
strnct nrc adjacent, quit the kidney substance to enter the sinus. In this ca.Yit~· 
they inoscula.te with the corresponding \'Cius from the other py ramids to form the 
renal vein, which emerges from the kidney at the hilum and opens into th e inferior 
vcna ca,·a, the left being longer than the right, from haNing to cross in front of 
the abdomi nal aorta. 

,\~·,.,.°" ~f" the K idne11.-'l'be nenes of th e kirln e.Y, although small, are about 
fifteen in number. 1'hey ha.ve small gnngli a. de,·eloped upon thcm1 and are derived 
from the renal plexus, which is formed b,- branches from the solar plexus. the 
lower and outer pa.rt of the semilunar gnnglion atHl aortic plexus, and from the 
Jc~ser and smallest splanchnic nen·es. 11hey communicate with the spermatic 
plexu~. a circmu~tance whicl1 may explain the occurrence of pain in the testicle in 
affections of the kidney. So far as they ban~ been trace1l, they seem to accompany 
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the renal artery and its branches, but their exact mo<lc of termination j5 not 
known. 

The l.11mplwtics consist of a superficial and deep set which terminate in the 
lumbar glands. 

Connective 1..'t"."lsue, or I~1te1·tubular Stroma.-AJtbough the tubules and YCS$Ch; 

arc closel:· packed. a certam sma1l amount of connecth·e tissue. continuous with 
the capsule, binds them firmly together. This tissue was first described bv Goodsir. 
and subsequently by Bowman. Ludwig and Zawarykin hare obsene(l cli~tinct 
fibres passing around the Malpighian bodics 1 :rnd H enle has see:n them between 
the straight tubes composing the meclullary structure. 

d~cp~u~f~~:d,~~~~~~1f9~i(~::~~~- ~!h~.;!~1 ~:dmi~J~~~~e~~ck,J?1~~~. ~~el1~it~~e~in~~a!1~:~~~~fi~~~~ 
of the cp 1g~tr1c an~l .umh1hcal reg~ons mternally, ";'Ith the hypoc:hondriac :rn~l lumbar .r~gion~ 
ex:tcr~a\ly. The left is somewhat lugher than the right. Accord mg to )foms1 the position of 

l!io~·1~}~~.rl~~~ ~:!1 ~i· ~~~1~1Tidn~~~tei~~r~i ·~~~~~aAi1~1:~:~i~~ ~~~~a;~ 1~oufl~1e ~~~tal1~~:;cr:,;1!~ 
the middle of Potqlart·s ligament has one-third of the kidncr to its outer side and two-thirds to 
its inner side-i. r. between this line and the median line of the body." In adopting these Jines 
it mu10t be borne in mind that. the axes of the kidneys are not vertical, but oblique, and if con
tinued upward would meet about. the ninth dorsal YCrtcbra. Postf'riorly: 'rhe UJlper end of the 
]eft kidney would be defined by a line drawn horizontally outward fi·om the :;;pillOUR process of t11e 
eleYcnth dorsal \'Crtebra, and its lower cud by a point two inthes abo,·c the iliac crest. The right 
kidney would be half to three-quarters of an int:h lower. Morris lays down the following rules 
for indicatin!!; the po~ition of the kidney on the posterior surface of the body: "l. A line par-

~~~~! ~l~t!l1~ea 1~1e~~~t\~1 c:~110~~~}1 1 ~.!~~~b~~ii~~;db~fi'~ei~~·~\~ce~lo;~c~fc~fi~ ~!;1f,1:~u~PP~~c~1: ~pi:J~~stl~:~~i 
lumbar Yertebra. :1 . .. .:\._ line f-rom the top of this first line outward at ric:ht :rn~lcs to it for 

21 im:hes. 3. ~\line from the lower end of the first trans\·ersely outward for 21 int:hes. -L A 
line parallel to the first and connecting the outer extremities of the second and third lines just 
described.·' 

'J'he hilum of the kidney lies about two inches from the middle line of the back, at the level 
of the ~pinous proee~s of the fin;t lumbar vertebra. 

Surgical Anatomy.-The kidney is imbedded in a lar,R"e quantity of loose fatty tissue, and 
is but slightly CO\'Cred by peritoneum j hence rupture of this ori:rnn is not nearly so serious an 
accident as rupture of the liver or splecn 1 si nt:e the extravasa tion of blood and urine which 
follows is outside the peritoneal cavi ty. Oc.:casionally the kidney may be bruised by blows in the 
loin or by bein~ compressed between the lower ribs and the ilium when the body is violently bent 

~~~~r;~a1G~~.1~!,~0;~~;~~~e ~;;,~n~~etl~~;l~i~t o~tl~k~lii1~). ~!
1 ~!11~' ~~~1~\!~~1~e1~~~~tcl~f th~~r~~e~: 

this duct may bec.:ome blocked. and lwdronephrosis follow. 
The loose cellular tissue around ·the kidney may be the scat of suppuration, constituting 

periwp!tritic r1b.i;a.~s. T~is may be clue to injury, to clise~se of the kidney itsc.lf', <:ir io extension 

i!t~nl~lae~~·~~o~~· ~1~1<lli';~\~ 1~~0~~:~.~ s:i1;~~·ex~r:~~lify ~~11~1~~,~~0~1~1~t:~~~l ~l~~~t~}~t~~k·1~:~~~.: 
~~(}"}i~i~;, ~>eh.~~,~~~:~~~~ ~~1~1~1ill~·i~~ ~~ 1A~~r11~1 ~i~ i~~nb~~~l11el~';~~~1;~ng~1~!fti ~~s~i~;ib~~1 ~~d 
~~·e~!1,~~~ •;~~~tdlite~.~~t~~n~ n~Jn'f~~l~~J~J~g ~L'J~~tl~~e~m~:~~i~~r 0

1f.1 ~}~~1 'tf~1~1~)~h:h~~~~}°'~ 'b\~~~a~~~~~jl~ 
thai. i'i to stY

1 
one hand should be placed in the flank and firm prcs::'urc m~cle forwar_cl. wh!le th~ 

other hand ls buried in the abdominal wall just external to the sem1lunar line. )lampulation ot 
the kidney freq11cntly produces .a. pecu.li!'r si<·kenin~ sen~at!o•,1 1 with s0111e.times .fain.tn~s~. 

'fhe kidney is rnamly hcl<l m pos1t1on by th.c n~ass of fatty ma.ttcr m winch it. !S unbechlccl 

}~£.ki~~\~,r.:¥~~~£1£~:~i!~~l~:~~i\r~\&::i,~hY~~~i~ ~~.::,~~\1~:.~11:~1~.~~,~,;~;.~~~~~1~~~~ 
more c.:ommon in women than m men. lt must not be confounded with .thejloatt.n{I ktdn<'y: tlus 
is a COllJ!:'-.mital coudition due to the de,·clopn~~nt of a mcso·nephron, wlucl~ J?Crm!ts the Or.f;an to 
mo\·e more or lc:--s fi·eely. 'J'he two concl1tions c:rn!iot, however, be d1stmgu18hed until the 

abdo.j1.J~~1 ~id~!~~~h~~r0Vl~t~i~~~~~.eJk!~rf:~e;.
1~~~:.:1i~~~1!~11~~at of surgica.l interf'cre1~ce.. It 1~1ay be 

::~~~~: 0fF~ti1~~>}~~~;~;~-1Y;11~!:~11~·)~~i~1 ~~'.~;1b~~u1~~;~l~ 1~;,r~~~~~~~~~l~ ~; ft~:tY n~( 1~~~
11~~1rr~~~h;·1J1~ 

~i1~~t~~lt~§~~~:~~:~~~i:~iEi~fj 
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~(~~~;t7~:.;,;~~f f tlt'.2lt~~~;~g~]~~~S!~~&~~}[}DiIE~.:~~}~;g1~'.t~~;~;:~~t~;~~ 
~.~~~~~~1·~~n~1:~~~~,~~J~~1 ·<le~11~h(l:::i~~c~h1~el~O~~i~~i~~I b~~~lc~~1~l~~~ 11·!~~c~~~\cr~b·f~:u~a~;~,.l~~t~tf ~l!~ 
abdoml'n, aml the omcr border of the J~ati~imu:' c.lon:;i; the lntl'rnal ohli11ue an1l the po4erior 
aponl'urn-.;i-.; of the Tr:rn-.;\·C'~tlis muscle; the outer border ol' the Quatlratus lumborum, and the 

~~1~1111nJ•t'i~~ ki~;n1t!~\t~~~;'·~~~~~tt'1ro°~i~~!:~~:~J ~l~~sttl~ :~·;~::~~~~:t~~; t~~c~~;gcr;·~: ~i:Ji1i~'C~~~\1~ 

;i~~~~:t~gfo~:;~'.~~:~1~E~~~·~:~~;~f;~~~~~n~~~ ':fa·,~~:·~~ii:::~~E~~IJ~! ~:~i~ly~:,~1·i(~::tfie :?.~ 
umhilicu-.;. Tho abdominal cavity is opened. The intcotincs arc then hcl1l aside and the outer 
la.rer of the mc:-;o-colon opened, so that the fin~erl) can be introduced behind the peritoneum and 
the renal \'c,.sels song-ht for. These r1re then to be ligr1turcd; if' tied ~cparatcly, care mui::l be 
taken to lizaturc the artcrr first. The kidney nrnst now be cnuC'lcated, and the vc&;c!s and 
ureter divided, and the latter tied or, if thought necessary, stitched to the edge of the wound. 

THE l:TRETERS. 

'rhc Ureters are the two tubes which conduct the urine from the kidne,·s into 
the bladder. Thev commence within the sinus of rhe kidney by a nur~ber of 
short truncatefl br:.inche~. the calices or inti.rndibula, which unite ~either directly 
nr indirectly to form a dilated pouch, tl~e prh1is, from which the ureter, afrir 
pa!'sing through the hilum of the kidney, descends to the blarlder. 'l1he caliceR are 
cup-like tubes encircling the apices of the ~Ialpighian pyramids; but inasmuch as 
one calyx may include two or e\·en more papillre, their number is generally less 
than the pyramicls tht.m1,ekes, the former being from sc,·eri to thirteen, whilst the 
latter Yary from eight to eighteen. These calices com·erge into two or three 
tubular <li,,isions which by their junction form the pefris or dilated portion of the 
ureter. The portion last mentioned, where the pelvis merges into the ureter 
proper, is found oppo~ite the spinous process of the first lumbar vertebra, in which 
situation it is accessible bchin1l the peritoneum. 

The urrter proper is a cylindrical membranous tube, about sixteen inches in 
length and of the diameter of a. goosequill, extending from the pch-is of the 
kidney to the Lladder. Its course is obliquely downward and inward through 
the lumba.r region into the cavity of the pelvis, where it passes downward, 
forward, all(l inward across that cavity to the ba::;e of the bladder, into which it 
then opens by a constricted orifice, after having passed oblitl uely for nearly an inch 
between its mn~cular and mucous coats. 

Relations.-In its course it rests upon the Psoas muscle, being co,·c1·Nl b,r 
the peritoneum, and crossed oblil1uely, from within outward. by rhe spcrmatic 
,·essels; the right ureter lying close to the outer ~idc of the inferior Ycna earn. 
OJJposite the first piece of the sacrum it cro~ses either the common or external 
iliac artery, lying behind the ileum on the rit/ftt side and the :-.igmoid flexure 
of the colon on the lt:ft. In the pelris it enters the posterior false ligament of the 
blad~ler below th~ obliterated hYpogastric artery, the \"3S defcrens in the male 
P.assrn~ betwee1~ 1t and the bla<l<ler. In the female the. ureter passes along the 
side of the c.er~1x of the uterus and. upper part of the vagma. At the level of the 
external os 1t 1s three-fifths of an mch ext~rnal _to the cen'ix, atHl is crossed by 
the uterine artery, a venous plexus intervenmg (lloll). At the base of the bladder 
it is situated about two inches from its fellow, lying, in the male, about an inch and 
a half behiml the pro,t:tte. 

Structure.-'fiw 1ueter has three coats-a. fibrous, muscular and mucous. 
'~1 he Jib1·ous coat is th~ Mme throughout the e_ntire length' of the duct. being 

c'lnt1nuous at one end with the capsule nf the k1tlnc,- at the floor of the sinus 
whil..,,t at the other it i8 lost in the fibrous structure or' the bladder. ' 

In the pPhi:-; of the kidney the muscular coat consists of two layers. lonaitudinal 
and circnlar: the longittulinal fibres Lecomc l<ht upon the ~itles ~of the p~pilhe at 
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the extremities of the cal ices; the circular fibres may be traced surrounding the 

1~1ed1tllary struc.tu~·e in the same situation. In the ureter proper the muscular 

fibre~ arc ''e.ry duamct, and are arrangc<l in three layer~-an external longitudinal, 
a m1tltlle circular. and an internal layer, less dii;;tinct than tbe other two, but 

having a general longitu(linal direction.· Accordina to KiHliker. this internal laver 
is only found in the neighborhood of the bladder. r · 

The u~ucou.'1 cor~t is ~mooth, :uul presentf' a few longitudinal folds "hich 

become effaced by (l1stens1on . It is continuous with the mucous membrane of the 

bladder below, whilst it. is prolonged O\"Cr the papillre of the kidney abo,·e. Its 

ep1thclium 1s of a. pecuhar character, and resembles that found in the blad\.ler. It 

is known by the name of"' transitional" epithelium. It consists of ~m·eral lavers 

of cells, t)f which the innermost-that is to saY. the cells in contact with~ the 

~~-~~~~~: U~~a~t:1 ·~.~e~·l~~~~ e~hcl~~· t~~·~ t~el~s 0~P~1~t~·~~~~11~~i ~: ~~1r.t hc·l!~~~l~~~h~1 r!·~~~~ 
mediate cells, more or less resemble columnar epithelium.' and arc pear.shaped. 

with a. rounded internal extremity" hi eh fits into the concavity of the cells of the 

~f·s~hl:.)~~;·;.J1;~\.:r~~u·~o~: ::~~1;.1~~1 ~~t~·~~;1t~.:~.~:.cl~~~s~:~~g~~~ ~~n~::t~~·no~:~ ~~~:: 
rnrying- in nmi1ber in different parts, and preScuting procc~ses whic ... h extend do" n 

into the basement membrane. 
'J'he arteries supplying the ureter a.re bran<.:hes from the renal, spermatic. 

internal iliac, and inferior ,-esical. 

ple~~:~~:8.1ie1Tes are deri\'ecl from the inferior me!':enteric, spermatic, and peh·ic 

THE SUPRARENAL CAPSULES. 

'The Suprarenal Capsules are classifie<l, together with the spleen, thymus, an<l 

thyroid, under the head of "ductless glands,'' as they have no excretory duct. 

They are two small flattened glandular bodies, of a yellowish color, situated at the 

ha.ck part of the abdomen, behind the peritoneum awl immediately aLove and a 

little in front of the upper part of each kidney; hence their 1rnme. The right one 

is somewhat triangular in ~hape, bearinsr a. resemblance to a cocked hat; the left is 

more scmilunar, and usually larger and higher than the right. They vary in size in 

1lifferent individuals, being sometimes so ~mall a~ to be ~carcely detected; their 

usual size is from an inch and a quarter to nearly two incheg in length. rather ler-:s 
in widtbl and from two to three lines in thickne<..:~. rrhcir a\·ernge weight i~ about 

a drnehm each . 
Relations .-The relations of the suprarenal e:q1:-'11les diffcl' on the two sideR of' 

the body. The r(r;ht suprarenal presents on its anterior:;.;nrface two areas: along 

its uppCr and inner border:=: a depressed area. which is in eoutact in front with the 

i~nf~~i1~~u ~:~~c: ~:~ '~~( l~i~l11;s~~~), ~n~b~~;1';~'~i ~·~~It~ a~<:)ufb~·:1'.~~1~1~ ~l~~c~\·a;~ ~·~g~11;~ 
O\"er the remainder of the anterior surface i::: an ele,·atecl area, which is CO\"ered m 

front by peritoneum pa~sing from the upper part of th~ kidney to tl~c unde.r sur

face of the li\·er, and behind rests on the upper and inner part of the kidney. 

The left su 11rarenal is in contact by its anterior surface. superiorly. with the 

spleen j below and internal to .this it is in cony1ct with !he r.eritoneum forming 

the lesser sac, which 8Cparatcs 1t from the canliac extremity of the Rtomach; and 

at its lower part it is co,·ered hy the panrrc~s and ~rl?nic art.er.Y, an(~ is therefore 

n•)t in contact with the peritoneum. By llS pm•terior Mtrface. at 1t~ outer and 

back part, it rests upon t~1e kidney, whilst bt•low and internally it i~ in contact 

with the left crus of the D1a.phrngm. 
Structure.-'L1he surface of the suprarenal gland is surrounded by areolar tis8ue 

containing much fat. aml clo~ely invested bs a. thin fibrous coat. whi~h is difficult 

to remove on account of the numerous fibrous procc~ses and vessels which enter the 

or«n.n throu(1h the furrows on its anterior surface and ba~e. 
0 'small a~ccssory suprarcnals a.re often to be found in t.he coll11ectivc tissue 
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nruuwl the Rupr:nt•nal:-.. Tlit• ~maller of these, on section. ~Jw\\ a uniform surfact•. 
hut in snmc of tht• l:ir~<.·r a distinct medu lla. c:nn be made out. 

( )11 making· a perpendicular section, the gland is sct•n to co ns ist of two 
suh.;tancc .... -excernal or cortical and internal or medullary. The former. 
"hich cnnsti1111t•s 1he ('liil·f part of ihe organ. is 
of a ch•t•p-,·cllo" color. '!'lie mcdull:.ll',\' snb-
1".talll'l' is ~oft, pulpy. and of a dark-brown 01· 
hlac:k color. "hence the name atraliiliary cap
i!lll1','r fol'mcrly giren to rhc:-;e organs. In the 
centre is of't<.·11 seen a i::pacc, not natural. but 
formed by the lncaking- d1rnn afte r dc11th of the 
mrdu lh ry ~nb...,taneC'. 

Gland 
cyliJ1der1. 

The cortica.l portion consis ts chiefl y of narrow columnar masses placed pe rpen· 
dicularl_v to the s urface. This a rrangement is due to the disposition of the cap· 
su lc, which Rends into the interior of the gland proceRscs pass ing in ,·ertically and 
communicatinJ! with each 11tl1er by transrerse band s so as to form spaces which 
open into ca.ch other. Tb e!'c spaces a.re of slig ht depth near the surfa ce of the 
organ, so that there the section somcwha.t resembles a. ne t; this is tcrme<l the 
zona ,lllomerulowt: but they become much deeper 01· longer farther in, so as to 
resemble pipes or tubes placed end wise, the zonafasf'i(·ulata. St ill deeper dow n, 
near the mcdulla.ry part, the spaces become agai n of sma ll extent ; this is named 
the zona Nfi<•ulrtris. The::e processes or trabcc ul ro , de ri ved from the capsule and 
fol'lninµ: the framrwork of the spaces. arc composed of fi b rou~ connective tissue 
with lo117it11dinal hun<lles of unstriped mn~cnlar fibrcR. Within the interior of 
the sp:.u·cs are ('ontai ned group~ of pol .'~hcdral c·,•lls, which are finely granula r in 
appearance, a1ul eontain a ~phcrical nucleus, and not unfrc'lnently fa.Hnolecules. 
The:-;c µ:roup~ of Cl•lb clo not ent irely fill 1hc spaces in "hich they arc contained. 
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bu1 l1<.•tween them and the trabccul~ of the framework is a chaune] which 

is hl•lie\ C'd to h<-• a lymph-path or sinus, and which communicates with certain 
pa~:-.age~ .between the cells composing the group. rrhc lymph-pa.th is supposed 
to open 111to a plexus of efferent lymphatic Yessels \\hich are contained in the 
cap:.-ulc. · 

in1<11 :~ u~~1~li~~~:;!~~~r:i~:ei,~~n~~:n~lb~:1~n~s s~:~~~~~~s8~~·1!~nt1~c~t~Y~0!!~~l~:dwt~~~t~~~ 
IC1 o~~ly applied to .the la1:gc pl~xus of \·cins of which this part of the organ mainly 
con:.;1:-:tl'I. ln the mterst1ees lie a number of cells compared bv I?rc\· to those of 
columnar epithelium. '.l'he_y arc coarsely granular, <lo not~ cont~in an,v fat
rnoletulc:-:, arnl some of them are branched. Luschka has affirmed that these 

braneh?8 arc connecte<l wi~h the nen·c-fibres of a very intricate plexus which is 
found 111 1hc medulb : this statement has not been \·crified bv other observers. 
for the 1i::::::ue of the medullarY substance is less easy to make oti't than tha.t of the 
conical nwing to its rapid decomposition. · 

The numerous al'tcries which enter the suprarenal bodies from the sources 
~1entinn~d ~elo~\' penetrate the cortical part of the gland, where they break up 
111to cap1llancs m the fibrous septa, and these con,·erge to the ,·ery numerous ,·cins 
of the medullary portion. which arc col1 ected together into the suprarenal ,·ein. 
which usua1ly emerges as a. single vessel from the centre of the gland. 

The al'ieries supplying the suprarenal capsules arc numerous and of large 
size: they arc dcri,·cd from the aorta.1 the phrenic, and the rena l: they sub
di,·ide imo numerous minute branches previous to entering the substance of the 
glan1I. 

The suprarenal cein returns the blood from the medullary \·enous plexus. and 
recein·s :.:e\·eral branches from the cortical substance; it opens on the right s ide 
inro the inferior vrna earn, on the left side into the renal \·ein. 

The lympliatics terminate in the lumbar glands. 
The 1urt•es are exceedingly num erous : they are found chiefly. if not entirely. 

in th e medulla, and are derived from the solar and renal plexuses, and, according 
to Bergmann, from the phrenic and pneumogastric nerves. They ha.Ye numerous 
small ganglia de\·eloped upon them, from which ci rcumstance the organ bas been 
conjectured to ha,·e some function in connection with the s.vmpathetic nenous 

SY!'l!Clll. 
THE CAVITY OF THE PELVIS. 

The cavity of the pelvis is that part of the general abdominal ca,·ity which is 

below the le\'el of the linea ilio-pectinea and the promontory of the sacrum. 
Boundaries.-It is bounded behind by the sacrum, the coccyx . the P,Yriformis 

tull!->Cle. and the great sacro-sciatic l igaments; in front and a~ the sides ?.Y theo~sa 
pubil-i and ischia, co,·ered by the Obturator muscles; ~bo"e, 1t commumc~tcs with 
the <«HitY of the abdomen: and below, the outlet is closed by the tnangular 

~:l~~~~e';,:~~c~~~ \:Jl~i'~htoi1~esr~g~c~~g t?.Z~cyt~i~ ,~:~11sc~~s~h~nc~~~~s "~~ce;:l 1 ~~-"~.'~s~~r~~ e 
Contents.-Thc viscera contained in this c:wity a.re-the urinary bladder, tL<.~ 

rectum. and some of the generative organs peculiar to each sex, and some con,·o
lution!' of the small intestines; they are partially coYered by the peritoneum. 

anil !-iuppliccl with blood-vc!-l-sels, l,Ymphati cs, and ne1Tes. 

THE BLADDER. 

The bladder is the reservoir for the urine. It is a musculo-membranoua $at 

situated in the peh·is, behind the pubes. a.nd .in f~·ont of ~be ~·ectum ~n the m,<\lc. 
the cenrix uteri and upper part of the vagma mterven11~g Ill the femalP . _[he 

shat:i~ .~f;~~~;;)/3t!t~·,~~il~;~'~; t~~ ~~~a~l.ad~1:,.;:;; i~f:~i~: i~
1~:~!~f~~\ i~."sl~g;~. ~r~ci 

a~~·cc~..; ~tl~ovc the upper border of the os pubis into the. hypogastric reg~otl. In ~lie 
~,z;!1t, when quite empty and contrnctcd. 1t. together with the urethra. 111 a median 
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vertical sect ion, i:-; Y-shapcd, the urethra forming the stem of till' Y It i:-" pl:wc1l 
Jecply in the peJyi;, ll:ittcned from before backward: the anteri~r limh of tlw Y 
reaching as high n~ the upper borcl.er o_f the ~y~nphys!s pubis. \\ h~n ~11g_htly d1s
ternled it has a roun1led form, a.nd 1s still contained w1th111 the pch•1c en nty: arnl 
when fullv tlistenrlcd it is ornid in shape, and rise~ into the abdominal cnvit.'·· \\'hen 
greatly distended it tntt,V reach. nearly. as high r.1!'1 rhe um bi.lie.us .. It i~ larger in its 
,.ertical <liamrter than from sule to side. and its long axis as directed from abon~ 
obliquely dowawa.r~ and bacb~·ar<l, ir~ a l~ne <li.rcctcll from some point betwe('n, ~he 
08 pubis and urnb11icus (according to its d1~tent1on) to the end of the co~cyx . I he 
bla<l<ler, when disten<led, is slightly cuncd forwar<l toward the anterior wall of 
the abdomen, so as to be more convex behind. than in front. In the female 
it is larger in the transverse than in the vertical diameter, and its capacity is 

f'l1;.7rf.:'.-Ycr1kaJl;el'licmofl>laddcr,pcnis,andurethra. 

said to be greater than in the male. 1 When moderately distended it contains 
about a pint. 

'l'he bladder bas a stwwtit and fhc surfaces, superior or abdon:inal, postero· 
infert.'or or base, antero·ir1j'erior or pubie, and two lateral or sides. 

~J1he summit or apex of the bladder look~ forward an<l upward; it is connected 
to the abdominal wall by a. fibro-muscular cord, the u.raclws, which is the obliterated 
remains of a tubular canal which, in the embryo, prolongs the cavity of the bladder 
into the allantois. It passes upward from the apex of the b1"uder between the 
trans,·er.salis fa.~cia and peritoneum to tLe umbilicu~. becoming thinner as it ascends. 
On each side of it is placed a fibrous cord, the obliterated portion of the hypogastric 
artery, which. pas.~ing upward from thc:> side of the bladder, approaches the urachns 
;.11Jnye its ~ummi t. In the infant. at hirth , the urachus is sometimC's found 1wr-

1 .\ ccording 10 li en le, the bladder is corn~ider:ibly !"tnaller in the female than in the male. 
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viou:;. ~o that the urine escapes at the umbilicus, and calculi have Leen found in 
it:s canal. 

The supaior or abdominal siu:f'aee is free, and extend!' antero-posteriorly from 
the ::.urnmit to the base: laterally, it reachcti to the sides of the bladder from which 
it is approxima.tely marked off by the obliterated hypogastric arteries. This sur
face i~ f.•ntirely co,·ere<l by peritoneum, and is in relation with the uterus, in the 
female. the sigmoid flexure, in the male, an<l in either sex wtth "ome loops of the 
small intestine. Posteriorly on each side, beneath the peritoneum. is, in the male, 
a part of the vas deferens. 

The antPro-infcrior or pubie sU1:faf.'e is not covered in front by peritoneum. 
but is in relation with the triangular ligament, the posterior surface of the sym
pl1ysi:; pubis, the ~rnterior parts of I..icvator ani and Internal obturator muscles 1 

::~;::::~. 
Fiv. 731.-Frontal section of the lower part of the nbdomen. Viewed from the front. !Braune.) 

an<l. when distended, with the abdominal parietes, recto-vesical fascia being 

inte;~~-~:e~li:dr of the bladder is crosse<l obliquely from ?elow,. upward an~ forward, 
b,· the obliterated hypogastric artery: above and bcbmd tins cord the side of the 
hiacldcr is covered by peritoneum, but below :~nd 1~1 fi:ont ~! 1t the serous covermg 
is wantin~. and it is connected to the recto-ves1cal fascia. Ihc va~ <lefere~s passes, 
in an arched direction, from before back,\artl. ?long the post.crior port10~ (sub
peritoueal) of the side of th.e bl:id<lcr, tow~rd ITS .ba::;e, crossu:g the ~?literated 
hy iocra!<.tric arter~·, and pass1~g alo.ng t!1e 111ner side of the. uteter. lhe space 

0(.-~u ie<I by reeto-vesical fascia. which lies between the pubic surface and those 
orti~n'- 0 ( the ~itles of the blad<lcr. which are uncovc~·c1l by peritoneum on the on.~ 

finnil. and their antero-inferior relation~ on the other, 1s known ns the Ca,·um Retz11 

or ~p:ice of HNziu~. 
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The ba" (/1111d11R) cif t/ce bladd..r i' directed tl?wn11tn·1l aml .bachanl. It 
varies in extent according to the state of <l1stcnt1on of the organ, beinf! \'l:'r.'· broad 
\\hen fu11, hut much natTO"er when empty. In tlie malr it _rests .upon the :5CC?tlll 
portion of the r('(·tum. from which it is scpamtcd by a. rcflcct1011 ol. the rccto-,-~$1(·~! 
fascia. Tt is co,·cred superiorly, for a _sligl1t ('Xtcnt, bJ: the pcr1to~1;u111, w~1ch 1~ 
reflected from it upon the rectum, form111g the recto-ve:-uca~ fold. Ihc portion of 
the bladder in relation with the rectum corre5ponds to a. tr1an~ular spnce houndecl 
in front by the prostate glan<l, and on each side by ~he _vcsicuht scm.inali~ and Y~s 
<leferens. Tn the female the base of the bladder lies lll contact with the cervix 

Fu;. 732.-.-\ntcro-po,,li.'rior mcdiau section Qf lower part of b\uddt:r. pro~tute glaud, 1lrnl 1,ro,,1a1ic urt'thn1 
Henle.) 

uteri and upper part of the anterior wall of the vagina. Above this connection is 
the peritoneal utcro·vesical pouch. 

~rhe so·calle<l neck of tlte bladder is the point of commencement of the urethra. 
The portion of the bladder immediately surrounding it i in relation with the 
prostate gland. 

Ligaments.-The bladder is retained in its pla.ce by ligaments which are <li"ided 
into true and false. ~L1he true ligaments arc fi\'C in number: two anterior. two 
lateral, an<l the urachus. The false ligaments, also five in number, are formed by 
folds of the peritoneum. 

The anterior l(qaments (pubo·p»ostati-) extcn<l from the back of the os pubis, 
one on each side of the symphysis, to the pubic surface of the bladder. oYer the 
upper surface of the prostate glan<l. These ligaments are former! by tbe recto· 
vesical fa;:.cia, aml contain muscular fibres prolonged from the bladder. 
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. The lateral liyrvnents 1 also formed by the recto-\·csical fa:;cia, are broader and 
thinner thar~ the preceding. They :ire a1tached to thC' lateral parb of the prostate 
nn.d t? the s1d~s of the bladder and the pelvic wall. The pof"terior prolongation of 
this ligament IS known as the liqament of the reduui. 

'l'he urachus is the filmH1m',o:cular cOr<l alrea(h- mentioned extcndina between 
the summit of tlH• bladder and the umhilicns. °It i . ., broad. h~low, an~I becomes 
narruwer as it ascend~ . 

'f~1e fals1· l~qaments of tlie bladder arc-two po ... tcrior. two latcral
1 

and one 
~upenor. 

'l'he t1t10 11ostaior pa:-s forward, in the male. from the side:- of the rectum ; in 
the female. frnm the sides of the uterus to the postcl'ior and latcnil aspect of the 
bladder; they form tho lnteral boundaries of the rccto-Ye..-ical cul-tie-sac of thr 

r:~~w~:~.u~:~it 1~ 1~~~s:c~~t~:::1 ~:~~."~~.\iterated Ji,,·poga~tric arteries nnd the ureters, 

1
1hc tu•() lateral liymnents are reflections of the peritoneum from the iliac ro~~m 

to thP side.:-; of the bl:u.lder, along the line of the obliterated lwpol'l'a!-itric arteries. 
The SltJ>er£or Zl:r;mnent i"'S the prominent fold of the perito~eut~ extending from 

the summit of the bladder to the umbilicus. It covers the urachus and the olJlit
eratecl hypogastric artcrins. 

Structure .-The bladder is composed of four coat!---&ernus, muscular. sub
mucous, and mucous. 

11he serouff coat is llerived from the peritoneum. It i11\'est:0; the entire superior 
surfacf>. thc> upper .P~ll't of the base, and rach side, abO\'e and behind the '·hypo
gastric cord, .. and 1s reflected on to the abdominal and pelvic walls. 

~l1he 'lnusrn,lar coat consists of three layers of unstriped muscular fib re: an 
external layer. composed of fibres having for the most part a longitudinal anange~ 
ment; a middle layer, in which the fibres are arranged, more or Jess. in a. circular 
manner; and an internal layer, in which the fibres ba,·e a general longitudinal 
arrangement. 

The fibre.'1 of tlie external longitudinal layer arise from the posterior surface of 
the body of the os pubis in both sexes (muscnli pnbo-vesicalis). and in the male from 
the adjacent part of the prostate gland and its capsule. They pass, in a more or 
less longitudinal manner, up the anterior surface of the bladder, over its apex. 
and then <lesceud along its posterior surface to its base, where they becomP 
attached to the prostate in the male and to the front of the yagina in the female. 
At the sides of the bladder the fibres are arranged oblic1uely and intersect one 
another. Th is layer has been nr:.med the detrusor ttrince muscle. 

The middle cfrcular la!Jers are ,·ery thinly and irregularly scattered on the body 

of tbe organ, and, thougL to some extent placed transversely to the long axis of tbe 
bladder, arc for the most pa.rt arranged obliquely. 'Soward the lower p~rt of t~1e 
bladder

1 
round the cervix and commencement of tbe urethra. they are disposed Ill 

a thick circular la,ver1 forming the spl1incter vesiece, which is continuous with the 

muscu lar fibres of the prostate gland. 
The internal longiturlhwl layer is thin. and its fasciculi haYe a. reticular 

arrangement, but with a tendency to assume for the most part a longitudinal 

directjon. 
Two band.-; of oblique fibres, originating behil)(l the orifices of the ureters, 

pa-;s brtwecn these orificrs and al:0;0 convcrgr to t_hc Lack p;_11t of the pr~statc gland, 
:tlHl arc inscrtrd by means of a. fibrous proces:;. into tLr middle lobe of that organ. 
They arc the nu

1

tsf'le3 of lite lll"eter~, dC'i;:.crihcd hy Rir C. Bt-11, "ho i;:.upposed that 
duri;w the contraction of the bladder thr_,. ~N\'cd to rl'tain the oblique direction of 

the u~eters. and so prev('nt the reflux of' th(' urine into them. 
The suJmrncou.s cont con~ists of a layer of areolar ti!-isne connecting together the 

muscular :rnd mucous coats1 :rnd intimately united to the latter. 
The mm'ous coat is thin . smooth, and of a pale rm;e color. It is continuou:-. 

throu rd1 the ureters with the lining membrane of the miniferous tubes, and below 
with ~rn. t of the urethra. It is conne('te1l loosely to t11r mu:::cular coat by a laye1 
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ut' an.•olar fo•:-.ue, excepting at the trigom•. whcrl' ib adlie .... ion i:; more clo ... t" Ii i.; 

11r0,·idcd with mucou ... follicle.;. more numerou~ than cl!-l('\\ hrre m•ar tlu.1 ueck of th1· 
or1ra11. hut which arc not regarde1l a~ definite g land~. 'l'h e epithelium con~ring 
it i .. of the tran~it i onal strat ified Yaricty, con.;i 1' ting of a i.;u perfi cial la~·rr of poly
hedral. llaltencd cell:-. ca.ch with one, tw o, or three nuclei ; beneath thr~c> :1 

.,tmtum of large club-shaped cell:-:. with the narrow extrem ity directed do" rrn :ml 

and wedged in between ~ma il er 5:pi ndle-~ha.ped cell~ , containing an oval nuclcu,.s 

(Fi~bj!~!· ~~e1·on the Inner Surface.-L.pon the inner surface of the bladder nre 
secn the or ifi ce ... of tht• ureter~. the trigone, anJ. th e orifice of the urethra. 

'J'ltr Orifi1·1•s of tltr Ureter.-t.-Thcsc arc situa.ted a.teach end of the ba~e of th e 

~;~~~ ·~~;!lh:i::~1P)·~~~~\1~~0~a::~;. ~~~1~~-r~1~a1t~~:,~~;a:l1!':~n~1;1~!~~~m~;~vo~\~1ca~~~t\11~ 
The tr(qo111wl o<'sicre (Lieutaud), or tri9011t' l1esicale, is a triangular smooth sur

fi.tcP, with the apex <lirecte<l forward, s itua,tcd in the ba ~e of the bl::ul<lcr immed i
:1tch· behind the urethral orifice. It i:-; paler in color than the res t of the mucous 
me10bra.11c, and lll'\'CI' presents llll~' rugm, even in the collapsed condition of th e 

~.1~~~nPo~~:\~~ ~r ~~n~~~ ~1;,ti;:~~t~ri:~c~l;e~~o1;h~ou1~!1t:/uh1~:~~~~te~'.~~ ;·:~fcri~1: ~~~1:l~u:~<l~~c~~ 
pictl b~· th e orificr of the uret hr~i. Between tlie orifices of th e ureters is seen an 
arched fold (pli1·a ureteriNr) of mucou~ membr:rne ca.u~t·d by the projection of 
muscul:ir fi h rci-l \\ hich have a :-;i milar direct ion (see preceding page). Projecting 
from th e lower :11lll anterior part and rraching to the orifice of the urethra is a 
Rli ght elevation of muco u.;:; membrane call ed the uuu[a, resicce. It is formed by a 
thiekeningofthe submueous tii-lsuc, In the female, the uvula. Yesicre and trigonum 
nre small nnd ill-dcfi ncu. 

'L'he arteries suppl~·ing the bladder arc the superior. middl e, and inferior vesi
cal in the male. with additional branches from the ute rin e a nd rnginal in the 
fema!e. Th e,· arc all deri\·ed from the anterior trunk of the internal iliac. 
'rlie obt urato 1: and sciatic arterieR also supply small visceral branches to th e 
bladde1·. 

The veins form a complicated plex us round th e n eck , sides, and base of the 
bladd er, and terminate in the internal iliac vein. 

'l'he lymphatics :tccompany the blood- vessels, passing through the glands sur
rounding them. 

'.rhe JW'IW!{ are derived from the peh·ic pl ex us of the sympathetic and from 
the third and the fourth sacral nerves; th e former s uppl y ing the upper part of 
the ol'gan, the latte r i ts base a nd neck . A ccording to F. Darwin, the sympa· 
thctic tibrer.; h a.ve ganglia connectNl with them, which Rend branches to the \'CS· 

se ls ancl muscular coat. 

Surface Form.-The surface form of the bladder \'arics with i1s dej?'ree of disten~ion and 
under other circumstances. 111 the young child it is reprciscnted by a coni<·al fi gure, the apex 
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~bo'~:~i~I~~ i~~~~J ~f1 :i11~ ~1-1!1 1;i!~i: 1~~abl~.ptyini~h~\~li~J~ !~~1~~e t~~~ 1b}~d~f;~0i;~~~1~;-,a~u;r~~ ~;:~ 
not reat.:~1 abo\·~ the level of the upper border of' the 
sym phys!s pubis, and. the whole organ is situated in 

i~:l~ :;~,~~\'.~; l1 ~\~fz~:1~~1~(r 1ba~C~,a1:~i''~);r~~~i~W1~1~~·ir:11~Jl~~si~ 
a htt\e below Its m1<l<lle. As the bladder becomes dis-

:ib~~~~c1i1~ .~1~~:l~"f~~;11~j~~ s~v~~li~~ ti\~e tf~~lv\~y~~~~15:~i~ 
regwn ~vh l(.:h 1s percept1bl!! to the han<l as well as to 

~~~~biJi~~!n. reii1~11~xtTl1~dc~·15 tti~~~~n cii~:~~~~~~~c~~toittlj~ 
~ Josc ly applied to. the abdominal wall , wiLhout the 
mten•ent1on of peritoneum. ~o that it cau be tapped by 
a1~ openi n!!'. in the mi<l<llc line just abO\·e the pubes 

\V\!~~~\1~~1 );~~~~~!:1 i~ Ji~t~,~~~J t~1l~e ~~~~tic n~~,:~r:~'~ef 
the urethm. is elon!:;atecl and the bfuddcr lifted out of 
the pelvis and the peritoneum pushed upward. Ad-

1:~i'.~:;::~tiJ~:i~%1;;!:~:1 ~):,~:,:~;l~~~~:~ \\:~~~~:tJlf ~~v~; 
empty, and then filled with ten or tweh-e ounces of 
W•L~cr. If now the bladder is injected with about half 
a pmt of some antiseptic fluid, it will appear above the 
pubc~. plai nly perceptible to the si!(ht an<l touch. 'l1lrn 
reritoneutn will be pu:;hed out of the way1 and an in· 
cision three inches long may be made in the linea alba 
from the symphysis pubis upw.lrd without any great 
risk of woun<lmg the peritoneum. 

When distended the bladder can be felt in the 
male, from the rectum, behind the pro.;latc. and flue· 
tuation can be percci\·ed by a bimanual examination , 
one finger being in troduced into the rectum an<l the 
distended bladder ta.pped on the front of the abdomen 
with the finger of rhe othe r hand. This portion of' the 
bladder-that is1 the portion folt in the rectum by the 
finger-is also unc·o\•ered by (}eritor1eum 1 and the blad
der may here be puncturCd from the rectum , in the 
middle linc1 without risk of wounding the SC'rous mem
brane. 

Surgical Anatomy.-A defect of de,·clripment in 
which the bladde1· is implicated is k~rnwn under the 
name of extrote1·siou of the blruldt>1'. Jn this condition 
the lower part of the abdomi nal wall and the anterior 
wall of the bladder are wanting, so that the posterior 
surfacP of the bladder prc:scnts on the abdominal sur· .1tmt1v. 

face. and is pushed fOrward by the pre.s:,urc of' the vis· :Fm. 735.-The bladder and urethra laid 

cera within the abdomen. fo rming a red rnscular tumor open. ~cen from above. 

on which the openings of the ureters arc visible. The 
JJenis, except the glans, is rudi1ncntary and is cleft on its dorsal surface. exposing the floor of 

the urethra-a condition kuown as t>pi.spudias. The pelvic bones are also arrested in de,·elop-

ment (see page 283). . 
The bladder may be ruptured by violence applied to the abdominal wall, when the viscus 

is distended without any inju r~: to tl~e bony pe!Yis. or it may~ torn in ease!> of fr~ctur~ of the 

J.telvis. 'l'he rupture ma.v be e1t h ~r mtrapentoneal or ex tra peritoneal-that 1s1 ~nay1.mphcate the 

superior surface of the bladd~r m the ~ormer case, or one of the o~her surfacc.s m the .latter. 

~t~J1~~1~~ew~~ ~.1~~f~~,\~J;i[~t:lt:r1~~;~c,1~!~~i~1(J~~n1i1r~<:\i('s~~·io~
0::~~;a;~lur~~t~lh~~~;~~ l )~\'1i1;t1ra/~~~~~~~~~ 

~ulur(' is resorted to, wtt.h a \•cry C'O ns1<lcra 1?le amount of success.. I he sutures are inserted only 

throu!!h the peritoneal _and muscu.J~r coats 111 suc!1 ~way as !O brm~ the serous sm:foces at the 

mar"ins of the wound mto apposition, and one 18 rns<'rt<'d .1ust bc,rond the end of the wound 

The'"°bladder should be tested as to whether it is water-tight before elo-;i11!! th<' cxtnnal wound. 

The musc•ubr <'oat of the bladder undergoes hyp<'1irophy in cases in which there is any 

~g:~rcu~~!f s~st}}~~~11~~'~n~~J~1 r/ :;~~ca~ddi~; ~J~~~e .. ~:~1i !~:~~1~~i~~g 11i~ ~\jn~\\~~c~t~1':s
1,1 i~?~-~l~~s~1t~~\~J!~~~ 

is known as th<' fasciculated ~ladder. ~ctwee1.1 th~se bundles of muscular fibres the }llU<'OllS m.em· 

brane mar bul~e out. for!nmg sacculi, con:--tttll!tng the sacc1drtfc(~ blpdder, and m these htt~e 

!~~1~1~· 1J:~~'~~~r 'i1.~~'.\.;c;~;~:1~~~:rn~1~~ f1~1!~~:~ .. ~0~·1:111\'~~ ~'f~l~~dd[;;~;~~~n ;p~11~1~'.f~~~.1ne111br:1ne 1~ 
) Yariou-; form,, of tumor ha\'C been found i-prm!?'mg from the wall of the bladder. The 
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THE MALE URETHRA. 

The urethra in t he male extends from rhe netk Qf the bladder to 1hc nH.·a1us 

urina.l'ius. It presents a. double currc in the flaccid stnre of the penis. bur iu the 

erect state it furms onl.Y a. single cunre. 1hc concaxity of "hicb i~ dirt•tu:d tqrnal'll 

~r1~~~ ~~;[i.on~~t~1i1:1;~.~!:1r;~·);:.ie1~,,.~;~i~~t1~!~!:t a~~I ~;1::~;;.c1;,~:· ~~~~1ct\~r;·~a'1\\~i<1~:~~t!;;1\~ 
of wl1 ich ;.trc cs~cntiall ,r different. Except during the p:t~sagc of' 1hC' urine or 
SC'men the urethra is a mere transn~rse clefr or slit. with it~ upper am.I nllfler 

surface:o; in contact. .\ t the orifice of the urethra at the cntl of the pcni8 tht..· -.Jit 

i:::. verti<:al. an<l in the prostatic portion some'\ !wt arched. 
The Prost atic Portion is the widest and most dilatablc part of the <:anal. It 

pas~cs through the prostate gland. from its base to its apex 1 lying nea rer its tqqicr 
than its lower surface. [t is about an inch and ct quarter in length: the form of 

the canal j:;: spindle-shaped. being wider in rhe middle than at either extremity. a111l 
narrowc:-:t in front. where it joins th(' membranous portion. A transYer~e secLion of 

the canal as it 1iei;; in 1he prostate is horseshoe in shape, the conrnxity being 

directed upwa.r1l (Fig. 7:36) or rather forward , since its tlirection is near\~· vcrti('nl. 

Cpon the floor of the canal is a. narrow longitudinal ridge, the l'fTlwwntanum, 

or <·ullicuhts st•minalis, or capul .1allinayim\ formetl by an ~levation of the m11cou~ 

membrane a111l its subjaccnt tissue. It is eight or nine lines in length and a line 
and a. half in height. and contains, atcon\ing to K obelt, muscular and rrectile ti!'.

sue:;:., When distcrnled it rna.\r :;errn to JWe\'ent the pas~age of the ~cmcn back"anl 

into the Lla(lder. On each :;ide of the "erumontanum is a !o'lightly deprc,.sed fo:-~a, 

the pr0Rtrtti1· f<huus, the floor of whic:h i:; perforated by numerous aperture!-, the 

01·(/ices of tltt' pm$jfatic duets, the lluC't..- of tl1c rnithlle lobe opening behind the 

verurnontanum. .\.t the fore part of the \'Crumontanum. in the middle line. is a 

<lcpre..-sion. the 8inus potulari.IJ (ve.lfif'ida prof<fatfra). and upon or within its mar~in-; 

arc the ~lit- like openings of Lhe ej<lculatory duct..-. The :-<inu~ pocularis forms a. 

<'ld-de-f1rte a.bouL a, <1uarter of an int:h in length. which runs upward a111l lrn<:kw:.ml 
in the ~ubstance of the prostate beneath the middle lobe: it~ prominent upper w;dl 

part!~- forms the verumontanum. Its walls arc composed of tiLrou~ ti~sue. mu~t·u

lar fibres, ~md mucous membranP, an1l numerous small glands open on its inner 

surface. It has been called bv " .,. ebcr, who <lisco"ered it. the Ulfrux 111asculinm.:. 

from its being developed from' the united ends of the rudimentary ) fiillcrian 1lu('ts. 

and therefore homologous with the nterus in the female. · 

The Membranous portion of the urethra extend~ bet"een the apex nf the 

prostate and the bulb of the corpus spongiosum. It is thf' narrowest part of the 

canal (excepting the orifice), and measures three-quarters of an inth alon~ i1:-: 

anterior and half an inch along its po~terior surface. in conse'lurnte Qf tl1e li11lh 

projecting backward benealh it. It~ anterior couctn·e !:iurface is placed about :rn 
inch beneath the pubic arch, from which it is ~C'parated hy the dor~al vc~~eb a111l 

nen·es of the penis and 1'0llle muscular fibre~. Its po:-:trrior cmwcx :-urfat·t.· is 

~eparatC'd from dtC' l'C'Ctum by a triangular i:::pa<:e. which is part of the peri11a.•mn. 

The membranous portion of the urethra perforate.;; hoth the anterior tl!ld po-.terior 

layer~ of the 1leep perinea! fa.<.:cia, arnl receivC':o; an im·e:--tmC'nt from tl1em. .\s it 

pier<:e5 the PQ"'terior layer, the fibre>; around the opening are prolo11g:etl batk\\t\l'Cl 
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over the J~osterior part of the rn<>rnbranous portion of the urethra. allfl a~ it pirrcc:-; 

~he a1~tenor layel', .a s imilar prolongation takes place in the oppo:-oite direction. 

mvestm g the anterior part of the membranous portion. It i~ al~o ..;urroundcrl lff 

the Compressor u1·ctline muscle. · 

The Sp_ongy port~on .is the 1.on,!.!:CSt part, an1l is conrnined in the torpu'- spongi

osum. It 1s a.bout six mchcs m lengt l1. and cxtencl;.; from the termination of the 

membranous portion of the mcatus urinarius. I t-; 1lirection at fir~t is downward and 

forwar.d tl~en up,~·an! for a short distance and then downward again. ]r i~ narrow 

:rnd .of uniform .size 1.n the bod:" of t~e _reni~. measuri ng about tL quarter of an inch 

Ill chamet~r, hcmg ~lilatecl behm<~. wnlnn the bulb, and aµ:ain anteriorly within the 

glans penis. where 1t forms the .fo.~sa navicularis. 

The B_ulbous portion is a name g iYcn, in some descriptions of the urethra. to 

the postenor par t of the spong.v portion co11tainctl within the bulb. 

Th e meatus 1uinadus is the most contracted part of the urethra; it is a vertical 

slit, about three lines in length , bounded on each side by two small labia. 

'l
1he inner su rf~ce of the lining membrane of the urethra, espec:ia ll y on the floor 

of the spong.Y pon10n, pres.en ts the orifi ces of numerous mucous glands and follicles 

situated in the submucous ti~sue, and named the glands of L itt1·e. They vary in 

size, and their orifi ces are directed forward, so that they may easily intercept the 

point of a catheter in irs passage along the cairn!. One of these lac u11 re. larger than 

the r est, is s ituated in the upper surface of the fossa na\·icularis, about an inch and 

a half from the orifice; it is ca11ed the lm:1rna magua. Into the bulbous portion 

are found openin g th e ducts of Cowper's glands. 

Structure.-The urethra is compo~ed of a conti nuous mucous mf'rnbrane. 

supported by a, submucous tissue which connects it with the various st ructLLres 

through which it passes. 
The wucous coat forms part of the geni to-ul'inary mucous membran e. It is 

continuous with the mucous membrane of the bladder, ureters, and kidnen: 

externally with the integument co,·ering the glans penis: and is prolonged ii1to 

the ducts of th e glands which open in to the urethra-dz. Cowper's glands and the 

prostate gland-and into the rnsa <leferentia and ,·esiculre sem inales through the 

ejaculatory ducts. In the spongy and membranous portions the mucous membrane 

!~·e a~~:~~e~P~~ 1~cn~!~~~d~~:l o ;.f~~!, ':~d1 it~h~P~~·~:~atsl!~f~~r~c~~d~h e ~~f1:!n~:t~~rd 
stratified variety. cxc.epting ne~r the .meatus, where it ~s squamous. . . 

'rhe submucous tzs!fue consists of a vascular erectile layer, outsale which is a 

layer of unstripcd mu scular fibres, arranged .in a c i~·cular· cl ir?ction .. whic:h sepa

rates the mucous membrane and submucow~ tissue from the tissue of th e corpus 

spongios um. 

hard ~~J!~~~~ ~1~dt~,riri~ ~~= ~~~i1;::iu:~~ !ha~-
1~J!~u1~~~1 ,;),~ !!1 ~r~:~~1i~S\~~~!:1~~ t h~'.;~~!bi~:~;~'1{~' 

:Bleeding wi ll al once take pbte from the urcthm, and ~Im. 10.ucthcr with, the ~r~11sm!! m the 

perinreum and the hi~tory of the accideut, ~viii at one~ point t(! 1he nature yf the lllJ~iry. . 

The surgical anatomy of the urethra. I!:! of cons1dcrable uuport?nee 111 co11ncc11on with tl~e 

pas.sa~e of instruments into the iJladdcr. Otis was the first to pomt oul that .the urethra I:, 

~~~;:~di~f!{ ~~e~~ t~1,~~j1i~j~ii:;u;~ t~tt·F~~~1~fS~.;nrl~1~
1~Jl~ ~~el~~~~~~J1~~~i:J~.~~~J~1~~~1~~.str~J!J;;:~lrifi;~ 

of the urethra is not ;.;o dilatable, and therefore frequently requires ~~1tt111g,.. A rc;t·~gmtu~n of 

this dilatabilit.v cau~ed Bigelow to very cousidcrahlr m.ocli~Y. the opcra11on o~ hth?lrit.'. an<~ mtro· 

~h~~l~b~ k~~i:l~~1 fi!::l~~·· 1)0~~i.,f:~~;~ c;1~~~:~~~re~~,~~
1l1~i1~ 1 ~~~;111~~~t~\~/~~·i\~ t0i1s t!W1~~~i1~~,~~~J: 

~~g;~·;~J:{~r:~£1i:~I~~1~~n~;.~~;f@~f ~~:l::~~;~:~.r~~:~ i~~·'.~~r~~~ ~~1~:1:~~::brI~~:E. ~:~:; 
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THE PROSTATE GLAND. 

']_ll ~~d;:~:f.~~~ ~la;l~c~l'f,~~,~~;~~l.'~t~;"~r~1~;o~~) :~: !~:k ~'r"~~'~lab·Ia~~;:ct~,'.~J 
around the commencement of the urechra. 1t i-=. placc<l in the pelvic cav ity, behind 
and below the symphysis pubis. posterior to the <lcep perinea! fiu;cia, and rests upon 

the rectum. through which it may be di1'"tinctly felt. especially when enlarged. 
In shape and size it is s:i.id to rcscmhlC' a che~tnut. 

Its base is directed upward and backward and rests against the neck of the 
bladder. 

Its apex is 1.lirecte<l llownward aml forwanl to the deep perinea} fmicia 1 which it 

touc:hcs. 
Its posterior sm:f'cu:f' is ~rnooth and fla.t, marked by a. slight longitudinal furrow, 

and rest~ on the rectum, to which it is connected u,~ dense areolar tissue. 
Its onterior surface is convex, an<l is placetl ;tbout three-ttuarters of an inch 

behind the lower part of the pubic ~.vmphysis. 
It measure:; about tln inch an1l a half in it~ trans,·crse diameter at the bm;e, an 

inch in its antero-posterior <li:uneter. :incl three-quarters of an inch in depth . Its 
weight is about fh·e drachms. It is heh.I in its position by the anterior ligaments 
of the bladder (pulio-prMlatic); by the po•terior layer of the deep perinea! fascia, 
which i1n·est~ the commencement of the membranous portion of the urethra an1l 
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prosta.te gland: anrl by the anterior portion of the Levator ani muscle (lel'ator 
prostatw), which pa~:-:es 1lown on each side from the ~.vmphys i s pubis an<l antenor 
ligament of the bladder to ll1e sides of the prostate. 

'L1 he prostate coni::.i:-;ts of two lateral lobes an1l a middle lobe. 
Th~ two lateral lobes are of equal !:'ize. separated by a deep notch behind, and 

?Y ~"slight fu1:ro" upon t.h~ anterior and P?~tcrior ~urfaces of the g land. which 
md1ca.tcs the bilobcd cond 1t1on of the organ rn some ~n imals . 

. The thircl 1 o~ middle lobe, is a small u·ans\·cr~c band, occasionally a rounded or 
triangular promme~ce, ylacec~ between the two ht.tel'al lobe8 at the poster ior part 
of the organ. It hes 11nmed1acely beneath the neck of the blad<ler. behind th e 
cor:nmcnce~ncnt of the urethra,_ a~d above and between th e ejac ulatory ducts. Its 
ex istence 1s not comw~nt, but it ts occasionally found at an early period of life, as 
we1l as in adults and in old aO'e. 

The prostate (}' I an~ is pc~forated by the urethra and tbc ej aculatory ducts. 
rrlte urethra. u::;uaily li es about one-third nearer its posterior than its anterior sur
face ; orca~i o nally, th e prostate surrounds only the lower three-fourths of the tube. 
and more rarely tLe urNhra. runs through the lower instead of the upper part of 
the gland. Th e ejaculator,\' ducts pass forward obliquely between the middle and 
each lateral lobe of the prostate and open into the prm;tatic portion of thC' urethra. 

Structure.-'l'he prostate is enclosed in a. thin but firm fibrous capsule. distinct 
from ~hat deri,•ed from the posterior la>·er of the deep pcrineal fascia. and separated 
from 1t by a plex us of Ye ins. [ ts sub~tan ce iR of a pale rcddish·gray color, of 
great densicy and not eas ily torn. It consists of glandular substance and muscular 
tissue. 

Th e muscul ar tissue, according to K<>llik er, constitutes the proper st rorna of the 
prostate, the conn ective tissue being ,·ery scanty, and Him ply form ing thin trabeculre 
between tbe muscular fibres, in which the ve~sels and ncnes of the gland ramify. 
The muscul ar tissue is arranged as follows: Immediately beneath the fibrous caps ule 
is a dense layer. which forms an im·esting sheath for the gland: secondly, around 
the urethra . as it l ies in the prostate, is another dcnRc layer of circulal' fib res, 
continuous behind with the internal layer of the rnnscula1· coat of the blad1ler. 
and in front blending with the fibres su1Tou1Hlin g the membranous port ion of the 
urethra. .Between these two layers st rong bands of musc ula r tissue, which 
clecussate freely, form meshes in which t he glan clular structure of the organ is 
imbedded . In that part of the g land which is s it uated a.born the urethra the 
muscu htr tissue is especia ll.Y dense, and there is here little or n o gla nd tissue: 
while in that part which is below the urethra the muscular tii:;sue pre:;ents a widc
meshed st ructure, which is densest at the upper part of the g land-that is. nea r 
the bladder-becoming looser and more spongc·like towar<l the apex of ibe 

organ. 
The ,11landnlar smbstrrnce is composed of numerous follicular pouches, opening 

into e longated canals, which join to form from twcl\'C to twe~ty small excretory 
ducts. Th e follicles :ue connected together by areolar t1!5sne. supported by 
prolongations from the fibrous capsule and 1~rnRcular st ronrn . and enclosed in a 
deli cate capillar,v plexus. ~,he cpithc}ium l11~ing of bo~h the canal s ~nd the 
termin a l ,·c:siclcs is of the columnar rnnety. 'I he prostat1c ducts open rnto the 
floor of the prostatic por1ion of the urethr~. . 

Vessels and Nerves.-Tb c arteries suppl.y1ng the prostate are denYctl from. the 
internal pudic, ''e~ i ca l , and h~morrhoidal. Its Nin!; form a pl_exus a.l'ouncl th_e sides 
and base of the gla n1l ; they receirn in front the dorsal YC~u of the peni s, an.cl 
terminate in the internal iliac "ein . The n.en•eR arc dcnved from the pelnC' 

plexus. 

Surgical Anatomy.-;--The relation of the pro:-i!atc to the rectum should he not~d: by mea1~~ 

~~~~l~ci fi1~1;~~ 1~0f{.cl 1~J~~da~~~0S1~1~";1;~j. s;~J~1~h 11is(~J~:.0~~1i~l'.~1~~g(11~k!s0~ ~~~~i~~dfo~~~~r~~ut~~'.~ 
he is ('nflhh.•d nl~o by the, ~an!e. mca.n~ to <l1rC<'.t the point of a ('atheter w\lCn its l!ltrodu~tlon ts 
attenderl with difficulty either from rnJury or disease of the membranous or prostat1c port1om: of 
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COWPER'S GLANDS. 

Cowper's Glands arc two small rounded and ROlll('\1 hat lobulatcd bodic~ of 
a yellow color, about the size of peas, placed bchin1l the fore part of the mcm· 
branous portion of the urethra, between the two hycrs of the deep perinea} fascia. 
They lie clo:;.c abo,·c thl' bulh. and an• enclo~<'d by the transverse fibres of the 
Compressor urcthr:u muscle. 'L'beir ex istence is said to be constant: they gradually 
diminish in size as age a.dnu1ccs. 

Structure.-Eacb gland cons ists of several lobu \cs held toget li er by a fibrous 
investment. Each lobule consists of a number of acini lin ed by columnar 
epithelial cell s, open ing into one duct, which, joining with the ducts of other 
lobules outside the gland 1 form a single exc retory duct. Th e excretory du ct of 
each g land, nearly a.n inch in length, passes oblh1u ely forward beneath the 
mucous membrane, and opens by a. minute orifice on tl1c floor of the bulbous 
portion of the urethra. Their existence is said to he consta nt; tl1 ey gradually 
diminish in size as age advances. 

THE PENIS. 
'l1he Penis is the organ of copulation . It consists of a root, body, and extremity, 

or glans 7Jenis. 
The root is firmly connected to the rami of the os pubis and ischium by two 

strong tapering, fibrous processes, the erura, and to the front of the p;ymphysis 
pubis by the !Wkpensory l(qament, a strong band of fibrous tissue which pas::.es 
downward from the front of the symphysis 1 ubis to the upper surface of the root 
of the penis, where it blends with the fascia.I sheath of the organ. 

'l'he e.rtremity or glanr< penis, presents the form of an obtuse cone, 'flattened 
from above downward. At its summit is a. vertical fissure, the or ifice of the 
urethra (meatw~ lll'inarizts). 'l1 lie base of the gla11 !-\ form~ a. rounded projecting 
border, the corona glandi!S, and behind the corona iii a deep const riction, the 
"r>ruix. Upon both of these parts numerous smnl l sebaceous g lands arc found, 
the glandnlre '1.'.11sonii odor{f'erce. rl1 hey secrete a sebaceous ma.t.tcr of very pecu li a1 
odor. which probably contains casei11e and becomcH eas ily decomposed. 

The botl.11 <l th<' penis is the part between the root and extrem ity. In the 
flaccid condition of the organ it is cylindri c:a l, but when erect has a triangular 
pri1m1atic form with rounded angles, the broa<le~t side being turned upward, and 
callc(l the dm·sum. 'Jlhe body is cornrcd by integument, and contains in its interior 
a. lar~e portion of the urethra. 'l1he integument COYCring the penis is remarkable 
for its thinne~s, its dark color, its. loosenc~s of connection with the deeper parts 
of the nrg-an , an<l its containing no a<lipose ti!:isnc. .At the root of the penis the 
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lllt cgument i;.; cont inuous \\itL that upon the pubes and scrotum. an<l at tbe 
11 etk of the glans it lc:wcs the 8U rfacc ancl becomes folded upon itself to form the 
]Jr<'jJlll'{'. 

The int~rnal layer of the prepuce is atlached bchin<l to the cervix, and 
approachc:-; in tharactcr to a mucons membrane; from the ccn'ix it is reflected 

i)i~·1(~~~~l~ef'gt\~~1 :11!~~;:i1~. and at the me:.ttus 11ri11:triu ~ is continuous with the mucou:-; 

The. mucous membrane co\·ering the glan :-. penis contains no ~chaceous glands. 
but J1l'OJCCting from. it~ free s urface are a numbe r of small, highly sensitive papill;"{' . 
.At the ha.ck part of the mcatus urinarius a fr_) ld of mucous membrane passes back
ward to the bottom of a d e pressed raphe, where it is continuous with tlie prepuce: 
this fo ld is ter111ed the f1·a:'11tu11 pneputii. 

Struct ure of the Penis.-' l1be penis is composed of a mass of erectile tissue 
cnclo~c<l in three cylindrical fibrous compartments. Of tlicRc, two. the corpora 
('Cll'ffnosa, arc phteed s ide by s ide along the uppe r part of the organ; the third. or 
t·ur1ms spongiosum, cncloseR the urerlua and is placed below. 

·~
1

hc Corpora Cavernosa. form the chief part of the body of the penis. They 
con~1~t of two fibrouR C)·lindrical tubes, placed side by side, and incimatel:· 
con11ected along the median line for their anterior tbrec-fourthR, wLilst at thei1 
back part the_,. separate from each other to form the crura, which are two strong 
tapering fibrous processes firm ly connected to the rami of the os pubis and 
i~thium. Each crus commence.~ by a bl unt-pointed proce~s in front of the 
tuberosity of the ischium, and before iti:; junction with it~ fellow to form the 

body of the penis it presents " slight enlargement. named by Kobelt the bulb 
1~t' tlte curpu11 cm•ernmntm. Just beyond 1his point they become constricted, 
and retain an equal diamerer to their anterior extremity, where the;v form a 
sinµfo rounded end which is reccirnd into a fos~a in the base of the glans penis . 
.. :\ median groo\·c on the upper surface lodges the dorsa l \'c in of tL c penis, an<l the 
grnovc on the under surface recei\·es the corpus spongiosum. The root of the 
penis is connected to the symphysis pubis by the suspensory l igamen t. 

Structure.-'l'he corpora crwernosa arc surrou11ded by a. strong fibrous envelope, 
cnni-isting of two sets of fibres-the one, longitudinal in direction, being common 
to the two corpora, cavcrnosa, and itne~ting them in a common covering: the 
other. internal. being circular in direct ion, aud being proper to each corpus 
ca,·crnosum. The internal circular fibres b:· their junction at tmc part form an 
incomplete partition or septum between the two bodies. 

The septum between the two corpora Ca\·ernosa forms an imperfect parti tion; 
it is thick and complete beL ind, but in front it is incomplete, and consists of a 
number of rnrtical bands, which are a r ra nged l ike the teeth of' a comb, whence the 
name which it bas received. septwn pedhqforme. These bands cxtcud between 
the <lorsal and th e urethral surface of the corpora c:werno:-.a. T h is fibroui;. invest
ment is extremelv den~c , of' considerable thickness, and con:-.ists of bu11dles of 

shining 1\·hite fibrCs 1 with .a~ admixture of wc>ll-de\·eloped elastic fibre~. so that it 

i:-; po:-sessed of great clast1c1ty. . . . 
From the internal i;.urfacc of the fibrous t'1Hclopc, as well as from the s ides of 

tlw septum, arc given o~ a num?er o_f h:rnds 01:·~01:<ls which c_ross the interior of 

the corpora ciwcrnnsa 111 all ~li~·ect1ons, sul?d1nd111g them mto a number of 
separate compartments, and g1vmg lbe entire structu_re a spo~1gy. appe:.tt~ance. 
ThcHe bnnds and cordi; are called trafwf·ulu), and Mns1s t of wb1t? fibrous ti ssue. 
clil1'tic fibre:'i, and plain muscnlar fibres. ln lhem are contarned numerous 

arteries and ncn-cs. 
The compuucnt fibres o_f which tlte trabeculre a.re composed are l~u~ger and 

~~ro'.1 ~~~ ~~~~ 1~<~ i~~~ 1 . c~~f1~\1~ct1i~:nc~ n l ~1~~~1 ~t t ?L~1ec~~ ~~~s;;c~~~ ~1~ 11~o~··~o~1~;.~:~~~!~~ 
Jai~i~c;.t •tt the centre than at the circumfcrcn«c. their long diameter being directed 

1:.a~foi vc.rscly: they arc la1:ges t anteriorl,r.. ~J1bcy arc occupied. by ."~nous. bl~od. 
aiHl arc liiH•il lJy a la.ycr of flattcnc1l C'Clls !'11nilar to the endothel ial l1111ng of rems. 
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The whole •>f rhc structnre of the corpma cn\·crn11:--a conta1nt.'ll \\ithi11 the 
fibrous sheath l'on~ists, therefore. Clf a ~ponge-likc ti~~uc of areolar :--pace~ fn·ely 

~~~~-~~:::~;c·~~n~~:t:~:c(rt<~.~1 1 :~-~:rc~~~lrnfi0\1,~d ,. ;i:11~~ vc~non~ blood. 'l'hc ~patt'" ma,v 

ca ,.~~~~~~~r: ~1\~c~~:~~~f ~~ g f :.~~ b1~Z(~~~s~~~~~1~t:,~;~~~? ~:: ~:~1i::·t~ 1~f ;hot~ 1~~for~1~~ 11 :1~·: 
fibrous capsule, along the upper surface, especially near the forf' part of the 

org~~hesc arteries on entcrinD' the cavernous structure divide into branchc:-: "hich 
arc supported arnl enclosed 

0
by the trabecuhe. Some of these terminate i11 a 

capillary network, the branches of which open directly into the caYcrnous space:-;; 
others a~:-;umc a. tendril-like :t.ppearance, and form conrnlutcd and somewhat 
dilated vcss('ls, which were named by )Hiller lulfrine artcrit1x. They project 
into the spaces, an<l from them are given off small capillary branches to supply 
the trabecnla.r structure. rrhev a.re bound down in the spaces by fine fibrous 
processes, and are more abundant in the back part of the corpora ca,·erno:"<t 
(Fig. 737). 

The blood from the cavernous spaces is returned by a series of vessels: 1;ome 
of which emerge in coul'iderable numbers from the base of the µ:lans pe111:-Z ancl 

cnnrerge on the dorsum of the organ to form the <lorBal Yein; other~ pas.s out on 
the upper surface of the corpora carnmosa. and join the dorsal vein: some emerge 
from the un<ler surface of the corpora cavemosa, and. recciYiug hranehe~ from the 
corpus spongiosum, wind round the s.icles of the penis to terminatC> in the dor:;:al 
vein; but the greater number pa:;:s out at the root of the penis :rnd join the 
pro~tatic plexus. 

the '~ ~~c~0~~~~1~:0o~g:~~u:1~~~~~sc~~ \'~~-~~~~~th 1~~ ' c~::~~n~~1 :~~u~~~~c:·~1o~t~ i~r~~~~ t ;:~ 
the deep perineal fa~cia between the di\'erging crura of the corpora ca\·erno~a. 
where it forms a rounded eula.rgement, the bulb, and terminates anteriorly in 
another expansion, the .qlrtns penis. which O\'Crla.ps the anterior rournled extremity 
?f th~ corpora. caYernos~t. ~1 he central port.ion, or body of the corpus spon~i11~nm. 

is c.~j_!;11~<l~111~~~· \~~-~~!ai1:1c~~z:lii~~1 ~:~.;::~: ~~:~J:~t~o:n;·t::~~cives a fibrou~ inn·~tment 
from the anterior la..\·er of the deep pel'incal fascia., :rn<l is surrounded by 1hc 
Accclcmtor nrinre mu~clc. The urethra enters the bulb nearer iti;:. upper tLan its 
lower snrfaec, being surrounded by a layer of erectile tis.sue, a thin prolongation 
of which is contill11ed backwar<l round the mcmhra11011~ and prostatic portions of 
the c;mal to the neck of the blncl<lcr, lving: between the two layers of muscular 
ti~sue. The portion of the bulb belnw lhe ·urethra prc!:'ents a pat:tial division into 
two lobC'~. bcin~ marked externally by a linear raphe, whih.t intC'rnalh- there 
1mdects inward, for a short distancC' a thin fibrous !o;eptum. mun• 1li~tinet in 
f' :trl~· life. 
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St~cture.-The corpus spongiosum consists of a strong fibrous envelope, 
enclosrng a trahecular structure. which contains in its mc~bes erecrile tissue. The 
fibrous envelope is thinner, whiter in color. and more elastic than that of the 
corpora cavernosa. The trabeculre are delicate, uniform in size, and the meshes 
between them small, their long diameter, for the most part, corre.:;ponding with 
~hat of the penis. The external em·elope or outer coat of the corpus spongiosum 
is formed partly of unstriped muscular fibre, and a. layer of the same tissue imme
diately surrounds the canal of the urethra. 

'l'he lymphatics of tlie penis consist of a superficial and deep set; the former 
are derived from a dense network on the skin of the glans and prepuce and from 
the mucous membrane of the urethra, and terminate in the superficial inguinal 
glands; the latter emerge from the corpora ca.vernosa and corpus spongiosum, and, 
passing beneath the pubic arch, join the deep lymphatics of the pelvis. 

The nen .. es are derived from the internal pudic nerve an<l the pelvic plexus. On 
the glans and bulb some filaments of the cutaneous nerves ha\·e Pacinian bodies 
connected with them, and, according to Krause, many of them terminate in a 
peculiar form of end-bulb. 

Surgical Ana.tomy.-The penis occasionally ref{uires remo,·al for malignant disease. 
Usually, removal of the ante-scrotal portion is all that i!S necessary, but sometimes it is requisite 
to remo,·e the whole organ from its attachment to the rami of the os pubis and ischium. The 
former operation is ~erformed either by cutting off the whole of the anterior part of rhe penis 

d~~u:~ a8~de~~e°r[ ~P~;;~i~~ ~I~~ :Ohr~~s s~\~~i~sc~~t~~~1 ~~~~!: ~~~idi1~~i~aa~~~,}~~~i~!:~~: ~~= 
glans penis. The mul'ous membrane of the urethra is then slit up. and the edg-es of the flap 
attached to the external skin, in or<ler to prevent contraction of the orifice, which would other
wise take place. The ,·e~cls which require Ji uaturc are the two don-al arteries of the penis. the 
arteries of the corporn c:wcrno.::;a, and the artery of the septum. When the entire orj!an requires 

~JE:£~;,~,\~'~!~~:f.\t~~~,~';,~;~:£~!~~:li\\j;,~~~~~ir: ~i~·~~::','.ii'.i~~;;;~il\~:,r:~'i~~~1~'.:ej,~,!~ 
ducecl into the bladder as a !!Hide, the membranOU$> portion of the urethra is ~cpar:i.tcd from the 
corpus isponuio:;um and di,•ided. the catheter ha\'inu lieen withdraw1i, jui.;t behind the bulb. 'l'he 

~~~~::·:~::::~~,:~~~,'.,\'.,:!: ,;i~,~·~~~r~;;i:f ,::~i1~ ,~~\~Ib'..;~~~·ti:~::l~r~~ ,:~fa~:::~~!~~~::i~ r;~~:!:~:;;;: 
the 11erinreum. The remai11dcr of the wound is to be brought together1 free drainage bei ng 
pro,·i<lcd for. 

THE TESTES AND THEIR COVERINGS (Fig. 738). 

The Testes are two i:rlandular or7an"l. which i.;ecrctc the semen; they are sit
uate<l in the scrotum, being suspended b_Y the spermatic cor<ls. At :rn early 
period of fcetal life th~ testes are contained in t~1e a~Hlominal cadty, be~ind the 
peritoneum. Before birth they descend .to the rngumal canal. alo_ng w~1ch they 
pa:'s with the spcrmatic cord, an_d, e_mergmg .at th~ external abdommal rmg. t_hey 
descend into the ~crotum, becommg mvested m the11· course by numer?us co\·e~·mgs 
derive<l from the serous, muscular, and fibrous layers of the abdommal panetes, 
as well as by the scrotum. The cornrings of the testes are-the 

Skin [. Scrotum. 
Dartos 
Interco umnar, or External spenna.tic fascia. 
Cremasteric fascia. 
Infundib11liform, or Fascia propria (Internal spermatie fascia) . 
Tunica \'aginalis. 

The Scrotum is a. cutaneous pouch which contains the testes and pa1:t of .the 

spcrmz~ic"c~:~~·is;~~:i~~:~ll~~lr~~;.~r~:i~~!~'u\~J~rt:~~rg:~1:~ ';~~,-~~1~i~ ~n<le~~~~,~~:1~i 
0~ ra! :h~ middl t· line of the perinreum to the anus. Of these two lateral portions, the 
fe~tn~ longer than the right, and corre;o;pomb with .the greater ~c~1gth of.the spermatic 
cord 

011 
the left side. Its external a."ipcct vanes un1ler d1flerent c1rcumt:itances : 



lliil Jf.lLE (!EXER,lTII'/,' 0111:.L\'S. 

thu~. under thC' influence of warmth and in old and clchilitatc<l persons it becvmes 
elongatc<l anti Ha.cci<l, but un<ler the intlucnce of col<l :uul in the young and 
robmil it is ~hurt, corrugate<l, and closely applied to the tt'i:-;1es. 

'llhe scrotum con~ists of two la.yers. the integument and the dartos. 
The integume~t is very thin, of a browni. .. h color, alHl generally thrown into 

foltli'i or rugre. It is pro\·ided with sebaceous follicles, the secretion of which b3s 
a peculiar odor. and is beset with thiuly-scattercd, crisp hairs, the roots of which 
are ~cen through the skin. 

'rhc dartos is a thin layer of loose reddish tissue, endowed with contractili~y: 
it forms the proper tunic of the scrotum, is continuous, around the base of the 
scrotum, with the two layers of the superficial fascia of the groin and perim:eum. 

Mediasti1111.111.._ 
Digitalfoua. ---

Sj"H!rmaticui11._ 
1-./>i<lidymis . . 

1"11sdefere11s. _____ ····-
Arterytorns.---···-···-

.~pe,.umlietH"lery. ___ ..... -...• 

1::.:\~·~1'K;m~~;:------~ 

FIG. 73fl.-Trnn"'"t•r.-c ~CC'lion thrnu.£rh the left ,;idc or the sC'rotum aud tlH: !en lt::.liclc. 
luaiC'nv11i;lnnlisrc1>rc:;cntedina distended condition. {Dch':11inc.) 

and sen<ls inwa.rd a. distinct septum, S<'ptu.m srrnti, which di,·icles it into two 
cavities for the two testes, the septum extending between the raphe and the under 
surface of the penis as far as its root. 

rl'he dartos is closeh- united to the skin cxtern:ilh-, but connected with the 
subjacent parts b_v delicate areolar tissue, upon "hi ch 'it glides with the greatest 
facility. The dartos is very vascular, a.nd consists of a loose areolar tissue con
taining unstripcd muscular fibre. but no fat. Its contractility is slow, and excited 
hv cold a.nd mechanical stimuli, but not bv elcctricit\·. 

~ rl1he intercolumnar fascia. is a. thin me~1brane dc1:iYc<l from the margin of the 
pillars of the external abdominal ring, during the de8ccnt of the testes in the 
footus, which is prolonged downward arounrl the surface of the cord and testis. It 
is separa.ted from the dartos by loose areolar tissue, which allows of considerable 
mm·cmcnt of the latter upon it. but is in~imatt:ly connected with the sncceerling 
layers. 

'The cremasteric fascia consists of scattcrctl hundlcs of muscular fibres 

~;~:t:l;ts:r:~~~~sc~leco~~:~~r:r tfiff~!~e~r~n~~i:ti:ou:t~~t~~i~~ c~~~r1i;,~e~\~~.~e01~~;1i~~: 
Internal ohli11ue muscle of the ab<lomen. 

The fascia propria is a. thin membranous layer which 1oose1v iO\·ests the 
~urfacc of the cord. It is a continuation downward of the infundibuiiform proce~s 
of the fa.::cia tram,·er ... alis and the subperitoneal areolar tissue, and is acquired 
during the lic1'cent of the testis in lhc ft.ctns. 
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rrhc tunica vaginalis is dcscribe<l with Lhe proper CO \'Cring of the testis. 

Vessels ~nd Nerves.-'11he arterieH supplying the coverings of the testis arc: 

th e superficial_ and deep external pudic, from the femoral; the superficial perinea I 

br:lnc~ of the mternal pudic; and the cremastcric branch from the epigastric. 'l'hc 

~ems f~llow. the course of, ~he conespon<ling arteries. The l,qmphatieH terminate 

m the mgu111al glands. Lhc nerves are : the ilio-in"uinal branch of the lumbar 

plexus, the two superficia l perinea] branches of the int~rnal pu<lic nerve, the inferior 

pudendal branch of lhc small sciatic nen·e, and the genital branch of the gcnito
cru ra.l nen'c. 

The Sperma.t~c ~or.d extends from the internal abdominal ring, where the 

structures ~lf which 1t 1s composed corwerge, to the ha.ck. part of the testicle. In 
the abd?m1?:.1.l wa.ll the c~nl passes obliquely along the tnguinal canal, resting on 

Poupart s ligament. It lies at first between the Internal oblique and the fascia. 

trans\•ersalis; but nearer the pubes it has the aponeurosis of the External oblique 

in front of it and the conjoine<l tendon behind it. It then escnpcs at the external 

ring, and descends uea.rly vertically into the scrotum. The left cord is r::i.ther 

longer than the right , consequently the left testis hangs somewhat lower than its 

fellow. 
Structure of the Spermatic Cord.-The spermatic cord is composed of arteries, 

veins, lymphatics, nerves, the excretory duct of the testicle, and a thin fibrous 

cord, the 'remains of the peritoneal 11oucli. caused by the des.cent of the testicle. 

These structures are connected together by areolar tissue, and im·ested by the fas

cim brought down by the testicle in its descent. 
Th e arterfrs of the cord are : the spermatic, from the aorta: the artery of the 

ms Uefercns, from the superior ,·esical : the crenw.steric, from the deep epigastric. 

'l1hc spermatic artery, a branch of the abdominal aorta, escapes from the 

abdomen at the internal or <leep abdomi nal l'ing1 and accompanies the other con

stituents of the sperma.tic cord along the inguinal canal and tbrougL the externa l 

abdominal ring into the scrotum. It then <lc:-:ceuds to the testicle, and, becoming 

tortuous, <livides into se,·eral branches, two or three of which accompany the 

YaS deferens and supply the epididymis, a.nastomosing with the artery of the vas 

deferens; others pierce the back of the tunica albuginea and supply the substance 

of the testis. 
The cremasterif artery is a branch of the deep epigastric artery. It accom

panie.:, the spermatic cord and supplies the Cremaster muscle and other coverings 

of the cord, anastomosing with the spermatic artery. 
The artery of tlie iws d~fenms, a branch of the superior vesical, is a long slender 

vessel which accompanies the vas dcfcrens, ramif)ring upon the coats of that duct, 

an<l anastomosing with the spermatic artery near the tes~is. . . . 
Th e spermatic ''eins emerge from the back of the testis and receive tl'1butar1es 

from the e1Jicliclym is; they unite and form a convoluted plexus (p?ei:us 11ampini
formis), which forms the chief mass of the cord.: the vessels compos111g this plexus 

are Yery numerous, and. ascend a!ong t.he cord ID ~ront of the ,·as defcrc1.1s; be~ow 

the externa.l or superfi ct<Ll abdo?1111al !'Ing they um~e to form three or four \'ems, 

which pass along the _spern~atic canal , and: cnterrng !he a~~omen th.roug~ the 

internal or deep abdominal ring, coalesc~ to fo~·m ~wo vein~. ~hese agam umte to 

form a sin.cr lc vein which opens on the nght side mto the mferior ,·ena cam. at an 

acute angl~, and dn the left s i~l e int.o the renal vein at a right angle. 

11he lymphatic vessels tenm.natc m the lumbar glands. . .. 
'The nerves are the spermatic plexus from the sympatbetw, JOmed by filaments 

from the peh·ic plexus which accompany the artery of the ms deferens. 

tcsti~:.1'~fj;}3 t!ti;~~fi;;-~~:~~~J~~t~:1c1°1
1~;e'\~1 ~J~~1 ~~~~~~ ~f "~1~~l~;~~.,~!

1~n~r~t~~~~.'.~c~~ t~; 
a serous membrane, iti capable ~1f g~cat mob1hty, and can thcr~fore c~s1ly .slip about w1t~m the 

:J~~ii~1~;1d11~~p~\>\1: ~y;~aitn~y;:~~sf~~'.l~,~~o;~·~ ~~c:.!~fe~f
5lh cr\1~~s~~~~s 0!n~1~ 1~~~,;~~f 1:u~~~ 

!~~~i~Jh~il~blet I~~ ~;~~~:;~ ~i~1 d~~~~:~:!·~·t;~~~·i~i~~1'. 11 r1::s ::01~!er;~afr~0q:~;~J~, i11~~ ~~~~L o1f 
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C'pithelioma; Ll1is is no doubt Jue to the rug;c on it:-. surf:u:e, whid1 favor the lodirn1c11t of <lirt, 

~l:i !u\'1~;' . .s~~~~::~~ /,~;~·:~at1iJ:~, 1~1~!~c~~ci~~!1~~~~1se,l!I~~ I ~~·0~:~1~:1~~ ::i~el: h~ ~':~'t\i1i:~;~ cf ~~~:~:~~~t ~~! 
affoct<.'<l by clephantia!>is. 

On account of' the loo.scne.ss of the suhcutaneous ti::.:suc considcrnble cxtr:wa.sations of blood 

l~:~i1~~\~, 1:~~~~~;:~;~:11~~~r11~~!g1~1te~~{~:~:\~i~a}\~s ~~.~~J~~~tJl:~~:l!~);1::J~'.uL1:1~11 ~~c~:1~~e'~~r 1~~1~~1t!:~.~ 
one or more of the superficia l veins of the scrotum in car-c:i where local bloodletting from this 

~bf~ 1Ji,tl:!~~~1~i.~1~~c:\~~b~f: a ;~~~1~uo5f1~11~~ ~~~~~~:1~1:~ ~f{'~~stl~'~u~;~~~~l~';~ac~~~1~a~~11~1~i~~~i~~,d 
is of as!iistaucc in keeping the edges together and CO\'ering the exposed parts. 

THE TESTES. 

The Testes arc suspended in the scrotum by the spcrmatic curds. As the left 
spcrmatic cord is rather longer than the right one, the left testicle hangs somewhat 
lower than its fellow. Each gland is of an oval form, compressed latera1ly, and 
h:wing an oblique position in the scrotum, the upper extremity being directed 
forward and a little outward, the lower, backward and a little inward; the anterior 
convex bonler looks forward, outward. and downward; the posterior or straight 
border, to which the cord is attached, inward, backward. and upward . 

The anterior border and lateral surfaces1 as well as both extremities of the 
organ, arc convex, free, smooth, and i1wested by the tunica vaginalis. 'l'he 
posterior bonier, to which the cord is attached, recei\'es on ly a parti:il inrest
mcnt from that membrane. L;ying along this posterior border is a. long, narrow, 
flattened body, named from its relation to the testia. the epididymis (d!Ouµo,. 
testis). It consists of a. central portion, or body; an upper enlarged extremity, the 
,qlobus maJui-, or head; and a. lower pointed extremity, the tail, or glul.Jus minor. 
The globus major jg intimately connected with the uppcl' end uf the testicle b,v 
mcam1 of its efferent ducts, allll the globus minor is connected with its lower end 
by cellulM 1issue and a reHection of the tunica vngi11alis. 'J1he outer surface and 
upper and lower ends of the cpi<lidymis are free and co\-ered by serous membrane; 
the bod.\ i:; also completely invested by it, excepting along its postcrio1· border. 
The epididymis is connected to the back of 1he testis by a fold of the serous mem
brane. Attached to the upper end of the testi~ or to the epididymis a.re one or 
more ~mall peduncula.ted bodies. One of them is pretty con:-.tantly found between 
the globus major of the epiditlymis and the testicle, and is believed to be the 
remains of 1hc upper extremity of the i\liillerian duct (1.age 136). It is termed 
the h,11datid f~( Jlor,qarp1i. When the testicle is removed from the body, the 
position of the ms deferens, on the posteri or surface of the testicle and inner side 
of the epididymis, marks the side to which the ~land has belonged. 

Size and Weight.-The aserage dimensions of this gland arc from one an<l a 
half to two inches in length, one inch in breadth, and an inch and a quarter in the 
antero-posteriol' diameter, and the "eight varies from six to eight drachms, the 
left testicle being a. little the larger. 

The te~tis is in vested by three tunics-the tunica vaginalis, tunica albuginea, 
an<l tunica \'asculosa. 

'l1 he Tunica Vaginalis is the serous CO\'Cring of the testis. It is a. pouch of 
serous membrane, deri,·ed from the peritoneum during the descent of the testis in 
the fcetus from the abdomen into the scrotum. After its descent that portion of 
the pouch which extends from the internal ring to near the upper part of Lhe gland 
becomes obliterated, the lower portion remaining as a sh ut sac, which invests 
the outer surface of the testis, and is reflected on to the internal surf'a.ce of the 
scro~um; hence it may be described as consisting of a visceral and parietal 
portion. 

The l'iftceral portion (tunica 1x1ginalix prr1pria) covers the outer surface of the 
testis, a!-\ well as the epididymis, conn<'cting: the latter to the testis bv means of a. 
di~tinct fol1l forming a depre~sion, the digital fo;;.~:i. From the p0Rtc1:ior bonier of 
the gland it is reflected on to the intern:tl snrfoce uf the scrotum. 
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.The. pm:ietnl portiQn ~f the f(ero~u~ m<'mlira1.w (tunica va,qinalis r~(le.ra) is far 
mote extensive tl?an the. \' tSceral portion, cxtcndmg upward for some distance in 
front arnl on the mner 81cle of the cord. and reachinrr below the testis. The inner 
surface ~,f th~ tunica rnginrtlis is fre~, smooth, and co~eml by a layer of endothelial 

~~!!:~itu7c~-.c ~~~c 1~:~\t~;t~\~~~1~et~~m~·~~ce,1.':~i~~l1:8.parictal layers of this membrane 

'l1hc ~blit~ra.tcd pOrtion of the pouch ~na)' generally be seen as a. fibro-cellular 
thread lymg tn the l~os~ areolar ti~sue around the spermatic cord; sometimes this 
~n~y be traced as. a. <lustrnct ~and from the upper end of the inguinal canal, where 
tt 1s connected with the peritoneum, clo~rn to the tunica. vagina.lis; sometimes it 
gradually becomes lost on the spermatic cord. 
Occasionally no trace of it ca.n be detected. In 
some ca:;;cs it happens that the pouch of peri
toneum docs not become oblitera.tecl1 but the sa.c 
of the peritoneum communicates with the tunica 
vaginalis. This may give rise to one of the 
varieties of oblique inguinal hernia (page 1191). 
Or in other cases the pouch ma.y contract, but 
not become entireh· obliterated; it then forms 
a minute canal lca<ling from the peritoneum to 
the tunica rnginalis. 1 

The Tunica Albuginea is the fibrous CO\'er
iug of the testis. It is a dense fibrous mem
brane, of a bluish-white color, composed of 
bundles of white fibrous tissue, which interlace 
in crnry direction. Its outer surface is covered 
b:· the 'tunica vaginalis, except along its poste~ 
rior border, ttt the points of attachment of the 
epidjtlymis; hence the tunica. albuginen. m:ty 
be considered as a 6bro-serous memhrane, 
like the pericardium. ~l1his membrane sur- vng~1'r~ii;~~l~iii~~~~~1ti1~11~j1 ;~~ri the tunicu 

rounds the glandular structure of the testicle, 
?nd at its posterior border is reflected into the interior of the gland, forming an 
mcompletc Yertical septum, called the mediastimtm testis (corpus Jlighmorianum). 

The meclwstinmn testis extends from the upper, nearly to the lower, border of 
the gland, an<l is wider above than below. From the front and sides of this septum 
numerous slender fibrous cords and imperfect septa (trabeeullf!) arc gi,·en off, which 
radiate toward the surface of the organ, and are attached to the inner surface of 
the tunica. albuginea. 'l1hey therefore divide the interior of the organ into a 
number of incomplete spaces, which arc somewhat cone-shaped, being broad at 
their bases at the surface of the gland, and becoming narrower as they eom·erge to 
the mcdiastinum . The mediastinum supports the vessels and ducts of the testis 
in their pa~sagc to and from the substance of the gland. 

The Tunica Vasculosa ( pirt mate1' testis) is the ,·ascular layer of the testis, 
consisting of a plexus of blood-vessels_ held tog.ether by a. deli.c~,te areolar ~issue. 
It co,·ers the inner surface of the tu111ca albugmea and the ddlcrcnt septa. JD the 
interior of the gland, and therefore forms an intcmal investment to all the spaces 
of which the gland is composed. 

Structure.-'eLic glandular ~truc~ure of' t~e ~eslis .consists of numerous _lobules 
(1obttli lNdi.1!). 'J1hcir number, in a. smgle testis, is estunated by Benes at 2o0, and 
bv Krause at 400. 1rhe.v differ in si:1.e according to their position, those in the 
niid<lle of the gland being larger a~d ~ongcr. The lobules are conical in shape, 
the base bc:ing directe<l toward the Cll'ct11nfor('nre of the organ, the apex toward the 
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mc1lia:-;tinum. Each lobule is contaiue{l in 11nc of the in ter"al ~ hetwccn the fibrous 
conls an<l ya~cular processes which cxternl between the medinstinum testis and 

~!~~c~t:1:~c~1 t~;~,~~7i~=~~;z:: '(f~,~·~ nsr~~~ o[u~~~rn:;t~; ~~ t:~;~~r~:~~·o:;~ 1~:~~·~ i;~~l c~)~ ~~1~~·f~~! 
di!'sectiou uullcr water, and may be seen to commence either bv free cm_cal ends or 
bv anastomotic loops. The tot'al number of tubes jg consi<lc'red by l\Junro to be 
a.b~ut 300, an<l the length of each about sixtee n feet; by Lauth th eir number is 
estimated a.t -!O. and their a,·erage length two feet and a. qua.rtcr. 'l'hc diameter 
varies from Th tom of an inch. 'l 1hc tubuli are pale in color in ea rl:· life, but 

!l~b~~~1c~~:i:~~; ~'l~~~~~.;:~~~~l~~~,0i:s~:::~~hf ~~~1·ec~:,~:1~~li~la~1 ~~~1~~ c~~\\~~li~~·~~tl~~: 
the 1wminal cells. Th e membrana. propria is a. hyalinc structure, consi£o>ting ofse,•eral 
membranous layers, containing oval flatccned nuclei at regular inten::ils, super
imposed on one another. 'l1he seminal cells or lining epithelium differ in different 
tubules. In some tubes they may be seen to consist of an outer layer1 next the 
mcmbrana propria, and two or more layers of inner cells. The former cells are 
more or less polyhedral in shape1 uniform in size, and contain an ova l or spherical 
nucleus; the latter cells, those comprising the inner layers. are spheri cal and more 
loosely connected together. The nucleus of most or all of them is in the process 
of indirect division (krtryokinesis, page 40), and in consequence of this numerous 
small sph eri ca l daugh te r-cell s are to be seen, lying nearest to th e lumen and closely 
connected together. These small daughter-cell s are named .'iJpcrmatoblasls, and by 
a series of changes become converted into spermatozoa. In other tubes the gradual 
tmnsition of the spcnnatoblas ts into spcrma.tozoa ma~7 be traced. In some tubes 
or parts of tubes the daughter-cells ma.'· be seen to ha\·e assumed a pear shape, 
with the pointed end, in which the nucleus is to be found 1 directed toward the 
inner sem inal cells, while the broad pa.rt is directed into the lumen of the tubr. 
In other parts of a tube the broad end may be seen to have become elongated into 
a rod-shaped body, which constitutes the middle piece of the spermatozoon. while 
th e nucleus form~ the head. Again, in other parts of the tubes these young 
spermatozoa ma_y be seen collected together into fan-shaped groups. and from their 
distal end-that is to say, the end projecting into the lumen of the tube-a thin 
long filament, called the tail , is growing out. In the young subject the seminal 
cells present somewhat the appearance of an epithelial lining, and do not almost 
fill the tube, as in the adult testis. 

'l 1he tubules a.re enclosed in a deli cate plexus of capillary vessels, and are held 
together by an iu te rtubula.r connecth·e tissue, which presents large interstitial spaces 
lined b.v endothelium, which are bclie,·ed to be the rootlets of lymphatic ,·essels 
of the testis. 

In the apices of the lobules the tubuli become less convoluted, assume a nearly 
straight course, and unite together to form from twenty to thirty larger ducts. of 
about fo of an inch in diameter, and th ese, from their straight course, are called 
1.'Q!W 1·ecta or tubuli recti. 

The l'asa recta enter the fibrous tissue of the mediastinurn , and pass upwar<l. 
and backward, forming, in their ascent, a close network of anastomosing tubes, 
which are merely chan nels in the fibrou s stroma, ha,·ing no proper walls; this 
constitutes the rete testis. At the upper end of the mediastinum the vessels of 
the rete testis terminate in from twelve to fifteen or twenty ducts, the rasa, 
e.fferentia : they perforate the tunica albuginea, and carr.'· the seminal lluid from 
the testis to the epiclidym is. Their course is at first straight; they then become 
en larged and exceedingly convoluted, and form a series of conical masses, the coni 
rrtM'ldosi, which, together, constitute the ~lobus major of the epi1lidymis. Each 
cone consists of a single convoluted 1luct from six to eight inches in length, the 
diameter of which gr:ulu all .Y decreases from the testis to the cpi<lidymis. Oppo
Rite the bases of the cones the efferent vessels open at narrow intervals into a. 
:-;inµ:le duct, which con ~titutc::;, by its complex com·oluti ons, the body and globus 
min or of the cpidi1lym is. When the con rnlu t i on~ of this tube arc unravelled it 
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measure_s upwartl of twenty feet in length, and increases in breadth and thick

ness a::; •t. approaches the ,·a:;; deferens. 'l'bc con ,·olution::.. are held to"ether by fine 

arc~J,t~I~ ~,1~~:~~-c~:~l a~~· 0J;a~~~~ll~~. ~~~~~~~e:·i~~~~~ 
0 

the seminal tubes, and ha.\'C verv thin parietcs. 

They. as well as the channels or' the rete testis, 

a re lined by a single lavcr of flattened epithe

lium. The vasa effcreniia and the tube of the 

cpidiclymis have walls of cons idcl'a.ble thickness, 

on account of the presence in them of mu~cula.r 

~~~~~~.~~·hic~1~!8~ri~~c~~=ll~r:1·1~~~!t~l~~~1 ~:ii1:·~u~~:: 
ci liated epithelium . 

The Vas Deferens, the cxcretorv duct of ti.1c 

test is, is the continuation of thC cpididrmis. 

C?mme_ncing at the lower part of the g'lobus 

mrnor, 1t ascemls along the posterior border of 

the testis and inner si<le of the epi<lid)·mis. and 

along the back part of the spermatic cord, 

through the spcrmatic <:anal to the internal or 

deep ab<lominal ring. From the ri ng it cunes 

round the outer side of the epigastric artery, 

crosses the external ilia.c vessels, and clcsccnCls 

into the pell·is at the side of the bladder: it 

~::~~s~~g b<~~=1~"~~~ o~~i~cr~!~;~t~~~~~!g:~trf ~s a~~~~ c1e, ~~GS1~!~:~~~e!~~~~~g~~~i.~~\>~'~ 1\1~cd~~~:!: 
and to the inner side of the ureter. At the base 

of the bla1lder it lies between that Yiscus and the rectum. running along the inner 

border of the ve::;icula seminalis. In this situation it beco1nes enlar~ecl and 

sacculated, forming the ampulla, and then, becoming narrowed at the base of the 

prostate. unites with the duct of the vesicu la. seminalis to form the ejacu latory 

duct. The vas deferens presents a harcl and cord-like sensation to the fingers: it 

is about two feet in length, of cylindrical form, and about a line and a quarter in 

diameter. I ts walls are dense, measuring one-third of a line, and its canal is 

extremely small, measuring about half a line. 

Structure.-1'hc n1s defercns consists of lhree coats: l. An external or cellular 

coat. 2. A muscular coat, which in the greate1· part of the tube consists of two 

layers of unstriped muscular fibre : an outer, longitudinal in direction. and an 

inner, circular; but in addition to these. at the commencement of the vas deferens, 

there is a th ird lay~r, consisting of longitudinal fibres, plac~d internal to the circular 

stratum, between 1t and the mucous membrane. 3. An mternal or mucous coat, 

which is pale, a11d arranged in longitudinal folds; its epithelial co,·ering is of the 

columnar ,·a1·iety. 
A long narrow tube, the ras aberrans o.( -~Ialle~·, is oc~asionally found connected 

with the lower part of the caual of the ep1d1ch·m1s or with the commencement of 

the Yas dcfcrcns. It extends up into the core( for about two or three inches, where 

it terminates by a blind cxtrcmit_Y, wh.ich is occasionally bifurcated . Its length 

varies from an 'inch and :1 hal f to fourteen inche.-;;, and sometimes it becomes dilated 

toward its extremity; more commonly it retains the same diameter throughout. 

I ts structure is simifor to that of the vas defor~ns. Occasionally it i8 found uncon

nected with the epi<li(lymis. (!for organ of' U1raldCs or para<lidyrni~ sec page 136). 

E~~~!~~~J:~~§r\f.~}~J~f ~I~i~i~~\:,;1,;~;~;~:~:~:;~}:\~1~l~~:\~:f,f ;t~~i~~t~~~ 
ir~tj~~~r~.~F1~·e a~~1rd11~ 1~1,~·~~ni~1~1~:~~J:'~~!<l1i~·~1u ~~~::~i~~ t 1,~~~~li~~ ~:~~d \~.;~~~1~ ad1~1u~I~ li~~i~:~~: 
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C~~~:~,~"~~c; li~a~~r~~~h ~~,~!li,~1~~.(t~ ~:~~~~?~~li~n~!!~l d'i~~o~~ditini~':I:s;.::EI:· ::;l(~~!~1i(:i1~ 
inguinal canal an·l tie the corJ as near the internal ahdomiunl ring:\}; poi-. .. iLle. 

VESICULlE SEMINALES. 

The Seminal Vesicles are two lobulate<l membranous poucLcs placed between the 
base of the blad1lcr and the rectum, scn-ing as rcscnoirs for the semen, and secreti ng 
a fluid to be added to the secretion of the testicles. Each sac is somewhat pyramidal 

}'iv. 711.-Bnse of the bladder, with the vnsu. dcfcrcntio. and vcsicul~ semlnales. 

in form, the broad end being directed backward arnl tbc narrow end forward toward 
the prostate. 'J1hey measu re a.bout two and a half inches in length, about five Jines 
in breadth, and two or three lines in thickness. They ,·ary, however, in size, 
nnt only in different indiYiduals, but also in the sam e individual on the two sides. 
Their upper Sur.fare is in contact with the base of the bladder. ex tending from near 
tbn termination of the ureters to the base of the prostate gland. Their under .~wface 
rests upon the rectum, from which they are separated by the recto-vesical fascia. 
Their JJOSterior extremities dirnrge from each other. 'l1beir anterior extremities are 
pointed, and com·erge toward the base of the prostate gland. where each j oins with 
the corre~pon<ling ''as deferens to form the ejaculatory duct. Along the inner 
margin of each ,.e$icula runs the enlarged and conrnluted vas deferens. The inner 
border of the ,.eRicu lre and the corresponding ms defcrens form the lateral 
boundaries of a triangular space, limited behind by the rccto-vesical peritoneal 
fold; the portion of the bladder included in this ~pace rests on the rectum, its 
antero-inferior portion corresponding with the trigonum \'ei;:;icre in its interior. 

Each vesicula. consists of a, single tube, coiled upon itself and g i\'ing off several 
irregu lar crecal di,,erticula, the sepa rate coils. as well ns the di,·erticula1 being 
councctc<l together by fibrous tissue. Wh en uncoi led this tube is about the 
diameter of a quill, and varies in length from four to six inches ; it terminates 
posteriorl,Y in a. cul-clP-lW<': its anterior ext remity becomes constricted into a nar
row straight duct, which joins on its inner s ide with the corresponding ms dcferens, 
and forms the ejaculatory duct. 

~L'h c ejaculatory ducts, two in number, one on each si1le. a.re formed bv the 
junction of the ducts of the \·e::.iculre io:cmina lcs with tlie Ynsa <leferentia. "Each 
duct is ahont three-quarters of an inch in lengtJ1; it ('om rn rnccs at the hm:e of the 
pro..,tate. an1l runs forward and 1lownwanl hctwccn the mi<l<lle aml lateral lobes. and 
along the si1le of the sinu..; poculari~;;, to terminate by a separate slit-lik e orifice close 
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t? or just within the margins of the sinus (\•erumontanum). The ducts diminish in 

size s~~c~::.~~ht~':.~~~c~111=:rs~~~i~ll~~~~·~ composed of three coats : an e:dernc:l 
or _fi,bro-cellular; a middle or muscular coat, which is thinner than in the ms 
dcfcrens: tho r~rns~ular fibres are arranged in three layers, consist ing of an inner 
and outer long1tudmal stratum and an intermediate layer of circular fibres; and 
an in.ternal 01: mucous coat, wh.ich is pale, of a whitish~brown color, and presents 

~n~~l. i ca'~h:e!'i~i~~a~;i~%uf:~~t,~k0~"that seen in the gall-bladder, but the meshes are 

~rhe coats of the ejaculatory chwts are extremely thin. rrh ev are : an outer 
.fi.brous la,1Je_r, which is ~I most ent~re~y lost after thc(r entrance in"to the prostate; 

fo~~·f;t:~li;(at\~~~;~.l~1~Lt1:~~ ~~::~~~~0~w~~b1~~ie~f~~:~1i~~ 0tb~i 1::11;1~~1:sc~itu~ni;;n0e;· 
the tubes. 

Vessels and Nerves.-Tbe atleries supply ing the vesicu1m seminales are deri,·ed 
from the middle and inferior rnsical ancl middle brcmorrhoidal. rl'be veins ancl 
l!fmpltatics accompany the arteries. The nert•t'S are deriYed from the peh'ic 
plexus. 

Surgical Anatomy.-The nsiculre ~cmina lcs are oft('n the seal of an extension of the 

~~~~~~ t~f~~~~~~i~~~~c~ld~~i:}~S:'~!ftgfr!;~~e~~i~~t~~~!o~ll1h~'~':1i~\~-ff~~tl:i1.cxamined from the 

Descent of the Testes. 

The testes at an carh- period of fcetal life arc placed at the back part of tbe 
abdominal ca,· ity. behind the peritoneum, in front and a li tt le below the kidneys. 
The anter ior surface and sides are i1nestecl by peritoneum. At about the third 
month of intra-uterine li fe a peculiar structure, the ,qubernaculwm testis, makes its 
appearance. rrhis structu re is at first a slender band which extends from the 
s ituation of the internal ring to the epididymis and body of the testicle, and is 
then continued upward in front of the ki<ln cy toward the Diaphragm. As 
development advances the peri toneum covering the testicle encloses it and forms 
a mesentery. the mes01·cltium, which also encloses the gubernaculurn and forms two 
folds-one above the testicle, and the other below it. 'l'he one above the testicle is 
the pliea vascularis. and contains ultimately the spcrmatic ver-;sc ls; the one below, 
the plica gubernalrix, contains the lower part of the guberna culum, "hich has now 
grown into a thick cord ; it terminates below at the internal ring in a tube of peri
toneum, the processus vaginalis, which now lies in the inguinal canal. 'l'be lower 
part of the gubernaeulum by the fifth month has become a thick core!, whilst the 
upper part has disappeared . The lower. part ~an now be seen to comn.i;:t of a central 
core of unscriped muscle-fibre, and outside this of a firm layer of i;:_triped elements, 
connected, behind the peritoneum, with the abdominal W<lll. Later on, about 
the sixth month, the lower encl of the gub ernaculum can be traced into the inguinal 
canal , extcn<ling to the pubes. and, .at :i later period, to the. bot~om o.f the_scro
tum. 'l'he fold of peritoneum const1tut 1 ~1g the processus i·a9ina_l1.s proj ects. itself 
<lownwanl into the inO"u ina.-l canal, fo rmmg a gradua lly elongating depress10n il l" 

cul-dP-sac, which evc1~tually reach~s the bottom of the i;;crotum. This cul-de
sac is now invuginated by the testicle, as the body of the !ootus grou:s, for the 

~~~t?~f~~:u~J:~ c!~=~i~l~~ g~~~~gc~:~t1~:L~1=c~1r~~~li~;'"~.~1b;;~~a~11;71:~~h t~fl~~b~~tfo~r~,f at;:~ 
scrotum. is prc\·en ted from risiu~ as the body grnws, and is dr~wu first into the 

~~~t~,~~: 1ha~~l~~~~h~~dth:\·:c~·~~~~~ p\~e~0cd~~e b;:~-~~u;~;1gtl~·~~c:i11~o~~~b<:~ p~~~~~e1~~~ 
the proccssus vaginalis, which communicates b_y its upper extremity with the per
itoneal cavity. Just before birth the upper part of the pouch_ usually becomes 
closed , an<l ihi~ obliteration exten~ls g~·adua.lly <lownwar~ to wtthin ~ shor~ di~
tancc of the testis. The proces.::; uf peritoneum !mrroundmg the testis, which 1s 
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now entirely cut off from the general peritoneal ('a.d!y, const itu tes the tunica 
oayinalis. 1 

In the female, a small cord, corres ponding to the g ul>crnaculum in the 
male, descends to the inguinal region, and ultimate ly f'onm~ the rournl li~amcnt 
of rbc uterus. A pouch of peritoneum accompa nies it ~don~ Lh e inguinal cana l, 
analogous to the processus \agiualis in the male: it is called d.10 rnual of ..:..Yu clr. 

Surgical Anatomy.-Abnorm aliLiei:; in the format iou and in the deS<:cnt of the t c~tide may 

d~r~::~n:11~:~ytl;~ i~~~1l~~~~o~~~!1 t~1 ~l~~j~el~ 1~~~~~L ~r ~~~e a~~;~:~1bo111l~~·c~Gc11~ 1~~;1~c~-:~01'~··~~1:1~ :1111:~/b: 
fully developed, but the duel mar not become connected to tl1e 1-? hrnd . The teHid e may foil in its 

~~i~f 0~~~~~~~~;~~1~~~~~~~~!~~1 
rin~ into the crura l ('anal, and present itself on the thiJ!h at the i;;nphC'11ous OJlC11ing. There is 
sti ll a third da~s of cases of abnormality of the tcstidc, where the or,µ'an has d escended in due 
cout'l'ie into the 8Crotum, but is malplaced. The moRt common form of' this is where the testicle 

~sf 11:1\~·t~~·~t~~:~~ i;n~J ~rti~1 t~d.\~r~~:~~~.:~d~~e~~ ~~1! 1~'~1~1i~~c v~1~ii~~i.~\~~:1 i~ idi~~~·~~ttb~c·k~r~:.J.fro}~~ 
the::;e cases the \·as <leforens is to be felt in the fron t of the cortl . 'J'he coudition is of'inq10rtanc:c 
in conncut ion with hydrocclc and hxmatocele, and tl1 e Jlosition of the tci;;t icle shou ld always be 
carefully ascertained before performing any operation for thCi<C affections. Again. more rarely, 
the testicle may be ran-srd. This is a condition in which the top of the testicle, indicated by 

~lfre fr~~l~Sh~1 ~.!~~~ 1~11;tt~f ~l:~d~!~::11~~· is at the bottom of the scrotum 1 and the vas deforens comes 
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EXTERNAL ORGANS. 

T 1 f :br:x!~:ro~~~ ~~~~n~ i~o1:~~~;;~~i~o~~s ,t~f1eF~~:~:sa ~~·~ n~~?u~:1 ~:~1 ~:~~~·~s~e t~; 

FJG. 7-12.-The vulva. Extcrnnl fcmnlc orgnns of ~cncrntion 

the vagina. The term '' vulva" or ;, pudendum," as generally applied, includes 
all thc<e parts. 

rrh c Mons Veneris is the rounded eminence in front of the pubic s~~mphysis, 
formed br a collection of fattv tissue beneath the integument. I t surmounts the 
rnlva. ari1l hccmnes Cu\·cred w'ith hair at the time of p11bert_y. 

'l1he Labia Majora arc two prominc11t ]on~i1mlinal tutancous folds exten<ling 
downward from the mons Y eneris to il1c anterior boundary of the perinreum. and 
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enclo~in~ the common urino-~cxual openin~. Each labium il' formed of two folds 
of inte;.!nmcnt: rovcrcd with hair extemall .'~: internally. i- mooth and pinki~h. 
The inner fold is continuous with the ~enito-urinar.'~ mm·ou:-- tract. Between the 
two fold!S is a, quantity of areolar tis::mc, fat, antl a. tissue re~<·m liling the dartos of 
the scrotum. he:0;idcs \'CSsels, nencs, an<l glands. The labia arc thicker in front. 

~·:te\~C~~~? j~~jl;:~ci~\~ll~e~~);~C~~Cl~j~~ t~:C:~~J·r~:t cr:~/1~1~·:1l~·: igh~~l~tl~~j0jl~~·~~C~~~~C~I~~ 
terminating close to, and nearly para llel with, ca.ch other. 1l1 ogether with the 
connecting skin between them, they form the posterior commissure or posterior 
boundary of the vulvalorifice. ~.'h e intenal between the poste rior eommissure and 

t'w.743.-\'crticalmcdianscctiono1the1emau!1.iclns. 

the anus, about an inch to an inch and a quarter in leng th, constitutes the peri
meum or base of the perinea! body. The fourclietle is the anterior edge of the 
latter, and between it and the hymen is a. depression, tlic fossa navicularis. 'l'he 
hibia corrc!-ipond to the scrotum in the male. 

The La.bia. Minora., or Nymphre, arc two small cutaneous folds, situated within 
the labi a. n1ajora, an<l cxtend!ng from the cl itoris obli ([Uely downward, outward, 
and backward for about an mch and a half ou each side of the orifice of the 
vagina, between which and the labia majora. they arc lost. Anteriorly, the two 
labia minora meet and form the ji-cenwn of tlw clitoris. 'l'hc prP.pure of the c1itoris, 
pas.sing backward on each i;:. ide. is inserted, as it were, into each bbium minus. 
'l'hc nymphre are really modified skin. 'l'heir internal surfaces ha \'e numerous 
sebaceous follicles. 

'rhe Clitoris is an erect ile structure analogous to the corpora. caverno~a of the 
penis. It is Rituatecl beneath the anterior commissurc, partially hit.lt.lcn between the 
anterior extremities of the labia minora. It is connected to the rami of the os pubis 



1165 

and i:scLium on each side b\r a crus; the bodv is short and concealed beneath the 
labia ; the free extremity, ol· _qlanR elito1·idi.~. i8 a small rounded tubercle, consisting 
of spongy erectile tissue, and highly sensiti,·e. It is provided, like the penis, with 
a su::.:.pcnsory ligament, and \\ ith two small muscles, the Ercctores clitoridis, which 
are inserted into tbe crura of the clitoris. The c:litoris consists of two corpora 
carnrnosa, composed of erectile tissue enclosed in a dense layer of fibrous 
membrane, united together along their inner surfaces In· an incOmplete fibrous 
pectiniform septum. .. 

Between the clitoris and the entrance of the vagina is a triangular smooth 
surfa.ce, bounded on each side by the nymphre; this is the vestibule. 

The orifice of the urnlhra (meatus urinarius) is situated at the back part of the 
vestibule, about an inch below the clitoris and near the margin of the rngina, 
surrounded by a prominent elenLt ion of the mucous membrane. Below the meatus 
urinarius is the orifice of the vagina, more or less closed in the drgin by a mem
branous fold, the hymen. 

1"1G.ill.-Longltudinnlsectionthroughthepclvisofayou111:womnn. (Bn rdclcbcn.) 

The Hymen is a membranous fold wh.ich closes to a greater or less ~xtent th~ 
open in()' of the vagina. 1t rnries much m sh~tpc .. I.ts commonest form 1s t~at of 
a ring 0 crencrally broadest posteriorly: someumes 1t is represented by a semilunar 
fold. ,~. i~L its Conca,'e margin turned ~owar(~ th~ pubes .. , .A complete septu~ 
stretched acro~s the lower part o~ the nigmal ~nfi~e is called· 1rnperfora~e hymen .. 
Occa:-;ionally it j 8 cribriform, or its free. mar~lll forms <t .membranous. frm.ge, or it 

. be entirch- ab~ent. It ma.y persist after. ~opulauon, so that it canno~ be 
:0~~i<lcrcd a~ a· test of drginity. After 1~artuntwn th e m~all rounded ele,·ation.s 
known a~ the l'ftrWlCUlat mJJl"lifooue~ arc found as the rcma111s of the Lym.en. 

Glands of Bartholin.-011 each i- 1<lc of the corurnencemcnt of the ,·agma, and 
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behind the hrmen. is :i round or oblong body, of n reddi:-.h-yellow col~r, and of the 
size of a bor~c-beau, analogous to C<rnpcr's p:l:md in the male: It is called the 
glaml of Bartlwlin. Each gland opcu~ by mea11s of a. long smgle duct on cacU 
side cxtrrnal to the hymen. 

/...et'{JfQra11i 
mu~de , 

Ezternol 
obluro.tor 
nwscle 

Sa"o
tciatic 
ligamen~ 

Fm. i~5.-Tht' ft'mnle pcrinreum aner remo\a\ o f the skin and superticl11l fascia. (Bardclc\Jcn.) 

Bulbi Vestibuli.-Extending from the clitori~. along either side of the vestibule, 
and lying a little behind the nymphre, are two large oblong masses, about an inch 
in length, consisting of a plexus of ,·cins enclosed in a thin layer of fibrous 
membrane. rrhese bodies are na.rrow in front, rounded below1 and are connected 
with the crura. of the clitoris and rami of the pubes : they are termed by Kobelt the 
bulhi 1:estibuli1 and he considers them analogous to the bulb of the corpus 
spongiosum in the male. Immediately in front of these bodies is a smaller rnnous 
plexus, conrinuous with the bulbi ''estibuli behind and the glans clitoridis in front: 
it is caJled by Kobelt the par.'5 intenne(lia, and is considered by him as analogous 
to that part of the body of the corpus spongiosum "hich immediately succeeds 
the bulb. 

RELATIONS OF THE BLADDER. 
The Bladder is situated at the anterior pa.rt of the pelYis. It is in relation, in 

front, with the symph,n•is pubis; behi11d, with the utcro-,·esical pouch of peritoneum. 
which separate:-:; it from the body of the uterus; its base lies in contact with the 
connective tissue in front of the cenix and npper part of the vagina. Latually, 
i~ the rccto-\"esical fascia. 'l'bc bladder is said by some anatomists to be larger in 
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the .fen~ale tLan in the male. At any rate. it does not ri::-e above the symphYsis 
pubis _ull more distended than in the male. but this is perhaps owing to the uiore 
capamous pelds rather than to its being of actually larger size. 

THE URETHRA. 

The Urethra is a narrow membranou~ canal, about an inch and a half in 
length. extending from the neck of the bhuldcr to the meatus urinarius. It is 
place~l bc~ca.rh. the. s~·mp_hysis pubis, imbedded in the anterior wall of the vagina; 
and its d1rect1on ~s ob.liquel,v downward and forwa.rd 1 its course being slightiy 
cun·cd, the concavity directed forwar<l ancl upward. Its diameter when undilated 
is a~out a qu.artcr of an inch. The urethra. perforates the triangular ligament 
precisely as 111 the male. 

Structure.-Tbe urethra consists of three coats : muscular, erectile, and mucous. 
Th e muscula1· coat is continuous with that of the bladder; it extends the whole 

length of the tube, and consists of a circular stratum of muscular fibres . In 
addition .to this, between the two layers of tllC triangular ligament, the female 
urethra. IS surrounded by the Compressor urcthr~--c. as in the male. 

A thin la.11er o.f spon.<J!I erectile tiss;ue, containing a plexus of large veins inter
mixed with bundles of unstripe<l muscular fibre, lies immediatek beneath the 
m 11cous coat. ~ 

The mucous coal ls pale. continuous externally with that of the "ulrn, and 
internally with that of the bladder near which it contains many tubular mucous 
glands. It is thrown into longitudinal folds, one of which placed along the floor 
uf the canal, resembles the \·erumontanum in the male urethra. It is lined by 
]aminate<l epithelium. which becomes transitional near the bladder. Its external 
orifice is :-.urroundcd by a few mucous follicles . 

The urelhra. from not being surrounded by den~ re!'isting !!tructurcs1 as in the male. admits 
of consi<lcrable dilatation. wl1ich enables the surgeon to rewove with considerable facility calculi 
or other foreign bo<lics from the ca\'ity of the bladder. 

THE RECTUM. 

The Rectum is more capacious and less cu rved in the female than in the 
male. 

The Jinif 71ortio11 cxtend:0; from the left f'.:l.Cro-i linc articulntion to the middle 
of the sacrum. Its connections arc similar to those in the male. 

The sel'o>td portion extends to the tip of the coccyx. It is covered in front by 
the peritoneum for a short distance, at its upper part: it is in relation with the 
posterior wa 11 of the vagina. 

The tltfrrl pm·tirm cuncs backward from the rn~ina to the anus. lea,·ing 
a space which corresponds on the surface of the body to the perinrenm. Its 
ext remity is surrounded by the Sph incter muscles, and its sides are supported b" 
rhe Le ·atorcs ani. 

INTERNAL ORGANS. 

The Internal Organs of Generation are-the \'n.gina., the uterus and its append
ages. the Fallopian tubes, the ovari es and their ligaments, and the round ligaments. 

The Vagina extends from the vulva to the utcrns. It is situated in the ca.vit~· 
of the pelvis, behind the bladder and in front of the rectum. I ts direction .is 
curved upward and backw~rd, at first m t~1c !me of the outlet,. and. aft.erward m 
that of the axis of the .cavity of the pelvis. It~ walls are ordmanly 111 contact, 
and its u~ual shape on trans,·erse section is ~hn.t of an H, t?c transverse limb 
being slightly cuned fo1:war~ or backward. '~hil:::t the la.tern\ 11mbs a~·c somewhat 
com·ex toward the median line. Its l~ngth is abou~ two and. a half mches. along 
irs anterior wall , an<l three and a. half mchc~ alonp: it~ posterior wall. It is con
stricteil at its commencement. and becC'm~s dilated. med1ally. and l!arrowe.d near it~ 
uterine extremity; it surrounds the rngmal port10n of the cernx uten, a short 
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(fo.;tance from the o~. its attachment exten<ling higher up on the po::iterior lhan on 
thl' anterior wall of the uterns. 

Relations.-lts anterior swface is in relation with the ha::;(' of the blad1lcr and 
with the urethra. lbs po1;terior surface is connected for the lower three-fourth::; of 
its extent to the anterior wall of the rectum, the upper fourth being separated from 
that tnhe by the rccto-n1~inal fold of peritoneum, which form8 a rnl-de-8a.C between 
the \'agina and rectum. Its sides gi\'C attachment superiorly to the broad lignments, 
an1l inferiorly to cbe Lenttores :mi muscles and rccto-Yesica.I fascia. 

Structure:-'rbc ''agina consists of an intcmal mucous lining, of a. muscular 
coat, and between the two of a layer of erectile tissue. 

'The mucous membrane jg continuous abo\'C with that lining the uterus. Its 
inner surface pl'escnts, along the anterior and posterior walls, a longitudinal ridge 
or raph e, called the columns of tlte vagina, and numerous transverse ridges or 
rngro, extending outward from the rapbe on either side. 'l1bese rugro are di\•ided 
by furrows of variable depth, giving to the mucous membrane the appearance of 
being stud<led over with conical projections. There arc also microscopic papillre; 
the projections arc most numerous near the orifice of the vagina, especially in 
females beforf' parturition. 'Ihe epithelium covering the mucous membrane is of 
the SlfUamous variety. '£he submucous tissue is very loose and contains numerous 
large veins, which by their anastomoses form a plexus, together with smooth muscular 
fibres derived from the muscular coat; it is regarded by Gussenbauer as an erectile 
tissue. It con ta.ins a num bcr of mucous crypts, but no true glands. 

The muscular coat consists of two layers: an external longitudinal, which is 
far the stronger, and an internal cil'cular la.yer. 'The longitudinal fibres are 
continuous wi~b the superficial muscular fibres of the uterus. The strongest 
fasciculi arc those attached to the recto-Yesical fascia on each s ide. The two layers 
arc not distinctly separable from each other, but are connected by obli que dc~cus
sa1ing fasciculi which pa!o;S from the one la,ver to the other. In addition to this 
the vagina a.t its lower end is surrounded by a band of striped muscular fibres, the 
sp!ti11('fl.!1· ·1Ht.<Jinw (see page 464). 

External to the muscular coat is a layer of connective tissue contain ing a 
large plexus of blood-vessels. 

The erectile tiswe consists of a larer of l1Jose connective tissue situated between 
the mucous membrane and the musc~ilar coat; imbeddcd in it is a plexus of large 
Ycins, nnd mm1erons bundle:-; of unstripe<l muscular fibres de1i\•ed from the circular 
mu~cnlar layer. 'l'he anangcment of the veins is similar to that found in other 
erectile tissues. 

THE UTERUS. 

'l'Le Uterus is the organ of gestation, receiving the fecundated ovum in its cavity, 
retainin~ and s upporting it during the development of the footus, and becoming 
the principal agent in its expulsion at the time of parturition. 

In tlie t•irgin state it is pear-sha.ped, flattened from before backward, and 
situated in the carity of the peh-is between the bladder and the rectum; it is 
retained in its position h.Y the round and broadligaments on each side, and projects 
into the upper end of the vagina below. Its upper end, or base, is directed 
upward an<l forward; its lower end, or apex, downward and backward, in th e 
line. of' the axis cf' .the i.nlet of the pelvis. It therefore forms an angle with the 
''agina, smce the <l1rect1ou of the vagma corresponds to the a.xis of the cavity and 
outlet of the pelvis. The uterus measures about three inches in length, two in 
breadth at its upper part, and nearly an inch in thickness1 an<l it weighs from an 
ounce to on ounce and a half. 

It consists of two parts: (1) the bod,1/, with its upper broad extremity. the 
fundus ,· and(:!) the f'ervfr, or neclc, which is partlv abore the vagina an<l partly 
in the vagina. The f'undus is placed on a line belOw tl1e le,·el of the brim of the 
pehi~. being directed forward behirnl the upper portion of the anterior pelvic 
wall. 
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'l1~c _<livision between the ~ody anil ccrv~x is indica.te<l externally by a slight 

const1 1ct1on, and by the reflection of the pcntoneum from the anterior surface of 

~~~ i~i~::~~i~lo~s. to the Lla.dder, and internally by a. narrowing of the canal, called 

. The body gra.<lually narrows from the fund us to the neck. Its anterior surface 

ts flattened, compared to the posterior, covered by peritoneum throughout, an<l 

FIG. 7-16.-Fcmale peh'lc organs in iitu (seen from abo\'e). (Bardelebeo.) 

separated from the bladder b_v the utero~vesical pouch. Its posterior su1jace is 

convex transversely, covered by peritoneum throughout, and separated from the 

rectum by some convolutions of the intestine. Its lateral rnar9ins are concave. an<l 

give attachment to the Fallopian tube above, the round ligament below and in front 

of this, and the ligament of the ovary behind both of these structures. 

'l1he cervix is the lower constricted segment of the uterus: around its circum

ference is attached the upp(!r end of the vagina, wLicb extends upward a. greater 

distance behind than in front. 
The supravaginal portion is not covered by peritoneum in fro11t; a pall of 

cellular tissue is interposed between it and the bladder. Behind. the peritoneum i-.: 

extended over its upper part. 'fhe vaginal portion is the roun<led lower end pro· 

jecting into the vagina. On its surface is a small aperture, the OIS 'uteri. generally 

circular in shape, but sometimes oval or almost linear. The margin of the opening 

is, in the absence of past parturition or disease, quite smooth. 

Ligaments.-The ligaments of the uterus are eight in number: one antenor: 

one posterior; two lateral or broad; .two sacro-uterinc1-all these being formed of 

peritoneum-and, lastly, two r~und 11g.nmen.ts. 
The anterior ligament (ve~1co-utcrrne) 1s refl ecterl on to the bladder from the 

front of the uterus, at the junction of the supr:waginal cerv ix and body. 

The posterior l~qrmient (recto-uterine) passes from the posterior waJI of the 

uterus over the upper fourth of the va~ina, and thence on to the recLum an1l sacrum. 

It thus forms a pouch called 1Junr1las's pouclt (Fig. 747), the bouncbries of which are, 

in front, the po:)terior wall of the uteru~. the supra.vaginal cervix, and the upper 
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~~~rt~a~!r~!~~ .. '":;~~1:~~r~-~~~1:.~~etl;i~~:;~~~ ~~~~~~·~~~u:~~~t<~-~·~:f~n~hi1s~~~~~ll intestine; 

Th(' tu·o· latual or broad li'gaments pa~s from the ~ides of the utcrns to the 
l:it('ral walls of the pelvis, forming a. septum acro:::s the pelvh:;., ~rhicb di\•i<les that 
,.a,·ity into two portion~. In the anterior part are conta111etl the bladder, 

Fw. 747.-Duuglus's pouch Wrom o. preparation in the Museum of the Rora! College of Surgeons.) 

urethra, and n1gina; in the posterior part, the rectum. Between the two layers 
of each broatl lignment are contained-(1) the Fallopian tubes superiorly; (2) the 
round ligament; (3) the ovary and its ligament; (-!)the parornrimn, or organ 
of Hosenmiillcr: (5) connective tissue; and (6) unstriped muscular fibre. 
Between the fimbriatecl cxtremitv of the tube and the lower attachment of 
the broad ligament is a concaYe ro'unded margin called the infundibulo-pelvic li'ga
ment (Fig. 752). 'rhe upper border is often known as the mesosalpinx. 

Th e sacro-uterine l(qaments pass from the secont.l an<l third bones of the sacrum, 
llownward and forward, to be attached one on each side of the uterus at the junc
tion of the supra.vaginal cervix and the body, this point corresponding internally 
to the position of the os internum. (For the round l(qaments, see page 1177.) 

'l'he cavity of the uterus is small in comparison with the size of tl1e organ: 
that portion of the cavity which correspouds to the body is triangular, flattened 
from before backward, so that its 1rnlls are closely approximated, and having its 
base directed upward toward the fundus. At each superior angle is a funnel
shapcd cavity, which constitutes the remains of the division of the body of the 
uteru!S into two cornua. and at the bottom of each cavity is the minute orifice of 
the Fallopian tube. At the inferior angle of the uterine cavity is a small con
:itrictecl opening, the internal orifice (ostiwn internum). which leads into the 
caYit_,. of the cenix. 
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'1,he ca.vity of the cervix is somewhat fusiform. flattened from before backward. 
broader a.t the middle than at either extremity, and commnnicatcs hclow with the 

of !:"~~~-e~~S.)81dc view of the female pelvic organs. (From a prcparntio1: in the l\luseum oft he Royal College 

vagina. '11he wall of the canal presents, anteriorly and postcrior~y, a longitudinal 
column, from which proceed a number of small oblique columns, giving the appear
anee tJf branches from the stem of a tree: an cl hence the name arbor iiitce 'llie1·hw 

l'w 749.-Antcrior section through the virgin 
uteru~ (811.rdelcllen.J 

(plicre pa.lmatre) applied to it. These folds usually become very indistinct after the 

fir« labor (Fil(· 7.iO). . 
Structure.-'l'h c uteru~ 1s composed of three coats-an external serous coat. a 

miihlle or musrular, and an internal mucous coat. 
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The Jierous coat is <leri\·e<l from the peritoneum; it inH'St$ the fundus and the 
"hole of the posterior surface of the body of the uterus. but only the upper 
three-fourths of its anterior surface. In the lower fourth of the poistcrior sur
face the peritoneum, though coYering the uterus. is not clM·cly connected with 
~·~in~"'cing separated from it by a layer uf loose cellular tisisuc and some large 

The muscular l'oat form!' the chief bulk of the subsuince of the uterus. In 
rhe unimpregna.tecl state it is dense, firm. of a grayish color, and cuts aluust like 
cartilage. It is thick opposite the middle of the body and fundus. and thin ac 
the orifices of the Fallopian tubes. It consists of bunUlcs of unstriped muscular 
fibres, disposed in layers, intermixed with areolar tissue, blood-vessels, lymphatic 
vessels, and nenes. In the impregnated state the muscular tissue becomes more 
prominently tle,·eloped, and is disposed in three layers-external, middle. and 
mternal. 

The cxtcmal layer is placed beneath the peritoneum. <l isposed as a thin plane 
on the anterior and posterior surfaces. It consists of fibres ,,hich pass trans
verse!.'' a.cross the fondus, and, converging a.t each superior angle of the uterus. 
arc cominne(I on the Fallopian tube, the round ligament, the ligament of the 
ornry: some pa~~ing at each side into the broad ligament. and others running 
backward from the cervix into the sacro-uterine ligaments. 

The middle layer of fibre.s, which is thickest, presents no regularity in its 
anangcment. being disposed longitu<linally, obliquely, an<l transversely. It con
tains most bloo<l-vcsscls. 

The internal or deep layer is the greatly hypertrophied nwscularis mucosce of 
the mucous membrane. It consists of circular fibres arranged in the form of two 
hollow cones. ~he apices C>f which surround the orifices of the Fallopian tube~. 
their bases intermingling with one another on the middle of the body of the uteru8. 
At the internal os these circular fibres form a distinct sphincter. 

The mucous membrane is smooth, and closely ndhcrent to the subjacent tissue. 
It is conti11uous, through the fimbrinated extremity of the Fallopian tubes, with 
the peritoneum, an<l through the os uteri with the liuing of tbe vagina.. 

In the body of the uterus it is smooth, soft, of a pale red color l ined by colum
uar ciliate<l epithelium, and presents, when viewed with a lens, the orifices of 
numerous tubular follicles arranged perpendicularly to the surface. It is unpro
vided with any submucosa, but is intimately connected with the innermost la~·er 
of the muscular coat, which is regarded as the muscularis mucosre. In structure 
its eorium differs from ordinary mucous membrane, consisting of an embryonic 
nucleated and highly cellular form of connective tissue in which run numerous 
large lymphatics. In it are the tube-like uterine glands, which are of small size 
in the unimpregnated uterus, but shortly after impregnation become <'nlarged. 
elongate<l1 presenting a contorted or waved appearance toward their clo~ell extrem
ities, which reaches into the muscularis, and may be single or bifid. 'Shey con!'ist 
of a delicate membrane, lined by an epithelium, which b<'comes ciliated toward the 
orifices. In the impregnated uterus the epithelium loses its ciliated character. is 
thicker and tougher, an<l is provided with :1. submucous layer of areolar ti~sue. 

In the cervix the mucous membrane is sharpl,v differentiated from that of the 
uterine cavity. It ii:; thrown into numerous tr:rnsvcrSl' fold~1 "}tich are arrangetl 
along an anterior and posterior lon7itudinnl rapbe, presPntinp; an nppearancc wLich 
has received the name of arbm· 1.:itce. In the upper two-tliirds of the canal the 
mucous membrane is provided with numerou!' deep glandular follicle~, which secrete 
a clear viscid alkaline mucus; and in addition, extending through the wl1olc length 
of the canal. are a. ,·ariahle number of little cysts, pre~umabl~· follicll's, which have 
become occluded an'I distended with retained secretion . 'l'hcv are callell the ouula 
.1Yabothi. The mucous membrane covering the lower hnlf Or the cenical canal 
presents numerous papillre. 'l'he epithelium of the upper two-third~ is columnar 
a11~ ci~iated. but below this it loses its cilia, an<l gradually changes to squamous 
ep1thel1um clo~e to the external os. 
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.. Vessels and Nerves.-The artedt•ff q_f tl1e uterus are the uterine, from the internai 

iliac. a~d the O\'arian, from the aorta. 'l'hey are rem:.ukablc for their tortuous 

cour~c 1~ the substanc~ of the organ autl for their frequent anastomoses. The 

termmat10n of the ornriau artery meet~ the termination of the uterine artery and 

fon~s an ~na~tom~t~c tru?k from which branches are girnn off to suppi); the 

ute1 us. their d_isposmon bemg, as shown by John Williams, circular. The t•eins 

a.re of lasgc s1z.c, and correspond with the arteries. In the impreO'uated uterus 

these ''.esscls ar~ termed the uterine sinuses1 consisting of the lining ~nembrane of 

the vems adhenng to the walls of the canal channelled throu(Jh the substance of 

the ~terus._ r11
hcy terminate in the uterine plexuses. 'l'he ly1~phatirs of the body 

termmatc in the lumbar glands, those of the cerrix in the pclric glands. Th'e 

F1G. i51.-The arteries of the internal organs ofgeneratlon ofthe female, seen from behind. (After Hyrtl.) 

nerves are derirnd from the inferior hypogastric and ova ri an }Jlexuses, and from 

the th ird and fourth saeral nerves. 

The form, size, and situation of the uterus vary at different periods of life an<l under dif. 

ferentcircumstances. 
111 tltefret1ts the uterus is contained in the abdominal cavity1 projecting beyond the brim of 

the 1A~v;J~~be?t;~1~!1~::r~ i~"~~~if:r~i ::u~~1C:~1,1 ~'lnnd1~e?;~:·rTom eight to ten drachms. It has 

descended into the pelvis, the fundus bein~ just below the level. of the brim of this ca\•ity. The 

arbor vitre is distinct, and extends to the upper part of the cavity of the orsrnn 

JJuriny 111e11struatlon ~he org.an is enlarged, and !n9re vascular1 its surfaces rounc~cr; the 

os externum is rounded, its labia swolleu, an.d the lmmg membrane of the body thickened, 

!-'Ofler and of a darker color. AcrorJing to J . Williams, at each recurrence of menstruation a 

molecular di1'integration of the mucous membrane takes place 1 which leads to its complete 

remm'al onh- the bases of the p-lands imbedded in the muscle bein~ left. At the cessation 

of mens
1
truaiion by a proliforntion of the rcmainin!! structures a fresh mucous membrane i~ 

l'onufl~~,·ing prerp1ancy the 1;1tcrus ~on~es ~normou~ly enlarged, an<l in the ni1_1t l~ month reaches 

the epigastric re,(!ion. ThC' nwreasc m size 1s partly Jue to growth of pre-ex1stmg muscle and 

partly to development of new fibres. . . . . . 

A(trr part 11 rlti'on the uterns !1early re.l!a!ns its usual s1ze. wc1~l11_n~ a~out an ounce and_ a 

half; but it~ cavity is larger than .m the \'lr,£!'111 state. the cxten.ml orifice is more marked. rts 

ed!!e~ present a 6,~ured surface, US ve ~cJs arc tortuous, and its muscular layers are more 

defined. 



1171 F'J:JJfALE llJ:JXERA'l'IJ"J·: 0111!. l .YS. 

APPENDAGES OF THE UTERUS. 

The appendages of the uterus are tbr l! ..... allopian tubes. the ovarie8 an1l their 
lirr:unents;, anti the round ]i.craments. They arc placed in the fo1lowing order: in 
f1~nt i1'i the round ligament~ the Fallopian tube occupicH the upper margin of the 
broad ligament; the ovary and its ligament arc behind and below both. 

THE FALLOPIAN TUBES. 

The Fallopian Tubes, or Oviduct s, convey the ova from the ovaries to the c:.nit,\' 
of the uterus. 'I1hcy al'e two in numher, one on each side, situated in the up1Je1· 
margin of the broad 'ligament, extending from each supe rior angle of the uterus to 
the sides of the pelvis. Each tube is about four inches in length ; and is described 
as consisting of three portions : (1) the istlmrnfl, or inner con~tricted ha1f; (:2) the 
ampulla, or outer di la.tcd portion, which cunres O\'er the o"ar;v; and (3) the 

1''IG.i.J2.-l1terineappend11ges,seen from behind. (Henle.) 

infu.ndibulwn with its ostium abdominale, surrounded bv fimbrire, one of whic:h is 
attached to the ovary, the fi.mb1·ia ovariea. The gcnerai direction of the Fallopian 
tube is outward and upward, backward and downward. The uterine opening is 
minute, and will only admit a fine brist1e; the abdominal opening is comparati,·ely 
much larger. In connection with the fimbrire of the lfaJlopian tu he or with the broad 
ligament close to t~em there is frequently one or more small ves~clcs floatina on 
a. long stalk of pentoneum. 'l'hese are termed the ltydaticls of Jll orgagni, ancl are 
probably of peritoneal origin. 

Structure.-The Fallopian tube consists of three coat5i-serons, muscular. a1Hl 
mucous. 

The external or serous coat is peritoneal. 
'The middlr or muscular coat consists of an external longitudi nal and an internal 

circula.1· layer of muscular fib res continuous wi th those of the uterus. 

and:r~: tt1~e~~~~~l ~~·t~~:~~,~~-~ ir11thi; c~~~~~~,?i~~ '\i~~ t~~!ri%~1:~~~~.l i n~~~So~h\~o~'~t~~~~~ 
longitudinal folds, which in the outer, larger pa.rt of the tube, 01· ampulla, are much 
more extensi,·e than in the narrow canal of the isthmus. The li ning epithelium 
i~ columnar ciliated. 'rhis form of epithelium is also found on the inner surface 
of the fimbrim, while on the outer or ~erous surfaces of the!ol;e proce!ol;se~ the 
epithelium gradually merges into the en<lothelium of the peritoneum . 
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THE OVARIES. 

1 1 
'l,he Ovaries (testes muliebres, Galen) are analogous to the testes in the male. 

~hey are oval-shaped, flattened bodies of an elongated form, situated one on each 
side of the uterus, connected to the posterior layer of the broa.d lig:LJncnt behind 
and ~clow the Fallopian tubes. Each O\'a.ry is connected bv its anterior straiO'ht 
l'?argin to the. broad lig.aments; by its Io,~er extremity to the utcrut:; by a. proPer 
ligament, the !igament oj the oi:ary; and by its upper end to the fimbriate<l cxtremicv 
of the Fallopian tube by the ovarian fimbria; its mesial :md lateral surfaces an~l 
postcr!or con,·ex border are free. The O\'aries are of a grayish-pink color, and pre
sent either '.t smooth or puckered. uneven sul'facc. They are ea.ch about an inch 
nnd a half m lcngtl1, three-quarters of an inch in width, and about a thil'<l of an 
inch thi ck, and weight from one to two <lrachms. 

'!1.h~ exact posi.tion o~ the OYary bas been the subject of corn;idcrnble difference 
o.f opm ~~n, and writers differ much .as.to ,~·l~at is to be rega!·dcd.a~ the n.or~i~l posi
tion. Ihe fact appears to be that 1t 1s differently placed m d1flercnt rndmduals. 
Hasse has described it .as be!ng situated with itS long axis trans,·crsc, or almost 
trans,·erse. to the pelnc canty. Schultze. on the other hand. bclirYci::. that its 

A'llleriortwllofl'Ogina. 

~~~?~~t~?.l~t~;f~~Jrrr~J1~~1~~~:~:·~1~~,,~~!'l!:;·~'~r.;i~~rH~:J!·~~~1\::h~~~:~%:~~ 
long axis is antero-posterior . . I<Ollikel' as~ert8 t~ar the tm.th .lies betwee.n th.e~c 
two views, and that the oval'.\' 1s place<l obliquely 111 the pclns, its long axis lym~ 
parallel to the external iliac vessels_, with its su rfa ce directed inward and outward. and 
its convex free border upward . His ha!i made some important obscrrntion:- on this 
subject, and his dews arc largely acccptc1l. Ile teaches that the uterus rarely lie~ 
symmetrically in the middle of the pch·ic. c·:Lvity, but is. generally inclined to .~ne 
or other side, most frecptentl.'' to the left. 111 the proportion of three to two. I he 
position of the two onnies rnries according to the in~lini.~tion .of th.e nt?rus. \Yhe.n 
the uterus is inclined to the left, the ornry of this side lies with its long a.xis 
vertical an<l with one ~ide closely applied to the outer wall of the pelris. while the 
ovary of the oppos ite side, bei.ng dr.aggcd t~pon .by the inclin~ti.on of the u.terus, 
li es obl iqu ely, its outer extremity bemg retamed Ill close appos1t1on to the side of 
the ;:ielvis by the infundibulo-pehic ligament (page 1170). \\'hen, on the other 
bancL the uterus is inclined to the right, the poBition of the two ornries is exactly 
reversed, the right being vcr~ical and the left oblir1ue. In w~iche,·er pos~tion the 
ovarv is placed, the Fal~opHrn tube forms a l~op ar?und 1t. ~he uterine h.alf 
ascefiding obliquel.\' o\·cr ~t. and th? ou!er half, mcl~1dmg the. dilated ext~·en11ty. 
de~cen<ling and bulging frecl.'- behmd IL F~·om this extrem ity the fimbnre pa"s 
upward on to the ova.ry and cl?sel,Y .cmlm1cc 1t. . . . . . 

Structure.-The ova.ry consists of a nnmlicr of Graafian Ycs1cles 1mbecldecl in 
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the mc::;he:s of a stroma or framework, an<l inve~ted b~· a serous co\·ering t.lerirnd 
from the peritoneum. 

ScrouR CoN·rin,<1--Though the inYcsting membrane of the ornry is deri,·ed 
from the peritoneum. it differs essentially from that structure, inasmuch as it:; 
epithelium con.:-;iRts of a. single layer of columnar cells, instead of the Oa.ttened 
endothelial cells of other parts of the membrane: this has been termed the ger
n1inal t·pitlwl£um of lValde.11er, and gives to the smf'ace of the ovary a dull gray 
a~pect instead of the shining smoothness of serous mcmbr::mes generally. 

Stro11w.-Tbc stroma is a. peculiar soft tissue, abundantly suppl ied with blood
ve8sel:s, consisting for the most pa.rt of spindle-shaped cells, with a small amount 
of ordimny connective tissue. 1'hese cells ha,·e been regarded by some anatomists 
as unstriped muscle-cells, which, indeed, they most resemble (llis); by others as 
connective-tissue cells ( \\'aldeyer, Henle, and Kolliker). On the surface of the 
organ this tissue is much condensed, and forms a layer composed of short connec
tive-tissue fibres, with fusiform cells between them. This was formerly regarded 
as a distinct fibrous CO\'cring, and was termed the tunica albuginea, but is nothing 
more than a condensed layer of the stroma of the ovary. 

Graafian Follicles.-Upon making a section of an orary numerous rouud tran~
parent vesicles of various sizes are to be seen : they are the Graafian vesicles or fol
licles, the ovisa.cs containing the ova. Irnmediate1.v beneath the superficial covering 
is a layer of stroma, in which are a large number of minute vesicles of uniform size, 
about rllf of au inch in diameter. 'fhese are the Graafian Yesicles in their earliest 
condition, and the layer where they are found has been termed the cortical layer. 
They a.re especiall,,- numerous in the ornr.v of 1hc young child. After puberty 

t:::{i~f~fi;;~;,::t:~~~~~~;n:~W,f1~;:i11; 
cles. 9. An almost mature follicle. 9'. Follicle from 
which the O\"Um has e~COJlt!d. 10. Corpus luteum. 

and during the whole of the child
bearing period Jarge and mature, 
or almost mature, Graafian vesi
cles arc also found in the cortical 
layer in Fl.mall numbers, and also 
''corpo1a lutea,'' the remains of 
,·esicles "bich have burst and are 

undergoing acrophy and absorption. Beneath this su1.crficia} stratum other large 
and more mature Graa.fian resicles arc found imbedclcd in the O\'arian stroma. 
These increase in size as they recede from the surface toward a. highly rnscular 
stroma in the centre of the organ, termed the medullary substance (zona vasculosa, 
Waldc,rcr). This stroma forms the tissue of the hilum b.v which the ovary is 
attached. and through which the blood-,·essels enter; it does not contain anv 
Graafia.n vesicles. · 

'fhe larger Graf1fianfollicles consist of an external fihro-vascubr coat connectc<l 
with the surroundi ng stroma of the ovary by a network of blood-vessels; and an 
internal coat, named ovicapsule, which is lined by a la.ycr of nucleated cells, called 
the membrana. ,qranulosa. The fluid contained in thC" interior of the ,·csicles is 
transparent and albuminous. and in it is suspended the ornm. In that part of 
the mature Graafian vesicle which is neare~t the surface of the ovary the cells of 
the membrana granulosa are collected into a mass which projects into the cadty 
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f~~~(~d:~~!cle. Thi~ is termed the discus proligerws. and in this the O\' Uill j.:;, 

'l'hc ova are formed from the germ-epithelium on the surface of the omry: the 

cells become enlarged and inrnluted, forming little depressions on the surl'tce of 

the O\':.try As the,,- sink deeper into the tissue they become enclosed by the out

growth ?f pro~esses from the s~roma of the omr_v, and, becoming surrounded, their 

?onnec~wn. with t?e s~rface 1s. cut off. and the germ-epithelium forming the 
mvolut1on is conta.med m a cavity, the future Graafian follicle. 'l'be germ-cell or 

cells now form the o,·um; the cell-wall forms the ,.itelline membrane; the nucleus. 
the germinal area. or vesicle; and a nucleolus, which soon appears. the germinal 

spot. A clear homog~neous. protoplasm is formed within the cell. constituting the 
yelk, ttn<l thus the pnmord1al ovum is developed. According to Dr. Foullis, the 

cells of the membran:t granulosa. a.re formed out of the nuclei of the fibro·cellul:w 
stroma of the oniry. 2 

'l,he deYelopment and maturation of the Graafian Yesicles and oni continue 

uninterruptedly from puberty to the end of the fruitful period of woman's life. 

whi le their formation commences before birth. Before puberty the ontrics a.re 

small. the Graafian \·essels contained in them are clispo.sed in a comparatively 
thick layer in the cortical SLlbstance; here tbe_v present the appearance of a. large 

number of minute closed vesicles, constituting the early condition of the Graafian 

vesicle; many, howe\·er. never attain full deYelopment, but shrink and disappea1·. 

their ova being incapable of impregnalion . At puberty the ovaries enlarge. are 

more \'ascular. the Graafian vesicles are cle\·elopf'd in greater abundance, and their 

ova. are capable of fecundation. 
Discharge of t he Ovum.-Tbe Graafian \·esicles, after graduall.'· approaching 

the surface of the ovary, burst: the ovum and fluid contents are liberated, nn<l 

escape on the exterior of the ovary, passing thence into the Fallopian tube. 3 

In the fretus the ornries are situated, like the testes. in the lumbar region, near 

the kidneys. ~rhey may be distinguished from those bodies at an early period b., ... 

their elongated and flattened form, and by their position. which is a.t first oblique 

and then nearly transverse. '!hey gradually descend into the pelvis. 
Lying above the ovary in the broad ligament between it and the Fallopian tube 

is the organ of Rosenmi.iller , called also the parovarittm. This is the remnant of :t 

freta l ~tructure, described at page 137. In the adult it consists of a few closed con

voluted tubes lined with epithelium. which converge toward the ovary, but which 

are connected at their opposite extremities with a longitudinal tube, the duct of 

Gartner (Ppi>"oplwron), which entls in a. bulbous or hydated swellintr. 'rhe paro

\·arium is connected at its uterine extremitv with the remains of the Wolffian duct. 
The pariioplwron corresponds to the ·pa.rndid.rmis of the male, :rn<l is found, 

when present, near the uterus. 
The Ligament of t he Ovary is a rounded cord which extends from each superior 

anale of the uterus to the lower extremity of the ovary: it consists of fibrous tissue 

and a. few muscular fibres derived from the uterus. 
The Round Ligaments a.re two rounded cords, between four and five inches in 

lenO'th, situated between the layers of the broad ligament in front of and below the 

Fallopian tube. Com:nencing on each side at the superior angle of the uterus, this 

:.ii~~m=:~tn~~s:~n~L~·1'~~;~a~~~:·~~d;h~nl~b~~
1 ~;·~J1~·a~~~o~~.i~cl~h~ ~~~~1~:! l~~~.om,\~1~1~ 

rou~·d lirr~~ment c;;1sists principally of muscular tissue prolonged from the uterus: 

also of s~me fibrous and areolar tissue, besides blood-Yessels and nenes. enclosed 

in a duplicature of peritone~1m, wh~ch in th: fre~us is prolo1~?e? in the f~rm of a. 
tubular process for a sh?rt distance mt~ the mg~1mal canal. lb1s pro~ess 1s cal~ed 
the canal qf .;.Vnck. It 1s generally obliterated in the adult, but sometimes remain~ 

: ~~~c:e~i:.~i&ti~:! /ii)!~~: s;?r111~: ef.l~~iu
1r~: A ril, 1Si5. . 

a This is cAE>cted either by npplirnt!on of the t~1E~ to the ornry, or by a curhng upward of the 

timbriat ed e xtremity, so that the ovnru h caught as 11 !alls. 
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J)Cnions CYC'O in :Hhanccd life. It is analogous to the peritoneal pouch \\liich 
accompanies th(' dl·~cent of the testis.. 

Vessels and Nerves.-Tbe arteries r~f' t!te oMries and J'allnpian tube~ an• the 
ovarian from the a•H"ta. They enter the attached bordPr. or bilum, of the marr. 
'fhc l'ein8 follow the course of the arteries: they form a. plexus near the 0\':11·:·. dH• 
pm11pin{form plaws. The nenes arc derived from the inferior hypogastric or 
peh·ic plexus.. and from the ornrian plexus, the Fallopian tube rccci,·ing a branl'h 
from one of the uterine nen-cs. 

THE MAMMARY GLANDS. 
The mammre, or breasts, are accessory glands of the gencrnth·e system, which 

secrete the milk. They exist in the male as well as in the female, but in the 
former only in the rudimentary state, unless their g rowth is excited by p~cu1iar 
circumstances. In the female they are two large hemispherical eminences s ituated 

Fm. ;;;&.-Dissection of the lower half of the female breast durini:: the period of laetntion. !From Lui:chl.:a.) 

toward the latera l aspect of the pectoral region, corresponding to the intcn-als 
between the third and sixth or se,·enth ribs. and extend ing from the ::ide of the 
sternum to the axilla. Their weight an<l dimensions differ at different periods 
of life and in different indi,,iduals. Before puberty they are of ~mall size, but 
enlarge as the generati,,e organs become more completely de,·eloped. They 
incrca~e during pregnanc.Y, and especially after de]i,·ery, and become atrophied in 
old age. The left mamma is generally a little lar~er than the right. Their base 
is nearly circular, fl attened or slightly conca\'C1 and has its long diameter directed 
upward and outward toward the axilla: they are separated from the Pectoral and 
Sena.tus magnus muscles by a layer of fascia. rrhe outer surface of the rnamma. 
is convex, and presents, just below tli.e centre, a.smaJI conical prominence, tlic nipple 
(mammilla). The surface of the nipple is dark-colored and snn·oundcd by an 
areola haYing a colored tint. In the ''irgin thC' areola is of a. delicate rosy hue; 
about the sccon<l month after impregnation it enlarges and acq uires a darker tinge, 
which increases as pregnancy aclrnnces. becoming in some cases of a clark-brown 
or even black color. 'L1hiR color diminishe8 as soon as lactation i~ O\·er. but is 
never entirely lost throughout life. The~e thange~ in the color of the areola are 
of importance in formiuµ; a conclusion in a case of suspecte<l first pregnancy. 
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'1'.be n~pple is a cylindrical or conical eminence capable of undergoing a sort of 

erection from mechanical excitement, a change mainly due to the contract1<1n of its 
m.uscula1~ fibres. It is of a pink or brownish hue, its surface wrinkled an<l pro,·ick·il 

w1tb pa~1llre, and it is perforated a.t the tip by numerous orifice:-::. the apertures of 

the I.act1ferous ducts. Near tl1c base of the nipple and upon the surface of the 

a.reoh are numerous sebaceous glands, which become much enlarged during lacta

tion, and present the appearance of small tubercles beneath the 8kin. Thc:-"c 

glands secrete~ peculiar. fatt_v substnnce, which senes as a. protection to the integu

ment of. the n.1pple c~urmg .the a.ct of sucking. rJ1 he nipple con~ists of numerou~ 

v.essels, mterm1xed w1th plum muscular fibres, which arc principally arranged in a 

circular manner around the base, some few fibres radiating from base to apex . 

Structure.-Themamma consists of gland-tissue; of fibrous tissue, connecting its 

~~~=~ ; f1~~~ ~1~01~~~br~~:u~s~~~ l~~l:t :.~~~\~1 ~/~t~~·~~?c0 r!~~~li~~b~~ior,'l~~~ g~~ln~~~~~~~:: 
circular in form, flattened from before backward, thicker in the centre than at the 

circum~erencc, and presenting several inequalities on its 8urface, especially in front . 

It consists of numerous lobes, and these are composed of lobules connected together 

by areolar tissue, blood-,·cssels. and ducts. The smallc::;t lobules consist of a cluster 

of rounded ah'eoli, which open into the sma1lest branches of the lactiferous ducts; 

these ducts. uniting. form larger duct~ . which terminate in a single canal, correspond

ing with one of the chief' subdi,·isions of the gland. The number of excretory ducts 

varies from fifteen to twenty: they are termed the tubzdi lact(fi'ri, or galacloplwri. 

'fhe~' converge toward the areola, beneath which they form dilarations1 or ampulla>1 

which sene as resenoirs for the milk 1 au<l at the base of tl1e nipple become 

contracted and pursue a straight course to its summit, perforating it by separate 

orifices considerably narrower than the ducts themselrns. '11he ducts are composed 

of areolar tissue, with longitudinal and transYe1·se elastic fibres and longitudi nal 

muscular fibres: their mucous lining is continuous. at the point of the nipple, with 

the integument. 'l1hc epithel ium of the mammar.Y gland differs acconling to the 

state of actidty of the organ. In the gland of a woman who i~ not pregnant or 

suckling the alrnoli are rnry small and solid, being fillc>d with a mass of granular 

polyhedral cells. During pregnancy the ah·eoli enlarge and the cells undergo 

rapid multiplication. At the commencement of lactation the cells in the cen~re 

of the alrnolus undergo fatty degeneration, an'l a.re eliminated in the first milk 

as coloslrmn-corpuscle.~. The peripheral cells of the alveolus remain, an<i form 

a sinrrle layer of granular, short columnar cells, with a spherical nucleus. linin~ 

the Ji~1iting membrana p1:opria.. ~'hes~ Cell~ during the ~13:te of actiYityo: the gl.amJ 

are capa.ble of forming. m the11· mt~r1or, o il-gl ~bu l cs, which are then eJecterl mto 

the lumen of the alveolus and constitute the milk-globules. 
~f.lhe fi.btous tissue i1Hests the entire surface of the breast, and scnd8 do\\n 

septa be.tween its lobes, connecting them together. . . 
The fatt11 ti."Jsne surrounds the surface of the g land and occ11p1es the 1nrenal 

betwC>en~ its 'tobes. It usually exists in considerable abundance. and determines 

the form and size of the gland. There is no fat immedi:.uel,r Lcnea.th the areola. 

and nipple. (The colostrom-corpuseles may be emigrated white corpuscles.) 
Vessels and Nerves,-The atleries suppl.ring the mammre are deri,·ed from the 

thoracic branches of the axillary, the intercostah~, and internal mammary . The 

reins describe an anastomotic circle round the base of the nipple, called by Hall er 

the rfrrllluR i•enfJ:Hu1 . :From this large branches tram•mit the blood to the 

circumference of the gland and end in the axillary and intemal rn:rnnnnry ,·ein~. 

~rhe fymplwtfrs. for the most pa.rt, rnn along th~ lower. bonier of the l)ectoralis 

major to the axillary g lands; some few, from .the mner ~ule.of the l~rca:"'t, perforate 

the intercostal ~paces and empty thet~1seh·e~ 111to the anterior me1l1astmal gland~. 

The nerl'l'S arc derived from the anterior and lateral cutaneous nenes of the thorax. 
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Dissection (Fig. 757 ).--For dissection of the parts concerned in iugui.naJ hernia a male 
subject, free from fat, should always be selected. The body should be placed 111 the supine posi
tion1 the abdomen and pdvis raised by means of blocks placed beneath them, and the lower 
extremities rotated outward, so a:; to make the parts as tense as possible. If the abdominal walll" 
are flaccid, the cavity of the abdomen should be inflated by an aperture through the umbilicus. 
An incision should be made along the middle line from the umbilicus to the symphysis pubis, 
aud continued along the front of the scrotum, and a second incision from the anterior superior 
spine of the ilium to just below the umbilicus. These incis ions should divide the integument , 
~J~~ 1~l~j1!r!~.1~~~~~i~~111f~~~~t ~~ifi ib~l~l~11~is~j~wee11 ihcm should be reflected downward and outward, 

The Suyerficial Fascia of the Abdomen.-'l'hi s, over the greater part of the 
abdominal wall, consists of a single layer of fascia. whi ch contains a variable 
amount of fat; but as it approa.ches the groin it is easi ly di"i sible into two layers. 
between which arc found the superficial Yesscls and ncncs and the superficial 
inguinal lymphatic glands. 

The SUJJeJ:ficial la.11er is thick, .areolar in texture, containing adipose tissue in 
its meshes. the quantity of which ,-aries in different subjects. Below, it passes 
o\·er Poupart's ligament, and is continuous wirh the outer 1a.ycr of the superficial 
fal:icia of the thigh . In the male this fascia. is continued over the penis and OYCr 
the outer surface of th e cord to the scrotum, where it helps to form the dartos 
A~ it pa~scs to the penis and over the cord to the scrotum it changes its character. 
becoming thin, destitute of adipose tissue, and of a pale reddish color; and in the 
scrotum it acquires some involuntary muscu la.1· fib res. From 1he scrotum it ma,,
be traced backward, to be continnous with the supcl'ficia l fascia of the pcrinreum. 
In the female thid fascia. is continued into the labia majora .. 

'L1he liypo.qastrir branch of the ilio-ltypo,qastric nerve perforates the aponeurosis 
of the Externa.1 oblique muscle about a.n inch aboYc and a l ittle to the outer side of 
the external abdominal ring 1 and is distributed to the integument of the bypogastric 
region. 

The ilio-inguinal uen·e escapes at the external abdominal ring, and is distributed 
to the integument of the upper and inner pa.rt of the thigh, to the scrotum in the 
male and to the labium in the female. 

The super.fi<·ial epigastric artery arises from the femoral about half an inch 
below Pou part' ligament, and, passing through the saphenous opening in the fascia 
lata. ascends on to the abdomen, in the superficial fascia co,·ering the External 
oblique muscle, nearly as high as the umbilicus. It distributes branches to the 
superficial inguina.l lymphatic glands. the superficial fascia, and the integument. 
ana"ltomosing with branches of the deep epigastric and internal mammary arteries. 

The -'iltpe1:firial circumflex iliac artery, the smallest of lhe cutaneous branches. 
ari . .;;es close to the preceding , and. piercing the fascia la.ta., nrns outward, parallel 
with Poupart's ligament , as far as the crest of the ilium, dividing into branches 
which suppl,Y the superficial inguinal lymphatic glands, the superficial fascia, and 
the integument, anastomosing with the deep circumflex iliac :tnd with the gluteal 
anti external circum Aex arter ies. 

Tbc sup('1:fieial external 7nulfr (supNior) artery arises from the inner side of 
the femoral art?r.Y close to ~he preceding \'Csscls, and: after passing through the 
saphenous openmg. courses mward across the spermat1c cord, to be distributed to 
the integument on the lower part of the abdomen the penis and scrotum in the male, 
an<I the labium in the female, anastomosing with brauches of the internal pudic. 

Th t' .','111u·1:tfria l lreins.-The ,·eins accomranying these superficial ' 'essels are 
IISO 
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~:~~~.11.v much larger than the arteries; they terminate in the internal saphenous 

'firn 8UJJe>:ffrial in,quinal lymphatic glands arc placed imme~liately beneath the 
integument, are of large size, and rn.ry from eight to ten in number. They are 
(li,,isible into two groups : an upper, disposed irregularly along Poupart's liga
ment, which receive the lymphatic ,·essels from the integument of the scrotum, 
penis, parit?tcs of the abdomen, perineal and gluteal regions, and the mucous 
membrane of the urethra; and an inferior group, which surround the sapbenous 
opening in the fascia lata, a few being sometimes cnntinticd along the saphenous 

Fm. 757.-Ingiiinnl hernia. 8uperficinl dl~~ettiou 

vein to a variable extent. This latter group receive the supel'ficial lymphatic 
vessels from the lower extremity. . . 

'.L1hc deep la,1;er of tltr supe1ficialfascia (.f~scia of Scarpa) is th~nner a.1H.l 1~101:c 
mcmbra.nous in character than the superficial la yer .. ln the .m1ddlc lrne 1t .1s 
intimately adherent to the linea. alba; above. it. is contmuous ~nth the sup~rfiernl 
fascia over the rest of the tru~k; below, it is con.nectcd w1tl~ the fascia ~a~a. 
(th i h) a. little below Pou part's ligament: belO\\ and rn.tcrnally. Ill the male, 1t 1s 
con~nucd over the penis and o,·cr the outer surface o.f the cord to the scrotum. 
wbere it Ji eips to form the dartos. From .the scrotu11~ ~t ma.y .be t.race<l ba~kward 
to be continurni~ with the dNp l~lJl'r of the. supe1:fic1a.I fascia of the perineum. 
In the fcuialc it i:-; continuous with tbc .labia arn~iora. 

'!'he scrotum is a cutaneou~ pouch ~rh1c~ cont::1111s. the testes and part of the 
sperma.tic cor<ls, an<l into which an mgumal hernia frequently descends (~ec 

pag~i.1e1l~~neurosis of the External Oblique Muscle.-This is o. thin but strong 
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llll'lllUmnou:-. aponenro!->i:.i. the fibres of "hich arc clin•(.•t(•1l 0Uliip1l'ly dn"1rnanl 
:.11111 im\ar<l. 'J'hal porrinn of the aponcnro:-;is which exu.•1111~ hct'H'l'll the anterior 
superior l-ipinl" nf the ilium and the i'ipinc of thr os puhi~ i~ a broatl hand. foltlt•ll 
inwanl and contiuuou~ below with the ra~cia. lata.; it is callt•d />oupa,.(s l1f1m111·11t. 
'rbe pol'tion which is reflected from Poupart's ligament at the :-;pine of 1hc os pttbi:-;. 
alono· the pectineal line, is calle<l Gimberna(s l(yamcnt. From the point of attach
mt.>nf nf the latter to the pcctineal line a few fibres pa!'-:-; 1qnHtr<l and inward. 
l>cbin<l the inner pillar of the ring, to the linca alba. 'J'he_,. clirergc as they ascend. 
and form a thiu, triangular. fibrous band. which is called tbe triangular l(gamen.t 
rf th1' abdom1•n. In the aponcurosis of the External oblique, immediately abo,·e the 
crest of the o:. pubis, is a. ti·~angular opening. the extemal or ~u;?e1:ffr~'ul :tbdo~ninal 
l'in,y, formed by the $eparat1on of the fibres of the aponeuroR1s JU tlw.; ~1tuat10~. 

The External or Superficial Abdominal Ring.-.Just above and to the ontcr side 
of the crest of the os pubis an intenal is seen in the aponeurosis of the Extemal 
oblique, called the e:tternal abdom£nal ring . '.l'hi:.; aperture is oblique in direction, 
somewhat triangular in form, and corresponds with the eour~e of .the fibres of the 
aponeurosis. Lt usualJ_,. measure<:: from base to apex about_an mch, and tra?s
,·crsely about half an inch. It is bounde<l below by tl1e crest of the os pubis; 
abo,·e, by a serics of cuned fibres, the inturolmnnar, which pass acros~ the upper 

~~11~~eo~f:~~10011;~1:11;1~0i1~s tI1~ ~1~~i~e~:~o~~~' 5~,~·~~~~1t l~ ;.e t~~1c:lc~i1 t fli~l:~,1;,:,:~!~; ~;~' J:h~m~~!1~: 
the riny. 

The 1<.l'lernal pillw·, wbit:h at the same time is inferior from the obliquity of 
its direction, is the stronger: it is formed b,,. that portion of Pon part's ligament 
which is inserte1l into the spine of the os pubis; it is curved, so as to form a. kind 
of gl'OO\'e, upon which the spcrmatic cord rests. 

' r he internrtl or superior pillar is a broad, tLin, flat band, which is attached 
to the front of the body of the os pubis, interlacing with its fellow of the oppo· 
site ~ido in front of the sym1;h_ysis pubis, that of the right side being superficial. 

1'he external abdominal ring gives passage to the spemrntic cord in the male 
and round ligament in tho fomale; it is much larger in men than in women, on 
account of the large size of the spermatic cord, aµd hence the g reat frequency 
of inguinal hernia in men. 

'l'he intetcolwmutr fibres are a series of cu rved tcndinous fibres which arch 
across the lower part of the aponeurosis of the External oblique. 'l'hey haYe 
received their nal!le from stretching across between the two pilhtrs of the external 
ring; Lhey increase the strengrh of the lower part of the aponeurosis and prernnt 
the di,•ergence of the pillars from one another. They are thickest below, where 
they arc connected to the outer third of Poupart's ligament, and are inserted into 
the linca alba, describing a cune, with the convexity downward. They are much 
thicker and stronger at the outer angle of the external ring than internally, and 
arc more strongly de,·elopcd in the male than in the female. 'J1hese intE:rcolumnar 
fibres. as the~" pass across the external abdominal ring, arc themseh·es connected 
together by delicate fibrous tissue, thus forming a fascia which, as it is attached 
to the pillars of Lhc ring, covers it in, and is called the int~rcolunmarfascia. 'l'his 
intercolumnar fascia is continued downward as a tubular prolongation around the 
outer surface of the cord and testis, and encloses them in a distinct sheath ; hence 
it is also called the e:rternal spennatic fascia. The sac of an ing:.iinal hernia in 
passing through the external abdominal ring receives an investment from the 
intercolumnar fascia. 

If the finger is introduced a shor t distance into the cxtcmal ring, and then, if 
the limb is extended and rotated outward, the aponcurosis of the External oblique. 
together with the iliac portion of the fascia la.ta, will be felt to become tense and 
the external ring much contracted; if the limb is, on the contrary, flexed upon the 
peh•is and rotated inward. this aponeurosis will become lax, and the external ring 
sufficiently en larged to admit the finger with comparative case; hence the patient 
should alway~ be put in the latter position when the taxis is applied for the reduc· 
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~~1~h):'l.Sa.~0~:f~'l~~al hernia, in order that the abd<iminal wall8 may be relaxed as 

?i~~~~ ~~l~~"!~~~~-~~l t:!~i~1~~1~1:
1:~~~d~3~~ti~!~0 i~1~~~:a~~11·dv~~~Jl~vu~,~-~~7gg~~~~~~~~i~ ;~~t~sft: 

m ~eparatmg it from the aponeuro:s1s of the muscle bene~th. The lower part of the Internal 

oblique and _the Crcm?Ste_r are ~!~en exposed,_toget.hcr w1_th the inguinal canal, which contains 

t~~sS~;1~~t.~~~1b~r~h~~}!j· a4l~)be f.~~':nY~~~~ of msert1011 of Poupar~'s an<l Llimbcrnat's ligaments 

Poupart's ligam~nt, or the crura! arch, is the lower border of the aponeurosis 

oft~~ External obh c1ue muscle, which ~xtends from _the anterior superior spine of 

the ilium to the spme of the os pt~b1~. ~rorn this latter point it is reflecterl 

outward to be attached to the pectmeal hue for about half an inch, forming 

F10. i.>8.-Ingufnal hernia, showing the Internal oblique, Cremaster, and spermatlc canal. 

Gimbernat's ligamen t. Its general d irection is cun-ed downward toward the 

thigh. where it is continuous with the fascia lata. Its outer half is rounded and 

oblique in direction; its inner half gradually widens at its attachment to the os 

pubis, is more horizontal in direction, and lies beneath the spermatic cord. 

Gimbernat 's ligament (Fig. 765) is that portion of the External oblique muscle 

which is reflected downward and outward from the spine of tbe os pubis to be 

inserted into the pectineal line. It is about half an in ch in length, larger in the 

male than in the female, almost horizontal in direction in the erect posture. and 

of a triangular form, with the base directed outward. Its base or outer margin is 

conc:we, thin , a.ad sharp, and lies in contact with the crural sheath, forming the 

inner boundary of the crural ring (sec Fig. 76G). Its apex corresponds to the 

spine of the os pubis. Its posterior margin is attached to the pcctineal lin e, and 

is cnnt inuous with the pubic portion of the fascia lata. Its anterior margin is 

continuou.; with Poupart 's ligament. 
The triangular ligament of the abdomen is a band of tendinous fibres, of a 

triangular ~hape. which is attached by its apex to the pectineal line. where it is 
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CllHinuous "ith G-imbcrnat's ligament. lt pas~c~ inw:nil hencath the ~pcrmatie 
cord, and expand!'\ into a somewhat fa1H•hripcd fa~cia. I.ving behind the inner pillar 
of the external abdominal ring and in front of' the conjoilll'(l ten1lnn. anti interlace~ 

wit~r~:~\~f:::=~~~~~~= :~:~;:i~:sa~e~~e 1~i1~~~.'~01~11~i~~: descrilml (page -!;)l). The 
part which is now exposed is partly muscular :rncl partl.'· tcndinou!-' in structure. 
ThMe fibres which arise from Poupart's ligament, few in number and paler in 
color than the rest, arch downward and inward across the spermatic cord, and, 
becoming tcJHlinou , are inserted, conjointly with those of the Tran!wers11lis. into the 
crest of the os pubis and pectineal line, forming what is kno\\n as 1hc conjoined 
tendon of the Internal oblique and TransYersalis. 'l'his tendon is inserted imme
diately behind the external abdominal ring, scn·inj.t to protect "hat would other
wise be a, weak point in the :ibdominal wa ll. Rometimes this tendon is insufficient 
to resist the pressure from within, and is canied forward in front of the pl'ot r usion 
through the external ring, forming one of the coverings of direct inguinal hernia, 

or t~,~1 ~e~~~~~~~~:s i~t~'t '\~'~ut~~~,~~~1!~~e l~.i~~s c~~·n\~:s~~,:~Fi~~e~~l:1~~~~11~f fasciculi 
which ari:.;e from the middle of Poupart"s ligament at the inner side of the Internal 
oblique, being connected with that muscle and also occasionally with the 
'l'rans\·ersalis. It passes along the outer side of the spennatic cord. descends" ith 
it through the external ring upon the front and sides of the cord. and forms a 
series of loops which differ in thickness and length in different subjects. rl1hose 
at the upper part of the cord are exceedingly short, bnt they become in successiou 
longer and longer, the longest reaching down as low as the testicle, where a fe" 
are inserted into the tunica rnginalis. r..l~hesc loops are united together by areolar 
tissue, and form a thin covering OYer the cord and testis, the faseia cremasteric11. 
The fibres ascend along the inner side of the cord, and arc inserted by a small 
pointed tendon into the crest of the os pubis and front of the sheath of the Rectus 
muscle. 

It will be observed that the origin and insertion of the Crema::;ter is precisely 
similar to that of the lower fibres of the Internal oblique. 'r his fact affords an eas.\' 
explanation of the manner in which the testicle and cord are in \'Csted by this muscle. 
At an eMly period of footal life the testis is placed at the lower and back part of the 
abdominal cavity, but during its descent toward the SC l"otum, which takes place 
before birth, it passes beneath the arched border of the Internal obl ic1ue. In its 
passage beneath this muscle some fibres ttre deri\·ed from its lower part which 
accompany the testicle and cord into the scrotum. 

It occasionally happens that the loops of the Cremaster su1Tound the cord, some 
lying behind as well as in front. It is probable that under these·eircumstances 
the testis in its descent passes through, instead of beneath, the fibres of the Internal 
oblique. 

In the descent of an oblique inguinal hernia, which takes the same course as 
the sperm a tic cord, the Cremaster muscle forms one of its co\·ering~. 'J'his muscle 
becomes largel_y developed in cases of hydrocele and large old scrotal bemire. Xo 
such muscle exists in the female, except a few fibres on the surface of the round 
liga.ment, but an analogous structure is developed iu those ca~es where an oblique 
inguinal hernia descends beneath the margin of the Internal oblique. 

The Internal oblique should be detached from PoupnrL's li,j.\"nment, separated from the 
'fransversalis to the same extent as in the pre\·ious incisions, and reflected mward on to the 
sheath of the Rectus (Fil-\'. 759). The circumflex iliac vessels, whieh lie between these two 
mui;dcs, form a rnluablc guide to their SC'Jlaration. 

'l'be Transversalis muscle has been pre»iously described (page 453). The part 
which is now exposed is partly muscular and partly tendinons in structure; this 
portion arises from the outer thirrl of l)oupart"s ligament. its fibres cune down
~rnrd anti inward. and are inserted, together with those of the Internal oblil1ue. 
into the lower pare of the ]inea alba. into the crest of the os pubis and pectineal 
line. forming what is kno" n as the conjoined tendon of the Internal oblique arnl 



THE FASCI.I T/LL\~~l'l>'R8.ILL9. 1185 

Trans,·c1·1:mlis. Between the lower border of this muscle and Poupart's ligament 
a space is left in which is seen the fascia tran::n-cr::-alis. 

The inguinal or spermatic canal contains the spcrmatic cord in the male and 
rhc round ligament in the female. le is an obli(tue canal, about an inch and a half 
in length, directed downward and inward and placed parallel with, and a little 
ab~ve. _Poupart'~ ligament. I t commences aborn at the .internal abdominal ring, 
which 1s the pomt where the c_ord enters the spermatl c canal, and terminates 
below at the external ring. It is bounded, in ftont , by the integument and 
superficial fascia, b_r the aponeurosis of the External oblil1 uc throughout its whole 
length, and by tbc In te rnal oblique for its outer third; behind. by tbe triangular 
ligament, the conj oined tendon of the Internal oblique and 'l'ransversali s. trans
vcrsalis fascia., and the subperitoneal fat and periton eum ; aboiie, by th e arched 
fibres of the Internal oblique and 'f1ransversalis; below, by the union of the fascia 
transversali s with Poupart's ligament. That form of protrusion in which the 

FIG. i.J!l.-Inguinal hernia i;;bowing the Transversalis muscle, the trumwcr-alis filllcia, and the internal 
11bdominal ring. 

intestine follows the course of the spt:rmatic cord along the spermatic canal is 
called oblique in,quinal hen~ia,. . . . . 

The fascia transversalis 1s a thm aponcurot1c membrane which h es between 
the inner s urface of the rrransversalis muscle and the peritoneum. It forms part 
of the general la.yer of fascia which lines th~ !nterior of tl;1e abd?minal and pelvic 
cavities, an<l is tli rcct l.v con tinuous with the ilrn? ~nd 1~clnc fai;;c1m .. 

In the in"uinal re"' ion th e transrnrsalis fascia 1s tluck and dense 10 structure, 
and joined b~y fibres from the. aponcurosis of the .Tr:rns\·ersal is musc~e ; but it 
becomes thin nnd cellular as 1t ascends to the D1apbrag;m., Uclow, it has the 
following attac?ments: ext~rna.l to the fcnio.ra l \'C's~cls 1t. is con~~cted to. ~he 
po:--terior margm of Poupart s ligament, arnl 1s there contmuous." 1th the .1liacr 
fa.._cia. Internal to. t!ie \·essels it is !hin. a1.11l a.tta~llCd ~o the os pubis and pec.tmeal 
line behind the ron.JOllled tendon, with wh1rh 1t 1s un~te<l; a.nd, co!Tespondmg !O 
th oint:-; wlH•rc the femoral \·e:--sels pas!-' into the tl.11gh. this fa!SC13. descends m 
rrin~ of thC'm. forming lhe anterior wall of rhc crural sheath. The spenuatic cord 
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in tuc male arnl thl• round ligament in the ft•mah• pa ~s through thi~ fa sc i:.1; the 
poin t nhen• they pa!'s through is call ccl the internal or deep ahdomi nal ring. '11his 
opening i~ not Yisible extcrna ll."' owing to a prolongation of the tram-.,·crsulis fascia 
on these :.i.truc:turcs, formin~ the infundibuliform JH'Ol'C'~~ .. 

The internal or deep abdominal ring is i-;it uate<l in the trans ,•er~a li s fastia. 
mi1l1ra:· between the anterior superior spine of the ilium a IHI the ~ymph_yi-.is pubi~. 
<llHI about half an inch above Pouparfs ligament. I t iR of an ornl form. the 
cxtrcmitic~ of the ornl <lirc((tcd upward and downward; it val'ies i~1 size in dif
ferent ~nhjccts , anfl is much larger in the ma le than in the female. It is bounrled 
a.boYc and externally by the archc<l fibres of the Tramwcrsa li s muscle, below and 
jnternally by the deep ep igastric vessels. I t transmits th e s permatie cord in the 

~~:,·~1~e1~:11~~:}~~1111~~::~i1.;1~r~hc:~,t~:n;l~Zuft~~!1~f.ls!~:trs ~<~n~ii1~~,~~~1 f1~~·,~~~e.;~c ~~1~:1 
a nd testis, enc los ing them in a dist inct pouch. When the sac of :rn obliqu.e 
ing ninnl hcmia. passes through the iu temal 0 1· deep nbdominal ring, the infun<l1-
bulifom1 process of tho transversalis fa scia forms one of its coYe rings. 

The Subperitoneal Areolar Tissue.-Be tween the fascia. trnnsversalis and the 
peritoneum i ~ a quantity of loose areolar tissue. In some subj ects it is of con
s iderable t hick n c~s and loade<l with adipose tissue. Oppm;; itc the internal ring it 
is con t inued rournl the su rface of the cord, forming a. loose sheath for it. 

Th e d1•rp rpigas1rif. 11rtery a.rises from the external iliac artery a few lines a.hove 
Pou part's ligamen t. It at first descends to reach thi s ligament, and then a scends 
obliquely along the inner margin of the in te rnal or deep abdominal ring, 1_ving 
between the tram\·erio;alis fascia and the peritoneum, uncl passing upward pierces 
the trans\·cr~alis fascia. and enters the sheath of the ]foetus mu!'cle just below the 
sem ilun a r fold of D oug la!' . Consequently the deep c pigastric artery bears a. ver.v 
important relation to the internal ab.Jominal ring as it pa sses obliquely upward 
and inward from its or ig in from the extcmal il iac. In this part of its course it 
li es along th e lower and inner margin of tbc internal ring and beneath the 
commencement of the spermatic cord. A s it winds round the internal abdominal 
ring it is crossed by the ms deforens in the male and by the round ligament in the 
fema le. 

1l 1he peritoneum, COl'l'CSponcling to the i11n c 1· s11rfacc of the jutc mal ring, presents 
a well-mark ed depress ion. the depth of which varies in different s ubjects. A thin 
fibrous band is continuc<l from it along the front of the cord for a variable distance, 
and becomes ultimately los t. This is the remains of the pouch of peritoneum 
which, in the fOOt us, accompanies the cord and testis into the scrotum, the 
obliterat ion of which commences soon after birth. In some cases the fibrous band 
can onl y be traced a short <listance, but occasionally it may be followed, as a fine 
cord, aS far as the upper end of the tunica vagiu31is. s'ometimes the tube of 
peritoneum is only closed at intervals and presents a sacculated appearance, or a 
s ing le pouch may extend a long the whole length of the cord, which may be closed 
abO\'e, or th e pouch may be directly continuous with the pe ritoneum by an 
opening at its uppe r part. 

In the female (in the footus) the peritoneum is also prolonged in the form of a 
tubular process for a s.hort distance into the inguinnl camt1. rJ1his process is called 
the canal of Nuck . I t 1s generally obliterated in the adul t, but sometimes it remains 
pervious e\'Cn in advanced life. It is analogous to the peritoneal pouch which 
accompanies the descent of the testis. 

INGUINAL HERNIA. 

lnguinal hernia is that form of protrusion which makes its way thrnugh the 
abdomen in tho inguinal region. · 

There are two principal \·arieties of inguinal hernia-external or oblique, and 
internal or <lirect. 

Bxfrrnal or oblique inguinal hernia, the more frequent of the two, takes the 
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~~
1

~~ c:~u~~~e aiuttl~~ ~;.e/;f~~t~~d~o~~· th!t li:e~Ja~~~~~·::.;~l~~·t~~~~ the neck of the ~ac 
Internal or direct inyuinal hernia doe.!S not follow the sa~ue course as the conl 

:,~i~~~·~li~ii~u~~:c~-~,'.'ough tLc abdominal wall on the inner or pubic side of the <lec1; 

Oblique Inguinal Hernia. 

~n oblique .inguinal .hernia. the. intestine escapes from the abdominal caYitv at 

the 111terna l rmg, pwshmg before 1t a. pouch of peritoneum, which forms the hci:nia l 

sac (Fig. 761, A). As it enters the inguinal canal it recei,·es an im·cstmcnt from 

the subscrous areolar tissue, ancl is enclosed in the infundibnlif'onn process of the 

trnnsvers.alis fascia. In pas.sin~ along the ingu inal canal it cfoq>laccs upward the 

arched fibres of the Transversal is and Internal oblique mu~cles, and is surrounded 

by the fibre:-; of the Cremaster. lt then pa~ses along the front of the cord, and 

escapes from the ingu inal canal at the external ring. recei\·ing an in,·cstmcut from 

the intcrcolumnar fa~cia. Lastly, it descend!-\ into the ~crotum. receiring coverings 

from the superficial fasc ia. and the integument. 

The co,·eringg of this form of hernia. after it has passed through the exlcmal 

~!~~~~,~~~.~~~~~t::·.it1:~,
1~~1!~'~·~~:~11 ;1c1~·~~·ulii1}(\~~~n;~~:~i·a~u~t~l~~::.~!1sf~;~~~iai1

1·1 t~i1~~~}~:m~~c; 
periton_l'IWL . . . . 

'l'b1s form of hernia. hes 111 front of the \'C!->:-i.els of the spermat1c conl and 



I 188 TJIR SCR(;IC.IL AX.I '1'0.lfl- OF IU://.Yf,I. 

:--t.•1(10111 cxrernl:-: helow the tr:-:tis. on aecount of the intimate adhc:--io11 of the co,·er· 
mg . ..;, of the cord to the tunica vaginalis. 

D. Encysted hernia. 

E. Hernia inl•)lbc f'unlculurpruce:os. 

FJ0.';'61.-Yarictiesofcibllqucinguinalhernia.. 

The ~Mt of sltif'fure in oblique ingui11n.l hernia is either at the external ring, 
11l the inguinal canal, caused by the fibre::; of the Internal obli que or Trans-
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\'.eri-;alis ; or at the internal ring, most frequently in the latter situation. If it is 

;~~.~~~~1~1~~~~heise:Wn:1~~t r~~g~e~~:s.~;!;·i~~~~ t~:~ ~·e~~~,ce~~~~ ~: ~~ce t~'.~i~~f ~tf 
m the rnqu 1nal canal or at the internal ring, it may be ncccssttry to divide the 
apo_n~LLros1s of tbc External obl~qt1 c so as to lay open the inguinal canal. In 
<l1nd1rng the stricture the directton of the inciKion should be upward. 

" hen the intestine pa~ses along the spcrmatic canal and escapes from the 
cxtc1:nal ring i~to th.e ~crotum, it is called c:omplete oblique inyuinal or scrotal 
!1rnwt.. If. the mtcstll~C .docs not CSC3 pe from the external ring. but is retained 
Ill the mgumal canal , 1t 1s call ed incomplete inguinal hunia, or lmbonoNle. In 
each of these cases the coverings which in\·cst it will depend upon fhe extent to 
which it descen <ls in the inguinal canal. 

'.fhere are so~c other rn.ri eties of oblique ingu inal hernia depending upon con
gemtal d~fccts m the pro?essus rnginalis. 'rhe testicle in its descent from the 
abdome.n mto ~he scrotum 1s accompanied by a pouch of peritoneum, which about 
the period of birth becomes sh ut off from the general peritoneal cavity by a closure 
of tha.t portion of the pouch which extends from the internal abdominal ring to 
n_ear the upper p~rt of t~e t~sticle, the lower portion of t~e pouch remaining per
sistent as the tumca rngma.lis. It would appear that this closure commences at 
two points- viz. at the internal abdominal ring and at the top of the cpididymis
and gradually extends until. in the normal condition, the whole of the inter
\'Cning portion is con,·ertecl into a fibrou s cord. From failure in the completion 
of this process varia.tions in the relation of th e hernial protrnsion to the 
testicle and tunica vaginalis are produced, which constitute distinct varieties 
of ing uinal hernia, and which ha\·e recei"ed separate names and are of surgical 
importance. These are congenital, infan ti le, encysted. and hcmia. of the funi cu
lar process. 

Congenital Hernia (Fig. 761, n).-Where the pouch of peritoneum which 
accompanies the cord and testis in its descent remains patent throughout and is 
uncl osed at any point, the ca.,·ity of the tunica vaginalis communicates directly 
with the peritoneum . The intestine descends along this pouch into the cavity of 
th e runica rnginalis, which constitutes the sac of the hernia 1 and the gut lies in 
contact with the testicle. 

Infantile and Encysted Hemia.-Whcrc the pouch of peritoneum is occluded 
at the internal ring onl,\·, and remains pa.tent throughout the rest of its extent, 
two varieties of obli(1ue inguinal hernia may be produced, which ha,·e received 
the names of infantil e and encysted hern ia. In the i11fa11ti/e form (Fig. 761, c) 
the bowel, pressing upon the septum and the perit?neum in its im_mediate 
neighb orhood, causes it to y ield and form a sac, whtch descends behmd the 
tunic:.1 rn,crinalis, so that in front of the bowel there arc three _layers of per
itoneum, ~he two layers of the runica n1ginalis and its own ~ac. In the encysted 
form (Fig. 761, o) pressure in the ~ame position-namel_·i·: at the. occh~ded spClt in 
the pouch-causes th~ foleptum ~o y1cl c~ and ~orm. a sac which p1~0JCCts i~zto and not 
bt>hind the tunica vag1nalis, as Ill the infantile form, and thus 1.t cu1~st 1 tutes a. sac 
within a. sac, so that in front of the bowel there are two layers of peritoneum- one 
layer of the tunica \'agi nalis and its own ... sac. . r . • • 

Hernia into the Funicular Process (F ig. 761, E).-1\ here the pouch of pento
neum is occluded at the lower point only-that is. just aborn the testicl~-the 
intestine <lescen<ls in to the pouch of perit?neum ~s f~r as the testicle, but _is pre
vente<l from entering the sac of the tun~ca rngmalis by the septum wh1~h has 
formed between it and the pouch, ~o that. 1t resembles_ the congemtal form m all 

1-espcct~, except that, instead of en,·elop111g the testicle, that body can Le felt 

below the rupture. 
Direct Inguinal Hernia. 

In direct inguinal hernia the prot!·usio~ makes its wa.,Y through some part of 
the abllominal wall internal to the cp1gastn c artery. 
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.. \ t the lower part of the abdominal wall is a. triangular ~1i:n·e ( lfesselhat•l1's 
ll'ianyh·), bournlcd cxrernally by the deep epi~a!-;trie artery <.:OH'n.•d h.,- pcritonC'um 
(11lfrn ep(t1asfl'i1•a). internally b~· the margin of the Hcttus mu~dc, l1dow by Pou
part's ligament. The conjoined tendon is strctehctl acro~s the inner two-thinl" of 
this space. the rem:lining portion of the spa.cc hasing only the suUperitoneal an•o
lar ti~~nc and rhc trans\·crsali~ fascia between the peritoneum and the aponcurol:iis 
of the External oblique muscle. 

ln ~.mic c:a::ws the hernial protrusion escapes from the abdomen nn the outer 
side of the conjoined tendon, pushing before it the peritoneum, the subscrous 
areolar tiss11e1 an<l the tranS\"ersal is fasc·ia. It tLen enters tLe inguinal canal, 
passing a lorig nearly its whole length, and finally emerges from the external ring, 
receh·ing an itHe:)tment from the intercolumnar fascia. 'J'h c co,·crings of this 
form of hernia are precisely simi lar to those investing the ob lique form, with the 
insignificant difference that the infundibuliforrn fascia is replaced by a. portion 
deri_ved from the genera.I layer of the fascia tran~versalis. 

In other cases-and this is the more frequent variety-tbe hernia is either forced 
thrnugh the fibres of the conjoined tendon or the tendon is gradually distended in 
front of it so as to form a. complete inrestmeut for it. 11he intestine then enters 
the lower end of the inguinal canal, escapes at the external ring lying on the 
inner side of the cord, and recei,·es additional co,·erings from the superficial fascia 
an<l the integument. This form of hernia has the same coverings as the obJique 
variety, excepting that the conjoined tendon is substituted for the Cremaster, and 
the infumlibuliform fascia is replaced by a. portion dcri,·c<l from the general ]ayer 
of the fascia tramwersalis. 

The difference between the position of the neck of the sac in these two forms 
of direct ingtLina.l hernia has been referred, with some probability, to a difference 
in the rela,ti,·e positions of the obli tenLted hypogastric arter.'· and the deep 
epigastric arter.v. When the course c1f the obliterated hypogastric artery cor
responil.'3 prett.v nearly wich that of the deep cpigastric-which is regarded as the 
nrmual armngemcnt-thc projection of these arteries toward the ca,·ity of the 
a.bd lme n produces two foss~e in the peritoneum. Th e bottom of the external fossa 
of the peritoneum corresponds to the position of the internal abdominal ring, and 
a hernia. which distenrls and pushes out the peritoneum lining this fossa is an 
oblique hernia. When, on the other hand, the obliterated Lypo~astric artery lies 
con-.iilerabl_v to the inner t:iide of the deep epigastric artery, corresponding to the 
outer margin of the conjoined tendon, the projection of the peritoneum over it 
(plica l1,1Jpogastrica) divides the triangle of Hesselbach into two parts, so that 
three depre'isions will be seen on the inner surface of the lower part of the abdom
inal wnll-,·iz. an external one, on the outer side of the deep epigastric artery; a. 
middle one, between the deep epigastric and the obliterated hypogastric arteries; 
and an internal one1 on the inner side of the obliterated hypogastric artery. In 
such a case a hernia may distend and push out the peritoneum forming the bottom 
of tlie external ro~~a. it is an oblique 01' external inguinal hernia. ~'hese fossre 
are the iugu,inal fossce. 

When the hernia. distends and pushes out the peritoneum forming the bottom 
of either the middle or the internal fossa, it is a direct or internal hernia. 

'11be anatomical difference between these two forms of direct or internal 
inguinal hernia is that, when the hernia protrudes through the middle fossa-that 
is, the f'u.:!sa. between the deep epigastr ic and the obliterated hypogastric arteries
it will cuter the upper part of the inguinal canal ; consequently its coverings will be 
the same as those of a.n oblique hernia, with the insign ificant difference that the 
infundibuliform fascia is replaced by a portion deri\·e<l from the general layer of 
the fasci<L tra.ns,·ersaJis, whereas when the hernia protrudes through the internal 
fossa. it is either forced through the fibres of the conjoined tendon or the tendon is 
gradually distcn(led in front of it so as to form a. complete i1nc-;tment for it. 'J'be 
intestine then enter:5 the lower part of the in~uinal canal, and escapes from the 
external abdominal ring lying on the inner ~i<le of the cord. 
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This for~ ?f hernia has the same coverings a~ the oblique variety, excepting 
th:tt the CODJomed tendon is substituted for the Cremaster, and the infund1buli
form fasci11. is replaced by a portion deri,·ed from the general layer of the fascia 
transversa11s. 

'rhe seat of strfr~lu.r1~ in both varieties of direct hernia is most fre11ucntly at the 
neck of_ t~e ~ac or at the external ring. In that form of hernia. which perforates 
the. CODJOmecl tendon it not unfrequently occurs at the edges of the fissure through 
w.h1ch the gut passes. In di,·iding the stricture the incision should in all cases b.; 
U1rected upward. 1 

If the hernial protrusion passes into the inguinal ca.nal, but does not escape 
from the external abdominal ring, it forms what is called incomplete dlrect hernia. 
~I.1his form of hernia is usually of small size, and in corpulent persons very difficult 
of detection . 

Direct inguinal hernia is of much less frequent occurrence than the oblique, 
their comparative frequency being, according to Cloquet, as one to five. It occurs 
far more frequently in men than in women, on account of the larger size of the 
external ring in the former sex . It differs from the oblique in its smaller size ancl 
globulnr form, dependent most probably on the resistance offered to its progress by 
the trans\·ersalis fascia. and conjoined tendon. It differs also in its position, being 
placed over the os pubis and not in the course of the inguinal canal. The deep 
epigastric artery runs on the outer or iliac side of the neck of the sac, and the 
spermatic cord along its external and posterior side, not directly behind it, as in 
oblique inguinal hernia. 

FEMORAL HERNIA. 

The dh;:ection of the parts comprised in the anatomy of femoral hernia. should be per-

~orbJ:k \~ 1fl:~0~i~~~1d°1~~/!:U~1;~ 5~~~~;, ~h! ~hi~hfa!~e:t~d~ ~~1~e~t!11~~e~ 1!fi:6IT; i~!.?t~~J 
retained in thi:s position. An incision should then be made from the anterior superior spinous 

~o~~:r'i~J" i~~~1~~~~~el~~o~~~o~0~1~:~J:id1~g~l:~1: st~ t~~l~~~11 b~~~~tl~ut~;~; p~e:di~~~ i ii~~~~0tll:!~0~!~ 
to be connected together by a. \'ertical one carried along the inner side of the thigh. These 
several incisions should di,·ide merely the integument i this is to be reflected outward, when the 
superficial fosc:i~L will be exposed. 

The superficial fascia forms a continuous layer over the whole of the thigh, 
consisting of areolar tissue. containing in its mcshe~ much fat, and capable ?f 
beinrr separated into two or more )ayers, between which are found the superficial 
ves:s~ls and nerves. It varies in thickness in different parts of the limb. In the 
groin it .is thick, and the two layers a1~e separated from one .another by the super
ficial inguinal lymphatic glands. the mtern~l saphcnol~S ,·em, a~d se,·cral smal~er 
vessels. One of these la.rers, the superficial, 1s contmuous with the superficial 
fascia of the abdomen. • 

extc~~f i~l~~~i~~~i~I i~~)~~r;!\?:i1~vi'tt ~e}~hft~l~J g~,~~:~e\~ci~;o~ ;J~e ll~~,~~~1~d t~~~~.i~~;l~ t~f 
the space, detach ing it at first from the front of. the .interr~al s;.~phenous vem, and d1ssectmg 1t 
off from the anterior surface of that vessel and its tr1butarres; 1t should then be reflected o~t.
ward in tllC same manner as the integument. 'fhe cutaneous \'CSscls and ~en·es ?-n<l ~~perficial 

~}1~li~t~1r~;i'~~~h~~~~=·~·:i~p~~ld~~~i~~P~~fi~ia\11:p?::~~r1i~~·%~~:J~ia~:~~~~~-~~~e~ffi1~~. a~~e~p~~~ 
~~itl;eei1~~~l~~r~ti~d~~ssels 1 as well as numerous lymphat1cs1 aseendmg wah the saphenous Yem 

The internal or long saphenous vein ascends along th~ inner side .of the _thigh, 
and, passing through the sa.phenous opening in the fasc1~ ht!a, termmates.m t~e 
femoral vein about an inch and a half below Pou parts ligament. This vem 

m~~~~~~~lfg~~~~~1~~I~¥~·~~'.§ 
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receives a.t the Saphenous openi ng the ~U J H:dicia l cpiga~tric, lli c supcrfici:d 
circumflex iliac, and the superficial external puclic 'cin~. 

The supafi,·iltl e:rtrrnal pudic artery (superior) arise~ from the inner si<le of 
the femoral 3.rt cry, and, after passing throug~ the ::;aphenous opening. courses 
inward acro~s the spcnnatic cord, to be distributed to the integument on the 
lower part of the a.b<lomen, the penis and scrotum in the male and the labium in 
the female, anastomosing with branches of the interna l pndi c. . 

The superficial e1Jiqastrir artery arises from the femoral about half an mch 
below Poupart's liga~1cnt, an<l, passing t~rongb the sap~1cnous .opening_ in the 
fascia la.ta, ascends on to the abdomen, ID the superficia l fascia coverrng the 

FIG. i62.-Femoral hernia. Superti<'inldisscctlon. 

External oblique muscle. nearly as high as the umbi licus. It distributes branches 
to the superficial inguinal lymphatic glands, the superficial fascia, and the integu
ment; anastomosing with branches of the deep epigastric and internal mammary 
artenes. 

1' he superficial cfraun~fiex iliac artery, the small est of the cutaneous b ranches, 
arise~ close to the preceding. and, piercing the fascia lata., runs outward, parallel 
with Poupart's ligament, as far as the crest of th e ilium1 di viding into branches 
which supply the superfi cial inguinal lymphatic ~ l ands, the superficial fascia, and 
the integument of the groin1 anastomosing with the deep circumflex i1iac1 and with 
the glu teal and external circumflex arteries. 

The Super..fi.cial r eins.-Tbe ''eins accompanying these superficial arteries are 
usually much larger than the arteries: tbey terminate in the intcmal or long 
E=aphenouR ,·ein at the saphenous opening. 
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. The supajicial i11,r;uinal lymphatic glands, placccl immedia.tcl.Y beneath the 
n~ t~g_ume.nt, arc of large size and rnry from eight to ten in number. They are 
d1v.1s1blc m.to two groups : an upper, disposed irregularly along Pou part's ligament, 
wh1.ch recc1rn the lymphatic ,·essels from the integument of the scrotum. penis, 
panetes of the abclo1m111, perinea} and g luteal regions, and the mucous membrane 
of the t~rethra; a1~<l an !nfcrior g1:oup, whic~1 surround the saphcnous opening in 
the. foRCHt lata., a. few berng sometnn es continued along the sapb enous ve in to a 
ntna.Llc extent. This latter group rccci,·c the superficial lymphatic \'Cssels from 
t he lower extremity. 

The ilio-in.<Juinal nerve arises from the first lumbar ner\'e. I t escapes a.t the 
external abdominal ring, and is distributed to th e integu ment of th e upper and 
inner part of the thigh-to the scrotum in the mal e and to the 1a.bium in the 
femaJe. '.rhe size of this nene is in inrnrse proportion to that of the ilio-by po
~astric. Occasionally it is very small, a.nd ends by j oining the ili o-hypogastric: 
m such cases a branch of the ilio-hypogas tric takes the place of th e ilio-iuguinal, 
or the latter nen e may be altogether absent. 1J1he t:rural braucli of the genito
crural nen1e passes along the inner margin of the Psoas muscle, beneath Pou part's 
ligament, into the thigh, entering the sheath of the femoral vessels, and ly ing 
superficial and a little external to the femoral artery . Jt pierces the anterior layer 
of the sheath of the rnsscls, and, becoming superficial by passing through the fa scia 
lata, it supplies the skin of the anterior aspect of the thigh as far as midway 
between the pelvis and knee. On the front of the thigh it communicates with 
the outer branch of the middle cutaneous nene, derived from the anterior crural. 

The deep laver ~f the superficial fascia is a very thin fibrous layer, best marked 
on the inner side of the long saphenous vein and below Pou part's ligament. It is 
placed beneath the subcutaneous vessels and nerves, and upon the surface of the 
fascia lata, to which it is intimately adherent at the lower margin of Poupart's 
iigament. It covers the sapbcnous opening in the fascia la.ta, is closely united to 
its circumference, and is connected to the sheath of the femoral vessels corre
sponding to its under surface. The portion of fascia covering this aperture is 
perforated by the internal saphenous vein and by numerous blood- and lymphatic 
vessels; hence it Las been termed the c1·ibrifonn fascia , the openings for theso 
,·essels having been likened to the holes in a sieve. 'l'bc cribrifonn fascia adheres 
closely both to the superficial fascia and to the fascia lata. so that it is described 

. by some anatomists as a part of the fascia 1ata, but it is usually considered (as in this 
work) as belonging to the superficial fascia .. It ~s not till the cribr~form f~scia has 
been cleared away that the sapbenous openmg 1s seen, so that this openmg does 
not in ordinary cases ex ist naturallv1 but is th e result of dissection. A femoral 
hernia. in passing through the saphenous opening receives th e crib rifonn fascia as 
one of its co\·erings. 

The deep layer of super fi cial fascia, together with the cribriform fascia, haYing 
been removed, the fascia lata is ex posed. 

'l'h e Fascia Lata has been already described with the muscles of the front of 
the thigh (page 506). At the upper and inn er ~art of th e th.igh, a little belo1: 
Poupal't's ligament. a Jarge ovn:l-shaped .apertu1:c 1s obsencd after th.e superficia1 
fa scia has been cleared awav; 1t transmits the mtcrnal saphenous vem and other 
smaller vessels, and is ca llc(l the saphenous opening. In ?rder t~e m?re correctly 
to consider tbc mode of formation of thi s aperture, th e fascia la ta m this part of the 
thigh is described as consisting of two portions, an i_liac portion and a pubi.c portion. 

The ilia1· portion is all that part of the fasci a lata on the outer. side of the 
saphenous openi ng .. It is attached externall.v to the ~re.st of the tlrnm and its 
anterior superior sprn c; to the whole length of Pou parts li gament as far mternally 
as the spin e of the os pubi~; and to the pect~n~al .line in conjunction with Gimbernat's 
ligament. From the spurn of the os pubis 1t 1s reflected downward and outward, 
formin<r an arched mar<rin, the outer boundary or fa.lciform process or superior 
cornu ~f the saphcnous

0 

open ing . Th is margin overlies and is adherent to the 
anterior layer of the sheath of the femoral ,·esscls; to its edge is attached the 
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cribrifonn fascia, and below it is continuous with the pubic 1·1ortinn of the fascia 
lat a . 

'rhe pubic portion nftlie .fa.q,f•ia la.ta is situated at the inner ~i<.lc of the ~aphenous 
opening: at the lower ~argin of th is apertl:i:e ic _is c~mti nuou~ with the iliac 
ponion: traced upwar<l. 1t co,·ers the surface ot the Pectrncus, Adductor 1ongus, 
and Gracilis muscles; and, pas~i ng behind the &heath of the _femoral Yessels, to 
which it is closel y united, is cont inuous wi th the sheath of the P soas and Iliacus 
muscles, and is "attached abo,·e to the ilio-pectineal line. wh ere it becomes 
continuous with the fascia co ,·ering the Iliacus muscle. From this description it 
may be obse1Tcd that the iliac portion of the fascia lata passes in front of the 
femoral vessels and the pubic portion behind them, so that an ap1iarent aperture 

FtG. i63.-Fcmoral hernia, showing fuscin lata. and snphcnous opening. 

consequently ex is ts between the two, through which the internal saphenous joins 
che femoral ,·ein. 

'l1l1e Saphenous Opening is an O\'al-shapcd aperture measuring about an inch 
and a half in length and half an inch in width. It is situated at the upper and 
inner part of the front of the thigh, below Poupart's ligament, and is directed 
obliquely downward and outward. 

Its outer margin is of a sem ilunar form , thin, strong, sharply defined
1 

and Jies 
on a pla_ne ~onsidcrabl y anterior to the innel' margin. If this edge is traced 
upward, it will be seen to form a cun-ed elongated pr.,cess, the .falcifonn process 
or superior cormt, which ascends in front of the femoral vessels, and, curvina 
inward. is attached to Poupart's ligament and to the spine of t~e os pubis and 
pectineal line, where it is conti nuous with the pubic portion. If traced down
ward, it is found cont inuous with another cuned margi n, the concM'itv of which 
is directed upward and inward : th is is the inferior cornu of the· sapbenous 
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open.ing, anrl is. blcncle<l wilh the pubic portion of the fascia lata co,·erincr the 

1>ectmeus muscle. 
0 

The _inner bf1Wldar.1J of the openintt is on a plane posterior to the outer nm.rain 

and bel1111d the Ic,·el or. the femoral \"CSsels; it is lllU('h less prominent and defit~cd 

than the outer. from hem~ stretched OYer the subjacent Pcctineus mu$cle. It is 

;~~0~1~~~-a\h~:.~:~[~cnous opening that a femoral hernia passes after descending along 

l_f the fing_cr is. introduced into the sa.pbcnous opening while the limb is mo\·cd 

in_ d1ff~rcnt d1r.ect10ns, the. ape.rture will be found to be grcatl.v constricted on 

extendmg the limb or rotatmg it outward, and to be relaxed on tlexing the limb 

Fm. i!W.-Femoral hernia. lliac portion of fascia latn removed, and sheath of femoral vessels and femoral 

canal expo~ed. 

and inrerting it: hence the necessity for placing the limb in the latter position in 

employing the taxis for the reduction of a femoral hernia. 

The iliac portion of the fascia lata. but not its falc:ifonn proeess, should now be removed by 

detachinQ; it from the lower margin of Poupart's ligament. carefully clis.se<"ting it from the sub· 

jacenL structures, and turning it inward. when the sheath of the femoral vessels is exposcd1 

descending beneath Poupart's ligament (Fig. 764). 

Poupart's Ligament, or the Crural Arch, ls the lower border of the aponeurosis 

of the External oblic1ue muscle, which extends from the anterior superior spine of 

the ilium to the spine of the os pubis. From this latter point it is reflected outward, 

to be attached to the pectineal line for about half an inch, forming Gimbernat's 

Jiµ:amc~t. Its ~cneral clircc~ion is cun-cd downward .toward the thigh, '~' here .it 

is contmuous wtth the fascia. lam. Its outer half 1s rounded and oblique m 

direction. Its inner half l!r:ulually widen~ at its attachment to the os pubis, is 

more horizontal in direction, an<l lie;, beneath the spcrma.tic cord. 1'Tearly the 
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whnle of the space included between Lhc crnral arC'h and innomi natc bone is fill ed 
in U~- tLe parts "hi ch descend from _ the abdomen into the thigh. The ouler bnl f 
of the 8pacc i~ occupied by the lliacus and P~oas m11!<.Cll'S, together with the 
external cutaneous and anterior crnral ncn•es. Th e puhi c half of the space is 
occupied by the femora l ,·e:.:.sels included in their shcalh, a. small orn l-shaped 
intcnal c-.;isting bet\\ ce n the femoral ,·ein and the innl'r wall of the :;heath. 
which is occupied merely by <L little loose a.rcolar tissue, a few lym pha.ti c \'CSsels, 

Fto.iW.-Structureswhichpass benea.ththecrura.l1trch 

and occasionally by a small lymphatic gland: this is th e crural ring, through 
which the g ut descends in femoral hernia. 

Gimbernat's Ligament (Fig. 766) is that part of the aponcurosis of the External 
oblique muscle which is refl ected downward and outward from the spine of the 
os pubis. to be inserted into the pectincal line. It is about half an inch in length. 
larger in the male than in the female, almost horizontal in directi on in the erect 
posture, and of a triangular form, with the base directed outward. Its base, or 
outer marg in, is concave, thin, and sharp, and lies in contact with the crural sheath. 
Its apc.r corresponds to the spine of the os pubis. Its posteri01· nwrgin is attached 
to the pcctincal line, and is continuous with Lhe pubic portion of the fascia lata . 
Its anterior 11ia1',qin is conti nuous with Poupart's ligament. 

Crural Sheath.-Tbe femoral or crura l sheath is a continuation downward of 
the fascire that line the abdomen, the transversal is fascia passing <l own in front of 
the femoral vc!'scls. and the iliac fascia descending behind them; these fascire 
are directly continuous on the iliac side of the femoral artery, but a. small space 
exists between the femoral ,·ein aml the point where they are continuous on the 
pubic si<lc of that ''e8sel, which con:';t itutcs the femoral or crural canal. The 
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femoral sheath is closely aclhcrcnt to the contained Ycssels about an inch below 

the sapb~nous opening, being blended with the areolar sheath of the ves~cls, 

but opposite Poupart's ligament it is much la rger than is req uired to con lain them; 

~ence the funnel-shaped form which it presents. The outer border of the sheath 

is perforated ~y the genito-crural nenre. Its inn er border is pierced by the internal 

~~phenou~ vcm and ~ut:?erous lymphatic ''esscls. In front it is co,·erc<l by the 

1ha~ portion of the fascia la.ta.; and behind it is the pubic portion of the same 

fascia. 
If the anterior wall of the sheath is removed, the femoral artery and Yein are 

seen lying s ide by sid e_, a t~in ~eptum sepanuing the two vessels, while another 

septum may be seen ly mg JUSt mternal to the vein, and cutting off a small space 

between the vein and the inner wan of the sheath. 'The septa are stretched between 

the anter ior and posterior walls of the sheath, so th at each vessel is enclosed in 

a separate compartment. 'l'he intenal left between the ,·ein and the inner 

wall of the she'1th is not fill ed up by any structure, excepting a little loo'c 

areolar tissue, a few lymphatic vessels, and occasionally by a small lymphatic 

FIO. i66.-Hcrnla. The relations or the femoral nnd internal abdominal rings, seen from within the nbdo· 

men. Rightside. 

gland: this is the femoral or crural canal, through which the in testine descends in 

femoral hernia. 
Deep Crural Arch.-PaRfiing acroi-s the front of the crural sheath on th e 

abdominal side of Poupart's ligament, and closely connected with it, is a thickened 

band of fibres called the deep cmml arclt. I t is apparently a thickening of the 

fascia transversalis, j oining externally to the centre of Poupart's ligament, and 

arching acroRs the front of th.e crura l sh e~t ~1 , to be inserted by a broad a~tachme1~t 

into the pectineal line behind the eonJomed tendon. In some. suhJects this 

struct ure is not very prommently marked, and not unfrequently 1t 1s altogether 

wanting. . . . 
Th e crural canal i~ the narrow interrnl between the femora l \'em and the mner 

wall of the crural sheath. I t exi,i, as a distinct canal on ly when the sheath bas 

been separated from the vein by di~scc~ion or by ~he pressure of a h.erni a or ~un:1or. 

Its Ienrrth is from a <1uartcr to half an mch. and 1t extends from G1mberna.t s liga.-

ment t~ the upper part of the saphenous open inµ:. . . 
It~ rmterinr u•all is ,·cry narrow, alHl formed by a contmuat1on downward of 

the faR-cia. trans,·er~nli~, under P ou part's ligament, co,·ered by the folciform pro

ce~" of the fai-;cia lnta. 
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ltR po,-.;,tuior 11•rtll i:s funncd hy a continuat ion do"nwal'(l of' th e iliac fa:-;c1a 
con•ring the pubic portion of the fa:.-cia. lat a. 

l b ouft'r U'rtll i:-1 formed b~'· the fibrous .septum ~oparat ing it from the i1rner 
side of the femora l \'l'in. 

It ~ i11nu· u·all is formed by the junction of the proce~~e~ of the tnrn~n:~rsali:s 
arnl iliac fo-.('i<c, \\hich form the inner side of the femoral sheath, and lies in 
c.mtact at its commencement with the outer e(lge of Uimbernat's ligament. 

Thi~ canal has two orifices-an upper one, the femoral or rrw·td rin!J, closed 
b,r the ~eptum cruralc; and a. lower one, the Haphenous opmin!J. closed b,v th e 
cribriform fa sc ia. 

The femoral or crural ring (Fig. 766) is the upper opening of the femoral canal, 
and foadt' into the ca\· i ty of the abdomen. lt is bounded in front by Ponpart 's 
ligament and the deep crural al'ch; behind, b_v the os pubis, CO\"C red by the P ecti neus 
mu~cl c ancl the puLic portion of the foscia la.ta; inLernal ly. by the base of 
Gimbcmat's li O"am cnt, the conjoined tendon, the tranSYCrsalis fascia, and the 
deep crural arch: externally, by the fibrous scplum lying on the inner side of the 
femoral \·ein. The femoral ring is of an ornl form ; its long diameter, direct~(] 
tran g\·crsel_y, nu•asures about half au inch , and it is larger in the femal e than 1_11 

the mdc, \\hich is one of the reasons of the grouter frelJuency of fem oral herma 
in the former sex . 

P osition n.f Pa1·ts rtrnzw1l tl1e Ring.-'l'be spennatic cor<l in the male and round 
ligament in the female li e immediately aborn the anterior margin of the femoral 
ring. and may be diridcd in an operation for femoral Lcmi:1 if the incision fo1: the 
relief of the st rict ure is no t of limited extent. In the female this is of little 
importance, bLlt in the male the spermatic artery and ms <lcfercns may be 
di,·idcd. 

'l'bejl?moral i•ein li es on the outer side of the ring. 
~l1h e deep t'p(qastric artery in its passage upward and inward from the external 

ilia c artery passes across the upper and outer angle of the crural rjng, and is 
consequently in danger of being wounded if the stri cture is clirided in a. <lircction 
upward and outwa.rcl . 

The comm1wicating branch, between the deep epigastric and obturator li es in 
front of the ring. 

The circumference of the ring is thus seen to be bounded by \·esscls in c\·cry 
part, excepting internally and behind. It is in the former pos ition that the 
stricture is Ji\·ided in cases of strangulated femoral hernia. 

'l1 hc ubtiuator atlery1 wh en it arises by a common trunk with the deep epigastric, 
which occurs once in ernry three subjects and a half~ bears a. very important 
relation to the crural ring. In some cases it descends on the inner side of the 
external iliac ''ein to the obturator foramen, and will consequently lie on the outer 
s ide of the crural ring 1 where there is no danger of its being wounded in the 
operation for di\'iding th e stricture in femoral hernia (see Fig. 373, page 623, 
fi g. A). Occas ionall,,·, however, the obtura.tor artery cuHes along the free margin 
of Gimbernat"s ligament in its passage to the obturator foramcn: it would conse
quentl.'· skirt along th e greater part of the circumference of the crural ring, and 
could bardl_v a\'Oid being wounrlcd in tbe operation (sec Fig. 373, page u23, fig. n). 

Septum Crurale.-The femoral ring is closed by a layer of condensed areolar 
tissue called, by J. Cloquet, the septum, cno·ale. This ser ves as a barrier to the 
protrusion of a hcrui" through this part. Its upper surface is slightly concave 
(foveafemoralis), and supports a small lymphatic gland by which it is separated 
from th e subscrous areolar tissue and peritoneum. Its under surface is turned 
towa.rd the femoral canal. The septum crural e is perforated by numerous aper
tures for. the passage of ly~1phatic vessels c~~n ecti ng the deep inguinal lymphatic 
g land:-i with tho~e surroundmg the external iliac artery. 

rrhc size of the femoral canal. the degree of t<>nsion of its orifices, and con
sequently the degree of con:str ict;on of a hernia, vary according to th e position 
of tbc limb. If tbe leg and thigh are extended, abducted, or C\'Crtcd, th e femoral 
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c;mctl a1~d .its orifices arc ren1~erc1l ten~c fl'Om the traction on these parts by 

l oupart s ligament and the fosc1a lata, as may be ascertained by pa!':sing the finger 

along the c.anal. If, on the contrary, the thigh is flexed upon the pchis. and at 

tbe same tnne :ulductefl and rotated inwanl1 the tCmoral canal and its orifices 

become consi~c.rnl>ly relaxed; for this reason the limb shouM always be placed in 

;.~~~:r\t~~· ~£5~t~'.~~~';.~Lt''~e\~1~a~1pplication of the taxis is made i11 attempting the 

The subperitonMl ar1•olar tisr<ite is continuous with the subsel'ous areolar ti~sue 

of surrounding parts. It is usuaJI,· tbitkc:-;t and most fibrous where the iliac 

YCSscls .lca\'C t.he abdominal CtlYity: 'It covers over the small intcrrnl (crural ring) 

on the mn_er s~<le of :he femoral ,·em. In some subjects it contain:;; a considerable 

amount of adipose tissue. In such cases, where it is protruded forward in front 

of r_he sac of_a. _femoral hen_lia, it ma.y be mistaken for a ponion_ of omen tum. rJ1he 

pentoneum _Iinrng the port_1on. of _th~ abdominal wall between J>oupart's ligament 

and t~e bl'lm of t~e t>elns 1~ similar to that liuiug an.'· other portion of the 

~~~~~~~~~~~·all, bemg ''e ry thm. It has here no natural aperture for the escape 

Desce~t of the Hernia.-From the preceding description it follo.ws that the 

femoral nng must be a weak point in the abdominal wall : hence it 1s that when 

Yioleut OJ" long-continued pressure is made upon the abdomi1rnl Yif'ccra a. portion 

?,~ ~~:e~~~~~e:~-~ rt: ~~b~~~~:t~\-Lt1'cf1°~;:~i ~;:.~S~c:dfcb~,o~~~:nc~-~~\: t~~~~t~1~~ ~-~~1 f~! 
larger size of this aperture in the female, sene to explain the frequency of this 

form of hernia in women. 
Wh en a portion of the intestine is forcetl through the femoral ring, it carries 

before it a. pouch of peritoneum, which forms what is called the 11ernial f<C!l': it 

recei,·es an inn~stment from the subserous areolar tissue and from the septum 

crurale, and descends vertically along the crural canal in the inner compartment of 

rbe sheath of the femoral Yessels as far as the saphcnous opening; at thiis point it 

changes its course, being pre,·ented from extending farther down the sheath on 

account of the narrowing of the sheath and its close contact with the Yesscls, and 

also from the close attachment of the superficial fascia. and crural sheath to the 

lower part of the circumference of the saphenous opening; the tumor is conse

quently directed forward, pushing before it th.e cribriform fascia, and then curves 

upward on to the falciform process of the fagcia lata and lower part of the tendon 

of the External oblique, being CO\'Cred by the superficial fascia and integument. 

Whil e the hernia is contained in the femoral canal it is usually of sma ll size. 

~1~~~gt~~ ~~~h1~e~~~!J~)~~i~~·ei~{o t~:e ~~~~~l\~
11~~~~/~i1~~su;e ~~t t~·~~~-o~~'hft 1~:~~~1~~ 

considerably enlarged. 11he direction taken by a .femoral hernia in it~ dcs~cnt is 

at first downward, then forward aml upward; this should be borne m mmd, as 

in the application of the taxis for the reduction of a femoral hernia pressure should 

he tlirected in the re,•erse order. 
Coverings of the Hernia.-The COYerings of a femoral hernia. from within 

outward a.re-peritoneum, subserons areolar tissue. the septum crurale. crural 

~heath, ~ribriform fascia. superficial fascia, and integumeut. 1 

Varieties of Femoral Hernia.-If the intestine clegcencls along the femoral canal 

onlr as far as the sapbenous openinp;, and docs 1_10t escape from th.is a1~crtu~·e, it is 

ta lied iw·rm1pli•tf' .fe11loral ltania. 'l'be s1~1a~l size of the protrusion. m tl~1s f?r1:" 

of hernia, on account of the fin~ and res1l'trng natu~·e of the can~1l m which 1t 1s 

contained, renders it an exccc<lrngly dangerl)us rnnety of the <l18easc, from the 

~~~~1)~2i~l~~if~i!~~~~t;~i~~\~ 



1~00 1'1/E SURUJl'.lL A.\", I TUJIY UF IIER"YLL. 

extn.•mc c.Iilliculty of detecting the cxi:;tencP of 1hc ~welling. e~pec:in ll y in corpuknt 
suhjer1~. The con:-rings of an incomplete f't•moral hcmia woulil L '. from without 
inwa.rd, integument, !SHperficiaJ fa!:il' ia, foJcifonn prOtC':::S Of f'a~ria l:tt:.t, Cl'Ul'3l 
~heath, septum crura lc, subscrous areolar ti:s:me, aucl peritoneum. \\'h en. howe\·e1-, 
the hernial lumor protrudes through the saphcnous opening and directs it::;clf 
forward and upward, it for ms a <'Omplete femoral hernia. Occasio11ally the hernial 
sa.c de~cends on the iliac side of the femoral ,·c.:i.scls or in front of these ,·es::-eh;:., or 
C\'Cn sometimes behind them. 

The seat of stricture of a femoral hernia rnrics: it may be in the peritoneum 
at the neck of the hernial sac; in the greater number of cases it would appear to 
be at the point of junction of the fal ciform process of the fasc ia hto, with the 
lunated edge of Gimberna.t's ligament, or a.t the margin of the 8a.phcnous opening 
in th o thigh. The stricture should in every case be d iYided in a direct ion upward 
and inward, and the ex tent necessary in the majority of cases is about two or 
three lin es. B_y these means a.11 vessels or other structures of importance in 
relation with ihe neck of the hernial sac will be avoided. 



SURGICAL ANATOl\IYOF rrHE ISCHlO-RECTAL 
REGION AND PERIN.iEUl\I. 

and ~~~ti~~~ti~~ ~~~~1l~l~:1~01~~:~~~~ed1~~~·1~, "i~111:i.J~~·10tb.~ ~]~~~~>~11'.~~ 1~:~~~eb!' c~~~1 i;~~d i 1~~~ 
recent a. state as possible. :\. sta.ff having been introduced into the bladder and the subject 

~~~~c~~'itr!~~ l~~~~t~h'~ ~~~t:~/~~~~·r~~i;. ~i:t:i~d~~1~~i~I~~~~. be rai~d upward, and retained in 

The space which is now to be exam in ed corresponds to the inferi or aperture 

or outlet of the pelvis. Its deep boundaries are. in front, the pubic arch 

ant.I. subpubic ligament~ behind, the tip of the coccyx : and on each side, the 

rami of the pubes and ischium, the tuberosities of the ischium, and great sacro

sciatic ligaments. The space included by these boundaries is _so mewhat lozcngc

shape<l, an<l is limite<l on the surface of the body by the scrotum in front, by 

the buttocks behind. and on each side by the inner side of the thighs. A line 

drawn transrnrsely between the anterior part of the tuberosity of the isch ium on 

each side, in front of the anus, di,·idcs this space into two portions. ' l'h c 

anterior portion coma.ins rhe penis and urethra, and is ca lled the perinceum. The 

posterior portion contains the termination of the rectum, and is called the iscltio

netal region. 
THE ISCHIO-RECTAL REGION. 

The ischio-rectal region corresponds to the portion of the outlet of the 

pelvis situated immediately behind the perim-eum: it contains the termina.tion 

of the rectum anti a deep fossa, filled 11·ith fat, on each side of the intestine, 

between it and the tuberosity of the ischium : this is ca ll ed the ischio-rectal 

fos..c1. 
'l'he ischio-rectal region presents in the middl e l ine the aperture of the anus : 

~~~it~~~-~t~~{s <>~ric~i~~c~~~o~ n ~?tt~~e~~ t~: ti ~he1.·ow ,f h~ n ~~ t;~~u:;·~~1sisf ~lfd~ cl: ~l c~o1~\~ 
continuous with the mucous membrane of the rectum, and proYidcd with numerous 

follicles, which occasion,il ly inflame and suppu rate, and may be mistaken for 

~:1~1~\~~ a ~~t~m'~e~~~;;·l~~~·~ldp~~~l:~r~~;s~:s~~~ ~
1:~:r~r~1:~~~s~~~~:-~~·c~-~~~dd~~~~.~~~: 

by· mu~ous membrane and partly by the integument. These tumors constitute the 

di .. ease called f'xternal piles. 

:;:~~:Jf,~~;i::l~i:b~:~~~r1~2·:~i~::~E t~~:~\~,~;-~~~:~~f,:~:itir,u~J:~J~7kc~~L~fi:~~~::~1~i!:1~~ 
behind the tip of the coccyx. A transverse mc:1s1on should. now be carried acr~ss ~he base of 

•he scrotum, joining the anterior exLremity of the prcc«:dmg ; a. second, .earned 111. the ~ame 
direction, shonill be made in front of the anus; and a tlmd at the poslCrH~r extren11ty _of the 
first incision. These incisions should be suflicientl.v extensive to c~iablc the J1ss~ctor to ra1.sc t~1e 
inte!!:ument from the inner side of the thie:hs. The flaps of sk111 correspo!1dmg_to the 1sch10-

f:Cr~~:1~i~~~~11o~i~~~,~~s~0the1c~~~1~~~~~ c:t~tis ~!~i~~id\;~~:r
1~~f~~J~ ~~ie~~'~ih tt~ ::,~~~.~~~e~~t ~~; 

are iutima.tely a.dherent to the skm. 

'J'he superficial fascia is exposed on the remornl of the ~kin : it is ' 'ery ~bi~k, 

areola.r in texture, an<l contains much fat in its meshes. In 1t are found rnm1fymg 

two or three cutaneous branches of the small sciatic nen·e; these turn round the 

inferior border of the Gluteus maximus and arc distributed to the integument 

arountl the anus. 
76 
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In this region, and connected with the IowN C'nil of the rectum. arc four mu::;clcs.: 
the Corrugator cutis ani; the two SphinctN::-1 External ancl lmcrnal; and the 
Lcrator :rni. 

'l'he~c mmsclcs h::we been already described (~cc pages -158 and 41>H). 
The ischio-rectal fossa. is situated between the end of the rectum and the 

tubcrosity of the ischium on each side. I t is triangular in !:>-hapc; its base, directed 
to the surface of the body, is formed by the in tegument of the ischio-rectal region; 
its aper, directed upward, corresponds to the point of division of the obtu rator 
fascia. an<l the thin membrane gi,·en off from it, which co ,·crs the outer su rface of 
the L emtor n.ni (ischio-rectal or anal fascia). Its dimensions are about an inch 
in breadth at the base and about two inches in depth, being deeper behind than 
in front . I t is bounded, internally, by the Sphincter ani, L cvator ani 1 and Coc
cygeus muscles; externally, by the tuberosity of th e ischium and lh e obturaw~· 
fascia, which CO\'ers the inner surface of the Obturator inlernus muscle; in front, 
it is limited by the lin e of junction of the superficial and deep perinea! fasciro; 
and behind, by the margin of the Gluteus maxim us and the great sacro-sciatic liga
ment. '1,his space is filled with a large mass of adipose tissue, which explains the 
freq uency with which abscesses in the neighborhood of the rectum burrow to a 
considerable depth. 

If the subj ect has been inj ected, on placing the finger on the outer wall of this 
fossa the internal pudic artery, with its accompanying veins and nerve, will be 
felt about an inch and a half abo,·e the margin of the ischiatic tuberosity, but 
approaching nearer the surface as they )JaSS forward along the inner margin of the 
pubi c arch. 'l'besc structures are enclosed in a sheath (canal of Alcock) formed 
by the obturator fascia, the pudic nerve lying below the artery (Fig. 37-!). Cross
ing the spa.cc transversely, about its centre are the inferior hremorrhoidal vessels 
and nen-es, branches of the internal pudic; they arc di st ributed to the integu
ment of the anus and to the muscles of the lower end of th e rectum . 1' hcse 
vessels a.re occasiona.11y of large size, and may g ive rise to troublesome hremorrhage 
when divided in the operation of lithotomy or of fi stula in ano. At the back part 
of this space may be seen a branch of the fourth sacral nerve, and, at the fore 
part of the space the s uperficial perinea} vessels and nerves can be seen for a short 
distance. 

THE PERIN.IEUM IN THE MALE. 

'l1he perinea! space is of a triangular form; its deep boundari es are limited, 
laterally, by the rami of the pubic bones and iscbia, meeting in front at the 
pubic arch; behind, by an imaginary transverse line extending between the 
tuberosities of the is.chia. Th e lateral boundaries are, in the adult, from three 
inches to three inches and a half in length, and the baRe from two to three inch es 
and a half in breadth, the average ex rent of the space being two inches and tbree
quarters. 

The variations in the diameter of this space are of ex treme interest in ronnection with the 
operation of Jithotomy and the extraction of a stone from the c::wi ty of the bladder. In those 
cases where the luberosities of the ischia are near together il would be necessary to make the 
incisions in the lateral operation of lithotomy less oblique than if the tuberosities were wi<lely 
separated, and the perinea\ space consequently wider. The pcrinreum is subdivided by lhe 
median raphe into two equal parts. Of these, the left is the one in which the operation of 
lithotomy is performed. 

In the middle line the perinreum is convex, and corresponds to the bulb of the 
urethra. The skin coYering it is of a dark color, thin . freely mornbl e upon the 
subjaccnt parts, and covered with sharp crisp hairs, which should be removed 
before the di ssection of the part is commenced. In fron t of the anus a prominent 
line commences, the raphe, continuous in front with the raphe of the scrotum. 

Upon remO\·ing the sk in and superficial structures from this region, in the 
m~nner shown in Fig. 767,. a. plane of fascia. w~ll ~e ex~osed, co,·ering in the 
tr1a.ngula.r space and stretchrng acrO$S from one 1sch10-pub1c ramus to the other. 
'l'his is the deep layer of the superficial fascia or fascia of Col/es. It has already 
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been describcd.(pagc -1130). It is a layer of con~idcrahle strength, and cnclo~es and 
co,·crs a space m which are contained muscles, vc~~cls. and nerves. It is continuous 
in fr~nt with the dartos of the scrotum; on each side it is firmly attachccl to the 
marg1i;i of _the ischio-pubic ramus and to the tuberosity of the ischium; and 
poster!orly ~t curves down behind the Transrnrsus perimci musc:les to join the 
lower ma.rgm of the deep perineal fascia. 
. _It is between this _layer of fascia and the next layer, the superficial layer of the deep perineal 
fascia. that extra\'asat1on ofurmc most frequently takes place m eases of' rupture of the urethra. 
The_super~cia~ layer of llrn deep pc1:ineal fo • .sci;t (!:i~e pa.!!;e -W3) is.also attached to the ischio-pubic 
ra~11, and rn front to the sulipub1c ligament; It IS clear, thercfore1 that when extravasation of 
fluid takes place between these two layer:;, 1t cannot pa:ss backwanl1 IJceause the two layers are 

~~n;~~~~ ~lt~J1:a~~n~1t!~~io~ro~t! 1 ~o~l!e :t~~~5)~~:~s t~e~\~~re~~~~·~sc~fs t\1~L o~a~~b~s et~~d11i~\~it~::;~1~t 
cannot find its way into the pelvis, because the opening into this ca,·ity is closed by the d~ep 
per.ineal fiisci~; and thercl_Ore, so l_on~ as the~ two layers rem~in int~ct, the only direction in 
wh1cl~ the flual can make Its w~y 1s forward mto the areolar tissue of the scrotum and penis, 
and from thence on to the antenor wall of the abdomen. 

' Vhen the deep layer of the superficial fascia is removed, a space is exposed 
between this fascia. and the deep perineal fascia in which are contained the peri-

neal branches of the internal pudic artery, with their accompanying veins; the 
perinea.I branches of the internal pudic nerve; some of the muscles connected 
with the penis and urethra :-in the middle line, the Accelerator urinre: on each 
side, the Erector penis; and behind, the Trans versus perinrei ;-the crura 
of the corpora c:wernosa; and the bulb of thL corpus spongiosum. II ere also is 
seen the central tenrlinous point of tlte 11erinlf!um. rsl1is is a fibrous point in the 
middle line of the perimcum between the urethra and the rectum. being about half 
an inch in front of the anus. At this point firn muscles converge and are 
attached-viz. the External sphincter ani, the Accelcratores urinre, and the two 
Trans\·ersi perimei muscles-so that by the contra~tion of these muscles, which 
extend in opposite directions, it sen·es as a fixed pomt of support. 

The Accelerator urinre. the Erector penis, and t be ~L1rnnsversus perimei muscles 
have been alread.v described (page 461). ~1_1bc,v form a triangular space, boun~led 
internally bv tbc Accelerator urinre, externally by tbc Erector pems, and bcbmd 
by the Tran'svcrsus pel'inrei. Th~ floor of .this space is ~ormecl by th~ triangular 
ligament of the uret~ll'a (de~p pennea1 fascia), and running from bebmd for~vard 
in it are the superficial permeal '"es;.:;c]s and nenes, and the transverse permeal 
artery coursin" along the posterior boundary of the space on the 'rrnnsrnrsus 
perin .. rei muscl~. The two terminal branches of the internal pudic a.rtery are 
not to be seen in this space, as they as wel1 as the clor~al nerve of the penis are 
dorsal to the superficial layer of the triangular ligament: the don~a1 artery of the 

cni-1 ascending between the two layers of the li;ramcnt; and the artery to the cor· 
~us ca\·erno.sum entering the crus imml'diatl'ly after pierciug from a.bo\•e downward 
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the lower la~·cr. The dor~al nerve of the 1wnis is al~o contained within the two 
layer:-01 accompanying tho dorsil artery along the:> ischio-pubic rnmus, and with it 
piercing tho anterior layer and the suspensory ligament to be distributed to the 
penis. 

fo!5f:i;~~~1i~~~~~o~~t~l:~i;:~J~i~~~~~~t~r th~n;~o~~~~~~\ ~r\~'1~:0~1~l~~~fdt1~~h1~11,~~~ d11!~ 1~e~~~:1 
~J1 ~c~~~-i\1~:·~~~~~~~~~~~1~~~i~J~ ti\1~t~:ii~i ttl~•: i~·l~~11~11~n~t 0~a1~!!i~~.lc is the Cl'llS 11cnis, connecting 

The deep perineal fascia (triangular l(gament), which bas already been described 
(see page 403), consists of two layers, the inferior or superficial layer of which, 
sometimes called the anterior layer of tlie triangular liganwnt, is now exposed. It 
is united to the superior or deep layer behi1Hl1 but is separated in front by a sub
foscial space, in which are contained certain structures. 

The supe1:ficial layn· of the deep J!Crineal faseia consists of a strong fibrous 
membrane, the fibres of which are disposed transversely, which stretches across 

.Sttperficialperineal ai·tery. 
S1tperficialperi11ealnen:e. 
I11ler11alp11dic1ieri:e. 
Interualpudicartei·y. 

Fie. 768.-The superficial muscks and ,·es:;eis ort1..1c p<:riu:unn. 

from one ischio-pubic ramus to the other and completely fills in the pubic arch; 
it is attached in front to the subpubic ligament, except just in the centre, where a 
small interspacc is left for the dorsal vein of the penis. In the erect position of 
the body it is almost horizontal. It is perfornted b)' the urethra in the middle 
line, and on each side by the ducts of Cowper's glands. It is pierced also by the 
dorsal artery of the penis close to the base of the ligament; by the artery to the 
corpus cavernosum more anteriorly and in the opposite direction, close to the htteral 
margin of the ligament; a.nd by the :irtery to the bulb also from above <lownward 
in front of the opening for Cowper's duct. 'J'he dorsal nerve of the penis also 
passes through the ligament in company with the artery of the same name. The 
crztra penis are exposed, lying superficial to this ligament. They will be seen to 
be attached by blunt-pointed processes to the rnmi of the os pubis and ischium, in 
front of the tuberosities, and passing forward and inward, joining to form the body 
of the penis. In the middle line is the bu! h and corpus spongiosum, exposed by 
the removal of the Accelerator urin::e muscle. · 
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, If the superficial byer of the deep perinea! fascia is detached on either side 
~ae ~eep yenneal interspace will be expo~ed and the following parts will be see~ 

et\\ ecn It and .the deep layer of the fascia.: the subpubic ligament in front, close 
to the sym phys1s pubis; the dorsal \'ein of the penis; the membranous portion of 
the t~rethra. and the Compressor urcthrre muscle; Cowper's glands and their 
ducts, the dorsal artery and. the dorsal nerve of the penis; the artery and nene of 
the bulb and a plexus of vems. • 

~he si~pen'or ?r deep lly1er of tlie deep perinealfascia is deriYcd from the obturator 
fascia o_r 1s contm~lous with it a:long the pubic arch. Behind, it joins with the 
super6~1a~ layer of the d~cp 1~en?eal fascia and is continuous with the anal fascia. 
Above it is the recto-ve~JCal fa~c1a, separated from it on each side by the anterior 
fibre~ of the L cvator alll, b.ut m the median line these two layers of fascia are 
C?nt1.nuous and f~r~ a. median septum, in consequence of the recto-vesical fascia 
d1ppmg down to JOl!l the deep layer of the deep perinea! fascia. Thus on each 

FIG. iW.-Dccp perinea! fai;cia. On the left side the anh:riur layer has been removed. 

side of the middle line. beneath this fascia, is a little interspace in which is 
contained the anterior fibres of the Leva tor ani (Levato1· prostatre). It is bounded, 
below, by the deep layer of the deep perinea! fa>cia; abo,·e, by the recto-vesical 
fascia, and is separated internally from the space on the other side by the median 
septum. Th e deep layer of the deep perinea! fa•cia is pierced by the ul"etbra, and 
is continued backward around the posterior part of the membranous portion of 
the urethra and the outer surface of the prostate gbnd. 

The Compressor urethrre has already been described (page 464). In addition to 
this muscle and immediately beneath itcin·ulnrmuseldro· fibres surround the mem
branous portion of the urethra from the bulb in front to the prostate behind, and a.re 
continuous with the muscular fibres of thC' hlacl1lcr. These fihrcs n.rc involuntarv. 

Cowper's glands are situated imme1liatelr below the membranous portion Or 
the urethra, close behind the bulb. an1l hclow the artery of the bnlb. 

The dorsal artery and dorsal nerve of the penis arc placed along the inner mar
gin of the pubic arch (paf?<'• ti23 and 861). 

rrhc artery of the bul~ pa~ses ti:an~·wer~el,r inward .. from the internal pm.lie 
along the base of the triangular ligament. between its two layers of fascia, 
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accompanic<l by a. branch of the pudic ncnc (page HGI). If the po5'tcrior layer of 
the deep perineal fascia is rcmo,·cd and the cruspcuis of one side detached from 
the bone, the un<lcr or pe rincal surface of the Lenttor ani is brought fully in to 
view. 'L'his muscle, with the triangula r lignrnt•nt in front and the Coccygcus and 
Pyriformis behind, closes the outlet of I he pell is. 

· The Levator uni and Coccygeus muscles Lttve al read)' been described (page 459). 

Position of the Viscera. at the Outlet of the Pelvis.- Divide the central lcndinous point 
of the pcrin::cum, separate the rectum from it8 c.:onnc<:tions by dividing the fibres of the Le,·ator 

~~~~~1: i~~i1~1~8,'h~d u~~~~1 ~~~f ~~~e~f t~h~e r':~~~~~~c g).~~ .'d~ 1 1i:~<l n~k"'a~!d b~~~ b~f \'j;~rdbl:~dd3:i~ ~:!~ 
vesiCuire scminales1 an<l the vasa dcfcrenti<l will be exposed. 

'.rhe Prostate Gland is a pule, fi rm, glandular body which is placed immediately 
in front of the neck of the bla.<ldcr around the commencement of the urethra. It is 

Arteryofb1db.
I11tenialpudicartery. 

C()tc~r'1gla11d.- · 

Fla. iiO.-A view ofthe position of the rlsccra at the outlet of the pelvis. 

placed in the pelvic cavity, behind and below the sym physis pubis, posterior to the 
deep pcrineal fascia., and rests upon the rcctum 1 through which it may be distinctly 
felt, especially when enlarged. In shape and size it resembles a chestnut. Its 
base is directed backward toward the neck of the bladder. Its apex is directed 
forward to the deep perineal fascia, which it touches. 

Its posterior surface is smooth, marked by a slight longitudinal furrow, and rests 
on the rectum, to which it is connected hy areolar tissue. Its anterior surface is 
Battened. marked by a :-light longitudinal furrow, and placed about three-quarters 
of an inch below the pubic symphysis. I t measures about an inch and a half in 
its transverse diameter a.t the base, an inch in its antero-posterior diameter, and 
three-quarters of an inch in depth. H ence the greatest extent of incision that can 
be made in it without diYiding its substance completely across is obliquely back
ward and outward. rfi1is is the direction in which the incision is made in it in 
the lateral operation of litbotom,-. 

Behind the prostate is the posterior ourfacc of the neck and ha•e of the bladder, 
a small triangular portion of the bhul<lcr bC'ing s.een, boun<lc1l, in front, hv the 
prostate gland; behind. by the recto-Ycsical fold of the peritoneum; on each. side. 
by the vesicula seminal is an<l the vas clefcrens. It is separated from direct contact 
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with the rectum by the recto-vesical fascia. '.l'he relation of this portion of the 
blad<ler to the rectum is of extreme interest to the surgeon. In cases of retention 
of urine this portion of the organ is found projecting into the rectum, between 
t~ree an~l ~our inches from the margin of the anus, and ma_v be easily perforated 
w1tho.ut In.Jury to an~' important parts: this portion of the bla<lder is, consecluently1 

occas1onally selected for the performance of tbe operation of tapping the bladder. 

Surgical Ana.tomy.-The student should consider the position of the various parts in 
reforcm:e to the lateral operation of lithotomy. This operation i:; performed on the left side of 
the perin::eum, as it is most convenient for the right hand of the operator. A staff haxing been 
introdnccll into the bladder, the ffrst incision is commenced midway between the anus and the 
back of the scrotum (i. e. in an ordinary adult pcrinroum about an inch and a half in front of 
the anus) a little on the left side of the raphe, and carried obliquely backward ana outward to 

~~~~~~e~fi~i~'ljefi,~1:, ~h~8i1~f~~i~~·t~:~t~~l~~·ici~i v~~~\~·~~cl ~~~~j~:~~~1id 1~1~~ ~~~l~~r~~?al~;~J~~~~1~~ 
verse perinea! vessels. If the forefinger of the left hancl is thrnst upward and forward into 
the wound, pressing at the same time the rectum inward and backward. the staff may be felt in 
the membranous portion of the urethra. The finger is fixed upon the staff, and the structures 
covering it are divided with the point of the knife, which must be directed along the grooYe toward 
the bladder, the e<lt;e of the knife being turned outward and backw:ml, di,·iding in its course 
the membranous portion of the urethra and part of the left lobe of the prostate gland to the 
extent of about an inch. The knife is then withdrawn, and the forefinger of the left hand 
passed along the staff into the bla.dder. The position of the stone having been ascerta ined. the 
staJf is to be withdrawn, and the forceps is introduced O\'er the fin.~er into the bladder. If the 
stone is \·cry large, the opposite side ot the prostate may be notched before the forceps is intro· 

~l~~~~~n!~1 ~,,~ic1~~1;~s~h: :~~~!~'};ya~~wtl~~.Jl~~l~:i~t;.q t!11~cl~~l~ti:;; ~ev~~e~~~~ made to grasp 
Parts Divided in the Operation.-The various structures divided in this operation arc as 

follows: the inte,e:ument, superfic:ial fascia, inferior hmmorrhoiclal vessels and nen·esi and prob· 
ably the superficial perinea) \'essels and nen•es, the posterior fibres of the Accelerator urin:.e, the 

:f~n~~~~~f S1C:iC:;.;;:.~~~~ ~.~~tl1~:rt1~~~~e~b1~;~;~~~~!ds~~~~~~ti~\~~~·~i~:~!i~fe~h~f ~~~~1~:·~~~J 
part of the prostate ~Janel. 

Parts to be Avoided in the Operation.-In making the neccs!'ary inci::-ions in tl1e peri· 

i0~"~h~~Jdt~~teb~r~~1~d~ ~io an~~~et~\~~ ~;~~]~101i':~~~ l~~rf:a~h~f 1~~~~nd\;~~~~~ Gl!\b ~?':!~"\~~~~~~ 
spongiosum or the rectu!ll ; nor too ft1r externally,, otherwise the pt!di~ ~rtery may be; implicated 
as it ascends along the mner border of the pubw arch. If the 111c1srnns arc <'amed too far 
forward, the artery of the bulb may be divided; if carried too fa: backward, the <:nti re breadlh 
of the prostate and neck of the bladder may be cut through, wh1c:h allows the urme to become 
infiltrated behind the pelvic fascia into the loose areolar tis.sue between the bladder and rectum, 
instead of escaping externally; diffu~e infia~mation i!i c~nseque ntly set "I?' ancl peritonitis, from 
the clo!'e proximity of the rectO·\'es1cal peritoneal fold, 1s th~ result. If,. on the contrary, the 
prostate is di\•idcd in ~roi:it of. the b~se of the gland, the urme makes its way externally, and 
there is less dan,!!'er of mfiltration taking place. . 

Durin!! the operation it is of ~eat ~m_portance that the. fin,!?;e: s~1?ulcl be p~ssed mto the 
bladder /;Pfore the staff is removed i 1f tlus 1s nc!!lected, and 1f the m~1:s1011 m_ad<: m the 1,1rostate 
and neck of the bladder is too small, great difficulty may be expenenced m mtroducmg ~he 

~~ft~r ;~~l~:;;;rl~s=~~h~n r~!~~ :~~~ 1~1~k :l~:n~~~11i~c:~~ie~1~ ~~cc1~!~1~c~ t\~e t~bd5cI~;·~~;~~~I:~ 
mto lhe abc.lomcn, out of the reach of ~he operator. Such .a.. proceeding has n?t unirequently 
occurred, 1uoducing the most embarrassmg result~ a1}d total fa.ilurc of the ?pcrauon. 

It is necessary to bear in mind that the arte~ics 1.n the permre~m occ:a.s1onally take an abno:-

~P~!o~i~e~i~e :~~~~ i~1~hi;,r\~r-fi~t1:1;~ i~~o~~d~cJ1 \~~1:~:· ~~e~~1~i~~1mfb: \i~1fi~~:~!/i~~11i1!11;a~~~~ 
forward to the bulb. 'J'he accessory puchc may be chv1cled .near. the post~nor .border of the pros-

~~t}jf~'.a~~~, ~~ t11~~~~s 8~~~~,~~~r~::~.i~~~o!j1~~'1i:ld~lf,r~~t~;~~1b1~1~~st; 1~sh~:!~~;.·r\~~~:.011le advanced 

THE FEMALE PERIN.IEUM. 

']_1be female perimeum presents certain dilf~rcnces fr.om tl~:it ~f the male1 in 
consequence of. the whole of the st.ructurcs which constitute 1t berng perforated 
in the middle line by the vulvo-rngmal pas~agc.. . 

The superficial fascia, as in the male. con!'1~ts of two layers, of which the 
supNficial one is continuous wi~b the supcrfici'.d faRcia oYer. the rest of r?c ?o<l.~·, 
anil the deep layer, correspondmg to the fa~trn o~ C'llle~ 111 th~ male. 1s like 1t 

attached to the ischio-pubic ramus 1 and in front 1s contmued forward through 
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the lahia majora to the inguinal region. It is of le!'~ extt•nt than the mak, in 
cnn~l'11ucncc of Ueing perforated by the aperture of the nth-a. 

On rcmo\·in~ this fo:-;ci<t. the mui::cles of the female perin:.\!um, '' bic:h ha,·c 
alread)· been described (page -164), are expo::-ed. 'J1hc Sphincter vaginrc, corre
sponding to the ..AccC'lerator urinre in the nm.le, con::;ists of an attcnmued plane of 
fibres. forming an orbicular muscle around the orifice of the vagina. in~tcad of 
being unired in a median raphc, as in the male. The Erector clitoridis is propor
tionarch· reducC'~l in size, but differs in no other rcRpcct, aml the 'l1rnn::ffcrsus 
perinrci.is similar to the muscle of the same name in the rnalc. 

The deep peri1ual fas<·ia is not so strongly marked as in the male. It 
tramnnits the urethra, and is wide, separated in the median line by the aperture 
of the vagina. 

'l'be Compressor Urethrre (:L'ransversus perinrei pn~f'uwlux) is the analogue of 
the Compressor urethrro in the male. It arises fr@i the iscbio-pubic ra.mus, and, 
passing inward 1 its anterio r fibres blend with tbe mu scle of' the oppos ite side, in 
front of the urethra; its uiiddle fibres, the most n11mcrous, arc inRcrted into the 
si( lc of the vagina, anti the posterior fibres join the central point of the perinroum. 

The distribution of the inte rnal pudic artery is the ~amc as in the male (see 
page 625)1 and the pudic ne1·,·e bas also a similar arrangement, the dorsal ncn·e 
being, bowe,·cr, \'Cl'.Y small and suppl.ring the clitoris. 

The corpus spongiosum is di,·iJe<linto two lateral hah·es. which are represented 
by the bu/bi 1·e.<lib11/i and parlcs inlermediale.< (see page 1165). 

The perinea! body fills up the intel'\'al hct"·een the lower part of the rngina. 
and the rectum. Its base is co\·cred by the skin lying between the anus and 

Fm. i71.-A transverse section or the pelvis, showing the pch·ic fu~cln from behind 

rngina. on wha.t is called the •· pcrinrcum." It s. anterior surface lies behind the 
posterior vaginal wal l. and its posterior s urface lie!o; in front of the anterior rectal 
wall anrl the anus. I t measures about an inch aml a (lua.rtcr from before backward, 
an(l laterally extend~ from one tuberosity of the i~chium to the other. In it are 
attached the muscles belonging to the external organs of generation. Through its 
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centre nms the transverse perinea} septum, which is of great strength in women, 
and ~01:ms on either si<lc, behind the posterior commissure, a hard, ill-defined body, 
consisting of conncctirn tissue, with much yellow elastic tissue an<I interlacing 
bundles of inrnlunmry muscular fibres, in which the rnluntary muscles of the 
perinreum arc inserted. 

PELVIC FASCIA. 

The Pelvic fascia (Fig. 772) is a thin membrane which lines the whole of the 
cavity of the peh·is and is continuous with the trans,·ersalis an<l iliac fascire. It is 
attached to the brim of the pch-is, for a short distance, at the side of the ca1·ity, and 
to the inner surface of the bone roun<l the attachment of the Obturator internus. 
At the posterior border o_f this muscle it is continued backward as a very thin 
membrane in front of the Py r iformis muscle and sacral nencs to the front of the 
sacrum. In front it follows the attachment of the Obtura.tor intern us to the bone, 
arches beneath the obturator vessels, completing the orifice of the obturator canal, 
and at the front of the pc h is is attached to the lower part of the <yrnphysis pubis. 
At the level of a line extending from the lower part of the symphysis pubis to the 

Fm. 772.-Slde view of the pelvic ,-bceraofthe male subject, showing the pelvicund perinea\ fascire. 

spine of the iscbium is a thickened whitish band; this marks _the ~ttachm_c~t. of 
the Lcvator ani muscle to the pol ric fascia, and corresponds to its pomt of d1 v1s10n 

into two layers, the obtu,rator and teclo-i1esical. . 
The obiurator fascia descends and co,·crs the Obtura_tor ~ntcrnus muscl ~. It 

is a direct contmuation of the peh·ic fascia below _the ~'bite lmc aboYe m~n~10~ed, 
and is attached to the pnbic arch and to the margm of .the gre~t ~~cro-sc1ahc l1g~
ment. From its attachment to the rami of the os pubis and 1sch 1 u~1 a. process is 

iven off which is continuous with a simihtr pro.ccf'~ fro~n the oppos 1 t~ side, so as 
f lose the front part of the outlet of the pelns, fonnmg the supenor layer of 
t~ec triangular ligament. This fas<:ia. fo1:m!'I a canal f~r the pud1~ YCs:::els and 
none in their pa:ssagc forward to the pl•nn;.-eum, a.n<l g1\·es off a. tbm membrane 
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which covers the perincal a pect of the Lcmtor aui mu~clc. called the i.8c!tiu-rectal 
(a11<1l).f<wia . 

The recto-vesica.l fascia. (i•iseeral layer of tl1r pelvicfaseia) descen1l~ into the 
pehis upon the upper surface of the Lerntor ani muscle, and inYC81S tLc prostate, 
bladder, and rectum. From the inner surface of the symphyRis pubis a short 
rounded band is continued to the anterior surface of the prostate and neck of the 
bladder, forming the pubo-prostatic or anterior true ligaments of the blad<lcr. At 
the ~idc this fascia is connected to the side of the prostate, enclo:;;ing this gland 
and rho Yesico-prostatic plexus of veins, and is continued upward on the side of 
the bladder, forming ihe lateral true ligaments of the organ. Another prolonga
tion im·csts the vesiculre seminales, and passe across between the bladder and 
rectum, being continuous with the same fascia of the opposite side. Another thin 
prolongation is reflected round the surface of the lower end of the rectum . 'l'he 
Levator ani muscle arises from the point of div ision of the peh·ic fascia, the ,·is
ceral layer of the fascia descending upon and being intimately adherent to the 
upper surface of the muscle, while the under surface of the muscle is co1-ered by a 
thin layer derirnd from the obturator fascia, called the iscltio-rectal or anal fascia. 
In the female the vagina perforates the recto-vesical fascia, and recei,·es a pro
longation from it. 
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'{i~~;: "~ii~~~n"' 't1:;' "" 
pyloric, 611 perforating, of foot, 648 ha!morrhoidal, 615 

in:;;~~Z}i~~l;;~~2 ~~ l~~;:~~o~~~I, 586 l~:.~~~°::~l,15~7 

'.~t~g(ff iK. 9V :I I~~~;~~f~l·~~ 6~ JI~;r~~~:~r 
carotid, 565 anterior, 646 suprarenal, 615 
iliac, 620 posterior, 6-16 suprascapular1 585 
m:immary, 586 phrenic, 616 sural. 639 
maxillary,559 plantar,6-17 tarsal, 64-l 
plantar, 6-17 popliteal, 638 temporal,558 

intero:;.seou::;, of foot, 644 posterior auricular, 557 anterior, 558 
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intestini tenuis, 614 cerebral, 583 }>OSterior, 558 
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:~~r,·:~~£;;;~0 ~:.:~~!f ~t :JJ;'~fq~~::::.~ g!f 

~~~~~:t~~"'"1· 586 ~~Yf l~~~~!~~~~;;~1.6i~5 :~Jf fir~~:}~~'.:1 .. ,59 

:~~f!!:,r~f if~~e::r~', ii~ pul~~~~~~~~k460~31119 ~;~l~~;~~~i;:o~~ll/~,~~~al caro· 
of spinal cord, 583 pyloric inferior, 611 tid, 568 

radius and ulnar, 602 lnteral1 582 lamellaof hone, 313 
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Articuli~G proce~s of verteLrOC', As;,~:~d~~~~!~;~:c~o:J2 .\~~·li~~\~f~-"pinal , 693 

"::::~~·~::F~ acromio-clavicu- ~w~;t~e~;;1 ~7~f a~lomen, J~1~\':~;E::;''.,:'.:'. •. tu~, 71 
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..cuboid, 381 Astragalus, 303 
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B. 
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mixed,315 ligaments of, 913 Basilicvein,663 
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naviculo-cuboid, 383 septum, 1092 Banhin, valve of, 1033 

-cuneiform, 38!! sinus of, 1091 Beaunis et Bouchard, Table of 
occipito-atl:mtal, 325 right, 1088 Development of Fcetns 

-axial, 326 openings in, 1088 from 1 14 1 
pelvis, 336 septum of, 1089 Bell_r-stalk, 113 

with spine, 336 sinus of, 1088 Bend of elbow, 593 
J)halanges,362 valves in, 1089 Bicepsflexorcruris1 518 
pubic,339 Auricular artery, anterior,559 cubiti1 4i6 
radio-carpal, 356 posterior, 557 Bicipital fascia, 4i6 

-ulnar, inferior, 355 fissure, 1791 214 groove, 248 
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superior, 353 nerve of vagus,821 tuber11sity, 2:')9 
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-iliac,33i surface of sacrum, lf>i Biliary ducts, 1062, 1063 
-sci:llic, 33i,338 veins,anterior,652 Bh·entcrcervicismuscle,437 
-\·ertebral, 336 posterior, 653 Bladder, 1139 

scnpulo-clavieular, 343 Auricularis anterior muscle1 3!)3 exstrophy of, 959 
-humeral. 3.J;} magnusnerve,831 female, 11 66 

shoulcler, 3-lfi posterior muscle, 394 ligaments of, 1142 
stcrno-elavicular1 341 superiormuscle,394 surface form of, JI44 
ofstern11m1 336 Auricu lo-temporal nerve, 806 tmrgical anatomy of, 1145 
tarsal, 380 Auriculo-ventricular groove of trigoneof, 114-1 
ta.rso-mctatarsal,384 I heart,1087 v~lsandnervesof,1144 
temporo-m:u:illary, 327 opening, lcfl, 1092 Blastodermic vesicle, 103 
tibio-fibular, inforior, 3i6 right, 1089 Blood, drcul;ition of, in adult, 

middle, :::7G Axes of thepelvis1 282 JO~i 
superior, 376 .\x illa, 58i in fretus, 109i 

oftympanic bone11, HIS dissection of. 466 gases of, 37 
\'Crtt-bral column, 319 ~ur.i;- i cal anatomy of, 589 general composition of, 33 
wrist, 356 Axillary artery, 589 Blood-<.-ells, 127 

Articular nen•e, 842 branches of, 092 Bloo<l-corpusclcs, 34 
Arytreno-epigfottic folds, 110-l lymphatic glands, 684 Blood-crystals, 37 
Arytren1~Qfiglottideus, inferior, peculiarities of, 590 Blood-globules, 34 

superior, 1107 :~~~~~~~:arking of, 591 ~~::::~~~~;:Shnrain. 5i3 

:%~;~r~:!1~C:· ::: ,.:.:~~i;~;;:;;;b;~~ ;;; Boi:::~\iiF[J,~_:~:J!.gl0$U~ 



Bc;rri~~~~t~~~4 ventricle, 757 

of a tooth, \)32 
of a vertebra, 1-J.5 

B~'ln;;~J~l;.~;~l~~o;1.~~lUent of, 58 

articular lamellaof1 313 
C'.J.naliculiof,56 
cancellous tissue of, 54 
cells,58 
chemical analysisof1 58 
compact tissue of, 54 
development of, 59 
diploe of, 144 
earthy constituent of, 59 
eminences ant.I depressions of, 

144 
epiph)·sis of, 144 
growth of,63 
Haversiancanalsof,56 

systemsof,56 
inorganic constituent of, 59 
lacunreof,58 
lamellreof,57 
lymphatics of, 56 
marrowof,55 
me<lullary canal of, 54, 143 
membrane of, 54 
microscopicnppearances, 55 
nerves of, 55 
organic constituent of, 59 
os.sificcentres,numberof,64 
06Sification of, 60 
periosteum of, 54 
spongy ti~ue of, 143 
structure of, 54 
vesselsof,55 

Bones, forms of, viz. long, flat, 
short, mixed, irregular, 
143 

number of, in the body, 143 
Bones or hone, astragalus, 303 

atlas,146 
axis, 147 
calcaneum,299 
carpal, 262 
clavicle,238 
coccyx, 159 
cranial,164 
cuboid, 303 
cuneiform, of carpus, 264 

of tar,;u~, 303 
d~criptive anatomy of, 143 
ear,916 
ethmoid, 185 
facial,188 
femur, 284 
fibula,297 
frontal, 170 
hand, 262 
humerus, 248 
hyoid, 227 
ilium,272 
incns,919 
inferior maxillary, 201 

turbinated, 200 
innominate,272 
ischium, 272, 275 
lachrymal, J9;) 
lesserlachrvmal,195 

~il1~~~~11:n~;~6 
malar,191i 
mslleuf!,!)]9 
maxillary, inferior, 201 
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Bones or bone, maxillary, supe· Broad ligament of li\'er, 1053 
rior,189 ofuterus,11G9 

metacarpal,267 Broca,nrea of, 783 
metatars.."'ll,306 Bronchi, 1110 
nasal, 189 dorsal, 1110 
na\•icular, 304 right and left, l 108, 1109 
occipital, 164 septum of, llll 
palate, 19i in lung, 1119 
parietal, 168 subdivisions of according to 
patella, 291 · Aeby, 1119 
pelvic, 279 \'eutral, 1110 
phalanges of foot1 308 Bronchial arteries1 606, 1120 

of hand, 270 lymphatic glands, 692 
pisiform, 264 septum,}111 
pubic, 277 tubes. ~ee Bronchi. 
radius,259 veins,668,1120 
ribs,232 Bronchiole,1119 
sacrum, 155 Bronchus, accessory, 1110 
scaphoid, 262 eparterial, 1108, 1109 
scapula, 242 heart, 1110 
semilunar, 266 hyparterial, 11081 1109 
sesamoid, 312 Brunner'sgla.nds, 1024 
sphenoid, 180 Bubonocele, 1189 
svhenoidal, spongy, 184 Buccal arteries, 562 
stapes, 919 cavity, 930 
sternum,228 de\1elopmentof,133 
superior maxillary, 189 glands, 931 
tarsal, 299 lymphatic glands, 681 
temporal, 173 nerve of facial, 815 
tibia,293 of inferior maxillary, 806 
trapezium,266 Buccinator muscle,402 
trapezoid, 266 Bulb, artery of,625 

~~~bli~~t:~· i!1~:rior, 200 of s~rt;~~;~rf~~m, 1151 

middle, 186 olfactory, 782, 788 
superior, 187 posterior cornu, 758 

tympanic, 179 spinal, 10a 
ulna, 254 Rulbi vestibuli, 1166 
unciform,267 Bnlbous portion of the urethra, 
vertebra. prominens,149 1147 
vertebra:-, cervical, 145 BnndleofVicqd'Azyr,7481750 

dorsal, 149 Rurdach'scolumn, 700 
lumbar, 151 Bursaomentalis,974,981,993 

\'Omer, 201 Burs.-eof knee,372 
"'ormian,188 mucos<'e,314 

Bo8~=~~ ~~~~des0~:·0~~~6 ~;:n~~~~~d;f:t 346 
Bowman's capsule, 1129 Burs.'ll synodal membranes, 314 
Brachia! artery,593 

branchesof,596 C. 
peculiaritiesof,596 
surface marking of, 595 Creca, types of, 1031 
surgical anatomy of, 595 Crecum, 1030 

lymphatic glands, 684 Calcanean arteries, external, 647 
plexus,834 internal, 647. . 

surgical anatomy of, 844 Calcaneo-a.strag:d01d ligaments, 
region, anterior, muscles of, 381 

po:Ze9;i~~1muscles of, 485 f.~1~:~::~~:~~~1~fam~~~;n!~~' 
vE>ins,66.J. 382 

Brnchialis anticus muscle, 477 Calcaneum, 2~9 . 
Brachio-cephalic artery. See Calcaneus scnptonus, 724 

lnnoniinate. Calcara vis, 758 

::~'.~;~r:~~Srior, 743 6i~~~::~~::b/12~~e Trian-

development of, 120 9ulr1r Liyame11t oj Urethra. 
general anatomy of, 9~ Canals ?r canal, accessory pala-
membranes and di~"'ec11on1 702 tme, 197 
subdivision inlo parls, 706 alimentary, 92!) 

~~=~:~i~\~~efts, 118 :~~~~i~~~Bio! 0i°rnold's nerve, 

~~f~0~~· ~~,i<:. 281 de~~~1. 191 
Broad ligament, 988 palaune, 194 
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C:iual~ or mnnl, auditor~·, 911 
carotid, 17~ 

forrhonla t~·mpani, 916 
or cochlta, H23 

central, of modiolus, 923 
cmral,119i 
dental, po!'<terior, 190 
edimoidal, 17:? 
Jl:n·er:-;i:m,of bone,56 
uf Huguier, 115 
incisi,·c,213 
;nre,;ocdcntal, 203 I 
infraorbital,19l 
inguinnl, 1JS5 
intestinal,1008 
for J:tcob::on's (tympanic) 

nen•e, ITS 
lachry mal,!)JO 
of modiolus,923 
naso-pa lutine,194 
of ~fock, 1162, 1177 
of Petit, 905 
palatine, anterior, 194 

pot;terior,191 
portal, 105i 
pterygo-palatine, 182 
sacra\ )l'}i 
of ~chlemm, 893 
sem icircul ar,922 
spermat ic,1 185 
of ~pinal cord, 121 
spiral,ofcoch lea,923 
of Stilling, 903 
temporo-mabr, Hl7 
for tensor tympani, 179, 

895 
vertebral, 162 
Vidian,183 
of Wirsung, 1070 

Canaliculi of bone,58 
Canaliscentralismodioli1 924 

spiralismodioli , 924 
Cancellous lissueof bone, 53 
Canine emi nence, 190 

fossa, 190 
ieeth,033 

C:mthi of e.velid~. 907 
Capi lla r ies, 1'12 

strul'lure ol~ 83 
Capitellumof humerus,2-51 
Cap:;ular ligament of hip, 362 

ofknce,368 
of shoulder, 346 
of thumb,359 
of\·ertebrre,32 1 

Capsule, external, of brain, 759, 

IXDEX 

Carotid arler~·. rornmon.branche.~ Can_·rnou~ ~roove, 181 
of (O<.'Ca,..ional·,54H nern·,..of penii-, Si8 
peculiarities of, [j.19 plexu..;, b69 
surface-markini:;-of,549 i,;inu ... ti.j9 
surgical anatomy of, 5-19 nen•es in, 810 

ex~~~11~~11;!5l~f, .5J2 Ca~'.i~;:c~~~:~~~l':{ 9~~i~9 
surfoce-markin~of, 551 Oocly, 9!)!) 
surgical nnatom)· of, 551 001y loid, :?78 

internal, 565 gleuoid, 2-1.) 
branches of, .')68 peh•ic, 9,j.) 

~~~~l~~ri.~~C:,~,~;)?~~. 568 ~! r1i~:~;(i~~~8ri.j5 
branch of \ ' idian, 804 pleural, 9.jf) 
c.1na l, 178 sigmoid , 2:)6 

tube1"cle.l46 I perirardio-thoracic,955 

ganglion, 869 Canun i\leckelii, 797 
groo,·e, 18 1 Hetzii, 1141 
plexus,869 Cells, 38 
triangle, anterior, 503 or bone, 58 

inferior, 563 definiti on or, 38 

Carp5a~ 1:;t~:i:,6irom radial
1 

599 di~·1~~?;~~;'3~irect, 41 

from ulnar, 603 ethmoidal , 186 
ligaments,357 fusiform, i87 

Carpo-me1acarpal articulations, hepatic, 1060 
359 I masto;d, 176 

Carpus,262 mitral,788 
articulations of, 357 pol)·morphous, 787 
de\•elopmentof, 271 prick le. 43 
su rface form or, 270 pyramidal 1 787 
su r~icaJanatomyof, 271 reproduction of1 40 

Cartilage, articular, 52 structure of, 38 
arytenoid,1102 wall,4l 
of auricle, 912 Cement of teeth, 941 
of bronchi, lllO formationof,941 
cellular, 5 1 Central cana l of cord ,698 
costa l, 52, 236 ganglionic vessels of brain, 574 
cricoid , 11 01 lobule1 720 
cuneiform, 1102 Centres of ossification, 63 

~r:fr:'.'.~!~~;~'.om~ of, ,> J 8~::1::!,~~:.~u:~O:::~~;::: ~g 
fi~~~~gJ~~t~~ 1102 C-ent;:11\•:~u~:·7~~ majus, 756 

hyaline,51 vertebra,145 
intercellula.r substance of .. 51 Cephalic vein, 63 
of larynx. 1100 med ian ,663 
of the no~e, 885 Ce rato- hyal of hyoid bone, 227 
of the pinna, 912 Cerebellar a!"leries, anterior, 583 
reticular, 53 inferior, 5~3 
of Snntorini, 1102 superio r, 583 
sem ilunar, of knee, 370 column, iOO 
of septum of nose, SSS tra1·t, 700 
structure of, 52 direct, ilO 
ta.n;al, 908 vein:<, G.)7 
temporary, 54 Cerebellum, i2.), 737 760 

infretu!;1 12.t 
of Glisson, fl82, 992 
internal,ofbrain,759,760 
ofkidney,1128 
of lcns,90-l 
of Tenon,890 

Capsules,suprarenal, 11 37 
Caputcornn posterioris, 700 

ga llinaginis1 1146 

thyroid, 1200 gray malter, 735-737 

I 

oftrnchea,1 110 coctkal,735-n7 

~i1\\~rr~b~o;g,512202 pe~id~i'1~' J~~erior, 712 

~j;,\~~';t~t~c, 53 we~~,1~/~~.r 7~~0 
Cartil:1ge-cells, 51 whi1emattcr, 733-735 
Cartilage-lacunre, 51 Cerebral arteries, 570 

Cardin, fl99 
Cardiac lymphati cs, 692 

nerves, Si l 
from pneu mogastric, 822 

plex:usof nen·es,deep, 874 
superficial, 8i4 

veins,6ii 
Cardinal ,·eins, fa!tal, 131 
Carotid artery, common, 547 

g:~~:~~~~1~i;~~~~~rf~0~86 ~1i~fcl·;~,r,5~~o 
Caruncu la larhrymalis1 909 posterior, 583 

~;~~~;5;~7~!r~:.·;·0:~
60 

lE:~~:i:1~: i~~::: 
c:,~12~t~c :::.:'.4

or, 625 c.~;:.~'.i~r,~1 ,.;,, 693 
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t::~=t~::~~11.1i~~~ "'Y"tt!m, 69 Cim1mJ;rential fibro-cartilage, Colum1;; 1i~·!ir~~~~d, ~i~icular, of 

gray matter of, 73 Circumflex artery of arm, ante- ol Goll, iOO 

Cen·~~~~~fi~~:r: 5~-ending, 584 ~:;~i~~;~93 :;fi)Jir~~l~~i:'·1~~~ 
fascia, 407 of thigh, external, 6~6 ve.-;icular, of anterior cornu, 

ga~~~Jl~, iS~~ri or, 87
:? iliaci~i;~;~~1ti~Z6 Colum1~Z1ani, 10.12 

superior, 8ti9 ,.;uperficial, 635 carne-o\~ of left ventricle, 1093 

::~~~r;ii~, ~~r~F;;~~ ~i{ri~~:: 
vertebrre, 1-13 fracture of, 499 phrenici artery, 586 

Cm~~~ft~c~~~jt~~~~1~~~:i;: -tSG !~~~~l~:r/~~~~ ~}, s;~\es, 241 Gommi~3~%~,f 7~~'lin, anterior, 

~:E~!~'.~~;~1~r.:,
0

::1,, t::;.'.~~r~:£~:1~:-: .~~.~::. 183 or~~~l!~,'..';~f 
751 

Cerdx cornu po::iterioris, 701 middle. 180 optic, iJ2 
uteri, 1171 posterior, UH of spinal c•ord, 697, 698 

Chalice ce lls, 43 Uitori.,;, 1Hi4 gra_\·, 69~ 
Chambers of the e~·e, 903 fr:enum of. 116-1 white, 697 
('heck lh~:unent,;, 321i lymphati ... -s ol~ 6~9 Common ligaments of vertebne, 
Cheek, mu . .:.clesof, 401 muscles of. 40·'>, 1165 :!HI 
Cheeks, structure of, 931 prepuce of, 11()5 dental germ, 938 
Chest, muscles of front, 467 ('lini~. 181. 730 Couununican~ h~·1)()glo::;;:;i nerve, 

of side, 470 Ox:c~·geal artery, 626 b3:i 
surface form of, 23(j gland, 61i peronei, S(i.j 
surgical anatomy of, 237 nerves, 858 Communicating artery of brain, 

Chiasma, or optic comrnissuJ"e, Cocc~·geus muscle, 460 anterior, ;)i:! 
i!J3 COCl'.n\, 1'>9 po!'<tcr ior, .:,73 

Chondro-glo~us muscle, 416 development of, 160 frffrn don-alis peclis, 643 
Chondro·sterual lig:unem~, ::i3-I Cochlea, 922 ulna r, G0-1 
Chonclro·xiphoid lig:a111ent, :t;-1 aqueduct of. 178 ( 'ompaet ti::-ime of hone, .5.i, 143 
Chordador:-;ali!i. 107, 115, 96:j arteriesot: 9:!7 Cornplexns mu,.cle, ·l37 

u~~·;J~a·~~.7,ir~~!.:.~1;f 9~~-. ven- ~:;~{;! ,~t9:?(U~ 923 Co1~1;:~i·;~o; narium minor, 399 

of t~j~11~~ ~.~~1~ricle, 1090 ~1.~Pt1\~d~~~:~.:~ 11~;;·u~~ 0~4 ~:~~t; 1111~e~a;it~• 1107 

voc-.d~, 110.} lamina spiralis of, !)23 in female, 1208 
\\'illi,;ii,6·ji nene5of,9:.?8 ( 'onarium,748 

Chorion. 112 :-;Caire of, 9:?4 l'onccp1ion. where effec1ed, 100 
Choroid arterie..:.. anterior, 573 ::.piral canal of, g23 Conch:!, 91:? 

~~~rnH!L~:~ HO ~~m~:}i~·:,:.,. 179, 916 ~ :~fl#'.~·~~~2~:~~::~ fi~·~-
of lateral nx:e,...;, 740 ( "reliac axis, 010 Congenilal li~~ures in cranium, 

"ef,'.s ':rt~!~;~;~ c:J!!:,~d~x~;~ a"e'y, GH hern)~,
8

1 I•9 
Choroidal fissure

1 
123 media, 614 1·nnglohateglands. 6i9 

('hyle, 38 !>inistra, 614 Coni \'nsculo::.i, 10-l.2 

gEi~f:~~::~;: ::;;;~i~~~~;;:·~: ;~~~~;:~~::, 
!>lwrt 800 Collecting tubes of kidney, development of, 48 

' f 39.; 1130 lymphnticsof,48 

mBi~~~t;:~i~tl ;n .d .. lt. ~g:i~t:~::~::;: ~:: ~~:;~~.'.~! 1~
8 

lO'"ii C:olotom.'·· 10·16, lO-t9,,:l Co::S,~r~:;:"~39n1, 344 

r::~::~:;~;·:;~:::·~~~'.l IOIO ~~L:;~~r(,~:~g:c·,., ~uo Coi•;:~.'~~;'~~.:~;'.~~'.~~~o'"cle, 419 

jj' 
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Con .. 1ri1·tnr 111edi11" mu .. cJc, 4:W Corporageniculat:1,ex1crnal, i 1:31 Crania l 11cn•1..·;. · fourlh, i9ti 
~llJll'rinr 11111 .. de, ·l:!U i..J--1. 746 ninth, "illi 
urctlnw, ltit internal, i-l:t 7-ll, i·lti :-.econd, i:1:; 

ContL·nl-1 of ahdnuwn, ti.w, 999 mamillaria, i50 sc\·c11th, SI I 
Cmurae1ilc lihrc·L1.'ll,.;, (i'4 quadrig·emina, i-13 ~ix1h, 81\l 
Co11u .. tcrminaJi ... u!l:l third ventricle, 151 tenth, Sm 
l'omolntion,.;,ii:!,ii3 ,·einsof,6.)i thircl,791 

angul::.r, 777 Corpus C'allosum, 7°):3, i72, 786 twelfth, !'\23 
annectaut,iii, 7itl fimbriatum,ifJ3, i6::i suture .. , :!O:) 
frontal, ii,) gcnu of, 7.)ti, 7,)8 Cra nium, 16.t 

a"L·ernlin~. 77:, peduncle:J of, 757 C'Ongenital fi"'l:iures in , 188 
inforior, jj,), 776 rostrum of. i .'jli development of: 187 
superior, j/.), 776 splenium of, 7,57 lymphaticsof.ti.:-;'2 

hippoc:uupal. i"\J ca\'ernosum, artery of, ;)25 Cremar:;tcr muscle, -1.);! 
infracalcarine, 'j,~O I dcntaltlm of ce1ebellmn, 737 forn1atitm of, llH-1 
marginal. ir:.U fimb11atum, 759 l(;rema::.teri{·artery, 'i'29 
occipital 1 Tii Jl1ghmo11umm, lJ.37 fascia, 4.)2 
orbital, 775 spong10:.11m 1152 Crescents of (:ianuzzi, 948 
1•arieta l,.770, 777 !.l t1a\lun 1 iufl Crcl'-t, fro11tal, Iii 

a~cendrng, 7761 777 C01pusclc:., blood, 3-1 of ilium, '27:! 
supel'icw, 777 colored,34 lacllt'_\'mal, 195 

supramarginal, 777 de\'e\opment of, 12() mL"al, U;!I 
temporal, 77~, 7i9, 781 of 1Ierb1)t, 77 Q{'('ipital, 164 

Coraco-acro111ial 11g:1111eut, :N·t J\Ialpighi:m, of kidne~·. 1129 intf'rnal. l!i6 
Coracu-brachiafo,umscle,..J76 of Purkinje, 736 sup ra·ma:.-toicl, 174 

nen·e, X37, ~39 of !<pleen, 1080 turbinated, of palate, 198 
Corat'o·l'ladcu lar ligame11t, ~-13 tactile, 71) of pubes, '277 
C'oraco-humeral li~ament. 34ti of \"ater. 71, 1wle. of the ~uperior maxillary, 
Coracoid ligament, ~,I.) white, 35 192 

proce..~, 2-t:, Corrugator cutis ani, ..JJ.~. 1040 of tibia, 293, 294 
fraclUreof,:ioO superci liimnsde,39.) l'ribriformfast:ia, ll!J3 

Cord, spermatic, 115.5 Corset-li,·er, 1053 plate of ethmoid, 185 
umbilkal, l Ir> Cortex of hemi:sphere:,,, 786 ('rico-arytenoid ligament, 110-1 

Cords, \'O(·al, 110;{, 1 IO.') layers, 787 Crico-arytenoidens lateralis 
Co1·difor111 teudon of diaphragm, white cen tre, 787 m11scle, 1106 

~;~!:'i~:~~f.~:~::: 893 :f~f~rl'.i!C~;9::~ I ~:::~:).};f F~~'.~~~: 0~~S""."'· 
spaces,893 columnll,1129 muscle,1105 

Cornn Anmwnis, /G~{ substance of kulne\, 1129 Cnco lrid1e ti li,gament, 1104 
formation oi~ 788 of s11pr11cnal c1psulei:;, 1138 C'ncou\ ca1tilage, 1101 

la1erd~s:~•111:Jl~~~7 5~terior, 758 Co:~-.~111~~~·~~~~1~~r~ 1~5;l~~133-I <:r~~:~t1:~'.{02011s, 177, ~28 
middle, 7!3~ proces:i, 146 pubi~. 277 
posterior, ;,)S vertebral ligaments, 330 terminalii<, 1089 

Cormia of the coc<:~·x. 159 Cooto-chrondral articulation, 33'> vestihuli, !:1'21 
of h~·oid bone. :?27 Costo-cl::wicu lar ligament, 341 C:rossed pyramidal tract, 710 
of lateral ,·entridei-, 755 Costo-colic ligament. 10';"7 C'rown of a tooth, 933 

radiata, 760 Costo-coracoid fa:,,eia, 468 ('rucial :t1H.1stonu1:.i~, 636 

Co~~1!~l1 egi;7~~11i;~·1 {:~~ C~it~:~;;J::~~;i!6s~nus, 1114 t · r~:~~~~~~:'f i~~n~~11~~· ;gjl 

g~I~~;f i~::~~~!:!~~.; rri~~~~G611 ~~;;;~~~I;;;;,~~'::;:~~~;":;~::::: c,~f~~ili\::!~~:;:,:~~~::~::; 1::~: 
of heart, hi:! Cot~·loi<l c:wity, 278 Crnral arch, 450, 119,) 

~~~~:~~~ :fili~JJ~:::: ... ,.W~l~i~~'.; ·· ·· 
vake, UiX, ](1!)0 Cranial bones. 16:~ ('rus cereh ri , 7·10, 7-t:Z 

~~:~~~~;,· 1~~"~:.'.: ;;$~~~~iit.. .•. 
('rura tif, 11:11 fifth, ';"!lli f'r~·.,talline !en". :104 

genicula1;1, ; n fir•.( pair, 7!l:! ( 'r)·;.taJ .... blood, ~~7 
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Di-. .. ection or face, 394 
fo111oral hcrni:1 1 JHIO 
foot,i1:?:-s 
forearm, -tiS 
irlnte:li region, 51-1 
hand,4S!l 
heart,leftanricle.1091 

left\'elllride, 10!'12 
rightauride, 10.SS 
right. \'Cntricle, 10lS9 

hernia, femoral, 1HH 
inguinal1 1180 

iliac region, 503 
inferior maxill:iry region, 400 
infrahyoidregfon,4ll 
inguinal hern ia , 11 80 
imerma:dllary region, 401 
isch io·rectal reg-ion, 1201 
leg,520 
linA"tHll region, -1u; 
neck, 406 
orbit,396 
pnlatnl region, 421 
palru of hand , 490 
palpebralrc,1?io11,:'l94 
p:mcreas, 1067 
pectoral region, -166 
perineum, 1201 
pharynx, 419 
pter~·goid 1m1scles, 401 
radial region, 4K3 
scalp, 39 1 
soleoffoot .• =>29 
spinal cord and membranes, 

693 
suprahyoid region, 413 
tempor:llnmscle,403 
thigh, back of, 518 

frontof,50."1 
innerfiidcof,.)11 

Diverticulnm, \ "atcri , IOiO 
Di\'ision or ee l\ .. , 39 

direct,41 

Do~:;~~;~;~y ~f 11eni<:, 624 
nen·e of penis, ~li l 
ner\'e<:,84i} 

anterior division~ of, 846 
peculiar, 848 
posterior <lido:ions of1 845 
rootsof,84.') 

nin of penis, 673 
vcrtebm,H!) 

peculiar,151 

~~~:f: J~~:.~r~~ 9~~eries, 600 
hallucis artery, ti44 
in<li<'is, 600 
lingua:, 553 
pe<lis, 643 

branchei;of,64.J 
peculiarities of, 613 
surface markin(:C of~ 643 
surgical anatomy of, 643 

n:1i~l~11:~b~;~1er\·e, 849 
Dorsi-npinal veins, Liti.~ 
Dorsu~u of scapula, 243 

ephippii orsell re, 18 1 
Douglas, ponch of, !lSI, 988 

<:emilunarfolrtof,4.')J) 
D11C'tsor<luct,ofBartholin,943 

~,~a~l~'n l ~~!~. l ~g:4 
of C:ow1·er'~glands, 1147 

Duct<: or duct of f'u,·ie r, 131 
<'yt-tic, 1064, lOtFl 
ejaculatOr)·, 11 60 
galactophorou,.., 1179 
of :?all-bladder, 1865 
of Gartner. UHl 
hepatic, 1057, 1063 
of kidney, 1134 
lactiferous,1179 
l)·mphatics,631 
nasal,911 
of pancreas, 1070 
parotid.9-15 
H.ivini.948 
seminal,1160 
~tenson's, 946 
thorac ic,680 
vitelline,967,970 
\\'harton's,9-17 

Ductless glands: 
spleen, 1073 
supra renalcapsule, 1137 
thyroid, 1122 
thymus, 1124 

Ductus arteriosus,.)40, 1097 
how ol>literated in fcetus, 

1099 
choledochns,1064 
endol_vmpha1icu<:,921,926 
pancreaticus.1070 

arcessorius, 1070 
l~ivini. 948 
~::mtorini, 1070 
\'CllOi:illS,Arant ii , 1Qb0 

how obliterated, 1099 
Duodenal foss..'\'1 9tll 

gbnds, 1024 
loop,!J69 

Duo<leno-jejun:il flexure , 1008 
foss:i,995 

Duodenum, 1008 
flxationof,1018 
relations of, 1011, 1014 
typesof,1009 

Dura mater of cord, G93 
peculiaritiesof,693 

E. 
Ear,912 

arteriesof,915,920,927 
auditorycan:1\, 91..J 
cochlea,922 
inte rnal, or laL.ninlh, 921 
membranous labyrinth, 926 
musclesofauricle,913 

of t~·mpanmn, 918 
ossiculaof,918 
pinna,orauricleof,912 
semicil'culart·anals,922 
surface form of~ 915 
surg ical anatomy of, 928 
tympanum, 916 
vestibule,9::! 1 

Earthy constituents of bone,59 
Ectoderm, 104 
Efferentnerre;.75 
Eighth nerve, l-115 

surgical anatomy of, 816 
Ejaculatorseminis mn~cle, -161 
.Ejaculatory ducts, 1160 
Elnsticlamiunofcornea,R93 
Elbow, anastomoses around, ;)97 

benrlof,.)P3 
joint,349 

Elbow, ~urfoee fo l'lu of, 3.):! 
~urgit·al anatmll)' of, 3:1:! 
\"C""els and ner\"C"i of, 3,ll 

Ell1idin,90 
Ele\•cnth ner\'e, ~2:> 

sur:.:it·al anato111.'· nf, .S:?~ 
Embryo, firsl rudiments of, 107 
Eminence of aqu[('(iucrns Fal-

lopii. !117 
crmine,J!IO 
frontal,171 
ilio-peclincal, 277 
nas~d, 1 ii 

E1!;f,:~~1t~i~~ 1 ~~cl deprr,.sions of 
bones, 14.J 

Eminentia articulari~, li·l 
cinerca,724 
coll nterali!i,i5!1,76.j 

Eniil'."11ryveins,GGI 
Enamel eµithelium, 940 

germ, 939 
neckof.!139 
orga n, 939, 940 
pnlp, 9-tO 
ofteeth,937 

formation of, 940 
Ennrthroi-is,317 
Encephalon, 706 

weight of, 789 
End-bulbs of Krau!>c, i6 
End-plates, motorial. of Klihne, 

78 
Enclolymph,!)27 
Endonwsiu ni ,GS 
Endo11e11l'is1n,i..J 
Endotliclium, 4..J 
Ensiform appendix, 228 
Entoderm, 10-1 
Epenccpha\on, 706 
Ependy 111 a,7M 

~:~/~\~~;.~;i~,~te,,e J opment of, 125 
structnreof,8H 

Epit!id,\'lnii;, Jl ii9 
development of, 12:) 

i 

Ep;gostc;c actec)·, deep, 6~9 
peculiarities, 6:~o 
relation to femornl ring, 

1108 

~ 11 ~:~:c\:::~613~11·ing, 1186 

supcrior,58i 
plexus, 875 
region, 9.35 
vein,672 

t;upcrticial,670 

~~t~imrn~;:::,:~.~:r. 1102 
Epimy&ium,65 

~f,t~~~~~~::;n~:riilage, 64 
Epiphysis1 64, 144 

cci·el>ri,748 
Epithelial floor of \·entricle, 768 

1>heath of llertwig, 941 
wall of descending cornu, 768 

Epithelimn, -n 
ci lialcd,43 
colnmnar,43 
enamel, 940 

external, 940 
inlernal,940 
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Epi1hcli11m pavement ·19 E)•e, humors of, 903 Fascioc>, intermuscular, of foot, 

. 5
5

1p~n,et~,. ·1'.,.
1,~1

1',j\t11~£~ 1t.~ 1Q;.~~1~~.r, 43
· Y~~~~6me111hrane, 901 11·sactha.,i~1:;1 e9~tal, 1210 

• "~ 'l memlirana p11pilla1+ .. , 898 .., 
EpoOphoron, 11 ii pupil of, 89(i falciform proces.-; of, 119-l 
Erectile tis.;ueof peui:;, tl.)J retina, 89~ iliac portion, ;)OS, 1193 

it ... Ml'LH:ture, 1151 sclerotk, 891 pubic portion, ;)08, ll9-l 
Erectorclito ridi s, 465 surgical anatomy of. 90,) of leg, 521 

~~!~. ~~2i ~11!~~~cs0r,r,8 ~~0 lu~~ebJ~- 1~~-~'., ~~~rse, 52-1 
Eruption of the teelh, 9-12 vel:iSels of globe of, 905 of mamma, .H).) 
Erythrobla."'t"',55 \"itreous h11rnorsof, 903 masseteric, 403 
Eth mo-frontal !'!utUre, 20S Eyeball, muscles ol~ 396 of neck, 406 
Ethmo-~phenoidal suture, 208 nerves of, 00.") obturator, 1209 
Ethmoid lx>nc1 18.) \·es.-;els of, 90.) palimir

1 
.J90 

articulationoof1 187 t;_:velirows, 907 parotid , 403
1

-108 

d~\~;l~~:::~1~;~t;, ~k7 lR:> ~~:::tt~e~oi07 !:~;·,~~a11,2S:er1 120..i 
lateral ma&>esof, 186 cartilages or platesof,908 superficial, 1204 
o~ planum of, 186 i\1eibomian glands of, 908 plantar, 52fl 
perpendicular plate of, 186 muscles of, 3UO of foot, 529 
unciform proce:,.sof, 186 tarsal ligament of, 908 offorearm,478 

Ednnoidal artery, 569 I Eye-teeth, 932 of hand. 400 
canal 1 anterior,172 propria of femoral hernia 

posterior,172 ) <' . 1191 
cell<:.186 recto-,·esical,1210 
notch, 17:?, 186 Face, arteries of, 55-1 spermatic, 450, 11 82 
proce"'~ of inforior tnrbinated, boner. of, 163, 188 superficial, 389 

200 development of, 117 of inguinal region, I ISO 
spine, 180 lymphatics of, 68:t of ischio-rectal region, 1201 

Eustachian tube, 179, 917 muscles of, ~90 of thigh, fi06 
surgical anatomy of, 952 nerves of, 8 ll temporal, 403 

\·alve, 1089 veinsof,6.)0 of thigh. deep, 506 
in fcetal heart, 1096 Facial artery, 55-l snperficial, 506 

Excretory apparatus of liver, peculiarilies of, 556 of thorax, -141, 466 

Expira~~~~ muscles of, 4H ~~:~!~~~~~7~g~uy of, 
556 Fa~i~11j~1~,1%r of pelvic, 

121 

~~:!~~~~\~!v~~:~ri~T:~~~~ mus- ~~~:!: m 10~~~~~~1;.~17~61rerior, 786 
cle, b30 surgical anatomy of, 81.j perpendicular, 786 

carpi radiali<; brevior, 484 ,·ein, 652 ofTnrck, 700 
longior, 484. surgical anatomy of, 6.)2 uncinate. 786 

ulnaris1 486 Falciform ligament of liver, 971, Fasciola ciuerea, 765 
coccygis, 43S 1053 F'at, 50 
communis digitorum (hand ), process of fascia lata, 508 Fat-cells, 50 

485 Fallopian tubes, 1174 Fauces, is1hmus of, 9H 
indicis, 488 development of, 138 Fecundation ofovurn, 107 
longus digitorum (foot ), 521 fimbriatedextremityof, 1174 Fem.ale organ'> of ~enerntion: 

:!r:%~~~:~~::i41~11icis, 486 ~~;j;::~~.~ f!s 689 :1:1~:1:i~t~i~~1~·~ti1r!~!es, 1165 
proprius hallucis, 521 structure of, 1174 clitoris, 116.J 

pollicis,488 vessels of, 1178 development of. 138 
External abdominal ring, J,j/, False l igaments of bladder, 1143 fossa navirularis, 1164 

11 82 pelvis, 280 J;lands of Rartholin, 1165 

~::<l''.~~t!~~~~··~,~.~;; """'Y· ~~~.o!~:~~.t1;~~i2 ::;~~::~.~~;L: 163 
~;~~~~~~:o~~'~;;:~~. 11~836 F;!cin~a~~,~~~; J7t ~i~~~;,i~.lg6.t 

~f ~~~2i:: .. , m ~t~:~~' '~~}~~~ 
aqueom;humorsof,903 cnbriform, 1193 peculiarities of,633 

chamben; of, 903 ~eep,139~ f -30 :~~lli1!c~~~r~~~g of, 633 
ci l~~~~:::~:~~· :;.~ fib~~a'r~l~~~\t~·~trncture, 389 surgical anatomy of, 633 
choroid,89.t general description of, 388 orcruml canal, 1198 

· · <10~ iliac 503 variation in size of, accord-

~fjf if j~··~.f~~·~~~~:~·r0u~3"· 893 !~f E~;~i(;~{fi:;
1

:'.,:'. 8:n f,~~d~~;~;~;~:~f~o:r limb, 
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Femor~ .. 9~:ernia, comings of, Fibnla,1 i~~~~\~~r~ibl::~1;>;1ocn- Flex~~il?~~ur1i~:~:f;'.c~~:!.):!5 

~f:':c~to~;· o~: ~~ 91 Fi~:;t:~r!~~:0,0~1~::es of, 527 Fl~~~1i1:~:cdi~:i~:u~~1!J~~;~:·1. 1 i1cios 
incoruplele, 11t19 Fifth nen·e, 796 hepatic, 103;> 
~eat of .. 1ncture, 1200 surface mark mg of, 809 ~igmoid, 1036, lQ.J.l 
surgical an1t0m\· of, 1191 surgical an:umm of, 809 '-plenic, 1oat1 

:::1r:~::.:::ou~~l·::,:~i~:: ~il,~~[;~,~;r~gh:;,~;.~:;;1 i~l§~1f~~;~~~,~~ 34~r vent,icle, 

'~~f :··' "'• ~ii~~;~,:,,., :i~~~~ii~t~ 
ii2~~t~!:~:~:~;;.

2

::7 ~o~it~~:\~:~:;~~:~:~:~:'; 188 ~~~~~:t~~~~tL~i~til:~c;~l~:,i · 
head of, 21'4 superior1 791 genital, HO 
neck of, 284 Glaseriaa, 175, 916 of H ouston, 10~1 
structure of, 288 great horizontal, of cerebel- interar~·tenoid, 1104 
i;urfnceformof,290 !um, 727 reclo-uterine.1Hi9 
surgical anatomy of, 290 longitudinal, of cerebrum. recto-vesical, 1142 
trO<'hantersof,285 772,784 vesico-uterine,1169 

;:;~~~~~::l:~~£~~:neor Henle, !~i.~~~~:~';L~'.·1 ~;~ ~~l1i~i~~r~£!~::~~ :~;6 
81 ofliver,1051 sebac(!ous,94 

Ferrein, pyramids of, 1131 longitudinal, 790 Fontana, spaces of, 893 
Fibre-cells, contractile, 68 parieto-occipital, 7i4, 779, 791 Fontanelles, 167, 188 
Fibres, association, 7851 786 post-limbic,780 F'oot, arteriesof,643 

of cerebellum, 735 precental, 778 bones of, 299 
collateral, 700, 787 pterygo-ma:xi\Jary, 216 development of, 308 

~1n~11t~~~~~:a~0{85, 786 ~~~~~ 110~~N~~u7~i~1ni,0~o5 1 ~~~::'~·f,'~aOcles of, 530 

~~ ~~~~:.' :!; :~ ::::!~~~~a;~M!ry, 216 !ti;:\~~=1~t~ ~~3528, 529 
peduncular, 785 spinal cord, 696, 697 sole of, mnscles of, 029 
projection, i85 autero-lateral, 697 fai;cia of, 529 

Fibrin, 33 -median, 696 surface form of, 310 
ferment, 33 lateral, 697 surgica.1 anatomy of, 311 

Fibrinogen, 33 posterior intermediate, 697 veins of, 670 
Fibro-c:irtilage, 52 postero-lateral, 69i F'ornmen ciecum, 70!'1 

circumferential, 53 -median, 696, 697 of frontal bone, 171. 208 
connecting, 53 of Sylvius, 755, 7i4, 790 of tongue, 880 
interarticular, 53 transveNie, of cerebrum, 770 carotid, 178 
stratiform, 53 of liver, 1051 centralecoch lere, 928 
yellow, 53 umbilical, 1051 condyloid, 165 

Fibro-cartilages, acromio-davic- for vena c·ava, 10.52 dental inferior, 203 
ular. 343 \'esical. 1052 ethmoiclal, 209 

inten·ertebral, 320 Fixation of <luodenum, 1018 faciale, 928 
ofknce,371 ofliver,1056 incisive,213 
of lower jaw, 329 of small intestine, 1020 infrnorhital, 190 

pubic, 3-lO of spleen, 1026 jugular, 211 

;~~;~~~~~~~'.g!~~ 339 Fl~~ b~~::,c~43I003 lac;~~l~~.t~11;~~t~1s, 210 

~~~;~;~se~~~~i~;~'.~2111es, 96 Flb;~:i:':fi~t°::1~11~1:~~~cle, 532 ~t~!:~J~~;d~~5 740 
connecth·elis:;ue,45 hallucis,532 mastoid,li5 
nervous matter, 69 minimi digiti (foot), 533 medinm, 211 
rings of he:irt.1094 (hand),495 mental, 202 

"~t~~~";,.,_.. ~~~.~::~"' ~~~~;;"~~:·,,'." 



Foramen. pariernl, 169 
pterygo-palatine, lb2 
roumdum, 18:!, :no 
;..:u.:rO·hCiatic. :!i;), 337 

~~:G:I~~~1iI:It~:j~~. 221 

~[e~~:~~~!1 19-l, 213 
!'t)·lo-maMoid, 17$ 
!itipraorl.iitat, 171 
thyroid, 2i8 
\"e-alii, 182, 210 
or Winslow,975,992 

Foramiuaor diaphragm, 4,16 
external orbital, 182 
malar,196 
olfactory. 1$.) 
::-acraJ,l.jt) 
Thebc,..ii,6i8, 1088 

Forceps, major. 757, 7,53 
minor, 7 57, 7 ·~l:i 

Foi:~~~uO'J,r~~~ies of, 597 

fasciaof,478 
l~·mphatics of, 68-J 
muscles of, 478 
nen•esof,b!i:S 
veinsof,662 

Fore-brain, 706. 707 
Form of bone~. 1-43 
Fornrn.tio reticularis of medulla, 

713,714,715,718 
of pon!', 721 

Fornix. 103, 760-762 
anterior pillar, i4S, 1·50, 761 
conjunctiv[e, HOS 

Fo .. :;aacetabuli1 278 
or antibelix, 912 
canine,190 
t'.Ondyloid, 16.) 
diga.stric, 176 
digital, 28b, 1156 
duodeno-jej11nal, 995 
glenoid, 174 
of helix, fll2 
ileo-eecal, 997 
ileo-colic, 997 
ilia.c,27.J. 
incisive, 190, :!02 
infra- and i:.npraspinOu!', 24-l 
inguinal, 9GJ, 1190 
innomina.ta,9 12 
inte~igrnoid, fl96 
iechio-rectal, 1201 
jugular, 17!1 
lachrymal, Ii2 

~i'ri~l~~~~i~ ~~Ourethra, I 146 
of vul,·a., 1164 

~f~:~~~~-~·', ~~.:;rietu .. , 12.:i 

~,:~~f~~.(l~;!terior, 194 

~hrri~~~~:/1~~Lic, 99.J. 
pituitary,HW . 
p1erygoid, of ,.,phenotd, 183 

of lower jaw, 204 
rhomboidali,.,723 

~;.t~:~?!~~~.:~ ~ ~ 
sinj!ulare, 9:.!S 

INDEX. 

Fossa of skull, anterior, 208 
middle,:?10 
posterior,tll 

spheno-mnxillary, :?16 
subcrecal,99i 
sul>lingual,:W2 
submaxillar.\·,103 
subscapular, 2-t3 
sub:iigmoid, D96 
temporal, 210 
of'fril'tz,!J95 
trinngularis, 1102 
trochanteric, ~b:) 
ven::eca,·re,1002 
\'e,.,icaJi ... ,1000,1052 

F:.;:~~d:;~~,~~l~ 991 
na.sal,219,h89 
retro-peritoneal, 994 
of skull, 208 

Fourchette, 1164 
Fourth nen·e. 796 

surgical anatomy of, 796 
nutricle,708,i3i-740 

Fovea, boundaries of, 738 
centralisretiua-,898 
tE>moralis, 1198 
hemi::-pherica, 921 
inferior,i24 
larynx,1101 
roofof,738 
semi-elliptit':l.1 921 
superior,i24 

Fractureofacromial end of clav-
icle, 500 

acroruion pruce&;, 500 
centre of clavicle.-W9 
coracoidprocess,500 
coronoid process of ulna, 501 
femurabovecond:•les,537 

below trochanters, 537 
fibula, with disloc:Hion of 

tibia,538 
hl~h~~~l~t~~omical neck, 500 

non-nniou of, 2.)3 
suridcal neck, 500 

neckoffenrnr,537 
olecranon prOcC!'~, ;)01 
patella,537 
Po1t's,:53S 
radius,;)QI 

lower end of,502 
neckof,.JOl 
shaft.of, 501 
andulna,502 

F'n:cnula cercbellnm, i2!J 
F'rrenulumcerebellum,i3-t 
Fra>num cliLOridis, lHi-t 

Jal.Iii c;11perioris et inferiori~, 
9:Jl 

lingua\87!) 
prreputii, 11.51 

Frontal artery,5i0 
bone.170 

ar1ic11la1ioneof,l73 
attaC'hment of muscles to, 

173 
de,·elopmcntof, 173 
~trurture of, 173 

crest,111 
eminence, 171 
nerve, 7!'1~ 
proce,...,. of malnr, 196 
.!>i1111,..e-..li3 
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Frontal suture, 171, 173 
vein,6:)1 

F'ronto-nasalprocel'>,,,119 
Fronto-spht!noidal suture, 206, 

207 
Fundus of bladder, 114~ 

ofmerus,110 
Fuugiform papillre or tongue, 

s:so 
Funiculiof nen·e,73 
Funicu\11:; cuneatus, 710, 711, 

714 
gra{'ilis, 710, 711, 714 
of H.olando,710, 711, 714 
solitarius,718 
teres, i~4 

Furrow, auriculo-\•entricular, 
1087 

<lental,93 
genital, 140 
imen·entricular, 1087 
labia-dental, 93~ 
posteriorintel'mediate,697 

G . 
rralactophorousducts,1179 
(3alen, veins of, 657 
Gall-bladdC'r, 1064 

development of, 134 
ducts of, 1060 
nen·esof,1064 
relations of, 1004 
struct11reof,1065 
~urface form of, 1060 
\'e:;selsof,1064 

Ganglion or ganglia, general 
an:ttom~· of, i9 

of An<lersrh, 816 
Arnold's,SOi 
of Bochdalek, 802, 804 
cardiac,874 
ca.rolid, 869 
cephalic, 799 
cervicalinferior,892 

middle, 892 
snperior, 869 

ciliary, 799 
oncircumflexnerve,839 
diaphragruatir, 875 
on facial nerve, ~11 
offifthnen•e.799 
Gasserian, 797 
of glosso-plrnrynge:1l, 816 
impar,867,87.J 
intercarotid,b72 
jugular. :Slti 
lateral root of eighth nen•e, 

81,) 
lenticular, i99 
lingual, 872 
lumbar, 873 
1\Jc(·kel's,803 
mesen1eric,8i7 
ophthalmic, 799 
otic,807 
petrous,817 
pharyngeal1 871 
of pnenmoga.!'tril', ~19 
ofportiorlura,811 
on poi-teriorinteros~eo11snerre, 

R·ll 
ofH.ibes,811 
of root of v:u~u!<, 8~0 
sacral,871 
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Gangli::;1 ::l~~:;:~~111i:~,i~milunar1 t}~~IT~~:~::1~f~~n1nl hcmL·. 171, :!17 ~:;;;;;:~1;~;:::;·~~l'~~/i'tn, bl6 
of lifth ncne, /\17 Ulnnd or gl:nul,.., :l\'t'C .... ,.nr.\·, cit lilmcal aponcuro ... i .. , :-1J.) 

i.pheuo-palatilH.', :O-UJ paro1id, Uli arh.'r.\·, ti:.?7 
of bpinal nern•,.., S:?i agmin:ned, 10:!.) infl·rior, ti:.!li 
spirale1 U:.!"i arytenni<l,110'.'. linl',.,:!/:.?,:.?i:l 
snbma'\ill:t1y, :-.01::1 of .Bartl1olin, lit).) J_,·mphatit·µ"laml,.., ti.'"lli 
3uprarenal,l"i;) Brunner',., 10:.?-l nerH', inferiur.1:-t.il 
of ,.~·mpathetic nerve, 86i huccal, 931 superior, bHI 
temporal, Si:! circ11n1anal,JO-IO region, ly111phatit--.of1 6"!.l 

~.:~,:;~!i~~s}7.~"" s20 ~~7j~~~;!.!h-.Wi; Gd.~.~--~;:~~.'.'..~;~""c1 .. ,,14 
:::~~~f.::~~r:_·i;;;nasal necvc, duf:l~~;_,i~ff~~l~l~;3 I gJfg§;~Jr, 78 
Gases of the blood, 37 duodenal, 102.J Gall's column, 700 

g~~~[~:~~:~·:~
0

'(~:,;,; LreviaJ, iE~r;:~~5J1:
8 

8~~·~~.~~:~~'.~'.!,!,i~';a:,~:i~'" or, 1176 
al'lery,611 labial,931 ovicap:suleof,llili 
follicle:;, 1006 laclll'ymal1 909 structu re of, 1170 
glands, lOOG of larynx, 110-! Gracilismuscle, 5 11 

~!fr~;F ,,g .. ,, 
822 

!'rri~1~~~t;" 
102

• ::~,"~'..'.~:::ii!,~~i;ii.~i~3, 97.5, 
Ga:-trocnemiusmuscle,!)22 of Lusd1kn,6li 991 

g~:~~~~:~~~~~:i'~1:~:~~\·~~jll l :;;~:11;~:1:~l;_~: ~i 7$ i.ciat~~,;~i~:~·a~~~omy of. 866 

G~lr~;~~~~~~ic plexu:s, 8ii ~~~~:~~~~fr:t· II avers, 314 8~:~~ '~~~~:i.~~l~~~\~~.~ti~~~~;r, 
Gastro-J[\iploica dextra artery, ~r8°P!~:1~~~;i~·~ii ~~i~i:~i'.~~/?l 

~i ni;,tra , 612 palatal. 9-1-1 cavernou,:, 181 

~::::~~£!;1~:~:~::::':·:: ..... 9:81. ~~~~:'.%~.; r~~~~-~~'::i:~.:·6g~9. ; 17 

Ge~~~)~~~lf,';~'ri~; mu:scle, 517 ~~~~;~~efh~~H longitu~l~:~:~icl~~~~3 of fourth 
superior urnscle, 517 pyloric, 1000 my lo-hyoid, 203 

Generative o rgan~, de\·elopment salivnry,9-1.) nasal, 189 
of, I :~i selmccous. 94 occipit:tl, 176 

female, 1163 secreting, 98 optic,180 

Geni1;Ja~~~~:1~, 202 :~~~:~;;~;1~29~s1029 ~~~~]~~~j~,~~~~~l, 938 

;,!:~\·¥i:~;;f~;l;;.:~i·· m ~~~~~i~tr:~~~;; ~§~~og~~~rz:~~o 
Genital rord, 136 thyroid, 1122 Guberna<'ulum denti1., 9-12 

corpuscle-,7U tracheal,1111 testis,1161 
folds, 1-10 of '~yson, 11 00 Gudden. commissure of, 793 
r.mow, Hll utem>e, 1172 I Gum" 932 
rnbercle. 1'10 of vulva, 1166 Gus1atory nen·e. 807 

Genito-crnral ncn·e, 852 Glandulre odorifera>, 1150 Gnus or (Jyri i72 773 

Genu ~~o,t¥~s corpus callosum, GI;~~~~i~i~'.' 1~~~ ·10e;:1t~.~~~~~~ 9 , i;,
2 

o::ia1~l~~i~~~e~'.~a~~~~~~~~l:1iiO;o Gl~~!~[~~i~i~1~~~ 17-i, 916 op~~~1~t 0!7~86 
Germ, common dental, 938 I Glenoid cavity, 2-15 supracallosal, 782 

G~2~·:;:;~~l;~~'.1ig;u ff;~~i~l1~~,:~::·~~i1lhier, 361 uncinate, 781 
spot, 101 of shoulder. 3-16 I-I. 

!i i~~J;f~\~ "" ~~i~~~~:~: ~~~if {::~:'.';,;m. 
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:ljj~~;;~~:;: .. ;lit··~. 11l1:.;~~~: 
shaft of, 9-1 l[enle, looped tnbe!:o.of, 1130 Hypertrophy of prostate, 1159 

~~i:t~·:·:~:: ~!~\~;.:··.,: :;~i~;:·-
nerve.;of, from median,839 ency:.ted, 1189 

from ratiial, '-1-l femoral.coverings of, 1199 
from ulnar, h41 descent.of, 1199 

~'~i:~-;"~Jo~~~ of, :l/O, -197 f!r!~~\\~~11:;·81~roce;;s, 1189 

N::~S~~~~J;.;!:, n11 in~i1:;~:i~1! 8c?r, 11s6 

~J~~~:%~1~ia:1~1~sof, 314 ~)~~!~)~ ;~~~inal, 1187 

~~~·~~~'~'~!~!~~~~~ <~r, l~~~e, 56 ITii:~bl~~~;~1~it1~1W, 1100 
muscles of, 390 Jlighmore,:mtruruof1 192 
veinsof,6<30 Hilton'smuscle,1107 

Heart, 1006 Jiilum of kidney, 1128 
annul:irlibresofauricles,109-1 llind-brain./O(i,12-1 
arterie~ ol~ .51.), 1095 Jlinge-joim, 31G 
deep tibre!:o of auricles, 109-l Hip-joint, 362 
development of, 126 muscles of, 51-1 
endocardium, 109-l in rel:l.lion with, 365 
fibre!<iof the auricles, 1094. surface form of, 3ti6 

of the \"entricles, 109-l surgical anatomy of, 3G6 
fibrous rinp-s of. 109-l Hippocampus major, i5\J, i63 
fcetalrelicsin,10S8 minor,iSS 
infunclibulum of, 10~9 llorizoatal plateofethmoid1 185 
left auricle, 1091 of palate, 19i 

,·entricle, 1092 R oraer'smui;cle,393 
looped fibre<i of auricles, 1094 Houston's folds of rectum, 10-ll 

ll eo-creca]fossa1 99i 
rnh-e, 10:33 

lleo·colicartery,61-l 
f~a,99i 
valve,1033 

Ileum, 1020 
Jliacarteries,common,618 

peculiarities of,618 
surface-markiugof. tH9 
su rgical anatomy of, 619 

ex tern:tl, 628 
surfac:e-marking of. 628 
surgical :matomy ol~ 028 

internnl.620 
atbil'lh,621 
peculiarity in the fom1s1 

G2l 
surgical anat~nyof, 621 

fascia,503 
f0&;a,2i4 
lymph:nicglands, 689 
por1io:1 of fa:scia lata, :)03 
re~ion, muscles of, 503 
veins,cummon,6i3 

peculiaritiesof,6i3 
u:ternal,6i:? 
internal.672 
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11wi,..ivcforamina,:!l3 ln1erar1ic11larfihro·tartila~e,;53 lntern•rtcbralnotche:-., 11:; 
fo-. ... 3

1 
Hl1 1 :.!fl:.! or acromio-chn-icnlar joint, :.uh~t:mce, :t.W 

p:td, 9-H :H3 lnleRLinal canal, 100."i 
lnci .. or Leeth, \13:.! of jaw, 3:.!9 Jntcl>tine, development of, 133 
Jncisurn. 1100 of knee, a70. 371 lari:rc, coats of, 10:.!i 

cerelwllum, i:.!6 of radio-ulnar joint, 305 lymph:itics of, ti!ll 
intertragica, 912 ligament of ribs, ;):H :-mall, 970, lOOS 
((•-.oph:l!:.:eal, 10:)2 lnterar_,·tcnoid fold, 110.J surface form ot: 101:; 
:-:antorini, 91 J l1Her-brain, 706, 7.Jfi-752 !:ilLl'gical am1tomy ol~ lO·t.l 

~'.:1~~;.~i~1 ito}9~·1ro!l12°52 l:~!:::~~[1~1f~rs:::t~::~;11~:7o~ carti- rn!?.~~;~.·;ilc~l~i:~~1s o~ .. itil'ation. GO 

~~~~~1~~qe119tal lines of dentine, 937 lntercl~~~~'r:~l1 Jig11111ent~, 334 : ~~~~\~~~~1~:~~1~:!!n,) lt~~~lll'. -11 7 
de\·elopment of, J:?.J lnterclavicular lig:unent::>i 341 lntmnesccntia gan_gliformi", Sil 
ligament of, £119 Jntercolumnar f:~ci:1 1 -1;'.'iO lnve!'ting mass of Hathke. 118 

:m.:;pensory, 9lll fibres, .j.)0, 1182 hwoluntary musde, 78 

:~~~~\~:.ed1;~~:~:a~11~l~~;.. 501 r:~~:~~~~~r 1t~l'.;~.~~~~~ 160~88 : ::~~g~S~" bones, 11-1 
can:-.1, 2oa anterior, 607 lschiatic lyrnphatil'~bnds, 686 

maxillary bone, :!(JI i·asc'",·-."•,r:~~-·, 587 I ls~l01~~.:,'.ec1 ·_.,'oal_.1 fascia, 1:!10 cha11ges produced b~· age in, .. , ........ •',,., 
meat~~4of nose, 

221 
!)·mphatic glands, 691 . position of \.CM<if'b and ner\·es 

()('Cipi1aJ foi.:;a, .Jljl_j z:~~Jl~:~2 6!)
2 l'~gi~~ .. ]S~l~~ica) anatomy Of, 

peduncleofcf'rebellum,702 nerves,846 1201 
profunda artery,f>9li space!':, 228 lschinm, '1.7.J 
turbinated bones, 200 veins, superior, 666 body of1 275 

nrticulationsof. 200 lntercosto-hmneral nerves, 840, ramnsof, 276 
cle\'elopmcntof. :.WO 848 spine of, :?76 
e1hmoidal proces...; of, ::?00 lntcrglobular spac('s, 937 tubero,..ily of, 276 
laclir)'lllal proce..s of, 200 Interlobular arteries of kidne)·1 Island of Reil, 178 
maxillary proce..;s of, 200 1134 lsthmns Cel'ebri, 710 

\'Cnacava.t.ii3 biliary plexus, 1061 of the fauce!;, flH 
Infracostal muscles, 4-12 notch, 1049 of thyroid gland, 1123 
lnfraglenoid tubcrdc, 245 \'ein, 1057, 1061 her a tertio ad quartum nn 
lnframa:<illary ncn·es from fa- lntermaxillarysuture,217 tricnlum,7.J---1,i;)::? 

cial,815 Intermediate disk of muscular chordreanterius.!116 
Jnfraorbitalarlery,562 libre,66 posterius,9lt.i 

branches of facial nen·c,814 lntermembranouso,sification,63 rvory of tooth, 935 
cnnal, 191 lntel'nal annular ligament, 5281 

~~~~~:.01Ji0 ~~:~l~~~~i·a~~:.-y. sGF> J. 
plexus of nern~fl, 801 cutaneous nerve, 8.JO Jacob's membmne, 901 

lnfrnspinatus nrn~de, 173 inf::uinal hernia, 1187 Jacobson's cartilage, 888 
1nfraspino11sfoscia,4i3 mammar:'·artery,586 nerve,818, 921 

fo~a.24.J nin,66t.i canalfor,178 
lnfratrOC'hlear ncr\'c, 799 maxillary nrter~·· 5.)9 _organ, 888 
lnfnndibnla, 111!1 branchesol, 560 Jaw, lower, 201 

of kiilney, 1128 peculiarili(?l) of, ,559 nl'licnlationsof, 204 

f:~f.~~3t~~~~;~:··~f~~:~::~: ~1~ 1186 occii~i~:yi~~~8~~1~~~my of, 561 att~3!1111ent of 11111scles to, 

~f. ~~l~:~ll~i~.9~~7 !;rl;;~~~;~, l~~~r· 183 ch~~fes produced in, IJ~· agel 
ofheart,1089 lnternasalsuture.217 condyleof,204 

Tngrassim-, proce"l)es of, 183 lnternodalsegment of nerves, 71 de\'eloproentof, 204 
lnguina.1 can:d, 118.j lnternodia or phalanges, 270 li!'.(aments of, 327, :3:28 

fo~a, 9641 1100 lnterossei mnsclcs, dorsal, of obl ique line of. 20:! 

gl:~~~ir~i~~~~·, ~~~. 11s1 of ~~~~·l!~o ~~~~l'~t~ri~lo.~a or, :!0-1 
hernia, 118t-i palmar, 496 sigmoid notch of. ~04 

dis:.ection of, 1180 plantar,534 symphysis of, 20:! 
Inlet of peh-is, 281 lnterosseons artery of foot, 644 . upper. l"eeJln.rilla1·yR011e. 
Innuminate artery, ;H.') of forearm. 601 Jejunum, 1020 

pec11liaritie$ of, b-H3 membrane of forea. rm, 3M Joint. ~?e Al'lirulitliomi. 
bn;l~:~~~~l :111atorny of, 546 ne~~el,e~;ll~~ior. 841 Jn~'.~~~~ ~%'\men, 211 

nrticnlations of. 27R posterior, 8-14 ganglioa, 816 

att~~liment of muscles to, Tn~:~~~::[otSr~:~:::'.·:;:,-l ~.'~i~~c:~;:~ior. (j.)I 
de,·elopmentof, 278 lntcrspin:iJesmw1cle!oo, 438 external. (j.):~ 

veins, 66.) lnterspinous ligaments, 322 8nr1.rical anatomrt1f, ().33 
peculiaritie!'of,Gfi5 lntcrlransvers:tlt·sn111!;C)es,438 intel'naJ,O.)·I 

1 norga~~c constituents of bone, : :~:=~~~a1bn11;31,_~,·~~~r~~:~11~?tski~20~y, po;:,:.~~ .. i0·c~'le~x1 :1l, "el~0,01',~'l.'.·6:~-l.~,· 
1

(j;j5 Inspiration. mn~cll~ of, -144 ., • , , v 1 



({. 

~~~~:~~:~:~:: ~~ 
Kidney, 11~7 

calices,11:?8 

d~~t!f~:ll~~~i:;tt~~-~~ ;t· 1129 
hilumof, 11:!8 
infundibulaof,11:?8 
labyrinth of e<>rtex of, 1131 
lymphatie:;of,G9U, 1135 
~falpighian \xx.lies ot; 1129 
mammilhc of, 11:?9 
medullarysubstance, 1129 
nerves ot~ 113-1 
papill:eof, ll:W 
pelvis of, 1128 
pyramid~ of Ferrein, 11:n 
renal artery, 616, 1133 
sinusof,1128 
surface-marking of, 1135 
surgic::il anato1nyof1 1135 
tubuli urinifel'i,1130 
veins of, 675, 113-1 

Ki:~~;~iLn::·~~~imensions, 11'.H 

surfaceformof,374 
surgical :rnatomy of, 374 

Krause's membrane,t:i6 
end-bulbs of, 76 

Kiihne's views on the termina
tion'iofmotorneHes, 78 
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Ligum~~~t~i~~l11.·~~~~o·nn ,.il'U lar, su- Li~a~~a~~~~11~~;:1i;:,~~;~: .. ;{.~g.., 11 Li~:iml;';'.,;o'"'tl-.pL'n:.ory, of '-pleen, 

c;ip .. ular. :-.ccl11diri•/u,,/./oi11t.~. mucosum, of l...111...>e, :-lt.ih i:.utural, 31:{ 

ca;:;1:~~~~~~;~1:~'~)~lur .. :1I, :JJI ~~fi~,l~~.4~~4 :~:~~~~:ta~l:1~~:t3t~1.~~ 

o/~:I;~;:~: I~+ ~~·i1~~~-~1G~~al, anterior, 325 ~:: :Ji::-.~11t. 3;-~I 
~~11~~rk,1.3~:i -.pinal cord, 69.) ~~~:~~~:~:?.) th~~~:i~~~~~11t~ inforior, ll03 

chondro-.. tcrnal, anterior, 33.J occipito-axial, 326 thyro-epiglottic. 1103 
pu,.tcrior, :1:lt odonwid, 32t.i thyro-hyoid, 1103 

common n;!rtebral, anterior, lateral, ;)26 1ibio-tar~:d, a;-;-
;lJIJ middle, 3:!t.i nun~ven-e, of atla", 323 

posteriM, 31\1 orbicular, 353 of hip, :~61 
conoi<l, :)-II of Otitiicula1 919 of knee, :3il 
coraL'O·:tcromial,34-1 ofo,·ary,11;5 ofscapula,:H.J 
COraL"o-clavicular, :H3 palpebral ortarsal1 908 trapezoid, 344 
coraco-humeml, :.!46 of patella, 36.:-i of Treitz, 1018 
cora{'Oid, 3-1.j of µeh-is. 33ti triangular, of livl'r, 1053 
corouary1 of Ji,·cr. !179. 981 1 of the phalanges, (foot), 387 of urethra, 10:!4 

9l'i8, JO.j3 (hand), 302 of tymp:rnic bone!', 919 
co::.to-central, 3:3u phreno-oolic, 1030 of uterus, 1169 

anterior,330 ofthepinna,373 ofvertei.Jt'!l",320 
co::.to-colic, 10i7 plantar, 385 ,·esiro-uterine, 1169 

~~~~~~:;i:~;:e:~a~ 331 pos1e\~.~~sY~,;i1;1e~,6r po::.ticum ~f. ~~~~~t:i~:~~e~f!.-, 356 
superior,3:11 Poupart'.s,44S1 1183, 119.") latera l external,356 

anterior, ;J:H pterygo·maxillnry, -IU:Z inlernal, 3,)(j 
po,.terior, :JJI pubic, anterior. 340 posterior. 357 

ill~~~:l~t~~~;~;:;,~~t:·::3
330 

~:[4Wf~I~!-~~. infedoc, 35.; Li!~~i3J~~:·:.,~:.~ma, 466 
crico-thyroid1 1104 mhldle, 3-)4 Ligamenlnm nl'cualllm exter-

~~~~t,11:~rt~!~:.\~Jn mto~~~r::iil~~'. r-:~9 int~~:~:;n7,41-14 
crucifo rm, 321 of rectum, ll-l3 coli, -10~8 
deltoid,378 rhomboid,3H colico-lienale, 1077 
dorsal. Ree hulfrid1url J oints. round, of hip, 363 eoronal'ium hepati s, 988 
of ellio11·1 3<19 of liver, 983, 10-33 cystico-duoderiale, 989

1 
1012, 

:uuerior, 3-19 of radius and ulna, 3M 10.).J 
e.ttern:il lateml,350 of uterus,1177 denticulatum,693 
imernal lateral, 3.)0 sacro-cocc~·gea l 1 anterior, 339 duodeno-mesocolicum, 1014 
posterior,3[>0 interarticular,339 -p::rncreaticum,971 

falciform, of liver,971. 10.53 lateral 1 339 -renale, 1012 

~\~~n~~·~, HS. I tb3, 11 96 P°;J';:~~33i39 ga~fi:1~~ir,a;h%m, 1053 

glenoid, 3-16 supe rficial , 339 -pancreaticum, 994 

~~or;i~~~~;lottidean, 1102 sa~bi-i~~ae~·Ssn7ter ior, 337 he!d~~~~~~!r~.m gif,!)·ds0£4 
9891 

!J~:fu~~~~tlt,i~~G~IOJ safr:~~~~i~,3::eater, 337 -~;s~?~u!~,5~89 
ilio-lumbar,336 l~r,338 -j?;astro·dnodenale,971 

r~.!~~~~~~~:;r, of ribs, 331 :~~~:~~~~~~b~·a?,1g:6 :~l~~bliic~~i~, ~i~~ l0.
54 

interc:lavicular, 3-1 1 ofst-apu la, 3-14 latum pulmonalis, 1114 

~~~=~~~~~~;~!, ~4! l ndfridool ~~hls~~~~J~~f~int, gleno·hu- li e_~~-~~:~~it~~~~1 ,!lg~6 9~S 
Joint,;. meral, 346 ·renale.n:-;:->.1077 

::~~=~~~~:~~:.•;;~~~~22 ~[d~i1°:,·}4tti ~~=~e~1i1c3;1;1esorol icum, 987 

inten•ertchral, 320 superior, 34ti nuclne. 400 

k~j:~t~~c~~~1iJ, 1104 :,~; 111~~~1~:i~ub r, anterior. 341 f>~:~~~~:t~~°;lienale, l07i 

rI.t~~;~;{!1 ~~dfridual Jo;,.,,_ ~~·:;~;E~~~~~\· 1 • 1084 rir.;~::~?~~~:'.~~;~ i;~. rn;; 

!f:fgg:~~::ivec, 
1053 

~~~f~~~;#~::;~~::. 919 ffj~g;'.'.]fiiJ-~ofci~ 
1076 

nfl.u<;<·hka,1084 oflens,90.) cluodeni,1014 

~~e~~~!~~~~~1', 9a1J; ~~ :;1:~1~,~s~~;iJ 076 l~:~r::io~761 ' 9 8 

lllE>tac;1q)f1-phalangeal, 361 of mamma, 466 terei:>, 364 



IXDHX. 

t:;~::~~~t~:t a';.~~:.ic~'. 11 ' ~2~ 1 each Li;~~Jc~~~~t~;,'~{;~!llQ.)S 
Artery. surface form of, 1005 

t:~,:,~.~u.,s,c~~;1~~1~~i1:arr~, 1i~4 :~~~i~~ ~;;a1t~~~y of, 1066 
<:'ao ,·essels of, 1060 

Linea aspern, 2~6 Lobe or lobes. central, 729, 778 
eminen~, 1101 caudate, 1032 
gluteal, inferior, 273 cnneate, 780 

middle, 273 fronta l, 753, 775 
superior, 272 of kidne~-, 1128 

;11ti1~J:UctV,n~~6 :!i 4 ~i;u1~~~ .. ;~~-J2 
splendem1, 695 of lung, 1118 

:~:~~=~~~di'~~r, 287 0~cr1 ~b~,.f,:~11,,a_~1'._,Ii~: ~~~;so Lineresemihmares, 4.)6 ... v 

transven:;eof abdomen,456 paracentral. 780 
Lingualartery,553 parietal, 753. 776 

surgiral anatomy of, 553 of prostate, 1149 
bone, :!27 <piadrate, 730, 780 
ganglion, 872: of li\•er, 1032 

:~:r~· ;~J ~P~!efi:,~~"16J{mi~io 
Lingualis muscle, inferior, 418 of lestis, 11 58 

imperior, 417 of lh~·rnus, 1125 
tra1i,;,·erse, 418 of thyroid, 1123 
\"ertic:al,418 temporal, 7·H, 7Ti 

Lingula, i:l9 temporo--sphenoidal, ii7 
Li~'~•sC~Qeno idi ISi 1 t~t~:~.r 7bI~nC'hial tube, 1119 

arteriesQf,:)56 anteriorcrescentie,730 
Liquoramnii, 112 slender, 731 

Cotunnii. 9:!6 biventral, i 31 
Scarpre, 927 digastric, 731 
1;anguini'-, 86 of the ear, 912 

Li::sauer, tract. of, iOO fusiform, 78 1 
Lithotomy, par1s avoided in op- inferior sem i lunar, 730 

eration, 1207 lingual, 781 
conce rned in operat ion of, pnemuogastric, 733 

1:!07 post('rio r <: rescentic.'1 730 
di\·ided, in o per:t tion, 1207 slender, 731 

Li ttr<l, g lands of. 1147 postero-inferior, 730 
Li,·er, 971, 1047 -superior, /j,0 

con;et, 1053 quadrangular, 730 

~fs~~l~r.:r:,~1 t,:~1~ ,~!!e1s 10
1 

in ~b1,~1e:s•~r S:~~~l11~~;1:~~8-i3~ 
fcetu!<,1097 structureof.728 

~~~~~t~~/~~~;a~~~! of, 1003 ~~ ~i~~~~-~·o~128 
fissures of, 10.11 of lung, 111 9 
fixation of, J().j6 Lobuli testes, 11 58 

1229 

Lower Gi3xtremi1y, ,·ein" of, 

Lower, tubercle of, lekiS 
Lumbararteries,617 

foscia. 433 
ganglia, 873 
gland::, 688 
nen·es,849 

~~~;~f~/~;;-,i.i!?~~~s0!1r18:J9 
rootsof,849 
surgic:il anatomyof,866 

plexusofnen·es,850 
"ein, ascending, 67-! 
\'eins,674 
vertebrre,151 

development of, 152 
Lu!Jl bo·i liac lig_ament, 336 
Lumbo-sacral ligament, 336 

nen·c,s.;o 
Lum bricales muscles (foot), 532 

(hancl ),496 
Luugs, 1116 

ni r-cellsol: Jll9 
bronchia.larteries,1120 

veins.1120 
capill arieil of,1119 
de,·elopmentof, 13-! 
infcerns.1097 
lobei;:mdfissnresof,111 7 
lobules of, 1119 

I 

~~;~~:?:; r~~.6,:.~· 111 '. :o 
\'eins,1119 

rootof, 1118 
strnctureof,1118 
s11 rface-marki 11g, 1120 
wei_ght, C'olor, elc.1 1118 

Lunuh'C', 109 1 
of nails,!12 

Luschka's g land. 617 
ligamen1s, 1084 

Lymph, 37 
pathorsinus,88 
-ve:s:.elsofliver,1058 

ofpancreas,1012 
L)·mphatic or I~ mph ati<:~, Mruc· 

tureof, 85 
bone,56 
origin of, 86 
plexus of, S!i 
subdi,•isionintodeepandsi;-

perficial.G/9 
terrn inationsof,87 
vakesof, 86 :~~[.~;"~ ~~)~~~;~;~., 

f~~~i[.~C; o.~~53 1~ga~~~~ of. !iv.e r, 1~~3 ~ I 
longitudina l, 1Q.j3 srn us of b~am , ~1!ferwr, G<:18 

:~l~~;s<~~},:~ 1 0.13, 10i6 Loop, d~:ri,J~:~~i', ~~9 

descripti,·eanatomy : 
abdomen, 6b7 
arm,68J 
bladder,689 
broad l igament", 689 
cat'cliac,6fl2 
cerchra l,OR2 
cerviC'al, superficial and deep1 

triangular, 10.;3 omega, 104-1 
10':~.d~t!~·t5~~ L~1~1~~!19!r 11en le, 1131 

j~f l:fi;;g~:2 Low~Jg)~~ ~~:,;~of, 630 
lymphatics nt: m.10, 10.')8 lymphatics of, 686 

~;~~~n:fi::~I~~~: of, 10;4 :;~~:oz:~~:. 53,; 

683 
C'he<t,692 
ofclitoris,689 
ofcranium,682 
diaphragm, 692 
dnC't, right, 681 
fare, deep. 682 

i.uperficia l,682 
Fallopia11 tubes, 689 
glands, !'lrnctnreof, Si 

anteriorme<liastinal,691 
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";I~;:i:~::. ::~~~~;:~:::. :: "!!~~:·~::."_ 
ilii,~;c~~:~:·~~lb 6s7 )lr~~~~~ i•Jjro:.a. 9:?1 ~l;·:~:::.~.·;1~1:·:~al~?'~f1orax, 1og31 

:::E;i~~~~~-:::~t!~~~~~li ~:::.~~~~;~f~~:';';~~~~:·o~~~94 )lea~~~:l~:.~~1'.~.o;·~t~$ cxteruus, l ii 

j~~'.~i':11ii~-.'~~:~1111:1ry, 6\)1 :::·1\~~:1:~;~~~~,.,1~t' ~1~1t:scle:s to, or ,;:~~3·1~,'~~·;i,0~·~;2 1, 888 
ot' larg:c ime:stine, 691 1~17 !mperi o1·, :!'.?l , s.~7 

r1Vi~~~'.~ffe'"ity, 
686 

t:.~;~\~1:;:,:.~~lY~6197 I ~1:,::::~r1:1~C
1

,:~:.:
6

:21, 887, 

~1~::~~~t 1 1>~t1 ~;~~~11a!1t~0~)~~~!~ ~r 107 :\Icckcl~=~artilage, 119 
of pelvi:s, 687 c:tnall<. 196 c:n-11111 , 797 

i~Sl:~l~~~l~-~!;G ~~;;::~ ~t~1:1~~~~~-1 'n~:!~il lary, ?i1:J1 ::~:i::):.~·e~~~1f forearm, 603 
hatral, tiX:-. HI:! of :-p in;t\ cord, 5~3 
ofi-nw.llint<'Stin~691 )[aleurethra.1146 cli!<kof Jl ensen,Li7 
of spleen. 6!10 .hlallcol:ir arterit>s, external and ne rve, 8-10 
of i,ton1al.'h, ti9(J internal, lila .!iU rA" ical anatomy of, S-14 
sulunaxill:tr~', tih I )follcvlns, ex te rnal, :Wi vein, ti63 
of th orax, mil internal, :W; ;\ledi:1~tinal arteries, from inter-
tibial ante rior, tiXti )la lleu~. !Jl:S n:d manmiary,J:--6 

~~~~~~~l:~1i c~~8~111 it~·, 68
" ~l~;;~~~~~~; 111~:::u~1~~ of, 919 ly1~1~~ll1~11;\~ 1~1t~·:;;1:,'.~~~a, 606 

~:~~:';::1:;.':i~;,S,s~s1 ~~~:r,:~fof'b';d\~~ o:r i Li~ney, M;0~~~f~'.;,'~;11{:"•" 0', lll6 

l:i~=~~;~~::'.~~;,:rny, 692 ~f:l:::~J;i ~~
9

spl een , 1080 ~IS1~:t:~;~T:~~tt , Sia 
kidn e_rR, 690 )fomma, areola of, 1178 ~l edu lla , clo~ed pan of, 713 
labia,690 lobule,;;of, 1179 )Z'l'aymatte rof,713,7 15 
!acteall'>, 691 nen-esof, lit!) ob longata, /OH-IHI 

~~;~~~;;1estine, 691 :~~~:11~ ~f., '~\a~~rnilla of, 1179 ~Si~::Jr~.r~i!~)15 

l~::i; JEcemity, 686 ~l~\:;::~~::;~~t;,~;~,~~l,1~~6 ~lednll;,::!~C,~,~10f,o:3 bone, 62. 
l~'mphatie <111,·1. 6Sl lymphatic gland~. 68 1 o r :;pine, developmen t of. 120 
meningeal,68:! veins.internal.666 memhraupof bone,7>.J 
mouth, ti8:! ;\lammill:i of breas1, 1178 plalc,;;, 107 

~~;,· tt~ )f~:i1:~!i~l:7r~~~ :,~~e~, 152 : :~=~~1 o0/ ~e:;·,e7~hres, 71 

ggg~~~92 ~'.f,~;~:~§i~;;~i;e~'" 918 ,ef,'.,;~j::·:J[~i:#~~,~~~~1t,~~~ 
:~:~l~~e~1~i~, 6~9 )l~~1~~1~~~·r 1~~~e. f>5 ~re<1~1\1 i':,~:!r:~e:.~.;·-ti1~;.~'. ~'i 

~!i~'.~~i~~:i~~~2 ~!~~~:~~,i~i::.~!':~.o~~: of, 666 m::iii.t~'.~::~;l;,::~:::ug:~ 
:;~~~.~':':;;;.~;,,., 691 M;!:~\~.'.f~1-7 ,~76 ~:~:':'.)'~~r~r Gcaafian ve»cle, 

~;~::~. M ;[g~~:~~;,;· no ~f ~~j~~:: ""' 
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M~i~ii~f :~~~:~:~~·;;:,;
1

'""'"•r, ~lf~~?f.f ffe~{f~;,f£Z frontal )';~~~)f {:si~.~;:~;~~ 0:~rip•i,·• 
CO:,to-<:oracoi<l, "-6"' arten» .)'(~ minimi digiti (foot 1

1 
531 

1;:,~:7·;~;:~;~~F" ;2:~r":~~~:;!;~~'.i':. ..:~:~
1

:~;~~~:£:' m 
h~·aloi<l, \103 meatu<=. ~:!1, 8'i7 acce ... sorii orbiculari-. ori!'I, -101 
.Jacoh's, HOJ )lid-frontal proce,. ... , f<.etal, 119 accessoriu,:; pedi~, 532 
limiting, snn ~Jilk teeth, u:~;, ad ilio-costalem, -136 
pirnitar~·, 88i )fi1ral valve1 Hl!la adductor brevi,., 51~ 
pupillary, 09': :'o.lixe<l bone~. 144 longm;, .)]~ 
of Hei-.,.ner, 9:H ~Iodiolm; of cochlea, g23 magnus, 513 
:O:chneidcrian, ~Si .\Ioli!, glands of, 907 obliquus hallucis, 533 
tbyro-h~·oid, 1103 )folar glands, 9:H pollici1:; (hand), 493 

)ll'mbr:m~!:l of spina l cord, 693 teeth, U3:~ trausversus hallucis, 533 

)l~l1~1;;r~::o~~~ 1~~~i'i:·~~1ll~.1~~6 )fonro7 ~~ramen of, 708, 7.51 1 i:J2, anco~~~~i1c~~:u3 
semicirC'nlart•:lllai:;,!_1:?6 .\lonticulus, 730 antitragicus, 91 l 

.Meningeal artery, from as<.'ending ;\lorgagni, column of, 10-12 aryteno-epiglouideus, inferior, 
ph:u·~·ng:~al, 5~~ h~·datid ot: 138 1107 

anterior, lrom mternal ea- sinus of, -120, 1042 superior, 1107 
rotid, .)6S rnlves of, 1042 nrytenoideu~, 1100 

middle, fro111 internal maxi!- )Iotor nen•es, IH attollem; aurem, 39-1 
b.r_, .. .")t)O oculi nerve, 794 allrahens aurem, 393 

from occipital. ;).)j" surgical anatomy of, 793 azygos uvulre, -122 
po,.1erior,fro111vertebral,58:? .:\Iotorial end-plates, 78 bicr:ps (arm ), -l7ti 
~mall. from internal maxi I- .\Iouth, 930 (thigh ), 518 

l:trv,.)61 mll{.'OUS meml.ir:meof. 931 bi,·enter cervicis, 43i 
l_nuphti'til',G'I:? musclesof,400 br:i.chialisanticus.-177 

)lening:e~. !"ee .1/t;mbranes. surface form of. 9-19 buccinalOr, 402 
.\[ental fora.men. :?O:?, 217 .\Iovemenl admitted in joints, bnlbo-caxernot:u,., -161 

proce.-.,..,202 316 ccn·icalisa,:cendens, -136 
~pine~. :?n2 )focilaginous glands. 314 chondro-~lossn<;, 416 
tuberel':'s, :?02 .\Iucoid connecti\'C tissue, 48 ciliary, of eye, 898 

;\le,.cncephalon, 121, 706, 740 :Mucous glands of tonguc,882 circmnflexus palati1 422 
)le~entt"ric artery, inferio r, 614 membrane, 97 coccygeu<1, 460 

:mperior,IH3 )li.iller1 d11cLof1 136 complexus.43i 
ghml ... 691 fibres of 90'1 comprc:-<.-;or narium minor, 399 

::~~!:~:1f;;:~?:;~ inferior, 877 ~i~l~\~'.l'~~~~~;:i~:,1~:~~,~~8 of, ~S\·,~~~'~t~gi" 1107 

)Je,-~~?~~.j~1~'n~,7~J:3fl of aL~i~ual life, 64 cons1\'.~c~:;1 i~~~1~1~~~11ci111n, 416 

~J=~~:~~t:· 1~0, 97li, 9i9, 989 arra16iement of fibres of. ph1~~i'i~:.u4~Q1ferior, 419 

)le,..11hla-.1ic .. omites, 107 bipenniform. 3~') snperior, 420 
)[e.;C>C·olnn, 9i9 blood-,·e,-,,elsof, H7 coraco-brachialic:, 476 

tr~u;,.\·e..,.e, 9i!J chemical compo~ition of, 68 corrugator of cranial region, 

f l~~~ff [(~~:;:f~73 t~~~:~~iFi,";w· 
388 

~;f 2~;;~~};~:" Joterolis. 

)le:-ort-l·t11m, 103"\ form ol~ 388 lld!i 

~l ~t~i?:i\i\}(;.;~;J 600 '.~:i1'.~~~~Ht~::~;:; ·~F~.i:::: ~~i~~~:f,t~:: 
0

i'
100 

;:~~~~~~~·::"'" ~i:;~,:" "" ~~~~~;~, m 

111.•ne:.. :wr triangular, ::i.,-;s of ex1~rnal ear, 394 

){ et!ll a;-;;,:~~.h~;~::1~eal ar1icul:1- ~~)t~~ll:i'.;:. ~·;~ cx~~~1~1;1~;~,~j·~·~ligitorum. 030 



'' tl!-('k·;:.,~~m;:~.1:~l·le, descri pti \·e ~( u:;ele1~11 ::11~ 11:•~.':""clc, descri pti ,.e ..\I Ill'(' !(·:~ n:~1~ 11::~~1:r-clt!, de-.ni pti \'e 

('X :.~~~tiir1 },:~;~;:;' r~~~ici~, -t~8 le\'al~~:~~~t superioris nl(l'(1ue reetui~ 11;{:~il1i;r·~~,\~['i1;;~~;~~:!,r:~';.; 
radialis brt'\'ior, IS-t palati, 421 )IO!<ilicu~ major, -t3\1 
ulnari!-, ·l ~lj palpebr.~. 39.) minor, -l:iU 

t!fi\~f:~(Fmmun;s, 485 :~~~~.~{1~~"'"• H2 :E:::~:~~!'.'~~~.:.'.l::l 
lon~tt "i digitorum, 521 longi&-imus don:i, 436 minor, ,,i:n 

miJ1l1(i~!1ir:11~~ ·;i~ ·IS,) :~~ifb~~i;.~~· (~~!L) , 532 ~~~l~~~~s~s~>~mc, -138 

~1~l~1;;iet~l~~~~:~~i~l 1 i cliJ~I ti~Y .. , m~:~~r~' 4~~6 :~r~Y,~~~~~~~: :.~:.:g~~is, -t 23 

:~1R:~::::~ ~~~~::.:J ~~1~~t:~. 
flexoratte!:'sorius,.332 448 dorsi,-ta7 

bre\'is digih1r10n, 530 internus, 451 semitend inosus, .5]!1 
hallut'.'.i1<, fi32 auris, 914 !:ierrntuio. maµ:nui-, -t70 
minimi di~iti (foot ), 533 capitis inferior, 439 posticus, inforim·1 432 

(hancl), 4!)4 superior, 4~!l superior, ·1:32 
polli<'is(hand ), -192 ol>tnrator,externus,518 soleoffooi,529 

carpi raclialii:-, -179 internus, 516 firi:-t layer, -530 
ulnaris, 4'!0 oecipito·frontalis, 391 fourth layer, ;)34 

11igitornm sublimis, -t80 oculi, inferior, 397 !_.;eC'Oncl layer, 532 
lung:m, cl igitorum, 525 ~uperior, 397 third layer, 032 

halluci~, 52·> omo-hyoid, 412 so!C'n~, 523 
1wllicis t hand )i 482 opponensminimi digiti, 495 sphincter, external, 4-58 

n~"'i" n1eta(•:1rpi pollici!<, -t9::! pollieis, 4!)2 internal. 4;)!) 
1~ rofunclus cligitornm, 481 orbicularis oris, 401 tert ius, 1012 

fus1fon11, a~s palpel>r:1ruml 394 vaµ:imt', 464 
ga!.'trnl'nemius, 522 palate, 421 sp in:ilis l'<•ll i, 436 
geme ll us inforior, 51i palato-glossus, 422 clorsi, 4:~6 

superio r, 517 pala10-phar.n1gcuR, -122 spleniws, 433 
~enio·hyo-g-lossus, 415 palmarisbrev is, 494 capitio.:, 433 
genio·hyo id, -t i I longus1 ·JSO co ll i, 43!~ 
glu teus nmxinHtS1 514 pect incu.s, 511 staped ius._ 920 

medlus,.) l f> pectoralis,m:ijor,467 sterno-c:le1do-mastoid 1 409 
mini1n11s, 516 minor, 469 sterno·hyoid, 409 

gr:-.eilis, ;)II penniform, 38 !-ilerno·t liyroid, -t09 
of hand. 402 of perineum, female, 464 sty]o.g]oS!_.;\l~1 -t l 6 
of ht>adand face,390 male, 458 !<tylo·hyoid,413 
heli<'i~, major, 914 peroneus brcvis, 527 i.ty lo·phar,\'ngeus, 420 

minor, 91-t longus, 527 subanconeus, 418 
H ilton'-., 1107 tertius, 522 snl>cladu'-, -tGtl 
of hip, ;'.)14 of pharynx, 419 subcrureu-., :JIU 

i:i~~~~~litt~~ ~~~t:~§.~m;:~:,~::3 :::r:1~,~r:~~li::::4~6 
ilio-coi.tali~, 434 radii teres, 419 ~upr;1-.pinntu~, 473 
infraCO!"tal,41:! ]Jsoasmagnu.,,.,504 temporal, 403 
infra!.'pinatu~, 413 parvns. 504 teni;or palati, 422 

!'.'.~'.~E;;fg~:~:;tD· 10

•

1 :::~(~~~1~:~::1:::·;.:;:~ 415 ,.,~~fi~:i;2~~;" 008 

;~~~r~~~:~!;~:;~~ ~:4~~s q 11h~~;~:11~~1~5~s, 517 ~ l~~: ~~:~~{~~~t~\~1e~~,0~ 1 oG 
labial, 400 menti, 401 t hyro· hyoid, 411 

::i~~~~;"" iji ::··' ~~~~'.::.~ 
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"~ii;~~:~:,'. ;1t;~:~~; 
~f. ~;;.~~~~~·~;14~20 at~3-~11nent of muscles to, 

,.~~l;!r~1~1~e~11:1~\~,~~e11~, :) 10 Nec~: 1~f~·~:1i~·~t6J:r-! 
zygom:uicus major, 400 lymphatics of, 681 

minor,400 rnnsclesof,-WU 
Muscles of inspiration and ex- trianglcof,anterior,563 

pimtion, ·HA posterior, 565 
Muacularco lumns,6fi veinsof,G.)3 

fibres of he:trt,ljj Nerve-cells,70 

l\1 ~~='isl ~,~1~ooi;re, !17 ~=~~~:~ 1~;~~~~~~:~~1 0~!~~ I S 
M11sc11lipapillares, left\'entricle, cerebro-spinal,73 

1003 endonenrimn, 74 

pe~~~~1:~1i"f:;t;~~~e~111r~~~. l 002 ~1f1~ 1i1:1~\'iit~•;:·i~ 4 

in right auricle, 1089 origin of, 75 
~fnsculo-cutaneom; nerntof arm, µerinenm, 74 

030 plexus of, i3 
frornperoneal,864 sheaihof,74 

)[nsculo-spira l grOO\'C1 :!50 i;ympathetic, 7.') 
suq;:ical anatomy 01~ 8-14 termination ot~ 75 

nen·e, 8.J2 vesselsof,74 
Musculo-phreniC' artery, .)86 Nerves or net'\•e, descriptive 
l\luscnlus :icce550ri11s ad ilio- ;matomv: 

costalem, 4~6 of al><lucen-.·, 810 
Jl.lyelo-plnq11es,;).) acce~ryobrnrator,854 
:\lylo·hyoid anery, 561 :rnterior crural, 855 

groove, :W3 artic11lar, 8-12 
rnuscle,414 ascendin1?"e11t:111cou!l,802 
ner\'e,807 anditor,v,,815 
rid({e, '.!03 root£ ot lnteral, SJ.:; 

~;.~~:;:~;~·;~~:~9t90 ""~~·~'.~~::H,l;,;oc, 813 

N. 
Xail:.,92 
;\arcs,auterior,22:.?,886 

))(1sterior,2:22,806,%J 
sep111mof1 2W,SS6 

)i;u;.il angle, 18!1 
:1r1ery, of intt!rnal m:u:illn.ry, 

.)ti:2 
of ophthalmi<-, :>iO 
of sepw m,.).)fj 

bone,;1 189 
urticulatio11sof,J8!) 
developmcntof,ll-19 

cartilngc!-l, 88:) 
crest. 189 
cluet,911 
eminenee,lil 
fo,:,.,.1•,21!1,H"'lt> 

~;,\~:·,i1~~ :~~~~11~nne of, 8~8 
~11~;;·i~~:'~,~~?im~· of, 889 
\'t•insof,1-!Stl 

~~;~:~;r~:l!: \le('kel's~nnglion, 
~01 

:rnricularis 111;1gnus, 831 
of ::rnriculo·lemporal, 806 
of brn<-hial plexus, ~34 
bnccal, kO!i 

offacial,81·) 
cardiac,872 

inferior,872 
micldle, 872 
plexus, d eep, SH. 

snperficiaJ,,•q-1 
of pne11111ng-a<;lric, 81!) 

ca~~:.~~~:~:··o~7~enis. 878 
cen·ical, anteriClr, 8~0 

poMcrior, 828 
s11perficial,8:U 

cervico-faeial,81:J 
cho rd:t tym1•11t1i.812,921 
cilial'.\' 1 I on~, i!'l!) 

short.799 
circumflex,839 
CO('(',\'~eal, ~.-lH 
cochlear,tl:.?S 
comm11ni(·an ... hypoglo~i, 833 

eo::;'L~::1:i:;~1i"· ~37. ss9 
of Coumniu,;,80.) 
cranial, 70:2 

1233 

Nerve1' or nerve, descripti\'e 
:rn:nomy: 

cruralanterior,8il5 
cut:meons. l"ce lliat heading. 
deep p:tlmar, ~42 

1e111poraJ,:SOb 
dentalanterior,802 

inferior,80i 
prn.terior,002 

descemlens li~·1mgl~<:.i, 82.) 
dig:n;tric. from facial, 813 
digit:li,:-:6.) 

foot,8G-I 
hand.1-i-ll, 8-12 

dorsal(ha11d),8-l5 
peculi111·,8-18 
nfpenil",861 
spinul, 8-lli 

dor~i-\11111b;1r, 848 
eighth pair., 815 
ele\'CnLhpa1r,l'l23 
of eyeball, ~03 
facial,811 
femoralcutaneous,862 
fifth,iUti 
fourth,796 
fronlal,79'1 
gangliouic branch of nasal, 

ill!I 
gar<tric 1.iranch(>Sof vagus, 877 

ii:~i1:~~;~~~~~t~l6 
sup('rior,8(il 

great pell'l•Sal, 804 
spla11chnic. Si3 

fi~~~~~~;i~~~~:l, infcri(lr1 86l 
of heart. ~ee Ll11·diac. 

hepatic:,877 
hypoglossal,823 
ilio· h.vpogastric, 831 
ilio·inguinal, 85 1 
incisive,807 
inferiormaxillar.'·,80.5 
inframaxi11:1ry,(1f focial, 815 
infraorbi tal,offacia l,81.') 
infra1rochlcar,i99 
intcrcfutal,848 
intercosto-hmueral.'-4'4 
intcrOS*ot1s. anterior. 8-H 

po<iterior,814 
i'-<.·hiacHc,µ-rcat,86:2 

sma ll , Hfl~ 
Jaeob:;on':;,818 
labi:i\.803 

fi~ (': l,~1: .. ~,~~l~ .( '; 9~~ i 
large'<:avernou:<, .~iS 
larynµ:eal, t!xlernal, 821 

intern:il,1:121 
l'C('Ut'l'Cllt,821 
snperior,8'1 1 

lesscrsplanchnie,873 

lit~~ 1~~,~~0~1~'i~~1~·~~eal, 818 
ofli\'er,10;)'; 

long cili:1r~" 79!'! 
<:.apheno11!',h.JG 
thoracie,}o;:li 

l11mb:1r, S-lfl 
lumbo-;.;:icrul. ~50 
malarhranrh oforbitnl llf>n•e, 

~01 

offacial,814 
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~en·ts or IH~n·\·- de,,eripti,·e Nen·c,.. or ll€.'r\"e, dt.>:;crip1in• '.'\ern·~ or nen·e, dc .. ('ripti,·e 

~:~'~li~f ;::~!,\dor, '~; :::i;~f ff i~~k~.·::1.: 1 ~ ~;;;;:~;~~I;:: 
median, S-tll pudenda!, inferior, Sij:? -.phenoidaltilamenl,80-1,:-..0..; 
mental,S07 pudic,"itil of Wri sherg,S-HI 
mid11le c-;1rtliac, .~i2 pulmon:1ry1 from vagu<:., 822 ~er"i t'lunium. inferior~, ~(i2 
11111torofthec_,·e,<.'0111mon, 794 radial. b-l-4 nH ... '<lii, S,j7 

e:ucrnal,sO.., of rC<'tuu1, 10-1"! superiore<:.,HJO 
m11,,('tilcH·111aneou,.,ofarm,~39 recurrent laryngeal, S:?l -nen•ormu, i4 

le~, St):) to tentorium, 791i 1en1orii, i!Ji 
mui:.culo-,..piral, 8-12 renal splanchni\'.~7;3 Xer\'ouslibrousmatter, iO 

~~;T1 :-~~.~~\~~~kel's ganglion. r~~~~~~~~~{'s3~iernal, 837 gef:~~1i1~!:~ ~~res, 72 
803 !:iacral,85i layerofret ina. 8fl9 

from ophthalmic, i98 plexus, 859 sub~t:uwe. (•hemica l analysis, 
from \'idian, t-i03 saphenous, long or internal, 7':! 

naso-palatine, 805 856 ~l'!ll'. li9 
ninth,816 i-hort.orexternal, 863 while, 70 
obturator, 85-1 sanorius, 855 sy mpatheti c, 73 

o~~~i~~\-1~~ facial, 
813 !:ici~p~~~dt~:r~~cal, 828 s~·~t~~1~!10~~:~enr:if, ::atOlll)' of, 

small,831 small. 862 61) 
of third cervical,829 shortcilia ry, 799 white, or medullarysubstanre, 

cesopha~cal, 22 sixth, 810 70 
olfactory. 792 small cavernous, 878 Xen•us cardiacus magnu,.., 87:! 
ophthalmic, 797 occipital, 831 minor, 872 
opti(" 793 spinal, 8:'.?6 petrosus profundus, 804 
orbital ner\'CS in ca1·ernous acCt'SSQry·, 823 superficialis cordis, 871 

sinus, 810 recurrent.branch, 827 Neumann, dentinal sheath of, 
in orbit,811 roots of, 826 937 
their relation,810 splanchni<', great, 873 ~euroblasta, 121 
in i:iphenoidal fi~ure, 810 smrrll, 873 Xeurokeratin, 73 
of superiormaxillar~·, 801 smallest, 873 :\'eurile111ma, 71, rwle. 

palatine, anlerior or large, 80-1 of stomach, 1007 ~e111oglia, 73 
external, 80.j stylo-h~'Oid of facial, 813 of cord, 698 
posterior or small , 80.J subclavian, 873 Neuron, 69 

palmar, cutnneous,of median, snbrostal,848 ;\i11th nen·e.816 
~-11 suboccipital, 828 Nipple, 1179 

ulnar,842 posleriorbranchof,828 l\odesofRanvicr,71 
palpebral, 803 subscapula.r, 838 Nodulus, 73:! 

~;;:'.~~~~~~p12z :~[~I-[~i~;.'.~~>~~1 ~;;:~:~rl":1r~,:~6nencfibres, ;2 

pectineus, 855 1mpra-acromial, 832 bone8of, 189 

~;[~~:\'.~i~;~~~~~~.n861 :::rn~;a~~~i~ii~~,dal, 81 b i:3iim~:~:~~~;:~ of, 886 
cutaneou~, 862 supmscapnlar, 837 fos. ... eof, 219, 886 
superficial. 861 snprasternal,7!J2 mucousmembraneof,886 

:=;~~J\t~l large, 804 :~'.!:1~!~~~i~a86i98 :~~~~es0f,f8~~8 
small , 81G temporal. of auriculo-tempo- i;urg ical anatomy of, i-89 

Ion~. 816 ral. 806 vein~ of, 886 

supeSi'~ial,cxternal,orlarge, ~rg·c~'\~~ 
814 

X~~~~·'i~i~l~e~~S cerebellar, 726 

small, blG temporo-facial, 813 eth-moidal, 173, 1~5 
pharyngeal, of external laryn- temporo-rnalar, 801 great i:iC:lpulnr, :?44 

geal, 8:!1 tenth, 819 intercondyloi<l, 288 
of j?IOi:iSO-pharyn~ea l , 818 third, or motoroculi, i94 interl(\liular, J0-:19 
<if ).Ieckel's gang-lion, 805 thoracic anterior, 838 n~sal. 171 

~~~;~~~iI~~t~;~~::8:!:
1 

:;~~i}J.{1~;~:~6" :~~~;~~~~~1·:::::;:::G 
:~~;it~;~~f~~.~~~;~4 824 :;~~i;~~1;1:r.~:;~:~:!~~.

7

::6 ;~li~;~~~~lr1~l~
99 

po~1:i1:r;l:11~~.k~~{l ul:Jia~!~al. 843 X~~~~;:~>i~:.1 ·1lS~~·11°51 
inter dnram et mollem, 8ll uterine. ;-,j')j Xuc-k, can~! of, I Hi~. 1177 
mo)fo,, Sil Y:lginal. b71S Xuclei of medulla, 515 
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:~~~E·~--- ,., Jt~E···:.::~::: g~5~~i:~:. 
of audit0ry 11crve, 716, 7:?2 Occipito-axial articulation, :~26 axillary, ;)91 

d~~~~r~·i.>Kl5 g~~\~;~~-~~~~~i'!so·;,n~~-~~e, 3!H ~~~~::t~!~uon, 550 
ventral, l:il;) Ocu larclefl, 123 external,:J.':11 

~11~ 11:~:~~)~'. ~~9 ~~·c11;,3primitive, 123 fe 1!~~t;~·t~3JU8 
c11nentt1s, 714 second a ry. 123 iliac, common, 619 

acce;;~or iu~, 714 Odontoblast!>, 935 external, 628 
dcn t:ue, uf medulla, 710, 717 Odontoclasts, 943 in ternal, 621 

~i'i~;~·'n~~~~~';'}} o,~;:'.~~~~ ~r;~1~~~;1;4 ~26 ::~~~~:~::l~i;3 .;45 
fourth nen•e, 741 CEsophageal arteries, 60fi popliteal, 638 

f.;l~f.:.~rr:::~. ";;:·· 116 

~[~~~.;:fi5:•gus ,,.,.., 822 
:~~~~b~'~i~r:;j~,. 585 

~;:l~~}~~~'~,775:3 cJl~~·~:~~~:i:phrngm, H6 ::::~~:.·~!Fi~~5 642 

red, i-t:i l)·mp halics of, 692 catheterism of Eustachi;m 
Rolando, ill nenesof,9.)4 tube,952 
sixth ncr\'e, i:?2 structu re of, 953 cholec.'·:.totomy, 1066 
spinal areessory nerve,716 surgical anatomy of, 9.54 fo r cleft pal:ue, 423 
superior olirnry, j22 vessels of, 9.)3 colotomy, 1047 
third nen·e, ;"l-1 Olecranon process, 23-l division of nerves, facial, 815 
va~us nerve, 716 fr:i.cture 01: 50 1 infra.orbital, 809 

Nutrient arter.v of bone, 55 Olfactory bulb, 782, i 8ts lingual, S09 
1'\ymphre, 116-1 cells, 888 M:iatic,great, 866 

lymphauc::i of, 689 fo ramina, 185 spinal accessory, 822 
t"os.sre, fretal, 125 supra-orbit al,809 

O . :~~·1~8;nteri or, 782 ex~;:\~' °:J5~nkle, 380 

Oht::ion, 208 posterior, 784 hip, 367 
OUex,740 nen•e,792 kllee,375 
Oblique inguinal hernia, 1187 roots, 784 of i>lioulder, 349 

CO\'eri nb'"S of, 11 87 sulcus, 792 extirpation of spleen, 1082 
ligamen t, 3.)4 su rgical anatomy of, 793 of thyroid, 11:!4 
line of the clav icl e, 239 tract, 782, 783 gastrostomy, JOOS 

of lower jaw, 202 Olivary bod ies of medulla gastrotoniy, 1007 
of radius, 259 longata, 710, 7li hamstring tendons, division 

ridge of ulna, 2-:>6 nuC'leus. ilO of, :do 
Obliquus anris mm;cle, 91-l peduncle, 715 laryngotom_,., 1112 

externus ab<lominis,448 process. 180 lithotomy, 1207 
in fe rior capitis, 439 Olitre. ilO nephmtom~· and nephrectomy, 

ocul i1 397 Omega loop, 1044 113.j 

!~~r~~: ~h~~.i~i39 449 g~=~~~~~1t~is975 ~~!)c:~1~~fsm:r95~ric:udium, 
ocul i,3tl7 Omentum<:ol icu m,988,991 1086 

Obturator artery, 622 ga.st ro-colic, 991 prosiawctom.v, Jl .jQ 

i~1~;~~F~}~oori.~.;~,.1 dng, Et~~~~rt:~i~·~ij:·l~i imo f~:1~;~~~~::\~i~~~<~<l.~'.·d}1~s 
exic""""""cle,518 le;.<e,,971,991,105:< I "'"P"la,2H 
t 1,.,<.' ia , J:W9 Omo-hyoid muscle. 412 leblis, 1159 
f, 1ramen,278 Omplrnlo-mesentericar1erics1 fce- tOn,!!"ne.418,883 
in1 ernus musc le,.')16 tal. 127 upper jaw, 226 
li g-ament ormembrane,516 d11ct, IOO fors1rahism11s, 398 
nerve, 3.jt veins, 127 tappinA" chesl, ~38 

:L~~~.,_~~?;~ 1~~-~<~my of, 866 Openi1\~h~~ aorta in left ventricle, ~~~cll7~~~~~~1~s,1 :: ~ 

Oc~?:)1~~.'llu.:;~er_v, ;),)(j ~~,~~iJ:· ii1~1 j'i~~~~1::'::,~:· t:J o;~~·~~~~~:i~~S 663 

bo~~li~t~;l:uions of, JG~ ~~ f~~~~i~?c~~:.1,18ids0~qtl 01~~~~al~~~c i~~ery, 568 

aitach111entof1111h<'ltsto,IG8 leftauriculo-\•e111ric11l:i.r,I092 nerve,797 

de\·elopruent ol~ 167 of ~~1i~~:~~~i' artery, 10~10 o;~~~.~:9minimi digiti muscle, 

cr~~::i·ll~~:;a~l~~s, 164, 166 righ\og~uric11lo - ,·entricular, polli~f<;5 mnscle, ·Hl
2 f;;::-71•h!~~. gl:11Hb.1 681 s.1phenous, 507, 1092 Optic conunissure, 752 
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Optic foramen, 180, :?10 O'l'iducts, 1174 Puncrea-~, 97 1, 106i groow:, ISO, 210 (),•it•at~of O\·ary, 1176 den•lopmcnt 11f, 134 nerl'e, i!J3 Onila of Na.both, lli2 le .. _..;cr, JUiO intercerebral fibres of, ifl3 0\•urn, 100 lyruplH c-.. .. <.• lsof, 1072 interretina l fibresof, i93 clt::ivageof.10:! lymphatics of, tH)O surgica.l anatomy of, 79-1 di>'t'hargcof, 1177 rela1ion); of, 1071 recess, j.')1 lliscus proligerus of, 100 st ru('tu re nf, 1072 thal:.inms, 746-748 fecunda1ion ot~ 102 surface form of, 1073 tracl, 75:! germina l spot of, 101 imrfa1..·~of, 10t>9 vesicle, i-5:? ,·esicle ot~ 101 surgil'a l auatorn~· of, 1073 Oraserrata
1 

898 viiellinc membr:uie of.100 \'CK"cl11aml nerves of, !072 Oral caYity, 930 volkot', 101 Pancrent icartcrie::.1 Ul:! sinus. II!.) Zona pellucida of, 100 duct, 1070 
Orbicular Lone, 919 Oxynlifo~lls of peptic glands, plex us of nervC!l, 877 
Or1~fca~~:~;~~· ;~~muscle, 401 Pa~.1~;~~t~:'l5maJ.!na artcr~·. li12 
Or'b~:.~~7arum, 394 P. l-'ancre~;f~i~:l~~~enal artery, in-

arteri es or 569 Pacchioni:m depre,.;sion~, 169 !<Uperior Iii I 

~~:~ii:~~~ ~~~~ves in, 8 11 p};}i~1i~~' c~:.~)Usc l es, ii 1'1!~i~~~ 1~:1~tf.~;,~·1':Ji~,8J{o Orbilal artery, ;)62 Pad, incisive. 9H sp1r:lli f';1 9:?,) 
foramin a. 183 Palatal gland-., 9H \ 'ateri 1070 

~~~1:~:fl.:~;~~· 197 Pa~~E~:~;'~~~o,;, of, m 1'~~:1·;,;~~ii~::,~~;:~;::,~~i~::l 
Organicconstit11en1ofbone,60 articulation!lof, :WO of skin , 91 Organs of (iol.ci, 78 attachment.. of 1m1!:iCICS to, of teeth, !13!), 9-11 Orifice, anal, 1038 200 or tongue, 81'10 Oscalcis, :!99 de,·elnpment of1 Hl9 Papillary layer of i:::kin, 91 development of, 308 horizo11 tal plate of, Hli Par vagmn, 8 19 hvoidi;, 227 orbitnl proce,.;~ of, 1\J9 Para~Jobulin , :16 i1inominrttum, :ti2 process of superi or maxi l- Paramastoitl procc,.,f';, l(l5 dc,•elopn1ent.or, 278 lary, 193 Parietal bones, IGH 
ma~num of ea rpus1 260 sphenoiclal proccs.'<of, 199 articul:ttionsof, 170 orbiculare, 919 turbinat<.•d er(',.;! ur1 19S attal'hmentorrnu-.clesto, liO planum, 186 \"C'rtieal plate of, )\)8 de,·elopme111 of, 170 uuguis, 195 development of, 119 cell ~ of pepti c ~lauds, 1007 uteri, 11 69 hnrd, !) II eminenL'f', HiS Ossa trh1uetra, 1 ~8 mu~(· l c~ or, -l:!l forame11 1 l tHJ Ossicu la :wclitus,919 soft, 941 \'ein'<, J:H 

li~aments of, 919 Palatine artery, ll.'<C'Cncline, 555 Parieto-sphenoid artery, 573 Ossification or bone. 60 de-<cenclinA" or 1)(),.;terior, 562 Paro<iphoron, 13:-:, 1177 defects in , 1113 ca nal , acees."'Ory, !(Ji P:irolid foscia1 40~, -lfJS in tracart ila E?" inous,GO anterior, Hll g land, H-1;) 

period of, 6 .J fo1',.,a, anterior, 19-1 duciof, 941i 

imramembranous, 63 po"terior, 197 I aec~,.;(lr.'' ponion of, 947 

~~h~~;~~£e~c·~~9ss in, 
154 ;;~=:~? 'supe ri or ma'>illary, ~~~~~j: ~~.~.JI~ 

0-;teoh\a!<tS, 60 19:{ lymphatieglands, 681 Osteoelast,.;.f1;j Palato-g lo!<-:us musdc, 416, 422 \'eiu1'1, ti.j2 0-;teolog.''. 1-l ;i Palato-pharyngeu:-<, 4:!:! Paron1rium, 1 3~, 1177 O:;lium :ilxlominale of Fallop ian Palnmr nreh, i-u perficial , 604 Pars p~ lori ca, 1000 tnl.Je, 1174 branches of, UCH P:1tella , :l!H intern um o r 11terin11m, 11 70 surfaec-mark ini: of, fi04 artil·ulation!'I (lf, 2!1::! Otic J!:m glion, 807 cutaneou11 nern?, X.Jl , H:! 111wd1mcnt or mn~t·le... to, 292 Otoliths, !J27 fascia 1 4!10 dcn• lnpmcnt of, :.!D:! Outlet or peh- i", 21.ll iut<.•ro.;~ci arteries, 60 1 fr:wture of, ;ia7 (),•arian arteriefl, GI 6 ncn·e. deep, or ulnar, 842 ~lrn<'lllrc of, :!92 plex usofnerves,876 supertieial,of 11\nar, !:H2 su rfal'Cform of, 29:! veins, G7..J _ ,·<'ins, 6113 suri:ieal anatomy of, :!!12 o,·a ry, 1175 - .llmari-: hre\'b mu,.ele, 49-l Pc<:qol·t, re<cr\'oir of. t .~O de,·elopment of, 137 lon.iru;; mu~ele, 4:-10 Pcctinens mu:-<ele, 511 (;raafian follielesof, 1176 P a lpebrm, 907 1wn·e, 855 

!;~;:;:~~li~:rJ~J~o Pa~~'~f~~fJ';~:;,:~
0

oo; f,~;~\;~!'~i,;~~':;:~;~,:.
1

:.; or, w; 
~1~-~~~~:i\1f;11~~:-~nd dimen- foi:J~r~~e~,:r~j:111~<.'.;~~·~,1 ~OS Pe1~;;~1~1;:~fi~'ljor, <ltii 

sion~, 1 \7;i lh!"ament", !)08 Peculiar cl ol'l'a l \'Crtelira.', 15 1 r.t rom:i of, 1176 mn'<dcs, :~9..i Pedit'le,.; of a \"Crtebra, IH 

o,~::;~!~~~!j~~~·:.:~n
1 1

r:~;c1es, P"::;;;;~;.:;.~t~~J~.·~.: or ve;n,, Pedu~:~:~~~~t1~{~r~~: ;nre. 
1176 674, l J.):), 1178 ~uperior, 73·1, 73.1, 738 
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;~I~ir~J;:~:· ~:~~t~ ... 'J~!~~~'.~ 
parietal or obturator layer, 120.'I ton"'il, 9~3 

1209 deep boundaries of, 1203 vein, 654 
\Ti-;ceral layer, 1210 development of, 140 Pharynx, 951 

girdle, 231:.\ in the female, 1207 aponeurosisof, 9.)1 

Pe':!~:,u;\·~iS ~~ 1~1;!l~~~fe,0i·2i19 ~~~~;li~~~n~5:r, 132 
arteries of, 620 musclei. of, -158 mucous membrane of, 951 
articulations of, 336 surgical anatomy of, 1201 mu~cles of, 419 
axes of, 28:? Perineurium, H E:urg1c.li anatom) of, 952 
boundaries of, 279 Periosteum, 54 Phlcbohths 613 
brim of, 2.;:o of teeth, 932 Phrenicarteries, 616 

~@:~~~::·1282 ::::~~:{.~jl4t•:;:::::::n :: n:::::: Pl!:~fi~f:~{;l~::i:•;~:,5994 
of kidney, 1128 spleen, 986, 1076 Phrcno·colic ligament, 1036 

t~g;;~:~t~~~~f,3~~7 Pe8r~~~,;:i?m, 955, 9(i2, 978 ~l;n~~t~r 5~ cord, 
705 

male and female, dilferences deYelopment of, 967 of iris, 897 
of, :?~2 parietal, 986 of ~kin, 91 

outlet of, :?~l visceral, 988 Pigmcntar_,. layer of retina, 901 
position of, 282 Peri vascular lymph-sheaths, 87, Pillars of diaphra~m, 446 

of vi~ccra at outlet of, 1206 657 of external abdominal ring1 surfa('e form of, 283 Permanent cartilage, 51 449, 1182 
surgical anatomy of, 283 teeth, 932 of fauces, 9·1A 

P~~~~r?~5~f, 1152 Pero~\~:~l'~~-~~rJJ6G-t6 Pi:~:~~s..~l~~~· 748 
bod~· of, J J.)0 peculiarities of, 6-16 arteries of, 914 
corporaca,·emosa, 11!')1 nern', bti-1 Pinnac;fear,912 
corpu.s "-pongiosum, 1152 ridge, 301 cartilage of, 912 

~~~~f~'~~~.~ ~~' ~~Ol Pe~~:~~~1s6~~cds mu~cle, 527 ~~~~J:~'~t~ii13 
nen·eof, 861 longul) mur;cle, 527 nerves of, 914 
vein of, ti73 tertim1 muscle, 522 strnctnreof, 912 

lymphatic:..:i of, 689, 1153 Perpendi<'ular plate of ethmoid, vessels of, 914 
musclellof. '162 186 Pisiform bone, 26-l 
nerves of, lJ.)3 line of ulna, 258 Pituitary bod~-, 751 
prepuce of, 1151 Pes accc-;-;orius, 759, 765 dc\·elopment of1 119 
root of, ) !.)I an~erinus1 812 fos.;,;,a, 180 
structureof1 1153 bippocampi, 7.59 memhrane,887 

p£irr~~~~:~'.!'.~rhr~ 11~~~ ::;~~~17~:~:.4~:p la•g•. from ~:~:~:::~;,~£: 11s 

~:~;~~a~1~l~~~-;:r~~1erve, 839 Rm~'1itS;18 804 P1~:;~~~1 ~1'.~~~/ ~~ternal, 6-17 
Perforating arteries of hand, 601 Ion~, 818 internal, 647 

~i~~~~~~. ~~~r~.~ ::~~~~:::f 
fibronr.; lanr of, 1084 portion of temporal bone, 1 d.i Plate~, omental, 915 

~~1~~~~:.,, ."' ::1~i~ ;: :I~~~~·\':\'. 



Plt>ur:1l -.im1,..t·-., 111.t 
Jllcxn-. of nern.~ .... j:) 

hrac-hiat,s;;1 
cardiar,dl'l'p,."14 

su1X'rlieial 1 874 
c-armid, sm1 

external,8ti9 
can.'nH1ti-., t-itiU 
cervical, !'tH 

1iUpertieial,1':ll 
choroid, iGt.i, 709, 770 
('(l.'liae,8ili 
coronar.\·,antcrior,875 

pDl->tcrior,87•1 
cy:-;tic,8i7 
diaphragmatic1 875 
epigastric or solar, 8i5 
facial,871 
ga.'-'tric, 8i7 
gastro-duodcnal , Si7 
ga.-.tro-epiploic, Si7 

Jeft,877 
great c:trdiac, 874 
ha:morrhoidal,infcrior, 978 

superior, 878 
hepatic, 877 
hypogru;tric, 8ii 

inferior,873 
lumbar, 850 
mc;;entcric, infcrior,877 

!mperior,877 
cesophagc:tl , 822 
ophtha lmie, l:lti9 
ovarian, ~7G 
pancreatic,377 
pancrcatico-duodenal, 877 
patcllre, 85G 
pha1·yngeal. 82 1, 87 1 
phrcnic,87;) 
proti tati c, 878 
pulmonary, anterior, 822 

poste rior, 822 
pyloric, fii7 
rcnal,875 
sacral,8.'>7 
sigmoid, 877 
solar,l-l75 
spermat ic, 875 
splenic, 877 
superficial cardiac, 874 
suprarena l, !'ii5 
tonsillar,818 
tympanic, 8 10 
uterine,878 
•aginal, 8i8 
•enebral,872 
ve-ical,878 

Plexus magnus profundu!_j, 874 
of,·cin;:. 1-i<..'el'einfl. 

Plicacpiga.o.;trica, 964, 1190 
hypogastri<'a, !l!H, 1100 
pra:pyloriea,1000 
rccll,10·11 
semilunaris, 909,987 
transversalis,1042 
urachi,H6-1 
ureterica,1144 

Plicreadip0:<.-e, 986 
palmara~, 1171 

Pncumoga.,.tricncn·e1 819 
1)olarglobuleflof Hobin, 101 
PomumAclami, 1100 
Pon~, gray matter of, 721 

hepatis, 10.")I, 106:! 
nudciof, i:?l 

ISDEX. 

Pons, raphe of, 721 ProeeN!e~ or prtl('('"": t.•oronoid, 
Tarini, ifiO of lower jaw, ~0-1 
Yarolii,719, 724 of u\11:1, :?IH 

Ponliculus, 710 ~'sta l , 14tl 
Poplitcal art£'ry, 63i ethmoidal of infcri1.r turbi-

br:inrhe- of, G:W na1cd, 200 
peculiaritie;: of, 63S frontnl of nrnlar. 19ti 
t;llrface-marki ngof, 6~8 h:mmlarof lachrymal , 105 
surgical anatom~· of, 638 of 11phenoill1 1~3 
unusual brancht.~. 638 of helix, 913 

lymphati c glands, ti8U of l ngr:issia.<;, 183 
nen·e, external, ~6-1 jugular, Hit.i 

i-urgica l anatomy of, 866 lachr.nnal, of inferior 111rbi-
interna l, 863 1iated bone, 200 

space, 6:l7 malar, rn2 
surfaceof fomur1 286 of malarbone, 196 
vein, liil nwmmil1:1ry, 152 

~~f~t~~:'tl~~1:k1i~;, i~4 :~:~~'0~::: .. 2~f inferior turbi-
Portal canals, 1057 nated, 200 

,·ein1 674, 1057 mental, 1U2 
PortioduraOf tievent h nen'e, 811 mu~cular1 11 02 

inter durem et mollem, SJ I na~a l, 192 
mollis, 811 odon toid of a::d~, J.17 

Porus opticul'I of sclerotic, 892 olecranon, 25-1 
Posterior. ~ee under melt Sl'JXL· oli\•ary, 180 

rate/ie{ld. orbital, of malar, H.16 
P<>.:;terior glcnoid prO<'et.", 17·1 of palate, 199 

andinteriorchoroiclartcry,;)84 palatine, of supe rior ma:cil-
frontal artery, 572 lary, 193 

longitudinal bundlc,718, 712 1~t-gleuoid, 174 
Postero-la1 eral ganglionic artc- ptcr~·goid, of palate bone, 198 

ri e>:, 584 of Bphenoid, 1~3 
median ganglionic arteriE.'!I, 58·1 sphenoidal, of palate, 199 

Post-glenoid proces..", 174 spinous of ilium, 275 
Post-patellar bun:a, 510 of i-phenoid1 182 
Pott.'sfraetme, 5HH of tibia, 29:{ 
Pouch of Dougl:c;, 971, 9Sfi sty loid, of radios, 260 

recto-uterine, 981 of temporal, 178 
rec1o·vaginal, 98 1 of ulna1 2,)8 
recto·,·csica l, 981,987 unciform, 267 
vesico-utcrine,981,!188 ofcthmoid,186 

Pouches, laryngea l, 1105 o vaginal, of !iphenoid, 182 
Poupart's lig:unent, 11831 1195 of temporal, 178 
Precuneus, 780 Yenniform, of cerebellum, 727 
Prepatellarbursa, 510 inferior, 727 
Prepuce, 1151 vocal, 1102 

of clitoris, 1164 zygomatic, 197 
Presternal notch, 229 PrOC'C!<."m; bre,·is of malleus, 919 
Presternum, 229 caudatus, 913 
Pre•ertebral fascia, -100 C()(•hleariformig, 179, 917 
Pren~sical space of Hctzius, 981 ~r:1cilis of mallcug, 919 
Prickle cells, 43 Profundacervicisartcry, 587 
Primary areola> of bone, 60 femoris :trtcry, 635 
Primjtive aorta, 127 inferior artery of arm, Ml6 

fibrill~of 8clrnltze, 71 superior artery of arm, 5~)0 
jugular n~ins, 132 "ein, (i72 

~~~~1:i~~11~;c~;;~fibre, 71 ~~~~:0~~~~1r~~~r:a:.1~~,;1:~~5 
tcace. 104 I or tympanum. 916 

Princepi- ccn·iris artery, 5,;7 Pronator qnadratus mu!lcle, 483 

Pr~~= ~~.'~;i~~~~ acromion, ~;',f~~.'i~G muscle, 
479 

I 

::!44 Pronephros, 135 

~1~~\1:~;:1 ;2~ernal, 171, Pr~~i\1~~%"3 female, 103 
i1~Lernal 1 }}l Prosencephalon, 121 1 706, 751 

~i!t~~.:·\~9~)11 • P1~l~~~~f; I1nttrophy of, 1159 

clm<;>1d, antenor, 183 lew1tor nmsc\e of, 460 
m1ddlc, 180 loi><.'8of1 11-19 

s~2~r :~:·:~~.:~; ;,i.:. 204 p,~~~~~~f ~;~~K~~~i;:.;~~1 ~1Ji 
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p,~;.:!~\1~!:~;~,1~"~:~~s40u73 ~n~~:~.;:'b"~~" b77 R~;1\"x,~~.1~~\n•um, 1202 

Protopllli>m, 39 P)~'.l~~~~~~:~1111, 731 H~:ei~~i~~~u;~bc~ 1~f kidney, 1130 
Protoplasmic prO(.'e::;s of nen·e- of thyroid gland, 1123 Heceptaculi artcria:i, 508 

cell~, 70 of tympanum, !JIG Hec:eptaculum chyli, 680 
Proto\·ertebrre, lOi iu ,.e,.tibulc't !J21 H:ece<!l1 epitympanic, 917 
Protovertcbral column, 116 Pyra:::!a~:r~~~ iOO lateral, 7341 738,i3U 

Pr~~~~~:n~~~occipital,external1 direct, 710 R~~~:s7i~:pato-renalis, 1054 
W-l Pyramidalis muscle, 4,35 labyrillthi, I :?-I 

internal, 166 nasi, 399 H:ecto-coccygcu~mu<:de, 1041 

::;;~;0~]~t:~~~;"~o:f, 503 Pii~~£J~1f :5~{~:·1~131 I ~;5~~~~~~t;f1;~;;~~;·~;~ 1169 
Pterygoid :u·terie~, 5G2 of the spine, Hil fold, peritoneal, 11-l~ 

foosa of lower jaw, 20-l Pyriformis mu~le, 516 pouch, 981, 98i 
of spbenoid, 183 Rectum, 1038 

:~~l~~~~7~!0!o,i Q . ~~~~~1~r:)fiJ~~9 
plexus of >eins, 6.)2 Quadrate lobe of liver, IQ.j2 de\·elopmentof, 133 
process of palate bone, 198 Quadratus femoris mm:cle, 517 lymphati cs of, 689 
procc;;,.;e,.; of ?:>phenoid, IS3 lnrnborum, 4:)8 ncn·c,.; of, 10.t~ 
ridge, fo2 I ft~1 t covering, .to8 I rel.1t1ons of, 1043 

Ptcrygo-maxillary fi.._.:;sure, 216 menu, 401 i:;t 1uctmcof, 10-10 
ligament, -IO:t Quadriceps extensor cnm s mus- Slllgical an 1tomy of, 1045 

Pterygo-palatinc artery, 562 cle, 509 '1hes of, 1011 
canal,182 \C"selsof,10-:1.2 

Pt:~:e~n8~~~ of, 277 R. R~~:~~i~h:~~~~i~t·,~~n~.r;r, 424 
cre:-t of, 277 Racema!'e gland~, fl9 minor, 424 
~, 2ii Reces"usperitonei, 99-l l:\teralii:;, 425 
spine of, 277 Radial arter~·, 5!Ji fernori;i mnscle, 509 
symphy:->is of, 277, 339 branches of, 5!)9 sur~ical anatomy of, 511 

Pubic arch, 281 peculiarities of, 098 oculi, intcrnns, superior, infe-
articulationsof, 339 surface-mark ing of, 598 rior, and ex tcrnus, 397 
portion of fascia lal:l., 508 I surgical anatomy of, 598 posticuR major, 439 

Pubo-prostatic ligaments, 1142 lymphat ic glands, 684 minor, 11:{9 
Pudendum, 1163 nerve, 844 Recurrent artery, interosseous, 
Pudic artery, accessory, 62-l recurrent artery, 599 60:l 

deep external, 635 region, muscles of, 483 radial, 51;19 
internal,623 ''ein,663 tibial,anterior,642 

in female, 62.) Radialis indicisartery, 601 ))()!o:tcrior, 642 
in male, 624 Radiations, optic, i·li ulnar, anterior, 602 
peculiarities of, 624 Radicularzone, anterior, iOO po«tcrior, 602 

superficial external, 635 Radio-carpal articul:lt irm. 356 lar~·mrcal ncrYC, 821 
nerve, 861 surface form of, 3[)7 I ner\·cs 10 tcntorium, 797 
vein, external, 670 su r1:6cal anatomy of, 357 R egion, ahdomina\, 9,59 

internal, 672 Radio-ulnar articulations, info- mrn•de11 of, 447 
Pulmonary artery, 540, 1119 rio1·, :;r,;; acromial, muscles of 471 

opening of, in right vcnt ri- middle, :F)4 I auricular, 393 

~~;~~~~·i~:tll9 ifa£i~~:~;L::;, 2r.1 ~;;~f£11'.:::;:!~r.~~.~:9usc1es of, 

~ii~~::"::· :il1f ~~' Ii~~~~;"' 
P.v~;~;~~1.~ '\'i;6j 611 

I Raphe of medull<" 71~, 710 mtcnnaxoJJ,.,.)", nn,,cJes of, 401 
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R~~~~-1;,·J{::i1~:\~•l~~::·~~;~~~tl anat- Hetiua le~11~:11111~1~;~1a, Ii mi tan~ in- Huptul:.\.u~;t:~l;1~~,1~~;{'·e taken 

omy ol~ I 11 :! ~tructure of, l'>t-ltl 
lingual, mu~ll's of, -llil Hctrahens aurem mu,.;de, 3H4 S. 

muill;4t·~~ mu:-dL~ t•f, inferior, ii~~~o~~~~;1~~~.1~i~:~1':~:;;L~~~f, tl.'il ~at:, lachr~·mal, !HO 

n~a;,0!:1~~·~ 4:f 39S Rl:~~~i:i~ i!~i!es. .. inn, 2-10 ~~~~~:::~ro~e~.:~~~~fi;;,~~ 1~~~' gs 
orbital, llllL"t:ll'sof, 3HB h~a1111mt, ;_;41 t..:.al't'Us lienalis, 1011 

:~~~~:~~·, ~l~~~·les u!, .J:!l ~::~~~~~~~=i~\';j~;,:!~31 ~~:~~~:j~:~~J~~e~~1h~i~r:1~ 162i 
pitlpt·bral. 3!H minor,.J:H (':uw.I, 1:-i; 

!~1~:;~l'1~1;~~1~ ~;~~:sde.~ of, -119 m:::\~~~glion of, SGi ~~1~:11~~~:i;1;,;,~;FJ5 

~~~.:;~~~~~J11 "''• nn1,c1cs of, ~:~:!%\~~~1:~~~f;"~;!~1., 10, ~35 f,~~~;j~:',~¥i1and,, ass 
radial, rnu..,<:h:l'iof, -183 cle\·elopmC'ntof, 117, 235 ncrYes, 8,')J 
radio·uluar, poslcrior1 muscles fal;.;c, 23::! auteriordi,·h-ionsof, 858 

of, 41'5 flo:nini:r, 2H2 posterior didsions of, t:.57 
scapular, mn.\'>ciel of, anterior, head of, 233 roots of, 8.j/ 

-17:! lig-nmentsof, :;31\ 331 plexn'<, b.)9 
po,,l<'rior,47:3 neckof,:!3:1 ,·cin,Jatcral,673 

f'c:1rpa'.s triangle. u:~o pccnliar, :?34 middle, 673 
i<uprahyoid, llHM'lcsof, -tl:l true, 23:l peculiarities of, 673 
tcm1Km1·ma:i.:illary1 mu .. clcs of, tuber~ity of, 2:\~ fiacrO·<'oC<'y~eal lip-ament:-, 339 

403 Ridge, ba.-=al of tct•th, 9:~3 ~aero-iliac articn!ation, 337 
ll10raci<', 4-11 internal oceipit:1l, J!;(l ~ncro-lumhalisnrnsclc, -::1a-1 

:uuerior, -ltii m~·lo·h~·oidean, :'.0:? ~aero ~i:1tic foramen 1 greater, 
l_ateral,470 pectoral,:?-18 2rn1 33i 

tilno lihul:ir, anterior, 5:!1 pter~·goid, li"2 Je;,;er, :no. 338 
po .. terior, ;,:.!:? supereiliar)·, lil ligaiuent1', 3:3i 

ulnar, 4!H Htpracondylar, ~;)Q notch, greater, 2i6 
\'CrtebraJ, mu,;defl or, :interior, temporal, 173, li4 1 21:) Je--~r, 2iti 

4:?4 P.irrhtloheorliver, 10.·)2 t-:a(·ro-utcrinelic:ame1'1 1 llil 
lateral, -l:!.'l longitudinal li:~ure of li,·er1 ~aero-vertebral angle, 155 

J~eil, h•land of, i7S I(J.)I ligament) 33i 
Hel:uion~ of duodenum, 1011 1 Himaglotticli<:, 110·1 ~aerum, J!).j 

1014 Him:ecret'a:'1 J0.')3 nlaof, Jbi 

~~ f::~~~t~~,~~~i;1~,ort~u Hing, ~~i~minal, emnml, 44!\ ::~:!~J1.~~~~,~~1~t:n~1~21e~ to, 159 

of lin?r, J(lf)."1 internal, 1180 denlopmentof, Hi8 
of pan<:rC1L'-', !Oil femoralorcrural, 1\!lS peculiaritie.-or, 158 
of rectum, Wl3 fibrou~, of heart, 1U!H structure of, 158 
of i-plcen, 10iti H.isorius mu~cle, 40:? :=:.at~, dC'ntal, 940 
of l'lOmaeh, IU(l1 Ri,·ini,duct<:.of, 94).; ~n<ldlcjoint, 316 
of n•rmiforrn appendix, 1032 notch of, 914, ~118 Sa~ittal ;;uture, :!06 

Remak, fibres <1f1 i:? Robin, polar ,e:lobule; of, 101 ~a\h·ary .e-land_.., !l-15 
Renal aflCrcnt \.<'"-"l'i!'>, 1129. 1134 Roch. or Corti, 92;) f'tructure of, 9-18 

artery, 6lli, J J:~;J Rolando, funiculus of, i10 ~alpin~o~pharyngCl1<:., 423 
efforent \'C~·,d!'=, 1129, 1134 nucleu<: of, iJ I ~alter, inC'remental line!< of, !l3i 
ple:rnl', ~7.) tubercle or, illl 71!) F:.antorini. cartilag-cs of, 1102 

R~~;i·:~'ti~:1•~, 0~ 1l1 ~t.'i..>s of
1 444 

Roof o;
3
:onr1h ventl'icle1 738, ~aphc11:r,'·G~1~..-, io;lll"gical analom~· 

R~~~~~1~~ ~1 ~,~~(';; of Bell, ex· Rco:t,tl~~:1~dci1~~,ic~~· ~~,~~i:;n-e, ~:iphc>r:~),~11: ~l~~\·e, long or intcr-

tcrnal, ':!~i ";"23 short, 86:? 

n::~~:;;~,f;i:i·6:~~·"' of, 13• ~r~~~'.·~;~: 1~~·;:~:1>
8

,~~"'°· ;~3 ~~E;~~~~~,~::\'.~::'.''GF~. r;;~0 

~&5~irc~.. l~~~t;~;,;, .. ~. §~~~;·:.:.:·. 
R:::f~~:~·~~,,::~~S ;1;, ;30, ~:~~~~~~1t~'e~,:,;J buue, 18~ Rc~'.~:::'i~~~·:~U~;,~t\~,~: rn 
Retina, fi!l:-. lfotatore" i-pime nrn~cl<."-, 4!{S ~e:il:l.' of (.'lWhlea, r~.J 

~~·~·~:~.l~~;~~~li~i;~;:\j;~o, !10:! Hound ;~~~7;1~~:'~,:~· 1~~~n~~n~~r7a; ~c~~~~:~~~'.rn1~~11~, 4~;, 

~1:~~~;~'.·:~·E~:~::~~0~uo, ~oo Rn[f~f0~·~~;,:::~'.:1::~3 ,,);i;~·~:(r~~Joo' '· 304 



IX DEX 

~~::~11~:~·J~a of ~phenoid. 1.'~3 ~eri:·'\~J:,~t~~iforme, 1151 

arti1·ul:uion~ of, ~47 &croti, 1153 

dj~0l:.~u:~,,'i,~m0e•f~,~~-;'l~ . .r~~es to, :!-li ~~b::i::;::~,o~~,2 694 
''' 1 l'enLriculorum,10:-;9 

glenoid cavi1y of, 245 :->epmm between bronchi, 110!) 
head of, ·Hi9 Merous glands of tongue, 882 
ligaments oC 3-1-1, 3-l-5 membranes, V6 
m11~de;i of, 4i2, 473 :3erratu~ magnus, 410 
spine of, :!H poJ>t1cu<:, mfer1or 432 

:~~i~~lr~~~~i,~;/!:r, 247 Seru~~',P3310r' -1
32 

''en<crof,242 I albnmen,36 
Scapular artery, posterior, 5$.) globulin, 36 

region, muscles of~ anterior, Sesamoid bones, 312 
4i:! canilages, 886 

Sinuse!';, sphenoidal , 181 
straight, {>.j8 
tr:mS\'en.e,661 
of \'ali<alva, 542, 1093 

Sixth nen·e, 810 

1241 

Skel!~:,t~~~ anatomy of, 811 

number of itspieces,143 
!-;kin, appendages of, 92 

aneriesof,92 
ooriumof,!Jl 
cuticle of, 89 
derma,ortrueskin,91 
development of, 125 
epiderm is of, 89 
furrows of, !JI 
hairs,93 

posterior, 473 Se\·enth nen·e, 814 

Sc:~:;t~n;~~ SJ1af~n~7ic,~I ~11~~~~t'~ 0:: 1~1~~ure, I 
~:~:~~:/~;;::~!1;:, °f3J 94

' 
213 

Sheath
1:f arteries, 81 

Schachowa, spiral tubes of, 1130 epithelial, of Hertwi~. 941 

~~:~;~~j~~~~n~};~f, 893 ~~ ~~:~~~~.o~5crnral, 1100 
ligarnenti;:, 3-IG of nerves, 74 

muscularfibresof,94 
nai ls1 92 
nerves of, 92 
papillary 1:1yer of, 91 
retemucos11m of, !:10 
sebaceous glands of, 94 
structureof,89 
sudoriferousorsweat-glandsof, 

95 
Schneiderian membrane, 887 of rectus muscle, 454 
Schreger, line~ of, 937 Shin, 294 
Schultze, cells of, 792 !Short bones, 143 

~£~:,~~:;;r.;:t~'°;,~,~ of, 71 SIJ~i;;~;f~~:'.:, :7 348 
nen·e, greater, 862 surgical anatomy of, 348 

J e!~t~~~ anatomy of, 866 :'.~~l:Sa~~· 1~~:ves of, :Wt 

~~r~;i~~:~~l~:.ord;,, 237 s;~~,~~~;:r:~~i~l:nd lesser, of 
Scrotal hern ia, 1189 ul na. 256 
Scrotum, 11.;3 flexure of colon , 1036 

dartosof, 111)4 of rectum,1044 
development of, HO notch of lower jaw, 204 
lymphatics of, 689 Sinus circularis iridi::i, 893 
nen·esof, 115-> coronary, great, 677 
septum tif, 11.53 left, 677 
surgical anatomy of, 1155 right, 677 
Ye."..;ell'of, JJ.).} small,67i 

Sebaceou~ g-land,.., 94 costo-phrenic, 1114 
Second nern~. 793 of external jugular vein, 6J3 

Secr:~~~~jla~d~,u~~y of, 794 ~~ ik1i~,~~;! {~~lar l'ein, tj,j4 

i~~~~~l~~:~J::J.~,~:~~:~ 103 f.~t;~;i;!:~fi~~;~
2

1085 
.Semilunarhone, :!ti-J venreport~. lOJi 

~~:~:!:.~?l)of knee, 370 :-:ii~~~i;:,1~~::~l0t1s, 659 

~~~f.%:r~'.:::~~:.~~~ .. 872 ~~~7:.f~~~r~~;N{!· 1088 

~~;~g:;t~l~:;;~,~~:: .. scle, 519 ~;~;~~;;:t~J'~;~l::·~;J~~ 1091 

~:~~~1;::~~:'.:::";~:;1,~~1!3~19 :~~;i~~t~~htdor, wS 

~:r;~;:~.:~~i:.E:· '.::~·-~~
9 

£~r~::i1 ·
1

;~;;,;,,,, 660 
)1u:idu111, ";";')1. 7fi'.? !';t1perior. 1ifiO 
o f mednlla, ii:! plural, 1114 
of noise, :!:!I pulnwnar~', 10~11 

tactile"orpuscles of, 76 
vessels of, 92 

I 

Sk~:~:~,';~~ r~~~on, 217 
baseof,externalsurface,208 

inlernalsurface,208 
fossa. of, anterior, 208 

midclle,::?10 
postei-ior,211 

lateral region of, 214 
surface-mark ing of, 222 
tablesof,143 
vertex of, 208 
vitreoustableof, 144 

Small inteMine, 1008 
fixationof,1020 
structmeof, 1020 
valvulrect>nnivenles,1021 
vHliof,1022 
vesselsof,1026 

Soft palate, 944 
aponeurosisof,944-
archesor pillars of, 9-lt 
m11sclesof,-I::?:? 
structureof,944 

Sol:ir plexus, 875 
8oleoffoot, musclesof,firstlayer, 

.')30 

I 

fot"'hl,.yer .. j34 
~ecoml la~·er, 532 
third ht~·cr, 532 

Soleus mu!!cle, 523 
bolitary glands, 1025, 1029 
l"ornatopleure,108 
HOnimerring, )'t!llowspot of, 898 
Spaee, anterior perfora1ed, 784 

:n:illan•,587 
i n ten·o~~ ta I, ::?:l2 

~;,\~i'!:!~tti~~;1ar, 784 

poste1·ior perforated, 750 
ofHetzius, 1141 

Spac·esof Foniana. 893 
Spermaticartery, 616, 1155 

C'anal,lan 
oord,J}.).j 

artniesof,Jt.')5 
courseof,11-5-5 
lymphaticsof,1155 



LYnJ.:x. 

:-:;perm:uic ('Ord, nen'e!'I of, 11!;.'.i ~pinal cord, \\ hite matter of, t-'tellate ligament, :l;)O 
fa!>cin, e.'tternal, 4Jl0, l lh~ 6flfl plexus of kidney, 1 l:ll 
plcsus of nen•e:;, b:i;j fnramen, 11.) ~ten:;on, fonunina of, 1()1 1 213 

of ,·ein~ , 674 nen·c~, .'i26 i-<1cnson':; dutt, \JIU 
relation to femoral rin£!", I l !l ~ arran_!!:enu.•nt into group~ ~terual end of l'la,·ide, fr:wture 

of, in inguinal canal, 11:n. ~26 of, 4!l9 
us.) den•lopmentof, 122 fornmen, :!;{) 

vein~, 6i·I, 11:;.) di:;tribution of, l'i:!i furrow, ~36 
!lurgi<'tll anatom~· of, bi.t divi;;.ions of, auterior, b:li' ligament~, 331i 

Sphe~~~:~:.~~if' ~~~sci~ to. :~:;[;~~:}~~~::~,6 32; I ::~:~~*~~;;~;;;;~[~;~,i~:·~l:·~ion, 
develop111e1H of, 18-t veins. 6l:iS Sterno-m:1E;toid nmsdc. 409 
greate r wings of, 102 1011°gitudin:1l, anterior, 669 artery, 5,)7 
les~er win,1.,"S ol~ 183 po~terior, Olin Sterno-pericardia I lig,1ment, 1084 
pter.\·goid processes of, 183 Spin:ilis colli mnsde, -1$6 :-iterno-th~·roi<l muscle. -ll I 
ros1rnm of, l.'.\:? 1 dorsi muscle, -136 Sternum, 22~ 
spinons proce...sesof, 182 Spine, 1-l.J articulations of, :?:->2 

Sph·?~~E11!;;;r~13·r. IS2 ~=~:~~r:~:~~~;,1'.;~of, mo I f,~~~.~~·:i~!i,~[p:~;f· 232 

proce~of palate, Hl9 o!!Sifica1ion of, 15·1 !ilructureo( :?31 
sinuses, 181 Spines of bones, ethmoidal1 180 Still in/!, c:i11al of, !103 
spongy or turbinated bones, of ischimn. :?76 8tomach 1 ~Hi!J, 999 

18-l ment:tl, 202 alteration in position of, 100-l 
Spheno-maxillary fissure, 216 nasal, Ill de\·el1ipment of, 133 

ro~a/216 :1111erior, J!l.J fixation of, 1003 
Spheno-palatine arter~-, 562 [>lr.tlCrior, 197 lymphatics of, G!lO 

foramen, 199 of os pnbis,'277 mucous membrane of, 1005 
ganglion, 803 pharyngeal. 165 peptic gland:-; of, 1007 
nerves,.S03 of scapula, 2-l.J pos ition of, 100.J 
notch,199 tymp:1niC', 91.J pyloric end of, J006 

Rpheno-parietal suture, 207 Spinou~ procct...., of ilium1 275 glands of, 1006 
Sphinctt'r nmsde of bladder, of sphenoid, 18:! p)·lorns, 1000 

lt.13 oftibia,2!13 relationsof.1001 
p~·loricus, 1000 of Yer1ebrtt\ 14'> struclUre of, 100-! 
of rectum, e.uernal, -l•>S Spiral canal of cochlea, 923 I submuoolh coat of, 100.) 

internal, 4,)9 ~planchnie nerve, greater1 873 smgical anatomy of, 1007 
tertius, JO.J~ lesser.873 torsion of,973 

Rp~~e1'~~: 1J~b~.6io.;o, 100~ Rpl:1~1~l~1~~1~~e~1
1;.;,e~Q~· 813 ~t:.:J:,~.~~~ 1'~~·,·cs or, l00

7 

Spina bifiJa, I 62 :-'pleen, 971, 1 Oia Straight sin11,-, (j.;g 
Spinal acx:essor~· nen·e. ~3 accessory, 1013 tubes of kidney, 1130 

surgical anaiomy of,823 fixation of. IOi{) Strand, labio·<lental, 938 

ar~~~~~; 1 :1~~~rior, 5t)2 !;~·;~!~l;a~t1~i'i ti!JO, 1077, 1081 ~~::~~:;::1i 1~~~.~:;~'.r~il~ge, 53. 

median,:l'l2 periwneal relations of, 986, corneum, 90 
posterior,!>82 1076 dorsale, 745 

bulb, 708 pulp of, 1078 lucidum, 91 
canal, 162 relationsc,f, J07G op1icum, 743 
cord,6%~102 structure of, IOii zonale, l-l7 

arachnoid of, (i9.. surface-marking of, 1081 I Rtrire ac11s1ictt', 1:?4 

~~~;:·· ::~~1~:~~···· ::~~~f:;:&~·~ 
fissnres of, H!l6, 697 'pon~ . .dobla-.t>', I :!l I of pancrea~, 1072 
fa>tal, peculiarity of, 695 :-;pongy ponicm of urethra, 1147 of rectum, 1010 
gra~· commi"~ure of, ti97 lissne of lmne, 1-t:{ of a villus, 1023 

ir~iii~.:.::.::·:;~:.~ic~.~.~~.'.,or, ~:l~~~~:~·~~~;:;!,·~,'~~~!,~~2o~r ~~S~!r:j!J~'~"~!~·,,41~4 
~~:~~;:::~i:~~;~

9

:C, 698 Squaru~::~¥;i;•~;"~;/;;mpoml 8t)i!~;~,~~~';{~~;;~•;;.,8JJ, 

E:'.~·~;:.~:1:·~~~:. of, 697 I ~:~~~;:l~~~;,:;:;~~
2

;i 919 I ~;i~[~;~~1E:~~;;~;;~f=~· !Ji 



LY DEX. 1243 

:ti~'.['.,~ ~11~t .... ll~I;i:~ 
groMe, '.!3-! -49~ of femur, 290 
triangle. 565 Superficia\i~ colli nerve, 831 of fibula, 299 
vein, 665 vol!l' arter~· •. ';09 of fifth cranial nerve, 809 

~~~~~~r~~~~1:2t69 Superi~~t~~::~~~:~~~ ;,n~9l89 ~~ r:~d ~~~ face, 406 
muscle,442 attachmentof muscles to, of heart, 1096 
nerve, 8-1 19Z1 of hip-joint, 3~6 

Subcrureus muscle, 510 changes in, produced by of humerno;, :,?.}3 

~::~1i~~~~a~r:~~r~~~53 de~·~r~~~1~nt of, 19-1 ~~ ~~;~~~i1~~~eicf-12: 
fossa, 202 nerve, bO l of kidne~·, 113-5 
gland, 9-!8 meatus, 221 of knee-joint. :{74 

\'esselsanU nervesof,9-18 mediastinum, 111.5 ofknuckles.362 
Sublobular veins, 1057, 1061 profunda. arter)•,596 of larynx, 1111 
Subruaxillary artery1 5.}.) thyroid artcr_\', 552 of liver, 1065 

fossa, 203 surgi<-al an:uomy of, 552 or lower extrem ity, 535 
ganglion, OS turbinated cre-.t. 192 or lunw;, 1120 
gland, 94i or palate. HJ:-; of mouth, 9-19 

nervesor,9-17 \'enacarn,Ut37 ofmusclesorabdomen,4,:J7 
vessels or, 9-17 Supinator brevis muscle, 486 or neck, 42i 

lymphatic gland, 683 Jongus lll!l:>C]e, 48:3 or paJmnr ar<'hes, 6()..1 

~~Si&;;~~-~~~:~6 m~mg~;~:f~g:~~·r:~: ' mm~~~:~i:o~r 
911 

Su~~~~~ii~!t~=~n: 
8

:~exus, 8"fl:~~~:~~~;~~~71 ~~ :;~~l~~p•
1

\\~~~6~rtery, 
~~gt&::~~~~;1:'.• 2~to Su~g~~

0

1;;~;ies, 615 ~~ ;::::.:~}~::~~:~~
8

inferior, 
fossa, 242 nerve,; fir, 11 39 of radiur-:, 2t.il 
nerves,838 ves.;oeJ,,or,1139 orscapu la ,2-li 

!~~;.~;~·Fi1~i::::<l ;:l:tinosa, Su;~s:;::.rr artery, 585 ~i :~;~~~iC''• 
348 

701 ner\'e, h!~.') or spine, 16:? 
C • -·l-l notch 'l.f) of!-lerno--cla,·icularjoint,3-12 

:tlI,.. ~tt;~;~:: '"~~Ii~~~; .. 





IXDEX. 1245 

~~I~~:·.:" J.plf ~t;~·· :11;:~ 
Synostosis, 315 anterior, 558 :f:l~~::~~~~c~l~~:~L~~:17~~~7~~6' 745 

Synovi:i, 314 deep, 561 Thebesii for:lmina, 678 
Synovial membrnne1 961 313 middle, 559 rnke of, 1088 

~~c;:.~;~a;i! 13 ~~~~r;,~;~!my of, 559 TJ;i~b~' J~P fascia, fascia lnta, 
vaginal, 314. See also lndi- bone, 173 506 

1·idun/Joi11ts. art icnlationsof, 180 muscles of backof,518 
System, ll aversian, 56 ttttaclimentofmusclesto, 180 of front of, .)Qi 

Sy!~~~;,c 6~~eries, 539 ~e;5~~~rr,~·;:i~•~. ~ ~~ Tl:i~~e~~~~:~, ~9~ia of, 506, 1190 

T. 

petrous portion, li6 surgical anatom,\· of, 7!l5 
squamous portion, 173 ventrirleofthebraiu,i07, 745, 
structifteof,179 i48 

Tables of 1heskull,143 fascia,403 Thoracic aorta, 60-5 

Tact~; G:~l~l~,~~~7 76 ~~ii~,;~ 871 a i·~~l~~i~~~~l~~::~r~~f, 006 

Treniacoli, 1028 muscle,403 alar,592 
hippocampi, 763 nen·es of auriculo-temporal, long, 592 
semicirc11laris, 760, 768 806 superior, ;)92 
tectre, 757 dee1>. 806 duct, 680 

Tapernm, 7;)7 of facial, 814 ganglia of iwmpalhf'tic, 872 
lucidum, 901 ridge, 171 1 li3,174, 215 nerves, anterior, 8~8 
nigrum, 901 sutnre1 177 posterior, or Ion):!, 837 

Tarsal artery, 643 veins, 652 region, nrnstles of anterior, 467 
bones, :WV Temporary cartilage, 51 lateral. 470 
ligament of e.\·elid, 908 teeth, 932, 935 Thorax, base of, 10~3 
ligaments, :;so Temporo-fat'ial ner,·e, 813 boaes of, 228 

T!~~~~~:~ti:.:!~J, 9a0r~iculations, i::~~~~:;~~~iJ1~~;\':~t~~L~lation, :~i~~~~~3J3 IOSJ 
38~ 327 cutaneous nen·es of, anterior, 

Tarsus,:WO surfaceformof,330 8-18 
articulations of, 380 surgical anatomy of, 330 latcrnl, 8-18 
surface form of, 310 vein, 6:)3 fascire of, 441 

:~~~~~·~,\ ~::~~11:~~~n°! ~i,1381 Te;:J°pe't~~i;:,\~~·o~2~nli, 39.; f;::1~~h;t(::~J.P~~0i11 of, lOS
3 

development of, :508 Tendon, central or cord1form, of me:1!':urcments of, 10l:i3. 1099 

i~~i!:::f,tt::3:
81 oonj<~;,:~:l:~:~:i:~:r:~:lli~bl~~~~ ~;;~~~;~;~:;:>rgs~h "PP" 

boJy·of,9:!2 118-1 surfaeeformot;236 
canine, 93:-> otructureof, 389 Thumb, articulation of, with 
cement of. flT7 of wrist, relation of, 490 carpus, :~.)!J 

~~~:.:·:1~if."b):~~anre of, 938 :f :~~~1; ~;~)~~1il~11~;:c~;,o 422 Tl~;~~~~e~l<;~l;;tJ~l 24 

~~:.\:i':'.';,:!;~;;;;~0 r. 938 ~~~i~:':;~;::~r iii~ :~:~1:'.'."i~~"ir. 1126 
"•"'"1 whuli or, 9ss v.girn• rcmo,is muscle, 5os !r:rn:f:t~~~~:~~~1J~S~~~;~it~ 

f~i{t,.. i~~~t,:~ '"~~1~;.:~::~~~' 
intermhnlar ;;ulr.;tance of, ~l;~i lobule::. of, ! J.) l:i axi:;, 584 



1216 IXOEX. 

Thyroi~\~ranche:.of~ympathetic, i~~~~~:!,~~:;~~1t(~i~\1~1uscll' 1 1:~6 i~l:,:.;u~:rti;11~;·:~r:~r~1~~6ti4'J2 
carlil:i~c, 1 tnO Trachoma ~l:uul,.;, 909 cubiti, 4i7 
for:11m·11, :!is Traci, antero-bteml :i~·euding Trit'Utipid \'aln::<, 1000 
~nm~lio11 1 "i':! cerel 1l'llar, 700, iHI, iii Trifocial or 1rigcm1inu~ n~r\'es1 
gli:~1:i'11~111::lf. 11:?3 d~~~i~i;;i; cercLellar, iOO, ~u:l~~c-111arking of, ~09 

lymphatic,, of, 69:! direct f.'t.:relx.>Jlar, iOO. ilO fit1rgi1·al anatomy of. 809 
notch, llOO sen:sory. 7-12 Trh!;oncofhladder, llH 
vein,.. inferior, ti66 lateral, ilO Trigonmn, acu~dci, 724 

midtllc, ti.);) ofLi .... ,.aucr, iOO habenul ....... ,749 
"111wrior, 6.").t olfactory. iti::?, iri:'i hypoglo~ .. -.i. 7:! I. 8:?3 

Tb~ roidt•a ima artery, 54.3 op1ic, 75:! olfaeto rium , 'ibJ, 'ib4 
'l'ibia,:.?!l:l pyramidal, ilO, 742 \'at:"i. i:!4 

a rt i l'U I at ions of, 2f!H c rosse~J i 7 00 vcn l ri l'l ii i, i .')8 
attachment of11111:.clci;to,296 direct, 700 Trotl1antcr. greater, 285 
crei.t of, :?!l31 :wt ITractus intermedio-laternlis, i 02 le!<~t'r,28/i 
develupmcmof. 2!lfi opticus, nl3 'J'rochantel"ic fossn, 285 
fracture ofshaftof, .3!38 spiralis foramcnnlentus, 92S Trol'lilcn,397 

l':~Ii;;~:~~;[~!,j~~~t;9!l f;~;~l~EE~;11~
1

:"tecy, 580 ']',~f:~~~~:~g;,~~h~Y of, 796 
tubercleof,::W:l fascia, 118,) Trochoidef:',316 
tuberositie!iof, 2fl3 muscle, 4.')3 True li,1.:":lllll'ntsofbladder1 1142 

Tibialarlel'y,anterior,64 1 humeriartery,585 J>el\'i ... :.?80 
brand1e;of. Gl2 Transw~r"e arteries of basilar1 ri~. 2!3:! 
pe<-uliaritit:sof, 642 583 Trunk, arti('ulationsof, 319 

:::~~i~:J 1~~~~~~:~v0~1f16JJ2 ~!~~·o}~!~s('nlar fibre, 66 T1~~1.s~~:1~~l~~:i. 916 
lymph:1tic glands, 686 facial arter~·, ;).)9 Fallopian, 11 i·I 
ner'l"e, anterior, 81).j \·ein,IJ.)2 Tuhcr:mnulare, i20 

poHerinr, bli:~ fi~;,ur~ of brain, iiO cine reum, 7.30 
recurrenl artery, 642 ofli,·er, JO.)J nmentale, 10-19, 1069 
\'einl', :tntcrior,Hil joint of foot, 3ifl papillare, 1050 

Ti bi:f1
1

i~ 1 ~~1it1:~:;1~~:1u~cle, 521 ligo0'rf"!k7,;",t~~"~, ~.), tlln>:, 
323 Tt~i;~;~l';'~"~c·:,:.a~1~)!6i.d or Cbassaig-

pm;ticus muscle, 52G "" 1 ~ .. 

Tibio-fib11lar ar1i(·ulatinns1 376 of~enp11!:1, 34,) of 1he cla.vi c:le, 239 
region. anterior, museles of, ofshonJ.ler,316 cuneate, ill. /J.j 

5:.! I superficial. of fingers, 492 of the femnr, 286 
po~tcrior, nu1s<:les of, 522 tibio-fihular, :~'ii genia l, :.?02 

Tibio-t~n;al li~amclll, 37i, 3i8 periC'.i.rdial sinus, 108.) genital, 1-10 
Tongu~, l'ii9 process ofa vertebra, 145 of liyoid bone, 227 

arlericsof,88:? sinus, GGI lachrymal, 19:.! 
fibrou., !leptmn of, 8 2: suture, 2:0i of Lower, JOi-S 

~~;~~L111; ~:;,~:I~ of, 882 Tr~~:i:~i,u~1f1uric11l~, 914 ::~~:;::11i1,"~~~~ i50 

membrancof1 8i!l (in female},4()..j of n:l\'icular, 304 

~E:rD·;;~'tJ: T .. s~~;,:!~·6,::
6 fr i12.:·;~~,,~:~~:~:~~·i· 165 

'j'J,~iE:~~::·:~~~.~~:F 883 :r:;rn~:~~.S~~·lc~"t28 ~i ii;~;:,;1:~~~ ~t ~~;11,;~,, 262 

ne1·,·e-,8l8 Treitz,f~sa.of,995 of ulna, 2.)4, 2:;6 
Ton .. il-., !I-!.) I ligament of, 1018 of zygoma, Ji-I 

::~i~\~~::. "~~~~~~' ::~~~~~~~~~ ... 
~f [~t/i!,b1k11~i· 118 :~~~~~:\\t:::r:~~;~(i,I ~~ ~~h\\~. 1~'.~~e, 199 

,~~itJ~~.·:::. ,~~i~~~~~ ·:; ::~~~}%a·~~ 
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Tubul~ recti, 11.)8 Umbilical arteries in f~tus, how Uterus, structure of, 1110 
seru1uifcri, 11 ,)8 oblite1·ate<l, 1099 ve~sels, 1173 
uriniferi, 1129 cord, 115 Ltricle of \'estibule, 926 

~r",,""'·,·c.bas•°'ctf,~~.1~"",,;,.,r, .• i~.isc11~;:r;1~~an rc:~~~G~ liver, 1051 g~:~·;~ ~~ocerebellum, 732 
notch, 10-l9, 1031 of thl'oat, 944 

albuginea, 1J.j7 vein, 130 vesicre, 11-l-l 
of eye, 397 vesicle, 109 

intima,of arterie:;, 80 Cmbilicus.109 
media,81 Cnciform bone,267 
of O\•ary, 11/;j process of ethmoid, 186 Yagina, 116i 
Huyst'hi:um, 895 Uncns, 781 columns of~ 1168 
\•aginalis, 1106 Ungual phalanges, 270 !\mphlt1cs of, 689 

oculi,891 U11stripe<lmuscle,68 or.1hceof,1163 
propria, 1156 Upper extremities, arteries of, Vagmal arteries, 622 
rnflcxa, IJ;)G 575 plexus of nen'cs,878 

vasculosatest is,1158 bonesof,238 ofveins,673 
Turbinaled bone, inferior, 200 f~sciaof, 465 process of temporal_, 175, 178 

middle, 186 hgamentsof,340 processesofsphenoid, 182 
superior, 187 lymphatics of, 684 syno\•ial membranes, 313 

crest, inferior, 192 muscles of, 465 Vagus, ganglion of root of, 819 
superior, 192 nerves of, 837 nerve, 819 

Tutaminaoculi.907 surfaceformof,497 of trunk of,819 
Twelfth nerve, 823 surgical anatomy of1 499 Vallecula, 726 

Tympani~a.~1:~f(J.;\',5~8m internal Uracb~:~\~f3,6~~3, 1143 Y~!.~~·!~, 7:i~;u~~ of, 542, 1091, 
maxillary, 560 Ureters, 1036 109-l 

nerve, 818, 920 muscles of, 1137 Yake, coronary, 1088 
of fa.cial,812 nervesof, 1137 Eus1achian, J089 

plate, 175, 914 vessels of, 1137 of Gerlach, 1033 
ring, 914 t_;"rethra, bulbous portion of, of 1Tasner

1 
911 

spines,913 1147 ileo·m>ca l, 1033 
Tympanum, 916 capul gallinaginis, 1146 ileo--colic, 1033 

arteries 01: 920 development of, 140 

1 

mitral, 1093 
C:l\•ity of, 916 lemale, 1167 of )Jorgagni, 10-12 
membraneof,918 male,1146 of Thebe:<.ins, 1088 
111ucons membrane of, 920 membranous porllon, 1146 tricuspid flaps, infunclular, 
mu.,cJesof, 920 prostauc pmtion, 114h 1090 
nerves of, 920 smusot, 11-16 right,1090 
ossicula. of, 018 rupture of comse laken bv septa\, 1090 
veins of, 920 urine, 1203 of Yieussens, 720, 733, 734 

Types of creca, 1031 sinus pocula.l"is or, 1146 \'ah·es of lymphatics, 86 
of duodeuum, 1009 spongy portion of, 1147 p11lmonic, 1089 

structure ol~ 1147 of rect11m, 10-11 
surgical anatomy of, 11-17 in right auricle, 1088 
verumontanum, 1146 semilnnar aoriic, 1093 

Ulna, ~·H Urinary organs, I 1~7 of vein~. 8-1 

Y. 

u. 

articulations of, 258 development of, 135 \'alvula Bauhini, 1033 

de~~1~~~ll~~~:r. ~s 204 E~~~~:i~~1t:;:~~~·6~~0 :)~~~~r~~: 11~b 
fractureofoorono1d process of, plexus, 878 Yalvuhe couniw•nte~ 1021 

501 of >eins, 673 \'as aberrans. 1159 
musclesattachedto,258 Uterus, 1168 deferens.11,)9 
of olecranon, 501 after parturition, 11i3 &trncture of, 1159 
process of. 2.5-1. appendages of, 1174 Vasa aberrnntia, 1062 
of shaft, 501 arbor vitre of, 1172 from brachia\ ttrter~·, 59.) 
sigmoid cavities or 256 broad ligaments of, 1171 afJerentia of lymphatic glands, 

=~~~~~ \~~,~~f,0~5~58 d~~:~tfu;~;~r~Z~f. 137 hrevl~8~ l"teries , 612 
sul'gical anatomy of, 261 during menstruation, 1173 ,·eins, 6/;) 
tubercle of, 2.54, 256 pregnancy, 1173 efJCrcntia of testis, 1158 

Ulna~r~~~~~~ ~~ 1602 }~n~~;:s·~~,: and cervix of, in~l~~n~~~~\~~ fi:5i~ds, 680 

~:~l~1;1i·~~~:i:sn~~rr~r~ 602 f .rns f 878 recla, 
1158

f t . 82 

sn;f~~~.~!~r~k~~~ of, 602 ~:~~~~~~'f,8{~69 I \':~~:~~~~~·t:.1.e::::1ges in1 al 

cof1~~~~~~ 1 1~~~~.~~ 1~~3of, 602 ~~~:/1i~1i~, 0[3~,8i146 ge~~·~~~; · a11~1;t~my of, 80 
nerve, 841 nerves of, 117!~ pec11liarities in the fret11s, 

· I anatom\• or 844 in old age, 117 l I 1097 
ve~~~~~~terinr. 663. ' at puberty, 1173 \:aRO--motor nen·es, 74 

Urnbrm~~ ... ~~~~~~c~ in fcetus, 
1301 

round ligaments of, J 177 \ ~tus externus muscle, 509 

1097 sha~16go:-ition, dimen!'iOn", y~:~~r~1~):1;~l:~~~e~;·, ~~~e. 
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Yntn.dh·erticulum cir, 1070 
papilbof, IOiO 

Yein ... ,tilrm.•tnreor. ~-I 
a1rn ... wm .. "'('Sof,t.i4U 
of hone .. jti 
coa1 ... of,>.;-I 
de\·clo1;1ncntof,l30 
mu,..c11lar 11~ ... ue of, S-l 
plex1M.•-.,of,H·W 
size,f11r111,ete.,6·W 
Mructureof.l:i-l 
ml ve~ of, 8-1 
''~-.el ... antlnen·esof,8.) 

\'einsor Yein,d~cripti,·e anat-
omy of, 6-19 

aC'Ce,..sury portal. 1051 
ofal:enasi,6.)2 
an~ular1 6,)1 
anicu!ar,ofknee,672 
auditory,9'.li 
auricularanterior,652 

po~terior, 653 
axillary,ti6-I 
az~·gos, left lower, 667 

lcflupper,6Gi 
ri,l(ht,lilii 

basilic,66-1 
basi-,·ertebr:1l. 669 
brachial.61i-I 
brachio-cephalic or innomi-

nate, l)ti.) 
bronchia1,6ti8 
buccal, l.i.)3 
c:mliac.tii7 

anterior,Gii 
great, fiii 
lef1,67i 
midtlle,077 
po~crior, 67i 
riJ.dll , tiii 

cardinal,t:il 
c:n·ainferior,673 

superior,litii 
cepbalil',Hli3 
cercbellar,(i57 
cerebral, ti.)/ 
cervical, a"cending, 60.5 

deep, ti,').) 
choroidofbrnin,fi.)i 
circumflex ilinl', ti7~ 

:superfil'i:tl, G7U 
<'Ondyloid po .. tl'rit•r,&15.659 
oft·orporal'a\'erno,a,1152 
ol'1.'<>rp11:."JlO"J·do;;111ll,673 

.. 1ria111m,ti57 
dcep,or\·cnrt•cnmites,6-19 
dentalinferior,ll·->;) 
di~ital, of hanc1 , 6ti3 
nfdip loC,{l.).) 
dor.-al of penis, 673 
dnrsi-spina\,t:6'i 
cmi .. :.ar.'·,OHI 

s11rg-ical:11rnlomy of, G62 
epiga"tric, l.ii:! 

!:-upcrfk:al,670 
ofeyehal l,905 
facbl,6;'):? 
fcrnoral,1172 
fir..t in1crl>t1;;t:d, 655 
frnntal,ti;ll 
ol<;:den,t:i.)7 
ga.:-tric. ti76 
gluteal, t;72 
h:1·morrhoidnl,672 
of her1d, 650 

L\JJJ;'X. 

\ -einsorvein,hepnlit',6i·':>,10.)i, \'einsor\'cin,sapheaou!-i,('Xter-
1061 nnl, or ~hort, 670 

ili=~·,;;:.~:~1111161~.2 673 ... ci;;:~~~~,~~I~ or Jong, 670, 11 no 
i•11e1n:il,tii2 spermatic,67-1 

ilio-lumhar, 67-1 !>pheno-palatinc, 655 
inferior cava, lii3 ~pina l , tili:-1 
innominate,6(i.) splcnic,67.'} 
intercostal,fir--t,6Jb s1.ylo-mn!>101tl,653 

in~~~,~~~011;:r~~~kidney, 11~l4 :;:~~b~1\~11;; fg17. 1061 
of liver, 10;)7 submaxillary,632 

iuterosseous,offorearm,664 subrnental,654 
intralobular, of li,·er, 1037 !"uperficial, 64tl 
jngulal', anterior, 65-1 i:upraorbital, 651 

cxternal,6.)3 suprarenal,675 
int~rnal,6M suprm;captilar,654 
pO!;lerior, 6.)-1 !l-Ural, 67::! 

of kidne~·, I 13-1 sy.~temic, 649 
labial.inferior,652 te111pural ,65-I 

superior,t).)2 middle,652 

:~~~·1'.~~c~~r~~6673 !~111111~~i~,-,~:~~~1~:~-~~a~5lsr 
lin!?:U:il,6.)-1 tli_rrniclinferior,lili6 
of]i,·cr, IO.Yi middle, 6b.'i 
longitudinal inferior, 658 superior, 65-1 
lumbnr, 67-1 tibial :.interior, 67 1 

ascendinf?, 674 !>O!;ICrior,671 
mamm:uy internal, 666 tf:lll!;\·erse cerdcal, 6.54 
masseteric,6.):! fo\('ial,65:? 
mastoid, 653 nlnar:1nterior, 663 
maxillary internal, 6.J2 eommon, 663 
median b..1silie,ti63 det'p, 664 

cephalic, 6G3 J)('l!-.ter ior, 663 
metlulli-spinal,668 umbilirnl, 1099 
meningeal, (i.j3 \'CrteLral, (}.').j 

meningo·.ra~hidi_an, 668 firi-l intt'r<'OStal, 655 
mescntcr1c 111fcr1or, 675 \'idian, 6.)1 

superior, 675 \'clum medullary, inferior, 733, 
nasa],f);jU 734,738 
obliq~1e, 677 s11pcrior, 733, 734, 738 

~:,;i1~:1~~:~i~36U7 ri~:~~~;:~':~:~~1~:~ 1~19,9iJ6, 769 
ophthalm1c,659 \'ena<'a\'a,fo•-.urefor,1052 
ovarian,U/4 infcrior,li7!1 

:;~;~~:i;~~~l;;,~::S \'em~~~~:l,'.:;;~:~~~:f, 674 
rih~~·~:~~:i: ~i5 -I he~~~'.~~~ 1~11!:.e~\~~tes, 131 

:::ml~f ~·~[·;·l, 671 ~l~1~~~;:~,~~:·~·~;.t1:~r)~:~~: 
plexu:oes of o\·arinn, 117~ vorti('()'l:.C, 89.) 

pampiniform, 67•J, 11)),), \"en e<:ecl ion,663 

~:~~;~7.f~:l62l4 ~:::;:~['.~~:~;1;~~:::;~~1~~~·0 763 

~ltt~~ff .... :!(~l~~~: .... 
::€~~;\~~~ .. 11~b ~::;~~;~~~~~~{.~1 .. :~~ 
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y~~t:\~~~i.lil.tf) I ~:=~~J:r ~~~~~~~lglfH W11~~~~~0~;,·~~~ of, 975, 992 

ddeo~alo1_P1•'.:~nt or, 152 I nene, 927 W1rsung, can ti of, 1070 
'"' ""' Vestibule, aortic, 1091 'V1sdom tooth, 935 

fi1f°1•n~b~~.:,'.,1~-;l!·~>~l~,a~~~r-s, 
144 

of a~:rJ;:t of, Iii, 911 ~~~~~bn ~~\~i:~us 
" \'est1.gial foldofper1card1um,6titi Worm of cerebellum, 725, 727 

sacral,l.).) Yibris....::e-,88.j Wormianbones,188 
structure of, J.):? Vidianartery,562 Wrisberg,cartilagesof, 1102 

Vertebral aponeurosi!l, -133 canal, 18-1 ganglion of, 874 
artery, 581 nerve, 80-1 . nerve of, 8-10 

co~:.•:;~~;l~~~n of, 319 vtf~:~~:~a~~11\;;11 ~},1' jg~; s~:-1, w;;,~\~~~~1;~r3~6or, 270, 357 

li;::,\f,~.:~:·i~r,1·;~2 v;;~,;:,i?.2~! of, 1023 W~~-t~~. ~;~•omy of, 357 

region, muscles of, anterior Viscera1 pelvic position of, at 
421 outlet or pelvis, 1206 

lateral,42.) Visceral clefts, 118 
vein, ti~.) \ 11ell111c c1rcu lation , 126 

\ 'e rlcx or skull, 20" dnct, 967, 970 
Yertical plate or palate bone, membrane, 100 

Hl8 \'itellus, 100 Y-ligament, 364 
Yerumontanum, 1146 \"itreous humor of the eye, 903 Y-sliaped centre of acetabulum, 
Yel:iic~ll artery, inferior, 62'2 table or the skull, 144 278 

midd!E:, 62:! Yocal cords, inferior or trne, Yellow carti lage, 53 
superior,6:?:! 1103 elasticfibroustissue,4.j 

plexus of uervc._, 878 superior or false, 1105 spot of retina, 898 
Yesicle, auditor.\·, l:H process, 1102 Yolk

1 
101 

cerebral, 119, 706 ' 'oice, organs of, 1100 sac. IOfl. 967 
fi..sure, JO.):? Yolumary mu!>cle!<, 64 stalk, 91li 
~erminal. 101 \'omer, 201 

x. 
Xiphoid appendix

1 
229 

Y . 

hemisphere, 707 ahe ur, 201 
ocular,123 arliculationsor.201 z. 
optic, j.)2 development of, 201 Zinn, ligament nf, 397 
of Purkinje. 101 Vortex of heart, 109.j Zonaarcuata, 925 
umbilical, 109 Vulva, 1163 fascirnlata, 1138 

Ye!!icles, (;raafian, 1176 development of, 140 glomerulo~a, I 138 
Ve:::ito-prostaticplex11sof ,·eins incertn, 74-b 

673 \ V. mesoga!itric, 961 
Vesico-uteri11e lig-aments, 1169 pellucida, 101 

pouch, tHH, 9'1'.8 Wa~ner, tactile corpu!'lc]es of, 76 r.icliata, 101 

~:::~~:~~~~;~~~ii~:'. g~g ~~::!:;e~b<l~~1 i 1~J11~ 9·~:;t~~~re of ~.~~1\11':.:~~'1Nl8 
snrgil·al anatomy of~ 1161 thymus, J 126 Zygoma, 17-1 
,·~~el:i and nerves of, 1161 \\'eight of organs. See lndit•id- roots of, 174 

\'ei;icular column of anterior u«l Organ11. tubercl.eof1 li4 
cornu of spine, 70:! \\'harton's<luct, 947 Zygomat1carch, 216 

\-~"els of l:m~e intestine, 1029 White fibrous ti~ue. 45 rossa', 216 
of livcr

1 
lOIJO nerve·matter, 69 lymphatic gland"1 681 

~~ ~~~!\ 11~;111!:i~1r, 1026 
511~1&~u~[n~;<ll 699 Z)~~~~c~1~~ :~~~~·!~~de, 400 

of spleen, IOii, 1Ui9 Willis, circle of, .ji3, .:,g4 minor, 400 

79 
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p~ev~~a;~, v~:~t~~ $0/; a~~~;~ l:rh:aif~r!~,11$~~rat~~ ~~u!u:i;t~:;~;: 
Proepectus free on application. 

AMERICAN SYSTEM OF DENTISTRY. IN TREATISES BY VARIOUS 
.A UT HORS. Edited by WILBUR F. LITCB, M.D., D.D.S. In four very handsome super-

(~~~~~~a~~~~~m~~r~::~~ a~~~i: p1e~' :\~!~u:,;~~ ~~l~s\:~w:::, $1; mhJr 
Morocco, $8. For aal~ by auhseri.ptitmonly. Prospectus free on application to the Publishers. 

AMERICAN TEXT-BOOK OF ANATOMY. See G....-ish, page 7. 

AMERICAN TEXT-BOOKS OF DENTISTRY. IN CONTRIBUTIONS BY 
EMINENT .AMERICAN AUTHORITIES. In two octavo volumes of 600-800 pages 
each, richly illustrated: 

- PROSTHETIC DENTISTRY. Edited by CrrAJ<LES J. Essro, M.D., D.D.S., 
Professor of Mechanical Dentistry and Metallurgy, Department of Dentistry, University 
of Pennsylvania, Philadelphia. 760 pages, 983 engravings. Cloth, $6; leather, $7, net. 

- OPERATIVE DENTISTRY. Edited by EnwA:RD C. KIRK, D.D.S., Professor 
~~1C!~~~:!i~:S~tis~fu't~&~~ef:a~~e~e$~~~to;''n~.niversity of Pennsylvania. 700 pages, 

AMERICAN SYSTEMS OF GYNECOLOGY AND OBSTETRICS. In treatises 
by the most eminent Am:rican _specialists. Gynecology edited by MATTHEW' D. MANN, 
A.M., M.D., and Obstetrics edited by BARTON C. lirasT, M.D. In four large octavo 

~~:b~$5~0I:~t~:~g$:~1~J~~~!~$~~92;;~ib;5~~:.r~:!o:n{!.pl~~~p!~v~~~~e, 
ASHHURST (JOHN, JR. ). THE PRINCIPLES AND PRACTICE OF SUR

O ER Y. For the use of Studtnts and Practitioners. Sixth and revised edition. In one 
large and handsome 8vo. volume of 1161 pages, with 656 engravings. Cloth, $6; leather, $7. 

A SYSTEM OF PRACTICAL MEDICINE BY AMERICAN AUTHORS. Edited 
by WILL~AM PE1:PER, i\LJ?., LL.D. In five large octavo volumes, containing 5573 pages 

:~'!J;!i~~:t~j~~nsPr!~~:tJse~re:o~~°:i~pcJ~~:{o~tio lt1:!~~'b~~l;e~~lf Russia, $7. &ld 

A PRACTICE OF OBSTETRICS BY AMERICAN AUTHORS. See J.,,,,,, 
page 9. ' 

AIJJJ~1R:JfJl.NkewCfff,W~l:~o~i sp~cf:i;:~e~i~~l{:fi,~Ct~b~~~ f!~!: 
In one handsome 12mo. volume of 784 pages, with 88 illustrations. Cloth, $2.50, net 
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BACON. (GORHAM ). ON THE EAR. One 12mo. volume, 398 pages, w;th 109 
engravmgs and one colored plate. Cloth, $2, net. 

B~JFi !lf.iBF~Ul1Vfrli8X1'i)oA ~JJE61ifk81f.TE.fi:!~'?cfo~~~ 
Embryology by PROF. l\JJLNES MARSHALL. In one large octavo volume of 872 pages, 
with 231 illustrations. Cloth, $5; leather, $6. 

BARTHOLOW (ROBERTS ). CHOLERA; I TS CAUSATION, PREVENTION 
gl~~ sf.fs~AT.JllENT. I n one 12mo. volume of 127 pages, with 9 illustrati ons. 

BILLINGS (JOHNS .) . THE NATI ONA L MEDICAL DICTI ONARY. Includ
ing in one alphabet English, F rench, German, Italian and Latin Technical Terms used in 
Medi~i~e and_ the Collateral Sciences. Jn two very handsome imperial octavo volumes, 
contrunmg 1514 pages and two colored plates. Per volume, cloth, $6; leather, $7; haH 
:Morocco, $8.50. .For 8aLe by subscription only. Specimen pages on application. 

BLACK (D. CAMPBELL ). THE URINE JN HEALTH AND DISEASE, 
AND URINARY ANAL YSIS, PHYSI OLOGIOALLY AND PATHOLOGI
CALLY CONSIDERED. Jn one 12mo. volume of 256 pages, with 73 engravinp:s 
Cloth,$2.io. 

BLOXAM (C. L.). CHEMISTRY, INORGANIO AND ORGANIC. w;th 
Experiments. New American from the fifth London edition. ln one handsome octavo 
volume of 727 pages, with 292 iUustrations. Cloth, $2 i leather, $3. 

BROCKWAY (FRED. J .). A POCKET TEXT-BOOK OF ANATOMY. 12mo. 
of about 400 pages. richly illustrated. f':i'hortly. 

BRUCE (J . MITCHELL). MATER/ A MEDIOA AND THERAPEUTICS . 
New (6th) edtion. In one 12mo. volume of 600 pages. Jwt 1·eady. Cloth, $1.50, net. 

· See Students' &ries of .Manuals, page 14. · 

- - PRINCIPLES OF TREATMENT. In one octavo volume of 625 pages. J ust 
Bendy. Cloth, $3.75, net. 

BRYANT (THOMAS ). THE PRACTICE OF SURGERY. Fourth Amedcan 
from the fourth English edition. Jn one imperial octavo volume of 1040 pages, with 727 
illustrations. Cloth, $6.50; leather, $7 .50. 

B~~~~}1J1)~· g) mE1~B:0'ff1i1'.:ts"l:d- rZ.H~ayr.:;.H~1;:.?:lt1;;!,1';~ 
page lb. 

BURCHARD (HENRY H.). DENTAL PATHOLOGY AND THERAPEUTlC,S, 
J.NCLUDING PHARllf ACOLOGY. Band.some octavo, 575 pages, with 400 illus
trations. Cloth, $5; leather1 $6, net. 

Bt~t;}Jf L'Isl~~~fLEf P~2.ic.f!f!.tf!'.;1fo; ,{;su;!'~f fc~f;~ ;:,ig~f,,?Ji~~J 
Second edit.ion. In one Svo. volume of 580 pag~, with 107 illustrations. Cloth, $4 i 
leather, $5. 

CARTER (R. BRUDENELL ) AND FROST (W . ADAMS). OPHTHALMIO 
SURGERY. Jn one pocket-size 12ml). volume of 559 pages, with 91 engravrngs and 
one plate. Cloth, $2.25. See Series of Clinical Manuals, page 13. 

CASPARI (CHARLES, JR. ). A TR EAHSE ON PHARMA.CY. For Students 
and P harmacists. Jn one handsome octavo volume of 680 pages, with 288 1llustrations. 
Cloth, $4.bO. 

CHAPMAN (HENRY C.). A TREATISE ON HUMAN PHYSIOLOGY. New 
(2d ) edition. l n one octavo volume of 92 1 pages, With 595 11\ustrabons. Ju.st roody. 
Cloth 1 $1.25; leather, $b.251 net. 
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c~1lJf~~.J.1o2'!J!ffo~Tf!WEM'ff/ii f.Lf~~1:r~.J!::../ :.;,~Iv~fu~~~7ifl 
pages, with 38 engravings and 1 colored plate. Cloth, $3.50. 

CHEYNE (W. WATSOY). THE TREATMENT OF WOUNDS, ULOERS 
.A.ND ABSCESSES. In one 12mo. volume of 207 pages. Cloth, $1.25. 

CHEYNE (W . W ATSON ) AND BURGHARD (F . F .). SUROICAL TREAT
MENT. Jn seven octavo volumes, illustrated. Volume J, just ready. 299 pages_ and 
66 engravings. Cloth, $3.00, net. Volume JI , jU8t ready. 3"i2 pages, 141 engranngs. 
Cloth, $4.00, 11et. \'olume HI. Just Ready 300 pages, 100 engravings. Cloth, $3.50, net. 
Vol. lV. In Prm. 

CLARKE (W. B.) A ND LOCKWOOD (C. B.). THE DISSECTOR'S ~fANUAL. 
ln one 12mo. volume of 396 pages, with 49 engravings. Cloth, $1.50. See Stl«ient.s' Series 
of Alanuala, page 14. 

CLELAND (J OHN). A DIRECTORY FOR THE DISSECTION OF THE 
HUMAN BODY. In one 12mo. volume of 178 pages. Cloth, $1.25. 

CLINICAL MANUALS. See &Mu of Cliniool Manual., page 13. 

CLOUSTON (THOMAS S.). CLINICAL LECTURES ON MENTAL DIS
EASES. New (5th) edition. Crown Svo., of 736 pages with 19 colored plates. <.:loth, 
$4.25, net. 

~nfu~~:~8jtt8'0fu'U:funZ:nw~!gl 1'i::S~~~~td,1:;:ef0°:i~:0iw~1~2~i!:. sold in 

CLOWES (FRANK). AN ELEMENTARY TREATISE ON PRACTICAL 
CHEMISTRY AND QUALITATIVE INORGANIC ANALYSIS. F•om the 
fourth English edition. Ia one handsome 12mo. volume of 387 pages, with 55 engrav
ings. Cloth, $2.50. 

COAKLEY (CORNELIUS G.). THE DIAGNOSIS AND TREATMENT OF 
DISEASES OF THE NOSE, THROA1; NASO-PHARYNX AND TRACHEA. 
In one 12mo. volume of 526 pages, with 92 engravings, and 2 colored plates. Cloth, 
$~.75, net. 

COATES (W . E ., J r. ). A POCKE1' TEX1'-BOOK OF BACTERIOLOGY 
AND HYGIENE. 12mo., of about 350 pages with many illustrations. Shortly. 

COATS (JOSEPH). A TREATISE ON PATHOLOGY. In one volume of 829 
pages, with 339 engravings. Cloth, $5.50; leather, $6.50. 

COLEMAN (ALFRED). A MANUAL OF DENTAL SURGERY AND PATH
OLOGY. With Notes and Additions to adapt it to American Practice. By Taos. C. 
STELLWAOE....~, ~1.A.1 :\J.D., D.D.S. In one handsome octavo volume of 412 pages, with 
331engravings. Cloth, $3.25. 

c~~!'!1!~ .~~tilo p~:.ogr:,,ft; TEXT-BOOK OF MEDICAL DIAGNOSIS. 

COLLINS (H . D.l AND ROCKWELL (W . H ., JR.). A POCKET TEXT
BOOK OF PlfYSIOLOGY. 12mo., of 316 pages, with 153 illustrations. JWJt 
.&ady. Cloth, $150, net; flexible red leather, $2.00

1 
nel. 

CONDIE (D. FRANCIS ). A PRACTICAL TREATISE ON THE DISEASES 
OF CHILDREN. Sixth edition. 8vo. 719 pages. Cloth, $5.25; leather, $6.25. 

COj1~}Til'iJNT.SV..1!Ii~i~t wf.f.~'1:~~nffdt1fo!~~:~y rrf!fvGt.'~~. tlt, 
and J. WILLIAM Wmn; M.D. ln one 8vo. volume of 461 pages, with 84 illustrations. 
Cloth,$3.75. 
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LEA BROTHERS & CO.'S PUBLICATIONS . 

CROCKETT (M. A. ). A POCKE7' 1'EXT-BOOK OF DISEASES OF 

f.:'xf'~~ed 1{;:.~h~:. ~~~ob~~~'. with 107 illustrations. Juat Roo.dy. Cloth, $1.50, net. 

CROOK (JAMES K. ). MINERAL WATERS OF UNI TED STATES. Octavo 

574 page~. Jmt ready. Cloth, $3.50, net. 

CULBRETH !DAVID M. R. ). MATERIA MEDICA AND PHARMACOLOGY 

In one handsome octavo volume of 812 pages, with 445 engravings. Cloth, $4. 75. 

CUSHNY (ARTHUR R. ) A TEXT- BOOK OF PHARMACOLOGY AND 

THERAPEUTICS. Uctarn of 728 pages, with 47 illustrationf'. Just ready. Cloth, 
$3.75,'7lef. 

DALTON (JOHN C.) . A TREATISE ON HUMAN PHYSIOLOGY. Seventh 

edition, thoroughly revised. Octavo of722 pages, with 252 engravings. Cloth, $5; leather,$6. 

-- DOCTRINES OF THE CIRCULATION OF THE BLOOD. In one hand

some 12mo. volume of 293 pages. Cloth, $2. 

DAVENPORT (F . H .). DISEASES OF WOMEN. A Manna! of Gynecology. 
For the use of SLudents and General Practitioners. :New (3d) edition. In one hand

some 12mo. volume, 387 pages and 150 engravings. Cloth, $1. 75, net. 

DAVIS (F. H .). LECTURES ON CLINICAL MEDICINE. Second edition. In 

one 12mo. volume of 287 pages. Cloth, $1.75. 

DAVIS (EDWARD P .). A TREATISE ON OBSTETRICS. J'or Studenta and 

Practitioners. In one very handsome octavo volume of 546 pages1 with 217 engravings., 

and 30 full-page plates in colors and monochrome. Cloth, $5; leather, $6. 

DE LA BECHE'S GEOLOGICAL OBSERVER. In one large octavo volume of 700 

pages, with 300 engravings. Cloth, $4. 

DENNIS (FREDERIC S. ) AND BILLINGS (JOHN S. ). A SYSTEM OF 
SURGERY. Jn Contributions by American Authors. Jn four very handsome octavo 

volumes, containing 3652 pages, with 1585 engravings, and 45 full-page plates in colors 

and monochrome. Per volume, cloth, $6; leather, $7; half Morocco, gilt back and 

top1 $R.50. For sale by subscription only. Full prospectus free. 

DERCUM (FRANCIS X.), Editor. A TEXT-BOOK ON NERVOUS DIS

EASES. By American Authors. In one handsome octavo volume of 1054 pages, with 

341 engravings and 7 colored plates. Cloth, $6; leather, $71 net. 

DE SCHWEINITZ (GEORGE E.). THE TOXIC AMBLYOPIAS; THEIR 

CLASSIFICATION, HISTORY, SYMPTOMS, PATHOLOGY AND TREAT

MENT. Very handsome octavo, 240 pages, 46 engravings. and 9 full-page plates in 

colors. Limited edition, de luxe binding, $4, net. 

DRAPER (JOHN C.). 11IEDICAL PHYSICS. A Tex~book for Students and Prac

titioners of Medicine. Octavo of 734 pages, with 376 engravings. Cloth, $4. 

DRUITT (ROBERT ). THE PRINCIPLES AND PRACTICE OF MODERN 

SURGERY. A new American, from the twelfth London edition, edited by STANLEY 

BoYD1 F.R.C.S. Large octavo, 965 pa~, with 373 engravings. Cloth, $4; leather, $5. 

DUANE (ALEXANDER ). A DICTIONARY OF MEDICINE AND THE 

ALLIED SCIENCES. Comprising the Pronunciation, Derivation and Full Explan-

~fl~t~~afD~~~~t~:"~!~t:~~aN~:=~~~a·k:b1~~~~~~ri~~~ r;d~ditT~!.eth~u:~~h O:~~~ 
volume of 652 pages with 8 colored plates. ,Ju st R eady. Cloth, $3.00, net; limp 

leather, $4.00, net. 

DUDLEY (E. C. ). A TREATISE ON THE PRINCIPLES AND PRACTICE 

OF GYNECOLOGY. For 8tudents and Practitioners. New (2d) edition. In one 

very handsome octavo volume of 717 pages1 with 4:-13 engravings, of which 47 are 

colored, and 8 full p~e plates in co l.~rs and monochrome. Jmt Ready. Cloth, $5.00, mt; 

leather, $6.00, net; half morocco, $0.50, net. 

DUNCAN (J . MATTHEWS). CLINICAL LECTURES ON THE DISEASES 
OF WOMEN. Del ivered in St. Bartholomew's H ospital. Jn one octavo volume of 

175 pages. Cloth, $1.50. 
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DUNGLISON !ROBLEY). A DICTIONARY OF MEDICAL SCIENCE. Con-

~en~~~l C~~~!:J.1Pl1:~~~~J, ~I:a~~~~~~~g~:'~J~;:~~ti·~~r~cli~i~:,air~~l~"~'hbi~~~ti~: 
Patthology, Surgery, Ophthalmology, Otology, Laryngology, Dermatology, Gynecology, 
Obstetrics, Pediatrics, .Medical Jurisprudence, Dentistry, etc., etc. _By Ronu;y Dmwu
soN, M.D., LL.D., late Professor of lnstitutes of Medicine in the Jeflerson 1\ledical Col
lege of Philadelphia. Edited by RICHAIW- J. DUNOLISON, A.M., M.D. Twenty~econd 
edition, thorough ly revised and greatly en larged and improved, with the Pronunciation, 
Accentuation and Deri'vation of the Terms. With Appendix. Jmperial octavo of about 
1400pages. SMrtly. 

DUNHAM (EDWARD K. ). illORBID AND NORMAL HISTOLOG Y. Octavo, 
450 pagef', with 360 illm:1trations. Cloth, $3.25, mt. 

- NORMAL HISTOLOGY. New (2d) edition. Octavo, 319 pages, with 244 
illustrations. Just Ready. Cloth, $2.50, 11et. 

EDES (ROBERT T. ). TEXT-BOOK OF THERAPEU1'ICS AND MATER/A 
NEDJCA. In one Svo. volume of 544 pages. Cloth, $3.50j leather, $4.50. 

EDIS (ARTHUR W. ). DISEASES OF WOMEN. A Manual fo, Students and 
Practitioners. Jn one handsome Svo. volume of 5i6 pagesi with 148 engravings. 
Cloth,$3; leather, $4. 

EGBERT (SENECA). HYGIENE AND SANITATION. Jn one 12mo. volume of 
359 pages, with 63 illustrations. Cloth, $2.25, 11et. 

E1[;~f:e i!*8i~~~~w1!lg~f~l~ H~!~~~~frT~J1f~tY!. 1~~r!1~te~~ftr ~nd1:i~~d 
English edition. Octavo, 716 pages, with 249 engravings. Cloth, $4.25; Jeather

1 
$5.25. 

EMMET !THOMAS ADDIS). THE PRINCIPLES AND PRACTICE OF 
GYNAECOLOGY. For the use of Students and Practitioners. Third edition, enlarged 
and rev ised. 8vo. or 880 pages, with 150 original engravings. Cloth, $5 i leather, $6. 

ERICHSEN (JOHN E.). THE SCIENCE AND ART OF SURGERY. A new 
American from the eighth enlarged and revised London ed ition. Jn two large octavo 
volumes containing 2316 pages, with 984 engrav iags. Cloth, $9; leather, $11. 

ESSIG (CHARLES J. ). PROSTHETIC DENTISTRY. See American Text-books 
of De11tislry, page2. 

EVANS (DAVID J. ). A POCKET TEXT-BOOK OF OBSTETRJCS. 12mo. 
of about 300 pages1 amp ly illu~trated. .Shortly. 

FARQUHARSON (ROBERT). A GUIDE TO THERAPEUTJOS. Fourth 
American from fourth English edition, revised by FRANK W OODBURY, M.D. In one 
l2mo. volume or 581 pages. Cloth, $2.50.' 

FIELD (GEORGE P.). A MANUAL OF DISEASES OF THE EAR. Fourth 
edition. Octavo, 391 pages, with i3 eagravings and 21 colored plates. Cloth

1 
$3.75. 

FLJ1:u~ifi~}1?}}· /e}ifii1~~fon~~~o;'!~~if,~{!s;~~;i~~:;:c:~~g~~~~ 
M.D. Jn one large Svo. volume or 1143 pages, with engravmgs. Cloth, $5; leather, $6. 

~D~~~J:vo%f,e~s~ ~rU,~~1{,~;';~~S"'ti~~~nf !f ¥[;',,~~{~11;,.~;,,';,~ P;rr:~ 
edition, revised by JAMES C. Wn.soN, M.D. In one handsome 12mo. volume of 274 
peges, with 12 engravings. 

- A PRACTICAL TREATISE ON THE DIAGNOSIS AND TREAT
MENT OF DISEASES OF THE HEART. Second edition, enlarged. In one 
octavo volume or 550 pages. Cloth, $4. 

- A PRACTICAL TREATISE ON THE PHYSICAL EXPLORATION 
OF THE CHEST, AND THE DIA GNOSIS OF DISEASES AFFECTING 
THE RESPIRATORY ORGANS. Second and revised edi tion. Jn one octavo vol
ume or 591 pages. Cloth, $4.50. 

- MEDICAL ESSAYS. In one l2mo. volume of 210 pages. Cloth, $1.38. 

- .ON PHTHISIS.- ITS MORBID ANATOMY, ETIOLOGY, ETC. A Series 
of Chmcal Lectures. In one Svo. volume of 442 pages. Cloth, $3.50. 
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FOLSOM (C. F .). AN ABSTRACT OF STATUTES OF U.S. ON CUSTODY 
OF THE INSANE. In one Svo. volume of 108 pages. Cloth, $1.50. With aouaton 
on Mental. D~ (see page 4), at $5.001 11et1 for the two works. 

F~~;\~_Y, THE NATIONAL. See Stille, Mai.och & C .. pari'• National DiSJ'<"""" 

FORMULARY, POCKET. See page!. 

FosrER (MICHAEL). A _TEXT-BOOK OF PHYSIOLOGY. New (6th} and 
revised American from the su:tb English edition. In one large octavo volume of 923 
pages, with 257 ill ustrations. Cloth1 $4.50; leather, $5.50. 

FOTHERGILL (J . MILNER). THE PRACTITIONER'S HAND-BOOK OF 
6l!tf~$~':fs~1je~ihe;,~~~5~dition. I n one handsome octavo volume of 664 pages. 

FOWNES (GEORGE). A MANUAL OF ELEMENTARY CHEMISTRY (IN
ORGA!-lIV A_ND ORGANIC). Twelfth edition. Embodying WATTS' Physir.al and 

{1:fi;~d ;f:;~t{;.lot~~ $~~!,t~):~J!~o$3~~~~me of 1061 pages, with 168 engravings, and 

FRANKLAND (E.) AND JAPP (F . R. ). INORGANIC CHElllISTRY. In one 
handsome octavo volume of 677 pages1 with 51 engravings and 2 plates. Cloth, $3.75; 
leather, $4.75. 

FULLER (EUGENE). DISORDERS OF THE SEXUAL ORGANS IN THE 
jfALE. ln one very handsome octavo volume of 238 pages1 with 25 engravings and 
8 full-page plates. Cloth, $2. 

FULLER (HENRY). ON DISEASES OF THE LUNGS AND AIR-PASSAGES. 
Their Pathology, Physical Diagnosis, Symptoms and Treatment. From second English 
edition. In one Svo. volume of 4i5 pages. Cloth, $3.50. 

GALLAUDET (BERN B.). .4 POCKET TEX7'-BOOK ON SURGER Y . 
12wo. of about 400 pages, with many ill ustrations. Shortly. 

GANT (FREDERICK JAMES). THE STUDENT'S SURGERY. A Multum in 
Parvo. ln one square octavo volume of 845 pages1 with 159 engravings. Cloth , $3.75. 

GERRISH (FREDERICH.). A 7'EXT-BOOK OF ANA1'0flJY. By American 
Authors. Edited by FREDERIC H . GERRISH, i\l. D. Jn one imp. octavo volume of 915 
pages, with 950 illuslrations in black and colors. Cloth, $6.50; flex ible water-proof, 
$7; sheep, $i.50, nel. 

GIBBES (HENEAGE). PRACTICAL PATHOLOGY AND MORBID HIS
TOLOGY. Octavo of 314 pages, with 60 illustrations, mostly photographic. Cloth1 $2.75. 

GOULD (A. PEARCE). SURGICAL DIAGNOSIS. In one 12mo. volume of 589 
pages. Cloth, $2. See Studenti' Series of ManualJJ, page 14. 

GRAY (HENRY). ANATOMY, DESCRIPTIVE AND SURGICAL. New 
American edition thoroughly revise.d. In o~e imperi~I octav.o vo!ume of 1239 pages, 
with 772 large and elaborate engravmgs. Price with 11lustrations m colors, cloth, $7 i 
leather, $8. Price, with illustrations in black1 cloth, $6; leather, $7 . 

. GREEN (T. HENRY). AN INTRODUCTION TO PATHOLOGY AND MOR
BID ANATOMY. New (8th) American from eighth and revised Eughsh edition. 
Oct. 595 pages

1 
with 215 engravings and a colored plate. Cloth, $2.50, net. 

GREENE (WILLIAM H.) . A MANUAL OF llIEDICAL CHEJlJISTRY. For 
the Use of Student.a. Based upon Bo\VMA.....~'s 11ledirol Chemistry. In one 12mo. volume 
of 310 pages, with 74 illustrations. Cloth, $1. 75. 

GRINDON (JOSEPH ). A POCKE1' 1'EX7'-B00K OF SKIN DISEASES. 
12mo. of 300 pages, with many illustrations. Shortly. 

G~~~t1~k-f~~1i DJiA£FJ'ffll1if fgif W#lffEuRfNJ.ff: ff,~Fiff:fi; 
THE PROSTATE GLAND AND THE URETHRA. Thfrd edition, revised by 
SAMUEL W. GROSS, M.D. Octavo of 574 pages, with 170 illustrations. Cloth, $4.50. 

HABERSHON (S. 0.). ON THE DISEASES. OF THE ABDOMEN, compcising 
those of the Stomach, CEsophagus, Qecum, Intestines and Pe:.1toneum. f?ecoud Amer
ican from the third English edition. Jn one octavo volume of i>54 pages, with 11 engrav
ings. Cloth, $3.50. 
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HALL (WINl'IELD S. ). TEXT-BOOK OF PHYSTOLOGY. Octavo, 6i2 pages, 
with 343 engravings and G colored plates. Just Ready. Cloth, $1.001 11~t; leather, 
$5.00, 11et. 

HAMILTON (ALLAN McLANE ). NERVOUS DISEASES, THEIR DESCRI P
T ION AND TREATMEN'11

• Second and revised edition. In one octavo volume of 
598 pages, with 72 engravin~. Cloth, $4. 

HARDAWAY (W . A. ). MANUAL OF SKIN DISEASES. New (2d) edition. 
ln one 12mo. volume

1 
560 pages with 40 illustrations and 2 colored platfs. Cloth, 

$2.25,nel. 
HARE (HOBART AMORY ). A TEXT-BOOK OF PRACTICAL THERA

P E UT I OS, with Special Reference to the Application of Remedial Measures to Disease 
and their Employment upon a Rational Basis. With articles on various subjects by well· 
known specialists. New (8th) and revised edition. Jn one octavo vol ume or 796 pages1 
with 37 engravings and 3 colored plates. Jmt Ready. Cloth, $4.00, 11et; leather, $5.00, mt. 

- PRAOTIOAL DIAGNOSIS. The Use of Symptoms in the Diagnosi~ of Dis
ease. l'\ew (4th) edition, revised and enlarged. ln one octavo volume of 623 pages, 
with 205 enp-avings, and 14 fuJJ-page plates. Cloth, $5, 11el. 

- Editor . A SYSTEM OF PRACTICAL THERA PEUTIOS. By American 
and Foreign Authors. In a series of contributions by eminent practitioners. In four 
large octavo volumes comprising 4600 pages, with 4i6 engravings. Vol. I\'., now ready. 
Regular price, Vol. IV., cloth, $6; leather, $7; half H.ussia, $8. P r ice Vol. l V. to 
former or new subscribers to complete work, cloth, $5; leather, $6; half Russia, $7. 
Complete work, cloth, $20; leather, $24; half Russia, $28. FQf' 8aie by s1tbscription only. 
Full prospectus free on application to the publishers. 

- ON THE MEDICAL COMPLICATIONS AND SEQUEL.LE OF TYPHOID 
FEVER. Octavo, ~76 pages, 21 engravings, and2 full-page plates. Cloth, $2.40, 'l'let, 

HARTSHORNE (HENRY \. ESSENTIALS OF TH E PRINCIPLES AND 
PRACTICE OF MEDICINE. Fifth edition. In one 12mo. vo lume, 669 pages, 
with 144 engravings. Cloth, $2. 75; half bound, $3. 

- A HANDBOOK OF ANATOMY AND PHYSIOLOGY. lo one 12mo. 
volume of 310 pages, with 220 engravings. Cloth, $1. 75. 

- A CONSPECTUS OF THE MEDI CA L SCIENCES. Comprising ManualB 
of Anatomy, Physiology, Chemistry, Materia Medica, Practice of Medicine, Surgery and 
Obstetrics. Second edition. ]n one royal 12mo. volume of 1028 pages, with 47i illus
trations. Cloth, $4.25; leather, $5. 

HAYDEN (JAMES R.). A MANUAL OF VENEREAL DISEASES. New (2d) 
edition. In one 12rno. volume of 304 pages, with 54 engravings. Cloth, $1.50, net. 

HAYEM (GEORGES ) AND HARE (H . A .I. PHYSICAL AND NATURA L 
THERAPEUTICS. The Remedial Use of Heat, E lectricity, Modi6cations of Atmos
pheric Pressure, Climates and Mineral Waters. Edited by Prof. H. A. HARE, M.D. 
ln one octavo volume of 414 pages, with 113 engravings. Cloth, $3. 

HERMAN (G. ERNEST). FIRST L INES I N MIDWIFERY. 12mo., 198 pages• 
with 80 engravings. Cloth, $1.25. See Studenti Serie.so/ Manuals, page 14. 

HERMANN (L.). EXPERIMENTAL PHARMACOLOGY. A Handbook of the 
Methods for Determining the Physiological Actions of Drugs. Translated by RoBERT 
lliAJlE SMITR1 "M.D. In one 12mo. vol. of 199 pages, with 32 engravings. Cloth, $1.50. 

HERRICK (JAMES B.). A HANDBOOK OF DIA GNOSIS. Io one handsome 
12mo. volume of 429 page;, with 80 engravings and 2 colored plates. Cloth, $2.50. 

filLL (BERKELEY). SYPHILIS AND LOCAL CONTAGIOUS DISORDER$. 
In one 8vo. volume of 479 pages. Cloth, $3. 25. 

HILLIER (THOMAS). A H A NDBOOK OF SKI N DISEASES. Second edition. 
ln one royal 12mo. volume of 353 pages, with two plates. Cloth, $2.25. 

HIBST (BARTON C. ) AND PIERSOL (GEORGE A .). HUMAN MONSTROS
ITIES. Magnificent folio, containing 220 pages of text and illustrated with 123 engrav
ings and 39 large photographic plates from nature. Jn four parts, price each, $5. 1.AmiWJ 
edition. FQf'sa/ebysubSCTiptiononly. 
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HOBLYN (RICHARD D.). A DICTIONARY OF THE TERMS USED IN 

MEDI CINE AND THE COLLATERAL SCIENCES. New (13th) edition. Jn 

one 12mo. volume of 845 pages. Jiu.t .&ady. Cloth, $3.00, ntt. 

HODGE (HUGH L.). ON DISEASES PECULIAR TO TV OMEN INCLUDING 

DI SPLACEMENTS OF THE U'l'ERUS. Second and revised 
1
edition. ln one 

Svo. volume of 519 pages. with illustrations. Cloth, $4.50. 

HOFFMANN (FREDERICK) AND POWER (FREDERICK B.). A MANUAL 

OF OH_EllfICAL ANALYSIS, as Applied to the Examination of J.Cedicinal Chemicals 

and their Preparations. Third edition, entirely rewritten and much enlarged. Jn one 

handsome octavo volume of 621 pages, with 179 engravings. Cloth, $4.25. 

HOLMES (TIMOTHY). A TREATISE ON SURGERY. Its Pdnciples and 

Pract1ce. A new American from the fifth English edition. Edited by T. PICKERING 

~t~:f;, ~6~·~~~her~$7~ne handsome octavo volume of 1008 pages, with 428 engravings. 

~o~. 8~~!~Y
0Jo!U~.0l.~[~o~~~1~o~01in ~h~e:dv~!~

0h8anbJ~!~8~5o~.\.:!~:~ 
containing 313i double-columned pages, with 979 engravings and 13 lithographic plates. 

Per volume, cloth, $6; leather, $7; half Russi:!: $7.50. For saU by subscription only. 

HORNER (WILLIAM E .) . SPECIAL ANATOMY AND HISTOLOGY. Eighth 

edition1 revised and modified. In two large Svo. volumes of 1007 pages, containin~ 320 

engravmgs. Cloth,$6. 

HUDSON (A.). LECTURES ON THE STUDY OF FEVER. In one octavo 

volume of 308 pa~es. Cloth, $2.50. 

HUTCHISON (ROBERT) AND RAINY !HARRY). CLINICAL METHODS. 

An Introduction to the Practical Study of Medicine. In one 12mo. volume of 562 pages, 

with 137 engravings and 8 colored plates, Cloth, $3.00. 

HYDE (JAMES NEVINS ). A PRACTICAL TREATISE ON DISEASES OF 

THE SKIN. New (5th) edition, thoroughly revised. Octavo, 866 pages, with 111 

engravings and 24 full-page plates, 8 or which are colored. Just Ready. Cloth, $4.50, 

mt; leather, $5.50, net; half morocco, $6.00, nei. 

JACKSON (GEORGE THOMAS ). THE READY-REFERENCE HANDBOOK 

OF DISEASES OF 'l'HE SKIN. New (3d) editiOn. 12mo. volume of 637 page.e, 

with 75 engravings, and one colored plate. Cloth, $2.50, net. 

JAMIESON IW . ALLAN). DISEASES OF THE SKIN. Third edition. Octavo, 

656 pages, with 1 engraving and 9 double-page chroma-lithographic plates. Cloth, $6. 

JEWETT (CHARLES). ESSENTTA LS OF OBSTETRICS. In one !2mo. volume 

of 356 pages, with 80 engravings and 3 colored plates. Cloth, $2.25. 

-- THE PRACTICE OF OBSTE'l'R!OS. By American Authors. One large octavo 

volume of 763 paA"es, with 441 engravings in black and colors, and 22 full-page colored 

plates. Cloth, $5.00, neh; leather, $6.00, nd; hair morocco, S6.50, "'et. 

JONES (C. HANDFIELD). CLINICAL OBSERfATIONS ON FUNCTIONAL 

NER. VO US DISORDERS. Second American edition. In one octavo volume of 340 

pages. Cloth, $3. 25. 

JULER !HENRY). A HANDBOOK OF OPHTHALMIC SC[ENCE AND 

PRACTICE. Second edition. In one octavo volume of 549 pages, with 201 engrav-

~r:~u~d~=:¥!~gr(!l~t~. ~~~~~·; \e;";~~~~$i~0~aeger and Snellen, and Holmgren'e 

KIRK (EDWARD C.). OPERATIVE DENTISTRY. See Amffl<an TexlA>ooko of 

Dentistry, page 2. 
KING (A . F. A .). A MANUAL 0! OBSTETRICS. New (8th ) edition. Jn one 

12mo. volume of 612 pages, with 264 1llustrat1ons. Just Ready. Oloth., $2.ilO. ?1et. 

K~!If2~~.'\01~~::~f1t?:.~: ;f~S~fsL~~r!:in;.ew ~f~~~. $~~~; .. /none pocket-

See Studenl8' Seri.a of Jlfanuals, page 14. 
------

Philadelphia, 706, 708 and 710 Sansom St.- New York~ 111 Fifth Avenue. 



10 LEA BROTHERS & CO.'S PUBLICATIONS. 

LANDIS •HENRY G.). THE MANAGEMENT OF LABOR. In one handsom• 
12mo. volume of 329 pages, with 28 illustrations. Cloth, $1. 75. 

LA ROCHE (R.). YELLOW FEVER. In two Svo. volumes of 1468 pages. 
Cloth, $i. 

LAURENCE (J. Z. ) AND MOON (ROBERT C.). A HANDY-BOOK OF 
OPHTHALMIC SURGERY. Second edition. Jn one octavo volume of 227 pages, 
with 66 engravings. Cloth, $2. 75. 

LEA (HENRY C.). CHAPTERS FROM THE RELIGIOUS HISTORY OF 
SPAIN; CENSORSHIP OF THE PRESS; NYSTICS AND ILLU,1/INATI; 
THE ENDEMONIADAS; EL SANTO NINO DE LA GUARDIA; BRI
ANDA DE BARDA.XL In one 12mo. volume of 522 pages. Cloth1 $2.50. 

- A HISTORY OF AURICULAR CONFESSION AND INDULGENCES 
IN THE LATIN CHURCH. In three octavo volumes of about 500 pages each. 
Per volume, cloth, $3. Oomr>Ut~ u'Ork just ready. 

- FORJJfULARY OF THE PAPAL PENITENTIARY. In one octavo 
volume of 221 pages, with frontispiece. Cloth, $2.50. 

- STUDIES IN CHURCH HISTORY. The Rise of the Temporal Power
.Benefit of Clergy-Excommunication. New edition. Jn one handsome 12mo. volume 
of 605 pages. Cloth, $2.50. 

-SUPERSTITION AND FORCE; ESSAYS ON THE WAGER OF LAW, 
THE WAGER OF BATTLE, THE ORDEAL AND 7'0RTURE. Fourth 
edition, thoroughly revised. In one royal 12mo. volume of 629 pages. Cloth, $2. 75. 

-AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY IN THE 
CHRISTIA,N CHURCH. Second edition. In one handsome octavo volume of 685 
pages. Cloth, $4.50. 

LOOMIS (ALFRED L.) AND THOMPSON (W. GILMAN), Editors. A SYS
TEM OF P.RAC1'ICAL MEDICINE. ln Contributions by Various American Authors. 
]n four very handsome octavo volumes of about 900 pages each, fully illustrated in black 
and colors. Complete work now ready. Per volume, cloth, $5 i leather, $G; half 
Morocco, $7. For 8Q.U by S"Ubw-iption only. Full prospectus free on application to the 
Publishers. 

LUFF (ARTHUR P.). NANUAL OF CHEMISTRY, for the use of Student.s of 
MeWcine. ln one 12mo. volume of 522 pages, with 36 engravings. Cloth, $2. See 
Students' Series of Manuala, page 14. 

LYMAN (HENRY M. ). THE PRACTICE OF NEDICINE. In one very han~
some octavo volume of 925 pages with 170 engravings. Cloth, $4. 75; leather, $5.75. 

LYONS (ROBERT D.) . A TREATISE ON FEVER. lnoneoetavovolumeof362 
pages. Cloth, $2.25. 

MACKENZIE (JOHN NOLAND). THE DISEASES OF THE NOSE AND 
7'HROAT. Octavo, of about 600 pages, richly illustrated. Preparing. 

MAISCH (JOHN M.). A NANUAL OF ORGANIC NATERIA. NEDICA.. 
New (7th) edition, thoroughly revised by H . C. C. MAISCH. Ph.G., Ph.D. ln one very 
handsome 12mo. of 512 pages, with 285 engravings. Cloth, $2.50, net. 

MALSBARY (GEO. E .). A POCKET TEXT-BOOK OF 7'IJEORY AND 
PRACTICE OF MEDICINE. 12mo. 405 pages, with 45 iUustrations. Just Ready. 
Cloth, 81. 75, 71el/ flexible red leather, $2.25, net. 

MA~UALS .. See Student.i Quiz Seriea, page 14, Studt'Tlts' Series of Manuals, page 14, and 
Sertta of Clmical Manuals, page 13. 

MARSH (HOWARD ). DISEASES OF THE JOINTS. In one 12mo. ,olume of 
468 pages, with 64 engravings and a colored plate. Cloth, $2. See Seriu of Clinical 
Manu.a/a,pagel3. 
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MARTIN (EDWARD.) SURGICAL DIAGNOSIS. One 12mo. volume of 400 
pages, !'lch ly illustrated. Preparing. 

MARTIN (WALTON ) AND ROCKWELL (W . H ., JR.). A POCKET TEXT

BO.OK OF CHEMISTRY AND PHYSICS. l'mo. :J66 pages, "ith 13i illus
trat1ous. Just ready. Cloth, $1.50, net; flexible red leather, $2.00, net. 

MAY (C. H. ). MANUAL OF THE DISEASES OF WOMEN. Fo• the use of 
Students and Practitioners. Second edition, revised by L. S. RAU, i\I. D. In one 12mo. 

volume of 360 pages, with 31 engravings. Cloth, $1. 75. 

MEDICAL NEWS POCKET FORMULARY. See page I. 

MITCHELL (JOHN K .). REMOTE CONSEQUENCES OF INJURIES OF 

NE.R VES AND THEIR TREATMENT. In one handsome 12mo. volume of 239 

pages1 with 12 illustrations. Cloth $1. 75. 

MITCHELL (S. WEIR). CLINICAL LESSONS ON NERVOUS DISEASES. 

I n one very handsome 12mo. volume of 299 pages, with 17 engravings and 2colored plates. 

Cloth, $2.50. 

MORRIS (MALCOLM). DISEASES OF THE SKIN. New (2d) edition. In one 
12mo. volume of 601 pages, with 10 chromo--lithographic plates and 26 engravings. 

Cloth,$3.25, net. 

MULLER (J .). PRINCIPLES OF PHYSICS AND METEOROLOGY. In one 
large 8vo. volume of 623 pages, with 538 engravings. Cloth, $4.50. 

MUSSER (JOHN H.). A PRACTICAL TREATISE ON MEDICAL DIAG
NOSIS, for Students and Physicians. New (3d) edition. In one octavo volume of 

1082 pages, with 253 engravings and 48 full-page colored plates. J11at Readv. Cloth. 

$6.00, net; leather, $7.00, net. 

NATIONAL DISPENSATORY. See Stilli, Mai8ch & Ca.pari, page 14. 

NATIONAL FORMULARY. See National Di'P""'"'""!I• page 14. 

NATIONAL MEDICAL DICTIONARY. See Billings, page 3. 

NETTLESHIP (E .). DISEASES OF THE EYE. New· (6th) American from sixth 

English edition. Thorough ly revised. ln one 12mo. volume of 562 pages, with 192 

engravings, 5 colored plates, test-types, formulre and color-blindness test. Just Ready. 

Cloth, $2.25,nel. 

Nli~~~~&'WJI~,~j) ffJfH~f;~~-jF-J.;,~: of 4fg0~,!"!,Twi{;ff1~-fi1~~!io~;,' 
Ju.st ready. Cloth, $1.751 net; flexible red leather, s2.2.5, net. 

NORRIS (WM. F .) AND OLIVER (CHAS. A .). TEXT-BOOK OF OPHTHAL

/JIOLOG Y. In one octavo volume of 641 pages, with 357 engravings and 5 colored 

plates. Cloth, $5; leather,S6. 

OWEN (EDMUND). SURGICAL DISEASES OF CHILDREN. In one 12mo. 
volume of 525 pages, with 85 engravings and 4 colored plates. Cloth, 52. See Serie.a of 

OlinU:.al Manuals, page 13. 

PARK (WILLIAM H .). BAOTERTOLOGY IN MEDICINE AND SURGERY. 

12mo. 688 pages, with 87 engravings in black and colors and 2 colored platei.. Ju.8t 

&ady. Cloth, 53.00, net. 

PARK (ROSWELL), Editor . A TREATISE ON SURGERY, by Amedcan Autho'8. 
For Student.<i and Practitioners of Surgery and Medicine. New condensed edition. 

In one large octa,•o volume of 1261 pages, with 625 engradngs and 38 plates. Ju.at 

Ready. Cloth, net, $6.00; leather, net, $7.00. IEirThis work is publi~hed also i~ a 

~~ee~~~~t~~o~:Ji~~gf~jj~P~;v;1~'l':1aui:e~olo~01~n1ci' ~~:~tr~::.ery,V~~~ ff.~s;:~ 
Surgery, 796 pages, with 451 engravings and 17 f~ll:page plates in colors and mono

chrome. Price per volume, cloth, $4.50i leather, $0.00, net. 

PARVIN (THEOPHILUS). THE SCIENCE Al!,D ART .OF f!BSTETRICS. 
Third edition ln one handsome octavo volume of 617 pages, with 26. eugravmgs and 

2 colored plates. Cloth, S4.25; leather, $5.25. 
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PEPPER'S SYSTE,lI OF MEDICINE. See page 2. 

PEPPER (A. J.). SURGICAL PATHOLOGY. ln one 12mo volume of 511 pagee, 
with 81 engravings. Cloth, $2. See Studen1.s' Series of Manual.a, page 14. 

PICK {T. PICKERING). FRACTURES AND DISLOCATIONS. ln one 12mo. 
volume of 530 pages, with 93 engravings. Cloth, $2. See Seriu of Olini.eal Afanuala, p. 13. 

P1<fFYJi~JfwJJh8y!- N~wW,{f'.f!~c~vrr~!~hes~{~fi~g~f~diS!A~~I~! 
octavo volume of 700 pages, with 207 engravings and 7 full page plates. Cloth, $3. 75, 
mt; leather, $4.75, net. 

- THE SYSTEMATIC TREATMENT OF NERVE PROSTRATI ON 4ND 
HYSTERIA. In one 12mo. volume of 97 pages. Cloth, $1. 

OLITZER (ADAM). A TEXT-BOOK OF 2'HE DISEASES OF THE EAR 
AND ADJACENT ORGANS. Second American from the thi rd German edition. 
In one octavo volume of 748 pages, with 330 original engravings. 

POCKET FORMULARY. See page I. 
POCKET TEXT- BOOKS Cover the entire. domain of medicine in sixteen l"olumes of 

350 to 450 pages ea.ch, written by teachers in leading American medical colleges. 
Jssued under the editorial supervision of BERN .B. GALLAUDET, l\J.D. , of the College of 
Physicians and Surgeons, New York. Thoroughly modem and authoritative, concise 
and clear, amply illustrated with engravings and plates, handsomely printed and 

~~1t~:1istr~1i:ndr~~!i~~n(;~~~j, if~:~?;g~: ~da1P:11~1~~f1(~~~Y1~1i~:!~~~?: ~~:i1~~: 
Therapeutics, Medical Pharmacy, Prescription Writing and Medical Latin (ready), f ;;~~~~.~ td&~,,,~~·a~,~~:y c '",<>,;~Y l v!::~~r' ~i.~.:~en~~!~~!~i. c ~~~fX J. ~i:~ 
( f?;;~n})l;ea~~e~f EC1~'i1d~::ie(r:~y {~:~!ri~~~~:~)~d OH~~~~~ (a~:::;~f_}' f :;%~~~~ 
details see under respecfr~·e authors in this catalogue. Special circular free on appli· 
cation. 

POTTS (CHAS. S.). A POCKET TEX2"-BOOK OF NERVOUS AND 
.MENTAL DISEASES. 12mo. of 455 page8, with 88 ill lustrations. Jmt ready. 
Cloth, $1.75, net; flexible red leathe r, $2.25, net. 

PROGRESSIVE MEDICINE. See page I. 
PURDY (CHARLES W .). BRIGHT'S DISEASE AND ALLIED AFFEC

TI0,1..VS OF TlIE KIDNEY. Jn one octa''O volume of 288 pages, with 18 engrav· 
ings. Cloth, $2. 

PYE-SMITH (PHILIP H.). DISEASES OF 2'HE SKIN. ln one 12mo. volume 
of 407 pages, with 28 illustrations, 18 of which are colored. Cloth, $2. 

QUIZ SERIES. See StudcUK Qui' Striu, page 14. 

RALFE (CHARLES H.). CLINICAL CHENISTRY. In one 12mo. volume ot 
314 pages, with 16 engravings. Cloth, $1.50. See Students' Ser-ia of Manuals, page 14. 

RAMSBOTHAM (FRANCIS H .l. THE PRINCIPLES AND PRACTICE OF 

~~t£f~~{~ a~E~~~:;: e:~~n:~~?h!~rx·t. I~~~~a~r.$~~vo, of 640 pages, 

REMSEN (IRA). THE PRI NCIPLES OF THEORETICAL CHEMISTRY. 
New (5th) edition, thoroughly revised. In one 12mo. volume of 326 pages. Cloth, $2. 

RICHARDSON (BENJAMIN WARDl. PREVENTIVE MEDICINE. In one 
octavo volume of 729 pages. Cloth, $4; leather, $5. 

ROBERTS (JOHN B.). THE PRINCIPLES AND PRACTICE OF NODERN 

~n~~~; ~d f ;1:t~~d )J=i~y. In cf~~h, ~~2i~ n~~.1 ~:~h~~. $8f~5;~~~· with 
474 

-- 'J!BE COMP_EN_D OF ANATOMY. For use in the Dissecting Room and in 
prepanng for Exammat1om. Jn one 16mo. volume of 196 pages. Limp cloth, 75 cents. 
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ROSS (JAMES ). A HANDBOOK OF THE DISEASES OF THE NERVOUS 

f[fc,~f!,~·he;,n$~~;0~andsome octavo volume of 726 pages, with 184 engravings. Cloth, 

SC~EmD;r;~~1~li T¥! f;;~S!~~ft~~e~:. HJ~;ft~t.1:.Iu~:.s~~~; 
handsome octavo volume of 3.50 pages, with 325 illustrations. Cloth, $3, 11tl. 

- - A COURSE OF PRACTICAL HISTOLOGY. Second edition. In one 

12mo. volume of 307 pages, with 59 engravings. Cloth, $2.25. 

SCHLEIF (WM.). A POCKE7' TEXT- BOOK OF MATERIA lllEDIOA , 

'f/f/f:i~gf f UJ'fI~8Jijj1JWRff,;;,1ofo2 ~~iJ.1N'J;,.,lll~icAt10~~~{~0,A~~ 
flexible red leather, $2.00, ntt. 

SCHMITZ AND ZUMPT'S CLASSICAL SERIES. 
ADVANCED LATIN EXERCISES Cloth, 60 cent.; half hound, 70 cents. 
SCHllJITZ'S ELEMENTARY LATIN EXERCISES. Cloth, 50 cent.. 
SALLUST. Cloth, 60 cent.s; half bound, 70 cents. 
NEPOS. Cloth, 60 cents; half bound, 70 cents. 
VIRGIL. Cloth, 85 cents; half bound, $1. 

OURTIUS. Cloth, 80 cents; ha lf bound, 90 cents. 

SCHOFIELD (ALFRED T.l. ELEMENTARY PHYSIOLOGY FOR S7'U

DENTS. In one 12mo. volume of 380 pages, with 227 engrav ings and 2 colored plates. 

Cloth, $2. 

SCHREIBER (JOSEPH). A )IANUAL OF TREATMENT BY MASSAGE 

AND llIETHODICAL MUSCLE EXERCISE. Translated by WALTER MENDEL

SON, M.D., of New York. Jn one handsome octavo volume of 274 pages, with 117 fine 

engravings. 

SENN (NICHOLAS). SURGICAL BACTERIOLOGY. Second edition. In one 
octavo volume of 268 pages, with 13 plates, 10 of which are colored, and 9 engravings. 

Cloth, $2. 

SERIES OF CLINICAL MANUALS. A Series of Authoritative Monographs on 

I mportant Clinical Subjects, in 12mo. volumes of about 550 pages, well ill ustrated. The 

following volumes are now ready: Yro on Food in Health and Disease, new (2d) 

~~~~' J!·;~: $~~Q~~~~ ~c;~~1 ~~~~~cc~Jfre:%,' li; 
2i:c~~8Fr~~tu1:e~~d 

Di~~~;:~t~2;rntices, see under various authors' names. 

SERIES OF POCKET TEXT- BOOKS. See page 12. 

SERIES OF STUDENTS' MANUALS. See next page. 

SIMON (CHARLES E .). CLINICAL DIAGNOSIS, BY MICROSCOPICAL 

AND OHEMIOAL METHODS. New (3d) and revised edition. Jn one handsome 

octavo volume of 563 pages, with 138 engravings and 18 full-page plates in colors. 

Jmt Ready. Cloth , $3.501 net. 

SIMON (W .). MANUAL OF CHEMISTRY. A. Guide to Lectures and Laho.awy 

:a~~k !~d ~{fedJ~i:e.in g:~~J~fi·) eitf::.t-~~k o~eecS:~~ vaot~!d dr
0~~~u::;:, 0~~i!1~6 

engravings and 8 plates showing colors of 64 tests. Cloth, ~3. 00, nd. 

S~!. (Din1!J~ ,~{ff[;:~~~~~~. ffs8/:g!.7'Uti!:.:r1tREATMENT . . Second 

SMITH (EDWARD ). CONSUMPTION; ITS EARLY AND REMEDIABLE 

STAGES. Jo one Svo. volume of 253 pages. Cloth. $2.25. 

S1.j1]ff dkIJ:J:!/tJn. A Ei;e,~~[;{;~~ ,~:~~i!f:,~~f:~~~~w~t1::/~~~~:,1~ 
enlarged. Jn one large 8vo. volume of 983 pages, with 273 1llustrat1ons and 4 full

page plates. Cloth, $4.50; leather, $5.50. 
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SMITH (STEPHEN). OPERATIVE SURGERY. Second and thoroughly revised 
edition. In one octavo vol. of 892 pages, with 1005 engravings. Cloth, $4; leather, $5 

SOLLY (S. EDWIN). A HANDBOOK OF MEDICAL CLIMATOLOGY. 
In one handsome octavo voluml'l of 462 pages, with engravings and 11 full-page plates, 
5 of which are in colors. Cloth, $4.00. 

sr.s1~}J"f,}~l;Pt2lro;fOJllliNf'f~J~1%f/icffli~'ll;lilTCAI~~:e~~°!:,: 
volume or 163 Pages. with a

1
chart showing routes of previous epidemics. Cloth, $1.25. 

- THERAPEUTICS AND MATERIA MEDIOA. l<'ourth and revised eru tion. 
In two o~tavo volum~ containing 1936 pages. Cloth, $10 j leather, $12. 

S'¥°fJ~E N~Ah~~~D),·D~~2fA¥o~fi~ ro~lru~~g~h~~!~~1Rk,~~r~1~~n;I!;~; 
Pharmacy, Actions and Uses of :Medicines

1 
including those recognized in the latest Phar-

:a::F!r8:n~' ~d~~teii~h1:'di~;~:~e~i:d"a:dden~:;~n[~ ::rd:1:0;itl~e!~rJ:= 
bracing the new U. S. Pharmacqp<eio., Seventh Decennial Revision. With Supplement 
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