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FRANSIFATORS - PREEAGCE.

I HAVE no apologies to offer for presenting this American
edition of Professor Meynert's “Psychiatry” to the English
medical public. It is a scientific treatise on diseases of the mind
by the one best fitted to write such a treatise. To most medical
men Meynert is known as the great brain-anatomist. This book
may serve incidentally as a text-book on the anatomy of the
brain ; but it is not merely that. I would direct particular atten-
tion to the subsequent chapters of this treatise, from which the
students of psychiatry, of physiology, and of psychology may
gather much information and much food for reflection.

For the shortcomings of my translation, I crave the indul-
gence of thereader. Iam quite certain that those best acquainted
with the original will not underrate the difficulties of the task,
and will be most lenient in passing judgment upon my errors.
That there are such, I do not doubt. It has been my aim to
furnish a readable translation of this treatise, and to accomplish
this, the attempt at a literal translation had to be abandoned. 1
trust, however, that I have in no instance departed from the
sense of the original.

Inregard to the encephalic nomenclature employed in the first
section of this volume, I would say that I have coined but very
few new terms; and that I have either used such terms as are
familiar to all English students of cerebral anatomy, or have
retained the Latin terms used by the author. The latter was
done with the view of avoiding a conflict between the text and
the author’s plates.

In order to make this volume complete in itself, I have pre-
pared a special index to the subject-matter therein discussed. A
similar index will be added to Part II.

My special thanks are gladly given to my friend, Dr. M. Allen
Starr, of this city, for his kind assistance in revising proof ; and

iii



v Psychiatry.

to the publishers, Messrs. G. P. Putnam’s Sons, for their generous
efforts to make this translation worthy of the original.

If the work now given to the public will advance the cause of
psychiatry in this country and in England, I shall feel that I have
in some small measure acknowledged the debt of gratitude I owe

to my former master, the author.
B SACHS; V0

28 East Sixty-second Street,
NEW YorK, October 12, 1885.



PVERE O RESEER BFAGCES

THE reader will find no other definition of “ Psychiatry " in
this book but the one given on the title-page: “ Clinical Treatise
on Discases of the Fore-Brain.” The historical term psychiatry,
7. e. “treatment of the soul,” implies more than we can accom-
plish, and transcends the bounds of accurate scientific investiga-
tion.

Were 1 to give a functional designation to the morbid
affections of the fore-brain, I would choose the term ¢ Diseases
of the Mind.” And on this term I would insist in order to avoid
the common fallacy that it is permissible to regard the contents
of cortical memories as paled sensory images, although we
acknowledge the origin of these memories from external sensory
stimuli. We shall show in this book that the fore-brain can
neither give rise to hallucinatory phenomena, nor that its func-
tional manifestations, the so-called “ memories,” are possessed of
the slightest sensory qualities. It would be better, therefore, to
speak of memory-symbols. In our memory of the most glaring
sunlight, of the most intense roll of thunder, there is not as much
as the billionth part of the light of a glow-worm, or of the sound
produced by the falling of a hair upon water. But is there any
other word in our language with which to designate phenomena
devoid of all sensory qualities, but the word “ psychical " ?

This most conspicuous fact regarding the .functional activity
of the fore-brain accentuates the difference between the abstract
and material character of our concepts. The latter is lacking
altogether, and is purely a matter of external perception. But
the centres for such perception are in the basal portions of the
brain, and not in the fore-brain. The entire fore-brain I designate
generally as cortcr, for the conducting elements of the fore-brain
__the axial fibres—are prolongations of the cortical cells, and,
therefore, part of the cortex proper. Those divisions of the brain
which effect sensory perceptions, without the aid of the fore-
brain, and which are concerned particularly with the execution of

b i
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reflex movements (in the broadest sense of that term), are desig-
nated, by way of antithesis, as subcortical centres. This antithesis
will be evident also in the different degrees of excitation (of these
different centres), and will furnish us with the most important
clue to the understanding of the activity of the cerebral mechan-
ism under morbid conditions of the mind.

I have not, and never had, the slightest inclination for making
books. To this effort I was impelled by the conviction that there
was need of a sczentific treatise on mental diseases in spite of the
present large literature on the subject. The least doubt as to the
correctness of any views expounded in this book induced me to
stop, and to interrupt work until I had satisfied myself of the
correctness of those views by scientific investigation and reflec-
tion. This will explain why so many years have elapsed from the
time the book was begun (in 1877) to the date of its publication.

The title-page refers to the fundamental studies indispensable to
an understanding of the clinical manifestations of mental diseases.
My intention of elucidating diseases of the fore-brain in this way
is based upon the conviction that our knowledge of them should
be obtained, as all sound clinical knowledge is acquired, by a
study of the structure, the function, and the nutrition of each
organ. Hitherto the science of psychiatry has been too largely
subjective. Many of its teachings, which are not based upon
the studies just referred to, had better be forgotten. Naturally
enough a knowledge of clinical phenomena precedes in time the
knowledge of the fundamental facts underlying these phenomena.
Morbid symptoms are not recognized by their scientific sub-
stratum, but in studying this substratum we are actuated by the
desire to fathom the phenomena of disease. It follows, therefore,
that the first half ' of the present work is suggested by the second,
clinical, half; and the subjects discussed in these fundamental
chapters are chosen with a view to the thorough understanding
of the clinical facts. These chapters constitute an integral part
of this clinical treatise, and are not an adjunct to it. This, we
take it, is a novel and legitimate feature of the book.

The number of clinical cases upon which my views rest is not
only sufficient to base original conclusions upon, but by reason of
their large numbers, these cases seem to me to be absolutely con-
vincing. In 1875 I was fortunate enough to be able to change my
clinic at the Vienna Provincial Insane Asylum, where there was but

1 Part I. of the translation.
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a slight change in the number and character of the inmates, for
the Psychiatric Clinic of the Vienna General Hospital. My present
‘“clinic” is the only State Insane Asylum of Austria, though its
quarters are not in keeping with its importance. Fourteen to
sixteen hundred patients are received annually into this clinic,
and of these, only those who are inhabitants of Lower Austria
are soon dismissed and assigned to other institutions. It was
the study of such a vast number of cases which convinced me
that many cases could not be properly classified according to the
old rules and within the artificial types of mental diseases. The
many variations from these typcs appeared not only to favor, but
actually to compel, the establishment of a nazural system of
classification.

During the interval that elapsed between the inception and
completion of my book, I have seen reason to depart in some
respects from the account here given of the anatomy of the brain.
I have not adopted any new method, but have elaborated with
greater care the old cleavage (A4faserung) method of my prede-
cessors,—a laborious method, which has been unduly crowded
out by the study of brain-sections. The former method supplies
us not only with a key to the complexities of brain-sections, but
enables us also to extend our knowledge of the minute anatomy
of the brain beyond the information we can obtain from micro-
'scopical sections. From the notes to be appended to the end of
this work,’ the reader will gather wherein my views have been
necessarily modified or supplemented by the investigations of
other authors and my latest researches. The most important
results which I have recently arrived at are in regard to the
cortical and ganglionic fibres of origin of the pes pedunculi (crusta),
and the connection of these fibres with the pyramids. My dissent
from the adoption of a common system of cranial measurements,
to which I agreed, at Ranke’s suggestion, is explained by the fact
that the chapter’ on pathological craniology was written as early
as 1880.

In view of the necessity of starting from anatomical facts, I
have endeavored, in every case, not only to give due weight to
the structure of the brain as the fundamental basis for the various
forms of disease, but have endeavored, with the same end in
view, to insist upon and to explain every visible symptom ex-
hibited by the patient. This refers to the consideration of move-

! In Part II. of this edition.
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ments of expression as well, which have not been properly utilized
hitherto as aids to diagnosis. Thus in spite of the frequent smiles
to be observed in stuporous patients during maniacal moods,
stuporous insanity has been classified under melancholia.

Dissatisfied with the statistical method, which laid inordinate
stress upon hereditary predisposition to disease, I have considered
predisposition as a form of disease and not as a condition antece-
dent to it. I have above all referred to the anatomical peculiari-
ties constituting predisposition. I was not content, as others have
been, to accept the mystical conception of heredity, but have in-
sisted on the anatomical peculiarities in patients which constitute
predisposition. And these peculiarities were inferred not only
from external appearances, but also from a due consideration of
all abnormal proportions of the body. In an article, published as
early as 1878, I showed that the nutrition and the excitability of
the brain must be regarded as depending upon the reciprocal re-
lation existing between the weights of the brain and of the heart.
The important investigations of Benecke and Thoma on the size
and weight of the different organs of the body appear to me to
supply a firm anatomical foundation for the doctrine of predispo-
sition to disease.

As regards the theory of predisposition, and more particu-
larly the doctrine of heredity, which has been carried to the ex-
treme of assuming the existence of innate ideas, and which, in
clinical medicine, has led to the erroneous theory of moral insan-
ity, I have deemed it necessary to criticise, in its proper connec-
tions, Darwin’s theory of the inheritance of acquired faculties, as
has been done before me by other German authors, among them
DuBois Reymond and Weissman. It is taking altogether too
simple a view of things, to regard morality as one of man’s talents,
and as a definite psychical property which is present in some
persons and lacking in others. Indeed, there is great truth in
Weissman’s observation: “ Talents do not depend upon the pos-
session of any special portion of the brain ; there is nothing simple
about them, but they are combinations of many and widely
different psychical faculties.” ;

Just as the much-abused doctrine of hereditary predisposition
Lo disease casts too great a suspicion upon the limits of mental
health, so there is possibly the danger that this same suspicion
might be increased by the consideration of those errors of organi-
zation which contitute the basis of predisposition. But thinking
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physicians will avoid this danger, for they will distinguish be-
tween those who are possibly “called ” to disease, and that for-
tunately smaller number of persons who are, in the saddest sense
of the term, “chosen’” for disease. Thus the limits of relative
health, as they are generally conceived, will not be narrowed
down by abstract theorizing to an intangible line. I trust that
the dialectic efforts in this direction will bear fruit in the domain
of forensic medicine, and it would be gratifying to me to know
that I had contributed somewhat to this end.

THEODOR MEYNERT.
VIENNA, Easter, 1884.
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STRUCTURE AND ARCHITECTURE OF THE
BRAIN.

SURFACES OF THE BRAIN.

UNTIL recently, it was commonly believed that no vestiges
of the vertebrate brain were to be found in amplhioxus lanceo-
latus. Its spinal cord, instead of dilating above into a rudi-
mentary encephalon, was thought to terminate in conical fashion.
Rohony, however, has demonstrated the existence of a primary
cerebral vesicle in the amphioxus as well. The possession of
a brain and spinal cord may, therefore, be said to be charac-
teristic of all vertebrates. The prosencephalon (the fore-brain),
the largest division of the /Zuman brain, diminishes so rapidly in
volume as we descend in the animal series that even among the
simpler mamimalian forms it does not in every case exceed
in mass the other parts of the brain. In the evolution of the
brain from the medullary tubes, the prosenceph-
alon is represented by secondary subordinate ap-
pendices of the primary cerebral vesicle. These
vesicles of the hemispheres (so-called) are sym-

metrically disposed, and lie one at each side of
the median axis of the primitive brain structure.

The arrow in Fig. 1 points to the aperture
leading from the anterior cerebral vesicle to the
laterally situated vesicle of the hemisphere—the
fore-brain. A The names given by Carl V. Baer
to the various parts of the brain are most ap-
propriate. We distinguish (Fig. 1) the transition
from the spinal cord into the after-brain’' (me-
dulla oblongata); next the hind-brain (/7. cere-
bellumt), which the roof of the fourth ventricle
joins to the posterior wall of the ventricle of the
after-brain. The mid-brain (J7. corpora quad-

V. C \&
Fig. 1.

V. DProsencepha-
lon'  (Eore-brain;
Viorder e rn). 'Z:
Thalamencephalon
(Tween-brain; Zwis-
chenhirn). F.Fora-
men between median
and r. lateral ventri-
cle. M. Mesenceph-
alon (Mid-brain;
Mittelhirn). H. Ep-
encephalon. (Hind-
brain ; Hinterhirn.)
N. Metencephalon.,
(After-brain: Nackh-
irn.) (Reichert.)

)

1 The terms After-, Hind-, Mid-, Inter-, and Fore-brain are respectively synony-
mous with Met-, Ep-, Mes-, Thalam-, and Pros-encephalon.—S.



1

IS

2 Psychiatry.

rigemina) forms the summit of this structure.

A part of the pro-

sencephalic vesicle lies between the mid-brain and the vesicle

of the hemisphere.

This part is termed the inter-brain, and corre-
sponds to the region of the optic thalamus (Z.).

The vesicles of

the hemispheres develop into the fore-brain (V.).

Frontal As-

pect of a Feetal posterior branch of this curved arc.
section of the brain (Fig. 3.)' shows the originally

Brain ;
Reichert.

ader

Fig. 2 is intended to show what an insignificant
part of the original brain mass the prosencephalon
is. (We descend from the mid- and inter-brain-to
the fore-brain as by a series of steps.) In consequence
of a sharp bend of the cerebral axis on anideal trans-
verse diameter, the after-brain appears below as a

A horizontal

V. Prosenceph- lens-shaped convex outer surface of the fore-brain

alon. ' ' Z;Tha-

lamencepha- (Fig- 3, V.), at a later stage of development.

‘Tiais

lon. M. Mesen- originally convex surface of the fore-brain (which at

cephalon. N

Metencephalon. this stage overlaps about half of the inter-brain)

shows, midway between its anterior and pos-
terior end, a trough-shaped depression. This
depression is the first indication of the fossa
Sylvii (S.).

It is to be noticed that the walls of the
vesicles of the hemispheres have increased in
thickness toward the median line at the ex-
pense of the lateral ventricles (a. 2.); as a
result of this growth we find the ganglionic
region, which, later on, divides into the
caudate and lenticular nuclei protruding
between the anterior and posterior horns.

Corresponding to this thickening of sub-
stance toward the median line, the outer
surface remains relatively undeveloped.: On
the other hand, the anterior and posterior
portions of the rudimentary hemispheres do
not form any ganglionic masses on their
inner surface, but develop mainly into cor-
tical and medullary substance, deposited
upon their outer surfaces. The intervening
portion (S.) sinks in, and thus forms the
Sylvian fossa. The surface which presents
in this fossa is the island of Reil.

Horizontal Section of
Feetal Brain ; A fter His.
VV. Fore-brain. a.
Anterior horn. p. Pos-
terior horn of the lateral

ventricle.? 'S B olssE
Sylvii, the outer surface
of the ganglionic region
of the fore-brain. Z.
Inter-brain.

m. 3d Ventricle. Be-
hind this, a part of the
mid - brain, surrounding
the " Aq." Sylvii: S ThHE
posterior boundary of
the mid - brain is ex-
plained by reference to
the parieta flexure
(Fig. 4.)

' This figure must be inverted when compared with Fig. s, p. 4.



Convex Surface of the Brain. o

At this level the student may note how in the fore-brain the anterior (a.) and pos-
terior (p.) horns of the lateral ventricles open widely into the hollow of the primary
cerebral vesicle. At this point the median wall of the prosencephalon encircles this

The outer wall of the prosencephalon has given rise mid-way to the fossa
The inner wall closes in upon the cerebral ventricle. The fornix ascending
from the cornwu ammonis between S. and Z., regions corresponding to the corpus
striatum and the thalamus opticus, constitutes the posterior portion of the median
wall. The superior convex arch of the fornix is flattened down, but the descend-
ing portion of the fornix is enclosed within the front wall of the anterior cerebral
vesicle,

opening.
Sylvii.

The fornix bounds the hollow separating the fore- and inter-brain, which cavity is
rendered cleft-shaped by the inward growth of the thalagius, and forever after remains
broadest at its anterior end (foramen Monroi).

The upper wall of the thalamencephalon consists simply of
the membranous roof of the third ventricle, which passes to the
edge of an arch-shaped constriction arising from the upper and
anterior wall of the thalamencephalon. This constriction repre-
sents the fimbria of the fornix. The middle choroid plexus
of the upper wall is continued through the foramen Monroi into
the plexus of the lateral ventricles.
limits the extent of the fore-brain.

The fornix in reality
As soon as the septum
and the corpus callosum are developed, the gyrus fornicatus ap-
pears to be a limiting formation, or at least a secondary free
margin of the cerebral cortex. An examination of Fig. 3 shows
that the outer cerebral wall growing from the fossa Sylvii tow-
ard the median line gives rise to the ganglia of the prosen-
cephalon and encroaches upon the annularopening in the median

Fig. 4.

View of the Convex
Surface of a fcetal
Brain.

V. Prosenceph. S.
Hos saiSyiltvitis. 7.
Thalamenceph. M.
Mesemice phi e H.
N. Met-

wall, and thus fills in the once copious hollow of the ventricle.

The prosencephalon continues to extend in a posteriordirec-
tion at later stages of development ; we find, therefore, on hori-
zontal sections, that the corpus striatum and thalamus opticus
are juxtaposed from the outside inwardly instead of lying one
behind the other.

Epenceph.
enceph. Beneath the
frontal portion of the
prosencephalon  lies
the olfactory lobe.

(Lettering as in
Fig. 1.)

The succession of the three cerebral vesicles is marked by
several flexions on the axis of the original medullary tube (Fig. 4).
The cervical flexure (convex posteriorly) marks the transition from
the spinal cord to the metencephalon ; the frontal flexure (convex
anteriorly), the transition from the metencephalon to the epenceph-
alon; and beneath the mesencephalon the parictal flexureis
formed. The chorda dorsalis terminates in the sinus formed by
the last-named flexure.

A—THE PROSENCEPHALON (FORE-BRAIN).
CONVEX SURFACE.

The prosencephalon describes a curve about the Sylvian fossa
which was formed by the insufficient increase in thickness of the
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outer surface. The upper portion of this curve is the frontal
end of the prosencephalon, the lower portion is its temporal end,
while its summit represents the occipital region. Onaccount of the
insertion of the parietal region between the frontal and occipital
portions of the brain, the upper arm of the arc is the longer one.

The island of Reil Fig. 4, S., is connected with a protuberance

Fig. 5.

Horizontal Longitudinal Section from the Brain
of Cercocebus Griseoviridis.

F. Frontalend. O. Occipital end, of fore-brain.
A. Cornu ammonis. R. Cortex. M. Medullary
substance. J. Island of Reil. FS. Fissura Syl-
vii. V. Anterior horn. Vp. Posterior horn of
the lateral ventricle (prosencephalic cavity). T.
Corp. callosum. * S. Septum. Nc. Na. Nucleus
caudatus and L.!, L.? Nucleus lenticularis (the
ganglia of the fore-brain). Cp.e. Capsula externa.
2. e., The medullary substance immediatelyadjoin-
ing the lenticular nucleus. To the outside of
the capsule lies the claustrum, and next to this
the thin medullary substance of the island.- Ca.

(the olfactory lobe) situ-
ated on the lower aspect of
the frontal portion of the
fore-brain. Behind the ol-
factory lobe, the thalamen-
cephalon is visible in the
shape of a basal protuber-
ance which forms the region
of the infundibulum on the
anterior border of the parie-
tal flexure.

Let us now proceed to
examine with the aid of
sections of the adult brain,
the island of Reil—the floor
of the Sylvian fossar s s
horizontal longitudinal sec-
tion (Fig. 5), as well as a ver-
tical frontal cross-section
(Fig. 6) of the brain will
serve our purpose. A nar-
row passage, the Sylvian
fissure (FS.), screens from
view the sac-like dilatation
of the fossa Sylvii in the
furthest recess of which lies
the island of Reil (J.). The
outer walls of the Sylvian
fossa, which are wanting in
Fig. 4, are formed by the
continued thickening of
cerebral substance on the
convex surface of the pros-
encephalic arch, until the
edges of this arch approach
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Commissura anterior. Th. Thalamus oplicus
(thalamencephalon). Th'. Pulvinar of the opt.
thalamus. Cm. Commissura media. Qu. Mesen-
cephalon—(Corp. quadrigemina). Bs. Brach-
ium superius (of the upper corp. bigemina). Aq.
Aquaeduct Sylvii. Gi. Corp. genic. internum.
Ge. Corp. genic. ext. T'. Tegmentum, lyingin
front of the gray substance surrounding the aq.
Sylvii. Cp.i. Anterior portion of the inner capsule
lying between the caudate and lenticular nu-
clei. P. Posterior portion of the inner capsule
between optic thalamus and lenticular nucleus,—
the origin of the fibres of the cruscerbri. Om.
Projection system from occipital lobe to pulvinar
corp. genic. int. and ext., the inf. corp. bigemina

5

so nearly to each other as
to leave nothing but a nar-
row fissure (FS.), between
them. The prosencephalic
arch surrounding the fossa
Sylvii developed its sub-
stance mainly in a lateral
direction toward the cranial
walls, whereas the region of
the fossa S. itself increased in

(Bi). and to the pedunculus.

thickness by developing gan-

glia in a median directiontoward thecerebral ventricle(Figs. 5 and6).

The fissure of Sylvius isnota
simple passage. It is bounded
not only by two protruding lips,
the operculum above and the
upper temporal convolution be-
low (Fig. 6 external to J.), which

cover in Burdach’s upper and :

lower fissures, but also by a front
and rear wall lying on either side
of the island and lapping over
the front and rear fissures of Bur-
dach, which are thus vertical
branches of the upper fissure.
These clefts are reached by the
ascending anterior and posterior
branches of the Sylvian fissure,
ramus adscendens anterior et pos-
terior fissure Sylvii. The anteri-
or ascending limb lies behind the
orbital surface of the frontal lobe,
the posterior in front of the base
of the first temporal convolution.
The two ascending divisions of
the Sylvian fissure bound the
operculum. In man the island of
Reil generally possesses six con-
volutions diverging superiorly in
the shape of a fan. These convo-
lutions are continuous above with

Hig =6t
Frontal Cross-Section from the Brain of
Cercocebus Griseoviridis.
J. Island of Reil, covered by the oper-
culum and the first temporal convolution.

Gf. Gyrus fornicatus. Tb. Corp. Callo-
sum. Nc. Nucl. caud. Ve. Lateral ventri-
cle. VIII. Median ventricle. Th, Thalam.
opt. Fd. Descending, Fa. Ascending
fornix. St.i. Lower pedicle of the thala-
mus from the ansa peduncularis, IT. Chi-
asma. II." A parallel bundle of fibres.
A. Amygdala. Ca. Radiating fibres from
temporal region to anterior commissure.
L.1, L.%, L.® Nucl. lenticularis. ans. ansa
of lenticular nucleus. Ce. Capsula external
CL Claustrum, Tp. Temporal lobe.
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the convolutions of the operculum, behind and below with the
superior surface of the first temporal convolution (Huschke).
Naturally enough these convolutions cannot be made out unless
the entire brain-axis, together with the island of Reil, be dis-
sected cut from the surrounding mantle; the eye then rests upon
the median surfaces of the hemispheres, and upon the inner
surface of the convex hemispherical arch.

The ascending divisions of the Sylvian fissure are not as well
marked on the convex surface of the human brain, and still less
on that of the monkey, as they are in the brains of the carnivora
(Fig. 7). Among the last named this peculiarity of configura-
tion is most distinct (Fig. 7). In the brain of the bear we

\\\»
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Fig. 7.
External Aspect of a Bear’s Brain.

Fr. Occ. Tm. Frontal, occipital, and temporal end. OIlf. Olfactory lobe. Unc.
Uncus. Cbl. Cerebellum. Obl. Medulla oblongata. &£.8., ®a. ®p. Sylvian fissure,
anterior and posterior ascending limbs. €. Central fissure. $l.! Parallel fissure. SL.*
Interparietal fissure. A. Region of the anterior, P. Region of the posterior, central
convolution. Arc. I., Arc. II. Lower and upper parietal arches. L.!, L.? Inferior
parietal convolutions. L.*® Superior parietal lobe. L.}, L., L.®* Temporal convolu-
tions. Fus. Gyrus fusiformis.

can easily distinguish : a blunt lower end of the operculum (near
#.8.), a highly developed anterior ascending (#u.), and a long pos-
tertor ascending, division (Rp.) of the Sylvian fissure. Similarly
both the ascending branches are exquisitely distinct on the basal
surface of the brain of Mustela (Fig. 10, right). The Sylvian
fissure, which, in this instance screens from view an exceedingly
rudimentary island, lies immediately adjoining to the Jobus olfacto-
rius (Ge.) throughout the entire length of the operculum, as was
the case with the human brain represented in Fig. 4. In the rudi-
mentary olfactory lobe of adult man, this external olfactory con-
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volution (Fig. 15 Ge., Fig. 18) is replaced by the external white
medullary strand of the #7igonum olfactorium.

In addition to the fossa Sylvii which is present in all mamma-
lian brains, and is often the only fossa present, we must now con-
sider the typical fissures of more highly developed brains; these
sulci mark out the various regions, or, at least, the convolutions
of the convex surface of the fore-brain, and serve as our guides
over this area. Apart from its morphological value, a thorough
knowledge of these fissures and convolutions is absolutely indis-
pensable to a proper appreciation of the physiological experiments
performed on the animal brain.

If the “type’” has been made out clearly enough to enable us
to determine the identical regions of the mammalian and the
human brain, then the important conclusions from physiologi-
cal experiment and from pathological anatomy may safely be
compared one with the other.

We find #ypical fissures in the human fcetal brain, from the
sixth month of its development on.

I have not had the opportunity of making any detailed inde-
pendent study of the
human fcetal brain.
My description is based
upon a study of the
monkey’s brain. In
some slight degree I
am justified in taking
such a course by the
saying of v. Bischoff,
that the monkey brain

arci ﬂI’C.OCC\

Occ
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is not a  miniature Tm. B
model of the human HEh
brain, but that the for- Brain of Hamadryas.

3 Fr. Frontal end. Tm. Temporal end. Occ.,
mer represents arrested Occipital end. $L.! Inferior frontalpﬁssure. S1.? Rudi-
stages in the fecetal de- mentary superior frontal fissure. p@. Anterior radial

Brhe il fissure (sulc. preecentralis). 1. Ecker’s interparietal
velopmcnt ot the lat- g e (posterior radial fissure).  &.S. Fissura Sylvii.
ter. In the brain of Rp. Ramus ascendens posterior. $L! First temporal

- fiss. (sulcus parallel.) $. occ. 2. External occipital fissure
the monkey there is a (primate ape fissure). arc. occ. Occipital lobe. (The

isti i vertical fissure might answer to the interoccipital fissure

ver}, .dlStlrlCt g, of man, and the hgorizontal fissure might mgrk Ecker’s

radiating furrow (@); gyrus occipitalis. arc. IIL. 1Supeﬂrior aparietal arch.

H ate. 1. Inf. poarlet. afch. - L.}, L2 L.° First, second,

sulcus centralis, or fis- and third tem}l)woral convolutions. $p. 0. Sulcus praeoc-
sure of Rolando. The cipitalis. Cbl. Cerebellum. Obl. Med. oblongata.
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radiating, primary fissures diverge toward the upper border of the
hemispherical arch, and converge toward its lower border, 7. e.,
toward the gperculum. In front of the sulcus Rolando, mark-
ing the posterior boundary of the frontal lobe, lies the ante-
rior median furrow, the sulcus pracentralis, * transverse frontal
fissure,” (Fig. 8,p@). This sulcus precentralis combines with
the straight inferior frontal fissure (SL') to form a cross-bow.

Fig. o.
Convexity of the Human Brain.

J. Island of Reil. &.§. Sylvian fissure. The letters are placed on the temporal lip
of the fissure ; above the island lies the operculum, bounded by the anterior ascending
limb, which passes upward toward the letters SL'and the posterior ascending limb
approaching the lettering arc I. @. central fissure. pC. precentral fissure (anterior
radial fissure). r.@. (S.0p.) post-radial fissure (sulcus occipito-parietalis). $.oce. Oc-
cipital fissure. $L.! §1.* Longitudinal fissures in frontal and temporal lobes. $1.* desig-
nates, below, parallel fissure. S.po. Prae-occipital fissure. Fus. Gyrus fusiformis. Ca
Anterior central convolutions. Cp. Posterior central convolutions. Ps. (Qu.) Sup;erio;
parietal lobe (lobus quadratus.). Arc. I., arc IT. Inferior and superior parietal con-
volutions. 8. oce. 2. External occipital fissure (ape fissure). Cu. Occ., Occ.i. The three
OCCIpl.lzll cqnvol}uions of Ecker, Cu. indicating the convex surface of the cuneus, and
@corf d.e51gnatmg the convex surface of the gyrus lingualis. GI. tm. Callosomar'rrinal
corlwautloln. PATES oce: @cerpital” arch: LRI S G hove " S S Ryon fl bcon.
volutions.

The sulcus precentralis represents the bow, the fissure SI.' the
arrow. Behind the suz/cus centralis lies the posterior radial fissure
(x@.) which diagonally divides the almost quadrilateral parietal
lobe (lobus parietalis) into an inferior and superior parietal lobule.
For this reason Ecker has proposed the name /nzerparietal fissure.
The lobus parietalis of the monkey is bounded in front by the

1 The frontal convolutions are numbered from below
ront, | upward. Meynert’
F. convolution is the same as Broca's Third F. conv.—S. # i
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sulcus centralis, above by the border of the hemispherical arch,
below by the fissura Sylvii, posteriorly by the external occipital

fissure which is most highly developed in the lower apes.

This

“ape fissure "(Fig. 8 $. oct. ¢.) lies behind the radial furrows.

This fissure, which is less marked even in the higher forms of apes, is at times
distinctly developed, at times scarcely recognizable, in the brain of man. But the most
rudimentary form of it must be classed among the ‘“typical” fissures. This fissure lies

immediately adjoining to the posterior border of the second parietal arch.

The anterior

edge of the fissure protrudes, sword-like, beyond the posterior margin of the parietal

lobe, only, however, in the lower orders of apes.
the operculum lobi occipitalis.
n man.

According to Reichert’s opinion, which we
fissure (Fig. 8, S$1."), lying between the first and
the second temporal convolutions, must be
added to the list of primary radial furrows.
With Reichert, we may term this the znferior
radial fissure. On separating the lips of this fis-
sure, we notice that it winds around the fissura
Sylvii toward the edge of the operculum, so that
all four primary radial fissures converge toward
the superior border of the Sylvian fissure.

Having given this (#rze¢) diagrammatic
account of the surface of the monkey’s brain,
we will proceed to describe the various divis-
ions of the fore-brain in man, the monkey, and
in carnivora.

1. The Frontal Lobe reaches a high stage
of development in man. After dissecting out
the ganglion and the island, it constitutes
41—42 % of the remaining hemispherical sub-
stance, while in the monkey and bear but 35%
and 30 % respectively can be put to the
account of the frontal lobe. In the lower
primates (Fig. 8), possessing a sulcus centralis,
but no well-defined central convolution, the sul-
cus pracentralis may be taken as an indication
of said convolution. On the other hand, the sul-
cus praecentralis (p. C.) clearly defines the boun-
daries of the anterior central convolution (Fig.
9, Ca.) of man. That part of the frontal lobe
lying in front of the radial fissures is exces-
sively developed. In front of the radial or

This boundary line is also termed
In the higher apes these relations are more like those

accept, the parallel

Fig. 10,
Brain of Mustela.

Hy: +T'm 1 Oce: "Hrons
tal, Temporal, Occipital
endi SRl eRD hetas-
cending branches of the
Sylvian fissure, the mid-
dle part of which lies
next to the olfactory
convolution (Ge.). Ge.
Lob. olf. La. Region of
the anterior ethmoid
plate. 7Z. Chiasma opti-
cum. J. M. Infundibu-
lum and corp. mamil-
lare. Pd. Pedunculus
cerebri. V. Pons Varo-
Lt SR Pyramid. S Rh:
Corp.rhomboideum.Cbl.
Cerebellum. Gf. Gyrus
fornicatus. A. Amyg-
dalzs Ikl 182 Inferior
convolution passing
from the parietal lobe to
the temporal lobe around
the posterior ascending
branch of the Sylvian
fissure.
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perpendicular fissures there are two more typical longitudinal
fissures. The inferior longitudinal fissure ($L') bounds an arch-
shaped convolution (gyrus transitorius) which surrounds the as-
cending anterior division of the Sylvian fissure. The gyrus trans-
itorius, emanating from the convex convolution in front of the
operculum, passes on to the orbital surface of the frontal lobe
(Fig. 9, forward of I.). The inferior border of this convolution is
contiguous with that portion of the orbital surface lying to the
outside of the olfactory lobe, and to which (in lower forms of
mammals) Leuret applied the name gyrus orbitalis. Thus we find
in the brain of a bear the anterior margin of the operculum bend-
ing over and passing into a convolution which, circumventing the
ramus adsc. anter. fissure Sylvii, extends also to the orbital sur-
face, and there lies to the outside of the lobus olfactorius (near #a.).
The frontal lobe of the bear is thus characterized by a gyrus tran-
sitorius homologous to the frontal lobe of man. The large frontal
lobe of the human brain bears a second longitudinal sulcus (SL.%),
which, surrounding the inferior longitudinal fissure concentrically,
gives rise to two superior longitudinal frontal convolutions (Fig. 9,
L2 L.%). Like the gyrus transitorius, these convolutions pass from
the convexity to the orbital surface of the brain.

On the basal surface of the brain of Mustela, it is also evident
that the cortical substance of the operculum (between #u. and Ge.,
Fig. 10), winding around the anterior ascending branch (Ra.), finally
attains to the orbital surface, at the outside of the lobus olfac-
torius.

According to the above account, the frontal lobe of the
human brain possesses four principal fissures: two perpendicular,
7. e., the central and prea-central fissures ; two longitudinal fissures
(an inferior and superior arch-shaped fissure); furthermore, four
typical primary convolutions. These are: (1) The anterior cen-
tral ; (2) lower; (3) middle ; (4) upper longitudinal, convolutions.

That the convolutions of the frontal lobe are not at all times and everywhere as
distinctly defined on the surface of the brain as they are by the prominent lines on the
accompanying cut (Fig. 9) is due, first, to the formation of anastomoses which connect
parts originally separate, by bridging over primary (‘“ typical ”) fissures ; secondly, to the
so-called secondary and tertiary fissures, which interrupt the primarily contiguous
convolutions, and which, when surrounded by cortical substance, give rise to *‘ insular "
formations. The anastomoses, as well as the secondary fissures, are in the human
brain an indication of the greater development of cortical substance. Thirdly, we
find the primary convolution type obscured by serpentine intricacy of form,
by the formation of ansae. Finally, all three extremes of cortical development
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may exert their influences over proximate portions of the brain. Distinctness of #ype is
by no means identical with paucity of convolutions. Wealth of convolutions is more
characteristic of the human brain, as com-
pared with the brain of monkeys and of
carnivora, than when compared with the
brains of herbivora and cetaceans. Conse-
quently the superiority of the human cere-
bral surface must not be attributed exclu-
sively to the wealth of convolutions.

The orbital surface of the fron-
tal lobe of man’s brain bears in
its Zypical form close resemblance
to that of the primates (Figs. 13
and 11). To be sure, we find in
man the sulcus rectus, in which
the olfactory bulb is imbedded
(Figs. 11 and 18, Olf.), and which
is wanting in the monkey’s brain.
But for the very reason that it is

wanting in the monkey, in spite
of a more highly developed olfac-
tory lobe, the sulcus rectus can
not be claimed to be destined to
serve as a lodging-place for the
Jobus olfactorius.

The sulcus rectus brings about
the division of the third frontal
convolution into two parallel con-
volutions. This tendency toward
adivision of the terminal convolu-
tion is often, though less clearly,

Eigl TT?
Brain of Hamadryas.

Fr., Tm., Occ. Frontal, temporal, oc-
cipital end. OIf. Olfactory lobe. . cr.
Sulcus cruciatus. &.8. Fissura Sylvii.
Sl., $1.? First and second temporal fis-
sures. L.}, L.%, L.® Temporal convol-
utions. Gf. Gyrus fornicatus. A. Amyg-
dala. 8. po. Preocciptal fissure. II.
Optic chiasm. J. Infundibulum. M.
Corpora mamillaria. L. Lamina perfor.
post.  Pd. Pedunculus cerebri. V.
pons.  PiPyramid.& & Rhi: Corpus
rhomboideum. O. Inferior olivary body.
R. Restiform body. Cbl. Cerebellum.
M. Spinal cord.

indicated in the formation of secondary fissures on the convex
surface of the hemispheres (Fig. 9, L.*). Externally from the
straight fissure lies the suleus cruciatus which might be more ap-
propriately termed the H-shaped fissure. This Zypical/ formation is
well represented in the basal aspect of the primate brain (Fig. 11,
S, ¢r.) and on the shaded surface of Fig. 13. The transverse fis-
sure of the H causes an inflection of the middle frontal convolu-
tion. This transverse fissure may be absent in the primate brain.
In that case four frontal convolutions lie next to one another.

The H-shaped fissure with its many variations presents the most instructive ex-
ample of a great dissimilarity of forms, whose origin from the original #pe is yet
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quite distinct. The transverse fissure of the H causes, as it were, an inflection of
the middle longitudinal convolution. At times an anastomosis of the median third
with the lateral first longitudinal convolution of the orbital surface crosses the trans-
verse fissure in a median-exterior direction, thus uniting primarily (typically) separ-
ate convolutions. And then again the transverse fissure may be bridged over by an
anastomosis uniting the portions of the middle convolution situated anteriorly and
posteriorly, respectively, of the transverse fissure. In the last instance the H is
resolved into three straight convolutions, which lie to the outside of the sulcus rectus
parallel to the now created innermost fourth straight orbital convolution. Anasto-
moses have, therefore, in the above-mentioned instances, given rise to different divi-
sions of the orbital surface. These two kinds of changes come entirely within the
scope of the typical cortical complications mentioned above. Such changes result
from the union of parts (originally) typically separate. Complications in the develop-
ment of convolutions may turn the H-shaped into a star-shaped formation. Secondary
fissures of the orbital surface are rarely wanting in man.

The third surface of the frontal lobe—the median—will be
described together with the entire median surface (Fig. 13, p. 19).

2. The Parietal Lobe. The study of the parietal lobe of the
primate brain (Fig. 8) is indispensable to a proper understanding
of the convex surface of the parietal lobe in man. The anterior
boundary of the parietal lobe is formed by the sulcus centralis;
consequently the posterior central convolution is the frontmost
convolution of thislobe. In man, also, there lies behind the sulcus
centralis (Fig. 9) a posterior radial fissure—the sulcus interparie-
talis—which, extending quite up to the superior border of the
hemisphere, diagonally divides the parietal region [Rc. (S.0p.) &e.].
The posterior radial fissure differs from the sulcus interparietalis of
the monkey in this: that instead of terminating at the sulcus
occipitalis it passes beyond it, in order, further on, to form the
interoccipital fissure (Fig. 9, S.0p.). Because of its transition into
the occipital convolutions, the posterior limit of the superior
parietal lobule is often indistinctly defined. The entire fissure
(interparieto-occipitalis) bounds the arch-shaped parietal and oc-
cipital formations of the cortex.

The second “typical” line of demarcation of the parietal
lobe is the posterior ascending limb of the Sylvian fissure ; the
third is the parietal portion of the parallel fissure.

The superior parietal lobe of man is frequently connected with the inferior lobe
by means of a vertical anastomosis.  There results a long vertical fissure behind the
post central convolution (c.p.) which, if care be not taken to discriminate between them,
may be mistaken for the fissure of Rolando.

The superior parietal convolutions form a triangular lobe
whose base is situated superiorly. The superior parietal lobe
[lobus parietalis superior. (Huschke)] is the external surface of the
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lobus quadratus, the precuneus of the median surface—from
which it takes its name. Fig. g, Ps., Qu.

The inferior parietal lobe (lobus parietalis inferior., lobulus
tuberis, Huschke) starts often from the posterior central convolu-
tion asa simple gyrus ; often, too, this mode of origin becomes com-
plex. Below the interparietal fissure and in front of the posterior
branch of the Sylvian fissure (Figs. 8 and g), the inferior parietal
convolution divides, as in primates, into two arch-shaped convo-
lutions (v. Bischoff). The anterior (properly speaking) inferior
parietal arch (Figs. 8 and g, arc. 1.) surrounds the posterior ascend-
ing limb of the Sylvian fissure and is contiguous with the superior
temporal convolution. In addition to this, the inferior parictal
lobe develops a second (posterior) superior parietal arch (arc. IL)
surrounding the parallel fissure, which arch is continued into the
second temporal convolution, back of that fissure.

The posterior boundary of the second parietal arch is formed
by a fissure which is at times distinctly developed, and at other
times interrupted (shortened) by anastomoses connecting the
second parietal arch with the occipital lobe. This fissure is the
external occipital fissure of man—the rudimentary ape fissure (Fig.
(OF or BT

Comparison with the brain of a primate impresses more firmly
upon one’s mind the “ typical " lines of the parietal lobe in man.
In both we find an anterior boundary defined by the sulcus cen-
tralis, a superior margin by the convex border of the hemispherical
arch, extending from the sulcus centralis to the incision of the
internal occipital fissure ; an inferior border formed by the pos-
terior half and the posterior ascending branch of the Sylvian
fisssure and lastly, a posterior boundary, marked by the external
occipital fissure, . ¢., by the fissure surrounding the second parietal
arch (Fig. 8, &. ott. £.).

The double arch-shaped formations—the parietal arches—of
the monkey’s brain, connecting the lower parietal convolution
with the two superior temporal convolutions, furnish the key-
note to the understanding of the identical parts of the human
brain. There is a certain diagrammatic simplicity about the man-
ner in which the @rcus I. of the monkey passes around the pos-
terior ascending limb of the fiss. S. into the first temporal convo-
lution : and in equally diagrammatic fashion the arcus I1. passes
around the vertex of the parallel fissure at the superior border of
the second parietal convolution, in order to descend in the
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direction of the parallel fissure as the second temporal convo-
ution.

Not invariably, yet often enough, the first parietal convolution of man is bounded
by a fissure (Fig. 9, over arc. 1.). This fissure, though generally shallow, is certainly
“ typical,” as is evident on the parietal convolutions of carnivora. There are undoubted
exceptions to Pansch’s rule, that the zypica/ fissures of the brains are the deepest.
Furthermore, as seen in Fig. g, the superior border of the first parietal convolution
not infrequently anastomoses with the inferior (concave) border of the second parietal
convolution (vertical convolution between arc. I. and arc. II.). This is a #pical con-
volution not of the monkey, but of the cat.

The cat possesses several vertical anastomosing convolutions. They seem to
indicate the restriction of development of the convolutions in a longitudinal direction,
due to the brachycephalic skull of the cat. The mechanical laws underlying the
development of convolutions have been stated as perfectly as the present state of our
knowledge would permit by Wundt, Henle, L. Meyer, and the author.

The convex surfaces of the parietal lobes of the monkey and
of man exhibit four convolutions: 1. The posterior central con-
volution. 2. The lobus parietalis superior (lobus quadratus,
pracuneus)—complicated in man, frequently connecting with the
post. centr. convolution. 3. The inferior parietal arch. 4. The
superior parietal arch, generally emanating from a single root of
the inferior parietal convolution. The posterior central convolu-
tion and the anterior segment of the inferior parietal arch take
part in the formation of the operculum.

3. The Occipital Lobe. The occipital lobe in the lower forms
of primates may present an entirely smooth surface. Fig. 9
shows two fissures at right angles to one another. The vertical
fissures may possibly be a rudimentary homologon of the sulcus
interoccipitalis in man, and the horizontal fissure may represent
those straight fissures which bound Ecker’s occipital convolutions,
of which mention will be made later on.

The sulcus interoccipitalis ($.0p.), the continuation of the
fissura interparietalis, divides the occipital lobe of man into an
inferior (anterior) and a superior (posterior) cortical area. The
anterior portion of the occipital lobe is arch-shaped in typical
brains. The arcus occipitalis (Fig. 9, arc. occ.), the third arch
(according to Bischoff), back of the central fissure, possesses
a depression which I am disposed to regard as the occipital origin
of the.s?cond temporal fissure (Fig. 9, $L.%), reaching as high up as
the origin of the first temporal fissure—the fissura parallelis.

This fissure, the lumen of the arcus occipitalis, wends its
way toward the second longitudinal fissure of the temporal
lobe, which is generally most distinct anteriorly between the
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second and third temporal convolutions (L.* L.°), just as the
parallel fissure can be best made out between the first and second
temporal convolutions (L." L.*). Just as the posterior branch
of the first and second parietal arches passes into and con-
nects with the first and second temporal convolutions, so the
posterior portion of the arcus occipitalis passes into the third
temporal convolution. But the continuity of this fissure, behind
which the third temporal convolution arises from the occipital
arch, is interrupted by anastomoses, which pass from the third
temporal convolution, from the vertex of the occipital lobe,
and finally from the gyrus fusiformis, to the second temporal con-
volution. As in the monkey, so in man, we may often be able to
trace among the anastomoses of the second temporal convolution a
deep fissure (sulcus praoccipitalis—Fig. 9, $.po.), the continuation
of the inferior margin of the occipital vertex. These vertical anas-
tomoses divide both the second temporal ($1.*) and the third tem-
poral convolutions into a superior and an inferior portion. It is
only in the anterior region of the temporal lobe that the two
fissures and the three convolutions are distinctly developed.

Above the occipital arch the external marginal convolution
continues the superior parietal lobule from the sulcus occipitalis
internus downward. Ecker describes three occipital convolu-
tions lying one above the other. The two lower convolutions
pass in a horizontal direction from the occipital lobe to the front
(Oce. and Occ. z.). The superior occipital convolution is the ex-
ternal surface of the cuneus, separated from the superior parictal
convolution by the occipital fissure (superior occipital lobule of
Huschke). The second and third occipital convolutions consti-
tute the convex surface of the gyrus glossiformis, which, on the
median aspect, is situated below the sulcus calcarinus. The third
straight occipital convolution, in passing to the front, touches
with its inferior margin upon the praeoccipital fissure (Fig. 8, . po.),
of which v. Bischoff and Wernicke make mention.

The human occipital lobe is triangular in shape; anteriorly it
is imperfect, bounded generally by the fissura occipitalis interna,
the irregular opening of a convolution of the convexity. In Fig.
9, $. otr., the lower portion of such a loop is screened by the sulcus
interoccipitalis. Thisansa may descend along distance, and yet will
prevent the fusion of the external and internal occipital fissures.
An ape-fissure, extending to the margin of the hemisphere,
(W. Sander) will, therefore, be less frequent than appearances would
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lead one to believe. The margin of the hemisphere forms the
superior boundary of the occipital lobe; there is no natural
inferior boundary, however, between the occipital and temporal
lobes. An artificial boundary between the convex surfaces of the
temporal lobe on the one side, and the parietal and occipital
lobes on the other, might be denoted by a line passing from the
lowest point, of the posterior ascending limb of the Sylvian fissure,
to the lowest portion of the suleus preeoccipitalis.

The surface of the occipital lobe is marked by the following
fissures: 1, the sulcus interoccipitalis; 2, the beginning of the
second temporal fissure; 3, the fissure between the first and
second convolutions of Ecker; 4, the fissure between the second
and third convolutions of Ecker. The occipital lobe of man
presents on its convexity four convolutions: 1, the arcus
occipitalis; 2, 3, and 4, the three convolutions of Ecker.

4. The Zemporal Lobe. Its superior surface borders upon the
island of Reil; its superior margin touches the operculum. The
inferior margin is continued, by means of a free, arched, anterior
margin, into the superior. Posteriorly the temporal lobe is con-
tiguous with the parietal and occipital lobes along the artificial
boundary line mentioned above. The temporal lobe exhibits.
three typical furrows: 1, the superior longitudinal sulcus—
sulcus parallelis ; 2, the inferior longitudinal sulcus; 3, the sulcus
praoccipitalis. The first of these sulci is rarely interrupted ; the
second, invariably so. The convolutions of the temporal lobe are:
I, the superior; 2, the middle; 3, the inferior longitudinal convo-
lutions (L." L.* L.%), 4 variable vertical convolutions anastomosing
with the second longitudinal convolution.

For the understanding of the facts gleaned from experimental physiology we must
needs rely upon our knowledge of comparative anatomy. We are prompted, therefore,
to give in the following paragraphs an account of the homologous parts in the brains of
man, the monkey, and the carnivora.

In the brain of the bear (Fig. 7) the fissure C. is, beyond a doubt, the boundary
line between the frontal and parietal lobes. Characteristic of the frontal lobe are con-
volutions (in lower forms of carnivora this portion of the cortical surface is smooth)
* which, arising from the anterior margin of the operculum, make a curve about the an-
terior ascending branch of the Sylvian fissure (Transitional convolution of Huschke’s).
The human frontal lobe possesses two additional longitudinal convolutions concentri-
cally surrounding the transitional convolution. The type of the frontal lobe in car-
nivora and man is fixed and modified by the simple or intricate development of those
convolutions which form arches around the anterior limb of the Sylvian fissure, and
pass on to the orbital surface. The frontal lobe of the bear contains still another
deep sulcus, which separates two longitudinal convolutions, and lies close and parallel
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to the superior free margin. In the figure this sulcus is denoted by a faint line, for
the dark lines are to show at a glance the so-called grimary fissures,

The sulcus centralis of the bear passes obliquely upwards and backwards as in man
and the primates. In the majority of carnivora, however, the sulcus centralis assumes
a different shape, extending backward quite to the occipital margin. In the latter
cases the central fissure gives rise to the most external of the arched fissures which
surround the post. ascend. limb of the Sylvian fissure. This arc/-shaped central fissure
is lodged within the superior parieto-occipital convolution. No animal possesses a
regio centralis as much akin to the central region of man as is that of the bear, and this
animal undoubtedly ranks highest in cerebral development. In Fig. 7 (L.?) the tendency
to the formation of arched extensions of the sulcus centralis is expressed merely by
insular, unconnected fissures. In the same figure the arrangement of parts is obscured
by the insertion of a convolution (behind C.), which originates on the median aspect,
but is not common to all bears. In front of the sulcus centralis (near A.) the bear shows
a precentral fissure much more marked than the thin line of the figure would lead one
to suppose.

The arched fissures and arched convolutions, which lend a strange, non-human
appearance to the brains of carnivora, pass around the posterior ascending branch of the
fissura Sylvii. The first arched fissure (Fig. 7, §L.) which
surrounds the arc. I. marks out a parieto-occipital convo-
lution, whose opening the Sylvian fissure is ; this same
arched fissure divides the first and second convolutions as
the sulcus parallelis does in man. The former differs from
the human paralle]l fissure in sending a long anterior
branch into the lobus parietalis. The second arc/ed fissure
(Fig. 7, S$1.%) lies over thearc. TI. of the bear’s brain, This Feetal Brain of a Dog

2 i e (after Wilder).
corresponds exactly to the position occupied in man by the
posterior radial fissure, the sulcus interparietalis, which &M Calloso-marginal
divides (in the parietal lobe) a superior parietal lobule i L e

f : : i tory lobe. A. Amygdala.
from the two inferior parietal arches, which in turn connect §, Sylvian fossa. Ra. Its
with the two temporal convolutions (L.! L.?%). anterior ascending limb.

The fissure in question lying behind the fissura cen- P%- Parallel fissure. @.
tralis, and over the two parietal arches, undoubtedly repre- Central fssute, s

L 4 ol parietal fissure.
sents the posterior central fissure. In contradistinction to
man and the primates this fissure passes immediately into the second temporal fissure
This simple type is modified in man and the monkey by the complicated structure of
the occipital lobe.

The difference in the external aspect of the brains of man and the carnivora is due,
first, to the slight development in the latter of the frontal and occipital brain (the oc-
cipital brain not overlapping the cerebellum) ; and, secondly to the enormous develop-
ment of the parietal brain. An unusual development of the frontal, of the occipital,
and of the parietal portions is characteristic respectively of the brain of man, the
primates, and the carnivora. The most striking feature of the carnivora brain, as
compared with the human brain, is undoubtedly the greater development of the
parietal portions of the arched fissures and arched convolutions. The arched convo-
Jutions are very distinct owing to an equal development of both branches; in man,
methodical examination alone reveals them. The arched posterior extension of the
middle radial fissure (central) adds to the number of arches in the carnivora. The
primary position of the radial fissures of carnivora is well represented in the adjoining
cut (Fig. 12), after Wilder, of a feetal dog. In spite of its elongated shape, we can
readily discern a frontal, a temporal, and an occipital region. The anterior ascending
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limb of the open Sylvian fissure is beautifully developed, showing distinctly the course:
of the frontal end around this arch into the orbital surface of the frontal lobe, to the
outer side of the olfactory lobe. This portion of the brain is bounded posteriorly by a
central fissure which, as was the case in the bear, is surrounded on all sides by cortical
substance, is insulated from the rest of the cortex. In the parietal region we discover a.
very delicate longitudinal fissure, which, in the adult dog, combines with the fissura cen-
tralis to form a superior arched fissure. Behind this sulcus centralis (an anterior radial
fissure is not visible) lies a very marked fissure with two flat arches beneath it.

These wind about the Sylvian fissure and havenot yet extended to the temporal
lobe. These must necessarily be taken to be the two parietal arches. The
fissure separating both arches would, if continued backwards and downwards,

bound a first temporal arch. This corresponds, therefore, to the sulcus parallelis,

while the deeper fissure (before mentioned) which lies above both parietal arches.
answers to the posterior central fissure. Continued backwards, this fissure will, in

later stages of development, form the boundary of the arc. temp. II. It separates,

furthermore, the region of the superior parietal convolution from the inferior, which

gives rise to the two parietal arches. We notice also in carnivora the rudiments of a
posterior and an anterior arched fissure which represent in the same succession the

radial fissures of man and the primates,

No reference need be made to the fissure c.m. I simply wish to remark that
of the motor centres, of which we shall treat later on, Hitzig’s centre for the innerva-
tions of the muscles of the neck is located in front of this sulcus. For this reason the
motor centres are not limited morphologically to the sulcus centralis, about the posi-
tion of which Hitzig is in error. The convolution of the dog’s brain which he con-
siders homologous with the anterior central convolution of the monkey, is not the
anterior but the posterior central convolution.

THE MEDIAN SURFACE OF THE FORE-BRAIN, AND THE LOBUS
OLFACTORIUS.

The cortical duplications of the median surface of the hemi-
spheres are far simpler than those of the convexity of the brain;
but special formations, such as the lobus olfactorius and the cornu
ammonis, whose genetic bearings we must now study, complicate
this otherwise simple surface.

In Fig. 1 we are supposed to look within the thin-walled
cerebral vesicle, and from the cavity of the thalamencephalon
into the small opening forming the communication between the
prosencephalic vesicle and the third ventricle. This opening,
whose anterior inferior portion is transformed later on into the
foramen Monroi, must necessarily have annular boundaries. This
ring, proportionately enlarged, is discernible in the adult brain in
the shape of the fimbria, and the descending pillar of the fornix
(Fig. 13, Fi. d.) The lateral wall of the thalamencephalon prolifer-
ates and forms the thalamus opticus within this constriction-ring,
which it reduces to the arched cleft between the optic thalamus
and the fornix. The separation of the vesicle of the hemisphere
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starts from the upper wall of the anterior vesicle, or, in other
words, from the superior and anterior walls of the thalamencepha-
lon. This superior wall does not develop into nerve tissue, but
into a membrane from which the plexus ciwrioidei are developed.
The thinning out of this constriction-ring at the fimbria gives
lasting evidence of the transition of this ring into the superior
membranous wall of the thalamencephalon.

Rig i13.
Median Aspect of the Human Brain.

Fr., Occ., Tm. Frontal, occipital, and temporal end of the hemisphere. OlIf..
Olfactory lobe. S.cr. Sulcus cruciatus.  $.cm. Calloso-marginal sulcus. $.occ. Internal
occipital fissure. Sc. Calcarine fissure. §. ©. @. &. Superior occipito-temporal fissure.
S. @. @. i. Inferior occipito-temporal fissure. SL.* Second temporal longitudinal con-
volution. L.® Median surface of the third frontal longitudinal convolution. Gf. Gyrus
fornicatus. Qu. Lobus quadratus (pracuneus, superior parietal lobe). Cun. Cuneus,
superior occipital lobe. Gl. Gyrus glossiformis convolution of Burdach’s internal
primary fasciculus. Fus. Gyrus fusiformis, convolution of Burdach’s inferior longi--
tudinal fasciculus. L.® L.?” Temporal longitudinal convolutions. Sub. Subiculum
ol L onaE Unc Uncus.” A. Amygdala. Ed. Facia dentatal Tarini., Al
Alveus. D. Digitations of the cornu ammonis. Th. Section of optic thalamus.
M. Section of cerebral medullary substance. d., a. Descending and ascending fornix.
Trb. Corpus callosum (trabs cerebri). M. Medullary substance. J. Infundibulum.
Ca. Anterior commissure. Sp. Septum pellucidum. p. Its peduncle. 1L Optic
nerve. H. Hypophysis cerebri.

The cerebral fissure surrounding the optic thalamus is broadest
behind the lowest portions of the descending crus of the fornix
(Fig. 13, in front of a.), to permit the passage of the lateral

choroidal plexus, and is here termed the foramen Monroi. The
ascending crus of the fornix is also dissected out and rendered
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visible in Fig. 13. The inferior wall of the inter-brain is continued
into the infundibulum (J),and communicates on the median surface
with the middle cerebral cavity. The fornix from the fimbria to
the corpus candicans is the genetic and permanent constriction-
margin of the fore-brain. It was remarked at the outset that the
median surface of the fore-brain surrounds the entrance into the
lateral ventricles in front of the ganglionic proliferation, and that
the ring forms a hollow diverticulum at its anterior end, lying
below the rest of the hemispherical vesicle. This diverticulum
develops into the lobus olfactorius (Fig. 13, olf. and Fig. 4, below
the frontal end of the arched fore-brain and adjoining the island
of Reil). The olfactory lobe, at the same time, forms the boundary
line of the median surface toward the external surface of the fore-
brain, toward the Sylvian fossa and the island of Reil (Fig. 15, Ge.
and Fig. 4). The lobus olfactorius has, as we shall see, an ex-
ternal and an internal convolution which diverge posteriorly in
the #rigonum olfactorium (Fig. 18, olf.).

The lumen of this genetic annular formation, which pertains to
the median surface of the prosencephalic cortex, may apparently be
traced on every section of the brain to the free margin of the
gyrus fornicatus. The cortex presents its free margin anteriorly
and posteriorly on straight horizontal (Fig. 5) as well as on sagittal
sections; on frontal sections (Fig. 6) this margin is seen above and
below.

The median aspect (Fig. 15) shows the corpus callosum to be
surrounded, in front, above, and below, by the free margin of the
cortex (Gf. Trb.); below the corpus callosum, it presents the fimbria
of the fornix (Fi.). Sections of the brain prove that the cortex
—the starting-point of all nerve fibres, encircles the brain like a
pleated cap. Gratiolet described the cortex as a sac whose rim,
the gyrus fornicatus, is drawn tightly together around the corpus
callosum. This striking simile is not entirely correct, for a smaller
sac, the olfactory lobe (OIf.) protrudes anteriorly from the mouth
of the larger.

But in order to understand clearly the genesis of the fixed
relation of these parts, it is well (when studying Fig. 13) to neglect
altogether the corp. callosum and the anterior commissure,
and to imagine a human brain mnus the corp. callosum.
Viewed in this way the gyrus fornicatus will be found con-
tinuous with the septum pellucidum. The primary margin of the
median cortical surface skirts the fornix, as far as the vertex of
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the uncus, in the disguise of the septum and the fascia dentaia
Tarini.

The fornix, however, taken together with the fimbria, does
not form a ring, but an arch. The ascending crus of the fornix,
coming from the corpus mammillare, does not enter into account
at present.  Similarly the free margin of the median cortical sur-
face forms merely a ring-like arch about the fornix, which arch is
interrupted between the #ncus and the orbital surface. Beneath
the orbital surface lies the olfactory lobe. The external and
internal margin of the #7igonum, the olfactory convolutions, iso-
late those convolutions of the cortical substance, which go to
form the primary median surface and the margin of the cortex.
The external olfactory convolution connects with the uncus,
skirting the island of Reil and the orbital convolutions. while the
internal olf. convolution is continued beyond the end of the in-
ternal orbital convolution, on to the frontal terminus of the me-
dian cortical arch. Lying in the swu/cus rectus, and on the infe-
rior aspect of those convolutions which are continued from the
convexity of the brain, the olfactory lobe and its z7igonum are
bent at right angles in spite of their anatomical connections. To
the basal position of the caudate nucleus this rectangular displace-
ment must be attributed. And yet, the trigonum and its crura
form but the basal margin of the prosencephalic cortex. Behind
the cortical margin of the olfactory convolutions a ganglion of
the fore-brain, the nucleus caudatus, presents its basal surface
in the form of the lamina perforata anterior (Fig. 18, olf. La.).
The lamina perforata verges upon the basal prolongation of the in-
ter-brain—the zractus opticus. This marks the posterior boundary
of the fore-brain.

The connection of the gyrus fornicatus with the olfactory
convolution is evident from a peculiarity of structure common to
both: The microscopically minute nerve fibres of the convolu-
tions of the convexity are naked-eye appearances in these (olf.)
convolutions. This part of the corzex presents medullary spots,
both in the substantia reticularis of the uncinate convolution,
and in the white streaks scattered through the trigonum olfac-
torium. The external medullary strand is intimately connected
with the substantia reticularis, and so is the internal band, by
means of the nervus Lancisiz, which makes a detour about the
anterior end of the corp. callosum.

The passage of the corpus callosum from one hemisphere
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to the other causes that part of the cortical substance which
immediately adjoins the fornix to separate from the gyrus forni-
catus as septum pelluciduim, the peduncle of which (p.) connects
with the lamina perforata anterior—i. e., with the basal mass of the
caudate nucleus. This peduncle passes from cortical into gan-
glionic substance. It represents the projection-system of the
septum’s cortex. Between the pedunculus septi (p.) and the for-
nix, the anterior commissure (ca.) breaks through in a transverse
direction. The breaking through of the corp. callos. shortens the
cleft for the falciform process of the dura mater by the height of the
septum, whose chambers correspond to the lower part of the lon-
gitudinal fissure between both hemispheres. In animals the
camera are abolished because of the median adhesion of the
septa.

The * peri-trabecular ’ substance of Huschke has a concentric
shape, and is made up of the gyrus fornicatus of Arnold and the
median surface of the marginal convolutions of the convexity.
These two concentric formations are separated from one another
by the sulcus calloso-marginalis. A fissure, which passes between
the corpus callosum and the marginal convolution of the fore-
brain, extends (genetically) as far as the occipital (ape) fis-
sure (Schmidt). Behind the posterior central convolution an
ascending branch leaves the sulcus calloso-marginalis, forming the
anterior border of the lobus quadratus—the pracuneus. Its pro-
longation to the occipital fissure may be either very shallow,
or wanting altogether as in the brains of primates (Fig. 14, tm.).
The lobus quadratus is the mesial representative of the region
of the superior parietal lobule. The demarcation of the gyrus for-
nicatus is continued for some little distance in the temporal lobe
by the extension of the sulcus calcarinus anteriorly. For the
sake of completeness I propose at the close of this description
to refer to a special complication of the gyrus fornicatus—to the
uncinate convolution.

Caudad of the lobus quadratus we find the lobus triqueter
(the cuneus), the median surface of the superior occipital convo-
lution. The lobe is bounded by two >-shaped, deep fissures,
which converge toward the gyrus fornicatus, of which the superior
is called sulcus occipitalis internus ; the inferior, sulcus calcarinus
or sulcus hippocampi. The latter is one of the most constant
fissures of the primate “ type "; it can be discovered in the smooth-
est primate brains which have not yet developed either the exter-
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nal occipital fissure or the sulcus centralis. It receives its name
from the calear avis (pes hippocampi minor); for, in conse-
quence of the thinness of the mesial wall of the posterior horn,
the calcar avis is formed by the convex protrusion of the reverse
(Kehrseite) of this fissure upon the inner wall of the posterior
cornu, just as the next following emznentia collateralis Meckelii
is the converse of the nextexternal fissure (S.0.T.F.). The sulcus
calcarinus is in reality + -shaped (Fig. 14, $c.). In the human
brain the longitudinal fissure of the  is frequently bent at an
angle open posteriorly.

In addition to the occipital fissure of the sulcus calcarinus,
the median surface presents
two other fissures—Ecker’s
occipito-temporal fissures.
But these fissures do not be-
long to that vertical portion
of the median surface consid-
ered hitherto, which lies next
to the falx cerebri; for we
must remember that the me-
dian surface lies in two planes
meeting at an obtuse angle. & I‘

The longer vertical division, Median Surface o%.th:.Primate Brain.
extending from the frontal Hr #Fm.  Rronts,  témpssend,: Ii.oce,

end to the extremity of the oc- Occipital lobe. m. Calloso-marginal con-
; volution. ~ S.occ.  Internal occipital fissure.
ciput, rests upon the falx cer- §:. Sulcus calcarinus. L.* Third frontal con-

o : : volution. Gf. Gyrus fornicatus. Qu. Lobus
e}:)r% 2 the Obhquct horizontal quadratus. Cun. Cuneus. Gl. Gyrus glossi-
division, extending merely formis. Fus. Gyr. fusiform. L.3, L3 L.

- Temporal convolutions. A. Amygdala. unc.
from the vertex of the occi- Uncus. Trb. Corp. callosum (trabs). Sp.
put to the temporal end, rests Septum pellucidum. Th. Optic thalamus.

. . Ca. Anterior commissure.

upon the tentorium cerebelli.
The superior occipito-temporal fissures, together with the sulcus
calcarinus, bound a convolution which, tapering anteriorly and
uniting with the uncinate convolution, bears a strong resemblance
to the tongue of a dog; whence the name, gyrus glossiformis.
The superior and inferior occipito-temporal fissures enclose a con-
volution broadest at its middle part, the gyrus fusiformis. The
latter is succeeded by the marginal convolution of the temporal
lobe, which belongs to the convex surface as well (L.%).

At the anterior margin of the temporal lobe the three convo-

lutions of the convex surface unite to form a transverse-arched

2 S.occ.
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anastomosis, the cortical portion of which connects with the
uncus (Fig. 14, Tm.).

A few words must here be added in reference to the cornu
ammonis, a formation complicating the temporal end of the gyrus
fornicatus. The cortical substance of the gyrus fornicatus, which
terminates with a free margin over the corpus callosum, presents
on cross-section, as does every convolution, an ) surrounding the
medullary substance. Burdach applied the term cingulum to
that portion of the gyrus fornicatus extending as far as beneath
the splenium corp. callosi. At the temporal end of the gyrus forni-
catus, in the gyrus wuncinatus, the cortical substance does not ter-
minate with a free margin until the middle portion of the convo-
lution ‘has undergone an w-shaped involution (lamina convoluta),
and the anterior portion has been divided up wave-like ; the wave-
tops facing the inferior cornu are the so-called digizations. The
w-shaped involution allows the margin to become quite free, to
rise above the medullary substance, and to appear from out of the
involution-folds as the fascza dentata, the notched surface of which
is due to constricting vessels.

The cornu ammonis possesses four adjacent longitudinal emi-
nences: I. The gyrus uncinatus, the core of the cornu ammonis
sibiculum. 2. The Fascia Dentata Tarini (Fig. 13). The Fasciola
Cinerea (Arnold) is a continuation of the fascia dentata on the
lower surface of the great commissure, commissural fibres having
perforated part of the median cortical substance some distance
behind the septum. The cornu ammonis, unusually large in car-
nivora, rodents, etc., lies adjacent to a considerable portion of the
inferior surface of the corpus callosum, and extends far to the front.
3. The Fimbria (Sus.), the projection bundle of the cornu ammonis.
Additions from other parts of the gyrus fornicatus transform this
into the descending crus of the fornix (Fd.). 4. The AZveus (Fi.),
whose white substance, spread over its own gray cortex, over the
stratum convolutum, is continued into the cord-shaped fimbria. The
alveus represents the ventricular surface of the cornu ammonis,
which surface protrudes as though it were embossed from the inner
wall of the inferior horn. The name, a/veus, is quite appropriate,
for the stratum convolutum is surrounded #roug/-like by this
medullary layer, which is curved, with its convex surface toward
the ventricle. The surface of the subiculum, together with the
fascia dentata, forms a continuous cortical layer, which is folded
n -shaped from right to left. The surface of the cortex is hid in
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the depths of this scroll. The alveus corresponds to the white
substance of the convolutions, and consequently faces the ven-
tricles. The uncus also is a complex formation. Itsapex or pos-
terior portion alone contains the forward part of the free median
cortical margin, which projects in a transverse direction above the
subiculum cornu ammonis, and yet is a part of it. The appear-
ance of a longitudinal anterior flexion of the uncus, distinct from
the cornu ammonis, corresponds to the convexity of the amygdala;
this irregular gray mass lies in front of the cornu ammonis, and
covers over the fissure which otherwise would have been evident
on the brain surface at its point of flexion.

B GANGHEAROENFHIE RPROSENCERPHATLON, THALAM-
(DI-) ENCEPHALON, MESENCEPHALON, AND MET-
ENCEPHATON:

The cerebral cortex and its white substance betray, as it were,
their morphological independence by the constriction round about
the ganglia (Fig. 4, g. Fig. 15), and by the ease with which both
the island of Reil and its medullary substance can be dissected
out from the external surface of the large ganglia. This anatom-
ical independence is in accord with the physiological indepen-
dence of the fore-brain from the rest of the brain-substance.

In order to demonstrate the entire natural surfaces of the
cerebral ganglia and the brain-axis, it is necessary to remove, by
a curved incision (passing around the island, on the floor of the
Sylvian fossa), the hemispheric arch, which corresponds to the
cerebral mantle of Burdach, in contradistinction to the nucleus of
the brain (which includes the island, ganglia, and brain-axis).

The basilar aspect of the nucleus, or rather of the brain-axis
(Fig. 15), presents a free surface in front of the fractus opticus, in
the form of the lamina anterior perforata ; the last-named structure
is separated on each side from the island by the external olfactory
convolution, before it joins the gyrus wuncinatus. The convolu-
tions of the island converge toward this external medullary
strip of the trigonum olfactorium, and form generally a single
convolution,—the peduncle of the island,—while they diverge
above toward the operculum, dividing into five or seven convolu-
tions. To the inside of the island, and the outside of the caudate
nucleus, extends the plane of the incision which separated the
trunk from the cerebral mantle, as though the former were the
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nucleus of the latter. Just as the hemisphere describes an arc with
a frontal, a temporal, and an occipital end, so we shall find that
the collected fibres of the corona radiata describe a similar curve
at their entrance into the cerebral trunk. A section like that repre-
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Biig, 15t
Basilar Surface of the Brain-Axis and the Cerebellum.

Fr., Tm., Occ. Section through the medullary substance, radiating from the frontal,
temporal, and occipital portions of the cerebral mantle into the brain-nucleus. Js.
Island of R. Ge. Med. substance upon the external olfactory convolution. pa. Lam-
ina perforata anterior. II. Optic nerve ; the optic tract is divided posteriorly into an
internal and external division. J. Infundibulum. M. Corp. mammillare. L. Lamina
perforata posterior. Pd. Pedunculus (crus) cerebri. ‘T. Tractus transversus pedunculi.
V. Pons Varolii. P. Pyramis. O. Olive. R. Restiform body. M. Medulla spinalis.
1II. Oculomotor nerve. IV. N. trochlearis. V. Trigeminal nerve. VI. N. abdu-
cens. VII. Facial nerve. VIII. Auditory nerve. IX. N. glossopharyngeus. X. N.
vagus. XI. N. recurrens Willissii (accessory nerve). XII. Hypoglossal nerve. Qu.
Inferior. surface of the lobus quadratus, superior lobe, of the cerebellar hemisphere.
p.p- Lobus posterior inferior (semilunaris inferior). i.i.i. Lobus inferior (lobus gracilis
et biventer). A. Amygdala. Fl. Floculus. Vr. Inferior vermiform process.

sented in Fig. 15 will present, therefore, a frontal and temporal
end (F., Tm.), and between the two a parietal and occipital sur-
face (Figs. 16, 17, P. Occ.). The marked convexity of the trunk,
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causing it to protrude to the outside from under the insular con-
volutions at this section of the corona radiata, is due to the large
size of the nucleus lenticularis, and furthermore, the temporal
portion of this nucleus projects below the cerebral trunk, a fact not
easily appreciated on the hardened specimen, owing to the slight
contrast of colors. The caudate nucleus passes from the fore-
brain to the basal surface, and there appears as the lamina per-
forata anterior. The inter- and mid-brain are continued to the
base of the cerebrum through the tractus opticus, which, together
with the optic chasm, constitutes the posterior boundary of the
fore-brain.

The infundibulum represents a basal continuation of the cere-
bral gray substance surrounding the cavity of the thalamen-
cephalon, and the corpus candicans must be regarded as medul-
lary substance of the thalamencephalon, extending from the
anterior tubercle of the thalamus to the basilar surface of the
brain (Fig. 13, m. a.).

The pedunculus (Pd.) cerebri, which is bound from the fore-
brain to the spinal cord, covers superficially and laterally the
anterior circumference of the mesencephalon. The median lamina
perforata posterior forms the median suture (raphe) of the two
halves of the tegmentum, which connects the mes- and thalamen-
cephalon with the spinal cord. The pedunculus cerebri is crossed
in the median line by the third pair of nerves (I11. oculomotorius).
The left half of the pedunculus cerebri is crossed by a tract (the
tractus transversus pedunculi—Gudden) which does not always lie
as superficially as here indicated, and connects the anterior end of
the peduncle with the superior corp. bigemina. The pons
Varolii constitutes the basilar surface (Kehrseite) of the epen-
cephalon. From the pons there emerge laterally the trigeminal
nerves, and inferiorly the abducens, facial, and acoustic nerves.
Below the pons Varolii and between the pyramids we come
upon the anterior furrow of the cerebral axis, which is well
developed even between the crura. The floor of the anterior
cleft is analogous to the lamina perforata posterior lying between
the paired peduncles, for its floor reveals the median surface of the
raphe of the posterior division of the oblongata. And in the
oblongata also the 7ap/e divides the prolongations of the tegmen-
tum. The oblongata can be divided into a superior and an infe-
rior portion. The superior division extends to the inferior mar-
gin of the olivary bodies, the inferior half to the last decussating
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bundle of the pyramids. A longitudinal fissure divides each
olivary body toward the median line from the pyramids, and toward
the outer side from the region of the funiculus lateralis. On
closer examination the olivary bodies do not appear smooth, but
striated, owing to the passage over them of oblique, slightly de-
scending bundles (stratum zonale) which originate in the corpus
restiforme. As a rule the stratum zonale covers all the longitu-
dinal fibres coursing back of the pyramids. If there be a super-
ficial longitudinal bundle of fibres to the inner side of the
olivary body, this is termed fasciculus internus; if to the outside,
fasciculus externus. These fasciculi may be nothing more, than
pyramid-fibres which the stratum zonale has separated from the
main body of the pyramids. Behind the funiculus lateralis of the
oblongata lies its most posterior longitudinal elevation, the corpus
restiforme of the cerebellum (Fig. 15, R.).

The basal surface of the human isthmus presents many striking points of con-
trast with the brains of lower mammals, and even with the brains of primates. Entire
structures seem to appear, or to disappear in man. On the whole, the pedunculus
cerebri in animals is thin and possessed of so few nerve-tracts that the convexity of the
tegmentum lying behind it causes it to bulge out. The pons appears low ; next to the
pyramids rectangular formations are visible, which are made up of transverse fibres.
(corpus trapezoides). The olivary body, common to man, is wanting. I have shown
that all these differences of structure depend upon a single factor, upon the greater or
lesser development of the fore-brain. The smallness of the prosencephalon in mammals.
causes a diminution in the thickness of the peduncles, in the height of the pozs, and
in the size of the pyramids. Similarly the appearance of the trapezoid body and the
disappearance of the olivary structures are due to the smallness of the fore-brain. If a
mammal, whose basilar brain surface is as unlike that of man as is the brain of mustela
(Fig. 10,p. g), could develop mightier hemispheres, then its pes pedunculi would increase
in size and in the number of its nerve-bundles, for the simple reason that the pes pedunculi
to a great extent is the continuation of the medullary substance of the hemisphere.
Furthermore, inasmuch as the pyramid, the prolongation of the pes ped. gets but a
part of the latter’s fibres, while a large part of peduncular fibres reach the cerebellum
by way of the érackium-pontis, we shall find that the number of bundles in the pons
is dependent in the first instance upon the number in the pes pedunculi, and in
the second instance upon the greater development of the medullary substance of the
hemispheres, and upon the cerebral cortex whence the white fibres emanate. The
more highly developed these cerebral masses, the greater the extent of surface from
which the pons-fibres can originate. In man the pons is so excessively developed
longitudinally that the deeper transverse bundles are completely covered. In mammals
the pons is so short that the course of the pyramid is usually prolonged anteriorly and
remains uncovered. For this reason transverse bundles (corp. trapez.) come into view
next to the pyramids ; in man these bundles are screened from view by the lower bun-
dles of the pons. The corpus trapezoides is, therefore, not wanting in the human
brain ; it is simply invisible on the basilar surface. Nor is the olivary body really
missing in animals. It lies behind the pyramids ; from this position it has been dis-
lodged by the thickness of the pyramids in man, pushed to the side, and made visible
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on the basilar surface. We infer from such facts as these, and from a study of the
ganglia, that the cerebral structure is governed by a law which establishes a harmonic
dependence between the formation of_the brain-axis and the development of the
functionally highest organ—the fore-brain. (Details to be found in the * Mittheilun-
gen der anthropologischen Gesellschaft,” Vienna, 1870.)

The peculiarities of the human brain might not inappropriately be said to be
““mentalized " (durchgeistigt). The lower forms of primates possess brains whose
trunk shows evident transitional stages between the lower and higher forms ; for in-
stance, the visible co-existence of olivary and trapezoid bodies (Fig. 11, p. I1, R @5
In the highest carnivora (bear) the brain presents the higher transitory stages of brain-
structure. So early an observer as Stannius knew of the olivary bodies of water-
mammals. The metencephalon, the oblongata, is apparently longer in animals owing
to the shortness of the pons, and, with the exception of the pyramids, more highly
developed than in man.

At the level of the entrance of the brachium pontis," in front
of the seventh and eighth pairs of nerves, the cerebellum presents
the sulcus magnus horizontalis. From the basilar surface the
lobus quadratus (Qu, Fig. 15) can be seen projecting above this
furrow. This furrow divides deeply the convolutions of the pos-
terior (subtentorial) surface of the cerebellum from those of the
basilar surface. For our purpose it will be sufficient to give
Henle's simplified account of the basilar lobes. From before
backward we have the following hemispheric lobes: 1. The floc-
culus. 2. The amygdala. 3. The inferior lobes (i.i.1). 4. The
posterior inferior lobe (pp.). The median lobules: 1. The nod-
ulus. 2. The uvula. 3. The pyramid. 4. The posterior vermis.
These are not basilar formations, but are covered by the oblon-
gata.

The pros- and thalam-encephalon possess surfaces which look
from below into the cerebral ventricles, and consequently can be
viewed from above (Fig. 16).

A bundle of fibres belonging to the corpus striatum corre-
sponds to the stria cornea (stria terminalis), which appears to be
the line of demarcation between the fore- and inter-brain. The
fibres of this bundle from the temporal lobe pass into the nucleus
caudatus along the entire length of the latter. The surface of the
stria cornea is formed by a fold of the ependyma, underneath
which a large vein collects the lateral branches from the surface
of the nucleus caudatus, and conducts them to the vena magna
Galeni, which is lodged in the membranous covering of the corp.
quadrig. The cavity of the thalamencephalon (ventriculus ITI.)
forms a circle around the commissura media. If the mem-

1 Processus cerebelli ad pontem.
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branous roof of the 3d ventricle were left intact, and the aquee-
ductus Sylvii properly closed, a cast of the third ventricle could
be taken. This cast of the third ventricle would resemble a ring
whose opening would correspond to the median commissure.
Inferiorly the ring would present a projection—the cast of the

Eig. 6.
Superior and Posterior Aspect of Brain-Axis, and of the Cerebellum.

J. Island. F., P., Occ. Frontal, parietal, and occipital portions of the projection-
system (radiating fibres from the cerebral mantle). Nc. Caudate nucleus. Str. Stria
cornea. L. Linea aspera. Ca. Anterior commissure. Fx. Descending crus of the
fornix. V. III. Ventricle, Cm. Median commissure. Th. Optic thalamus. Tb. a.
Its anterior tubercle. Tb. m. Its median tubercle (elevation). Pulv. Pulvinar. con.
Conarium, from the sides of which the plastic longitudinal prominences of the habenu-
lee originate. Bs. Superior bigeminal body. Bi. Inferior bigeminal body. brs.
Superior arm. bri. Inferior arm of the corpus quadrigeminum. Cl. Central lobule
of the superior vermiform process. M. Its mons. Fc. Folium cacuminis (the top
layer of the superior vermiform process). Al. Al of the central lobule. Qu. Lobus
quadratus (Burdach), superior lobe (Henle). Sl.s. Superior posterior lobe (lobus
semilunaris superior). Sli. Lobus semilunaris inferior—(posterior Jobe—Henle).

infundibulum. Behind the caudate nucleus and the stria, the
anterior commissure and the descending crus of the fornix, we
come upon the thalamus opticus. Its surface is on the whole
wedge-shaped, with a blunt anterior edge, and a convex, broad-
faceted ending at the pulvinar. Its median surface is composed of
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‘gray substance (central cavity gray), for the united cavities of the
primary medullary tube, from the primary anterior cerebral vesicle
to the end of the spinal cord, are lined with gray substance. This
narrow gray, cleft-shaped covering of the diencephalon passes in
the mid-brain into the aquaductus Sylvii.

The surface of the optic thalamus presents several promi-
nences. The best defined is the /‘abenula—the pineal peduncle
(between brs. and F. Fig. 17). The surface of the /abenula,
which is connected on both sides with the pineal region, receives
white substance, as does the entire surface of the optic thalamus,
from the stratum zonale. The stratum zonale of the habenula has
the appearance of being torn off anteriorly after the removal of
the adherent membranous covering of the ventricle from the
ependyma. From this the false inference was made that there
was a connection between the fornix and the habenula. The
other three prominences are: 2. The anterior nucleus (Genu
anterius Gratiolet) which tapers tail-like backwards and outwards
tuberculum anterius (Burdach), (Fig. 16, Tb. a.). 3. The median
protuberance (tuberculum medium) which arises simply from the
demarcation of the zuberculum anterius and the flattening of the
thalamus behind the habenula. 4. The pulvinar, which in the
human subject presents the shape of a posterior free eminence.

In man the ganglia of the mesencephalon, the corpora quadri-
gemina, encroach considerably upon the thalamencephalon. The
corpora quadrigemina comprise the superior and inferior corpora
bigemina. If the pineal body (Fig. 17, con. cp.) be lifted from the
back, we come upon a flat triangular space with its base above,
situated in the middle of the superior corp. bigem., which receives
the posterior surface of the pineal body, and bends over into the
posterior commissure. We notice also a groove, open posteriorly,
between the upper surface of the corp. quadrigemina and the lower
surface of the conarium which latter rests upon the former.
This is the reverse of the convexity of the posterior commissure
(convex anteriorly). This commissure, with its convexity looking
anteriorly, is, therefore, a transverse curved medullary lamina, and
not a funicular formation, as it would seem to be from an inspec-
tion of the anterior surface. The superior corpus bigeminum is
connected with an apparently columnar medullary border, which,
concave posteriorly throughout its entire length, courses between
the pulvinar and the corp. genic. znternum. This is the brachium
corporis bigemini superius (Fig. 17, brs.). The superior terminus
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of the corpus geniculatum internum also tapers toward the corp.
bigeminum superius, combining with the latter under the brachium
corp. big. sup. mentioned above. The arm of the superior corp.
quadrigem. forms the boundary between the mes- and thalam-
encephalon. The superior half of the corp. bigeminum inferius is
connected with a flat, white medullary structure appearing from
under the internal gena (brachium corporis bigemini inferius,

Fig g,
Superior and Posterior Surfaces of the Prosencephalon of the Lobus Candicis (Stamm-
lappen), of the Thalam-, Mes-, and Met-encephalon.

J. Island. P., Occ. Parietal and occipital divisions of the projection systems from
the cortex. Nc. Caudatus nucleus. St. Stria cornea. Th. Opticus thalamus. Pulv.
Pulvinar. Ge. External geniculate body. Tr. Optic tract. Gi. Internal geniculate
body. V. Third ventricle. Hb. Habenula conarii. con. Conarium. cp. Posterior
surface of the posterior commissure. Fr. Frenulum. ve. Superior medullary velum.
Bs., Bi. Corpus bigeminum superius et inferius. brs., bri. Brachium superius et in-
ferius corporis quadrigemini. Ls., Li. Lemniscus superior et inferior (upper and
lower fillet). 5. Locus cceruleus. § Auditory nucleus. 7. 6. Common nucleus of
the 6th and 7th nerves. 8. Ascending root of the 8th nerve (Engel); auditory rod
(Bergmann).  Br. Brachium pontis. R. Restiform body. Pr. Processus cerebelli
ad cerebrum. VIII. Strize medullares nervi acustici transversae (auditory striee). 12.
Region of the hypoglossal nucleus. 10. Ala cinerea, Arnold (nucleus of the vagus.—
Stilling). ob. Obex : cun. Fasciculus, cuneatus Gr. Fasciculus gracilis. RL. Tuber-
culum cinercum, Rolando. L. Lateral column.

NoTe.—This drawing reproduces the exact position of the cerebral trunk within
the cranial cavity, taking into account the parietal flexure.

Fig. 17 bri.). This brachium passes into the white surface of the
inferior corp. bigem. The superior corp. bigem. presents a gray
surface, more especially, however, in animals. Below the brachium
corp. bigem. superius lie the spindle-shaped corpus geniculatum
internum (Fig. 17, gi.), and the club-shaped corp. geniculatum
externum, growing smaller as it nears the tractus opticus
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(Figs. 15 and 17, ge.). The transition of the external corpus
geniculatum into the optic tract is the only part that is visible.
A distinct demarcating furrow lies at the boundary between
the corp. genic. int. (gi.) and the inner ribbon-shaped stria of the
tractus (Fig. 15). This band appears (at least below the surface) to
pass into the thalamus in front of the corp. geniculatum inter-
num. If the size of any brain-formation increases with an increase
in the size of correlated parts, we may maintain that the cor-
pora geniculata will increase with a large growth of the corp.
quadrigemina ; and, on the other hand, that in these very
animals disappearance of the pulvinar causes a diminution in the
size of the optic thalamus. I was the first to obsefve, on longi-
tudinal sections through the brain of ‘a new-born cat, that the
largely developed corp. genic. externum ascends beyond the
optic thalamus. Forel has given a more detailed description of
this. Accordingly, the development of the corpora geniculata
is dependent upon the mesencephalon.

Between the posterior corp. bigemina a paired-conical column
is formed, which, broadening below, passes as frenulum into the
velum medullare superius (Fig. 17, ve.), and is continued through
this into the medullary substance of the vermis superior. The
velum m. superius is covered by the Zingula, the foremost
convolutions of the vermis superior. Stilling discovered the
delicate bands of the lingula which lie immediately upon the
processus cerebelli ad cerebrum (Fig. 17, to the right of Ling).
The posterior surface of the after-brain would come into view
below the mid-brain as a freed portion of the brain-axis, were it
not covered by the cerebellum (hind-brain), (Fig. 16), which must
be severed at its connecting arms, if a view of said posterior
surface is to be obtained.

On the posterior subtentorial surface of the cerebellum the
mons (Fig. 16, M.), the third and largest division of the superior
vermiform process, covers the central lobe, and this in turn the
lingula of the medullary velum. In a similar fashion the lateral
divisions of the lingula (frenula lingula) are covered by the lat-
eral portions of the central lobe—by the ala, and these in turn are
concealed on each side beneath the hemispheres of the mons, the
lobis quadratus (lobulus superior of Henle), which projects ante-
riorly beyond the ale (Fig. 15, 16, Qu.). The great horizontal
fissure divides the posterior lobes of the upper and lower surfaces
of the cerebellum, the inferior post. lobe projecting in an occipital



34 Psychiatry.

direction beyond the former (Fig. 16). In spite of the manifold
numerical relations and the still more manifold modes of connec-
tion between the median and lateral cerebellar covolutions (which
Malacarne counted and Stilling studied most thoroughly), an in-
crease of lateral convolutions seems to correspond to an increase
of median convolutions; and yet there is one exception to this
superficial agreement. At the bottom of the great horizontal
fissure all the convolutions of the upper semilunar lobe (superior
posterior lobe) are united into a single layer of vermiform con-
volutions, in the folium cacuminis (Fig. 16, Sl.s. Fc.).

After dissecting away the cerebellum, we can examine the pos-
terior surface of the brain-axis. The middle of the region between
corp. quadrigemina and the entrance of the processus cerebelli into
the cerebellum is taken up by the velum medullare (Fig. 17, to the:
right), developed from the frenulum. The velum medullare and
the frenulum constitute the genuine processus cerebelli ad corpus.
quadrigeminum. At the superior margin of the valvula cerebri,
the IV. netrve isseenito emerge (Hiosanze ANV ilth oSl ot i n
gins of the velum verge upon two powerful flat bands, the Binde-
arme; these were falsely termed processus cerebelli ad corpus
quadrigeminunt, and correctly described by Stilling as the processus
cerebelli ad cerebrum.' The processus ad cerebrum begin not quite
at the corp. quadrig. and terminate at the frenulum lingule (Fig.
17, right), in the direction of the cerebellum. Superficial bundles
of fibres emerging from the velum medullare and twining around
these processus ad cerebrum, separate them from the corp. quad-
rig. ; these bundles pass outward and over the processus cerebelli
and disappear in the pons. Leveillé was the first to make a
drawing of these bundles. I have designated these bundles as
lemniscus inferior (Fig. 17, Li.), or the cerebellar bundles of
the fillet. The superior fillet, the lemniscus Reilii (laqueus, Fig.
17, Ls.), covers the proces. ad cerebrum like a three-cornered
cloth, lying external to the inferior fillet. The superior fillet ex-
tends from the corp. quadrigemina to the superior margin of the
pons.

Toward the base of the brain, on the posterior surface of the
trunk, the posterior aspects of the pes pedunculi and of the
pons are visible. But the fillets, the processus cerebelli ad cere-
brum, and the velum medullare inferius, constitute a series of
structures which reach the surface behind the pes pedunculi,,

! Superior peduncles of the cerebellum.—S.
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as integral parts of the tegmentum. In the cerebellum the con-
tinuation of the velum medullare and of the processus ad cerebrum
passes with a free medullary surface behind the rhomboid fossa
and there forms its roof—the Zectum fosse rhomboidalis.

The central gray substance (Hohlengrau) of the mid-brain, sur-
rounding the agueductus Sylvii, dilates beneath the velum medul-
lare into a semicircular canal with furrowed floor. The divergence
(cordward) of the processus cerebelli ad cerebrum allows the central
gray substance to expand most in breadth between the points of
emergence of the two auditory nerves. At this level the corpora
restiformia, which appear to be in direct connection with the
funiculi graciles approach the central gray to form its lateral
boundaries. These structures, converging symmetrically at the
lower end of the central gray substance, cause the latter to deepen
at the same time that it tapers to a point. Inferiorly the fossa
is continued in funnel-shaped fashion into the central canal of the
after-brain. This portion of the central gray substance has been
termed fossa rhomboidea, from its being enclosed between the
angles formed by the meeting of the processus ad cerebrum above,
and the pedunculi cerebelli below. The fossa rhomboidea has
important relations to the origin of cerebral nerves.

The same median furrow which was noticed on the ventral
wall of the aquaductus Sylvii divides the fossa rhomboidea into
symmetrical halves. The eminenti@ teretes, descending from the
aquaed. Sylvii on each side of the median furrow, enlarge into
an oval area just above the exit of the eighth nerve (Bios 178617
To this area, which is intersected by the central fibres of the sixth
and seventh pairs of nerves, various names have been given, viz.:
abducens-facialis nucleus—Stilling and Clarke ; abducens nu-
cleus—Deiter ; facial nucleus—Schroder.

To the outer side of the superior half of this prominence we find
a long bluish groove, the fossa cwrulea. The bluish color is due,
according to the laws of refraction through cloudy media, to the
black cells lying immediately below the transparent ependyma.
I have shown that in this groove one of the roots of the fifth
nerve takes its origin (Fig. 17, 5).

Below (caudad) the fossa carulea, the eminentia teres is
bounded laterally by a rhomboid elevation (region of the viii.
nucleus), extending at its broadest part quite to the median
line. Strize medullares transverse—the superficial posterior roots
of the viii. nerve—may divide this rhomboid into a superior
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and an inferior triangle (Fig. 17, viii,, 8, 8). The acoustic nuclei
and the joint nucleus of the sixth and chenth nerves are frequently
separated from one another by several obliquely ascending strie
medullares (Engel, Bergmann, « Klangstab ") ; occasionally the
eighth nucleus is covered by these strie (Fig. 17, 8).. The innes
margin of this elevation bears on the lower part of the rhomboid
fossa to the outer side. But this does not increase the breadth
of the eminentia teres, for its outer margin converges below tow-
ard the median furrow, to bound a median triangular elevation,
which represents the region of the hypoglossal nerve (Fig. 17, 12).
There are two reasons for this narrowing (below) of the eminentia
teres: First, the converging fasciculi graciles crowd in upon the
fossa rhomboidea at its point of junction with the canalis centralis;

and, secondly, the triangular nucleus of the'tenth nerve, enlarging
from above downward, edges its way in between the origin of the
eighth nerve and the eminentia teres (12). This is the posterior
nucleus of the vagus, which a grayish color (ala cinerea—Arnold)
distinguishes from the whiter triangular area of the twelfth nerve,
which area is covered by transverse fibres of the vagus.

A sling-shaped commissure, pointed below, often causes a
columnar elevation of the ala cinerea. At the lower angle of
the rhomboid fossa, the obex (Fig. 17, Ob.) effects a connection
with the membranous roof of the metencephalon and the choroid

- plexus, similar to the passage of the fimbria into the membranous
roof of the diencephalon.

This obex, a vestige of the feetal posterior roof of the rhomboid
fossa, remains attached to the latter when it is separated (by dis-
section) from its surrounding parts.

Let us pass now to the consideration of the nerve-tracts to be
found on the posterior aspect of the after-brain. The corpus res-
tiforme' emerges from the cerebellum at about the level at which
the posterior surface of the processus cerebelli ad cerebrum dis-
appears within that organ (Fig. 17, R). Above the decussation of
the pyramids, which begins a short distance below the formation
of the central canal, the corpus restiforme appears to divide into
the funiculus cuneatus and f. gracilis (Fig. 17, cun., Gr.). And yet
the latter are separated from the corpus restiforme by a shallow
transverse furrow, which proves that they cannot arise from
a division of the corp. restiforme of the same side. The origin of
the funiculi graciles et cuneati is marked by gray substance within
these plastic, conical protuberances.

! Pedunculus cerebelli ad medullam oblongatam.
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Both these tracts of the oblongata are continued into the pos-
terior columns of the spinal cord. In the cervical spinal cord the
triangular column of Goll must be regarded as the prolongation
of the funiculus gracilis.

These posterior columns of the oblongata do not abut, as is the
case in the spinal cord, upon the lateral columns (Fig. 17, L.).
The superior beginnings of a caput cornu posterioris, of the gela-
tinous substance of the gray spinal-cord nucleus, forces its way
to the surface between the lateral and posterior fasciculi of the
after-brain. This spindle-shaped mass—the tuberculum cinereum
Rolando (Fig. 17, RL.)—is the nucleus of origin of the ascending
root of the fifth nerve, which is equivalent to a posterior root of
the spinal cord. The posterior roots of the spinal cord also pos-
sess ascending fibres. The root of the fifth nerve covers the sub-
stantia gelatinosa with a thin film of fibres, which do not alto-
gether hide the gray nucleus (Zuberculum cinereum) below.

On the anterior basilar surface of the trunk the inferior
margin of the olivary body marks the boundary between the
upper and lower halves of the oblongata, which are more unlike
each other in structure than are the superior half of the oblongata
and the inferior half of the pons. On the posterior surface of
the isthmus, the boundary of the lower half of the after-brain is
marked best by the superior margin of the tuberculum cinereum
Rolando. The plastic prominences of the lower half of the
oblongata are in due succession from the anterior to the posterior
median furrow of the trunk, as follows: 1. The pyramids bounded
by the roots of the hypoglossal nerve (Fig. 15, P.); 2. Funiculus
anterior; 3. Funiculus lateralis (lateral column),—these are
separated by the anterior roots of the uppermost cervical nerves
(Fig. 15, 1, 2,); 4. Tuberculum cinereum Rolando (Fig. 17, RL.);
5. Fasciculus cuneatus (Fig, 17, cun.); 6. Funiculus gracilis (Grt):

The final transition of the medulla oblongata into the spinal
cord is effected at the level of the origin of the third cervical
nerve.

REMARKS ON THE ARCHITECTURE OF THE BRAIN.

The structure of the cerebral cortex, like that of a crystal,
can be studied best from its cleavage-surface. The cortical sub-
stance contains two distinct sets of fibres. First, we observe that
the cleavage-surface of each convolution presents radiating fibres
which are quite distinct from radiating blood-vessels; that this’
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system of cortical fibres passes into the medullary substance of
the convolutions, and from there into that mass of internal white
substance (in each hemisphere) which is known as the centrum
semiovale of Vieussens. These radiating fibres extend ap-
parently quite to the surface of the hemisphere ; such at least we
should judge to be the case from an inspection of the many torn
sections of convolutions in figures 18, 20, 21. The cortex exhibits
on the convexity of each convolution the shape of an inverted ),
which is changed in the next adjoining fissure to an upright
U (top and bottom of the cortical wave'). Cleavage of the
cortex from the top of the inverted ) opens up the sub-
stance of the hemisphere in a direction parallel to the radial
fibres. Secondly, in separating the cortical substance of any con-
volution from its adjoining white substance, we discover another
set of medullary fibres taking a very different direction from those
previously mentioned ; these are the arciform fibres, or fibre
proprize of the cortex. If we attempt to dissect away the gray
substance alone from the bottom of a fissure, and to remove the U-
shaped mass, we obtain a smooth surface which it would be quite
impossible to get at the summit of a convolution, where the cor-
tical substance is continuous with the radiating fibres. This
might lead one to suppose that no radial fibres start inward from
the bottom of a fissure; but in reality this appearance is due
simply to the preponderance here of arciform fibres.

The depressed surface of a cortical wave can be easily dissected
out as from a smooth medullary groove, which on closer inspection
is seen to consist of U-shaped medullary fibres. These valleys
and fissures of the outermost medullary substance of the cortex,
which when devoid of the cortical gray are left wider than the
fissures between the convolutions, resemble the half of a gun-bar-
rel constructed of wire rings. The smooth enucleation of the cor-
tex is possible in the longest fissures and in the shortest insular
formation; and can be equally well effected at every depth, and
whether the fissures be between primary, secondary, or tertiary
convolutions. (Figs. 18-21 give a faithful representation of ‘the
convolution valleys and their vertical U-shaped cleavage sections.
Some of them are marked As—association fibres.) These valleys
and their U-shaped fibres are enclosed on both sides by radiating
bundles, but this mode of dissection does not afford an insight

I'The original reads: ‘‘ Wellenberg und Wellenthal der Rinde.”—S,
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into the fine network of fibres by means of which radiating
fibres pass also into the narrow cortex at the bottom of a
fissure (which Henle incorrectly denies). On'the other hand,
there is every evidence here of the part the U-shaped fibres take
in the formation of the summit of a convolution. The U-shaped
bundles of the cortex do not necessarily extend simply from one
convolution to the one nextadjoining, but they may skip one, two,
three, or an entire series of convolutions, and may thus join con-
volutions which are united among themselves to a convoiution ly-
ing at some distance from these. The shortest fibr@ proprie lie
nearest to the cortex; the longest at the greatest depth, and are
separated from the cortex by other intervening fibre propriz, the
length of which increases gradatim from the surface inward.
The fibre proprie or arciform fibres, must therefore be divided into
short and long ones; this division answering to a difference in
shape, for the shortest fibres alone present the U-shape, which
results from their close adaptation to the walls of a convolution
depression. While the long bundles take entirely different direc-
tions, determined by the curvature of the surface of the fore-
brain, and by the longer or shorter distance these fasciculi have to
travel.

The fact of greatest importance concerning the fibre pro-
prie is that they begin and end in the cortex. The direct
opposite of these are those bundles of radiating fibres which take
their origin in the cortex but end in some peripheral gray
substance, nearer to the nuclei of the cerebral nerves, say, in
one of the ganglionic masses at the base of the brain. These are
not fibre proprie of the cortex; in their course they project the
cortical surface upon every imaginary or artificial plane situated
below the fore-brain ; the higher the plane the more complete will
this projection be.

I propose, therefore, to call these bundles of fibres which origi-
nate (but do not end) in the cortex, projection-fibres. - This name
is justifiable even if we were to consider the course of these fibres
in a reverse direction. Let us disregard for the moment all but
the complete nervous organization of man. The impressions of
the body are conveyed to the brain by the ramifications of all
the nerves and their terminal organs; mutatis mutandis we may
argue that the cerebral cortex is the surface upon which the entire
body is projected by means of these nerves.

It is a difficult matter to make an appropriate subdivision
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of these sntra-cortical fasciculi. The masses of fibree propria,
which take an arched course, are distinctly limited on their concave
surface, but their convex surfaces are connected indirectly by
means of graded tangential fibres from the convexity of shorter
arches with the investitures of the convolution depressions.
Keeping these restrictions in mind, we may distinguish and shall.
describe the following special formations: a. The medullary sub-

4

,\

Fig, 18.

Dissection of the Cortex and the Medullary Substance of the Median Surface of the Brain.

Fr., Tp., Occ. Frontal, temp., and occip. region. Tr. Corp. callosum (trabs
cerebri). c. c. Cingulum. As. Fibree proprie (association fibres). R. Cortex. bi.
Fasciculus basalis internus (Burdach).  Li. Fasciculus longitudinalis inferior. OIf.
Olfactory lobe. La. Lamina perforata anterior. ca. Anterior commissure. unc.
Uncus. Sp. Septum pellucidum. Th. Optic thalamus. fd. Descending fornix.
m. Corpus mammillare. fa. Ascending fornix. Q. Corp. quadrigemina. A.
Aqueeductus Sylvii. Pv. Pulvinar thalami. Gi. Internal geniculate body. T. Teg-
mentum. Pd. Pes pedunculi cerebri. St.i. Stilus intern. thalami optici. Lp.
Posterior longitudinal fasciculus. Above pco., descent of post. commissure. co.
Conarium.

stance of the cingulum (Burdach); é. Fasciculus arcuatus (Bur-
dach, Arnold); and ¢. Fasciculus uncinatus.

The cingulum (Fig. 18, ¢.) surrounds the corpus callosum.
Above it lies a broad groove, due to the removal of the calloso-
marginal fissure. The medullary investment of this fissure is
contiguous with the cingulum throughout its course, as an inspec-
tion of the frontal end clearly shows. The same is the case with
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the fasciculi proprii of the gyrus fornicatus which cover the
cingulum, and is true also of the superior frontal and parietal con-
volutions surrounding this gyrus.

Arnold recognizes a fusion of the gyrus uncinatus with the
convolution of the cingulum; if we grant this we must also
allow a similar continuity of tissue to exist with the superficial
medullary bundles of the marginal convolution. The lowest
fasciculus of the cingulum adjoining the corp. callos., the nerve of
Lancisi, whose relation to the medullary substance of the cortex
was alluded to on p. 21 connects the cornu ammonis with the
olfactory lobe by a circuitous route.

The cingulum accompanies, as it were, the calloso-marginal de-
pression ; it is the means of uniting successively all the indirect
(short) and direct (long) cortical connections; and after effecting
this its fibres pass underneath the splenium of the corp. callos. and
join (superiorly) the fasciculi proprii., on which the deep depression
of the occipital fissure of the sulcus calcarinus with its medullary
arches had rested. These medullary arches connect the cingulum
with the gyrus glossiformis.

The posterior half of the upper occipito-temporal fissure
exhibits after removal of the cortex a depression formed by
arches which pass from the gyrus glossiformis into the gyrus fusi-
formis. In the anterior half of the same depression we find fidre
proprie connecting the uncinate with the fusiform convolution.
In this instance the upper branch of the U-shaped bundles, de-
scending from above, attains to a considerable length, for their
fibres originate in the medullary substance of the cingulum. The
fasciculus basalis internus of Burdach, which a process of lateral
exfoliation has reduced to a narrow medullary layer, lies in the
axis of the gyrus glossiformis (Fig. 18, bi.), tends toward the gyrus
uncinatus, and seems to consist of naught but arched bundles.
* The medullary band of the gyrus fusiformis, the lower longitudi-
nal fasciculus, so-called because it can be separated into long-
extended arched bundles, contains fasciculi which take either a
longitudinal or transverse direction, and which, with the various-
sized fellow-bundles of the third temporal convolution, form the
floor of the depression in which the inferior occipito-temporal
convolution is bedded. Later on we shall see, too, that the
gyrus fusiformis receives distinct portions of the projection-
system.  Furthermore, Arnold knew long since that fibres
from the cortex of the gyrus fornicatus pass into the fornix after



42 Psychiatry.

traversing the corpus callosum. These fibresalso join the septum
pellucidum. We may therefore conclude that not only the
gyrus uncinatus but other convolutions despatch their projection-
bundles through the fornix of the median surface.

Tearing asunder the convolutions of the convexity of the
brain, we discover, beneath the ordinary fissures, depressions lined
with arched bundles. Anteriorly the temporal and frontal ends of
the hemisphere approach each other so closely, that the medullary
fibres connecting these lobes describe as short an arc as those
fibres do which combine any two ordinary convolutions. Because
of this sharp curve, this bundle of fibres has been called fas-
ciculus uncinatus. It is evident, however, that only the frontmost
fibree proprie bordering upon the fossa Sylvii describe such a
sharp curve. The further apart the regions are which are united
by way of the fossa Sylvii, the flatter the connecting arches will
be. Further back there are straight, long-stretched bundles con-
necting the frontal and temporal lobes, and some even describing
an arc the opposite of that described by the gyrus uncinatus.
These bundles, belonging to the medullary substance of the
island (which contains to all appearances fibree proprize only) and
crossing the claustrum, form a complete covering for the exttrnal
capsule, which in turn is superimposed upon the smooth surface
of the lenticular nucleus (Fig. 19, f.une.; n: )5 WWhilesthein:s
ciculus uncinatus and the adjoining fibrae proprie of the Sylvian
fossa are contained within the region of the lenticular nucleus,
the nucleus lent., together with the radiations of the corona
radiata, are surrounded by the fasciculus arcuatus. This mass of
fibres can be made to attain to any size, varying with the depth to
which the parts have been separated. About the Sylvian fossa
the fasciculus arcuatus is certainly well defined.

In the parietal region, underneath the operculum, the fascicu-
lus arcuatus is most strongly developed. Anteriorly its super-
ficial strata are continued into the convolutions of the oper-
culum. In bending downward toward the temporal lobe, its
superficial bundles can be seen entering the superior temporal
convolution, the parallel fissure, and the second temporal convo-
lution. The deeper bundles of the fasciculus arcuatus spread to
the more distant convolutions of the entire convexity. From the
general presence and the increase in length (as we proceed
inward) of these arched fibres, we gain the conviction that all the
convolutions of the median and convex surfaces of the fore-brain



Association Fibres. 43

form the closest and yet most varied connections one with the
other.

The arciform bundles of each hemisphere constitute an ana-
tomical connection between various convolutions, which are sepa-
rated by fissures. These bundles are deservedly termed ¢ associ-
ation-bundles.” They represent the union of the various divisions
of the fore-brain, to which alone these fibres belong, just as the
projection-fibres, which are to be found everywhere in the cortex,
represent the various organs and surfaces of the body to which
these fibres extend through their prolongations,—the peripheral
nerve-tracts.

oo

Dissection of Cortex and Medullary Substance of the Convexity of the Brain.

n. . Lenticular nucleus. f.unc. Fasciculus uncinatus. f.arc. Fasciculus arcu-
atus. cr. Corona radiata, projection-system.

The corpus callosum, and, in man, the greater part of the
anterior commissure, form a system of fibree propriee connecting
both halves of the fore-brain. This transverse system of fibres is
distinguished from the association-bundles by the fact that it unites
identical parts of the two hemispheres, and not different parts of
the same hemisphere. The fibres of this system interlace on their
way to the cerebral convolutions with the projection-fibres, and
through these with the intra-cortical fibres. The corpus callosum
forms the anterior and superior wall of the fore-brain (Figs. 5 and
6), and its bundles there enter the medullary substance of the
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frontal and parietal lobes. But the splenium corporis callosi isa
double laminated structure, inasmuch as the posterior portion of its
longitudinal axis turns downward to become the lower surface
of the hindermost portion of the corpus callosum. The occipital
bundles which leave this curved structure are not lost at once in
the projection-system, but continue on their own course, quite
separate and separable, toward the apex of the occiput. These
occipital fibres of the corpus callosum take the same U-shaped
course pursued by all commissural fibres from one hemisphere
to the other. This D has been likened to a forceps, forceps
corporis callosi. The two lamine which make up the splenium
diverge on their way to the temporal lobe ; they are separated by
the ependyma, and while the one passes to the cavity of the pos-

Fig. 20.

Preparation of the Cortex and Medullary Substance Starting from the Convex
Cerebral Surface.

Fr., Tp., Occ. As before. As. Association-bundles.  P. Projection-bundles.
L. Nucleus lenticularis covered by a thin stratum of the capsula externa. A.
Amygdala. Ca., Ca., Ca. Commissura anterior with its occipito-temporal radiating
fibres. T.% T.® Second and third temporal convolutions.
terior horn, the other extends to that of the inferior horn. They
form at the same time the innermost medullary stratum of
these horns, the inferior /amina of the splenium becoming the
median wall, and the superior, the external wall of these horns. The
external lamina of the corp. callosum, the zapctum Reilii, lies partly
behind and partly around the thalamus, on the projection-bundles
(Fig. 21). At the posterior cornu we meet the following parts
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in due succession from below outward: 1. The cortex and the
medullary substance between the cingulum and the gyrus fusi-
formis. 2. The fibres of the inferior lamina of the splenium.
B Ependyma: 4 WVentriclel 5. Ependyma.. 6. Tapetum. 7%.
Projection-bundles.

The lateral portions of the anterior commissure are lodged
in a groove on the basilar surface of the lenticular nucleus, and
are in no way connected with the external capsule. This nucleus
is surrounded by the fibres of the projection-systems, and is cov-
ered on the outside by the capsula externa which emanates from

Dissection of the Cortex and Medullary Substance Starting from the Median
Cerebral Surface.

Fr., Tp: As before. Occ. Occipital region, in front of it the fasciculi occipito-
thalamici. ne. Remains of the nucleus caudatus which has been partly enucleated.
Th. Thalamus opticus. P. Projection-bundle. fc. Fasciculi fronto-caudato-thalamjci.
7. Stratum zonale thalami. c. Anterior commissure. ap. Ansa peduncularis. L
corp. quadrigem. S. Aquzd. Sylvii. Q. Fasciculus longitudinal. post. Tg. Tegmentum.
f. Fasciculi temporo-thalamici. P. Pes pedunculi. . Fibre rectae mediales pedun-
culi. A. Amygdala. o. Fasciculi frontales subependymiales.

the corona radiata, and whose medullary fibres converge toward
the base of the brain. The fibres are continued into the ansa pedun-
cularis, but this course cannot easily be made out until after the
removal of the anterior commissure. Behind and below in the di-
rection of the cortex the radiating fibres of the external capsule
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are covered by the ramifications of the anterior commissure. The
ramifications of the anterior commissure extend chiefly in the
direction toward the occipital and toward the temporal lobe, and
indeed along the entire breadth of the latter (Fig. 20, Ca.). The
parietal and frontal lobes have no direct connections with the
anterior commissure. But its connections with the olfactory
lobe shall be referred to later on (p. 72). The middle portion
of the anterior commissure, together with its relations to the ex-
ternal capsule, upon the outer surface of which it abuts, are dis-
tinctly shown on Fig. 22 (ca. caps. ext.). The sledge-shaped me-
dian portion was excavated from out of the mass of the corpus
striatum above the lamina perforata anterior.

Continuing this demonstration of cerebral structure, by starting
from the median surface and dissecting away as much as possible
of the mass of the corp. callosum until the projection-systems
are distinctly visible, we can observe the projection-fibres radiat-
ing from all the lobes of the hemisphere toward the lenticular
nucleus as toward a common focus. Preparing a specimen in
this way, by starting from the median surface of the hemispheres,
we must also remove the gyrus fornicatus before removing the
corpus callosum. After removing the gyrus uncinatus we leave
the amygdala intact about two centimetres behind the apex of
the temporal lobe. In spite of the part the amygdala takes in
the apparent flexion of the gyrus uncinatus, it is in no wise con-
nected with the cornu ammonis, but presents toward it, as its
posterior surface, a free anterior wall of the inferior horn covered
with an ependymal layer (Fig. 21, A).

The task of tracing the projection-bundles to their termini is
rendered difficult chiefly by the remnants of fibree proprie near
the cortex, but also by fissures, grooves, holes, and torn parts of
bundles which result from the interlacing of the corpus callosum
with the projection-system. The radiations of the projection-
fibres from the cortex into the thalamus are quite manifold. To
perceive this distinctly, we must remove the caudate nucleus and
the stria cornea.

The tail of the caudate nucleus extends as far as the amygdala. The bundles
of the stria cornea arise from the summit of the temporal lobe and traverse the
amygdala before entering the nucleus caudatus, which is developed along the entire
inner-margin of the amygdala.

Bundles of fibres from the cortex to the optic thalamus are mixed with lines of gray

substance even after the enucleation of the nucleus caudatus, for coalescent fibres of the
nucleus candatus and the lenticular nucleus pass through the capsula interna which
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separates the two ganglia just mentioned (Comp. Fig. 6 with Fig. 27). These anas-
tomoses of gray substance between both ganglia give a comb-shaped appearance to the
corona radiata (Reil).

Over the denuded surface of the corpus striatum projection-
bundles pass into the stratum zonale (Fig. 21, Z.) of the optic thala-
mus. The frontmost radiations from the frontal lobe to the thala-
mus are covered at their point of entrance into the latter by that
portion of the stratum zonale which emerges from the ansa peduncu-
laris, passes in a transverse direction across the basilar surface of
thre crus cerebri, and is recruited chiefly from the temporal
lobe, joining finally the anterior end of the thalamus.(Fig. 21,
ap.). Thebundles from the frontal lobe, and more particularly the
superficial groups, evidently do not take the shortest route to the
stratum sonale of the thalamus, but take a more longitudinal
course, and travel either through the corpus striatum (Fig. 21,
ne.) or along its outer margin (Fig. 21, 0.). The corpus striatum,
being the lower wall of the anterior horn does not, as is the case
in the primate brain (Fig. 6), abut upon the lower surface of the
corpus callosum, which constitutes the upper wall of the anterior
horn. To the outer side of the corpus striatum or its denuded
surface (Fig. 21), we observe the stunted vertical outer wall of the
anterior horn. After removing its ependyma this wall is seen to
consist of longitudinal bundles' which arise from the vertical
surface of the frontal lobe, and passing to the outer side of the
corp. striatum are merged in part behind the middle of the optic
thalamus with ‘its stratum zonale. We infer from this that
projection-bundles connect the frontal lobe with posterior por-
tions of the brain: the thalamus, for instance. Behind this for-
mation radiating bundles of fibres connect with deep layers of the
thalamus, and form a true corona radiata.

Vieussens applied to all these bundles surrounding the thala-
mus, the name “ large radiating sun”’ ( grand soleil rayonnant); but,
as we have seen, the course of these fibres is, by no means, en-
‘tirely radial. From the anterior portion of the zemporal lobe
radiating fibres start, which curve around the outer side of the
amygdala to form a stratume sonale about the posterior surface of
the optic thalamus (straight temporal bundles T.). Other bundles
pass from the occipital lobe toward the optic thalamus; these
bundles are finally lost in its deeper strata after taking a straight,
upward course beneath the posterior stratum zonale just referred
to. Below the parietal radial projections, and to the outside of
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the corpus callosum these bundles form a medullary wall extend-
ing far below the thalamus, and presenting a basilar area parallel
to the entire occipito-temporal surface. The breadth of these
bundles seems to correspond to the region of the gyrus fusiformis.
Those bundles which originate in this or in the third temporal
convolution do not radiate toward the thalamus, but run parallel
to the basilar cortical surface, whence they curve toward the
vertex of the temporal lobe. Behind the amygdala, however,
which the lowest bundles of this group almost touch, the entire
group of fibres curves upward, forming parabolic arcades, di-
rected forward, and finally joining the thalamus below the stratum
zonale.

I have proved by careful investigations that these arcades cannot possibly be
due to the interlacing of the Zapetzum - with projection-bundles. Judging by appear-
ances, we should say that at the summit of each arch-shaped projection-bundle, just
before its entrance into the thalamus, temporal and occipital fasciculi merge into one
another, the occipital fasciculi turning back in the direction of the temporal fasciculi.

Gratiolet has given a more summary account of this com-
plicated medullary wall in the baboon, and has termed these
bundles optic radiations.

He proceeded on the supposition that they emanated directly from the #zracfus

opticus, but the latter’s stock of fibres would be manifestly insufficient. Gratiolet
also describes them as extending largely into the cortex of the parietal lobe.

From the anatomical point of view, this medullary stratum
deserves the designation optic radiations, for radiating fibres pass
from it into all the termini of the optic zract (corpora quadri-
gemina, corp. geniculatum—Fig. 5, Om.). The stratum sonale of
the pulvinar, which is connected with the optic tract, takes its
origin from the posterior superficial strata of the thalamus, in
which strata the fasciculi temporo-thalamici (T.) disappear. Arnold
was the first to entertain this view.

It suffices for our purposes to have demonstrated, by means
of this one example, the manifold formations of the projection-
system within the white substance of the hemispheres. We meet
with the projection-system again in a dissection inward from the
convex surface of the fore-brain; apparently the outermost dis-
tinct layer of the projection-system is made up of radiating fibres
passing into the lenticular nucleus and its external capsule (Figs.
19 and 20).

Pushing this same method of dissection still further, we gain
important information regarding the brain isthmus (Fig. 22).
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Taking the methodically prepared (enucleated) brain-axis, the
outer portion of which includes the formations of the fore-brain
covered by the cortex of the island of Reil (lobus caudicis—
Burdach), we intend to enumerate those strata which are de-
veloped from the basilar surface of the brain.

The right half of the adjoining drawing (Fig. 22) represents
the superficial strata on the basilar surface of the lobus caudicis
(Stammlappen), beginning with the external capsule of the len-
ticular nucleus, while the thalam- and mes-encephalon have been

Fig. 22.

Dissection of the Brain-Axis and the Cerebellum Viewed from the Basilar Surface.

ca. Anterior commissure. Nc. Caudate Nucleus. cor. rad. Corona radiata.
cavs. ext. External capsule of the lenticular nucleus. 1I. Optic chiasm. J. In-
fundibulum. M. Corpus Mammilare. IIL Oculomotor nerve. Pd. Pes. Pe-
dunculi, Tm. Temporal radiating fibres of the former. P. Pyramid. O. Olive.
Tl Flocculus. Between O. and Fl. restiform body. V. VIL VIIL. Trigeminal,
facial, and acoustic nerves. x. Decussation of the pyramids. R. R. Left corpus
restiforme and its foliz in the cerebellum. caps. int. Internal capsule after enuclea-
tion of the lenticular nucleus. Th. Thalamus cut across above the optic tract.
g.e. Corpus geniculatum externum. f.p. The pontine fibres of the cerebellum trace-
able to deep transverse fibres of pons. Tg. Tegmentum with intercalated cells of
the substantia nigra. DPr. Processus cerebelli ad cerebrum (superior cerebellar
peduncle). L. Lemniscus (fillet).

removed, or at least such portions of them as are included in the
pulvinar, corpus geniculatum, and tractus opticus, which covered the
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basilar (Fig. 15) and posterior (Fig. 17) surfaces of the crus cerebri.
This figure enables us to continue with the enumeration of the
occipital and temporal strata as given on p. 45.

The external capsule covers the lenticular nucleus with radi-
ating fibres, whose focal point is screened by the anterior com-
missure. These fibres pass to the ansa peduncularis! Of this
complicated structure (vide Figs. 6 and 21) we shall simply remark
that its strata cross the pedunculus cerebri transversely. Its
lowest stratum (Fig. 23, ans.”) forms a part of the pes pedunculi.
The outermost bundles of the pes pedunculi, and particularly the
posterior bundles, are developed from a fan-shaped group of bun-
dles (Tm.) arising from the temporal and occipital lobes. The
parietal flexure changes these posterior into superior bundles
(Fig. 17, Pd.). The optic radiating fibres, which have been re-
moved together with the pulvinar and corp. geniculata, lay im-
mediately adjeining this fan-shaped group of fibres. The former
constituted the seventh stratum of the temporo-occipital lobe.
The above-named peduncular radiations from the eighth and the
neighboring occipito-temporal radiations of the anterior commis-
sure (Figs. 20 and 22, ca.) form the ninth of the enumerated
strata. [As for the temporal lobe, a tenth stratum would join it
from the temporal lobe.]

Removal of the superficial groups of transverse fibres of the
pons reveals the anterior longitudinal bundles of the pons as the
direct connections between the pedunculus cerebri and the pyra-
mids of the oblongata. : '

Fig. 22 (between Pd. and O.) shows a common variation from the regular typi-
cal course which these fibres take in different brains. An anterior bundle of
fibres of the pes pedunculi seems with its narrowed lower end to join the olivary body ;
this isolated anterior bundle probably rejoins the remaining pyramidal fibres.

The pyramidal tract can be subdivided into three distinct seg-
ments: (1) fibres of the crus; (2) the anterior longitudinal bundles
of the pons, and (3) the pyramids of the medulla oblongata.
The fibres of the pyramidal tract then decussate and cross to the
opposite side of the spinal cord, or rather into the lateral column
of the opposite side.

The pyramidal tract, which is strong by reason of a prepon-
derance of deep-seated bundles, forfeits more than two-thirds of
its sectional area while passing through the gons. The fibres thus

! Hirnschenkelschlinge. . Linsenkernschlinge.
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lost help to build up the pons by changing their direction and
congregating into transverse bundles. This anatomical nicety
cannot be demonstrated on gross anatomical preparations. The
oval median section of the deep transverse fibres of the pons
seems chiefly to be a commissure of those medullary layers which
start from the cerebellar cortex, and unite in the brachium pontis
(process. cerebelli ad pontem, Fig. 22, f.p.).

The fasciculi of the brachium pontis lie in the cerebellum in a strict order of suc-
«cession, where we can observe distinctly their origin from the ramified ribs of the

leaves of the arbor vite and also the sections of the delicately foliated fibrae propriee
of the cerebellar medullary substance (Stilling’s wreaths).

Before removing the pes pedunculi we must detach the ansa
lenticularis (Fig. 23, ans.), which takes its origin in the lenticular
nucleus and joins the innermost bundles of the crus.

By detaching upward the remaining peduncular fibres of the
crus, we loosen the lenticular nucleus and a considerable portion
of the internal capsule, which in part descend from the cerebral
cortex through the pes pedunculi. Behind this surface we dis-
cover still another cortical stratum of the internal capsule, con-
sisting of radiating fibres intersected by fibres from other strata ;
the former do not extend over the entire breadth of the corona
radiata (Fig. 22, caps. int. to Tg. These fibres do not extend as
far to the outside as they are here represented).

At the point at which the bundles of the internal capsule
course at the same level with the pes pedunculi of the opposite
side, these bundles mix with the substantia nigra of Soemmering,
and with this black substance are fused into a very compact layer
of the crus behind the superficial strata (Fig. 22, Tg.). This stra-
tum intermedium pedunculi, as I have named it, which covers the
tegmentum of the crus, shows in that area a convex bulging due
to the red nucleus lying behind it. Further on this stzatum inter-
medium pedunculi presents a concave surface resting upon the
deep transverse fibres of the pons, and in the oblongata this
stratum appears to develop into the foremost fibres of the an-
terior column lying behind the pyramids and to the inside of the
olivary body. In a median direction from the fifth nerve, a
narrow bundle of fibres, broadening above, joins the peduncular
stratum intermedium; this bundle lies to the outside and separate
from it, wending its way as the fillet from the posterior surface of
the brain-axis across the superior peduncles of the cerebellum to
the anterior surface (Fig. 22, L., Pr.) The lemniscus originates in
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the corp. quadrig. (Fig. 17); it undoubtedly gives off bundles
which coalesce intimately with the olivary body (Burdach, Arnold).
If the cerebellum (Fig. 22, left R.) be denuded of all pons fibres,
we discover a cerebellar strand which tapers toward the oblongata
and enters into the restiform body.

Deeper Dissection of Brain Isthmus and Cerebellum Viewed from Basilar Surface,

Nc. Caudate nucleus. II. Optic chiasm. I. Infundibulum. m. Corpus mam-
millare. P. Posterior perforated lamina. ans. Ansa peduncularis, between the ex-
ternal capsule of the lenticular nucleus and the pes ped. (Pd.) caps. i. Occipital
bundles of the pesped. St. Medullary stratum, together with Soemmering’s substance,
covered by cross-section of the pes. N.R. Red nucleus of the tegmentum. x.
Decussation of the superior cerebellar peduncles, horse-shoe shaped commissure of
Wernekinck, extending on the right to the exposed internal capsule. L. Medullary
layers. J. Tegmentum. Fr. Torn fibre rectz of the pons, lying between deeper layers
of tegmental bundles or their prolongation in the pons. Gi. Internal geniculate body.
e. External geniculate body. Th. Pulvinar of thalamus. Pr. Superior cerebellar pe-
duncles. Nd. Dentate nucleus of cerebellum. R. Corpus restiforme. Cbl. Cerebel-
lum. FIl. Flocculus. V. Trigeminal. VIII. Eighth nerve. O. Olive, connected
on the right side with a deep fasciculus coming from the posterior division of the pons
(tegmentum). fa. Anterior column ( funiculus anterior). fl. Lateral column ( funi-
culus lateralis). :

Note.—Figs. 22 and 23 present in their several halves four different levels and
four different strata: 1. Fig. 22 (right side) throughout its entire length shows the
most basilar strata ; 2. Fig. 23 exhibits on the left as far as St. the next more superfi-
cial strata of the fore-brain ; 3. Fig. 22, left side, exhibits, with exception of the pul-
vinar, a deeper stratum than the right side of Fig. 22, and a more superficial stratum
than the remainder of Fig. 23, left side, and Fig. 23, right side.
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The brachia pontis ' are regularly stratified masses; the corpus
restiforme, on the other hand, is a distinctly foliated medullary
structure covering a convex body the outlines of which can be
readily discerned. This convex body is the dentate nucleus of
the cerebellum (Figs. 22 and 23, left side, R, right side, Nd.).

The red nucleus is exposed to view by a transverse division of
the fibres of the pes ped. and of all longitudinal fibres of the stratum
intermedium, and of Scemmering’s substance, just above the corp.
quadrigemina (Fig. 23, Pd., St.), sections of the latter resembling
two concentric crescents. The nucleus ruber is the ganglion
of the superior cerebellar peduncles (Fig. 23, N.R.). These deep-
seated structures in both halves of the zegmentum seem to be con-
nected by a transverse horse-shoe commissure (according to
Wernekinck).  Stilling proved this commissure to be the decus-
sation of the processus cerebelli ad cerebrum,” which arise from the
red nuclei. In consequence of the density of its foliated mass the
surface of the nucleus ruber appears smooth (Fig. 23, left). Above
and to the outer side, the red nucleus becomes considerably attenu-
ated, and connects with that portion of the corona radiata which
courses immediately beneath the optic thalamus (Fig. 23, right,
caps. int.). Viewed as a ganglion, the nucleus ruber represents
a shell-shaped plate, thickened on its lower inner surfaces.
A group of bundles takes a spiral course over the basilar sur-
face of the red nucleus and adheres closely to it. It is possible
that these fibres upon the lower surface of the nucleus ruber rep-
resent an uncrossed transition from the internal capsule to the pos-
terior surface of the superior cerebellar peduncles (Fig 23, right side).

Before reaching those fibres which radiate from the internal
capsule and pass into the nucleus ruber, as represented in the fig-
ure, we come upon layers of the internal capsule which pass into
a bulging ganglionic mass immediately above the substantia
Soemmeringi. Forel has given the most accurate.description of
this discus lentiformis. The foliated structure of this ganglion
is intersected by transverse medullary fibres in a direction vertical
to the bundles of the capsule. This formation provides the
nucleus ruber on its upper and outer side with a plastic promi-
nence which is well seen after removing the substantia nigra. Stil-
ling discovered the connection of this ganglion with the optic
tract. This lentiform body is exhibited on longitudinal sections

! Processus cerebelli ad pontem ; medipedunculi (Wilder).—S.
? Prepedunculi (Wilder).—S.
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in Figs. 33 and 36, and on cross-sections in Fig. 34—all being
taken from the human brain.

Besides separating the lemniscus from the processus ad cere-
brum and detaching the pons-fibres which cover the basilar surface
of the latter, we must also remove the corpus restiforme in the
cerebellum and the ependyma of the anterior cerebellar surface, if
we wish to get a full view of this superior cerebellar peduncle.
Arising from the opposite nucleus ruber (Fig. 23, N.R,, left) it
passes through the decussation-elevation (Fig. 23, x.), and on the
other side dorsad of the trigeminal root (Fig. 23, right, V.) into the
cerebellum, where it disappears in the nucleus dentatus cerebelli
(Fig. 23, Nd.). Inasmuch as this dentate nucleus is connected by
medullary fibres with the cerebellar cortex, we may regard the
decussated fibres of the processus cerebelli ad cerebrum as extend-
ing from the cerebral cortex of one hemisphere to the cerebellar cor-
tex of the opposite side.

The brain-axis reveals the following formations connecting the
cruswith the spinal cord: (1) The ansa nuclei lenticularis. (2) The
pyramidal tract discussed above. (3) The stratum intermedium with
Soemmering’s substance. The fibres of the intermediate stratum
abut dorsad upon the pes ped. as far as the pons. Its anterior
portion consists of bundles which simply pass over Soemmering’s
substance but (and this is quite remarkable) are in no wise connected
with the origin of the tegmentum. The stratum intermedium is
developed from the fore-brain ; all the bundles of the tegmentum,
however, come from the inter- and mid-brain. The layer of bun- -
dles belonging to the substantia nigra joins the posterior tract of the
isthmus within the pons, and takes no part in the decussation of the
pyramids. Without recognizing its relation to Soemmering’s sub-
stances, Stilling has spoken of a posterior layer of the pes pass-
ing into the posterior division of the pons. According to Burdach
and Clarke an undecussated portion of the pyramidal tract joins
the anterior columns of the medulla oblongata. This can not
refer to any others but the bundles of Soemmering’s substance,
which lie immediately upon the pyramids, and hold the same
relation they held higher up to the pes ped. The anterior columns
lie behind the pyramids, and both contain non-decussating fibres;
a dissection of the posterior pyramidal fibres will, therefore, lead
into the anterior columns. The name given above to this nerve-
tract applied only to that part of it in front of the mid-brain in the
cerebral peduncle, and not to the entire tract ; to that part of the
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pyramidal tract which does not properly belong either to the an-
terior or posterior tracts of the brain-axis I would give the name
stratumn intermedium caudicis. It requires no further proof that
if the median furrow is bounded by the anterior tract of the
isthmus—by the pyramids,—the stratum intermedium, as Clarke
describes it, must be situated behind the pyramids. Below the
pyramids the anterior column apparently forms the median fissure.
The anterior columns develop median surfaces simply by pushing
their formerly anterior surfaces (strata intermedia) inward toward
the median line, approaching it more closely as the decussating
pyramids pass outward and leave a free space between them ; the
anterior columns first approach each otherat an angle which is open
anteriorly, but finally they oppose their median surfaces to each
other along the anterior median fissure. For purely anatomical
reasons, therefore, we find that the stratum intermedium is
continued to and on the inner surface of the anterior columns
of the spinal cord. Tiirck and Flechsig have reached the
same conclusion from pathological and genetic investigations.
(4) After dissecting away the stratum intermedium, the tegmen-
tum comes into view. Its most anterior layer of fibres belongs to
the lemniscus, which, together with some fibres of the optic thal-
amus, covers the processus cerebelli ad cerebrum, behind which the
deeper longitudinal bundles of the tegmentum descend on their
way through the pons to the antero-lateral column of the oblongata
and spinal cord. One of the bundles of the tegmentum (Fig. 23,
right) would seem to be a true funiculus olivaris. The dissection
of these bundles gives no artificial, but an incomplete, notion of
the complicated structure of the posterior division of the cerebral
axis.



THE MINUTE ANATOMY OF THE BRAIN.

THE CORTEX.

THE cortical tissue of the hemispheres varies in different
regions as regards the shape, size, and distribution of its nervous
elements, while the basis substance remains the same throughout.
We are justified in applying to the non-nervous basis substance the
very fit remark of Reichert, in regard to the body tissue in general,
and in arguing that the brain consists of a mass of connective tissue,
in which the parts characteristic of the brain, the nerve ganglia and
their processes, as well as the nerve fibres, are imbedded. That
the existence of basement substance in the cortex is entirely
independent of nervous elements is proved by the fact that
the mere presence of nerve cells with numerous processes does
not give the appearance of gray substance. We find dense rows
of ganglionic cells in various parts of the brain, in the medullary
substance which borders upon the cortex, in the medullary sub-
stance of the island of Reil, in the external capsule of the len-
ticular nucleus, in the nucleus dentatus cerebelli (Stilling), and,
according to Boll, throughout the white substance of the brain:
and yet the characteristic features of the medullary substance are
in no way effaced by these cells. In contrast to these formations,
others which contain but few nerve cells, the superficial strata of
the cortex (Rokitansky’s ependymal formation, Virchow’s neurog-
lia), for instance, present the appearance of gray substance. The

. volume of gray substance, furthermore, is not at all commensurate
with the number of nerve cells and fibres in the brain ; it is more
abundant in the brains of animals than in that of man, and indeed
the proportion of gray substance increases the more remote
the brain type is from the human, and the greater the simplicity
of the cerebral surface.

This argument is best sustained by measurements which have
been taken of the superficial strata of the cortex, containing but
very few nervous elements, as compared with other regions which
have an abundance of these elements. These superficial strata
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constitute in man but ;-4 ; in smaller apes, % ; in the dog, };
in the cat, 1; in the bat, }; in the calf and deer, 1 of the en-
tire breadth of cortex. Their absolute breadth of 0.25 mm. in
man is exceeded by 0.4 in the calf, and 0.5 mm. of this substance
in the deer.

This gray substance between the nervous elements appears
under the microscope to be made up of densely crowded dark
spots surrounded by tissue of a brighter color. It contains dis-
tinct connective-tissue elements, with a network of fibrils from the
processes of these elements, and a second network of fibres derived
from the processes of the nerve-cells. I léarned as much as early
as 1870 from preparations hardened in bichromate of potash,
stained with carmine, dehydrated, and rendered transparent by oil
of cloves (Stricker’s “ Handbook of Histology ”). Further details
were recorded by Jastrowitz' and Boll® as a result of their methodi-
cal researches, and it was shown to be a far more complicated
structure.

The following minute description of cortical gray substance applies to all gray sub-
stance, wherever found, The cortical surface borders upon the pia mater. There
is no epicortical lymphatic space, as was proved by careful injections * of the lymphatics
of the pia mater. The gray substance has a sort of limiting membrane, consisting of
connective-tissue cells with numerous processes, which are quite the same as the con-
nective-tissue cells in the gray substance. Various influences conspire to affect the
direction of these elemen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>