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DISEASES 

SPIN AL CORD AND ITS ENVELOPES. 

ERB. 





INTRODUC T ION . 

Oun knowledge of the diseases of the spinal cord is rapidly 
extending. This numerons, important, and in teresting class of 
maladies, long neglected, is at present 1·eceiving the profound 
attention or various classes of observers, and the labors bestowed 
upon it are bearing frni t in many ways. 

'fhis improvement fo rms btl t a part or the general forward 
mo1·ement of the last twenty or thir ty years, in which special 
pathology has sharecl equally with other branches of scientific 
medicine. There are, however, three sources from which onr 
knowledge of the diseases of the spinal cord has been especially 
enriched. 

First in order, and most important, stands the improvement 
in the exp erimental pltysiolo_qy ef the spinal cord, which has 
been made within the period of twenty or thirty years. The 
study of this subject has !eel to extremely remarkable and 
important rnsults, many of which yet remain a mat ter for con
tro1·ersy or doubt. Unexpected , even insurmountable diffi cul
ties, have risen to obstruct what we at first thought an easy 
quest; bu t these difficulties have served only as incentives to 
deeper and fuller investiga tions, which have proved abundantly 
fruitful of isola ted facts, often of the greatest value in path· 
ology. 

The improved nietltods ef patlwlogico-anatomical exaniina· 
tion have been equally important in developing onr knowledge 
or the diseases of the cord. Al though in use for li tt le more than 
ten years, they have been constantly receiving improv!'ments, 
and have already added gre:itly to our knowledge and compre· 
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hension of the facts. By their means many diseases have been 
discovered, whose existence was not even suspected by those 
using the former imperfect methods of examination; through 
them a hitherto unknown degree of exactness in localizing dis
ease has been rendered possible, and we have learnt to refer nu
merous morbid phenomena to definite local changes in the cord. 

Conjoined with physiological research and an improved, intel
ligently directed method of clinical examination, the study of 
pathological histology has thrown great light upon the general 
pathology of the spinal cord, and has led to the most interesting 
conclusions in respect to pathological as well as physiological 
processes. 

Finally, we may mention the progress ef therapeutics, which 
has lent the impulse of a new interest to the stuc1y of many 
forms of disease o[ the spinal cord. 'Ve have lately learnt to 
cure a 1rnmber o[ such diseases, formerly thought'incnrable; or, 
at least, we have been enabled to improve the prognosis in many 
such. This we mainly owe to the science of electro-therapeu
tics, which has made so many contributions to the pathology 
of the nervous system; not a few o[ the advances that have 
been made in spinal pathology are associated with the names of 
electro-therapeutists. Nor is balneo-thernpeutics (the scientific 
aspect of which has greatly improved of late) less deserving of 
credit in this respect. 

The diseases o[ the spinal cord have thus come to furnish a 
most attrnctive and interesting field for scientific research, and 
one most fruitful of important practical results; we can say that 
the progress made in its cnlth·ation has been of late years 
extremely satisfactory. 

And yet it must be stated with emphasis, that we only stand 
at the beginning of a successful development o[ the subject, and 
that an extremely large amount of work remains to be done. 

'Ye cannot help seeing that the rich results of physiological 
research are still very defective and uncertain in many essential 
points; the results, indeed, often change from day to day with 
each new method and new observer, anc1 they arc far from always 
possessing that degree o[ exactness and trustworthiness to which 
physiological research would lay claim. 'rhe excessive difficulty 
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of the subject explains why it is that in many points we have 
perhaps not yet reached the root of the matter. 

Nor is it less certain that the researches and results of path· 
ological anatomy are still far from trustworthy, that the points 
thoroughly explained are but few, and that the general patho· 
logical significance of the commonest and most important morbid 
processes in the spinal cord is not yet clear. The impossibility 
of observing with exactness all the characters of a fresh spinal 
cord, the errors a.nd uncertainties attending the examination of 
hanlenecl specimens, and finally, the undeniable fact that these 
researches have given us no infmmation at all in regard to not a 
few diseases, or stages of diseases, of the cord-these circum
stances ought to make us very cautious about dewing these dis
eases as if their key were held by pathological anatomy alone. 

Practical experience, finally, shows us that the treatment of 
diseases of the cord is still without hope in many respects. The 
number of desperate cases which mock at all kinds of treatment 
shows us, with continually fresh emphasis, how much remains to 
be discovered and achieved. 

All the more encouraging is the way in which the work is 
going forward. Nnnwrous investigators are busy with the phys· 
iology and pathology of the spinal cord; every day brings fresh 
discoveries, new additions to OLU" knowledge, a broadening and 
clearing of our views. 

It is obvious that it is extremely hard to write a text-book 
of diseases o[ the spinal cord in the midst of this crowding 
rapidity of growth of knowledge. It is perhaps impossible to 
state in any decided terms the daily changing position of our 
knowledge; and a dogmatic statement like the present, com· 
pelled as it must be to shun the prolixity of a monograph, and to 
refrain from the thorough discussion of debatable questions, 
requires every species of caution in its presentation. 

The preceding remarks will make it sufficiently plain why we 
consider the clinical point of view as the most important one at 
the present time. 'Ve write for the practising physician, who 
encounters the actual diseases from day to day. For him it is 
important that a clcscription should possess unity and clearness, 
and should give him something to work by. vVe have therefore 
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laid the chief stress upon the clinical presentation, in making 
which we have rested mainly upon the basis of pathological 
physiology, bestowing meanwhile a due share of attention upon 
pathological anatomy. 

One thing more should be added. After long deliberation, 
we ha,·e decided that the special descriptions of disease should 
be preceded by a general account, which has grown to a great 
size, but will not, we hope, be found superfluous or worthless. 

The anatomical introduction, the brief statement of the macro
scopic and microscopic anatomy of the cord and its membranes, 
with a synopsis of the physiology of the cord, which we have 
placed first, are justified by the facts that lhese things are indis
pensable to the understanding of the diseases; that they mostly 
escape the memory of the practising physician in the course of 
time; that they have to be sought in text-books and journals 
which are not often possessed by practising physicians, and that, 
even in such works, llwy are not always treated with regard to 
the pathology, nor even with a proper understanding of the 
latter. 

An account of the general symptoms seemed to us most 
desirable in aiding the student to understand the pathological 
phenomena, and in saving repetitions ancl explanations in the 
special division of the work. \Ve have, therefore, taken pains to 
present in this part a brief and clear account of researches in 
physiology and pathological anatomy, and of clinical obserrn
tions, pointing out by the way the chasms which exist in our 
knowledge. 

Finally, it seemed not undesirable to d~scribe the general 
treatment, especially as regards electro-therapeutics and balneo
therapentics-,·ery important branches, which, at the present 
time, have hardly received a connected scientific treatment; 
although, even here, we have had to point out many de(ects and 
obscurities-perhaps more than had been anticipated. 
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Cf. Lon!]ct, Anat. ct physiol. du syst~me nerveux. German transl. by Hein. 1847.
Eoelliker, }Iikroskop. Anatomie. I:Iandb. der Gewebclehrc, 5. Auft.-Stilling, 
Neuc Untersuchungcn Uber den Bau des RUckenmarks. 1857.-Bidder und 
Rupff'er, Untcrsuch. ilbcr die Textur des RU.ckcnmarks u. s. w. 1857.-&hroe
der t>a1i d. Kolk, Bau und Function der Medulla spinalis und oblougata. 
Braunschwcig, 1859.-Goll, Deukschrift der mcd.-chir. Gcsellsch. des Cantons 
Zllrich. lBGO.-Frommann, Untcrsuch. Uber die normale u. pathol. Anatomic 
des Rlickenmarks. 1864.-Deittra, Untersucb. Uber Gchirn und RUckcnmark 
des :Mcnschcn u. s. w. 1865.-M. Schultze in Stricker's Haudb. dcr Gcwebelehre. 
-Gerlach, ibidcm.-Henle, llandb. der Anatomic. III. Bd. 2. lHi.lfte.- WU7tdt, 
Physiologische Psychologie. Leipzig, 1874.-C. Lange, Uebcr chron. Rlicken
mnrksentziindung. Kopcnhagen, 1874 i see Schmidt's Jab1·b. Bd. 168. p. 238. 
1815.-Leyden, Klinik der Riickcnmarkskrankhciten. I. 1814.-lb1gueni11, AJlg. 
Pathol. dcr Krankheiten des Nervensystcms. 1873.-Boll, Ilistiologie und Ilis
tiogcnesc dcr ncrv. Centralorgnnc. Arch. f. Psych. uo<l Ncrvcnkrankhcitcn. IV. 
p. 1. 1874.-Schie.fferdecker, Beitr. zur Kenntuiss des Fascrver1aufs im RUcken
mtlrk. Arch. f. :Mikroskop . .Anatomic. X. 1874 i and numerous other authorities. 

The spinal cord is suspended in the vertebral canal, hanging 
almost free, and with a considerable degree of mobility. 

It is unnecessary to describe the vertebral canal in this place. 
As points of practical importance, it may be stated that its ante
l"ior wall is perfectly firm aud solid, being composed of the bodies 
of the vertelmc, with the interposecl disks of cartilage, while its 
posterior and lateral walls have numerous vacant spaces, which 
are only filled up by ligaments and other soft parts, as nerves, 
blood·,·essels, etc. The latP,1·al spaces (intervertebral foramina) 
exist along the entire canal; the posterior, on the contrary (inter
vertebral fissure ), are distinctly marked in no place, except in 
!he cervical i·egion-particnlarly at the two uppermost vertebral 
-ancl again from the tenth dorsal vertebra downward, especially 
in the lumbar part. Throughout the greatest part of the dorsal 
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vertebral column these fissures are completely closed by the ver
tebral arches, which cover each other like the tiles of a l'OOf. 
From this it is manifest what portions of the cord 1 are most 
exposed to external injuries. 

The cord and its envelopes are far from filling up the entire 
canal ; and this circumstance protects the cord from injurious 
pressure in lhe most movable parts of the column, namely, the 
cervical and lumbar regions. The width of the canal varies; it is 
greatest in the regions of the neck anc1 loins, least in the dorsal 
i·egion, especially from the sixth to the ninth dorsal vertebra; 
within the sacrum it rapidly diminishes. The shape of its trans
verse section is nearly circular in the dorsal region, while in 
the cervical and lumbar regions it is drawn out laterally, and 
assumes nearly the form of an obtuse-angled triangle, with its 
basis c1irectec1 forward ; in the sacrum it has the form of a half
moon, with the convexity directed backward. 

The length of the cord is much less than that of the canal. 
Its extreme tip (the encl of the conus terminalis) lies in adults at 
or near the boundary between the first and second lumbar ver
tebrre. Fehst' asserts that a difference exists between the sexes 
in this respect; in men, the lower edge of the first, in women, 
the lower edge of the second lumbar vertebra forming the extreme 
limit of the cord. 

It is a matter of some practical importance to be able easily 
to distinguish the different regions of the canal, in order to define 
with accuracy the location of a given disease ; this is clone by 
palpation anc1 counting the spinous processes. 'l'hus, we easily 
i·ecognize the spinous process of the second cervical vertebra, 
anc1 that of the seventh (vertebra prominens), from which points 
the sepamte processes can easily be counted by palpation. It is 
not so easy to recognize the spinous process of the twelfth clol'sal 
by the insel'tion of the twelfth rib. 

The gl'eatest part of the caYity of the canal is lined with a 
hal'c1 pel"iosteum, covering the bony walls in every part. 

·within the canal, the corcl is covered, fil'st, by a cylindrical 

1 Spina.I cord : the term will be thus used henceforwanl. 
2 Ccnlrnlbl. f. d. med. Wissensch. 1874. No. 47. 
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fibrous sac or wide dimensions, the dura mater spinalis, which 
begins at the foramen occipitale magnum, to the edges of which 
it is firmly attached, and terminates by contracting itself around 
the filum terminale, finally losing itself in the veriosteum of the 
coccyx. The outer surface of the dura is not closely connected 
with the walls of the canal, but is separatecl from them by a 
loose, moist, connective tissue, with abundance of fat, which 
envelops every part of the dura in a layer of greater 01· less 
thickness. The inner surface of the dura is smooth and sl1ining, 
and coverecl with several layers of pavement epithelium. The 
nemilemma of the nerve.roots which perforate the sac or the 
dura unites with the tissue of the latter. 

The dura is supplied with arterial blood by the vertebral, 
intcrcostal, and lumbar arteries; its venous blood passes off by 
veins which form large plexuses in the loose cellular tissue o[ the 
anterior and posterior smfaces of the dura, connected with the 
external vertebral plexuses. Numerous nerve-fibres are supplied 
to the tissue of the tlnra ancl the periosteum of the canal. 

The pia mater spinalis, the so-called vascular coat, lies much 
closer to the cord. It envelops the cord in the closPst manner 
from top to bottom; it forms an exactly fitting cylindrical sheath 
for the cord, containing the blood-vessels that belong to it, and 
closely united in every part with it; it sends nnmrrons slwath
like processes into the interior or the cord, which divide into 
many branches, spreading in all directions among the nervous 
elements o[ the cord, fo1·ming a framework for the support of 
these elements, ancl imparting to the cord a due degre1' of firm
ness; the largPst of these processes, easily Yisible to the naked 
eye, lies in the anterior median fissure or tlw cord, while a 
smaller one is seen in the posterior fissure; but numberless finer 
processes pass into the substance of the cord from the entire 
periphery of the pia. 

The pia mater is n membrane of connective tissue or consider
able toughness and firmness; it consists almost wholly or waved 
connective tissue, is extremely rich in blood-\•essels (which will 
be further described in speaking of the bloocl-supply of the cord), 
and is also rich in nerves, which originate from the posterior 
roots. Often, especially in old people, the pia is strikingly rich 



10 ERB.-DISEASES OF THE SPINAL CORD AND ITS ENVELOPES. 

in pigment, so as to have a light grny or brownish tint; this is 
commonest at the cervical part, and is by no means always path
ological. 

The pia is joined to the dum on either side by from twenty 
to twenty-three processes of a three-cornered shape; they are 
arranged in two perpendicular rows, one on each side of the 
cord, with their bases inserted into the pia, and their points into 
the dura. They constitute the ligamentum denticulatum. 

The pia accompanies the filum terminale to the end of the 
canal, and is there united with the clura and the periosteum of 
the coccyx. 

Between the clura and the pia lies the arachnoid. Henle 
describes it as an unusually loose, watery, areolar tissue, which 
becomes compacted iu the direction of the clura to a connected, 
delicate, resistant layer (arachnoid proper), while its inner por
tion passes clirnctly into the tissue of the pia. Between the inner 
and the outer thickened layers (viz., the pi:i and the arachnoid) 
there exists, tberefore, a loose areolar tissue, which is designated, 
and with propriety, as subarachnoicl tissue. 

'fhe fluid which this tissue contains in abnnclance is of great 
importance, and forms that part of the cerebra-spinal fluid 
which is containecl in the spinal can:il. It is clear, contains but 
a small amount of solids, and appears poor in microscopic 
elements. Its quantity in the adult amounts to about sixty 
grammes, but varies considerably. It exists under a certain 
positive though moderate pressure. 'Vhen the dura is pierced 
and the arachnoid also injured, it flows oil'. 

The !unction of this fluid is, without doubt, that of protect
ing the cord from mechanical injuries; by keeping it floating in 
a fluid, it preserves as equal a pressure as possible, and perhaps 
also segulates the circulation and the pressure in the bloocl
vessels. A sudden evacuation of this fluid in cases of injury to 
the clura is followed by serious clisturb:u1ces, which are, how
ever, doubtless clue in part to cerebral implication. 

The spinal fluid is not in a state of repose, but, as Quincke 1 

has recently given exact proof, is constantly undergoing a 

1 Zur Physiologie der Cerebrospiualtliissigkeit. Rcichcrt's u.nd Du. Bois-Reymond'e 
Archiv. 1872_ Heft2. 
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double motion: first, it moves to and fro in the subarachnoidal 
tissue, under the influence ol 1:espiration ; and second, it is con
tinually secreted under a definite pressure by the blood-vessels, 
and as continually passes off by certain channels into the 
lymphatic vessels. These channels for the spinal fluid are 
chiefly situated in the nerve-trunks which leave the spinal canal. 
It is obvious that these motions in the spinal fluid may be ol the 
greatest importance in the propagation of morbid meningeal 
processes, in the removal and transportation of inflammatory 
and other products. 

The spinal cord (medulla spinalis) is a cylindrical cord, some
what flattened in front for a great part of its length, and not in 
every part of equal thickness. It does not nearly fill the sac of 
the durn, but is closely wrapped by the pia. After removal of 
the attached roots, it is easy to discern two swellings, the cervi
cal enlargement and the lumbar enlargement. ·while the thin
nest part of the cord, that in the dorsal region, has a transverse 
diameter of about 10 mm., and a sagittal diameter of about 8 
mm., the cervical enlargement measures 13 or 14 by 10 mm., and 
the lumbar enlargement 12 by 9 mm. The diameter of the upper 
cervical region remains about 11 or 12 mm. 

The spinal cord begins where the medulla oblongata termi
mLtes, but without any sharp line ol demarcation . Its upper
most limit is best placecl just above the point of exit of the first 
pair of cervical nerves, lying at about the height of the upper 
edge of the posterior arch of the atlas. Its conical lip (ronus 
tenninalis) is situated opposite the body of the first or second 
lumbar vertebra. The lumbar enlargement reaches from the 
beginning of the conns terminalis upward to the tenth dorsal 
vertebra; the cervical enlargement, from the second dorsal 
upward to near the middle of the cerdcal column, at the third 
or fourth vertebra. The lower end of the conus terminalis is 
prolonged into the filnm tenuinale, which reaches to the end of 
the canal. The a\"erage length of the cord is from 35 to 40 cm. 

The consistency of the cord rnries somewhat in individual 
cases ; in the perfectly fresh state it is quite tough and elastic, 
and easy to cut; its cut surface is then smooth, and seldom 
pushes over the edges; shortly after death it begins to grow soft 
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and deliquescent, and thus o!fcrs much greater obstacles to 
examination. 

Besides these featmes, we observe in the cord a numbPr of 
grooves, which, even when .seen from without, give a hint of the 
intemal construction of the cord. 

On the somewhat flattened anterior aspect, we find the ante
rior median groove rnnning down tho whole length of the cord, 
which, sinking into tho cord, forms the broad fissura longitudi
nal is anterior,' reaching nearly to the centre of the cord, and 
containing a large process of the pia mater. 

On the posterior aspect a similar groove runs from top to 
bottom, the posterior median groove, which, in like manner, 
sinks to a lissura longitudinalis posterior,' directed in the sagit
tal line towards the centre of the spinal cord. This fissure also 
contains a process of the pia mater, though a much smaller one, 
closely attached to the adjacent walls of the fissure. 

These two fissures divide the cord in two symmetrical lateral 
halves, which are united by a narrow bridge composed of the 
white and gray commissmes. The anterior fissure is broader 
than the posterior, but shallower. 

After these fissures, the first thing to observe are the nerve
roots which leave the cord, arranged in a double row, one on 
each side. The posterior root-fibres lie in a perpendicular line 
aho,·e one another, and form an almost continuous row, which 
maintains a given distance from the posterior median fissure, but 
gradually approaches it as they descend. If all the root-fibres 
are removed, their points of exit fo1m a sort of longitudinal 
groove, called the sulcus lateralis posterior, or posterior lateral 
fissure. 

The ant~rior root-fibres do not leave the corcl in a single l'OW, 

bntare scattered over a stripe about 2 mm. broad, on the anterior 
portion of each side of the cord. Their distance from the ante
rior median groove is :tlso definite, but by degrees becomes less. 
"rhen the root-fibres are removed, this stripe is plainly marked, 
and is design"ted as the anterior lateral fissnre-sulcus lateralis 
anterior. 

1 Anterior median fissure of Quain. 
t Posterior median fissure of Quain. 
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In the upper ha]( or the cord another fissure or groove is 
visible, lying about half-way between the posterior median and 
the posterior lateral fissures, aud designated as the sulcus inter-
1nedius posterior. 

These fissures are commonly used to bound the regions of 
the white substauce of the coi·d. In each lateral half, the white 
mass lying between the anterior medi'1n and the anterior lateral 
fissure is callecl the anterior coluinn; the mass lying between 
the anterior and the posterior lateral fissure is called the lateral 
column; and the white matter between the posterior lateral and 
the posterior median fissure is named the z;osterior colwnn. 
In tho uppPr division of the cord, this posterior column is again 
divided by the sulcus intermedius posterior into two columns, 
which are genetically quite c1isti11ct (Pierret), and which claim a 
1·ery special significance in pathology; the mPdian portion of the 
posterior column, adj'1cent to the posterior medi'1n fissure, is 
called the wedge-slwped colurnn ef Goll, or f1micul11s gracilis 
(zarter Strang); while the lateral portion, which adjoins the 
posterior lateral fissure, is calledfunieulus cu neat us (Keilstrang). 

Most of these divisions of the white mass of medulla are more 
or less arbitrary; the finer anatomy of the cord recognizes only 
the sharp division or the anterior and posterior median fissures. 
Pathological facts, however, not only justify the above division 
of tlrn posterior cords, but permit a division, not sharply made, 
into outer ancl inner anterior column, and z;osterior and ante-
1·ior lateral eoluinn. 

The anterior ancl z;osterior nerne-roots arising from each lat
eral half of the corcl converge, and, after uniting, pierce the dnra 
and pass to the intervertebral foramina; the posterior root or 
each spinal nerve enlarges to a ganglion (ganglion Spinale) before 
entering the fora.men, while the anterior root passes by this gan
glion and unites farther on with the posterior root to form a 
spinal nerrn. The distances between the origins of roots being 
less than those between the intervertebral foramina, the lower 
roots are compelled to take a more and more oblique course in 
ord<'r to reach the fornmina; thosP from the conus terminalis run 
:ilmost par:il lel, forming a bundle o( nerves descending within 
the sac of the dura mater, named cauda eqitina. 
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This is nearly all that can be seen upon external inspection 
of the cord. 

In studying the inner structure of the cord it is necessary, 
above all, to attend to cross-sections; they give the best infor
mation, and by mentally joining the resnlts of the various sec
tions for the whole length of the cord, a correct idea is gained of 
the peculiarly complicated columnar structure of the cord. 

In any section we may make we recognize first a division into 
two substances: the central gray or gray-reddish mass, irregu
larly defined, ancl of a peculiar shape, generally resembling that 
of the letter II, called the gray substance; ancl a peripheral 
white mass surrounding the gray, filling in the inegular outlines 
of the latter, ancl giving to the whole the form of a cylinder, 
called the white substance. The latter is cliviclecl into the above
named collllnns by the fissures ancl the nerve-roots, a division 
which, in the laternl parts, is distinct only upon the surface, ancl 
does not extend clearly into the mass of the white substance. 

'Vhen we look closely at a section of the cord, we discover in 
its centre a fine canal, often filled with tissue elements or patho
logical products-the canalis centralis. This canal opens up
ward into the fourth ventricle; at the lower encl of the cord, at 
the tip of the conus terminalis, it expands to a small cavity-the 
ventriculus terminalis lately described by Krause '-which again 
opens into the cavity of the filum terminale. 

The central canal is surrounded by a partly gray ancl partly 
white mass, which joins the two halves of the medulla; the gray 
portion of this bridge, in which the central canal lies, is behind, 
and is called the gray or posterior commissure; the white por
tion lies in front, borders directly npon the anterior median fis
sure, ancl is called the white or anterior commissnre. See Fig. 
2, r ancl q. 

From this median region the gray matter extends in consid
erable mass ancl pernliar form into each half of the medulla. 
Its anterior part is ronndecl and broad, and pushes towards the 
antero-lateral colnmn; its posterior part is narrower and more 
pointed, and points directly to the posterior lateral fissure; it 

1 Centralbl. f. d. med. Wiss. 1874. No. 48. 
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bounds the posterior columns externally, and separates them 
from the lateral columns. The two parts of the gray substance 
are connected ; they are bounded outwardly 
by a line, which is, in general, concave on its 
outer side. But this line is irregularly pressed 
outward in many places by projecting masses 
or gray matter, and has scarcely the same 
form iu any two sections. See Fig. 1. 

The anterior rounded part of the gray sub
stance is called the anterior oornu, or, better, 
when considered as extending through the 
entire length of the cord, the anterior pil
lar j the posterior acute portion is called 
the posterior cornu, or, better, the posterior 
pillar. Subsequent examination will show 
that the gray substance differs Yery much in 
elementary composition at different heights. 

This may be seen, without the aid of a mi· 
croscope, by observing that the form of the 
transverse section of the gray mattei· differs 
extremely in different sections of the cord, as 
a glance at Fig. 1 will show. 

The section made in the dorsal region is 
the smallest, and most resembles a Roman II, 
with its fore limbs rounded and its hinder 
ones pointed (Fig. 1; 4 and 5); in the cervical 
and lumbar enlargements it is much thicker, 
is provided with rounded horns, swelling into 
heads, and is enlarged by deposits of various 
shapes (Fig. 1 ; 2, 3, 6, 7). There is no doubt 
that the e enlargements of the spinal cord 
are chiefly, if not exclusively, clue to the in
crease in the gray substance. 

In many portions or the cord various pro
cesses are seen to leave the lateral portions of 
the gray matter, usually containing bundles 
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o( nerve-fibres, which mdiate to various depths in the white 
matter; these processes meet and form a kind of network, which 
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encloses separate portions of the white columns, rendering the 
outer boundary of the gray matter very uneven and jagged. 

These gray bundles of fibres are called processzts reticulares. 
They are most marked at the bonndary between the anterior and 
posterior cornua (Fig. 2, p). In the cervical and upper dorsal 
part of the cord a triangular prismatic process projects from the 
basis of the anterior cornu in front of these reticular processes 
into the lateral column, which has been designated the tractus 
intermedio-lateralis (Fig. 2, o). 

An exact idea of these forms is only to be gained by the 
repeate<l examination of good sections from the hardened cord, 
under various powers of the microscope. 

All the unevenness, indentations, faults in the contour of the 
gray matter, are. filled out by the wliite substance, which sur
rounds the gray in a layer of various thickness like a cloak, and 
gives to the cord its external form of a more or less perfect cylin
der. The mass of white substance diminishes slowly hnt per
ceptibly in the downward direction (Gerlach); it disappears 
wholly at the commencement of the lilrtm terminale. 
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The white substance is traversed by numerons radiating septa 
of varions degrees of fineness, and by the nerve-roots, which 
cross it from the gray mat ter to the surface in a similar radiating 
manner. The septa are connected by numerous branches, which 
divide up the field or white substance into nnmerons rhombic 
districts uf various size, in which the nerve-fibres of the white 
subs tance are contained. 'l'he septa and septnla thus compose a 
tine and complex network, enclosing the vessels of the cord and 
the nerve-Ii bres. 

At its Oltter border, just under the pia mater, the white sub
stance is again enclosed by a very fine layer of gray. This sur
sounds the white substance like a thin overcoat, accompanies the 
processes of the pia which enter the cord , and separates the 
nerve-bundles proper from the septa ; it sends out from the septa 
numerous ofTshoQts, which penetrate among the nerve- fi bres ai1d 
envelop each one completely . l\Iost later observers are agreed 
in considering that this substance is almost, if not entirely, com
posed of the connective substance of the cord (neuroglia). 

Comparing now the sections with each other, we obtain the 
following plctstic view of tlie structure ef the cord : 

Its nucleus is formed by a pillar of gray matter which tra
verses the wh ole length of the cord. This may be approximately 
compared with a channell ecl column of somewha t irregular fo rm, 
perforated by a fine canal in i ts centre, ancl possessing fo ur chief 
projections ancl four intervening depressions. This pillar is thin 
and slender everywhere, but is made thicker by accessions of 
new matter in the cervical aml lumbar regions. 

Its forward projections are rounder, broader, more massy, 
forming the an terior cornua ; its posterior p rojections are sharp
er, more slender, narrower, forming the posterior corn ua. The 
nerve-roots pass oiI from each of the fo ur projections in the fo rm 
of fringes. 

Of the fo ur depressions, the anterior and posterior are the 
deeper, smoother, and more regular ; the two lateral are shallower 
and less regular ; their bases are made irregular everywhere hy 
the deposition of gray masses, by p rojections and knobs upon 
the p illat ; in par ts they are wholly fill ed up, and here and there 
a long itudinal ridge comes out in to them. 

VOL. XIII.-2 
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The white substance is as it were pressed into these chan
nels, as when a soft clay is used to fill up the flutings of a 
pillar and smooth over its irregularities. Being smoothed off 
exteriorly, these white masses finish the round outline of the 
column. The white substance may also be conceived or as com
posed of long strings or ribbons which lit exactly into the exist
ing cavities and spaces, and are laid into the channels of the 
central gray pillar. 

The whole is then coverecl in with a fine grny mantle, which 
closely embraces the cord, as does the pia mater. 

Bloodcvessels and lymphatics of the cord. The tissue of the 
cord is rich in blood-vessels; the gray substance possesses an 
especially rich capillary network. All the blood-vessels arise 
from the pia; they pass into the cord thrnugh the processes 
or the pia, ancl, following their ramifications, sencl an abundant 
network of capillaries into the gray ancl white substance. 

The arteries or the pia originate in the vertebral arteries. 
Each vertebral artery gives off an anterior ancl a posterior spinal 
artery. The two anterior spinal arteries unite in a single stem, 
which runs clown along the whole length of the cord without 
much loss of diameter to the couus terminalis; this arteria 
impar is reinforced at the level of each pair of nerve-roots by 
small arteries which originate in the intercostal ancl lumbar 
arteries, aml pass through the intervertebral foramina with the 
nerve.roots; on the other sicle it distributes numerous fine twigs 
to the pia ancl cord, and finally, at the foot, it forms two anas
tomoses with the posterior spinal arteries.-The posterior spinal 
arteries, one on each sicle, mn clown underneath the posterior roots, 
with each pair or nerves receiving fine branches of communi
cation from the intercostals, and sending off nnmerous fine twigs 
to the pia and the eord. 

It therefore seems plain that the pia mater and cord are 
principally nourished by the vertebral arteries, ancl next to them 
chiefly by the intercostals. 

The capillaries of the corcl discharge their blood directly into 
two central venous trunks, lying to right and left of the cen
tral canal within the gray commissme (Fig. 2), ancl running the 
whole length of the cord. By their numerous horizontal con-
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nections they distribu te their blood to the ou ter veins o[ the 
cord; of these the greatest and most importan t is <he veno. 
mediarrn spinali s ante l'ior, which runs the whole length of thl' 
cord, ly ing behind the anterior spinal artery in the anterio r 
median ti sure. Down the posterior median fi ssure r uns the 
vena mediana spinalis posterior, which increases g rad ually in 

. size as it descends. Numerous venous networks, which also 
increase in calibre as they descend, unite these ex ternal veins 
to each other. The latter transmit their blood (through branches 
which run with the nerve-roots and pierce the dn ra) to the 
great spino.l plexuses, which lie in the loose fn tty tissue sur
rounding the dura, and anastomose with the outer vertebral 
plexuses, etc. 

R egarding the lymphatic passages in the cord, lit tle is known 
exactly . The peri vascular lymph-spaces first carefully des<' ri bed 
by Hi s (and since more full y by Boll and Adler- ee Archiv L 
P sychiatrie u. Nervenkr. Bd. IV. and\' .), a re said also to exist 
in the cord. They stand in connec tion wi th a large lymph-space, 
ly ing between the pia and the cord, from which the lymph is 
canied through the ly mphatics of the pia. According to 
Schwalbe the snbarachnoidal space is also a lymph-space, but 
not direc tly connected with the perivascular ly mph-spaces of the 
co rel. 

Finer structure ef tlte cord. The cord is composed of very 
va rious tissue-elements, for the exact histological descri pt ion of 
which we refer to ha nd-books of hi stology; as rega rds the fi ner 
structure of the importa nt nervous elements, compare the article 
hy l\L Schultze in "Stricker's l\fanual of Histology. " In this 
place only a brief sk etch can be given. 

Nerve-fibres, both mednllated and non-medullated, occur in 
the spina l co rd. All these are completely desti tute of Schwa nn's 
sheath, or, at all evPnts, it has not been demonstrated by the 
present methods of research. The medullated fi bres compose the 
greatest pa rt of the white substance and the anterior commis
sure; they occur of very va ri ous diameter, the thickest being 
found in the anterior columns ; the fonicnli graciles contain onl y 
slender fibres. In all , the axis cyl inder may plainly be seen in 
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cross-section, and its d iameter is nearly proportioned to that ~f 
the medullary sheath. The finest medullated fibres are fon na. lll 
the gray matter, of wh ich they form a preponderant element. 
They pass in all directions through the gray matter, both isolated 
and in bundles, and freqnently dividing up. The non-mednl
lated fibres, analogues of the naked axis cylinders, arc only 
found in the gl'ay matter, in which they ramify to a very great 
extent; their finest branches unite to form a close rnesb-work, 
which , with the ganglion-cells, is especially cht1racteristic of the 
gray substance (Gerlach). And a few bnndles oE larger fibres 
wi th medulla1·y sheaths, originating in the nerve-roots, })ass 
through the g l'ay substance for shol't distances. 

The cellular nervous elements, the ganglion-cells, are found 
almost exclusively in the gray substance, ancl are tho component 
which most strikes the eye; when they are f0tmcl in the white 
substance, they are almost always si ngle, and close to the gray. 

They are large, multipolar cell-bodies, sometimes visible to 
the naked eye; ·they have no envelope, their nucleus is large, 
with a distinct glistening nucleolus, and they usuall y contain an 
accumulation of pigment g!'anules. They are remarkable for 
their numerous radiating processes, almost all of which ramify 
abundantly (protoplasm processes), while one process (the nerve
process) remains smooth ancl undivided , and after a longer or 
shorter conrse receives a medullary sheath and becomes a medul
lated nerve-fibre. This undivided process is, therefore, also 
called the axis cy 1 i nder process. 

According to Gerlach, not every ganglion-cell possesses n nervc-proccss1 but 
many arc connected 'vith. the fine network of nerve-fibres only through the ramifica
tions o[ their protoplasm processes i among such, the smaller forms of cells occurring 
in the posterior cornua arc especially named. These cells, therefore, arc connected 
with nerve-fibres only through the intervention of the fine network of nerves. Boll, 
however, dues not consider th:i.t the existence of this kind of cell s is sufficiently 
established. 

'l'be size of the ganglion-cells in the cord, like their form, is 
ve1·y variable. They are found small , medi um-sized, and large. 
By far the largest are found in the anterior cornu~ , with a great 
number of processes ; the smallest, more of a spindle shape, in 
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the posterior cornua; those of meilium size and a more rounded 
form, in the so-called columns of Clarke_ 

They lie in groups and heaps, forming, in val'ious parts of the 
gray substance, actual columns of cells extending for a consider
able distance in the cord; they are especially abundant and -
definite in their distribution in the gray anterior comna, while 
in the posterior cornua they occur but sparingly and in quite 
irregular arrangements. 

The nttempt hns often heen made to establish a close relation between the 
form and size of the ganglion.cells and their functions. Jakubowitch first stated 
expressly that the larger cells with many processes, in the anterior cornua, are 
motor cells, while the smaller should be regarded as sensitive, nud the smallest, of a 
spindle shape, as sympathetic (vaso-motor)- Other observers have made similar 
hypotheses, and, more especially of late, a trophic action has been ascribed to the 
ganglion-cells, upon the basis of pathological facts. Of all this only so much 
appears certain: that the large cells with many processes in the anterior cornua are 
most intimately related to the motor apparatus i but what these relations arc, and 
bow they are expressed in the form and size of the cells, in their po~ition ancl 
grouping, is quite unknown at present; nor is anything whatever known with cer· 
tainty regarding the existence, position, form and size of "sensitive,"" vaso-motor," 
"trophic,''" rcflcctory, 11 "automatic" ganglion·cclls, nlthough many pathological 
facts recently collected seem to give us at least a starting-point for the solution of 
these problems. 

The nervous fibres and cells, which arc certainly the most 
important components of the cord, are enveloped in a basement 
substance of connective tissue, the so-called neuroglia, which 
gives support and firmness to the cord- This substance radiates 
inward from the pia in numerous septa, bearing tlrn blood-vessels, 
which break up into a great number of branches, ancl finally 
form a very delicate network in which the nervous elements are 
embedded. The gray cortical layer and the greatest part of the 
trabecular network proceeding from it, a great part of the gray 
substance (especially that which is commonly namPd the snb
stantia gelatinosn}, and the entire st1pporting framework of the 
white substance, are composed of this neuroglia. In regard to 
its liner structure, the opinions of the best authorities (Koelliker, 
Frommann, Gerlach, Henle, Boll, Ranvier, C. Lange, and others) 
are still divided, as the difficulty of iu1·estigating this tissue is 
very great. All observers agree that the neuroglia consists 
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chiefly of a network or fibres very closely inte1faced, embedded 
in tt more or less abundant finely granular basement substance, 
aml containing numerous nuclei, g ranules an 1 cell·elements. 
But, as regards the significance and the exact chttracter of these 
Jibres and cell s, a great deal or controversy still exists. Some 
consitler the fibres as elastic (Gerlach), others as more like con
nective trssue (Henle, Rauvier), others as the processes of cells 
(Kulliker, Boll, C. Lange); ancl the interpretations of the inter
jaceut cellular and nucleoid stmct.u1·es are equally various. 

Boll has vc1·y recently given a careful description of the neu
roglia, which is dillerent from previous ones. Ile states that its 
sole component is a form of multipolar connective tissue cell, 
composed of coun tless fine processes, not ramified, und a nucleus. 
These cells envelop the vessels in the septulu, like sheuths, then 
branch olI from the sheuths, und ut last fonn by themselves the 
sept Lllu which embruce the single nerve-fibres and groups of 
libre;-as finely wove 11 twigs embrace the upright stuves of a 
basket, or as the fingers of the two hands may be woven into a 
kiud or tube. These peculiurly shaped cells, churacterized 
especially by their numerous unbranchecl processes, ure culled 
Deiters' cells or the spider-cells of Jastrowitz, and are often 
partiClllarly easy to see in patholo;i; icul specim;ns of the cord. 
Among their processes there lies a small quantity of a grunular 
intedibrilla1·y substance. Their nuclei, according to Boll, are 
whut Henle calls "granules" (Korner). An essentially similar 
description of the neuroglia is given by C. Lange. ' 

Very recently, Ranvier has presented unother view, according 
to which the connective tissue of the spinal cord is quite analo
gous to the interstitial connective tissue of the peripheral nerves. 
It is said to consist of mLmerous fine fibrillary bundles of con
nective tissue, not anastomosing, but crossing in many directions, 
and ut the points of crossing there lie flat nucleated connective 
tbsue cells.' It is not necessary here to decide these difficult 
hi stological points; it is enough to know that the entire spinal 
cord, both white and gray matter, is permeuted by u fine-meshetl 

1 See Vircho\v-Hirsch's Jahresbericht for 1873, Bd. II. p. 76, and Schmidt's Ja.hrb. 
Bd. 168. p. 239. 1875. 

ll Centralblatt f. d. med. Wiss. 1874. No. 31. 
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structure o[ connective tissue, consisting chiefly of fine fibrils in 
which numerous nuclei arn embedded, and surrounding in the 
closest manner the nervous fibres and cells. 

If Boll's view should turn out to be the true one, the "granules" of Henle would 
at lost receive their right interpretation. They have been looked upon in all pos
sible lights: as young connective-tissue cells, as young nerve-cells, as lymph-cells, 
as wandering colorless blood-cells without prospect of future advancement, etc. 
But it cannot be denied that not I\ few structures resembing cells and nuclei are 
found in the cord, whose exact interpretation is not cn.sily made out. 

The arrangement ef the histological elements of tlte spinal 
cord is extremely complicated, and it is very hard to make it out 
accurately in all its details and in all part• of the cord. 

Yery simple by comparison is the structure ef tlte white 
columns. They contain the framework of connective tissue in 
its simplest and most perspicuous 
arrangement; it is composed of the 
neuroglia with the vessels inclosed 
by it, contains a few mnltipolar 
ganglion-cells, ancl embraces in its 
meshes the nerve-fibres, sometimes 
singly, sometinw::; grouped in bun
dles of several (Fig. 3). 

The large majority of these fibres 

runs parallel to the long axis of the whh~ ~.~:;.~:,:h;, '::':~~:::::" .;,;~:~,'. ,,N~;~ 
cord, for which reason they almost ~~7~1~1..:~il~h~>i;~~~:-~n~~~~.l·~1~~1eo~~\:~t 
always ])resent their well-kJ10\VI} 1\0:!'0><-~, Rml IU"C Ileen With lli6linct aitiB·C}"lill 

cross-section, in transverse sections dm. Magnib1.~.il.fu. 
of the cord. But the longitudinal bunclles by no means always 
maintain an exactly parallel direction among themselves; tl!ey 
cleviate from it in many ways, cross here and there at acute 
angles, often weave into each other, or are seen to change their 
place in the cross-section by degrnes, moving towards the centre 
or the circumference of the cord, forward or backward. 

A certain number of fibres, however, run across the white 
<·olumns in a more or less exactly horizontal direction. Such are 
Pspecially the entering fibres of the roots, which run in broad 
bundles at the level o[ the section, or only a little off from it. 
They pass more or less directly from the cortex to the gray 
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pillars [cornua]. The anterior i·oots mostly reach the gray 
anterior pillars in the shortest and straightest path, while the 
bundles of the posterior roots are much interlaced after entering 
the cord, and pass through a devious and il'l'egular course before 
reaching the gray posterior pillars. The fibres of the white 
commissure are horizontal. 

Finally, there are a few oblique fibres and bundles in the 
white columns. They are partly root-fibres, which do not take 
a directly horizontal course to the gray substance, but fit·st pass 
obliquely upward or downward in the white substance for a 
certain distance, and then bend to enter the gray ; and partly 
libres which, leaving the gray matter in a horizontal direction, 
change to a perpendicular. This arrangement is especially 
frequent at the surface of contact between the lateral columns 
and the gray matter, where an abundance of fibres leave the gray 
and turn upwa.rd or downward in the lateral columns. It is, 
however, doubtful (although recently reaffirmed) whether root
libres run directly up or downwarcl in the white columns, with
out first having passed the gray substance; this is affirmed of 
some bundles of fibrns in the posterior roots. 

T!ie structure Qf the gray colitmns [cornua] is considerably 
more complicated, and has not yet been examined in at all a 
satisfactory way. Two kinds of gray matter are usually distin
guished in it, plainly recognizable and separable by the naked 
eye, namely, the spongy and the gelatinous substance. Their 
distribution upon the surface of a cross-section is very une· 
qual. The spongy substance composes the chief mass of the 
gray columns, while the gelatinous substance forms only a semi. 
lunar cap over the tips of the posterior cornua, of greater or less 
thickness (substance of Rolando), and surrounds the central 
canal in a moderately thick layer. A prismatic column, situated 
at the boundary between the anterior and posterior cornua 
laterally from the posterior commissure, and close to the apex 
of the white posterior column, has been considered by many 
entitled to rank as a special formation in the cord; it is the 
rolitmna vesicular is, now best known as Clarke's column (Fig. 
2, s). This formation, rich in ganglion-cells, is found only in the 
dorsal part of the cord, beginning at the upper end of the lum-



.ANATOMICAL INTRODUCTION. 

h'1r enhrgement and 1•nding at the lower part of the cervical 
t> nlargement. 

Careful examinatio n shows that probably the largest part of 
the gelatinous substance belongs to the neuroglia. It consists 
or the finely grnnular substance before described, which, how
ever, in this situation is traversed by a few of the finest fibrns of 
connective tissue, and contains a remarkable number of nuclei 
(glia-cells). It is traversed by many bnndles o( fine nerve-fibres, 
running in gentle curves from behind forwarcl in various courses. 
These bundles originate in part from the posterior root-bundles, 
in part from the posterior columns, and probably al so from the 
Jaternl columns. Besides, the gelatinous substance is traversed 
by vertical bLuH.lles, parallel witll the long axis of the cord, which 
are especially distinct in the lumbar cord, and occupy principally 
the middle and the anterior parts of the gelatinous substance. 
In them large nerve-cells are rarely found, and the fine network 
of nerv e-fibres discovered by Gerlach is said to be also wanting. 

The spongy substance is far more complex in strncture. It 
consists of a mixture of fine fibres and bundles of fibres, seem
ingly inextricable, crossing in all directions, which resolve 
themselves in to fine networks of fibres, only to recompose them
selves in the. former aspect of bundles of fibres; '1.t the same 
time they contain numerous multi polar ganglion-cells, arranged 
in definite groups. The fine nerve-fibres select the spongiosa for 
the seat of a repeated ramification, and their branches unite to 
compose a netzoork of excessive fineness, discovered by Gerlach. 
Yery similarly, the protoplasm processes o( the multipolar cells 
form with their ramifi cat ions a fine network; and it is extremely 
probable, although not yet certainly proved by direct observa
tion, that the fine bundles of nerve-fibres and the ganglion-cells 
communicate at numberless points through the medium of this 
network. 

Boll has confirmed Gerlnch's discovery in all points, nnd has added to his state· 
~cnts another, to th ~ effect that this fl.no network of nerve-fibres is not merely 
distributed through the entire g ray substance, but can also be followed through the 
septa of thC' white substance into the gray cortical layer. From this it would 
follow that this remarkable and important network is universally distributed 

through the cord. 
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Schiefferdecker has very recently attempted to follow ont 
with somewhat more minuteness the incredible medley of nerve
bnndles in the cord, and to ascertain the course of the principal 
ones. 'l'he most important result of his investigations-and it is 
hard to apply either physiologically or practically-is that, so 
to speak, all parts of the gray and some parts of the white sub
stance are placed in the most universal and manifold Ill utnal 
connection by the various networks of nerve-fibre; the entering 
nerve-roots form connections with all the groups of ganglion
cells; the latter are mutually joined by strands or librns of their 
own, and send forth bundles of fibres to the white columns ; ancl 
all parts of each half of the cord stancl in connection with all 
parts of the other half; while, finally, higher and lower seg
ments of the cord are joined by vertical fibres. 

'l'he spongiosa is crossed in many places by vertical ascending 
bundles of libres; this is especially the case in the neighborhood 
of the white substance, where btrndles detach themselves from 
the white columns, enter the gray matter, and after a short dis
tance return to the white. This is most developed in the proces
sus reticulares. 'l'he longitudinal commissures in the gray sub
stance, just mentioned, appear in transverse sections as vertical 
bundles of fibres. 

The groups of ganglion-cells in the gray substance are 
highly interesting. Their number and mode of distribution in 
the anterior and posterior cornua vary. They can be seen excel
lently, with their processes and ramifications, in cross and longi· 
tndinal sections. Repeated observations have shown that theiI· 
nerve-process is directly transformed into a mednllated nerve
libre, and, in the case of the great cells of the anterior cornua, 
that the fibre passes directly into the anterior roots and mingles 
with their bundles of fibres; but this has been shown in the case 
of but few cells, and in most the nerve-process takes other 
directions, of which the object is chiefly unknown. It is further 
demonstratecl with certainty that the protoplasm processes of 
the ganglion-cells break up by repeated ramification into a fine 
network of nerve-fibres (Gerlach, Boll, Schie!Ierdecker), and it is 
probable that this network stands directly connected with the 
finest nerve-fibres and their ramifications. 
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Most of the ganglion-cells are fonnd in the anteifor comua; 
in the cervical and lnmbar enlargements, especially, a great 
number of them are seen in every tmnsverse section. Their dis
tribution is not the same in all parts of the cord, but distinct 
grnups can be made out in most sections. First, a 1nedial 
group, adjacent to the anterior and inner border of the anterior 
cornua, often broken np into smaller groups; next, a lateral 
group, sittiated in the anterior external portion of the anterior 
cornu (Fig. 4, A, a u), and containing a great many cells; 

besides which, there is fonnd in the cervical and upper dorsal 
portion, in the tractus intermedio-lateralis, a third group of very 
large mnltipolar cells, which may be designated as the postero
lateral group (Fig. 4, A c). To the latter corresponds a simi
larly situated group in the lumbar region; hut in this part of 
the cord the division into sharply detined groups is less dis
tinct, and the cells are distributed more or less irregularly over 
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the greater part of the section of the anterior cornua (Fig. 4, B ). 
The a rrangement of these groups of cell s in different sections is 
extremely variable, and the nnmber which can be d isting uished 
is sometimes greater, sometimes less. 

All these groups a re found throughout the length of the 
anterior g ray matter, fo rming literal columns of cell s. Amongst 
the groups, and th rough the whole mass of the an terior cornua, 
many single ganglion cells with more than one p rocess are 
found, more or less abundant in different sections. Even in the 
whi te collllnns in the neighborhood of the anterior cornua, a few 
sporadic cell s occur. 

In the gray posterior cormta the principal column of gan
glion cell s is the columna vesicnlari s. I ts situa tion and extent 
is described above. It consists chiefly of closely -crowded fine 
nerve-fibres, mostly vertical in their course ; but there a re fi bres 
which run in all possible directions, establi shing connections 
between Clarke's columns and the other g roups of ganglion cells, 
the anterior and posterior root-fibres, etc. Among these fibres 
there lie many p retty large nerve-cells, mostly spindle-shaped, 
with their long axes in a vertical direction, and p rovided with 
numerous protoplasm-processes ; a nerve-process has not yet 
been demonstra ted in connection wi th them. In cross-sec tion 
the cells of Clarke' s columns mostly appear roundi sh . Their 
size increases towards the upper and lower ends of the cord. 

Besides these, the posterior cornua contain only a fe w nerve
cells scattered over the entire sec tion. A la1·ge multipolar cell is 
seldom found ; the most part are of the smaller sizes, and are 
distribu ted irregularly and in very variable quantities among the 
spongy tissue of the posterior cornua. Nerve-processes have not 
been cer tainly demons trated in connection wi th them ; but the 
part they tak e in the forma tion of the fine network of nerve
fibres may be considered as established . 

The central gray snbstance, which uni tes the four gray col
umns and encloses the central canal , chiefl y consists of a finely 
granular and finely fibrillated mass (neuroglia, gelatinous sub
stance), conta ining many cell-bodies or nuclei. This substance 
is traversed by a fine network of nerve-fibres with broad meshes 
(Gerlach), and also contains bundles of fibres, of greater or less 



AN A.TO~UCAL INTRODUCTION. 29 

thickness, passing from one-hall to the other of the spinal cord, 
before and behind the central canal, sometimes taking the direc t 
transverse course, and sometimes ascending and descending 
obliquely (gray fibres of the anterior and posterior commis
sures). 

The white commissure consists almost entirely of nerve·fibres 
with dark contonr, most of which run in a horizontal 1ilane, 
decussate at an acute angle, and pass from one lateral half of the 
cord to the other, diagonally from front to rear. But a few 
bundles ascend obliquely, and immediately assume a perpendic
ular di rection. The white commissure first connects the grny 
columns of one side with the anterior columns (white) of the 
opposite side (Gerlach), as the bundles of fibres which leave the 
former pass upward in the latter; it further connects the various 
cell-groups in the gray columns with one another, and finally, it 
conta ins fi bres which traverse the g ray substance and pass into 
the white la teral columns. 

The central canal is a very narrow passage, often obliterated 
or occluded , µresenting a roundish or elliptic, sometimes a tri
angular transverse sec tion. It is lined with a ciliated cylindrical 
epithelium, and its wall is formed of dense undulated connective 
tissue of ex tremely fine fibrous structure (ependyma). It is 
bounded externally by the central gray substance, and is filled 
with a fiuid, probably identical with the cerebra-spinal fluid . 

.Anatomical data concerning the connection between the ldsto
logical elements, and the course of tlw fibres in 

the sp inal cord. 

Many studies have been made by anatomists, with a view to 
unravelling the connection between the separate elements of the 
cord, the course of the entering root-fibres, their connection wi th 
other fibres, and with the ganglion cells, and finally, their ulti
mate des tination, or their continuation to the brain. Unspeak
able trouble and toil have been devoted to these examinations ; 
absurdly small ancl trilling have been the results ; hardly any
thing is establi shed with certainty, and the liveliest controversies 
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are still kept up upon almost all points. But every fresh exam
ination reveals fresh complications of the course or the fibres, 
which reduce the attempt to disentangle and follow them out 
almost to an impossibility; and the deeper we go into the finer 
structural relations of the cord, the plainer it becomes that a 
separation and isolation of the individual groups of fibres or cells 
is not what is sought or reached, but 1·atltcr a connection among 
them, as universal and complete as possible. This naturally 
renders it extremely hard to reach the desired goal. 

We shall here attempt to state, as briefly as possible, what 
may at present be r~garded as somewhat certain, and likewise, 
what may be regarded as at least probable. For all details and 
further explanations we refer to the works of Stilling, Clarke, 
Koelliker, Frommann, Gerlach, Deiters, Goll, Henle, Boll, Schie(
ferc1ccker, and others. 

'fhe following points seem at present pretty well established: 
That all, or at least by far tlte greater part, of the nerve-roots 

pass straight to the gray substance, and enter it; this is certainly 
true of the anterior roots, but perhaps not of some small portion 
of the posterior root·fibres. 

That a large number of these entering root.fibres unite with 
the ganglion cells or their processes; this also seems quite cer
tain for the anterior roots, but is still doubtfol in respect to the 
posterior. 

That numerous fibres pass from the gray substance into the 
antero·lateral columns, especially the lateral columns, bend up
wards, and in the white columns take the direction towards the 
brain. Some of these nerve-fibres, leaving the anterior gray 
columns, pass into the white commissure and thence into the 
anterior white column of the other side of the cord (decussation 
within the cord), in which they probably run to the brain. 
Others pass into the lateral columns, in which they run up into 
the medulla oblongata, and finally decussate in the pyramids. 

That numerous fibres from the posterior gray columns enter 
the posterior white columns (anc1 the posterior regions of the 
lateral columns!) where they bend upwards and run fnrther in 
the direction of the brain. 

That the ganglion cells of the gray substance are mutually 
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connected by numerous processes in the most complicated man
ner, both in the anterior and posterior cornua or each lateral 
half, and by means of the commissures which join the two lateral 
halves with each other; that moreover, processes of these gan
glion cells pass, some directly into the root-fibres, and some into 
the white columns, where they assume a vertical direction. 

That of the fibres which enter with the posterior roots, a part 
pass horizontally directly forward, and lose themselves in the 
fine netwo1·k of nerve-fibres, or reach the ganglion-cells of the 
anterior cornua; while another part runs upwnrd or downward 
at the side or the posterior gray column, then bends again, and 
at last enters the gray substance. 

That the fine nervous network, and the nerve-bnnclles which 
by their resolL1tion compose it, and the bundles which are recom· 
posed from it, serve to connect the groups of ganglion cells in all 
possible directions, with each other, with the entering root
tibres, with the white columns of both sides in the sagittal, trans
,· .. 1·se and vertical directions. 

'file following statements may be regarded as more or less 
7;robable, but not at present certainly proved: 

That after the root-fibres enter into certain ganglion cells, 
processes from the saine cells pass directly into the white sub
stnnre (going from the anterior cornu into the antero-lateral 
column, from the posterior cornu into the posterior column and 
the posterior part or the lateral column); in the white substance 
they ascencl clirnctly to the brain. 

That individnal fibres or the anterior and the posterior roots 
meet each other in certain cells of the gray substance. 

That a few bundles from the anterior roots merely traverse 
the gray substance, going thence directly into the anterior parts 
of the lateral column, and there bencling upward. Their signifi
cance is not yet clear. 

That the posterior root-fibres first enter into the fine network 
of nerve-fibres, in the gray posterior columns, ancl that the con
nection with the ganglion cells is accomplishecl through this 
network (Gerlach). 

That each single ganglion cell, by means of its branching 
processes, passes into a fine network of nervous fibres, from 
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which larger medullated fibres are again dm·eloped (connection 
of the cells with the nerve-fibres). 

That the network of nerve-fibres into which tho posterior root
Jibres break up is in continuous communication with the network 
of nerve-fibres in the anterior gray columns; that from this latter 
network numerous fibres originate, which cross the median plane 
in the gray commissure, and then ascend toward the brain, some 
in the vertical bnndles of the posterior cornua, some in the pos
terior columns (total sensory decussation in the cord?). The gray 
substance, therefore, seems to be much morn intimately connected 
with the posterior nerve-tracts (through the fine network) than 
with the tracts which prolong the anterior nerve-roots. 

That from Clarke's columns bundles of fibres pass out into 
the lateral columns. 

That the medial parts of the posterior columns (so-called 
fasciculi graciles) have by their development and structure a 
special significance, which is at present entirely obscure. Pierret 
considers them as a great longitudinal commissure, intended to 
bring various parts of the gray substance into mutual connec
tion. 

All these results are defective and inadequate in the highest 
degree; they harclly permit us to form an exact idea of the com
plicated course of the fibres . In general, we can only infer from 
all this that the root-fibres which pass from the peripheral nerves 
into the cord first enter the gray substance, where they have 
their first termination; that they next, after many mmifications 
and connections, leave the gray substance and pass up the white 
columns to the medulla oblongata. 'fhis process is repeated s tep 
by step at the entrance of every new pair of roots . 

But this scanty result gives u s no information rngarding the 
precise direction of the single fibres, none regard ing their connec
tions, none regarding the physiological significance of the several 
groups of fibres. Anatomy can at present give us no certain 
information upon these points; we must expect it rather from 
the most scru tinizing physiolo,qical research. The next sec tion 
will be devoted to explaining the paths of conduction in the cord, 
as at present understood through the aid of physiology and the 
equally important aid of pathological anatomy. 
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Let it only be remarked in this place, that the anatomical 
formation of the cord, which we have just attempted to sketch, 
b somewhat modified in its uppermost region by the accession of 
some new parts. " ' e refer to the origin qf the accessorius, 
whose roots are seen leaving the lateral column as far down as 
the Jiftlt and sixth cerdcal vertebrre. ' Vithin the cord they can 
be followed to the ganglion cells of the postero-lateral cell group 
of the anterior cornu. 

In analogy with this, the so-called ascending root qf tlte 
trigerninus can be followed in the cervical cord to about the level 
of the third cervical vertebra in the fo rm of a large bundle of 
fibres, which is in relation with the substantia gelatinosa of the 
posterior cornu, and gradually passes into it. 

Finally, in the uppermost part of the cord, the decussation 
ef the pyrarnicls produces a sort of substantia rcticularis-:i 
manifold intcrwea,·ing o( the bundles of fibres-which is Yisible 
in the middle of the anterior half of the cord. 

Concerning the further course in thr medulla oblongata of the 
nen·e-paths which leave the spinal cord, see further on, under 
the proper heading. 

II. Physiolog iral Intro<luction. 

C'f. I,onget, Anatomic et physiologic du syst~mc ncrveux; Germon transl. by Tlrfo, 
1847.-&lti.ff, Lehr!J. dcr Physiol. des Ncrvcnsystcms. Lahr, 1858-59.
Ccntralbl. f. d. med. Wisscnsch. 1872. No. 40.-Brown-Sfquard, Expcrim. and 
clinical researches on the pl1ysiol. of the spinal cord, etc. Richmond, 1855. 
Course of lectures on the physiol. and pathol. of the central nervous system. 
Philadelphia

1 
1860.-Sanders, GcleidingsLanen in bet ruggcmng. Groningen, 

1866.- Wumll, Physiologic, 1873. 3. Aufl.; Physiol. Psychologic. Leipzig, 1874. 
-IIermann, Grunclriss cler Physiologic. 2. Aufl. 1874.-Le'ljden, Klinik der 
Riicltcnmnrkskrnnkhcitrn. I. 187'4.-Also innumerable articles in Reichert and 
du Dois-Rcymoncl's Archiv, Virchow's Archiv, Plhiger's Archiv dcr Physiologi<', 
Zcitschr. f. wisscnsch. Zoologie, Zeitsclir. f. rationcllc Mcdicin, MolcschoU's 
Untcrs. z. Nnturlchre, the l\Ionatsberichtc of the Saxon Academy, Brown
$Cqunrcl1s Journal de If\ physiol. de l'homme, etc. , tbc .Archives de la physiol. 

norm. etpathol., etc. 
VOL. Xlll.-3 
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The simple !act that traumatic destruction of the cord at any 
place, or its experimental section, completely suspends t!Je sensi
tive, motor, and vaso-motor connection between the brain and the 
periphery of the body, was sufficient to prove that the channels 
for maintaining this connection lie in the spinal cord; in making 
a step beyond this it became necessary to employ a great variety 
of experiments to establish with accuracy the course and the 
situation of these various channels. In order to accomplish this, 
physiology has made colossal efforts, and !Jas procluced a series 
of most valuable studies, incomplete though they be in many 
respects. or late years, pathology has contributed not a little 
to enlarge our knowledge of the physiology of the cord. 

UufortLrnately, the physiological as well as the pathological 
mct!Jods of investigation, and especially those of pathological 
anatomy, are still very imperfect. In the experiments by section, 
which are the most frequently employed, the effect of the 
primary shock and of the secondary inflammation are hard to 
separate from that of the simple severing of the channels of con
duction; secondary degeneration also frequently occurs, and 
disturbs t!Je result of the experiment. This manifestly gives 
rise to uncertainty and confusion in the statement of results, 
which is increased by the difficulty of obtaining from animals 
exact objective reports of the disturbances of function. In man, 
on the contrary, it is comparatively easy to ascertain in patho· 
logical cases the nature, the degree, and the extent of the dis
turbance of function; but it is less easy, and in fact, quite a mat
ter of chance, to obtain for anatomical investigation exactly the 
right stage of the disease, and it is harder still to find the histo
logical clianges defined exactly and beyonu a question. This 
must always be borne in mind, that we may not sufier ourselves 
to repose in too great confidence of the value o( our knowledge. 

In the following paragraphs we shall attempt to prese11t a 
brief summary of what is established in the physiology of the 
cord, or at least, that which is probable, and capable 6I being 
used by the pathology of our day. 
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Sensory Conduction in tlw Spinal Gord. 

All the impressions received by peripheral sensith·e nerves 1 

are conducted to the spinal cord by the posterior roots; th~y 
pass first into the gray substance, and thence are conducted into 
the posterior columns and a part of the lateral columns, in which 
they ascend to the brain. 

The principal channel for sensations of tonch, pressure, tem
perature, tickling and the like, is to be sought in the white 
posterior columns. 

Section of the white posterior columns destroys the sensation or touch permn· 
nently in the regions situated posteriorly to the section (Schiff) i but it does not 
nnnihilate every sensation, as a hyperresthesia, especially in respect to painful 
impressions, continues for a time, gradually disappearing. It is not yet determined 
whether there exist separate paths of conduction for the different Yn6eties of the 
sense of touch, but llrown·SCquard maintains this view and supports it by weighty 
pathological facts; he supposes these paths to lie mostly in the grn.y substance. 
The la.test experiments of Woroschiloff (in Ludwig's laboratory) arc or great interest; 
they seem to show that the lateral columns arc of far more importance in conduct· 
ing sensation than has hitherto been supposed. But these experiments nre confined 
to th~ lumbnr cord of the rabbit, and cannot yet be made the basis of more general 
conclusions. They appear to show that each lateral column contains sensory fibres 
for bat/I. legs; the more important seem to decu8sate. 

The sensation of pain is conducted chiefly or exclusively by 
the gray substance. 

Schiff mnkes section of the posterior columns destroy the sense of touch, but 
not that of pain; while section of the entire gray substance, leaving the posterior 
columns intact, destroys the sense of pain, and leaves that of touch (the condition 
known in pathology as analgeaia). 

The presence of the network of nerve-fibres shown by histology, hardly permits 
us to explnin these facts by the assumption of separntc paths of conduction; hence 
Wundt (Physiol. Psychologie, p. 117) has proposed the hypothesis of different 
excitability of white and gray matter; the gray requires, in order to produce a 
reaction, a much higher an<l more intense irritation than the white; but when the 
reaction occurs, its intensity is all the greater, and produces pain, If, therefore, the 
gray substance alone remains for the purposes of conduction, more powerful irritn· 

1 According to Drown·SCqua.rd, the paths for the "muscular sense 11 lie in the ante· 
riorroots. 
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tions are usually required; and when sensation is produced it is more violent-that 
is, painful i but if the white columns alone arc retnined, the irritation quickly 
reaches n degree at which sensation is produced, but never goes so fnr as to produce 

pain. 

The gray matter conducts sensation even after the section of 
all the white columns; it does thls in its entire section and in 
every part of it, although it is quite inexcitable under direct irri
tation, ancl is, therefore, designated as msthesodic substance 
(SchiJI) . In this sense the white substance, with the exception 
of the posterior root-fibres which traverse it, was supposed to be 
also rosthesodic; the experiments of Engelken, Fick, and Ditt
mar, however, seem to have finally settled that the paths of sen
sation which have once passed through the gray substance of the 
cord are still excitable. 

The anterior and the greater part of the lateral columns have 
nothing whatever to do with the conduction of impressions of 
sensation. 

The conduction of sensory impres.yions decussates in the cord 
soon after the root-fibres enter it ; this decussation seems to be 
pretty complete in the dorsal and cervical medulla of man 
(Brown-S6quarcl, Schiff). The decussation of the sensitive paths 
is certainly complete in the medulla oblongata. 

Whether the paths of all the kinds of sensation decussntc is not yet folly deter
mined; according to Schiff'e later statements those for the sense of touch do not i 
according to Brown-Sequa.rd, those for the muscular sense also do not. The latter 
author nlso says that the channels for the various kinds of sensation dccussate nt 
different heights. Micscher found decussntiou of the centripetal (sensory) fibres 
from the sciatic, which produce a reflex increase of the blood-pressure. The fact 
of the sensory dccussation in the cord is established beyond any reasonable doubt 
by numerous pathological observations. 

The isolated concluction of the separate sensory impressions 
can only be explained (in view of the fine network) by supposing 
that certain tracks in the conductive substance offer less resist
ance than others, and are, therefore, habitually employed. Such 
tracks are probably constituted by the fibres which pass directly 
from the network of nerve-fibres in to the posterior (lateral) col
umns and pass upward in the latter to the brain; these, under 
normal circumstances, offer least resistance. The further exten-
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sion of powerful sensory impressions, or the conduction which 
continues to take place after interruption of the principal chan
nel, is readily explained by reference to the network. 

In the same way is explained the transference of powerful 
irritation to neighboring or distant sensitive tracks, producing 
the associated sensations; they require only a diminution of 
r·esistance in certain channels, or an increase in the strength of 
the irritation. 

A retardation of the conduction of sensation occurs when the 
posterior columns are entirely cnt, ancl only a part of the gray 
substance remains ; the more the gray substance is climinishecl, the 
more distinct is this retardation (Schiff); this fact may very well 
be nsecl to explain that retardation of the conclnction of pain 
which not infrequently occurs in pathological cases. 

In regard to the position of definite sensory paths in the 
cord, physiology informs us that in the case of the lower extrem
ities these paths lie at first in the lateral columns, and do not 
enter the posterior columns till a higher point; the posterior 
columns of the lumbar cord are said to contain only the nerves 
of touch for the pelvic region, sexual organs, perineum, ancl 
anal region. 

Motor (Joncluction in tlte Spinal (Jord. 

This subject has by no means been examined in all points. 
The principal line of conduction for voluntary movements 
passes from the brain into the corcl, through the clecnssation at 
the pyramids, ancl probably to a still greater extent through 
other routes of decussation in the medulla oblongata and pons. 
The motor (voluntary) paths clo not further clecussate in the 
cord, but remain upon that sicle which belongs to the half of 
the body destined to receive the nervous influence. 

Most of the paths for voluntary motion probably run clown 
in the lateral columns, enter the gray substance at different 
heigh ts, form connections, through the network of nerve-fibres, 
with the large multipolar ganglion cells, and pass through 
their axis·cylinder processes into the anterior roots. The fibres 
for voluntary motion all lie in the anterior roots; these roots, 
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however, contain other fibres which possess a dillerent physio
logical function. 

Section of the posterior columns and the entire gray substance docs not destroy 
the voluntary movements of the portion of body lying behind the point of section. 
Section of the antcro-lntcral columns and the entire gray substance destroys all vol
untary motion in the co rresponding parts. Section o f the anterior and the lateral 
column lessens voluntary motion for only a short time, and motion returns tho 
quicker, in proportion as the gray substance is retained. In regard to the function 
of the anterior columns proper we are still greatly in douLt ; they do not seem to 
aid in voluntary motion; they are supposed to carry fibres, for the most part, 
whose function is to transmit reflex impulses orig inating in the brain (Huguenin); 
they also bear fibres which experience one more decussation in the cord, and pass 
through the anterior commissure into the gray anterior column of the other side. 
11f these points, also, Woro!lchiloff's experiments (upon the lumbar cord) have 
brought new and unexpected facts to light, which ought, however, to be applied 
with extreme caution. Motor baths for both legs arc contained in each lateral 
column; the more important of these, those which produce reflex action, Co·ordina
tion, etc., seem not to decussate. 

Even after section of the antero-lateral columns, a translation 
of motor impulses to the posterior half of the body is possible 
through the gray substance, ancl even through certain limitecl 
portions of it. This substance is inexcitable uncler a great va-
1·iety or stimuli, at the same time that it conducts the impulses 
of motion; it is therefore kinesodio (Schiff). 'rhis is by no means 
trne of the longitudinal fibres of the antero-lateral column; 
they are not kinesodic, as is aflirmecl by many physiologists, 
who seek to clerive all the phenomena of motion which occur 
when the antero·lateral columns are irritated, from irritation of 
the root.fibres which traverse them ; the experiments of En
gelken and Fick leave not the slightest doubt that the anterior 
(lateral 1) columns of the cord are as truly excitable as any 
other nerve-fibre. 

The isolated concluction of individual motor impulses, like 
that of the sensory excitations, is explained by the supposition 
that of the many channels which are open some offer less re
sistance, ancl therefore are usually selected. But even in this 
region many translations to other tracts (associated movements) 
occur, either because the normal paths are not suffi ciently 
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nsf'd, or because tl1e resistance offered by other paths is dimin· 
itihetl, or because the irritation is increased in force. 

As respects the position of certain motor paths in the cord, 
we will here mention the statements of Schiff, that the lateral 
columns of the upper cervical portion contain those for the 
muscles of respiration, ancl that cutting them destroysperma· 
·nenlly the movements of respiration on the same side. Bnt this 
is denied by others. \Voroschiloff found in the lumbar cord 
of the rnbbit the motor paths for the foot mul leg below the 
knee lying towards tlie outer circumference of the lateral col· 
umn, and those for the thigh more towards the middle. 

Go-ordination ef Movements. 

The spinal cord plays a considerable part in this important 
function, and disturbances of co-ordination or movenwnt are not 
:it all rare in spinal disease; for these reasons, and in view of 
the numerous unsettled controversies connectecl with the mat
ter, we feel ourselves bound to give a careful statement of the 
difliculties which surround it. 

\Vhat is meant by co-ordination of mornment, is not difficult 
to define; it consists in the innervation qj' a lar_r1e number qf 
1nnscles simultaneously, each with a cli:fferent but appropriate 
degree of force, for the purpose of attaining a gioen object of 
motion. 

A litlle close inspection will reveal tlu~ fact that muscular motions, even those 
whi<'h look simple, as lifting r. burden or throwing a stone, arc really quite complex, 
ancl involve n large number of muscles; still more is this the case in the more com
plicated acts of writing, piano-playing, gymnastic feats, ancl the like. 

The manner in which this wonclerful mechanism regulates 
the co-ordination of mo,·ements, and the methods it takes to 
accomplish its results, can best be seen by observing children 
or persons who are learning to perform any complex motion, 
as writing or piano-pJaying. 

In tlrn new-born child but few co-ordinate nets seem prP· 
parecl for; the movements of respiration, of sucking, crying, and 
swallowing, and perhaps those of the eyes, are performecl imme-
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diately. All other co-ordinated motions must be learnt with 
pains and by a thousand attempts, as is the case with standing, 
walking, running, and especially speaking, and later, writing 
and all sorts of skill in the use of the hands. The apparatus for 
co-ordination seems to be ready formed, but not to be in readi
ness for full use ; it attains full development by use and varied 
practice. It is conceivable and probable that the frequent use of 
the nervous paths (in the fine network 1) in certain directions by 
degrees overcomes the resistance along these Jines, until at last 
their employment becomes almost a matter of course. 

The process which takes place when co-ordinated movements 
are being learnt, may be somewhat as follows: The will sends 
clown an impulse, and the part of the central apparatus which it 
first reaches is that which presides over the association and 
co-ordination of the single impulses of motion. This takes place 
under the constant supervision of the sight (in the case of speech, 
of hearing also), and of the peripheral sensations of the skin and 
muscles ; which convey a conscious impression of the correctness 
or inaccuracy of the movements, and enable the person to apply 
to them the proper corrections. By continued exercise and 
repetition the movements become more and more perfect, and 
may thus reach a high degree of precision. 

When co-ordination has once been acquired, and the motor 
paths concerned have been sufficiently trodden, the complicated 
movements take place quite automatically, in response to a simple 
impulse of the will, aided by the apparatus for co-ordination. 
A supervision by the sight or the sense of touch is then no longer 
needed. This clearly appears from the fact, that after a little 
practice we can execute the most complicated motions with a 
swiftness and sureness which prove that they are not at all con
trolled by any active and defining regulative sensation-as when 
we grasp at a certain object, throw at a mark, leap over a ditch, 
play the piano in the most rapid time, etc. We therefore are 
able so to determine in the central organ the arrangement and 
force of the various processes of innervation, and by the aid of 
the will and the co-ordinative apparatus so to bring them to pass, 
that a completely ordered movement is the i·esult. At any rate, 
this is the way in which most co-ordinate movements are per-
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formed, when once they have been sufficiently practised and 
learnt, as walking, running, grasping, writing, speaking, etc. 

'fhe question as to the anatomical seat of the centres of co-or
dination and the centrifugal paths belonging to it, is not com
pletely settled. According to the latest researches (among which 
those of Goltz are of especial importance) it appears that the 
proper centres of co-ordination lie in the brain only. The cor
pora quadl"igemina, thalami optici, and cerebellum are the organs. 
which seem to take the most prominent part in the co-ordination 
of movement. 

In the spinal cord there seem to be no suclt centres, although 
the undoubted fact that orderly reflex movements may be evoked 
from the cord is sufficient proof that combined movements, serv
ing definite purposes, can be arranged in the cord. But the 
point we are here interested in is the co-ordination of voluntary 
movements, which has little to do with the apparatus for these 
reflex actions. 

It seems, upon the whole, that the spinal cord contains only 
those paths ef conduction which lead the co-ordinative impulses 
to the mitscles, which, therefore, place the cerebral centres of 
co-ordination in connection with the anterior roots. 

In what part of the cord these co-ordinative paths lie, and in 
what manner they enter into connection with the motor paths, is 
at present wholly unknown. Pathological facts, to which we shall 
come later, permit us to suspect that these paths are to be sought in 
the white posterior colt1mns or in their immediate neighborhood; 
and in order to supply the connection with the various nerve 
paths the fine network of nerve-fibres may also be called in play. 
Bt1t the physiological researches of WoroschiloJI-which, how
ever, refer only to the lumbar medulla-show that the co-ordina
tory paths lie in the middle third of the lateral columns, in the 
hollow between the anterior and posterior cornua. This agrees 
with a statement by Schiff, that the symptoms of ataxia may 
be produced in the lnmbar cord by lesion of the lateral columns. 

In the closest connection with the co-ordination of movements 
we may here speak briefly of tl1e processes which enable us to 
retain the equilibrium of the body. In the execution of this 
function a large number of accurately and finely co-ordinated 
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muscular contractions are concerned, which cont inually alter the 
centre of gravity of the body in such a way that its equipoise is 
k ept and the body remains upright. F or this plll·pose a con
stant o,·ersight by the senses appears to be necessary, to in for m 
us of the ppsition of the body in space and of the posture and 
position of the parts of the body. The oversight is exercised 
partly by the sensibility of the soles of the feet, the joints, the 
muscles, the skin, etc., partly by the sense of sight, and perhaps 
also by the semicircular canals of the labyrinth of the ear. These 
centripetal stimuli, constantly in activity, are converted in the 
central organ into definite co-ordinated movements, which pre
serve the equilibrium of the body. The co-ordinating centre 
which preserves the balance of the body is supposed to lie 
in the corpora qnadrigemina and the thalami optici. The con
ductive paths appertaining to it lie in the spinal cord, of course, 
with the exception of those which come from the organs of sight 
and hearing. The sensory paths for this function are situated, 
without doubt, in the posterior columns and the gray substance; 
the situation of the centrifugal paths is unknown. 

Vaso-rnotor Paths and Centres in tlte Spinal Cord. 

These have been the object of much and repeated investiga
tion down to the most recent time. Cutting the cord at any 
point produces a transitory but very considerable dilatation of 
all the arteries below the point o( section ; irritation of the cord, 
on the contrary, produces a contraction of the arteries below the 
point of irritation. From this we may infer that vaso-rnotor paths 
run in a centri fugal direction in the cord. They are said to be 
chiefly contained in the latera l colnmns, and in part, probably 
in the gray matter also; they are snpposed to clecussate forcer
tain parts o( the bocly, especially for the vessels of the thigh and 
trunk (Schiff). This statement, however, is denied (von Bezold). 

The centres of vaso-motor innervation certainly lie in the cord 
nncl medulla oblongata. It has hitherto been generally assumed 
that the chief centre lies in the medulla oblongata; bnt the 
1·esearches of Goltz, Schlesinger, Vulpian, and Mor. Nussbaum 
have now es tablished beyond a donbt that vaso-motor centres are 
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found thrnughout the length of the cord as far down as the lum
bar region. It is from these centres that the tone of the vessels 
is re·established when they have been dilated after section of the 
cord. The wound at first inflicts a shock, with temporary paral
ysis; hence the diltttion which directly follows the .section. As 
soon as the centres have recovered, the vessels retum to their 
normal volume; every fresh section of the cord at a lower point 
produces the same series of phenomena. A continued, or even 
a permanent paralysis of the vessels may occnr, but only when 
the entire cord is destroyed; in this case the irritation of peri
pheral sensory nerves no longer produces a reflex contraction or 
dilatation of vessels, in the way observed when the lumbar cord, 
including the vaso-motor centres, is intact. 

But even when the lumbar cord is totally destroyed, the ves
sels of the posterior half of the body are neither permanently nor 
wholly paralyzed; the original dilatation gradually diminishes, 
ancl the cutaneous temperature, at first considerably increased, 
sinks again to the normal point or beneath it. The same is the 
case after section of the sciatic nerve. These facts have com
pellecl us to suppose that the vessels also possess a peripheral 
gangliar apparatus, like that of the heart, which preserves their 
tone and keeps them at a certain degree of dilatation, even when 
they are cut off from all connection with the nerve-centres. 

Goltz' has recently attempted to refer all the vaso-motor phe
nomena which occur during the various experiments in section 
of the nerve to irritation of vaso-dilator nerves. These, when 
irritated by the cut, he supposed to act upon the peripheral 
ganglia like a sort of nerve of arrest, paralyzing their activity, 
and thus producing a lax condition of the vessels. According 
to this view the cord contains only that class of vaso-motor cen
tres which cause dilatation of vessels. In spite of the elaborate 
defence of this position-which is also held by Vnlpian-it has 
not proved sound, and a further series of researches, made 
by Putzeys and Tarchanoff in the laboratory of Goltz, has again 
shaken the theory of vaso-dilator nerves.' They refer the symp-

1 Pfttteger's Arcbiv. Bd. IX. S. 174. 
'Ceotralbl. f. d. med. Wisscns. 1874. No. 41. 



44 ElW.-DlSEASES OF TIIE SPINAL CORD AND ITS ENVELOPES. 

toms to a great exhaustibility and an excessive stimulation of 
the vaso-motor paths, which result in immediate dilation of the 
vessels, preceded regularly by a brief period of contraction. 

The vascular tonus, therefore, is under the inllticnce of cer
tain very complicated sets o( apparatus; those of the peripheral 
nerves come first, but are subordinated to the centres in the 
spinal cord, so that when the latter are excluded, the former 
require some time to develop their enti.re activity and to restore 
the tone of the vessels. This increase of the activity of the peri
pheral ganglionic apparatus is perhaps favored by the increased 
influx of blood which occurs after the spinal centres have been 
excluded. A similar relation may exist between the spinal 
centres and the vaso-motor centres in the medulla oblongata. 

It is not known where the vaso-motor centres in the spinal 
cord are situated: probably in the gray anterior pillars. The 
vaso-motor nerves which come from these centres mostly lie in 
the lateral columns; they leave the cord in the anterior roots; 
those destined for the head come from the cervical cord, those 
for the upper extremities from the upper dorsal, those for the 
pelvis ancl lower extremities from the lower dorsal and the lum
bar cord; the abdominal viscera receive their vuso-motor nerves 
through the splanchnic, and the uro-genital apparatus from the 
lumbar nerves. 

Tropliic Centres and Paths in the Spinal Cord. 

Physiology is entirely in doubt respecting the existence and 
the mode of action of trophic nerves. Pathological facts, in 
numbers, have continually pointed to the existence of some 
such trophic influence, coming from the nervous centres ; but no 
generally accepted basis for a doctrine of the trophic nerves and 
their functions has ever been established. \Ve may therefore 
confine ourselves to a few remarks, and avoid a close discussion 
of this section of the general pathology of the spinal cord. 

The influence of the nervous system upon the processes of 
secretion is probably no longer doubted, in view of what we 
really know concerning the secretion of saliva. It is palpable 
that these processes have the very closest analogy with processes 
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of nutrition. That the nutrition of most of the peripheral parts, 
the nerves, muscles, bones, joints, skin, hair, nails, etc., depends 
in many respec ts upon the spinal cord seems to foll ow from 
numerous pathological facts which have been collected by 
Charcot.' These observations show that many and various 
trophic disturbances-both those of an inflammatory and gan
grenous nature, and al so simple atrophy and degeneration
occur in all the parts named when their nervous connection with 
the spinal cord is cut off, or when the latter itself is affected in 
certain ways and in certain regions. 

The nature of these trophic influences and the routes which 
conduct them are in most points problematic. The proper cen
tres for these influences are probably the ganglion-cell s, espe
cially those of the gray anterior pillars. The routes over 
which the trophic inf! uences are conveyed to the periphery run 
in the motor and sensory nerves; but it is questionable whether 
there exist for the purpose special trophic nerve-fibres, or 
whether the motor and sensory fibres themselves assist in con
veying trophic influences. At all events, no special trophic 
nen 'eS are anatomically demonstrated at present. 

R especting the position of tho trophic centres for special 
tissues, something is known, but most is obscure. Those for 
sensitive nerves seem to lie in the spinal ganglia, as found by 
vValler and confirmed by Schiff. There are numerous and well
established pathological facts in farnr of this view, as degenera
tion of the posterior roots, wi th unimpaired nutri tion of the 
peripheral sensitive nerves, in cases by Charcot, Vnlpian, 
Schueppel, and others. 

The trophic cen tres for motor nerves and muscles doubtless 

lie in the anterior cornua , and are usually supposed to exist in 
the large multipolar ganglion-cells. In the same situation, 
according to patholog ical facts, the centres of nutrition for bone 
and joints are probably to be found (see Infantile Spinal Paraly
sis). Bnt the centres of nutrition for the skin ancl its adnexa 

are probably elsewhere ; they are apparently to be sought in the 
central gray substance or the posterior columns, their nerve-

1 Clinical Lectures on Dise:i.ses of the Nervous System. 
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fibres leaving the cord with the posterior roots; perhaps they 
exist in the spinal ganglia also. 

Further research is required in order to determine all this. 
The experiments of Eichhorst and Naunyn' have lately shown 
that the pinal cord contains the means of self-maintenance ancl 
seH·nutrition. 

Reflex Action ef the Spinal Cord. 

The production of reflex movements-I. e., the direct trans
ference of sensory excitation to motor paths, unassisted by the 
intelligence and the will-may be assigned without contradiction 
to the _qray substance. All spinal reflex acts-i. e., all reflex 
acts which occur after the brain has been severed from the spinal 
cord-require, without doubt, the aid of the gray substance of 
the cord to produce them. 'fhese results are confirmed by a 
great variety of physiological experiments ancl by numberless 
pathological facts. 

In spite of this, we are not yet entirely clear in regard to the 
reflex apparatus, and the precise course taken by the excitation 
which produces the reflex action ; yet it is pretty certain that 
ganglion-cells constitute the proper apparatus for producing 
reflex action, ancl that it is in them that the transference of 
centripetal sensory excitation to centrifugal motor paths takes 
place ; experiments show, fnrt,her, that the entering root-fibres 
must connect with ganglion-cells very soon after passing into 
the gray substance. 

The centripetal paths, which convey a stimuh1s inward, lie 
beyond a doubt in the posterior roots; those which convey forth 
a stimulus, the centrifugal, or motor, lie in the anterior roots; 
but of that which lies between these two routes, and its histo
logical structure, we are not well informed. 'Ve may, however, 
guess that there are branch conductors given ofI both from the 
sensory and from the motor paths at various points within the 
spinal cord, which meet each other at certain ganglia and groups 
of ganglia (reflex centres), and enter into condnctiYe communica-

1 Arch. f. experiment. Path. u. Phnrmak. II. p. 242. 



PilYSIOLOGICAL INTRODUCTION. 47 

tion with each other; but these conductors may be supposed to 
be connected by means of the fine network of nerves with all 
other possible paths iii the gray matter, up to a great distance 
from their proper seat, so that a refl ex motor excitation, origi
nating from a single point, may be diffused more or less exten
si1·ely. The reflex excitation may therefore pass to many or 
even all or the motor pa ths ; but, as a rul e, it passes to but 
a few, and often to but a single one. 

There exist numberless paths, with very various resistances 
to concluction ; those which present the least resistance are first 
occupied. II the strength of the irritat ion is increased, or the 
resistance within the reflex paths is diminished, the reflex 
movements are correspondingly increased in ex tent. 

In harmony with this couiplicatiou is the fact, that the time 
required to carry out the refl ex conduction is many times 
(according to Ilelmholtz 11- 14 times) greater than that required 
for simple motor conduction. 

The degree of reflex irritability differs very much i11 different 
persons ; in many, all possible reflex acts can be procluced with 
the greatest ease, while in others thi s is very difficult, or impos
sible. Various physiological conditions, many poisons, and espe
cially pathological conditions, have the power to modify the 
reflex irritability to a considerable extent. 

The first and ordinary consequence of a brief sensory irrita
tion is a simple brief contraction of the muscles, or a more 
prolonged tetanic contraction; subsequently repeated convulsive 
jerks also occur ; Freusberg ' and Goltz ' have lately observed 
refl ex actions that intermitted rhythmically, foll owing a single 
or continued irrita tion; in the higher degrees of excitation the 
muscular contract ions become more and more extended, and 
almost the entire musculature may at last take part in the reflex 
action, as occurs in many forms of general spasm. 

The way in which the refl ected actions increase in extent, 
while tbe irritation is increased, has been carefully studied by 
Pflueger, who found the following results : The excita tion, pass-

1 Refl exbcwcgungen beim Runde. Pflueger's Arcbiv. IX. p. 3.38. 
~ Ucbcr die FLWctionen des Lendeumnrks des Hundes. Ibid. VIU. p. 400. 
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ing from a sensory fibre, is first transferred to motor fibres on 
the same side and the same level of the cord; next it passes to 
the symmetrically situated fibres of tbe other side, but in a SOP'le
what weaker clegree; then motor fibres in other sections of the 
cord are attacked, first those lying above toward the medulla 
oblongata, and afterwards those situated lower down; finally, 
general reflex contractions of the great part of the muscular 

system occur. 
The reflex actions are not always simple movements; more 

or less complicated movements occur, which may even have the 
appearance of adaptation to a certain end (movements of self
defence, of tlight, and the like), in which cases there doubtless 
exists a simultaneous excitation of several motor paths, which 
are associated i11 the cord for certain purposes, or are united by 
habit. There are, however, actual series of motions, motions 
with a proper sequence, which serve a given purpose; such are, 
for instance, the rhythmic twitching of the hind legs, described 

by Freusberg, the processes concemed in defecation, etc. These 
cases are sometimes instances of a stimulus to new motion, 
originating in the first reflex action; or they are cases of the 
stimulation of entire centres, which govern various physiological 

acts at once. 
Reflex actions may be originated by stimulus applied to any 

sensitive part of the body. Cutaneous reflex actions are the best 

known, originating in stimulation of the skin; the most sensitirn 
regions in this respect are the sole of the foot, the face, the front 
of the belly, the inner surface of the thigh. Irritation of the skin 
excites in different persons more or less generalized reflex actions, 
which are strictly obedient to Pflueger's laws of reflexion. 

The tendinous reflexions, lately described by \V estphal 1 and 
myself,' are of great importance in pathology. The tendon of 
the quadriceps and the ligamentum patellm, the tendo-Achillis, 
and the triceps tendon in the upper arm, are the best points for 
demonstrating these 1·efl ex actions, ns yet only observed in man. 
They are caused only by mechanical irritation (light tapping 

1 Uebcr einige Bewegungserscbeinungen an gelabmten Gliedcrn. Arch. fi.ir Psych. 

u. Nervenkrnnkb. V. p. 803. 1875. 
2 Ueb. Schnenreflexe bei Gcsunden nod bei R.-M.-Kra.nken. Ibid. V. p. 702. 
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with the finger or the percussion hammer), are very easily dis
tinguished from the cutaneous reflex actions, and are strictly 
confined to the muscles and groups of muscles belonging to 
these tendons. Similar reflex actions can be originated, at least 
in cases of pathological increase of excitability, from the peri
osteum oI many bones, from fascire and articular ligaments. 

Wcstphal's article, contnining a great quantity of intercstiug nnd valuable mate

rial bearing on the phenomena in question, appeared after I had written the above. 

He gives the name of "lower leg phenomena 1' to thut which I denominated the 

tcndo-patellro reflex action, and tlle name of "foot phenomenon" to lhc reflex clo

nus which occurs when the foot is passively moved in dorsal flex ion (to be described 

in the section on genera l symptomatology under "Increase in Udtex Activity''). 

The article shows that Westphal does not consider these as reflex acts, but believes 

that the muscular contraction<; are produced directly by mechanical stretching nnd 

shock of the musctilar substance. The fact that this is most easily produced nt the 

tendon depends on the facility with which the fibres of the muscle cau be mcclrnni

cnlly irritated all at once, by pulling the tendon. Wci::tphal, therefore, considers 

the phenomenon as due to n direct irritation of muscle, and compnrcs it in patho

logiral cases with abnormal states of muscular tension and contra<:tion. 
We ought, l think, to have very convincing grounds for abandoning the t11 eory 

which lies next at hand, with its numerous physiological analogies, especially when 

the positive rensons for the alternative theory arc so very few. I can by no means 
admit tlic existence of such reasons, as opposed to the n·llcx theory of these pheno

mena. :Moreover, a great number of positive facts, which I h:n-c since collected, 

and which can easily be pl'oved, even upon many well persons, arc so drcidcdly in 

ftwor of the reflex theory, and against the tl1cory of direct muscular irritation, that 

all my doubts arc completely put to rest. I will mention only a few of these briefly. 

In many patients, the r:iuadriccps reflex action can bo produced by moderate tap
ping on a. large part of the free surface of the tibia. Tapping on tendons in places 

where film suhstancc underlies them (e. g., tendon of the tibialis posticus under the 

ma.llcolu8) produces the reflex action. Ia both these cnRcR, nil mechanical action 

upon the mui;e:le is avoided. We c:m produce the effect upon the biceps femoris (in 

patientR) by taking up the tendon in our finger~, in on entin·ly relaxed condition, 

and pinching it n little while; tllis succeed!>, eTrn if the tPndon just above the 
pinched part is hclcl firmly with t11c other hand. The r<fl f'x action of thr supinator 

Jongus can be produced from the lower end of the radius. I Raw in one case a 

reflex contrnction produced in the deltoid when the C:lpitulum ulnre was lightly 

tapped, nnd one in the triceps brachii when n i::pot near the C'. ulnre was tvpped. In 

all these cases the experiments were carefull y repeated, to show that the reflex action 

did not originate in the sk in , and that no mechanical shock, transrcrred to tl1c dis

tant muscle, could lrnYc been the cause. In hemiplegic pntirnt~, whrn the patellnr 

tendon of one side is tapped, we often see twitching of the aclductors of the other 
VOL. XIII.-4 
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side. In o. case of compression of the lumbar cord the tcndo-patcllro reflex action 
wus absent; when the motility returned, the reflex action also appeared-a proof 
that the integrity of the conduct ion to the central organ is requisite. In tnbes 
we often find the tendo-patcllre reflex action wholly absent, while the mechanicnl 
excitability of the quadriceps is retuined or even exaggerated. 

But the question has since been attacked experimcntrtlly, nnd, as it seems to me, 
has been decided beyond a douht. F. Schultze and P . Fuerbringer 1 have made a 
scr i~ of experiments, all favorable to the reflex theory. It appeared , first, that in 
rabbits and dogs the phenomenon of the tcndo-patcllre is a quite constant occur
rence, and has remained unknown to physiology only because it has l1CV<l r been 
looked into ; the refl ex net can be produced with espec ial case and distinctncs.., 
from the cxpos:!d tendon. The experiments were assoc iated in some instances with 
s~ction o( the spinal cord, in others not; they were modified in the greatest variety 
of ways by section of the nerves and muscles, poisoning with curare, etc., and their 
uniform testimony wns to the effect tltat the muscular plten<>mena in question cannot 

be due to a direct action tltrough the tendon, but depend 011. a 1·eflex operation, the 
mechanism for which, in the case of the lower extremity, is situated in the lower 
segments of the spinal cord i and lastly, tltat a rf'jli::e act 01·iginating in the skin can

not possibly be the came. 
The last statement leads by anticipation to the observation of Joffroy' that these 

phenomena, at least in pathological cases, are essentially due to irritation of the 
sk in, while the irritation of the tendon plays only a subordinate part. J offroy 
brin;s many instances in which irritation of the skin produced the phenomenon of 
refl ex clonus of the mu;;;;cles of the calf, to be described below. I have repeatedly 
s::en this. I have, however, convinced myself that this also is clue simply to a sec
ondary irritation of the tendon. Jn such ca.ses, every cutaneous irritation of the 
foot produces a reflex d orsal ficxion of the member, and thi s suffi ces to originate a 
reflex clonus, exactly as passive dorsal fiexi on would produce it. Whether or not 
there arc cases in which the spasmoclic tremor can be originated directly from the 
skin , I must for the present leave undecided. 

It remains to be said, that 0. B~rgcr is decidedly in favor of the refl ex theory, 
upon the g round of such facts as I have mentioned. 3 

·we may therefore with propriety introduce the name of "tendinous reflexion ,, 
for this phenom<'non. 

Our view is decidedly su:>portecl by C. Sachs' very recent demonstration of 
nerves in the tendons, which can hardly have any other than a sensiti ve function .4 

It is also known, and has lately been confirmed by Frens
berg's data, that numerous refl ex actions may originate from the 

1 Centralbl. f. d. mecl. Wiss. 1875. No. LIV. 
'De la trCpidation Cpileptolde du membre infCr. , etc. Gaz. mCd. de Paris. 1873 

No.33et:l.i. 
3 Schles. Gesell!{cb f. vat. Ou.It. Medic. Sect. Sitzg. v. 23. Jnli 1 1875. 
' Die Nerven der Sehnen. Reicltert und Du BoU1 Archiv. 1875. p. 402. 
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l'iscem, as the bladder, rectum, anus, the intestines (dependent 
on their degree of fnlness), etc. Freusberg bas, finally, tried to 
show the probability that reflex actions may also be originated 
from sensitive nerves in muscles, by t'Yitching ancl stretching 
them. All these matters find their parallel in lrnman pathology. 

\Ve hm·e hitherto spoken almost exclusively of reflex actions 
which all'ect the voluntary striped muscle. Bnt it is easy to 
show that reflex actions may extend to all the centrifugal phe
nomena, ancl that such actions play a most prominent part in the 
occurrence of many phenomena o( movement; we would call to 
mind the rcflPx processes which are so essential to the discharge 
of fmces ancl urine, to the morements of the stomach and intes
line, to erection ancl ejaculation, to the mo1·ements of the uterus; 
the reflex production of the secretion; and lastly, the important 
retlex processes which occur in the blood-vessels, and are carried 
out through the Yaso-motor paths. 

I nliibition ef Reflex Action. 

The experiments upon reflex action have also shown that the 
irritation of certain parts may gh·e rise to an inhibition or sup
pression o( spinal reflex acts. And it appears that this eliect 
may be produced as follows : 

First, a powerful arresting influence prnceecls from the brain 
(Setchenow). Daily e'qJerience shows that we can suppress 
many reflex acts by the aicl of the will; but this relates only to 
such acts as stand under the general control of the will, and can 
be performed by a ,·olnntary eliort. Experiments show that 
separation of the brain from the cord consillembly increases the 
spinal reflex actions; such a separation is in fact always made 
when the reflex processes have to be studied. It is further 
shown that irritation of certain parts of the brain (in frogs, the 
so-called optic lobes) lessens the spinal reflex acts, and retards 
them, or entirely puts an encl to them. The paths or conduction 
for these inhihitory influences from the brain are thought to lie 
in the white anterior columns. 

Inhibition or reflex acts can also be produced from the peri
plu:ry. Numerous physiological experiments within the last few 



52 ERB.-DISEASES OF TUE SPINAL COHO AND ITS E~ffELOPES. 

years have shown that the spinal reflexions can be arrested and 
completely suppressed by irritation of sensitive nerves (Lewis
son, Setchenow, Nothnagel, Goltz, Freusberg). A great Yariety 
of sensitive paths may be used by this function; the inhibition 
takes place with most certainty from the skin, whether by powe1·
ful irritation of a limited spot, or by slight irritation of large 
surfaces; it may also be originated by initation of the sensory 
nerve-trunks, of the sensitil"e mnsc ular nerves, or of the viscera 
(e.g., by distention oE the intestines and stomach). The paths 
used in the production of these processes of inhibiLion lie, with
out dot1bt, in the posterior roots. 

' Ve have, however, nothing but conjecture to aid us in form
ing an idea as to how these acts of inhibition come to pass in the 
cord itself. 'Ve know that the reflex acts are arrested when the 
sensory cells of the reflex arc receive impressions simultaneously 
from other sensory districts-central or peripheral. "The sus
ceptibility of certain centres to impressions which give rise to 
the reflex act is lessened, when these centres receive impressions 
from other nerves at the same time" (Goltz). It is quite obvious 
that this statement is not an adequate explanation. Perhaps 
there exists a special inhibitory apparatus in the cord. 

Centres and Paths for the Innervation of the Viscera. 

The innervation of the heart, apart from the centres situalecl 
within itself, is depenc1ent on certain centres in the mednlla 
oblongata. As regards the part taken by the cord in the ex
tremely complicatec1 innervation of the heart, there still exists a 
difference or opinion. It is thought that the exciting centre for 
the mO\'emcnts of the heart is situated, partly or wholly, in the 
upper cervical region, ancl that the paths which leacl from it run 
downward for some distance in the corcl, after which they reach 
the sympathetic by various routes, thence passing to the heart. 
Initation or the paths in the cervical corcl is said to accelerate 
the activity of the heart. 

As regards those roots of the accessori us, which originate low 
clown in the cervical cord, it is not yet clear how important they 
may be in the innervation of the heart. But the cord possesses 
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a powerful influence on the movements or the heart, through the 
vaso-motor innervation; it is well known that irritation or paml· 
ysis of the vaso-motor nerrns exercises a great in!lnence upon 
the rate and the force of the heart's action. 

The activity of the or.r;ans ef respiration is also dependent 
on the respiratory centres in the medulla oblongata. Recent 
investigations by P . lfokitansky' seem to show that there exist 
respiratory centres, analogous to thevaso-motor, in the upper part 
oI the corel, whose ft\nction becomes more distinct after the cord 
is severed from tlie medulla oblongata. 

The paths which condt1ct the excitation from lhe centres of 
respirntion to the muscles of respiration are said to be all con
tained in the lateral columns of the cervical conl and upper dor
sal cord. This view has lately been maintained by SchiJf against 
the attacks or Brown- Sequard and others. 

The cord seems to have agreat influence upon the mo,·ements 
of the digestive tract. All these movements (swallowing, pe1·is
tole or the stomach and intestine) are reflex in their natu1·e, and 
are probably produced by centres situated in the cord. On the 
other hand, the cord has also a reflex inhibitory power over these 
mornments. Thus Goltz' has demonst rated an inhibitory influ
ence exerci sed by the corel upon the movements o[ the msophagus 
and the stomach, and states further, that destrnction of the cord 
produces ex tensive ancl active peri staltic action o[ the bowel, and 
causes diarrhma. It is much to be wishecl that we }Jossessecl 
more accnrate investigations into these relationships, and int<! 
the seat of the centres and paths. 

The evacuation ef the 1·ectum is produced by a more compli
cated mechanism, as follows : The contents of the intestine enter 
the 1·ectum, producing a reflex peri staltic action of the latter; 
the centre for this reflex act is situated in the lumbar cord. The 
pressnre of the contents against the place of exit probably at 
first excites the tonicity of the sphincters by refl ex action, and 
interferes with evacuation . At the same time the sensitive ne1Tes 
g ive notice to the consciousness of the approach of an evacuation, 

' Unt;ersncb. iib. d. Athemnervencentr::i... Wien. med. Jabrb. 1874. I. S. 30. 
t PilUger's Arcbiv. VI. 1872. 
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and the inft uencc of the will can be invoked to strengthen the 
contraction of the sphincter and prernnt the occmTence of dis
charge for a while. If the reflex contraction becomes stronger, 
or i1 the sphincter is voluntarily relaxed, the discharge takes 
place. It is aided by the action of tho abdominal compression 
(slraining), which is either voluntary, 0 1·, in case of severe irri
tation of the mucous membrane of the rectum (tcnesmus), is 
directly reflex. Tho passage of the masses of froces through the 
anus provokes those rhythmic reflex contractions which Goltz' 
has described, the reflex centres for which must also be sought 
in the lumbar cord. These contractions close up the rectum. 

Tho centres for all these }Jrocesses lie in the lumbar cord; the 
paths from the centres to the rectum lie in the sacral nerves and 
the sympathetic plexuses. And as the sensory and motor paths 
which ascend from the rectum through the cord to the brain (the 
position of which in the transverse section is not yet exactly 
known), are iilso concerned iu the process of frocal evacuation, it 
is easy to see how many points there are whence pathological 
disturbances in the process of evacuation may originate. 

Quite analogous conditions are found in the evacuation qf 
urine, the disturbances of which are so ex tremely common in 
diseases of the cord. According to Goltz' new and admirable 
investigations, ' the normal process is as follows: the increasing 
fullness of the bladder vroduces an increasing irritation of the 
walls; by this sensory irritation a reflex contraction of the detru
sor is occasioned through the agency of a centre locatec1 in the 
iumbar medulla ; at the same time the imvulse to urinate reaches 
the consciousness, when the evacuation may be vrevented by 
voluntary contraction of the sphincter vesicro, or of the urethral 
muscles which act as sphinctern, un til the vesical muscles become 
fatigued and the impulse to urinate diminishes. The tonus of 
the sphincter may also, verhaps, be increased reflexly by the 
entrance of the first drops of urine into the urethra. After some 
time fresh and more }JOwerful contractions of the detrusor occur, 
until at last the sphincter is overpowered, or is voluntarily 

1 Pn ilger's Archiv. VIII. 1873. 
11 Ueber die Functionen des Lendenmarks des Hundes. Ibid. VIII. p. 474. 
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relaxed, when the evacuation takes place; it can be hastened by 
the action of abdominal straining, either voluntary, or, if the 
impulse to urinate is very strong, of a reflex sort; and is con
chtdeu by a few rhythmic contractions of the urethral muscles. 

The act of evacuating the bladder is, therefore, purely reflex 
in its nature; the centre for its accomplishment lies in the lum
bar medulla. 

After section of the dorsal medulla the evacuation takes place in a perfectly 
regular way, whenever the bladder has reached its uonnal point u( fullness, or the 
wall o( the bladder jg irritated in some other way. The complete paralysis and 
cessation of evacuation which appears to occur during the first days after the 
operation, depends on the concussion (Erschlittcruug) of the lumbar medulla nnd 
paralysis of its centres which the operation brings about. These centres usually 
recover in a short time, and resume their functions. 

The evactmtion is excited by sensory irritations, the most 
active of which is irritation of the wall of the bladder itself by 
distention and pressure from its contents ; but irritation of the 
anal region may also provoke the discharge. The sensory and 
motor nerves of the bladder, which form the paths for this reflex 
process, leave the lumbar medulla along with the roots of tbe 
acral nerves (probably the third, fomth, and fifth), and pass 

wiLll them, either directly or through the sympathetic plexuses, 
to the mucous membrane and the muscles of the bladder and the 
urethra. 

There are, however, other motor and sensory paths, which lead 
upwards in the spinal cord from the bladder to the brain. Budge 
has succeeded in producing contractions of the bladder by stimu
lating the cord as high up as the pedunculi cerebri; the paths 
are supposed to lie in the anterior columns of the cord. It 
requires no proof to show that the routes for the voluntary exci
tation of the sphincter and the urethral muscles also run through 
the cord to the brain. 

In spite of this, the will seems to exercise no direct influence 
upon the contraction of the detrusor. The voluntary discharge 
which we can produce without the presence of the impulse to 
urinate, is probably brought about by relaxing the sphincter, 
and bringing a powerful abdominal pressure to bear upon the 
,rnlls of the bladder, which gives rise to a reflex contraction of 
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the detrusor (Goltz). Bnt that by an inrnlnntary reilex action 
originating in the brain the i-etlex mechanism of the lumbar 
medt11la may be brought into activity, and an evacuation pro
duced, is shown by the cases in which psychical impressions are 
followed by sudden discharge of urine; also by the fact that 
certain ideas are capable of calling ont the desirn to urinate, or 
of increasing it considerably. The paths in the spinal cord 
which serve for the propagation of this class of impressions may 
be excited by irritating the cord itself, aud contractions of the 
bladder produced. 

It is a matter of daily observation, and hardly needs to be 
mentioned, that inhibitory 1)]·ocesses exist in the case of the 
mechanism of urination, as of all other reflex actions. 

The correctness of the above statements can eusily be shown 
by careful observution of one·s own person, and is fully con
firmed by puthological facts. IY e should, however, be careful 
to observe that clisturbances in the function may originute, not 
only in the centre in the lumbar cord, but also i11 the sensory 
and motor puths wliich unite the bladder with this centre on the 
one hand, und with the brain on the other. The relutions may 
certainly be very complicuted. 

Very similat· conditions are met with in the processes of erec
tion and ~jaculation, which also depend mostly upon the spinal 
cord, and which have received fresh light from the observations 
of Goltz (1. c. ). 

The erection of the penis is brought about, according to 
Eckhard's investigations, 1 by direct irritution of the so-called 
nervi erigentes, which originate in the sacral plexus and a.re dis
tributed in the corpora cavernosa. The process is now universally 
regarded as an act of inhibition, exercised by the nervi erigentes 
upon the ganglionic apparatus of the vessels o{ the penis (LoYen); 
this causes a relaxation of the vascular tone, and a powerful 
inilux of blood into the corpora cavernosa, which prnduces the 
erection. 

This irritation of the nervi erigentes occurs in the reflex way 
also ; the centre for this reflex act lies in the lumbar cord (Goltz), 

1 Beitr. z. Anatomie und Physiologic. Giessen. Bd. Ill. IV. uud VII. 



PllYSIOLOGICAL IXTRODUCTIOX. 57 

for it is very easy to produce reflex erections in dogs after section 
of the dorsal medulla. 

This reflex act is produced with most certainty by irritation 
(slight friction) of the skin or the penis and glans, or or the skin 
of the lower abdomen and perineum; Ly irritating the bladder 
or rectum, by introducing the catheter, and probably also by 
irritation of the testes, by over-fullness of the seminal vesicles, etc. 

The reflex act can be arrested or suppressed, either by power
fol peripheral irritations or by cerebral inllnence. Complete 
destruction of the lumbar cord renders it impossible. 

The brain also possesses a certain influence upon the occur
rence of erections; but this is not a direct influence of the will, 
for erections cannot be thus produced. But erections can be 
produced by loose thoughts, by stimulation of the fancy, by 
looking at things which excite sexual appetite. This appetite is 
known to be located in the brain; from the cerebral centre, the 
mechanical reflex centre in the lumbar cord may receive the excit
ing impulse. The paths which convey this excitation from the 
brain to the lumbar cord must lie in the spinal cord. In fact, 
Eckhard has succeeded in producing erections by irritation of 
the spinal cord, as high as the pons and pednnculi. The same is 
the case in many diseases of the spinal cord. The portion or the 
transverse section of the cord which contains these paths is not 
yet known. 

Quite the same processes are passecl through in ejaculation; 
for this also is a imple reflex act having its c ntre in the lumbar 
cord. It seems, however, to require for its production a some
what longer and more powerful irritation. The nerve-paths 
probably lie chiefly in the sacral plexus. 

The spinal cord has also au influence upon the uterine con
tractions. The motor nen·es of the uterus lie in the spinal corcl, 
and may be followecl, by irritating them, up into the medulla 
oblongata (\V. Schlesinger'). Uterine movements may also be 
provoked reflexly from the sciatic 11erve. The centre for these 
movements does not lie exclusively in the medulla oblongata, as 
was formerly thought, but such centres may be demonstrated in 

1 Ueb. cl. Ccntm der Gefiiss- u. Uterusnerven. Wien. med. Jahrb. 1874. I. p. 1. 
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the whole length of the cord (Schlesinger). The chief centre for 
the production of labor-pains lies in the lumbar cord, according 
to Goltz.' After division of the dorsal medulla the reflex acts 
proper to copulation, and those of labor and birth take place in 
a normal manner. The processes of o,·ulation, of development 
of the pregnant uterus and the lacteal glands, the development 
of the impulses which are associated with reproduction, suffer 
no Yisible impairment from this operation. 

Nasse has observed in the human subject, after crushing of 
the cervical mednlla, a normal performance of the ttct of partu
rition . 

The innervation of the iris is also in part dependent on the 
spinal cord. Tlle motor-paths for the dilatator pupillro lie in 
the cervical and upper dorsal cord. Irritation of this rngion 
prodnces dilatation of the pupil; it has therefore received from 
Budge the name of centnun cilio-spinale. According to Salkow
ski (Dissert. Konigsb. 1867), this centre lies mnch higher up, 
namely, in the medulla oblongata. The motor-fibres which pass 
from it rnn downwards in the cord without decussating, pass out 
with the anterior roots of the lower cervical and upper dorsal 
nerves, go thence into the cervical sympathetic, and then to the 
eye. Section of these libres causes contraction of the pupil. The 
same rot1te is taken by the vaso-motor paths for the head and 
external ear. 

The inllnence of the cord upon the various processes ef secre
tion in the body has been very little studied. It is probable 
that there exists such an influence upon the secretion of sweat 
and saliva, and doubtless also upon the production of semen and 
ovulation, the secretion of the digestive fluids, etc. But at pres
ent we are not in possession of exact knowledge in respect to 
these points. 

The only positive facts of this sort that we possess are those 
furnished by Eckhard' in regard to the secretion of urine, who 
says that section of the cervical cord produces a complete and 

1 Pfliiger's Archiv. Bd. IX. p. 552. 
9 Untersuchungen i.i.bcr Ilydrurie. Deitr. zw: Anatomic und Physiologic. Bd. V. P-

147. 1870. 
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permanent anest or this secretion. Eckhard infers from his 
experiments the existence of a centre for exciting the secretion 

•of urine, situated at the level of the rhomboid fossa; the excitor 
paths which pass downwards from this centre leal'e the cord by 
the upper dorsal nerves; there are also inhibitory paths for the 
secretion of the urine, located in the splanchnic nerve. The 
qualitative changes in the urine, which are so common in aiiec
tions of the spinal cord, are probably due in great part to stag
nation of the urine in the paralyzed bladder, and to the decom
posing influences of secondary disease of the bladder. 

'l'he theo1'Y of musc1tlar tonicity needs only a very short 
mention. It has called forth a great deal of investigation, but 
can hardly be applied in pathology. \Ve understand by the 
term muscnlar tonus, a constant mild innervation of the striped 
muscles by a stimulant inflt1euce proceeding from the spinal 
corc1. Later investigations have shown that this is probably in 
Sttbstance nothing more than a weak reflex excitement, which 
originates in sensory stimulation of the skin, muscles, joints, 
and other 1iarts, and is chiefly produced by the action of chang
ing the position of the members of the body. 

In connection with this point stands the much discussed 
question of the i11jluence ef tlte posterior 1·oots on the excitabil
ity qj' tlte anterior. \Vhile some physiologists (llarless, Cyon, 
Steinmann, etc.) state with perfect confidence that the excitabil
ity of the anterior roots is depressed after section of the pos
terior, other observers (v. Bezolcl, Uspensky, G. Heidenhain, 
and others) have denied the statement with equal confidence. 
But even if the fact were provecl, it does not possess the great 
importance claimed for it in pathology. 

A tonus of tlte vascular muscles seems proved. The vaso
motor nerves are its conducting paths ; they are kept in con
stant slight excitement by the centres demonstrated in the 
medulla oblongata and the spinal cord, and, after these are 
removed, by veripheral ganglionic apparatuses, which also have 
the power of keeping up the tone of the vessels. 

The tone qf' tlte spliincters of the blaclcler and rectum is cer
tainly or a reflex character, and principally depends on the 
lumbar cord. 
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The application of physiological data to pathology is cer
tainly of the greatest importance; it is the source of the only 
light that has been cast on a great number of pathological pro
cesses and their connection. It must be admitted, however, that 
physiology is far from explaining everything, and that many 
points can only be made clear by pathological observations and 
experiments. 

Physiological experiments very often produce a pathological 
state (section, compression, irritation, etc.); similar states are 
occasionally produced in man by a great variety of agencies, 
including disease; and these are the cases in which a direct appli
cation of physiological laws to pathology will prove most fruit
ful of results. 

But the states produced in physiological experiments are far 
from being so various and general, and are seldom so exactly 
localized, as are pathological conditions. From the nature of 
the case they must be rnry limited in extent; the usual lesions 
consist or severance of continuity, very small, and with hardly 
any extension in the direction of the long axis or the cord. 
Simple sections have hitherto formed almost our entire founda· 
tion for the experimental pathology of the cord; and it is time 
that the method of Nothnagel and Fourni6, applied with snch 
success to the brain, were extended to the spinal cord. 

A brief consideration shows that the experiments of physi· 
ology and pathology can imitate neither those anomalies which 
are widely distributed along the length of the corc1, yet localized 
in particular spots; nor the slowly progressive conditions of ini
tation and paralysis; nor the moderate and gradually increasing 
and varying degrees of pressure; nor the various finer disturb
ances of nutrition in fibres and cells. 

In particular, it must be noted that possibly, even probably, 
the properties of irritability inherent in the cord may be essen
tially changed by pathological processes, so that, for instance, 
the kinesodic substance becomes motor, the rosthesodic sensitive. 
Thus conclusions, drawn from the healthy cord, cannot be trans
ferred to the same organ in a morbid state, without certain 
reserves. 

These reasons may justify the objections which have been 
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made to a direct transference of physiological principles (in 
lllany respects poorly founded) to the pathology oi the cord. 
Nevertheless, W<J think it not unsuitable to collect in this place 
some or the principles dednced from physiological and patho
logical experience, so far as they seem applicable to practical 
needs, as a sort of clew to the interpretation ancl recognition of 
complicated pathological processes.' 

1. Section or limited affection of the posterior columns de
stroys the sense of tonch in parts situated behincl the point of 
injmy, but leaves the sense of pain. 

2. Distnrbance of the conductive power of the gray substance 
for a limited longitudinal extent suspends the sense of pain, but 
leaves that or touch (analgesia). 

3. Disease or destruction of the entering posterior root-fibres 
(or of the network or fibres directly formed by them) must impair 
the sense or touch equally with that of pain and the other classes 
of sensation. 

4. Injury or disease of the posterior columns at the lc,·el of the 
lumbar cord leacls to a diminution of the sense of touch at the 
anus, perineum, etc., while the sensibility aml motility of the 
lower extremities remain unimpaired; the same lesions in tho 
lateral columns or the lnmbar cord have the same effect upon the 
lower extremities as those of the posterior columns in the dorsal 
and cervical medulla. 

5. \\'hen the gray substance is partially destroyed in the 
transverse direction, and the posterior columns are al:;o affected, 
the conduction of senso1-y impressions is retarded, in a degree 
proportional to the smallness of the transverse piece of gray mat
ter that remains. But if the concluctil'e power of the posterior 
columns is retained, this retardation appears to extend only to 
the sensation of pain, while the conduction of the sensation of 
touch takes places with normal rapidity. 

6. Destruction of the entire extent of the posterior columns 
(inclusive of the sensitive root-fibres passing through them) must 
he followecl by anresthesia of a corresponding extent. 

1 Compare the 11 Corolla.rieu fiir die Patbologie," given by &hi.ff' (Pbysiologie, p. 
2!J2), nnd 1Jro1cn-&quard'4 statements in his Courl'!e of Lectures on the Physiology n.nd 
Pathology of the Central Nervous Sys: em. 1860. 
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7. Limited destrnction of the entire transverse extent of the 
posterior columns and of the gray substance is followed by com
plete amcsthesia of the portions of the body lying posteriorly, 
and weakness of motion or partial paralysis. 

8. An irritation affecting a limited long itudinal extent of the 
posterior columns (inflammation, hyperremia, etc.), produces a 
spontaneons pain in only those roots which traverse the cli seased 
spot (g irdle-pa in); subjective sensations of touch (formication, 
prickling, numbness, sensation of heat and cold) and some de
gree of hy permsthesia occur in the parts situated posteriorly. 

D. A lesion producing p aralysis, affecting the posterior 
colnmns in the same way, gi,·es rise to a girdle of complete 
insensibility, corresponding to the district suppli ed by the para
lyzed netTe-roots ; below this girdle the so-called sensations of 
touch are absent, or grnatly impaired ; the sensation of pain is 
retained, bu t is badly localized. 

10. If an affection which at. first irritates, ancl afterwards 
paralyzes, p rogresses upwards, the painful girdle travels up
wards, and leaves behind it a girdle of anmsLhesia which gradu· 
all y increases in width ; in the parts situated behind this the 
sense o[ touch is gone, but subjective impressions of touch (for
micalion, numbness, etc.) may be present. 

11. IV!ten the power o[ movement is unimpaired, and a gi rdle 
·of pain wi thout aberration of the sense o [ touch is present, then 
only the nen·e-roots, within or withou t the eord, axe affected. 

12. In diseases of the posterior columns and the gray sub
stance, the parts behind the diseased portion may experience 
onl y changes in the sense of touch, without any excentric pains. (?) 
Ir the la tter occur, they point to an implication o( those nerve
roots which are situated fur ther back. 

13. Diso rganization of an anterior and a lateral column and 
of the g1·eatest par t of the gray substance produces paralysis of 
the same side. 

14. Destruction of the anterior (and la teral) columns in their 
entire transverse section (inclusive of the motor nerve-roots pass
ing through them) is followed by a paralysis of corresponding 
extent. 

15. Limited destruction of the entire transverse section of the 
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anterior (and lateral) columns and of the gray substance is fol
lowed by complete paralysis, also analgesia, bnt retention of the 
sense of touch. 

16. Disease of the antero-lateral columns and the kinesodic 
substance alone produces paralysis without lesion of sensibility. 

17. Disease of the motor ganglia, into which the motor roots 
first enter, produces paralysis in the region of the related nerves, 
without disturbance of sensibi lity, but with trophic c1isturbances. 

18. Affections of the antero-lateral columns and the corre
sponding gray substance produce contracture or convulsions only 
in the mnscles immediately dependent on the diseased spot and 
its motor roots; but contractures of muscles supplied by the 
roots given ofI behind the affected spot are not produced (1). 

10. Slight pressure on the cord may bring on paralysis of the 
extensors and secondary contractures inflexion, but this is never 
severe. 

20. Contractnres and convulsions of the lower extremities 
also occur in affections of the segments of the cord above the 
I um bar region ; they are then a co11seq uence of an implication of 
the posterior rolnmns, and arise reflexly. In the same way, in 
diseases of the posterior columns, spasmodic symptoms occur in 
the parts situated nearer the head. 

21. Disorganization of the entire gray substance to a consider
able distance must be followed by amcsthesia and paralysis in 
the post~rior part of the body; if the lesion is limited to one 
place, the sensory and motor paralysis may be partial. 

22. If the mo1·ements of respiration are entirely intact in an 
affection of the cervical cord which paralyzes the extremities and 
trunk, then the lateral columns are uot involved. 

23. Conditions of irritation in the cervical medulla will pro
duce dilatation of the pupil; paralytic conditions, contraction. 

24. Unilateral lesion of the cord is followed by almost total 
paralysis and increasec1 sensory excitability on the injt1red side, 
with very slight disturbances of motion and loss of sensibility on 
the opposite siue. 

215. Complete compression or division of the spinal cord ex
aggerates the reflex acts in the region lying posteriorly to the 
lesion. 
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26. In limited destrnction of the dorsal medulla, the reflex 
acts which are performed throngh the hunbar cord (evacuation 
of urine anu fwces, vascular tonus, etc.) go on with very little 
alteration ; only they can no longer be modifiecl by the will. 

27. 'l'he nutrition of peripheral parts (muscles, nerves, bones, 
joints, skin, etc.) i-emains intact in the various diseases of the 
spinal cord, in proportion as the gray substance remains normal. 

The doctrine of the functional reparation (Ausgleichnng) of 
partial lesions of tile cord, stated by Schiff, is of great import
ance in pathology; the fact, namely, that while these lesions are 
not anatomically made good, an apparently complete restoration 
of function follows. Schill'' affirms that in injury of almost any 
part of the cord, the consequent functional disturbances may be 
compensated for by an intact portion of the cord assuming the 
function of the injmed portion; the lesion of the posterior 
columns alone leads to a permanent loss of the sense of tou~h, 
which cannot be repaired. 

The chief element in this functional restoration is of course a 
vicarious assumption of the processes of conduction by intact 
portions of the cord. This fact is not of itself strange, for we 
can observe in the fine network of nerves what seems to be the 
anatomical provision for such exigenci0s. 

It is not yet settled how far such a vicarious substitution 
may go in hnman pathology; but it is clear how wide must be 
its significance in relation to the prognosis and cure of partial 
lesions of the cord. 

It will be proper to introdnce here a few remarks on the ana
tomical restoration of partial lesions of the cord. Daily expe
rience shows that this happens very often, and may be quite 
considemble in amount; it is not rare for apparently very severe 
injuries of the cord to i-ecover. But the exact histological pro
cesses are not known; it is not yet well ascertained how a chronic 
inflammation, or the various degenerative processes, scleroses, 

1 Centralbl. f. d. med. Wiss. 1872. No 40. 
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softening, hemorrhage, etc., are repaired, nor to what extent this 
takes place. 

Expel'imentally, this question has been \"ery little examined, 
although the physiologists ham had material enough. A fo w 
positive facts were ascertained by Flourens, Brown-Seqnard , H. 
J\Iueller; but in recent years :i\fasius and Yanlair ' have been the 
first to institute thorough experiments upon frogs, showing after 
a lapse of at least six months a great progress in res toration of 
excised segments of the spinal cord. :r.fotility and sensibility 
were restored, and nerve-cells and fibres were found in the cica
trix. In the higher order of animals, especially the mammalia, 
the restoration seems to be less easy and perfect. The same 
result appears from the latest experiments of Eichhorst ancl 
Nauny n 2 upon very y oung dogs. After section or crushing of 
the lower dorsal cord, the first occurrence is a complete degene
ration and fluiclifi cation of the parts clirec lly attacked; after
wards an intennecliate substance, composed of a tissue like 
neuroglia, rich in cell s, is de,·eloped, which incloses a central 
cadty. Subsequently the c1ouble-contourec1 ne1Te-fi bres are re
generated, ancl a limited number are seen to traverse the inter
mediate subs Lance. Regeneration of the ganglion cell s was never 
observed. Corresponding with these conditions, a partial res
toration of function appears after many weeks (eight or ten, at 
least) ; vohrntary, but incomplete ancl "atactic," mm·ements are 
the first to appear, ancl sensibility returns later. Bt1t the ani
mals die subsequently, probably in consequence of a secondary 
hydromyelus. 

On lhe other hand, Goltz ancl Freusberg ham never seen a 
regeneration and restoratio11 of function in their numernus ex
periments upon clogs, although some were kept living for an 
extremely long time. F or this reason Freusberg cannot :ivoid 
expressing a suspicion of the correctness of the results, as. re
gards restoration of function, obtained by N:iunyn and Eich
horst.' 

1 Centrnlbl. f. d. med. Wiss. 1869. No. 39; and Arch. de Physiol. norm. et path. 
IV. p . 268. 

2 Arch. f. experim. Pnthol. und Pharmacol. Bd. II. p. 225. 1874. 
3 Pflucger'e. Arch. Bd. IX. p. 390. 

VOL. Xlll.-5 
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It certainly follows from these experiments that in the higher 

animals, and probably in man also, the regeneration of the spi

nal cord, when once completely destroyed, will always remain 

very imperfect, even if i t takes place to any extent. 

III. General Pathology of the Spinal Corel. 

In this section we desig n to give a short account of the facts 

and observations, but only as far as they seem to possess a pres

ent interest and importance in relation to practice. \Ve shall 

lay the chief weight upon general symptomatol ogy and thera

peutics, and shall take leave to pass over the genPral patholo

gical anatomy, which at present is not in a condition to be made 

usefu l to the practitioner. General etiology and diagnosis will 

be but briefly touched, in view of their present condition. 

A. General Symptoms of Diseases of the Spinal Cord. 

This involves a systematic enumeration of the several di s

tnrbances which occur in diseases of the cord, partly in order to 

explain their signifi cance and names, partly to reduce them to 

thei r immediate causes and develop their pathology, partly to 

point out somewhat in anticipation the more usual groupi ngs 

of symptoms. \Ve shall thus be enabled to save many repeti

tions and details in the special part. 

1. Disturbances of Sensibility. 

These are very frequent, and their form and grouping is often 

very characteristic. They are very importa nt in diagnosticating 

and estimating diseasecl processes in the cord; for these reasons 
they must be stated with great fnlness. 

In cxnmining sensory disturbances, the several qunli ties of sensation must be 

strictly distinguished . Let the sensations o( touch, temperature, nnd tickling, of 

pressure, of space, and of pain be tested. As regards the best methods of doing 
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this, compare Yol XI. of this Cyclopredia, p. 212 [American ed.]. 'Mic qualities of 
perception which are classed together under the name of muscular sensation, or 
sense, should also be tested. Besides the methods given in the same volume, p. 
234-, there i!\ a good method given by Leyden 1 for the exact testing of the sensation 
of passive motions. No extensive apparatus is required for this; the same exact 
results arc obtained when the ll'g is suspended inn broad cloth1 and by means of the 
cloth is made to move in various directions, upwards, downwards, outwards, or 
inwards-its position being either extended (for testing the hip-joint) or semi-flexed 
(for the knee-joint). The patient is required to ::;tnte the extent nnd direction of 
the movemcntK Tn testing the passive movements or the ankle-joint, the front 
part o( the foot is grasped carefully with the hand, and is moved passh•cly. This 
method is quite sufficient, as the cutaneous sensibility of the patient is usually 
impaired. 

a. Dirninution Qf Sensory Action-Ancestlwsia. 

All the sensations which originate in the skin, the mnscles, 
ancl other more deeply-seated pn,rts mn,y be diminished in dis
eases or the spinal cord; and the diminution may increase, even 
to the extent or total loss of sensation . They may be extin
guished n,ll at once, or some may be lost n,nd tbe rest retained. 

The disturbance of sensibility usun,lly n,ppears first in the 
lower extremities, ascending by degrees until it reaches the 
upper extremities. But often the latter are the first attacked, 
and the anmsthesia extends downwards. 

Anmsthesin, is very commonly attencled by various subjective 
sensations, ns the furry sensation (Pelzig ein) or numbness, un
certainty in feeling the ground, sensation of walking on cotton 
wadding, or on n, bladder full of water, etc. 

In general, the occurrence of anresthesia permits us to infer 
an implication of the posterior half of the cord. 

A ioidely diffused, total paralysis Qf sensation (total = af
fecting all the qualities) occurs only when the entire transverse 
section of the posterior columns and the gray substance is de
stroyed; that is, chiefly in affections which are diffused over the 
entire section, extending to n, \"ariable distance in the longitudi
nal direction . It also accompanies a complete severance, crush
ing, or compression of the cord at any point; in which case the 

1 Uebcr 1\Iuskelsinn und Ataxle. Yirch. Arch. Bd. 47. 1869. 
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anmsthesia occupies all portions of the body which derivo their 
nerve-supply from behind the point of lesion. 

Total paralysis of sensation, of a more Ziinitecl e:dent, may 
occur ju various ways, viz.: 

As unilateral ancesthesia, localized in one leg, or a leg and 
the corresponding half of the trunk, or finally, in these parts and 
the corresponcling a11n. This occurs in traumatic or spontaneous 
unilateral lesion of the cord, and the loss of sensation takes place 
011 the sicle of the body opposite to the spinal lesion, owing to the 
clecussation of the sensory paths in the corcl. The muscular 
sense, l1owm·cr, u sually remains unimpaired, because the fibres 
for it cross a t a higher point. 

As ancestliesin in the form qf a girdle-CL zone of varying 
"·iclth, cleprived of senSCLtion, which surrouncls at various levels 
the pelvis, the abdomen, the thorax, or even the region of the 
shoulder or neck on one or both sides. It is due to a local dis
ease of the posterior roots within or without the medulla, which 
extends ovet· but" limited length of the corcl ; or to a ci1-cum
scribccl affection of the gray posterior cornua, embracing the net
work of nerve-fibre which is formed by the entering root-fibres, 
and the paths which traverse the gray substance before re-enter
ing the postetior columns. 

Finally, as circuinscript ancesthesia, limited to certain ex
tremities or parts of ex tl'emities, or to the district suppliecl by 
certain nerve-trunks. The most frequent cause oI this lies pl'ob
ably in affections of single bundles of roots; it may be proclucecl 
by local affections, limited to portions of the transverse section 
of the sp inal cord, and afl'ecting only certain of the longitudinal 
fibl'es, bnt this lesion would be more likely to proclnce a partial 
paralysis of sensation. It is probable that the sensitive paths 
for the upper and lower extremities, the anterior and posterior 
surfaces of the body, etc., have a distinct arrangement in the 
spinal corcl ; ancl it may easily be imag ined how many forms 
may be taken by snch circumscript anmsthesia, accorcling to the 
horizontal or vertical distribution of the morbicl change. 

P artial paralyses of sensation, however (limitecl to certain 
of the qualities of sensation}, also occur, ancl nowhere more fre
quently than in diseases of the cord ; the history of tabes dorsa-
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lis gives the most numerous examples o( this. They occur in 
all possible combinations, as indicated in Vol. XL, p . 201. The 
form most likely to attract notice, and perhaps the most fre
quent, is analgesia; but, as remarked, the greatest rnriety of 
cases or partial anresthesia occur. Each sort or sensation may 
alone be lost or weakened; and, on the other hand, several may 
suffer the same change, while only a single one exists in partial 
or complete intPgrity. 

In view of these facts, we can hardly avoicl the conclusion 
that the various sensations traverse distinct paths of conduction 
in thP cord, and that, accord ing to the local distribution o( the 
morbicl change in transverse section, sometimes one and some
times another path is specially aITected. Nothing exact is known, 
however, in respect to this. It seems probable that the sense of 
pain i conducted by the gray substance only, and impressions of 
touch by the posterior columns only (SchiIT). In opposition to 
this view Brown-Seq uard asserts that all sensations are chiefly 
conveyed through the gray substance, and he eren name distinct 
regions of the latter, which are supposed to contain the respec
tive grottps of fibres. The result, therefore, will differ in each 
case, according to the manner in which the disease is distributed 
orer the various parts of the transverse section of the cord. 

But little of practical value can be drawn from these scanty 
and uncertain facts. If disturbances of senso,tion are present, 
the physician will have to put to himself the questions-whether 
there is an nfTeclion of the posterior roots within or without the 
cord, or whether there is an impediment to conduction within 
the g1·ay substance, or whether certain sensory paths have been 
injured at a higher point, after leaving the gray substance. The 
data which are given here ancl in the physiological introduction 
will show the points which aid us in making the e distinctions; 
but they will also show how few and unsatisfactory these points 
are. 

\Vhat is tnH' of cutaneous sensation may be likewise affirmed 
of the so-called 1m1sc:11lar sensation; boti1 the mnscular sense 
and that which is called the muscular sensibility' may be reduced 

1 Compare Volume XI. p. 233. 
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or suspended in spinal diseases. The patients Jose the sensation 

of pain in the muscles, produced by varions external agencies; 

they Jose the sense of fatigue; they are not certain of the posi

tion of their limbs in the dark, or when their eyes are closed; 

they have lost the feeling of passive movement of the limbs, 

their ability to retain their eq nilibrium is diminished, etc. 

Regarding the position of the routes which transmit these im

pressions in the spinal cord, we know very little. According to 

Brown-Sequard, at least a part of them remain on the same siuc 

of the cord, and do not decussate till they reach the mednlla ob

longata. 'fhe application to pathology is evident. 
A symptom which is not very rare under physiological con

ditions is the retardation of the conduction ef sensory impres

sions. This remarkable fact was first mentioned by Cruveilhier' 

without accounts of special cases; since then, although often 

observed, it has never been closely studied until very lately, and 

even now the investigation is far from complete. 

This retardation is very noticeable and measurable. 'Vhile 

in ordinary circumstances sensation follows directly upon the 

application of the stimulus, in cases like this it is separated from 

the latter by a noticeable interval of time, which is frequently a 

fractional part of a second, but not rarely amonn ts to one or 

several seconds; cases have even been obsen·ed where the sensa

tion came from fifteen to twenty seconds later than the stim ula· 

tion (Crnveilhier), thirty seconds (Topinard), and even several 

minutes. In such cases tlrn phenomenon is of course very easily 

observed ; in less marked cases the existence and the degree of 

retardation can be determined by exact measurements, such as 

bave been made by Leyden and Goltz.' The more powerful the 

stimulus, the shorter the interval. 

It has been repeatedly observed, anc1 very recently established 

with exactness, that this retardation relates only to a few of the 

qualities of sensation, chief:!y to that of pain. E. Remak 3 has 

published a case in which pricking with a needle provoked in 

every instance an immediate sensation of touch, which was fol-

1 Ano.tom. po.tho!. Livrnia. XX..,XVIII. p. 9. 

'Leyden, Klinik dcr Riickenmo.rkskrnnkbeiten. I. p. 146. 

'Arch. f. Psych. u. Nervenkr. Bd. IV. I>· 7G3. 1874. 
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lowe<l. in three seconds by the retarded perception of pain. In 
such cases e,·ery powerful impression g ives rise to a double sen
sation, first, one of touch, perceived with normal quickness, and 
then a retarded sensation of pain. The case published by Nau
nyn in the same journal 1 seems 011 some accounts to belong here; 
it included retardation of the sensation of pttin, associated with 
hypermsthesia, while the sensation or touch rnmaine<l. normal. 
Yulpian 2 observc<l. a simi lar state in a case or tabes ending in 
apoplexy ; the }Jrick of tL pin was rapidly followe<l. by :i slight 
refl ex action, and two or three seconds later by a ''ery full and 
continuetl movement of ddence. I have under my obsen•ation 
at present a tabetic patient, in whom I ham been able to demon
strate this double sensat ion , not only as rcganls needle-pricks 
and pi11ching, but abo under the painful faradic current. 

E. Remak has treated very thoroughly of the question, 
whether tllb rntanlation of condt1ction is al ways limited to the 
sense or pain, antl ne,·er affects that of touch. The oboerrntions 
hitherto made seem almost to show that such is the case; hut 
the question needs fur ther careful study, a11d it is har<l. to give a 
reason why the sense of touch should not in some cases be 
affected. The cases commonly tested are those of tubes dorsalis, 
in which the sense of touch is more or less weakened, while that 
of pain is retained; if both are retained, the double sensation 
may occur. Topinarcl al so states that the retardation affects 
chielly the senses or pain and of temperature.' 

It has been made known through the physiological researches 
of Schill', that a transverse narrowi ng of the gray substance 
(whether the posterior columns are cut or no) produces a corres
ponding retar<l.ation of the conduction of sensation, which is 
marked ill inrerse proportion to the amount of gray matter re
maining.' Schill' has even been enabled by his experience to 

1 Arcbh• f . Psych. u, Nre,·enkr. Bd. IY. p. 760. 
'Arch. de Playsiol. norm. ct path. I. p. 40Ci. 
'lhrtzberg (llcitr. zur Kenntniss dcr Sensibilit.itsstorungcn bei Tabcs. Diss. Jena. 

187,i) has lately demonslrn.tcd, in some yery carefully examined cases, that the most 
frt.•qncnt occurrence is that of retardation of the sense of pnin <done, but thnt the sen
sat.ions of touch ancl temperature also arc not rarely retarded, though to a less degree. 

" See ticMJF;i Phy.siologic. p. 2.J..J. 
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predict the existence or double sensation in man, which bas 
lately been confirmed by the beautiful observation of E. Remak; 
he looks for the appearance of this symptom in every case where 
the transverse dimensions of the gray substance ltave been di
minishrd by pathological processes, while the poste1for columns 
have remained intact.' 

It may be assumed, on tlte strength of these facts, that wher
ever retarded sensation exists, there is an alteration of tlte gray 
substance; and it would be entirely consistent with this assump
tion, if it should he fouml that the retardation always affects the 
sensation of pain only, and never that of touch. It would then, 
according to Schiff, depend on the condition of tho posterior 
columns, whethel' the sensation of touch is absolutely wanting, 
or appears in reduced amount, but with the normal rapidity. 

The investigations of Bnrckhai·dt,2 who has tl'ied to measure 
the sensory conduction or the cord in an isolated form. are of 
great interest. He found that the cord conducts impressions of 
pain decidedly moro slowly than those of ton ch, and suspects for 
this rPason that the gray snbstance in gener<tl conducts mol'e 
slowly than the white. The retardation of tactile conduction 
under p<tthological circumstances is referred by him directly to 
a loss of white snbstance (degeneration of the posteriol' columns); 
tho more the gray substance is called upon to pel'form the func
tion of conduction, the more slowly is the fnnction performed. 
He thinks, also, that every narrowing of the gray substance
which is natural ly a slow condnctor-mnst still further retard 
the conclnction ; the examination with the seconcl-lrnncl of a watch 
will not bring out the fact of retard<ttion until such narrowing 
has takPn place. As long as the gray substance is intact, the 
retardation can only be demonstrated by the aid of line physio
logic<tl app<tratns fol' rneasLuement. 

The retardation of the conduction of sensation is perhaps con
nected with <tnother phenomenon, usually obsen·ed in the same 
patients-namely, tlie inability to eonnt correctly .several impres
sions of .~ensation which follow rapidly (e. g., pricks of" needle). 

1 See'Physio1. p. 294. Caroll. 3. c. 
' Pbysiolog. Diagnostik cler Nervenkrtmkbeiten. Leipzig. 1875. 
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P ersons in health are able to state without fail the number of 
pricks (from t\\'O to six), even \\'hen they come ,·ery close togeth
er, while patients cannot do this unless the individual impres
sions follow at considerable interrnls. These intervals are sup
posed to bear a direct ratio to the degree of retardation of the 
condt1ction of sensation. This symptom would therefore seem 
to be also dependrnt on a change in the gray substance. Nor is 
it easy to ·ee why the impressions are not percein' c1 as separate, 
since each impression must have precisely the same obstacles to 
surn10unt. 

It is more probable that this ·phenomcno11 is ronnerted with 
another disturbance, which commonly accompanies it-namely, 
remarkably persistent rrjter-sensations, follo\\'ing imprP$Sions of 
pain. The patients, when their skin is pinched 01· pierced with a 
neecll<>, g ive expression to a much 1ongpr ancl sPn·rer pain than 
is usually felt by well persons. Rapidly sncceedin!( impressions 
Of Sensation l'll11 together into one, therPfol'P, beC:.tUSC the Ill'W 
sensation coincides with the after-sensation of the one before it. 
The change in the cord upon which this depends cannot at pres
ent be stated with certainty. " 'e may s1tppose that tlwrn are 
coincident changes in the posterior columns and the gray sub
stance. 

b. Exctggeration of Sensory .tlction. 

This is one of the commonest symptoms in diseases of the 
corcl, and may appear in various forms, viz. : 

1. As simplP ltyperreslliesia; more or less inrrca'P of sensi
tiveness to all possible kinds of sensory impressions, which di
rectly increase to pain. This hyperresthesia not SPklom resPmbles 
ana:-sthesitt in its manner of appearance and cli8t1·ibution-in fact, 
it often precedPS anresthesia; thus, a hyperresthesia in the form 
of a girdle may be observed abo,-e or below an anmsthetic zone, 
ancl may gradually move its position on the body, in company 
with the latter. IIypermsthesi:i may also be confined to single 
denominat ions of sensibility (pain , sense of temperature, espe
ciall y sense of cold), ancl may occur in connection with partial 
paralysi8 ot sensation. 
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It is known from physiological experiments that section of 
the posterior columns is followed by a hypenesthesia of the pos
terior half of the bouy, which '1t first increases rapidly ancl con
siclerably, ancl afterwards very gradttally diminishes and di:mp
pears;' ancl that when ouly one posterior colnmn is cut, the 
hyperrosthesia remains confined to the same sicle. The hyperros
thesia increases, i1 the cut is carried into the lateral columns, 
and a part of the gray substance (Brown-Soquard); it is much 
less markecl when the lateral or anterior colum.ns are cnt, ancl the 
posterior are left intact. 

It is hard to give a cleciclecl interpretation of these facts. 
Tnerck ancl Schi!I think them clue to a state of irritation of the 
cut parts ancl the adjoining regions, especially the posterior col
umns. Bnt the finer mechanism of the process is still uncertain, 
ancl the conclncting paths are unknown. May it not be tluLt the 
narrowing of the sensory conclnctors, proclucecl by the section, 
J1as something to clo with this result, by increasing the excite
ment or such concluctors as remain intact~ 

At all eYents, Schi!I's assumption of an irritative condition in 
the postt•rior columns is in satisfactory agreement with the fact 
that these hyperrosthesiro are by far the most common in such 
forms of disease as we have been accustomed to ascribe to de
generation of the posterior columns. Nevertheless, it is not 
unlikely that there are other processes capable of occasioning 
hypenesthesia, e. [!., implications of the nerve-roots in meningi
tis, etc. 

2. As parcestliesia. Nothing is commoner than to hear pa
tients with disease of the cord complain of abnormal sensations, 
which are best called subjective sensations of touch. Thus the 
feeling of funiness (Pelzigsein), numbness, crawling, tingling, 
etc. These sensations are referred by Schiff to a moderate 
excitation of the paths for the sensation of touch, lying in the 
]JOsterior colmnns-an hypothesis which seems a little bolcl, i11 
view of the fact that the posterior columns, with the exception of 
the root-fibres crossing them, are stated to be inexcitable. The 
l1ypothesis would have to be supported by the further one, that 

1 See &!tiff, Physiol. p. 27-1. 
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pathological processes are able so to change the excitability of 
the posterior columns that pathological stimuli will arouse sensa
tions. 

It is certainly possible that excitation of the posterior roots 
at their entrance may assist in producing such changes in the 
sensation of touch ; and that a part of these modifications may 
depencl simply upon a dulling of the sensibility (as regards 
touch), produced by various diseases of the cord. 

Subjective sensations o.f temperature also occur, a feeling of 
burning or cold that may become very intense. These sensations 
are in part referred byBrown-S6quard to direct excitation of the 
fibres in the gray matter which conduct the sensations of tem
perature. Schiff, however, believes that changes in the amount 
of blood circulating in the skin, chle to vaso-motor disturbances, 
may so act upon parts which are already hyperresthetic as to 
produce a sensation or increase or diminution in the warmth of 
the skin. But this explanation can hardly suffice for all cases. 

This is the place to speak of the girdle-sensation, that pecu
liar modilication of subjective perception which pmduces the 
impression of having a girdle or a broad bandage tied about the 
trnnk 01· limbs. This feeling, when situated at the upper part of 
the thorax, may be accompanied with a se,•ere sense of pressure, 
and is always very troublesome to the patient. Crnveilhier 
described it. It may occupy various levels on the trunk, but 
may also attack various parts of the lower extremities, particu
larly in the region of the ankle and knee of one or both sides. 

This sensation is probably produced by a slight excitation of 
the entering posterior mots in cases where the spinal affection is 
Jimi tecl in its longitudinal extension. It usually accompanies 
inUammatory or other irritative conditions of the cord, and origi
nates with the root-fibres which occupy the upper limit of the 
disease. But any sort of local disease of the cortl and its neigh
boring parts, which irritates the posterior roots to a moderate 
extent, rnay produce the symptom. 

3. As pain. This is seldom quite absent in diseases of the 
cord; it varies extremely in form and distribution. 

Among the most characteristic are the so·callecl laneinatin.q 
or neuralgi.fonn pains, which are almost pathognomonic of the 
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early stage of tabes dorsalis. These pains nre usually very se
vere; they are either continuous, or appear periodically and 
under certain provocations (especially change of weather, rain, 
storm, snow-squalls), ancl are localized in a certain 11erve or 
certain fibres of it, or certain regions of skin ; they rage for a 
time in one pince, and then leap suddenly to another, seldom 
remaining long in one spot. 'rhey are described as tearing, 
shooting, or going through like lightning ; tho patient feels as if 
a knife 01· a red-hot wire were thmst into his tlesh, 01· as if cer
tain portions of his limbs were screwecl np in a vice; often the 
pains are localized in deep parts, as the bones, but they often 
invade the skin, where they are frequently connected with cir
cnmscribNl hyper::csthesia. They prefer the night, and are not 
mrely connected with circnmscript vaso-motor disturbances, or 
even with reflex muscular jerkings. They may occur in any 
nerve-region whatever, though they are certainly most common 
in the lower limbs and the trunk, where they often simulate 
intercostal neuralgia very closely; they may appear in the upper 
extremities, and even in the region of the trigeminus. 

Tho origin of these pains is almost universally referred to irri
tation of the posterior root-fibres ; their extent and location de
pend on the extent to which the latter are implicated. The 
cases of which they form a symptom are almost exclusively 
those of degeneration and sclerosis of the posterior columns, and, 
according to Charcot, of the so-called external bands solely, 
which contain t!te inner root-fibres. It is, however, also possible 
that initation of the longitudinal fibres of the posterior columns, 
or of the gray substance, may lead to such excentric 1 pains, 
under pathological conditions; though usually the gray sub
stance is only msthesodic. 

The localization of these and similar pains in the dorsal nerves 
ancl a part of the lumbar nerves produces the girdle-pain. This 
is a neuralgic pain, which may take the form of a bilateral neu
ralgia of the intercostal or lnmbo-abdominal nerves, at various 
levels on the trunk, but is often confined to one side. It oc
cms in cases of limited irritation of the dorsal cord, and still 

1 i.e., originating in o. central organ. 
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oftener in diseases which directly irritate the sensitive roots, as 
especially in inflammation, caries, carcinoma of the vertebrm, etc.; 
it is a rnluable sign of the presence of the latter, and often be
trays at a very early period the beginning and the location of a 
severe disease, which by degrees leads to compression of the 
cord. 

Generalized pains are not infrequently met with in the 
lower extremities, and in the portions of the trunk situated below 
the point of disease. These pains may differ greatly in d<'gree, 
and are described by the patient as a more or less extensive sen
sation of pain, hard to describe, but exceedingly unpleasant, 
which is usually continuous, but from time to time undergoes 
exacerbations. In some the feet ancl lower lmlf of the legs arc 
the chief seat of these pains; others complain more of the back, 
the loins, or the thigh; very often the pains are excited or in
creased by spontaneous or reflex twitchings and spasms in the 
lower (paralyzed) extremities, or by efforts to walk. They occur 
in all sorts of diffuse, transverse myelitis, in compression of the 
cord followed by myelitis, in acute and chronic spinal meningitis, 
etc. 

The source of these pains is not yet fully clear. The original 
explanation referred them to a direct irritation of the root-fibres 
within or without the cord; but it is probable that an irritation 
of the mslhesodic paths in the cord may have the same effect. 
Schiff, l1owcver, denies the possibility of this, believing that, in 
such cases, the disease always extencls to the root-fibres. J\Iany 
facts render it probable that pathological conditions may con
siderably alter the excitability of the uisthesodic substance, and 
it is possible that ]Jathological irritations act differently from 
our coarse mechanical or electrical stimulations. llypermsthesia, 
when present, may also assist in the production of such pains. 

Special notice is due to the pain in tlte back, so common in 
diseases of the spinal cord. It accompanies n, great number of 
spinal diseases, assumes a great variety of forms, and is referable 
to a variety of causes. 'l'hus rlteumatic or rlteumatoicl pains, 
which are most frequent; they are localized in single, distinct 
muscles, are excited by certain movements, respiration, ot· pres
sure, and are almost always referable to the influence of cold. 
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Although they occur at times in well persons, they are very 

especially common in spinal 1iatients, who, as a class, are very 

sensitive to cold, and in the latter may be excited in similar 

ways by a variety ot intluences which weaken or irritate the spi

nal cord, as excesses in the use of alcoholic drink or in sexual 

indulgence. 
H!!percesthetic pains in the back also occur, consisting of 

burning, tearing, or duller sensations in the skin of the back, 

especially between the shoulcler·blaclcs, or at certain spinous 

processes, which, in these cases, become extremely sensitive (spi

nal irritation). This pain indicates abnormal conditions of irrita

tion and hyperrosthesia in the posterior roots and columns, and 

may be more or less diffuse, according to the extension of these 

processes. The excentric neuralgiform pains, which have been 

already mentioned, may of course also occur in the back. They 

are very dolent, tea.ring, boring, localized in Yarious spots, ac

cot·cling to the seat or lesion, but preferring the region or the 

nape or the loins. Inflammations, hmmorrhages, tumors, degen

erations of the cord, etc., produce these pains, and they probably 

point, in most cases, to pathological irritation of the root-fibres. 

The pain is often of much significance in affections '!!' tlte verte

brce; it is localized in one or seYeral spinous processes, is espe

cially felt when pressure is made upon them, or when the spine 

is moved, is usnally associated with excentric girdle-pains, and 

with a very rigid position of the spine; but the latter circum

stance occurs in some other kinds of spinal pain, without lesion 

of the vertebrre.' 
Pains localized in the vertebral coh1mn are best examined by 

pressurn on the spinous processes, or by tapping them with the 

percussion ham mer or fist, or by vigorous flexion of the spinal 

column, a forcible push of the head or the shoulders, etc.; the 

hyperrosthetic portions may also be Yery well ascertained by 

passing over them a sponge clipped in cold or hot water, or by 

electrical examination. 
A brief notice of lteadaclte is necessary, which, not including 

acciclPntal complications (fever, cerebral disease), is not a rare 

1 Compare also A .. A[rrlJer, Die llcdeutung des Ri.ickenscbmcrzes bei Erkranknngen 

des Ri.ickenmarks und dcr um~ebenden Tbeile. Arch. der lJeilk. I. p. ::S.J.9. 1860. 
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accompaniment of spinal diseases. A direct involvement o[ the 
sensitive fibres or the cervical plexus in the lesion of the cord 
may gi,·e rise to (occipital) pain; in like manner tho trigeminus, 
whirh rereives an ascending root from the cer\'ical cord, may 
sympathize; finally, headaches are not seldom obsc1Ted, which 
resemble hPmicrania, and are perhap referable to an implication 
of the conductors which lie in the cervical sympathetic and 
originate in the cervical medulla. I t follows that any sort of 
continued and dolent pain of the heacl is generally to be as
cribed to an affection of the cervical medulla. Such pains occur 
in tabes, in local sclerosis, in bulbar paralysis, tumors or the 
cerv ical medulla, etc. (i . e., in cases or disease or the cord) . 

2. Disturbances ef JJiotilit?J. 

These are the most common, and in many cases the predomi
nant and most troublesome symptoms of spinal cord diseases. 
They deserve a most attentive study in all cases. 

The proper methods for uaminin7 tile motor apparritus han hecn fully explained 

by me in Vol. XL of this Cyclopre<l ia1 p. 267, aucl I would refer to the statement 

there made. It cannot too often be repeated, that the examination of these points 

should be ns thorough nn<l general as possihlc in all cases; in many cascR of diffi

cult diagnosis this furni!~hes the only possible mcnns of attaining an exact id<.>a of 

the disease, and it is only by this path that we can ever hope to reach a clearer 

definition of diseases than we now possess. 

a. Diminution ef JJiotilit?J- Weakness and Paralysis. 

All degrees of"palsy," from the slightest paresis to complete 

paralysis, occur in diseases of the coril; ancl as to the sitnat ion 
any part may be affected, though by no means with equal fre

qnency. 
In the earlier stages the patients complain of being quickly 

fatigued, of diminished power of performance and endurance in 

their limbs, then of a slight weakness and incertitude in execnt. 
ing certain moYements, perceh·ed only by themselve8, and at 
last a slight dragging of the legs is observed. In these early 
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stages it is often especially striking to observe the inability to 
stand still fo r any long time. 

By degrees the symptoms of weakness become ])lniner; it 
becomes harder and harder for patients to mount on a chair or 
ascend stairs; cYery little impecliment in their way annoys them 
and detains them ; their powers grow continually weaker, short 
distances exhaust them completely, they have to s lop or sit down 
at every other step. 

'l'hus it goes on till palsy is c_omplete, with absolute i nability 
to move the muscles; it may be week s, months, and years before 
this point is reached . 

But, on tll e oth Pr hand, the paralysis may occnr almost sud
denly, becoming complete in a few minutes or hours; bed-ridden 
patients often observe, at the moment when they wish to make 
use of their limbs, that they are more or less completely para
lyzed, so stealthily and rapidly may the pal sy del'elop itself. 
'.!.'hi s poin t depends on the nature of the disease of the cord 
" ·hich causes the paralysis. 

Our obsen ·ations upon this matter are defective enough ; but 
as far as th0y go, they allow us to associate spinal paralytic 
symptoms in the Jirst place wi th affec tions of the anterior half of 
the cord; it seems from pathological obserl'ation that the worst 
di sturbances or voluntary motion originate in tho lateral columns 
and the anteri or comua. \Ve are not yet certain as to the part 
played in man by the anterior columns proper. It is clear that 
the causal lesion or paralysis may have va rious locations ; in the 
an terior roots, within or without the cord, in tho large (motor) 
ganglion c<>ll s of the anterior cornua and their immediate off
shoots, or fi nall y, in the paths which lead up in the autero
lateral columns to the brain. '.!.'he lesion may, furthPr, be cir
cumscript, or may extend 01'er a g.-eat part of the length of the 
cord. 

'.!.'he na tme and the cli stribntion o[ the pal sy are not very 
charactPri stic by themselves, bu t their combinations with other 
sy mptoms give many points which assist in an nccmate localiza
tion. 'l'hns the presence or absence of reflex actions, secondary 
muscular atrnph y, muscular tension and contracture, changes in 
electrical excitability, etc. , furni sh very important landmarks of 
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the seat of disease, and it will be proper here to mention briefly 
some of these points. 

Paralysis rapidly followed by a marked degree of atrophy 
and by the reaction clrnracteristic of degeneration (Entartungs
reaction)' points to disease of the anterior roots (ral'ely), or of 
the gray anterior cornua (more frequently). In this case all 
reflex actions al'e absent. 

Paralysis with tension and contractnre o( mu cles, without 
atrophy, is very probably clue to an affection of the lateral 
columns. 

Paralysis without loss o[ reflex function and without ntropl1y 
points to an affection of the patl1s which ascend to the brain, 
outsiclo o( the gl'ay substance, or at least outside of the ganglia 
of the antel'iOl' cornua. Such am mostly cases of cil'cumscript 
disturbances of conduction, the end of the cord below tho lesion 
remaining intact. 

Pal'alysis with trophic disturbances gi,·es room for suspecting 
an affection of the gray substance, since primal'y affections of tho 
roots al'e vel'y rare. 

Very extensive palsy with much atrophy, tho reaction of 
degeneration, absence of reflex acts, points to a, widely diffused 
lesion o[ the antel'ior gray substance. 

Paralysis in the districts of certain pairs of roots (e. g., in 
those of the upper extremities alone, or both crural nerves, etc.), 
points to a strictly localizecl a!Iection of roots or lesion of the 
gray anterior cornna. 

Of course these statements are not by any means exhaustil'e, 
ancl gh·e only general assistance; the difficulty of making the 
distinctions is at present rnry great; in many cases a, variety of 
other circumstances (spasms, anresthesia, pains, palsy of the 
bladder, etc.) may assist the judgment, but in other cases they 
only aclcl to the difficulty. Such combinations are very common, 
and are extremely nu-ions, especially in the different forms of 
myelitis. 

The conclusions which are formed regarding the nature of 
the lesion in the cord are far Jess certain than those rPlating to 

Volume XI. p. 426. 
VOL. XIII.-G 
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its place. The diagnosis is commonly establishecl by a considera
tion of the symptoms as a total. 

In respect to the extension of the disease, a few remarks 
remain to be made. 

By far the commonest case is that in which the lower extrem
ities, usually both together or nearly so, are attacked by the 
paresis or paralysis, which gradually ascends, reaching succes
sively the trnnk and the upper limbs. In fact, paraplegia is so 
characteristic a form of spinal palsy, that when it occurs we 
always think first of a spinal afl'ection. (A paresis occurring 
in this form may be desig nated as paraparesis.) Pa1·alysis of 
both lower extremities and the tmnk to various heigh ts, accom
panied by disturbances of sensibility, palsy of the bladder ancl 
r ectum, and bed-sores-such is the usual form; but the latter 
symptoms may be entirely wanting. 

The rnost frequent causes of paraplegia are affections which 
invoh·e the thickness of the cord, or complete compression from 
vertebral caries, tumors, etc. ; but paraplegia occurs also in affec· 
tions which are stri ctly localizPd in the motor apparatus, such 
as spinal palsy of children, hemorrhage in the gray anterior cor
nua, etc. 

If the upper extremities, and finally the muscles of respira
tion, are al so invaded, the affection takes the form of universal 
spinal paralysis, which is observed in various spinal affections, 
described in the special part of this work. 

If only the two upper extremi ties are attacked by palsy, the 
legs remaining free, we have paraplegia bracltialis or cervicalis; 
a rather rare form. It occurs in connection with processes which 
affect in an isolated manner the anterior roots of the cervical 
enlargement, or in stt'ictly circumscribed lesions of the anterior 
cornua in the cerv ical enlargement (as in spi nal palsy of children, 
progressi,·e muscular atrophy, perhaps also lead palsy[?)). In 
d isease o{ the white columns it is rare that a n isolated affection 
of the paths for the npper extremi ties occurs. 

IIeiniplegia spinalis (Brown-S6qua1·d) is the name given to 
palsy o{ an arm and a leg of the same side, originating in a spi· 
nal a ITect ion ; the face is not attackecl. It occurs in unilateral 
disease or injury of the cord, in which case the motor palsy is on 
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the same side as the lesion of the cord, while sensory palsy exists 
on the other side. If this palsy is confined to one lower extrem
ity, it is called ltemiparaplegia spinalis. For further remarks 
see below, in the section upon Unilateral Lesion of the Cord. 

Finally, partial paralyses of spinal origin are frequent. 
They may be limited to a single extremity, single groups of 
muscles and nerve-territories, or even single muscles; this de
pends entirely on the nature and distribution of the lesion in the 
cord. Such partial palsies are usually dne to quite circum
scribed local lesions, which show little tendency to spread; small 
hemorrhages in the medulla, circumscribed myelitic foci in the 
gray substance, little islands of sclerosis, etc. It is often hard, 
or even impossible, to distinguish these from circumscript a[ec· 
tion~ of the i·oots or other peripheral palsies. 

b. Impeifect Co-ordination ef lliovements-iltaxia. 

This peculiar and frequent disturbance of movement has been 
macle the subject of numerous debates within the past ten or 
twenty years, since Duchenne introduced the term "ataxie loco
motrice" into nosology. 

Ataxia is characterized by inability to make combined or com
plicated movements with certainty and exactitude, or even (in 
advanced cases) to make them at all, while the simple individual 
motions and the gross force of the mnscles are normal, or bnt lit· 
tie impaired. 

This disturbance is most marked in standing and walking. 
A patient who presents the characteristic signs cannot perform 
these acts with security; in walking, he brings his foot down 
with a stamp, the motions of his legs are exaggerated, wild, jerk
ing. the movements are Yarious, impulsi¥e, often made in the 
wrong direction and with an unsuitable degree of force. 

It soon becomes necessary to exercise an increased control 
with the eyes over the movements. The patient has to keep his 
eyes on his feet and on the ground while walking; in the dark, 
or with closed eyes, his uncertainty increases considerably, espe
ciaily when there exists an impairment of the sensibility of the 
legs. It soon becomes impossible to walk without the aid of a 
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cane, or a, pair of sticks ; finally this also, a.nd cYen standing, is 
beyoncl his power. 

\\'bile lying down, all the simple movements a.t·e ut first per
formed with ease and cercainty, and even with normal force; but 
a distinct failure of force, and, still more, of endurance, is usu
ally seea at a.nearly stage. All complicated movements, on the 
contrary (describing a circle or other figure with the tip of the 
toes, touching objects with the toes, etc.), are more or less inter
fered with, even in the lying posture, by the zigzag movements 
of the leg. This a.t last extends to the simple movements ; the 
leg is jerked hither and thither, awa.y from the intended line of 
nction, or it falls back upon the bed in a spot different from that 
intended. 

In the severest forms of ataxia, e,·ery attempt at innervation 
puts a, great number of muscles in action; the limbs are thrown 
about irregularly, a.nd perform clonic shaking motions which 
are beyond the control of the will. These motions may ex
tend from one to the other leg, and in se,·ere cases even to the 
trnnk and nrms; they cease as soon as volunta.ry acts are not 
attempted. 

In the arms and hands we observe the same order of progress; 
all the finer complicated movements become uncertain, clumsy, 
sprawling, and at last quite beyond the power of the patient to 
execute. When he tries to seize an object, he passes by it, 
spreads his fingers at the moment when he should grasp, moYeS 
his hand forwards in irregular zig-zags, aml reaches his object 
with difficulty and after many efforts. Ile cannot ca1Ty his food 
to his mouth, spills the contents of his spoon and glass, thrusts 
these objects into his face, etc. Buttoning the clothes, sewing, 
writing, playing the pin.no, soon become impossible from the 
interference of the involuntary motions; in severe cases a shak
ing and sprawling accompany every attempt to move, and put the 
patient in a condition of complete helplessness. 

But the gross force is very often retained to n great extent 
and for a long time in the arms, the simple movements of exten
sion and flexion being performed quite well; if a hand is oITe1;ed, 
the patient presses it powerfully, and is able to make very ener
getic resistance to passive movements. 
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In rare cases the same disturbance of movement seems to 
extend to the speech, and even to the motions of the eyes. 

IC the phenomenon is closely examined, it is at once evident 
that the motor disturbance is of a peculiar kind. The simple 
motor conduction is not di stnrbecl; it is entirely possible to per
form any simple motion ; the force of the muscles is often re
tainccl for a long time, or only a li ttle diminished; the case can
not, tlterefore, be one of real palsy, however helpless the patient 
may often be made by these disturbances. There is rather a 
deficient harmony among the impulses to motion which are requi
site for every combined and associated movement. \Ve may 
therefore g ive the following definition: Ataxict is tlte disturb
ance of movement, produced by defective co-ordination ef the 
latter. \Vherever a co-ordination of seveml muscles is requisite 
to the production of a certain movement, this symptom appears, 
and is distinct in proportion as the de~ired movement is compli
catecl. 

The manner in wlticlt ataxia may be produced appears from 
that which ha already been stated (seep. 39 et seq.) conceming 
the co-ordination of movements-namely, 

a. By abnormal extension qf' tlte motor innervation to too 
many or too few muscles, so that in some cases more, in others 
fewer than are normally required, arn pnt in use for the attain
ment of a definite object of motion. 

b. B!! abnormal strength of the innervation sent to each 
muscle in the case of a complicated movement. 

A division of these disturbances into ata:i:ia proper (cases under a) and disturU
ancea of innerDatio1~ (under b), as proposed Uy Cyon, 1 is impraclicable. The effect 
of both d isturbances upon the Yisible moYement is plninly the same. And since, 
nt nny rntc, the two functions-the choice of the muscles to be innenatcd, and the 
strength of the single innervat ions-are simultaneously executed by the same 
apparatus (that for co-ordination), the disturbances of this apparatus will always 
affect both functions more or less. 

Exactly how these disturbances come to pass is hard to say; 
irritative and inflammatory processes in the apparatus for co
ordination may sometimes be the cause. 

1 Zur Leh re yonder To.bes dorsunlis. Berlin. 1867. 
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It has been stated above, that the proper centres of co-ordina
tion do not lie in the spinal cord; that at all events they are by 
no means to be demonstrated in it. 

By this one fact, the hypothesis of Brown-S6qunrd, Jaccoud, Cyon, and others 
is rcndcrccl very improbable; these authors believe that in spiual affections ataxia 
originates in a disturbance of the reflex function, because, under normal circum
stances, co-ordination is effected retlcxly within the cord, in the gray substance. 
Although there arc a few motor acts, such as standing and walking, in which it is 
impossible entirely to deny the co-operation of reflex processes; although, more
over, the absence of the tendon-reflex in tabes (recently discovered by ·wcstphal, 
and confirmed by myself) might be employed to assist this position, yet a closer 
considerntion shows that it is entirely untenable. The subject cannot be further 
discussed here. 

In ataxias originating in spinal disease only those condnctors 
can be distmbed whose assistance is required in prodncing co
ordination. Snch paths are either 

Sensory paths (for the cntaneous or muscular sensation, etc.), 
which are of use in superintending the movements and in main
taining the equilibrinm of the body; or 

Those motor paths which convey the impulses from the cen
tres of co-ordination to the motor roots ; these paths are prob
ably distinct from the simple paths for motor conduction, which 
fumish a direct connection between the volLrntary centres and 
the mnscles ; they form a sort of side-channel. 

Ataxia in diseases of the spinal cord must therefore be either 
sensory (caused by distmbance of the centripetal paths) or 
motor (cansed by distmbance of the centrifugal paths'). 

The existence of these two forms, and the evidences for sup· 
posing their existence in yarions spinal diseases, form the 
nucleus for the recent theoretic dispute about the existence of 
tipinal ataxia of movement. 

A Yery exquisite ataxia is found in various spinal diseases, 
as sclfaose en plaques, and more especially in tabes dorsalis 
(ataxie locomotrice prngressive, gray degeneration of the pos
terior colnmns). The strife is very hot upon the latter point. 

·while anthors like Friedreich, Spaeth, Ni~meyer, Topina.rd, 

1 Ccntrrtl ato.xin, en.used by disease of the centres of co·ordiuu.tion, mu.y be placed in 
a class distinct from these forms. 
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Finkelnburg, and others, have supported the theory of motor 
ataxia, others, as Axeufeld, Landry, Leyden, Ruehle, Cllil'ord 
Allbutt, have tried to base ataxia upon sensory disturbances. 
The view of Leyden is at first very plausible; it has been thor
oughly stated in several works,' and has gained a very large 
number of supporters. "" e will briefly inquire whether the rea
sons brought forward in support of this view are sufficient or 
not. 

Leyden's theory of ataxia may be stated as follows: Co
ordination of movements is rendered possible, and is effected 
through sensibility; suspension of the sensibility (of the skin, 
joints, muscles, etc. ) suspends co-ordination; gray degeneration 
of the posterior columns is accompanied by disturbance of sensi
bility, along with the ataxia; we are acquainted with no other 
than sen ory functio ns in the vosterior columns; consequently, 
ataxia is a result of disturbance or sensibility. 

First, we cannot consider the experimental proof or this the
ory as very fortunate; we do not wish to endorse Cyon's violent 
criticism, but we are forced with him to draw from Leyden's first 
series of experiments the conclusion, "that the di sturbance in 
musct1lar fttnction which follows section or the posterior roots 
has nothi11g in common with what we are acct1stomed to call 
di sturbance or co-ordination." And the second series of experi
ments on frogs,' with .section of the posterior regions or the cord, 
cannot p rom anything in reganl to the present qnestion, not to 
speak of the great complicat ion or the circum stances; it proves 
at most that when certain portions of the cord are cut, disturb
:111ces of sensibility ancl or co-ordination appear simultaneously. 
It is impossible to draw from these experiments a conclusion as 
to the dependence of the latter upon the former. 

The demonstration from pathological cases is based on the 
fact that in not a few cases of ataxia there exist various degrees 
of di sturbance or sensibili ty, aml especially di stu rbance of the 
so-called muscular sense. This al so pro,·es nothing of itself ; it 

1 Die graue Degeneration der Ilinterstringe des R. · 1'£. 186:3.-Zur grauen Degenera· 
tion dcr binteren Riickcnmnrksstril.11ge. Virch. Arch. lld. 40. 1867. -Ueber Muskelsinn 
uud Ataxic. Virch. Arch. ltd. 47. p. 321. 18(i0. 

t Virchow's Arch. Bd. 40. p. !Otl . 
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shows, at the most, that in gray degeneration of the posterior 
columns sensory and co-ordinatory paths are attacked together. 

A positive argument against this view is, however, fonnd in 
the disproportion between the intensity ef tlte sensory di8turb
ance and tlte ataxia; there are cases of Revere ataxia with sligh t 
distmbance of sensibility, and of severn disturbance of sensibility 
with slight ataxia; they are not rare in any considerable series 
of cases. 

Again, the existence of ataxia in a high degree without any 
disturbance of sensibility militates against this view. J<'ried
reich ' has published snch cases. Leyden does not folly admit 
their existence. I myself, however, have very recently examined 
two cases of this sort most carefully in regard to this point, and 
have fo und severe ataxia associated with a sensibility completely 
intact in every point (touch, temperature, pressure, pain, sense of 
tickling, muscular feeling, feeling of position of limbs, o[ passive 
movements, etc.), so that the existence of snch cases is proved to 
my mincl beyond the possibility of doubt. 

Again, the occurrence of severe anmstlwsia without ataxia 
does not harmonize with such a view. Literature is not want
ing in cases in which there was anrosthesia of the legs, without 
ataxia, from one or another cause. In the pl'intecl accounts 
of cases of unilateral lesion, moreo\·er, I have found that ataxia 
bas ne\·er been observed in the anrosthetic leg. These cases, 
however, may be met with the statement that only cutaneous 
anmsthesia was present, while the muscular sense was intact. 

'l'he only decish·e case would be that of complete spinal anms
tliesia (involving the skin, joints, muscles, etc.) witltout ataxia. 
Such a case exists. It was repeatedly examined by various 
trustworthy observers, with special regard to the question in 
hancl; an autopsy was had, and the state of the cord \\'US 

given with great accuracy. This is the case of R emigins Leins, 
tirst published in Spaeth's work;' the autopsy was fully de
scri bed by Schneppel. ' Its importance obliges us to give a brief 
account of it. 

I Virchow's Arch. Ild. 2G and 27. 1863. 
' Ilcitr. zur Lebre von dcr Tn.bcs dorsualis. Ti.ibingen. 1804. 
3 Ueber eiuen E'all von allgemeincr Aniistbcsic. Arcb. d. IIcilk. XV. 18i4. p. 44. 
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Remigius L'.'!ins, aged forty-two, in the year 1862, h:i.s suffered for twenty years 
with nnresthcsin of the hands nod arms, which rapidly became severe; for six years 
similnr troubles have existed in the lower extremities. Present condition: upper 
extremities wholly nnresthetic; on the soles of the feet the sensations of touch, pres
sure, nnd pain arc entirely extinct, and in the legs considerably diminis.hed. Ile 
falls when his eyes arc closed. In the dark, when in bed, he feels us if floating in 
the air, ns the nnresthcsin extends to the trunk. 

March, 1864.-Scnsc of pressure in the upper extremity, and the sense of force, 
entirely extinct. Sense ef position of the upper e:rtrcm'ity mul <if Jmssivc movements 
of tlie latter completely extinct. Movements of the upper cl:tremities 21owe1f11l and per
fectly correct; the patient cats alone, dresses himself, etc., as far ns he can direct 
his nets with his sight . When the eyes arc closed the arms arc moved nearly like 
those of a blind man. In the lower extremity, besides the cutaneous nnmsthcsia, 
there is complete loss of lite s"11~e ef passive movements and of tlie po11ition nf limbs. 
In spite of this the patient can 1calk wit/tout supp<n·t, quile /fist a1t<l sernrtly, for a 
good distance. lf he is aske<l to raise Ids foot to a gitcn l1eiglit while Ms eyes arc slmt, 
he accomplishes the act by a pe1:f"cctly q1ti.et aml suitable t11otion. 

June, 1872.-Sensibility continues the same. When the eyes nrc shut he has no 
idea nt all of the position of his limbs, and, if standing, falls. Ile cnn still walk, 
clumsily, hut not atacticnlly. Uc can perform all desired actions with hi!! arms, as 
long ns he can sec them. 

Death, May, 1873. 
Auto}My.-A ca"ity in the entire length of the cord, from tllC Jc,•cl of the first 

cervical nerve to the first lumbar. Posterior columns in the lower half of the cer
vical medulla wholly destroyed nnd gone; ahove, gray degeneration; in the dorsal 
part slight atrophy and inct·cnsc of connective tissue; the lumbar pnrt normal. 
Anterior columns everywhere quite uninjul'ecl ond normal. Anterior commissure, 
from the second cervical to the twelfth dorsal nerve, completely dcstroyecl . Lat
eral columns in the same regions sclerotic in the neighborhood of the posterior 
cornua. Gray substance mostly implicated in the cavity; gray commi'lsurc nnd 
posterior cornua almost wholly destroyed in the entire cervicnl and clorsn1 medulla; 
nnterior cornua almost entire, nnd only in the cervical region reduced to a small 
sizei a lateral strip of gray substance is also retained everywhere. Anterior roots 
normnl. Posterior roots, from the third to the eighth cervicnl nerves, in a stnte 
of complete connective-tissue degeneration, 1 and, to the end of the dorsal medulla, 
more or less atrophied. Lumbar part, with its roots, normal i etc. 

This case is perfectly clear and convincing; in my opinion it 
entirely overthrows Lt>yden's theory. If the maintenance of 
sensibility were a necessary conclition of co-ordination of mo;·e
ments, the extreme of ataxia ought to have accompanied this 
absolnt anrestltesia; but there was no trace qf ataxict. 

1 This fneL is also very decisive ogainst the reflex theory of Brown-SCquard and Cyan. 
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It results without question from this, that the retention of 
sensibility is not necessary, in order t},jat co-ordinate mornments 
shall be performed ; it may be necessary in acq ui.dng the faculty 
of doing them, and without doubt it is of great importance in 
maintaining equilibrium, but it is not indispensable inpe1j'onn
ing co-ordinate movements wlticlt ltave ueen learnt. Loss of sen
sibility, therefore, can in no way interfere with these movements, 
when once acquired by pmctice. 

It see111s to u~, therefore, quite unjustifiable, upon scientific 
grounds, to make a distmbance of sensibility responsible for 
ataxia, when both occur together. It must mther be believed, 
that there exist special co-ordinatory paths in the cord, which are 
attacked in tabes dorsalis and cognate a!l'ections, when the symp
toms of ataxia appear. 

In the present state of our knowledge, therefore, we have no 
right to assume any other than a ·motor ata.via in tctbes. 

In exa111ining the question whetllPr a motor ataxia can be 
objectively distinguished from the sensory form, this will become 
still plainer; it will also be seen whether, and how far, the 
assumption of a sensory ataxia is justified. 

A purely motor form of ataxia is to be assumed when the sen
sory apparatus is entirely normal (sensibility, muscular sensa
tion, vi:;ion). If sensibility (in its widest seuse) is pel"fect, and 
the mo;·en1ents are still atactic, it must be that the cause lies 
only in the apparatus for co-ordi.uation, nnd not in the accessory 
sensory apparatus. 'Ve hnve above shown that such cases exist 
beyond a doubt. 

\\re know further, from two series of observations, mutunlly 
confirmntory, thnt the retention of a single sensory control
apparntus is sufficient to render possible a perfect co-ordinntion 
of mo1·ements, if only the apparntus for co-ordination is itself 
normal. Por (1) blind persons, or well persons with shut eyes, 
show no trace of ntaxia, and (2) amesthetic pntients, even when 
the cutnneous and the nrnsculnr sensibility, etc ., nre completely 
extinct, show no trace of ntaxia as long as their eyes are open 
and they can control theie movements by vision; this is an in· 
controvertible inference from the Spaeth-Schueppel case. 

Hence we may conclude that n case of ataxia, even when only 
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one sensory control-apparatus remains in actil"ity, must be of a 
imrely motor nature. This is the case when an anresthetic patient 
makes atactic movements with open eyes, or when, with normal 
sensibility, the eyes being blincl or shut, ataida is present. Such 
cases are indeed not wanting; they form the great majority of 
tabetic diseases ; tlley 111 ust, therefore, be instances of motor 
ataxia. 

It is harder to characterize sensory ataxia; and it is q ues
tionable whether that which is commonly called ataxia ever· origi
nates in disturbance or the sensory control. 

Ir, in spinal affections, all volnntary, complex mo\•ements, 
such as are acquired by practice, are well performed, and if no 
disturbances occur until movements are attempted, for which a 
sensory control is indbpensable (c. g., maintaining equilibrium, 
standing upright, etc.), then there will be ti certain propriety in 
speaking of sensory ataxia. It will be recognized by observing 
that disturbances of motion are absent, so long as even one sen
sory control-apparatus is in action, but make their appearance 
when, one apparatus beiug already impaired, the other (intact) 
apparatus is excluded; thus, when a blind man becomes anms
thetic, or-to choose a morn likely exampk~wheu an anrosthetic 
patient closes his eyes. In these cases, considerable disturbances 
or motion will inevitably occur. It seems to us, however, ex
tremely questionable whether these distut'bances show an agree
ment with or even a resemblance to that which we call ataxia. 

\Yhen a patient whose hands are anrosthetic shuts his eyes, 
he can no longer hold firmly a needle, a button, or similar ob
jects ; he cannot fasten his clothes, etc. ; the things fall from his 
band, he does not complete the motions, he performs them falsely 
-but he does not become atactic. The movements are correctly 
willed, and probably also correctly executed; but the patient is 
no longer able to judge whether the end is attained; the move
ments are therefore often carried beyond the point desired, or 
they fail to reach it-but they do not become properly atactic. 
It is the same as when an object is held before a blindColded per
son, and he is asked to seize it; he will make the most unsuita
ble movements, bnt they will not be atactic. 

If the feet are amesthetic, and the patient shuts his eyes while 
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standing, he will fall immediately, because he has no oversight 
(" Controle ")as to whether the voluntary efforts for the purpose 
of retaining the equilibrium are sufficient or insufficient. In 
lesser degrees of am.csthesia, tottering, at least, will occur, because 
an adequately strong sensory impression is not made by any 
minute detlection of the body. 'Valking with closed eyes be
comes uncertain, tottering, even impossible; but it is not at all 
necessary that a proper tttaxia should exist. This also results 
from the case of Spaeth and Schueppel. 

The intentions of the will may be formed and executed quite 
properly, bnt they are incorrect with respect to the desired ob
ject, being too great or too small, because the patient is deprived 
of a standard by which to measure them. In tllis case, there
fore, tlte purposes ef tile will ancl the voluntary irnpulses to 
rnovement are false, but tltey are correctly carriecl out, while fa 
ata.'Cia proper tlte purposes eftlie will are correct, but are falsely 
carr iecl out. 

The notion of sensory ataxia is, therefore, only admissible in 
case the motor impulses which maintain the equilibrium are pro· 
duced quite involuntarily by the action of centripetal excitement 
on motor paths (in the thalamus opticus, the corpora quadrige
mina, or the cerebellum), that is, in apparatus which is usually 
called co-ordinatory. But the symptoms of snch cases are cer
tainly essentially clifl'erent from those of motor ataxia. 

It seems to me, however, much more clesirable to separate the 
processes which serve to rnaintain tlte equiliuriitrn ancl position 
in spctcefrorn the processes of co-ordination proper of the (volitn
tary) rnovements; this will certainly conclnce to cle:imess in the 
question or ataxia. The discovery by Goltz of the different cen· 
tres for equilibrium (Jobi optici) and for locomotion or the body 
(cerebellum) is a weighty argument for this separation. Of 
course, the processes of movement which contribute to the main
tenance or eqnilihrinm, etc., equally require the apparatus of 
co-ordination in order to act normally, and this is put in action 
by impLLlscs from the centres for equilibrium, as it is by the 
centres or volition in voluntary actions. The centres of eqni
librium, therefore, :ind those of volition may be considered as 
standing in' a similar relation to the apparatus for co-ordination. 
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It follows directly that a distmbance of the centres of equilib
rillln does not at all necessitate a disturbance of co-ordination 
of voluntary movements; also that a disturbance o( the sensory 
excitations which put the centre of equilibrium in action is not 
necessarily followed by a disturbance of co-ordination, but that, 
on the other hand, every disturbance of the apparatus of co-ordi
nation will more or less impair the performance of the move
ments necessary for equilibrium. It will be well in future to 
apply the test separately in both directions in these cases of spi
nal disease. 

This brings before us the consideration of another motor 
symptom, which is usually placed in the most intimate connec
tion with ataxia, namely, totteringanclfalling when tlte eyes are 
slmt, a symptom to "·hicli, under the name of the Brach-Rom
berg symptom, too much importance has certainly been at
tachecl. 

It is easy to prove that many patients with disease of the cord 
(especially tabetic patients, with a more or less marked ataxia and 
clistm·bance of sensibility), who are still able to walk and stand 
quite tolerably with open eyes, begin immediately to totter as 
soon as their eyes are shut; the tottering becomes worse and 
worse, and in severe cases the patient presently falls. This tot
tering is most plain when the eyes are closed, and the patient is 
made to stand with his feet together. The intensity of this dis
tmbance usually seems to be directly proportionate to the de· 
gree o[ ataxia, but this is only apparently true. 

This phenomenon is evidently clue to a distmbance of equilib
rium ancl of the power of maintaining position in space. \Ye 
have already shown that these cannot be maintained without a 
continued sensory control (principally furnishecl by the sensory 
impressions in the lower limbs and by the sense o( sight). If one 
part of this sensory control be taken away by shutting the eyes, 
the maintenance of equilibrium ancl position in space will be dif
ficult, in proportion as the other factor is already impaired, that 
is, corresponding with the existing disturbance of sensibility. 

In fact, this symptom also is found chiefly or exclusively in 
cases of marked distmbance of sensibility or the lower limbs; in 
complete anresthesia the patients fall quickly when their eyes 
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are closecl. Tltis phenomenon, therefore, is simply an inclica
tion tltat tlte sensory control exercisul by tlte soles ef llte feet, 
tlte joints, and tile muscles is insufficient. This is in harmony 
with Benedikt's statement, that in a great many instances of 
difficulty in standing with closed eyes, he has never seen one 
where there was not a disturbance of the muscular conscious
ness. But, on the other hand, there are some quite severe cases 
of ataxy (as I have seen most clearly demonstrated), in which 
the tottering with closecl eyes is absent or scarcely exists, when 
the senso1'Y control from the skin, t.he muscles, etc., is perfectly 
intact, -i. e., when there is no distmbance of sensibili ty. It is 
well, however, to remember that in atactic persons this symptom 
must be more marked, since the movements which serve to main
tain equilibrium are inco-ordinate, so that they usually totLer 
very perceptibly, even when their eyes are open. 

It should here be added, that in many atactic patients the 
want of co-ordination increases decidedly, the movements become 
much more excessive and ungovernable, when the eyes are shut .. 
This proves no more than that the control by the eyes may fur 0 

nish a means of partially compensating for the disturbance of 
co-ordination, so that, as in the process of learning how to co
ordinate, a continuous influence upon the centres for this func
tion may be exercised; if this intluence ceases (when the eyes 
are shut) the disturbance of co-ordination returns in its fnll force. 

This may be the reason why atactic patients, without disturb
ance of sensibility, occasionally totter a little when their eyes 
are shut, because the muscular actions that are called into use 
in supporting the equilibrium, already a.tactic, are no longer 
under the direction and control of the sense of sight. 

These symptoms, however, are always much more marked in 
cases where there is impairment of the sensibility, especially of 
the so-called muscular sense; in this case the movements become 
excessive and entirely irregular, because when the eyes are closed 
the sensory control entirely ceases, and to the existent disturb
ance of co-ordination there is added an uncertainty respecting 
the extent of the volnntary impulse required, the standard for 
estimating which has been Jost. In such cases the ataxia in
creases considerably when the eyes are shut, while in a.tactic per-
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Rons who retain their sensibility perfectly no increase of ataxia 
worth mentioning occurs, the sensory control afforded by the 
skin and muscles being complete and adequate. 

'l'his entire series of symptoms is only a proof that the dis
turbance of co·ordination may be partially made good by sen
sory control exercised through the vision. 

\Ve have to add, finally, that in a few cases it has been ob
served that atactic persons who were completely blinll, but were 
able to stand, also experienced a distinct increase or tottering 
when they shut their eyes. It is clear that this cannot be clue to 
any further diminution or the sensory control of the eyes; but 
it is hard to find any explanation for this singular phenomenon. 
The most obvious conclusion is, that the phenomenon is a psy
chical one. l\Iight a sudden calling ofl' of the attention ca.use 
an increase of uncertainty in the legs 1 Or may it be that a new 
act of motor innervation can send impulses to the co-orclinatory 
apparatus, which increase the existent disturbances in the lat
ter? At present we do not know. 

The preceding appears to fnrni'h a sufficient d~monstratiou 
of the fact that the chief form of ataxia in spinal affections is of 
a motor nature. There must, therdore, exist in the spinal cord 
special centrifugal fibres. employetl for co-ordination (Spaeth), 
ancl ataxia in a spinal affection occnrs only when these iibres are 
attack.eel. Their site is entirely unknown. 

l\Iost observers place them in the white posterior columns, 
because the autopsy of a tactic patients usually shows gray degen
eration of the posterior columns. If it were proved to a cer
tainty that in such patients the posterior columns were exclu
sh,ely attacked, we might regard this as clemonstratecl. But 
this is not yet proved; it is m·en probable that in snch patients 
there is a more or less considerable implication of the gray sub
stance and the lateral columns, as a rule. 

Further, the case of Spaeth ancl Schneppcl is rather decisive 
against the localization of the co-orclinatory paths in the pos
te1for columns, although the duration or the case was such that 
a compensatory conduction might be thought possible. 

\\There, then, are we to look for these co-orclinatory paths! 
In the gray substance 1 In the antero-lateral columns! The 
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experiments oI Brown-Seqnard, who was enablecl to prolluce 
ataxia in birds by lesion oE the gray substance oE the ventl'icnlus 
lumbalis, point rather to the gray substance. On the other hand, 
according to the experiments of 'Voroschilofl', the co-ordinatory 
paths lie (in rabbit:;) in the lateral columns, in their innermost 
part, in the sinus between the anterior and posterior columns. 
At present the questiot1 is not settled in the case of man; further 
exact investigations are necessary to bring it to a solution; per
haps we nrny gradually approach a conclusion by careful com
parisons o[ suitable cases of spinal sclerosis in }Jatches. Till 
then, onr first thought in ataxia will be of a d isease or the pos
tel'ior columns, and especially (as would appear from Charcot's 
latPst statements') the lateral portions of these col nmns, adja
cent to the gray substance, callecl the "region des banclelettes 
externes," l'egion of the inner bundles of root-fibres. 

c. Various Gltaracteristic Gaits in Spinal Disease. 

The form of the lesion may often be recognized by the 
patient's characteristic gait, as soon as he enters the room. I 
believe that for practical purposes it is suflicient to distinguish 
the following leading varieties, which may be distinctly sepa
mtecl: 

1. 'l'he paretic and paralytic ,qait-cansecl by a more or less 
extensive palsy of the lowel' extremities. The gait is shuffling, 
the tip of the foot drags on the ground, the fore-part of the 
foot hangs clown, the sole is planted awkwardly, usually with 
the outer edge first; the knee is raised high, or is drawn after 
the patient in an extended position; a certain stiffness of the legs 
is often remarked. 'fhe patient walks with one or two canes, or 
is supported by crutches or guides; he totters but little, stands 
quietly and securely, and when left alone simply sinks to the 
ground, in most cases. The manner of walking differs some
what, accorcling to the distrib11tion of the palsy among the 
groups of muscles; if the whole leg is palsied, it is different from 

1 O!tarcot, Lc~ous sur les maladies du systCmc nervcux. II. SCrie. 1. fasc. Paris. 
1873. 
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what it is in palsy of the lower half of the leg; in the latter case 
it is waddling, and especially characteristic. 

2. The atactic walk-caused by disturbance of co-ordination 
in the legs. His characterized by irregular hnrling movements; 
the point of the foot is thrown forward and outwarcl with force; 
the heel is brought down with a stamp, the leg stifI at the knee. 
The patient's eyes are continually on the ground. The gait is 
tottering, staggering, or even l'eeling from side to side; the rnorn
ments are hasty, spa modic, quite unequal; in tnming about, 
especially, there is great uncertainty, ancl danger or falling. In 
severe cases the patient falls after a few steps. 

3. The stiff, spastic walk-caused by retlex muscular contrac
tions or tension associated with paresis of the leg. This gives 
rise to a very peculiar and characteristic walk; the legs are 
somewhat dragged, the feet seem to cleave to the ground, the 
tips of the feet find an obstacle in every inequality of the 
ground; every step is accompanied by a peculiar hopping eleva. 
tion of the whole body, dependent on a reflex contraction of 
the calf; the patient immediately gets upon his toes, and slips 
forward on them, showing a tendency to fall forward. The legs 
are close together, held stiffiy, the knees somewhat depressed 
forward, the upper part of the body slightly bent forward. 
There is no throwing about of the feet. This gait depends on 
muscular tension and reflex contractions in tho various groups 
of muscles, which are set in activity during the process of walk
ing. 

These forms may be more or less distinct; thPJ·c occur transi
tional forms of a mixed character; but not every patient with 
spinal cord disease has a characteristic gait. 

cl. Increase ef Jiotility-Spasm. 

Motor symptoms of irritation are among the commonest of 
spinal symptoms; they occur in a great variety of forms. 

The simplest form is without doubt the so.called muscular 
tension. In this case the muscles (which are usually in a con
dition of greater or less paresis) are in a state of moderate tension 
or contractnre, which makes the execution or passive movements 

VOL. XIII.-7 
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quite difficult. This tension often occurs at the moment when 
a passi,·e movement is being performed, especially if i t is done 
rather quickly ; there then follows a jerking, impulsive resist
ance, which enables us to recognize with ease the sligh ter forms 
of the disturbance. The voluntary movements, also, are more or 
less obstm cted and clumsy, are performed as if the patient were 
in a semi-fluid medium, and require the expenditure of an ab-
normal amount of force. 

It is easy to show that these tensions in passive motion occur 
chiefly in the muscles which are stretchecl and pulled on by the 
movement ; thus, in passive extension, the fl exors, and vice versa. 
The tension seems here to be reflex in character, and is probably 
connected with the abnormal tendo11-retlex action, to be men
tioned later. 

In severer cases the movements grow more and more stiff, 
the resistances greater, and a condition may finally exist which 
resembles the flexibilitas cerea of catalepsy. The contraction is 
not always equall y distributed through the entire muscle; in 
some muscles i t may be only partial, forming knots or lumps. 

A simple exaggeration of this state doubtless constitutes what 
is called stiffness of the muscles, rigor. The muscles are stiff 
and stark , much swollen, and firmly resistant to the touch; on 
pressure, they are usually very painful; both active and pas
sive movements are extremely difficult. The extensor muscles 
are usually the principal ones affected; very often also the mus
cles of the nape and back (torticollis). 

In the worst cases, decided contractures occur, which may be 
limited to a few muscles or groups of muscles, bnt often attack 
many in a variety of places. Sometimes the flexors, and some
times the extensors are more affected, hence the difference of 
posture in the differeut cases. 

I do not now refer to the so-call eel paralytic contractures,' 
which are certainly nothing uncommon, even in spinal di seases, 
but exclusively to nenropathic contractures, which owe their 
origin to abnormal states of irritation in the cord. The muscles 
are much shortened, their tendons quite prominent, and passive 

1 Vol. XI. p. 379. 
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movements are entirely impracticable. If energetic attempts to 
perfo1m them are made, vigorous clonic contractions of the 
muscles manipulated are often produced. or the contracture is 
increased, leading to a momentary tetanic stilfness of the whole 
limb. 

It would be very difficult, at the present time, to refer all 
these conditions of irritation to pathological changes in certain 
portions of the cord. But there is no doubt that there are two 
ways in which muscular tension and contractmes may come to 
pass; fil'st, a reflex origin may be conceived, which is doubtless 
the chief element in cases where sensory phenomena are promi· 
nent, in diseases of the meninges, the posterior roots, the poste
rior columns, the reflective gray matter, etc.; such reflex mus
cular contractions are said to attack by preference the flexors. 

On the other hand, these symptoms may originate thrnugh 
direct irritation ef tlte motor parts o[ the cord. The seat and 
the character of this irritation are hardly known; a direct irrita
tion of the anterior roots is possible; according to Charcot's later 
observations, sclerosis of the lateral columns is a very common 
cause of such motor symptoms of irritation ; it is not at all 
known how far the gray substance might produce them. In 
such cases of direct irritation, at least in the lower extremities, 
the extensors are said to be principally affected. 

In respect to the exact pathogenesis of these motor symptoms 
of irritation, we know only this, that they chiefly occur in acute 
or chronic inflammatory conditions of the cord and its mem
branes, in the various forms of meningitis and myelitis, in many 
cases of multiple sclerosis, parapiegia after acute sickness, etc. 

vYe know still less about one of the severest forms of spinal 
spasm, namely, tetanus, and its pathogenesis. This is a power· 
ful tonic spasm of almost the entire muscular system; the spasm 
occurs in paroxysms, which are brought on, or increased, by reflex 
action, bnt continues in the intervals in the form of a moderate 
degree of rigidity. Tetanus is probably caused by an (inflam
matory or toxic) affection of the gray substance, which enor
mously increases the reflex excitability. A like condition exists 
in meningitis spinalis.' 

1 See Volume XII. 
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The attacks o( so-called tetany have a remote resemblance to 
tetanus. By this we understand attacks of tonic spasms, occur
ring in regular paroxysms, and afiecting the extremities chiefly. 
It is probably of spinal origin.' 

Among the forms of clonic spasm, in spinal disease, tremor, 
in the first place, is not rare; either permanent or transitory, 
accompanying certain movements, following exhaustion, etc. Its 
manner of origin is as yet quite unknown; one is naturally in
clined to refer it to the gray substance. 

A higher degree of tremor is present in shaking, which accom
panies and disturbs all voluntary movements in multiple spinal 
sclerosis; a sort of greater tremor, which begins whenever a 
voluntary innervation occnrs, and may perhaps be regarded as a 
very severe degree of ataxia, although, as it appears, it is essen
tially distinct from the latter. \Ve have not yet succeeded in 
forming an exact pathogenesis of this symptom ; and we may 
say the same of that characteristic form of tremor, most marked 
during repose, which is the essential featnre of paralysis agitans. 

Few of the other clonic spasms can be referred with probabil
ity to the cord; those of single muscles, or groups of muscles, 
have seldom been derived from the cord, and general convul
sions, as occurring in epilepsy, eclampsia, urromia, etc., have 
commonly been ascribed to the medulla oblongata. 

A few special cases remain to be described. Among these is 
a peculiar form of clonic spasm in the lower extremity, which 
appears in various lesions of the cord, and rnns an extremely 
characteristic course. In its lightest form, it consists of that 
cl onus of the foot and lower leg which appears when the attempt 
is made to bring the foot quickly into dorsal flexion by pressure 
upon the sole; a rhythmic, clonic jerking of the foot begins, which 
ceases as soon as the foot is let go and brought back into plantar 
Jlexion. I have demonstrated that this symptom, described by 
Brown-Sequard' and Charcot, most probably originates in the 
reflex manner, through irritation of the tendo Achillis.' In se-

1 Volume XI. p. 368. 
~ Journ. de la. Pbysiol. do Phomme et des anim. I. 1858. p. 472. 
3 Ueber Sehnenrcflcxe bei Gesunden und RU.ckenmarkskrauken. Arch. f. Psych. u. 

Nerl"cnkr. V. Heft 3. p. 792. 
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verer cases a very slight pressure on the sole or the toes suffices 
to procluce the phenomenon; for which reason it seems often to 
arise spontaneously. Then the spasm extencls to other parts; 
the whole leg falls to trembling convulsively, ancl the other leg 
soon does the like. 'Vhen the evil is at its worst, any irritation 
whatsoever, originating in the skin or the intestines, and acting 
retlexly, is followecl by a tetanic stiffness, together with convul
sive tremor, of one or both legs, lasting several minutes. This 
severest clegree of retlex convulsion, which is harclly found 
except in entirnly palsied, paraplegic limbs, is what Brown
Seqnard (Joe. cit.), ancl after him Charcot,' have rather unsuita
bly termecl tonic spinal epilepsy. This phenomenon is especially 
observed in casps of compression of the corcl, or circumscript 
afl'ections of its entire transverse dimensions, i1 the reflex excita
bility is also much increased by an accompanying state of irrita 
t ion. Tile slighter clegrees of this phenomenon seem also to 
occur in sclerosis of the lateral columns,' while in se,·erer cases 
we should always think of an implication of the gray substauce. 

The so-called saltatory spasms, recently described by Bamberger, Guttmann, nnd 
Fl'(~y, would seem to belong to this category, and to present a specially marked 
modiflcatiou of these reflex cramps. 

It is evident at a glance that this phenomenon has nothing 
whatever to clo with epilepsy proper. But doubtless there arn 
certai11 relations between epilepsy and spinal disease, which we 
must briefly peak of in this place. 

Brown-Soquard' made the remarkable discovery, ancl studied 
it with the greatest thoroughness, that in guinea-pigs aucl other 
mammalia epilepsy appears in four or five weeks a(ter uni
lateral section o( the lumbar or dorsal COl'cl; an attack may be 
proclucecl at any moment by irritating an epileptogPnic zone, 

1 Clinica..l Lectures on Diseases of the Nervous System. 1872-3. p. 216 . 
2 Erb

1 
Ueber einen wenig bekannten spinalen Symptomencomplcx. Berl. klin. 

Wochenschr. 1875. No. 26. 
1 Compt. rencl. de la. Soc. de Biolog. 1830. Vol. 11.j Arch. de Medic. FCvr. 1$.)6 i 

Researches on Epilepsy. Boston
1 

1856-57 i Lectures on tlic Pbysiol. n.nd Pathol. of the 
Centr!l.l Nervous System. Phila.. 1860. p.178; Arch. de Pbysiol. norm. et path. I. 1868. 
p. 317; II. 1869. pp. 211, 422, 496; IV. 1872. p. 116. 
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comprising portions of the region of distribution of the trigemi

nus and the two or three upper cerv ical nerves. 'Ve need not 

give all the details of Brown-Seqnard's experiments, though 

they are extremely interesting; they have, at all events, demon

strated a fact which has since receh•ecl con lirmation from other 

sources, namely, that, after unilateral injury of' the corcl, a dis

eased condition develops in a few weeks, which pre ents an un

mistakable likeness to epilepsy. " ' e are, however, still in uncer

tainty regarding the interior relations and mechanism or these 

processes. Brnwn-Seq uarcl found also that section of one scia tic 

nerve produces, after a few weeks, exactly the same epileptiform 

accidents as the section of the corcl. Finally, 'Vestphal 1 found 

that simple tapping on the heads of guinea-pigs would give rise 

to an exactly identical form of epilepsy with epileptogenic zone, 

etc.; he found, in every instance, small hemorrhages, irregularly 

distributed, in the medulla oblongata and the upper }Jart of the 

cervical corcl, ancl very often further clown, even in the dorsal 

cord. 'Vestphal is inclined to regard the hemorrhages in the 

corcl as fnrni shing the cause for the subsequent development of 

epilepsy. 
It therefore appears to be proved with suffi cient certainty 

that, in animals at least, certain injuries of the cord-as small 

hemorrhages, ancl probably other lesions-are capable of giving 

rise to epilepsy in a manner hitherto unknown. But the ques

tion whether such a thing occurs in the human subject is not yet 

cleciclecl with certain ty. It is tme there are several cases in 

which epilepsy appearecl after lesion of the sciatic nerve, just as 

in animals; and Leyden ' has pnblishecl a case in which epilepsy 

occurred after an injury of the heacl, ancl which seems to resem

ble \Vestphal's experiments; but in the case of diseases or inju

ries of the corcl the demonstration of secondary epilepsy has 

been much less clear. Brown-Scquarcl quotes some cases from 

. older accoun ts, which he believes establish this point. Charcot • 

mentions periodic epileptic attacks among the symptoms of com-

1 Ueber kilnstl Erregung von Epilepsie bei 1\Ieerschweinchen. Berl k.lin. Wochen· 

schr. 1871. No. 38. 
~ Vircbow's Arcbiv. Dd. 55. 
3 LeQons sur les malad. du syst. nerv. II. SCr. 2. f:l.SC. p. 137. 
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pression of the spinal cord, and cites a series of cases in proof of 
it; a case by Dumenil 1 seems especially convincing; aud Oppler' 
has quite lately published the case of a young, powerful soldier 
who had never suffered from epileptic spasms, but had several 
attacks during the convalescence from a traumatic spinal menin
gitis. In spite of this, it •rnuld be desirable to have more obser
vations upon the human subject. 

Considering the very great frequency of lesions of the cord, 
the occurrence of epilepsy as caused by such lesions is extremely 
rare, ancl therefore of little practical consequence. It would be 
of great interest, if cases should be observed, to demonstrate the 
existence of an epileptogenous zone. 

A less common series of spinal symptoms is furnished by the aRsociated m~e
tMnta, by which we mean involuntary, often spasmodic actions, which, making 
their appcJ.nrncc when any volunta1·y movements arc to be executed, complicate 
and disturl> them. The region of their origin seems to be usu:llly the bruin, and 
especially the centres of co-ordination in the brain. No <loubt many symptoms in 
diseases of the cord belong to this class; thus we cannot altogether refuse to regard 
the atactic movements, the shaking in local sclerosis, etc., a3 associated movements, 
although they arc decidedly of spinal origin. In the same clnss nre the movements 
of antagonists, which accompany the effort to innervate palsied or paretic muscles; 
these, however, arc not a true spinal symptom, but simply express the fact that n 
lu.rge number of muscles receive a common CO·ordinated innervntiou, some of which 
have become insufficient to perform their functions, thereby permitting the action 
of their antagonists to appear more distinctly; this occurs in all palsies. It is not 
certsi.in to our mind whether the spasmodic and wholly uncontrolled movements 
which often occur in paraplegic extremities wheu a powerful act of the will is 
directed to them, arc to be considered as belonging, to this class. They seem to 
depend rather on an abnormal diffusion of the process of excitation among the 
motor paths, when pathologically irritated-a diffusion which might be explained 
by reference to the structure of the nervous network in the inflamed gray substance, 
and by supposing an interruption of the chief paths to have taken place. 

Probably, however, a part is owing to tbe presence of reflex actions, the stimu· 
lus to which originates in the skin of the palsied parts, under tlie influence of the 
motions of the trunk and arms; this symptom is almost always associated with an 
excessive increase of reflex excitability. It is quite certain that the reflex process is 
concerned in those tonic or clonic contractions of paraplegic legs, which arc often 

1 Gnz. des hOpit. 1862. p. 470. 
'Ri.ickenmarksepilcpsie? Archiv filr Psychiatrie u. Nervenkraukheiteu. Bd. IV. p. 

784. 
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associated with the act of evacuating the urine or froces. The same 1mvc been 

oi>scrvecl by Frcnsberg in clogs whose spinal cord had been cut. 

It is hardly necessary to repeat, that in all the above symp
toms or motor irritation our first thought should be of an affec
tion of the gray substance and the antero-lateral columns. \Ve 
are at present nnable, or at best are able in but a few cases, to 
define the point where the implication of either terminates, or 
the general pathogenesis of the spasms. It shonld not be for
gotten that an affection of the sensory portions of the cord may 
give rise to reflex symptoms of spasm. 

e. Alterations in the Velocity qf tlie Motor Conduction. 

Recent observations have made us aware that this class of 
alterations is by no meaus infrequent; but at present they have 
been little observed. Retardation of the motor condiwtion, Jong 
known by physiologists, was first observed under pathological 
conditions by Leyden and von \Vittich,' who made careful esti
mates of its extent. Their three cases, however, are probably not 
affections of the spinal cord proper, but of the pons anu medulla 
oblongata. 'rhe rate o( conduction was reduced to one· third of 
the normal speed, and in correspondence with this, the move
ments of locomotion, speech, and so forth, were greatly retarded, 
and the patients were unable to execute the same movement 
several times in rapid succession. 

The principal attent.ion was directed to measuring the motor 
conduction as a whole. Bt1rckhardt' has lately undertaken to 
measure the spinal motor conduction alone, by the aid of a vari
ety of physiological methods, and has reached very remarkable 
results. He found that under normal circumstances the spinal 
motor conduction takes place fro1n two to three times as slowly 
as the peripheral, and he suspects that the reason lies in the in
tercalation of ganglion cells in the motor conductive path. Bnt 
under pathological conditions he found sometimes an accelera
tion of spinal conduction (as in writers' cramp, in spinal palsy of 

1 Virch. Arch. Bd 4G. p. 47G, and Bd. 05. p. 1. 
~ Die physiol. Diaguostik dcr Nerveukrankbeiten. Leipzig. 1875. 
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children, in central myelitis, in some cases of tabes, etc.), and 
sometimes a more or less considerable retardation (as in myelitis 
of the white substance, in diffuse sclerosis of the cord, in certain 
cases of tabes, etc.). Ile concludes that the anatomical basis of 
central retardation probably lies in the white substance, and that 
of central acceleration in the gray. Retardation o( motor con· 
duction in the cord gives ground, therefore, for infening a dis
ease of the white substance, and acceleration (or inferring disease 
of the gray. 

It scarcely need be said that these theories are greatly in 
need of more exact establishment aud elaboration. 

f. Electric Reaction qf tlie 1llotor Apparatus. 

The labors of :Marshall Hall, Todd, Duchenne, and others gave 
rise to great expectations of improvement in the diagnosis of 
spinal diseases through the use of electricity; but these expec
tations have not been fulfilled. 

In fact, the electrical examination seldom gives decisive evi
dence, to enable us to place the seat of a disease in the cord, or 
brain, or peripheral nerves; this can be done only under special 
conditions. In many cases, however, valuable information is 
given as to the state of nutrition of the nerves and muscles, and 
thcrPby indirectly as to the nature and probable location of the 
disease. (Compare the full statements of this matter made in 
Vol. XI., p. 423 et seq.) 

A practically useful general statement of the changes in elec
trical excitability which occur in diseases of the cord cannot be 
given at present; the investigations hitherto made are few, and 
not free from objections. The most frequent, and probably the 
most important, forms of alteration-namely, the slight qnantita· 
tive changes in electrical excitability-suffer from a serious want 
ol observations; the results have in almost all cases been ren· 
dered untrustworthy by defective methods of investigation. I 
have shown' the method which should be observed in seeking 

1 Erb, Zur Lcbrc von der Tetrmie, nebst Bemerkungen i.iber die Pri.iCnng der elcktr. 
Errcgbnrkeit motoriscber Nervcn. Arch. f. Psych. und Nervenkr. IV. p. 271. 
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(particularly in spinal diseases) for certain and exact results. I 
give here a few points briefly. 

In diseases of the spinal cord the electrical reaction of the 
nerves and muscles, under the faradic and galvanic currents, may 
be increased or diminished; the degree of alteration is usually 
slight. The diminution may amount to a complete extinction of 
electrical excitability, but this is usnally preceded by the change 
denominated the reaction of degeneration (Entartungsreaction). 
Distinct pathological conclusions cannot be drawn at ]Jresent 
from the slighter degrees of quantitative change. 

The reaction of degeneration' is by no means rare; it is more 
frequent than has been supposed. It is not yet known whether 
it takes the same strongly-marked course as in traumatic lesions 
of peripheral nerves; from certain observations, which, however, 
are not conclusive, it seems to me that the increase in the suscep· 
tibility to galvanic currents is not quite so marked as in peri
pheral palsies, or perhaps that it passes off more quickly. It is, 
however, certain that the qualitative change of galvanic excita
bility occurs in a perfectly characteristic form, with a contrac
tion at anodic-closure which is stronger than that at cathodic
closure (AnSZ >KaSZ), and with a sluggish and protracted con
traction. 

The inferences we are permitted to make in respect to the 
histological changes in nerves and muscles, which exhibit such 
reactions, are the same that may be made in peripheral palsies. 
They are of a good deal of importance, and the changes they 
indicate are of the most striking character. By }Jatient care a 
great number of facts have been collected, of which mention will 

be made further on, and in the special }Jortion of this work (see 
"Trophic Disturbances" anc1 the chapter on "Spinal Paralysis 
of Children"); we have learnt that identical histological changes 
may originate from direct lesions of the gray substance of the 
anterior cornua (spinal origin), and from an impediment to con
duction between that gray substance and the peripheral pm·ts 
(peripheral origin). ·when, therefore, in a disease which can be 
demonstrated to be of spinal origin, we find the reaction of degen-

1 See Volume XI. p. 427. 
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eration, we may infer a lesion of certain parts (anterior cornua) 
of the gray matter, provided, however, that a peripheral origin 
can be disproved. On the other hand, when the electrical exci
tability is retained in its normal form in a spinal di sease, it is 
allowable to infer that these portions of the antel'ior grny sub
stance are not involved in the lesion.' 

As a very general rule, it may be stated that the results of 
electrical examination cannot safely be applied to the diagnosis 
of spinal di sease, except in the closest connection with the other 
symptoms. 

\Ve shall give a more detailed presentation of the known 
facts in connection with the respective diseases. 

3. Disturbances of Rl'jlex Activity. 

It is of the greatest importance to test the refl ex activi ty in 
spinal diseases ; the most valuable information in respect to the 
disease may often be thus bad. 

D iminution or suspension ef the rl'jlex actions is usually 
recognized with ease ; it is shown by the partial or complete fail
ure of the ordinary means of stimulation, as applied to the skin 
or to the tendons and other parts from which we expect refl ex 
results. It is necessary to remember that many persons have 
normally a very slight refl ex reaction; but this will be easily 
recognized, as a pa thological diminution is usually limited to a 
portion of the body. 

It may be produced-
a. By disease (arrest of conduction) oftlie entering sensory 

rootjlbres; in which case there must be more or less anresthesia 
in the regions supplied by these ,:oot-fibres. 

b. By disease (arrest of conduction) ef tlie departing ?notor 
root-fibres ; in which case there must be a more or less complete 
paralysis of corresponding extent. 

c. By disease ef the gray substance of the reflex apparatus 
itself, when both sensibility and motility may be present, or 

t Compnre the observntions of Burck!tardt in Physiolog. Diagnostik dcr Nerveu· 
krankheiten, pp. 204 o.nU 270. 
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one or both of them may be altered to a greater or less extent, 
according to the extension of the disease in the gray substance. 
Examples of all these forms are furnished by pathology. 

d. Finally, it is permissible to entertain the case of reflex 
arrest, in accordance with known physiological facts (see above, 
p. 51) ; but we have at present no pathological facts. 

'l'he decision between these various possibilities will be facili
tated by an exact estimation of the weight of each element in the 
problem. 

A retardation of reflex nctioJns has been found in pathological cases under the 

same circumstances as retardation of sensory conduction. We have mentioned this 

fact previously (p. 'iO). 

A more frequent and interesting circumstance is the increase 
efrejlex actions. 

It makes its first and its most conspicuous appearance in the 
'Voluntary mitscles. They twitch at the lightest irritation; often 
the movements are slight and imperfect, but more often they are 
very powerful, complete, or violent; the legs and arms are thrown 
about forcibly in all directions, twitch frequently, or enter into 
a clonic tremor or a fully developed tetanus; the motions are 
almost always unsuitable and disorderly; flexion and extension 
of the joints alternate, giving Tise to irregular sprawling move
ments; the patient's leg can often be placed at will in reflex 
extension or flexion by a definite localization and intensity of 
irritation; 1 orderly and titting movements are rarer; thus Mc
Donnel' repol'ts that a patient, who suffered with compression 
of the cervical cord, continually moved his paralyzed left hand 
to his genitals during catheterization. 

Such reflex acts are usually produced with most ease by ir
J'itating the skin; tickling, pr

0

icking and pinching, or stroking 
the skin, especially that of the soles, the inner surface o( the 
thighs, the toes and fingers, and the palm, produce them ; Pflue
ger' s law of extension of reflex phenomena can often be con
firmed in such patients. Reflex acts are also excited from the 
intestines ; in certain spinal affections nothing is more common 

I l'frclww, Gesammte Abhandl. p. 683. 

2 See Virchow·Hirscb's Jnhresber. 1871. Bd. II. p. 7. 
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than to find full, powerful, and very troublesome refl ex actions 
taking place in the legs during evacna tion of freces or urine, in 
consequence of colic pains, or during catheterization; they often 
continue for a considerable time in a semi-rhythmic manner. 'fhe 
1·ettex actions which orig ina te in tendons, fascire, and articular 
ligaments are also very important. 'Ve have given above (see p. 
48 et seq. ) a brief account of their physiological occurrence ; in 
pathological cases they often increase to such a degree that the 
lightest tapping on the tendons leads to the most vigorous :jerk
ing; in this case the phenomenon can be produced from many 
more tendons than usual ; thus, I have seen them orig inate from 
the ligamentum patell ro, the tendo Achillis, the tendons of the 
addnctors, gracilis, biceps femoris, t ibialis anticus and posti cus ; 
in the arm, from those of the triceps, supinator longns, radial ex 
tensors, fl ex ors of the fingers, biceps, fl exor radialis, etc. Their 
rela tion to the refl ex actions of the skin is very variable ; some
times both are present and are exaggerated, sometimes those of 
the te ndons are absent while those of the skin are present, and 
sometimes those of the tendons are enormously increased while 
those of the skin are normal or diminished. These circumstances 
are probably of great importance in a diagnostic point of view, 
but thi s reqnires further observation. 

The class of tendon-reliexions ought, in our opinion, to in
clude a refl ex phenomenon which has long ago been clescribed 
by French authors (Brnwn-Scquard, Charcot, Vulpian, Dubois, 
and others)-namely, the rljlex clonus which appears in the foot 
and lower leg wlten tlte j'oot is rapidly brougl!t into dorsalflexion 
by anotlter p erson. If the fore-part of the sole is vigorously 
pressed up with the flat of the hand, the rhy thmic reflex con
tractions of the calf produce a clonic tremor of the foot, which 
continues as long as the pressure on the sole lasts, and ceases 
immedia tely when the pressure is withdrawn or when the foot is 
brought energetically into plantar fl exion. 'Vhen the refl ex 
excitability is greatly increased, the slightest p ressure on the 
sole is sufficient to set in motion the clorrns; the action may 
extend to the whole leg, and even to the other leg; in its most 
violent forms, tetanic rigidity of the legs alternates with convul
sive shaking, and we have the phenomenon described by Brown-
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Seq uard and Charcot as spinal epilepsy (see p. 101). In my arti
cle on Tendinous Reflex Actions' I have attempted to prove that 
this reflex clonus is nothing but a tendinous reflexion, produced 
by the sudden tension of the tendo Achillis, and maintained in a 
very simple way by the continued pressure against the foot. I 
have recently succeeded more than once in producing just the 
same phenomenon from the tendo patellre, and have observed it 
in the biceps femoris. It also occnrs in the foot, when the skin is 
irritated, if the excitability is very much exalted; I have ex
plained (p. 50) the mechanism of this. It cannot be denied that 
the phenomenon may possibly be produced directly from the 
skin in many cases; but we require more convincing proof than 
Joffroy' has brought forward. 

The increase in reflex activity may manifest itseH in the in
testines and the vaso-rnotor apparatus; but this has been little 
studied in the human subject. For example, I have observed 
in paraplegic patients that a sudden di scharge of urine can be 
produced by external pressure upon the bladder, or by introduc
ing the finger into the rectum; I have also seen a mucous fluid 
evacuatio11 of the bowels occur regularly upon the occasion of 
dressingancl cleansing a large bed-sore; I also have seen erections 
produced by irritation of the skin of the penis or perineum, or 
by introduction of a catheter, etc. It is probable that a closer 
inspection will frequently discover a reflex action upon the cuta
neous vessels, etc. 

This excess of reflex action is explained, first by a separation 
of the r<ifl.ex apparatusfrorn the brain, which puts a stop to the 
action of the centres of inhibition. In fact, the highest degree of 
excess is found in all those affections of the sp inal cord which 
put a complete stop to the transmission of impressions in the 
cord; in separation or compression, in circumscribed transverse 
myelitis or softening, in tumors or cavities of the cord, etc. It 
must be considered an indispensable condition for the production 
of the refl exions, that the gray substance situated below the 
point of lesion should be intact; and it is not strange that parts 

1 Arch. f. Psych. u. Nervenkr. Bd. V. p. 792. 
1 Gaz. m6d, de Paris. 1875. Nos. 831 35. 
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which h::we retained their reflex excitability usually possess also 
their electrical excitability, because the gray sttbstance is the 
essential factor in the conservatiot1 of the nutrition of nerves and 
muscles. 

The second cause of increased reflex action is the increased ex
citability of the gray substance-a condition which may certainly 
be produced by inflammatory and other irritative conditions, by 
many sorts of disturbance or nutrition, and by certain poisons, 
as strychnia, opitun, belladonna, etc. The greatest increase will 
be found when both these causes act together, as in the case of 
myelitis from compression, or when strychnia is acting on the 
paraplegic parts; this is confirmed by daily experience. 

\Vhether an increase of the excitability of the sensory con
ductors (hypenesthesia), or of the motor conductors (convulsi
bility) is capable by itself of producing an increase or reflex ac
tidty, is a point which requires closer examination, but is not 
improbable a priori. 

4. Vaso-motor IJisfarbances. 

These are very frequent. They consist of the two conditions 
or spasm and palsy of the vessels, with the consequences. In 
view of the compliccited mechanism for innervation possessed by 
the vessels, explained on page 42, it is extremely difficult to inter
pret these phenomena, especially as there are many others to be 
taken into consideration along with tliem. 

The following appear to constitute the principal facts : 
In many cases local liypermmia and jluxion, increased rea

ness, and elevation of temperati1re occur in the parts affected 
(usually paralyzecl); thus, for example, in complete severance or 
compression o! the cord, of acute origin ; and most distinctly of 
all, in unilateral lesions, where the difference between the dis
eased and the well side is very striking. If the lesion is entirely 
local , and the vaso-motor centres situated within the cord are 
left nearly intact, the normal condition returns after a short time. 
In such cases the symptoms of vascular paralysis are mostly 
temporary, and the normal condition returns after some weeks 
or months; while at a later time paleness, diminution of tempera-
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ture with subjective feeling of cold, and even cyanosis, are very 
often observed. 

In other cases, especially in the early stages of tabes or mye
litis, before any symptoms of palsy appear, there is a striking 
coldness, great paleness, and anrernia of the lower extremities, 
a tendency to goose-skin, the subjective feeling of icy coldness of 
the feet and inability to warm them even in bed, a small pulse, 
excessive sensitiveness to the impressions of cold, etc. It can
not be doubted that these phenomena are due to conditions of 
abnormal excitabili ty of the vascular nerves, with increased con
traction and excitability of the vessels. 

Finally, in very severe or old cases (usually of spinal palsy) 
we observe, in connection with the subjective and objective cold
ness of the parts, a marked lividity, a cyanotic tinge of tlte skin, 
puffiness, swollen veins and capillaries, slow and poor circula
tion ; in this case there evidently exists a state of great vascular 
a tony, and a more or less distinct venous stagnation ; the arterial 
pressure is lessened, the venous increased, the circulation re
tarded. 

These three groups of vaso-motor disturbances may be natu
rally ·interpreted by what we know of the Jaws of vascnlar inner
vation. 

In the first group-paralytic hyperremia-we should recall 
the hundreds of experiments that have been made upon sec tion 
of the cord; every such section produces paralytic hyperremia in 
the parts situated behind it. Goltz has shown how, when the 
spinal centres recover themselves, the circulation may return to 
nearly its normal point; only when the destruction of these 
centres is quite extensive (as in spinal apoplexy, hrema tomyeli
tis, etc.) will the fluxion and elevation of temperature be more 
permanent, and finally result in atony of the vessels. 

I•'or the second group -ischremic pallor and coldness - ab
normal excitemen t of the vaso-motor centres and conductors is 
doubtless responsible; they are most frequently caused by chro
nic intlammn.tory conditions of the cord, and may be produced 
either directly or reflexly. 

In the third group-atonic hyperremia by stagnation-it is 
commonly supposed that the absence of muscular action in the 
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palsied limbs produces disturbances of the venous circulation, 
and thence gives rise to the other symptoms. It may, however. 
be easily seen that this cyanosis occurs in part· which are not 
at all palsied, and may be absent in completely palsied regions. 
The assigned explanation, therefore, is at least insufficient; the 
absence or muscular contraction may favor the production of 
atonic hyperremia, but cannot by itself produce it. It seems to 
us that, in order to produce such results, a more or less general 
palsy of the vaso-motor nerves is required, such as is produced 
either by destruction of the vaso-motor c .. ntres in the gray sub
stance, or by interrnption of the vaso-rnotor comlnetion in the 
lateral columns or the anterior rooh '£he longer this paralysis 
exists, and the more complete it becomes, the more marked will 
be the vascular atony. Spinal palsy of chihlren \destruction of 
the vaso-motor centres in the gray substance) b a good example 
of the former case; in disease of the lateral columns the qul'stion 
has not been fully studied, but in one case or probable sclerosis 
of the lateral columns I have observed an exquisite development 
of the a.tonic hyperrcmia of stagnation. 

Conditions of great vascular irritability in the skin are oc· 
casionn,lly obsel'ved; sudden blushing 01' paling or certn,in ]101'· 

tions of skin, erythema fngax, etc. '£hey appear most frequent 
in association with meningitic conditions. 

It therefol'e appears plainly that vaso-motor disturbances 
may afford us some information respecting the nature of the 
disturbances in the cord, but enable us to draw no certain con
clusions respecting its exact locality. 

!5. 'l'ropliic Disturbances. 

These constitute one of the most interesting, and also one of 
the obscurest symptoms of spinal disease, and there is still a 
great de:tl or controv<>rsy in regard w their interpretation. ~re 
must necessarily s1wak of Lhe different tissues separately, in our 
enumeration of these symptoms. 

The trophic disturbances of nerves and muscles have received 
great attention, especially in spinal diseases; it has very lately 

VOL. XIII.-8 



114 1..:H.B.-DISEA8ES 01'~ 'l'HE SPI~AJ_, COHD AND l'l'ti ENVELOPES. 

been cliscoverecl that they may occur apart from palsy, becoming 
a subsequent cause ot palsy, as in the typical form of progres
sive mm;cular atrophy. 

But it is not all the forms of spinal paralysis that are accom
panied by consitlerable trophic distlll·bances of nerves and mus
cles. In many cases the 1rntrition and the electrical excitability 
of these parts snfler not the slightest change ; such cases are 
always due to circumscribed disease of the entire transverse sec
tion of the cord, or a disease of the white substancP, which may 
be of great t'XLent. 'l'!te affection of these parts seems, therefore, 
to h:.LVe nothing to do with the nutrition of the nerves and mus
cles ; an inference which is certainly correct in 1·egard to the 
entire posterior culumns and the posterior section of the lateral 
columns, but is still doubtful in respect to the portions of the 
anterior columns which are trarnrsed by the anterior roots. It 
seems certain, however, that in all cases of paraplegia without 
atrophy the gray substance-at least that of the anterior columns 
-is not alterecl to any considerable extent. 

'l'here are also cases in which a simple atrophy qf tlte 11iuscles 
occurs, which may make great i)rogre~s, and may even emaciate 
the legs to the condition ot a skeleton; the histological condition 
of the muscles remaining for the most part intact, with only a 
diminution or the breadth of the fibres, and in places a certain 
increase of interstitial fatty tissue, bLtt without a trace of pro
liieration of interstitial connective tissue, of multiplication of the 
nuclei in the muscles, etc. In correspondence with this condi
tion, the electrical excitability rPmains entirely intact, with, at 
the mo~t, a slight quantitative diminution, and tbe reflex actions 
are mostly present. 

This form of atrophy occurs in the later stages of tabes, in 
many cases or chronic myelitis. in paralyses clue to compression 
from vertebral caries, etc. ; it appears most frequently to attack 
persons who are debilitated or weakly. This simple atrophy is 
commonly referred to the palsy, the long - continued disuse of 
the parts, but we are not content with this explanation in all 
cases. \Ve cannot but think that certain distinct changes in the 
spinal cord must exist before this form of atrophy can come to 
pass. At all events, this question is still in great ueed of inves-
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tigation, both in its histological and its pathogenetic relations. 
Our present knowledge of it is extrenwly small. 

'£he same is trne to a certain point of the most important 
form of disease of nutrition in nerve and muscle, the degeneret
tice atrophy. In certain spinal affections, this is developed very 
quickly and in a strongly-marked form. Although the histologi
cttl account of this disease is in many respects defective, espe
cially in the earlier stages, yet our present knowledge, in connec
tion with Lhe results of electrical examination (which invariably 
gives the" reaction of degeneration ' ') points with tolerable cer
tttinty to the conclusion thttt the essential histological changes 
are the same as those which so invariably follow severe t1-aL1matic 
lesions of peripheral nerves-fatty degeneration and atrophy of 
the nerve-fibl'es, simultaneously with proliferation of cells and 
hyverplasia in the neurilemma; atrophy with increase of nuclei 
and chemical changes in the muscular fibres, simultaneously with 
proliferation or the interstitial connective tissue; and in the last 
stages excessive loss of muscular substance and transformation 
into connective ti;sue with secondary deposition of fat. \V c 
woukl refer the reader to the full description of degenerative 
atrophy o( the nerves and m llscles gi 1·en in Volllme XI., p. 411. 
\\re are convinced that the changes are essentially the same; it 
remains, however, to be decided by more careCul examination 
whether the process in spinal diseases rnns its collrse with the 
same rnpidity and intensity as in trallmatic palsies, and whether 
there are not certain differences in degree, which require further 
statement. 

This degenerative atrophy occurs regularly in the so-called 
spinal palsy of childl'en and the analogous affection of acllllts; i: 
is regL1larly fonnd in the typical form of progressive muscular 
atrophy (atrophie muscul. -progress. protopathique of Charcot): 
it appears to occur also in the sclerose laterale amyotrophique 
described by Charcot,' and in many other spinal aO'ections, when
ever they implicate the gray substance of the anterior cornua. 

'rhe past (ew years have given us a series or discoveries in 
relation to the spinal palsy of children and progressive muscular 

1 Le<;ons snr lcs maladies clu RystCme nerveux. II. SCr. 3. fascic. p. 213 et seq. 1874. 
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atrophy (which we may regard as types of the spinal affections here 
considered), which indicate a great improvement in our knowledge 
of the trophic functions of the spinal cord. It bas been shown 
that these diseases are uniformly associated witl' an affection of 
the anterior comua, in the former case acute, in the latter chronic, 
which regularly and in quite a peculiar way involve" the great 
motor ganglion cells. The most recent obse1Tatious, without ex
ception, statp this point, which was formerly almost always 
overlooked, owing to defective methods of examination. It 
would lead us too far, if we were to undertake to enumerate and 
c1·iticisP all these observations. 'Ve would refer to the memoirs, 
chiefly published in the Archives de physiol. norm. et pathol., by 
Charcot, Joffroy, Hayem, Duchenne, Yulpian, Pierret, Gombault, 
'l'roisier, and others, and the experiments of Voisin and Hanot, 
Lockhart Clarke, Roger and Damaschino, Roth, and others, 
which are thoroughly convincing. These observations contain in 
addition a series of facts which decidedly refute the view that the 
affection i" due to an inflammation conducted from the }Jrimary 
focus in the cord to the nerves and muscles; but further special 
observations on this point are desirable. Observers are not 
agreed as to whether the change of the ganglion cells is primary, 
or whether it is the consequence of an interstitial myelitis. '!'hat, 
howevPr, is a subordinate question, as concerning the object of 
our study. It appears to be certain, at any rate, that functional 
injury or destruction of tlwse great ganglion cells o[ the anterior 
columns is most closely related to degenerative atrophy o[ the 
nerves and muscles. 

It eertainly can hardly be doubted auy longer that the trophic 
centres for the motor nerves and muscles are situated within the 
gray substance of the cord, very close to the point "·here the 
anterior roots of the nerves concerued enter. \Vhile this is ren
dered t>xceedingly probable by the above facts of local destruc
tion of the anterior coruua, it is on the other liand strongly sup
ported by the fact that the degenerative atrophy is absent, even 
in cases of the severest spinal varaplegia, when the conespoml
ing sections of the grn,y substance are intact. Compare upon this 
point two cases given by Burckhardt.' 
~- -----

1 Physiol. Diagnostik der Nerv~uk-.:J.nkh. p. 2G.:. ileoL. 45 und 46-. -
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Of the nature of the connection between these trophic centres 
and the peripheral parts, of the manner in which, and the clum
nels through which their infinence is distributed from the one to 
the other, we are ignorant; ancl the boldest hypotheses are allow
able. Anatomy and physiology are not informed of the exist
ence of proper trophic nerve-paths; but of those who write upon 
the subject, one party regards them as a physiological postulate, 
while the other refers the transmission of trophic infiuences to 
the motor ancl sensory fibres. I have attempted to show,' by the 
comparison of a series of mutually corroborative cases, that the 
trophic paths cannot be fully identical with the motor. Those 
facts certainly show that the motor and the trophic paths must 
be distinct at some points, as they are capable of being diseased 
independently of each other. Such separation certainly exists in 
the central organ; but it is as yet doubtful how far outwards it 
extends-whether motor and trophic fibres l'llll separately as far 
as the periphery, or whether the motor fibres are also capable of 
condncti11g the excitation from the trophic centres. Burck
harclt' is of the latter opinion, and claims for the great ganglion 
cells of the anterior comua the function of centres of nutrition 
for the rnotur fibres which pass from them, ancl for the muscles. 
!n fact, the recent investigations into the stmcture of the gan
glion cells fumish a ready and plausible form for conceiving of 
the double or manifold functions of these great ganglion cells. 
If the plan which ~fax Schultze' gives of the fibrillary strnctnre 
of the ganglion cells is correct in the case or the human subject 
-ancl that can hardly be doubtecl-it can easily be conceived 
how such a cell may form the point of union of fibrilR of the 
greatest variety of physiological rank (motor, co-ordinatory, 
reflectory, etc.), which unite, in part, in the nerve-process, and 
enter the anterior roots. \Vhile thus the cell serves as the point 
of nnion for these various fibres, it is also capable of acting as a 
trophic centre for them, and of sending from its own snbstance 
trophic fibrils to the anterior root-fibres. The well-known fibril-

1 Eiu Fall vou Bleiliihmung. Arch. f. P!'.ycb. u. ~erveukraukb. Bd. V. 1875. 
p. •t.15. 

~ Loe. cit. p. 271. 
3 Stricker'1:1 lfandb. der Gewebelchre. p. 130. 
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lary composition of the axis-cylinder would even permit us to 
dispense with the hypothesis of trophic nerve-fibres, as the axis
cylinder of the motor nerve may easily be snppo ed to contain 
fibrils of very various physiological functions. "' e will not, 
however, enter too far into the field of 1iurely hypothetical con
siderations. 

One last question is still awaiting a decision-the question 
whether the processes of degenerative atrophy should be referred 
to an irritation or a palsy of the trophic central apparatus. 
Charcot' is of the former opinion, thinking that initation of the 
trophic ganglion cells and the trophic fibres produces degenera
tive atrophy, while simple paralysis, or separation of the cells 
from the peripheral parts, leaves the nutrition of the htter intact. 
He bases his opinion chiefly upon the supposed fact that crush
ing, inflammation, and similar injuries of the peripheral nerves 
act in a difierent way from simple section ; in the latter case the 
characteristic histological changes being supposed not to occur. 
The incorrectness of this position is sufficiently proved.' The 
processes of infantile spinal paralysis also render this assump
tion quite impossible; for, firstly, the initial phenomena, the 
complete palsy, etc., make an increase of the activity of the 
ganglion cells very improbable; and secondl y, the complete dis
appearance o[ the cells, which is demonstrated in the later stages 
of all such cases, would necessarily (upon Charcot's theory) re
sult in repair of the disturbances of nutrition, so that the nerves 
and muscles would return to their normal state - which is the 
contrary of what we know to be the case. V\T e are, therefore, 
at present of the opinion that a paralysis or destruction ef the 
central trophic apparatus, or a separation from the periplteral 
parts, produces the symptoms of degenerative atrophy. This 
may make the matter lrnrder to understand, but we are obliged 
to take the facts as they are. 

Upon the wholP, we are justified by the present state of onr 
knowledge in assuming a disease of the anterior cornua when the 
electrical examination shows the existence of the reaction of de-

1 LcQons sur lea maladies du systeme nerveux. 1872-3. pp. 19, 23, and ch. 2. 
9 Erb, Zur Patbol. uud pathol. Anat. peripberer Paralyse. Deutl!ch. Arch. f. klin. 

Med. Bd. V. ll. 5~. 
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generation, ancl consequently of c1Pgcnerath·c atrophy of nerves 
ancl muscles, provided the disease is clearly of spinal origin. 

It is well known that an increased deposit of fat in the interstitial connective 
tissue of the atrophied muscles is not rnre in the later stages. I have very recently 
seen a case of palsy from spinal apoplexy, in which the muscles of the calf, at first 
atrophied, became by degrees excessive in size, probably from deposition of fnt, 
the paralysis continuing.1 This is a kind of pseud1)-hypertrop/1y of the muscle. But 
it is still a controverted point whether the peculiar disease known by this name 
(also atrophia musculorum lipomatosa, paralysie musculnirc pseudohypcrtrophiquc, 
etc.) is of spinal orig in; Charcot, Eulcnburg, and Colmhcim arc opposed to this 
view; L . Clarke, 0. Barth, and others, arc in fa\·or of it; Fricdreich considers the 
disease as a mere progressive muscular atrophy modified hy certain peculiarities of 
infancy; and W. Mueller likewise considers the lipomatosis as a more or Jess acci
dental complication of the atrophy. At all events, we must wait for further investi
gation of the matter. 

The same must be said of those cases of true muscular hypertrophy-rare at pres
ent-which have been found sometimes alone (Auerbach, Berger), and sometimes 
accompanied by progressive muscular atrophy (Friedrcich'). The neurotic origin 
o[ these cases cannot at present be established. They should not be confounded 
with the hypertrophy from use, which occurs here and there in muscles which h:rrn 

had to do double duty on behalf of paralyzed ones. A good instance of this is 
presented by the left sartorius, in the case described by me, ns above mentioucd. 3 

Trophic disturbances in the structures of the skin are very 
common in spinal clisorders. Those of the epic1ermoicl structmes 
al'e of snbo,.c1inate importance, although their theol'ctic interest 
is conside!'able. For instance, in some cases of spinal palsy an 
abnormal growth of hair• has been observed. Closely associated 
with other disturbances of the skin, with atrophy of the muscles, 
etc., occur decided alterations of the nails, deformity, increased 
curvature, and furrowing, clubbec1 swelling, yellowish or brown
ish discoloration, and the like. The chang;Ps of the skin itself 
are more important.' First, and not infrpq1wntly, erytlunnatm1s 

I Arch. f. Psych. u. Nervenkrn.nkh. Bd. v. Heft a. p. 782. 
' Ueber progress. Muskelatropbie, ueber wahre und falscbe 1\Iuskelhypertrophie. 

Berlin. 1873. Cap. VI. 
3 Loe. cit. Bd. V. p. 780. 
4 Jelfy, Brit. Med. Jour. 1873. June 14. 
~ Com1mre in particular the beautiful account given by Chnrcot in bis Clinical Lec

tures. 
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spots and ernptions, which may appear almost anywhere, and 
usually are very transiPnt; then licllenoicl or papulous ernp
tions, Pxtending ovPr greater or smaller portions o[ the skin, 
often restricted to the district of a single nerve or to a single 
limb; not infrequently wheals or urticaria, of greater or less 
size aml Pxtent, usually accompanied by violent itching; or 
lurpe.s zoster, in its <'hamcteristic mode of appearance; and 
finally, in rare cases, p11stule:forinatio11, J'Plated to pemphigus 
and ecthyma, and usually leading to ill-looking ancl badly-heal
ing ulcerations. 

BPsides tlwse alterations, which remind us of the appearances 
of well-lrnown an cl typical diseases of the skin, there occur others 
Of a lllOl'P diJiuse sort; uniform thinning of the skin, abnormal 
smoothness and shining look of the epidermis, connected with 
more or less livid redness ("glossy skin ")-changes of which 
"''' have spoken in Yo!. XL, p. 400, under Paralyses; on the 
other hand, there are often abnormal thickening and swelling of 
the skin and subcutaneous cellular tissue, not seldom connected 
with cedema, or gradually developed from it. 

Our knowledge of the theory of all these phenomena and 
their special connection with the spinal cord and with the dis
eases of certain sections of it, is still very defective. The idea 
that they may be of nemotic origin is hardly yet familiar, but 
from what parts they may originate, ancl how, is still a matter for 
guesses merely. In some cases they arP usually associated with 
violent sensory phenomena (the lancinating pains of tabes, etc.) ; 
hence it has been inferred that they might depend on an inita
tion of trophic fibres-a position which is strongly supported by 
th<> manner in which herpes zoster occurs in neuralgia and after 
nPmitis ; on the other hand, it is not to be clenied that another 
gronp of these phenomena occurs only under circumstances 
which almost conclusively point to paralysis of the trophic paths. 
At present it cannot be decided with certainty what special part 
the irritation or paralysis of trophic fibres takes in the produc
tion of cntaneons changes. 

The peripheral channels through which the trophic influence 
passes to the skin and its udnexa appear beyond a doubt to lie 
jn the sensitive nerves; this is supported by a large number of 
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unquestionable facts. But it is still doubtful where the centres 
for the nutrition of the cutaneous strnctures '1re situated. They 
appear, at all events, not to be in the anterior comua; this fol 
lows from our experience in regard to the spinal paralysis of 
children. Ancl, as the gray substance is the only probable 
region, there remain only the posterior cornua, or the spinal 
g"ngli'1; the latter site has been rendered probable by many facts, 
and is '1CCeptec1 by several authors. \Ve nrnst le'1ve it for the 
future to establish the influence of these structures upon the 
nutrition of the skin. 

By fat· the most important trophic disturbance which the skin 
experiences in spinal disease is .r;angrene froin pressure or bed
sore. Its occurrence is a sign of the greatest danger, and is often 
decisive of the prognosis. In practice it is well to distinguish 
two forms : the Oil<' is acute, is caused by slight irritation or brief 
pressure, is prncecled by an inflammatory ernption, appears a 
few clays after the beginning of the central lesion and leads 
rapidly to gangrenous destrnction (decubitus acutus of Samuel); 
the other, more chronic in its origin, accompanies the later course 
of spinal diseases, is chiefly dependent on prolonged pressure, 
and takPs the form of simple gangrenous death of the skin and 
the subcutaneous tissue (clecutitus chronicus). 

JJecubitus ac1tt11s, of which Charcot (I. c.) has given a very 
vivid picture, usually begins a few clays after any severe spinal 
lesion or after a severe exacerbation of a spinal disease, and is 
characterized by a very mpid development. Upon a po1tion of 
skin which has been exposed to pressme or to any irritation 
(and often when no such circumstance has orcurred), erythema
tous spots appear, which are soon covered with vesiclPs, tlw con
tents of which, aL first clear, become rapidly brownish or reddish; 
under favorable circumstances these vesicles may dry up, and 
the spot recovers without furtlwr change ; but this is not com
monly tbe case; the vesicles bmst and leave ill-looking ulcera
tions, the basis of which is composed of the skin, infiltrated with 
blood, and usually in a state of phlegmonous inflammation. The 
base of the ulcer perishes by gangrene, the neighboring skin is 
infiltrated with blood, and iuflanwd to a greater and greate1· ex
tent, the gangrenous clestrnction goes deeper ancl deeper, laying 
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bare and including in its destructive operations tendons, fascire, 
ligaments, and bones. 

This entire cycle of processes is complete in a few days, and 
cannot be avoided by any care or cleanliness; at the same time, 
cystitis and hromaturia are sometimes observed, or the muscles 
become the prey of a rapid atrophy. 

The consequences of such extensive gangrene soon appear; 
violent fever with se1,ere chills and great variations of tempera
ture, a septicromic condition, purulent infection, gangrenous 
thrombosis and embolism occur, and the fatal result is preceded 
by a general marasm ns ; or the gangrene extends still fort her 
into the interior of the vertebral canal, when a purulent or icho
rous meningitis, rapidly ascending to the cranium, soon closes 
the painful scene. 

Simple cltronic clecubitus usually originates in a somewhat 
different way. In chronic diseases of the spinal cord, in para
plegias, there is seen a diffuse dark redness of the portions which 
are most pressed upon in sitting or lying; often mingled with 
superficial ulcerations. Some clay there appears upon this red· 
dened portion of skin a black spot, which rapidly enlarges if the 
pressure is continuPd. The skin dries to a black leathery mass, 
around which a bounding line of inflammation soon appears, 
which under proper treatment leads to a throwing ofI of the gan
grenous layer, and cleaning up of its base, with the formation of 
granulations. But if the pressure is continued, the ulcerated 
surface assumes a bad, unwholesome color from infiltration with 
blood, the inflammation assumes an appearance more like that 
of a phlegmon, and the gangrene may spread rapidly, deeply, and 
cause 110nible destruction. And then the symptoms aborn 
named as characteristic of acute decubi tus appear and soon put 
an end to the patient's life. 

This form of gangrene may occur at any place which is 
exposed to a continued pressure, but is far the most common on 
the coccyx and buttocks, next ornr the trocbanters and ischiatic 
protuberances, heels, and knees, the spinous processes of the 
vertebrre, the shoulc1er-blades, elbows, etc. In severe cases of 
this sort, the patient, with his numerous large sores, presents the 
very picture of wretchedness. Nor is the end of this misery 
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always speedy; if attention and care be given, the sores often 
clean np, good granulations appear; but the tendency to heal is 
very slight, and it is a desperate while before cicatrization occurs. 
I have seen a patient, who had niue large bed-sores and several 
small ones, linger along for over a year under faithful care. 
Though some places may cicatrize, a new sore will appear here 
or there ; the occurrence of bed-sores, therefore, unless they 
improve rapidly and considerably, must always be considered a 
very bad omen for the patient. The occurrence of acute decubi
tus renders the prognosis extremely bad in all cases. 

Very various accounts are given of the way in which bed-sores 
originate. 

Continuous pressure is commonly thought to be the chief 
cause of the bed-sore ; its action is supposed to be considerably 
favored by the complete immobility of paralyzed patients, by the 
absence of sensation in some others, by tho filth from the bladder 
ancl rectum which is liable to accumulate; the more of these 
causes are present, the more confidently is the occurrence of bed
sores e>qJected. 

In fact, we may count with certainty on th~ appearance of 
bed-sores when all these causes coincide. But this by no means 
proves that the sores are due to such causes. In acute myelitis 
of the anterior columns (spinal paralysis of children, etc.), in 
many forms of hysterical palsy, in fractures of the thigh, and 
similar cases, we find abundant proof that long-continued pres
sure, palsy, etc., are not by themselves adequate to produce bed
sores. Charcot has seen decubitus acutns occur, even when all 
pressure and all befouling of the person '.\"US avoided. 

It seems therefore absolutely necessary to seek for another 
explanation. The ,·aso-motor paralysis, which is commonly 
present, and the anresthesia, have been thought of; but it is easy 
to prove that this view is incorrect, and that both these circum
stances act only as facilitating the action or pressure, which itself 
is not the essential element in the production of becl-sores. 

It is manifest that there must be some very special changes in 
the nervous system, special influences added or subtracted, in 
order to produce such fearful gangrenous destruction in patients 
whose general health is good, and the action of their hearts 
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vigorous. Such intluences may most properly be called trophic. 
In chronic decubitus we may assume that tlH' trophic disturb
ances cause a diminished power of resistance, a lesseJll•d Yitai 
tmgor, on the part of the skin, which, in eonnection with the 
weakness or the circulation caused by the vaso-motor paralyois, 
JlrObabJy explains the gangr~ne or preSSUl'C ; as to acute decubi
tus, Charcot believes that he has proved that it is caused by a 
"violent irritation oi a more or less extensive district oi the 
spinal cord." 

Acute decubitus is found associated chiefly with severe trau
matic lesions or the corcl (compression ancl destruction en masse 
by Imctnr<'S or the vertebrre, etc.), in acute myelitis, hrematomy
elia, and the like; it lms also been observed in unilateral trau
matic lesions of the cord, npon the anrosthetic side only, not on 
the paralyzed side. Chronic dccubitus is found in C'hronic myeli
tis transversa (affecting the cord cliametrally), in the last stages 
oE ta.bes, in parapleghe of slow origin, and similarly also in peri
pheral palsies in the clistrict oE the cauda equina. If the latter 
originate acutely, e. g., by fracture of the sacrnrn, they may 
themselves be followed by acute clecubitus. 

It seems to us that the one element which tlw above affections 
share in common is rather the destruction ancl paralysis of cer
tain pa.its than thl'ir irritation, and we lhiuk it most probable 
that the chief cause o[ the decubitus in spinal afI,,ctions is the 
paralysis or certain tl'ophic centres in the cord, or their severance 
from the pel'ipheral parts; in certain cases or acute decubitus, 
however, it is not yet provecl that the disPase does not originate 
in irritation. 

The exact location of these tl'ophic centres is as little known 
to us as is the way in which they exercise their trophic influence 
upon the skin. Many things render it Jlrobable that they are to 
be found in the gray substance, especially in the central portions 
and the posteriol' cornna, ancl that the paths which begin in 
these parts are sitnatPd in the posterior roots. Observations of 
unilateral lesion of the cord have also made it probable that the 
trophic fibres for the skin decussate in the cot·d like the sensory 
fibres. The relations of the spinal ganglia to these processes a!'e 
not cleal'. 
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The conclu"iom; in Tegard to the seat ana natun• of the spinal 
affection, which are to be drawn from the occunence of bed
sores, are obvious. 

The bo11n often undeI"go trophic disturbances in spinal dis
easP. One of the commonest symptoms in the spinal paralysis 
of children is arrest rf growth qf' bo11 es. The bones of the ex
tremiti!'s remai1t "hoI"t and small, the limbs are shortened, the 
peh·is clisplaced, aml the spinal conl in consequence curved. If 
a serie" of cn"es be compared, it will plainly appear that this 
impuirnw11t of growth is not always proportional to the muscular 
atrophy or lhe degn•e of palsy; it is to a certain extent indepen
dent of tlwse cil'CUlllSlances, ancl in SUCh cases the paralysis and 
muscular atrophy may be the chief feature in one limb, and tbe 
atrnphy of the bone in the other. 

ln otlH•l' ('a"es, on the contrm'}", a swellill[/, thickening, lly
pertrupli!f ri/' the bo1t1"8 is observea ; they become heavier, and are 
often greatly enlarged, especially at the joints. This condition 
may coexbt with pseudo-hypertrophy of tlw muscles, or with 
degenerative atrophy. .\. closer examination, however, shows 
that in all surh cases the essential element is a liyperplasia of 
connective substance, hoth in the bo1w-fi,;sue and in the muscles. 

An abnormal brittleness of the bones has been observed in 
very rare cases. 

'rhern can be no doubt that the majority of these changes 
depend on disturbances of the nervous system. The facts of 
infantile spinal paralysis render it almost certain that the trophic 
centres for bones are in the anterior cornua, but that they are 
certainly not identical with those for the muscles. Further 
exact study of these conditions is needed. 

Especial attention has been lately given to the trophic dis
tmbances of the joints, which occur in many spinal diseases, and 
are very interesting. 

It is very common, hoth in spinal and peripheral palsies, to 
find slight swelling, stiffness, a little pain, and a moderate 
amount of ankylosis of the joints. This is probably due in part 
to long disuse, and occur" in like manner a[ter the long wearing 
of a plaster oC-Paris bandage, but it is partly, no doubt, of ner
vous origin . 
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Charcot's aclmirable researches' have very recently placed 
before us an extremely characteristic affection of the joints, of 
manifestly nervous origin, chietly associated with tabes ; its char
acteristic symptoms are an abundant serous discharge, wasting 
of the cartilages ancl bones, subluxations, and the like. This is 
the so-called spinal arthropathy oj'tabes. 

This afiection of the joints is very strikingly clilierent from 
the ordinary spontaneous inliammations of a rheumatic or trau
matic ol'igin. It much prefers the knee-joint; after that, in 
diminishing frequency, the shoulder, elbow, hip, and wrist joints. 
It begins, usually suddenly and unexpectedly, without any ex
ternal cause, ancl its lil'st symptom is. a large diffuse swelling of 
the joint, caused by an abundant exudation of serous fluid in 
its cavity; fever, redness, and pain are usually altogether want
ing. The adjoining parts are always considerably swollen, which 
often extends to nearly the entire extrnmity. This swelling is 
partly ceclematous, and partly of a harder nature. It usually 
disappears in a few clays ancl the articular effusion likewise, 
after which the ends of the bones come in contact, are worn 
away and their cartilages and ligaments clestroyed ; these 
changes are inclicatecl by a goocl cleal of cracking and rubbing 
noise in the joint. Deformities of the joints are the result-sub
luxations, loose joints, ancl the like. This may continue for 
months or years ancl then disappear, but usually the changes 
which result are incurable. 

These aclvancecl stages, when examined anatomically, exhibit 
the marks of arthritis sicca, but with this distinction: that the 
erosion of the articular extremities is considerably greater than 
the growth of nPw bone. 

This arthropathy is most common in the early stages of tabes, 
ancl chiefly in the preliminary period, before the atactic disturb
ances of motion have appeared, ancl when the lancinating pains 
constitute the chief feature of the complaint. It has, however, 
been observed in the same, or nearly the same, form in compres-

1 Cf. Ullarwt, Arch. de Physiol. 1. 1868; II. 1869; 111. 1870 (with Joffroy) i n.nd 
Clinical Lectures on Diseases of the Nervous System. I. and TL series.-B<tll, Guz. des 
H6p. 18Ci8 and 1800.-Buzzllr<l, La.ncet 1874. Aug. 22.- ll'eir 1llitcliell1 Amer. Journ. 
l\led. Sci. April. 1875. p. 339.-Sce also below, section on Tabes Dorsalis. 
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sion of the cord from vertebral disease, in acltte myelitis, progres
sil·e muscular atrophy, traumatic unilateral lesion of the cord 
(on the palsied side), etc. 

It can hardly be doubted that this arthropathy depends on 
disturbances of the nervous system. Charcot has supposed that 
they were referable to a pathological irritation of central trophic 
apparatus, and has, in fact, fonnd in antopsies of tabetic patients 
suffering from this arthrnpathy, an atrophy of conesµonding 
portions of the gl'ay anterior pillars and disappearance of their 
ganglion cells. Bnt in a later case he has failed to find this 
lesion, in spite of careful se::trch, which discovered nrnrked altera
tions in tlw spinal ganglia. Further examination is therefore 
needed to decide this difficult question . The rarity of the arthro
pathy in spinal palsy of children, and its close connection with 
tabes, certainly require of us great care in forming an opinion. 

Of trophic distmbances of the intestines in spinal disease we 
know little, and this little will be set down under the proper 
heads hereafter. 

The general nutrition, in most spinal diseases, suffers only in 
very exceptional conditions, or when the duration is very pro
tractecl. It is not mre to see a spinal patient in the most hope
less case-paraplegic, or excessively atactic-confinecl to his bed 
or the wheeled chair, who nevertheless looks very well in com
plexion, is muscular and plump, has a good appetite and diges
tion, ancl for years and tens of years enjoys a tolerable existence. 
In other cases the nutrition fails fast, the general health is much 
impaired, the patient sinks rapidly into marasmus. The causes 
of this loss of health are as follows: continued rest, want of 
motion and fresh air, poor digestion, severe pain which takes away 
sleep, fever, malignant new-formations, ancl, above all, cystitis 
ancl bed-sores. \Ve shall see in the conrse of this account that 
these causes are very frequent, and accompany all sorts of spinal 
disease. 

The state of the general bodily temperature, and thefc-ver of spinal diseases, may 
here be mentioned. The local changes of temperature, limited to single extremities 
or parts of bodies, arc accounted for by the vaso-ruotor disturbances 
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Inflammations o[ the cord arc accompanied by fever, like those of the other 
organs. Its type and course will be describecl un<lcr the several disca~cs of the 
cord, as acute meningitis, acute myelitis, acute spinal paralj·sis, paralysis ascendens 
acult\, etc. Fever also occurs in consequence of many complications of spinal dis
ease, as in gangrenous bed-sore, etc. This is of subordinate importance at present. 

Ou the other band, the often enormous rise of temperature which accompanies 
or closes many severe spinal diseases, and which is of great theoretic interest, 
deserves a bric[ mention here. This phenomenon is commonly ascribed to the 
"ncuroparnlytic ngony, 11 and has been frequently observed nnd sevC'rnl times criti
cally described in severe disease of the various parts of the nervous system, espe
ci~lly in severe lesions of the cor<l. 1 

'l'hc chief interest for us lies in those cases where, nftcr crushing nud injury o! 
the cervicnl medulla, the bodily temperature contiuucd to rise, and finally reached 
an enormous height (42.9-44.0 C.=100° to 111.3 Fahr.), followed by death. The 
first case of this kind was observed by Brodie; other similar ones are g iven by 
Billroth, Simon, Quincke, Fischer, and others. 'Unusually high temperatures have 
also been observed in the agony of tetanus ('Vundcrlich), of meningitis cercbro 
spinalis (Erb), etc. Very lately, J. ,V. Tealc~ has published n case of spinal 
di:;case, perhaps inflammatory, caused by an injury, in which the axillury temper
ature several times reached the incredible height of over 50 C. (122 }".);the case 
nevertheless recovered. 

With a view to explaining the connection between this rise of temperature an<l 
the spinal lesion, various experimental observations have been made whkh, how
ever, have not yet furnished conclusive results. It bas been found that section of 
the dorsal cord produced a depression, while section of the cervical cord in the 
neighborhood of the pons produced a considerable rise of temperature (Tscheschi
chi11) i that crushing of the cervical cord uniformly raised the temperature, if pe
ripheral cooling was prevented by suitable measures (Nnunyn nud Quinckc) i and 
finally, that an injury of the cervical cord produces no rise of temperatw·c, provided 
the anterior columns arc spared (Fischer). 

It would lead us too far, to attempt to give the conclusions drawn from these ex
periments in respect to the exciting and moderating influence of the spinal cord upon 
the development of beat. In doing it we should have to enter upon the theory of 
fever, which is confessedly one of the most difficult parts of general pathology. 

1 For fnrther information see the following: 1V1tn<lerlic!t, Archiv der Heilkunde. II. 
p. 547j and III. p. 175.-Brodie, l\led. Chir. Trnus. 18.'17. p. 416.-Bilh·otlt, Beo
bachtung&;tuclien iibcr Wundfieber. 1802. p. 158.-Erb, Deuteches Archiv f. klin. Med. 
I. p. 175. 1865.-T11clte~cltic1Li11, Reichert und Du Bois' Archiv. 1806. p. 170.-Nauuyn 
and Quincke, Reichert und Du Bois' Archiv. 1869. pp. 1'i4 and l'i21.-Q1dncke

1 
Berl. 

kliu. Wochenschr. ISG9. No. 2'J.-ll Fi~clter, C'entra.lbl. f. d. med. Wissenseh . 1860. 
No. 17.-ll. Jieidcnlutin, Pfiueger's Archiv. 1870. p. f'578.-Riefjd, Ibid . Bd. V. 1872. 
p. G20.-Nmmyn and DuUczw1ski. Arch. f. exper. Path. u. Phnrma.k. I. 

~ Lancet, 187J, 'March 6 1 p. 340 (Clinical Society of London). 
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For the present it seems to us most natural to assume, with Naunyn nn<l Quinckc, 
that in these experimental lesions of the cervical cord, as well ns in those of n 
pathological nature, there is a paralysis of certain paths which s~rve to restrict the 
production of heat. At the same time, however, an extensive vascular paralysis 
takes place, whereby an increased amount of heat is brivcn off, which more or less 
compensates for the inc1·cascd proc.luction. ~\ccording to the preponderance of one 
or the other factor, the rise of tempernture will be more or less considerable, or may 

be absent or even a minus quantity. Ilcre much plainly depends on accidental 
external circumstances (temperature of the air, covering of the body, proportion of 
surface to weight of body, etc.). It is found, however, that nn increase of the bodily 
temperature is most prominent in lesions of the cervical cord. The whole question 
deserves a fresh investigation, in view of the recent discoveries of Goltz respecting 
the vaso·motor centres in the cord. 

'l'he experiments cited have shown that in cases of section of the cord a lQ'l.IJerinu 
of temp!!raturc often occurs, especially where the effect of the vnso-motor paralysis 
is chiefly directed to the loss of heat from the surface. A similnr condition exists 
in many diseases of the spinal cord; mechanical lesions (Fischer, I. c., Nieder 1) 1 

chronic myelitis, the closing stage of tabes, etc. The temperature fnlls to 35°, 32', 
30° c. (05°, !)0°, 80° Fuhr.), or even lower; the patients meanwhile often liYe Oil for 
clays und weeks. These nrc prohnbly sometimes the temperatures characteristic of 
collapse, but at other times they arc doubtless due to excessive loss of heat from 
\'aSo·motor paralysis. 

6. Disturbances in tlte Urinary and Sexual Apparatus. 

These are among the most important symptoms, for they 
always inflict great discomfort, and often influence the prognosis 
seriously. Our acquaintance with them, it must be admitted, is 
in many points defective. 

a. Disturbance ef tlte Secretion of tlte Kidneys. 

But little is known of this at present, in spinal affections. 
In various spinal lesions, especially the more severe and acute 
forms, considerable changes in the character of the urine rapidly 
appear, but it is not yet clearly settlecl how far the kidneys and 
their innervation are directly concerned in this. After crushing 
of the cord by fractme of the vertebrre, after knife-wounds of the 
corcl, after pinal apoplexy, in acute myelitis, etc., we often see 

1 Med. Times and Gazette. 1873. No. 1180. 
VOL. xm.-0 
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the urine becoming turbid n,nd slimy in a few days after the 
event, with blood n,nd pus, with alkaline decomposition and its 
inevitable results, triple phosphates, and n, horrible smell. It is 
generally thought that this change is cat1sed in the Jhst place 
by retention and ammoniacnl decomposition of urine in the blad
der, the resnlt of which is a cystitis nnd an inflammution of the 
kidneys, secondary to the cystitis. Rosenstein l believes that he 
has obtn.ined certain proof of this. But Charcot,' in view of the 
rnry rapid appearance of change in the urine, and the ecchymo
ses and foci of inflammation repeatedly found in the kidneys very 
soon after the spinal lesion, is forced to the conclusion that the 
spinal affection may be of itself the eause of the acute inflamma
tion of the kidneys, and he Jays special weight upon the element 
of irritation in these spinal lesions. 'Vhether the case is similar 
in chronic disease, or whether in the latter the affection of the 
kidney is always secondary to thnt of the bladder, is likewise 
undecided at present. 

Still less is known about anomalies of secretion, or extensive 
anatomical changes. The increased excretion of phosphates, 
obsen·ed in many chronic spinal cases, occurs in many other 
neuroses. 

In respect to the alteration in the quantity of urine in spinal 
diseases very little information is furnished by human pathol
ogy. An analogy with the temporary suppression of this secre
tion, observed by Eckhard after section of the cord, may proba
bly be found in a case of laceration of the cerv ical cord, observed 
by Brodie, in which the quantity of urine passed was extremely 
small. A considerable increase of the secretion sometimes occurs, 
a li teral diabetes insipidns, accompanying spinal diseases (Fried
reich, in degenerative atrophy of the posterior columns); it may 
be assumed with probability in these cases that the process has 
extended to the medulla oblongata. 

1 Po.tbol. 11. Ther. der Nierenkrankbeiten. 2. Aufl. p. 287. 
2 Ler;ona sur les maladies du systCme nerveux. 1872-3. p. 117. 
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b. D ;sturbances ef tlte B ladder and Changes in tlte Olwrac
ter ef tlte Ur ine. 

Spinal patients, without number, are attacked after a longel' 
or shol'tel' time by such disturbances, the occul'l'ence of which 
always marks an unfavorable phase of the disease, owing to the 
diffi culty of giving relief and the fact that they very often form 
the starting-point of the most serious complications. 

These disturbances almost always begin with the paralysis of 
the bladder, so common in spinal complaints, and the consequent 
retention and stagnat ion of urine in the bladder. 

In the chronic cases, which are the more frequent, and in 
which there is often no other complica tion than an incomplete 
ancl an infrequent evacua tion of the bladder, decomposition of 
the mine occurs with slight alkalescence and deposition of con
cretions in the bladuer; the consequence of this is a catarrhal 
cystitis, with forma tion of mucus and pus, abundant develop
ment or vibriones (which increases the facili ty of decomposition), 
an alkaline reaction, and a foul ammoniacal smell of the urine. 
Examination of the turbid urine shows a muco-purulent deposit, 
a few blood-corpuscles, numerous crystals of triple phosphate, 
vibl'iones, etc. The mucous membrane, at first in a state of ca tar
rhal inflammation, is covered by degrees with erosions, is thick
ened and swelled, contains hemorrhages and pigment-deposits in 
its substance ; the muscular coat of the blaclder is hyper trophied, 
the wall of the bladder is thickened and retracted, etc. Purulent 
pyelitis and purulent disseminated nephritis very soon appear. 
This is the usual condition at the close of chronic spinal diseases 
(myelitis chronica, tabes dorsali s, etc. ). 

In quite acute cases the affection of the bladder not rarely 
opens with hrema turia, with which are associated acute purulent 
or even ichorous cystitis, pyelo-nephritis, etc., very quickly lead
ing to the most ex tensive decomposition of urine wi th all its con 
sequences, high fever, urremia, etc. 

It remains to be proved whether the stagnation of the urine, 
proclucecl by the vesical paralysis, is the sole cause of all these 
di sturbances, or whether, as is extremely probable in acute cases, 
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and is certainly possible in chronic cases, the lesion or the cord 
of itself constitutes a distinct cause of this inflammatory condi
tion or the bladcler and all its consequences. vVe know nothing 
certainly in respect to the nervous paths and centres in the corcl 
which are concerned in these processes. 

But it is certain that these conditions or the bladder may lead 
to tho severest disturbance of the whole system, by the fever, the 
loss or fluids, and the retroaction upon the kidneys, which arc 
associated with them. 

c. Disturbances ef the Function ef Urination. 

This very common and important class of symptoms compre
hends many varieties, differing in their origin and course, as 
might be expected in the case of such complicated mechanism. 

In the chronic cases, which are by far the most common, the 
first symptom is frequently a certain cliificulty in passing water; 
the p:ttient has to wait a longer time than usual, has to press 
more strongly in order to set the process going, and when the 
stream comes, it is small and slow, ancl at the close there is a 
more or less prolonged dribbling. Later, this increases more and 
more, and actual retention ef itrine occurs, which compels the 
regular use of the catheter, or may produce the '' ischuria pam
doxa," in which a distended bladder keeps up a constant drib
bling. It is, however, possible that the retention may go on to 
the production of actual incontinence. 

But, on the other hand, incontinence of the bladder may be 
the first symptom ; the patient bas to make haste the moment 
he feels the inclination to pass water ; soon the discharge occurs 
at the same time with the inclination, and at the last it comes 
unexpectedly and involuntarily, is often quite unnoticed, and 
passes into the hed, the clothes, etc., at any time. The discharges 
may be considerable in quantity, and ta.ke place at certain inter
vals, or they may be frequent and small, or the urine may drib
ble constantly. Any of these disturbances may be further com
plicated by the appearance of cystitis. 

Jn acitte cases (sudden destruction or squeezing of the cord, 
myelitis acutissima, spinal apoplexy, etc.) complete retention 
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usually exists from the outset, or within a few days. In many 
cases, as in experimental section of the cord (Goltz), it is merely 
the result of concussion of the entire cord, and depends on paraJ. 
ysis of the centres in the lumbar cord. Soon, however, the spon
taneous (though not the voluntary) discharge returns, and passes 
directly into incontinence. The form which is assumed by the 
incontinence then depends essentially upon the seat of the lesion 
and the secondary changes in the cord. There either occttrs, 
from time to time, a full, regular discharge of the bladder against 
the patient's will, and often without hi~ knowledge-a sign tliat 
the reflex centre in the cord is in existence and the detrnsor is 
not palsied-or there is ischuria paradoxa, an excessive fnlness 
of the bladder with continual dribbling, in which case either the 
reflex centre is paralyzed and destroyed, or else the peripheral 
paths are interrnpted. The detrnsor is paralyzed together with 
the sphincter. The bladder is at Jil'st excessively distended, 
often reaching nearly to the navel; !mt subsequently, owing to 
catarrh of the bladder and hypertrophy of its wall, its dimen
sions diminish continually, though the incontinence continues 
unchanged. 

Subsequently the symptoms may alter as partial improve
ment occurs in one or another of the nerve-paths; but the above 
description will be recognized as giving the orclinary traits of spi
nal paralysis of the bladder. 

'\Vith Olll' present knowledge of the mechanism or the evacua
tion of the bladder (see p. 54), it is not difficult to understand 
how the ,·arious forms of paralysis originate. It is, however, in 
special cases, often extremely difficult to decide which nervous 
apparatus is involved, as most of the symptoms may originate in 
more ways than one. 

The complexity of these conditions will best be shown by a 
brief mention of the disturbances which may follow lesions of 
different portions of the paths which convc•y the innervation to 
the bladdet-. The 0\'acnation of the bladder may be interfered 
with: 1, by lesion of sensory and motor peripheral paths; 2, by 
lesion of the reflex centres in the lumbar cord; and 3, by lesion 
of the sensory or motor paths which lead to the brain above the 
lnmbar region. 
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If the peripheral sensory nerves of the bladder are alone par
alyzed, the patient will probably perceive no further impulse to 
urinate, but will be able, from time to time, to pass water volun
tarily by the action of the brain upon the centres in the lumbar 
cord; in this case the patient does not feel the evacuation. If 
the motor nerves of the bladder are peripherally palsied, the 
consequence will be retention with incontinence (ischuria para
doxa), in which voluntary urination is impossible. If both sen
sory and motor paths are paralyzed, as in lesions of the canda 
equina, ischuria paradoxa, or at least absolute incontinence, will 
be the unavoidable result. (It is not yet establishecl, whether the 
bladder, deprived of its spinal innervation, may continue to con
tract independently by virtue of the influence of the ganglionic 
apparatus situated in its walls.) All this holcls good, of course, 
of the sensory and motor paths within the spinal cord previous 
to their connection with the reflex centres. 

If these centres are paralyzed or destroyed, the necessary 
consequence will be complete retention followed by incontinence 
(ischmia paradoxa). 'rhe utmost that can be accomplished by 
the patient in such cases will be an incomplete evacuation by 
the aid of abdominal straining. 

If the sensory paths on the other side of (i. e., above) the lum
bar cord are alone paralyzed, while the centres in the cord are 
uninjured, a regular discharge of the bladder will occur from 
time to time when it has reached the proper fulness ; but the 
patient feels nothing of it, and therefore cannot prevent its occur
rence. If only the motor paths above the lumbar cord are pal
sied, the patient can neither discharge his urine voluntarily, nor 
arrest, hy vohmtary contraction of the sphincter, an evacuation 
which has begun or is threatening; but he feels the inclination to 
urinate, which immediately excites a reflex m·acnation of the 
bladder, withdrawn as it is from voluntary control. If all the 
paths above the lumbar cord are paralyzed, the periodical reflex 
discharges of the bladder take place without the patient's feeling 
anything of them, and without any power on his part to influ
ence them. In most of the cases of this group the action of ab
dominal straining will not occur; but this does not much alter 
the symptoms. 
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vVe see that all the symptoms that have been described can 
be thus naturally explained, and it is necessary in each case to 
examine every circumstance with care, in ord~r to ascerta in the 
precise sea t of the lesion. Such experience will soon convince 
us tha t the various forms of vesical palsy are very charac teristic
ally di stinct ; it will be easy in particular to decide whether the 
centres in the cord are in action or not, by irritating the wall of 
the bladder and producing reliex evacuation. l\Iany cases, how
ever, in which the disturbance is complicated and diffuse or ill
defined, will present insurmountable obstacles to exact diagnosis. 

The localization o[ which we have spoken relates ra ther to 
ascertaining at what heigltt in the spinal cord the nerv ous sup
ply for the bladder is intercepted. \Ve know, howernr, but 
little of the course taken by the paths concerned within the cord, 
and therefore are unable to say much about the location of a 
di sease, relatively to the transverse section. The affections of 
the reliex centres must al ways be located in the gray substance 
of the lnmbar corcl; yet it should be remembered tha t a le ion 
of the root.fibres as they pass out may give rise to just the same 
di sturbances as a lesion of the centres. In the case of the pa ths 
which lead to the brain, we must first think of the gray sub
stance ; in that of the motor paths, of the anterior columns also 
(Budge) . Further information can only be given by special in
vestigations. 

The refl ecting reader will find it easy to comprehend the 
course and the complications of those cases in which the altera
tions begin in a primary focus, and spreading from tha t gradu 
ally include other points in the conductive path ; for example, 
when crushing of the dorsal mednlla gives rise to myelitis of the 
gray substance, which ex tends downward to the lumbar cord ancl 
there paral yzes the centres for the bladder. It will also be easy 
to form a correct view of the processes of initial or sligh t di s· 
turbances of the functions of the bladder.' 

1 In these statements we bn.ve intentionally avoid etl making n sharp distinction 
between palsy of the sphincter and of the detrusor, because, although conceivable 
theoretically, such a distinction hardly occurs in practice. We hnve reason to beli eve 
that the paths leading to both muscular systems, from the brain ns well as from the 
centres in the lumbar cord , are close together, anJ. therefore, :is a rule, are affected 
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vVe have spoken only of spinal paralysis of the bladder; of 
its spasrnodic affections it1 spinal disease little is known. As 
such, we ought pcl'haps to speak of numel'ous cases o( excessive 
desire to pass waLer, or a few cases of ischuria. Nothing precise 
is known of these cases. 

d. Disturbances ef the Sexual Functions. 

These have always been conside!'ed closely J·elated to the 
spiual cord, and especially in the causal relation. They form, 
howevel', a very prominent portion of the symptoms of spinal 
troubles, and are much more noticeable in the case of the male 
sex, owing to the far closer dependence of the function upon the 
integrity of the cord in this sex than in females. 

'rile symptoms in men suffering from spinal disease are: 
Increased sexual desire and increased sexual excitability; 

every lustful thought, the sight, or the merest touch of a woman, 
causes erections. A state of weakness is usually associated with 
this; in coitus the ejaClllation takes place too quickly; Lhe erec
tions mentioned are often immediately followed by ejaculation ; 
pollutions by day and spermatorrhma make theil' appearance. 
'Vlrnther there is really an increased potency, a power to prac
tise coitus normally with unusual frequency, is questionable and 
is hard to decide, as, even under physiological circumstances, 
the sexual powers of performance differ extremely in individuals. 

Far more common is the so-called irritable weakness of tlte 
sex1tal organs, which is especially observed at the beginning of 
spinal diseases and in functional debility of the cord. In this 
condition erections easily occur, which are weak, insufficient, and 
of short duration; the ejaculation during coitus takes place too 
soon, occurring before or immediately after intromission of the 
penis. The sexual sensations during coitus are diminished or 
quite wanting; the sexual appetite is lessened; the performance 
of the sexual act is followed by great exhaustion-a feeling of 
weakness, sweating, pain in the back, sleeplessness for several 

tog-ether. It will also be very easy to make out the cases of isolated palsy or wea.kness 

of the sphincter, which, prupcrly speaking. is directly subject to the will alone. 
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hours, etc., ancl a feeling of great exhaustion usually lasting 
several days. Hepetition of the act is impossible. 

This condi tion is followed by diminutioii and complete loss 
ef potency . The erec tions become continually rarer and weaker, 
are confined to the morning when the bladder is fnll, are usu
ally absent when most wished for, and finally cease altogether. 
The sexun,l appetite usun,lly disappen,rs, bu t pollutions may occur 
with more ot· less frequency by day or night wi th or without 
sexun,l feeling ; they mn,y, however, be entirely absent. 

Priapism is not rare, in the form of frequent and continuous 
more or less complete erections. The power of copulation mn,y 
be retained, and the sexual clesil'e increa ed. Those cases arc of 
more importance in which snch pathologicn,l erec tions accom
pany a more or less complete intenuption of conduction in the 
spinn,l corcl; they may originate in appn,rently a spontaneous 
mn,nncr, when the penis continues for a consiclerable time in a 
semi-erected state, more rarely in complete erection ; bu t more 
usnally such erections are refl ex, depeucling on ex tenrnl inita · 
tion, introduction of the cn,theter, friction of the skin of the glans 
or perineum or of the inner side of the thigh. 

'l'he investigations of Eckharcl n,nd Goltz furnish an easy 
and plausible theory oE the manner in which these various dis
turbn,nces orig inate uncler pn,thological circumstn,nces, of the 
way in which interrnption of the peripheral sensory and motor 
conduction, paralysis ancl irritation of the reflex centres in the 
lumbar cord, or cutting off or irritn,ting the pa ths which pass 
from the lumbar cord to the brain, act upon the processes of 
erection, ejacula tion, and copulation. I t is not necessary to ex
plain these in cletail. 

It may be adcled that the present state of our knowledge per
mits us to draw very few conclusions from di sturbances of sexual 
functions, as regards the exact seatanc1 nature of the spinal lesion. 

As respects the di sturbances of sexual function in women 
who suffer from clisen,se of the cord, li ttle is known. Ovulation, 
pregnmlCy, parturition may take place normally, even during 
severe spinal troubles. 

In regarcl to the libido sexualis, ancl the act of copula tion, 
nothing satisfactory is known. 
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7. Disturbances of D igestion and Defecation. 

Of the chemistry of digestion, the preparation and secreti01' 
qf the digestioe fluid in diseases of the cord, almost nothing is 
known, though disturbances certainly occur. The secretion of 
the intestinal juices seems to be impaired in many cases, probably 
owing to the great tendency to constipation which often exists. 

The ·intestinal movements are usually mnch afl'ected, either 
in the way of increase or of diminution. 

The former, of which the symptom is a frequent, watery
slimy cliarrltrea, is the less common condition; it is often capa
ble of being produced reflexly; thus, in a patient with chronic 
myel itis, I observe(l the regular evactiation of a mucous fluid 
mass from the intestine as often as his bed-sores were cleansed, 
and the like has been seen in dogs whose lumbar cord was cut. 

Much more commonly there is habi tual, often excessively 
obstinate constipation, of which almost all chronic spinal pa
tients complain. The stool is slowly discharged, dry, p.nd hard, 
and the evacuation occurs only at considemble in tervals, and 
on application of energetic remedies. Several causes doubtl ess 
contribute to this-diminution of the intes tinal secretion and of 
the peri stalti c action, and probably also the weakness of the 
abdominal muscles of compression, which is often present. If 
there is an extreme degree of weakness, moteorism and acc umu
lation of fmces occur, with their consequences. 

\Ve do not know exactly from what portions of the cord these 
disturbances proceed. 

French nuthors, as Charcot, 1 Delamare, Dubois, and others, have described, in 
connection with tnbcs nud other spinal affections, certain peculiar attacks, to which 
they gave the name of "crises gastriques,'' comprising violent pains, radiating from 
the back to the epigastrium, with uncontrollable vomiting, nausea, Yertigo, etc. 
These attacks may Jast several hours or days; they recur period ically like the lauci
nating pnins in the limbs of ta.betic patients, and have mnni festly a close analogy 
with such pains. 'l'hey unquestionably depend upon transitory states of irritation 
in certain portions o f the cord. I myself have repeatedly seen them in tubes . 

In like manner, there is occasionally observed (chiefly in tabctic patients) n violent 

1 Le<;ons sur les mnla.dies du syst. nerv. 11. SCr. I. fo.sc. p. 32. 



GENERAL SYllPTOMATOLOGY. 139 

and painful pressure in the rectum, conjoined with acute pains in the perineum, the 
anus, and the sexual parts. These symptoms also have, probably, a neuralgic 
C'haractcr. 

or much more importance are the disturbances of evacuation, 
which accompany many diseases of the cord, and are analogous 
to a certain extent with the distmbances of the function of urina
tion. These cases are chietly caused by a paresis or parnlysis 
of the sphincter ani , the consequence of which is a more or less 
severe incontinentia alvi. 

In the mildest cases, the patients cannot retain their stool for 
any leng th of time, but are forced to yielcl to the pressure as 
soon as felt. This weakness may so increase that the discharge 
occurs at all times, and without obey ing the person's will in the 
least. There may also be present a di sturbance of sensibility, 
which makes the matter still worse; the patient does not feel the 
call , ancl even if he possesses some voluntary control, he is sur
prised by the di scharge, of which he feels nothing, and is only in
form ecl of its occurrence by his nose or eye, or by the sensibility 
of his legs. This, we hardly need say, is a shocking intliction. 

This paralysis of the rectum may, in acute cases, attain very 
rapidly to its fullest development, but in chronic cases it comes 
on very gradually. 

It is easy to explain the several disturbances in the fuuc· 
tiou of defecation, and their origin, by reference to the data 
of physiology (see above, p. 54). fo brief, we woulcl refer to 
what has been said under disturbances of urination, and in this 
place would only remark .that our attention should be direc ted 
partly to the peripheral sensory fibres of the rectum and anus, 
par tly to the motor fibres of the sphincter, and to the reflex cen
tres in the lumbar cord, and the sensory and the motor paths 
which ascend from them to the brain . The action of abdominal 
pressure mus t also be thought of ; and the ganglionic appara tus 
situated in the intestinal wall. The complexity of these points 
will increase the difficulty of an explana tion, but in most cases 
we shall succeed in obtaining a satisfactory account of the nature, 
and probably also of the seat of the lesion. The remarks pre
viously made in regard to disturbances of urina tion may be 
repeated here. 
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8. Disturbances of R espiration and Circulation. 

Our knowledge of this branch of the subject is confined lo 
isolated points, a nd is applicable only in a slight degree to the 
uses of pathology. 

Di8turbances of respiration occur in but few diseases of the 
cord, and almost exclusively in those of the cervical portion. 
The cord contains only conductor paths for the respimtory move· 
meuts, sit uated probably for the most part in the lateral columns, 
and leav ing the cord at various levels. 'fhe centres for respira
tion lie higher, in the medulla oblongata. 

Lesions of the upper dorsal and of the cervical medulla, when 
they involve the lateral colnm11s, always give rise to a disturbance 
of inspiration, which is severe in proportion to the height of the 
lesion. As Jong as it is confined below the point of ex it of the 
phrenic, there is no danger, for only the intercostals ancl some 
auxiliary muscles of respiration are cleprirnd of their function, 
while the diaphrag m-the chief inspiratory mt1scle-k eeps up 
the process of breathing to a sufficient extent. But, if the lesion 
seizes upon the roots of the phrenic nerve, the inspiration is 
always gravely impaired, even if only one side is attacked, while 
if both sides are affected, a fatal i·esult from insufficiency of 
aeration is inevitable. Hence the rapidity with which death fol
lows severe injuries of the uppermost part of the cervical cord, 
as in fracture of the odontoid process of the axis, etc. 

In strictly unilateral lesions, disturbances of breathing will 
be seen, limited to the side of the injury in all cases. 

It is much more usual to see disturbances of expiration in 
spinal disease, caused by paralysis of the expiratory muscles (of 
the abdomen and back). If the organs of respiration are sound, 
this g ives rise to no great inconvenience; at the most, it becomes 
somewhat difficult to utter loud tones. But if bronchial catarrh 
and similar troubles exist, for which an energetic expectoration 
is required, the greatest danger to life may arise from accumula· 
tion of mucus in the bronchi. Hence the frequent fatal result of 
bronchiti s, pneumonia, etc., in myelitic patients. 

It is plain what must be the location of the disturbance in 
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the spinal cord, in order to produce this difficulty in expira
tion. 

Tlte disturbances of circulation which accompany spinal dis
ease have been very little examined, with the exception of the 
vaso-motor. They are confine(l to alterations in the action of 
tile heart, which are seldom very great, as the influence of the 
spinal cord upon the heart is only snbordinate. Nevertheless, 
changes in the activity of the heart seem not to be rare in spinal 
diseases, thongh little noticed. Charcot' notes a permanent 
acceleration qf tlie pulse as a frequent symptom in ataxia; he 
also speaks of a permanent retardation' of the pulse as a note
worthy symptom of compression of the cervical cord, and de
scribes it carefully. 

The rapidity of the pulse can be influenced to a considerable 
extent, both by the sympathetic fibres which pass in the cervical 
medulla and by vaso-motor spasm or paralysis. If we further 
reflect that the root-fibres of the vagus and the spinal accessory 
descend to a considerable distance in the cervical cord, it will be 
clear that alterations of the rate of action of the heart are fre
quent in diseases of the cervical cord. The precise pa,thogenesis 
of these alterations must be ascerta,ined i11 ea,ch individual case. 

9. Disturbances of tlte Oc1tlo-pupillarv Fibres, tlte Various 
Cerebral Nerves, ancl tlte Brain itself. 

We will here enumerate briefly a, series of disturbances, of 
which only a pa,rt are directly referable to lesions of the cord, 
the remainder being more or less accidental complications, the 
connection of which with the spinal lesion is wholly unknown 
to us, even if it exists. Bt1t all these points may acquire such 
an importance in reference to the diagnosis of cases or varieties 
or disease, that it is quite worth while to mention them here, 
although we shall have to defer a, minute examination to the 
special part of this work. 

The connection between certain oculo-pupilla,ry symptoms 

1 Lec;ons, etc. 2. SCr. 1. fa.so. 11· 50. 
~Loe. cit. 2 faso. p. 137. 
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and spinal diseases is very clear. The fibres destined for the 
clilatator pupillre originate in a centre situated in the medulla 
oblongata ; they descend in the cervical medulla without decussa
tion, and at various levels· make their exit, passing to the cervi
cal sympathetic, and thus to the eye. Irritation of these fibres 
produces dilatation of the pupil (myclriasis spastica), paralysis 
of the fibres causes contraction of the pupil (myosis paralytica). 
These phenomena may be unilateral or bilateral, according to 
the extent of the lesion in the cervical cord; in unilateral lesion 
the alteration occurs on the same side; the phenomenon is very 
characteristic, especially in lesions of one-half the cervical cord. 
Vaso-motor irritation or paralysis in the corresponding ha][ of 
the face often accompanies the corresponcling pnpillary phenom
ena. A combination of the two constitutes a valuable symptom 
in cliseases of the cerv ical cord. It should be added that, nccorcl
ing to Robertson, Knapp and Leber,' the pupil in spinal myosis 
reacts to impulses of accommoclation, but not to changes of light. 

The hypoglossus nerve is affected only in cliseases of the cord 
which extend to the meclulla oblongata; the resulting symptoms 
are paralysis or the tongue, clisturbance or speech, and atrophy of 
the tongue. 

The vag1ts and the spinal accessory seem not to be often 
affected; the consequences are spasmodic cough, clyspncca, and 
anomalies of the action of the heart. 

Still less is known or the affections of the glosso-pharyngeus; 
the paralysis of swallowing which occurs in many spinal diseases, 
especially in the later stages, is probably due to an extension of 
the morbid process to the paths of the glosso-pharyngeus, which 
lie in the mecl ulla oblongata. 

The auditory nerve is now ancl then attacked (e.g., in tabes); 
the connection between the atrophy of the auditory nerve and 
the spinal clisease is entirely obscure. Nervous de<tfness, or loss 
of hearing for high or low notes, is then observecl. 

Thefacial nerve is very rarely affected in spinal disease ; the 
lower branches are more liable. The usual cause is extension of 
disease to the meclulla oblongata. 

1 Virchow·Hirscb's Juhresbericht filr 1872. IL p. 044. 
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Symptoms from the trigeminus are much more common; the 
sensory libres are oftener attacked, the motor more rarely. The 
Rymptoms are formication, anresthesia, pain; for which the affec
tion of the upper cerdcal cord is a sufficient explanation. 

The involvement of the muscular nerves or the eye is very 
common in spinal diseases, and very hard to explain. It is espe
cially common, in the stage of precursory symptoms in tubes, to 
observe paralysis of one of these nerves, either in one eye or in 
both. The oculo-motorius is most often attacked, next the abclu
cens, less frequently the trochlearis. We have at present no right 
to speak of this disease as depending on the spinal lesion ; we 
know nothing o[ a trophic action of the spinal cord upon the 
cerebral ne1·ves; we are forced to assume that the degenerative 
atrophy is localized simultaneously in se\'eral points of the cere
bra-spinal axis. 

The same is trne of those extremely common affections o[ the 
optic nerve, which, associated with tabes clorsalis, add horrors to 
a disease already sad enough. These cases are al\\'ays clue to, 
progressive gray degeneration of the optic nerve, recogn iza ble by 
the increasing atrophy of the papilla. Amblyopia, color-bl incl
ness, contraction of the field of vision, are the first symptoms, 
and lead with frightful rapidity to total amaurosis. Similar 
affections of the optic nerve, not quite so hopeless as to prngno
sis, occur also in multiple sclerosis. The connection between this 
cli8turbance and the spinal di sease is wholly unexplained; the 
amaurnsis often precedes by many years the first appearance of 
the tabetic symptoms (lancinating pains, anresthesia, ataxia). 

or affections or the olfactory nerve in spinal diseases, nothing 
is known at present. 

A goocl deal or research will be required in order to establish 
upon an accurate basis the connection between these diseases of 
c~rebral netTeS and spinal disease. rr we refuse to localize the 
clisorcler in se"eral spots at once, we shall be most likely to as
sume a propagation of the process to the nerve·nuclei in the 
medulla oblongata, and perhaps a spreading or meningeal pro
cesses at the base of the brain; probably other Telations, as yet 
unknown, will hereafter be discovered. 

Concerning the disturbctnces of speech, which are not rare in 
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spinal aJTections, a few words will suffice. These :ue never psy
chical {aphasia proper), but probably are solely peripheral and 
motor in character, originating in the muscnlar apparatus o( 
speech (anartltria). This may be clue to paralysis o( the hypo
glossus, which will injure the lingual sounds, or of the facialis, 
which interferes with the labials, or of the velum palati, which 
gives a nasal tone to the voice, or, finally, o( the accessorius, 
which interferes with the formation of the voice, and may pro
duce apbonia. Not infrequently a sort of ataxia, an inco-orcli
nation of the movements of speech, an irregular stuttering way 
o( speaking, is observed, as in many cases of tabes; and finally, 
:i slow, scanning speech is highly characteristic o( multiple scle
rosis. Many other disturbances of speech occur, of more or 
less importance. 

Tlte brain itself may be involved in the spinal disease in a 
great variety of ways and in very various degrees. It is charac
teristic of many cases of spinal disease, that the br::i,in remains 
intact with its functions of intelligence, memory, capacity for 
work, etc., and that the cerebral nerves are not in the least af· 
fected. But in other cases, not less characteristic, we observe a 
more or less general implication of the brain in the morbid dis
turbance. This may occur in several ways, e. g. : 

(a) The same process may be localized both in the brain and 
in the cord, or it may extend from the latter to the former; thus, 
in multiple sclerosis, there m:iy be sclerotic patches i11 both brain 
and cord; in tabes, gray degeneration of the posterior columns 
or the cord and of the optic or other cerebral nerves; in dementia 
paralytica, simultaneous degeneration of the cord; the same is 
true, in syphilis of the central nervous system, in meningitis 
cerebro-spinalis, in meningitis tubercnlosa, paralysis ascendens 
acut:i, secondary descending degeneration of the lateral columns 
in consequence of cerebral affections, etc. In every case the cere
bral symptoms here [o!'ln import:ipt features in the ensernble. 

(b) Cerebral symptoms may further be caused by the second
ary effects of the spinal disease; as by unemia dne to cystitis 
and nephritis, by pyremia clue to decubitus, etc. 

(c) Finally, severe cerebral symptoms occur in a way not yet 
understood in the final stages of many spinal disorders; as delir-
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inm, coma, excessive temperature, spasmodic conditions, with 
which cases of tabes or chronic myelitis often terminate. It is 
hard to say how these symptoms originate; usually the exces
sive cachexia, due to the spinal disease, may be the proximate 
cause; but may it not be supposed that vaso-motor actions 
originating in the cervical medulla may change the circulation 
and nutrition of the brain, and thus form an intermediate mem
ber between the spinal disease and the cerebral symptoms 1 

We have now enumerated nearly all the forms of disturbance 
which occur in connection with the spinal cord, and have endeav
ored to develop their pathogenesis, as far as possible, in order 
to give the practical physician a scientific view of the connection 
between apparent diseases and the fundamental lesions in the 
cord. 

The coalition and varied grouping of single symptoms consti
tute the characteristic forms of disease which we meet in prac
tice. Daily experience serves to show that the greatest variety 
exists l1ere; sometimes we meet with a combination of motor 
and vaso-motor disturbances, and sometimes one of sensory and 
motor disorders; to these are superadded in various instances 
alterations of reflex function, or anomalies of the function of the 
bladder and sexual organs ; in other cases single cerebral nerves 
are implicated in the disorder, or the trophic disturbances assume 
a leading place, etc. This multiplicity of symptoms permits us 
to divide them into certain groups, many of which are already 
well-known forms of disease, while others stand in need of a 
stricter defi ni ti on. 

The exact localization of the several c1isturbances is often 
significant; for example, when both the lower or only both 
upper extremities are attacked by palsy, when anrosthesia or 
pain exists at a certain level in ·the trunk or limbs, when the 
motor palsy is confined to one side, and the sensory to the other 
side of the body, etc. 

It is tlw object of clinical study to ascertain what is charac
VOL. XIIJ.-10 
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teristic and common in all these symptoms ; having done which, 
we are lo draw sharpl y-defin ecl portraits of disease, and to refer 
the latter to changes in the cord, strictly defined as to locality. 
In the special part of this work we shall see how far Lhe pathol
ogy of the day has gone in solving this difficult problem. 

B. General Etiology of Diseases of the Spinal Cord. 

'rhe eti ology of diseases of the cord is not in a Yery sati sfac
tory condition. A g reat many isolated facts have been recorded, 
not always sufficiently well founded, bnt the really scientific re
sults are small, few general points have been established, and the 
pathogenesis of the forms of disease remains obscm e in most 
cases. 

" 'e must therefore content ourselves wi th brief outlines, leav
ing the fuller details to the special part. " 'e will state here only 
that which is in some degree certain, but the most part of our 
i-emarks will relate to defects in our knowledge. 

First, there is a series of causal agencies ancl injuries which 
place the cord in a condition of increased susceptibility to dis
ease ; these may be designated as predisp osing causes . They 
are certainly very prominent in the paU1ogenesis of spinal dis
eases, but we shonlcl not forget that the same injtuies may under 
certa in circumstances produce not only the morbid tendency, but 
also the disease itself; and that, therefore, they may in some 
cases become direct causes. This depends partly on the intensity 
with which they act, par tly on the accidental combination of 
favoring circumstances. 

One of the most powerful predisposing agencies is doubtless 
the so-called neuropathic d isposition, that peculi ar distm·bance 
in the nutrition of the neJTous apparatus which lessens the re
sistance oC the latter to all possible injuries, ancl increases the 
tendency to di sease in a definite direction. It may exist in the 
spinal c01·d, and predispose it to pathological reaction under all 
k inds of irritation. Numerous spinal di seases arc, without 
doubt, referable to thi s condition. 

This neuropa thic condition is certainly congenital in most 



GENERAL ETIOLOGY. 147 

cases, anc1 is transferred from parents to children. \Vholc fami
lies, many generations, may be thus burdened wi th neuropathy, 
and cursed wi th a feeble power to resist, on the part of the ner
vous system. In many cases the effect is seen in a general neuro
pathic disposition ; all possible neuroses (hysteria, tabes, epilep
sy , psychoses, etc.) are at home with the members of a family, 
and each one is affected in only that portion of his nervous appa· 
ratus which is accidentally the subject of a special injury. I t is 
not a t all necessary that the parents shoulc1 have suffered from 
the same disease ; the children, in such cases, inherit merely a 
general disposition of the nervous sy stem to disease, which may 
be manifested in very various ways, according to the nature of 
the incidental causes. 

In other cases a perfectly definite disposition is inheri ted by 
the cord, so that children are a ttacked by the same affection as 
their parents (direc t inheri tance), of which progressive muscular 
a trophy furni shes the best examples; or i t may happen that 
several or all of the children of one couple suffer from the same 
disease when neithet· parent has had it, as in the cases of degene
rative atrophy of the posterior columns, published by Fried
reich.' 

'l'he way in which thi s neuropathic di sposition is propagated 
from generation to generation, often with increasing intensity, is 
entirely obscm c; and we are quite ignorant of what the finer 
changes in the nervous system, and especially in the corcl, may 
he. 

The exaggerated suscep tibility to disease on tho part of tlie 
nervous system, ancl especially of the cord, may al so be acq1tired 
by a variety of circumstances which must be reckoned among the 
predisposing causes. 

Of these, se:rnal excesses and i rregnlarities occupy the first 
place. Their effects were formerly often overestimated ; but at 
the present time the tendency of opin ion is so strongly in the 
other direction tha t a11 au thor like Leyclcn makes no mention of 
them in his general etiology. ' 

1 Virch . Arch. Vols. 2G and 27. 
' K.l inik dcr Rilckenmarksk:rankheitec. I . p. 170. 
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My own opinion, based upon observations which for some 
time past have been specially directed to this point, is that these 
causes are decidedly important in the production of numerous 
spinal diseases-a view which is represented in the writings of 
many prominent authors (Romberg, Nasse, Ilammond, Salomon, 
M. Rosenthal, aud others). 

I believe we may say that any gratification ef the sexual pa.~
sion, whether natural or unnatural, indulged in to excess and 
for a long time, forms for man!J rnen-not for all-a circ!t1n
stance that poweifully depresses the spinal cord, and preclis
poses it to disease. 

The processes which accompany the sexual act, especially 
ejaculation, arc attencled with a very violent exaltation ancl shock 
of the entire nervous system; and the spinal corcl seems to be the 
organ which suffers most.' Certainly this element seems to us of 
far more importance than the comparatively trifling amount of 
loss of material which occurs in the clischarge of semen. 

The facts may be analyzed as follows: 
Excessive natural coitus, in many persons, certainly procluces 

symptoms which point to a weakness ancl a diminished functional 
capacity on the part of the spinal corcl; weakness of the legs, 
inability to stand for a long time, trembling when forcible move
ments are macle, pains in the back, shooting pains in the legs, 
sleeplessness, etc. This may often be noticed in the ncwly-mar
riccl, or in persons who have inclulgecl in great excess for a short 
time. If the cause of these symptoms soon disappears, the in
jury may in most cases be quickly repaired ; but if the excesses 
are continued, further injury, or even positive disease, occurs. 
Any extemal injury, exposure to cold, excessive walking, etc., 
may then bring on the worst results. 

It is really hard to say at what point excess begins. No numher can be given; 
the disparity iu the powers of different men is enormOui. 'Ybilc for some men 
Luther's rule, 11 die Wochc zwicr '' (twice a week) denotes the limit of their capacity, 
others can with impunity do four, six 1 or ten times as much. This seems to depend 
on congenital differences in the sexual power, such as is found also in animals 
(stallions, etc.). A sl ight degree of potency seems to me to be a co1nmon circutn· 
stance among numerous members of nervous fam.ilics. Of course such a weakness 

1 lVundt, Physiologic. 2d edition. p. GOO. 
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may be ncquired by all sorts of influences which depress the nervous system. In 
determining the question of excess we must, therefore, take pains to ascertain t!te 
powers of the individual. 

In very young people, not fully grown, and in elderly per
sons, the evil effects of excess are more readily perceived than in 
persons of the vigorous age. If coitus is begun at a very early 
age, and practised with excessive frequency, its evil consequences 
follow with more or less rapidity in the form of spinal weakness, 
general nervousness, etc. Youth has immense power to repair 
losses, but the consequences of early squandering of power often 
appear later in life. 

A specially injurious effect upon the spinal cord is ascribed 
by many physicians to coitus practised in the erect posture ; it is 
often given as an occasional cause of acute spinal disease. 

'l'he effects of unnatural gratification ef tlie sexual appetite 
-onanism-are exactly the same as those of the natural inclul
gence. The consequences are much exaggerated, but neverthe
less they do exist, and are much more pl'Onounced in the case of 
certain individuals-weakly, irritable, nervous persons-than in 
that of others. Onanism, commenced early, practised frequently, 
and continued for years, must be most decidedly injurious. The 
undue irritation of the nervous system which it causes, occurring 
in the period of growth and development, is seldom without in
jurious results, of which the most prominent consist in weakness 
and il'ritability of the nervous system. 

It is common to consider onanism much more dangerous than natural coitus. 
This does not seem crcclil>le to us. The effect upon the nervous system of a man 
must be the same, whether the friction of the glans is effected in the vagina of a 
female or in some other way; the nervous shock of ejaculation is the same; it 
might even be naturally supposed that the nervous excitation would be greater in 
case of connection with a womau. But the frequent repetitions of excitement at an 
early period of life, which are caused by self-abuse, are certainly very clangerous i 
and it is furthermore quite certain that the feeling of degradation-so commonly 
felt, and so well grounded-the perpetual struggle between the powerful impulse 
ancl the mornl duty, must wear and exhaust the nervous system. These circum
stances may increase the evi l effects of onanism. But it is only the ezcess-tliat 
which for the individual is excessive-which docs harm; if practised to a moderate 
extent, onanism is no more dangerous than natural coitus. There nre not a few men 
who are unable to obtain the natural indulgence owing to circumstances, or who are 
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afraid of contag ion, or who think onanism less degrading than contact with public 
prostitu tes-who, from time to time, practise onanism, certainly without injury to 
their health. Of the moral effects of this vice this is not the place to speak. 

A similar effec t is produced by ltabitual pollut ions, if fre
quently repeated for years together. They are especially com
mon in onanists, and are rather to be taken as evidence of an 
existing disorder, than as liable to become the cause of such. 
But eren in such cases they often aggravate the difficulty. 

Finally, in delicate and nervons persons, very destructive 
effects upon the nervous system are producecl by Jong-continued 
sexual excitement witltout gratificat ion, such as often occurs in 
prolonged and very affectiona te courtship. 

All this is applicable only to the male sex. In the fema!P, 
very little is known of this matter, and it is of course very diffi. 
cul t to obtain information. I have never found tha.t public pros
ti tutes exhibited any special tendency to spinal diseases. 

The effec ts of sexual excesses find a parallel i11 all sorts of 
in!luences which give rise to an wulue strain upon the nervous 
system, and especially tlte spinal cord. They produce exhaus
tion and OYer-stimula tion more or less quickly, and thereby 
increase the danger of d isease. Among such circumstances may 
be named excessive bodily efforts, marchi ng , cl imbing of moun
tains, riding, etc., especially when the supply of nourishment is 
defi cient, and sleep is insufficient; also protracted watching by 
n ight, deprivation of sleep, violent and continuous excitement of 
passions, and, without doubt, also excessive mental efforts, espe
cially when combined with other injurious agencies, such as 
severe bodil y exertion or sexual excesses. 

To the period ef life only a slight predisposing influence upon 
cer tain spinal diseases can be assigned ; such diseases occur at 
all ages . In a few, however, there exists a decided preference 
for childhood, and in others for adt1lt or advanced life. The ten
dency to spinal di seases is certainly greater in aclnlts, as will be 
shown in the special part of this work. 

Sex has still less predi sposing influence than age. There cer
tainly are di seases whi ch occur much oftener in men than in 
women, as tabes, but this may be expla ined by the fact that men 
are much more exposed than women to certa in forms of injury. 
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To general disturbances efnutrition, on the other hand, of 
the greatest variety of character, we may ascribe a decided pre
disposing influence ; all states of anremia and cachexia depress 
the nutrition of the cord, simultaneously with that of the gene
ral system, ancl increase its susceptibility to morbific agencies. 
Thus may be explained the effect of loss of blood, chronic dis
turbances of digestion, se1·ere ancl protracted acute diseases, long
continucd loss of tluicls, etc. 

Among the incidental causes of spinal disease, the simplest 
and most direct arc without doubt those of trcmmatic origin. 
There arc numbed ess ways in which this may take place direc t
Jy; cases are known of gunshot, stabbing, incised, ancl other 
wounds, crushing and cles trnction of substance by fractures or 
dislocations of the vertebrre, shocks from severe falls or milwny 
collisions (railwny spine of the English), and so forth. No 
explanation is needed of their mode of action, or of their conse
quences (intiam mation, softening, necro::;is, degeneration, etc.). 

In close relation to these causes stands thnt of slow compres
sion by pathological g rowths, by tumors, nbscesses, new forma
tions, exudations, curvatnre of the Yertebrro, etc. Inflammation, 
secondary degeneration, etc., are of Ircqtient occurrence in these 
cases. 

])irect propagation ef neighboring morbicl processes forms 
an equally evident source of spinal di sease. Thus, inflammation 
ancl suppuration of the vertebral bones or the adjacent soft parts 
mny ex tend to the membrnnes of the cord, or to the cord itself; 
new gro wths may intrude upon it, the gangrenous inflammation 
of becl·sores may seize upon the contents of the spinal cord, etc. 

But the effect of exposure to colcl, evident as it is in fact, is 
quite obscm e in its nature. Nothing is more certain than that, 
in a very great number of cases, a sudden or continued cooling 
of the surface of the body is followed by spinal disease. This 
has been seen after a fall into the water, after sleeping on the 
clamp g round, sudden drenching of the clothes or exposure to a 
draft when the body is heated, bivouacking in snow or rain, 
working in ice, in clamp cellars, in cold water, etc. There nre 
severnl di seases which may be produced in this way, spinal men· 
ingitis, myelitis, tabes, spinal palsy of children, tetanus, etc. 
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Of the activity of this cause there cannot be the slightest doubt; 
its effects seem most decided in nervous, irritable persons with 
predispositions to spinal disease, or in cases where other injuri
ous agencies, as great bodily exertion, mental excitement, etc. 
(as in military campaigns), have come into play. 

But tlie manner in which these circumstances act is still 
entirely unknown; it is probable that the morbific infinence con
sists in a reflex action, originating in the skin. But we have only 
hypotheses as regards the way in which this infiuence produces 
infiammations and other disturbances of nutrition in the cord. 
It is not yet certain whether a cooling of the bloocl has a share 
in the result-the lower temperature of the blood being supposed 
to act as a direct stimulus to the cord. It is hard to conceive 
how the direct action of colcl should aliect in any other way an 
organ so cleeply placed as the cord, although myelitis can be pro
dttced by the applicatio11 of severe cold to the exposed cord. 

vVe are still wholly in doubt as to the reason why the same 
cause produces in one person tabes, in another myelitis of the 
gray anterior cornua, and in a third, meningitis or tetanus. 

Disturbctnces of circulation, of very various origin, may cause 
sundry disturbances of the spinal cord; hence the eliect of sup
pressed menses, of hemorrhoidal disease, of arterial fiuxions and 
venous congestions, of vaso-motor disturbances, of embolism and 
thrombosis, atheroma of the spinal arteries, etc. 

A frequent cause of spinal disease consists in excessive exer
tion of any sort, exhausting the cord. In this category are in
cluded sexual excesses, when practised frequently and at short 
interva1s, walking, riding, swimming, or other muscular acts 
which go beyond the natural powers. All these may become the 
point of origin for severe spinal disorders, especially when they 
aliect preclisposed individuals, or when other agencies coincide
as that of cold ; whence the frequency of these affections after 
laborious campaigns, bivouacs in winter, etc. 

Psychical influences are a less frequent agency in the produc
tion of spinal disease. Fright, alarm, disgust, etc., seem to have 
a pretty clear connection with the origin of general and diffused 
neuroses (epilepsy, chorea, hysteria, and the like); but not to 
the same extent with that of spinal diseases. But there are some 
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cases in which paralyses and other distw·bances or a probably 
spinal nature have been seen to arise from purely psychical 
states, especially fright and terror. Thus, J. Russell Reynolds' 
observed the occurrence of paraplegia in a yo1rng lady, arising 
from a fear or the disease; she was nursing her father, who was 
paraplegic. Iline' saw an acute and fatal myelitis in a pregnant 
woman, caused by violent emotion. Leyden reports a case of 
paraplegia caused by Iear at the breaking out of a conflagration, 
and Kohts' tells of similar occunences at the bombardment of 
Strasburg. It is quite uncertain how we ought to interpret these 
facts, and whether the psychical emotions act through the vaso
motor paths,• or whether they may directly produce a disturb
ance of the finer processes of nutrition in the central nervous 
elements. 

Certain intoxications present well-known spinal symptoms; 
such are poisoning with strychnia, arsenic, phosphorns, lead, 
etc. Some of these poisons seem to have the power, when long 
continued, to produce marked spinal diseases; for example, 
lead. 

Tlte local development qfvarious infectious diseases, acute or 
chronic, is of great importance in etiology. Syphilis, by becom
ing localized in the vertebral column, the membranes, or the cord 
itself, may lead to spinal symptoms; tubereulosis not seldom 
attacks the cord and its membranes; and o[ the acute infections 
diseases there is one (meningitis cerebro-spinalis) of which the 
chief seat is the pia mater cerebro-spinalis. To these must be 
aikled the cases, not few in number, or spinal all'ections follow
ing acute diseases (typhoid, acute exanthemata, intermittent, 
influenza, pneumonia, etc.), which, as a rule, must be regarded 
not as a specialized localization of the original process, but rather 
as somewhat accidental complications of the latter, dependent on 
a local predisposition established by the acute disease. 

A very freqnent source of spinal disease is found, lastly, in 

1 Remarks on Pnro.lysis, etc., Dependent on Iden.. Brit. Med. Jour. No. 6. 1869. 
p. 483. 

~Med. Times. 1805. Aug. 5. 
s Berl. klin. Wochensehrift. 1873. Nos. 24-26. 
4 Jn the third case of J[oltt& the menses were instantly suppressed by fright. 
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irritation and disease ef peripheral organs. Of this we have 
already numerons proofs. Paraplegia has been seen with espe
cial frequency following severe and obstinate dysenteries and 
other intestinal diseases, and chronic affections of the kidneys 
a11cl bladder ; in many cases the autopsy has shown myelitis to 
be the cause of the paraplegia. Snch occnrrences have been less 
frequently observed in uterine disease, which is more commonly 
followed by hysterical palsies-though the latter also, in some 
cases, are certainly of spinal origin. l\Iyelitis has also been ob
served to follow peripheral lesions of nerves, diseases of joints, 
ancl so forth; the tet:rnns which follows injuries of nerves aml 
peripheral lesions certainly belongs to this class. 

All these processes have Jong been studied "·ith great zeal ; 
they have, in fact, been made into a special class of reflex di.sor
ders (usually termed rejlex paralyses), becanse they have been 
cornrnonly supposed to originate in the re11ex way from periphe
ral irritation. But the theory of these reliex diseases is in dis
pute to this clay; and the number of works written upon them is 
very large.' \Ye have discussed this point in another place;' 
the statements there made relate chiefly to reliex paraplegia ancl 
the myelitis which causes it, and we may therefore rnfer to that 
place, to avoid repetitions. The spinal disturbances which fol
low peripheral initation or disease cannot, therefore, as a general 
thing, be referred to a purely reftex clisturbance of function; 
they must, for the most part, be dependent on coarser changes 
of nutrition (inflammation, softening, exudation) in the cord. 
Regarding the connection of the latter with the primary irrita
tion, we are not yet fully in possession of the facts; it is in part 
effected by an ascending neuritis, of the existence of which there 

1 For more miuuto information we refer the reader to the fo}lo,Viug: Leyden, Ueber 

RcflexHi.bmuug. Volkmann's Sannnlung klin. Vortr. No. 2. 1870.-Le1citson, Ilemmung 

der Thiitigkeit der motoriscbcn Ner\'encentrcn, etc . Reichert u. Du Ilois' Archfr. 1869. 

-Feinbcr9, Ueber RcflexHihmung. Berl. klin. Wochenschrift. 1871.-1'iesler, Ueber 

Neuritis. Diss. KOnigsberg. 1869.-Broum-&quarrl, LP.ctures on the Diagnosis and 

Treatment of the Principal ~ .. orms of Paralysis of the Lower Extremities. London. 

1861.-Jrrccoucl, Les parnpl6gies ct l'atax.ie du mouvcment. 1864.- W. Gu.a, Med.·chir. 

Transact. Vol. 39. 185U. p. 19.:i, 
t See Vol. XI. p. 399. 
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is no doubt; but in other cases the inflammation is transmitted 
to the cord in the reflex way. 

A few attempts have lately been made to settle this question, 
but without much success. The investigation by Roessingh' 
threatens to set us back a step, as he has arrived at entirely nega
tive conclusions in his repetition of the expel'iments of Lewisson 
and Feinberg. 

Klemm's' laborious studies leave room for many questions 
and doubts. They by no means prove that a dil'ect propagation 
of tho inflammation takes place along the nerve to the central 
organ : an extension by leaps was all that was proved. In this 
case, therefore, and especially where inflammation is tl'ansmitted 
to the symmetrically situated nerve of the opposite side of the 
body, without demonstrable a!Iection of the central Ol'gans, the 
only explanation is that which assumes a sort of reflex transmis
sion. 'rhe process may be essentially like tbat in which ex
posure of the skin to cold produces inflammation of the spinal 
cord. In so-callecl " 1·etlex paralysis," the irritation is of an
other sort, and acts upon some other organ than the skin. 

The question of reflex disease of the col'd is certainly still in 
doubt, and is in great need of further clinical and experimental 
study. 

C. General Diagnosis of Diseases of the Spinal Cord. 

'\Vhen we encounter a complicated nervous a!Iection, the first 
step to be taken is a careful enumeration of the existing distul'b
ances. The fil'st and most important point is, to test all the de
partments of the nervous system, and thus to ascertain the 
existence, the grouping, the succession, and the history of each 
symptom. The diagnosis is made from the total of all these. 

'rhe next question is always that of the location of the dis
ease; the organ affected ; in nervous diseases, the choice li es 

1 Bijdragc tot de Theorie der Reflexpn.ralyse. Neclerl. Tijdschr. vor Genecsk. 1873. 
Dd. l. No. 53. See Virchow·Hirsch's Jabre~b. for 1873. Bd. 11. p. 44. 

1 Ucbcr Neuritis migrruis. Diss. Strassb. 1874. 
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between the brain, the medulla oblongata, the spinal corcl, the 
peripheral nerves, and the sympathetic. 

The reply to this question, in the case of the spinal cord, often 
involves great difficulties. 'Ve may, it is true, follow the good 
olcl mle, to place the point of lesiou at a spot where all the a[ected 
paths lie nearest together. But this rule often goes but little 
way with the spinal cord, both because all the paths which it 
contains pass into the peripheral nerves, ancl ma.y be diseased in 
them, ancl also because a pl nrality of seats of disease is possible, 
and, in the case of the central nervous system, is very common. 
There is no function, quite specifically peculiar to the corcl, the 
impairment of which would lead us at once to recognize an a[ec
tion of the cord: this statement is true, even in regard to the 
disturbances of reflex activity. 

'Vhen, therefore, disturbances of the sensory and motor sys
tem, of the vaso-motor and the reflex functions, of the trophic 
conditions and of the genito-urinary functions, etc., coexist, and 
in parts which directly depend on the cord for their innervation, 
then there is a great probability that the cord is affected; but 
certainty does not exist until we have excluded the affections of 
the peripheral paths. This is certainly possible in many cases, 
but not in all; there are, for instance, diseases of the cauda 
eqnina, which cannot be distinguished with certainty from those 
of the co rel, and the same is true of extensive disease of the 
nerve-roots, etc. 

In such dubious cases, various means may be employed to 
confirm the diagnosis, such as the data of the history of the case, 
or the causal factor, which often give us an opportunity to infer 
a definite seat of lesion. 

By far the best aid is that furnished by experience, which 
teaches us that certain well-characterized groups of symptoms 
correspond to very definite lesions of the cord. 'Ve are in pos
session of a series of groups of this sort, which can without 
hesitation be recognized as dependent on disease of the spinal 
cord; thus, tabes dorsalis, the so-called acute spinal paralysis of 
children and adnlts, sclerosis of the lateral columns, progressive 
muscular atrnphy, tetanus, and many others. 

Experience goes still further; it often gives us notice by a few 
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symptoms, often by a single one, of a threatening or actually 
present disease of the cord, because the constant or almost con
stant, coincidence between the symptom and the disease has be
come established through observa tion; thus, for instance, tubes 
may often be recognized by a precursory atrophy of the op tic 
nerve, or by lancina ting pains. 

It therefore follows that in order to form a correct and sure 
diagnosis of a spinal di sease, we need not only a very careful and 
comprehensive investigation, not only an accurate sta tement and 
es timation of the etiological and other elemen ts, bnt also an 
intimate acquaintance with the whole of the pathology of the 
cord, and a good bit of practical experience. 

There remain, 11 owever, a few cases in which the diagnosis 
may be c1ifficult, and in which the spinal location of the di sease 
is not q uite certain . It then becomes necessary to disting ui sh 
the spinal from the peripheral di sease, on the one hand, and 
from the cerebral on the other- which is often very difficult. 
\Ye must, however, here confine ourselves to naming a few points 
which will assist diagnosis in g iven cases. 

In favor of a peripheral localization, the foll owing circum
stances may be mentioned: Limi tation or the disturbances to 
sing le nerves or branches of nerves; exact coincidence of the 
motor, sensory , vaso- mo tor, and trophic disturbances with the 
distribution of a peripheral nerve ; absence or retarc1ed conduc
tion of sensa tion ; absence of all refl ex ac tion ; absence of weak
ness of the bladder and the sexual functions, etc., in case the 
sacral 1wrve itself is not the seat of d isease ; presence of great 
disturbance of the trophic function ; certain results of electrical 
examina tion ; 1 the existence of a known local cause of lesion. 

In favor of a cerebral loca tion we may have the following 
(among others) : hemi plegic distribu tion of the disturbances, with 
the sensory anc1 motor di sturbances upon the same side; unequal 
intensity of the sensory and the motor disturbances ; absence of 
all trophic disturbance; entirely normal electri c reac tion ; re
tention or exaggeration of all spinal reflex acts; retention of 
associa te movements and automatic movements, and of the rectal 

1 See Vol. XI. p. 445. 
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ancl Yesical functions ; presence of disturbance of the higher 
senses, and of various cerebral nerves (except so far as well 
known to be often involved in spinal disease), of disturbances 
of speech and of the mental functions; finally, the presence of 
headache, giddiness, and causeless vomiting. 

In favor or the spinal seat ef disease, the following circum
stances may be used in evidence: the usually paraplegic distri
bution of symptoms; crossing or motor and sensory disturbances 
in case of hemiplegic symptoms; sensation or n, girdle at the 
upper limit of the other disturbances; clrnnge in a portion of the 
spinal reflex acts (exaggeration or wen,kening); weakness of the 
genito-urinary functions; paralysis of the rectum; trophic dis
turbances, bed-sores, etc.; definite parresthesire, retardution of 
the condt1ction of sensory impressions; disturbance of certain 
automatic movements ; the peculiur local limitation or spasms of 
cerebral origin; absence of psychical chn,nges, and usually, of dis
turbances of the higher organs of sense n,nd tlrn cerebral nerves. 

It must also be notecl that all these points possess by no 
meuns an absolute, but only n, Yery conclitionul vulue; that their 
signiJicance is very often not decisive, except in connection with 
many other symptoms, so that they cannot be made useful for 
diagnostic purposes except after a very careful estimation of all 
circumsta.nces. 

When we have decided that the cord is the seat or disease, 'rn 
have to proceed to localize the lesion within the cord. In doing 
this, the distribution of the symptoms, especially those of paraly
sis, usually furnishes an excellent point: it is often possible to 
decide within n. hair's breadth to wlmt height in the cord a certain 
affection extends, und the gradun.lly upwal"(l progress may often 
be followed in a Yery beautiful manner. 'Yhile thus the upper 
limit of a lesion is usually Yery easily recognized, the same is not 
equally true of the lower limit, and it is often hard to decide 
whether the Jesio11 is diffuse or circumscribed as respects the 
longitudinal section of the cord. Yet there are certain points 
which indicate that the lower portions of the cord are intuct; the 
principal of these (see General Symptoms) are those relating to 
the reflex function, that of the bludder and rectum, and the 
nutrition of skin and muscles. 
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This is the case "·hen disease extends over the entire trans
verse diameter of the cord, and to some extent, also, in the longi
tudinal direction of the cord. 

\Ye are enabled by experience to recognize also diseases con
fined to limited parts of the transverse section; such may also 
extend to a greater or less distance in the longitudinal axis. 
Thus we can disting11ish the affections of the separate white col
umns, the anterior and the central gray matter, etc. ; those of 
the white posterior columns (probably only the outer divisions) 
furnish the symptoms of tabes dorsalis (see the special part); 
that o[ the white lateral columns, the symptoms o[ Charcot's 
lateral sclerosis (which see); that of the anterior gray comua in 
its acute form, the symptoms of infantile spinal paralysis; in its 
chronic form, probably those of progressive muscular atrophy; 
cliseasc of one lateral half of the cord, symptoms of Brnwn
Seq uard' s unilateral lesion; disease of the central gray substance 
gi1•es rise to an equally characteristic group, and in general, the 
implication or the gr<ty substance may be recognizecl by the dis
turbances of nutrition, of reflex action, of electrical reaction, etc. 

Thus, in many cases, it is possible to decide very accurately 
with regard to the seat and location of the lesions in relation to 
the longitudinal ancl transverse sections of the cord; it is certain 
that the perfection of the methods of anatomical research, recently 
applied to the cliseased cord, will soon add much to our means 
of diagnosis. And a good deal remains to be clone, for there are 
considerable parts of the transverse section, the lesions o[ which 
harn never yet been brought into relation with any group of 
symptoms. 

It remains for us to clecicle the nature ef tlte lesion-whether 
pm·alysis or irritation, inflammation or degeneration, softening 
or atrophy ancl clerosis, compression or bleeding or other lesions, 
arc present in the rorcl. 

It is climcnlt to establish general diagnostic rn!Ps for this; 
symptoms of irritation (spasm, pain, increased reflex action) will 
incline us to infer a corresponding pathological state; symptoms 
of paralysis will point rather to degenerative prncesses, softening 
or compression and clestrnction of the cord; but we must be cau
tious in these inferences, since both sorts of symptoms and both 
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pathological conditions are very often combined, and the same 
disease in its progress not seldom leads to a manifold alternation 
of symptoms. 

But, as a rule, more and better points can be derived from the 
rnsults of experience, from the development and order of succes
sion of the symptoms, from the history of the case, the etiology, 
the objective examination, etc. 

It would lead us too far to attempt to give and analyze ex
amples of even a portion of the possible cases here alluded to. 
'Ve shall find opportunity for doing this in the special part of 
this work . Our present object is confined to indicating the points 
for diagnosis, and the methods and instruments, the precautions 
and the care, required in order to render the diagnosis exact. 
As regards complications, we will only say, in brief, that they 
must be ascertained and judgecl according to the usual diagnos
tic mies. 

IV. General Therapeutics of Diseases of tlie Spinal Cor(]. 

This branch of onr subject presents many weak sides. In 

most diseases of the cord, our success in the use of 1·emedies is 
rather small. The general opinion regarding spinal diseases, tbat 
they are nearly or quite incurable, is but too well founded. 

It is true that we have recently had to modify this view 
essentially. A great number of curable diseases haYe been re
ferred to a spinal origin; and, on the other hand, the prognosis 
in many chronic spinal diseases has been much improved by the 
progress of therapeutics. 

Yet much remains to be done. And above all, we must learn 
how to recognize the diseases, before we can treat them ration· 
ally ; we are still at the threshold of exact knowledge of the 
pathology of the cord, and the scientific therapeutics of its dis
eases is still in its first stage. 

The attempt to state the general principles of treatment at this 
day seems hazardous, so small is the material, and so uncritically 
reported. The attempt will nevertheless be made to present the 
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remedies which are used in disease of the corcl, and especiall y 
those which we ham reason to suppose exercise a decided in
fluence over that organ. For the present, we must be content 
with such a mere a ttempt. 

The indications in spinal di sease are Ycry numerous, consist
ing of, a, tho removal of so-called fun ctional disturbances (in tan
gible disturbances of nutrition), especially those of a chronic 
sort; b, alteration of disturbances of circulation (liypcrromia and 
an rornia) ; c, the cure of acute ana tomical changes (acute in fl am
mation, sof tening, hemonhnge, e tc.); ancl, finally , d, the rcmon11 
of chronic anatomical changes (degeneration, atrophy, sclernsis, 
indurntion, new formations, etc.). 

All the usual methods of treatment are, of course, employed 
for these objects, with sui table modifications to adapt them to 
the sea t or the di sease ; the functional disturbances a re remedied 
by regulation of the funct ion, by sligh t stimulation of the latter, 
by altera tion an(l impro\'ement of the nut1·it ion and sanguifica
tion ; fo r d istLtrbances of circulation, we have a ,-aricty of means 
for ac ting on the vaso-motor system and the vessels; acute in
flamm atory processes are trea ted by antiphlogistics, de1-il-a tion, 
etc.; the chrnnic alterations are usually attacke(l by altera th·e, 
exciting, aud derivative procedures. In the cure of these chronic 
cases nature llas, of course, the chier part to play; we ha,·c only 
to supply the most favomble conditions for repairing the di sor
clers, to excite the desired change in tli e general nutri tion by cer
tain remedies, by p romoting the formation or bloo(l and the pro
cesses or nutrition, by stimulating the metamorphosis of tissue, 
hy regulating the function of the di seased parts, and so on. F or 
more particul ar remarks the reader is referred to the special 
part or this work. 

·we shall here gire the remedies and meth ods in general, 
which are adap ted to the aborn indications, and shall a ttempt to 
make their mode of action intelligible upon scientifi c principles. 
This at tempt is made rath er in the hope of stimula ting exact 
study than as an exhaustive presentation ; such a presentation 
would be forbidden by the limits o( tli e present wol'lc 

'\Ve shall first devote a section to the ,·ery important group of 
external or v li ys ical remedies, then speak of the very scanty list 

VOL. Xl!l .-11 
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of internal remedies; in a third section a series of symptomatic 
remedies and methods will be mentioned, which may be employed 
according to occasion in nny spinal disease; and in the fourth 
section the general regimen and diet. 

1. Physical Remedies.-External Remedies. 

Cold. 

The application of colcl to living tissues first depresses their 
tempernture, nncl lessens the supply of blood by ischmmia; this 
retards the processes of metamorphosis, and limits those of exu
dation and emigrntion; nt the same time the excitability and 
conductibility or the nel"l'OUS apparatus are depressed. 

Ilence are derivecl the leading indications for the use or colcl 
in inflammations, hypermmias, nnd exudations, and also in cases 
where there is abnormal excitement in the nervous system, pains, 
and spasm. 

In accordnnce with the latest i·esearches of Riegel' and F. 
Schultze,' it can hardly be doubted thnt the cord can be reached 
directly by the action or cold, although the thickness of the 
parts overlying it is so great that a very powerful ancl continu
ous application of ice along the line of the spine is necessary to 
produce that ell'ect. The effects of Chapman's "·ell·known vaso
motor thernpeutics are also in favor of the possibility of such an 
action. 

Chapman, 3 by the applicatiou of ice or of warmth to the spine, produces a pow

erful action upon the cord and its vessels. lie states tl1:1.t the continuous applica

tion of ice produces ischremia of the cord, lessening the reflex irritability and the 

other functions; alternate application of ir:c and warmth increases t1rn flow of 

blood and the ma.uifcstation of energy upon the part of the cord; repeated brief 

applications of ice at longer intervals produces similar but less marked effects; 

and, finally, by application of ice to the back we can increase the circulntion in 

those peripheral regions which receive their vaso-motor nerves from the portion of 

the cord thus treated. 

1 Virchow's Archiv. Bd. !i9. Heft 1. 
9 Locale Eiuwirknng des Eiscs auf den thier. Ors-nnismus. Deutsch. Arch. klin. :Med. 

XIII. p. 500. 1674. 
3 .Med. Times :md Gnz. July 18, 1863. 
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Besides thi s direct action, a reflex influence may be exerted 
by the cutaneous nerves, as excited or depressed by the stimulus 
of cold; this has not yet been carefully studied. 

'l'he application of cold to the spinal cord may be made either 
by a common ice-bag OL' by several, if required, or (better) by 
Chapman's bags ; the complicated apparatus of Koopman' does 
not seem to be required. Less energe tic and more transitory ef
fects can be obtained by cold irrigation or cold aJiusion of the 
back. 

Warmth. 

The effects or warmth are in many respects the opposite to 
those or cokl ; it raises the temperature or the ti ssues, increases 
the fiow of bloocl towards them, and increases the excitabili ty of 
nervous appa1·a tus. \Ve therefore expect from its action an in
creasecl tmnsformation of tissue, or stimula tion of the processes 
of nutrition, and a consequent repair of defec ts of nutri tion, 
removal of a trophy, degeneration, sclerosis, etc. It is believed 
to be an excellent remedy for increasing the process of resorp
ti on of linid ot· solid material , and for repairing chronic processes 
of inflammation. It furthermore often soothes pain and spasms. 

The way in which warmth acts upon the cord has not been 
much stncliecl. It is even doubtful whether it penetrates directly 
to the cord when applied ex ternally - though it probabl y does 
so. On the other hand, the reflex action, effec ted by means of 
the cutaneous nerves, is certainly not to be underestimated . 

I The results to be expected from its use are : dila tation of the 
blood-vessels, an increase in the quanti ty of the cunent of blood 
and the other fluids, n,nd of the processes of tissue-change in the 
corcl, an increased fac ili ty and rapidity in the nerrnns processes, 
ancl finally, a removal of excitements which often affect the cord, 
originating in the cutaneous nerves. 

I t fo llows from thi s, in what morbid condi tions of the cord 
the application of warmth will be considered most desirable. 
But let it not be forgot ten tha t warmth is known to be easily 

1 Berliner klin . Wocbcnschr. 1870. No. 48. 
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capable of producing o\·er-excitement and exhaustion, lead ing 
to congestive states of the cord, and that the use of warmth 
is contra-indica ted in all cases where such results are to be 
dreaded. 

The methods of applying warmth are very simple: cataplasms. 
hot sand-bags, Chapman's caontchonc bags filled with hot water 
and laid al ong the spine; hot-water fom entations, or (the mildest 
form of all) Priessnitz's wet wraps, which gradually warm them
selves. 

Baths. 

Compare Braun, Bnlneothcrapie. 3. Aufl. 1873.- Valentiner, Ilandb. der Balneo
therapic. 1873.-&egen, licilquellcnlchre. 2. Autl. 1862.-lielfft-Thileniua, 
Jfandb. dcr Balncotherapic. 8. Autl. 1874.-D urand-Fardel, D e la valeur des 
eaux minl!ralcs dans le traitcment des parapll!gics. Bull. de Th~ra p. Mai 30. 
18J7. - Gotth. Sch1Jlz, Ueher RUckenmarksltihmuug und ihrc Ilehandlung 
durch Cudowa. Licgnitz. 1872.-Runge, Die Bcdeutung dcr 'Vasscrcurcn in 
chroniscbcn Krankhcitcn. Arch. f. klin . Med. XIl. p. 207. 1873.-Fr. R ich
ter, Ucber Tcmpcralur und Mcchanik dcr Badcformcn bei To.Ues und chron . 
.Myelitis. Deutsch. Zcitschr. f. prakt. Med. 1875. 

Baths form a very important group of remedies in complaints 
of the spinal cord. Great results must be ascribed to them, in 
most of the chronic forms. It is very difficult, however, to define 
their mocle of action and their indications, partly on account of 
our defective knowledge of spinal pathology, partly because the 
subject of balneotherapeutics has as yet received bnt little scien
tific development. The diag nosis of spinal disease is certainly in 
a very defective condition; our ideas regarding the anatomical 
changes, as existing in individual cases and at determined peri
ods, are equally imperfect; hence the uncertainty in regard to 
indications, ancl the wide room for empirical treatment, which 
too often passes beyond the allowed limit of experiment. 

\Ve will here speak of the different form s of baths, and their 
mode of action as taught by the science of balneotherapeutics, 
and shall attempt to state which forms are most suitable for the 
treatment of different spinal diseases or groups of symptoms. 
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Warm Batlts 

have from time immemorial been a favorite method of treat
ing diseases of the spinal cord-especially paralyses, which us
ually form the chief part of such as come for balneological treat
ment. This bas been especially true of the indifferent or acrato· 
thermro; but the weak brine baths, alkaline waters, sulphur
baths, etc., containing unimportant amounts of salt and gas, are 
quite similar to their mode of action. The same is true of steam
batlts, hot sand-baths, and the like. 

The ([feet of warm baths is first seen upon the skin, in which 
a great dilatation of the cutaneous vessels occurs, followed later 
by a moderate contraction. Thereby the circulation in the skin 
is hastened, and a great evaporation and sweating follows, which 
is renclered easier by the removal of the upper layers of epider
mis. At the same time, the organism receives an access of 
warmth, or, at least, is enabled to lay up a part of its own store 
of heat. Thus the processes of oxidation are furthered, and the 
discharge of most of the functions of the body is facilitated, 
which accounts for the refreshing effect of a warm bath when one 
is greatly fatigued. 

J!'or om· pmpose, the effects may be summarized as follows: 
The warm bath increases the facility of all the chemico-physical 
processes in the system, leading to stimulation o( the metamor
phosis of tissue and freedom of function, without any subsequent 
reaction from excessh·e stimulation. At the same time, hy shel
tering the body from the continual change of tempPrature of the 
outer air, it acts as a sedative. By the fluxion of blood to the skin 
it changes the distribution of this fluid, aml acts as a derivatirn 
in congestions of internal organs; it acts as a resorbent by stim
ulating the nerve-centres, by changing the course of the blood, 
and by the production of sweat, and by washing out the system. 

\Vann baths are best borne by feeble inc1ivii!nals, whose 
power of resistance and of making heat are weakened. Their 
effect depends very greatly upon their temperature. If this be 
indifferent (32°-36° C. [90° to 97° Fuhr.]), they are believed to act 
chiefly as sedatives; warm ancl very warm bciths (30°-42° C. [97° 
to 108° Fabr.]) are more stimulating, produce strong excitement 
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of the blood.vessels, much sweating, increase of tissue·changes. 
Lukewarm baths (28°-<32° C. [83° to 90° Pahr.J) are believed to 
have a special depriment effect in the case of nervous, irritable 
persons. 

As the temperature rises, therefore, the exciting qualities 
become more prominent; as it sinks, the soothing. 

The geographical site of the baths must be considerec1, together 
with the temperature, especially in the case of indifferent thermre, 
for experience seems to show that the higher the site the higher 
may be the temperatme that is borne, and that, the more ini
table the patient is, the more elevated may be the spot to which 
he is sent for cure. This is an important point in practice. 

The indications which follow from these principles are not 
easy to state. Most of the circumstances are very complicated. 
If we confine our attention to the most prominent symptoms, the 
nmtter seems very easy ; when the symptoms of initation pre. 
ponderate, and irritability is very marked (spinal irritation), we 
choose rather the soothing baths; if symptoms of depression are 
prominent (umcsthesiu, imralysis, etc.), the exciting baths at a 
higher temperature. 

But unless we consider that a decided degree of irritable 
weakness not only may be, but usually is present in cases of 
spinal paralytic affection, and that in such cases we usually 
have to do with an extremely irritable and exhausted nervous 
system ; unless we bear in mind that important distmbances o( 
circulation ancl nutrition are usually present in the 111ost impor· 
tant organs, which may possibly be aJiected injuriously by the 
wal'm baths, it will be impossible to avoid false steps. Nor have 
they been avoided, in fact; certain spinal diseases (tabes, mye
litis, etc.) have often been made worse by too warm baths. 

The degenerative and sclerotic fol'mS of spinal disease seem to 
require the greatest care in this respect, and we are yet in need, 
before we can be quite safe in using them, of a more careful 
study of the special action of thermre upon these disturbances of 
nutrition. 

Our remedy, therefore, has not merely a directly exciting or 
composing in11uence upon the nervous system, but also one of far 
greater consequence, namely, the alterative action which it exer-
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cises (by virtue of increasing the metamorphosis of tissue and 
changing the direction of the blood-current) upon coarse and Jine 
distmbances or nutrition. " re shall not be able to define the 
indications until the latter mode of action is better understood. 

The warm springs are now used in exhaustion or t he spinal 
cord after typhoid and other severe diseases, or excesses or any 
kind; in spinal initation (moderately warm baths); in paraplegia 
from shock to the cord (energetic use of very warm baths); in 
tabes (avoid very warm baths ! select baths of indifferent temper
ature); in myeliti s and softening of the cord (slightly warm); in 
meningitis exsudativa (all warm springs, especially those of higher 
temperature), etc. 

Fr. Richter believes that only baths of a moderate warmth or 
moderate coolness onght to be used in chronic inflammatory or 
atrop hic affections of the cord. The warmer baths (from 32.5° 
C. [90° Fahr.] upwards) are considered by him the best adapted 
for chronic inflammatory states of the cord with preponderant 
symptoms or initation. 

\Ve give the following list of the most frequcntec1 warm 
springs, with the heigl1t above the sea-level and the temperature 
of the water: Schlangen bad (900' ; 30-32.5° C. [80° to 90° Fa hr.]); 
Badenweiler (l,42il' ; 30-32.5°) ; Landeck (1,398' ; 31.0-32.5° [88° to 
90° Fahr.]); Wild bad (1,323' ; 35.0° [95° Faln. ]); Ragatz (J,570' ; 
38.0° [100.5° Fahr.]) ; Pfeffers (2,115'; 38.0°); Riimerbad (755'; 
38.0°); Gastein (3,315'; 32.5-40. 0° [90° to 104° Fahr. ]); Warm
brnnn (1,100' ; 40.5° [105° Fahr.]) ; WiesbadPn (323'; 34.0-40.0° 
[9..1° to 104° F all!". ]); Teplitz (G..18'; 37.5-42.5° [!l9°to108° Fa hr.]); 
Leuk (3,30()'; 30.0-50.0° [102°to 122° Falu.]); Baden-Baden (016' ; 
40.0-68.0° [1115° to 15..1° Fahr.] ); Plombieres (1,310'; 19.0-6l!.0° 
[66° to 144° Fain.]). A proper selection may be made by attend
ing to the special indications, the individual condit ions, etc. 

\\r eak brine-baths (containing not more than one per cent. of 
chlorides), most snlphur-baths, and the weak alkaline springs act 
exact ly like indifferent springs, and may, according to circum· 
stances, be u sed in their place. 

Steam-batlts, liot sand baths, li ot air-bal71s are of a very high 
temperature; they produce powerful stimulation am1 diaphore
sis, and may be of use, especially from the latter peculiarity, iu 
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very torpid cases of meningitis exsudativ:t. But it is always 
necessary to exercise the greatest caution in employing them for 
spinal complaints. 

The so-called Scotch douclle (alternation of hot and cold 
water) produces a very exciting effect upon the skin and the ner
vous system; it has also been recommencled in spinal parnlysis; 
it requires to be used with great caution. 

Brine-Batlts 

are very like warm baths in their effects; the action of tempera
ture is the same in both cases, to which the effect or the salt 
contained must be added. The most suitable proportion is be
tween two and four per cent. The special effect of this ingrecli
ent appears in a powerful stimulus of the nutrition and circula
tion of the skin, increase of the change of tissue, repair of 
disturbed nutrition, increase of resorption. On account of the 
exciting ell'ect of the salt, their temperature may be somewhat 
lower than that of the plain warm baths. Their inuications in 
spinal disease are the same as those for warm baths; and besides, 
they are often prescribed for the causal indication, in treating 
scrofula, vertebral disease, cai·ies, etc. 

The air of the salt-pans, which may be brcnthcd in many places while the patient 
is taking his bath, is cool, refreshing, ozonizc<l, and in the case of many irritable 
patients is much to be desired as an accessory. 

The warm brine-batlis containing gas are far more important 
than the simple warm ones. This class is represented by Rehme
Oeynhausen, Nauheim, the Schiinbornsprnclel in Kissingen, and 
the Soolsprndel in Soden a . T. Their effect is clue to their tem
perature and the salt they contain, in the first place, and, next, to 
the abundance of carbonic acid, which acts as a powcrfol excitant 
of the skin and the nervous system. Its direct effect is a moder
ate subtraction oI heat, followed immediately by a reaction, dur
ing which the withdrawal of heat continues, and at the same 
time a continnous stimulation of the nervous centres. It is as it 
were a combination of the stimulating and calming effects of the 
cool and the warm bath. · 
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The result is a general improvement of nutrition and the or
ganic functions ; hence, resorption and removal of pathological 
prndncts; at the same time, excitement of the nerrnns system 
may improve the nutrition of that department. 

These baths are cool; they must not exceed 32°0. [90° Fabr.]; 
thPy are usually taken without moving the water, bnt if we wish 
to increase the effect, the water may be ag itated. 

They are indicated in weakness of the spinal corcl following 
difficult convalescence or other exhausting inlfoences, in tabcs, 
in paralysis after meningitis, in myelitis, spinal paralysis of chil
dren, spinal irritation, etc. 

Clwlybeate Baths, 

so-callecl, are baths with a very slight amount of iron, a more or 
less considerable amount of salt, and a very considerable quan
tity of carbonic acid. 

Their action is usually referred by balneologists to tlwir tem
perature and the carbonic acid they contain, while the amount 
of irnn is believed to be insignificant. The physicians continue 
to swear by the springs, but they fail to make n, probable argu
ment for the effec ts of the iron, except as used internally. 

It is certain that these baths, owing to the presence of car
bonic acid, are among the most powerful stimulants of all, if 
warmed with precaution, so as to retain as much of the gas as 
possible. 

They are indicated wherever the thermal brine baths with 
much gas are required; they should be avoided in all conditions 
in which great excitation is to be feared; but they shonld be 
applied wherever we have to do with a torpid, inexcitable stute 
ot the nervous system, especially when anromia is likewise 
present. 

·whil e in general the use of steel-baths abounding in Co, is 
held unaddsable in diseases of the cord, and they are admitted 
only in very special forms of functional distmbance, Scholz has re
cently attempted to save the credit of the steel-baths, especially 
those of Cuclowa, in spinal cases, and has stated their indications 
and results with exactness. He recommends them very highly 
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for chronic congestion of the cord, especially in anromic persons 
and the subjects of nervous exhaustion ; only by exception in 
spinal meningitis, limiting their use to torpid individuals, and 
cases of a sluggish nature; also in the initial stages of chronic 
myelitis, with hope of snccess proportional to the weakness and 
ameruia o( the individual and the sluggishness of the case; in the 
"primary" form of tabes, without inflammatory symptoms, 
under the same conditions; finally, in all cases, for the sequelw 
of spinal concussion, as soon as the stage of excitement is past. 
The best results are obtained with mitigated baths (diluted with 
fresh water). 

Although Scholz's presentation is not wholly convincing, yet 
i t is JJroved that steel-baths, if used with care, are capable of 
doing good serl'ice in many even severe cases. They deserve to 
be tried thomughly. 

Among waters of this class the following deserve mention : 
Schwalbach (000'), Pyrmont (400'), St. Moritz (-1500'), Bri\ckenan 
(915'), Dl'iburg (633'), Franzensbad (1300'), Cudowa (123J'), the 
Kniebisbiider (1200-1900'), etc. 

llioor-Baths ancl llfucl-Batlts, 

so-called, form a separate class. 'rhcir acrion is as yet far from 
being explailwd; it cannot yet be stated with definiteness. A 
part of the effect is due to their quality as warm baths, but this 
is accomplished in some entirely specific and not yet understood 
way, since they arc much less exciting than warm springs. They 
seem indicated wherever the thermal treatment is desirable, but 
its stimulant action is not likely to be well bome; especially, 
therefore, in weakly, irritable, and amcmic constitutions. Espe
cial lwnefit has been obsetTed in spinal irritation and the so
calle(l tabes clolorosa, then in paraplegias and contractures conse
quent upon myelitis, lateral sclerosis, compression or the spinal 
cord, etc. 

The temperature and duration must be regnlated according to 
individual peculiarities. 

Goocl moor-b~iths are found in Franzensbacl, Marienbacl, Tep-
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litz, Driburg, Briiukenau, Meinberg, Elster, Eilsen, Neundorf, 
Liebwerda, Pyrmont, Reinerz, etc. 

Pinc-needle baths, which hnve been much used nnd praised, are only warm 
baths, in which n powerful stimulus is applied to the skin, not by high tempera
tures or by Co~, but by the ethereal oil and the extract of pine twigs. '!'hey may 
be used wherever the more stimulating forms of thermal treatment are indicated. 

Among the most important agencies that we posseas are 
the cold and cool baths, including the use of cold water in the 
greatest variety of forms-what is co111rnonly known as 

The Gold-water Treatment. 

This treatment, having of late years been administered in a 
rational manner and closely studied, has much increased in 
popularity. Its results in all possible forms of chronic nervous 
troubles are extraordinarily good. 

There is as yet no entire agreement in respect to the theory 
and the mode of action of the cold-water treatment. The condi
tions are very complicated, and it has naturally happenecl that 
inllividual practitioners of the method have reached more or less 
one-sided views; some consider the exciting or depressing effects 
upon the nervous system the principal thing, while the effect in 
modifying the change of material is subord inate; others try to 
i·efer all the effects to the vaso-motor action upon the skin, while 
a third party sees an explanation of all the leading phenomena 
in the alteratirn action upon the metamorphosis of tissue. 

It is certain that in the cold-water treatment we observe on 
the one hand an action upon the cutaneous nerves, and thence 
transferred to the entire nervous system; also, o[ects upon the 
cutaneous blood-vessels, and through them upon the distribution 
of the blood throughout the circulation; and finally, changes in 
the circulation and the entire process of transformation of tissue, 
to which mu t be ascribed a very special influence upon the cure 
of severe chronic diseases. 

Our present knowledge of the subject amounts to nbout the following: 
A direct action upo1~ tile 1w·vous system, of an exciting or a dcpreHinf} nature, can 

be produced by the application of cold water i the subtraction of warmth nets as a 
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clcprcssnnt, the stimulus of the cold as an excitant. According to the form, the 
tcmpcraturc

1 
the duration of the baths, we cau make the one or the other effect 

more prominent (Petri). 
The soolltin(l effect is always produced where the same portion of water remains 

in constant contact with tho sk in , as in half, full, and sitz Uaths without motion; 
in the wet pack, in wet rnl.Jbing without moving the cloth. 

'!'he c:ccitin{l effect is always produced when the layer of water in contact with 
the body is continually changed, so that the stimulus of cold is constantly rcncwc<l i 
that is, in half, full, and sitz-baths with agitation, in ruhbing down with a cloth 
which is moved, in washing, afiusion, shower·baths, douches, surf-baths, sea
baths, 

The lower the tem1>crnturc of the water, the more quickly and forcibly do these 
effects ap1)ear. 'fhc exciting action of the baths may be increased by pre,•iously 
wrapping the patient in dry blankets, while at the same time an excessive loss of 
heat is prevented, as the quantity lost in the bath is no grcatc.r than what li as been 
saved by the wraps; this method is therefore of special value for persons who need 
to save their strength. A frequent repetition of these excitations increases the energy 
of the nervous system. 

In regard to the circulation, the following effects arc to be seen in the skin, due 
for the most part to nervous influence: great ischremia, goose-flesh, shivering, 
and soon (though at various intervals), dibtation of the Yessds, increased amount 
of blood, increasrd secretion from the skin and perspiration, increased development 
of warmth. These arc the symptoms of reaction, whirh occurs with different 
degrees of facility in different persons, and is of very great importance in the cold
water treatment. In order to its proper development, n certain measure of force, n 
certain resistance is required i in badly nourished, weak, irritable, and nnoomic per· 
sons, or those with degenerative disease of important organs, it occurs much less 
readily i for this reason these persons do not ben.r the cold· water treatment. 

The reaction is lively and vigorous in proportion to the lowness of the tempera· 
ture of the water and its degree of motion, that is, the force of the stimulus. It is 
favored by rubbing the skin At the same time, and especially by energetic mechani
cal dry-rubbing a.fter the application of the cold. 

A frequent repetition of these actions upon the skin increase& tlte circulation and 
nutrition of tho skin permanently, thereby producing a clia11gc in lhi! distribution ef 
the blood. A more important effect is its derivative action upon chronic congestions 
of internal organs, especially the spinal cord. But this can only be obtained with 
safety when at the same time nil injurious irritation of the diseased organ is avoided. 

The cold water may net more directly upon the circulation in internal organs, by 
producing ischoomia of these organs through reflex action; thus, Runge states that 
quite cold baths, applied to the lower extremities, have a direct vaso-motor action 
upon tlrn cord, diminishing the quantity of blood contained in it. But iu niming at 
this, it is important that the reaction in the skin should have developed before that 
in the spinal vessels is commenced, in order that the ECCOnclnry 11 ypcrremia. may be 
directed principally to the skin. For this purpose it is useful to apply water not 
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merely to the whole surface, but especially to the parts which are related more 
closely to the nffectecl organ, that is, the skin of the lower extremities and the back. 

Ju regard to the processes of nutrition and chnnge of tissue, it is settled beyond 
a doubt that every subtraction of warmth front the outer skin is followed by a con· 
eiclerable increase in the production of warmth (this forms a portion of the phenom
ena of reaction) i that the secretions increase, the appetite is improved, etc. It is 
further probable that the repeated excitation of the nervous system has directly au 
influence upon the changes of tissue, increasing the formation and destruction of 
most of the tissues; and that the nutrition of the portions of the central nervous 
system which are affected by tbc stimulus is stimulated uud improved. We arc in~ 
clincd to believe that this method will certainly cure slight disturbances of the 
nutrition of the cord, and tliat, under some circumstances, even seYere degrees of 
change may be gradually repaired. 

In brief, then, cold water acts as follows: It strengthens the 
functions, improves the nutrition, increases the circulation of 
blood, in the skin; it thus alters the clistribu tion of the blood, 
and the process of circulation in the system; it relieves, at first 
temporarily, afterwards permanently, hypenemia of in temal 
parts (F. H.ichter); it quiets or excites the nervous system in 
various degrees; it tones the ne!'Yous system by the funetional 
excitement and by the improved 1rntrition; it accelerates the 
process of change o( tissue, ancl increases the total nutri tion; it 
promotes resorption and formation. 

H we adcl to thi s the effects which may be had from certain 
forms o( baths, the increased sweating, the consequences of the 
increased consumption of water, the muscular movements which 
are necessarily increased, the effects of diet, climate, altitude in 
the case of colcl-water cnres, it becomes eviden t that we po,sess 
but few remedies which ham so powerful and various an iuflu
ence upon the nerl'ons system_ 

In point of fact, the cold-water cme Jrns been much ancl 
aclrnntageously employed in di seases of the cord. Thus, for 
conditions of irritable weakness of the cord (chiefly by withclra\l'
ing calori c and moclerate stimulation-cold wraps kept on till 
warm; rnbbing clown with moderate friction), for pass ive hyper
romia of the cord (washing and aJl'usion of the back, stimulant 
sitz-baths, and long-continued moist cold wraps applied to the 
body}, for flnxi onary hypermmia (soothing friction, soothing 
silz-baths with colcl compresses on the back, etc.), for tubes dor-
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salis (chiefly mild treatment, according to circumstances more 
stimulating or soothing), for chronic myelitis (the same). 

The greatest attention must always be paid to the individual; 
it should not be forgotten that every powerful action of cold 
produces a powerful reaction, to sustain which a certain amount 
of force is needed; for which reason, let none be SLlbjected to the 
treatment but those who possess a certain power of resistance. 
\Veakly, initable, anremic persons bear only the more soothing 
or the very mildly exciting procedures, under certain precau
tions. In all cases, it may be set down as a rule that the tem
perature should not be below 20° C. [68° Fahr.], unless special 
trial shows that lower temperatnres are well borne. 

Tlte Sea.Bath 

is a special anc1 very important form of the cold-water treatment. 
Its eJiects are very energetic, because several factors coincide, 
among which the sea-air is by far the most important. It is, 
properly speaking, a climate cure associatec1 with a very power
fully sti mulan t form of the cold-water treatment (i.e., a full bath 
in vigorous motion, at a very low temperature). The proportion 
of salt in the water of the North Sea, the Mediterranean, and the 
Atlantic is equivalent to that in a brine bath of medium strength, 
and serves to increase the action upon the skin. 

The result is a great increase in the change of tissue, increased 
excretion und formation, increased need of nomishment, increase 
of bodily weight, tonic action upon the nervous system. 

But the sea-bath is adupted only to able-bodied persons, 
whose appetite anc1 digestion keep pace with the requirements 
made upon the system. \Yeak persons with feeble appetites or 
bad stomachs ure not suited ; the most thut can be done for them 
is to cause them to enjoy the sea-air, or, in some cases, to ac1d 
thereto the benefits o( bathing in warmecl sea-water. 

The very powerful stimulant and refrigerant e!Iects of sea
baths make them unfit for most cases of spinal disease. They 
are usefu l in spi nal irritation and sp inal weakness, bnt only in 
able-bodied pNsons; in tabes and similar diseases, only in the 
lightest form and at the very beginning, or us a concluding treat· 
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ment after cure is nearly complete-but only when the organs of 
assimilation are in a fairly good condition. In any case, the 
batlls must be used with great care, and the ch ief value ascribed 
to the breathing of sea-air, to the climate cme. 

Climate Cures 

There exist no spinal climate cures for di sease of the spinal 
cord. But it is known that a very favorable influence is exer
cised upon many severe neuroses, including those of spinal orig in, 
especially when of " functional nature, by certain climates and 
regions. 

The sea-air, of which we ha>e spoken, is an example of this. 
Very much the same is true of the moun ta in ai r; it has the same 
power of stimulating the changes of tissue aml the appetite, it 
aicls the performance o( sensory and motor functions; the bodily 
exercise taken in tho mountains has an especial ly enlivening 
effect upon the nen ·ous system. The higher ancl elder the site, 
the more markecl are these tonic effects-as, for example, in the 
Ober-Engadin. 

Beneke' has macle comparative examinations of the action of 
sea and mountain air, ancl has reached the conclusion that the 
increase of metamorphosis of tissue is decidedly greater at the 
sea-shore than on mounta in·snmmits (3,000'-G,OOO'), because the 
sub traction o( heat is quicker and greater. ll'I ilable, nervous 
people, who cannot bear great alteration of tissue, hacl better 
choose a resiclence in the mountains. Experience confirms th is 
i11" satisfactory manner. 

E1•ery one knows the beneficial effects of a continued resi
dence in various elevated places in Switzerland, the Tyrol, etc., 
upon so many nervous patients, those with spinal irri tation, 
spinal weakne s, impotence, aml so fort h. Ancl in the more 
sevpre cases, the same may be recommended as after-treatment. 

The choice among suitable places is extremely large : it 
shonlcl be made with careful regard to all individual peculi
arities. 

1 Zur Lcbre von der Diffcrcnz der Wirkung dcr Seeluft und der Gebirgsluft. 
Deutsch. Arch. f. klin. Med. Xlll. Jl. BO. 1874. 
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After thus enumerating the dill'erent forms o[ baths and their 
modes of action, let us formula te briefly the indications, giving 
some theoretical deductions, which may be of use to the begin
ner as a clew to treatment, though they require much further 
confirmation by practice. 

a. Pitrely functional disturbances of tlte cord, fine changes 
in nutri tion without demonstrable al terations-as in spinal irri
tation, spinal weakness, concussion without coarse lesion, etc. 
F or the treatment o[ these we may take into co 11:;ideration warm 
springs, thermal brine ba ths abounding in gas, steel ·ba ths abound
ing in gas, the cold-water cure, sea-bathing, and monntain cli
mates. 'l'he selection must depernl, Jirstly, upon the individual
i ty of the patient; for irritable, weak per:;ons withou t much en
durance, let the acrato-therm ro be chosen ; the more irritable the 
subject, the higher should be the location. Or at most, a mild 
cold-water cure wi th modera te tempera tures. F or more vigor
ous persons with good digestion, thfl cold-water treatment and 
the sea-bath, or the thermal brine ba ths, may be considered. F or 
very torpid persons, the same baths and the steel springs. The 
choice must further depend on the morbid symptoms and their 
personal vari ation; wi th violent symptoms of irritation in very 
irritable patients, the cooler acra to-therm m, the more soothing 
form s or the cold-water method, sea-air, a mountain clima te ; 
wi th preponderan t sympto ms of debility in torpid persons, the 
warm springs, the s timulant forms of the cold-water treatment, 
the thermal brine springs, steel-ba ths, and sea-baths. 

b. II!Jperremic states of the cord a ncl its membranes. F or 
passive liypenemia (so·called hremonhoidal tribes, etc.) the 
stimulant methods of cold-wa ter treatment, steel-baths, and 
thermal brine baths are the best. The therm m are contra-ind i
cated. For artirn hypermmia, select the more soothing form s of 
the cold-water treatment, combined wi th derivation to the skin 
(soothi ng frict ions ancl sitz-baths with cold compresses to the 
back, etc.). Thermal brine ba ths and steel-baths i·eqnire great 
precau tion. 'Varm springs and sea-baths will usually do harm. 

c. Glironic iii/lamination of tlte spinal membranes, especially 
if associated with jlztid exudation. Ilere warm springs, thermal 
brine baths, a powerful cold-water treatment will be u seful ; in 
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short, anything that promotes resorption and vigorously stimu
lates the processes of metamorphosis of tissue-but always sub
ject to the distinctions and contra-indications already stated 
under a. 

cl. Chronic textural changes in tlte cord itself: inflammation, 
degeneration, softening, atrophy, sclerosis, etc. Little is to be 
expected except in the earlier stages of these complaints, and in 
slight cases. The object is, to stimulate moclerately the trans
rnu ta ti on of tissue, and the cord, so as to remove the disturbance 
of nutrition; and for this purpose warm springs, thermal brine 
baths, steel-baths, moor.baths, and colcl-water treatment are use
ful. But we must always be extremely prudent. \Ve should 
remember that our patients are almost always irritable and weak 
persons, suffering from a serious organic lesion, incapable of 
enduring any severe shocks; and that any increase of the hyper· 
remia of the cord may prove dangerous to them. Therefore, use 
only warm springs of an indifferent or lukewarm temperature; 
mild cold-water cures; mitigated steel-baths; well-regulated 
thermal brine baths. Consider that the effect, at best, must be 
slow and graclual, and that the cure cannot be completed by a 
stay of four or six weeks at the baths. 

The selection among the different baths shoulcl be made 
according to the peculiarities of the individual; that of the spe
cial method, according to the character of the cas~, the leading 
symptoms, concomitant hyperremia, etc. In general, avoid in
dulging too much hope in these cases! 

Such are the general principles for the balneo-therapeutic 
treatment of disease of the cord. In the special part we shall 
see how far they may be applicable to the different classes of 
disease. Progressive experience will, without doubt, greatly 
modify them. 

A great deal might be added under this important heacl, but 
we have not the space. It must be constantly remembered that 
attention to individuals is of the first importance. An exact 
diagnosis ancl a thorough estimate of the individual must go 
hancl in hancl in forming plans for treatment. And complica
tions, causes, external conditions often have to be considerecl, so 
that the selection is extremely difficult. The physician's practi-

VOL. Xlll.-12 



178 Ellll.-DISEASES OF TIIE SPINAL CORD AND ITS ENVELOPES. 

cal tact and skill have here a wide field for displaying them
selves. 

Electricity. 

Remak, Galvanothcrnpic. 1858. p. 443 ct seq. Application du courant constant au 
traitemcnt des nCvroscs. Paris. 1865.-Ranke, Ueber krnmpfstillcndc Wirkung 
des constnnten clcktrischcn Stroms. Zcitschrift f. Biologic. II. 1806.-Ji'lica, 
Galvanothcrap. Mitthcilungen. Deutsche Kliuik. 1868.-Erb, Galvanothcrap. 
lilitthcilungcn. Arch. f. klin. Med. III. 1867.-1'/te Same, Anwcndung der 
Elcktricitiit in dcr inncru :Medicin. Volkmann's Sammluug klin. Vortr. No. 46. 
1872.-Brcnncr, Untcrsuchungcn und Bcobachtungcn auf elem Gcbiete dcr 
Elcktl'Othcrapic. Bd. II. 1869. p. 8l.-Uspe11sky, Einfluss des canst. Stroms auf 
<las R..).[. Ccntralhl. f. d. med. Wiss. 1869. No. 37,-B1t?·ckltardt, Ucber die 
polarc l\lcthodc. Arch . f. klin. Med. VIII. p. 100. 1870.-Zicmssen, Elektrici
t:i.t in dcr Mcclicin . 4. Aull. 1872. pp. 24, 37, and 143.-Also the text-books of 
electro-therapeutics hy M. Meyer, Duclu:nne, Benedikt, M. Rosenthal. Beard and 
Rockioell, and others. 

No other remedy has, within a recent period, gained so much 
ground as electri city in the treatment of spinal disease. But few 
can be compared with it for activity. It is among the numer
ous servi ces rendered by Remak that he brought spinal disease 
within the sphere of scientific galvano-therapeutics, ancl obtained 
many striking successes with that treatment. 

At lirst, great obstacles stood in the way of a general accept
ance or his views; first, the doubt as to the possibility or reach
ing the cord with the electric current, which was expressed by no 
less an authority than Ziemssen; and then a scepticism in re
spect lo the genuineness of his successes, which was in part justi
fied by the excessive claims of the speciali sts, and in part was 
supported by the failures which unavoidably occmred in old, 
severe, and absolu tely incurable cases. 

These obstacles are now overcome ; no one now doubts the 
possibility of reaching the spinal cord with the electric cunent, 
and the numerous and unanimous experience or almost all elec
tro-therapeutists no longer allows us the right to doubt that elec
tricity has accomplished many, in some cases very remarkable, 
cures in diseases of the corcl, and that it has essentially improved 
the hopeless prognosis of many spinal diseases. 
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·w e must therefore pay especial attention to this remedy . 
In this place we have only to speak of the direct treatment of 

tlte lesion of tlte cord. F or in most di seases of this sort there are 
two things to be disting uished: the elec trical treatment of the 
cord itself and its affection, and the treatment of separate symp
toms of the affection. Each of these two may be attended to 
separately, or they may be combined. As to the second point, 
we refor to the proper section in Volume XI. or thi s Cyclop::cdia, 
in which the electrical trea tment of paralyses, an::csthesim, neu. 
ralgias, spasms, etc., is given in full. 

Here we encounter a t once the question of the mode ef action 
upon tlte cord and its diseases. Upon this poin t little is known, 
and the material in our possession is more than scanty . 

Physiology furnishes us with almost no facts to the purpose. The experiments 
on stimulat ion of the cord have produced few resul ts of consequence; it is still a 
d ebated question whether the substance of the cord is excitable or not , and wbcther 
all the phenomena of excitation may not be referred to irritat ion oI the roots. The 
question, however, seems to have been answered in the affi rmatiYc by the stud ies of 
Fick, E ngelken, and Dittmar, showing that at all events the whi te columns of lhc 
cord are excitable. Some facls, also, discovered by IJhys ioJogists (Nobili , :Mat
teucci, Ranke), in relation to the power of the galvanic current to quiet spasm
fn.cts discovered du ring the treatment of toxic tetanus by strong galvanic currents 
sent lengthwise of the cord-are perhaps use ful , bu t they require n fresh revision, in 
view of the more recently discovered facts o f the action of powerful currents in 
nrl'esting reflex actions. The primitive researches of Uspensky, wl1ich liavc shown 
that the cord acts as a peripheral nerve (!), both fo r conduction and for reflex 
actions-that it assumes the conditions of anelectrotonus and cntelectrotonus-arc 
qui te use less fo r our purpose. Of the action of electri cal currents upon the nutri
tion of t he cord , nothing is known by physiology. 

Almost all our knowledge is d rawn from pal11ological and tlierapeutical CXJMri-
ence, and consists chiefly of p urely empirical facts, which arc usu:llly far from being 
understood. 

Our posit ive kno:wled gc is really limited to this: lltat a number of diseases of tlie 

cord, especially chronic forms, are relieved or cured during tho use of electricity, em· 
ployed in various wn.ys. The precise connection between the therapeutic results and 
the methods used is, however, usually obscure. especially as, in many rascs, we are 
unable to form any clear idea of wha.t d iseased couclition exists iu the cord and its 
membranes, or what it is that we arc removing by electri city. 

·we know, further, t hat individ ual symptoms of spinal disease may be removed 
by electri ca l t reatment of the cord , as tetanic spasms, contrnctu rcs, tremor, lanci· 
na.ting pains, anresthesia, paralysis, etc. But these facts a re not al ways beyond a 
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doubt; for example, the results obtained by Mendel in tetanus with galvanic Cur· 
rents mny be referred to a simultaneous action upon the peripheral nerves. In the 
interesting observations by Dr. Rabow, communicated by Lcyden 1

1 the hypothesis 
of a si multaneous act ion upon the periphery is almost always admissible i and the 
explanation of the facts there described i ~ at the present time impossible. 

\Ve possess, therefore, only inferences and hypotheses regard
ing the possible action of electricity in the various categories of 
disease. 

Thus, in the so-called functional disturbctnces of the cord, 
we may first consider the exciting and modifying agency of 
electric cnrrnnts; probably, however, the so-calletl catalytic 
action (comprising effec ts produced upon the blood-vessels, upon 
1·esorption, osmosis, change of tissue, etc.) is of importance, as 
reliel'ing the minute disturbances of nutrition. 

In disturbances of circulation (hyperromia, stasi s, exuda
tion) the explanation may be deJuced from the powerful action 
of elect ricity upon the vessels and the vaso-motor nerves, upon 
the circulation of fluids, resorption and the like. 

In marked anatomical changes (chronic inflammation, degen
eration, atrophy, etc.) we must again 1-efer to the "catalytic" 
action of the current, which can alone explain the fact and the 
mtionale of the cure of these diseases. 

It follows that tlte so-callecl catalytic action qf tlte electric 
current probably constitutes tlte cltiqf'point in the treatment of 
most diseases of tlte cord. It is a pity that this action is so 
obscure, and so li tt le susceptible of an explanation. \Ve do not 
care to present hypotheses. 

The cataly tic action is probably quite independent of the 
direction of the current. The special action of the two poles 
is also very obscure in this respect, although the attempt has 
been made to define it. The simple passage of the cunent., in 
su ffi cient strength and for a sufficient time, through the diseased 
region, seems to be the essential thing. All details of application 
must be discoYered by empirical methods. 

From these principles, the chief rules for the electrical treat
ment of the cord naturally follow. 

1 Klinik dcr Rilckenmarkskrankhciteu. I. p. 185. 
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The first point to be deduced is that the galvanic current 
should be used almost exclusively in these all'ections; first, on 
account of its physical properties, i t being able to penatrate more 
easily and surely to the dep th required than the fa radic current ; ' 
and seconc1, on account of its preponderant ca talytic ac tion, 
which is possessed in b•1t a slight degree by the faradic current. 
Experience has fully confirmed this position ; e1•e 11 the most 
obstinate adherents of the farad ic current claim fo r it lit tle 0 1· no 
success in organic di seases of the cord. \Ve shall sec further on, 
however, that they are possible to a ce•'tain ex tent. 

As regards the special methods of apply ing the galvanic cur
rent ' in di seases of the cord, we ha1·e first to settle the question, 
whether the cord can be reached a t all. 

The possibility or this is proved by my experiments upon the 
dead subjec t, and by numerous facts, discovere(1 by myself and 
other observers in the case of the lidng human subjec t ; not to 
mention numerous therapeutic successes. No one now doubts 
the possibllity of reaching the spinal con1 wi th the galvanic 
current. 

The principa l object, in most cases, is to produce as general 
ancl as powe1:ful a passa,qe of the current tltrough the spinal 
corcl as is possible, especially in its diseased portions. 

The cord is a deep-seated organ, and we must employ quite 
powerful currents in 01·der to reach it. And this can he suitably 
accomplished without hurting the pa tient, only by using very 
lar.qe electrodes , applied not too near together. 

Too ma11y oll'.;nces are commit ted against this rule, which is a 
simple inference from Ohm's laws. If small electrodes are used, 
the streng th of current reqt1ired to all'ect the cord sufficiently 
will produce intolerable pain. 

I have often seen persons with sores on their backs, produc~d by the very pain
ful application of StOhrcr carbon electrodes (qui te unfi t for this pmposc) i Out 
who have not seemed to me to have deri ved the least benefi t from the treatment. I 
always use, for gal vauizatiou of the cord , electrode~ of at least ten cent imetres (4 in.) 
long and fi ve (2 in .) hrond. 

1 Jiclmlioltz , Vcrhn.ndl. des no.turbistor. med. Vereins zu Heidelberg. Dd. V. p. 14. 
JSGV. 

~ The same principles apply for the most po.rt to the use of fo.ro.dism. 
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The greatest density of current is found immediately under 
the electrodes ; the portions of tissue lying between them are 
not reached by any grea t quantity of the cnrrent, probably not 
enough to have any therapeutic effec t ; hence it foll ows that the 
diseased regions should be brought in contact with tlte poles 
throughout tlieir whole extent. According to circumstances, 
inclination, or theoretic views, the operator will prefer for the 
purpose the one or the other pole. As the action or the poles 
upon the cord is unknown, and as probably both poles are use
ful in producing the catalytic action, it is perhaps desirable in 
many cases to let both act, one after the other. 

The relatioe position of the two electrodes will be determined 
by the seat and the extent of the lesion in the cord. 

If the di sease is chiefly distribu ted i11 the longitudinal direc
tion-and this is the most usual case- it is probably best to 
place both poles on the ver tebral column, one in the lumbar re
gion, the other a t the nucha. One pole, say the lower, being 
fixed, the other may be rn ovecl qui te slowly down over the back, 
and thus brough t in contact wi th a grea t part of the cord; and 
likewise, the upper being fixed, the lower may gradually be car
ried over the most part of the cord. Thus the " s tabile" effect 
may be made to preponderate, its is desirable in producing cata
lytic actions, while the point of application is gradually changed. 

In diseases qf a more circumscribed local'ity (apoplec tic foci, 
spinal paralysis of children, circumscript myelitis, etc.), we shall 
do bes t to cover the diseased spot entirely with the pole which is 
in tended to produce its effect, and to pu t the other pole upon 
the anterior surface of the body, the abdomen or s ternum ; this 
is the surest way of causing a direct passage of the current 
through the cord ; or if desired, we may cause both poles to act, 
one after the other. Here, also, the elec trodes should be made 
as large as possible. 

In all these applications, interruption or reversal is to be 
avoiclecl as far as possible, unless there exist special indications 
for their employment. 

The direction of the current seems to be nearly inclifforent, in 
respec t to results. In general-probably from some undefined 
impression- the ascending current is preferred . The chief point 
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. will al wnys be tc secure tho action of the single poles upon the 

enti re extent of the col'd. 

In selecting lbe poles there are certain rules observed which 

require lo be confil'mecl by accLuuulatcd experience. Thus, we 

may be decided to prefer the anode in cnse symptoms of irritation 

are prominent, in excitnble ancl sensitive persons, in recent, nctive 

processes, nncl when we fear evil results from secondary hypel'

mmia. The nction of the cathode will be preferred in disease of 

n more tol'picl nature, in persons but slightly irritable, in old 

processc·s, associnted with thickening ancl incrensed dryness or 

the ti ss11es (atl'ophics, sclel'oses, etc.). Generally, however, both 

pol~s will be used with advnntage. 

'l'he cord may also be influenced indirectly by the electric 

current. 
It may be reached by the so-called indirect cntalysis of 

Remnk, through the sympathetic. This pl'ocess is said to ena

ble ns to exel'c1se a regulntive influence upon the processes of 

nntl'ition in the cord, by g:l.lvnnimtion o[ the cervical sympa

thetic, by excitntion of the vaso-motor (and trophic) pnths which 

pass through it. The influence is a possible one, and even prob

able, but is not pl'oved. Flies has made further observations 

upon this point. The possibility of thi s action has induced me 

in many cases to apply my treatment in such a wny that the 

sympathetic may be included in the action. The cathode is fixed 

over the ganglion su perius on one side of the neck, nnd the 

a.node upon the opposite side of the spinal column (q uite close 

to the spinous processes), first between the shoulder-blades, then 

moving downward very slowly (nvoiding lttbile treatment) till 

the conus terminalis is renchecl; and the n the snme is repeated 

upon the other side. To this is usually added direct treatment 

through the vertebral column, anode below nnd cathode above, 

slowly chang ing their positions. I believe that I hnve seen excel

lent results from thi s treatment; perhaps, howevel', this depends 

merely upon the more favomble way in which the cord is reached 

by the current. 
'l'he cord mny also be influenced from tlte sk in. A refl ex 

stimulation, transfened from the sensory nerves to the col'd, may 

very well act like n direct stimnlation. Certainly a great pnrt 
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of the effects of the cold-water treatment, or of carbonic acid in 
baths, and the like, depends on this circumstance. \Ye have 
nothing precise upon this point; it seems probable, however, to 
me, that a part of the results which are obtained in spinal dis
eases by peripheral electrization of the skin and the muscles, is 
referable to this cause. For this purpose cutaneous faradization 
and faradization of the muscles may be employed, as well as gal
vanization. 'l'hese are the cases which give faradization a just 
title to comparison with galvanism. 

Tlrns, in :M. :Meyer (3. Aufl. p. 336), there is a case of spinal disease, which was 
cured by furadization of the skin with a wire brush. 

The remarkable centripetal action of the galvanic current, produced by irrita
tion of peripheral nerves, discovered by Remak,1 was thought by him to promise 
great results in practice; but the matter has remained in obscurity, not having been 
further looked into. 

The "general faradization and galnmizalion, 11 recommended Ly Beard and 
Rockwell,' probably acts like peripheral faraclization . It consists of a stimulation 
of the skin and the muscles, extending over the whole body. 

Beard' has also recommended a method of" central gnlvanization" as especially 
efficacious in all sorts of central lesions, especially in conditions of spinal exhnus
tion. It may Uc useful in many cases. The cathode is placed upon tlic cpigas
trium, while the anode is applied successively to the vertex, the vertebral column, 
the cervical sympathetic, in the labile manner. 

Ranke (loc. cit.) bclieYes tlw.t an improvement of the condition of the muscles, 
nnd the consequent increase in the strength of the normal ascending current of the 
spinal cord, will act favorably upon spinal nervous weakness, etc. 

Finally, 'M. :Meyer 4 has very recently pointed out that galvanic treatment of the 
points of the spinal column, which a.re painful under pressure (found in many 

affections of the cord, especially tabes), often succeeds wonderfully. lie applies a 
current of medium strength for five or ten minutes, placing the nuode (unmoved) 
upon the sensitive points . 

The duration of single applications may be quite brief-from 
a minute and a half to five minutes. This is usually enough. 
Too long applications easily produce disagreeable excitement. 
The sessions are given daily or less frequently. The duration of 
the entire treatment is very undetermined; it depends upon the 

1 Alig. med. Centrnlzeitung. 1860. No. 69. 
2 Med. and Surg. Uses of Electricity. 1871. p. 1861 etc. 
~See Virch010-llincl1.1s Jabresbcricht for 1871. I. p. 370, and 1872. I. p. 404. 
4 Berl. klin. Wochenschr. 1875. No. 51. 
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character of the disease and the success ob tained. It is often 
well, after an electric treatment of several week s, to interpose a 
considerable period of rest, which may properly be fill ed up by a 
visit to spas, a change of climate, or some similar alternative. 
The diseases a re usually very tedious in their course. 

It is well not to make too light of the administration of elec
tricity ; it is no t for every one to undertake. It requires much 
practice and expcl"ience. Manual skill , great technical experi
ence, attention to a great val'ioty of points, careful attention to 
the individual symptoms are absolute requi sites. 

\Vith the direc t treatment of spinal diseases we o[ten have to 
associa te a treatment of the symptoms- as paralysis and anws
thesia, spasm and nenralg ia, weakness of the genito- urinary 
organs, pa ralysis of sphincters or of the muscles of the eye, atro
phy of the optic and auditory nerves, etc. All this mnst be 
done in accordance with the general rules o[ electro· therapeu tics, 
with special regard to the individual and to the seat of lesion. 

Blood-Letting 

may be indicated, under certain circnmstances, just as in dis
eases of other organs ; thus, in severe acute inflammations, hy
vencmias and s tases, with the consequent irritation or paralysis. 

General blood- letting is selcl om iudicated, aucl is to be gov
erned entirely by geneml therapeutic vrinciples. 

L ocal bloocl-letting is best vractised on the back , at both 
sides of the vertebral column, owing to the connection between 
the inner and the outer vlexus of vertebral veins; wet cups or 
leeches may be aIJpliecl there. F or many cases o[ abdominal 
1ilcthora, hemorrhoidal a ffections, etc., blood-letting at the anus 
is very usefol. 

Derivatives. 

These form erly vlayed a very prominent }Jat't ; scarcely a 
va tient wi th di sease of the cord escaved, even from the severest 
of them all. The back of a chronic svinal patient was usually 
coverecl wi th the scars of blisters, issues, moxa, and the hot iron. 
In our cl ay we are much less disposed to use these remedies, and 
verhaps make too little use of them. 
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Their ttpplication n,nd their modes of action arc very manifold, 
comprising derivntive infinence upon slates of sensory excite
ment, change in the molecnlur condition of the nervous system, 
arrest of refiex actions, withdrawal of blood by the action upon 
the circulation, derivation of inflammation and exndntion by 
establishing an exndativc or purulent infio.mrnation or the skin. 

All this may also act upon the spinal cord, and probably does 
act upon it directl.1-, for the cord is undoubtedly the first of' the 
central organs to receive this class of impressions. But, unfortu
nately, we know no more regarding it. 'l'hc statements of Busch' 
in respect to the application of the hot iron in various neuroses, 
especially spinal diseases, are very interesting. IIe found at the 
autopsy of one such rt co.se tlrnt the iron, o.pplied to the back of 
the neck, acts to a great depth; in the deepest layers of muscle 
in that region there were fonnd portions suffused with blood, and 
even the meninges under the burnt places were found reddened 
with hypermmia. Busch is in the habit of burning on both sides 
of the Yertebral spines, in longitudinal strips; he considers this 
a very powerful derivant in affections of the cord. 

If it is allowable to transfer to the pia mater or the corcl the 
facts observed by Schueller in the pia of the brain - and there 
can be no doubt of its propriety- then the effect of very large 
sinapisms, or, more properly, vesicants, would be a temporary 
dilatation, followed by a very marked and continued contraction 
of the vessels of the pia. 

'Ve may employ as derivatives cutaneous faradization, sina
pisms, vesicants, pustulating ointments, issues, moxre, and heated 
iron. The place for application will almost always be the back, 
opposite to the diseased spot. 

External Frictions. 

These are much used and highly esteemed among the non
medicnl public, but are usually rejected by physicians. In this 
respect medical scepticism often goes too far. 

1 Derl. kliu. Wochcnschr. 1873. Nos. 37-30. Session of the niederrhein. Gesellsch. 
at Bonn. 
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It is certainly conceivable that the irritation produced by 
friction with spirituous or other substances upon the skin may 
act like the stimulation of baths or electricity, exciting and enliv
ening the action of the spinal cord and bringing to pass a better 
functional condition and nutrition in it, or else, that the quieting, 
soothing effect upon the peripheral cutaneous nerves producecl 
by inunction with warm oil or narcotic salves, or fomentations 
and wraps of a similar nature, has a soothing action upon the 
central nervous system, and thus contribntes to the removal of 
diseased conditions. I believe that I have in a few cases, quite 
accidentally, proved to myself the efficacy of such procedures, 
and am therefore unwilling to see them quite abandoned. 

No great results will be reacl1ed, it is trne, bnt the external 
applications may be used as subsidiary remedies, and to sus
tain the patient's courage. 

According to circumstances, we have the choice between the 
more soothing frictions (with warm oil, infused oil of hyoscya· 
mus, opium or belladonna ointment, etc.), and the more stimu
lating and invigorating frictions (with French brandy, spirit of 
ants, of wild thyme or of camphor, liniment of ammonia or of 
camphor, etc.). 

2. Oltemical Remedies-Internal Remedies. 

Cf. Nothnagel, Ilo.nclbuch clcr Arzncimittellehrc. 1870.-llusemann, Handbuch '1er 
gcsammtcn Arzneimittellehrc. II. 1875.-Schucller, Ucber die Einwirkung eini
gcr Arzncimittcl nuf die Hirngcfiissc. Berl. klin. Wochensc1uift. 1874. Nos. 
25 and 20.-Brown-Sequarcl, Leet . on the Diagnosis and Treatment of the Prin
cipal Forms of Paralysis of the Lower Extremities. London, 18G1. p. 110. 

"'e have entered upon a region which is still very obscure, 
and in need of thorough study. Of its contents, we know next 
to nothing ; the little that we have learnt from therapeutic 
experience is neither sufficiently established by facts nor based 
upon intelligible scientific principles. 

\Ve are acquainted with the specific action of some few reme
dies upon certain fnnctions of the cord, but these actions are 
seldom required. ·we are still quite ignorant in regard to most 
of the remedies we employ, !tow they act upon the cord and its 
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nutri tion - although we are especially fond of using them in 
organic diseases or this organ. 

'Ve therefore limi t ourselves to as brief an enumeration as 
possible of the internal remedies, le:wing the most or what is to 
be said to the special part of this work. 

A leading rnmedy in disease of the spinal cord is certainly 
strycltnia, with the preparations or nnx vomica. Its physi
ological action consists in a very great augmentation or the 
spinal rnilex action, probably due to a direct initation of tbe 
central ganglion cells by the poison. It also stimulates the vaso
motor centres very powerfully. Upon the motor nerves it seems 
to have no influence, but upon the sensory apparatus it acts by 
increasing their capacity for excitement. Finally, it is said to 
incr~ase considerably the flow of blood to the spinal conl. 

Strychnia has been applied in many ways to the treatment of 
spinal diseases. But in most cases it is totally useless, for the 
increase of refl ex excitability can be or little use to the patient 
so long as the disturbance of nutrition exists, which causes the 
parnlysis. It then does nothing but produce energetic r eflex 
jerkings in the paralyzed parts, without aiding the restoration of 
tiss ues (Gttll). fo very irritable and easily exhausted patients, in 
irritative processes in the cord (tubes, myelitis, spinal irritation, 
etc.) it seems to do positive harm, and its use has been or late 
almost abandoned. Even such fortunate cases as those lately 
published by Acker,' are hardly to be consiclered in comparison 
with the numerous cases of failure. 

The use or strychnin, is, however, only ullowable in old cases 
of palsy, or when the principal lesion has been repaired without 
a full recovery of function. (Nevertheless, in the most of such 
cases electricity will be a much surer and more harmless agent. ) 
It ought also to be tried in purely functional weakness of a torpid 
natu re, in order to adcl to our knowledge of the subject. In such 
cases it seems to act in moderate closes as a nerve- tonic. In cases 
of spinal anremia producing disturbance or nutrition, it may be 
used. Finally, it seems to act well in paralysis of sphincters, in 
weakness of tl1e genito-urinary organs, in ennresis noctuma, per-

' Arch. f . kliu. Med. XIIl. p. 438. 
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haps when these disturbances depend on anomalies of the reflex 
centres in the lumbar cord. 

The watery extract of nux vomica is given in the dose or 
from one-half to three grains (0 .03-0.20); the alcoholic extract, 
in the dose or from one-sixth to one grain (0.01-0.06) ; the tinc
ture o( nux vomicn, from five to fifteen drops; and nitrate of 
strychnia, from one twenty-seconcl to one-sixth o( a grain (0.003-
0.01), best by subcutaneous injection in the same doses. 

Coniine acts in some respects in the opposite way. It directly 
paralyzes the motor nerves, but seems also to have a specific 
action npon the spinal cord, as it powerfully depresses the reflex 
excitability. It is therefore available for the relief or spasmodic 
conditions, especial ly those of a reflex character. (Dose of the 
conium herb, from three-quarters to four and a, 11nlf grains 
(0.05-0.30); coniine, from one-sixtieth to one twenty-second of a, 

grain (0.001-0.003), dissolved in water.) 
Curare has a very similar action, directly paralyzing the 

motor nerves and diminishing the reflex action of the cord. It 
is a very uncertain remedy, and may be clispcnsed with. 

Calabar bean lessens and destroys the excitability of the 
ganglia of the cord, especially in the gray anterior columns, giv
ing rise to paralysis, loss of reflex excitability, and or the sense 
of pain . This remedy is therefore to be used in cases of exagge
rated reflex action (in tetanus, the intoxication of strychnia, 
reflex contractures). Dose of extract, from one-twelfth to one
third of a grain (0.005-0.02), in solution or pills. 

Err;otin (or ergot) has a powerful effect upon the vessels, and 
according to Brown-S6qnard, a special tendency to the vessels 
o( the spinal cord. It is said to produce at the same time a dimi
nution o( reflex excitability. It affects all the smooth muscular 
fibres, especially those of the bladder. 

It is employed in fluxionary hyperromia and paraplegia; in 
the latter disease it is especially useful (according to Brown
Sequard) when there is hyperremia or chronic inflammation of 
the cord and its membranes, while it is contra-indicated in the 
absence of symptoms of irritation or hyperromia. (Dose· of 
aqueous extract of ergot, from one and a half to seven and a 
half grains (0.1-0.5) internally, from one-sixth to one and a half 
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grains (0.01-0.10) subcutaneously; of tincture of ergot, from ten 
to thirty drops. 

Atropine (or belladonna) has also a JlOWerfnl action upon the 
vessels, and in large doses, according to Brown-Seq uard, it S]le
cially contracts the vessels of the cord. It further depresses the 
excitability of the motor and sensory nerves and muscles; its 
action upon the cord jtsetr is unknown. Brown-S6quarc1 recom
mends it in the same affections as ergot. (Dose of extract of 
belladonna, from one-sixth to one and a ha]( grains (0.01-0.10), 
of sulphate of atropia, from one one-hundred and twentieth to 
one-thirtieth of a gmin (0.0005-0.001-0.002). 

~Nitrate qf sil1•er. This remedy was first recommended by 
IV nnderlich' in ]Jrogressive spinal paralysis, and since then has 
been much used in tahes and other forms of sclerosis of the cord. 
It is undeniable that in many cases it has produced most decided 
ell'ects: that it removes the pain, lessens the anrosthesia, improves 
the ataxia and the paralysis, and in many cases brings about a 
complete cure. Bnt its precise mode of action and its special 
indications are as yet entirely unknown. Injnrious effects are 
reported by many physicians. Dose from one-sixth to one-third 
of a grain (0.01-0.02), three times a day, best given in the form of 
pills; to be continued for a long period. 

Iodide of potassi1tin has been much used in diseases of the 
cord, as in so many other neuroses; and not rarely with success. 
Its mode of action and the special indications for its use are quite 
as obscure as those of nitrate of silver. Its well-known action 
upon a variety of pathological products, various forms or inflam
mation, exudation, etc., furnishes so tempting an excuse, that 
it is tried over and over again. It is prescribed a good deal in 
exuclatil'e inflammations of the meninges, especially iu the chro
nic stage; in chronic inflammations of the cord itself, especially 
when they can be ascribed to a rheumatic origin; in new forma
tions, sclerosis, etc. Its chief employment is found, of course, 
in cases where syphilitic action is suspectecl. Let the dose not 
be too small; from Jifteen to forty-five grains (1.0 to 3.0) each 
clay. N eady the same is true of the mercurial preparations, so 
frequently nsed. 

1 Arch, der IIeilkunde. II. lSGL. p. Hl3 1 and IY. 18U3. p, 43, 
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Bromide qfpotassiitm, among other effects, lessens the reflex 
activity of the cord, and afterwards paralyzes the peripheral 
nerves. It contracts the vessels of the brain, and is believed to 
act thus as an hypnotic. It therefore appears indicated in cases 
of increased reflex excitnbility, and in reflex contractures; it 
fnrther appears useful in pain, neuralgia of centric origin, sleep
lessness, and conditions of sexual irritation. The close given is 
from fifteen to thirty grains (1.0-2.0); or from one and a half to 
two and a half drn.chms (6.0-10.0 grammes) a day. 

A portion o( the toxic effects oE arsenic are produced upon 
the spinal cord; but we do not know them very precisely. 
Probably the chief part is due to the effect upon the general 
nutrition and the tonic action upon the nervous system; it is 
highly recommended by Isnarcl, and is given in the usual 
manner. 

Pltospltorus has been repeatedly recommended for various 
neuroses, and in tabes, paraplegia, etc. It has not yet obtained 
a general recognition; it seews to be very dangerous, and not 
specially efl\cacious. 

Of the physiological action of zinc and its preparations upon 
the cord and upon spinal symptoms, we know almost nothing. 
It is much used empirically as a nervine, and mn,y perhaps be of 
value in conditions of fnnctional weakness. It is most employed 
in the form of the oxide and valerianate. 

Qztinia is held by many physicians, both old and young, to 
be useful to the spinal cord. Physiological researches give us 
few grounds for this belief. Its use in practice has been confined 
almost exclusirnly to its anti-febrile ancl anti-zymotic effects; 
it has also un invigorant action. It cannot be doubted that 
quinia has a powerful action upon the central ne1Tous system, 
but the manner o( its action, and the parts affected, are quite 
unknown. 

It is employed in spinal nervous wen,kness, in excentric pains, 
in fever, in spinal complaints which depend on malaria. The 
dose is graduated according to the effect sought; small closes are 
the favorite ones for the strengthening effect. 

The sodio-cltloricle of gold has been repeatedly recommended 
as a remedy in spinal complaints; its clnim to the title is still 
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doubtful. The dose is from one-sixth (0.01) to three-quarters of 
a grain (0.05). 

\Ye might prolong this enumeration at pleasure, but the 
reader doubtless has enough; further explorations of this dark 
and doubtful rngion will prove of little advantage. 

\Ye would acld a few words upon the diet cures, which are 
believecl to act like courses of internal drug medication. They are 
not of much importance in diseases of the cord. But milk cures, 
whey and grape cures, and the like, may produce a desirable 
effect upon the general nutrition, and thus upon that of the 
spinal cord. 

'l'he same is true of courses of mineral water, taken inwardly. 
Nothing is known of any specific action upon the spinal cord 
and its affections. Nevertheless, such courses may be requirecl 
by certain causal or symptomatic indications, and may then 
have a most excellent effect. 

3. Symptomatic Remedies and JJietlwcls. 

\Ye are very often compelled to give seclatives in spinal dis
eases; especially for the relief of the frequent excentric pains, 
pains in the back, painful reflex contractions and spasms, etc. 

In addition to the ordinary narcotics we possess a number of 
remedies, cliscoverecl empirically. 

The best of anodynes-opium with its preparations-increases 
the reflex excitability of the cord, and does not depress it except 
in large closes. It must, therefore, be avoided in cases of reflex 
spasm, but is of very great value as a simple antidote to pain. 
This is especially true of subcutaneous injections or morphia. 
But the patient must not be allowed to form a habit of relying 
upon it, as that always exercises an unfavorable influence upon 
the general progress of the disease, and the habit is extremely 
hard to break up. 

It is recommended to make trial of the remedies above named 
-coniine, atropia, calabar, etc. It has been found empirically 
that in many cases bromide of potassium, quinia, etc., have a 
specially quieting influence. 
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Elec tricity also often bas a very good effect; the relief to 
lancinating pains, especially by local faradization or galvaniza
tion, is often qui te magical-though usually but temporary. 

F or painful priapism, or great sexual excitement, use bromide 
of potassium, lupnlin, camphor, etc. 

F or obstinate sleeplessness, the ordinary hypnotics are used ; 
they often fail , and their continued employment is not without 
danger. \Ve must then have recourse to all auxiliary methods. 
'fhe cold-water treatment (cold washing of the feet, Priessnitz' s 
packing of the calves) is very advisable. 

In other cases we shall make more use of irritants, as in 
paralysis, amcsthesia, weakness of the bladder, e tc. llere elec
tricity is the chief remedy. After it, stryclrnia, ergot, etc. 

Tonics are often indicated, as the prepara tions of iron, the 
chalybeate springs ; al8o quinia, Yarious bitters and tonics, ac
cording to g!'neral principles. 

In many di seases of the cord, the treatment qf cystitis form s 
a specially important point, as this often constitutes the first 
serious clanger to life. 

The observance of sui table p rophylactic rules will be of the 
first importance in this complaint ; and of these the chief one is 
-never to all ow the urine to stagnate in the bladder. The evacu
ation ought, therefore, to be aided by pressure upon the bladder, 
or by ex citing retlex action by kneading and pressing the wall or 
that organ; or by raising the pa tient in order to gain the mechan
ical advantage. If necessary, catheterize regul arly and from 
tl?e beginning, twice a clay, but with extreme precaution and 
cleanliness. It is al so advisable to assist and complete the evacua· 
tion by the principle of the siphon, depressing the outer orifice 
of the catheter below the level of the funclus vesicre. In all cases 
we should see tha t the bladder is frequently evacuated, and 
should lessen the tendency to decomposition in the urine by 
making the patient drink copiously of common wa ter, by the use 
of the wa ters of Ems, Seiters, or \Vilclnng, by exhibition of sali
cylic or benzoic acid. 

If there is incontinence of the bladder , the best means for 
keeping the patient in a state of tol erable cleanliness consists in 
a regular artificial evacuation. Frequent washing, the use of 
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portable urinals, or (in the case of women) placing sponges in 
front, are also necessary. 

·when catarrh of the bladder has appeared, it may be arrested 
in its further progress, or even cured, by preventing the process 
of decomposition, and checking the tenuency or the mine to be
come alkaline. For this purpose salicylic acid is found a most 
excellent remedy, according to the experience of Fuerbringer,' 
which my own in part confirms. From thirty to sixty grains 
are given daily in watery solution or emulsion by the mouth, 
ancl injections into the bladder (1 part to 500) may be added. It 
brings back the acid reaction, removes the foul odor, and clears 
up the urine. Benzoic acid is said by Gosselin and Robin' to act 
similarly, and is claimed to be the best agent for restoring the 
acid reaction to ammoniacal urine, and relieving the catarrh 
which depends upon this condition. (Dose from thirty to ninety 
grains daily in emulsion or powders.) The use of lime-water, 
\Vildung water, and various alkaline waters (Ems, Vichy, Seiters, 
etc.), seems to have a good effect in light cases. Clemens' recom
mends ergotin for the same purpose. 

As a direct remedy for catarrhal inflammation of the bladder, 
the usual astringents are gh·en-uva ursi, tannic and gallic acid, 
copaiba, oil of turpentine, tar-water, etc. 

But in all severe cases, accompanied with abundant formation 
of pus and mucus, a good deal of ammoniacal decomposition, 
ulceration, etc., it will be indispensable to wash out the bladder, 
regularly and with great precaution. Injections for this purpose 
are composed of lukewarm water, which may gradually be made 
colder, of salt water, weak solutions of tannin, nitrate of silver, 
salicylic acid (1 : 500), etc. They may be made either with a sim
ple syringe or with the irrigator, but the catheter a double cou
rant is the most suitable. 

In all such cases it is advantageous, while pursuing the above 
plan, to attack the palsy and anresthesia of the bladder with elec
tricity. 

1 Derl. klin. Wocbenschr. 1875. No. 19. Zur Wirkung der Salicylsti.urc. Jena., 187.i. 

p. G2. 
~ Traitem. de la. cystitc ammoniac. p:ir l'acidc bcnzoique. Arch. g6u, Nov. 1874. 
3 Deutsche Klinik. 186,j. No. 27. 
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A careful regulation of the diet is very important. Patients 
with deciued catarrh of the bladder must use the blandest and 
most digestible articles of diet, avoiding all acid and highly 
spiced articles; the use of beer and strong sweet wine is unad· 
visable; bt1t a light semi-acid white wine, or a good red wine, 
diluted with water, is allowable. 

Of almost more importance than the treatment of cystitis is 
that of bed-sores. These form one of the most horrible complica
tions, infinitely increasing the patient's sufferings, and must be 
avoided by all possible means, as it is extremely hard to heal 
them when once fully developed. 

The chie( remedies are of the prophylactic sort, and the princi
pal point to observe is the avoidance of all continued pressure 
on the skin. This can be attained by frequent change of pos
ture, by air-pillows, water-cushions, lying on bags of millet, on 
buckskin, etc. All filth and frritation of tlte skin wliere pres
sure is borne 1nust be avoided as far as possible; removal of 
fmces and urine, frequent washing, anointing with grease ancl oil 
are the chief precautions. And finally, a slight stimulation of 
tlie tone of the cutaneous vessels may assist in preventing bed
sores, for which purpose :frequent washing in cold water, or in 
spirit, or the alternate application of ice and ponltices (Brown
Sequard), or moderate cutaneous faradization ma.y be used. 

If a bccl-sore appears in a light form (superficial ulceration, 
furuncles, etc.), it may often be healed by simple treatment, 
though slowly. Great cleanliness, frequent washing, dressing 
with zinc ointment, or mildly irritant salves, chamomile water, or 
aromatic wine will be sufficient in connection with the prophy
lactic rules. 

The matter is less simple in the case of the true gangrenous 
sore, which often reaches an enormous size, and extends without 
cessation downwards and at its borders. The first object in this 
case consists in assisting the throwing off of gangrenous portions, 
and developing the reactive inflammation; according to Brown
Sequard, the alternation of ice (for ten minutes) with poultices 
(for one or two hours) is an excellent means to this end. The 
dead tissues, separated by the line of demarcation, should be got 
rid of as soon as possible, and an antiseptic dressing applied. 
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Carbolic acid has great advantages over the remedies formerly 
used (camphor wine, aromatic wine, "ungueutum contra decubi· 
tus," etc.). It should be applied in a watery or oily solution, by 
preference upon good surgical wadding. Under this treatment I 
have seen the wounds take on the most healthy granulations, and 
even very advanced bed-sores heal.' 

It is often very hard to find a suitable position for the pa
tient, especially when there are bed-sores on the sacrum, the 
ischiatic protuberances, trochanters, heels, etc. Much care and 
observation mnst be directed to the prevention of new sores. 
Water-pillows ancl air-pillows must be used in their various 
forms. In the worst cases I have found it useful to swing the 
lower leg on a pillow, placing the knee-joint and hip-joint in the 
position of rectangular tlexion ; this may, to some extent, also 
free the sacrum from pressure. 

4. General Observations- Method of Life. 

The general care of patients with spinal disease, their diet and 
manner of life, must be governed strictly iu accordance with the 
requirements of the disease. Many mistakes and negligences are 
committed in these matters, which neutralize the success of the 
other treatment. 

The rules must differ widely, of course, in different cases. 
In the acute, inflammatory, and similar forms, the proper 

diet, rest in bed, avoidance of all excitement and effort must be 
ordered. 

But in the chronic forms also, in functional as well as organic 
di sturbances, the patient must in general be very careful, and 
must observe the following general rules (with suitable adapta
tion to his case), with a strictness proportionate to the weakness 
and irritability of the patient's nervous system, to the amount 

1 llnmmorul (D iseases of the Nervous System. 3d edition. 1873), following Crussel 
nnd Spencer Wells, recommends a simple gah-anic element ns nn exce11ent means of 
curing bed-sores. A thin silver plnte ie laid on the sore, a similar plate of zinc, with a 
piece of moist cloth underneath , upon a distant part of the skin, and the two are con· 
nectcd by a wire. Aft.er a dny or two the beneficial cffectB arc seen. I have no per
sonal experience of this. 
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o( symptoms of irritation present, to the readiness with which 
he suirers from the effects of external circumstances. 

The diet must be corroborating and tonic in most cases, with
out being in any way exciting. Milk, meat, eggs, light vegeta
bles, puddings, and fruits are allowed and required; an abun
dant supply of fatty nutriment (butter, cream, oil, cod-liver oil) 
is perhaps useful in a good many cases ; strong seasoning, and 
very complicated and heavy dishes must always be avoided. A 
glass of wine or beer at table is usually allowable, but their ex· 
cessive use is to be strictly forbidden. Strong tea and coffee 
must be avoided in most cases. Smoking within moderate 
bounds is allowed. 

In regard to the general regulation of tlie life, the al Iowa ble 
amount of work and rest, of bodily and mental activity, we must 
be governed chiefly by the state of the patient's strength. It is 
but rarely that chronic cases can be condemned to continuous 
confinement in bed; yet there may be many decided indications 
for it. Brown-Seqnard directs the avoidance of lying on the 
back , as far as possible, in conditions of inflammation and hyper· 
mmia. 

It is usual and desirable to allow a moderate amount of active 
bodily exercise when practicablP, but let the patient be warne<l 
against every excess of exertion! Great injury is thus often 
clone; for instance, by too long wcilks; the patient must be espe
cially cautious about this while taking a course at ct medicinal 
spring. 

Mental effort, the practice of a profession, cannot always be 
forbidden on account of circumstances; and the disease is usually 
so tedious that such a measm e would be excessively frksome. 
Let this, therefore, be allowed within judicious limits, every ex
cess of effort being forbidden, especially night-work, which is 
especially injurion .. s. 

The same is true of sexual indulgence; between different 
persons and cases there is a very great difference of power. The 
permission must be determined by the patient' s condition; in all 
cases it is well to limit the indulgence as much as possible, and 
in many to forbid it wholly; in a small number, moderate indul· 
gence is permissible. 
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In most cases the need of sleep is among the things to be first 

attended to, and in connection with this, all exciting and fati

guing society must be forbidden. The patient must also avoid 

taking cold, and clothe himself accordingly. He may by degrees 

harden himself by using cold ablutions, and so on. 
A great deal of fresh air will almost always be beneficial to 

patients; let them sit or drive in the open air, especially on the 

mountain and in the forest. This is the principal reason for 

ordering many patients to pass the winter in the south, especially 

when their home is in a rough northern climate, which keeps 

them in-doors the whole winter. Such patients will find a winter 

in South-western Germany a great pleasure; others will like the 

banks of the Lake of Geneva, the Riviera, Meran, Venice, etc., 

where they may spend several honrs every day in the air. All, 

however, will clepend on individual circumstances. 



II. 

SPECIAL DISEASES. 

1. Diseases of the Membranes of the Spinal Cord. 

1. Hyperamiia of the iJfeninges of the Cord, and of the Cord 
itself. 

J. P. Frank, De vcrtebralis columnre in morbis dignitatc. Select. opuscul. med. 
Ticin. 1792. p. 1.-0llivier, TraitC des malad. de la moCllu ~pin. III. Cd. 1837. 
Tom. II. pp. 1-137.-.llaase, Krankh. dC's Nervensystems. 1855 i 2. Auft. 1869. 
p. 656.-Brown-Sequa1·d, Diagnosis and Treatment of the Principal Forms of 
Paralysis of the Lower Extremities. London, 1861.-Hammo,id, A Treatise on 
the Diseases of the Nervous System. 3d ed. 1873. - Leyden, Klinik der 
RUckenmarkskrankhciten. I. 1874. p. 362.-.U: Roatmthnl, Klinik dcr Nervcn
krnnkbcitcn. 2. Auft. 1875. p. 270.-Gaune, Epidemic de congestion rhachid. 
Arch. gCn. Janv. 1858. p. 1.-A. Mayer1 Die Bedeutung des Rilckcnschmerzcs 
u. s. w. Arch. d. Tfoilk. I. 1860. p. 373.-Leudet, Arch. gCnCr. Aiars. 1863. 
p. 257.-Dcsnoa, Obsc1·vat. de congestion mCningo-spinnle, etc. Gaz. mCd. de 
Paris. 1870. No. 14. p. 187.-Steiner, Fall von RilckcnmarkshyperUmic. Arch. 
der lleilk. XI. 1870. p. 233. 

It is impossible to treat of hyperromia of the spinal meninges 
without including that of the spinal cord. And it is hardly con
ceivable that any considerable hyperromia of the meninges should 
exist without a similar condition existing in tbe cord also, as the 
vascular supply of both is the same. The symptoms of menin
geal and spinal hyperromia coincide ; their etiology and treat
ment are the same. Defective as is our knowledge of both forms 
of disturbance, we must therefore consider them together. 

Deflnition.-By hyperromia of the cord and its membranes 
we understand an increased supply of blood in tlte tissues con
tained witldn the vertebral canal, the spinal cord, its membranes, 
and the extra-meningeal cellnlar tissue. This excess of blood 
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may be due either to an increased flow o.f blood, when it is usu
ally of an arterial character (active, arterial hypercemia,jluxion), 
or to arrest o.f tl!e return current o.f blood, when it is usually of 
a venous character (passive /,ypercemia, venous stasis). In 
practice, these two sorts cannot always be clearly separated. 

The frequency nnd importance of spinal hypcrremia have certainly been over

estimated hitherto. This results chiefly from the foct, tllat in many fatal cases 

t~otosc who examined the body have l>ceu content with the mere nrncroscopic ap

pearance of hypcnumia of the cord, without reflecting that o. cord which looks 

quite normal to the naked eye is by no means necessarily so io its finer anatomy. 

Ollivier, in especial, has gone much too far in this, and has t11rown togctlier under 

the title of "Congestions spinales" a. variety of things which arc certainly of a 
much more serious chnrncter. The spinal and meningeal hyperremias certainly need 
a. fresh and more discriminating study. 

Etiology and Pathogenesis. 

Little is known as to the existence of any special predisposi
tion to spinal hyperremia. On the contrary, it deserves special 
attention, that the arrangement of the vessels of the cord pro
tects it in a peculiar manner from mechanical distmbances of 
circnlation, as is shown by Hayem's 1 luminous observations 
upon the distribution of the arterial and venous vessels within 
the spinal canal. r.rhe many anastomosing arteries, coming from 
all sides, and the enormous venous plexuses, which carry off 
the blood from the spinal canal both above and below the dia
phragm, are the cause of this. The diseases of the vessels of 
the cord have not yet been accurately studied. 

In respect to the occasional causes, we must attempt to dis
tinguish the two principal forms of hyperromia. 

Active hypermmia has certainly some relations to hyperremia 
of the brain; this follows from the fact that the spinal arteries 
originate from the vertebrals. But hyperromia of the cord usu
a.lly recedes into the background, as compared with hyperremia 
of the brain, if the latter is present. 

Hyperremia of the cord and its membranes is produced-
a. By fimctional stimulation of the cord. In this case, as 

Dea hCmorrhagies intrarhach.idienncs. Paris. 1872. pp. 7-20. 
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everywhere, the activity of the organ is accompanied by an in
creased flow of blood towards it ; and in case of excessive exer
tion the flow may continne and form a pathological state, as in 
overwork of body, severe marching, violent sexual excitement, 
excess of coitus, spinal spasm, and so on. The absolute proof 
of the agency of either of these circumstances remains to be 
brought. 

b. By nittritive stimulation. Active hyperromia accompanies 
a number o( disturbances of the nutrition of the cord and its 
membranes, is never absent in acute inflammations o( the organ, 
and in the first stages of the latter is often the only macroscopic 
appearance. 

c. By toxic stimulation. Poisoning with strychnia, nitrite 
of amyl, carbonic oxide, chronic poisoning with alcohol or ab
sinthe, etc., produce spinal hyperromia. 

d. By collateral jluxion, as in sudden suppression of the 
menses, in dysmenorrhcca, in the turgor of hromonhoids or men
strnation, in suppression of hmmorrhoidal bleeding, in sup
pressed perspiration of the feet or when the feet are always cold, 
etc. In most of these cases, nothing but the assumption of a 
lessened resistance on the part of the spinal vascular system can 
explain why this particular region should become the seat of 
hypermmia. 

e. By tlie ejf'ects of colcl. This is thought by IIammond to be 
the most common cause of spinal hyperromia; a wetting to the 
skin, when one is making too great bodily exertions, is thought 
especially dangerous. Cold produces its effects both by collate
ral tluxion, through interference with the circulation in the skin, 
and also by a reflex action from the cutaneous nerves upon the 
spinal vessels, which are dilated. 

f. By trawnatic causes, as shock to the cord, a fall on the 
back or seat, etc. (Leudet); the mechanism of this action is still 
obscure. 

g. Finally, severe febrile diseases (typhoid, acute exanthe
mata, malarial infection, etc.) ha1•e been observed to be accom
panied by spinal hypermmia, ancl the latter has appeared epi
demically in a girls' boarding-school (Gaune). 

Of passive liyperremia, the most prominent cause is to be 
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sought in general 'llenous con.fJestion or stasis, such as is pro
duced by diseases of the heart and lungs, or accompanies severe 
spasmodic affections (tetanus, eclampsia, etc.), and occurs dnr
ing the death-agony; also, in local 'llenous stasis, especially snch 
as is produced by obstructions iu the portal system, or in the 
pelvic veins, in the case of hemorrhoids, abdominal plethora, 
affections of the liver, tumors in the pelvis or by the side of the 
spine pressing on the venous trunks and plexnses. 

Patllological Anat01ny. 

The anatomical evidence bearing upon hyperremia in the spi
nal canal is as uncertain and ambiguous as possible. Compara
tively v~ry few spinal canals are opened at autopsies, which 
makes it hard to estimate the relative proportion of normal and 
of pathological conditions. The post-mortem changes add a 
great deal to the difficulty of establishing the fact of hyperre
mia; the arteries are emptied, the veins over-filled; we may 
find, on the one hand, a deceptive disappearance of hyperremia, 
which existed during life, and, on the other, a deceptirn appear
ance of hyperremia, having its origin during the death-strnggle 
or after death, without having existed clming life. Adel to this 
the imbibition of the coloring-matter of the blood, anc1 the gravi
tation of blood to dependent parts-all of them circumstances 
which may confuse the judgment and obscure the facts. 

Nevertheless, the existence of hyperremia, in marked cases, 
can generally he detected with certainty. 

Acti'lle llypermmia is betrayed by a rose-color or scarlet red
ness of the cord and its envelopes, by injection of the minute 
vessels, by tortuosity of the arteries and veins; the white snb 
stance of the cord appears of a rose-color; the gray is darkened, 
reddish-gray, brownish ; under the microscope the finer arteries 
and capillaries are seen crowded with blood. In the more 
marked cases punctiform extravasations and ecchymoses are 
seen dotted over the membranes anc1 in the substance of the 
cord, and often larger extravasations. The spinal fluid is usu
ally increased, is muddy, and of a reddish color. 
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In passi'1Je ltypermmia the extra-meningeal plexuses of veins 
are especially cl'Owded with blood, all their veins are enlarged 
and tortuous, and the coloration approaches a cyanotic hue. 
Eccbymoses may be present here also; the spinal fluid is almost 
always increased to some extent. 

In a few cases something is seen which lies between the condi
tion of congestion and that of inflammation. 

In chronic or often-repeated hypenemia the pia and arach· 
noicl are thickened ancl opaque, and highly pigmented. 

These hyperromias do not always extend over the entire spi
nal canal, but often are confined to the cervical, or lumbar, or 
other portions. 

The cerebral hyperromia, and the diseases of other organs 
which cause spinal hyperromia, need not here be described. 

Symptoms. 

In spite of the great certainty with which congestions and 
stases of the cord are spoken of, their symptoms are still ex
tremely obscure, and the diagnosis is surrounded by many diffi
culties and doubts. \Ve may therefore sum up the subject very 
briefly, leaving to the future a more thorough elaboration of this 
branch of spinal pathology. 

The most prominent symptoms are those of sensory irrita
tion; the patient complains of pain in tlte loins and along tlte 
spine; the pain is dull, oppressive, not very severe, and is not 
always increased by pressure upon the spinous processes. The 
additional symptoms of parmstliesia (tingling, formication, etc.) 
and tearing pain in tlie extremities (especially the lower) are 
soon perceived. A slight ltypermstliesia of tile skin is usually 
associated with a moderate increase of reflex acti'1Jity. The girdle 
sensation is often felt (Hammond). S!Jmpwms qf motor irrita
tion are more rare; as slight transitory jerking of the muscles, 
t1·embling of the limbs, etc. The electrical excitability is said to 
be often increased (M. Rosenthal). 

All these symptoms can be derived without difficulty from 
the increased flow of blood, and the consequent stimulation of 
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the nervous apparatus, and doubLless belong principally to the 
condition of active hyperremia; but they may also, in part, be 
explained by tbe mecbanical irritation and the violence done to 
the tissnes by the dilated vessels. 

Distinct symptoms ef depression are also seen, and usually 
make their appearance at the beginning with those of irritation. 
A sensation ef numbness and heaviness is perceived in the lower 
extremities; slight anmsthesia is also demonstrable, but seldom 
in a severe form. 1l£otor weakness is never absent, though usu
ally quite moderate in amount (slight fatigue, heaviness oI the 
limbs), and it is rarely-perhaps in simple hyperremia never
the case that complete paraplegia occurs. Symptoms of weak
ness or palsy oI the bladder seem rare, bt1t are occasionally de
scribed. Hammond says that he has often observed erection oI 
the penis. 

It is not easy to explain the paretic symptoms. \Ye may 
take into account the pressure of dilated vessels upon the ner
vous elements of the cord and the nerve-roots, the pressure ex
ertecl by an increased quantity of spinal fluid, ancl finally, per
l1aps, the defective nutrition of the nervous apparatus, dependent 
on the blocking oI the circulation. 

The symptoms of spinal hyperremia are, almost without ex
ception, bilateral, and are usually limited to the lower haH of 
the body, or at least they begin in the lower extremities; they 
seldom ascend to the upper, and if they do the extension is nsll
ally rapid; the respiration, in such cases, is saicl to have been 
disturbed, with short, dyspnoic breathing, and even paralysis of 
both facial nerves (Steiner). 

Usually the symptoms exhibit a certain transitoriness, which 
is quite characteristic ; they change their seat and degree of se
verity quickly, and even grave symptoms may completely dis
appear with striking rapidity. 

Brown-Sequard says that he has observed all the symptoms 
of hyperremia aggravated by lying on the back, with the heacl 
and legs r:iised, while they were relieved by lying on the face, or 
by standing and walking, owing to the effect of gravitation upon 
the circulation in the spinal canal. For this reason such patients 
are said to feel worse in the morning while in bed. Others say 
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that standing and sitting make the symptoms worse, especially 
those of paresis, and refer this to the gravitation of the increased 
quantity of spinal fluid; such patients are better in the horizon
tal posture. 

There is no fever in simple hyperromia of the cord. The pulse 
may be accelPrated, or retarded, if the hyperromia extends to 
the spinal centres of cardiac innervation. The general health is 
more or less interfered with. 

Distinct groups of symptoms belonging respectively to active 
and passive hyperromia have not yet been made out. But con
clusions drawn from the preponderant nature o[ the symptoms 
"ill in most cases be correct. If those of an irritative character 
prevail, we shall think rather of active hyperromia; if symptoms 
of depression, of a passiYe form. But we should remember that 
most o[ the symptoms may occur in either form, though in vari
ous degrees of intensity. 

Oourse.-The development of hyperromia of the cord is either 
sudden, so that the entire series of symptoms is soon completed, 
or it is slow, and gradually increases in intensity; this is the 
more usual case. Hal'ing been developed, they continue with 
various degrees o[ fluctuation for clays, for weeks, or months. 

The disease usually ends in recovery; this is often brought 
about rapidly, by critical hemorrhages (menstrnation, hemor-
1·hoidal hleecling) or therapeutic measures. Relapses are not 
rare; and the cure is often accomplished by a very gradual dis
appearance of all the symptoms. 

In many patients (those with piles, etc.), we find hyperromia 
of the cord becoming habitual, retuming regularly and fre
quently. 'rhis may lead by degrees to severer disturbances, by 
the development of chronic inflammations and proliferation. 

Death, as resulting from hyperromia solely, is rare; it is con
ceivable that it might follow an extension of the affection to the 
important centres in the medulla oblongata and cervical medulla. 
But, as a rule, the danger to life depends on hemorrhage, soften
ing, and other changes of the spinal cord. 
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Diagnosis. 

A demonstration of the fact that hyperremia can exist in the 
spinal cord and can be recognized by its symptoms is not re
q nired. Although its existence is often very hard to demonstrate 
in the dead body, or quite impossible, yet is its existence in the 
highest degree probable, besides being proved by a number of 
clinical observations which are hardly susceptible of any other 
interpretation. 

Not all, nor nearly all, the cases known in literature by this 
name are to be considered as deserving it ; few of the uncompli
cated cases which encl in death can be reckoned as hyperremia; 
and if nothing is discovered at the autopsy of such patients, the 
cause, doubtless, lies in defective methods of observation. It 
certainly seems to us improper to interpret as simple hyperremi'1 
the large class of cases with severe and threatening symptoms 
(e. g., the case of Desnos, numerous cases in Ollivier, etc.); and 
the fact that nothing besides hyperremia has been discovered in 
many instances of so-called acute ascending paralysis, after care
ful microscopical examin'1tion, is far from proving that the fatal 
result was due to hyperromia. 

The diagnosis of hyperremia of the structures within the 
spinal canal is chiefly based upon the slightness of the sensory 
and motor distltrbances, which very rarely become severe; upon 
the frequent and rapid changes in symptoms, especially as 
regards their location; upon their non;febrile, usi£ally short 
andfawrable course, and upon the success of treatment suited 
to relieve hyperromia. 

It is obvious how uncertain these signs are, and how hard it 
is to separate them from those of slight inflammation or func
tional weakness. It is the duty of the future to throw light 
upon the matter. For the present, the following hints must suf
fice for the differential diagnosis. Spinal hyperremia is distin
guished from 

Concussion of the spinal cord, by its comparative slowness of 
access, mildness, and rapid disappearance; 

Spinal meningitis, by the absence of spasm of the back and 
neck, fever, ancl pains on moving the limbs; 
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Acute myelitis, by the absence of fever, sevei·e symptoms of 
paralysis, contractures, paralysis of the bladder, and bed-sores; 

Spinal apoplexy, by the comparatively slow development, 
slightness of the paralytic symptoms, and rapid termination in 
recovery; 

Spinal anremia, chiefly by the fact that lying on the back 
gives relief to the symptoms of the latter. 

Thus, by exclusion and by observation of the course of the 
disease, we shall in many cases attain a tolerably certain diag
nosis. 

The prognosis of spinal hyperremia must be regarded as fa
vorable upon the whole. Serious complications may, of course, 
render it gloomy. In habitual, frequent hyperremia, if the cause 
continues to exist, if the walls of the blood-vessels possess little 
power of resistance (involving the danger of hemorrhage), the 
prognosis will, of course, be serious. 

Treatment. 

Everything must first be tried, to fulfil the cai/,Sal indication 
-in regard to which, detailed directions will not be required. 
The most favorable cases are those where we can ascertain that a 
discharge has been interfered with, or venous congestion exists, 
or exposure to cold has occurred ; the remedies for these are 
obvious. 

As a direct measure against the hyperremia, the patient should 
be made to take a suitable position, avoiding the back, and 
preferring the side or face, with the extremities as low as possi
ble. Next in order, blood-letting is the remedy most recom
mended. Venesection will be practised only when the symptoms 
are very violent-in plethoric, robust persons; a much better 
plan is to draw blood from the region of the spinal column, 
or from the anus, vagina, cervix uteri, etc., according to the 
mitnre of the case. From ten to twelve moist cups along the 
vertebral column, or a corresponding number of leeches, repeated 
according to circumstances at fixed intervals, will be most useful. 

The attempt has also been made to treat spinal hyperremia 
by derivation to tlte skin. A great variety of remedies niay be 
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used; the physician may select according to his patient's special 
case, but the indications are, unfortunately, very unsettled. The 
cold-water treatment has certainly a considerable sphere. For 
active hyperromias, the hydro-therapeutists recommend milder 
}Jrocednres, as cool afiusion and wraps to the back, soothing 
frictions, and sitz-baths; for the passive form, a more energetic 
course, including cold afiusions and douches, exciting sitz-baths, 
energetic cold packing, and sea-baths; for such cases the gaseous 
thermal brine-baths (Heh me and N auheim) seem especially suited. 

A direct derivation oi the blood to the skin is obtained by 
hot foot-baths with mustard and the like, by the warm douche 
applied several times a clay to the back, by washing with a cold 
and a hot sponge alternately, by moderately warm foll baths. 

Sinapisms, blisters, etc., may also be of use in some cases. 
A direct action upon the vessels of the cord has been attempted 

by applying Chapman's ice-bags to the back, and by the galvanfo 
current. The indications for these measures are not precise, and 
it will be necessary in each case to be governed by the success 
that seems to be obtained. 

Derivation to tlte intestine is also much favored in the form 
of saline purgatives, or, in more chronic cases, of the sali11e medi
cinal springs (Homburg, Kissingen, l\farienbad, Karlsbad, etc.). 

Among ·internal remedies, ergotin and belladonna should be 
tried by preference; the former must be given in large doses 
(Hammond). 

Diet and regimen must be governed by personal circum
stances; everything which might increase the hyperromia (espe
cially coitus) must be avoided. 

2. Hemorrltages of tlte .Membranes qf tlie Cor1J,-Hmmator
r1tacltis-J.feningeal Apoplexy. 

Olli1'ier, 1. c. 3• M. I. p. 465; IT. pp. 90-137.-.llnsse, 1. c. 2. Aufl. p. 664.
Ilammond, l. c. 3cl edition. p. 440.-Eeyden, Klinik dcr Riickcnmarkskrnnk
heiten. I. p. 367.-Jf. Rosenthal, l. c. 2. A\10. p. 274. 

Fallot, JICmorrhag. mCningCe spinale sousarachn. Arc11. gCn. 1830. T. XXIV. p. 
438.-Bo.tcredon, De l'apoplcxic mening6e spinalc. Thl!sc. Pads, 1855.-Ch. 
Bernard, Observ. d'h6morrh. rhachid. Union med. 1856. No. 62.-Jaccoud, 
Les paraplegics ct l'ataxic. Paris, 1864. p. 232.-Levitr, BcitrUgc zur Path-
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ologic der Rtickcnum1·ksapoplcxie. Diss. Bern. 1864. (Contains a copious list 
of authorities).-RQb. Jack/Jon, Case of Spinal Apoplexy. Lancet. July 3. 1860. 
-IIuyem, Des LH:Jmorrbag. intrnrhaehidienues. ThCse. Paris, 1872.-Rabow, 
Fall von Mcuingea1upoplexic in Folgc von Obcnniissigcr KOrpcranstrengung. 
Berliner kliu. Wochcns. 1874. No. 52. 

Dejinition.-Ilmnmtorrhacbis implies any effusion ef bloo{l 
in, aboitt, or between the spinal meninges. It occtus rarely, but 
in quite a characteristic manner. The vertebral canal does not 
present favorable conditions for the production of hemorrhage, 
as has been reasonably explained by Hasse. 

Etiology and Pathogenesis. 

Little is known i-egarding the individual predisposition to 
meningeal hemonhage. Most of the cases are observed in men. 
Of dioe,rnes of the vessels of the meninges (fatty degeneration, 
atheroma), we are mainly ignorant. The relation of hypertrophy 
of the heart to these hen10rrhages has not been examined. 

Among the oecasio1tal causes, the first to be mentioned are 
surgical injuries of the vertebral column, with or without direct 
le"ion of the lll<'lltbranes. Such hemonhages have been observed 
to occur in consequence of stabs with swords and knives, frac
tures, contusions, and shocks of the column, a fall on the Jeet 
aJ1d seat, or upon the arms and back of the neck, in new-born 
children after severe labor, etc. 

Inflammatory and carious processes in tlte'/lertebrm have in 
some cases led to lesion of the membranes and to bleeding from 
them. Congestions of tlle vertebral canal and its contents (the 
causes of which have been enumerated in the previous section), 
especially those clue to suppression of the menses or of a hemor
rhoiclal c1ischarg<>, are considered especially important causes of 
nwningeal apoplPxy. Jieutal e111otio11s may act in a like manner 
by increasing the. action of the heart. 

ExcessivP bodily PXl'rtions are a frequent rause of meningeal 
bleeding~, probably through disturbancPs in the circulation: 
such are the lifting of a heavy weight (Rabow), sudden violent 
niovempnt. etc. .Amon~ these shoulcl be includecl the meningeal 

VOL. XITI.-14 
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apoplexies which so often occur clnring tlw riolc!lt spasms of 
epilepsy, eclampsia, tetanus, trismus neonatorum, etc. 

ThP biustill[/ of blood-vessels or oneuris111s into the verteb1·al 
canal has been repeatedly observed (Laennec, ~I. . Cooper, Pfeufer, 
Traube, aud others). 

Blood effusot! i 1l the brain or cerebral me11tf;ra!llw often passes 
down ancl fills the cavity of the spinal canal. 

Of the occnn-<'nce o[ these bleedings in the Yarious hemor
rlwgic and infectious diseases (scurvy, rnorbus maculosus, 
lJPmorrhagic small-pox, typhoid, etc.) little is known, except 
from a fow reports of autopsies (see Ifay.-111). 

Patliological Anatomy. 

It is necessary here to distinguish the vm-ious forms according 
to the position, distribution, and extent of the bleeding. \l'e 
pass over those 'mall ecchymoses ancl snggillations whieh so 
o[ten accompany hypenemia and infiarnmatio11 within the verte
bral canal. 

Bleeding between tlie dura mater and tlte vertebral canal (in 
thP extra-meningeal cellular tissue) is probably the most frequent 
cause. A dark. usually coagulatecl ('Xtravasation covers the 
outer surface of the dma to a varying depth, and infiltrates the 
cellular ti•sue between it and the vertebml canal, especially at its 
posterior wall. This extravasation may enclose the t'ntirP dura, 
bnt more usually it embrace; it only partially; not rarPly tl1Pre 
are Feveral H·parnte foci. The dura is Hnffused with blood to a 
grPatPr or l"'" t•xtent, and often COY<'r<'<l with ecchyrnoses. The 
extrnrn>ation must be ,-ery con~iderabh· in orclPr to produce a 
visible compression or change in the eorcl. It ofteu Pxtemls 
around tile' nerve-tmnks passing out of tlw vertebral canal. 

Bleedinr1 between the dura and the araclmoicl (in the so
called arachnoid sac) is usually diJfn'!'. ve1·y movable, partly 
fluid and partly coagulated and usually consist' of blood ef
fused in the brain, though it may proceed from the bursting of 
vessel::5 in thP spinal nwninges. 

Of the hemorrhage accompanying many forms of internal pachymcningitis, pru-
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ducing hrematoma. of the dnra. mater, and situated likewise between the durn and 
the arachnoid, we will speak under Inflammations of the Dura Mater. 

Bleecl_ing in the arachnoid ancl pia (so-callecl subarachnoiclal 
bleeding) is rarn. It usually occurs in the snbarachnoicl cellular 
tissiw, as the clense tissue of the pia seems little suited to extra
vasations. A more or less thick layer o( dark-reel, coagulated 
L>lood, infiltrated into the tissue of the so(t membranes, sur· 
rounds the cord like a slwath, partly or completely, but in most 
cases it is limited in longitudinal extent, being contirwd to the 
length of 0111> 01· two vertebrre. It may be found at various 
le1·cls, ancl in all cases it inflicts severe injury upon the cord. 

In all these forms of bleeding, the meninges usually exhibit 
but slight signs of reactive inflammation. 

The cord its('][ may be more or less compres"•cl, stained with· 
reel, softened. and (in the neighborhoocl of the seat of hemor
rhag<') hypencmic. The same is true of the nerve-roots. The 
spinal fluid is turbid ancl of the color· of blood. 

Little is known regarding the other cl1anges as><ociated with 
extravasations. Bctt it is harclly clonbtCnl that in the spinal 
canal the color soon disappears, ancl the extnwasation is partly 
ivabsOl'becl and organized. Adhesion of the mPmbranes, prolifer
ation of connective th;sue, ancl stronµ; pigmentation of the mem· 
lm1ne::.;, are consiU.ered a~ thP final c]mnge::.;. 

Sy111pton1s. 

The disease usually begins suddenly and violrntl!J-often i11 
the manner of apoplexy. The patient snclclenly falls, with Yio
lent pains, almost always with~ut serious disturbances of con
sciousness and R<>nse. This mode of attack may bP more or less 
complicatell by the causes, by the nature of the injury, etc. 

A slow duelopment of the symptoms is rarer; with \rnmings 
of various kincls, symptoms of spinal congestion, lumbar pain, 
headache, fo1· a longer or shorter rinw before tlw atrack. Pare
Ris then slowly appears, often unaccompanied by pain. These
verity or the symptoms may increase after a few hours or clays. 

The characteristic symptoms arc tirst those of excitement, 
causecl by physical initation of the meninges with tl1eir ab1rn-
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dant nerves, the nerve-roots, and the cord itself, next tltose of 
paral!Jsis, dependent on the pressure of the extravasation upon 
the cord and nerve-roots. According to the seat of tlte extrava
sation, it ruay press more upon the se1rnory or the motor por
tions. 

The phenomena of exciterne11t are the most prominent at the 
first, and chietly consist of a violent pain, localized at a spot 
answering to the seat of the bleeding, and radiating in various 
directions, usually corresponding to the c1istribution of the nerve
roots first attacked. \Vitlt this are conjoinec1 excentric sensa
tions, pain, Iormication, burning, tingling, etc., in the same re· 
gions; hyperresthesia is al:;o occasionally mentioned, but this 
seems mther to belong to the pe1focl of reactive intlammation. 

Symptoms of motor excite,,w11t appear at the same time, 
which seem to be of charn.cteristic importance. Spasmodic jerk
ing of the muscles, occasionally increasing to complete conYul
sions, trembling of the extremities, tonic tension and contracture 
of various grnups of muscles, are the eltief of these. They may 
become so active and so prominent that a special form of "con
Yulsive" meningeal apoplexy has been distinguished. 'fhese 
spasms are partly deducible from direct irritation of the motor 
roots, and partly from reflex excitement. 

The oerteb1·al colmnn is stdf ancl painf1tl at this stage, mak
ing it very hard, or quite impossible, to Tise in bed, sit, or bend. 
Great excitement and loss of sleep are caused by these 1iains and 
the muscular contractions. 

The remarkable observation by Jackson proves tlrnt these symptoms of irritation 
arc not necessarily always present; in the case i,,ii,·cn by him they were entirely '\\'ant
ing. 

It is not long, especially if the quantity of blood effused is 
considemble, before paralytic symptoms appear in the lower 
half of the body, but sPldom reaching a great development, or 
amounting to complete paraplegia. As a rule, the patient has a 
furry feeling, numbness, sensations of swelling and heaviness iu 
the limbs and trunk, with more or less distinct anmsthesia in the 
same parts. A feeling of very great muscular weakness and ex
haustion indicates the same disturbances in the motor sphere ; a 
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more or less severe paresis is more ireqt1ent, ancl complete paral
ysis is rare. The distribution depends on the seat of extravasa
tion. 

Reflex excitability has been found depressed iu a few cases, 
but this probably occurs only in the regions supplied by the 
nerve-roots directly affected, though it might be exaggerated in 
the regions posterior to such roots. 

Weak1wss of tlte bladder and rectztm is rarely mentioned, 
but is usually pl"esent in severe cases. 

Fecer is absent, at least at the beginning or the disease; it 
may appear during the initative reaction which sets in ou the 
second or third clay, but never becomes excessive. 

According to the various levels occupied by the extravasa
tion i11 the cord, the symptoms differ a little. The following 
symptoms inclirate that the cervical region is affected: 

The attack begins with pain in the arms and shoulders, with 
stiff neck and pain in the occiput; anresthesia and paralysis 
most marked in the upper extremities ; oculo-pupillary symp· 
toms; difficulty or breathing and swallowing ; violent clyspnrna; 
retarcled and weak pulse. 

The dorsal region is inclicatecl when there is pain in the back 
and abdomen and pain in the form of a girclle, stiffness of the 
dorsal part or the spine, paralysis or the legs and the abdominal 
muscles; retained reflex power in the legs. 

The lumbar region is indicatell whet1 there is pain in the 
loins, tearing pains in the lower extremities, the loins, perineum, 
bladder, ancl genitals; stiffness of the loins; well-marked paral
ysis of the lower extremities, with loss of refiex activity ; paraly
sis of bladder and rectum. 

Oow·se and Terinination.-~Hter a sudden or gradual begin
ning, the symptoms usually remain stationary for a certain time, 
and sooner or later take a turn tor the better. The symptoms of 
reactive infiammation are seldom prominent, or they disappear 
among the other symptoms. Slight fev~r appearing on the second 
or thinl clay, with renewed pains, more distinct hyperrnsthesia, 
etc., should be referred to the same; after two or three weeks 
these symptoms usually disappear. 

In the majol"i ty of cases the tliseas.i mus a favorable course, 
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unless the natmP of the cause or the complications prev~nt it. 
A graclual improvement in the symptoms occul'S, the paralysis 
disappears, but partial anresthesia ancl paralysis often remain 
fol' a long time. The whole course is usually run in a limitecl 
time; in a few weeks or months a tolerably satisfactory cure 
may be completed. 

Death is not mre-o[ten occurring in a few hours or days; 
as when the extmvasation is at a high level, aHd procluces dis· 
tt1rbance of the heart and respimtion, or when blood efl'usecl 
extends upwarcl to the brain, 01· when the central nervous system 
sufiern a sudden severe impression (shock). Ir the extmvasations 
are considel'able, the severity of the compression may lead to 
complete paraplegia, cystitis, becl-sores, etc., ancl death may 
occur a,t a. hte stage. 

Diagnosis. 

'fhe diagnosis of a meningeal hemorrhage is not always pos
sible. H other severe diseases of the nervous system are present 
(hemonhage of the brain, tetanus, convulsions, injury of the 
corcl), it will not be in our power to recognize the complicating 
element of meningeal apoplexy, except under very peculiar cir
cumstances. In such cases it will usnally fail to be recognized, 
but that is seldom of much consequence. 

The diagnosis or idiopathic ancl uncomplicated meningeal 
apoplexy can, however, be established in many cases. 

It is chietly based upon the sudden occuuence qf tlte svmp
toms, upon the peculiar combination qf symptoms ef 1ne1tingeal 
irritation anrl spinal paralysis, upon the absence of severe 
cerebral symptoms, the paraplegic character of the symptoms at 
the outset, the speedy improvement in the more severe symp
toms, and the usually favorable termination. If we know the 
cause, that knowledge will often assist the diagnosis. 

Tlwre is a series of spinal troubles, which closely resemble 
meningeal apoplexy in their symptoms, and are hard to distin
guish from it; such are: 

(!omvwtio mednllce spinalis (shock), in which the symptoms 
of spasm ure wanting, and the paralysis reaches its highest point 
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at the onset. It should be remembered that commotio and menin
geal apoplexy may occur together. 

Bleeding in the substance of tlte cord (spinal apoplexy) is 
usually followed by severe palsy, including especi,illy a high 
de.:;ree of anresthesia; the pain and tendency to spasm are less 
marked; the latter is said by Brown-Seti tuinl to be al ways ab
sent in hmmatomyelia. This lesion usually cause; rapid tleath,or 
incurable paralysis. 

JIIeningitis antl rnyelitis can usually be clistinguishecl with 
readiness ; th<>y clo not develop so rapidly, or if they clo, they 
are always accornpaniecl by fever. But the central myelitis 
which lwp;ins with fulminant symptoms (:;ec below, under J\Iye
litis) may give rise to confusion. In the lattPr, however, severe 
anm:;thesia is twver wanting, and the paralysis, also, is usually 
complete from the beginning. 

For the diap;nosis of the seat of the hemorrhage, the points 
given a.hove may suffice; it may be ascertninecl from the distribu
tion of the symptoms of pnlsy 01· irritation. 

The prognosis is always dubious; but if the causal injmy be 
not especially severe, and the extent of the hemorrhage not very 
great, it may b1• consiclerecl as comparatively favo1·able. 'Ve 
may 'ay tl1at i[ the first ft'w clays are passecl in saft>ty, the prog
nosh; wi II bPcome 11101"' f'arnrn ble. 

It is an unfavomble circumstance when the bl0ecli11g is very 
considerable, or is sentecl in the cervicnl region, 01· whpn marked 
reactive symptoms OCClll', or severe pa1·nplegic symptoms, cysti
tis, b1:.cl .sores, etc. 

If the bleeding is of small extent and tlw symptoms corre
spondingly mild, if the !'<'action is moderate aml the patient 
yonng-, all tlw::;e <"ircnm:stances are in the patient's favor. 

Uo11fiiwment to the bed of one or two months' duration, fol
lowed by a convalescence of several rnonths, may be predicted. 

Treatment. 

1foch can bP clone by way of pre1•pntion; by trenting hyper
f'C'mia of the co1·cl, or spasms, by regulating the menses, the hem
onhoidal bleecli ng, etc. 
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"rhen the symptoms of meningeal bleeding have occurred, 
the first thing to be prescribed is absolute rest in a proper posi
tion (upon the side or face). Then the bleeding must be pre
vented from extPmling ; the usual remedies con8ist of the ener
getic applieation of iee to the oerfrbral eolw1w, rPpPatedpowei:ful 
purges, ancl full local bloodletli11g (on thn Rpine or anns). The 
eITect of these may be aided by hot applications to the extremi
ties, and by the intl'rnal or subcutmwons exhibition of large 
doses o( c•rgotin. The diet must of cotrrse be prnperly rcgulat<>d. 
Yenesection can only be _justified by very special circumstances 
(great plethora, violent action of the heart). 

IC symptoms or inilammatory reaction appear, the local blood
letting along the spine may be i-epeated, antl as Leyden recom
mends, small portions o( mercurial ointment may be rubbed in, 
and calomel given in subdivided closes. 

The period of i-esorption demands special attention; it may 
be hastened by the internal and external use of iodine, by luke
warm baths, by a proper cold-water treatment, by the galvanic 
cnrrent. In later stages, the patient's strength may be supported 
ancl restorecl by tonics (quinia) and nux vomica. 

In many cases a symptomatic treatment is clemancled ; thus, 
in the beginning, (or the relief of pain ancl spasm (narcotics, etc.); 
later, for anwsthesia ancl paralysis (electricity); for cystitis, bed
sores, etc 

3. Inf/,mnmation qf the Spinal Dnra Jiater-Pacltynieningitis 
Spinalis-Perimeningitis. 

OllifJier, 1. c. II. pp. 272, 280. 3d e<l.-Ilassl', I. c. 2. Aufl. p. 689.-Leyden, l. C!. 

pp. 385-406.- Af. Roseuthal, l. c. 2. Aufi. p. 279. 
H. Koeliler, :t\(ouographic dcr Meningitis spin. 1861.-Ruehle, Klin. Mitthcilungen. 

I. Ed. Zur Compress. des R-~I. Greifsw. med. Bcitr. I. p. 5. 1863.-Traube, 
Deutsche Klinik. 18Ga. No. 20; Gcsamm. Abhandl. II.-Afa1mla>Jif, Berlin. 
kliu. Wochenschr. 1864-. Nos. 4-7.-A . . Meyer, De pachymcnin::,ritidc cerehro
spin. intcrna. Diss. Bonn. 1861.-Th. Simon, Ucbcr dcu ZustanU des R.-?\L 
in dcr Dementia paralytica. Arch iv f. Psych. u. Nervcnkrnukh. TI. 1869. p. 
137, 143, 347.-R. ll .1.lfueller. Ucbcr Pcripacbymcuingitis. Di~s. Konigsberg. 
1868.-E. lV<i11wr, Arch. <.ler Heilkundc. XI. 1870. p. 322.-Charcot, Pnchy· 
mfoingitc ccrvicalc hypcrtrophique. Soc. de Biol. 1871. p. 35; Gnz. med. de 
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Paris, 1872. No. 0 i Lcr;ons, etc. 2e sCrie. 3e fa.sc. p. 246. 1Bi4.-Joffroy, De la 
pachymi'.in . ccrvic. hypertroph. Paris, 1873. 

The intlammations of the spinal dnra mater, though known 
for a Jong time, have not been closely studied till quite lately. 
The significance of the disease has been better recognized, and 
a sharper line of separation from the other forms of spinal men
ingitis has been drawn, since it has been observed to occur iso
lated and spontaneously. 

It is true that there exist but very few good observations ; for 
this reason, the symptoms and diagnosis are very imperfectly 
mac1e out. But we may properly make a distinction of two 
forms, according as the outer snrface of the c1nra is preferred, 
and the morbid products are deposited between the c1ura and the 
Yertebral column (external pachymeningitis), involving the loo;e 
cellular tissue, 01· as the inner surface is attacked, and becomes 
the seat of deposits (internal pachymeningitis). 

a. Pachymeningitis Spinalis Externa-Peripachymeningitis. 

JJrjinition.-Tllis disease consists qf inflammation qf the 
outer s1t1face ancl layers qf the clura and qf' tlte cellulctr tissite 
surrowuling it. 'l'he morbid products, exudation, pus, connec
tive tissue, are depositecl between the dura anc1 the vertebral 
column. This form of meningitis has been st11died in but very 
few cases, anc1 is in much need of farther examination. 

'L'he chief cause of this form of inflammation consists in the 
presence of inflammation qf the vicinity, which extends to the 
dura anc1 the cellular tissue outside of the meninges. This is 
quite certainly the case in vertebral caries, anc1 in deeply ulcer
atecl bed-sores, which. especially wlll'n seated on the sacrum, 
easily provoke irritation of the strnctmes within the cord. A 
similar thiug, howe,·er-extension of the purulent and phlegmo
nous J'l'OC<'SS Of inflamnrntiOll into the canal-has been observed 
in purnl<'nt inflammation of the do1·sal muscles anc1 the psous 
(Traube}, in inflammation in the connective tissue of tlw neck 
(Manukopf}, in thP subpleural cellular tissue (TI. Mueller), anc1 
all possible forms of chronic inflammation of the abdomen anc1 
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thorax, especially peripleuritis, and also neuri tis migrans, have 
been named as possible causes of peripachymeningitis. 

It seems to us that this view of the secondary nature o( the disease is carried 
quite too fa r. The observations which arc quoted in proof certainly leave much 
room for doubt. Trauhc's cases arc explained by him upon the supposition that 
the pachymcningitis <'Xterm~ was the primary complaint, th!! suppuration extending 
thence into the muscles o( the back. This is quite in lmnnony with the clinical 
course and the results of autopsies. It is more natural and probable, <t priori, that 
p us l-'hould force its way out through orifices in the narrow vertcbrnl canal, with its 
rigid walls 1 and should afterwards spread in this direction or that, than that sup
purntion of several mu<;C'lcs should find its 1vuy simultaneously into the vertebral 
canal. There is a case in the Mrdi1_•al 'J'imrs for January 0, 18551 p. 19, unfortunately 
reported very incompletely, which .!lC>cms to confirm this Yiew. An ohscn'ation by 
OlliYier 1 seenu1 to us of still more importance. In )fonukopf's case the secondary 
nature of the peripachym1:niugitic lesion could only be nrnde extrem1.:ly probable. 
R. IL )lucllcr's case cannot prove anything, as the connection between the pcli
pleuritic· inembranes and those of the pcripnchymeningitis was in no way proved, 
and there were also found similar membrane:;, r1uite isoln.tccl, on the outer surface 
of the cerebral dura. mater. The case reported hy Leyd1.:n ~ lacks the confirmation 
of an autopsy. 

\ \Te are tlwrPforc probably jnstifiPd in claiming the possibility 
of the spontmwons ancl primary origin of va.chympningitis ex
tema, e,;1wcially as tlwre is no solid objPction to it. 

\\'e must await the result or farther obsPrvalions, fo1· i11f01"
mation as to whethN surgical injuries, exposure lo cold, sypbilil::) 
and other cause~ may not uri_!!inate this dbea~t·. 

Patliologiral ,J 11alo111y. 

J\for<' or less o[ tlw spinal dnra matc>r is thickened; its outer 
lay1·r~ arc separated by inflammatory exudations, infiltration 
with rells, etc. This alteration is usually confi1wc1 to short por
tions o[ the conl, the ]p,·el oI a few \'ertebnc, but it may extend 
over the greater pnrt of the dura. 

On the outer smfac<' there is Ionncl a more or less abunclant 
exudation of varying thickness; it has heen Ionncl as much as 
halI an intlt 1hkk (Ruehl~). This consists either o[ pus, either 

1 IT. p. 200. 3d ed. 'Loe. cit. p . 301 . 



INFLAl\C\IA'l'ION OF TilE SPI.XAL DUB .. \ )[A'l'EH. 219 

fluicl, or clry ancl cltseous, enclosecl in thick<'ll<'d c·onnPctiv<' tis
sue, and with the extrameningeal cellular tissue infiltratPd ; or 
of a soft, plastic, reclclish gray young connectirn tissue, Yery rns
cular, sometimes covered with pus aucl full of small abscPsses, 
sometimes undergoing cheesy degeneration. The Ja,t is the usual 
case in pachyuieningitis resulting from vertebral caries (~li
chn.ud); th.ere is a. fungoid growth, originating from the outer 
surface of the dura, which is stimulatecl to procJuce the growth 
by the presence of carious pus. 

The essential clisease is, therefore, an inflammation or the 
ot1ter layers of the dura ancl the surrounding celluhn· tissue, 
with exudation of a pmulent, plastic, tuberculous, or other 
material. 

'l.'he inner surface of the dura is also often thickened aucl 
opaque, often coYerecl with a delicate fibrinous deposit. The 
pia and arachnoid seldom participatP, but thPy have been seen 
aclhereut to the dnra, opaque, and infilrratc•cl with pns. 

The cord itself is more or less compressec.l, flattened, pale, 
an:emic ; often so[cenecl, full of micrnscopic fat-grnnules and 
granular corpuscles, ancl presenting, morn frequently than is 
supposed, the signs of tmnsverse myelitis. In tlH· 1wighborhoocl 
of the place compressecl, rncl softening and hyper;emia are found; 
in more chronic cases, ascending and cle:-;cending 8econdary de
genemtion of the white columns (upwards in the posterior col
umns, clowmvards in the lateml). 

The nerve-roots which pass OLlt at tlte seat of pachymeningitis 
are compressetl, atrophied, inflamed, ancl so[t. 

Adel to these the anatomy of those processes which have acted 
as eausc>s of pachymeniugitis, or have aceompnnietl it (vertebral 
caries, peripleuritis, muscular abscesses, phlegmons, etc.). 

S!fmptoms. 

The usual character of the disease is likP that which will pres
ently be described undrr Leptomeningitis, a more common alrec:
tion. We therefore shall give but a short account of the chief 
symptoms in this place. The most important are as follows: 

Petin in the back, various in seat aucl extent, accorcling to the 
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location o[ th<' disease. Slij!"11.ess of tlle N d1/Jml column, which 
rnm1<>rs it difficult am1 pain[ul to sit up. 1'ension andjerking 
in vario/fs f!roups qf muscles. Excentricpains, in the form of 
a girdle or ;hooting into the extremities; sensation of a cord tiecl 
around; formiration and slight hyperrestlwsict ef the skin. 

To these are adc1Pd, sooner or later, the symptoms of com
pression of the ron1, gradually increasing; paralysis of various 
degrees, sometimP::; more markt>cl in the motor, sometimes in the 
sensory sph<>rP, sometimes in both at oucP; muscular tension, 
increasec1 reJlex action, especially those connected with tendons; 
paralysis of the sphincters, and hed-sorns. These symptoms are 
d1w, partly to compression, partly to the myelifo; which com
plicates it. 

According to the nature of the original disease and the com
plications and secondary changes, disturbances of the general 
health, fever, and many derangements of interual organs may 
occur. 

'rhe symptoms of pachymeningitis may develop in an acut" 
or a chronic way; in the acute (purnlent) forms the symptoms 
of irritation are the more prominent, while in the chronic (plas
tic) forms these recede into the background, and the symptoms 
of compression of the cord dominate. 

Of the course of pachymeningitis externa nothing can be said 
with definiteness, in the present state of our knowledge. The 
unfavOl'able cases which come to an autopsy cannot indicate the 
average event, for it is impossible to estimate how many have 
run a favorable course without being recognizecl in our present 
uncertainty regarding tlle diagnosis. 'Ve certainly know that 
the form in which it so frequently accompanies caries of the 
vertebrro is quite frequently arrested and partially recovered 
from, since the paralytic symptoms caused by it disappear. \Ve 
have learnt only thus much : that in the severer cases the course 
may be rnrious, bnt usually is protracted, and does not tenni
nate unfavorably nor lead to a slow convalescence, until after 
the lapse of a considerable number of weeks. 

The diagnosis is founded chiefly on th<> cansal agencies we 
may be able to discover, and the associated, slowly increasing 
symptoms of meningeal irritation and of compression of the 
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cora.. The most difticult thing will always be to distinguish it 
from the other forms of meningitis. There is a diagnostic point 
-though of very doubtful mine-which consists in the fact 
that extemal pachymeningitis but mrely ascends as high as the 
upper cervical region, and is therefore seldom accompanied by 
stiffness of the neck. In most cases, however, it will be impos
sible to decide whether the dura alone is affected, or whether the 
other meninges of the cord are aho iutlanwd. 

The pro.r;nosis follows from what has been said regarding the 
course of the disease. In forming it we shall be obliged to pay 
especial attention to the causal element. 

In the treatment we ought principally to aim at a removal of 
the original lesion; ii we succeed in cul'ing this, we greatly im
prove the chances of curing the pachymeningitis. The special 
directions for this purpose need not be given here. 

For the relief of pachymeningitis we proceed as is directed in 
the section on Leptomeningitis. It is of special importance to 
procure such relief in vertebral disease, where the improvement 
of the paraplegia depends upon the removal of the meningeal 
affection. In addition to treatment clirected against the verte
bral disease, the measures regarded with most confidence are 
the energetic use of brine-baths (bathing and drinking), the use 
of iodide of potassium and iodide of iron, pencilling the back 
with iodine, frictions with mercurial ointmt•nt, antl the like. 
'l'he white-hot iron, a very old remedy, has recently been warmly 
recommencled for obstinate cases by Charcot. 

b. Pachynienin{litis Interna (II?fpertrophica et Hcemorrlw[Jica). 

])efinition.-I11jlammation, cltilif/71 of the inner su1.face of 
tlto dura; deposition of morbid products (exudations, extrava
sations, proli!Pration or connective tissue) 011 its inner surface, 
between dma and arachnoid. Frequent implication or the arach· 
noid ancl pia. 

'l'wo principal forms of this disease are known, possessing to 
a certain ~xtent clinical characteristics; a simply hypertrophic 
form, leading to thickening of the dum (and usually of the finer 
membranes also) with connective tissue; and a pseudo-membra-
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nous, hemorrhagic form, characterized by a more or less abun
dant extravnsatiou of blood. Bt1t few observations have been 
made as yet upon either. 

Etiology. 

The causes usually assigned are exposure to cold, and damp
ness or the dwelling (Charcot, Joffroy). Excessive use or alcoho.J 
seems to h,n·e some effect. 

As to the 1tcmorrlwgic form, it seems to be established tha t 
it usually accompm1ies the affection of the same name in the 
cerebral clurn nmter, hrematoma dune matris, and therefore owns 
the same causes. The disease has not infreqnently been found 
with psychical disorders, especially dementia paralytira (Simon, 
A. llfryer); also as a consequence of continued abuse of alco
hol, of which :Magnus Huss, l\Iagnan, and Bouchereau have 
casPs. Finally, Leyden describes a traumatic form ; but the 
cao;e addttccd to illustrate it is not above doubt, as the patient 
wns a drinker, nml had suffered from symptoms of disease before 
the fall which caused the fracture of his skull ; it is, therefore, 
not quite c<>rtain wlwtlwr the fissure was the cause of the internal 
hemorrhagic pachymeningitis . A. Meyer says that both his 
easPs OC('tll'l'Ptl ·in eavalry soldiers, a. class which i8 expmwcl to 
fruq11e11t fall" and sl10cks. 

Pathological .Anatomy. 

In the hypertrophic form we find a great thickening of the 
d1un, chietty caused by a considerable proliferation or its inner 
lay"'"'• whicl1 change into a hard cicatricial mass of connective 
tioslll\ with usually a clistinct concentric arrangement of layers. 
L'snally there is au intimate adhesion to the soft membranes, 
whirh are also thicke1w<l nnd proliferated, nn<l form one continu
ous mass with the thiekenecl dura mater; often, however, they 
are comparatively unchanged. 

Tlws them is fornwd a more or less extensive deposition, 
which cornpresses the spinal conl from one side or the other (usu
ally from the rear), or which embraces it like a ring fo r a greater 
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or less distance. The cord is sometimes simply compressed, pale, 
and soft, but more usually it presents all the marks of trans,·erse 
myelitis of various extent, with secondary degeneration, fonna
tion of cavities, etc. The nerve-roots which are involrncl in tho 
disease are wrapt up, compressed, and often in a state of ad
rnncecl atrophy. Tile muscles wilich belong to them posse"s tile 
microscopic characteristics of the usual degenerative atrophy. 

In the hemonhagic form the dura is covered to a greater or 
less extent with a mass of exudation, soft, rusty-brown in color, 
composed of fibrin and connecti\'e tissue, which is strewn with 
numerous extravasations of blood, and not seldom contains one 
or sevpral large sacculatecl masses of blood. These masses con
tain dhty-brown, decomposed blood, numerous blood-crystals, 
pigment, detritus, etc. The eint'loping ma::3s of exudation is, in 
many places, yellowish, easily broken or torn, is dispo,-ed in 
layers, is attaclwd but slightly to the dura or the arachnoid, and 
possesses an abundance of vessels. 

These sacs of blood may vary in size and number. The hem
orrhagic false membrane often extends o,·er a grmt part of the 
cord, entirely emreloping it. 

The process is exactly the same as that of hmmntoma of the 
cerebral dnra mater; it is probable that the fibrinous inflamma
tion is the primary element, and the bleed ing only secondary. 
Yet it is not impossible that a primary bleeding rnay give rise to 
a subseqnent inllammation. 

'!'he condition oC tlw cord is as in the other form. The pia is 
usually ting~d with blood, and so is the abundant spinal fiuid. 

Symptoms. 

The liypertropliic form is at present thoroughly understood 
only as occurring in the cervical region, which seem::; to be its 
favorite seat; when situated there it has a sonwwhat character
istic course, ancl is described by Charcot as "pachymeningite 
cervicale hypertrophique." 

He makes a first stage of the symptoms q/ irritation, which 
lasts two or three months, ancl is chiefly characterized by pains. 
'rliese are very violent in the back of the neck anc1 head, the 
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shoulders, and arms ; "'"' continuous, and from time to time ex
perience exacerbations ; are often connected with ::t paiufol sen
sation of being bound with a cord in the upper part of the chest. 
Tile nock is stijf', but the spinous processes are not specially sen
sitive to pressur<'. Formication :ind nztmbness, and sometimes 
also sligltt wwk11ess qj' tlte i1pper extremities, ::tppear ::tt this 
stage. 'f.lrophie disturbances qf tlle skin are not infrequent
ernptions of herpe:;, development of vesicles on the upper ex
tremltlf's. Nau::;ea n.ncl vomiting are but rarely observed. 

The transi lion to tile seconcl stage, chiefty characterized by 
paralysis and atrophy, is very gradual. The upper extremities 
are more or Jess completely paralyzed, espeeially the district of 
the nwclian and ulnar nerves, "·hile in all cases hitherto observec1 
the mdial region has remained comparatively free. The result 
of this is the-formation of a peculiar position of tlw lwncl in ex
tension, tliefingers being ltelcl like claws. This paralysis is con
joined with severe :ind quite uniform alropliy, so that the gen
eral aspect of the casP reminds one of progressive muscular 
atrophy. The faradic excitability of the muscles is diminished 
or suspenclecl Uontractiues of tlte 1mtscles appear, and single 
spots ef ancestlwsia of greater or less extent . 

.All this is doubtless mainly the result of the affection of the 
nen·e-roots. 

At a later period, paralysis aucl contracture qj' the lower ex
trernities occnr. Atrophy, however, is not associated with the 
affection in these parts, or not until a very late period. In severe 
cases complete paraplegia with marked anresthesia, paralysis ef 
the bladder, bed-sores, etc., may arise, and bring on the fatal ter
mination. 

These severe symptoms are doubtless to be referred to trans
verse myelitis at the spot compressed, 'md descending degenera
tion of the lateral columns, originating at that point. But the 
course is not always so bad; there are cases in which the symp
toms cease to make progress, or even ::tre distinctly improved; 
but the disease is al ways chronic. 

The symptoms of l1ernorrhagic pachymeningitis interna are 
still very obscure, and in most cases are complicated by those of 
the coexistent cerebral affection. The usual symptoms of a slow 
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meningitis, ioilh periods of exacerbation, pain in the loins and 
back, tearing pains in the ex tremi ties, s tifl'ness of the vertebrre 
and of the nucha, increasing weakness of muscles, sometimes ris· 
ing to complete palsy and paraplegia, moderate contractures, 
hyperresthesia and anresthesia of the skin in various degrees, 
weakness of the blauder, ete., are sufficient, in case certain 
causes are present (as drunkenness, paralysis, hrematoma of the 
cerebral dura mater), to arouse a suspicion or disease of the spi· 
nal dura, and, at least in many cases, lo lead to a probable diag· 
nos is. 

W e have yet to learn whether this di seasr, like the cerebral 
form, is mat·k~cl by aggravation of the symptoms from time to 
time, and whether this fact can be made useful in diagnosis. 

The disease, in this form, will usually take a 11 unfavorable 
course. 

Tlte diagnosis may be inferred from the previous bl'iPf sketch 
of the two form s. Pachym6ningite cen·icale hypertrophique has 
a certain resemblance to prog ressive muscular atrophy, a trophic 
l:.tteral sclerosis (Charcot), etc. The most important points of 
di stinction are the stage of pains, the partial an res thesias, para
plegia withont atrophy, etc. It will not be always possible to 
distinguish it from meningeal tumors. · 

The hemorrhagic form is iu need of a more exact diagnostic 
boundary. 

The prognosis requires no remarks. 
The treatment will resemble that of meningitis in general (see 

next sec tion). In more acute cases antiphlogistics of all sorts 
will be of use. 

In later stages and chronic forms we may have recourse to 
derivatives, preparations of iodine, galvanism, and the use of 
baths or the colcl-water treatment. Prominent symptoms, as 
pain, paralysis, atrophy, etc., require a special symptomatic 
treatment. 

VOL Xlll.-15 



226 El!J! .- DISEASES OF THE SPINAL CORD AN D ITS E NVELOP F.•. 

4. I nflammations of the P ia jJfater and Sp inal A raclinoidr
L eptomeningitis Spinalis-Perimyelitis and A racltnitis. 

P. Frank, I. c. 1792.-0llitJier, I. c. 3d ed. TI. p. 232.-llns8e, 1. c. 2. Aufl. p. 690.
llammond, 1. c. Sd ed. p. 444.-Leyden, 1. c. pp. 406-443.-.M. R osentltal, I. c. 
2. Auf'I. p . 283.-lloe!tler, :Monographie der Mening itis spinalis. Leipzig. 1861. 
(Contains a g reat deal of valuable matt.er and very full references. ) 

Klohas, Diss. de myclitide. llalis. 1820. Hufcland's J ourn. XVI. 1823.-Jf'iml·, 
Die Rilckcnmarksentziindung. Bamberg. 1825.- llcnoch, Schmidt's Jnhrb. Bd. 
28. 1846.-Evans R eeves, Diseases of the Spinal Cord and its llfcmbranes. 
Monthly J ourn. of :Med. 1855. p. 506; E<linh . .Med . J oum. 1855- 56. pp. 120 
and 302. -Noctel, De meningit idc spinali. Diss. Berlin. 186 1.-Beaumetz, 
MCning . Spinale, suivie de roidcur d es extrCm. infCr. Gaz. des IIOp. 1861. No. 
12'J.-B rown-SCq1tard, Lectures on the Princi pal F orms of Paralysis of the 
Lower E xt remities. London. 1861. p. 66, ctc.-Camerer, Ucbc.:r Meningi ti s 
spin. chron. und dercn Different ialdiagnosc. W li rtcmh. Corrcsponrl enzblatt. 
:1..~'1I. 1862.-.Jaccoud, Lei;ons d e clinique mCdicalc. 1867. pp. 372-420.
Vulpian, Note sur un cas d e ml!ning. spinale et de sclCrose cort icale annulnire 
d e la moCllc Cp. Arch. de Physiol. II. p. 279. 1869.- LiQUtdlle, faude annto
mo-pathologiquc de la mCning itc cerdbro-spin. tubercul Arch. d . P hysiol JII. 
p. 490. 1870. - Stokca, Chronic Inflammation of the Spinal Cord and its Mcm
hr:rnes. Dubl. J ourn. of :Med. Science. Vol LVI. p. 62. 1873.-Bruberger, Fall 
von :Meningit is syphil., etc. Virch. Arch. 1874. Bd. 60. 

Compare also vott Ziemssen, Mcningi t. cercbrospin. cpidcmica, in Vol II. of this 
Cyclopredia, and the full references there given. 

Inflammation of the soft membranes of the spinal cord is the 
most impo!'tant and the most frequent of spinal meningeal affec
tions ; and this is what is intended when spinal meningitis with
out further designation is spoken of. All treatises by the earlier 
authors rela te to this. But a great deal has been thrown under 
this title which mnst certainly be separated from meningitis, or 
which occurs simultaneously with it. It is reserved for future 
investigations to show more clearly than has been done the line 
of demarcation between meningit is ancl myeli tis ; for this pnr
pose accurate histological examination of the cord by the latest 
methods in cases of meningitis is absolu tely needccl. ·we have, 
J10wever, very lit tle positive information upon thi s point. 

It would seem hardly probable that any considerable inflam
m ation of the pia mater conlcl exist without involving the cord 
tG some extent. The pia distributes the vessels to the entire 
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cord; from it pass out the processes of connect ive tissue which 
compose the fram ework or the latter; so that any inflammatory 
irrita tion affec ting the vascular district of the pia must be felt 
more or less in the vessels of the cord, and when once a morb id 
process is established in the connective tissue or the pia, it is 
hard to seP why it should not spread to some extent in the cord. 

A certain degree of independence on the part or the two 1·as
cular di stricts or the pia and the cord must be aclmitlcd, as each 
may be affected singly; this fact is certainly established in rnla
tion to the cord, ancl suggests to ns that the nervous elements 
themselves possess some influence upon the disease, and that 
they may be primarily attacked, or, at least, may bear a promi
nent part in the production and localization of diseases of the 
connective substance. 

It is in diseases or the pia mater that we shall be obliged to 
pay special attention to the possibility or an implication or the 
cord. This has been clone fat· too seldom, in my opinion; patho
logical anatomy has devoted too lit tle attention to the point. The 
most that has been clone has been to clemonst1·ate an implication 
or the nerve-roots that pass through the cliseasecl membrane; 
or an affectio11 or the cord in 1-ery severe cases. Few observa
tions have been made systematically ancl with the aid or delicate 
methods. 1'fannkopr, in epidemic cerebro-spinal meningiti s, has 
seen abundant cell-infiltration following the course o[ the 1·essels 
even into the cord. Fronmueller has seen the ccntra) canal foll 
of pus-cell s in the same di sease; Lion ville, in tubercular menin
gitis, has seen tubercles in the processes or thP pia, in the fis
Snres or the cord, and Vulpin,n bas clemonstratecl in one case of 
inflammatory thickening of the pin, an annular sclerosis of the 
cord, extending to some clepth, especially in the posterior colnmns, 
the dPpenclenCe or which upon meningiti s is, however, at the 
least doubtful. 

This defi ciency has been made good by the invest igations of 
Dr. F. Schultze,' relating to three cases or leptomcningiti s spina-

1 Berl. klin. Wochenschrift. 1876. No. 1. Dr. Schultze has permitted me io view 
his microscopic:il prep:mi.tions bearing on this point, and it is my agreeable dnty to 
acknowledge gratefully the various assistance which the free use of his numerous and 
excellent preparations bas rendered to me. 
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!is which show a very conoiclerable implica tion of the nerve·roots 
and the cord itself. The pri ncipal results of these investigations 
is the fo llowing; fo r some fur ther detail s the reader is referred 
to the patholog ical a na tomy of ac ute meningitis. 

The nerve.roots are in a s tate or markecl intla mmation (infil
tra ti on with cell s, especia ll y in the neighborhood of the vessels, 
the nerve-fi bres swollen, g ra nular, beginning to break down, 
tlie a xis-cy linders swollen and granular) ; the bund les of root
fibres which enter the cord are more or less considerably swoll en. 
In the cord itself, there is fonncl a peripheral in terstitial myeliLi s 
(infiltration of the neu roglia wi th cell s ancl nuclei) pPnetrating to 
a greater or less depth, or actual parenchymato us myeliti s in 
Ja1·ge and small foci (enormously swollen axis-cylinders, cloudi
ness ancl granular clecay or the meclullary shea th, axis-cylinders 
breaking clown, etc.). In the gray substance there were found 
signs of rndema tous swelling in the ganglion-cell s, but no other 
distinct changes. Only the cen tral canal ap peared closely packed 
with round cell s, and its vicinity also infiltrated to a considerable 
distance with the same elements. 

It certainly follows fro m these facts tha t we shall have to 
take a somewhat d ifferent point of vi ew from what has pre,·iously 
been customary in explaining the origin of the sym p toms of 
spinal leptomeningitis. It is quite clear that the in1inmma tion 
of the pia can produce no very marked symp toms by i tself ; the 
principal would be that of pain and the consequent reflex p he
nomena , owing to its abundant supply of nerves. But the most 
important and essential symptoms must arise from an affec tion 
oE the nerve-roots and the cord itself ; and for thi s reason it will 
be very desirable to di stinguish between pmely meningeal and 
purely spinn.l symptoms, as well as those refera ble to the roots. 

A delica te clinical analysis will be required to di stingui sh 
these g roups of symp toms. 

I have p remised these remarks in order to fac il itate the under
s tanding of the symptoms of meningitis, and to indica te the ue
fev ts in our knowledge. 

As fo r distinguishing the inflammation of the pia, the so
called perimyeli tis, from arachnitis, I conside t· i t im possible, both 
upon pa thologico-a natomical a nd practical grounds. 
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Finally, the best division that we can make in practice--in 
spite or the great variety of form which spinal leptomeningitis 
may take-seems to me to be that which recognizes but two chief 
forms, the acute and the chronic. 

a. Leptomeningitis Spinalis AC'ltta. 

By this title we understand afebrile inflammation of the soft 
membranes (pia and arachnoid) of tlte cord, beginning witlt ·vio
lent symptoms and characterized chiefly by an exudation or a 
purulent-fibrinous, more rarely a sern-fibrinous nature. It occurs 
most frequently in an epidemic form, and in association with the 
corresponding affection of the cerebra,! membmnes, as ccrebrn
spinal meningitis. But it also occurs spontdically; and this 
form is that which will occupy most or our attention. 

Etiology and Pathogenesis. 

The predisposition to acute spinal meningitis is qnite general, 
although the causes upon which it depends are not yet ade
quately known. It attacks by preference child1·en and young 
persons, and the male sex; it is more frequent when there is ten
dency to scrofulosis and tuberculosis ; all sorts or weakening 
influences (bad dwellings, poor food, sexual and other excesses, 
etc.) increase the tendency. As regards the wa,y in which these 
causes act upon the spinal membrnnes, we know nothing p1·ecisely. 

Among the immediate canses, exposure to colcl ce1tainly 
plays a very important part. It has often enough been observed 
that sleeping on damp ground or snow, or the action or a cold 
wind striking upon the back while sweating, or an unexpected 
fall into the water, and other similar occurrences, have led to an 
attack or acute leptomeningitis. But in this case, as in most in
flammations or intenml organs caused by cold, we know nothing 
with certainty or the delicate mechanism of the entire process. 

'rhe action of the sun's heat, insolation, upon the back is a 
very questionable source of acute spina,l meningitis. 

Surgical lesions, however, constitute an unquestionable and 
very frequent cause. The disease has been observed after simple 
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concussion of the spine, as in falling down stairs; after ct1tting, 
stabbing, and gunshot wounds of the spinal column and its con
tents; after luxation and fracture of the vertebrre; after the 
operation for spina bilicla, etc. 

Inflammations and otlter affections of neigliboring parts are 
often propagated to the spinal meninges and arouse inflamma
tion in them ; thus caries of the vertebne, acute inflammation of 
the dura spinalis and the extra-meningeal cellular tissue, deep 
bed-sores reaching to the cavity of the sacrum; bursting of cavi
ties in the lungs into the vertebral sac; carcinoma of the vertebrre; 
and finally, acute inllammatious of the cord itself, which extend 
to the pia. The most frequent cause among this class is the 
acute injlmnmation of tlie cerebral pia mater, which is usually 
complicatecl with that of the spine. The spreading is usually 
effected through the open communication between the cerebral 
and the spinal cavities, through the anatomical continuity o[ the 
meninges, the current of the cerebro-spinal fluid, the gravitation 
of the inflammatory products, extravasations, etc., into the spinal 
cavity, and there setting up an inflammatory initation; and finally, 
it is doubtless due to other causes acting upon both the cerebral 
and spinal meninges at once. 'l'hus it is easily understood how 
the inttammation of the cerebral pia mater so often extends 
downwards to the spinal pia mater. 

Of tubercular basilar 1neningitis, according to recent observa
tions, a. tubercular spinal meningitis is a. quite regular accom
paniment. Hence the appearance of spinal symptoms in this 
disease. 

The publications of Weber 1 and Bierbaum' nrc of comparatively little force ns 

evidence. The most important cases arc three by Kochler, a \Yhich demonstrate the 

coexistence of tubercle in the pia mater of the brnin and of the cord. Also two 

cases presented by the same author in his monograph:" Liouvillc has recently 

stated that the occurrence is n nry regular one, and that among numerous cases, he 

has seen it in every one. In F. Schultze's three cases, above mentioned, the spinal 

pia participated each time in the cerebral inOammation. Leyden, 5 also, gives a 

case o( this kind, without making any exact statements regarding the frequency 

of its occurrence. It is certaiuly much more frequent than has been supposed. 

1 Deutsche Klinik. 18:i2. No. 34. p. 380. 
'Journ. £. Kinderkra.nkh. Bd. 2G. p. 355. 185G. 
3 lbilleru , BJ. 32. 1850. p. 400. 

4 Loe. cit. p. 121. 
•Loe. cit. p. 438. 
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Among the somewhat <Ioubtful causes of acute spinal menin· 
gitis may be mentioned dentition, suppressecl perspiration of the 
feet, suppression of the menses and of ltemorrlwidal bleeding, 
disappearance of acute exantltemata, etc., although instances 
of all these are given in the older literature. 

'fhe disease also occurs now and then in company with, or 
during convalescence from febrile diseases (pneumonia, acute 
articular rheumatism, etc.), or i11fectious diseases (acute exan
themata, cholera, typhoid, etc.). But this seems to apply chiefly 
to the epidemic variety. In cltild-birtlt, Koehler has repeatedly 
observed acute spinal meningitis. 

Finally, we must speak of epidemic and i11fectio1is influences. 
The form of spinal meningitis which originates in company with 
cerebral meningitis under the action of some as yet unknown 
infectious material, and has repeatedly during the present cen
tury assumed the dimensions of a wide-spread epidemic, is by 
far the commonest and the most important. "\Ye can only refer 
to von Ziemssen's admirable delineation of the disease, in Vol. IL 
of this Cyclopredia. 

GaunC 1 reports the occurrence, in n girl's boarding·srhool, o( a light epidemic 
of favorable termination, not going beyond the symptoms of bypcrremia of the 
cord in some cases. The immediate cause was unknown. 

Pathological Anatomy. 

The morbid changes found in acute spinal meningitis differ 
according to the stage of the disease. In general, three periods 
may be distinguisheil, which of course pass imperceptibly into 
one another : 1. A tage of hyperamiia and commencing exuda
tion. 2. A stage of serous or purulentjibrinous exudation, and 

,P. A stage of resorption or termination in some other way. The 
one most commonly observed is the second; the first much more 
rarely, especially in the fulminant attack of epidemic cerebro
spinal meningitis. 

In the first stage, the pia contains a great deal of bloocl, is 
colored from a rosy to a dark reel tint, is full like velvet, and in 

1 Arch. gen. 1858. 
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places is dotted with blood, or with ecchymoses of various size, 
while the blood-vessels are very fnll. '!.'he tissue is succulent, 
swollen, imbibed with serum, and the cerebra-spinal fluid is 
slightly turbid. '!.'be arachnoid shares in these characters to a 
greater or less extent ; the hyperremia usually extends also to 
parts of the dura of various extent, and is also to be seen in the 
substance of the cord itself. 

'!.'he second stage comes on by degrees; the watery contents 
of the tissues increase, the spinal fl11id becomes more and more 
turbid, fibrinous flocks and plates are formed in the subarachnoid 
tissue, or adhere to the surface of the dura; the pia is more and 
more opaque, the subarachnoid tissues swell to a gelatinous mass 
which more and more conceals the former redness. '!.'he purulent 
character of the exudation becomes more and more distinct ; the 
opacity increases, the tint alters to a whitish yellow, or green
yellow, and at last the whole pia and subarachnoid tissue are 
infiltrated uniformly with pus. '!.'he spinal fluid, growing more 
turbid, assumes a sero-purulent appearance and contains numer
ous flocks of fibrin, some floating and some covering tbe free 
surfaces of the meninges. In some cases there is to be seen, in 
addition to the exndation, a variable number of small miliary 
nodules, gray or whitish yellow, chiefly distributed in the course 
of the vessels, in the pia, and arachnoid, but not infrequently 
strewn over the surface of the dura in considerable numbers 
(tuberculous meningitis). In this form the exudation is usually 
of a rather gelatinous consistency, serous, yellowish in color, and 
rarely constitutes a strictly purulent infiltration. 

'!.'he distribution ef the exudation varies greatly. Sometimes 
it is spread over a larger, sometimes over a smaller space, but it 
usually covers the greater part or the entire length of the cord ; 
the posterior surface is apt to have more of it than the anterior, 
owing doubtless to the patient's lying on his back. It is evident 
from what has been said, that the exudation frequently extends 
to the membranes of the brain, though in very various amount. 
In such case a direct connection between the masses in the brain 
and cord can al ways be shown to exist along the base of the 
brain, although the quantity deposited on the medulla oblon
gata is o[ten remarkably small. 
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The araclmoicl is almost regularly involved in the inflamma
tory exudation. It is opaque and thickened, infiltrated with 
"e1wn or pus, and often abounds with gray miliary tubercles ; 
in such cases the subarachnoid connective tissue is always infil
trated similarly, and in its swollen condition forms a layer of 
exudation, surrounding the cord like a sheath. The dura spi
nalis is less frequently mentioned as involved, yet it is often 
hyperremic, often opaque to a considerable extent, and covered 
with thin, librino-1iurulent exudation. In a few cases peripachy
meningi tic hemorrhages have also been seen. 

The 1,erve-roots are always more or less involved in the in
flammatory changes; they are enveloped in thick masses of exu
dation, swollen, softened, their fibrillation is indistinct, their 
consistency diminished. 

Of the condition of the cord itself in acute meningitis onr 
information is quite scanty; it has been found pale and mdema
tons, at other times more hypenemic, but usually softened; the 
softening may be somewhat uniform, or it may be disseminatecl 
and limited to certain spots; in a few cases a purulent inliltra
tion of the cord, of variable extent, could be distinctly seen with 
the naked eye. 

:Microscopical examination discovers in the soft membranes of tl1c cord nll the 
signs of cxudative inflammation-abundant ccll-infiltrntion, especially nlo11g the 
vessels, great fulucss of the capillalies, swelling and spreading of the bundles of 
connective tissue, etc. Such tubercular nodules as may be present show the char
acteristic histological marks, and are chiefly found along the vessels. F. Schultze 
found abundant infiltration with cells in the walls of the vessels which run in the 
anterior and posterior nerve-roots; the infiltration extended to the ncuroglia. Some 
of the nerve-fibres of the roots appeared altered, their mcdullary sheath being cloudy 
and granular, the axis-cylinders decidedly swollen and in a state of granular 
degeneration. The bundles of roots which passed into the cord sccm<'d, therefore, 
to be thickened at many points, and could be followed for a short distance into the 
cord, where they resumed their normal dimensions and appearance in the neigh
borhood of the gray substance. 

In the cord, li'. Schultze distinguishecl two sorts of affection. Either there was 
infiltration with cells and nuclei, affecting chiefly the ncuroglia, witliout direct im
plication of the nerve-fibres, and limited to the peripheral layers of medulla (peri
pheral interstitial myelitis), or the nerve-fibres were principally involved in the 
infhmmntory processes (parenchymatous myelitis), so that distinct rnyclitic foci of 
various extent and position could be recognized. Thus there were found in the 
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transverse section (especially in the lateral columns) narrow wcdgc-sbnpcd regions 
of inflanunation

1 
with the point directed towards the centre, o f which the longi

tudinal extent varied. Single nerve-fibres in the condition of inflammatory swel l
ing were found at all parts of the transverse section. In the ''esscls of the co1d JlO 

essential changes were found i in the gray substance not much that was abnormal 
could be seen, except an apparently redematous swelling of many of the gangliun
cells; the central canal, however, was rCgularly oblitcrntcd, plugged with roundish 
cells, and its vicinity also infiltrated with similar round cells. 

The second stage is that in which death u sually occurs; 
hence its anatomical changes are the bes t known . In cases not 
terminating in death a third stage must be admitted, in which a 
complete restorntion to the normal state occurs with complete 
rnsorption-a· process which can only be observed by fortunate 
accident-or various permanent cha.nges occur, residua and con
sequences of the acute process of very various sign ificancP, and 
not rarely developing in a chronic way. The most frequently 
seen are opacity and thickening of the soft membranes; adhe· 
sions of these membranes to one another and to the dura are not 
rare; large accumulations of liuid in the arachnoid space (hy
dronhachis); more rarely chronic processes develop in the cord 
which continue to increase-sclerosis and atrophy of the cord, 
either affecting single columns, or di:;tribu tcd in the form of 
islands of disease, or diffused through the whole meclulla. \Ve 
have, therefore, after acute spinal meningitis, either the }1erni
cious changes, progressive chronic mening iti s or myelitis, or else 
those comparatively harmless processes (opacity, thickening, cal
careous plates, etc.), which are so often fo und in the body with-
011t having given ri se to special symptoms during life. 

The anatomical changes of the other organs during acute 
spinal meningitis require no special description here. They dif
fer, according to the course of the disease and the manner of 
death, but do not present any thing especial. The most impor· 
tant of them have been s ufficiently described in Vol. IL under 
Cerebro-Spinal llfoningitis. 

Symptoms. 

Characteristic as arc the features of acute spinal menino- iti s 
it is yet rarely fo und pure aud isolated ; it is especially con:'mo~ 
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to find the cerebral pia mater affected at the same time, which 
complica tes the picture and hinders the precise interpretation o f 

1
the symptoms. Ye t with some atte ntion aml experience the 
characteristic feat ures of spinal meningitis can be deduced from 
the symptoms as a whole. 

General Description.-Acnte spinal meningiti s usually be
gins suddenly; often with fulminant symptoms. Distinct and 
marked precnrso ry symptoms are observed iu only a minority of 
t.he cases ; general heaviness and depression, slight chill, ancl a 
li ttle gastri c di sturbance, fleeting pains in the head and back, 
restl essness and sleeplessness, preceding for a time the outbreak 
of more serious symptoms. 

The proper commencement of the disease is marked by a more 
or Jess severe chill, directly followed by violent febrile symp
toms ; the temperature is raised, without any regularity of curve, 
tl1 e pul se is full, hard, rapid, very rarely retarded at the outset. 
Yomi ting and severe cerebral symptoms are observed only in the 
cerebro-spinal form. 

The pa inful symptoms very soon become the most prominent; 
the chief one consists of an intense, ueep-seatec1, boring p ain in 
tile back, which is much complained of. According to the local
izati on of the inflammation, the pain may occupy various places 
(loins, back, or nape of the neck), and have a various extent, but 
is increased Jess by pressme on the spinous processes than by 
rnovement of the vmteb1·al column and the extremities ; it is 
usually very violent, but J·emitting ; and from the place where it 
is seated, pains shoot out around the trunk in "ring, or extend 
to the extremi ties, piercing them in all direc tions. Thus all 
mornments are renc1erell ex tremely painful. 

The pain in the back is regularl y ancl characteri stically asso
cia tecl with a severe r i,qidity of the spine, most nmrked at the 
height of the di sease. The bes t-known variety is that which 
attacks the nucha, and is so constant in epidemics ; if the disease 
is situated lower cl own, the lumbar spine may be the chief seat 
of the pa inful stiffness, and when the di sease is c1i.fiuse, the rigid
ity, produced by muscular tension and contracture, may extend 
to the entire column, and produce a very close resemblance to 
tetanic spasm. 
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Quite analogous phenomena are observed in the muscles of 
the extremities; painful tension and stiffness, not rarely in
creased to the point of extreme contrnctures, producing rigiu 
immobility of the limbs; in some places spasmodic twitching; 
occur, which give the patient extreme pain, and somewhat re
semble tetanic spasms, but seldom amount to general convul
Eions. Such twitchings, in single muscles, are apt to be produced 
by attempts to use them. 

The skin of the extremities and the trnnk, as far as its sensi
tive nerves originate from roots which are involvec1 in the inflam
mation, is in a state of mat·ked hypercuthesia, so that every 
touch, every movemPnt of the patient, calls out exprnssions of 
pa.in, even in cases where the consciousness is quite impaired. 
IIypercestltesia of the muscles seems to be equally demonstrable 
in many cases. 

The reflex activity is usually increased at the beginning, but 
diminishes during the course of the disease. 

\Vith these sensory and motor symptoms, disturbances of the 
evacuation ef urine and fmces are early allied; these functions 
are performed with difficulty, owing, as is usually supposed, to 
a spasmodic condition of the sphincters; artificial means am 
often required in order to regulate them. 

Disturbances of the thoracic viscera do not occur unless tl1e 
cervical part of the cord is involved in the inflammation. In this 
case difficulty of breathing appears, due to the rigiclity and 
painfulness of the muscles of respiration; in the aclvanc<'tl 
stages, serious symptoms of dyspuroa occur, which may increa,;e 
to complete asphyxia. Disturbances of the action ef tlte heart 
(great retarclation or acceleration) may be added. 

Cerebral syinptoms, as vertigo, violent headache, delirium, 
unconsciousness, coma, etc., are not rare; when they occur, it is 
usually in cases in which some degree of implication of the cere
bral pia mater is present. They may appear at an early period, 
or later in the course of the disease, anc1 when fully developed, 
often indicate the probability of a fatal event. 

As the disease progresses, the symptoms of irritation may 
become less and less prominent, and give place to more distinct 
symptoms of paralysis; but both classes of symptoms may be 
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intermingled in varions ways. Pareses and paralyses occur; the 
immobility of the limbs is no longer owing to muscular tension, 
but to motor weakness; symptoms of vesical paralysis occur; 
the cutaneous sensibility is lessened, and even high degrees of 
anresthesia may uppear; at last, paralysis of the respiratol'y ap
paraLLlS may lead to vel'y threatening sy mptoms. 

\Vhen the disease has reached tl1is height, everything may 
rapidly go from bad to worse, and death may soon occur; the 
immediate cause of death is usually a progl'essive paralysis of 
respiration and circulation, associated with deep coma, and not 
rarely with a great rise of temperature during the agony. 

At other times the course is more protracted; the severity of 
the symptoms lessens, deceitful signs of temporal'y improvement 
appear, while the disease, as a whole, continues to make prog
ress; severP paralysis, bed-sores, etc., appear, and death follows 
after long suffering. A secondary implication of the cord is 
always to bu supposed in such cases. 

Improvement may really occur; in sligh t cases this is often 
wonderfully speedy, with a short convalescence, while in severe 
cases it is more gl'adual, and has many 1luctuations. The conva
lescence is then tedious, the forces recover themselves but slowly, 
the abnol'mal initability disappears very grndu:illy, and the 
patient needs cal'e fol' a very long time. Incmable injuries are 
often left behind ; paralysis and atrophy of si ngle muscles and 
gronps o[ muscles, or of whole extremities, contractmes, anros
thesia, etc. Signs of degeneration and sclerosis of single columns 
of the cord may continue after the disease is over. 

I nterpretation of tile symptoms.-Among the most constant 
and important is, without doubt, the pain in tlw back. It is 
usually Yery severe, deep-seated, boring, and tensive, of various 
extent, but hardly e1·er absent. It is a special characteristic, that 
it is very much increased by every movement of the trunk or 
limbs, so that the patient is often compelled to maintain absolute 
repose from this circumstance alone. The movements connected 
with evacuation of urine and faeces also naturally increase the 
pain in the back. Pressure on the vertebral column does not 
always increase it. 

This dorsal pain doubtless owes its existence to inflammatory 
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irritation of the nerves of the pia and dura, to inflammation of 
the posterior roots, and the consequent hypcrrosthesia. but lmrdly 
to an inflammatory implication of the corcl itself. 

Pains ·in tlle extremities, of a tearing or boring character, and 
increased by every movement, are seldom wanting, and have 
doubtless the same origin. They correspond in their location and 
extent with the inflamed portion of the cord. 

To similar processes of irritation in the moto1· apparatus may 
be referred the equally frequent and important symptoms of 
muscular tension, contractures, spasms, stiffn ess of tlie spine or 
neck, etc. The most characteristic of all is the st i£1'11ess of the 
spine and neck, with the head drawn backwards, the back 
stretchecl, often in the position of opisthotonus, and stiIT and 
hard, especially when active or passive movements are made. In 
the extremities, the ex tensors are most affectPd, but often the 
flexors; the limbs in this condition are often of the 11ardnPss of 
stone, and immovable. This tension relaxes a little at times, 
is especially increased by attempts at moving, but is usually not 
much increased by refl ex irritation. 

The pathogenesis of these motor symptoms is not yet settled. 
It is commonly beli eved that they originate in the reflex way, 
owing to the abnormal irritation of the posterior rnots, and might 
be regardecl as reflex contractures. This may be trne to some 
extent and in some cases. It is, howe;·er, quite certain that 
the muscular tension is half voluntary in cl1aracter, or is in
creased by a voluntary act, which has for its object lhe preven
tion of movement when all movements are so painful. The chief 
weight, however, should be laid upon direct irritation of the 
motor apparatus. 

Such a condi tion may depend in part on inflammatory irrita
tion of the anterior roots, in part on irritation or the motor paths 
in the lateral columns by secondary points of myeliti s (as F. 
Schultze has shown). If the latter were the correct solution, it 
would lead us to infer that the fibres for the trunk·muscles occu
pied some exposed situation (possibly in the external periphery 
of the lateral colnmns), in order to explain the great amount of 
rigidity in these muscles and in those of the nncha. The assump
tion of a direct irritation of the motor apparatus is confirmed in 
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an interesting manner by two cases in which LPyden • saw the 
muscles of the back or the neck paralyzed in the latter part of 
the disease. And, in fine, the clonic muscular twitchings which 
occur spontaneously, or during efforts to move, may best be ex
plained by direc t irritation of the motor paths. 

It is hard to say how the liypercestlwsia, which is almost 
always present in a high degree, is to be explained. It is most 
marked in the skin, but extends also to the deeper parts, the 
joints, muscles, etc. It may be so severe that the slightest touch 
or change of position calls forth the strongest expressions of 
pain ; even unconscious patients may shrink and make motions 
or defence, when taken hold of. All voluntary movements of the 
hyperrosthetic parts cause severe pain. The hyperrosthesia is 
usually most marked in the lower extremities and the lower half 
of the trunk, while it is less marked and more rare in the upper 
limbs. 

W e are not yet in a position to assign any cause for thi s hyper
resthesia except the inflammatory irritation of the posteri or roots, 
and perhaps also an implication of the white columns or the 
cord. It must be admitted that this explanation is very inade
quate. 

The ancestlwsia and paralysis which appear at a later stage 
are more intelligible. They vary much in form and di stribution; 
there may be a paralysis of single muscles or groups or muscles, 
with or without atrophy ; paralysis o( an entire lower ex tremity, 
or paraplegia; the upper extremities are reached, or are the ex
clusive seat of paralysis, in few cases. In complications with 
cerebral mening iti s, paralysis of some cerebral nen•es, disturb
ances or the senses, etc., are frequent. These paralyses often di s
appear quickly as the di sease impro1-es, while at other times 
they improve very slowly, or may be quite incurable; and from 
these circumstances inferences may be drawn as to the nature of 
the causal lesion. 

We cannot be much mistaken if we ascribe the majority of 
these sensory ancl motor paralyses to the clemonstrably severe 
affection of tlte posterior and anterior roots. It requires no ex-

1 Klinik1 etc. I. p. 417. 
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planation to show that the swelling and opacity of the nerve
tibres and axis-cylinders may very easily reach a point which is 
incompatible with the further perfol'mance of their functions; 
that plastic infiltration of the neurilemma may so compress the 
root-Jib!'es as to render them nntit for conduction; and that the 
em bedding of the delicate bundles of root-fibres in a considerable 
mass of fibrinous exndation will very easily destroy the function 
of the roots. It is, however, also possible that the myelitic 
points in tlte white columns ef tlte cord, especially in the lateral 
columns, may in the conrse of the disease become dangerous 
to various paths of conduction, and produce paralysis. And 
finally, we may remember that tlte presence of a large fluid 
exudation in tlte sac of tlte dura may compress the cord and 
the nerve-roots to such an extent as to produce paralysis. This 
lesion will become probable only under special conditions, as 
when the paralysis is diffuse and not very severe. 

The symptoms 011 the pal't of the vegetative organs are less 
constant, and often hard to interpret; their physiological con
nection with lhe cord is well known to be undetermined in many 
points . 

In the urinary apparatus, a frequent disposition to pass 
water, in connection with ischuri:.i 0 1· complete retention of 
urine, has often been observed; it has been usual to explain 
these symptoms as the consequence of a direct or reflex spasm 
of the sphincter of the bladder. At a htter stage, well-mal'ked 
weakness and paralysis of lhe bladder often occm, usually 
accompanied by paraplegia. For the explanation of this we 
require the same facts which explain motor pamlysis; the 
mechanism of the various forms is that which has been stated 
on page 79 et seq. 

The composition and quantity of the urine seem to depend 
on the severity of the fever; it is at first satnrated, dai·k, scanty, 
clouded with mates, but later becomes ahundant, light, and clear. 
In a good many cases (especially of the epidemic form), an un
usual excess in qnantity has been observed, which is usually 
ascribed to a direct nervous stimulation of the secretion, origi
nating in the cord ; and in like manner the rarer affection, melli
turia. 
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In the digestive apparatus we observe the tli sturbances which 
usually accompany febrile complaints, and in addi tion, most 
frequently constipa tion, which is referred by Koehler lo spasm 
o[ the intestinal muscles, and consequent interfere nce with peri
staltic action, and to the spasmodic tension o[ the abdominal 
muscles. This explanation may be correct in the fi rst stages, 
but at a later point, the sluggishness and weakness which arc 
so charactel'i stic o[ intestinal movements in many spinal di seases 
are more probably the cause. The abdomen is usually sunken 
and tense; swelling and meteorism are rare, aml so is cliarrhrea. 
Vornitin{J, which often occtus, is probably always clue to a local
ization o[ the process at the basis of the brain, and therefore is 
most frequent in cerebro-spinal meningitis. 

The respiratory apparatus is remarkably affected in all 
severe attacks o[ spinal meningitis, especially when located i11 
the cervical region. All the degrees o[ accelera ted and di ffi cult 
breathing occur, up to the ex treme of clyspnrea, and even as
phyxia. The explanation is to be sought in the following cir
cumstances : ilTitat ion of the cervical roots, and the consequent 
spasmodic tension and immobili ty o[ the respi ratory muscles, or, 
a t la ter periods, paralysis of the same apparatus ; irritation or 
paralysis of the respiratory paths in the lateral columns o[ the 
cervical medul la; ancl finall y , the direct afl'cc tion or the medull a 
oblongata and the centres of respira tion which it contains. N rar 
the fatal termina tion, the Cheyne-Stokes phenomenon o[ respira
tion has been repeatedly observed, which probably alwnys indi
cates that the medulla oblongata has been reached by the inflam
mation.• 

The disturbances of the apparatus of circulation have been 
bu t little studied , and owing to their complicated origin , they 
are hard to in terpret. They depend firstly and cl1iefly upon the 
fever. Increased frequency of pulse is the rul e ; yet retardation 
often occurs, especially in cerebral complica tions ; great irregu
larity in rapidity and rhy thm is often observed; in fa tal cases, 
towards the close, as the temperature ri ses, the pulse often be
comes too fast to count. It may be lef t to the reader to form 

1 Cf. Erb, Arch. f . klin. :Med. I. p. 185. 1865. - Leyden 1 K.linik, etc. I. p. 421. 
VOL. XIII. - 16 
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for h imseH a suitable explanation of the disturbances in such 
a case, by reference to the physiological principles governing the 
innervation o[ the heart from the cord and medulla oblongata. 

'fhe reaction ef the pupil has not been fnll y stud ied; and it 
seldom gives us an u nqualified indication. A striking contrac
t ion may occur, as well as unilaternl or bila teral dila ta ti on. It 
will, however, not always be easy lo clecide whether paralysis or 
irrita ti on o[ the ocnlo-pupillary fibres in the cervical cord is the 
ra t1se of these di sturbances, and whether llte oculomotorius is 
not also involved. 

The cerebral symptoms which occur at times during spinal 
meningitis and regularly in the cerebro-spina l fo rm-delirium, 
coma, general convulsions, epileptifol'm attacks, trismus, grind
ing o[ the teeth, di sturba nces of the organs of sense, spasm and 
paralysis of single cerebral nerves, vomiting, sleeplessness, loss 
o[ speech, giddiness, etc.-are merely enumerated here, as they 
liave been full y described and explained under Epidemic Cere 
bro-spinal Meningitis (Yol. lI. ), and Cerebral Mening itis (Vol. 
XII. ). 

Tlie f ever o[ sporad ic spinal meningitis has been but l ittle 
studied. The tempera ture seems to be very irregular; in the 
beg inning it is usually high, but at the later period considerable 
vurin.tions occul', which may continue during early convalescence
In fatal cases a rise of temperature is often observed dllt'ing the 
agony. As regards the fever of the epidemic form, see the trea
ti se by von Ziemssen in the second volume of thi s work. 

Pathological eruptions of the skin (herpes, roseola, pctechi re, 
erythema, u rticaria, erysipelas, etc.) seem not to be constant or 
parti cula rl y sig nifi cant, except in epidemics ; we therefo re refer 
to the place where the lat ter are desc rihetl 

The general nutrition usually suffers greatly ; the patient 
emaciates qu ickl y ancl to a great extent, owing to the severity 
and dn rntion o[ the fever, the defi cient suppl y of food , the great 
physif'al suiieri ng, and the loss. of sleep. In severe and pro
tracted cases, emaciation may become extreme. 

As a matter of course, not all the cases of spinal meningitis 
are accompan ied by all the above symp toms. Jn giv<'n cases, 
the appearance o[ the di sease may differ greatly. The lead-
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ing symptoms are more or less distinct in all cases, but the 
accession or the other symptoms, which are not invariably found, 
may give rise to many varieties of the disease, which cannot pos
sibly be enumerated here. Let it suffice to state that age and 
individual constitntion may produce considerable differences in 
the course of the symptoms, and that the nature of the cause 
usually influences the form of the disease; that essential or acci
dental complications with inflammation of the membranes of the 
brain, inflammation and other diseases of the internal organs, 
may greatly modify the character of the disease; and that, 
finally, the portion of the spinal cord which is attacked has a 
great influence upon the symptoms. 

It is with regard to this latter point that we would briefly 
mention the chief signs for locating the disease in the lumbar, 
dorsal, or cervical region. 

If the lumbar region is the part chiefly attacked, we shall 
find pain in the Joins and sacrum, stiffness of the lower part of 
the spine, pain radiating to the hypogastrium and the lower ex
tremities, spasm and paralysis limited to these parts, severe uri
nary difficulties, etc. 

Ir the dorsal region is also involved, the pain reaches a higher 
point of the trunk, pain and stiliness of the back go up as high 
as the shoulder, distmbances of respiration, prrecordial anxiety, 
etc., are perceived, while tbe symptoms in the lower extremities 
continue. 

If the process extends to the cervical region, the characteris
tic symptoms of stiffness of the back of the neck, excentric phe
nomena [i.e., pain, etc., of a central origin] extending to the 
upper extremities, severe difficulty of breathing and swallowing, 
anomalies of the cardiac action, pupillary symptoms, etc., are 
observed. 

Finally, if the inflammation extends to the medulla oblon
gata and to the base of the cranilim, then, in aclclition to the 
chief spinal symptoms, those of a cerebral nature become more 
and more prominent; vomiting, headache, delirium, paralysis of 
ocular mu cles, trismns, disturbances of respiration and speech 
arc observed, and impart to the disease a very characteristic 
appearance. 
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Course, duration, termination .- In descri bing these, we must 
make a divi sion into g roups. 

In the severest cases death occurs early. In epidemics i t Jias 
occm red within a few hours (mening iti s cerebro-spinali s side
rans), bu t more usually is postponed for a few days; the vio
lence of the symptoms increases from hour to hour, tetanic 
spasms intermpt the constant rigidity of the muscles, severe dis
turbances of respiration and circulation occur, comatose symp
toms appear, and death follows amid profound collapse, often 
preceded by a great ri se of temperature, and, in the last hours, a 
general relaxation of the muscles. 

I11 less violent cases the duration may be two or three weeks; 
the severi ty of the symptoms Jluctuates, but in general those 
which import clanger increase, the }Jatient's fo rces sink, and at 
las t the serious symptoms above enumerated appear, am1 lead to 
death in like manner. 

There are other cases which have a very protracted course. 
The fever and the acute symptoms diminish, bu t there is no sign 
of recovery ; the most important symptoms persist and increase, 
giving rise to the chronic form of the disease. This form may 
either take the ordinary course of chronic spinal meningitis, or 
it may be aggravated by a deep aliec tion of the cord, and the 
patient c1ics with symptoms of chronic spinal paralysis, often 
after many months. 

As to recovery, that is often hopec1 for in vain. In the most 
favorable cases it may occur very soon; the threatening symp
toms grow less so in a day or two, soon di sappearing, or if re
turning, it is in a milder form and for a sho1-t time. This rapid 
convalescence is of ten introduced by cri tical sy mptoms-profu se 
sweati ng, bleeding from the nose, or 11emorrhoit1al or menstrual 
bleeding. abundant discharge of urine, etc. ; a nc1 cases have been 
repor ted where pa tients have been able to go abou t their busi
ness in a week or two. But the recovery usually lasts longer; 
the convalescence drags on for weeks and months, the pa ins and 
paraly ti c symptoms di sappear by degrees, the strength improves 
slowly, the patient has first to use cmtches, anc1 often lingers for 
months in an invalid condition, from which he finally recovers 
completely a fter several courses of treatment. Stich n.re the cases 
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in which inflammatory products, exudations, adhesions, etc., re
main to retard recovery. 

There are, of course, a few cases in which incurable traces of 
miscbief remain, a fter the general health has been fully restored; 
this consti tutes an irnpeifect recovery. The patient is well, wi th 
the exception of some paresis or paralysis of certain groups of 
muscles, partial atrophy, local anresthesia, permanen t stiffness of 
the back , etc. A marked tendency to relapses, of various de
grees of severity, often persists for a time. 

Diagnosis. 

The symptoms, when full y developed, form a very character
istic group, not easy to be mistaken. The chief diagnostic diffi
culty arises when we have to separate this group from among 
more complicated symptoms, or to disting uish it from related 
diseases. 

The general marks of the disease arefei•er, pain and stiffness 
in lite back, stif/'ness ef the back of the neck, 1nuscular spasrns, 
llypermstltesia ctnd parmstliesia of the skin, pains in tlle limbs, 
retention of the fmces and nriue, dys pnma, and, in tlle later 
stages, paralysis. " ' here all or most of these symptoms are 
present, it will be quite easy to form a diagnosis. 

\Ve shall very of ten have to pu t the question whether an 
existent cerebrnl meningitis is complicatecl wi th the spinal affec
tion. In the cernbro-spinal form, the cerebral symptoms consti
tute the most p rominent fea tu re, while the p resence of spinal 
inflammation is indicated by pain in the back aml loins, stiffness 
of the nucha (which doubtless depends on an implication of the 
cervical med ulla), stiJrness of the back, hypenusthesia and pain 
in the ext remities, purticularly the inferior. 

The diseases most readily confo unded with spinal meningitis 
are acute myelitis and tetanus. The diagnosis from acute myeli
tis ma.y be hard to make in many cases, especiall y as (in our 
belief) the two diseases a. re 1'ery often united, and myelitic symp
toms are often oI more p rominence than those of the other dis
ease. But a li ttle attention will enable u s to decide the case on 
one or the other slue with very g reat p robability. In a.cute 
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myelitis the pains in the back and limb , especially the excentric 
pains in the limbs, are very much iu the background ; the stiff. 
ness of the back and neck are absent ; hypencsthesia is by no 
means prominent, and the limbs are not rendered immovable by 
pain and muscular tension. But in myelitis actual parulysis is 
very early a prominent symptom; it occurs much more quickly 
and completely than in meningitis, and in the sensory sphere it 
is quite prominent in the form of eurly :ind severe anresthesia. 
To this is soon added paralysis of the bladder and rectum, often 
acute becl-sore, and much increase of reflex action. The fever is 
not, however, so high . From these symptoms it will be easy to 
recognize myelitis if present, either alone or as complicating 
meningitis. 

From tetanus, the anatomical basis of which was oiten snp
posed to consist of acute meningitis, the latter can usually be 
distinguished with ease and certainty. Apart from the causal 
elements, which often much assist in making the diagnosis, the 
following criteria must be taken into uccount. Tetanus is a non
febrile affection-in the commencement, at least, it is always 
snch; it begins with trismus, with scarcely an exception, while 
in meningitis this symptom is postponed to the later stages; 
there are never any signs of cerebral implication ; the peculiur 
expression clue to rigiclity of the facial muscles (Koehler, Koenig) 
is especially characteristic, but does not belong to meningitis; in 
tetanus hyperrosthesia of the skin is absent, but the reflex excita
bility is increased to a degree which very seldom occurs in men
ingitis; the spasms are much more violent ancl severe in teta
nus; very severe dyspnma and tronble in sw:illowing occur early, 
while in meningitis they accompany only the affection of the cer
vical region and the base of the brain, which is always denoted 
by marked disturbances of the cerebral nerves, changes in the 
pupils, etc., that do not. occur in tetanus. 

It will hardly be necessary to give the points of diagnosis 
between spinal meningitis and acute febrile rlteurnatisrn of the 
muscles of tlte back, which is characterized by its light and 
fa,-omble course, the local painfulness of the muscles, absence of 
pain in the limbs, oC hyperresthesia of the skin, paralyses, etc. 

Diseases of internal organs, as, for instunce, inilammation o! 
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the lungs and pleura, heart, c:esophagus, abdominal viscera, etc., 
cannot pos8ibly be confounded with spinal meningiti s excep t in 
persons with marked spinal irritation, in whom all febrile dis
eases are associa ted with pain in the back, tenderness of the ver
tebrro, etc. This confusion may easily .be avoided by careful 
attention and physical examination. 

Among the forms of spinal meningitis, the t1tbercnlous is the 
only one deserving of careful attention, as its diagnosis is known 
to involve grave consequences in respect to prognosis and treat
ment. As it is probably always associated with tubercular basi
lar meningiti s, we may refer to Vol. XII., where are given the 
points \\"hich need attention in distinguishing this form from the 
other form s of cerebral meningitis. A bad constitution, scrofo
los is, tuberculosis, slow development of the symp toms, moderate 
ancl irr~gular fever, retarded pulse, the cerebral symptoms, etc., 
will g uide the diag nosis. Ophthalmoscopic examination, by show
ing tubercles in the choroid, will perhaps often decide the point. 

P rognosis. 

According to the form and causes of spinal meningitis, the 
constitution of the person attacked, the complications, etc., the 
prognosis will vary extrnmely. Only the strictest weighing of 
the case can make clear the leading points, which can only be 
given in outline in this place. 

Cases which begin and continue with sudden violence (foudroy
ant) are absolu tely unfavorable. 'l'he tuberculous form is equally 
so. Those caused by deep bed-sores or seYPre vertebral lesions arc 
very unfavorable. The rheuma ti c cases and those due to simple 
traumatic lesion are more favorable, ancl so are many cases of 
epidemic orig in. 

The progress is influenced f or tlle worse by the foll owing cir
cumstances : a very youthful or very ad ranced age; bad consti
tu tion, an::cmia, the prev ious occurrence of severe di sease, etc.; 
by the height to which the disease ascends in the spine, towards 
the brain; by arly symptoms of paralysis, signs of general loss 
of strengt!J, high fever, continually rising temperature and in-
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creasing frequency of pulse ; great difficulty in breathing, dys
phagia, severe cerebral symptoms, etc. 

The opposite of any of these conuitions is favorable for the 
patient. A moderate intensity of the chief symptoms and the 
fever, in robust persons in middle life, will permit an especially 
favo rable prognosis. 

But in all cases we should be cautious in making predictions. 
Acute sp inal meningitis is always a se1fous disease. Even in 
what seem the lightest cases i t should always be k ept in mind 
that the inflammation exists in the immediate neighborhood of u 
vital and extremely delicate organ, unrl fnrther, tlmt when all 
immediate danger to life is past, u transition to the chronic form 
is but too easy, the prognosis of which is not at all favorabl e ; 
and finally, that unforeseen relupses may occur, which will sud. 
denly alter the situation in a disastrot1s way. 

The prognosis in later stages, with regard to duration and 
mode of termination, sequelre, etc., sh ould be made in accoril
ance with general rul es, keeping in mind what has been pre
viously said. \Ve should be no less careful here ; for not rarely, 
in spite of the apparent insignificance of the residual affec tion, 
partial paralyses, atrophies, etc., will obstinately resist all treat
ment, while at other times they certainly yield with surprising 
quickness to rational treatment. 

Treatment. 

No effective propliylactic measures can be mentioned in spo
radi c spinal meningitis; the precautions to be taken in the epi
demic form are given in Vol. II. 

In so acute a disease, we can seldom speak of fulfilling the 
causal indication. As a rule, we have little to hope from this; 
but in some cases the remornl of foreign bodies, the treatment of 
fractures of the vertebr::e, of suppmation in the neighborhood, of 
more r~mote diseases, and the like, mny be necessary ; of the 
manner of accomplishing this, we need not here speuk. If the 
cause is unquestionably of a rheumatic natme, energetic diapho
resis may be tried . 

\Ve shall u sually have the disease in its full development to 
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treat. The severity and threatening nature of the symptoms 
usually tempt to energetic measul'eS; and, in fact, much has 
always been done and many things recommended. 

Let us keep in mind, above all, that the treatment should be 
determined upon with carnful regard to the indiviclnal circum
stances, the amount of strength, the causes, the prominent symp
toms, and that these ought to be our chief guide in choosing 
rnmedies. 

\Ve shall, in the first place, always find reason for energetic 
antipltlogistic measures, nmong which bloodletting ancl cold are 
the chief. Genel'al bleeding, venesection, will be used only in the 
rarest cases, namely, in very robust, plethol'ic patients, and when 
the initial symptoms are very intense. Local bloodletting will 
genera lly suflice; it must be free and frpquent. Cups and leeches 
on the vertPbral column are the best, in number dependent on 
the eat aml extension of the disease, the patient's agP and con
stitution. In many cases blood may also be drawn from the 
anus and vagina. 

The application of cold along the spinal column must in all 
cases be attempted, and, if possible, carried out with great thor
oughness. Unfortunately, it is often hard to fix the ice-bags on 
the spine, on account of the patient's restlessness, and yet cold 
applications ancl wraps, irrigation and affusion or tho back can
not propcl'ly replace the bags. 

'l'o this add a vigorous derivation to the intestine or skin. 
For the fol'rner purpose, drastic pmges may be achised (the best 
is calomel with jalap), or strong saline purges, "nqu::i laxath·a," 
etc.; of course with allowance for individual constitution~. For 
dcl'ivation to the skin, the best and most snccessful method con
sist in the repeated application of large blisters al on,!; the spinal 
column. In the milder cases, frictions with pustulating ointment 
and painting with tincture or iodine along the 1·ertebral column, 
hot mustard foot-baths, sinapisms to the back and cnlves or 
thighs, etc., are sufficient. The white-hot iron seems not to act 
especially well; it might at most be tried in desperate cases of 
disease in the cel'vical region. 

JJferc1iry has always been recommended as an antiphlogistic 
from the earliest times; the most usual methods are the rubbing 
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in of mercurial ointment upon the back or extremities, in the 
quantity of from one to fo ur grammes [from fif teen g rains to a 
drachm] daily, and the internal exhibition of modera te doses of 
calomel (0.15-0.25 [from two and a quartPr to four grains] , two 
or three times a day) ; the usual precautions against salirntion 
being of course employed. "\Ve have no cer tain pl'Oof of the 
effi cacy of this method. Among the internal remedies, tartar 
emetic was formerly much given, but is now for the mos t part 
abandoned . I t is for the foture to determine whether ergotin 
deserves the recommendation given by Hammond on account of 
its action on the vessels. 

The entire surroundings of the p atient must be arranged in 
conformi ty with the idea of antiphlog istic treatment ; a quiet, 
airy, moderately warmed room; absolu te rest in bed, bes t on the 
side or face, avoiding the back as much as possible ; prevention 
of all noise and excitement ; avoidance of bodily movement and 
exertion ; for nourishment, a fluid, easily digestible diet, at first 
cooling, but soon to be made tonic and roborant; for drink, 
water, lemonade, j ui ces of frui t, mild acid drinks, but no spiritu
ous drink, no coffee or tea-such are the chief things to be 
attended to. 

But this is far from exhausting our therapeutic aims, for 
there remain very important svrnptornatic indications Lo be ful. 
filled, which usnally become imperative, owing to the severi ty of 
the patient's sufferings. 

In the first place, sedatives are required, in order to relieve 
pain, sleeplessness, hypermsthesia . The opiates are uni versally 
rncommenc1ed for thi s purpose above all other remedies, and they 
have been sufficiently tested iu the great ep idemics of cerebro· 
spinal me ningitis; la rge doses of opium, subcu taneous injection 
of morphia. \\'i th this may he mentioned chloral hydra te, and 
in some cases the inhala tion of chloroform. 

)fay not belladonna deserve tli e preference over opium in such cases 1 Bella
donna is stated to contract the vessels of tllc cord, nnd it also possesses narcotic 
vi rtues. l":lYorablc sedative results are n.lso to be expected with ccrtn inty fro m Urn 
me of bromide of potassium. All these remedies seem cspccinlly efficacious when 
g iven directly after bleeding . 

B atlis, especially lukewarm, protrac ted full baths, occupy 
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the second place as sedatives. If such are used, we may dis
pense with cold affusion of the head and back, unless the latter 
be called for by special indications-violent cerebral symptoms, 
delirium, collapse, etc. Moist packing of the whole body often 
soothes aud bl'ings sleep. . 

For hyperrosthesia and pain, muscular tension and spasm, 
many trials of external remedies have been made; little is to be 
expected of them ; the most likely to succeed are fri ctions with 
warm oil, chloroform liniment with infused oil of hyoscyamus, 
and similar applications. 

For the.fever, we shall seldom have to take special measures; 
if necessary, we should employ the regular methods of large 
doses of qui n ia and cool baths. 

F or weakness of tlte lteart and tltreatened collapse, the ooual 
analeptics are to be used when requil'ed, just as in other inflam
matory affections. F or disturbances qf respiration we can do 
but little, unless we succeed in directly checking the inllamma
tion in the cervical region. 

If convalescence lias begun quickly and favorably , no further 
treatment is usually required, except care of the diet ancl the 
usual precautions against overexertion. To provide against re
lapses, the wearing for a Jong time of a vesicating plastc1· (of one· 
half the usual strength) upon the back has been recommended. 

But if the affection has only assumed the chronic form, it is 
needful, above all, to assist the resorption and withdrawal of the 
exudation, for which purpose iodine seems most suitable; to be 
used externally in the form of ointment, in ternally in large closes 
o[ iodide of potassium, to be continued for a considerable ti me. 
For the relief of this stage we must also take into account warm 
baths, thermal ancl brine baths, suitable water-cures, etc., accord
ing to the rules given in the following section on Clu-onic Menin
gitis. 

The residua ancl sequelro (pal sy, atrophy, anwsthesia, weak
nes of the bladder, etc.) should be treated upon general prin
ciples, mostly with baths and electricity. Compare the sections 
011 Chronic Meningitis and Myelitis. 
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b. Leptomeningitis Spinalis Olironica. 

By this term we understand a nonj"ebrile inflammation of 
the soft membranes ef the cord, slo10 in development and course, 
or one which has become sluggish after having run an acute 
course. The anatomical changes which characterize this form 
are usually slight, rarely well-marked. The symptoms, at first 
often very trifling, afterwards assume a more severe character, 
and may develop by degrees with very destrnctive effect. Chro· 
nic spinal meningitis is often the point of origin for chl'Onic in
flammatory processes in the cord. 

Etiology. 

The causes of this disease are q nite obscure in many respects; 
the disease is very often unrecognized or disregarded, as its 
symptoms disappear amid the crowd of symptoms of severe com
plicating processes. 

The disease very often originates from the acute form, and 
has, therefore, the same cause. All possible debilitating influ· 
ences, bad nourishment, abuse of tobacco, etc., are said to favor 
the occurrence of this transformation, and, in general, to prodnce 
a certain predisposition to chronic spinal meningitis. 

In general, the same canses which prodnce the acute form 
may give rise directly to the chronic, provided that they are less 
intense, but perhaps more continuous or more frequently re
peated. 

:Many cases are directly traceable to cold; the occupancy of 
clamp dwellings, working in the wet and cold, bivouacking in 
bad weather (hence rather common among officers in the field
Brann), are those most usually spoken of. 

Traumatic lesions ef moderate severity often lead to chronic 
meningitis. Especially, simple shocks, falls upon the seat or 
back, contusion of the spine, slight railway accidents and the 
like may by degrees lead to inflammation. 

Chronic inflamrnatorv processes or neoplastic processes ef 
neigltboring parts often pass to the spinal membranes; thus, in 
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caries of the vertebrre, chronic periostitis of the same, carc,noma, 
and other new formations of the vertebrre or the spinal mem
branes, etc. This connection is especially importan t in most of 
the claonic diseases of tile cord; in chronic myelitis, sclerosis, 
atrophy, and gray degeneration of the cord nothing is more com
mon than extension of the chronic inflammation to the soft mem
branes of the spine. Here are to be included the syphilitic and 
leprous affec tions which often occur in the vertebral canal , the 
specific produ cts of which are u strnlly surrounded by more or 
less extensive chronic myeliti s. Brnberger once found an exqui
site syphili tic spinal mening itis of the cervi cal part of the corcl 
in connec ti on with syphilitic basilar meningitis. 

IIow far suppressed excretions (e. g., suppression of the hem
orrhoidal ot· menstrual di scharge, or of perspiration of the feet, 
the disappea rnnce of chronic emptions, etc.) may act as causes 
of spina l meningitis, we dare not decide. 

The misuse ef alcohol, however, seems to be certainly a very 
acti ve canse (IIuss). E xcess qf boclily ejfort and sexual excesses 
may be considered rather as predisposing than as di rect causes. 

Koehler lays stress upon chronic disease of the heart and 
lungs, disease of the li ver, and all sorts of circumstances which 
may give ri se to impediments in the vertebral veins, as regular 
causes of chronic and slow inflammations of the coats of the 
cord, but he seems not to have paicl enough attention to di stin
guishing the simple hyperremia of blocked circnla tion, with 
transuda tion, from actmil inflammation. 

Pathological Anatomy. 

The morbid appearances are in most cases quite constant, 
showing, however, some differences in the il1tensity and ex tent 
of the process. 

Besides a more or less distinct hyperromia, the principal ana
tomical characteristics of chronic meningitis spinalis consist in 
opacity and thickening of the pia and arachnoiu, close agglu ti
nation and ndhesion between these and the dtua, unusunlly firm 
adherence of the pia to the cord, and an abundnnce of spinal 
fluid. 



254 ERB.-DISEASES OF THE SPIX.\L COHD AND ITS ENVELOPES. 

The hypcrremia, is mainly of a venous character; the small 
veins and capillaries are dilated, the color is rather a dark red, 
more or less diffuse. 

The thickening with connective tissue ma,y be very great, so 
that the so(t membranes assume an opaque tendinons appear
ance, and unite in forming one uniformly hard membrane. The 
latter may be pigmented in spots, sprinkled with small extrava
sations of bloocl and spots of pigment, and is often connected 
with the dura by means of more or Jess extensive fal se mem
branes. J accoud found in an interesting case great fibrous 
plates in the arachnoid along the region of the nerve-roots, 
almost continuous in the cervical and lumbar cord, affecting 
chiefly the anterior, Jess the posterior roots, and leading to atro
phy. It is more common to find a deposition of thin, small, 
more or less numerous plates of lime upon the arachnoid, which, 
especially in the lumbar region, are often found without any 
other marked sig n of inflammation. 

An abundant secretion of spinal flnid is almost always found, 
seemingly in much increased quantity. :Hany cases, formerly 
described under the term hydrorrhachis, eYidently come under 
this class. The serum is often clear and of the usual consistency, 
but is oftener turbid, flock}', tinged with blood, or mixed with an 
abunclant fibrinon s exudation. Stokes found an abuncfant puru
lent exudation in a, case which had been unattended with fever. 

The cl1tra mater often shares in the inflammatory process to a, 

corresponding extent, being thickened, opaque, sometimes gran· 
nla1-, co1·ered with growths of connective tissue and adhesions 
(cf. also what was said uncler Pachymeningitis Interna, pp. 221 
and 222). 

The cord itself is implicated (myelomeningitis) in most cases, 
though in ''a ri ous degrees and to a Yarious extent. Often only 
the p rocesses of the pia mater which enter the cord appear thick
ened nnd swollen; but more frequently there is a more or less 
extended sclerosis (so-ca lied) of the cord, in various forms. Such 
a sclerosis is sometimes annular in shape, beneath the pia, some
times it occurs as longitudinal bands in certain columns of the 
cord, sometimes is disseminated in spots, and sometim es it is a 
chronic myelitis, occupying the entire transverse section, and 
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extending to a greater or less distance longitudinall y. " re often 
see, originating in such seats of disease, degeneration ascending 
in the posterior columns, anc1 descending in the lateral colnmns, 
and reaching to a great distance. The result of this process 
may be a considerable atrophy and diminution of the diameter 
of the entire cord. 

The nerve-roots are usually atrophied, pale, gray, degenerated; 
they are lost to the eye amidst the thickened and opaqne mem
branes o[ the spinal cord, and suffer morn or less radical changes, 
proportionate to the intensity and duration of the disease. 

The following additional affections of a secondary nature are 
found: atrophy and degeneration of peripheral nerves and mus
cles, bed-sores in all stages and situations, chronic cystitis, etc., 
and as accidental complications, disease of any of the internal 
organs. 

Syinptoms. 

This subject is not quite clear. The disease has not been suffi
ciently stndied, and, besic1es, is almost always ·complicated with 
some other afl'ection. 

In general the symptoms must be the same as those of the 
acnte form, except thltt they arc much slower ltnd less violent in 
development, are without fever, and often are not prominent for 
a long time. 

' Vhen the disease develops from the acute form, the violent 
symptoms ltbltte, the fever disappears, but"' portion of the symp
toms-of the pain anc1 stiffness, the wenkn~ss and abnormal sen
sations-remains for a longer time, and, gradually developing, 
leads to an unfortnnltte com1ition: it has become chronic menin
giti s. 

In many cases repeated ltttacks of the snbacnte form recur; 
thns the disease becomes firmly rooted, the intervltls between the 
attacks diminish, and the disease ltssumes "'regular chronic form. 

In most cases, however, the disease first appeltrS in the chronic 
form; the beginning is quite latent, being, at least, not observed 
by the patient, or not considered of any special importance. 

The commencement is marked by occasional abnormal sensa-
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tions in the lower limbs, gradually increasing pain, and some 
stij/"ness of tlte back. The pain of the back increases, but is usn
ally not very se,•ere, being often described as merely a sense of 
drawing and pressure in the back, a feeling of weight; it is not 
usually increased by pressure on the spinous processes or the 
dorsal muscles, but usually is made worse by movements of the 
vertebral column. A certain stijf"ness of the nape of tlte neck is 
not usual in the early stages. 

'l'he excentl'ic symptoms in the trunk and limbs which follow 
are striking and important. Corresponding with the seat of the 
disease the annoying sensation qf' a girdle is often felt, and in 
the same region shooting and bo1-ing pains may occur, especially 
if provokecl by mo>·ements. In the limbs a feeling of great 
lieaviness early appears ; in the skin the patients speak of all 
kinds of parrestltesice, often of a very singular character- tin
gling, cold, formication, and the like; these are very often ac
companied by tearing or shooting pains, either confined to the 
region or some nerve-trunk, or else chauging from place to place. 
These pains are exasperated by movement, and not seldom by 
change of weather, dampness and fog, snow-fall, or a low ba
rnmeter. Finally, various degrees of cutaneous hypercesthesia, 
not so marked as in the acute form, have been observed not 
infrequently. 

All these excentric symptoms are confined to the distribution 
of the nerves whose roots originate in the part chiefly affected. 
They may, therefore, be most marked either in the upper or in 
the lower extremities, but the latter is the more usual case. 

Symptoms or motor irritation are of subordinate importance 
in chronic meningitis, but are not usually absent. A degree of 
stiffness of the back, and sometimes of the neck, is almost an 
invariable symptom, and may in some cases become severe. 
Trembling of the extremities, twitching of certain muscles, sud
den starting of the body, involuntary drawing up or extension 
of the limbs are not rare. 

At almost any period in the subsequent development of the 
disease symptoms of increasing weakness, going on to full paral
ysis, become prominent. The heaviness and weakness of the 
limbs become greater, the patient loses more and more of his 
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control over the extremities, symptoms of sensory paresis, of 
vesical weakness, of distmbed rectal function occur, and para
plegia develops, by degrees increasing in degree and extent. 

This paraplegia, though it varies much in diITcrent cases, is 
seldom complete, but usually comprises only a very severe pare
sis; a certain fluctuation in the in tensity of the paresis seems to 
be rather characteri stic; the patient can perform thi s or that 
movement better on one clay, worse on the next; it is thought 
that this fluctuation is connected with variations in the amount 
of fluid exudation in the sp inal canal, or the fulness of the circu
lation ; if the spinal fluid is excessive, the paralysis increases 
when the patient stands, because the lower parts of the cord are 
more compressecl, while, on the contrary, passive congestion may 
cause it to increase while the patient is lying on his back, and 
when standing or walking he is better. These two factors, there
fore, net in contrary directions. 

Severe anresthesia is rare; there is usually only a slight dull
ing of the sensations of the skin, limited to the soles, feet, and 
lower part of the legs. These disturbances are always accom
panie(l by marked parresthesim, not seldom mixe(] with hyper
resthes ia; but the latter is usually not marked, though some 
reported cases give the impressio11 that it may become very 
severe. 

The associated paralysis of the sphincters increases, ancl in 
severe cases there may also be a strongly mal'lrnd atrophy of the 
musules, with loss of electrical excitability. 

The disturbances of sens ibility increase, the reflex function 
becomes extinct, bed-sores and cystitis appear, ancl the scene is 
closed by marasm us. 

Disturbances of any of the internal organs (of respiration, 
circulation, or digestion) are ,-ery common, and originate in the 
same way as in the acute form, although cliITerent from it in 
degree. 

The patl1ogenesis of the symptoms is about the same as in the 
acute form; perhaps the corcl is still more likely to be aITected 
than in the latter. \Ve can refer upon this point to what has 
been said under Acute Spinal Mening itis. 

Course, IJ11ration. R esult. -This disease is always slow and 
YOL. Xlll.-17 
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chronic, extending to months and years, often many years. The 
symptoms often flnctuate considerably; intercurrent, acute ex
acerbations are not rare. 

Some of the cases recover; these are the lightest, and those 
which have early been taken in hand. The return to health is 
always very slow and gradual, often occurs by successive steps, 
and is o(ten intenupted by relapses; the sensory distmbances 
are usually the first to disappear, and the motor remain the 
longest. Even when recovery is complete the patient usually 
rnmains feeble for a long time, with a tendency to relapse. 

The cure is often incomplete. The improvement reaches a 
certain poin t, all symptoms of the active inHammatory process 
disappear, but residua and sequelre 1·emai n, doubtless due to the 
relics of exudations, compression of the roots by adhesions and 
thickening, cicatricial sclerosis in the cord, etc. In this category 
may be included partial or complete paralysis of single mus
cles or extremities, with or without atrophy, circumscribed anms
thesia, weakness of the bladder, etc. 

The cure is often interrupted by repeated relapses. 
In a great proportion of the cases chronic meningitis leads 

directly to death. The processes and occurrences which may 
bring this to pass are many; they usually include the symp
toms o( grave spinal paralysis-paraplegia, vesical palsy, cys
titi s, bed-sores, with consecutive anremia and hydrrcmia, and, at 
last, general marasmus. In other cases, the sad termination is 
broughL about by the extension of the process to the cervical 
region, causing progressive difficulty in breathing and degluti
tion, secondary pneumonia, etc. In yet other cases, li(e is 
speedily brought to a close hy the sudden starting into acti,·ity 
o[ an acute purnlent meningitis. There are many other compli
cations and accidents which may hasten the fatal termination of 
chronic men ingitis. 

Diagnosis. 

Chronic spi nal meningitis is often hard to recognize, because 
the symptoms remain for a long time extremely slig ht, and, taken 
as a whole, present an incomplete representation of the disease, 
or are obscured by complications. 



INFL1DDCATION OF TUE srrNAL PIA ~CATER. 2.30 

\Vhen the whole of the symptoms ahove mentioned are pres
ent, we shall not hesitate long about the diagnosis. 

The only difficulty consists in distinguishing between the 
different forms of cltronic myelitis, and this difficulty is the 
greater, as the two diseases are so often combined with one 
another. The following guide is offered: Pain and stiffness in 
the back, general pain in the extremities, extensive symptoms 
referring to the roots, a slight degree of paralysis, equably dis
tributed, ancl change in intensity dependent on change of position 
of body, are symptoms which speak strongly in favor of menin
gitis. The absence of increased tendinous reflex actions, of obsti
nate contractures, of painful muscular jerkings, may be inter
preted in the same sense. Myelitis must be thought of, when 
severe paralysis ancl anresthesia are present, the pains are slight, 
the tendinous reflex actions are exaggerated, and considerable 
eontracture, etc., is present. 

If there is palsy with great atrophy, without any distnrbance 
of ensibility or pain, our first thought must be of myelitis of 
the anterior gray substance. 

From tabcs dorsalis, as implying the symptoms of gray de
generation of the posterior columns, chronic spinal meningitis is 
very easy to distinguish; the points to notice are the character
istic lancinating pains, ataxia, disturbances of muscular sensi
bility, etc. But it should not be forgotten that both diseases are 
very often combined, producing a mixed group of symptoms. 

In determining the nature of the disease which causes the 
spinal meningitis, we are guided by general considerations. The 
diagnosi of the location in the lumbar, dorsal, or cervical region 
has already been mentioned. 

Prognosis. 

The disease is in general a grave one; a cure is hard to ob
tain, especially in rather olcl and tedious cases. But improve
ment ancl cure have occurred, even in seemingly hopeless cases, 
so that the prognosis is not absolutely bacl, even in severe cases. 

\Ve may always remember that the chronic inflammation of 
the spinal membranes need not be a continuous and limitless 
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process; that it is very susceptible of arrest and rppair; that the 
possibility of repair depencls essentially upon the organization, 
calcification, retraction, which may have taken place in the pro
ducts or intlammation, but that, even after these have taken 
plac0, others may often be expecteu in the course of time, which 
give ri se to considerable improvement of function. 

The prognosis may be made by taking such fncts into ac
count, and with them the patient's age, constitution, and })Owers 
o( resistance, state of nutrition , the causes, and the possibility of 
removing them, the anatomical changes already developed, the 
intensity of the symptoms, the results of treatment, etc. 'Ve 
must, however, avoicl indulging in too great hopes or curing the 
disease. 

Treatment. 

The caiisal indication is the first to he attended to. To avoid 
need less repetition, we would refer to the given list o( causes, 
the pl'Oper remedies for which are easily inferred; ancl we will 
in this place only emphasize the necessity of carefully treating 
the acute form. 'Ve ought always to try to cure it completely, 
should observe the strictest watch during convalescence, should 
not let the patient return too soon to the exertions of his calling, 
should guard him from exposure to cold and other injurious 
things; by these precautions many cases of chrnnic spinal men
ingitis might be prevented. 

In the treatment o( the disease when de,-eloped, antiphlogo
sis is to be used very sparingly. 'Ve shall seldom effect much 
by bloodletting, energet ic derivation to the intestine, etc. , in 
such " chronic disease as the present. Yet there are cases in 
which these remedies deserrn a trial. In robust, well-nourished 
})ersons, when the symp to ms a re rather decided, the pain or the 
back severe, etc., it will be suitable to apply every week or two 
from ten to fourteen moist cups along the spine; for feeble pa
ti ents the application will be restricted to dry cups once or twice 
a week. Similar principles and special indications (as habitual 
constipation, hemonhoids, etc.) will guide us in the use of pur· 
gatives. 
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Derivation to lite skin is praised by almost all writers. Noth
ing seems more suitable for such cases than the repeated appli
c::ttion of large blisters to the back. Brown-Scqtrnrd advises to 
do this e1·ery fortnight. The mild derivatives (sin::tpisms, pus
tt1lating ointments, friction with oil of turpentine and croton 
oil, painting with iodine, etc.) may be used in light cases and 
for the sake of change. The mox::t or white-hot iron (burning in 
streaks ::tlong the spine) will be used only in severe and desperate 
cases. 

Of the drugs, the most justly celebrated is iodide of potas
sium; it is given for a consiclernble time in the usual closes. It 
will be best to ::tbstain from mercury in these chronic cases, 
unless syphilis exists. Nothing remarkable is to be expected 
from ergotin and belladonna. If we ha1·e cause to snspect the 
exi tence of an abund::tut serous exudation, we may employ diu
retics. 

In m::tny cases warmth seems extremely useful ; w::trm gar
ments, furs, and the like, w::trm wraps, frictions with warm oil, 
etc., are praised. 

Upon this fact seems to depend in part the unquestionable 
advantage of baths, which have effected many notorious cures in 
chronic spin::tl meningitis. IV::trm baths of all sorts, indifferent 
and brine-baths, gaseous brine-b::tths and chalybeate-bnths, etc., 
may here be used. Braun, who h::ts examined this point with 
care, states the rule for using them as follows: the baths should 
in general be protracted; the more indifferent the spring, the 
longer may be the duration; the more abounding in snits and 
carbonic acid, the more should the bath be shortened. The tem
peratnre should at first be very carefully regulated; if myelitic 
complications exist, the higher degrees should be m·oided, but in 
pure meningitis they seem the best bornP, which may account 
for that dangerous credit which many warm springs have ac
quired in spinal parnlysis. An enlightened diagnosis should be 
invoked in support of such treatment. 

In very obstinate cases we may t1·y vigorous colcl-water treat
ment, especially the wet pack, alternate cold and warm doucltes 
on the back, moor-batlis, and hot sand-batlls. 

Of the e!Iect of the galvanic current in chronic spinal menin-
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gitis, we do not yet possess fnll information. It is extremely 
probable, a priori, that the catalytic effect of the current will be 
strikingly usefnl in this disease. A11 observation by Hi tzig' 
seems to confirm this most clearly ; the result was obtained by 
using descending stab il e currents. J\Iy own experience in the 
matter is also very favorable, but my observations are too few in 
number to render a final decision possible. A trial of galvanic 
treatment (chiefly by stabile currents to the sp ine, with succes
sive action of both poles) is certainly alw:iys indicated, and may 
very well be conjoined with the use of baths. 

J\Iuch can also be clone to relieve syrnptorns. F or pa.in, the 
u sual sedatives; for pamlyses, anrosthesia, atrophy, etc., elec
tricity; for weakness of the bladder, ergot, nux vomica, elec· 
tricity; for anremia n.nd cachexia, tonics, iron, q uinia, strength
ening diet, a li ttle wine, etc. The diet must be mostly tonic, 
adapted to promote ancl hasten the change of tissue. The habits 
are to be governed by the patient's condition ancl circumstances, 
and may be regulated by the general directions given at page 196 
et seq. 

In all cases, a fter a cure lias been attained, it is absolutely 
necessary to maintain a long watch over the health and habits in 
all respects. F or a subseqnent treatment, many cases will be 
benefited by elec tricity, cold-water cures, a mountain climate, 
ancl the milder sea-baths. 

6. Tumors of the Spinal j)fembranes. 

Ollivier, loc. cit. 3d ed. p. 517.-Cru-ccilhier, Anatomie pnthol. li vrnison. XX...~I. 

pl. 1. XXXV. pl. VI.-Ila88e, loc. cit. 2. Aufl. p. 731.-Ro8enthal, Joe. cit. 2. 
Aull p. 346.-1/timmond, loe. cit. 3d edition. p. 517.-Leyden, loe. cit. I. p. 
443.- Virclww, Gcsehwiilstc. I. pp. 386, 423, 514; II. pp. 92, 120, 3451 354, 
46 1. -0harcot, Le~ons sur les mal. du syst. nerv. II. SCr. TI. fnse. Paris. 1873. 
-Jaccoud, Les parap!Cgies et l'ataxie du mouv. Paris. 1864. p. 236.-Brown
SCquard, Lectures on Paralysis of the Lower Extremities, etc. 1861. p. D2. 

Athol John8on, Fatty Tumour Connected with the Interior, etc. Brit. ~led. Journ. 
1857.- Virclto10, Biisartige, zum Theil in der Form des Neuroms nuftretende 
Fcttgcschwi.ilste. Virch. Arch. 1857. XI. p. 281.-1'1-liube, l<'iinf Fiille von 

1 Virchow's Archiv. 1867. Ild. XL. 
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RU.ckenmnrkskrnnkhcitcn. ClrnritC·Annalen. IX. 18Gl. (Gcsamm. Abhandl. 
TI. b. p. 9!)4.)- Wltiplutm, Tumour of the Spinal Dura Mater, Resembling 
Psnmmoma. etc. Trans. Path. Soc. XXIV. 1873. p. 15.-Be1~j. Bell, Tumour 
of the Pia Mater, etc. (fibro-nuclcated growth). Edinb. Med. Journ. Oct. 1 1857. 
p. 331.-Loewenjeld, .Fascrig. Sarkom an d. Wurz. der zwci crstcn Sacrnlncrven 
links. Wiener med. Pressc. 1873. No. 31.-L. Benjamfo, Ncurom inncrhalb der 
Rilckenmarkshiiute. Virch. Arch. 1S.i7. XL p. 87. - Stitz, Pscudoplasma 
mcdull. spin. Deutsche Klinik. 1853. No. 37.-Cliarcot, IlCmipnraplCgic d(:tcr
minCe par une tumcur, etc. Arch. de Phys. 1869. II. p. 291.-Baierlaclier, Zur 
Symptomatologie dcr Gcsr.hwi.llstc am H,-1\1. Deutsche Klinik. 1860. No. 31.
]lfeac!tede, Sarkom am R.·~L liJid. 1873. No. 32.-7'/1. Simon, Tumor im Sack 
der Dura. spinal., die C:.rnda comprim., etc. Arch. f. Psych. u. Ncrvcnkr. V. 
p. 114. 1874.-Simon, Paraplegia dolorosa. Berl. klin. Wochcnschr. 1870. Nos. 
35 and 36.-Dui:ciine

1 
TrnitC des cntozoa.ires, etc. Paris. ISGO. p. 666.-Bctr

tels, Eehinoc. inncrhalb des Sacks dcr Dura spin. Dcutschcs .Archiv. f. klin. 
Med. V. p . 108. 1860.-Bfltin', Compress. de la mot:lle Cpin. par un kyste hy
Untiquc. Arch. gCn. Mars. 1875. p. 340.- lVutphal, Cysticcrkcn des Gchirns und 
H..-M. Berl. klin . Wochcnschr. 1865. No. 43. 

Of the new formations within the spinal canal, the most 
important and freqnent are those proceeding from the spinal 
meninges. 

'l'hey mostly originate in the dura, and develop upon its outer 
or inner surface; many new formations, however, spring from 
the arachnoid or pia, and remain limited to these membranes. 
'l'he latter are not always the point of origin; neoplasms arising 
from the neighboring parts often extend to the membranes, in
Yolve them in a secondary way, and then produce eiiects like 
those of primary meningeal tumors. 

It results from the narrowness of the space within the canal 
that the tumors usually found are of inconsidPrable size, but 
that they very soon begin to awaken tho most active disturb
ances througlt irritation and compression of important intra· 
spinal tissues. 

Most of the tumors reach only the length or two to four centi· 
metres, rarely that or eight to ten, within the canal; their thick· 
ness is from one to three centimetres. Of course, secondary 
tumors, and such as send out branches through natural or arti· 
ficial foramina in the spinal column, may reach a much larger 
size. 

The form is usually oral, that of an olirn, or something so; 
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the rate and direc tion of their growth, anll hence also the general 
character of the symptoms, depend chielly u pon the na ture of 
the tumor. It is said to ha 1·e been observed that such tumors 
assume a. more vigorous g rowth during pregnancy. 

In enumerati11g meningeal tumors, we sha.H Ior practical rea
sons not limit ourselves to new fo rmations in the stricter sense, 
but shall add many things which have the same clinical signifi
cance, as intl ammatory new formations in the shape of tumors, 
animal parasites in the canal, etc. 

Pathological Anatomy. 

The exact histological diagnosis of many in tra-spinal tumors 
i s far from satisfac tory. It is especially hard to mak e out in 
older observations to which of the present categories or new 
formations we ought to assign them. The observations of the 
last ten years, thoug h not very numerous, show the existence of 
the fo llowing form s of tumors in the spinal meninges : 

F ibronw and fibro-sarcoma.- Usuall y small oval tumors, 
th ree to fi ve centimetres long, two to four thi ck , springing from 
the dura or the pia, and situated now wi thin, now wi thout the 
sac of the dura. They consist of connective tissue, with rn ore or 
less abundant cell s, spindle-cell s, round cells (transition to sar
coma). 

Sarcoma.-Occurring in all possible form s, as hard and soft, 
fibrous, or cellular ; often with formation of cysts, cysto-sarcoma 
(observations of Ba ierlacher, Leyden, and others). Orig ina tes 
more rarely from the dura, more frequently from the soft mem· 
branes; is more usually of a longish shape; not seldom lobular, 
with a nodulatcd surface; considerable vasculari ty, and the usual 
histological characteristics of sarcomatous new fo rmation. ' 

J.f yxoma has been found by Virchow, Traube, and others in 
the spinal meninges. It originates almost exclusively from the 
arachnoid or tbe pia, and is a soft, juicy, lobula ted tumor of 
moderate size and pale color. It may be pure; more frequently 
it is a mixed product, a lipomatous or sarcomatous myxoma, etc. 

1 See l'irchoio, Gescbwillstc. IL 
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To the same series of new formations belongs psammoma, 
found by "'hipham, Cayley, Charcot, Bouchard, and others-a 
sarcoma with granular concretions of lime imbedded in it. Usu
ally a small roundish or olirn-shaped, smooth or lobed tumor, in 
most cases originating from the soft membranes. 

Lipomatct have repeatedly been found in the vertebral canal, 
either caused by prnliferation of the perinrnningeal fatty tissue 
(Athol Johnson, Obrii, Virchow), when it is situated outside of 
the sac of the dura, 01· originating from the soft membranes, and 
situated within the sac of the dura. 

An enclwndroma as big as a hazel-nut, firmly adherent to the 
dura and the connected vertebra, has once been found by Yir
chow, and declared to be probably congenital. 

Osteoma, the formation o( new bone, in the form of the so
called cartilaginous disks, is extremely common in the arachnoid, 
but in this form cannot be considered a tumor, and has no clini
cal importance. Ossification o( the dnra also occurs only in the 
diJfose form . 

llfultiple fibrous melanoma has been seen in tbe spinal canal 
by Yirchow and Sander. 

The name or neuroma has been given to many new formations 
occurring in the spinal canal, on the nerve-roots, especially on 
the cauda equinu (Benjamin, Virchow). These are mostly the 
so-called false neuromata, and occur either singly or in numbers.' 

Garcinomct proper seems Yery rarely to spring from the spinal 
membranes; I, ut least, have had knowledge of no unquestioned 
case of primary carcinoma of this region, excepting the older 
and less reliable obse-rrntions of "fungous" or "cancerous" 
growths. The tumors are almost always secondarily developed 
by extension from the Yertebrre or other neighboring parts, or by 
metastasis from other organs. Sui:h secondary curcinomata not 
seldom appear in the vertebrre, in consequence of primary cancer 
of the breast. 

"'e have spoken uncler meningitis of the formation of miliary 
tubercle in the membranes of the cord. 

"'ith these are associated the turnors which originate in 

1 Sec Vol. XI. p. 590 et seq. 
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inflammatory, l1emorrlw gic, ancl other processes in the spinal 
membranes or the neighboring parts. Sueh are peripachymenin
g ilic exudations, " ·ith or without caries of the vertebrre, those 
hard, circumscribed growths, of a pnrule11 t or caseous natnre, 
of which we harn before spoken, and which are so common in 
P ott' s d isease ; also the greenish-yellow, bacony, scrofulous exu
dations between the cl nra aml the ver tebral column ; and the 
]uematoma. of the dura mater, orjgioating in pachymeningitis 
i11tema. hwmorr1rng ica . 

The syphilomata which are occasionally found in the spinal 
membra nes are of a somewlmt similar na ture (Wilks, Virchow). 
They h ave been Ii ttl e studiecl ; they usua lly consist of g um ma ta 
of tho dura or t he p in. 

F inall y , we ha ve to speak of the parasitic new growths which 
occur (though rarely) in the spinal canal. 

Cvslicercus cellulosce has been found once by \Yestpltal in 
tlte sac of the dura ; there were numerous cysts in the lumbar 
portion, some free in the fiuid, some fi rmly enclosed in the meshes 
of the arachnoid ; a few also in the thoracic and cervical portions. 
Numerous cysts in the brain. Only one of them conta ined a 
head. Clinical symptoms refen ed to the spine had been present. 

E chinococcus has been found more frequently (thirteen times 
in all) by Davaine, Crnveilhier, Leber t, F oerster, R osenthal , 
Bartels, etc. The development of most o( the cys ts took place 
ex ternall y to the clura, and often led to considerable tumors out
side of the ver tebral canal. In only two cases (Esquirol and 
Bar tels) did thPy cle,·elop within the sac of the dura. They 
differ in s i z~, and p resent the usual characteristics of colonies of 
echinococcus. 

\\' itlt thi s we close our enumeration-perhaps an imperfect 
one. 

R especting the seat of meningeal tumors, we need not add 
much. They may occur a t any pa rt of the canal, may compress 
the cord in front, behind , or at the side, may include various 
numbers o( pairs of nerve-roots, e tc. Each case will difier in 
t hese respects, but one thing is tolerably important a nd charac
teri stic, namely, that the disease always occupies a quite limited 
and defin ite locality. 
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But, fol' the pul'pose of undel'standing the clinical symptoms 
and the entire course of the disease, it is of much importance to 
attend to the consecutive changes which always, though in vary
ing degree, accompany the formation of tumo1·s in the spinal 
canal. 

The nerve-roots in the region of the tumor are sometimes 
found swollen, reddened, softened by intlammation, sometimes 
thin , Hat, grayish and translucent, atrophied and degenerated, 
according to the duration and extent of the process. 

The cord itself always experiences some degree of compres
sion, which may change it to a flat, ribbon-shaped string, or, at 
least, produces a local indentation, more or less deep. Simple 
a trophy o{ the portio11 com pressed is seldom the only change. 
I t is much more comm on to find a t the compressed point mal'ked 
inflammatory symptoms (11iyelitis f rom compression), which can 
be foll owed but a short distance upward , and often a good way 
downward. The medulla is in a state of whi tish or redilish soft
ening, is full of small hemorrhages, anil exhibits umler the mi
croscope many granular corpuscles amid the debr is of nerve
elements. Th is change continues to a Yariable di stance down
wards in the white substance, and more especially in the gray 
also. Crnveilhier once found tl:ie whole peripheral portion of 
the cord in a s ta te of purulent degeneration . 

The examination of the hardened cord in these cases regularly 
shows secondary degeneration, ascending in the pos terior col
umns, and descending in the postero-lateral (see farther on, IL, 
No. 19). Simon has also found this ascending degeneration in a 
tnmor of the canda equina. 

In the 111embranes ef tlte cord we almost invariably find signs 
of chronic inflammation (thi ckening, opacity, pigmentation, hy
permmia, etc.) of various extent. In correspondence with this, 
an increase of the spinal flnid (hyclrorrhachis) is pretty constant. 

In the p erip lteral nerves and 11!itscles, degenerative atrophy 
is not rare; u ually in those nerve-districts whose roots are either 
directly included in the new formation, or are directly connected 
with degenerated portions of the gray substance. 

SL1ch further alterations as are fo und on the bodies of those 
dead o{ meningeal tumors-bed-sores, cystitis, ex treme maras-
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mus, changes of internal organs, etc.-will be cl cscribed here
after 

:Etiology. 

The causes or meningeal tumors are usually obscure. I t 
seems to be establi sl1 ed that surgical injuries am the most likely 
to produce them; cases ham been observed where the first symp
toms occurred after a foll 01· blow upon the back , or spine, etc. 

E xpositre to cold has been assigned as the cause of the dis
ease in a number oI cases, and, as it seems, ,,,..ith sufficient i·eason. 

It is remarkable how often it is recorded that the first symp
toms appeared during childbed, shortly after (lelivery. 

Observations hy Cruveilhier an(l Kohts render it probable that 
excessive mental excitement, violent fright, may give the impulse 
to the formation of meningeal tumors. 

Finally, vertebral disease, the tuberculous and screfulous 
diathesis, and syphilis, are among the causes of meningeal tu
mors, as follows from the preceding enumeration of the forms. 
The entrance or animal parasites is effected in the u sual way by 
swallowing the eggs, or the proglottides of the various species 
of tape-worm. 

It is seen that these scanty facts leave a large part of the eti
ology of meningeal tumors in obscurity. 

Symptoms. 

The general outline ef the symptoms u sually caused by me
ningeal tumors may be drawn jn a few words. 

If the di sease begins (as it often does) qu ite in a latent and 
insidious way, the development or the tumor is usually first in
di cated by the presence of pain in certain nerve-districts, which 
increases in severity. ilbnornwl sensations in the trunk (feel
ing of a gi rdl e) and the ex tremities, pctrcestlwsire, anresthesire, 
partial paralyses, are associated with the above-all at first 
localized in the same nerve-districts. Pai1iful stiffness of a 
definite portion of the spine indicates more directly the seat of 
disease. 

After a period of various length, often after years, paraplegia 
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follows, and increases ; it begins as n progressive paresis, often 
unilnteral, like Brown-Sequarcl' s palsy , but usually making 
rapid prngrcss across the body, and ending with absolu te sensory 
and motor pamlysis. The disease rarely remttins stationary at a 
point of moderate severity, but usually goes on lo extremes; and 
after great sultel'ing, attended by all the horribl e circumstances 
of the severes t spinal pm-alysis, palsy of the bladder and rectum, 
cystitis, extensive bed-sores, general marasmus, etc., the patient 
is brought to a miserable encl. 

Although the individual features of thi s sketch are by no 
means characteristic o[ meningeal tumors when taken separately, 
yet, when considerell as a w bole, they often enable us to recog
nize and to localize the di sease with some accurac,y. 

Upon closer consideration we find two groups o[ symptoms, 
disting ui shable both by their succession in time and by their 
pathogenetic significance. These are : 

1. Symptoms ef local irritation and compression of tlie nerve
roots and Ute membranes fir st involved in the tumor. 

2. S!Jrnptoms ef irritation and compression of tlle cord itself, 
and of consecutive niyelitis (myelitis by compression). 

Those o[ the first group are the earlies t, and often precede the 
paraplegia by months and years ; their character of course dif
fers in each case according to the location, direction of growth, 
and rate or growth of the tumor ; so that no exhaustive state
ment can be made. But the numerous varieties may be inferred 
from the general scheme. All these symptoms arise from irrita
tion or compression of the nerve-roots, from consecutive irritation 
of the meninges, and, to some extent no Lloubt, from commencing 
irritation of the corcl itself. 

Yiolent p ains are next observed, the lancinating, tearing, 
boring character of which proves their excentric origin. They 
may remain confined to a single poin t, or attack a single ne1Te
trnnk ; hence, according to the seat of the di sease, they either 
surround the trunk like a girdle at various levPls, or invade the 
upper or lower extremiti es, of one side or both. They may ex 
tencl suddenly or by degrees to neighboring nerve-Llistricts, are 
often increased by movement of the sp inal column, and seem to 
be made worse by sudden changes of weather (Bell). These 
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symptoms are so intimately associated with those of compression 
of the cord by tumors, that Cruveilhier distinguished paraplegia 
dolorosa, due to compression of the cord, from pamplegia non 
dolorosa, caused by primary di sease of the cord. 

Parrestliesim also occur, corresponding to the extent of the 
pains-the sensations of tingling, formication, nmnbness, dead
ness, etc., either in the form of a girdle or limited to certain 
regions of the extremities. 

If motor roots a re first exposed to the influence of the tumor, 
separate muscular twitcltings, spasms, may appear at the be· 
ginning. 

These symptoms of irritation are almost always accompanied 
by distinct, sometimes very active pain in tlle back, localized in 
the neighborhood of the tumor, and usually accompanied by a 
local stiffness ef the spine. Leyden points out the fact that the 
movement of the spinal column is often difficult and painful in a 
certain direction, because this motion brings a greater pressure 
upon the tumor. 

In the further course of the disease symptoms ef paralysis 
appear sooner or later, corresponding to the locality of the dis
ease; circumscript anrosthesia, often coinciding with the distri
bution of nerves which are especially painful (anrosthesia dolo
rosa), local paralyses and pareses of the corresponding muscular 
groups, atrophy, etc., compose an extremely complicated and 
varied group of initial symptoms. 

It needs only to be inclicated how various are the phenomena 
of this first group in connection with different seats of disease; 
how when the cervical region is the 1iart attacked, for example, 
one upper extremity ma.y first be seized by pains, parrosthesire, 
partial palsy and atrophy, before the symptoms of compression 
of the cord appear; how, when it is the dorsal region, the dis
ease will be introduced by intercostal neuralgias, paroxysms of 
visceral pain, zoster, etc. ; how, finally, when the lumbar region 
is involved, all the above disorders may appear, now in the dis
tl'ict of the sacral, now in that of the lumbar plexns, and put on 
a great diversity of form. Numerous and instructive examples 
of this are upon record. 

'Vl1011 the symptoms of the first g roup have existed for an 
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uncertain leng th of time (week s, months, o!ten se,·eral yea rs), 
they are succeeded by symptoms of lite seconcl group, de1fred 
from the continuous pressure upon the cord, and usually from 
myelitis also (which hardl y ever fail s to be present); these be
come more aml more distinct, and change the sceno in a very 
disagreeable way. 

The development may be rapid or slow; it often occ urs wi th 
almost suddenness in a fe w hours, and in such case is nearly 
alw~LY S due to seconda1·y myeli tis, as it is seldom we can suppose 
so rapid an increase of the pressuro of a tumor. The compres
sion is often limited at first to one lateral haH o[ the cord , which 
may give rise to the characteristic symptoms of Brown-S6quard's 
hemiplegic lesion (paralysis of the side of compression, aures
thesia on the opposite side; see the sect ion on Unilateral Lesion, 
II. , No. 14.) for a longer or shorter time. Or the compression 
may occur on the anterior or the pos terior surface of the cord, 
the result of which is, that in the former case the motor phenom
ena, in the latter the sensory, not only }Jreponderate, but often 
are exclusively present for a time. 

After a variable time, the palsy inrndes all the pa ths in the 
portion of the cord adjoining the tumor, and we ha,·e the symp
toms of extreme compression of the cord . \Ve shall clescl'ibc 
them folly in the section 011 "Compression of the Col'd " (see 
farther on , II., No. 5), ancl will therefore mention here only the 
most importan t in order to complete the descrip tion, reiening 
for all detail s to that section. 

First of all there is sernre paraplegia; motili ty and sensi
bility more or less completely paralyzed, np to the Je,·el cor
responding to the seat of the tumor ; the limitation of these 
paralytic symptoms upwa rds is variously strict. The bladder is 
para lyzed ; at fi rst the symptoms of retention are promi nent, ancl 
later those of incontinence, with continuous dri bbling. The 
sphincter ani is al so paralyzed. 

Violent pains in the parts below the sent of le ion usually 
follow. Although the doctrines of physiology are opposed to 
the supposition that such excentric pains could orig inate in com
pression or initation of the corcl itself, yet many observa tions las 
those o[ " ' hipham, Leyden, Brown·Sequarcl) sl1 ow tha t violent 
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pain of that kind in the legs may be caused by tumors seated in 
the upper dorsal or the cervical region . It is certain that in 
most cases the palsiccl parts arc at times the scat of very se,·ere 
pains, perhaps due to secondary myelitis. 

In the motor apparatus also, the symptouis qf irritation do 
not foil to accompany those of compl~tc palsy; muscular twitch
ings, spasms, and contractions-at first temporary, then perma. 
nent-occur, whi le the muscles, at fil·st qnite i·elaxed, become by 
degrees tense and rigid (secondary degeneration of the lateral 
columns). 

In many cases there is a remarkable increase qf reflex actions. 
Slight cntnneous irri tation producm; free aml Yigorous muscular 
contractions, powerful flexion or extension, active clonic tremor, 
more markecl in the lower extremities, especially when the tumor 
is seatecl at an elevated point. If, however, the gray substance 
is compressed by the tumor (when located in the lumbar region), 
the reflex actions arc "·holly wanting. The same is the case 
when the gray substance is deprired of its functions by second
ary descending myeliti s. For this reason, in the later stages, we 
often see the refle:v activity diminish and di snppear, when pre
Yiously it had been exaggerated. The tenclinous r<jlex acts also 
seem considt>rably increased. 

The nutrition of the muscles is affected in nearly the same 
way ; at first it is well kept up, but afterwards severe atrophy 
appears. The electr ical reaction behaves in the same way; at 
first well preserved, it may afterwards sink and disappear. 

P aralysis of the bladder may lead, after a while, to cystitis, 
with ammoniacal decomposition of the urine ancl the presence 
of abundant pus. The absolute immobility of the patient, who 
is almost always forced to retain the dorsal cl»cubitus, ancl the 
frequent befouling of l1i s person with urine and fmces, etc., give 
rise to _qanr;ren ous bed-sores ou the sacm m and buttocks, tro· 
chanters, heels, etc., which often make uncheck ed progress and 
produre the most shocking destruction. 

Chills, with very high temperature-a more or less continuous 
f ei•rr-nppcar. This, and the loss of tluicls causecl by the suppu
rating sores, and the loss of sleep and appetite from conti nual pain 
nnd abnormal sensation, continually increase the patient's anmmia 
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and cachexia, and cause a marasmus which of itself is sufficient 
to produce the fatal result. Death usually occurs in a state of 
sopor, with a 1·ising temperature, and often alter a very pro
longed agony. In otlwr cases the patient's sufierings are bmught 
to an end by bronchial catarrh or pneumonia, or an acute menin
gitis caused by bed-sores, or other diseases. 

According to the seat of the tumor, the rapidity of its growtl1, 
the patient's power of resistance, the sequence of these symp
toms may be rapid or slow. If the seat is high in the cerl'ical 
region the comse is usually very rapid, paralysis of the respira
tory nerves producing early death by suffocation. 

Course, Duration, Termination .-The course is usually slow 
and insi<lious, especially at the beginning, and the first period of 
the disease may last several years. "'ith tho occurrence of 
paraplegia the second period commences; this often comes on 
rather quickly, in a few days or one or two weeks, but may 
require a much longer time. In a few cases it is cfiectecl quite 
suddenly, and is then usually dependent on myelitis-as in a 
case Ly Ollivier, in which advanced softening was found after 
death. 

After paraplegia has appeared the progress is usually more 
rapid, but even at this point years may pass before death occurs. 
This, of course, depends on the rate of growth of tho tumor and 
the height at which it is sitnated. Temporary imprnvement is 
occasionally mentioned, and great Huctuations in the soYcrity of 
symptoms may be observed; snch are usually reft•1Tecl, for the 
most part, to the state of the compressiYe myelitis, but in part 
also to changes in the volnme of the tumor caused by variation 
in the amount o[ blood contained, }1l'Ocesses of softening, changes 
in the direction of growth, etc. 

The entire duration cannot always h<' easily determined, 
owing to the uncertainty as to the date of romnwncement. SomP 
cases have tel'll1inated fatally in eight or ten months, while other" 
run on for one, three, or th·e years; ancl cases of much longl'r 
duration-extending to fifteen years-have been observed. 

The termination is almost always in death in the manner 
described. A permanently stationary condition or impr01·cment, 
or cme, is 1·a1·ely SPPn. Yet the possibility of such an C\'ent, at 

VOL. XIII.-18 
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least for certain forms, cannot be denied. In syphilomata and 
scrofulous tumors, in inflammatory new formations, in cysticerci 
(by shrinking or calcification}, it may certainly be admitted, ancl 
in the case of others may be held an open point. It will cer
tainly be hard to prove such an event, both because the diagno
sis during life is very obscure, and because in cases which have 
recovered, it will seldom happen that the spinal canal will be 
opened post-mortem. 

Diagnosis. 

The diagnosis of a meningeal tumor is sometimes quite easy, 
but usually very difficult, and for a long time uncertain. \Vhen 
the symptoms as above given develop quickly and promptly, 
and with their full characteristics, or if the disease has passed 
into the second stage, there is usually no great difficulty. But 
previous to this point, years of uncertainty and guess-work may 
pass. Aild, on the other hand, in cases with slightly marked 
symptoms, the diseas" may possess an unlucky resemblance to a 
great rnriety of circumscript diseases of the cord, rendering a 
distinction impossible. 

The diagnosis chiefly clepends on the clrmonstrn ti on of a slowly 
developed compression of the conl (see farth<>r on, II., section 5), 
which has been precedecl by the signs of a circwnscribed ir
ritation or compression of cerbin portions of tile roots. It 
should be particularly noticed that the symptoms point only to 
a progression of the paralyzing lPsion transi•ersely to the cord, 
while an extension in the longitudinal direction is not percepti
ble, at least not upwards, while a descent of the process of mye
litis is not rarely obse1Tec1. This, however, does not make much 
chaugc in the symptoms. 

'Vhen we ha.,·e made out the existence of a tumor with some 
deg1·ee or certainty, we may consider ourse'.ves prepared to attack 
the seconcl ancl more difficult quPstion as to the nature of this 
tumor. In settling this question, we are often entirely depril·ed 
of gt1iding-points-cspecially as the position of the cord renders a 
direct examination in most casps quite impossible. In many cases 
something may be found to base a diagnosis upon, and in these, 
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after a careful estimation of all circumstances, we shall be obliged 
to follow general pn,thological principles. 

We shall infer, for instance, a peripachymeningitic exudation 
if Pott's disease or a marked scrofula exists; a carcinoma, if 
there is cancer of the Yertebrro or primary cancer of some other 
part; a syphiloma, if syphilitic infection can be demonstrated; 
an echinococcus, iC the parasite has been found in other organs, 
or tnmors containing the cysts are demonstrated near the spine; 
a neuroma, if neuromata are found in peripheral nerves, etc. In 
most cases, however, we shall be forced to confine ourselves to 
guesses. 

It is easier, in most cases, to define the precise seat qfthe tumor, 
or, if there are several of them, at least that of the uppermost. 
This is done by following the rules we have repeatedly gi,·en, and 
which will be stated more precisely below, clPpPnc1ing on the 
local distribution of the symptoms of initation and paralysis. 

"'c mny here add a word upon the tumors of the cauda equina, which usually 
proceed from the meninges, nncl have1 in every re!lpect, a great resemblance to those 
which nrc situated higher and affect the cord proper. They are liarcl to distinguish 
from thu latter, hut may be in many cases, perhaps, if it is borne in mind that 
tumors of the cnudn produce exclusively nerve-root symptoms, and that the signs of 
compression of the cord, or secondary myelitis, etc., arc absent. The higher the tu
mor, the nearer it approaches the lumbar portion of the cord, the harder will it he to 
draw the distinction. Jn respect to tumors scatt'd lower, the following points may be 
attended to: the scat of the pains (which in such cases often attain enormous vio
lence) is strictly localized in certain nerve-districts; all nerves lea Ying the spinal 
cn!llll ahove the tumor are free; thus, in mpo-~nrcoma telangit'ctoclcs of the 
caucla, [observed the pain strictly limited to the district of the sciatic, wl1ile the 
crural and the dorsal nerves were perfectly free i constant violent pain in the 
sacrum. H palsy occurs, the reflex: actions necessarily cease at once. Spasms are 
seldom obsen·ccl; more freqnently eontrncturcs. Atrophy of the muscles occurs 
rather frequently. The palsy and anresthcsia, by their localization, often give us 
the opportunity of fixing the upper limit of the lesion. Jncrense of the reflex acts 
nnd marked tcnclinous reflexions, do not occur. Pnraplegin, palsy of the blndclcr, 
bed-sores, etc., mny develop exactly ns in tumors occupying a higher sent; but the 
Rymptoms or pnralysis do not seem to belong necessarily to the clisense, as is shown 
in my cnse (just mentioned), which terminated fatally before paralysis or anrcsthesia 
occurred. 
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Prognosis. 

It follows from what was said of the course, that the progno
sis of meningeal tumors is very bad in almost all cases. If then• 
are actual neoplastic formations, the prognosis is :ibsolutely bad. 
In the most favorable case, the disease may cease for a limited 
time to make progress, or death may be delayed. The morp 
quickly the symptoms develop, the worse for the patient; and 
the worst is in carcinoma. In some other tumors, in the inflam
matory, scrofulous, hemorrhagic, and syphilitic forms, the prog
nosis is more favorable, and is decided upon general principles. 

If paraplegia has become complete, the case is usually hopeless. 
The early or late occurrence of the fatal termination then depends 
on the rapidity and intensity with which cystitis nnd bed-sores 
are developed. The prognosis of each case will depend on the 
circumstnnces and constitution o[ the patient, the possibility of 
suflicien t ntten ti on to his wnn ts, on the special prominence of 
certain symptoms or complications, etc. 

Treatment. 

This presents as little encouragement as the prognosis. For 
the disease properly considered (if there exists a new formation 
in the strict sense) as good as nothing can be done. Some suc
cess is to be hoped for in iuflammntory, syphilitic, scrofulous 
forms. \Ye should in general attempt to fulfil the causnl indica
tion, as far as possible. 

The object oE removing or climinishing the size of the tumor 
has been sought inn variety of ways, but mostly without success. 
All sorts of local derivatives have been tried, from painting with 
tincture of iodine and blistering, to the moxn anu the white-hot 
iron. Internally, it will be propPr to try iodide of potassium and 
ioduretted mineral waters, mercury, arsenic, etc. Some impro,·e
ment in symptoms has been observed from the use of warm 
springs and brine-baths. As long as such temporary improvement 
(often lasting for quite a while) can be effected, and while the 
diagnosis remains uncertain, we shall always be tempted to make 
new trials. 
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If the diagnosis and the seat of the tumor are quite certain, 
we may perhaps consider the question of trepanning the verte
bral column; but it is seldom that we shall find firm ground for 
undertaking such an heroic operation . And yet the st1ccess of 
this attempt is by no means beyond the limits of possibility, 
especially if the tumor lies outside of the sac of the dnra, upon 
its posterior surface. If we are forced to open the durn, the dan
ger is much increased. At all events, the prognosis of the disease 
is so desperate that we ought to take the operation into consider
ation. Echinococcus cysts, growing from the spinal canal, should 
be opened and evacuated, or extirpated. 

In the great majority of cases, the chief object will consist in 
general attention to the patient's needs, and treatment of the 
symptoms. In respect to the former, we have nothing to add to 
what we said in the general part of this work. Above all, we 
ought to prernnt cystitis and bed-sores if possible, and to keep 
up the strength of the patient. 

As regards symptoms, the pains should be the first and con
stant object of treatment; they often bid defiance to all remedies, 
and enormous closes of morphine are usually requirecl to render 
the patient's life tolerable. The entire range of narcotic and 
anti-netu·algic remedies must be tried. For the paralytic symp
toms nothing can be done clil"Cctly. Cystitis and bed-sores are to 
be treated upon general principles. 

Addendum. 

Anatomical Clianges in tlw Spinal Membranes, witlwut Clini
cal Significance. 

Various changes in the spinal membranes arc known to pathological anatomy 

which seem to produce no symptoms during life; sometimes they arc senile 

changes, sometimes slight incidental inflammatory or degenerative disturbances, 

which remain without symptoms as long as they affect the membranes alone and do 

not im~olvc the roots or the cord. Thcso matters are about equal in importance to 

pleuritic adhesions in the respiratory npparntus. 

The pl1ysici1m 1 however, ought to know them, in order not to interpret things 
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which arc usually innocent as the cause of symptonll observed during life. They 
are therefore briefly enumerated in this place. 

1. Bony and cartilaginou1 disks fo the arachnoid arc very often found. These 
are small

1 
roundish or angular plates, flat, from six to fifteen millimetres in diame· 

ter, somewhat thicker in the middle, and sharp on the edges. 'l'hcir number in the 
amchnoid varies; they arc especially frequent in the lumbar part and on the paste· 
rior surfoc~ of the cord, oft.en composing a literal mosaic. While Ollivier 1 con· 
sidered them as purely cartilaginous, Virchow' has shown that they consist of 
young bony tissue, and have a structure which agrees for the most part with that of 
the cartilage of bone; a striped basement suhstancc in strnta, inclosing star-shaped 
bodies, and passing by cakificatiou directly into bone-tissue. ThC:ir outer surface is 
smooth, their inner more rough and jagged, so that they feel like a cat's tongue. 

In most cases they give rise to no symptoms whate,·er. Ju advanced age they 
are almost always present. They are often found in young persons who Jiave ex
hibited no spinal symptoms. They certainly point to an irritative condition of the 
mcninges

1 
especially if they exist in large numbers. They are probably refctable to 

slight, often-repeated initation. The connection with epilepsy, formerly imagined 
to exist (Esquirol, Olli vier), is at all events very douhtful. 

2. Diffuse ossificatio1i of tlie spinal membranes occurs now and then, but seems 
destitute of clinical significance. Diffuse ossifications have been descrilx>d in the 
dum (Andra!, Virchow). an<l small osteophytic elevations arc also seen in the same 
membrane; the deposition of brain sand [corpp. arenoso] in the exudations with 
thickening of the dura (pacbymeniugitis arcuosa 3) may perhaps be included here. 

3. The pigmentation of the pia may often reach so high a degree as to become 
pathological. Pigmented corpuscles of connective tissue arc often found in the 
pia soon after puberty, especially in the cervical region. In marked cases this may 
give rise to a d iffuse, slightly brownish, smoky grny or blackish colorntion. 4 A 
gradual transition from this state to actual melanoma has been observed. The 
simple pigmentation is destitute of pathological importance, and has no demon
strable connection with inflammation, or with epilepsy, as was formerly supposed. 

4. Small tumors of all sorts may exist innocuously. Fibromas, cysts, melanomas, 
ncuromas, etc., from the size of a hemp-seed to that of a pea, have been repeatedly 
observed in the cauda and the membranes without accompanying symptoms. This 
is very easily understood. 

5. An increastd amoitnt of spinal fluid must uot be regarded as a necessary 
cause of decided disturbances of function. 

Such an increase is most frequent (hydrorrharhis externa 5) in the mesh<:s of the 
arachnoid in connection with atrophy of the cord. As Jong as this has the char
acter of normal spinal fluid, its increase is not of any great importance. But if it 
is turbid, of a reddish or whitish tinge, contains numerous cell-elements, blood-

1 Loe. cit. 3. Aufl. JI. p. 4GQ seqq. 3 Virclioui , ibidem. II. p. 117. 
~ Oescbwii.lste. II. p. 02. 4 Ibidem. II. p. 120. 

~ Vircluno, Geschwlllste. I. p. 175. 
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corpuscles, etc., its increase is due to an increase of irritation or to a considerable 

blocking of the circulation of the spinal membranes, nntl then rcpr('scnts simply 

a portion of the general morbid process. But even t.hcn there is no rcu.son for 

referring the Cl\usc of severe symptom~ exclusively to the prtsrnrc of the increased 
volume of spinal fluid, as was formerly often done. 

II. Diseases of the S1iinal Cord pro1ier. 

Introductory.-Befol'e entering upon the special considera
tion o( these diseases, it will be st1itable to give a l'eason for the 
order and distribution of the material which we have adopted. 

We cannot pretend, in the present state of 0111· knowledge, to 
make a stl'ictly scientific division of diseases of the spinal cord. 
To base such a division upon strict pl'inciples of pathological 
anatomy would be completely impossible, as we a!'e in the dal'k 
with l'eference to the significance of many p!'ocesses, and in many 
diseases are ignorant of any anatomical basis. 

A di\'ision by special localities is equally impossible, fol' in 
many diseases we al'e quite ignorant o[ the exact locality, and in 
other cases such an a!'rangement would inrnlrn a great deal of 
I'epeti tion. 

'Ve must, therefore, l'esort to such methods as arc convenient. 
It seemed to us that for practical purposes we ought to pre

sent as full an account as possible of the important parts of 
spinal pathology, without too much detail 01· repetition. The 
principle adopted is simple and intelligible, and sufficiently con
sistent with the rul es of logic. 

In the first gro1tp, comprising eleven sections, we shall speak 
of the procPsses wlticlt occupy, or may occupy, tlte entire trans· 
verse section of tlte cord in a diffuse way; processes which do 
not, at any rate, either necessarily or regnlarly, imply a limita
tion to certain portions of the transverse section. Th~y may 
extencl longitudinally to various distances. They comprise hy
permmia, anmmia, and hemonhage of the corcl, acute severe trau
matic lesions, and slow compression of the cord (Nos. 1-5). 

Then follow three diseases: concussion or the cord, spinal ini· 
tation and spinal nervous debility (Nos. G-8), in which we are 
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aware of no anatomical changes, but are allowed to suppose at 
any !'ate fine distmbances of nutrition, which, more or less dif
fused in the transverse and longitudinal directions, are certainly 
not attached to certain pal'ts of the transverse section. 

In Nos. D- 11 we shall present the inflammation of the cord 
(acute and chronic), simple softening, and that peculiar anatomi
cal change commonly known as sclerosis in patches-processes 
which likewise do not de!'ive their characteristic features from 
their connection with any certain portion of the transverse sec
tion. 

In the second .qroup (Nos.12-16), we shall treat of those forms 
of disease, as far as known, which are marked by their more or 
loss strict localization in certain portions ef the transverse sec
tion of the cord, while their extension in the longitudinal direc
tion may greatly vai·y and change. To this class belong the 
degenerative processes in the posterior columns, in the lateral 
columns, and the lesions which are limited to one lateral half of 
the cord; also the acute and cluonic processes confined to the 
gray anterior cornua. 

Under No. 17 we shall describe acute ascending paralysis, a 
form of disease still perfectly obscure, which, for the better un
clerstanding or H, we shall place after the above-named diseases. 

The placing of tumors, secondary degenerations, and malfor
mations of the cord (Nos. 18-20) at the end of this series is justi
fied by their less freq nent occurrence and importance, and the 
impossibility of including them directly in either larger group. 

Finally, in No. 21, we present a number of scattered facts, 
which have an undoubted, though in many cases an obscure con
nection with the pathology of the cord, and which deserve to be 
collected as material for the further development of the subject. 
As inducements to further investigations and rnsearches, they 
may be granted a little space. 

1. I:lyperceinia ef the (Jord. 

·we have already spoken of this, as indistinguishable from 
the same condition of the membranes, either by anatomical or 



AN.-E~!IA OF TIIE CORD. 281 

clinical tests; and would refer the reader to the complete account 
given on page 199 et seq. 

2 . .tln<emia ef the Oord. 

IIa3se, loc. cit. 2. Aufl. p. 652.-Hammond, loc. cit. 3d edition. p . 396.-.M. Rosen

thal, I. c. 2. Aufi. p. 2f>O.-Leyden, I. c. II. p. 27.-Jaccoud, Les paraplegics 
ct l'ntaxic du mouvemrmt. Paris, 1864. p. 293 et seq. 

N. Slenon, Element. myologiro specimen. Flor. 1667.-J(ussmaul nnd Tenner, Un
tcrs. ilbcr Ursprung uud 'Vcscn der fallsucbtartigen Zuckungcn bci Vcrbl utun~ 

gen, etc. Molesch. Unters. zur Nnturl. Ill. 1857. p. 59.-Schijfcr, Ucbcr die 
Bcdeutung des Stcnson'schcn Versuchs. Ccntralbl. f. d . med. Wiss. 1809. 
Nos. 37 nncl 38.-Ad. Weil, Der Stenson'sche Vcrsuch. Diss. Strassburg, 1873.
Jlom11erg, Lchrbuch der Nervcukrankh. 2. Aufl. I. 3. p. 2.-Barth, Obliterat. 
comp!Ctc de l'a.orte. Arch. gen. 1835. VIII. p. 26.-Gull, Paraplegia from 
Obstruction of the Abdom. Aorta. Guy's Hosp. Rep. 3d series. Ill. p. 811. 
l858.-Cuinfo9s, Paraplegia from Arteritis. Dubl. Quart. Journ. j\foy, l856.
Pa1ium, Zur Lehrc von dcr Embolic. Virch. Arch. X."\:V. l862.-Bro1.D11.+ 
SCqurird, L:::cturcs on the Diagnosis and Treatment of the Principal Forms of 
Paro.ly!!is of the Lower Extremities. London, 1861.-Sandras, TrnilCi des maJa. 
dies ncrvcuses. Paris, 1851.-Scrvicc of Grisollc : ParaplCgic aprCs unc metror· 
rlmgie considCral>lc. Gaz. des hOp. 1852. No. 108.-.Moutanl·Martin, Para. 
plt!g. causCcs par Jes hCmorrh. utCrincs ou rectalcs. Soc. med. des hOp. 1352. 
Union med. 1852.-Abeille, £tudcs sur la pa.rnplCgic inclCp. clc la myClite. 
Paris, 1854..- Van B crvliet, ObsC l'V. de pnraplCg. chlorotiquc. Annal. de In soc. 
med. de Gancl. 1861.-Mordrct, TraitC prat. des affect. nervcusce ct chloro· 
nnC:miqucs. Paris, 1861. 

JJefinition.-By anromia we understand a diminution in the 
amount of blood contained in the corcl; and this may consist of: 

a. Diminution or complete s1tspension ef the arterial supply 
to tlte corcl-iscltremia; or, 

b. Deficiency of bloocl in the corcl, owing to the diminution ef 
the total amount ef blood, and bad crasis (oligromia, hydnemia, 
etc.), and usually named anremia without further clefinition. 

'rhe first form has been experimentally studied, and has been 
in single cases made the object of clinical study. 

Tile seconcl form is still less distinct clinically, owing to the 
frequent want of prominence of the spinal symptoms, and to 
simultaneous cl istu1·bances, cerebral and otherwise, originating in 
the anrcmia, and obscuring the spinal symptoms. 
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It is plain that there are many transitional forms between 
these two, and that a sharp distinction is not alwnys feasible, 
although we sball attempt to make it in the following presenta· 
tion. Both forms lead to the same result, al though in some 
cases it may be developed quickly and in others slowly; tlte 
nutrition of the substance of the cord will suffer more or less, 
and this will bring about the corresponding disturbances. 

Pathogenesis and Etiology. 

The conditions which may produce a marked predisposition 
in certain persons to anremia of the cord are not fully studied. 
Various points may, however, be mentioned which de:;erl'e 
future attention. For instance, congenital narrowness ef the 
calibre ef the circulation, shown by Virchow to be so frequent an 
occurrence in chlol'Osis; also congenital or acquired weakness ef 
tlte heart; and finally, an undue excitability of the vaso-motor 
nen1es, so common in nervous persons, which may sometimes be 
most marked in the cord. It is a fact which 111ay be connected 
with these circumstances, that the f emale sex seems specially 
predisposed to certain forms, at least, of spinal anremia. Dis· 
eases of the vessels of the cord also, which are of quite frequent 
occurrence, doL1btless girn rise to a certain predi sposition to 
amemia. I am inclined to refer to anremia of the cord those 
slight attacks of feebleness of the lower extremities which are 
fonnd in old people with marked atheroma o[ the arteries. 

The direct ccmses of spinal anremia are better known. 
The first group embraces all those causes which produce a 

contraction or closure ef the· afferent arteries ef the cord (para
plegies ischemiques of Jaccoud). Of these we must first name 
compression, thrombosis or embolism qf' tlte abdominal aorta 
abo,·e the point of departure of the lumhar arterif's. It leads to 
a severe ischrom ia of those segments o[ the cord which receive 
branches from the corresponding lumbar and intercostal arteries. 

It has very long been known that compression of the abdominal aorta. is fol· 
lowed very quickly by paralysis of the posterior half of the body (Stcnson's experi
ment) . The po.mlysis occurs a few moments after the compression begins, and was 
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reCcrred by a .... the earlier observers to a peripheral disturbance of the nutrition of 
nerves and muscles. Kussmaul and Tenner have, however, shown that an::cmia of 
the cord leads to pnlsy much more rapidly than an::cmia of the nerves and muscles. 
Schiffer hns tested the question again, nnd has decided that unremia of the cord 
itself is certainly the immediate cause of the palsy, that the nerves and muscles in 
this case remain excitable for n long time, and that in case of compression at a 
lower point, the paralysis occurs much later. It is also true that when the com
pression lasts a considerable time, paralysis of the caucla equina, the peripheral 
nerves and muscles follows. A. 'Veil has confirmed Schiffer's statements in all 
essential points. Such ischremic paraplegim have bcen seen to occur in the humnn 
subject, in the rnre case of thrombosis and embolism of the aorta (Barth, Gull, 
Lnyden, 'l'utscheck, and others), although it is not always possible to decide whether 
their origin is spinal or peripheral. 

'l'ltrombosis and embolism qf gioen spinal arteries can only 
leacl to quite circumscribed iscluemia, owing to the numerous 
arterial supplies which the cord possesses. 

This cause has been studied experimentally by Panum, but in mnn has been 
only accidentally observed, und its pathogenctic import is not yet sufllciently de
fined. Leyden bus found capillary cmUohsm of the cord in ulcerous endocarditis. 

It is still uncertain whether spasm qf the spinal vessels can 
produce :rnmmia of the cord ; the fact is not well established, 
though not quite improbable. \Ve may assume that a direct 
iri·italion of the vaso-motor paths concemed produces this kind 
of isclucmia; but lhe theory has been more generally accepted 
that irritations of peripheral organs, due to all sorts of causes, 
may produce such vascular spasm in the rr:fl,ex way; and this 
may be the origin of a great many of the so·called "reflex para[. 
yses_,, 

The lntter view has been developed into a theory of u reflex paralysis" by 
Brown-SCqunrd in particular. The peripheral irritation causes a contraction of the 
spinal vessels, o{ rnrious duration, which gives rise to palsy and a more or less per
manent disturbance or nutrition in the ccrd, as has Ueen observed by Kussmaul and 
Tenner, and by Schiffer, to occur after simple compression of the aorta, if contin-

ncd for n sufficient time. 
Although it is not certain that such a. permanent and severe spinal vascular 

spasm occurs, ns is dem11nded by Brown-SCquard's theory, and although on the 
other hnnd many "reflex paralyses" can be referred to severe disturbances or nutri
tion, yet a transitory spasm of the spinal arteries is by no means inconceivable. 
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Yaso-motor spasms of the skin of the extremities may Inst for houni and dl\yt, 1 and 
why not in the cord also 1 Auel if such a. thing occurs, severe disturlmnccs must 
occur in the fine and dclico.te processes of nutrition of the central apparatus. 

It is self-evident that rnechanical pressure upon the cord may 
produce ischremia in a corresponding portion ; in snch cases, 
however, the symptoms are referable rather to pressure upon the 
nerve-elements than to compression of the blood-vessels. 

The second group of direct causes embracPs all such as di
rninislt the total arnount qf blood, or cause a decided clwn,qe in 
its composition, with a tendency to oligocytluemia, hydrremia 
and allied disturbances. (A portion of Jaccoud's paraplegies 
dyscrasiq ues. )" 

Upon the whole, the existence of se1•ere spinal symptoms, 
especially of paralyses, in these conditions is comparntirnly rare, 
and the causal relation between the amemia and the paralysis 
which follows is not always perfectly clear. It seems at first 
strange that the lower extremities should be almost exclusively 
affected; but a closer consideration shows, as Jaccoud has admi
rably stated, that the fact is probably due to the greater claims 
usually made upon the activity of the legs at all times, which 
causes any general weakness to show first in them. It will also 
remain undecided in many cases whethe1· and to what extent the 
symptoms of weakness depend on :111wmia and disturbances of 
nutrition in the peripheral nerves and muscles. For this reason 
cases must be read with some caution. 

Several cases are described in which paraplegia followed great 
loss qf blood, as in parturition, metrorrhagia, bleeding from the 
kidneys and intestine, epistaxis, etc. Jaccoud quotes such cases 
from Grisolle, llfoutard-Martin, Abeille, Landry, and others. 

A similar effect is produced by great loss qf blood, severe 
acute diseases, inanition, etc., which injure the nutrition of the 
cord by producing great anremia. 

In chlorosis, states of weakness and palsy have been observed 
ancl l'eferred to anromia of the cord ; such cases are rather fre
quent, though not so in comparison with the frequency of chlo
rosis itself. Jaccond quotes such from Dnsourd, Bervliet, Bou· 

1 Sec Notlmogel, Vasomotorische Neurosen. Deutsches Arch. f. klin. Med. II. 
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chL1t, i\Iordret, Landry, and others, and includes the paraplegia 
of pregnancy iu the list. It appears that only quite se,·ere cases 
of chlorosis cause such paraplegia. 

Pathological Anatomy. 

Anromic portions of the cord look pnle, bloodless, white: no 
points of blood appear on their cut surface, and no full vessels 
arc to be seen; the gray substance is strikingly dnll in color, and 
sinks a little npon the section; the white is often found very soft 
and sernifluent, nnd pushes out above the cut surface. There 
are, however, reports of cases in which the substance of the cord 
was fonnd somewhat fil'mer and more resistent than usual. 
Perhaps these were different stages of the same change. 

The membranes also appear pale, their vessels partly empty 
and not easy to see. 

A distinct contrast to this is a!Iordecl by those sections of tlw 
cord in which the circulation is retained, which look of a ro'y 
color and are harder in consistence; an increasecl injection, with 
extravasations of blood, is often observed in the neighborhood of 
anremic portions. 

In general anromia the cord is usually anromic also. 
It is not always easy to avoid confusing these phenomena 

with post-mortem appearances; anromia will therefore be con
sidered to have existed during liJe only when all the circum
stances which produce it in a corpse can be shown to be absent, 
such as a certain position, cadaverous swelling of the meclul
lary substance, etc. 

In thrombosis and embolism of the small spinal vessels it is 
oftPn possible to find the point of occlusion. Reel softening 
exists in the region supplied by the plugged artery, and in its 
vicinity collateral fiuxion. This has been found chiPfly in ani
mals. Tuckwell has found similar appearances in man. Leyden 
observed microscopical embolic foci in ulcerous endocarditis. 

If the ischmmia is protracted, secondary changes occur
white and yellow softening of the corresponding portion of the 
cord, localized breaking-clown, stasis of blood, etc. The minute 
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changes in nutrition which appear in a short time are not acces
sible to a pathologico·anatomical examination. 

Symptoms. 

Before describing anremia or the cord, let us C(lllSider such 
facts as arc derived from experimental physiology, and which, 
at least in the case or the acute ischremic for m, furnish us abun
dant information. 

\\' hen the aorta is compressed, motor a nd sensory palsy of 
the legs immediately occurs, the reflex acts cease, the bladder 
and rectum seem paralyzed. \Yhen (he circulation is restored, 
impro,·ement in these respects is slow in proportion to the dura
tion or the compression. 

Precisely the same symptoms occm in man after e111bolism of 
the aorta-rapid palsy or the legs, sphincters, reflex function, 
etc. Gull's case, in which he observed paralysis to occur in a 
few minutes, is an especially good instance or paraplegia from 
aortic obstruction. In most other cases or this class it is Jess 
easy to affirm that the paralysis originates from spinal anmrnia; 
it is rather probable that the disease has a peripheral ol"igin 
(see the cases or Romberg, Cumings, Leyden, Tutscheck, et al.). 

H the contraction of the aorta develops by slow degrees, the 
disturbances are of a gradual and less sm·ere nature-slight feel
ing or numbness and or a limb asleep, weakness or the lower ex
tremities, which are easily fatigued when severe exertions are 
made. The symptoms of closure of the aorta become more and 
more distinet-absence of pulse in the rrnral arteries, coldness 
ancl <I'clema or the fpet, enlargement of collateral arteries, etc.
symptoms which in acute cases appear very quickly. 

Herc must be included a series of cases which present tllC symptom of inter
mitting lameneRa or palsy. In these no change is observed while the patient is at 
rest j but when he takes a brisker walk than usual, it is followed by distinct weak
ness or c,·cn palsy, which disappears when he takes rest, and again returns when 
he renews his mm;cular efforts. Such symptoms have been observed in horses, and 
are accountcll for by occlusion of the aorta. A similar thing has been seen in man 
(Charcot, Frcric11s-intcrmittcnt palsy in one lower extremity), the cause of which 
is also doubtless referable to the closure of one iliac or the aorta. But the!e seem 
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to be only cnses of peripheral pali;.y; the muscles, imperfectly supplied with fresh 

blood, l>ccomc incompetent to their duty where severe exertions are demanded, 

while they are still able to perform a slighter task. 

All that has been said applies only where the ischromia is sit
uatctl in Lhe lumbar region of the co I'd. "' e know nothing in 
reganl to Lhe symptoms of ischromia of the cel'vical part. Clo
snl'e of both vertebral arteries might be followed by ischromia in 
this case also; but the derangement of the cerebral functions 
and those of the medulla oblongata would then probably be so 
severe as to mask the spinal symptoms, and death would follow 
speedily. 

The symptoms of vaso·motor iscluemia of the cord must be 
the same, but they can harrlly be so severe. "·e know nothing 
with precision in regard to them, excepting those symptoms of 
"reflex paralysis" which are said by Brown-Sequa rd to 01·igi
nate in this way. It is said to be characteristic of these paraly
ses that they originate in peripheral irritation, that variations in 
the severity of such irritation are followed by corresponding 
fluctnations in the symptoms of palsy, and that the latter often 
disappear when the former cease. It is e1•ident how imperfect 
is this chal'acterization. 

Anromia originating in thrombosis and embolism of smnll 
arteries probably gives 1 ise to merely local and subordinate 
symptoms, about which nothing is known definitely. If large 
spots oC softening are formed, the symptoms of cil'cumscribPd 
destruction of the cord follow, which will vary somewhat accord
ing to the seat of lesion; we shall come back to these in the sec
tion on Softening of the Corel, No. 10. farther on. 

In the second rroup oC cases of spinal anromia the nnmber of 
symptoms of anremia is so great, invoh·ing most or the organs of 
the body, as to make it hard to sift out those proper to the afl'ec
tion. 

The most constant seem to be those of motor weal.:ness
weakness and great fatigne, which forbids all severe exPrtions, 
slight tremor when even the least muscular work is performed, 
and in the higher degrees, severe paresis, ancl at last paralysis. 
All this usually begins in the lower extremities, and extencls 
very gradually to the trunk and arms. 
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The sensibility is usually intact; but parresthesia of every 
sort, pain, and hyperresthesia or slight anmsthesia ocrur. The 
reflex actions are often exaggerated; only in the severest cases 
are they c1Ppressed. The sphincters do not sPem to he usnally 
affected, unless the severest anmmia with full })araplegia has 
been developed. 

At the same time, the most marked symptoms of general 
amemia or tleveloped chlorosis exist. 

It is said to be a marked characteristic or this form, that the 
symptoms are improvecl by continued lying down, which favors 
the flow or blood to the cord; changes of circulation produce 
the same effect upon the severity of the symptoms. It is impor
tant to note in conclusion that a tonic treatment with iron and 
stimulants quickly improves such cases. 

Hammond has tried to prove that the 81)-cn.llcd spinnl frritrrtion depends on a 
local hyperremia of the posterior columns. Wt! shall return to this point in speak
ing of spinal irritation (sec fartht:r on, No. 7). 

Course, duration, terrnination.-The disease may begin rap· 
idly and acutely, as in embolism, severe loss of blood, etc. At 
other times it is slower and more gradual, as in thrombosis, chlo
rosis, etc. ; the symptoms at first do not appear until certain 
efT01·ts are made, but become by degrees more distinct and per
manent. until the disease is fnlly developed. 

In its further course the patient either recovers rapidly, by 
the establishment or collateral circulation or regeneration of the 
lost blood, or perhaps by relaxation of a vaso·motor spasm; 

Or, arter long llnctuation, a slow recovery occurs, especially 
when the eii·cnlation becomes free arter having been disturbed 
for a sufficient time to leave considerable impairment of nutri
tion; 

Or, finally, return to a normal state is impossible, the cord 
sortens, producing all the symptoms of severe spinal paralysis, 
in the miclst or which death at last occurs. 

Of the duration of the disease nothing need be said, as it may 
vary very greatly according to the cause, the possibilities of 
repair, the development of secondary changes of nutrition, etc. 



AN.<EMIA OF THE CORD. 289 

Diagnosis. 

'Ve are not entitled to infer the definite existence of spinal 
anremi>L from the above symptoms, unless the causes are clear. 

The acute ischremic form often commences quite like a spinal 
hemorrhage or an acute myelitis; the diagnosis becomes proba
ble only when the aorta can be proved to be closed, or a great 
loss of blood has recently occurred; and it may be confirmed by 
the rapid and favorable course of the disease. We have already 
Raid that an intermittent character of the paralytic symptoms 
could not probably be referred directly to anremia of the cord. 

The chronic anremic forms (dyscrasic) resemble chronic myeli
tis, or very slow forms of chronic meningitis, etc. If, however, 
chlorosis or severe general >Ln:emia exists, we shall naturally 
think first of anremia of the cord. The fact that the horizontal 
position relieves the symptoms may perhaps be made of use in 
the diagnosis; but usually the decisive test will have to be fur-
11ished by the result of treatment. 

Vaso.motor ischremia is probably hard to distinguish. Believ
ers in Brow11-Sequard's theory of reflex paralysis will refer to 
it when peripheral irritation exists (diseases of the organs or uri
nation or digestion, or of the uterus, etc.). The idiopathic forms 
require some further study and proof. 

Prognosis. 

This depends chiefly on the causes, and on tlrn possibility of 
removing them. 'Ve shall, therefore, have to decide the ques
tion on general principles. 

Of itself, spinal anremia is nothing serious. If it has not 
lasted long, or has never been extreme, the prognosis is quite 
good ; especially so in chlorosis. 

But a severe anremia may badly impair the nutrition of the 
cord, even when the disease has lasted but a short time, and may 
cause injuries which require a long time for their repair. Experi
ments have sufficiently proved this, ancl we ought, therefore, to 
be cautious in making the prognosis of such cases. 

If it be impossible to restore the circulation, ancl if softening 
VOL. XIII.-19 
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has once occurred, the prognosis is bad, provided large portions 
of the cord are affected. If there is softening of small portions 
of the cord, the prognosis should depend on the size and location 
of such spots. 

Treatment. 

Here the first point is the causal indication. If we succeed 
in removing the causes of spinal anromia, the chances of restora
tion increase considerably. The reader is, therefore, merely 
reminded of the treatment of aortic thrombosis and embolism 
(proper position, stimulation of the function of the heart, etc.), 
of chlorosis and anromia (tonics and iron), and of general nerv
ousness; of the removal of sources of peripheral irritation, etc. 
These measures will generally include the chief part of the treat
ment. 

As direct measures for the relief of anromia of the cord, we 
would recommend a suitable position, in order to favor the fl ow 
of blood to the cord. Brown-S6quard strongly recommends the 
dorsal decubitus, with raised head, arms, and legs; and this 
should be maintained during the night, and several hours in 
the daytime. 

Drugs wllich increase thejlow of blood to the cord, especially 
strychnia, opium, and nitrite of amyl. Brown-Sequard recom
mends strychnia above all others, and Hammond strongly sup
ports the recommendation; he gives it in increasing closes (0.002-
0.015, [.'ir tot of a grain], three times a day), or, still better, in 
combination with phosphorus (extract of nux vomica 0.02 [-}of a 
grain], phosphide of zinc 0.006 [n of a grain]). 

Galvanization of' tile spine, with the object of dilating the 
vessels of the cord and improving the spinal nutrition. Ham
mond especial ly recommends the ascending stabile current. 

Application of warmth to the back, by means of hot sand
bags, or Chapman's bags filled with hot water. For vaso-motor 
ischmmia, alternate cold and hot douches are recommended. 

We shall also seek to fulfil the S?Jmptomatic indications 
(relief of pain, paralysis, disturbances of circulation, etc.) by the 
usual remedies and methods. 



SPIN..:\.L APOPLEXY. 291 

The diet and regimen must be governed by the existing indi
cations and circumstances. 

3. IIemorrliage in the Substance of the Spinal Corrl--HaJ
matomyelia (Hr.ematomyelitis) - HaJmorrhagia MedullaJ 
Splnalis-Spinal Apoplexy. 

Compare the repcatedly ·quotetl works of Ollivier (II. p. 1G7), Jaccoud ( p. 251) , 
J/asse (p. 667), Jiummon-d (p. 440), M. Rosentltal (p. 292), and L eyde,, (II. p. 
54). Also 

E. Levier, Beitr. zu1· Pathologic der Ri.ickenmarksapoplcxic. Diss. Bern, 1864 (con
taining all the oldercases).-llayem, Des hemorrhag. intra-rhnchicliennes. Paris, 
1872 (li st of cases complete to that date).-Brescltet, llCmatomyCl ie. Arch. de 
mt'.id. XXV. 1831.-Griaollc, Rev. hebdom. des progr. des sci. med. 1836. No. 
3.-Munod, De quclqucs maladies de la moCllc Cpin. Bull. de la Soc. anat. 
1846. No. 18.- Cruveilhier, Anatom. pathol. livr. III. pl. VI.-Gendrin, De 
l'apoplcxic rhachidicnnc. Gaz. des l1 0p. 1850. No. 48.-11£ 7'ritr, Ilosp. Med
dclclser. Bd. IV. 1852 (quoted in Levier. Schmidt's J ahrb. Bel. 78. p. 293). 
- Lebeau, Cas d'h<!matomy6lite. Arch. bclg. de med. milit. Jnnv. 18!i5.
Barat-Dulriurier, Surles hCmorrh. de la moCl1e. ThCse. Paris, 1859.-D uriau, 
De l'apoplcxie de la. moClle Cpin. Union ml:d. 1850. Nos. 20-25.-Brown
&quard, Paralysis of the Lower Extrem. p. 86. 1861.-Colin, llCmorrh. de la. 
moi.!lle. Soc. mCid. des hOp. 1862.-.Mouton, Cousicl sur l1Mmorrh. rhnchid. 
Thi.'!se. Strasb. 18G''i.-Sclmctzenbergcr, Apoplexie spinale. Gaz. me<l. de Stmsb. 
1808. No. 5.-Kostcr, De pathogenic der apoplex. meclull. spin . Nederl. Arch. 
voor Genecsk. IV. p. 4~6. 1870. -Gorsse, De l'h<!morl'h. intramGdul l. etc. 
Thi:!se. Strasb. 1870.- 0. 0. Joerg, Fall van Spinalapoplexic. Arch. cl. Heillc. 
XL p. 520. 1870.-Bourneville, HCmorrh. de la moi.!tl e 11p. Gaz. mC!d. de Paris. 
187 1. No. 40.-Liouville, H<!matomyC!lie iwcc nnCvrysmes. Soc. de Biolog. 
1812.-Erb, Uchcr acute Spinallahmung. Arch. flir Psychiatric u. Nerven
krnnkh. V. 1875. Beob. 5. p. 7i!J.-fl. Eicllhorst, Bcitr. zur Lchro von clcr Apo
plc:cie in die Riickenmarkssuhstanz. Charita-Annalen I. (1874) p. 192. Berlin, 
1876.-E. Goltd,unn~r, Zur Lchre von der Spinalapoplexie. Vircb. Arch. Bel. 
GG 1676. 

IJejlnition.-The above titles include any kind ef extravasa
tion of blood in tlte sulJstance ef tlte cord proper. This is as rare 
as meningeal hemorrhage, one important reason for which is cer
tainly the low and comparatively constant pressure of the blood 
in the small spina.\ arteries. 

The in tra- mpclnllary hemorrhages are seatecl almost exclu
sively in the gray substance; their occurrence in the white snb-
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stance is rare, arnl perhaps is never spontaneous and primary. 
Their extent is usually small, but is often con iderablc, ltnd may 
reach to the whole length of the gr:iy axis. 

In these difinse cases, it seems at present quite doubtful 
(Charcot, IIayem, Koster) whether the affection is a primary 
idiopathic hcmonhage, and not rather a hemorrhagic myeli 
tis. This is certain, at least, that a great de:tl has been classeil 
as hromatomyelia which is not inclniled under spontaneous and 
primary bleeding; such cases will have to be sifted in future. It 
is, no doubt, correc t that in many cases of hromatomyelia there 
is simply a myelitis complicated with hemorrhage (myelitis ceu
tralis lucmorrhagica); but this ought by no means to be so ex
tended as (with IIayem) to inclnde all bleeding in the substance 
of the .cord, and make it depend on previous myelitis. " 'e are 
decidedly of the opinion, particularly upon the ground of clini
cal symptoms, that primary hemorrhage of the cord also occurs, 
though the way for it may often be prepared by the occurrence 
of slight alterations in the vessels or the cord. A case which 
seems to us to be very convincing in this regard is the one lately 
publishecl by Goltdammer. 

The chief symptoms, and the course of the disease, are so 
alike i11 both forms that we may treat of them together. 'Ve 
shall, however, return to the intlammatory hemorrhages of mye
litis a t a later point. 

Pathogenesis and Etiology. 

Our knowledge of predisposition to hemorrhage of the cord 
is very scanty. The small number of cases hitherto reported 
seem to show that youth and middle age are the most frequently 
attacked (as the largest number occurred between the ages of ten 
and fo rty ), in opposition to cerebral apoplexy, the frequency o( 
which increases with advanced age. 

Men are attacked much oftener than women, probably on 
account of thei r modes of life. 

I t is not known how far the occurrence o( the bl0edino- is fa
vored by the existence of heart disease (hypertrophy oI the left 
ventricle), spinal curvature, etc. 
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It is, however, cer tain that disease of tlte spinal vessels 
(thickening, fat ty deposits, increase of the nuclei in the w:i11s, 
aneurysmal dila tation-Liouville) constitutes an important pre
disposing cause. The same is true of chronic affections of tlte 
cord p roper (chronic myelitis, progressive muscular atrophy, 
tum ors, etc. ), which often are brought to a sudden close by 
hemorrhage. 'l'he influence of these circumstances may reach so 
far as to give ri se to apparently spontaneous bleeding, for which 
reason we shall again speak of them among the direct causes. 

Among these direct causes we have to name, in the first place, 
surgical ·injitries. Spina l apoplexy has been known to be caused 
by a fall or blow upon the back , by vertebral fractures and dis
locations, by violen t shock s in riding, by a fall down-stairs, etc., 
without any direct traumatic lesion of the cord. 

In the second place, all circumstances which produce a strong 
active con,qestion of the cord. Such are exposure to cold, sexual 
excesses and mastm bation, ex treme exertions of body, and the 
like. Pluxions orig ina ting in the collateral way ought al so to be 
included, as the cases of spinal apoplexy following retention 0 1· 

suppression of the menses (Levier, Schuetzenberger), or sup
pressed hemorrhoidal bleeding, or those which occur in the 
neighborhood of inflammatory processes in the vertehrre, the 
dura, etc.; and with these should be inclucled the spots of red 
softening which originate in embolism of the spinal a rteries. 
And finall y, inflammatory congestion, which so often leads to capil
lary hemorrhage in acute central myelitis and similar conditions. 

Any thi ng which produces a disproportion between tlte pres· 
sure witliin and tltal without tlte bloocl-vessels may give rise to 
hemorrhage in the cord. 'Vhen the pressure of the atmosphere 
is rapidly lessened (in going out of caissons where the air is com
pressed, usecl in the constrnction of bridges, or out of diving· 
bells), sympto ms have been seen which indicated spinal apo
plexy, but this has not yet been confirmed by au topsies. A 
considerable increase of the bloocl-pressnre acts in a similar way ; 
such increase occurs in the case of excessive cardiac action, or in 
a more passive way it is due to impediments to the circula tion in 
diseases of the heart and lungs, to sudden severe bodily exer tion 
in lifting lieavy bnrclens, in severe spasms, etc. 
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Another group may be formed of those causes which lessen tlte 
resistance of the walls of the blood-vessels, and thus give rise to 
bleeding. Here should be mentioned the aneuqsmal dilatations 
of minute vessels, as fouud by Griesinger and Liouville; the 
fatty degeneration, thickening, multiplication of nuclei, etc., in 
the walls of the small arteries, which are often found in micro
scopical examination of the diseased cord; perhaps also the 
chronic processes of softening ancl inflammation in the cord, and 
tumors of the cord (especially the soft rnyxoma and myxosarco
ma), in the interior or vicinity of which bleeding so often occurs. 
We must include here also the bleeding which in rare cases 
accompanies hemorrhagic affections (scorbutus, hemorrhagic 
small-pox, etc.), or acute infectious diseases (typhoid, yellow 
fever, malarial diseases, etc.) 

Pathological Anatomy. 

The bleeding is mostly confined-in many cases exclusively 
so-to the gray substance, and in it attains very various dimen
sions. It may involve the gray cornua or the entire transverse 
section of the gray substance, and may extend to various dis
tances longitudinally. Bleeding in the white substance is much 
rarer, and is almost always combined with bleeding in the gray. 

Two sorts of extravasation may be distinguished by their vis
ible characteristics, which may coexist, but in origin and appear
ance are essentially different. 

1. The hemorrhagic (or apoplectic) clot.-\Ve find a clot of 
blood, of variable size, as big as a pea, an almond, or at most a 
nut; often showing through the pia as a bluish lump, while the 
pia is pressed up and often burst by the pressure, so that blood 
is found in the subarachnoid space. The clot itself is composed 
of blackish rnd blood, coagulated, ancl sometimes fluicl in the 
centre. The substance of the cord is broken clown to a corre
sponding dist.ance, and forms a sort of ragged wall around the 
clot. An envelope of white substance cornmo11ly surrounds the 
clot; it is tinged with blood (red or yellowish) to a greater or less 
distance, so that the boundary between the clot and the sound 
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tissue is largely obliterated. The clot sends out processes to 
various distances in the gray substance, and between the bundles 
of white fibres. 

'fhe clot is almost always greater lengthwise of the cord; the 
globular form is usual only in very small extravasatious; con
siderable portions of the gray columns are commonly affected, pro
ducing what is called a tubular hemorrhage. One single clot is 
what is usually found, but several, or many, sometimes occur. 
The cervical and upper dorsal region is by far the most fre
quently affected, though of course not always. 

The microscope shows a great number of blood-corpuscles in 
all stages of decomposition and change; pigment granules and 
pigment crystals, fibrin, broken-down medullary elements, glob
ules of myelin, and usually granular corpuscles also. 

The clot undergoes a series of f1trtlter cltanges in time; it 
either thickens and slowly dries up to a crumbly, caseous lump, 
the origin of which is denoted by its color and the presence of 
crystals of hromatoidin, or the process of softening and fluidifi
cation occurs, so that at the last a hard capsule of connective 
tissue is found filled with serous or atheromatous contents. 
8maller extravasations may doubtless be absorbed, for the most 
part, and leave behind only a small cicatrix of connective tissue, 
colored ochre-yellow by deposits of crystalline pigment. 

Secondary disease of tlte cord is very often found in the 
neighborhood of the clot. This most frequently consists of soft
ening, which extends to various distances up and down, often to 
nearly the whole length of the cord. Hemorrhagic softening of 
the gray substance is especially frequent, by which it is changed 
into a porridge-like mass, sometimes reddish black, sometimes of 
:t chocolate color, and sometimes of an ochre-yellow (see the 
clr:twing in Crnveilhier); in these cases there probably always 
exists a primary central myelitis. But simple white softening 
also occurs in the neighborhood of the clot; it is to be recog
nized by its characteristic appearance to the naked eye, and 
microscopically by the numerous granular corpuscles, broken
clown nerve-fibres and ganglion-cells, the vessels in fatty degen
er:ttion, ancl the proliferation of neuroglia. In older cases we 
find secondary ascending and descending degeneration of the 



296 ERB.-DISEASES OF THE SPINAL CORD AND ITS ENVELOPES, 

posterior and lateral columns, presenting the same characteristics 
as in other limited disease of the col'd (Goltdammer). 

2. IIemorrhagic infiltration or sqftening; inflammatory hem
orrhage. This likewise occurs in the gray substance exclusively, 
and is either limited to certain cornua or extends over the entire 
section, but rarely spreads to the white substance. It has been 
seen with an extent of a few centimetres, and again, reaching the 
whole length of the cord. 

The gray substance is changed to an atheromatous mass, red
dish bl'own, dotted with darker, blackish red points, and small 
coagula; the blood is intimately mingled with nerve-substance. 
Around about the place, at various distances, the cord is tinged 
unevenly of a rusty or ochre color. 

The micl'oscope shows essentially the same elements that exist 
in the clot, but with a greater prevalence of granular corpuscles; 
traces of growth of connective tissue and of histological changes 
in the nerve-fibres and ganglion-cells are also fonnd. 

The latter can usually be traced in the gray matter far beyond 
the limits of the hemorrhagic infiltration; they comprise soften
ing, accumulation of granular corpuscles, thickened and swollen 
axis-cylinders, like strings of beads, enol'mously swollen ganglion
cells (Charcot), abundant proliferation of connective tissue, 
excess of blood in the smallest vessels, some of which are en
larged into ampullre (Liouville), while in other cases their walls 
are thickened and degenerated-in a word, acute central mye
litis. 

Of the further changes occurring in snch hemorrhagic infiltra
tions nothing precise is known, for autopsies are usually made at 
an early period. 

Capillary lu:mon·ha.ges proper-small punctated extravasations, ensily recognized 
-are rather common; they arc not specially important, and give rise to no clinical 
symptoms. They constitute, however, a frequent element in important processes, 
softening, nnd the like. In their most developed form they arc simply equivalent 
to hemorrhagic infiltration. Eichhorst has lately examined under the microscope a 
remarkable case of hrematomyclin with widely-distributed capillary bleeding, and 
lias given a careful description. 'Ve arc not able, however, to agree with him in 
considering this case as n primary hemorrhage, ns there existed paraplegia, accom· 
panied hy fever, gradually extending upward, and inn few days leading to death. 



SPINAL APOPLEXY. 297 

Oltanges in tlte spinal meninges are not specially essential 

accompaniments of intra-medullary hemorrhage. There is al

most always hypermmia, corresponding to the seat of hemor

rhage; rarely ecchymoses. 
'rhe peripheral nerves and •muscles often undergo a marked 

degenerative atrophy ; this depends on the seat of lesion, and 

probably on the destruction of the trophic centres of these or

gans. 
The alterations in the other organs are the same as in the 

other forms of severe spinal paralysis (see the chapter on Myeli

tis). 

Symptoms. 

Althongh the number of observations is somewhat small, 

yet it is possible to draw a tolerably fair OL1tline of spinal apo

plexy. 
The attack begins quite snd(lenly in many cases, and with 

fulminant symptoms; the patient is struck with violent pains 

and sudden paraplegia, and falls without loss of consciousness. 

The hemorrhage often occurs in sleep, and the patient awakes 

paralyzed. 
But the disease does not always begin so very suddenly, be

ing often preceded by premonitions, which either consist of the 

symptoms of spinal congestion (pain in the back, excentric pain 

and parmsthesia in the limbs, great weariness and prostration, 

11yperresthesia of the skin, etc.), lasting perhaps for days and 

weeks, or the symptoms of acute central myelitis (general mal

aise, fever, violent pains, formication, the sensation of a girdle, 

of heaYiness and m1mbness, distinct weakness in the extremities, 

weakness of the bladder, etc.), and these usually last hours or 

days, until the apoplectic paraplegia appears. 

One specially characteristic feature of spinal apoplexy is the 

way in which a complete and severe paraple,qia ioill develop in 

lite course qf a few minutes or an !tour; this is usually intro

duced by a violent pain, either localized or extending over the 

entire spinal column, but usually disappearing after the palsy 

has become complete. 
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Such patients are found by the physician with complete and 
absolute palsy of the legs, or the palsy may extend upwards over 
the trnnk and even to the upper extremities ; then the respira
tory muscles arn palsied, and the patient becomes a picture of 
helplessness, breathing painfully and imperfectly with the aid of 
the diaphragm. 'l'lie paralyzed 'rnuscles are perfectly lax, offer
ing not the slightest resistance to passive movements. 

In rare cases tbc paral_ysis is incomplete, some movements being left, or there is 
paresis only. In one case a single upper extremity has been seen palsied (Bournc
villc) i hcmiplcgic paralysis is also rare, and always nffccts the upper extremity 
more than the lower. All this depends on the position and extent of the hemor
rhage. 

The motor paralysis is accompanied by ancesthesia more or 
less complete in reo;pect to all possible sensory impressions; this 
has the same distribution as the motor paralysis. It is obvious 
that this di ctnrbance may vary in degree, and is subject to ex
ceptions; but a certain amount of anrosthesia is seldom or never 
absent. 

Paralysis of the bladder and rectum is equally regular; at 
first there is complete retention of the urine, requiring the em
ployment of a catheter, and afterwards various forms of inconti
nence; the stools are evacuated involuntarily and unperceived. 

Marked vaso-motor paralysis has been found in well-observed 
cases. Levier found a rise of temperature in the paralyzed lower 
half of the body (flexure of the knee), which equallell 0.2-0.5-
1.0-2.00 CentigradP. as compared with the axillary measure
ments; a symptom which, if it be of long duration, points not 
merely to a simple severance of the vaso-motor paths, but also 
to a destruction of the vaso-motor centres in the cord. Levier 
found the cutaneous perspiration absent in the paralyzed parts. 

The reflex actions vary much according to the seat of lesion; 
they are completely suspended when the gray substance is 
wholly destroyed to its lowest point; if the seat of the hemor
rhage is higher, they may also disappear at the first moment, 
owing to the shock, but soon retmn, and may become much 
exaggerated. In a few cases priapis1n is given as one of the 
symptoms. 
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While the lower half of the body is thus severely affected, the 
upper half may be perfectly normal and healthy, the arms may 
act normally, consciousness, intelligence, the functions of the 
'cerebral nerves remain quite intact. At the most, slight .febrile 
symptoms appear during the first few days. 

It is somewhat striking that the symptoms of irritation are 
so much in the background. Pain in the back seems the most 

frequent, and may be localized or extensive; the spine is little or 
not at all sensitive to pressure, a high degree of such sensitive
ness being probably limited to myelitis. 

Although symptoms of motor irritation, as twitching and 
partial spasms, are observed in the first moments of the hemor

rhage, yet at a later period they become very inconsiderable, and 
spasmodic symptoms are almost entirely confined to the non
paralyzed parts, thus marking the progress of the fundamental 
lesion or the supervention of secondary affections. Parresthe
siro may be wholly absent in the paralyzed parts; the patients 
do not feel their limbs, or only feel them as a dead weight; in 
other cases tingling or similar symptoms are felt in the paralyzed 
regions. 

In the succeeding days and weeks these symptoms increase 
in a very troublesome way. 

The first threatening symptom is usually the rapid appear
ance and the steady progression of gangrenous bed-sores on the 
sacrum, the trochanters, the heels, und other places exposed to 
pressnre. This untoward event may occnr in a few days, often 

in its most acute form. 
'rhe urinary excretion is a ltered, the discharge soon becomes 

bloody, purulent, albuminous; the severe palsy of the bladder 
leads directly to alkalescence of the urine, cystitis, and pyelitis 
with their seq uelre. 

It follows, or course, that these severe c1isturbances are always 
accompanied by marked fever. Chills occur, pymmic and septi

cmmic symptoms are developed from the bed-sores, and rapidly 
consume the patient" s strength. 

The paralyzed 'muscles become atrophic, sometimes very 
rapidly ; and the atrophy is accompanied by a loss of faradic 
excitability, or the appearance of the reaction of degeneration 
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in the muscles. A few muscles become rigid or contracted, 
especially when secondary changes in tho corcl occur nt a late 
period; spontaneous spasmodic jerkings, with exaggeration of 
reflex action, usually precede the appearance of these symptoms. 
But if the lesion is located high, the nutrition of the muscles anil 
their electri cal excitability may remain nearly intact, as in the 
case of Goltdammer. 

The reflex aetions clisappear by degrees, often quite rapidly 
and completely ; this is especially the case in central myelitis, 
when it spreads downward. 

It is usually hard to recognize the symptoms of secondary 
myelitis; violent pains, twitching movements and jerks, the 
formation of contmctLnes-all this o[ten in parts not afl'ected by 
the palsy-such are the symptoms which belong to this :iiiec tion . 

It is evident that this description applies in full only to the 
more severe cases, with large effusion, but must undergo various 
modifications according to the seat, size, and cause of the hemor
rhage. It seems superfluous to attempt a full presentation of 
these ; the reader will be able by reflec tion to see for himself the 
special symptoms of a small limited hemorrhage ; for instance, 
that in the anterior cornua it will produce mainly symptoms 
of local paralysis, in the posterior cornua perhaps very incon
siderablP symptoms, etc. It should in particular be stated that 
in many such cases, with small hemorrhage, the symptoms are 
so indecisive, so destitute of characteristic traits, as to forni sh 
no means whatever of forming a diagnosis of hemorrhage. This 
is in entire accordance with what we know of spinal pathology. 

Ilaycm g ives the name of clironU spinal apoplexy to the cases in which the 
hemorrhage is an accompaniment of existing chronic spinal disease. Re quotes 
the cases of :Massot (progressive muscular atrophy), Nonat (chronic central myelitis), 
Lanccrcnux (pcri-cpendymal myelitis). Iu all these, the symptoms of bleeding 
were more or less acute in their appearance. In our opinion, n hcmorrhnge in the 
cord cannot be chronic. Such cases arc simply instances of tl1c supervention of an 
acute romplication (hemorrhage) upon a chronic spinal disease; not at all of a 
chronic form of sp inal hemorrhage. 
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As to the characteristic symptoms as dependent on the 
locality of the bleeding, we will content ourselves with a few 
words. 

If the lumbar region is a:ll'ected, the symptoms of palsy and 
'aurosthesia are restricted to the lower extremities, bladder, and 
rectum; refl ex actions are absent; rapid a trophy of the muscles 
with reaction of degeneration, bed-sores at an early period, will 
rarely foil to be present. 

IC the tlwracic region, the symptoms extend higher up on tbe 
trunk. The expiratory muscles a re palsied, and those which 
com press the abdomen ; refl ex actions may be retained for a 
time; a trophy of the muscles is tardy. 

If the cervical region, all four ex tremi ties are affected. A 
portion o( the inspiratory muscles is palsied; pupillary symp
toms may be present; the reflex processes and nu trition depend 
on the down warcl progress of the lesion. IC the bleeding occurs 
above the origin of the phrenic nerves, a rapicl death by asphyxia 
is inevitable. 

In a fe w cases (Uonod, Ore, Breschet- quoted in Levier) the 
hemorrhage has been fonnu restricted to one lateral half of the 
cord, with the characteristi c symptoms o[ Brown-Scquard's spi
rnil hemiplegia (pa ralysis o( the side corresponding to tho lesion, 
anrosthesia of the other side). 

Ooitrse, ditration, termination.-The course depends on the 
size ancl location of the hemorrhage, and in part also on the 
immediate cause. In severe cases, especially o( difTuse central 
bleeding, the fatal termina tion occurs rnry soon through paraly
sis or respiration ; or secondal'y changes, acute gangrenous bed
sores, pymmia, and sep ticromia soon cause death amid fearful 
suffering. Charco t believes that a trne hromatomyelia is always 
fatal, but we cannot assent to this. 

IC the bleeding is small, the case may be protracted a very 
Jong time, un til a t last death occurs from bed-sores, cystitis, 
fe ver, marasmus, ancl other complications. 

Partial reco,·ery often occurs ; the lesion in the cord becomes 
cicatrized, and is restored to as normal a condi tion as is possible. 
Motility and sensibility return, at least in part ; the bed-sores 
heal, the vesical palsy disappears, and the gQueral health is 
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good. But usually some muscles or groups of muscles remain 
paralyzed and atrophied. 

Complete cure is doubtless rare, and only possible when the 
clot is 1·ery small. It is difficult to prove that it has taken place, 
although reports of cases and autopsies are very decidedly in 
favor of it. 

The duration must vary greatly. Rapid cases terminate in a 
few minutes, hours, or days, while less severe ones require weeks, 
months, or even years before death appears, or a moderate degree 
of improvement is gained. 

Diagnosis. 

This is chiefly based on the sudden and very rapid invasion 
of paraplegia without much motor irritation, upon the immed·i
ate severity ef the symptoms, and the very severe and protracted 
course of the disease. The decision may be supported by the 
existence of a reasonable cause, by certain prodromic symptoms, 
the absence of fever, and the elevation of tem perature in the pal
sied parts. 

The diagnosis may, at any rate, be difficult in slightly marked 
or complicated cases, and the disease may be confounded with 
various others which resemble it. 

It is hardly possible to mistake it for cerebral apoplexy. The 
retention of consciousness, the absence of all symptoms of paral
y sis of cerebral nerves, the paraplegic form assumed by the di s
ease, the paralysis of the sphincters, etc., must guard us from 
this. And even in difficult cases, such as certainly occur, we 
shall not fail to make a correct diagnosis if we carefully attend 
to the symptoms. 

The diagnosis from meningeal liemorrltage will usually be 
easy (see above); in the latter there are active symptoms of irri
tation, hypermsthesia and pain, violent spasmodic symptoms, 
while paraly is is less prominent; the distmbances of sensibility 
are quite slight, and the course of the attack is rapid and favor
able. In hromatomyelia the severity of the paralytic symptoms 
is very striking, while the phenomena of irritation are quite in 
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the background; bed·sores appear quickly; the disease is severe, 
often fa tal, and often leaves incurable palsy behind. 

The chief difficulty is tha t which a ttends the diagnosis from 
acute central myelitis, especially as the hemorrhagic form of the 
latter is included in spinal apoplexy. In both cases there is a 
destruction of the cen tral gray substance, and the only point of 
di stinction consists i n the rapidity with which the symptoms 
de~elop . The paraplegia requires hours or days for development 
in simple myelitis, in hrema tomyelia minutes or quarters of an 
hour. The same is true, of course, in hemorrhag ic myelitis. 
W e may say that the greater the rapid ity of developmen t, the 
more p rominent is the element of hemorrhage. In disting ui shing 
central myelitis from sponta neous h rematomyelia, we must a t
tencl to some other points; myelitis beg ins with symptoms of 
irri tation, pain, slight spasm, the vertebrre are sensitive to pres
sure, fever may be present, and an rosthesia and parres thesia, par
tial palsy and weakness of the bladder precede the occurrence of 
severe paraplegia. The ascending spread of central myeli tis may 
also be contrasted wi th the stationary nature of the symp toms in 
hemorrhage. By the a id of these poin ts we may distinguish 
hrematomyelia from central myeliti s, and in the la tter we may 
separate the simple from the hemorrhagic fo rm. 

Poliomyelitis anterior acuta (or acu te spinal 1iaralysis) in 
adults is of ten qui te like hrema tomyelia. It may, however, be 
sufficiently disting ui shed by the usual p resence of fever a t the 
commencement, the entire absence of all sensory distnrbances, 
the absence of palsy of the bladder and of bed-sores. 

The diagnosis from isclumnic paraplegia will usually be easy ; 
although at the beginning it much resembl es hemorrhage, ye t 
severe ischremic paraplegia occurs only in cases of obstruction of 
the aorta, and the latter may easily be recogni zed by the pathog· 
nomonic symptoms of absence of the femoral pulse, and dis
turbed circulation in the legs, etc. 

'fhe diagnosis or the level or the seat of hemorrhage is made 
by a ttending to principles already sta ted. 
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Prognosis. 

Although we by no means agree with Charcot's view of the 
usually fatal character of lucmatomyelia, yet the prognosis is 
almost always very serious. Large central hemorrhages are 
always fatal. The same is true when the seat is at a very high 
level. 

H the first few days and weeks pass without bringing very 
severe complications, the prognosis becomes gradually more 
hopeful. But complete recovery is rarely to be expected. 

But even when the disease appears favorable, and the symp
toms are slow in developing, a turn for the worse is always pos
sible. Besides the formation of bed-sores, the chief thing to fear 
is the ascending spread of central myelitis. 

Small circumscribed hemorrhages are certainly less dangerous 
-if they can be recognized at all during life. 

For the rest, a prognostication cannot be made in any case 
without a careful weighing of all circumstances. 

Treatment. 

The prophylactic measures are inferrible from the etiology. 
Such causes as can be reached will be attacked. R etained or 
suppressed menses, a cessation of hemorrhoidal bleeding, heart
disease, congestion of the cord, etc., will also receive careful 
attention. It is especially needful to inquire whether the symp
toms are related to a central myeli tis, in which case all means 
will be used, including large bleedings, cold applied to the back, 
powerful derivation, mercury, iodide of potassium, etc. 

For the hemorrhage itself, little can usually be done; by the 
time the physician arrives, it will (unless very considerable) usu
ally have ceased of itself. It will, however, be proper to take 
measures for preven ting a recurrence or an extension to other 
parts of the cord, especially when signs of plethora, of excited 
action of the heart, of severe spinal congestion are present; we 
should then proceed with vigor to the employment of local and 
general bloodletting, free application of cold, maintenance of a 
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quiet position upon the side or nbllomen, with the internal use 
o( digitalis or ergot (or still better, subcutaneous injections of 
ergotin), purges, application o( warmth to the extremities; these 
are the remedies here applicable, and from which the pmper 
selection must be made in each case. 

Afterwards we ham to treat the sequelro. Secondary myelitis 
must be checked by the use of snch means as are indicated i11 
the appropriate section. But the chief object will lie in the pre
Yention of severe trophic disturbances, cystitis, bed-sores, etc., 
which are the most threatening complications. Nothing but the 
most careful and self-sacrificing attention can accomplish this; 
for dil'ections sec the General Division of this work (p. 192 et 
seq.) 

li the first weeks pass without serious results, we may at
tempt to promote the resorption of the extravasation anll the 
repair o( secondary myelitis by iodide ef potassium. Fo1· the 
same purpose we would advise the use o( lukewarm baths, warm 
springs, and brine baths, or a moderate cold-water cure, and 
above all, the scientific application of galvanism. 

The latter is also the chief remedy for the palsies, atrophies, 
ancl amesthesias which remain even after comparatively favor
able cases. 

Special indications may of course arise in each case, which 
need not be enumerated here. 

4. Wounds, Crushing or Tearing qf tlie Cord (Acute Trau
matic Lesions). 

Ollivier, loc. cit. I. p. 246.--J. Hahn, Parap16gics par cause extcrne ou traumntiquc. 

ThCsc. Strasb. 1866.-Leydcn, loc. cit. I. pp. 310 nnd 321; II. pp. 84 and 

130.-M. Rosenthal, l. c. p. 331.-E. Gurlt, llandl>uch dcr Lcbrc von den 

KnochcnbrUchen. II. 1. 1864.-Lente, Recovery from Fracture of the Spine. 

Amer. Journ. Med. Sci. 1857. Oct. p. 361.-Ruelde, Grcifsw. med. Beitr. 1863. 

I. p. 12.-VtJgt, L'ihmung dcr Yacsomotorischen Unterleibsncrvcn 11ach Rlicken

marksverletzung. Wnrzb. med. Zcitschr. VIJ. p. US. 1866.-Quincke, Einige 

J."iOlc cxcessiy holier Todestempcratnr. Berl klin . Wochenschr. 1SGO. No. 

29.-Ji'ronmueller, sen., Die Riiekcnmarkszerrcissung. Memorabil. 1870. No. 

12.-M'Donnel, Frncture of the Spine. DuOlin Qunrt. Journ. 1871. Vol. 5t. 

p. 215.- W. Mueller, Bcitr. zur pathol. Aoat. und Physiol. des R.-1\f. Leipzig, 
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1871. Beob. 1.-Nieder, Lowered Temperature in Injury of Spinal Corel lilcd. 
Times. 18i3. I. p. 154.-Steudener, Zur Casuistik dcr llcrzwundcn (Schuss 
nuch durchs R.-.lI.) . Berl. klin . Wochcnschr. 1874. No. 7. 

'Ye here include a large gronp of disturbances, in the full 
consciousness that the bond which unites them is somewhat 
loose. All, however, have one thing in common ; they possess 
an acute traumatic lesion ef the substance ef tlte cord, which 
leads to a destrnction of the organ, usually limited as to its longi
tudinal ex tension, of variable extent in the transverse direction, 
and inev itably followed by a traumatic myelitis, similarly local
ized. This circumstance imparts to all these lesions (they in
clnde wonnds by cntting, stabbing, and shooting, compression, 
crushing, ancl tearing of the cord) a great general resemblance, 
which from a practical point of view justifies their association in 
one group. 

Etiology. 

Se,·ere traumatic lesions of the cord are hardly possible, un
less the bony envelope, the spinal column, is injured at the same 
time. 

There are but few spots (in the upper cervical ancl the lumbar 
regions) where the instrument of offence or the foreign body can 
reach the cord without injuring the spine, by passing in through 
the vertebral fi ssures. 

It may be regarded as a very rare occurrence for severe trau
ma tic lesions of the cord to take place without considerable in
jury to the bones or the soft parts. 

By far the most common and important causes of these 
lesions of the cord consist of fractzires and luxations ef the 
vertebrm. All injuries which occasion these fractures or luxa
tions 111ay, therefore, be regarded as remote causes of lesion of 
the corcl. 

" ' herev0r fracture of a vertebra occurs, with displacement ot 
the frag ments towards the vertebral canal, wherever in luxation 
the vertebrre are so transposed as to nanow the Yertebral canal, 
there it is inevitable that severe lesions o[ the cord, compression 
and crushing, or even local destruction and tearing apart, should 
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occur. Owing to the width of the spinal canal and the loose 
attachment of the cord, a considerable intrusion is necessary 
before the latter is likely to be injured; and yet the lesions we 
have mentioned are among the most common sequelre of frac
tures and dislocations of the vertebrre. Hence the great danger 
connected with these surgical events. 

We have no space here, nor arc we called upon. to enter upon any details respect
ing tl1c causes and the occurrence of vertebral fractures nnd luxations, the disvlacc
mcnts which occur, their degree and direction, and their consequences. The reader 
is referred to the proper works on surgery, especially the exhaustive treatise by 
Gurlt. It is sufficil!ntly evident that lesions of the corcl may occur in cases of appa
rently spontaneous injury to the vertcbrre, such as the sudden breaking down of 
carious bone. 

'rhat these traumatic lesions may occupy any conceivable sit
uation is plain; they have been observed from the atlas and axis, 
the fracture and dislocation of which are usually so rapidly fatal, 
clown to the lumbar spine and e1'en the sacrum, in any of which 
regions the cord or the caucla eq uina may be more or less in
rnl vecl. 

In the second place, we would mention gunshot i11juries of 
the cord, which form an important chapter in military surgery. 
They are probably al ways complicated with gunshot fracture of 
the vertebrre, and the lesion of the cord is due either to the latter 
or directly to the entrance of the ball into the medulla. These 
ca ·es, therefore, always involve complicated fractures of the ver· 
tebrm, 'vith wounds which are often gangrenous, contain various 
foreign bodies, etc.; in short, all possible unfavorable cLrcum
stances. 

Not every shot which strikes the spine is equally dangerous 
to the c0t·d; the lesion is not rarely confined to meningeal hemor· 
rhage, concussion, etc., which are infinitely less dangerous than 
actual wounds of the cord. 

Slabs and cuts of the spinal cord are rarer. Blows from 
knil·es, swords, and daggers have been repeatedly observed to 
enter the cord, the point of the instrument having entered the 
canal either by dividing the vertebral arches or by passing 
through the intervertebral spaces. The injury may vary in 
extent; the point may have merely entered, or the cord may be 
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cut through in various ways, partially or wholly. The foreign 
body (point of a sword, broken knife-blade) may then remain 
sticking in the cord or vertebrro. In like manner, in fractures, 
pointed fragments of bone may injure the cord and maintain a 
perm anent irri ta ti on. 

Finally, severe concussion of the body, such as is produced 
by a heavy fall on the back, rump, or feet, or by the striking or 
heavy bodies upon the back, has been observed in a few cases to 
be followed by considerable lesions or the cord (extravasation, 
destruction, etc.) without injury of the vertebral column. Thus, 
Fronmueller found a complete mashing or the. dorsal medulla o[ 
the extent of three and one-half centimetres in a person upon 
whose back a heavy beam had fallen without injuring the spinal 
column. These cases may also be counted in with the severest 
forms of spinal concussion, and can only be distinguished from 
the latter by the coarse anatomical lesion. Parrot once found 
the cord of a new-born infant torn apart by excessive traction 
during labor. 

Pathological Anatomy. 

The lesions of the spine and other neighboring parts which 
cause or accompany inju ry to the spinal cord need not occupy 
us further; we refer our readers to the text-books on surgery 
and pathological anatomy. 

Iu the cord itself we observe various phenomena : 
1. Simple incised or punctured wounds. At first a wound of 

various size and depth, filled and closed with curdled blood ; 
the edges of the cut often projecting over the pia. A foreign 
body (point of a knife or dagger, splinter of bone) is often found 
in the wound. The size of the wound difl'ers: it involves various 
portions of the transverse section of the cord, one or the other 
white column, more or less of the gray substance; often one 
lateral hall is severed, rarely the whole (J. L. Petit, Vogt). 

In a few days, and at subsequent periods, the edges of the 
wound are still fnrther protruded, are colored a brown-red, and 
more or less covered with pus; their vicinity is hypermmic, more 
or less soJtened; filled with little extravasations of blood; puru-
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lent infiltration or actual abscess of the cord is rarer. The menin
ges, at the same time, are reddened and inflamed, covered with 
iibro-purulent exudation, and abound in capillary hemorrhages; 
:it a distance they are opaque, thickened, adherent; the spinal 
Jluid is increased, turbid, reddish. 

It has often been demonstrated in animals, and is probable, 
though not sufficiently proved, in the case of man, that in favor
able instances the edges of the wound heal, and a cicatrix of 
connective tissue repairs the injury. It is not yet certain how 
far the nerve-elements are restored. 

2. Crushing of tlte corcl produces a softening and disintegra
tion corresponding to the size of the crushing body, usually 
associated with hemorrhage, but not always with tearing of the 
meninges. The medullary substance is changed into a soft black
red or chocolate-colored mass, sometimes rather grayish, com
posed of blood and debris of nerve-substance, showing its color 
through the pia, which is suffusecl with blood to a greater or 
Jess extent. The crushed spot is usually Jlat, constricted, and 
thin. 

Great hypermmia presently appears in the parts adjoining, 
with progressive inliammatory softening; the medulla swells, 
the outlines seen in section become obliterated, the consistency 
o[ the medulla diminishes; it imbibes at first a reddish, after
wards a yellowish tint, ancl is full of small extravasations. The 
microscope shows in the immediate vicinity many granular-c01·
puscles, detritus o[ m.velin, decomposed blood-corpuscles, pig
ment, and bloocl·crystals; also inflammatory swelling, and after
wards break-down of nerve-fibres, axis-cylinclers, and remnants 
of ganglion-cells; in short, the ruins of the meclullary snbstance 
mingled with the products of its own acute traumatic inflam
mation. 

~Hter a few weeks, a thin, gray·yellow, semi-fluid mass is 
found at the place which was crushed, partially enclosed in a 
structme of young connective tissue; the swelling of neigh
boring parts continues, they are closely adherent to the mem
branes, their color is grown paler, and is now a grayish yellow ; 
a distinctly demonstrable simple softening is prolonged to some 
dh,tance above a~d below. 'l'he lower portion of the cord is 
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especially apt to be found softened throughout its whole extent. 
Actual abscesses are seldom found. The characteristic secondary 
degeneration of the 1iosterior and lateral columns, ascending in 
the former and descending in the latter, is a pretty i·egular oc
currence. 

If the wounded man lives longer, the destroyed medulla is 
by degrees absorbed, and in its place a sort of cicatrix is formed 
of young connective tissue, abounding in fluid, which grows 
harder and encloses here and there cystic spaces of various siz~. 
A full regeneration of the nerve-substance is not known to occur 
in man. · 

3. Complete severance qf the cord is recognized by the fact 
that the two ends of the cord are separated by a space which 
may amount to three centimetres or more, in which case the pia 
is, of course, also torn, while the dura may remain uninjured, or 
nearly so. 

The space is filled with a semi-fluid mass, partly composed of 
blood, at first Jark, afterwards rather of a chocolate or gray 
color. Inflammatory softening occurs, as after crushing, and 
extends more or less upward and downward. If the patient lives 
long enough, the commencement of cicatrization and junction of 
the ends may be observed. 

4. IIemorrltagic destruction of the substance, caused by 
simple concussion, is quite like a hemorrhagic softening with all 
its consequences. 

The secondary changes in the other organs of the body, bed
sores, cystitis, disease of the kidneys, etc., are the same as in 
other forms or severe spinal paralysis, and will be more fully 
described under myelitis. 

Symptoms. 

For the sake of distinctness in the presentation, we make two 
groups, the one (a) containing comparatively slight injuries of 
the cord, the simple incised and punctured wounds; the other 
(b) embracing all the more serious lesions, squeezin.IJ, crushing 
and tearing qf the cord. It need hardly be said that between 
these two classes there exist transitions, and numerous analogies, 
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both as respects the anatomical changes and the symptoms, 
course, ancl termination of inclividnal cases. 

a. The symptoms which indicate that an injury by cutting, 
or slabbing, in tlte neighborltoocl of the spine, has penetrated tlie 
cord, will be at ffrst those of partial or total interruption of con
duction in the cord, which extends to the portions behind the 
seat of injLuy, and is not merely confined to tbe district of the 
nen·e.rools which lie at the point of injLtry. 

This interruption of conduction may vary in extent ancl dis
tribution, accorcling to the seat ancl extent of the injttry. Almost 
all the experiments in the physiology of the corcl consist in the 
in1Hction of such simple injnries by section, ancl all varieties of 
symptoms may be imagined in connection with them. 

At the moment the injury is received, there is usually a 
motor paralysis of various extent in the form o( paraplegia, or 
spinal hemiplegia, or hemiparaplegia, or e,·en paralysis of the 
trunk, and all four extremities. \Vith this is usually asso· 
ciated sensory paralysis, clue to the injury, and correspondingly 
of vt•i·y various extent. It may be paraplegic, or may be Jim. 
itecl to one sicle, and in the latter case is upon that opposite to 
the lesion and the motor palsy; it may be quite circumscript; it 
may affect certain qualities of sensation only, as the sense of 
touch, the muscular sense, etc. In cases o( very restricted lesion, 
lt11permsll1esia (i n tbe form of a girdl~, or otherwise distributed) 
is o[ten found. 

H the injury is of any considerable extent, paralysis of tlte 
bladder and recturn is always present; at first with complete 
retention of urine, which soon g ives place to equa lly complete 
incontinence, while the e\'acuation of fmces takes place involun
tarily and unperceived. Close examination usually detects also 
vaso·rnolor palsy (elevation of the temperatme of the skin, in
creased redness) in the regions affected by the motor palsy. 

The reflex actions nre usually totally suspended at the first 
moment under the shock of the injury, but soon return, and 
may become exaggerated. This depends, of course, upon the 
seat of lesion. 

If we add to this the girdle·pains which are usually present, 
corresponding with tbe seat of lesion, aml clue to injury of the 
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roots, and the symptoms which depend on injllry of the hones 
and soft parts, we have a pretty complete picture of the condi
tion of the patient during the first few days after the accident. 

This, however, is soon complicated by the symptoms of sec
ondary traimiatic ?nyelitis. Usually the inflammation is trans
verse in its distribtltion, covering nearly the whole breadth of the 
cord, but having little extension in the longitudinal direction. 
The fever usually lasts bllt a few days. Striking symptoms of 
'irritrdion now commonly appear; pains encircling the trunk like 
a girdle, active pains in the paralyzed parts, hyperrosthesia of 
vadous extent in the skin, also spasmodic conditions, twitching 
and contractures of single mtlscles and grotlps. The palsy at the 
same time increases rapidly in the transverse direction without 
extending much upwards, i. e., it seizes by degrees upon the 
motor paths passing the injured spot, which were at first unaf
fected (the sensory and vaso-motor paths, bladder, rectum, etc.), 
without any considerable change in the upper limit of the lesion. 
The reflex actions are decidedly increased, but may at a later 
period cease entirely, when the process has extended to the bot
tom of the cord. If foreign bodies remain in the wound, the 
symptoms of irritation reach a still higher point, with very 
severe pains, violent spasms and contraetures. 

At a later period bed-sores, with all their consequences, ap
pear-pyrnmia and septicromia, cystitis, etc. 

According to the height at which the lesion is situated, other 
symptoms may arise to complicate the case; we need not men
tion them all. The higher the injury, the more prominent am 
the disturbances of respiration, and the more threatening their 
import. 

b. The symptoms which, accompanying severe lesions of the 
spine or other }Jlaces, indicate that the cord is crushed or torn, 
arc usually those of complete and very severe paraplegia. The 
posterior portion of the body is absolutely paralyzed, with cor
rnsponding complete anrosthesia, limited quite sharply aborn; 
the reflex actions are depressed or suspended, seldom increased; 
the bladder is paralyzed to a severe degree, causing retention of 
urine and frequently an enormous distention of the organ; the 
intestine is paralyzed, producing meteorism ; the rectum is para-
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lyzed, with involuntary evacuations; the vaso-motor paths are 
paralyzed, with elevated temperature in the po terior half of the 
body, and in many cases, in men, more or less severe and persist
ent erections of the penis; the excretion of urine is lessened or 
suppressed, etc. 'L'o this add (to complete the pictme) the symp
toms due to fracture of the vertebrre, or the like, as pain, immo
bility, displacement, etc. 

All these symptoms follow naturally from the lesion of the cord. The motor, 
sensory, and vaso-motor palsies are direct consequences of the interruption of con
duction in the cord. The suppression of reflex acts which is found even where 
the reflex centres arc not directly injured, is the result of the severe shock suffered 
by the cord i after the lapse of some hours or days the reflex centres recover, the 
reflex actions reappear, and may even exhibit cousidcrnblc increase if circumstances 
permit. The same is true of the vase-motor centres, especially for those which 
preside over the evacuation of urine, situated in tbe lumbar cord; the shock, com
bined with the crushing, paralyzes these centres first, whence the complete retention 
of urine in the excessively distended bladder, which exists even in cases where the 
lumbar cord is not the seat of the crushing lesion. If the centres rcco,·cr, occa
sional complete evacuations of the bladder occur quite inrnluntarily, and usually 
unperceived; thus, Steudener found a powerful contraction of the bladder occur
ring regularly as soon as the catheter in the urethra irritated the fossa navicularis
a phenomenon which is in perfect accordance with physiological facts observed by 
Goltz. At a later time the urine begins to drip continually. 

The priapism which is so frequent an occurrence in severe fractures of theverte~ 
brro is far more difficult to explain. It is most common in connection with crushing 
of the cervical portion, rarer with that of the dorsal region, and never occurs with 
fractures from the third lumbar vertebra downwards. In many cnses the erection 
has been observed directly after the injury i ejaculation at the same time has oc
curred in a few cases. The erect ion is either powerful, or lax and incompletei it 
is either not felt at all, or is painful; at a later period it mny diminish, and may 
be again produced by cathctcrism or other irritations. 

-It is not hartl to form a plausible theory of the occurrence of this phenomenon, 
hased on known facts; though it must be confessed that the subject is obscure in 
several respects. It is best explained by the assumption of an irritation, at the 
point of lesion, of those paths leading from the brain, the duty of which is to ex
cite the centre for erections in the lumbar cord. If it be ohjected that the centres 
in the lumbar cord are usually paralyzed at the outset, and that the complete paral
ysis of the bladder is in contradiction with the nssumption, it may be answered 
that the symptom of priapism is common, in proportion to the remoteness of the 
lesion from the lumbar cord, and in proportion to the probability that the latter 
region retains its activity i and further, that the excitability of the ccnt1·cs for 
erection need not be equal to that of the centres for the bladder j and that we arc 
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ignorant o( the precise condition of the latter centres and their reflex excitability, 
in cases o( permanent erection. If we take into view the symptom of ejaculation, 
which can certainly be nothing but a symptom of irritation, the assumption of irri
tation of the paths which give rise to erection will he found the more plausible. 
We cannot sec ho\V in such cases priapism can be regarded as a phenomenon of 
paralysis, unless it be of vaso-motor paralysis. .At a later period-and perhaps at 
the beginning in mauy cases-there is no doubt that reflex irritation (us that origin
ating in a distended Llnddcr1 the introduction of a catheter, bed-sores, etc.) may 
give rise to, and sustain, the erections. 

li the abo1·e group of symptoms should allow the slightest 
doubt or the existence or a severe lesion of the cord, if the case 
should at first be taken for one of severe simple concussion, a few 
days' delay will usually bring full evidence of the real condition. 
At that time fe1·er appears; the symptoms of acute traumatic 
myelitis become more and more distinct; bed-sores appear, and in
crease rapidly and steadily; if the lumbar 1·egion is crushed, there 
is rapid atrophy of the leg-muscles with loss of electrical reac
tion; the urine becomes bloody, purulent, ammoniacal, etc. The 
temperature, especially when the ceiTical region is crushed, often 
rises continuously arnl to an excessive height (43°-44° C. [109° to 
111° Fahr.], Brodie, :M'Donnel, Quincke, and others)-the rise 
which occurs in the neuro-paralytic agony. In other cases, 
when the dorsal portion has been injured, the temperature has 
been abnormally low for some days before death (Nieder). For 
the interpretation of these symptoms we refer to page 128 et seq. 

Thus the most severe cases are rapidly brought to an end by 
complications-such as palsy of respiration, disturbances of cir
culation, pymmia, neuro-paralytic agony, and so forth. 

The disease is by no means, however, al w:1ys so severe; there 
are cases or partial crn hing, where a fortunate accident has 
saved a portion of the transverse section from destruction, of 
which the result is partial paralysis (Ollivier, Obs. 25 and 26). 
The entire process is milder and less dangerous. '£his is not the 
place even to touch upon all the possible cases of such partial 
lesion; we need only say that the literature or the subject of 
fractures o[ the vertebrro contains cases of all possible degrees of 
severity. 

The symptoms difier, of course, in correspondence with the 
level at which the lesion may be seated. 
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If the cervical portion is affected, death usually occms at 
once, if the lesion is at the height of the first or second cervical 
vertebra, e.g., in luxation of the odontoid process; and death 
is almost as speecly when the lesion is above the origin of the 
phrenic nerves. All four extremities are then paralyzed, while 
the respiration is so difficult as only to be maintained by the 
forced and anxious action of the auxiliary muscles of respira
tion; the speech and voice are weak, and swallowing is difficult. 
If the cervical enlargement below the phrenic nerves is the seat 
of lesion, the expiration is chielly affected; the legs are wholly 
paralyzed, the arms more or less completely so; the sensibility 
of the n,nus may be partially retained; reflex actions are retained, 
often exaggemted; M'Donnel even saw co-ordinated reflex actions 
(the left hand, in a state of absolute palsy, made a movement to 
seize the genitals during the act of catheterization) ; priapism is 
very frequent; life may be retained for a considerable time. 

If the lesions are in the dorsal region, the arms are free, and 
the trunk is palsied, up to an uncertain height; the legs are more 
or less paralyzed, often unilaterally, with crossed anrosthesia; 
the expiration is less impeded, the voice and speech are some
what affected ; the reflex actions are retained and exaggerated in 
the subsequent comse of the disease ; the bladder and rectum 
are paralyzed; priapism is somewhat rare; bed-sores follow. 

In lesion of the lurnbar region the arms and a great part of 
the trunk are free. The legs, bladder, and rectum are totally 
paralyzed; respiration is not impeded; reflex actions of all sorts 
are totally extinct; no erections ; mpiil atrophy of the muscles, 
and extinction of their electrical reaction. The symptoms of 
lesion of the cauda equina are quite similar; but the freedom 
or the implication of certain nerve-paths, especially those belong
ing to the lumbar plexus, often enables us to refer the seat of 
lesion to the cancla eqnina.' 

1 C'f. Erb, Ueber acute Spinalliihmung bei Erwachsenen. Arch. f. Psych. u. Ner
venkraukh. V. p. 785. Beob. VI. 
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Course, Duration, Termination. 

There are hundreds of physiological observ,.tions which show 
that improvement, and even cure, may occm in the first and 
slighter form of lesion (simple incised wounds of the cord). 
Goltz and Freusberg have kept dogs alive for many months, even 
when the dorsal cord had been completely severed by a cut; 
they observed, however, no occurrence of regeneration. 

An absolutely fatal termination, therefore, even in man, can 
hardly be predictecl; iudeed, there are numbers of cases of un
doubted lesion of the corcl, in which a comparative cure was 
effecteil ancl life was retained for many years. Such are the 
cases of cure of a probable punctured wouncl, given by Ollivier, 
and of various incised wounds, by Brown-Scquarcl ancl others. 
These, however, are the exceptions, which must not be looked 
for unless in slight injuries. If such is to be the result, the 
symptoms of myelitis clo not become severe, they soon pass off, 
and the onter wouncl closes; the symptoms of palsy are relieved 
in part, ancl in part remain, so that a more or less complete cure 
is by degrees obtained. The importance oE the functional repara
tion of the lesion, mged by Schiff (p. 64 above), can hardly be 
overlooked. 

Usual ly, however, the secondary myelitis continues to increase, 
the paralysis increases, becl-sores, with their unfortunate conse
quences, appear, ancl the fatal encl is reached after more or less 
protracted sufferings. 

The second ancl more severe form is almost always fatal. 'Vhen 
the corcl has been thoroughly crushed or torn in any part it is 
hardly possible to conceive oE regeneration; ancl even if life be re
tained, in a number of cases, for weeks or months (M'Donnel, two 
months; Steuclener, fifteen weeks; Page, in a case of severance of 
the cervical corcl between the fifth and sixth vertebrro, even fif
teen months), yet the ultimate result is pretty certain, ancl occurs 
with the usttal symptoms of severe spinal palsy. It is a matter 
of course that death may occur in a few hours or clays after the 
injmy by paralysis of respiration, shock, or similar occurrences. 

Is a cure ever effected! ancl is it possible in any severe spinal 
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lesion? The opinions of physiologists are divided upon this point 
(see above, pp. 64, 65). There are no convincing proofs in the 
case of man. In the instance given by M'Donnel, a sort of cica
trix was found at the close of two months, but not a trace or 
nerve-tissue could be found in it. Ollivier' s observation (No. 18), 
and Lentc's case, are strongly iu favor of the repail· of lesions of 
moderate severity. 

Diagnosis. 

It is not difficult to recognize an injmy of the cord by the 
preceding symptoms. 

In case of simple injnry to the meninges, by puncture or in
cision, the occurrence of meningeal apoplexy might gh·e rise to 
the mistaken diagnosis of an injury of the cord. The former will 
easily be i·ecognized by the symptoms of irritation, which are 
prominent at the outset-pain, spasmodic phenomena-and by 
the slighter degree ancl the greater diffusion of the paralysis; 
and finally by its rapid and favorable course. 

In severe injuries of the cord, the existence of spinal apoplexy 
may be suspected; but it is of no importance to determine it, as a 
crnshing of the cord is doubtless always attended by hmmato
rnyelia, and the symptoms and course of the two diseases are 
essentially similar. 

Cases of severe concussion of the cord may usually be re
cognized by the absence of a clear demarcation of the anms
thesia and the palsy, by the subsequent course, the absence or 
bed-sores, etc. If dislocations of the vertebrm can be proved to 
e:>..ist, the crushing of the cord will become more probable. 

Prognosis. 

This will readily be inrerred from what has been said. It is 
very dubious, even in the slightest cases or injury, and we should 
be prepared for a fatal result through secondary myelitis; but 
there is still some hope. 

In all severe cases of crnshing and tearing of the cord, death 
is almost absolutely certain, sooner or later. But there are excep-
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tions, as has been before said, in the case of slight and very 
partial lesions only. 

Treatment. 

The first thing to be attended to is a careful treatment of the 
external injnries (wounds, fractures, and luxations oI the verte
brre), for the details of which we refer to the hand-books of sur
gery. 

The injury to the cord introduces a very important element 
of danger in all these cases; in most instances it is the cause of 
death; we ought, therefore, to make every effort to relieve it or 
to promote functional recovery. In addition to the ordinary 
surgical uwthods, we shall often have to consider the propriety 
of trepanning the spinal column for the relief of compression of 
the cord, the removal of fragments of bone, replacement of the 
encls of the fractured bone, etc. \Ve need not, however, discuss 
the v>tlue or the feasibility of trepanning, or its indications, for 
which we can refer to the work of Gurlt. And yet we believe the 
operation is indicatPd wherever there is good reason to hope for 
gaining anything in the treatment of the dislocation which caused 
the lesion of the cord; and such gain would be more probable in 
fractures of the arches of the vertebrro, as fragments of the bodies 
can hardly be reached. vVe can scarcely ever expect any direct 
rnsult, as the injury to the cord is not from simple compression, 
but usually from crushing or tearing. Yet the removal of dis
placed fragments will at least increase to some extent the chances 
of life. \Ve should not, therefore, hesitate, in so almost hopeless 
a case, to undertake an operation not of itself very dangerous, if 
there is any possibility of relief. The physician must carefully 
weigh all the chances; it is certain that in all severe cases the 
operation will do little harm, and perhaps some good. 

In the second place, we have to consider rnmedies for trau
matic myelitis, local (or if necessary general) bleeding, cold, 
ergotin, and belladonna, frictions with mercurial ointment, etc. 
(See the Treatment of Acute Myelitis.) 

By far the hardest task will consist in the personal attentions 
to the patient, those, namely, which are required for the preven-
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tion of bed-sores and cystitis, which usually destroy life. Two 

contradictory requirements are usually present: absolute quiet, 

for the surgical injury, and frequent change of posture, [or the 

prevention of bed- ores. \Ve must try to do what we can with 

water-pillows, air-cushions, pillows pushed in alternately on op

posite sides, cushions stuffed with chaff, great cleanliness, posi

tion on the face, etc., as circumstances dictate. 
The treatment of the vesical symptoms, the fever, marasmus, 

pains, etc., depends on general principl~"· \'{e should compare 

the treatment of acute myelitis. 

5. Slow Compression ef t11e Corel (Chronic Traumatic Lesion 
Q/' tlte Corel). 

Compare the works of Ollivier (I. p. 387), Ilasse (p. 735), Jaccoutl (Des pamp!Cgies, 

etc.), Brown-Sequard (Paralysis of the Lower Extremities, etc. 1801), M. Rosen

thal (p. 313), L<yden (!. pp. 213-31 l; II. p. 147). Also 

Charcot, De la compress. leote de la moClleCp. Lci;ons sur la mal. du syst. ncrv. II. 

Sur. If. fasc. 1873.-Bouchanl, ComprcsR. lcnte de la moClle. Dictionn. ency

clop. des SC. mCdic. IL Ser. Tom. vnr. p. G64. 1874.-C. llaickill8, Cases of 

C . .mccrous, etc., Disease of the Spinnl Column. Med. Chir. Transact. XX.IV. p. 

45. 1941.-Vo,qel mu.l Dittmar, Deutsche Ktinik. 1851. Nr. 3S.-1'raube, 5 

J'iillc von Ruckcnmarkskrankhcitcn. CharilC-Annalen. IX. 2. p. 120. 1861.

Rueltle, Zur Compression des R-i\L Grcifsw. med. Bcitr. I. p. 5. 1863.

Janvs Yuung, Case of Tcmpornry Paralysis. Eclinb. :Med. Journ. May, 1856.-

0,qle, Case of Paraplegia, etc. Transact. Path. Soc. XIX. p. 16. 1868.-.4. 

Joffroy, Cus de frnct. de la colonnc vcrt. Arch. de Phys. I. p. 735. 1868.

Leudet, CurabilitC des accid. parnlyt. consCc. au nrnl vcrt. Mem. de lu Soc. de 

Biol. 1862-1863.-.itfichaud, Sur la. mCning. ct la myClitc clans le mat vertebr. 

Paris, 1811.-Charcot, Anat. pathol. ct trait. de la parapl. litf.c au mnl de Pott. 

Gaz. mCd. 1874. No. 40.--A. Co1t1jon, ParnplCg. clans le mal de Pott. Paris, 

1875.-E. Rollett, Wien. med. Wochenschr. 1864. Nr. 24-26.-Dc Gim:anni, 

Storia di un caso di paraplegia, etc. Riv. clin. di Bologna, 1870. No. 12.

Leyden, Ucbcr Wirbclkrebs. Charite-Annnlcn. XI. 3. p. 54. 1863.-.lf. Rosen

thfll, Wiener med. Prcsse. 1865. Nr. 42-4.j; Zeitschr. f. prakt. Jlcilk. 1806. 

Nr. 46-51. Tripier\ Du cancer de la co1onnc vert~br. Paris, 1866.-1'11. Simon, 

Paraplegia dolorosa. Berl. klin. w·ocbcnschr. 1870. Nr. 3J und 36 . 

.Deflnition.-Numerous as are the conditions which we em

brace under this title, yet all have this in common, that a power 
acting from without upon tlte cord (and the nerve-roots) com,-
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presses it very slowly and gradually in a Zi1nital longitudinal 
extent, giving rise to a series of characteri stic sy mptoms which 
in all cases may be recognized by their essential features, aml 
often are the first to call our attention to the commencement of a 
severe afiection. 

These symptoms, howe,·er, are not usually produced by the 
pressure as such, or exclusively, but by the subacute or clironie 
transverse rnyelitis which develops almost invariably at the 
point of compression rrnd by the secondary degeneration of the 
cord, extending upwards and downwards. 

The essen tial lesion is, therefore, a circumscribed transverse 
myelitis, the so·ca lled myelitis from compression; and we 
should not dernte a separate section to it, were it not that it 
forms a connecting link between very Yarious morbiJ states origi· 
nating in the spinal column and its contents, and that the symp
toms or myeliti s from pressure compose a very important feature, 
common to all those forms of disease. 

Etiology and Pathogenesis. 

Any rircumstance which very gradually narrows the spinal 
canal, usually in the way of organic growth, and thereby leads 
to a slowly increasing local compression of the curd, may become 
a cause of myelitis by compression. 

vVe have already mentioned an important part of these 
causes, viz ., meningeal tumors. To avoid repetitions, we would 
refer to what has been said above (see page 262 et seq.) upon this 
point. " 'e here repeat that a gradual compression of the cord 
may be occasioned not solely by the so-called neoplastic tumors 
proceeding from the spinal membranes, but equally well by 
meningeal tumors form ed by inflammatory ancl hemorrhagic pro
cesses, parasites, and the like, and by tnmors which originate in 
the prrimeningeal tissue. All these tumors have one thing in 
common, that their expansion is very soon checked by the nar
rowness of the canal , and that they then begin to exercise an 
increasing pressure upon the cord. It is seH-eviclent that this 
pressure may a!rect the cord in various ways and from different 
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sides, and may thus produce a great variety of symptoms, but 
the essential conditions remain the same. 

It may be questioned whether the intra-11iedullary tumors, 
those developing within the substance of the cord, ought to be 
counted among the causes of compression. They do not act 
from without, and therefore differ somewhat in their symptoms. 
lt is characteristic of them that the cord is gradually compressed 
from one point of its transverse section, with myelitis as a gene
ral accompaniment; for which reason the characteristic initial 
symptoms relating to the compressed roots are absent, and those 
or compression or the cord begin at once. For all details we 
refer to the section on tumors of the cord, and premise only this 
remark, that all sorts of intra-medullary tumors may producP, 
the symptoms of myelitis by pressure-as glioma, sarcoma, 
myxoma. tubercle, syphilitic gummata, cysts (hydromyelus ancl 
syringomyelia), etc. 

By far the most important cause is that furnished by diseases 
of the nertebral column. The most frequent of these, and also 
the most frequent cause, on the whole, of myelitis from com
pression, is caries of t!te spinal column (Pott's Disease, Spondy
larthrocace). \Ye need not describe this particularly, for it is 
fully treated of in the text-books of surgery; our present object 
is confined to inquiry as to the manner in which it may give ris~. 

to a slow compression of the cord. 
In the fast place, the wasting ancl sinking of the bodies o[ 

the vertebrro produce kyplwsis, which may give rise to a bend
ing and narrowing qf tlte nertebral canal, with compression or 
the cord. 'fhis is certainly very rare, and only occurs in exces· 
sive kyphosis. Enormous angular kyphosis may occur without 
any symptoms of compression of the cord; and on the other 
hand, the paraplegia accompanying kyphosis often disappears 
altogether without the least change occurring in the latter; ancl 
lin:illy, there are cases of vertebral caries without any kyphosis, 
which are nevertheless accompanied by paraplegia. The kypho
sis is not, therefore, the sole nor even the chief cause of compres
sion of the cord. 

In most cases this compression is produced by the inflamma
tory exudation wlticlt acc011ipanies tlte caries. The masses of 

VOL XIIL-21 
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pus produced by caries, :ind in particular the fungous granula
tions, accumulate between the dura aud the bodies of the ver
tebrre and press the dura inwards ; they produce a pachymenin
gitic growth and thickening of the dura, causing a contraction of 
space in the vertebral canal (Cbarcot, Michaud; see also the very 
artistic illustration in Ogle). The dura is thickened; its outer 
layers especially are changed to a proliferous mass of young 
fibro-plastic tissue, partly undergoing caseous metamorphosis, 
which either surrounds the dura at one point like a ring, or 
presses it from one side against the vertebral canal to the extent 
of ten, fifteen, twenty millimetres or more. The nerve-roots at 
the place are more or less implicated, thickened, swollen, in
flamed, etc. Simple caseous pus-deposits may become a cause 
of pressure, or the protruding intervertebral cartilage, or sepa
rated and displaced fragments of bone. 

In the second place, carcinoma of tlte vertebrre should he 
mentioned as a frequent cause of compression, chiefly observed 
in old persons. The primary as well as the secondary disease 
may act in this way; the latter quite usually follows primary 
cancer of the breast, but also that of any other organ. Not all 
cancers of the vertebrre produce spinal symptoms; that depends, 
of course, upon their location, size, and the direction taken in 
growing; but when cancer attacks the arches of the vertebrre 
and the nerve-roots which pass between them, when it has at
tacked, softened, and thoroughly rotted the entire bodies of ver
tebrre, when it presses in to the vertebral canal, seizes on the 
spinal membranes and grows directly against the cord itself, then 
the characteristic spinal symptoms usually appear, and the form 
of compression known as paraplegia dolorosa, with most acute 
pains, is developed. 

There are several diseases of the vertebrre, much inferior in im
portance to the preceding, which may occasionally lead to com
pression of the cord. Such are exostoses of the vertebn.e growing 
into the canal; osteoma; syphilitic new formations of the bone; 
also dry arthritis of the vertebrre, when it leads to considerable 
swelling of the articular processes, osteophytic growths, deposi
tion of bone, etc. Here must be mentioned also the thickening 
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o[ the odontoid process of the axis, anchy losis of the vertebrre, 
and all similar affections. 

Finally, it remains to be said that external tumors of all 
sorts, growing towards the vertebral column, and entering the 
,·ertebral canal by any natural or pathological opening, may 
give rise to pressure of the cord. Such are echinococci, sarco
mata, aneurisms, etc. 

All these causes (with the partial exception of intra-medul
lary tumors) have one element in common, namely, that they 
push on very gradually against the cord, reaching first tlie nerve
roots and meninges, irritating and afterwards compressing them, 
and thus giving rise to a group of most characteristic symptoms, 
which belong to the first period of development. 

'rhe cord itself is then attacked ; it is exposed to a gradual 
compression which interferes with and intenupts the conduction. 
Nor is this all, for after the compression has lasted a longer or 
shorter time (usually a very short time-sometimes even before 
paraplegia exists-Charcot, Michaud) inflammatory clianges 
appear; myelitis is developed, at first confined to the seat of 
compression, but usually extending over the whole transverse 
section of the cord. ·with the compression and its concomitant 
myelitis, very characteristic symptoms are associated, belonging 
to a second stage of the disease. In most cases these symptoms 
seem to be connected with the appearance of myelitis. 

The question whether compression may exist alone without 
myelitis, and may of itsel f produce the paraplegic symptoms, or 
whether pressure-myelitis is a necessary condition, is somewhat 
a superth10us one. It is certain that compression-E'.specially 
if it be acute-is capable by itself of giving rise to the seve-
1·est pamplegia, which, if the compression be speedily and suc
cessfully removed, may disappear in a comparatively short time, 
as in the oft-quoted cases of Ehrling and Brown-Sequard. It is, 
howe,·er, equally certain that in the very great majority of cases 
every protracted compression of the cord is very soon compli
cated by pressure-myelitis; it does not seem probable to us that 
this myelitis is the result of an ischromia produced by compres
sion, an ischromic softening, bnt we consider it as the direct 
conseriuence of the irritation of compression acting upon the 
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elements of the tissue. Finally, it seems equally certain that in 
many cases the mere irritation of tumors pressing against the 
spinal membranes (carcinoma, etc.) is enough to produce mye
litis without actual compression. Vve therefore see that tlie 
pathogenesis of the symptoms commonly known as compression 
of the cord may be of several sorts; they may arise through com
pression alone, or through compression and the consequent mye
litis, or finally through myelitis alone. 

In conclusion, if the compression is not soon relieved, and if 
myelitis is once established, secondary degeneration and scle
rosis of the cord supervene, as in the case of every transverse 
myelitis (see farther on, No. 19), invading in a strictly regular 
way the various divisions of the cord above and below the point 
of compression. These in their turn lead to other definite symp
toms, which may be considered as forming a third period of the 
disease. 

Pathological Anatomy. 

The pathologico-anatomical changes which belong to the pri
mary lesion (vertebral disease, tumors, etc.) cannot be described 
here for want of space ; the reader is referred to the text-books 
of pathological anatomy and surgery. We have mentioned a 
few chief points under the etiology, and it i·emains here only to 
describe what is directly concerned with the cord and its appen
dages. 

The menin.qes are often hyperremic, opaque, thickened, adher
ent to the neighboring parts; often covered with deposits of va
rious thickness, which have much to do with the production of 
compression; often, however, they are remarkably little changed, 
are smooth, and simply pushed a little from their usual position. 

The nerve-roots are almost always more or less involved in 
the morbid processes. They may be closely united with the 
tumor or the exudation, or may appear one with it; at first they 
are usually swollen, hyperremic, inflamed, their fibres are in a 
state of fatty degeneration and beginning to break down, and 
this may be traced into the cord (neuritis); at later periods the 
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roots are atrophied, pale, gray, degenerated, and nearly reduced 

to a connective tissue abounding in nuclei. 
In carcinoma of the vertebrre, especially, the nerves and nerve

rnots are reddened, swollen, fuller of fluid; rarely atrophied, and 

still more rarely directly involved in the cancerous growth. Sim

ple contact with the malignant tumor is sufficient to produce 

severe neuritis. 
The substance qf tlte spinal cord is more or less flattened and 

thinned at the point compressed, is often reduced to a slender 

cylinder, hardly the size of a quill, or to a flat, ribbon-shaped 

string. The compression is sometimes greater from the front, 

sometimes from behind, sometimes from one side, and thus the 

cord gets a distorted, irregular look. '£he place compressed va

ries extremely in length; above and below it the cord is some

times of its usual thickness, and sometimes rather thickened in a 

club-shape. The consistence of the compressed spot is usually 

lessened at first (inflammatory softening), but afterwards may be 

increased (sclerosis). The place is anremic, pale, often presenting 

no distinct change to the naked eye; usually, however, the out

lines seen in cross-section arn quite indistinguishable, the medulla 

is cloudy, or, at a later stage is gray and translucent. 
Microscopical examination shows-if the compression has 

lasted some time-a considerable increase and thickening of in

terstitial connective tissue at the place, and mingled with this are 

many granular corpuscles, often also corpora amylacea, while the 

walls of the vessels are thickened and in a condition of fatty 

degeneration; the axis-cylinders are often swollen, while some 

are broken down or have disappeared; in the ganglion-cells of 

the gray substance there may be observed swelling, the forma

tion of vacuoles, pigment-deposit, and often a breaking down and 

disappearance (Michaud, Joffroy). In a word, there is chronic 

transverse myelitis, chiefly interstitial, extending over the greatest 

part or the whole of the transverse section. 
The myelitic changes extend beyond the place crushed, and 

may be observed above and below at various distances, with 

diminishing intensity. 
At a short distance from the spot, these changes usually appear 

confined to clearly defined portions of the transverse section, and 
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in these may be followed up and down almost the whole length 
of the cord. These are the well-known secondary degeneratiou s 
('l'nerck , see farther on, No. 19). .A.hove the compression, the pos

terior columns are affected, higher up the fascicnli 
graciles alone, and in the latter the disease often 
ascends as high as the medulla oblongata. In 
the lower segment the lateral columns alone are 

, affected, and chietly their posterior part ; the dis-
ease descends in this to the conns terminalis. 
The change may often be recognized in fresh pre
para tions with the naked eye by the translucent, 

3~ grayish, or slightly yellowish tinge of the tissue, 
but more usually the altered tissue cannot be 
recognized with certainty until the cord has lain 
some time in chromic acid, when it acquires a 
lighter color. 'Vit11 the microscope, interstitial 
proliferation of connective tissue, and degenera-

s@ 

m 
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tion of nerve-fibres are to be seen. In a few cases 
the degeneration has been seen ascending in the 
lateral columns also, usually but for a short dis
tance (Michaud). Commonly the degeneration is 
not uniform in the two sides. The illustration 
(Fig. 5) gives a good view of the typical dis tribu
tion of these alterations. 

The myelitic process often extends to great 
distances in the gray substance also, especially 
downward , but in this situation requires close 
microscopic examination to detect it ; the charac
teristic signs consist of sclerosis of connectiYe tis-

c~~;:;i·,~;~:1 ~{.d~' sue, thickening of the arterial walls, atrophy and 
~~11

:7h~r:~~r~~~~ disappearance of the nerve-elements, pigmenta
~':iet~mA~-:.' .:!i·~~ tion, etc. This process is important in explain
::~0~t~n~~~gr~~'1c~~i ing many later symptoms. 
r~~~1~~-':l)d:":;~~: In severe cases all these processes make prog
:~~~;:~~:t~~~~:n~~~ ress ; there are consecutive changes in remote 
' ' """ parts of the body (muscular atrophy, degenera
tion of peripheral nerves, cystitis, bed-sores, etc.), which hasten 
the fatal result. 
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Jn more favorable cases it is possible for restoration and full 

recovery to occur; this is certainly true in vertebral caries, anti 

would doubtless apply to other cases if the cause of compressio11 

were removed. In such an event there must be a regeneration ancl 

restoration of nerve-elements, at least iu part, at the point of 

compression. The processes, however, have not yet been fully 

studied. Charcot and Michaud have examined such a case in 

which recovery had occurred; the seat of compression was very 

distinct, its transverse section was much smaller than that of 

other portions of the cord, and it looked gray, as if degenerated. 

The microscopical examination showed the presence of much con

nective tissue, among which there were a great many nerve-fibres, 

normal in appearance, though slender; they must certainly have 

been diminished in number. In the gray substance, which was 

much reduced in size, there were found some, though not very 

numerous, ganglion-cells. Little is known of the more delicate 

changes in these processes of restoration; it is probable that the 

axis-cylinders of some nerves are not destroyed, and clothe them

selves with a fresh mednllary sheath when the pressure is re

moved. Further examination of the subject is to be desired. 

Symptoms. 

It is important to remember from the outset that two chief 

groups of symptoms are to be distinguished in compression or 

the cord, upon which may be based a division of the disease in 

two stages. 
In the first group are included all the symptoms proceeding 

from lesion of tlie parts situated externally to the cord, espe

cially the nerve-roots, meninges, bones, etc. They may also be 

designated as prodromal symptoms (symptOmes extriuseques, 

Charcot). This group furnishes the symptoms which are usual ly 

decisive or the differential diagnosis of the various causes of com

pression, while those of the second group are nearly the same in 

all cases, with the exception of such variations as depend on the 

level at which they occur in the cord, or the portion of the trans

verse section which is occupied. 
This second group embraces all the symptoms which are de-
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rivable from compression of the cord itself, andfro1n the 1nyeUtis 
caused by pressure (symptomes intrinseques, Charcot). They 
are nearly alike under all possible causes, as above st:tted. 

The succession and development of the symptoms of these 
two groups will give the characteristic signs of the disease. 

This being premised, the general syniptoms are ns follows. 
After those of the primary disease (as Pott's Disense, vertebral 
cancer, etc.) have existed for some time, or even before they have 
been observed, the first evidence that the contents of the verte
bral canal are attacked consists in certain symptoms of irritation 
qf all the organs contained in the canal, the periosteum, menin
ges, and especially the roots of the spinal neroes. Pain of vari
ous sorts and degrees of violence, pnins in the form of a girdle, 
excentric neuralgias in almost nny spot (but holding constantly 
to that spot), open the scene; a great hyper<estltesia of those 
portions of skin which correspond to the distribution or the pain 
may be added, but often disappears to make room for a corre
sponding anmstlwsia, often limited to a few islands of skin-or 
both conditions may subsist together. Severe pa-in in the back, 
local stiffness of the spine, great sensitiveness of the spinous 
processes, are seldom absent. The neuralgic pains are often 
accompanied by herpetic or bullous eruptions qf the skin. To 
these are afterwards added (especially when the lesion occupies 
the cervical or lumbar enlargement) states of motor irritation in 
the districts of the nerves whose roots are first implicated, as 
twitching, spasm, tonic spasm, and contracture; weakness and 
paralysis is soon added, confined to certain muscles or groups 
of muscles, to one extremity or the other, and often accompanied 
by great atrophy and loss qf electrical excitability. It must be 
observed that these sensory and motor symptoms are located in 
the same, or adjacent nerve-districts, and therefore may be re
ferred to a single source of disease. 

If the original causal lesion then declares itself by such signs 
as progressive kyphosis, congestive abscesses, pain strictly local
ized in the spine, external swellings of various sorts, etc., the 
diagnosis of the disease may be considered as already made 
out. 

This prodromal period may differ very greatly in duration; it 
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may last months or years; its symptoms always precede for 
some time those of compression of the cord; they are absent 
only in case intra-medullary symptoms are prominent, when the 
symptoms of pressure may be the very first to be noticed. 

The latter, belonging to the second stage of the disease, con
sist at first of a paralysis, of more or less rapid development, 
usually in the form of paraplegia, more rarely in that of hemi
plegia, and in the latter case usually developing into paraplegia. 
'rl10 first symptoms of paralysis are often preceded for a time by 
parcestliesia in the lower half of the body ; tingling, furriness, 
sensations of burning or cold, girdle-sensations, etc., are described 
by the patient. The order in which the sensory and the motor 
symptoms appear depends on the direction from which pressure 
is first felt; those which first appear may exist some time before 
the other set follows. Those of the motor class, however, very 
soon become more marked than the other set; the preponderance 
of motor paralysis is quite a characteristic trnit in the picture of 
myelitis from pressure. The paralyzed muscles are first com
pletely relaxed and softened, the joints are relaxed, and obey 
every passive movement without resistance. At the same time 
there is considerable increase ef tlle reflex actions, both cu ta
neons and tendinons, in the paralyzed lower extremities, except 
when the lumbar swelling is the seat of pressure; the slightest 
irritation gives rise to the fullest reflex movements, convulsive 
twitching, and the like, in grotesque contrast with the absolute 
motor paralysis. 

The paralysis of the bladder and rectum is often delayed, but 
iI there is any considerable compression, it is sure to occur; the 
symptoms aTe the well-known ones of involuntary discharge. 

As the disease progresses, the muscles, at first quite lax, be
c0me by degrees tense and rigid, and are attacked by twitcllings, 
or transient tonic spasms; contractures appear, at first tempo· 
rary, afterwards permanent; the lower extremities continue in 
a permanent position of extension, which afterwards gives place 
to flexion. At the same time there is an additional increase of 
reflex action/ the tendinous reflexions especially gain in inten
sity, every slight dorsal f!exion of the foot produces the most 
active clonic movement of both lower extremities, often a con-
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vulsive tremor, etc. The nutrition of the muscles may remain 
intact for a time, or they may emaciate. 

At this point the cases divide; those of a less severe sort 
remain for a long time of about the same severity; slight im· 
provement gradually appears; the anresthesia is the first to 
diminish; the functions of the bladder are better regulated; the 
power over a. few movements returns, increases by degrees; in 
short, the improvement may go on step by step to full recovery. 

In severe cases, however, the symptoms become worse ; the 
paraplegia remains complete; bed· sores appear on various 
places, cystitis, fever, general marasmus follow, ancl amicl inde· 
scribable sufferings the patient sinks into his grave. 

Let us now analyze tlie symptoms, ancl attempt to refer them 
to the existent anatomical lesions. 

The most constant ancl most important of the prodromal 
symptoms is without doubt that of pain. It has a great deal 
that is characteristic; it is confined to very distinctly marked 
nerve-root districts, being in the beginning often localized in a 
line or a point; it is nemalgiform, lancinating, and often (in con
nection with marked neuritis) rather of a burning character. It 
is very distinct in carcinoma of the vertebrre, where it occurs in 
severe paroxysms, especially by night, is soon beyond the con· 
trol of narcotics, and gives the patient fearful torments. A vari
ety of eruptions of the skin often appear in the district or the 
en taneons pain. 

·without doubt these pains should be referred to the mechan
ical irritation, ancl most especially to the consequent neuritis of 
the sensory roots; this irritation is brought about by the in
crease of the compression, the sinking together of the vertebrre, 
and the narrowing of the intervertebral foraminn. 

As all these matters may differ in each case, it is readily seen 
that the degree and extynt, intensity, character, ancl commence
ment of the pain may differ greatly in individual cases. We 
refrain from entering further into the details. 

It is without doubt to the same cause-mechanical and in1fam
matory irritation of the sensory roots-that the hyperresthesia is 
clue which we observe in many cases, found usually in the parts 
where the pain is distributed, ancl varying greatly in character. 
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A further lesion of the roots is indicated by the anrestliesia 
occnrring in their district of distribution, which may assume the 
form of a zone, or be restricted to certain cutaneous nerves, or to 
quite isolated spots of skin, according to the number of fibres 
compressed. 

The symptoms of motor irritation and paralysis in the initial 
stage are referable to quite analogous states of the anterior roots. 
Tremor, spasms, cramps, permanent uniform painless contrac
tures occur here, and altemate with paresis or paralysis of cer
tain muscles and groups of muscles, or coexist with them. The 
location of these disturbances varies according to the seat of 
lesion ; they will be noticed at an early period i( the compression 
acts upon the roots passing oJI from the cervical or lumbar swell
ing, because in that case considerable disturbances at once ap
pear in the extremities. 

The fact that the motor and the sensory disturbances are 
referable to nerve-roots occupying nearly the same level in the 
cord is one which has been observed in many spinal diseases, but 
is especially distinct in this. 

If the compression and neuritis of the anterior roots becomes 
severe, the now complete pm-alysis of the corresponding muscles 
is followed by progressive atrophy, and with the atrophy there 
is very closely associated a corresponding diminution and loss 
offaradic excitability, which, as will he seen upon closer exami
nation, is only a portion of the reaction of degeneration. 

It hardly need he said that in these paralyses from pressure 
on the roots the reflex actions are always extinguished, and that 
this circumstance is not without value in the diagnosis. 

In the second stage the symptoms of 'tnotor paralysis are tl1e 
first and the most prominent. In fact, paraplegia is often 
enough the first symptom that indicates the severity of the dis
ease. It may develop with more or less rapidity; a few hours 
or days are often sufficient, bnt usually weeks are required; the 
patient feels his legs growing heavier, he drags them in walking ; 
the toes catch at the least obstacle; his knees double under him, 
and so walking and standing become impossible; at last there is 
a complete loss of all movement, even in the lying posture. The 
muscles remain perfectly lax, soft, and non-resistant under pas-
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sive movement. Their electrical reaction is unchanged; their 
nutrition is at first quite unimpaired. 

All this is perfectly intelligible when referred to the gradually 
increasing compression of tb.e cord, witb. its accompanying mye
litis; the slight initial symptoms of weakness may without hesi
tation be referred to compression, while a more rapid increase of 
paresis, a relatively rapid development of paralysis, is undoubt· 
edly due to myelitis. At a later date, of course, the proportion 
of the influence of the two elements upon the origin of the com
plete paralysis cannot easily be estimated. As the disease is 
always cil'cumscript at the beginning, the nutrition and electric 
reaction of those muscles whose nerves originate in the inferior 
(intact) portion of the cord will remain perfect until a descending 
affection of the gray substance threatens their fnnctions. 

As in most cases the compression takes place from the front 
of the cord (Pott's disease), it is readily seen that the motor dis· 
turbances will be the first to appear, and will for a long time 
ontweigh the sensory. 

In a minority of the cases, the compression is limited to one
ltaif of the cord, leaving the other more or less intact. The 
paralysis then takes the form of spinal lwmiplegia or llemipara
plegia; if the compression of the affected half is pretty complete, 
it may be associated with a crossed anresthesia, and give rise to 
the characteristic unilateral lesion (see below, No. 14). Usually, 
however, after a longer or shorter time, the myelitis will extend 
over the entire transverse section, and complete the paraplegia. 

The paralysis not infrequently begins in the form of a cervical 
paraplegia, i. e., the upper extremities are first and completely 
palsied, while the lower are nearly or wholly free at first. This 
condition may be due to the fact that the lesion occupies the 
level of the cervical enlargement, and in this place first attacks 
the anterior roots for the upper extremities; in this form of 
palsy, muscular atrophy and absence of reflex actions form a 
characteristic feature. Or, if the lesion is situated in the upper 
part of the cervical cord, it may happen that the motor paths in 
the antero-lateral columns which belong to the upper extremity 
are at first exclusively attacked by the compression, and those 
for the lower extremities at a later period. This might perhaps 
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be explained by supposing the former to lie nearer the surface of 
the cord than the latter, and thus to be sooner affected by pres
sure and myelitis. In this case the reflex actions are retained iu 
the upper extremities also. 

Finally, in a few rare cases, a so-calleu reC'ltrrent paralysis 
has been observed, that is, an upward extension of the paral
ysis above the point of compression ; e. g., in compression of 
the dorsal region, extension to the upper ext.remities. This is 
explained by the ascending myelitis, which often occurs, and in 
some cases by the very rare occurrence of ascP.nding degeneration 
of the lateral columns, which may extend to the cervical enlarge
ment (Michaud). 

The sensory disturbances are not usually so marked as the 
motor, at least in the beginning. The development or paraplegic 
symptoms is often preceded for a rnrying period by parfJJstliesifJJ 
(tingling, formication, burning, etc.), which may cover the whole 
body, and often continue without a break, or recur during the 
later course of the disease. Tlwy are sometimes due to compres
sion of the posterior columns, and sometimes are signs of com
mencing myelitis in the posterior colum11s and the gray substance. 
The same cause may be assigned for the pains, which often 
appear during the later course of the disease ; these have not the 
lancinating, neuralgiform character, but are rather an intense, dif
fuse sense of pain, burning, boring, pressure, etc., extending over 
the whole of the lower extremities. I have repeatedly observed 
them in the paraplegia of ,-ertebral caries, and Michaud ascribes 
them to the myelitic initation of the gray substance. 

Charcot describes also an abnormal irradiation of pain and 
parresthesia, a peculiar dysfJJsthesia, which is produced by vari
ous sensory irritations; it is a singular painful vibrating feeling 
in the lower half of the body, the same for all senoory impres
sions; this sensation must also be referred to the disease of the 
gray substance. 

Symptoms or anfJJstltesia are most constant, though they may 
vary greatly in amount; the anresthesia is usually incomplete, 
and not rarely presents a certain contrast to the severity of the 
motor parnlysis ; Courjon states that the sensibility is never 
quite destroyed in vertebrnl caries, thongh this certainly oc·c111·s 
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in other forms of paralysis from compression. A retardation ef 
sensory conduction is also often observed. All these symptoms 
are very simply explained by the different degrees of compres
sion and of myelitis, by the greater or less implication of the 
gray substance, etc. 

There is very little said of vaso-motor paralysis in the existing 
reports of cases; only Hawkins states that he has observed a 
constant elevation of the temperature of the paralyzed half or the 
body in a case of compression of the dorsal medulla. It is con· 
ceivable that the slow .progress of the interruption or conduction 
in the corcl may give the vaso-motor centres, situated in the lum
bar region, time to develop sufficient activity to avoid serious 
vaso-motor disturbances. 

Paralysis of tlte blaclder is usually a subordinate feature of 
compression-myelitis, especially when seated above the lumbar 
enlargement; it then seldom appears early or in a severe form. 
This depends on the seat and severity of the lesion, the integrity 
of the centres in the cord, etc. ; all shades of severity may be 
observed. The severest cases arn those which accompany a pres
sure·myelitis of the lumbar medulla. The same is trne of paral-
ysis qf tlte rectiim. · 

The condition of the reflex/unctions is especially interesting; 
an exaggeration of their activity is one of the most constant 
symptoms of pressure·myelitis, provided that the portions of 
gray substance which preside over the reflex actions are not dis
eased. 

The first thing which attracts notice is the increase in the 
cutaneous reflex actions, the lightest touch upon the skin pro
vokes a vigorous reflex jerk ; if the skin is pressed or pinched 
more strongly, active and powerful moYements of the entire 
extremity are made, which often extend to the other inferior 
extremity, or, in their severest form, terminate in a convulsive 
twitching and shaking of the limbs, which may continue some 
time. 

The rl'j/,e:v actions ori.'!inating in otlter parts are also in
creased; every evacuaLion of the bladder or the rectum, the 
introdnction of a catheter, etc., is accompanied by active, often 
painful, jerkings of the limbs. Irritation of the skin of the inner 
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surface of the thigh, or of the urethra, has been seen to produce 
reflex erec tion of the penis. 

The tendinous reflexions, however, are most markedly de,,el
oped in such cases, and it is in myelitis from pressure that they 
are to be best studied. The lightest tapping of the patellar ten
don or the tendo Achillis, the tibialis posticns, the tendons of 

1 the tlexors of the knee, gives rise to retlex actions; the same is 
o[ten accomplished from the periosteum of the bones and from 
rnrions fascim; powerful pressure of the patella downwards pro
duces refl ex clonus in the quadriceps ; the slightest dorsal tlexion 
of the foot produces that clonic tremor of the lower leg, which in 
its hig hest degree extends to the whole leg, and then to the 
other leg, and terminates with an intense tremor of both legs, 
lasting some time. 

Nothnagel has recPntly stated that all these refl ex actions 
may, in favorable cases, be inhibited and arrested by a powerful 
pressure upon one of the great nerve-trunks of the lower extrem
ities. 

It can hardly be doubted that this increase of reflex activity 
must be referred to two circumstances: first, interruption of the 
conduction to the brain, which interferes with the funrtion of the 
fibres for inhibition of reflex action; and secondly, hypermmia 
ancl in!lammatory stimulation of the gray substance. It is not 
at present possible to determine the part taken by each of these 
circumstances in increasing the retlex action. 

It is in teresting that a reflex action originating in a tendon, 
the centre for which is situated in the compressed region, may 
become extinct, and may afterwards 1·eappear when the motility 
has returned and the pressure-myeliti s is cured. 

I have observed this in a case of kyphosis of the lumbar reg ion, in which the 
upper pnrt o ( the lumbar cnlnrgement was evidently compressed. Ju long as the 
parn.pleg ia continucfl, the tcndinous reflex ions from the ligamcntum patclhc and 
the adductor tendons were completely extinct, while in the whole sciati c region 
they were considerably increased. After four montl1 s the paralysis disappeared, 
when the reflex actions from the ligamentum patcllre and the adductor tendons re-

nppearecl. 

Another step in the disease of the cord is indicated by rigid
ity nf the muscles. 'Ve have seen that at first they are com-
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pletely rela.xed. In a few days, however, or more usually in a 
few weeks, or still later, the muscles begin to be attacked by 
twitchings and slight spasms; they assume a condition of ten
sion, oppose to passive mO\·ement a gradually increasing oppo
sition, and at last contractures appear, at first transient, then 
permanent, which affect the disease in a characteristic way. 
Usually these are at first contractions in extension; the legs lie 
stretchecl stiff and straight side by side, the feet in the position 
of varo-equinns, the knees stiff and pressed together. At a later 
period, especially in vertebral caries, contractures inflexion al
ways occur; the hip and knee-joints are strongly bent, the knees 
drawn np, the heels to the buttocks, the legs often crossed and 
locked. At first the contractures arc comparatively easy to 
reduce, but return whenever the traction is taken away; after
wards th~y resist all external force. 

It appears quite certain that these motor symptoms are refer
able to disease of the lateral columns, that they belong to the 
descending degeneration and sclerosis of the postero-lateral col
umns . They seem to be more marked in myelitis from pressure 
than in most other forms or the disease. 

Trophic disturbances are not nry prominent in myelitis from 
pressure, as Jong as certain sections or gray substance (in the 
cervical and lumbar medulla) are not directly affected. The 
nutrition of the muscles then remains intact a long time, and so 
does their electrical reaction; at the most we observe emaciation, 
caused by want of activity and by the general depression of the 
nutritive processes. 

The case is otherwise when the lumbar or cervical enlargement 
is affected, or when the secondary myelitis of the gray substance 
extends upwards or downwards to those parts; the consequences, 
then, are rapid and great emaciation of the muscles, Joss of 
faradic excitability, and the appearance of the reaction of de
generation. 

In a few cases, affections of tlte joints and skin have been 
caused by pressure-myelitis. 

Bed-sores are usually confined to the severer cases. The same 
is true of C'ljstitis and other consequences of retention of urine. 

After this review of the chief symptoms, we have to say a few 
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words of the rnriation in symptoms which is due to the differ
Cllt seat qf tlte compressive lesioll. 

The case. is most complicated when the lesion occupies the 
cen•ical part of the cord. And here, again, we can form two 
subdivisions, according as the cerv ical pnlargement, or the part 
of the corcl above it, is the seat of compre"sion. 

In the latter case (compression of the upper part of the cervi
cal cord), the disease not rnrely begins with pain in the occiput, 
stiffness or the whole neck, obliquity of the head, inability to 
noel and turn the head, and so forth. The pnm.lysis o[ten begins 
and continues in the upper extremities (paraplegia cervicalis), 
while the lower are wholly or comparatively free. At a Inter 
time there is palsy of all four extremities. 'I'he rellex actions are 
retained in the upper extremities. Other symptoms. however, 
now appear, which are quite characteristic of this seat of lesion , 
and are due to implication of the nerve.paths there situated . 
8nch are : oculo·pupillary symptoms, either paralytic myosis 
(from paralysis of the corresponding paths in the cervical lll<'

clnlla), or spastic myclriasis (from initation of the corresponding 
paths), either unilateral or bilateral ; respiratory disturbance, 
from implication of the respiratory paths; gastric clistitrbances, 
repeated vomitin.rJ, difficulty of swallowing, continued hiccup, 
to be explainecl by implication of the vagus, spinal-accessory, 
ancl phrenic. In many cases a striking and pennanent retarda
tion qf" tlle pitlse has also been observed, down to 48-20 beats in 
the minute, accompanied by fainting-fi ts with complete cessation 
of pulse; these symptoms have been referred to irritation of the 
rngns (Charcot, l\L Rosenthal) ; and finally, epileptic attacks 
have often been seen when the compression was situated at this 
point. 

If the cervical enlargement is compressed, tlte initial symp
toms of pain, anresthesia, spasm, palsy, atrophy, are localized 
in the upper extremities; these are also the first to be affected, 
and the lower ex tremities follow later. The absence of r etlex 
phenomena, and the atrophy which soon invades the upper ex
tremities (see above, description of Pachymeningiti s Cervicalis 
Hypertrophica, p. 221 et seq.), constitute decisive proof that thi~ 
is the seat of di sease. In this form, also, one or several of tlrn 
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above-named symptoms may appear (changes in the pupils, dis
turbances of respiration, retarded pulse, etc.), and complete the 
picture of the disorder. 

The portion most frequently the seat of compression is the 
dorsal rngion. The symptoms are very characteristic : girdle
pains, in tercostal neuralgia at various levels of the trunk, para
plegia n p to the corresponding level, reflex actions in the lower 
extremities retained and increased, nutrition of the muscles and 
their electrical excitability intact, etc. 

If the litmbar region is affected, the paralysis is confined to 
the lower extremities, the bladder, and rectum; the initial symp
toms are localize(l in the lower extremities; reflex actions are 
absent, the muscles are permanently i·elaxed, are mostly atro
phic, exhibit the reaction of degeneration, etc. The paralysis 
of the bladder and rectum is complete, and severe at an early 
period. 

It scarcely need be mentioned, that the diagnosis of the loca
tion may be sustained and confirmed by various symptoms con
nected with the vertebrre-kyphosis, swelling, painfulness, etc. 

If only one lateral lialf of the cord is compressed, the charac
teristic symptoms of Brown-Sequard's unilateral lesion appear: 
motor paralysis and hyperresthesia, and increased temperature 
on the side of the lesion, bounded above by a zone of anresthesia, 
while on the opposite side of the bo(ly there is (crossed) anres
thesia. (See below, No. 14.) 

Course, Daratlon, Terminat'ion.-All depends on the nature 
of the primal lesion. In meningeal and intra-mednllary tumors 
(see the section on these) the disease almost always goes on with
out stopping to its termination ; death comes sooner or later, 
after months or years, and always amid the painful accompani
ments of severe spinal paralysis-bed-sores, cystitis, fever, ma-
1·asmns, etc. 

The same is true in cases where vertebral carcinoma or other 
malignant tumors are the cause of compression, except that in 
these the fatal result is usually much more speedy. 

But it is otherwise in vertebral caries, which is by far the 
most common cause of spinal compression. In most of these, 
the course is comparatively favorable. A good many perish by 
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tile ordinary process of severe paraplegia, bed-sores, pyromic 
fever, etc. ; but the disease usually runs on more slowly to its 
encl, with remissions an cl exacerbations, often after an apparent 
cure, if the vertebral disease is lit up afresh by an accident, a 
surgical injury, a severe colcl, etc. 

In more favorable cases, the paraplegia remains unchanged 
ancl uniform for a considerable time (two, five, to ten months, 
one to three years); becl·sores clo not appear, or, i[ they clo, a.re 
healec1. Finally, a slow improvement begins; a few movements 
can at times (for example, when in the bath) be executed by the 
paralyzec1 parts; then they are resumed pe11nanently, grow 
stronger, the contractures disappear, sensibility improves, the 
function of the blac1c1er is again controlled by the will, the excess 
of reflex action c1iminishes. The patient then succeeds in stand
ing, ancl by degrees learns to walk, at first with cmtches, then 
with a stick, ancl then without help. 'l'hus he may be completely 
restored; but a number of months is always required for the pur
pose. Such kyphosis as is present may remain without any 
change; evidently nothing has occurrec1 but a diminution of the 
exudation in the spinal canal, by which a resumption of use, ancl 
repair of stm cture, has been renc1erec1 possible. 

The result is not always so completely favorable. Restora
tion may remain imperfect; partial paralyses ancl contractmes, 
local atrophy ancl anrosthesia, weakness ancl clumsiness in the 
use of the limbs, i·emain. Such persons are always in clanger of 
a l'elapse, and any external injury may arouse the sleeping dis
ease. 

Diagnosis. 

The entire group of symptoms, their beginning and succession, 
usually enable us to decide with ease that a slow compression of 
the cord e1dsts. Of characteristic importance are the initial root
symptoms, which give warnings for a long time previous; ancl 
afterwards, the more or less rapid occurrence of paraplegia with 
increased reflex action, with muscles at first entirely lax, after
wards more 1·ig ic1, etc. 

The only point wilich usually presents difficulties is that of 
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the cause of the compression. In many casf's it will be quite im
possible to ascertain the cause, as in small exostoses of the Yer
tebrre, in meningeal tumors, etc. 

In the ordinary cases, the points of diagnosis will be fnmished 
by the extem:il circumstances, those belonging to the primary 
disease as such, although these will not al ways insure a correct 
decision. "Te will girn some instances. 

Pott' s disease lrnually presents the symptoms in their typical 
form, and the actual cause of them cannot be ascertained unless 
other symptoms, especially characteristic of sponclylitis, are 
present-the gradual formation of kyphosis, especially if angu
lar; painfulness of movements of spine; great tenclemess of spi
nous processes when touched; severe pain when the electrodes of 
a galvanic cunent are placed close to the diseased vertebra (i\L 
Rosenthal); abscesses of congestion; youth on the part of the 
patient, especially if he be scrofulous; in older persons, a pre
vious traumatic lesion, etc. 

In vertebral carcinoma, the violence of the initial pains is 
usually regarclecl as characteristic, bnt there are so many excep
tions to the rule that this circumstance ought to be allowecl, at 
most, only to establish a suspicion. The girdle-pains and other 
pains of exceutric origin are often of fearful violence, ancl occur 
in paroxysms, especially by night. Great hyperrosthesia usually 
exists in the painful region, together with all other possible root
symptoms. The localization of the pain in the back close to the 
vertebral column is said to be characteristic (Gull). If, in addi
tion, there exist a local pain in the vertebrro, progressive, rnnnd 
curvature of the column, symptoms of compression of the cord, 
an extemal prominence ancl general cachexia, the diagnosis be
comes plainer, ancl the more so if a primary cancer can be shown 
anywhere else (as, for instance, in the breast)-the search for 
which should be a first duty. Yet it is possible to confound this 
affection, in its first stages, with almost any other one which com
presses the roots. 

Iu respect to meningeal tumors we have mentioned the most 
important points above (p. 262 et seq.); they are usually charac
terized by slow development, and also, to some extent, by the 
absence of every symptom oJ' vertebral disease. 
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In regard to the inlra-medullary tumors we shall speak more 
in detail farther 011 (see No. 18). It is doubtless extremely hard, in 
most case", to disting11ish them from cases of circumscript trans
verse myelitis of spontaneous origin. \Ye merely remark here 
that the initial symptoms of irritation of the roots are usually 
absent, and that they open with symptoms of compression and 
myelitis caused by pressure. 

The diagnosis of the rarer causes of compression of the cord
gout of the vertebrre, exostoses, syphilitic new fo1·mations, aneu
risms, etc.-is made from the signs which are applicable to these 
diseases, though their uncPrtainty is well known. 

Prognosis. 

This follows easily from what we have stated, and depends in 
the first instance upon the fundamental clisease. Carcinoma of 
the vertebne, tumors of the meninges, exostoses, etc., are never 
recovered from. If they lead to compression of the cord, the 
prognosis is very bad, or absolutely fatal, ancl the most that can 
bi; hoped for is some modification of the dnration of the disease, 
depending on the original cause and the greater or less rapidity 
of its progress. 

Cases chte to compression by syphilitic formations, perimenin
geal exudations, and vertebral caries, are curable. The question 
whether restitution and repair or myelitis from compression is 
possible must be answered decidedly iu the affirmative. \Vher
ever the cause or compression is capable of removal, the cure of 
the parnplegia may be expected. 

Tltis seems to be far from uncommon in Pott's disease. 
"\.mong six cases of paraplegia from vertebral disease which have 
come untl1'r my observation in the past year, lire, including two 
adults, lutv<' been cnrecl or decidedly improved, and only one has 
terminated fatally. A similar result is reported by a great 
many (Lemlet, Charcot, Courjon, and others) . Accordingly, 
the prognosis or such paraplegias i:; to be stated as compara
tively favorable, with a certain reservatiou . A good recovery 
may be espec·ially looked for in young, pretty well-nourished 
persons, in whom the disease of the bone has not assumed con-
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siderable dimensions, or led to large abscesses of congestion, and 
who also are not very scrofulous. Complete rncovery, with the 
exception ot the permanent deformity of the spinal column, 
seems to be a possible thing. In many cases, however, we must 
be content with an imperfect recovery. 

Treatment. 

Little can be saicl of this. In cases of severe lesion (carci
noma, exostosis, meningeal tnmor, etc.) there is simply nothing 
to do, and we must be content with a symptomatic treatment for 
the relief of pain and other discomforts, and for prolonging the 
patient's life as much as possible. 

The only object which repays treatment is formed by the 
cases of spondylartlirocace; a steady persistence in the use of 
rational means will often lead the disease to a more favorable 
course and gradual recovery. It is not om object here to enter 
into details regarding the treatment of vertebral caries, but only 
to cast a passing glance npon it. 

First of all, the spine should be kept in repose as nearly as 
possible, for which purpose rest in bed for months on the face or 
back is necessary. Apparatus for support or protection of the 
spine may be very useful in cases where movement is unavoida
ble, or is required for other reasons, or, finally, when the im
provement has made a certain degree of progress, and the spine 
requires still further care. The physician must be earnestly 
wamed of the danger of those mechanical manipulations which 
are so often employed by ignorant orthopedists and bandagers 
for straightening the spine and relieving the curvature. It is 
quite certain that kyphosis is not usually the cause of para
vlegia. 

In general, a tonic treatment is to be recommended-good, 
abundant diet, such as is specially suited to scrofulous patients, 
fresh air, iron, quinia, cod-liver oil. For the disease of the bone 
itself, preparations of iodine are much in favor; iodide of potas
sium, or still better, iodide of iron, and externally, painting with 
tincture of iodine, or friction with strong iodine ointment. In 
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proper cases, leeches or cups may be applied to the spine. 
Derivatives, vesicants, moxre are great favorites. The white-hot 
iron bas lately been repeatedly advised as peculiarly efficacious 
in Pott's disease (by Cbarcot, and others). Every two weeks, on 
each side of the curvature, from two to fonr eschars are to be 
made of the size of a half-mark piece (sixpence sterling), and 
passing through the entire skin. Strikingly good results have 
been observed from this treatment even in late stages of the dis
ease. Brine-baths or warm sea-baths may support this treatment 
in many cases. 

For the myelitis from press~tre little can be done until the 
cause of C'Ompression is removed. In the cases, which have been 
before clescriLwcl, where the cause is not removable, we had 
better not undertake a11y treatment for the relief of myelitis. 

In ve1-tebral caries, also, we should clo best to put off this 
branch of tlw treatment until the compression begins to dimin· 
ish; but inasmueh as th.is point cannot be defined, and as the 
hope of doing good is likely to influence us at an early elate, we 
shall usually tincl ourselves justified in employing the customary 
remedies for the relief of chronic ancl subacute myelitis (cf. be
low, Treatment or Myelitis). These include local bloodletting, 
derivatives, frictions with mercurial ointment, the exhibition of 
iodide ot potassium, pencilling with iodine, etc. 

\Vhen the process of rngeneration has begun, there are various 
remedies which may possibly hasten it, as the continued use of 
nitrate or silver, foclicle of potassium, ioclicle of iron, quinia, 
strychnia (usecl with the utmost caution), moderate bydropathic 
measures, and most especially the galvanic current. Ollivier (p. 
481) gives a cas<', in which galvano-punctnre was apparently fol
lowed by good l'esnlts. I have acquired the impression from 
my own experience that a moderately strong galvanic current, 
ttppliecl in the stabile way to the point or lesion, clecideclly favors 
the l'estoration of tho spinal functions. I place the poles upon 
the spine, one above, the other below the seat of disease, ancl 
pass a weak nuTent, at first in one direction ancl then in the 
othel', for two 01· three minutes in all, once a clay. I have never 
seen this clo harm. P>ttience ancl perseverance are of course 
l'eq tti retl for this. 
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Th<' •yrnptomatic treatment of the chief special symptoms 
(pain. spasm, atrophy, bed-sore, cachexy, cystiti•, etc.) b gov
erned by general rules. 

'Vhen a cnr~ is effected. the patient should be strictly warned 
against fresh injuries, which might bring on a relapse of his com
plaint. 

O. Concnssion qf the Spinal Cord-Commotio JIIedullce Spi
nalis. 

A71CJ•crombic, Diseases of the Brain and Spinal Cord. German tr. hy G. v. d. 
Busch. 1820. p. [>20.-0llivicr, L. c. I. p. 488.-Leyclen, L. c. IL p. 92.-Jlolmes, 
System of Surgery. Vol. II. p. 238.-Clemens, Die Erscbllttcruog des R·M. und 
dcrcn Bchaudluug durch Elektricitiit. Dcutsc11c Klinik. 186:1-65.-Li<lell, On 
Iujuries of the Spine, including Concussion of Spinal Cord. American Journ. 
of )led. Sci. Oct. 1864.-Ericltsen, On Railway and other Injuries of the Ner
vous System. German tr. by Kelp. Oldenburg, 1868.- Webber, Recovery after 
Four Years' Paralysis, following Railway Injury. Boston :Med. and Surg. Journ. 
July 18, 1872.-Jforuan, Injuries of the Spine, Hcsult of Railwn.y Concussion. 
Med. Press ancl Circular. Jan. 1873.-Scltolz, Uebcr Ri.ickcmnarksliihmung und 
dercn Behnncllung clurch Cudowa. 1872. p. 76.-Ericltsen, On Concussion of 
the Spine, Nel'\'OUS Shock, and other Obscure Injuries of the Nervous System. 
London, 1875. 

Introd11ction ancl .D(l'inition.-Under the term," Concussion 
of the Spi ne," we include those cases in wlticlt energetic trat1· 
matic influences (falls, blows, collision, etc.) have given J'ise to 
severe disturbances qf the fnnction of the cord, without any 
considerable 1•isible anatomical changes in the latter. Slight 
changes, small capillary extravasations, etc., probably exist in 
st1ch cases, but they clo not seem to constitute the proper es
sence or the <li,ease; [or the most part, the anatomical change 
is quite negativP, and we do not yet know what changes, H any, 
contilitute the basis of the concussion proper. 

In the precPding chapters we hctYe considered cases in which 
severe traumatic injuries have given rise to coarse anatomical 
lesions-hemorl'lmges, cmshing, hemorrhagic soften ing of the 
cord, etc. 'Ve have now to deal with cases in which this does 
not occul', aml yet there are severe spinal symptoms. Whether 
these two classes or cases are different only in degree, and may 
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gradually run into one another, we will not try to decide; hut it 
does not seem very probable to us. 'Ye rather inclin<' to the 
view that the concussion of the cord is a very peculiar kim1 of 
disturbance, and that more 01· less of it is usually present in 
those severer lesions, but concealed to some extent by the symp
toms. 'V" may here assume a similar relation to that which 
exists between concussion and contusion of the bmin ; the for
mer being a condition unaccompanied by any certain and con
stant anatomical changes, and the latter involving crushing and 
destruction of brain-tissue. 

'Ve may here include with safety the conditions which have 
been named shock ql the spinal cord. 

'l'he diagnosis is in many cases so uncertain, and the want of 
satisfactory evidence from autopsies so great, that the history of 
the disease is still surrounded by darkness. 'Ve shall, there
fore, be as brief as possible, consistently with the great practical 
importance of the subject. 

Etiology and Pathogenesis. 

The most usual cause consists of a fall of rnoderate lteigl!t 
upon the feet, buttocks, back, and less frequently on both arms 
outstretched anc1 still'. I have observed tile symptoms in two 
ladie", proc1ncet1 by a fall on the ice and on a polished floor; a 
fall on the buttocks causeL1 by slipping L1own stairs is often men
tioneLl as a cause. 

A blow from a lteaoy bocly in rnotion, striking the spine or 
trunk, acts in quite the same way. 

A sudden shock lo the whole body produced by the sudden 
cesoation of a rapid motion-as occurs in a collision between 
whicles-is a common cause of concussion ; or late years railway 
accidents have playec1 a Yery prominent part in ~url, injuries, 
the rapidity of their movement essentially increasing the force of 
the shock. They sometimes seem to prodnrie quite special forms 
of concussion, and ha,·e been carefully stnc1ied, ""pecially in 
England, where the snits Ior damages against the mil way cor
porations have given them a very great practical importance. 

The'action of any of these mechanical causes may be limited 
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more or less to a portion of the cord, when the spinal column 
has been directly struck; but it may extend to a great part 
or the whole or the cord, if the shock has been indirect, or bas 
affected the entire system at once. Severe symptoms do not 
always follow directly upon the accident; they are often delayed 
for weeks or months, and may not appear until some other in
jury has been received. \Ve must then assume that the shock 
bas only produced a certain tendency to disease of the cord. 

All these mechanical causes may produce a more or less con
siderable lesion of the soft parts or the spinal column ; which is 
quite a matter of accident. 

Besides the mechanical causes, there are others capable of 
producing symptoms very like those of concussion of the cord, 
which we will not omit. 

Clemens speaks of excessive coitus, conjoined with unusual 
excitement, or suddenly interrupted, or practised in the upright 
posture, as a not infrequent cause of a certain sort of concussion 
of the cord, said to be indicated by sudden weakness, collapse 
of muscular force, and subsequent severe spinal symptoms. 

Violent 11iental excitement, especially fear or anger, is con· 
sidered to play a similar part, and the paretic symptoms which 
often follow such excitement are referred to the cord ; but the 
nature of the connection is quite obscure, and seems to us to be 
effected rather by congestion or myelitis, than by a change re· 
sembling concussion. 

Finally, there is no doubt that a stroke qf' liglttni?lg often 
causes a general shock, in which the spinal cord participates, 
and which causes speady death. The person struck often re
covers, but with paralysis, paraplegia, etc., for various periods 
of time, for which no anatomical basis has been found. A sort 
of concussion is, therefore, supposed to be experienced in such 
cases by the central nervous system, and in a few cases by the 
cord especially. \Ve cannot form an exact idea of it at present. 

The pathological anatomy of concussion of the cord is ex
tremely imperfect. 

In many cases which are examined at an early period, nothing 
at all is found in the cord, or at most one or two small unimport
ant extravasations of blood. Leyden reports a case which ended 
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fatally in five days, in which the most careful examination dis
closecl no alteration of the cord. 

In other cases anatomical changes are found, which are not 
severe enough to be considered causes of death; large and small 
clots, crushings, softenings of the cord in various places, etc. 

In cases which terminate in death after a long time, chronic 
inflammatory changes may be found ; it is supposed nowaclays 
that chronic meningitis and myelitis, ancl various forms of gray 
clegeneration ancl sclerosis, may graclually develop out of con
cussion; but this is not determined with sufficient precision. 

It is, therefore, rather rash to entertain a decided opinion re
garding the proper nature ef concitssion of tlte cord. It seems 
to be certain that the anatomical report is a negative one. The 
most common view, therefore, is that which supposes only molec
ular changes in the finer nerve-elements to have occurred, giving 
rise either to an immecliate and complete functional paralysis of 
the latter, or forming the commencement of further disturbances 
of nutrition, which at a later time may result in degenerative 
inflammation. IL Fischer' has recently attempted to develop, in 
a complete form, another view of the caUS(' of shock ancl concus
sion. He considers that which is known to slll'geons as shock to 
be nothing more than a traumatic reflex paralysis or the vascular 
nerves; the concussion of the brain simply a shock localized in 
the brain, a traumatic reflex paralysis of the cerebral vessels. 
Scholz has applied this view directly to concussion of the spine. 

We cannot see that Fischer's argument is convincing; it is 
hard to unclerstand why, in so severe a shock, the vascular nerves 
alonP should be paralyzed, to the exclusion of the other nervous 
elements; we rather believe that the latter are affected to at 
least as great a clegree. 'rhis of course shakes the founclation of 
Scholz's application of Fischer's hypothesis to the cord. 

For the present our opinion is that the •molecular disturbance 
is tlte cltiej' element in concussion. Such anatomical changes as 
may be present in individual cases are accidental and not essen
tial adjuncts. It is perfectly eviclent that concussion of the cord 
must very often be complicated with contusion, hemonhage 

within its substance, etc. ------------
t Voll..."tnann's Samml. klin. Yortr. Nos. 10 and 27. 
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A very interesting statement ha~ been made by Erichsen '-although it is not at 
present quite easy to interpret-to the effect that persons who arc sleeping at the 
moment of a railway acciUcnt do not, as a rule, receive a concussion of the nervous 
system. Those sitting with their backs to the direction from which the shock 
comes, are the most severely injured. The same author draws an excellent com
parison between the effect of a violent mechanical impression upon the cord, an<l 
the loss of magnetism. in an iron bar which is struck with a hammer. 

Symptoms. 

The phenomena of concussion of the cord may yary very 
much; thern are many circumstances which in!l.uence it, such as 
the nature and the severity of the traumatic lesion, the degree of 
individual resistance, perhaps also neuropathic in!l.uences, the 
external circumstances as regards the care received, ancl the rest 
taken, with a variety of other matters. 

In fully del'elopecl cases the essential point lies in the pres
ence of a sudden, more or less complete loss of the spinal func
tion ; if the concussion is local, this may be confined to the parts 
below the point of shock; if diiiuse, it may extend to the greater 
part of the body. '.Ve observe accordingly a more or less exten
sive paralysis and anrosthesia, coldness, cyanosis, weakness of the 
pulse, disturbance of respiration, retention of urine, etc. In some 
cases there is a gradual ancl imperceptible shading from slight 
weakness aml relaxation to the severest palsy. 

After some minutes, hours, clays, or even weeks, movement 
ancl sensation return slowly ; often there is no other phenomenon 
developed until rPcovery is complete; more often, however, a 
sort of stage of irritation follows, to which chronic inflammatory 
spinal disease may be added ; the latter may under some cir
cumstances last a long time and result badly. 

Not every case, howevPr, begins witlt severe symptoms; there 
exists a class of cases which ought, without doubt, to be included 
here, which, commencing with the most tl"ifling symptoms, after
wards develop into a serious chronic spinal disorder. 

The result is the production of a great diversity among the 
individual cases of concussion of the cord. For convenience we 
preoent here the following principal groups in outline: 

1 On Concussion, etc. p. 120. 
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a. Genrral and very severe symptoms at tlie instant qf in
jitry. Death in a sliort time. Severeform qf sltock. 

The patient, after receiving some severe injury or other, is 
found completely parolyzed in all his extremities, with distinct 
anmsthesia, great prostration, often, though not always. with dis
turbance of consciousness, with involuntary Pvacuations. 'fhe 
pulse is very small, weak and slow, the skin cool and pale, or 
slightly cyanotic, the respiration disturbed, clyspnoic, etc. 

In a few hotus or clays death occurs amid general prostra
tion, increasing collapse, and paralysis of the respiration and 
circulation. 

In this class must be included the cases of severe injury to 
the cord which encl fatally in a clay or two without any visible 
lesion (as crushing) which should necessarily involve death. 

These disturbances are plainly clue to a severe molecular con
cussion of the substance of the cord, whereby its intemal nutri
tion is impaired and arrested. 

b. Severe symptoms at tlie rnornent of receivin,q tlte injury. 
Oure in a 8'wrt time. Slight shock. 

Immediately after the accident the patient is found, usually 
in full possession of consciousness, complaining of severe and 
general pains in his body or in the lower half of it. f'he lower 
extremities, le ·s commonly the upper also, are more or less 
severely paralyzed; usually there is amesthesia also, but the 
latter is not always present, and often is but slight. The blad
der is not always paralyzed. There are no symptoms of spasm. 
If such a case is seen within a moderate time after the accident, 
the retlex function, especially that connected with the tendons, 
may be found exaggerated, and the electrical reaction in the 
paretic parts may be increased or depressed. 

In a few days improvement appear5; the patient regains the 
power to stand and walk, but slowly, hesitatingly, feebly, and 
with tremor. The pains disappear; improvement makes rapid 
progress, and in a few weeks the rncovery is complete. As an 
example of this form I repeat the following case in brief. 

Johnnn Schncfcr, rot. 55, day-laborer, four weeks ago fell a distance of twenty 
feet from 1\. tree, landing on his feet and buttocks. IIe was not unconscious, but 
was paralyzed immediately, and had to be carried home. The following symptoms 



350 ERB.-DISEASES OP TJIE SPINAL CORD AND ITS ENVELOPES. 

were there observed: violent general pains ill the loins und legs. Legs quite par<i
lyzed and immovable for about a week, when improvement gradually commenced, 
so that the patient can now walk a couple of steps. The sensation of the legs ttaa 
always good 

3
• no nnresthesia was observed. Evacuation of the bladder always nor

mal. Stool retained the first day, afterwards regular. The pains have disappeared 
by degrees, but the legs still tremble and nre stiff. 

Prucnt condition.-Thc patient can scarcely walk two steps, and does it slowly, 
hesitatingly, dragging Ji is foct, but without ataxia. Standing on the toes or on one 
foot is very difficult. Both legs tremble when he stands. Sensibility of the lower 
extremities quite normal. Cutaneous reflex functions retained. Tendinous reflex 
function strikingly active. No distinct atrophy of the legs. The electrical excita
bility of the nerves and muscles of tbe lower extremities is remarkably depressed, 
without qualitative change. Sphincters and upper extremities quite normal. No 
change in the back and vertebral column. Region of sacrum somewhat sensitive to 
pressure. 

The galvanic treatment (to the spinal column anU legs) was wonderfully success
ful; after a few sessions the patient was able to walk quite well, and was discharged 
cured after twenty-two (daily) sessions. The electrical reaction was again almost 
normal. 

c. Severe symptoms at tlie fir st; followed by a protracted ill
ness of some years' ditration; recovery in most cases. 

Shortly after the accident, the patient displays great weak
ness, which rapidly increases to a paralysis of various extent, 
often embracing all the extremities. vVith this are associated 
acute pains, more or less diffuse, often chiefly located along the 
spine, in the back of the neck , and loins. Parrosthesia occurs ; 
cutaneous anrosthesia is not usually very markecl. Retention of 
urine ancl retardation of pnlse occur. In many cases an impli
cation of the brain is indicated by unconsciousness and vomiting 
at the first ; or by an increased irritability of mind afterwards. 

Slow and gradual improvement occurs ; great weakness of 
the extremities, slight atrophy of the muscles, acute pains and 
great sensitiveness remain. The extremities are cool and livid, 
the vertebral column is painful to pressure, and often excessively · 
sensitive. The patient is obliged to learn to walk by slow de
grees. After a long time-often years-a condition which ap
proaches recovery is attained; but the patient always remains 
irritable and sensitive, and has to guard against injury. The 
following may serve as an illustration : 
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Miss X., ngcd twenty, in April, 1872, slipped aud fell ou 11 polished floor, com
ing down on her seat. 8he immediately felt a severe pain in the back of the neck 
and loina, with yreat 1uaknes1, but was able to go into another room. Iu a quarter 
of an hour she t:omited, the paint i ncrecued, there -;vas se:ccre paresit of the entire 
body, so that she could not even raise her head. All efforts to move were extremely 
painful, and she was excessively sensitive to light. Vertebra: very sensitive to pres
sure; numbness of hands and feet, oppn:ssion of the chest, weak and slow pulse i 
such were the lead ing symptoms at first. l.j be retained only during the first day. 
In the third mouth she begins to be able to lift her head a shor t time i the feelings 
of prreeordial distress disappear; afterwards the movements of hands and feet are 
recovered. At the beginning of September the patient can walk n few steps, if 
supported. Improvement very slowly progressing. 

At the beginning of June, 1873, I found the patient a fresh, healthy girl in 
appearance, but with very excito.ble nerves. In walkiny-for which a slight support 
is required-a marke<l slo1oness and d~tficulty in pe1forminy the motiona strikes the 
Qbserver. Iler Unck seems weak, and vacillates in va rious directions. In a few 
minutes she sinks upon her knees, and is forced to sit down. Standing is accom
plished tolerably well for a considerable time. Sittin(l without a support for the 
back is possible only for a short time. No ataxia. Given movements are easily 
executed with the legs, but without force. Arms and head quite free from symp· 
toms. No cliffic:ulty with the bladder, no sense of constriction, no palpitation of 
the heart. Sensibility normal everywhere i slight numbness is said to be felt occa
sionally in the soles. Spinal column straight, easily moved. The spinous pro
cesses of the cervical and upper d orsal vertebrre, and those of the lumbar vertebrre, 
arc very sensitive to pressure. 

Galvanic treo.tmcnt is carefully commenced, and is followed by a rapid and 
progressive improvement. By the middle of August the patient can walk quite 
securely without a stick. She then makes use of the cold-water treatment in 
Switzerlaucl, from which she returns with fresh improvement. Another five weeks' 
course of galvanic treatment is also attended by good results. The patient was 
fully cured in the course of the year 1874, and in 1875 was married. 

d. Very sliglit symptoms at tlte beginning; a severe progres
sive spinal disease develops after a longer or shorter time. Re
sult doubfj'ul. 

At the fil'st moment-e. g., if a railway collision-the symp
toms are very insignificant. The patient has a sensation of hav
ing been severely shaken, a momentary weakness, perhaps some 
confusion of mind, but soon recovers, picks himself up and walks 
about, dismisses apprehension from his mind, and goes on his 
journey. 

On the next day, or several days later, or even after weeks 
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and months, morP threatening symptoms set in, perhaps pre
ceded fol' a consillerable time by very slight and unnoticed 
premonitions. A general depression of strength, sleeplessness, 
slight nwntal indisposition, tendency to shed tears, etc., may be 
noticed; the patient cannot attend to his usual business; paim 
appear in the back and limbs, and gradtuilly incl'ease. 

Ottt of these symptoms a gl'oup gradually develops, which is 
very far from being identical in given ra::;es, but which in genera1 
presents the following as its chief features: increasing weakness 
of the legs, which 111ny reach difl'erent degrees of sevel'ity; the 
gait is uncertain, .::;tratlclling, stiff, ancl dragging ; uncertainty in 
standing, indications of disturbed co-ol'dination al'e often present. 
Stiffness of the back and the general attitude. Back painful, 
es1weially when moved; some of the spinous processes t•xtremely 
sensitive. Gil'dle-sensation, panesthesia of all sorts, anmsthesia 
of ,-arious degree and location, and often hypermsthesia. "r eak
ness of the bladder, diminution and Joss of sexual power. Im
pail'ed general nutrition, pale sallow complexion, changed ex
pression of countenance. l\Iarked atrophy in certain muscles 
ancl groups of muscles, often quite extensive. Distul'bances of 
circulation, bluish complexion, cold extremities, etc. 

"'ith these al'e usually conjoinecl symptoms which point to a 
disturbance of the cerebral functions ; broken, poor sleep, timid
ity am1 irritability, weakness of intelligence, impairment of 
memory and of power to work, change of character, constriction 
of the head, increased irritability of the senses, etc. 

These are essentially the marks of a very slow meningo-my
elitis, associated with more Ol' lPss considerable disturbances of 
the cerebral functions. 

The subsequent course of the disease usually fluctuates a 
good deal. Periods of apparent improvement and comparative 
health alternate with those of clownward progress. On the 
\\·hole, a gradual loss u~ually occurs; a favorable result is sel
dom seen ; but cases occur in which, after a very long time, the 
disease lias considerably improved, or at least has ceased to make 
1n·ogress. 

This category is largely composed of the cases which Erichsen 
has so admirably described; they have been observed more fre-
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quently of late, especially as a consequence of railway accidents, 
and have acquired a great practical importance in connection 
with the latter (railway-spine of the English). They may, how
ever, equally well follow other severe concussions of the bocly, 
and especially of the back. Clemens describes a similar case, in 
which, after a fall from a scaffolding, atrophy and paralysis 
began to appear three-quarters of a year after the accident. The 
two la ·t observations by Scholz are excellent instances of this 
form of concussion. There are various cases of progressive mus
cular atrophy originating in surgical injury which might be in-
cluded here. · 

Diagnosis. 

It is a matter of no small difficulty to establish a concussion 
of the cord with certainty, since the symptoms, especially at the 
beginning, possess a very close resemblance to those of slight 
hemonhages or contusions of the cord. 

The entire group of concussions of the spinal cord is still 
somewhat doubtful and undefined, and by many is only retained 
in order to serve as a receptacle for certain cases which cannot 
otherwise be easily interpreted. vVe shall make an attempt at a 
stricter cle1inition. 

The distinguishing character of concussion is the fact that, in 
consequence of some one of the above·mentioned cnuses (espe
cially a tmnmatic lesion), severe disturbances of the functions 
of the corcl occur, while at the same time the entire course of 
events shows the absence of any severe anatomical lesion, such 
as often actually follow such accidents. 

'fhe case may then take one of two forms: either (1) severe 
disturbance quickly appears, most severe immediately after the 
injury, ancl is followed in a comparatirnly short time by improve
ment, disappearance of the grave symptoms, until recovery is 
complete; or (2) no symptoms appear at first, or at most only 
trifling ones, the functions of the cord are comparatively free, 
the itlea of a se,·ere anatomical lesion of the cord seems inadmis
sible, and yet after a longer or shorter time severe and increasing 
disturbances clo follow, which indicate a profound affection of 

VOL. XIJ!.-23 
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the cord. In both cases we shall be compelled to assume the 
existence of molecular changes due to the traumatic lesion. 

Either class, however, may give rise to mistakes. 
Cases of tlte first class may be mistaken for crushing and 

contusion of the cord, with hrematomyelia and hrc matorrhachis. 
The symptoms of all these may be very much alike at the begin
ning; but it is not impracticable .to draw the diagnosis. Concus
sion agrees with crushing and tearing and with lu:cmatomyelia, 
in the severi ty of its initial symptoms, its paralysis, etc. ; but its 
course is much more rapid and favorabl e. This point is entirely 
decisive. 'Vhen, therefore, an apparently severe paraplegia 
comes to a favorable ending in a few days or week s, without 
bed-sores, etc. , we should assume the existence of concussion. 
The rapidi ty of recovery and the favorable termination belong to 
lu.cmatorrhachis and to concussion; bu t the initial symptoms 
are different, being usually more severe in concussion. In hre
matorrhachis the preponderant symptoms are those of pain and 
spasm ; the paralysis is slighter; in concussion the opposite is 
u sually the case. 

The hypothesis or a concussion may be favored by the follow
ing circumstances : di stribution of the paralysis over the entire 
spinal region withoitt the corresponding disturbance of respira
tion and the rapidly fatal result which are the regular conse
quences or crushing of the cervical ,-egion; paleness and coolness 
of the skin, small, retarded pulse, absence of dislocation or 
fracture of the ver tebrrc, absence or pain and sti[ness of the 
back a t the commencement, etc. 

Cases of the second class are not essentially di stinct from 
those of myelitis or myelo-rneningitis with a slow beginning, 
ancl are to be known only by the cause- the immediate and un
questionable connection of the symptoms with some traumatic 
or similar cause. The concussion should then be regarded only 
as the cause and starting-poin t of an organic disease. 

'Ve believe that the points of view we have taken will enable 
the rend <• r to form at least a more correct jndgment and a clearer 
definition in many cases of concussion of the cord. l\Iuch re
mains to be clone in this respect; the first thing consists in col
lecting accurate reports of cases, avoiding, more carefully than 
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has hitherto been done, the intermixture of other sorts o[ 
lesions. 

The diagnosis will have to remain very obscure in many cases; 
it will of course be the most difficult, where with the concussion 
there exists at the same time some severe lesion, as crushing or 
bleeding of the cord. In such cases it will often be impossible 
to make an accurate diag nosis; but in many a careful sifting of 
evidence will perhaps succeed in distinguishing the two classes 
of injury. The diagnostic evidence will here consist in the dis
appearance of the symptoms of concussion from a part of the 
bot1y- a reduction, as it were, of the functional disturbance to 
that point where it is properly commensurate with the anatomi
cal lesion. 

Prognosis. 

In the severest form s of concussion of the cord, known as 
shock, the prognosis is always very grave. The lighter cases of 
this sort mostly recover ; if improvement rapidly occurs, and 
good care is taken of the patient, the prognosis will be quite 
favorable. It is, on the whole, not very bad, when compared 
with the severity of the brief initial symptoms. 

At all events, cases with severe initial symptoms seem to be 
the very ones which warrant a favorable prognosis as compared 
wi th those whose development is slow (Erichsen). 

Bnt even in protracted and sluggish cases, the prognosis is not 
absolutely unfavorable. If distinct myelitic or meningitic symp
toms appear, the prognosis must be made as for these diseases; 
but even in the latter case, an attack which originates from con
cussion i11 a comparatively well person admits of a more favor
able prediction than one of spontaneous origin. But when the 
improvement ceases, when after one or two yE)ars of rational treat
ment it makes no fur ther progress, recovery is hardly to be ex
pected. 

If there is a severe anatomical lesion along with the concus
sion, such a lesion determines the prognosis when the danger of 
shock is over. 
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Treatment. 

Accorcling to the form assumed, the treatment must vary. 
In many cases the most urgent indications are those for treat. 

ment of shock. 'Ve must first make a most careful examination, 
must observe the pulse, the respiration, etc. A quiet ancl easy 
place to lie, warmth to the bocly, covering with warm clothes, 
n1bbing the skin, are the first things to attencl to. Then, in most 
cases, stimula1its must be given in full closes; we should select, 
according to circumstances, wine, cofiee, tea, hot spirit and water, 
cog nac, and the like ; or such drugs as aromatic spirit of ammo
nia, ether, musk , camphor, etc. In severe and threatening cases, 
strong cutaneous irritation is indicated, ]arge sinapisms and vesi· 
cants, the faraclic brush, etc. It must be decided by further ex
periments whether the subcutaneous injections of strychnia em
ployecl by Leyclen will be serviceable. 

Bloodletting, formerly very popular, must alwuys be usecl 
with cure in such cases; we may empl oy it in certuin cases of 
robust persons, of full hubit of body, if their pul se is strong, the 
temperuture normal or increasecl, the spinal column decicledly 
painful at one point, or if we suspect some a1rntornical lesion, etc. 
"\Ve shall rarely lrnve reason to use general blooclletting; the 
local will usually suffice. 

In the seco ncl place, we shall have to treat symptoms of reac
tion. Here, too, absolute rest in :i suitable position is required; 
if the pati~nt does not bear lying on the sicle or face, he may lie 
on his back upon a couch tiltecl down at its foot (El'ichsen). 
According to the violence of the symptoms, we shall then have to 
use the ordinary remedies for hyperremiu of the cord, for slight 
meningitis ancl myelitis-cold, moist or dry cups, derivation to 
the skin and intestine, ergot, iodide of potassium, etc. 

A careful watching ef tlie period of convalescence is necessary 
after these symptoms huve passed away. The putient must care
fully avoid all injmious things ; especially, he must strictly 
abstain from bodily and mental excess of work, sexual excesses 
or excitement, colds, unusual jarring of the body (as by long 
drives, driving in bad roads, etc.); ancl he must be careful to get 
enough sleep. R ecovery can often be favored by careful friction 
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with cold water, by modemte use of the galvanic current (ascencl
ing and stabile thrnugh the spinal column), or peripheral fam
clization; by the careful use of chalybeate spring-baths abound
ing in carbonic acid (Cudowa, Schwalbach, etc.); also, by the 
internal use of tonics, iron, quinia, cod-liver oil, etc. Strychnia 
should not be resorted to nntil all the symptoms of irritation are 
past. Patience is necessary, as many of these cases last a des
perate while. 

It remains to speak of the treatment of the seqitelm, tedious 
ancl often severe, which follow so mm1y cases of concussion of 
the corcl. In most of these cases the treatment of chronic myelo
meningitis will be appropriate. Quiet, ancl a well-ordered life, 
are of the first importance, and after this we may attencl to the 
aclministration of special remedies, according to the usual princi
ples-of which the chief will be the galvanic current, derirntions 
to the skin, and iodide of potassium. Erichsen praises tlae effi
cacy oE a combination of corrosive sublimate and quinia. 'l'he 
preparations of strychnia and iron will not be called for until a 
later period, when things have taken a favorable turn. The 
mineral springs are of especial importance iii these cases ; a pro
per selection is difficult to make, in the present state of our 
knowledge. Thermre, especially the hotter ones, seem decidedly 
injurious, while moderate and careful cold.water cures seem dis
tinctly useful. Scholz praises the Cudowa springs as the chief 
resomce in most cases of concussion of the corcl; he states the 
indications somewhat thns: Cudowa is indicated in all pme, un
complicated cases of concussion; in the later periods it is espe
cially indicated when there are few inflammatory symptoms, even 
in marked paralysis and anresthesia. Cudowa is nearly useless 
for distinct meningitis. 

In all circumstances, the treatment of these severe and pro
longed cases requires great care and skill. 

7. Fitnctional Irritation ef the Spinal Oard-Spinal Irrita
tation. 

Stiebel, Rust's Mng:nzin. XVI. p. 550. 1823.-C. Brown, On Irritation of the Spinal 
Nerves. Glnsg. Med. Journ. No. 2. ~fay, 1828.-T. PJ"id(Jin Teale, A Treatise 
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of Neuralgic Diseases dependent upon Irritation of the Spinal Marrow, etc. 1829. 
-llinterberger, Abhandluug i.iber die Entzlindung des R.-M. u. s. w. Linz, 
1831.- w: and D. Griffin, Ohscrvations on Functional Affections of the Spinnl 
Cord,ctc. Loudon, 1834.-0llfoier, l.c. II. p. 209.-Stillillq, Physiologischeund 
pathol. etc., Uutcr!uch. Uber die Spinalirritation. Leipzig, 1840.-Tuerck, Ab
haudlung iibcr Spinalirritation. Wien, 1843.-G. llirsch, Ilcitr. zur Erkcnntniss 
und Ueiluug der Spinalneuroscn. KOuigsberg, 1843.-Eiscmnann, Zur Spinal
irritation. Ncuc med.-chir. Zeitung. 1844. No. 1.-A. Mnycr, Ucber die Un
zulitssigkeit dcr Spinalirritation als hcsondcre Krankhcit. Mainz, 1849.-Die 
Lchre von clcr sog. Spinalirritation iu den lctztcn 10 Jahrcn. Archiv der Hcilk. 
I. 18GO. - llomber{I, Nervcnkrankbeitcn. 3. Auilagc Bd. I. p. 184. 1853.
lVumlcrlicl1, llandb. dcr Pathologic uncl Therapie. 2. Aull. 111. p. 28. 1854.
Axcnfeld, Des nt:vroses. Paris, 1863. p. 284.-RadclijJC, Reynolds' System of 
Medicine. IL p. G40. 1SG8 .-Beard and RockUJell, A Practical Treatise on the 
Uses of Electricity. p. 350. 1871.-Hammond, I. c. p. 397. 1873.-Leyden, 1. c. 
IL p. 3. 1875. 

Introclltction and Deflnition.-A good deal of change l1as 
taken place in the views entertained respecting the existence, the 
pathological position and significance of the group of symptoms 
which has been so well known by the term "spinal irritation" 
since the time of Brown (in 1828). Sometimes greatly overrated, 
its importance and frequency exaggerated beyond limit, and 
used as a common term for many most heterogeneous forms of 
disease in which pain of the back and sensitiveness of the verte
brre happened to be present, spinal irritation has been considered 
one of the commonest of diseases; while again, at the time when 
pathological anatomy was made the sole jndge of everything, it 
was entirely denied recognition, or regarded as at most a frequent 
and rather meaningless symptom, so that it has almost passed 
from the memory of the present living generation of physicians. 

No one, however, who has had much practical experience and 
who understands how to observe, can have failed to see that 
there is a considerable number of cases which by no means 
deserve to be confounded with hysteria, as bas commonly been 
done; and which, on the other hanc1, do not agree with the other 
forms known to us, especially the ordinary spinal complaints, 
while they exhibit a sufficient mutual resemblance and agree
ment. 

Such cases occur chiefly in the female sex. They are charac-
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terized by a great irritability oI the sensory functions, with motor 
weakness and debility, in which one of the most constant symp
toms is pain in the back and great sensitiveness of many spinous 
processes to pressure. In these cases the group of symptoms, as 
a whole, and the general course, unite to exclude with certainty 
any coarse anatomical lesion of the nervous system. 

'l'hese diseases, which are distinguished by the great incon
stancy of the symptoms, and a great variety in the localization 
and the apparent nature of the case, but which possess certain 
essential features in common, we will name "spinal irritation," 
and we justify the use of the term by claiming that the disease it 
represents is sufficiently characteristic in form. It must be ad
mitted that the term is only a symptomatic one, as long as the 
pathological anatomy is so completely in the dark. 

'Ve would state plainly, that the idea of spinal irritation 
involves its own complete series or group of symptoms; and that 
all other known forms of disease, especially all organic cliseases 
and tangible anatomical lesions, must be exclucled. Thus we 
throw out all those cases which have so much confused our ideas 
of spinal irritation, in which the simple presence of spinal pain 
and tenderness have been supposed to prove the existence of 
spinal irritation. Spinal pain occurs in numberless diseases
hyst.eria, intermittent fever, many affections of the thoracic and 
abdominal organs (compare 'l'uerck's instructive presentation); 
but this does not imply that spinal irritation is present in these 
diseases. In hysteria, the entire series of symptoms often occurs, 
and so do, not infrequently, all other possible neuroses (intercos
tal neuralgia, migraine, spasm of the diaphragm, etc.). Never
theless, spinal irritation does occur in an isolated form, and 
deserves separate consideration. It is the duty of diagnosis to 
establish in each case the independence or the secondary nature 
of the disease. 

'Ve have no more right to refuse to spinal irritation the claim 
to a separate existence, simply on the ground of the want of a 
known basis of anatomical lesion in the cord, than we have to do 
the same in acute ascending paralysis, in tetany, and many 
other diseases which betray an equally imperfect knowledge of 
pathological anatomy. 
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At all events, we believe that in the statement we arn going 
to make, we shall present forms of disease with which practition
ers are well acquainted, and for which neither the diagnosis of 
"bysterfa," nor general "nervousness," nor any known ana
tomical form of disease, snfficiently accounts. 

Etiology. 

The female sex is 1Jery much predisposed to the disease. The 
number of women suffering from spinal irritation is far greater 
than that of men ; yet the disease occurs in men also. Youtlt is 
also decidedly liable; very much the greater number of cases 
occur between the fifteenth and the thirtieth year. Finally, 
hereditary neuropatkic tendency plays a very considerable part. 

Among the direct causes it is usual to enumerate everything 
which excites and weakens the nervous system, and depresses 
its power of action. This includes strong psychical impressions, 
great excitement of the feelings, fright, grief, care, unfortunate 
love, violent passions, etc.; also excessive bodily exertions, severe 
marches, watching by night, work by night, etc. ; in like manner, 
great sexual excitement and excesses, onanism in excess, con
tinued and frequent sexual excitement without gratification; and 
finally, bad food, imperfect formation of blood, exhausting dis
eases, losses of blood and fluids. All these things may pro
duce spinal irritation. 

Intoxication with alcohol or opium, traumatic agencies, cold, 
etc., are also named as occasional causes. 

At the time when every patient with pain and tenderness of 
the spine was considered to have spinal irritation, numbel'less 
diseases of the peripheral organs, and especially those of the 
intestine and uterus, were considerecl as giving rise to a symp
tomatic form of spinal irritation, as it was called. Such a thing 
is now no longer spoken of. 

As we do not yet know what takes place in the cord in cases 
or spinal irritation, and as the pathological anatomy of the dis
ease does not at present exist, it is hard to form a reasonable 
idea of the nature of the action of all these canses. w·e gladly 
omit all statements regarding the pathogenesis of the disease. 
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Symptoms. 

The development is usually gradual. Slight pain and dis
comfort in the back appear, especially between the shoulder
blades-at first only upon unusual occasions, during excitement 
or fatigue ; by degrees they become more permanent and require 
less and less to produce them. To these are added all kinds of 
excentri c pains, increased nervous irritability, loss of general 
power, etc., and all this increases until the disease is fully dev
eloped. 

Often, however, the development occurs quickly-in a few 
days, especially when very powerful inliuences have acted upon 
predisposed persons. 

The disease then presen ts the following general aspect : 
The pat ient is oppressed by a more or less troublesome sense 

of illness ; a general malaise, increased psychical irri tabili ty, has 
seized upon her. In most cases she complains especiall y or pain 
in tlte back , situated in various spots, but most frequently be
tween the shoulder-blades, nex t in the back or the neck , less fre
quently in the loins. It grows more severe when any movement 
or exertion is made, and in the exacerbations of the disease. 

An examination usually discovers at the spot mentioned a 
,qreat sensiti veness to pressure, tapping, the passage of a hot 
sponge, elec tricity, and other irrita tions. This sensitiveness may 
be so grea t that the lightes t touch calls forth loud expressions of 
pain, the weight of the clothes becomes in tolerable, and leaning 
the back against anything impossible. The skin of the affected 
porti on~ of the back is usually very hyperresthetic, but the spi
nous processes themselves are usually very sensith•e to pressure. 
The degree and character of the pain differ greatly in individual 
cases ; the pain is commonly described as a more or less severe 
sense of aching, which often lasts a considerable time beyond the 
effect of the irritation. Hammond descri bes, in addition, a deep
seatecl pain of the back, which, he says, is produced by ]Jressnre 
on vertebrni which are not sensitire, by movements of the spinal 
column , by standing, etc. 

To thi s are aclclecl a crowd of other symptoms ; but what most 
troubles the patient is the p a in feH in various parts of the body : 
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neuralgiform pains, now in the upper extremities, or the occi
put, or face; now in the trunk or viscera, assuming the form of 
rnrious visceral neuralgire; again in the lower extremities, peh-ic 
region, bladder, or genitals; pain often of great violence and 
severity, sometimes fleeting, sometimes more permanent, and 
often brought back by slight causes. 

"'ith these pains parmstltesim are often connected; tingling, 
formication, a sense of burning and heat., often of cold also ; but 
these are less prominent. The same is true in a still greater 
degree of actual anmstlies·ia; it seems to be very seldom ob
sen·ed. 

Markccl disturbances ef motility are regularly observed
above all, great weariness and exhaustion upon slight efforts; 
the patient has lost all endurance in walking, can walk but a lit
tle way, ancl presently not at all, on account of the intolerable 
pain the act occasions. Most patients therefore iind it agreeable 
to lie on the back, and usually continue thns. Manual occupa
tions, such as knitting, sewing, piano-playing, writing, etc., are 
more and more restricted, and at last are quite suspended, chiefly 
owing to the pain produced in the back or limbs. No real paral
ysis usually exists; all movements are possible, but provoke vio
lent pains; and there is no power of endurance. '.l'he nearest 
approach to palsy consists in a moderate general paresis, occur
ring in but few cases; proper paralysis is not one of the symp
toms of spinal irritation. 

On the other band, much is said of spasmodic symptoms ; 
fibrillary twitchings, spasms of some muscles, choreoid move
ments, singultns, etc., are often observed. Even permanent con
tractures, epileptic attacks, etc., are said (probably without 
truth) to have been observed ns consequences of spinal irritation. 

Vaso-motor disturbances are also very frequent; most pa
tients exhibit an abnormal irritability of the vessels, and easily 
turn reel or pale; most of them suffer from marked coldness of 
the hands and feet, which are often of a bluish, cyanotic color. 

Functional disturbances of the 'IJe_qetative or_qans, of a great 
variety of forms, are also very common; eructations, nausea, 
even vomiting occur; palpitations of the heart are very frequent; 
disturbances of breathing, spasmodic cough, etc., are less com-
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mon; while vesical spasm, increased desire to urinate, abundant 
discharge of pale, clear urine, are more frequent, but actual 
palsy of the bladder and rectum does not seem to occur. 

Finally, a symptom, which seems quite a regular one, is that 
of increased psychical irritability and depression, with more or 
less sleeplessness ; there is often some dizziness, noise in the 
ears, inability to read continuously, owing to the appearance of 
muscm and di stnrbances of vision, etc. 

The physiognomy of the disease is thus seen to be very com
plex. In fact, individual cases also dill'er greatly. \Ve may try 
to divide them into three classes, according as the symptoms 
point to the upper, the midclle, or the lower parts of the cord 
as the chief seat of su!Iering. 

If the upper portions are principally affected, the pain of the 
back and spinal tenderness are chiefly localized in the cervical 
vertebrro. The prominent symptoms are those referred to the 
head, giddiness, sleeplessness, disturbances of the senses, pains 
in the occiput, and pains in the district of the brachia! plexus; 
nausea, vomiting, palpitations, hiccup, etc. , are not rare ; motil
ity in the upper extremities is usually impaired. 

If the dorsal portion is affected, the chief symptoms in addi· 
tion to those in the spine are intercos tal neuralgia, gastralg ia, 
nausea, dyspepsia, etc. ; the lower extremities usually take a 
large part in the di sturbances of motility and sensibility. 

If the lwnbar portion is chiefly affected, the leading symp
toms are neuralg ia in the lower extremities and the pelvic organs, 
spasm and weakness of the bladder, cold feet, weakness of the 
legs, etc. 

A certain generalization of the disease is not uncommon, 
when the spine is painful in several places, often quite gene
rally, and the disease is complicated by all kinds of peripheral 
symptoms. 

Course, ditration, tennination.-'vVe have already described 
the way in which the disease begins. Its course is usually very 
fluctuating. Improvement and relapses alternate in the most 
irregular way; the chief symptoms and the spinal tenderness are 
sometimes felt in one place, sometimes in another; a relapse 
often occurs without any visible cause, and so does improve-
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ment; it is here tha t we must be most on our guard against illu
sive s uccesses. 

:Many cases run a comparatively acute course, grow rapidly 
worse, and as rapidly improve and recover. 

In most cases, however, the di sease is ex tremely slow and 
chronic, and its duration is sta ted in months and years ; there 
are some patients who suffer more or less from occasioual attacks 
all their life, and who are exposed to a relapse on the slightest 
occasion. 

Nevertheless, a citre may be regarded as the rule ; if proper 
measiues are taken and the causes avoic1ec1, th is may be ex
)Jectecl i11 the majority of cases. l\Iuch patience will doubtless 
be required, and the many relapses may often greatly prolong 
recovery. 

\Vhether spinal irritation may in bad cases result in the de
velopment of severe spinal diseases, does not seem to us suffi
ciently ascertained . The observa tions are almos t all of an elder 
elate, and g ive no sufficient g uaran ty against the confusion of 
the first s tages of severe spinal lesion with fun ctional irritation 
of the cord. 'fhis question, therefore, can only be decided by 
fur ther careful observations. The entire doctrine of spinal irrita
tion requires a renewed .revision by means of careful and criti
cally sifted clinical observations. 

Until thi s is clone, we shall not be in a position to entertain a 
bet ter founded opinion upon the nature ef sp inal irritation 
than we now possess. vVe can scarcely doubt, it is true, that 
the structures wi thin the spinal canal are the proper seat of the 
di sease, and the entire li st of symptoms makes it most probable 
that the cord itself is in a condi tion in which it performs its 
functions badly . The assumption that the meninges are the first 
to be a ffected, and the nerve-roots and the cord suffer second
arily, has li t tle support. 

But we possess no direct observations to show what sort of 
changes occur in the cord. The pathological anatomy of spinal 
irrita ti on does not exist ; the fe w au topsies which we possess are 
not always uniform, and some of them cer tainly clo not r elate to 
cases of thi s di sease. vVe are therefore thro wn back upon 
guesses and hypotheses regarding the real nature of the change 



SPINAL IRRITATION. 365 

in the cord in spinal irritation. Such hypotheses are numerous, 
but we have not the time to spare for them. The contradictory 
Yiews that are entertained by authors are well illustrated by the 
fact that Ollivier and (in part) Stilling also refer spinal irritation 
to hyperromia of the cord, while Hammond affirms with the full
est conviction that it is dne to anremia of the cord, and especially 
anmmia of the posterior columns, and that the ultimate cause 
for it may possibly exist in the sympathetic (vaso-motor) sys
tem ; Beard and Rockwell assume at one time anromia, at an
other hyperromia as a cause, while Hirsch and many other wri
ters see in spinal irritation nothing but a so-callec1 dynamic 
disease, a functional disorder of the cord, without organic change 
in it-an irritation which may be due to very various causes. 

All these opinions may be defended and attacked with power
ful reasons, but we need not try to sit in judgment on them, as 
the conclusion could only be that we know nothing definitely at 
present. The most Jll'Obable seems to us to be a purely func
tional disturbance of certain nervous elements of the cord, in 
company with which hyperromia and anremia of the cord may 
vrobably avpear when the Yaso·motor paths are reached by the 
disturbance; but this whole question, it seems to us, awaits a 
solution. 

Diagnosis. 

It will not be very hard to recognize spinal irritation when 
the entire group of symptoms as above given is present; when 
the vain in the back and the sensitirnness of the spine are 
accompanied by many changeable excentric symptoms, motor 
weakness, great psychical irritability, or marked paralysis or 
anrosthesia; when no organic changes exist, and a remarkable 
disproportion between the intensity of the subjective symptoms 
and the objective can be demonstrated ; and where, finally, great 
fluctuations in the course of the disease are observed. 

'Ve ought not to try to settle the diagnosis too soon, nor 
should we acquiesce in it until, after careful examination and 
estimation or all circumstances, the other possibilities have been 
excluded. In doing this we should bear in mind the following: 
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The diagnosis from ltypermmia of the cord is so difficult, that 
cases were formerly often mistaken one for the other. The long 
duration of the disease will furnish the most important argu· 
ment in favor o[ spinal irritation ; in severe hypermmia, paralysis 
is rarely absent. Hammond recommends as a test remedy a sub
cutaneous injection of strychnia, which is believed to do good in 
spinal irritation, ancl harm in hyperremia. 

The distinction from meningitis spinalis will also often be 
difficult. But in the latter the stiffness and painful tension of 
the muscles of the back, the pain in the spine, which especially 
occnrs during movement, the fever, late paralyses, etc., may fur· 
nish very useful diagnostic points. 

Meningeal tumors in their first stage, among the primary 
symptoms o[ which are found pain in the back and excentric 
neuralgia, will best be known by the stability of the symptoms, 
by their permanent localization in well-marked nerve-paths, and, 
at a later stage, by the paralytic symptoms. 

The diagnosis from myelitis will usually be made soon. In 
this disease only deep pressure on the spinous processes is pain
ful ; there is no circumscribed cutaneous hypermsthesia in the 
vertebral region, but there is the girdlt sensation, very early and 
marked anresthesia and palsy, vesical paralysis, often pain[ul 
contractures and spasms, which are absent in spinal irritation. 
The unfavorable termination o! the disease, the absence of the 
general nervous condition so common in spinal irritation, are 
likewise in favor of myelitis. 

The distinction from hysteria will be impossible in many cases, 
as both diseases possess many similar features, and spinal irrita
tion not rarely occurs in connection with hysteria. The specific 
hysterical symptoms of globus, general spasms, definite forms of 
paralysis, etc., do not belong to spinal irritation; and the pecu
liar mental traits so characteristic of hysteria-whimsical obsti
nacy, initability, etc.-are also absent. A full consideration of 
the circumstances in each case will often famish some decisive 
diagnostic points, while in other instances we shall have to admit 
the existence of both diseases together. 

From neurasthenia spinalis, which is described in the follow
ing section, and which has an undeniable general resemblance to 
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spinal irritation, the present disease differs by the fact that symp
toms of sensory irritation preponderate, that extreme sensibility 
or the vertebrro is present, and that the disease occurs chiefly in 
the female sex. (See the diagnosis of spinal nervous weakness.) 

The marks which distinguish spinal irritation from vertebral 
caries and other coarse lesions of the spine need not be stated 
here. 

Prognosis. 

This is generally held to be favorable, although such is not 
always the case. In all circumstances we should remember that 
the disease is usually chronic, may last many months and years, 
and relapses are very frequent. 

Life is in no danger; but most of the patients are doomed to 
a long ancl tedious illness, they are cut short in all their enjoy
ments, are plagued with tormenting pains, and so forth-circum
stances whicll certainly deserve mention in making a prognosis. 

Treatment. 

This is a difficult subject. The disturbance of nutrition in the 
cord is not so easily to be removed; ancl the patient is usually 
irritable, changeable, weak of purpose, so that it is often very 
hard to secure the necessary persistence and energy in treatment. 

First or all, we must try to remove tlte caitses. By reference 
to the list already given, it will appear what is implied by this. 

In the direct treatment, the chief object doubtless consists in 
improvement of the nutrition and tone of the nervous system, 
especially the spina l cord. The first thing to prescribe is, there
fore, in most cases, a general tonic regimen: good food in 
abundance, a not too sparing use of spirituous drinks (the Eng
lish recommend them in large doses, and Hammond orders stimu
lants such as brandy and rum). As tonics, quinia and iron, 
preparations or zinc, and cod-liver oil may be used. A great deal 
of freslt air is indispensable to all the patients; actirn and pas
sive exercise in the open air is therefore always inrl icated, but 
this should not be overdone, as freq nent repose in the horizontal 
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posture is often necessary. \Vhen it can be had, the air of 
mountains ancl forests is to be sought; a moderate colcl-water 
treatment supports these tonic measures, and will be especially 
Yaluable when applied in a high mountain climate. 

Strycltnia (with other pr~parations of nux vomica) enjoys a 
special reputation with many physicians for the cure of this 
affection. It is given alone, or in Sllitable combination with other 
medicines. Thus, Hammond advises a combination of extract of 
nux vomica, half a grain (0.03), with phosphide of zinc, one
twelfth of a grain (0.005), given several times a day. A mixture 
of iron, quinia, and nux vomica in various forms seems often 
useful. 

Another important remedy is the galvanic current. Ham
·mond ascribes great successes to it, and I have also observed some 
good results. The best plan seems to consist in passing an as
cending stabile current through the vertebral column, including 
the painful portions between the two poles. The current ought 
not to be very strong, and the duration of the applications must 
be short. The negative pole, acting directly on the painful ver
tebr::c, has often been found to be of value. Many patients of 
this class will be benefited by the methods of general faradization 
and central galvanization. (See above, p . 181 et seq.) 

Finally, derivatives have long enjoyecl a general reputation. 
The best place for application seems to be directly upon the 
affected spots, the most painful parts of the spine. Many 
wonderful reports are made of the successful application of blis
ters, tartar-emetic ointment, oil of turpentine, veratrin ointment, 
etc. A repeated and continuecl use of these remedies is, how
ever, often necessary. In less severe cases, dry cups suffice, and 
moxre or the hot iron will be resorted to very rarely. 

\Ve should be careful about drawing blood from the spine, 
which was formerly so much in vogue. \Vith most patients this 
does not agree ; though in some cases, when the person is very 
robust and or full habit, or when there are signs of congestion, it 
may be very suitable. 

A symptomatic treatment is required for the pains in the 
back and other neuralgiform symptoms. Hammond recom
mends opiates especially ; the application of hot water or sand 
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along the spine may also be tried; also bromide o( potassium, 
bli ters, and other de1frath·es, faradization, galvanization etc. 
For weakness, electricity is of special ,·alue. 

8. Fitnctional Weakness of the Spinal Cord.-Spinal Nervous 
Weakness.-Neurastlienia Spinalis. 

Beard nnd Rockwell, Practical Trentise on the Uses of Electricity, etc. 1871. 
p. 20.t.-Ruasel, C:Lscs of Parapleg ia induced by E:chaustion o( the Spinal Cord. 
:Medical Times. Oct. 31, 1863; May 25, 1867.-A. Bourbon, De !'influence du 
coU ct de l'onanisme clans la station sur la production de paraplCgics. Paris, 
1859.-Ll'yden, 1. c. IL p. 22.-Erb, Bericht Uber die Vcrsammlung mittcl
rhcin. Aerzte nm 18. Mai, 1875, in Heidelberg. Betz' .Mcmornbil 1875. 5. 
Heft. 

Introditetion and Definition.- Every physician encounters 
cases in the course of his daily practice, chiefly if not wholly 
originating in the higher walks of life, which may afiect either 
one o[ the various departments of the nervous system. As a 
rule, there is no anatomical basis for them; and certainly, any 
sm·ere anatomical changes seem to be excl nde<l by the entire 
nature and course of the symptoms observed. Such are the cases 
which have been classecl together under the name or ''nervous
ness," ~' nervosismus," ·'nervous weakness," etc., and are com
monly regarded with some mistrnst by physicians. Beard and 
Rockwell have g iven a very good description o[ them, and have 
proposecl the name nenrastltenia (weakness o[ the nerves). 

It is des irable to examine these cases more closely, and form 
them into classes. Careful observation quickly shows that this 
nervous weakness is capabl e of assuming ,·arions forms, and 
afTecting diffe1·ent parts o[ the nervous system. In some cases 
tlw Pntire nervous system is more or less afferted; in others the 
brain is chiefly affected, and in others still , the functions of the 
cord. It 'is tbis latter, the spinal form of neurasthenia, that we 
wish to speak of. 

Abundant experience has shown me that these cases are not 
rare, and are of g reat practical consequence. For they cause 
mnch anxiety, not only to the patient, but also to the physician, 
owing to the stl'iking rpsemblance they possess to the first stage 

\'OL. Xlll.-24 
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of severe disease of the cord. It is of course important to decide 
this question as early as possibl~, as the prognosis of the two dis· 
eases must be very unlike. 

\Ve therefore understand by spinal nervous weakness those 
diseased conditions in which marked ancl imquestionable dis
turbances ef the functions of the cord exist, for which no consid
erable anatomical basis can be found or assumed; a disease, 
therefore, which must at present be classed among the functional 
disorders. 

"\Vhether, and how often, this condition rnay lead to actual 
organic disease of the conl, cannot be known at present ; from my 
experience I infer it to be rarely the case. The symptoms, how
ev~r, are not infrequently present during the early period of ana
tomical lesions of the cord, though probably always associated 
with other disturbances, which enable us to recognize the com
mencement of the real disease. 

It cannot be denied that this complaint has a close resem
blance in many respects to spinal irritation, the subject of the 
previous section; ancl the opinion might perhaps be defenclecl, 
that this disease is essentially, for the male sex, that which corre
sponds with spinal irritation in females. Nevertheless, charac
teristic differences will be seen as the description is given ; I 
believe that the two diseases, though related, cannot be regarded 
as identical. It would be very desirable to lay out a better divi
sion and classification of these spinal "neuroses" by means of 
accurate clinical and symptomatic study, in order to promote 
the pathology of such an obscure subject. 

"\Vhat follows professes only to be a first step in this direc· 
tion. Few accounts of the disease are recorded in print; I find 
an exquisite case brietly described iii 0. Berger;' Scholz' de
scribes one under another name; that which Leyden describes as 
"spinal irritation from loss of semen" belongs for the most part 
to this class; so does much of what has been described as the 
results of spermatorrhc:ea, etc., in regard to which see Cursch
mann's excellent account in Vol. VIII. of this Cyclopredia. 

1 Zur Patbogenese der ITemikranie. Virch. Arch. Bd. 59. p, 335. 1874. 
'Uebcr Riickenmarkeliibmungen uud <leren Bebu.ndlung in Cudow;:i.. p. 21. 
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Etiology. 

A predisposition to thi s affection is most common in the male 
sex; and males are attacked in much larger numbers. Youth 
and middle agP are also mos t exposed to the disease. 

The chief contingent to thi s army of sufferers comes from 
neuropathic famili Ps, in which psychoses, hysteria, and other 
neuroses are well-known g ues ts. The upper classes are al so 
more affec ted lhan the lower, though the latter are by no means 
spa reel. 

Finally, all the direct causes of the di sease (to be named 
prPsently) may increase the predisposition, or perhaps cause it. 

Am ong these direct causes, I am able from experience to 
name three as particularly acti ve. 

E :rcessive rnental ~(Torts may often produce the spinal form 
of neuras thenia-such as are made in the pmsuit of a profession, 
or in serere mental toil, especially by night; a similar effect is 
11roduced by gri ef and excitement, violent excitement of the affec
tions and passions, gaming, etc., in predisposed persons. 

A much more frequent and important cause is found in sexual 
excesses ; onanism begnn very young and long continued ; ex· 
cessive coitus. I have often seen the entire series of symptoms 
develop in otherwise healthy men after very great sexual ex
cesses, antl again disappear in a few weeks under suitable ob· 
serrnnces. The standard o( sexual "excess" is of course very 
vary ing ; but, for the indil'idnals in question, excess usually 
begins with comparath·ely moderate performances. Excesses of 
a less d~gree, but protracted, are often al so at fan! t, and the 
afTect ion not ra rely appears after the honeymoon. In predis
posed indil'idual s, frequently repeated sexual excitement without 
gratifi cation ac ts similarly ; and the practice of having connection 
in the standing posture, men tioned by F rench authors, seems 
not less injurious. 

E .r:cessive bodily effort seems to be a less potent cause; yet 
long forced marches, mountain climbing, etc., are often men
tioned as causes. 

'l'h~ injury is most di stinct when several of the above causes 
coexist-e. [J., great mental and bodily ornrwork, with di sturb-
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ance of the nightly rest (hence, the di sease is not infrequent 
among physicians) ; or when, amid great mental exertions, 
sexual exccssPs are indulged in , etc. 

It is not yet certain whether there are other causes ; but it is 
probable that severe exhausting diseases, bad food, and other 
circumstances which depress the powers of the nervous system, 
may be active in this direction. 

Symptoms. 

The description of these is basecl almost exclusively upon the 
patients' subjective complaints. The persons affected are usually 
y oung or middle-aged men; they complain chietly or a set of 
motor disturbances, principally consisting of a striking weak
ness and rapid fatigue of the lower extremities. They have 
constantly the sensation of great exhaustion of the legs, such as 
well persons only feel after making considerable exertions or 
body; this is perceived even in bed in the morning. They are 
incapable oi walking or standing for a long time; a continuance 
in the s tanding posture is especially apt to make them tired. 
After more severe exertions, the grea t fatig ue is accompanied by 
occasional tremor or the legs, and such a remarkable stiffness of 
the members as a well man wot1ld only feel after a very severe 
march. Unaccustomed effort s, even of a very mocl erate degree, 
are remarkably apt to produce tha t peculiar muscular pain, the 
origin o[ which is so obscure. 

I refer to thnt well-known pain in the muscles wl1ich frequently occurs in 
well men nftcr very nctivc nnd unaccustomed musculnr efforts, ns when one rides, 
practises ~ymnasti c8t takes mountain walks, etc., after a long period of intermis
sion. It usually appears a!Jout twenty-four hours after tll e exertion, is associated 
with slight swelling o f the muscle and sensitiveness to pressure>, and is produced by 
every contraction of the muscle affected. The ess<.'nlinl nature of the pain is not 
yet known. Such a pain occurs in patients of the present class, after comparatively 
very slight exertions. 

Simila1· symptoms of quick exhaustion and want of endur
ance are observed in the arms, but much less in degree than in 
the legs. 

·with this is associated a variety of distiirbances of the sen-
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sory organs. One of the most common is a peculiar pain in tlie 
bctek, seemingly localizecl in the muscles of that part, and appear
ing whenever certain mov~me~ts are made, as of bending the 
spinal column forwa1·d or backward, or certain movements of 
the shoulder ; ancl often in breathing or swallowing. The pain 
is not ,·ery intense, and varies greatly in its occnrrence and posi
tion, rarely remaining for any length of time in one place. It is 
increased or brnught on by slight exposure to colcl, a clraft of 
ail·, ancl probably al so by excesses in Baccho aut Venere. 

A c1iffusec1 sensation of burning in the skin of the back is 
often observed, especially between the shoulder-blacles; this is 
usually accompaniecl by sensitiveness of some of the spinous 
processes, just as in spinal irritation. In other cases, pain in tbe 
loins is observed. 

In the extremities, especially the lower, this excessive feeling 
of fatigue often increases to that of slight shooting and tearing 
pctin in the dis tricts of certain nerves. These pains are usually 
not ,·ery severe, and pass away rapidly ; they chiefly occur dur
ing movement ancl after trnusnal exertion. Some of the muscles, 
also, are not infrequently stiff and painful. In such cases there 
are selclom 01· never any defined ancl violent pains of the well
know n lancinating sort (see above, p . 715-6). 

l\farkecl parcestltesia is also very rarely spoken of; many 
complain of a slight numbness or formication, especially in con
nection with g1·eat colcl of the feet. A medical man , or one who 
knows and dreads the symptoms, is apt to speak of this. 

Cold liands and feet are very commonly complained of; they 
are probably clue, fo 1· the. most part, to vaso-motor disturbances. 
'!'he fee t, in particular, arc often icy colcl, ancl can hardly be 
warmed, even in becl. The feeling of burning in the feet is rare, 
and if it occtu s, is associated with an acttial rise of local tem
perature. 

The disturbances of the sexual f1tnctions are usually very 
striking; they commonly take the form of irritable weakness ; 
the power of erection and of performing the act are lessened ; the 
ejaculation takes p lace too quickly, and a repetition is impossi
hl r. The act is usually followed by 1·emarkable prostration, 
restlessness of the limbs, and the like; or the man falls into a 
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half-slumber and a profuse perspiration, etc. All the symptoms 
usually increase after the passion has been g ratified, unless the 
g reates t moderation has been used, or e1·en after repeated sexual 
excitement. P ollu tions or spermatorrh Cl'a do not constitute a 
rngular feature of the disease, unless they previously existed, 
and are to be considered as causes o[ the disease. Their occur
rence, however, often agg1·avates the tr0t1ble, and they are much 
dreaded by the patient. 

The functions of tlte bladder are u sually quite normal; in 
some cases a little dribbling is spoken of. The sphincter ani acts 
properly. Tmphic dis turbances of the lower extremities, and 
bed-sores and the like, never occur. 

" ' ith these regular and common symptoms we often find a 
number of others which indicate a wide extension of the nervous 
weakness. Among these we should mention sleeplessness, not 
u sually very troublesome, but often peculiar in fo rm. The pa tient 
wakes, after a few hours' sleep, with a sense of great uneasiness 
in hi s limbs, and cannot fall asleep fo r some hours after; in the 
morning he feels unusually prostratecl. In some cases there is a 
certain sense of constriction of the head, timidity, often a re
mal'lrn.bly womanish di sposition, a tendency to weep, etc. I have 
seldom heard complain ts of vertigo. The higher fnnctions of 
the brain, memory, intelligence, etc., and the organs of special 
sense, remain p t>rfectly normal. The power of mental work may 
be unimpaired, but is usually weakened by the patient's hypo
chonclriacal depression. 

The vegetative functions are unimpaired, on the whole ; the 
disturbances most frequently observed are those of the digestive 
apparatus-dyspepsia, tendency to constipa tion, fl a tulence, etc. 
There is frequent complaint of pa lpita tions, ancl a sense of con
stricti on. 

The general sense of illness is n ry great. Most patients 
are hypochondriacal in their feelings, are in clread of tabes, 
etc. ; if a physician is the sufferer, he is apt to let his mind 
dwell on this anticipation, and to be macle wretched by the 
thought. 

The general nutrition is usually somewhat impaired ; the pa
tient loses some flesh, gr ts a sallow look, and becomes a littlo 
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anremic. There is always great sensitiveness to cold and severe 
changes of weather. 

As comparecl with all these complaints, the objective symp
toms-and this is a decisive point-are excessively slight, in fact, 
almost wholly negative. The closest examination shows no trace 
of disturbance of motility; all movements are performed easi ly 
and secttrely; the finest and most complicated actions can be 
executed; the patient stands on one foot, or with closed eyes, 
quite petfec tly; only the power of endurance in muscular action 
is weakcnecl. 

In like manner there exists not the least di sturbance of sensi
bility. There is usually no sensitiveness of the spinous processes. 
The retlex functions of the "ldn and tendons are usually normal. 
There is no atrophy, no change of electrical reaction. The only 
distinct symptom that can be found is, in many cases, a moder
ate degree or anromia, a changed, sufiering expression. 

The closest objective study, therefore, discovers no change 
whatever that can stand in any relation to the patient's subjec
tive complaints. 

Of course, not all cases are alike, for many variations in the 
chamcter of the disease occur; Yarious symptoms may be absent, 
or may be more distinct in one case than in anothc1·; but the lead
ing features of the di sease will probably be traced in most cases. 

I select from my list of recorded cases (of whi ch I possesg mol'C limn two dozen) 
the following one as an exam ple: The patient, a wholesale merchant, aged thirty
five, belonhrs to a ncuropa.thic family; two sisters were in the insnnc asylum; a 
brother has n tendency to melancholy and nervous complaints; he liimsclf has 
been a long time "nervous.11 :!Harried at twenty-three; he has three ch ildren i he 
says that he indulged a good dea l in the sexual net, perhaps loo much, hut never 
ob3ervcd any ill results from it. lie bas often been to bathe in the ocean, with 
temporary benefit. Ile has a great deal of work; at least eight homs a day in his 
office, occasionally going into a close, damp warehouse. All the nervous symptoms 
have slowly incrcnscd; they have bc<>n about as follows for four weeks past: 

Grcnt general sen1e qf fatigue-this is very marked in the morning in bed; ina
bility to walk for a long time, or, if he docs it, it is followed by great fatigue and 
acti\'C tremor of the legs. When moderate exertion of an unwonted sort is made, 
there are severe muscular pai11s on the following day (as lately, after skating for fif
teen minutes). No tottering or uncertainty of gait; no vertigo. Some sense of 
fatigue in Ou arms, uncertainty in writing. 
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No pains, no numbness or fonnication in legs or nrms. No hcaclachci only a 
frequent sense of pressure on the vertex. Intelligence and memory good; depressed, 
hypocbondriacal state of feeling. Occasional disagreeable feeling in lite back, but no 
real pain. Suffers much from cold feet, which formerly was never the cnsc. Great 
sensiti'De11e1s to cold~· after exposure he feels slight shooting pains in the limbs. 
Slups badly; usually wakes about three o'clock and remains awake for two or 
three hours, with great prostration and restlessness of limbs. 

Vesicalfunclions quite normal. &xualju11ction11 distinctly altered in the last few 
weeks; sexual excitability increased, ejaculation too curly, erection insufficient i 
after coitus u. sense of exhaustion, with excitement and restless lrnlf-sleep. 

7'cnde11cu to shed tears; unusual timidity and want of self-possession; noticeable 
confusion when he is conscious of being observed. Frequent palpitation, and some 
shortness of breath when he ascends stairs. Appetite and stools good. 

Objective symptom.s.-An apparently strong and well-nourished man; internal 
organs all sound. :Motility quite normn.l by objective tests. Stands with closed 
eyes very well. No disturbance of sensiLilHy. Cerebra] nerves all normal. Slight 
anmmia. 

He was ordered quinine and iron; cold friction in the morning; movement in 
the open air; strong diet i moderation iu husiurss and sexual act; afterwards a 
period of residence in a high mountain region. 

Half a year later the patient returned from Switzerland and ca1led upon me; 
be was considerably improved. The strength and endurance of t11e legs arc decid
edly greater, aud his temper is much more cheerful. He walks his four or five 
hours every day and seldom suffers from tremor, still less from pain of the muscles. 
He has uo cold feet, ancl his sensitiveness to colt l is Iese. He sleeps much bcttrr, 
though not perfectly well. Sexual functions the least improved of all. Head never 
troubles him. Temper much improved i he has no disposition to weep. 

After another half-year the greater part of the morbid symptoms had dis
appeared. 

Course, ditration, termination.-The disease usually begins in 
a very gradual and insidious way, yet sometimes it happens 
that it develops qtlite rapidly; some injury, a severe exertion, 
an excess, may bring the disease to an outbreak, when in the 
course of a few days or weeks it may reach a certain severity. 
In such acute cases there is during the first few days a marked 
and general sense of being ill, prostration, loss of appetite, etc. 

The symptoms usually increase gradually for weeks and 
months, and then remain more or less stationary. Great Hnc
tnntions, considerable transitory improvements, are rare; but 
sl ight fluctuations in the intensity of the symptoms are common. 

If a proper treatment and regimen are then adopted, gradual 
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improvement occurs ; but months and years may pass before the 
last traces are removed. lntercurrent febrile affections often 
seem to have a favorable influence upon the disease and to hasten 
recovery. Traces of the disease may last many years. Relapses 
are not uncommon, and are often occasioned by fresh injurious 
exposures of a trifling nature. 

I am unable to state whether there are incurable cases, and 
whether the di sease may last a great many years. At all events, 
cases occur of sufficient severity to compel the patient to give up 
business and avoid society, and to make hi s existence wretched. 

I am also in doubt whether the disease can pass into any 
tangible chronic form of spinal di sease (myeli tis, sclerosis, gray 
degeneration). I have not observed such an event, and have 
ne1·er had to modify my d iagnosis in the direction indicated. 
But only continued experience can decide. 

OE the essential nat ure of the disease, I think we are not yet 
prepared to express an opinion. \Ve are far too li ttle acquainted 
with the pathology of many morbid processes of the co1·d, to 
allow ourselves to ex press a di stinct opinion regarding the foun
dation of the disease here described. 

A few remarks may, however, be allowed. 
A spinal difficulty may naturally and reasonably be thought 

or, in connection with the symptoms described; the simultaneous 
occurrence of sensory and motor difficulties in both legs, the 
vaso-motor di sturbances, the pains in the back , and especially 
the disturbances of the sexual function, which are most easily 
explained by increased excitability ancl weakness of the centres 
in the lumbar cord, are so strnngly in fa l'Or of the spinal loca tion 
of the ui sease, that other possibilities (as, for example, that of an 
affection of the cauda equina) sink into the shade by its side. 
The hypothesis of a spinal affection certainly seems to us the 
mos t acceptable. 

l•'luthermore, the disease can only be a f unctional disorder 
in the ordinary sense of the term. In fa1·or of this we have the 
absPnce of all objPcti rn di sturbances, the absence of all paralytic 
symptoms. and the u ·ually fa \'Orahle course. In such circum
stances it is hardly possible to snppose a considerabl P anatomi
cal change in the nervous or interstitial stmcture of the cord; 
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the most would be, perhaps, a distmbance of circnlation, hyper
rnmia, 0 1· anrnmia of the cord. The regularly accepted descrip
tion of these forms, howe\'er, does no t agree with that or neu
rasthenia spi na lis. I must admit tha t the hypothesis of anromia 
of the cord is very plausible. But it is impossible at present to 
confirm this hypothesis in any way, and it must i·emain an open 
question. 

It seems most natural to recur to fine disturbances ef mttr i
tion in the cord, such as we are still obliged to assume in so 
many di seases of the nervous system. 

The term " irritable weakness" (reizbare Schwiiche) agrees 
best with this notion, and iu our description the weakness is 
quite prominent. \Ve do not know at all what may be the 
nature of the processes of nutrition which cause the symptoms. 
'Ve, however, believe that we are certainly entitled to lot'ate 
them in the cord, especially the lower portion, the lumbar region. 
The most obvious view is that which supposes that the physio
logical fatigue of the nervous elements, which always occurs 
after severe and protracted irritation, becomes exaggerated and 
assumPs a lixed form . In such a case we may suppose that the 
fatigue of the nerrnus elements does not become repaired in the 
prompt manner which is usual under physiologica.l conditions. 

Dia,qnosis. 

The decision will be based chiefly on the great disproportion 
between the acute su~jective complaints of the patient and tlte 
almost negative rernlt of objective examination. The a.bsence of 
ea.ch and m·ery di sturbance of motility :ind sensibility, of all 
symptoms which indicate an anatomica l lesion of the cord. must 
g ive proba.bility to the snpposition of a purely functional dis
turbance. If in add ition there exist general nervous weakness. 
sleeplessness, psychical irritability, a nem opa.thic constitution. 
:ind othr r etiological elements (especially that of undue sexual 
stimuhtion), the 811pposit.ion then becomes much more probable. 
A good deal of practica.l experience and accuracy in examination 
is ahmys necessary, :ind a long period of observation wilt often 
be necessary before we are clear in our minds. 
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A few remarks upon the points of diagnosis in reference to 
the better-known diseases of the cord will be usefnl here. 

From a commencing tabes, which is the disease mos t usually 
suspected, spinal neurasthenia can be disting uished with tolera
ble ease. 

The absence of lancinating pains, of parrosthesiro ancl disturb
ances or sensibility, of the girdle-sensation, of tot tering when the 
eyes are shut or in the dark, of motor uncertain ty , or ataxia , 
will sulllce. The study of the tendinons reflex act ion will per
haps Iumish an important point, if it should appear that thi s 
reacti on is absent in the early stages of tabes. 

From active ltyp ermmia ef the cord we may distinguish spi
nal neurasthenia by the absence of pain, of cutaneous hyper
rosthesia, or symptoms of motor irritation, and probably also by 
the long duration of the disease. From passive hypercemia, by 
the absence of pa retic symptoms, of the feeling of heaviness in 
the legs, and prnbably also by the causes of the d isease. 

From ·incip ient myelitis the diagnosis will be rendered possi
ble by the absence of parrosthesiro and anmsthesia, or paresis and 
paralysis, of weakness or the bladder, etc. 

The distinction from spinal irritation will often be less easy 
to make. H we consider that the latter is more charactel'izecl by 
symptoms of sensory irritation, that in it the do1·sal pains, neu
ralgias, sensitiveness of the vertebrre, e tc. , are in the foreground, 
while in spinal weakness the mo tor disabili ty , the sex ual weak
ness compose the chief subjec ts of complaint, we shall usually be 
in the right way. It must be admitted that there are cases of 
ambiguous signification which s tand, as it were, half-way between 
the two fo rms of di sease, and possess somewhat or each. 

In no case can we sta te the diagnosis with certa in ty until after 
a most careful objec tive examination and a weighing of all cir
ci;mstances, and, if possible, an opportuni ty fo r watching the 
case some time. 

The p rognosis is Yery essentially influencecl by these circum
stances. It is favorable, as compared with that of organic di s
eases of the cord, which somewhat resemble it in symptoms. 

In most cases the patient recovers when the ca nses are re
moved and a suitable regimen of life is observed. J\Iuch tim e is 
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requi.red for this, and the patient must submit for months, or 
even years, to many a deprivation of ordinary enjoyments. H he 
will do this, his powers, and especially those of the mind, may 
remain consid1•rable, provided that great regularity of life is ob
served, and all excesses are avoided. 

In almost all cases, however, patients will have to suffer some 
loss of the former enjoyments of health; they remain a long time 
-perhaps always-in the category of "nervous" persons, and 
nrnst look forward to a relapse of their disease with every fresh 
exposure to injtufous infl uences. 

If the hereditary tendency is very great, if there are unfavora
ble external conditions, permanent causes, the prognosis will of 
course be much less bright. The disease then continues, but 
without, as it seems, involving immediate danger to life. As re
gards the possibility of the development of anatoll!ical lesions, 
we cannot at present render an opinion. 

Treatment. 

The causal indication must be satisfied, first and foremost. 
The excessive claims upon the nervous system must be decidedly 
forbidden, and in most cases it is really necessary to interpose a 
period of absolute rest from harmfnl occnpations. The arrange
ments for this will differ in each case, according to the existing 
cause. 

Especial attention is required by the regimen and diet of the 
patient. Ile must live a regular and healthy life in every respect, 
and must continue this plan with the greatest perseverance. He 
must work little, and only at fixed llotus, with frequent interrup
tions; must go to bed early and sleep as much as he can ; must 
have an abundance of strong, easily digestible food, at not too 
great intervals; spirituous drinks are allowable in moderation; 
much moving about in the open air (but never to the point of ex
haustion, and with proper alternations; walks, mountain climb
ing, skating, gymnastics, etc.) is absolutely necessary; patients 
who are 1·e1·y easily exhausted must sit a great cleal out of doors 
in a good air; the sexual act must be restricted as much as possi
ble, but need not be absolutely forbidden in must cases, or but 
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!or n time ; sexual excitement without gratificntion mnst be 
arnided as much as possible. 

Of the plans of trea tment for the direc t reli ef of the disease, 
the use of a moderate coJ.l -water cure, well graduated to the 
pntient 's s trength and sensitiveness, deserves especial mention. 
Rubbing down with partly warmed water, gradually made colder, 
washing o[ the back, of the feet, and sitz-ba ths are the most 
suitable, ancl usually soon impart an increase of vigor and power. 
Douches and very cold applications should be nvoidecl. 

I have found the 11wuntain air no less effi cacious in many 
cases ; a considerable time passed among high mountains, gradn· 
ally going to higher sta tions, does such patients a great deal of 
good, and quickly improves the power of their lower extremities. 
It is well to combine this air-cure with a moderate water-cure, 
when possible. In selec ting a place, its altitude, the quality of 
the service, and the convenience of the walks must be rPgarded; 
there is no lack of very suitable places in Switzerland and Tyrol. 

The galrnnic current has also an important place among the 
remedies for spinal netTous weakness ; it is applied to the back 
in the usual way (best in the ascending direction, stabil e, with 
change of the position of the electrodes-cuJTent not too stron.rJ), 
and may nl so be applied direc tly to the legs, nnd perhaps to the 
genital s nl so. l\Ios t patients bear it well, and are improved by it 

Of drugs, almost the only ones in use to be rccommencled are 
the preparations of iron and q1tinia ; their form s and combina
tions may be very various. It is often useful to combine them, in 
the way recommended by Hammond (see the previous section), 
wi th small doses of nux ,-omica or strychnia ; but it is well 
to be cautious. According to circumstances, other tonics may be 
US<>d. 

" 'e ~hall often J1ave to decide upon the choice and applica
bili ty of batlts. F or anmmic and debilitated persons, the cltaly
beate batlts will be indicated ; patients who require much protec
tion, who arc very sensitive to cold, should at first be sent to the 
thermal brine baths (Rehme, Nnuheim, etc.), rather than to a 
co i<l-water cure. Sea-bnths nre a most excell ent after -treatment 
for patients who are used to the water and have a good digestion. 

Under all circumstances, these cures must be followed out 
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steadily and rep~ated ly for a Jong time, for the complaint is 
very slow and does not yield to the first attack. 

Symptomatic indications, such as arise from the presence of 
sleeplessness, pain, spermatorrhma or pollutions, impotence, d i. 
gestive disorders, etc., should be treated with the customary 
remedies. 

9. Inflammation of tl!e Spinal Corel-Myelitis. 

Jitirl.ess, Diss. inaug. de m)·elitidc. Erlnngen, 1814.-Kloliss, De mycliticlc. Ilalac, 
1820. -Fimk, Die RUckl'nmarkscutzUndung. Bamberg, 1825.- Alliers, Ilcob. 
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Abercrumhie, K1·kh. d. Gchirus u. R-M. Deutsch vou G. v. d. Buscl1. 1820. 8. 
474.-CrutJeilltiei\ Anatom. patholog. 1835. 42. Livr. 32 u. 38. - Marcel, Diag
nost. ct nature clu ramolliss. blanc d. l. moclle Cpin. Gnz. mCd. d. Paris. 1854. 
No. 52.-Ectin Jleeoes, Acute Myelitis. Edinb. Med. Jour. I. 1855, 1850. p. 305 
and 416.-0ppolzt>r, Acut. Entzl\nd. mit part. Erwcichung d. n..~[. Spitalszcit. 
1860. No. 1-3.-Brown SJq1uinl, Leet. on Diagn. and Treat. of the Prin. F.>rms 
of Purnl. of the Lower Extrcm. London, 18Gt.-Koehler, Monographic d . 
:Mcningit. Spinnl. 1861. Beob. 17 n. 18.-Mannknnf, 1'~1\ll von neut. Myclit 
IlC'rl. klin. Woch. 18G.t-. No. 1; n. Tagcbl. d. 40. Vers. Deutsch. Acrztc u. 
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aiguc. occ:-1<1. p.1. froid. Gaz. d. hOp. 1865. Nos. 2:;-30.-llarley and Lockliart 
Cla,rke, Fatal Case of Acute Progress. Parat. from 8oftening etc. Lancet. 1868. 
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July, 18G9. p. 129.-Ilasse, Krkht. des Nervensyst. 2. Aull. S. 696.-llam· 
mond, Diseases of the Nervous Syst. 3d edit. p. 456.-.M. llosentltal, Klinik 
d. Ncrvcnkrkht. 2. Auf1. S. 2!)6.·-Leyden, Kliuik d. Rllckenmarkskrkht. II. S. 
115.-Dujrirdhi-Beamnetz, De la myClite aiguC. Pans, 1872.-G. IIayem, Des 
hCmorrha!;'. intrarhachid. Pa.tis, 1872.-Iltiyem, Dcux cas Uc myCl. aiguC ecn· 
trnle ct diffuse. Arch. de Physiol. VI. p. 603 1874.-0. Westplial, Uebcr fleck· 
wcisc oder cliscminirtc :Myelitis. Arch. f. Psych. u. Nerv. IV. S. 338. 1814.
Bcrnheim, A.rtikel : MyClitc im Diet. Encyclop. des Sci. mCdic. II. sCr. T. VllI. 
p. 674. 187-l.-Durhenne (de Boulogne), Elcctris. locnl isCe. 3c edit. 1872. p. 
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6. s(ir. T. xvrn. u. xrx. 1871, 1872.-0. lrtll()C, Fall von i\lycl. interstit. clll"Oll. 

Hosp. Tid. 14. Aarg. 8. a:;. Virchow-Ilirsch, Juhrcsh. pro 1871. II. S. 77.
Fro1nman11, Fall vou Wirbclcarics u. Dcgrnerat. des R.-M. Virchow's Arch. 
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Bd. 54. 1872.-Rob.11': Tibbits, Case of Myelitis. :i\[cd. Times. 1871. )lny 13. 
- lliillopcau, £tudc d. 1. sclCr. <liff. pcriepcndymairc. Gaz. mC<l, 1870. Nos. 
30-3.J.- rulpian, Cas d. mCning. spin. ct d. sclCrosc corticalc nnnulairc, etc. 
Arch. d. Physiol. II. p. 27!1. l SG9.-Jfartineau, Inftammal aiguG gCnCral. 
de 1. substance grisc d. l. moc1lc. Union med. 1874. Nr. 30.-Feinberq, 
Uchcr refl ect. Gcfiissncrvcnlilhmung u. Riickcnmarksaffection nnch Ucber· 
firnisscn dcr Tliicrc. Virchow's Arch. Bd. M>. S. 270. 1874.-Sclrneppcl, Fall 
Yon allg. An:Isth. Arch. <l. Jlcilk. XV. S. 4-i. 1874.- Troisicr, Dem: cas clc 

ICsions sclCr. de 1n. moCJlc Cp. Arch. d. Physiol. V. p. 700. 1813.-Jo.ffi·oy, 
Fait.s cxpcrim. pour scrvir il l'histoirc de la myClitc. Gaz. mCd. de Paris. 1873. 
Nr. 3G.-C!tarcut, Sur la tumC:fact. des ccllulcs ncrv. motrices ct des cy lindre:s 
nx:ilcs, etc. Arch. d. Physiol. IV. p. 'J3. 1872.-C. Lanye, Didrng til etc. Hosp. 
Ti(l 16. Aarg., Schmic1L1s Jahrhb. BJ. lGS. S. 238.-Raymond, :MyCI. de In 
rl'.!giou dorsalc. Gaz. mC:d. 1874. No. 'J.-F'. Raymond, M:yClitc de la reg. CCI'· 

vicnlc. Progr~s med. 187.3. No. 17.-Gerfo.Rose, :MyCI. niguc gCnCro.lisCe. 
Union mM. 187.). No. 'JO.-Langluw.s, Myelitis (1. grnucn Commiss. etc. bei 
Leprn nnresth. Virch. Arch. Bd. 64. 187J.-llmnilto11, Ou .Myelitis, etc. Quart. 
Joum. of i\licrosc. Sci. Oct. 1875. p. 334.-Pierret, Note sur un ens de myCI. 
tL rcchutcs. Arch. d. Physiol. VUI. p. 45. 1876.-Lneran, Ol>s. d. myCl. ccntr. 
subaiguC. Ibid. VIL p. SGG. 1875.-P. Baumgarte1;, Eigcn~h. Fall von Paralys. 
ascend. neut. mit Pilzbildung im Blut. Arch. d. llcilk. X\'ft. S. 245. 1876.
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Deutsche Klinik. 1875. Nr. 11.-See also the literature o( multiple sclerosis, 
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chronica, etc., in the succeeding chapters of this work. 

Introduction. 

Myelitis constitutes unquestionably the most Pxtens.ve and 
important chapter in the pathology of the medulla spinalis. 
Any one who possesses even a superficial knowledge of the sub
ject, will be able to appreciate the difficulties which confront us 
in the attempt to furnish a comprehensive and classical account 
of it. 

The material at hancl bearing on inflammation of the spinal 
corcl ancl affections that are classed with it, is imnwnse and in 
the critical sifting and arrangement of this material we meet 
with difficulties that cannot be overcome. These ai·,, encountered 
chiefly in the domain of pathological anatomy, many ancl per
haps most of the questions which come "·ithin tile limits of this 
department being still in process of development. It is as yet 
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impossible to define accurately the bonndari rs of inttammation 
or the spinal cord in both its acute and chronic form s, anU. to 
decide exactly what does and what does nut fall within them. 
Some authors do not hesitate to class almost all the forms of 
acute as well as chronic disease of the cord, which will be de
scribed in the following chapters, under the head of Inflamma
tion. They regard tabes dorsalis, the so-called lateral sclerosis, 
multiple sclerosis, progressive muscular atrophy, spinal paraly
sis or children, myelitis centralis, chronic atrophy of the co1·d, 
and secondary degeneration of it, as mere subvarieties or different 
localizations of one and the same inflammatory process. Others, 
on the contrary, hold that n number of these processes, such as 
simple nnd degenerative atrophy, softening, sclerosis, gray de
generation, ancl the like, nre entirely di stinct from and independ
ent or intlnmmation. 

Hence, the additions made by one party to the great mass of 
material benring on the disense, are detached ancl diverted in 
different directions by others. It is as yet impossible to foretell 
wh<'ll the elucidntion of the facts and opinions will tnke pince. 
Of lat<', however, nil the nnatomicnl and clinical investigations 
lrnve aimed at this gonl, and they have already thrown much 
light on some of the doubtful points. 

\Ve need, above all things, searching hi stologicnl studies of 
the di seased spinal cord, to enable us to comprehend the gene
sis and the hi stological development of the different processes. 
There is, morPO\'Pl', great need of farther elucidation and n more 
exact definition of the general pathological conception of inflam
mation, in order to show wlrnt should be comprised under the 
head or inflammation of such an organ as the spinnl cord. It is 
especinlly necessary thnt we should learn how chronic inflamma
tion o[ th<' cord is to he defined, and how it is to be distinguished 
from, or in whnt genetic connec tion it stnnds to, the other forms 
or chronic disease, viz., atrophy, degeneration, softening, sclero
sis, etc. Not till these steps hnve been gained, will it be possible 
to determine positively what forms or <lisease nre to be classed 
under the head o[ myelitis, and to describe nccnrately the clini
cal hi stories or the different forms. 

The nccessi ties or practice, however, demand a dog matic pres-
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enlation of the subject, and the practical physician has a right 
to insist, that it should be in accord with the present state of our 
knowledge, however incomplete that may be, all disputed ques
tions being avoided as far as possible. This idt•'1 has guided and 
influenced us in the preparntion of the following account of the 
disease. It is both short and incomplete, but in extenuation of 
the latter we m nst plead the clifficul ty of the subject, aucl of the 
former the shortness of the space allotted us. 

History. 

An accumte history of the growth of medical knowledge on 
the subject of myelitis wou ld be almost the same thing as a his
tory of the pathology of the spinal cord in general. That does 
not enter into our present task. Nor is it at all necess'1.ry for us 
to investigate the question whether the ancients-Hippocrates, 
Aretreus, Galen, and others-had or hacl 11ot any definite con
ception of myelitis. There can be no doubt that they repeat
edly met with the disease, but they clid not differentiate it 
sharply from other affections. " ' e find in their works more or 
less recognizable descriptions of both the acute ancl the chronic 
forms of myel itis. 

Our more accurate knowledge of the inflammations of the spi
nal cord elates only from the encl of the last and the beginning of 
the present century. Here, too, it was P. Frank (1792) who garn 
the impetus to more accurate investigations. Spinitis, rachi
algitis, and the like, were the terms then applied to the more 
acute forms of the disease. At a later period, the tPrm "myeli
tis," which is now universally employed to clesignate infl'1mma
tion of the spinal cord, was introduced, mainly through the 
works of Harless (1814) and Klohss (1820). 

In the third clecennium of this century, the epoch-making 
works of Ollivier (1st Edit., 1821) and of Abercrombie (1828) 
appPared and placed the subject of myelitis On '1 firmer fou11c1a
tion. These authors were the first to point out the intimate con
nection of softening with the acnte form of the disease. After 
this the subject remained in statn quo for a long time. During 
the fifth and sixth dprennia the attention of physicians was grad-

YOL. Xlll.-25 
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ually directed more to the chronic forms of the disease. Among 
the valuable contributions of this period, we must mention 
Tuerck's discoveries concerning the secondary degenerations, and 
Rom berg's account of tabes dorsalis, but, above all, the admira
ble observations and invest igations of Duchenne (of Boulogne). 
This last-nanwd author described in a classical manner the clini· 
cal histories of chronic spinal paralyse , locomotor ataxia, pro
grPssh·e muscular atrophy, etc. 

The development of the pathology of the spinal cord did not, 
however, receive any great impetus until the beginning of the 
seventh decennary, when it began to make rapid pmgress under 
the influence of improved methods of physiological and hi sto
logical investigation. In this accelerated development the sub
ject of myelitis played a prominent part. \Ve must here extol 
especially the works of Brown-Scquard. The publications of 
Oppolzer, Le,-y, :Mannkopf, and others, on acute myelitis, are 
also deserdng of special mention, while the pathological ana
tomy of the subacute and chronic forms of myelitis was cleared 
up very greatly by the valuable contributions of Frommann (1864 
and 1867). From thi s time forwarcl we have to chronicle a rapid 
adrnnce in the knowledge of the acute and chronic forms of 
inflammation of the spinal c01·d, which became the object of zeal
ous study in France and England, as well as in Germany. Broad 
foundation s, on which to build up the edifice of acute myelitis, 
were laid by the works of Engelken, Charcot, Dnjardin-Bcau
metz, IIayem, \Vestphul, J. v. Heine, and others, but it was 
nm·e1t heless the chronic forms of the di sease which attracted the 
most earnest attention of scientific men. Our knowledge of these 
Jias been greatly advanced by the admirnble works of Friedreich, 
\\'estpha l, Lryden, Frommann, Th. Simon, and others, in Ger
many; of Lockhart Clarke, Gnll, and others, in England; and 
of Duch~nnc, Topinard, Jaccoud, Charcot, Vulpian, IIallopeau, 
J ofl'roy, :Michand, Pierret, and others, in France. 

The school or the Salpetriere, under the direction of Charcot 
and Vulpian, has unquestionably played the most prominent 
part in the Curtherance of this development. \Ve have to thank 
it for numerous admirable works, full of new di scoveries and 
fruitful thoughts. Germany, too, has furni shed during recent 
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years a number of excellent works. (Compare the histories of 
tabes dorsa!is, multiple sclerosis, and spinal paralysis of children.) 
Finally, we must also mention the claims of the electro-therapeu
tists, especially those of Germany, whom we must thank for 
many valuable advances, no' only in the treatment, but also in 
the pathology of myelitis. 

In describing myelitis, it seems to us for many reasons expe
dient to disting nish two principal forms of the di sease, viz., the 
ac!lte and the clironic. These two forms run into one another in 
many points, but as a general thing they present uoticeable dif
ferences, chiefly in regard to their course, but also in regard to 
their pathological anatomy and their clinical manifestations. 
The different forms ancl subvarieties of the disease, of which 
there are not a few, will be only briefly alluded to here, as we 
shall return more fully to them at a later period. 

A. Acute Inftammation of the Spinal Cord- Myelitis Acuta. 

Dejlnition.-"'e understand by acute myeliti s all the varie
ties of acute inflammation of tlie substance ef the spinal cord, 
iollich rapidly lead to serious distitrbances, and are usually, if 
not alioays, attended by fever. 

" 'e have to deal here with rapidly developing inflammatory 
changes, which affect the connective substance as well as the ner
Yous elements of the cord, but of which all the histological steps 
are not yet thoroughly understood. The usual result is a rapid 
destruction of the histological constitution of the cord, which 
almost always takPs the form of sojlening, and is of course 
accompanied by abolition of the function of the affected part. 
In the present state of our knowledge, i t is scarcely possible 
to make an accurate subdivision of the disease into parenchy ma
tous and interstitial acute myelitis. 

Acute myeliti s may present itself in different forms, according 
to its exact seat. It may also follow very different courses. It 
is true that the development of the disease and of the disturb-
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ances of function caused by it, is in almost all cases very rapid, 
but of the cases which prove fatal, it is only in a small number 
that the subsequent course of the disease is as rapid as its com
mencement. On the other hand, a speedy recovery is very rare; 
usually the disease rnns a more or less protracted course, and 
either terminates in death or sinks into a chronic affection. 

Etiology and Pathogenesis. 

The comparative rarity of acute myelitis accounts in a mea
sure for our lack of knowledge concerning its causes. It is 
only in a small number of the cases that we can succeed in dis
covering a tangible cause, and even in them its mode of action 
usually remains enveloped in mystery. J\Iany cases apparently 
originate spontaneously, without any exciting cause at all. In 
such cases the cord has beeu subjected to the action of irritants 
which are entirely unknown to ns. 

Very little is known concerning the conditions which produce 
an increased predisposition to acute myelitis. The male sex 
seems to be more subject to the disease than the female. It is 
said that the greatest number of cases occur during youth and 
middle age, between the ages oI ten and thirty years, but still 
there is a particular form of acute myelitis, the so-called spinal 
paralysis oI children, which is essentially ancl almost exclusively 
a disease of childhood. J\Iany authors hold that this form of the 
affection is connected with dentition, but the correctness of the 
opinion is questionable. 

It seems to us that it would be more correct to class sexual 
excesses, the practice of coitus in the erect position, severe 
bodily exertion ancl the like, with the predisposing than with 
the exciting causes of acute myelitis. 

Of the latter the simplest ancl the easiest to study are inju
ries, to which the spinal cord is so frequently exposed, and 
which may result from the most various extemal agencies. All 
sot·ts of injmies of the cord, such as those produced by punctm
ing and cutting instrnments, by fractures and luxations of the 
vertebrre, contusions, etc., form the regular starting-point for the 
acute traumatic myelitis which we have already described in 
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No. 4, Part 1, p . 305. This traumatic myelitis has also repeat
edly been the subject of expel"imental investigations. 

Next in order come the cases, in which a slow compression of 
the spinal cord is the starting-point of a myelitis. This com
pression may be due to lesions of the most various sorts. (Comp. 
above, No. 5, Part 1, p. 3l9.) It is true that some of the com
pressing agents which come in question here, are more liable to 
excite the subacute and chronic forms of myeliti s. \Vhen, how
ever, the agent which produces compression of the cord, is at the 
same time of an irritating nature, e. g ., carcinoma, the inflamma
tory exudation in caries of the vertebn:e, etc., changes are not 
infrequently proclucecl, which unquestionably belong to acute 
myelitis. This brings us to those forms of acute myelitis which 
are clue to the transmission of inflammatory processes from 
neighboring organs and tissues, without the in tervention of com
pression of the cord. The principal , and practically the only 
important1 disease belonging in this category is acute meningitis 
spinalis, which is almost invariably attended by more or less 
extensive implication of the cord itself. \Ve have already spoken 
of this peculiarity in the chapter on Leptomeningiti s Acnla, P art 
1, p. 233. 

Catcllin(J cold is unquestionably one of the most important 
ancl most frequent causes of acute myelitis. The cases in which 
exposure to some one of the more severe causes of colds, su·ch as 
snclclen cooling of the overheated body, a fall in to water, sleep
ing on the clamp earth or in snow, etc., has been followed imme
diately by the symptoms of acute myeli tis, are too nnmerous to 
leave any doubt of the potentiality of this cause. (See the obser
vations of Olli,·ier, Oppolzer, Voisin, a ncl others.) Dujarclin
Beaumetz believes that the frequency of the disease among bakers 
can be ascribed to the fact, that their work exposes them in an 
unusual degree to colds. 

The question whether excessi"oe bodily exertion must also be 
classecl among the exciting causes, cannot as yet be decided. 
Perhaps it acts only as a predi sposing cause. At all events, it 
seems to ham a certain etiological sig nificance, when combined 
with Px posurc to the canses of colds; e'·ery war, ancl especially 
every winter campaign, furni shes examples which illustrate this, 
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The same may also be said of the different rnrieties of sexual 
excess. 

Acute myeliti s is not unfrequently developed as a complica
tion or sequel of acute diseases. It bas been observed in con
nection with typhus, the acute exanthemata, acute rheumatism, 
severe puerperal diseases, etc.; most frpqueutly, however, in con
nec ti on with variola (\V estphal). In this last case the myelitis has 
set in at a variable period after the outbreak of tho primary dis
ease, in a few rarn cases not until several weeks afterwards. 
Baumgarten recently reported a remarkable case, in which infec
tion with bacteria (from malignant pus tule) was in all probability 
the cause of an exceedingly acute myelitis. 

Among the chronic infectious diseases, syphilis can unques
tionably cause acute myelitis. A question may be raised as to 
whether we have to deal in this case with a specific luetic process, 
or wiLh an ordinary non- specific myelitis of which the syphilis 
has been only a predisposing and distant cause. It is at all 
events certain, that myelitis mnning a rapid course, is observed 
with unusual frequency among syphilitic patients. Our own 
observations lead us to agree with IIayem, who claims that 
syphilis is an etiolog ical agent of decided importance. 

Continued suppression of the menses, sweating of the feet, 
and hemorrhoidal bleeding play a more or less doubtful role in 
the etiology of acute myelitis. 

Violent emotions seem in many cases to have been 1·eally the 
starting-point of myelitis. At least some isolated cases have 
been reported (by Leyden, among others), in which the first 
symptoms of myelitis showed themseb·es immediately after some 
intense psychical mo,•ement, such a fear, anxiety, or anger. 

Finally, irritations and diseases qfperiplteral oroans must 
also be mentioned among the causes of acute myelitis, although 
the cases in which they are really the agens morbi are compara· 
tively rare. For instance, a certain proportion of the so-called 
rdlex paraplegias, which are developed in connection with dis
eases of the urinary and digestive apparatuses and of the uterns, 
or with initations and intiammations or the peripheral nerves, 
the joints, etc., should really be classed as acute myelitis. This 
fact and the pathogenesis of reflex paralyses have already been 
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discussed In more than one chapter or this work, and we may 
refer the inquirer to them for further information.' IIere, we will 
only mention the fact that Feinberg' has recently succeeded, by 
varnishing the skin or rabbits, in exciting an acute affec tion or 
the spinal cord, which a t all events closely resembles in1lamma
tion. Ile regards it as refiex in nature and secondary to the 
severe irritation of peripheral sensitive nerves, and ascribes it to 
paralysis of the vaso-motor centres. After all has been said, 
however, we must admit that we have very little positive knowl
edge concerning the pathogenesis of retlex paraplegias, and 
unfortuna tely our knowledge of the pathogenesis of myelitis 
clue to other l'auses is equally deficient. The traumatic cases 
ancl tho e secondary forms dne to extension of infiammation 
from neighboring tissues, are the easiest to comprehend. \\' hen, 
however, we seek to explain the manner in wliich catching cold 
or emotional di sturbance produces myeli tis, or the mode in 
whiclt it is de.-eloped in connection with acute diseases, or with 
syphilis, etc., we can only bring forward more or less gra tuitous 
tlieories, which it would be useless to discu s here. 

Pathological Anatomy. 

Frequeutly a spinal cord which is the seat of arute inflam
mation, presents very li t tle or even absolutely no macroscopic 
change. There is not the slightes t reason to doub t, that the 
disease has on in11tm1erable occasions been overlooked at the 
autopsy. In fact, we can scarcely e,·er be absolu tely certain 
that an acute myelitis exists, until a microscopic examination 
has been made. 

In the macroscopic examination the most striking peculiarity 
is the diminution in the consiEtence, the softeni ng, of the cord 
(myelomalacie). This change is so constant, that softening has 
been generally, bu t very incorrectly, identifi ed with acute in
Jlammation. That the two processes are not icle11tical, is evident 

I See Vol. xr. n.nd Vol. XII. 
~ Virchow's Archiv. Vol. 50. p. 270. 
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on the one hand from the fact, that every softened cord is not 
inflamed, and on the other from the fact that inllammntion of the 
cOl'd does not alwavs terminate in softening. It would be better 
consequently to di~cnrd entirely the use of the term "softening," 
to desig nate inflammatory processes. I mus t at all events pro
test most eames tly against the promiscuous employment of the 
name myelomalacia as a synonym for myelitis. 'fhat term 
should be reserved for processes of so[tening pure and simple. 

The inflammatory changes, which we will consider first, vary 
greatly as regards their localization in the spinal cord. Acute 
myeli tis has its seat and starting-point most frequently in the 
gray substance, a fact which depends probably on the vascular 
richness of this portion of the cord. It may ex tend to a greater 
or less di stance in a vertical direction, and may penetrate more 
or less deeply into the white columns. This is the form which, 
since tha time o[ Albers, has been usually designated as myelitis 
centralis. 

It may spread very rapidly through the gray substance, nncl in n short time 
involve the g reater part, or even the whole of the gray axis-d~ffuse cen tral myelitis 
(TI.iycm). 'Vhcn the white columns arc also involved to 11 marked extent, so that 
the entire cord is more or less implicated in the inAammatory process, the affection 
may be called myelitis diffusa. Slrictly speaking, however, this is a rare oc· 

Not unfrequently the entire thickness o[ the cord is afiected 
for a longer or shorter distance. The diseased part may in such 
cases be several inches in length, but the inflammatory process is 
usually not equally intense throughout its whole extent. This is 
the form which is now ordinarily described as rnyelitis trans
versa. 

\Vhen the centre of inflammation is less extensive, so that it 
involves only a small portion of the cord both vertically and 
transversely, i t is termed myelitis circurnscripta. Here we have 
to deal with a small spot o[ inflammation buried somewhere in 
the substance of the cord. Not unfrequently, however, we meet 
with several o[ these small spots in the same cord. Cases have 
been observed (\Vestphal ), in which the myelitis presented itself 
in the form of numerous foci scattered throughout the entire cord 
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and separated from one another by healthy tissue-cases in which 
the disease was widespread, but attacked only circnmscribecl 
and scattered spots. This is called myelitis disseminata. 

Finally, that form of the disease which is secondary to menin
gitis, affects principally the peripheral layers of the cord, pene
trating more or less deeply and extending vertically to a variable 
distance-myelitis periplter ica. 

The appearances presented by the affected spots vary greatly 
according to the stage of the myelitis, and in part also accord
ing to the special peculiarities of the process in the individual 
cases-always provided there are macroscopically demonstrable 
lesions. 'Ve must here distinguish cliJJ'erent stages. 

1. Tlte stage ef ltyperr.emia and commencing exudation (reel 
softening). \Ve do not often meet with this stage of the disease 
at the post-mortem table. The opportunities to study it are fur
nisllecl most frequently by those cases in which the inflammation 
is secondary to severe traumatic lesions, or by cases of myelitis 
centralis, which run a rapidly fatal course. 

At the affected spot a slight, ancl in rare cases a marked, swell
ing can be recognized. On section, the transverse markings are 
found to be blurred and indistinct, and the cut surface not unfre
quently presents a variegated, marbled appearance. The reel 
color of the tissue, which is clue to the hyperremia, is usually very 
marked ; it may vary from a slight rosy injection to a deep reel, 
reclclish brown or chocolate color, when more or less numerous 
capillary hemorrhages arn added to the often very intense hyper
remia. The inflamed spots are almost always unusually moist 
and soft ; they swell up above the level of the cut surface. The 
softening may be so great that the tissue is reduced to the con
sistency of pap. In very rare cases we observe a slight increase 
in consistency at this stage, probably on account of infiltration 
of the interstitial tissue with a firmer exudation. Hayem has 
repm'tecl an instance of this. In some few cases we can see with 
the naked eye, or with the help of a lens, a distinct deposit of 
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exudation in the aiiected spot; it takes the form of whitish or 
yellowish, clouded or glassy, colloid streaks or rings, which are 
imbedcled in the scptula or poured out around the vessels. The 
meninges in the neighborhood of the affected spot also frequently 
present the signs of hyperremia aml inflammation. 

In preparations hardened in chromic acid, the mycJitic spots cnn usually be much 
more readily distinguished from the healthy ti ssue by their different (brighter )'cl· 

low) color, than in the fresh cord. The inflamed parts, moreover, harden slowly 
and badly, and on section they appcnr friabl e, crumLly and not coherent, and do 
not present sharply defined markings. The smaller spots of myelitis in particular, ns 
well as the secondary d:!generntious, nrc very sharply and distinctly mapped out by 
this discoloration. 

2. Tlie stage of fatty degeneration and ef resoiption (yellow 
and white softening). As the disease progresses, the affected 
spot becomes constantly paler and more and more softened. Its 
color changes gradually from reel to yellow; this change is due 
partly to the diffusion :111d alteration o( the coloring matter of 
the blood, partly to the fatty degeneration of the medullary 
sheaths and the formation o[ masses o( fat-granules, and partly 
to the cessation of the hyperremhi. Thrnugh the intluence of 
these three agencies, but particularly in consequence of the ac
cumulation of fatLy detritus, the color becomes pl'ogressively 
whiter, and tho entire substance assumes a creamy or milky ap
pearance. The softening has meanwhile mculc rapid progress, the 
mednlla swells up very mnch above the cut surface, acquires a 
pappy or ernn a more fluid consistency, and often flows out of 
the sac of the pia entirely. This softening is caused principally 
by the fluid exudation from the Yessels, acting in concert with 
the clestrnction of the nerve-fibres. This ex udation may possibly 
present certain differences in different cases, which would account 
for the vary ing degree of the softening, or even for its entire ab
sence. Of this, howC\·er, we have no positive knowledge. 

At last nothing remains of the di seased spot but the vascular 
network and a portion of the hypertrophied sep ta, between which 
is a softened mass that can rnad il y be pressed out, or which per
J1 aps tl ows out without the help of pressure. Ir1 consequence o[ 

the progressive rnsorption of the nerve-subs tance and the fat-
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granules, the spot gradually assumes a more grayish color, and 
finally becomes smaller and depressed. 

Actual suppuration occurs very rarely in acute myelitis. W11en abscess of the 
cord docs form, it is generally secondary to a severe traumatic lesion or to suppu· 
rative meningitis. lu spontaneous myelitis, on the other hand, suppuration is ex· 
ccediug:ly rare, and has only been observed in a very few cases. 

3. Tlte terminal stage (formation of cicatrices or cysts, in
duration, sclerosis, etc.). 

The resorption of the softened masses continues until finally 
all the tluicl portions have completely disappeared. Nothing 
remains but the vascular and connective tissue networks, which 
are in part thickened and hypertrophied; they form a more or 
less dense, shrivelled, grayish, semi-transparent cicatrix, which 
is often flecked with pigment. This cicatrix unites the portions 
of the cord that ha,·e remained healthy. In some rare cases a 
restoration of the nerve-tissue takes place; after a certain length 
of time small , dark-bordered, regenerated nerve-fibres can be de· 
rnonstrated in the cicatrix. In this way also a restoration of 
function cn,n be brought abont, as happened in one of Charcot's 
cases. This fortunate result seems, however, to occur more read
ily in the subacute anil chronic forms. 

Not unfrequently more or less extensive collections of fluid 
are left behind in the framework of the cicatrix, and lPad co the 
formation of single or m nltiple, large or small cysts. They usu
ally contain a muddy tluicl resembling milk, or more frequently, 
serum. 

In many cases, on the contrary, the interstitin,l, snpport ing 
framework becomes in course of time greatly hypertrophied ancl 
consolidated. It increases in thickness and density, the vessels 
become larger and their walls thicker; the previously softened 
spot becomes fil"mer and denser, gray ancl semi-transparent, anil 
presents a marked contrast in color and consistency to the s1u
rounding parts. Ilere we hare the commencement of ltarden
ing, 01· sclerosis. " 'hen the interstitial growth of connective 
tissue persists, and extends in a slow bnt progressive manner to 
the neighboring part.s of the cord, which were previously either 
healthy or very lightly changed, and when it propagates itself 
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there, leading to a gradual destruction of the nervous elements, 
we have before us the transition into chronic myelitis. This is 
a frequent occurrence. In almost all cases of myelitis which do 
not pl'O.ve rapidly fatal, this transition takes place at some late 
period of the disease. 

'fhe macroscopic examination, as a rule, reveals also an i?n
plication qf the meninges in the inflammatory process. The 
signs of it are cloudiness of the membranes, infiltration with 
serum, cellular elements or pus (often only discovered at the 
microscopical examination), thickening, adhesions, capillary ex
travasations in addition to extreme hyperromia, etc. The spinal 
fluid is usually increased, somewhat cloudy and reddish, but it 
is sometimes entirely unchanged. The condition of the roots of 
the nerves is regulated by that of the pia; they are sometimes 
softened, loosened and swollen, sometimes atrophic, gray, trans
lucent :1nd indurated. 

In the later stages, in addition to the actual centre of inflam
mation, we often meet with the so-called secondary degenera
tions, of which we have already repeatedly spoken: asc~nding 
degeneration in the funiculi graciles, '1nd descending in the pos
terior Jatcml columns, etc. In many cases of acute myelitis the 
disease does not last Jong enough for their development, but they 
are rarely wanting in the cases that become chronic. The transi
tion from myelitis to secondary degenerations can often be traced 
very accurately in successive transverse sections. 

The 11iicroscopi.cal examination is, however, of supreme im
portance for the understanding of the pathological processes 
which take place here. The cord should be examined microscop
ically, both in the fresh state and after it has been hardened by 
the usual methods. The changes are seen to affect the nerve
fibres and the ganglion-cells, as well as the connective tissue 
framework and its vessels. 

In the first stage we find marked clilatation of the capil
laries ancl small arteries, and more especially of the small veins; 
they are distendecl with blood, and not unfrequently en\'eloped 
in layers of white and red blood corpuscles arrangecl in the form 
of a sheath. Here and there larger collections of red corpuscles 
are found (capillary extravasations). The walls of the vessels 
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are thickened and studded with fat-granules and granule-cells, 
1wesenting exudative and plastic infiltration. IIayem describes 
particularly a glassy, colloid exudation, which surrounds the 
vessels like a sheath in a layer of varying thickness, and which 
is also found disseminated elsewhere in the tissue. 

Baumgarten seems to have seen something very similar-a bynlinc, ftrm, glassy 
exudation in the tissue of the gray substance, about the vessels and in the anterior 
longitudinal furrow-in his interesting case of acute central myelitis, which was 
probably due to infection with the poison of anthrax. 

Marked changes are always found in the neitroglia. The 
fibres of the reticulum are thickened and swollen, the network 
is much denser and more distinct, and it is in part filled with 
nuclei and cells. The glia cells themselves are swollen and in
creased in number; they often contain several nuclei, and are 
sometimes, like the thickened connective tissue septa, infiltrated 
with colloid masses. Even in this stage we generally find 
granule-cells in greater or less numbers, partly in the immediate 
neighborhood of the vessels, 1iartly scattered irregularly in the 
interstitial tissue and its meshes. 

The changes in the nervefibres are also very striking and im
portant. The fibres, in general, present irregular contractions 
and enlargements; the medullary sheath has in places broken 
down into globules or larger irregt1lar fragments, and has become 
granular; in many fibws it has entirely disappeared, or has 
united with the axis-cylinder to form a single, homogeneous 
mass. The axis-cylinders themselves, as is evident from the 
observations o( Frommann, Cbarcot, IIayem, Jofiroy and others, 
are frequently swollen, and often attain enormous dimensions. 
They present large, spindle-shaped swellings and bulging, club
shaped fragments; they are streaky, clouded, studded with gran
ules, brittle, and apparently in a state of granular degenera
tion. The thickening or the axis-cylinder can be very readily 
een in transrnrse sections, in which they are often found lying 

together iu groups. Isolated swollen axis-cylinders are also 
found lying in the midst of unchanged nerve-fibres. 

The ganglion-cells are also involved in the inflammatory 
changes. They are swollen, often to a Yery considerable size, 
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looking then as if they were puffed up. Their substance is 
clouded ; in the beginning the nucleus and nucleolus are u sually 
intact, but in a fe w instances they are in process of divi sion. 
Sometimes we observe glassy swelling of the eel Is, and a develop
ment of vacnoli in them. 'fheir processes are also swollen, 
clouclecl , irregular in shape, ancl in part destroyed. At a later 
period the cell s disappear before the advancing processes of de
struction. 

In the second stage we find the nervous elements fully in
volved in the process of destruction: the nerve-tibres are broken 
clowu into frag ments; the meclullary shea th is in a s tate of fatty 
degeneration, and the axis-cylinder altered or destroyed. The 
ganglion-cell s are partly melted clown ancl des troyed, partly 
atrophied and reclnced to small gli stening scales, without demon
strable s tructure. 'fhe connective tissue f ramework is loosened 
ancl softened by the fluid exudation, the development of cells 
and fatty degeneration. The walls ef llte vessels a re thi ckened, 
very rich in nuclei, filled with fat-g ranules and frequently sur
rounded by thi ck layers of granular cell s. The semi-lluicl pulpy 
mass formed by the inflamed ancl softened cord, conta ins also 
numerous lumps ancl drops of myelin, the remains of blood-cor
puscles, colorless cell s, pigment-granules, fine granular detritus, 
ancl, above all , numerous fat .granule-cell s. These fat-granule
cells fo1·m usually the most striking constituent of the softened 
myelitic mass, ancl a ttract the attention of the obse1ver at 
once; they are especially distinct when the cord is examined 
in the fresh sta te. They are found deposi ted about the ves
sels, and in the spaces left empty by the destruction of the 
nerve-fibres and axis cylinders, and also in the septa of the neu
roglia. This ex tensive distribution of these cells indicates of 
itself that they a~e produced in different ways ; it is, in fact, 
probable that some of them are form ed from young cellular ele
ments which have taken up fat, while others can be ascribed to 
fat ty degeneration or the glia cells, ancl still others to fa t ty de
structi on of the nerve-fibres ancl the spindle-shaped swellings of 
the axis-cylinders (Hayern , Th. Simon). 

fo the third stage we find in the affec ted spot, which is now 
engaged in an e[ ort at cicatrization, a sclerotic connective tissue 
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with numerous nuclei and nenroglia cells. At this period Deiter"s 
cell s often become very distinct and prominent; they are o[ten 
large and possess numerous processes. 'l'he vessels are dilated, 
and their walls thickened. 'l'he ganglion-cells are mostly atro
phied. Sometimes numerous small, delicate nerve-fibres, with 
thin medullary sheaths, can be seen. 

Occasionally cysts are found, surrounded by a more or less 
dense layer of connective tissue, and usually also traversed by a 
large-meshed, connective tissue network. Their contents are 
partly muddy, partly serous; microscopically, nothing can as a 
rule be discovered in the fluid, except detritus. 

In the stage of transition to sclerosis and chronic myelitis, 
the increase of the interstitial tissue becomes particularly dis
tinct. 'l'he threads of the reticulum become wider and thicker, 
the spider-cells are enlarged and increased in number, the 
vessels are thickened, the nerve-fibres and ganglion-cells are 
involved in degenerative atrophy. The tissue conta ins relatively 
fow fat-granule-cells, but. on the other hand, it contains large 
quantities of corpora amylacea. 

'Vhen secondary degeneration exists, it presents the usual 
well-known histological characters, which will be describecl in 
detail in a subsequent chapter (No. 19). 

A vrfori, the usefulness of u:perimentril forJestigations of these conditions would 
seem self-ev ident. Unfortunately, however, the attempts to clenr up the subject in 
this way have been but few in numbcr,·nnd have furnished no important, or at all 
events no conclusive results. 

Strange to say, the numberless exper imental sections of tlic spinal cord per
formed by physiologists, although undoubtedly on every occasion followed by 
traumatic myelitis, have not hitherto been utilized to any extent worth mentioning, 
for the study of this affection. 

Dujardin-Bcaumetz describes some experiments performed by Itayem and Liou
ville, who sought to C'Xeite myeliti s by applying iodine or glycerine to the outside 
of the CQrcl, or by injecting them into its substance; nlso some experiments under· 
taken by himself in connection with Grancher, in which mcclrnnicnl injurie8 were 
employed to excite the inflammation. The results of these experiments are, how
eTcr, very un:<1~tisfactory. .Jnffroy made some similar experiments on dog~. nnd 
obtained the 1mme histological changes ns those which have been here described as 
belonging to the acute myelitis of men. 

The inYcstigntions of Feinberg nncl also those of Klemm, who endeavored to 
produce myelitis in a reflex manner or Ly means of a neuritis migra.ns, have not 
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made nny importnnt addition to our knowledge of the histological genesis of the 

myelitic changes. 
A stJmewhat more comprehensive series of experiments was set on foot by Ley· 

den, but his acc:ount of the result.-, obtained, which was published in his "Klinik 
der Rlickcnmarkskrankheitcn/' is only fragmentary. He experimented on cats nnd 
clogs, and employed exclusively injections of Fowler's solution into the cord, the 
result being almost always a suppurative myelitis. As, however, this variety of the 
disensc is exceedingly rare iu man, the experiments arc uot of much value for the 
elucidation of the subject of acute myelitis in the human subject. l'lloreover, the 
reports that have thus far been published by Leyden, contain no conclusive in
formation concerning the manner in which the prncess is developed, the relation 
of the minute histological chauges to each other in point of time, find the part 
taken by the different tissue-element~ in the process. Still, we hn\'e learned many 
thing~ from these experiments. 'l'hey have proved, for instance, that an injury of 
the sort here mentioned can produce an intense myelitis, which may extend be,Yond 
the point o[ irritation; that the process presents ·varying drgrces of intensity in 
one and the sn.me experiment; that the affection diminishes in intensity as it re
cedes from the point of irritation; that this (liminution in intensity is indicated 
on the one hand, by a. teudency to localization in scatterecl, circumscribed spots, 
and on the other, by a preponderance of the connective-tissue growth over the 
softening, liquefaction and suppuration i that multiplication :md swelling of the 
nuclei or tho ncuroglia, swelling of the nerve-fibres and axis-cylinders, dis!lppear
ance of the mcdullary sheath ond devclopnwnt of grnnulc-cells1 must be regarded 
ns the first signs of n commencing acute myelitis, etc. 

In the latest experiments of Hamilton on cats, only the first days of acute trau
matic myelitis arc taken into considerntion. Ile found among other things, tlrnt 
rounded bodies separate from the swollen axis-cylinders and either degenerate into 
colloid bodies, or give rise to an endogenous brood of young round cells (pus
cclls). lie also ohscrvcd swelling and cloudiness of the ganglion-cells, multiplica
tion of the nuclei of the ncuroglia, collections of cells in the walls of the ves
sels, etc. 

It is certainly desirable nnd even necessary that these experiments should be 
repeated with modifications, that myelitis should be prnduced in other ways, so as 
to bring the results more in accord with the lesions in man, nnd to furnish a 
more complete periscope of the process iu its different modifications and its various 
degrees of intensity. 

"re must here mention briefly some special forms of acute 
myelitis. First of all, we will speak of myelitis centralis acuta. 
In this form the softening and liquefaction alTects pre-eminently 
the gray substance, which flows out when the cord is divided, 
leaving a cavity behind. The spinal cord is somewhat swollen 
throughout its entire extent, and 011 section the transverse mark· 
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ings are seen to be greatly blurred. Hayem describes this form 
in the following words: diffuse inflammation of the g ray sub
stance, more or less diffuse hyperremia of the white subotance; 
small, band-shaped foci of inflammation in the latter; more or 
less intense, mening itic changes. 

W'hen this form possesses a hemorrhagic character, we have 
the myelitis centralis hmmorrliagica, which Hayem designates 
by the term hmmatomyelilis. It is characterized by a more or 
less abundant extravasation of blood, which appears either in 
the form of a marked hemorrhagic softening, affecting chiefly or 
exclusively the gray substance, or in the form of hemorrhagic 
foci of varying sizes, which may extend into the white substanre. 
The tissue in the neighborhood of these foci, both above and 
below, is in a state of myelitic softening, that may extend 
throughout almost the entire length of the medulla. 

The acute myelitis without sqftening, which Dujardin-Beau
metz terms myelitis liyperplastica, also deserves special mention. 
Its essential characteri stic is an increase of the interstitial tissue, 
which becomes unusually dense and very rich in nuclei. The 
septa are wider than usual, and the vessels are thickened ; t.here 
are a few gmnular cells. The consistence of the cord is normal 
or somewhat increased. 'rhis form seems to occur principally in 
small spots (\Vestphal's myelitis disseminata), and to indicate in 
general a slighter degree of intensity in the inflammato ry pro
cess. It is sometimes observed also in the neighborhood of spots 
of acute softening. It should probably be classed rather with 
the subacute forms, which constitute an intermediate step be
tween acute and chronic myelitis. 

The changes in the other organs of the bocly, in acute myelitis, 
require only a brief enumeration. In the peripheral nerves we 
find in many cases-especially in central myelitis- clegeneratirn 
atrophy in its different stages of development. In the muscles 
supplied by these nerves, we find also the characteristic signs of 
the first stages of the same process (proliferation of the nuclei, 
sl ight atrophy of the fibres, etc.). 

The mucous membrane of the urinary blaclder is in many 
cases swollen, fl eckeL1 with hemorrhages and in a state of catanh; 
in the severest cases it is infiltrated with dipbtheri tic exuclntion 

VOL. XllI.-2G 



402 El!B.-DISEASES OF THE SPINAL CORD AND ITS ENVEJ,OPES, 

and presents fon l, sloughy ulcers. Sometimes similar changes 
are observed in the ureter extending into the pelvis of the kid
ney, and i11 not a few cases the kidneys have been found fill ecl 
with metastatic abscesses. According to Ilayem, a part of these 
originate from collections of vibriones. 

The changes characteristic of decubitus acutus in its different 
stages or development, are usually observed on the skin covering 
the sacrum and the nates, the trochn,n ters, and other spots ex
posed to mechanical pressure. (Compare Part I., p. 121.) 

Other pathologico-anatomical changes, which are more or less 
accidental, do not require special consideration here. 

Pathology of Acute Myelitis. 

Symptoms. 

The general clinical history of acute myeliti s is so manifoltl 
and changeable, and so different perhaps in each individual case, 
that we can only attempt to give here its most common fea tures. 
Later on these will be filled out in many particulars while con
sidering the symptoms in detail. 

Even in its mode of commencement the disease is very variable. 
Sometimes it is preceded by general malaise and slight febri le 
movement, while in a few cases it commences with a chill, which 
is followed by the usual febrile symptoms: headache, general 
depression, dragging pains in the limbs, loss of appetite, etc. 
Frequently the scene is opened at once by spinal symptoms. 
In these cases the symptoms which first attract the n,ttention of 
the patient are usna lly disturbances ef sensation: parrosthesiro, 
formication, etc., in the extremities, a girdle-sensation or perhaps 
a girdle-pain at the level of the seat of disease, pain in the back 
and tenclerness over cer tain spinous processes, sometimes pain
ful, dragging sensations in the bladder and rectum, gastralgir 
pains and the like. These are sometimes, but not always, accom
paniecl by motor symptoms of irritation: twitchings of certain 
muscles or groups of muscles, violent tremor, 1iartial clonic 
spasms and in some special cases even general convulsions. 
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Sometimes an isolated paralysis of the bladder is the first 
symptom. 

Very ,;oon, however-sometimes after a few hours, or on the 
next day-the characteristic paralytic symptoms make their 
appearance. OI these, the motor paralysis is the first to appear; 
it is more or less complete and involves a variable number of 
muscles, usually taking the form of paraplegia, but not unfre
quenlly assuming other forms. 

Pctralysis of the sphincters usually sets in soon after this. 
It often appears very early, simultaneously with the motor para
lysis, but i11 some cases it cloes not occur until long afterwards. 
It may, however, be entirely wanting. 

'l'he same may be said of the paralysis of sensation. In all 
severe cases it sets in very early and is complete; there is then 
usually complete anresthesia oI the lower half o{ the body up to 
a certain height, which is sometimes marked by a pretty sharply 
defined line. In milder cases the anrosthesia may be less com
plete and less extensive, and finally in certain Corms oI the dis
ease (poliomyelitis anterior), it is entirely wanting. 

The rl'jlex excitability varies according to the seat or the 
disease. It may be rapidly and completely destroyed in the 
paralyzed part, or it may gradually diminish as the disease 
progresses, or it may remain normal, or finally it may be vt•1·y 
considerably increased, occasionally attaining an astonishing de
gree oI intensity. 

For most cases oI acute myelitis the rapid extension of tlte 
paralysis through the cord in a horizontal direction, the com
plete paraplegia, is to some extent characteristic; not less 
so in many cases, is its rapid extension in a vertical direction, 
the rapid ascent oI the paralysis towards the head, the acute 
ascending paralysis. These peculiarities depend on the variety 
and localization o{ the disease in the individual Ca8eS. Jn 
sharp contrast to them, there are others in which the paralysi' 
attains its acme in the very commencement, never extendinp; 
subsequent ly. 

In almost all lhe severe cases, vaso-motor paralyses, cystitis 
and pyelonephritis, and extensive bed-sores which are oftPn a cut<» 
set in early. All these complications may, however, be absent. 
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The same is true of the atrophy of the paralyzed muscles, and 
of the loss or modi fication of their electrical excitability. 

The subsequent course of the disease varies greatly in the dif. 
feren t cases and forms : 

1. It may be rapidly progressive and j'atal. In this case, 
after tt few days of continuous fever with the Rymptoms of an 
ascending paralysis, death takes place from a rnpidly develop· 
ing asphyxia. 

2. Or the disease may run a slower and less violent course; 
the fever remains moderate or disappears entirely, but cystitis 
and bed -sores are developed, bringing in their train fever, emaci
ation and exhaustion, and the patients succumb after weeks or 
months of suffering. 

3. Or the acute affection may be tranifonned into chron"ic 
myelitis; the paralytic symptoms persist with slight variations 
in intensity, until at some later period a slow exacerbation sets 
in, and the affection then runs the usual course of a chronic 
myelitis. 

4. Or an improvement sets in, which, however, always re
mains incomplete. The myelitic process ceases, but not until it 
has irreparably destroyed a certain number of the neiTous ele
ments of the cord, as a result o[ which a more or Jess extensive 
defect, such as paralysis, atrophy, contracture, anchylosis, or the 
like, is left behind. The general health, however, becomes and 
remains good, and the diserise which he has passed through 
exerts no further influence on the length of the patient's life. 

5. Or finally-and this is perhaps the rares t termination of all 
-complete recovery takes place. Several reported cases demon
strate that this favorable termination is at all events possible. 
A rapid improvement sets in, and, after the expiration of a 
longer or shorter period, all the bodily functions are completely 
restored. Convalescence is usually somewhat protracted. 

As has been stated, this clinical picture, which contains only 
the mos t general features of the disease, can be modified in many 
ways, the necessary result of which has been the differentiation 
of various forms or acute myelitis, to which we will return later. 
BeCore doing so, however, we must clescribe somewhat more 
closely the individual symptoms. 
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Among the disturbances of sensation the symptoms of irri
tation, in consequence of the complaints of the patients, usually 
assume the greatest pro1uinence. In a few rare cases they are 
entirely wanting, or are so slight that the patients do not speak 
of them, unless closely questioned about them. Violent shoot
ing pains are not commonly present in acute myelitis, a poi11t of 
importance in the differential diagnosis from men ingitis. They 
do occur, it is true, especially in the initial stage, but usually 
disappear soon, seldom persisting for any length of time. They 
appear sometimes in the form of neuralgic pains surrounding the 
trunk like a g irdle at a variable height, sometimes as a circular, 
hoop-like, burning sensation in the skin, or they may consist of 
dragging, tearing, boring or burning sensations in the limbs. 
Pressure and movement do not usually aggravate these pains in 
the extremities. They are very commonly accompanied by pain 
in the back, extending over a more or less extensive area, and 
also by tenderness over several of the spinous processes. 'fbis 
ean somelimes be recognized by passing hot and coid sponges 
over the spine of the back. On the other hand, various panes
thesire belong to the more constant symptoms or the disease. 
One o[ them is the well -known unpleasant sensation of con
striction as by a girdle, which is experienced not only on the 
trunk, bnt also in the extremities and joints. F eelings of ten
sion or swelling, and of cold or heat, pricking and sncking sen
sations, Iormication, etc., are experienced over more or less ex 
tensi1·c cutaneous areas, particularly in the lower extremities. 
Gradually the feeling of numbness ancl fnrriness and the loss 
of sensation become more and more prominent as the anmsthe
sia becomes more distinct. True hypencsthesia is rarely pres
ent in acute myelitis, ancl when it is, is probably due usually 
to a complication with meningitis . It does, however, occur also 
in unil ateral circnmscribed myelitis, on the same side as the 
motor paralysis. Charcot describes, under the name of dysres
Lhesia, a peculiar, diffuse, painful, vibrating sensation, which 
is prochlced by touching any circumscribed spot 011 the skin , 
ancl may extend to the entire extremity and even to both lower 
extrl3 mities. 

The symptoms of sensory paralysis are not usually slow in 
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making their appearance, though they too may be permanently 
absent. The anresthesia may be more or Jess extensive and com
plete; the paralysis of sensation is sometimes only partial, or 
there may be merely a slowness in the conduction of sensations. 
Severe pains are not unfrequently complained of in parts that 
are entirely deprived of sensation-amcsthesia dolorosa. Iso
lated, jerking, shooting pains, accompanied by spasmodic twitch
ings of the muscles, are very common in the paralyzed parts. 

The explanation of all these symptoms is undonhtedly to he 
sought in the development and progress of the intlammatory 
changes in the spinal cord. The initial symptoms of irritation 
arc to be ascribed to the inflammatory and hyperromic irritation 
of the nerve-elements in the gray and white substances, the later 
symptoms of paralysis to the destruction of these elements and 
their compression by the inflammatory exudation. The girdle
sensations depend probably on the involvement of the posterior 
nerve-roots in the intlamed spot; the parrosthesiro and amesthe
sire of the posterior half of the body, on the involvement of the 
sensitive tracks situated in the gray substance and in the poste-
1-ior white columns. Since these sensitive tracks lie for the most 
part within the gray substance, or at all events must pass through 
it for a certain distance, it is easy to account for the usually in· 
tense and complete anresthesia in acute central myelitis. Fut·
ther, the well-groundecl assumption, that the sensit ive tracks run 
principally or exclusively in the posterior half of the gray sub
stance and the posterior and lateral white columns, explains 
sufficiently the fact, that in myelitis involving only the anterior 
portion of the gray substance (e. g., in the spinal paralysis of 
children), disturbances of sensation are entirely wanting. In the 
circumscribed, disseminated, and peripheral forms of myelitis, 
the degree of the distmban1:e of sensation will tlepend solely 
on the extent to which the sensitive tracks are involved in the 
pathological changes in the cord. 

The motor disturbances also present irritative and paralytic 
stages. To the former belong, in the first place, the twitchings 
of individual muscles or of entire extremities, which often occur 
it1 the initial period, and the spasmodic contractions of the mus
cles, which sometimes increase to a condition of tetanic rigidity; 
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also the convulsive movements of the extremities, and finally 
the initial general convulsions, which occur almost solely in chil
dren. Much more constant and more important, however, are 
the symptoms of motor paralysis, the development of which 
stamps the clinical picture of acute myelitis with such a charac
teristic impress. The paralysis may be developed with such 
enormous rapidity, that we speak of an apoplectiform myelitis. 
Cases have been observed, in which complete paraplegia was 
developed during one night, withiu a few hours, and even iu Jess 
than an hour. It is, however, only in the hemorrhagic form of 
myelitis that the paralysis can develop fully wi thin the space of 
a few minutes, just as it does in apoplexy of the cord. This 
rapid development is the rule particularly in centml myelitis ; 
in the other forms of the disease, a longer period may bB neces
sary for the production of the paralysis. In such cases the mus
cles arc always perfectly fl accid ; the limbs hang or lie as if they 
were dead, and when mised fall like the limbs of a corpse. 

Later in the disease, if the patient survive, the symptoms ef 
irritation may again make their appearance in the affected limbs. 
Isolated spontaneous twitchings of the muscles are observed, 
which are often accompanied or excited by severe shooting pains. 
A state of muscular tension, or spasmodic tonic contractions of 
the muscles se t in, which are excited particularly by attempts at 
voluntary movement or by irritation of the sensitive nerves. 
Finally, severe contractmes are produced, which fix the legs in 
an extendPd or flexed 1iosition, and are frequently rendered more 
intense by attempts at active or passive movements. These 
symptoms, however, belong more to the later periods of the di s
ease, and hence are more constant in the subacute and chronic 
form s. 

The most common form of the paralysis is paraplegia ; still 
hemipamplegia, paraplegia cervicalis and isolated paralyses of 
particular limbs, as well as complete paralysis of all four extremi
ties along with the trunk, also occur. This depencls, of course, 
t'nlirely upon the seat and extent of the disease. 

The pathogenesis of all these motor disturbances is not by 
any means perfectly clear as yet. There can be no doubt, i t is 
trne, that they must be due to changes in the motor nerve-track s 
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in the spinal cord, bu t we are unabl e to decide positively in 
every case, whether they are due to lesions of the anterior roots, 
or of the nerve-track s in the gray substance or in the la teral 
columns, or to simple reflex processes. The arguments that are 
aclvanced in suppor t of each of these suppositions have already 
been detail ed while speaking of the general disturbances of mo
tility (see P art I. , pp. 79 ancl 97), and to avoid repetition we may 
refer the reader to tha t chapter. It is consequently in regard to 
the localization of the morbid process, tha t the explanation 
meets with the greatest difficulties, for it is a seH-evidenl fact 
tha t the inflammatory changes in the cord must be capable of 
producing irritative as well as para lytic phenomena in the motor 
paths. 

The disturbances of reflex action are especially valuable for 
the interpretation and localization of the lesion in many cases 
of acute myelitis. The s t.a te of the reflex activity, both of the 
skin and the muscles, may vary greatly ; it may be diminished 
and even destroyed, or it may be considerabl y increased. In 
a portion of the cases it is aboli shed very soon, immediately 
a fter the development of the paralysis, and 1·etlex actions can 
no longer be excited even by severe irritants ; sometimes it is 
not entirely abolished, but a longer time is 1·equired for the 
producti on of the movements ; in other cases it undergoes a 
very considerable increase, so that even very slight irritations 
call forth the most active, reflex muscular twitchings, which 
may increase to a persistent, convulsive jerking of the para
lyzed part; or, in still other cases, it remains unaltered or is 
sligh tly increased fo r a time, and then begins to diminish and 
gradually becomes weaker, finally di sappearing entirely. \Vhat
ever the condition may be, i t furnishes a valuable indication 
of the sta te of the gray substance, for i t is this portion of the 
cord which determines principally the s t.ate of the refl ex activity. 
The more intact the gray substance remains, the more confi
dently can we look fo r a continuance of the refl ex actions. 
When a portion of the gray substance, itself intact, is sepa· 
rated from its connection with the brain by a more centrally 
situated myelitis (e. g ., the g ray substance in the lumbar portion 
of the cord by a myeli tis located in the dorsal region), the re-



MYELITIS. 409 

flexes are increased; hence the exaltation of the reflex excita
bility so commonly observed in myelitis transversa dorsalis. 
\\"hen the gray sub tance is destroyed by the disease the re
tlexes are abolislrnd ; hence their disappearance in myelitis of 
the lumbar enlargement, and more especially in diffuse central 
myelitis, in which all retlex action is usually abolished from the 
very commencement. \Vhen this destruction of the gray sub
stance is secondary and effected at a later period o( the disease 
by the extension of the inflammation downwards, the reflex 
activity may be at first normal or even increased, but will sub
sequently become weaker and gradually disappear. 

Hence, we shall be able in many cases to draw from the con
dition of the retlex excitability important and relatively sure 
conclusion-, with regard to the localization of the myelitis in the 
gray substance. \Ye must bear in mind, however, that the reflex 
actions can also be modified by changes in the anterior roots, and 
that, moreover, the lateral columns probably exert an importa11t 
influence on thcm-Cacts which warn us not to make these con
e] nsions too positive. 

The sphincters are very frequently involved. Vesical paral
ysis is not unfrequently one of the earliest, and sometimes even 
one of the prodromal symptoms of acute myelitis. In severe 
cases there is usually complete retention of the nrine, which 
must be evacuated by the catheter during the entire course of 
the disease. In other cases there is merely incontinence of urine, 
or this is the most constant symptom on the part of the bladder. 
In a word, any of those disturbances which we have described 
and attempted to explain in Part I., p. 132, may be observed. 
Sometimes the symptoms in the beginning- of the disease are 
more those of irritation, spasmodic closure of the sphincter with 
increased desire to make water. 

The sphincter ani beha,·es in a simi lar manner; here, too, the 
most constant symptoms are those of paralysis. 'rhe explana
tion or all these symptoms on the part of the sphincters is to be 
found in the localization of the myelitis; for further particulars 
we may refer to what has been said on this st1bject in the gen
eral part. 

Priapism is not an uncommon symptom in acute myelitis. 
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Generally the erection of the penis is incomplete, but it often 
persists for c1ays, with slight variations in degree. It must be 
regarded as essentially a sign of irritation, pmduced either by 
irritation of the nerve-tracks passing from the b!'ain to the lum
bar portion of the col'd (Comp. p. 313), or by reJlex excitations 
proceeding from the bladder, skin, etc. 

The vaso-motor disturbances in acute myelitis have not yet 
been sufficiently studied. Engelken found in one case a rise in 
the temperatu!'e of the paralyzed part, but most authors speak 
of the extremities as being cold. Diffuse cedema of the paraple
gic lower limbs has sometimes been observed. The perspiration 
is sometimes increased, sometimes diminished in quantity. As 
recent physiological investigations have dernonstl'ated that the 
vaso-motor innervation is of a complicated nature, we must wait 
for more exact observations before an explanation of these dis· 
turbances can be attempted. 

This applies with even more force to the trophic disturbances, 
which follow in the train of acute myelitis. They are most clis
tinct in the skin, the most striking of them being the decubitus 
acutus,' which is developed regularly and early in the severer 
forms of myelitis, and occasions great danger to life. It appears 
in the well-known form of gangrenous inflammation of the skin 
over the sacrum, trochanters, etc., usually progresses rapidly, 
and proves fatal by septic fever. When the lesion in the cord 
is unilateral, the decubitus is situated on the opposite side of 
the body. It may make its appearance as early as from the sec
ond to the fifth clay of the disease. For its pathogenesis we may 
refer to the remarks made in Part I ., p. 123. 

There is not always time for the development of trophic 
disturbances in the nerves and muscles; still, even in rapidly 
fatal cases of cpntral myelitis, the first traces of the degenera
tive atrophy have been discovered in the muscles and nerves. 
\Vhen the di sease has been of somewhat longer duration, the 
atrophy of the muscles is not unfrequently very marked. There 

1 TRAN SLATOH's NO'L'E.-The Germans use the term decubitus to designa.te bed· 
sores, and for the sake of convenience it has been dee1ued advil:iable to retain it in the 
tr:i.nslation. 
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seems to be no question that these disturbances in tho nutrition 
of the muscles are directly dependent on the condition of the 

1
gray substance. Every marl~ed disturbance of nutrition in the 
gray substance leads to rapid atrophy of the muscles, and the 
study of particular forms of acute myelitis (spinal paralysis oC 
childrnn) has demonstrated very positively that this in!luenco 
on the nutrition of the muscles is exerted especially by disease 
of the anterior horns. llcnce, wherever a considerable and rap
idly developed atrophy of the muscles exists, we must assume 
an inllammation of the gray matter. 

The state of the electric excitability is of great value for the 
recognition of this degenerative atrophy. 1-Vhenever rapid mus
cular atrophy sets in, or in other words in severe aliections of 
the gray substance, a loss of the faradic il'ritability of the nerves 
and muscles is also observed; and, unless greatly deceived, we 
may look for the development of the reaction o( degeneration 
(Entartungsreaction) in all such cases. Death, it is trne, often 
occurs so rapidly, as to leave no time for its complete develop
ment. In the more subacute cases, however, we shall frequently 
be able to demonstrate this reaction of degeneration, and in the 
forms of acute myelitis in which the changes are confined to the 
anterior horns of the gray matter, it is one of the most constant 
phenomena. On the other hand, there are cases of acute mye
litis in which there is absolutely no change in the electric irri
tability, and others in which only slight quantitath·e changes 
in the same, slight increase or diminution, can be demonstrated. 
The conclusion, that in such cases the corresponding pOl'tions of 
the gray substance have remained intact, cannot be questioned. 

Marked alterations in the urinary excretion occur with strik
ing rapidity in severe cases of acute myelitis. After a very few 
days (Lwo to eight), the urine is alkaline and not unfrequently 
bloody; a muco-purulent deposit, numerous triple-phosphate 
crystal , etc., form very rapidly. It is not improbable, though 
by 110 means prornn, that these alterations are directly dependent 
on the acute spinal aff~ction, and not merely the result of the 
retention of urine f'ansed by the paralysis o( the bladder. 

Cerebral phenomena are not regularly or even frequently 
present in acute myelitis. Still they are not exactly rare in the 
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commencement or some particular forms (poliomyelitis anterior}, 
though they usually last only a short time. In children espe
cially, we observe in such cases headache, delirium, and general 
convulsions. It is scarcely possible to determine, howe,·er, what 
part i11 the production of the last-named symptom is played by 
the great irritability of the central nervous system or the child, 
and what part by the disease of the spinal cord. 

The l1eadache, delirium, etc., in acute myelitis may also occa
sionally be due to the fever, or to a complicating septicromia or 
urromia. 

Graver cerebral symptoms make their appearance, when a 
process analogous to that in the cord is established in the brain, 
where it produces its characteristic local mani[estations. 

Oculo-pupillar symptoms are sometimes developed in cervical 
myelitis. Speaking and swallowing may also be interfered with, 
when tht1 disease involves the medulla oblongata. 

The disorders of the optic nerve, of the nerves supplying the 
muscles of the eye and of other cerebral nerves, which play a. 
very prominent i·ole in the clinical histories or many cases of 
chronic myelitis, are unknown in acute myelitis. 

On the part or the digestive organs, the most constant symp
tom is great obstipation, for the relief o[ which the most energe
tic remedies are often requ ired. It is probably due to paralysis 
of the muscular coat of the intestines. Later on this may lead 
to great meteorismns, which may become so excessive as to be 
dangerous to life. In the commencement of the disease violent 
paroxysms o[ carclialgic pain are sometimes observed ; their 
pathogenesis is undoubtedly the same as that of the girdle
pains. 

Little is known concerning the behavior o[ the circulatory 
or,qans. The pulse is usually increased in frequency. 'Vhen 
the myelitis extends to the cervical portion of the cord, the in
crease in the frequency of the pulse may be very great, and 
finally a state of pronounced cardiac weakness is produced. 
Many patients suffer much from palpitation or irregularity in the 
action of the heart, which is accompanied by unpleasant, twitch
ing sensations in the carcliac region. 

The disturbances oftlte respiration arn better understood and 
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more important. "'hen the myelitis is primarily located in, or 
has extendetl to, the cervical region or the cord, they occupy the 
foreground in the clinical picture, and occasion immediate danger 
to life. In cases o[ ascending central myelitis, the gradual en
croachment on the respiratory movements, terminating finally in 
complete paralysis, can be followed with great facility. First of 
all , the abdominal muscles are paralyzed, and expiration and 
expectoration are impeded. Next in order, the intercostales 
and the muscles of the trunk are affec ted; as a result inspira
tion is interfered with, and the patients brea the only with the 
diaphragm. \Vhen this last-named muscle is also involved in 
the paralysis, the dyspnam becomes very intense, inspiration 
being ca rried on only by means of increased activity of the cer
vical muscles, and dea th by asphyxia very soon occurs in co11-
sequence o( paralysis of the respiratory centres. In this way the 
fatal termination can be brought about with very grea t rapidity 
in severe cases, death often occurring in an acute attack o( dys
pnma. Other cases, however, are more protracted, and the pa
ralysis is then usually complicated by pulmonary hypostasis. 
The pathogenesis of the respiratory disturbances requires no 
special elucidation. 

The general ltealtk is greatly impaired in almost all cases. 
In exceptional instances the appetite is not aITected nnd the pa
lients sleep well, and the nutrition of the body consequently re· 
mains tolerably good. Usually, however, the fever, the psychi
cal depression, the commencing cystitis and the decubitus occa
sion sleeplessness and loss of appetite which are soon followed 
by marked disturbance of nutrition, great emaciation and finally 
exhaustion. 

In the commencement o( acute myelitis, fever is present only 
in a small number of cases. In these cases, however, it may at 
once become very high, and it may remain persistently high 
throughout the entire course of the disease. Sometimes it occurs 
in isolated, sharp attacks, and an excessive ri se of temperature 
is not infrequently observed immediately before death. In other 
cases the fe ver is slight, never attains a high grade, and may even 
disappear entirely during the subsequent course o( the di sease. 
To sum up, the fever in acute myelitis is in no respec t charac-
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teristic. As might be expected, the cyst itig, pyelonephritis, de
cubitus and septic infection very frequently g ive rise in the later 
stages of the disease to a symptomatic fever, which exhaus ts the 
strength of the patients. 

Course, Duration, Terminations. 

·w' ith regard to the course of the disease but little can be said 
that will be generally applicable, on account of the great diver
gences presented by the individual cases. This fact is suffi
ciently ev ident from what has already been said, an<l it will be 
renclerecl sti ll more apparent, when we come to speak of the dif
ferent forms of the disease. 

The abrupt commencement of the di sease in almost all of the 
cases, a ncl the speedy development of the symptoms up to acer
tain point, are to some extent characteristic of acute myelitis. It 
is the rapid development of the paralytic phenomena, rather than 
the presence ancl the degree of the fever, which usually leads us 
to characterize a myelitis as "acute." It is not exactly neces
sm·y for the paralysis to be developed within a fow hours, in 
order to justify the employment of the term "acute," but it 
must at nil events make its appearance within a few clays (about 
one to ten). Cases which run a slower course may be classed as 
subacnte, but no sharp line of demarcation can be drawn between 
the two forms. 

In no t a few cases the commencement of the disease is exceed
ingly abrupt. The paralysis may develop in an apoplectiforru 
manner, almost without premonitory symptoms, and it may 
attain considerable in tensity in an hour or even less. Often, pa
tients awake in the morning with complete paraplegia, who had 
retired to becl on the preceding evening feeling scarcely at all 
un well (myeli tis apoplectica). Usually, however, there is a pro
clromal stnge of variable length, and after the paralysis has com
menced, h o11rs or clays elapse before it cle,·elops in to pronounced 
parapl~gia. In some cases, which must a lso be classed as acute 
myeliti s, a number of days elapse before thi8 point is reached. 
Sometimes the development of the disense, instead of being con
tinuous, is interrupted by successive pauses. 



l!YELlHS. 4lii 

Once begnn, the subseqnent course o[ the disease is also vari
able. In the most violent and rapid cases (myel iti s centrali s, 
hrematomyeliti s, etc. ) the paralysis rapidly ascends, symptoms 
oE asphyxia appear, and death takes place in afe10 days; or the 
fatal termination is brought about by the violent fever and sept i
cromia caused by the acute cystitis and decubitus, and occurs 
after a somewhat longer period, at most after a few weeks. 

In the less severe cases, particularly when the entire lumhar 
enlargement with or without the dorsal portion or the cord, is 
alfec ted, the •Jotu se is somewhat slower. There is complete para
plegia with paralysis or the bladder; cystitis is gradually deve l
oped, followed by decubitus, feve r, cachexia and exhaustion, and 
the patient succumbs after several weeks or months. 

In still other cases the transition to cltronic myelitis is elfec
hmted. There is then usually complete paralysis oE motion, with 
incomplete paralysis of sensation and paralysis o[ the bladder. 
The symptoms remain stationary for months and years, or pre
sent slight oscillations, being at one time better ancl at another 
worse. Uystiti s and decubitus may de,.elop after the dismse has 
persisted for a variable time, but they never become very severe, 
and are susceptible o[ being at least partly cm·ed. Death finally 
results from exhaustion or from some intercurrent disease. 

In other ca es, again, the disease ceases, ]eav ing only a few 
unimportant and harmless traces of its passage. The di sorders 
of sensation ancl oE the bladder, and the trophic d isorders of the 
skin are usually entirely wanting in these case,. The general 
health is soon completely restored. 'fhe only traces left by the 
disease are paralysis and atrophy o[ one or more rn uscular 
groups with their consequences, the patients feeling in all other 
respects perfectly well. The duration of life is not affected in 
any way by the myeliti s. This is the termination in imperfect 
recovery. 

Finally, complete recovery takes place in some very rare cases. 
In consequence of the lack of autopsies, however, i t will always 
b possible for sceptics to question the correctness of the cliag no
sis in these cases. This complete recovery probably takes place 
only in the milder forms of myeli tis, though these am not un[rc· 
qnently quite dilfuse. This termination usually sets in early. 
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Arter the symptoms or paralysis, the fever, etc., have persisted 
for one or two weeks, they undergo a slow and gradual retro· 
gression, and after the expiration of a few weeks all the func
tions of the body are completely i·estored. Convalescence is, 
however, almost al ways very protracted. l\Iedical literature con
tains a number of reported cases which demonstrate pretty posi
tively the possibility of this termination. 

It still remains for us to point ont briefly the characteristics 
of the cli./f'erentfonns of acute rnyelitis, as they most frequently 
come under observation. 

The traumatic myelitis, which develops after severe injuries of 
the cord, can be regarded as the type of acute rnyelitis trans
·oersa. It is most frequently located in the dorsal i·egion of the 
cord. Its pl'incipal symptoms are: girdle-sensation and girdle
pain, complete paraplegia, anresthesia, paralysis of the bladder, 
preservation and increase of the reflex excitability, absence of 
rnnscular atrophy, retention of electric irritability; in the later 
stages, symptoms of motor irritation, contractnres, etc.; also cys
titis and decnbitus. 'fhe persistence of the reflex excitability is 
particularly important. 

Acute rnyelitis centralis, as described especially by Dujardin
Beanmetz ancl Hayem, includes the cases which run the most 
rapid course. The commencement is usually abrupt and at
tended by disturbances of sensation ; complete anwsthesia and 
paralysis o( the lower half of the body with entire relaxation 
of the joints, are developed very rapidly, often in the course of a 
few hours or during a night; paralysis of the bladder and rec
tum. The extinction of all reflex excitability and the early com
mencement of progressive muscular atrophy, with loss of faradic 
irritability, are specially important. Later on, decubitus acutus, 
alterations in the urine, often rodema of the paraplegic limbs 
and neuropathic articL1lar all'ections, more or less intense fever, 
progressive advance of the paralysis upwards, early death by as
phyxia. 

The hemorrhagic form of myeliti s central is, or luernatornyelitis 
(IIayem), does not dill'er essentially from the simple form in the 
commencement. It runs the same rapid course, but the very ab
rnpt appearance of the paralysis, which becomes complete in the 
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course of a few minutes, or a t most of au hour or a little more, 
marks the occurrence of hemorrhages. The more rapid the de
velopment of the paralysis, the more predominant is the hemor
rhagic element in the p rocess. In other respects the course is 
the same as in the simple form. 

Hemorrhagic myeli tis can only be distingui shed from simple, 
idiopa thic hemorrhage into the substance of the cord, in those 
cases in which the hemorrhage is preceded by pronouncecl symp
toms of an acu te myelitis ; pains, panesthes im, girc1Je.sensation, 
vesical weakness, muscular twitchings, commencing paresis, fever, 
etc. (Compare p. 291.) 

The so-called poliomyelitis anterior acuta (Kussmaul), the 
spinal paralysis of children, which occurs in isolated, circum
sc ribed spots in the an terior horns of the gray matter, is clini
cally a sharply characterized form of acute myeli tis. Acute 
febrile commencement, often wi th headache, delirium ancl con
vulsions; rapid development-in a few hours or clays- of motor 
paralysis, which 1·aries in area in different cases, but attains its 
max imum of extension in the very beginning ; no disturbances of 
sensation, no paralysis of the sphincters, no decubitus ; on the 
other hand, rapidly prog ressive muscular a trophy, wi th the re
action of degeneration ; eventually, atrophy and impairment of 
the grow th of the bones, deformities of the joints, etc. Com
plete res tora tion of the general health , early improvement of the 
paralysis up to a certa in point, a number of the muscles, how
ever, almost always remaining atrophied and paralyzed, causing 
permanent deformities. (Compare Section No. 15.) 

In rnyelitis disseminata, as descri bed by " 'estphal, the clini
cal picture is naturally not so characteristic. It ordinarily causes 
paraplegia, sometimes wi th spastic symptoms, usuall y with 
paralysis of the blaclcler. The state of the sensibility is vari able; 
it is sometimes more, somet imes less impaired. The same state
ment holds true of the reflex and also of the electric excitability. 
Sometimes the existence of several centres of disease can be recog
nized from the grouping of the symp toms, the exacerbations, etc. 
The development of the sympto ms after acute diseases, especially 
variola, or in ph thisical patients, etc., might direc t suspicion to 
this form of tho nff('ction. 

VOL. XIU.-27 
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Acute myelitis is very frequently complicated with meningitis, 
myelomeningitis acuta. Tlte addition of meningitic changes to 
the myelitic affection, although unquestionably very common, is 
not specially important, since the severity and dangerousness of 
the disease is not essentially modified thereby. The develop
ment of myelitis as a complication of acute meningitis is a more 
serious affair. \Ve have already, in another place (p. 226), 
spoken of this condition of affairs, and endeavored to form an 
estimate of its inltuence on the symptomatology of acute spinal 
meningitis; this in!luence is, at all events, greater than has 
been hitherto supposed. Finally, the two inflammatory pro
cesses can set in simultaneously, so that neither one of them is 
dependent on or secondary to the other. Under all these condi
tions, the meningitic symptoms usually assume the most promi
nent role in the subjective complaints of the patients, while the 
myelitic symptoms are the most striking in the objective exami
nation. In such cases the phenomena which speak for menin
gitis are chie!ly the pain and stiffness in the back, the cervical 
rigidity, the pronounced hyperresthesia, the diffused pains, etc., 
while the contractnres, the severe paralytic symptoms, the paraly
sis of the sphincters, the augmented reliex activity, etc., must be 
placed more to the account of the myelitis. More exact obser
vations and investigations are, however, necessary for the clearer 
differentiation of the two processes. 

Diagnosis. 

In the matter o{ diagnosis, acute myelitis resembles many 
other affections of the spinal cord; the typical cases are easily 
recognizeu, while on the other hand, the less pronounced, the 
complicatecl and the uncommon cases are diflict1l t to unravel. 

It is easy to gather from the preceding description, what the 
characteristic symptoms are, from which an acute myelitis can be 
easily diagnosticated; acute commencement with more or less 
marked signs of sensitive and motor irritation, very rapid develop· 
ment of complete paralysis, vesical paralysis, becl-sores, etc. 
IV-hen fever is also present, and the etiological conditions are 
known, the cliagnosis is ijasy. 
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There are several other diseases with which it may possibly 
be confounded. First of all we must mention paralysis ascen
dens acuta (see far ther on, X o. 17), which resembles diffuse 
central myelitis in particular so closely , that it is oftpn scarcely 
possible to determine to which of the two di seases the case in 
question belongs. The results of recent investigations (\Vest
phal) have gradually forced us to the conclusion, that paralysis 
ascendens acnta is a special form of disease, entirely di stinct 
from myelitis. The diag nostic points, which speak rather for 
acute ascending pa ralysis, are the following: absence of con
vulsive movements at the outse t of the a ffection, absence of tro
phic disturbances, a sligh t degree of encroachment on sensation 
and preservation of electric irritability. In many cases, how
ever, the positive diagnosis can only be made with the help of 
the autopsy. 

'l'he difficulty of distinguishing acute myeli tis from menin
gitis acuta is often very great, in consequence of the frequent 
combination of the two diseases. The following symptoms speak 
for meningitis : high fever, severe pain, dorsal and cervical rig id
ity, contractnres, slight symptoms of paralysis, especially on 
the part of the sphincters, absence of severe trophic disturb
ances, pronounced hyperresthesia, etc. (Compare also p. 245.) 

'rhe di[erentiation of lwmwtomyelia, or simple hemorrhage 
into the spinal cord, from central myelitis, ancl particularly from 
the hemorrhagic form of that affection, is often uncommonly dif
fi cul t. The diagnostic points are: the very abrupt dernlopment 
of the paralysis without fever or prodroma, the s tationary char
acter of the paralysis, etc. This question has already been fully 
discussed in another place (p. 303). 

The differentiation of myelitis from luematorrll acliis, or hem
orrhage into the meninges of the cord, is, as a rule, easier. The 
nry abrupt development of the affection withou t premonitory 
symptoms or fever, the symptoms of severe meningeal irrita tion, 
the riolent pains, the dorsal rigidi ty, the relatively moderate 
grade of the paralytic phenomena, and particularly the slight 
in tensi ty of the an resthesia, usually characterize hmmatorrhachis 
sufficiently. (See p. 214.) 

It is scarcely possible to confound acute myelitis with !typer-
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remia qf llte cord. The absence of fever, the slight intensity of 
the sensory anll motor disturbances, the frequent and rapid 
variat ions in tho symptoms, and the absence of vPsical weakness 
a11<1 o[ becl-sorPs, are so characteristic of the JattPr affection as tu 
almost prevPnt thP possibility of a mistake. 

The diag nosis from hysteria can scarcl'ly present any diffi
culties; at all events any doubt which may a ri se, will be cleared 
up by a few clays' delay. It is unnecessary to recapitula te here 
the poi11 ts of the clifl'erent ial diagnosis. On the other hand, 
many poisons p roduce symp toms, which may resemble the clin
ical picture of ascending central myelitis so closely, that the 
d ifferentia ti on is very difficult. 

The seat o( the di sease in the cord and its extension in the 
transrnrse and vertical directions, can readil y be determinec1 
from the a rea o( the paraly tic phenomena, the state o( the refl ex 
irritabili ty, the trophic disorders, etc. As these points have 
already been repeatedly discussed, we may dispense with fur
ther consideration of them here. 

Prognosis. 

The pro,qnosis varies vary greatly. In general it is unfavor· 
able, because the disease is almost always se,·ere. There are, 
however, numerous exceptions to thi s rule. 

A perfect recovery is rare. In many cases a chronic state of 
di sease persists, while in others the morbic1 process ceases, but 
leaves a legacy of incurable, although relatively harmless defects. 
The prognosis, a t least as far as life is concerned, is often abso
lutely favorable (poliomyelitis anterior acu ta) . 

This much being premised, we may state that the prognosis 
depends chiefl y on the location and extent of the injlarnrnatory 
process . It is not correct to say, that it always becomes worse 
the h igher the loca tion of the disease in the cord. Strictly 
speaking, that assertion holds true only when the di sease is 
located in the dorsal anc1 cervical regions; in such cases the 
higher np it is located , the greater is the liability of the respi
ratory tracts becoming affected, hence the increasing danger to 
life. On the contrary, a myelitis in the dorsal region is, ceteris 
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paribits, more favorable than one in the lumbar region, on ac
count of the important centres located in the latter. 

It is much more correct to say, that the prognosis depends on 
the extent of the cross section of the cord involved in the p rocess ; 
the more considerable this is, the more unfa\'Orable is the prog
nosis. It becomes worse in propor tion especially to the extent 
of the gray substance involved. The central and posterior por
tions of the gray substance seem to be particularly dangerous 
in this connection, for experience teaches tha t acute myeli tis of 
the anterior horns alone is not attended by any danger to life, 
although it certainly annihilates the fun ction and the nutrition 
of the muscles. In myelitis of tile central gray substance, on 
the other hand, the prognosis is much more unfavo rable, on ac
count of the usually unavoidable development or cystiti s, decu
bitus, etc. "\Ve are as yet unable to say how much the more or 
less extensive implication of the white columns influences the 
prognosis. 

Tl!e extent of tlte longitudinal srction of the corcl invofrecl in 
the p rocesses intluences the prognosis in a similar manner; it 
becomes worse in a direc t rntio to the longitudinal extent, or, in 
other words, to the length of the diseased spot. Hence a very 
circumscribed, transverse myelitis is not so dangerous as the 
same affection, when it extends over •t greater length o[ the 
cord. Hence, also, the unfavorable prognosis in the progres
sive, ascending forms of the disease, and particularly in cen· 
tral ascending myelitis. A longitudinal extension of the di sease 
in tile white columns is, however, not by any means so porten
tous. 

There are various other facts which can al so be made use of 
for tile prognosis. A very rapid development and great in tensity 
of tile paralysis, complete paralysis of the sphincters, early and 
especially a.cute decubitus, progressive advance o[ the disease 
upwards, lligh fever, great impairment of the general health, 
disorders of respiration, dyspnma, cya.nosis, etc., intluence the 
prognosis unfavorably. On the other hand, a moderate degree 
of paralysis, absence of trophic and sensory disturbances, impli
cation of the bladder to only a slight extent, absence of fever 
and of marked impairment of the general health, commencing 
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improvement of some of the symptoms, etc., are signs of favor
able portent. 

The nature of the etiological inHuences and the possibility of 
removing them, the possible occurrence of exacerbations and 
relapses, the genernl condition of the patients, the effects pro
duced by certain therapeutic measures, etc., must also be taken 
into account in determining the prognosis. 

By close attention to all of these points, we shall in many of 
the cases succeed in forming a tolerably correct judgment of the 
course and termination of the disease. 

Treatment. 

Of a prophylactic treatrnent of acute myelitis, there can 
hardly be any question. If there be any it consists simply in 
the observation of those general rules, which are in any case 
necessary for the preservation of health. 

On the other hand, a causal treatment is possible in many 
cases. Injuries of the spinal column must be treated surgically, 
and simple concussions must also receive proper attention. 
'rumors of the spinal column should be removed if possible; in 
these cases the acute meningitis also requires treatment. W"hen 
the premonitory signs of myelitis make their appearance after 
exposure to cold, etc., the morbid process can be perhaps arrested 
or mitigated by an energetic diaphoretic treatment (diaphoresis, 
hot drinks, the warm bath, the pack, derivation to the back, etc.). 
Where there has been excessive bodily exertion, the same end 
may perhaps be attained by absolute rest in the proper position, 
a warm bath, etc. Suppressed secretions, protluvia and hemor
rhages should be excited afresh, if there be any reason to suspect 
that the suppression has had any intluence in causing myelitis. 
The treatment of syphilis is of special importance, when an acnte 
myelitis is developed in its course; in such cases an energetic 
mercurial treatment must be immediately commenced and be 
supplemented by large doses of iodide of potassium, "Roob Laf
fecteur," etc., when the stage of the disease indicates them. 

As a rule, however, the patients do not come uncler observa
tion until the disease is developed. The measures to be adopted 
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then will of course vary both in nature and in activity, according 
to the form and the severity of the disease. The general features 
of these measures of treatment are all that we can attempt to 
describe here. 

In all cases that are at all severe and threatening, an energetic 
antiphlogistic treatment is indicated. This is not the place to 
discuss the justifiableness of the usual antiphlogistic measures. 
\Ve are, moreover, still very much in want of actual observations 
on which to base a reliable opinion as to their efficiency in acute 
myelitis. Nothwithstanding this, however, in the face of so 
dangerous a disease, the energetic employment o[ all antiphlo
gistic measures is decidedly indicated. Active local bloodletting 
from the spine may be practised by means of leeches or wet cups, 
applied several times in succession; Chapman's ice-bag, from 
which Tibbits saw very good results, may be employed; the 
trnnk may be enveloped in, or the back covered with, clotlts 
wrung out -in water, which should in turn be covered with 
caoutchouc-paper and flannel, and shonld be renewed every 
few hours; to these may be added the inunction ef mercurial 
ointment into the back and other parts of the body-a measure 
of doubtful utility, but still one which is permissible in view of 
its efficiency in inflammatory affections of the eye, even when 
not of a specific nature. For the same reason, small doses of 
calornel, frequently repeated, may be tried, and eventnally also 
iodide ef potassiwm, in sufficient closes. Brown-Sequarcl recom
mends, on the grnuncl of physiological experiment, the employ
ment of ergot and belladonna (to combat the concomitant hyper
mmia) ; these remedies clese1Te a trial. 

In the majority of the cases, however, a moderate derivation 
to tlte intestines (castor oil, "aqua laxativa," mineral waters con
taining sulphate of magnesia, senna, rhubarb, colocynth, etc.), 
and also to tlte kidneys (by the ingestion of large quantities of 
water, the use of Ems or Vichy water, of acetate of potash, etc.) 
is more important and more useful. Attention must be paid to 
this. 

One difficult question which presents itself in the treatment 
of acute myelitis is, whether or not the employment of energetic 
derivatives to the skin over the spinal column, is permissible and 
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serviceable. The resnlts obtained by their employment in other 
affections, as well as in a few cases of myelitis, lrnve been very 
encomaging, but at the same time the danger o{ producing ulcers, 
and o{ favoring the formation of bed-sores, and the great annoy
ance they cause the patients, are apt to deter physicians from 
using them. I believe that, when propetly used, they can do no 
harm and often do good. Those which act rapidly and ener
getically should be chosen-the hot iron, or, in less serious cases, 
the blister. These counter-irritants should never be applied to 
places where the skin is already very anmsthetic; all parts that 
are exposed to continuous pressure shoL1ld also bu avoided. In 
sernrc ancl threatening cases (particularly i11 cases oC ascending 
central myelitis) we need not hesitate to give them a very thor
ough trial, since the great clanger in which the patients are placed 
justifies the use o{ severe and even da11gerous remedies. Here 
the greatest advantage will be derived from two bold streaks 
drawn with ferrum canclens, or from punctifonn cauterizations 
on both sides of the spine, repeated every day or two. The fa
vorable termination of Levy's case, in which the diagnosis of 
acute myelitis was in all probability correct, speaks highly in 
favor of this method. 

The antiphlogistic treatment must, of course, be modified ac
cording to the age, constitution and general condition of the 
patients. The more robust the individual, the more energetic 
should be the antiphlogosis ; in plethoric patients a moderate 
venesection may even be advisable. 

The galvanic current should never be employed in the acute 
forms and the acute stage of myelitis. It is only in the treat
ment of the more chronic forms, and of the residua and sequelm 
of the affection, that is permissible and proves valuable. 

The cases reported by Lewin 1 and IIitzig' might possib1y be adduced in oppo
sition to this statement. In Lewin's case, however, the diagnosis was not quite cer
tain. Under the galvanic treatment, which was begun on the twentieth day, the 
)Jaticnt did remarkably well. Jn Bitzig's case, the chief affection was a subacute 
meningitis. 

1 Deutsche Klinik. 1875. No. 11 
~ Virch. Arch. Band XL. p. 445. 1867. 
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In addition to these therapeutic measures the most careful 
attention must also be paid, in the first stages, to the feeding 
and the rmrsing of the patient; his strength must be kept up, 
and all the evil consequences of the disease guarded against and 
combated. In this connection the fo llowing points must be at
tended to: absolute rest as far as possible, and of cou rse in bed; 
the patient should lie often on his side or abdomen, and not ex
clusively on his back. It would hardly be possible to enforce 
the exclusively abdominal position, recommended by Brown
Scqnard. Easily digested but nomishing food; no spiri ts, no 
tea or coffee; absolute mental quiet; avoidance of all violent 
movements of the body, especially of those caused by driving; 
careful attention to the skin, which must be washed regularly. 
In the milder cases a lt1kewarm bath may be administered. Above 
all things, every precaution must be taken to prevent the devel
opment of cystitis and decubitus; the dirnctions for this will be 
found in the general part (Part I. , p. 193). 

If we succeed in tiding the patient over the first few weeks, 
or the acute stage of the disease, the case may be safely left for 
a time to nature, on which our chief reliance must be placed 
under all circumstances. Of course, the directions given for the 
cliet ancl nmsing must still be strictly followed out. " re can, to 
a certain extent, count on the development of a reparath·e action 
in the organism, which will lead to at least a partial adjustment 
of the derangements. In all such cases we have to deal with sub
acute and chronic forms of myelitis, ancl the treatment o{ these 
forms, which is given at length in the succeeding chapter, then 
comes into play. 

The time lias now come for a more supporting ancl stimula
ting treatment (quinine, iron, good food. wine, cod-lil·er oil, fresh 
air, etc.), which will further the restoration and regeneration of 
the tissue; also for the employment of baths (thermal and brine 
baths), or of a milcl course qf kydropatliy; p:irticularly, how
ever, for the employment of the galvanic current. For detailed 
information concerning the indications for these measures and 
the methods of employing them, the reader is referred to the 
section on the treatment of chronic myelitis. 

Finally, specific internal i·emedies, such as nitrate of silver, 
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chloride of gold and sodium, iodide of potassium, etc., are also 
indicated now. Strychnine may also be cautiously tried. 

If the case be progressively improving, the patient may grad
ually be allowed to move about cautiously. He should be put 
through a course of chamber gymnastics, etc., before he is al 
lowed to go about freely. 

Finally, convalescence in the cases which run a favorable 
course, may be hastened by residence in a mountainous region, 
or by cold-water treatment, or by sea-baths. The patients, how
ever, must a lways observe great caution for a long time, and 
avoid every excess, every occasion or over-exertion and any ex
posure to cold. 

The indicatio symptomatica may be furnished by the most 
different symptoms. The most important, as a rul e, is th~ care
fol treatment of the cystitis and decnbitus, the rules for which 
have been given in the general part (Part I. , p. 193). The relief 
of the pains and of the muscular twitchings ancl contractnres 
that follow in their train, is also or ten very desirable. (l\Iorphine, 
bromide of potassium, chloral, etc.) Sleeplessness may also 
require treatment. Against the asphyctic condition which sets 
in sub finem, and the impending cardiac paralysis, the usual 
irritant remedies are almost powerless. The anrosthesias, para
lyses, atrophies, etc., which persist after the cessation of the dis
ease, are most satisfactorily treated by electricity. 

B. Chronic Inftammation of the Spinal Cord.-Myelitis Chronica.-Sclerosis. 
Gray Degeneration. 

JJejlnition.-\Ve enter here on a domain, the limits of which 
it is exceedingly difficult to mark off. For the present we must 
include under the head of chronic myelitis, many affections that 
will doubtless be sifted out and more sharply delined in the 
cour e of time. 

·w e understand by chronic myelitis all those slowly de'l!elop
ing processes in the spinal cord wliich run a tedious, lingering 
course without fever, ancl wliicli in the present state ef our 
knowledge are ascribed to chronic injla1nmation. It comprises 
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consequently the processes which are designated as chronic in· 
flarumation in its narrowest S.)nse, as induration, as sclerosis and 
as gray degeneration; also a portion of the slowly developing 
processes of softening, and perhaps some of the cases in which 
cavities form in the cord. 

'Ve include here consequently forms of disease which vary 
very greatly in location and extent. In this chapter, however, 
we will consider only those forms which do not possess an exact 
localization, but are characterized rather by irregularity in seat 
and extent. The remaining forms, especially the funicnlar scle· 
roses, etc., will be made the subjects of special chapters. 

Etiology and Pathogenesis. 

The question whether an increased predisposition to myelitis 
exists in certain persons, has not yet been sufficiently investigated, 
but it is at any rate exceedingly probable that it does. Ilere too, 
the hereditary neuropathic constitution presumably plays a very 
prominent role; numerous facts in the etiology of tabes, multiple 
sclerosis, etc., indicate this. l\Iental and corporeal over.exertion, 
dissipation, sexual excesses, syphilis, emotional excitement, care, 
grief, etc., can probably also act as predisposing causes. The 

· disease is most common during youth and middle age, and in the 
male sex. 

Chronic myelitis can, as we have already seen, proceed from 
the acute form. This is not an uncommon occurrence. Hence, 
all the causes of the acute must also be regarded as more remote 
causes of the chronic affection. The latter, however, can also be 
primarily produced by these same causes. The differences in the 
degree of the external injurious influences, or of the predisposi
tion to the disease, which determine the occurrence of an acute 
affection in one case, and of a chronic affection in another, are 
still unknown. Of the exciting causes the following may be 
briefly mentioned: catcldng cold, which is one of the most im
portant, and certainly one of the most frpquent causes; often
repeated exposure, Jong sojourn in damp, cold localities, sleeping 
on damp earth, etc., are especially dangerous. Bodily over-
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exertion, especially when combined with exposnre to cold; hence 
the great frequency of chrouic myelitis after mili tary campaigns. 
Simple concussion of the cord withont direct injnry has already 
been mentioned (p. 346) as a possible cause of chronic myelitis; 
also gradual coiapression of the cord. 

" ' hether alterations in the circulation within the cord, such 
as possibly foll ow suppression of habi tual hemorrhages (the 
menses, bleeding piles, etc.), can be the starting-point of chronic 
myelitis, is s till doubtful. The question whether the myelitis, 
which develops in persons suffering f rnm hemorrhoids, has a 
causal connection with the latter and the disorclers excited by 
them, or whether we have to deal here wi th a pu rnly accidental 
coincidence, which, in view of the commonness of piles, would 
not be at all astonishing, must still be left open. 

Sexual excesses are undoub tedly rather a predi sposing than an 
exciting cause or chronic myelitis. Still, there are several cases 
on record, in which no other cause could be discovered to account 
for the di sease. The same remark applies to continued, depress
ing mental emotions. 

Syphilis is unquestionably a very frui tful source of chronic 
myelitis. Putting out of question the syphilitic afiections of 
the ver tebral column and the spinal membranes, and the specific 
neoplasms in the cord itself, which excite myelitis only indi
rectly by means of the compression they exert, the occurrence · 
of subacute and chrnnic myeli tis in syphilitic individuals or 
iii persons who had previously sufiered from the di sease, is so 
exceedingly frequent, that the possibili ty of an etiological con
nection between Ines and chronic myelitis cannot be denied. 
During the last few years I have myself met with a t least a 
dozen such cases, some of which I dissected. It is trne, that 
it is still impossible to decide, whether in these cases we ha,·e 
to deal wi th really specifi c myelitis, or with simple myelitis in 
persons predisposed by the syphilis to chronic inflammations. 
Judging, however, from the cases in which I had opportunities 
to hold au topsies, an account of which will be given elsewhere 
by Dr. F . Schultze, I must fo r the present regard the la tter as 
the more probable. llfore attention should in futme be paid to 
this ques tion, which is therapeutically exceedingly important. 



MYELITIS. 42D 

Chronic myelitis is occasionally developed as a sequel or 
various acute and chronic diseases. Langhans found chronic 
myelitis with softening and the formation of cavities, in con
nection with lepra. Chronic alcoholism, chronic lead-poisoning, 
and perhaps also chronic poisoning with other metals, can like
wise lead to chronic myeli tis. 

Finally, its development from irritation and diseases of peri
plwral organs must be mentioned. Most of the cases or so-ca ll ed 
reflex paraplegia belong in the domain of subacute and chronic 
myelitis. It is unnecessary to add anything here, to what has 
bePn already said in different parts of this work concerning the 
pathogenesis or this form of disease. " 'e will only allude to a 
case recently published by Laveran, which illustrates well the 
difficulty of explaining the etiological connection between the 
affection of the bladder and the disease of the cord. 

Pathological Anatomy. 

In many cases or cl1ron ic myelitis, the macroscopic examina
tion reveals no noticeable anomalies. The investigations of re
cent years have left no room to doubt, that very marked and 
widespread structural changPs may ex ist in cases where the 
most careful macroscopic examination discloses absolutely no 
alterations either in the color or the markings, or eren in the 
consistency o( the cord. The changes are revealed, however, 
when hardened preparations of the cord are subjected to a mi
croseopical examination. It is unnecessary to dilate on the sus
picion, which this discol'ery throws on the statements of many 
excellent observers, who were content to declare a cord to be 
'·normal" after a mere macroscopic or, at most, a hasty micro
scopic examination. There can be no reason to question the 
truth of the statement, that it is impossible to decide positi\'ely 
from macroscopic observation alone, or from a superficial micro
scopic examination of fre8h specimens, that the corcl is normal in 
structure. 

Not nnfrequently, 11owever, chronic myelitis causes very con
siderable macroscopic changes. These affect, on the one hand, 
the consistency and, on the other hand, the color of the cord, or 
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of circumscribed portions of it. There is almost always an in
crease in the consistency-a hardening or sclerosis of the cord; 
its substance is denser and firmer, and resembles coagulated albu
men, or it may be still denser and difficult to cut, presenting a 
smooth section. This hardening is usually accompanied by a 
more or Jess pronounced gray, or yellowish gray discoloration or 
the tissue-hence the much-used name, gray degeneration. 

In a minority or the cases only, do we mee t with more or less 
extensive softening. This is observed rather in the subacute 
cases, or in the earlier stages or a chronic myelitis, which has de
veloped from the acute form. It is sometimes met with, however, 
e\'en in primarily chronic cases, e. g., in the one reported by 
Keen. Sometimes we meet with more or Jess extensive and 
numerous cavities, which, in a number of the cases at least, arc 
by several authors correctly ascribed to chronic myelitis. 

The spinal cord in these cases rarely ]Jresents any considPrable 
change in volume. An increase in volume, or swelling of the 
whole or o[ circumscribed parts of the cord, is least frequent; 
on the other hand, a slight diminution in volume, or atrophy, 
is very common. 'Vhat was formerly called consumption o[ the 
cord, atrophy of the cord, and tabes dorsalis, in the anatomical 
sense or the term, are really nothing more than dilierent forms of 
chronic myelitis. In such cases the cord is atrophic and thinner 
than usual; sometimes it is greatly shrnnken. This change may 
be general and equable, so that the cord still presents the appear
ance of a cylindrical strncture, but it is usually limited to its 
lower half; or the shrinkage may be in the antero-posterior 
direction, so that the organ has a more flattened, band-like 
appearance; or, finally, the surface is somewhat depressed only 
in isolatecl, circumscribed spots, or perhaps along the entire 
length of certain columns. Everywhere the gray, degenerated 
tissue shimmers through the pia. 

The localization and the area of the chronic inflammation 
in the spinal cord may vary greatly. There may be merely 
isolated foci o[ disease, varying in nmnber and size, ancl im
bedded in healthy tissue. They are dense, reddish-gray or gray, 
often possess a gelatinous translucency, and are either sharply 
defined, or gradually shade off into the healthy tissue. W'hen 
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there is only one focus, which does not take in an entire 
cross-section of the cord, we speak of a rnyelitis circurnscripta. 
\\' hen, as not unfrequently happens, there are several o( these 
foci scattered irregularly through the cord, we have the myelitis 
c11 ron icct disserninata, or sclerosis 11iultiplex se1t clisseminata, 
which is usually combined with an analogous, disseminated scle
rosis in the bra in. 

\Yhcn the entire thickness of the cord is involved, the di sease, 
howeYer, being more or less limi ted in a vertical direction, we 
have before us the very common form to which the name 1nye
litis transversa has been applied. A portion o( the cord of 
rnriable leng th, but usually not more than a few inches in 
span, appears g rayish, translucent, shrunken and a trophied; 
the line o( demarcation from the surrounding tissue is not 
Yery sharply defined, especially when, as is usually the case, 
RPcondary degenera tion has set in . On section, the tissue ap
pears more or less firm, dense and dry, or occasionally more suc
culent and soft. 

In other cases the lesion involves only small and as a rul e 
distinctly circumscribed portions of the cross-section o( the cord, 
but e:..:t1>nds farther in a vertical direction, sometimes slr0tching 
throughout alrn o t the entire leng th of the orga n. In thi s last 
case we have to deal with the so-called band-sliapecl sclerosis, 
or funi cular degeneration. In this form of chronic myelitis, 
different parts of the cross-section may he involved. The affec
tion may be limited to the g ray substance, and may surronncl 
the central canal in the form of a cylinder of rnr_ring thi ck · 
ness; in this situation i t not unfrequently leads to the forma
tion of cav ities-this is the so-called periependymal sclerosis, 
which IIallopeau has described minu tely. Or it may he con
fined to the an tPrior horns of the gray ma tter, one or both of 
which may be alTected to a varying ex tent longitudinally: thi s 
is the poliomyelitis anterior cltronica (Ku ssmaul). Or it may 
be located exclusively in the wh ite columns, usually involv
ing a large portion of their longitudinal section, ancl almost 
always affec ting both sides symmetri cally . In thi s category 
belongs the much spoken of gray degeneration of tlte poster ior 
col1tmns ; the degeneration may involve the entire thickness of 
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these columns, or it may be limitecl to the funi culi graciles. The 
sclerosis ef tlte lateral columns, especially of their posterior 
portions, ancl the sclerosis of the inner portion of the anterior 
columns, also belong here. 'Ve will speak more fnlly of these 
forms in another place. Finally, the chronic myelitis may also be 
confinecl to the periphery of the cord, fornting a ring-shapecl zone 
lying immecliately beneath the pia, ancl corresponcling to the 
normal cortical layer. This form is u sually combinecl with 
meningitis. It constitutes the ring-slwped,periplteral sclerosis, 
or the sclerose corticale annulaire of Vulpian. 

"When the chronic myelitis extencls over the greater part of 
the cord, it is termccl myelitis cltronica dijfusa. This extension, 
however, is usnally not uniform, some portions being much 
more intensely all'ectecl than others. In many cases the myelitis 
is at first circumscribecl, but becomes more or less clill'usecl in 
course of time. 

A close examination reveals in very many cases the presence 
of the secondary degenerations, which have been often alludecl 
to alreacly, ancl which will be more fully clescribecl in another 
chapter. In an upwarcl clirection, it is chiefly the ascencling 
clegeneration of the posterior columns, reaching to the meclulla 
oblongata, which attracts the attention of the observer-in a 
clownwarcl clirnction, the clescencling clegeneration of the poste-
1·ior portions of the lateral columns, reaching to the encl of the 
lumbar meclulla. The transition from these clegeneratecl parts to 
the actual myelitic centres, is usually a very gruclual one. 

The menin.IJes, as a rule. take part in the chronic myelitic 
process. They also present the signs of chronic inflammation
cloucliness, thi ckening, adhesions, calcifications, etc. It is un
necessa ry to clescribe these changes here. 

The nen•e-roots are in many cases gray, translucent, exceecl
ingly atrophic, ancl convertecl into a wavy connective ti ssue, rich 
in fat, but containing few or no nerve- fibres. 

The peripheral nerves al so are not unfrequently founcl in a 
state of clegenerative atrophy. The 1nuscles are then in the same 
condi tion ; they appear very atrophic, pale, ri ch in connective 
tissue, ancl occasionally very abnnclantly suppli ecl with aclipose 
tissue. These points will be consiclerecl more in detail, when we 
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come to speak of the forms of chronic myelitis, that are most 
liable to be followed by these degenerative processes. 

Furthermore, at the autopsy we often !incl changes in the 
Joints (erosion, deformity or destruction of the cartilages, thick
ening of the capsule, serous accumulations, etc.) ; more or less 
extensive ancl often gangrenous bed-sores on clifl'erent parts of 
the bocly; markecl vesical changes (hypertrophy ancl ulcera
tion or cliph theritis of the m neons membrane, hypertrophy of tlie 
muscular coat, etc.) with consecutive pyelitis ancl nephritis, etc. 
\Ve lincl also many otlier changes which are partly consecutive 
to the severe, chronic spinal paralysis, partly symptomatic of 
acciclental, intercurrent diseases, but which it is unnecessary to 
describe here. 

We possess a great abundance or isolated observations bear
ing on the 'microscopical lesions of chronic myelitis. In general, 
however, there is still but little unanimity on the subject, least 
of all concerning the interpretation to be placecl on what has 
been cliscoverecl. \Ve cannot, of course, enter here into all the 
details, since many of the points in dispute are as yet undevel
oped, ancl for the practising physician of but little importance. 
Neither have we to speak of the methods of investigation, as that 
i a subject which belongs in the domain of pathological anat
omy; essentially, all the discoveries have been macle by the 
stncly of hardened preparations, colored ancl rendered trans
parent by various methods. 

It is probable that many different processes are still classed 
together u ncler the heacl of chronic myelitis. The changes enu
merated in the following paragraphs are, however, common to 
all these forms, and constitute in all probability the essence of 
the process. 

(J/wnges in the connective tissue or the neuroglia: increase 
in the thickness and width of the individual fibres and septa of 
the reticulum; gradual transformation of the tissue into a deli
cately fibrous, fibrillated connective tissue. According to Frnm
mann the fibrillro ar<> developed within the old, enlargecl neuroglia 
fibres ancl cells. They form finally a dense tissue, composed of 
delicate, fibrillated fibres, usually ananged in Jong wavy bun
dles. The neuroglia-cells enlarge, and thei.J.· nuclei undergo 

VOL. XIII.-28 
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proliferation ; they become more numerous and more distinct. 
Nowhere can Deiter's cells be found more perfect and more 
developed than in chronic myelitis; truly gigantic specimens 
with numerous processes are often found. 'l'he change consists 
consequently in a graclual conversion of the normal neuroglia 
tissue into a fibrillated, delicately fibrous connective tissue, ac
companied by proliferation of the cells and their nuclei. 

Changes in tlte nervous elements: sometimes the nerve-fibres 
are swolle11, the medullary sheath being irregularly thickened, 
crumbly and in a state of commencing degeneration; in this case 
numerous swollen axis-cylinders, which present spindle-shaped 
enlargements and are fused with the medullary sheaths, are also 
found. More frequently, however, we find pronounced atrophy. 
or a starved condition of the fibres, with destruction of the 
mednllary sheath, sometimes by fatty degeneration, sometimes 
without apparent change of this sort. The naked axis-cylinders 
then often remain in statit quo for a considerable time; but 
finally, they too undergo atrophy and become shrunken and de
stroyed. Sometimes they are found stiff, brittle, very brilliant, 
and indurated. 

The ganglion-cells are sometimes clouded and swollen, and 
contain vacuoles. :More frequently, however, they are dimin
ished in size, strongly pigmented, shrunken, atrophied and in
durated, and are finally converted into small, unrecognizable, 
angular structures, in which neither nucleus nor nucleolus can 
any longer be discovered, and which have lost their processes. 

Changes in lite vessels.-The walls of the small arteries and 
veins, and of the capillaries as well, are considerably thickened, 
ancl their calibre is lessened. This of course varies very greatly 
in degree in different cases. The walls, especially the adventitia, 
are converted into a thick, homogeneous, often indmated mass, 
presenting proliferation of nuclei, collections of fat- and pigment
granules, and not unfrequently also granule-cells. The peri
vascular space is filled with cells and exudation; fusion of the 
wall of the vessel with the sunounding, indurated connective 
tissue; sometimes aneurysmal dilatations of the vessels. 

Appearance ef lteterogeneoits elernents: ef these tliefat-gran
ule-cells (Fettkornchenzellen) are the most frequently met with; 
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they are sometimes numerous, sometimes scanty, at one time de
posited around ancl in the walls of the vessels, at another scat
tered through the connective-tissue septa, and again arranged in 
rows, apparently in the spaces that, under normal circumstances, 
contain the nerve-fibres. 'fhis very cliJierence in distributicm 
indicates different modes of proiluction. 

Coipora arnylacea are also usually found; they are some
times present in immense numbers, scattered throughout the 
entire tissue, but at other times only a few can be discovered. 

All these things will be found in the different stages of chronic 
myelitis. Not unfrequently they will all be found at the same 
time in the same cord, provided different parts of it be the seat 
of different stages of the process. 

It is evident, that the different age of the process must 
occasion characteristic differences in the histological picture. 
All the details of these differences have not yet been thornughly 
settled, but still the various stages of the disease can be charac
terized histologically about as follows: 

1. Tlte earliest stage.-'l'hickening and swelling of the inter
stitial tissue; greater succulence of the tissue; proliferation of the 
nuclei, slight swelling of Deiter's cells; commencing thickening 
ancl alteration of the walls of the vessels; nerve-fibres rather 
swollen, medullary sheath in a state of incipient degeneration; 
axis-cylinders often no longer distinct; ganglion-cells clouded, 
irregularly swollen, with fewer processes, etc.; more or less 
abunilant fat-granu le cell s, and a few corpora amylacea. 

2. Later stage.-More marked increase of the interstitial 
tissue, close network of thick neuroglia-fibres, proliferation of 
the nuclei, increase of the neuroglia-cells, great thickening of the 
walls of the vessels; distinct atrophy of the nerve-fibres, a muu
ber of which have disappeared. On the other hand, the axis
cylinders sometimes survive for a very long time (particularly 
in the so-ca.lied multiple sclerosis, for whic-h it seems to be to 
some extent characteristic.-Charcot, Leyden) . Ganglion-cells 
atrophic, sclerosed ancl in part destroyed; fewer fat-granule 
cells, more corpora amylacea. The tissue in general, of greater 
density. 

3. Last stage.-Almost exclusively connective tissue; a. dense 
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tissue, composed of delicate fibrillated fibres in a state of inex
tricable entanglement, with tolerably numerous nuclei and cells; 
the latter often strikingly developed and distinct. \\"alls of the 
vessels greatly thickened, vascular I um en uarrowecl or in rare 
instances enlarged. Only a few, isolated nerve-fibres are still 
recognizable; the greater part of the fibres have disappeared, 
and most of those which remain are atrophic; 111any naked 
axis·cylinders. Ganglion-cells shrunken to unrecognizable ele
ments, or entirely destroyed. Very few fat-granule cells, but 
corpora amylacea, on the other haml, usually very num~rous. 
The entire tissue very dense, firm, dry and shrunken. These 
are the appearances presented in the oldest cases, which have 
lasted several or many years. 

In many cases extensive cavities are found in the cord-this 
is prnbably the terminal stage of a very chronic myelitis charac
terized by softening. \Ve shall return to these cavities in another 
chapter. 

These arc the chic£ lesions found in chronic myelitis. 'Vhen we attempt to 
interpret them, various questions force themselves on our notice, the solution of 
which still presents considerable difficulties. 'Ve cannot, however, well avoid de-
voting a brief space to a consideration of them. 

In the first place, t11c question arises, whether in all these JJl"ocesses, we have really 
to de<tl with a c!tronic injlam.mation? 'Ve cannot spare time for a close examination 
of this general pathological question. Acconliug to the principles that are still 
generally accepted, the term chronic inflammation (cirrhosis, etc.) is in accord with 
the anatomical lesion!!, which arc analogous to those found in other organs when 
the scat of chronic inflammation. The matter, however, is still very open to dis
cussion, especially the question whether the process in many cnses may not be one 
of simple or of degenerative atrophy. This interpretation may apply to the so
called "secondary degenerations," which some authors arc clisposecl to class among 
the chronic inflammatory processes (Charcot, Tiallopeau). The anatomical picture 
of secondary degeneration can certainly resemble very closely that of chronic 
inflammation. Jofl'roy asserts that in experimental myelitis, lie found n;elling and 
hypertrophy of the nxis·cylinclers in the actmd focus of inflammation, but not in 
the parts which had undergone secondary degeneration; this woulcl indicate a 
difference in the two processes. This observation, however, requires confirmation, 
especially as it contradicts the 11tatements of other observers. Jn secondary degen
eration we have to deal essentially with tliat form of <lrgcnernth-c atropJ1y which 
occurs in the nerve-trunks, when they are cut off from their nutritive centres. 
(Compare our description and explanation of this in Vol. XL, p. 412.) It is true 
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that this atrophy nlso is not unfrequcntly spoken of as an actual inflammation i it 
must then be regarded, however, as a specifically neurotic inflnmmation. Very 
plausible also is the theory, that in such cases there is a primary degeneration of 
the nerve-fibres, the products of which exert an irritant action on the interstitial 
tissue, and excite in it a slow, chronic inflammation (sclerosis). A process of this 
sort might well occur primarily in many forms of the band-shaped affection, and 
it would furnish a simple explanation for the fact, that interstitial, chronic inflam
matory changes exist also in the gray degcncra.lion or dcgenemtivc atrophy of the 
spinal cord. 

'!'his brings us to a second very important question, namely, whether the chronic 
inflammatory process always has the same point of departure, be this from the con
nective tissue or from the nervous elemcnts 1 Whether, in other words, we mmt 
assmne a1~ int£rstitial or a pareuc/1ymato1U inflammation, or per/taps both logetlicr? 
To thi3 queslion nlso we arc ns yet unable to give a <lecided nnswer. It seems both 
possible and probable, however, that both forms of inflammation may ocC'ur; au
thorities whose opinions carry weight, mainfain this and clnim that they possess 
observations which prove it. In general, however, we have to deal here with as
sumption against assumption. Charcot and his disciples do not hesitate to distin
guish the interstitial myelitis or sclerosis from the pare11cl1ymatous Iorm. In the 
former it is claimed that the process begins iu the connecti,•e tissue, the nerve-fibres 
not being in,·olvcd until the affection has r~uched its later stages; hence the fibres 
nnd axis·cylindcrs remain unaltered for a long time (disseminated sclerosis) . Jn the 
latter, on the contrary, the process begins with irritation and degenerative atrophy 
of the nerve· fibres nnd ganglion-cell s, and involves secondmily the interstitial tis
sue (bnnd-shapcd sc lerosis of the posterior columns, progressive muscular atrnphy, 
probably also secondary degenerations). It is, in the present state of our knowl
edge, cliflicult to demonstrate the correctness oi this view. An unprejudiced exami
nation of preparations from both forms of the disease shows that there arc no 
essential differences in the histological appearances, that the same alterations may 
occur in both forms, and that all theories concerning the mode of thei r production 
arc more or less gratuitous. 

Theoretically the thing is certain ly possible and even probable, but it can by no 
means he admitted as proven. It is, in fact, ''ery difficult to decide the question 
from a purely anatomical standpoint. At all events, it docs not seem to us justifi
able to confine the term chrouic myelitis solely to the so-called interstitial sclerosis, 
and to deny the character of an inflammatory process to the so-called parenehyma
tous sclerosis. To us, at least, it seems better and simpler to designate for the pres
ent all these forms together as scleroses, and to differentiate them chiefly according 
to their localizations. 

Another and a better differentiation will only be possible when a third ques
tion is decided, nnmcly, whether the patlwloyical 71roce88 in all tlteseforma ofdU
eaae, 10/iidi ldstologically pre«ent essentially lite same piclitre, is actually the same 1 
Wbethcr, consequently, the different conditions described ns induration, gray degcn
cratiou, multiple sclerosis, secondary dcgcneration1 etc., are to be ascribed to one 
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and the same distinct disease, namely, chronic myelitis, of which they constitute only 
different forms, or whether they represent essentially different diseases 1 In our 
opinion it is still imposi:;iblc to decide this question with positive certainty. The 
French school in particular classes the secondary degenerations with myelitis o.nd 
the band-shaped scleroses. ""ilh all reverence for the value of the evidence fur
nished by the histologicnl appearances, wo cannot repress a modest doubt of the 
correctness of this view, a doubt which is base<l chiefly on physiological and clini
cal considerations. There is another point on which, as it seems to me, most ob
servers agree, an<l that is that the processes in tabes and multiple sclerosis arc not 
entirely identical, hut present certain differences which cannot as yet be defined 
with satisfactory precision. 

There undoubtedly remains much to be done in this department, but judging 
from the great strides that have of late been made in the development of the path
ological histology of the spinal cord, we may confidently expect that the concep
tion of chronic myelitis will l>o cleared from its obscurities in a not very distant 
future. 

Pathology of Chronic Myelitis. 

Symptoms. 

In consequence of the great diversity of the processes and 
forms of disease, that are included under the term chronic myeli
tis, it is difficult, if not impossible, to draw in connected strokes 
a general clinical picture of the affection. 

'fhe following description consequently applies more to the 
general type of chronic myelitis, and particularly to the so un
commonly frequent myelitis transversa, where one large focus of 
disease exists at any height in the cord, or where there are sev
eral foci, one of which, however, determines chiefiy the clinical 
picture. 

In the majority or the cases belonging in th is class, there is a 
slow, creeping, almost itnnoticed development qf spinal symp
toms, which vary in nature and location. Sensory disturbances 
are usually the first to attract the attention of the patient, but 
they ordinarily discommode him but little. They consist or ab· 
normal sensations in the lower, more rarely in the upper extrem· 
ities, panesthesire, amesthesire, and the like, which, however, are 
subject to frequent fiuctuations, and may even at times entirely 
disappear. They are frequently accompanied by a gir<lle-sensa· 
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tion in the trunk at a varying height, or perhaps also in the 
extremities. Severe painfnl sensations are rnre, as are also 
hypenesthesiro of any degree of severity. All these symptoms 
are exceedingly variable and inconstant, and only very gradually 
attain any great degree of intensity and stability. 

Slight motor disturbances next present themselves and de
velop in a very analogous manner. '£hey may, however, open 
the scene. A feeling of weakness and of slight fatigue, and a 
certain heaviness and uncertainty of gait, are the first symptoms 
to attract notice. The patients are incapable of making any 
great exertion, and very quickly become fatigued. These symp
toms also may fluctuate considerably in intensity; they are often 
neglected for a long time and ascribed to all possible causes but 
the right one, until finally, ii1 common wi th the sensory disturb
ances, they assume graver significance. 

Sometimes the disease commences with vesical weakness, with 
slight incontinence or retention, more rarely with pronounced 
paralysis of the bladder. '£hese symptoms may exist for weeks 
or months, before the other signs of the disease make their ap
pearance. Constipation is almost always present, even in the 
earliest stages of the disease. 

After a time, as the di sease progresses, all the above-men
tioned symptoms are found in combination ; a slow, progressi\·e, 
or sometimes an intermittent aggravation of the symptoms is 
noticed. Not unfrequently we observe a more rapid advance 
of the disease, a sudden, marked aggravation of the symptoms, 
under the fofluence of some injurious agency, such as over-exer
tion, exposure to cokl, sexual excesses, the improper use of 
baths, and the like. Finnlly, after the disense has lasted a vari
able time-several months or even years-the clinical picture is 
thoroughly developed, usually taking the form of typical spinal 
paraplegi'i with all its consequences. 'l'here is distinct paral
ysis, varying in degree from paresis to complete paralysis; it 
generally takes the form of parnplegia, but may assume any other 
possible form. Ancestltesia of greater or less intensity is rarely 
wanting. It varies in point of extension, but usually involves 
the lower ex tremities and the trunk up to a val'iable height. 
Partial paralysis of sensation and retardntion oI the sensory con-
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duction occur. Parresthesire anc1 dysresthesire in the paralyzed 
parts are not rare. Usually, however, the motor is more intense 
than the sensory paralysis. The sphincters arn almost alway" 
involved; the different varieties and degrees of vesical paralysis 
are met with, and similarly there may be mere weakness of the 
sphincter ani, or involuntary and unconscious passages from the 
bowels. A marked increase of the reflex activity usually occurs; 
a spontaneous twitching ef the muscles, which is often accom
panied by severe pains, and muscular contractions and contrac
tures, etc., are also met with. The sexual power i" wont to ex
pire early. 

In the form of chronic myelitis, to which the above descrip
tion chie!ly applies, the reflex excitability may be lost after a 
time. Progressive atrophy of the muscles, changes in the skin, 
nails and joints, and chronic decubitus, with all its consequences, 
may also occur. \Vhen vesical derangements exist, cystitis 
rarely remains long absent. All these symptoms, however, are, 
as a rule, developed very slowly, and only very gradually attain 
dangerous intensity and extent. 

The disease may terminate in different ways. A more or less 
complete recovery may very slowly take place, or the affection 
may become stationary and remain so for many years, or a fatal 
termination may be gradually brought about in various ways. 

The clinical history is essentially the same as that of the anal
ogous form of acute myelitis, the only differences being the very 
slow and gradual development of the disease, the entire absence 
of fever, and the usually excellent state of the general health of 
the patient. The duration of the disease is always very pro
tracted; it must be reckoned by years. 

The preceding clinical picture applies, as has been already 
stated, only to one of the many forms of chronic myelitis. It 
would require too much space, to describe in a similar manner 
the other forms, in which the seat of the disease is different, and 
we must content ourselves for the present with the brief charac
terization of them which is given below. For further particulars 
concerning them, we must refer to the appropriate chapters. 
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When we anctlyze tlte individual symptoms of chronic myeli
tis, we meet with the same pathogenetic conditions as in the acute 
disease. A detailed description and minute investigation of them 
would consequently only lead to needless repetitions. Still, there 
are many points, which it is necessary for us to examine more 
closely before pmceeding further. 

Among the sensory disturbances the symptoms of-irritation 
play a comparatively unimportant role. There are cases in which 
pain is entirely absent throughout the entire course of the dis
ease. In other cases, however, very violent pains are expe
rienced, particularly during the stage of development, or very 
severe paroxysms of pain occur at intervals during the entire 
course of the disease. The spasmodic muscular contractions of 
the later stages are usually accompanied by very intense pains, 
and I have seen cases in which peripheral sensory initations, 
such as the dressing of a bed·sore, passing the catheter, etc., ex
cited violent radiating pains in the back or the extremities. The 
peculiar, vibrating, painful sensation produced by touching the 
skin, to which Charcot has applied the term dysrosthesia, is also 
met with. 

The so-called parcestltesice are more frequently observed: 
the girdle-sensation, formication, numbness, cutaneous buming, 
funy feeling, etc., are very common. Finally, ancestltesia is 
almost regularly developed in the later stages of the disease; 
there are cases, however, in which it is entirely or almost en
tirely absent. The anresthesia may vary greatly in degree. All 
po sible forms of sensory paralysis, from mere slowness of con
duction to the most complete anresthesia, may occur. It is not 
necessary to describe these things in detail; for an explanation 
of them we may refer to the general part (p. 66 et seq.). 

Among the motor distztrbances also, the symptoms ef irrita
tion are of subordinate importance, particularly in the first 
stages. Usually there is only an occasional, slight, muscular 
twitch, or a sudden twitching movement of the legs, or the like; 
there may also be slight muscular contractions and trembling of 
the legs after fatiguing exertion, or when the weight is laid on 
the toes. 

The signs of paralysis, however, are usually much more im-
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portant and more prominent. Ordinarily, the !i1·st symptoms are 
marked weakness, loss of tone, and a sense of fa tigue. In the 
early part of the disease thPse symptoms are not unfrequently 
relieved by moderate movement, such as walking; the patients 
feel stiffer and more fa tigued at starting out than a ft er they hare 
walked fo r a lime. As the disease prog«esscs the stiliness aml 
helplessness become more marked and are objectively evident. 
The movements arc slow and stiff ; the fingers and toes, for in
stance, can no longer be moved about quickly, 0 1· this is only 
possible wi th the help of many associated movements. 'fhe 
legs feel heav:;, " as if they were fill ed with lead," and the feet 
are dragged along the ground, the toes readily catching in 
every slig ht inequality. The walk has a pronounced paralytic 
character. 

Gradually both walking and standing become impossible. 
When the patients a ttempt to s tand they collapse; their legs 
can no longer sustain them. Even while ly ing clown the move
ments become progressively weaker and less frequent, until 
finally , the case terminates in complete paralysis. This may 
vary greatly in fo rm. In the great majol"ity of the cases it takes 
the form of paraplegia, but it may occasionally appear as hemi
paraplegia or spinal hemiplegia, or even cervical paraplegia, etc. 

The spastic S?Jrnptorns may return again in a later stage. 
First of al l, a gradually increasing contraction of the muscles 
sets in; this is manifest at first only during passive motion, but 
it soon becomes evident also during the voluntary movements, 
which are impeded and retarded by it. The characteristic" spas
tic" walk, which we have described elsewhere (Part I., p . 97), is 
now developed. The muscles become more and more tense and 
rigid, un til finall y a state of permanent and more or less marked 
contracture is produced. This may affect either the extensors or 
the flexors, the latter being, as a rule, attacked only in the later 
stages of the d isease. The adductors are likewise almost always 
involved. The stiff and paralyzed limbs are not unfrequently 
shaken by twitches and spasmodic movements, which either 
ari se spontaneously or are excited by sensory il'l'ita tions. These 
twi tches and movements are often exceedingly active and may 
resemble volun tary mo1'ements ; they are often accompanied by 
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severe pains. They are most readily excited by sensory frrita
tions: cutaneous irritation, catheterization, micturition or defe-

1cation, traction on the tendons, etc. They may develop into long
continued, convulsive tremor of the lower extremities. Sometimes 
all voluntary movements are accompanied and followed by this 
spasmodic muscular action. 

The various, special disturbances of motion, such as the ataxia, the tremor 
accompanying voluntary movements, etc., which occur in other di&tinctly localized 
forms of chronic myelitis, will be described more minutely in the appropriate 
chapters. 

All the motor disturbances are very readily explained by the 
chronic inflammatory processes going on in the motor condnct
ing tracks and central apparatus, although it is not always pos
sible to determine the exact point in the central nervous system, 
at which these processes are located. Of late it has become cus
tomary to ascribe the spastic symptoms, which develop dming 
the later stages of the affection, to sBcondary d~generation of 
the lateral columns. It cannot be denied, that there are good 
grounds for this assumption. 

The vaso-nwtor distitrbances in chronic myelitis are, as a rule, 
not of a very striking nature. The coldness of the feet, which is 
very frequently complained of and proves very annoying to the 
patients, probably belongs here, as does also the often observed, 
cyanotic, bluish-red color of the lower limbs. In consequence 
probably of the very slow development of the obstruction to con
duction, the vascular innervation is able to adapt itself to the loss 
of a part of its spinal centres, so that the resulting derangements 
are not very marked. 

The state qf" tlte rljlex irritability varies. In the majority of 
the cases it is increased and is very active. Very curious things 
are often observed in this connection ; reflex movements of the 
strangest kinds are prodnced by irritation of all imaginable sensi
tive regions. Tickling the soles of the feet causes active jerking 
ancl kicking movements in the paralyzed legs ; colic pains, the 
introduction of a catheter, the act of dressing a becl-sore, etc., 
may excite movements in the legs. I have seen evacuation of the 
urine produced by irritating the skin of the feet, or by introduc-
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ing the finger into the rectum; erections produced by rubbing 
gray ointment into the thighs; a discharge of fmces occur during 
the dressing or a bed-sore, etc. The tendon-reflexes are also, as 
a rule, abnormally active, often excessively so. The slightest irri
tation of the tendon of the quadriceps extensor femoris causes a 
reflex movement, which can readily be made to develop into 
clonic spasm. The most marked clonic spasm or the muscles of 
the calf can be excited by passive flexion of the foot; reflex 
movements can also be prod need by irritation of the tendons of 
the adductors and of numerous other muscles. 

Both of the conditions which are known to lead to increase 
of the refl ex activity-destruction of the connection between the 
reflex apparatus and the brain, and abnormal irritability of the 
gray substance-may be present in chronic transverse myelitis. 
It is probable that in most of the cases the increase is due to a 
combination of these two conditions. 

On the other hand, there are cases in which the reflex irrita
bility is diminished, or even entirely abolished. In such cases 
we must, in accordance with the views at present held, assume 
either that the gmy substance is very extensively involved, or 
that the conducting power of the nerve-roots which come into 
play, is destroyed by the myelitis. 

There is an unmistakable parallelism between the state of 
the reflex excitability and the state of the electric irritability of 
llte nerves and muscles. vVhen the reflexes persist, the electric 
excitability is also, as a rule, preserved. In the majority of the 
cases, I have found the latter to be both qualitatively and quan
titatively normal. In a few isolated cases there was a distinct 
increase in the faradic and galvanic excitability (without quali
tative anomalies) of the nerves of the paralyzed limbs; in other 
cases there was an unimportant quantitative diminution of this 
excitability. I am as yet, however, unable to say, whether or not 
this pathological state will afford us any assistance in determin
ing the seat, stage, or course of the disease. 

In those cases, however, in which the reflexes are abolished 
in consequence of extensive implication of the gray snbstance, 
atrophy of the muscles usually sets in, accompanied by Joss of 
their faradic excitability (probably with the reaction of degener-
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ation in the majority of the cases). In certain forms of chronic 
myelitis, which we can with great probability locate in the an
terior horns of the gray matter, this state of affairs constitutes 
the rule, the loss of electric irritability occuning remarkably 
early and rapidly. 

Further and more accurate investigations of these phenomena 
in chronic myelitis are greatly to be desired. 

There is a very close connection between the electric inita
bility and the state o.f the nutrition oftlw '7mscles. Usually the 
latter is intact ancl good, and it can remain so during the entire 
course of the disease. In other cases a slow, progressive atro
phy of the muscles sets in in the later stages-a sign that the 
gray substance has become more extensively involved. In still 
other cases a rapidly progressive atrophy or the muscles is ob
served, which sets in early, ancl is accompanied by the reaction 
of degeneration. The territorial extent of the atrophy varies 
greatly; it depends on the extent of the central disease. Some
times the upper extremities are chiel:!y or alone affected by the 
atrophy, the lower limbs presenting simple paralysis without 
atrophy. This is easily accounted for by differences in the 
condition or the gray substance of the cervical ancl the lumbar 
enlargPments. 

In regard also to other trophic derangements, the individual 
cases vary greatly. They are entirely wanting in some forms 
of chronic myelitis, of which we will presently give brier de
scriptions; as a rule, disorders of sensation and of the bladder 
are also wanting in such cases. Frequently, however, and more 
especially in cases of myelitis transrnrsa, decubitus is devel
opecl sooner or later, generally in the chronic form already de
scribed (Part I., p. J22); sloughs form in the usual places of 
predilection, their formation being not unfrequently hastened by 
more or less accidental agencies (sitting or lying in the same 
position for a long time, unusually severe pressure or other me
chanical injnry, a long railroacl journey, febrile diseases, etc.). 
Sometimes, when the patient has not been nnrsecl with proper 
care, the attendants will be astonished by the unexpected dis
covery of a bed-sore, which has already attained large dimen
sions, on the nates or over the sacrnm. The sore may develop 
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and spread with more or less rapidity, but it usnally runs a 
chronic course. "'hen great attention is paid to cleanliness, 
etc., the parts first aliected may, after separation of the sloughs, 
heal up in the conrse of a few weeks or months; fresh bed-sores, 
however, constantly form in other sitnations, often in considera
ble numbers, or the already cicatrized spots break out afresh on 
the slightest provocation. The patients, even when they are 
covered with large ulcers, may, ii carefully nursed, drag out a 
miserable existence for a long time, until finally cleath ensues 
from exhaustion. Under all circumstances the formation of ex
tensive sloughs is an unfavorable sign; it marks the beginning 
of the end. In some rare cases large decubitus ulcers may be
come permanently cicatrized, even though there be no noticeable 
improvement in the primary disease. I have at present one such 
case under observation. 'Vith respect to the pathogPnesis of the 
bed-sores in chronic myelitis, we have nothing to add to the re
marks made in the place mentioned above. 

In the forms of chronic myelitis which more especially engage 
our attention here, the sphincters are almost always involved in 
the paralysis to a greater or less extent. The vesical functions 
in particular are almost regularly impaired at an early period; 
there are some exceptional cases, however, in which the bladder 
remains unafiectecl throughout the entire course of the disease. 
In many cases the vesical prnalysis is the first symptom, and pre
cedes the other manifestations of the disease often by a consider
able period (Laveran's case). It may present any of the clilierent 
forms and degrees which have been enumerated elsewhere (Part 
I., p. 132); it may vary from slight retention of urine to complete 
incontinence, or constant dribbling of urine. The variations in 
the localization and extent of the myelitis explain sufficiently 
these differences in the vesical symptoms. Naturally, cystitis 
with all its evil consequences, which render the nursing and treat
ment of the patient so much more difficult, does not remain long 
absent uncler such circumstances. Pyelitis and nephritis may 
set in later, ancl hasten the fatal termination. The functions of 
the rectum usually sufier in ::in analogous manner to those of the 
bladder. 

Sexual power is usually impaired early. As a rule, it dimin-
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ishes with more or less rapidi ty, and finally disappears entirely . 
Notable exceptions to this rule are met with, however, particu
larly in cases of incomplete paraplegia, and in those fo rms of 
chronic myelitis which a ffect chiefly or exclusil·ely the volun tary 
motor apparatus. 

The general nutrition often remains perfect for a very long 
time. It is not at all rare to meet with pa tients, whose blooming 
and well-nouri shed appearance presents a most sl!·iking contrast 
to the state of perfect helplessness, to which they are reducecl by 
a complete parapl egia or some other form of paralysis. This is 
to some ex tent characteristi c of certain special forms of chronic 
myelitis, which will presently be described. In all the more 
severe and progressive cases, however, a constantly increasing 
disturbance of the general nutrition is observed, though usually 
not until a fter the development of cysti tis and bed-sores. Loss 
or appetite, fe ver, repeated chills, digestive derangements, pro
gressive emaciation and finally complete exhaustion generally 
constittr te the final symptoms in such cases, provided some inter
current disease does not termina te life sooner. 

W"ith regard to tlte disorders ef tlte cerebral nerves and of tlte 
brain itself, we have but little to say. There are cases o( chronic 
myelitis, e. g., of tabes and multiple sclerosis, in the clinical 
picture of which cli sorders of certain cerebral nerves, such as the 
optici, the nerves of the muscles of the eye, the faciales and the 
hypoglossi, occupy an important position ; there are other cases, 
in which )JSychical disturbances and di sorders of speech and of 
the voice are equally prominent. \Ve will return to these symp
toms in the appropriate chapters. In the cases of myelitis trans
versa, however, which interest us more especially a t present, 
cerebral symptoms and disorders of the cerebral nerves are usu
ally entirely wanting throughou t the whole course of the di sease, 
or, at most, they occur during the agony. Finally, there are 
cases in which the process slowly ascends un til it at Inst reaches 
the medulla oblonga ta ; di sorders of deglntition, speech , respira
Lion, circulation, etc., are then produced, and bring about the 
fa tal termina tion. The sequence and grouping of these symp
toms foll ow naturally from the functions of the cervical marrow 
and the obl onga ta, and it is unnecessary to describe them in 
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detail, especially as they present very great ili!l'erences in the 
inilividual cases. 

Course-Duration-Terminations 

\Vhen the chronic form of myelitis is developed from the 
acute form, it is preceded by the symptoms of the latter; some 
of these symptoms undergo a gradual retrogression and the gen
eral health improves, but the paralyses, pains, contractures, etc., 
persist and subsequently become slowly and gradually more 
developed. 

In the other cases, we observe the slow, lingering development, 
which has been briefly described above. Of course the individ
ual cases do not resemble each other exactly in every particular, 
but the fundamental characteristic of the disease always remains 
the same; it is the successive, gradual appearance of the various 
spinal symptoms, their development from insignificant begin
nings which often attract little or no attention. Sometimes the 
development of the affection, instead of being continuous, is in
terrupted by intervals of more or less marked improvement; 
these alternate with exacerbations and slight relapses, each of 
which leaves its mark in an increase of the disturbances. 

When the disease has attained a certain height it may remain 
stationary for many months or even years, or it may slowly pro
gress and terminate in different ways. The grea.t multiplicity 
of the morbid conditions included under the term chronic mye
litis, makes it impossible to give even an approximate estimate 
of the duration of the disease. All we can say is that it is an 
affection whose duration can only be measmed by years. In not 
a few cases, many years elapse before the final termination is 
reached, while in others the disease may persist during the life
time of the patients, without directly threatening existence. 

It very rarely terminates in recovery, and when it does the cure 
is usually exceedingly incomplete. l\Ioreover, relapses are very 
liable to occm, and they furnish good reason to doubt the reality 
of the cme. Various residua, such as paralyses, atrophies, par
tial anrnsthesias, de[ormi ties, vesical disorders, etc., often remain 
behind permanently, even when the actual morbid process has 
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undoubtedly ceased; hence the recovery must be regardecl as in
complete. 

In one relatively mild case that came under my own ob,erm
tion, an interr unent ileo-typhus exerted a ,-ery farnrablc in1lu
ence on the course of the disease. In another case, an inter
current scarl atina seemed to exert a similarly favorable influence. 

-'•slow progressive course, leading gradually aml in difTcrent. 
ways to a.fatal termination, is, however, so much more common 
as to be almost the rule. The process may slowly creep upwards, 
until, at last, c1i stnrba11ces of deglutition and respiration set in, 
anc1 death is caused by asphyxia. Or the seconda1y affections 
caused by the myelitis, the decubitus, cystitis, pymmic and sopti
cremic infec tion, etc., destroy the vital powers of the patit>nt and 
lead to death by exhaustion. In such cas~s we sometimes ob
sel"l"e a peculiar final stage, or stage of agony, in which dPath is 
preceded for days by high fe,·er, ch ills, somnolence, delirium, 
signs of collapse, e tc., for which the au topsy reveal" no ra U$1'. 

Finally, death may be due to the development in the medulla 
oblongata or in the brain of a process analogous to the myelitis, 
or it may be caused by accidental, intercurrent diseases (pneu
monia, typhus, choleraic diarrhooa, etc. ). 

Different Forms ef Chronic JJfyelitis. 

In what precedes we have sought to delineate the clinical his· 
tory of rnyelitis transversa; if we exclude from consideration 
thosewell-markecl lorms, which are sharply localized in particular 
parts of the cord, and to which special chapters will be devoted, 
it is the most common ancl typical form of the affection known as 
chronic myelitis in its narrower sense. To briefly recapitulate, 
the typical pictm e of myelitis trans\'ersa is abo ut as follO\\"S: 

Rlow cle,·elopment and persistence of spinal symptoms, which 
vary according to the height at which the disease in the cord is 
located; symptoms of irritation not very prominent; girdle
paiM, pains in the back and parresthesim, indicating the seat of 
the disea ·e ; signs of sensory and motor paralyses occnrring to
gether ot· in snccession; early development o[ a more or less 
complete paraplegia, the upper limit of which rail" usually be 
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readily detcrminec1 by the disturbances of sPnsation and motion; 
weakness o{ the bladc1er and rectum; reflex irritability usually 
increased; general health gooc1 until the later stages, when it is 
irnpairecl by the cyst iti s and bed-sores. 

The symptoms vary somewhat, according to the location of 
the morbid process in the cord. " 'lien the lumbar enlargement 
is aJiectetl, we find complete paraplegia ext~nding up to the 
hypogastric region, anrosthesia o{ equal extent, paralysis of the 
bladder and rectum, loss of reflex excitability, and usually mus
cular atl'Ophy. Beel-sores develop early. 

\Vlten the process is located in the dorsal region or the cord, 
paraplegia also c•xists, hut the sensory and motor paralysis ex
t.'nds higher up-to the level of the nipples or even further; the 
muscles o{ the abdomen and bnck arc involvec1. Expiration is 
impeded. Paralysis of the sphincters, bed-sores, etc., as in the 
preceding form; characteristic of the dorsal affection, however, 
arc the often 1·ery marked increase of the reflex actions, the ab
sence of muscular atl'Ophy, and the appearance in the later 
stages or signs of irritation, contractures etc., in the muscles. 

" rhen the cervical enlargement is the seat of the disPase, the 
usual initial symptoms are obserl'ed, but they afiect p1·incipally 
the upper extremities, and the paralysis which follows frequently 
takes the form o{ pruaplegia brachialis-the hands and arms are 
affected first and chic!ly, the paralysis of the legs not appearing 
until later. " · hen the affection is at its height, all the four ex
tremities are more or less completely paralyzed. Paralysis of the 
sphincters, decubitus, and increase o{ the reflexes in the lower 
extremities, are present here as well as in myelitis o{ the dorsal 
region; the impeded inspiration, the oculo-pupillar symptoms, 
and the atrophy of the upper extremities with extinction of their 
reflex activity, are, however, characteristic o{ the C'erl'ical affec
tion . In consequence of the loss of their r,•flex a<"tivity, the 
upper present a striking contrast to the lower limbs. The electric 
irritability is diminished or destroyed in the atrophied muscles. 

·when only the upper part ef the cervical marrow is attacked, 
the clinical pictme rnries somewhat from the above. There is 
paralysis o{ all fottr extremities, it is true, but the nutrition of 
the upper limbs remains intact, and their reflex activity is rnther 
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incrPased than diminished. :llforeover, severe distnrhances of 
respiration (paralysis of the diaphragm), difficulty of swallowing, 
impairments of speech, ,·omiting, singultus, etc., occnr which im
part an exceedingly threatening character to the clinical picture. 

A particularly common form of chronic myelitis is the so-called 
compression-myelitis, which occurs in connection with any dis
pase, that occasions a slow compression of the cord. We lrnrn 
given a detailed account of this form of the affection in another 
place (p. 320), to which the inquirer is referred. 'Ve shall con
l<'nt ourselves here with the statements, that the clinical pie· 
ture correspontls perfectly with that of spontaneous transverse 
myelitis, and tlrn,t the only thing, which is at all distinctive and 
characteristic of a compression-myelitis, is the existence for a 
variable periocl preceding its development, of initial symptoms 
referable to some particular portion of the cord (se,·pre pains 
and cramps, local paralysis, atrophy, or anresthesia, dorsal pain 
and stiffness, local hyperrosthesia, etc.). 

The form of chronic myelitis which is confined to the anterior 
homs of the gray matter, z;oliomyelitis anterior cltronica (see 
Section No. 16) is, as a mle, readily recognized. It is character· 
ized by a slowly increasing weakness and paralysis of the limbs, 
which aclvances progressively from below upwards; by distinct 
and sometimes rapicl atrophy of the muscles, with loss of the 
faradic initability (and probably with development of the reac
tion of degeneration); by the absence, or the very slight develop· 
ment or the sensory disturbances, which frequently exist only 
in the initial stage, in the form of dragging and tearing }Jrtins; 
also by the extinction of the reflexes, and the complete absence 
of decnbitus ancl of Yesical weakness. 'l'hi8 is the affection which 
Ducheune has described nnder the name "Paralysie g6n6rale 
spinale antfaieme subaigue,'' the localization of which in the 
anterior gray substance is at all events exceedingly probable. 

It is as yet impossible to give an accurate clinical description 
or that form of chronic my~litis, which is limited to the central 
gray substance, and to which the name myelitis centralis has 
been given. This form is the my61ite peri6pendymaire of the 
French, and it probably includes also a portion of the cases of 
hydrmnyelie and syringomyclie. Many cases present absolutely 
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no symptoms, while others, as it appears, present the clinical pic
ture of progre sirn muscular atrophy, but with more prominent 
paralytic symptoms. lfallopeau ascribes to this form of the dis
ease, circumscl'ibecl paralyses of diffel'ent parts with atrophy and 
loss of electl'ic irritability, vague pains, very little or absolutely 
no anresthesia, sometimes tremol', and the lik1•. The clinical pic
tul'e js cons~quently so excecding1y vague ancl uncertain, that a. 
pooitil'e diagnosis cannot be made from it. 

In some cases the chronic myelit is gradnally extends until it 
involves the entire cord; it may then bo termed myelitis univer
salis pror;ressiw. 'fhis form is rhal'actcrized by progressive 
weakness and paralysis of the muscles, extending slowly from 
below upward, rarely in the rcYel'sed direction, while the muscu
lar contractions and contractures, and also the atrophy of the 
muscles, are less pronounced; the elect!'ic il'ritability disappears 
slowly. The reflexes are usually diminished. There arc more 
or less violent pains in the back, trnnk and extremities, dys
rosthesim and parmsthesiro and later on marked anmsthesia, 
paralysis of the sphinctern, and bed-sores. The clinical pictun• 
is consequently essentially that bf Duchenne's "paralysie genc
rale spinale dilinse subaiguii," the individual cases, of course, 
presenting countless modifications, according to the stage and 
the extent of the process. 

The clinical history of myelitis cli.ronica clisseminata, or 
multiple sclerosis, which will be c1escribed in detail in another 
place (No. 11), is in some cases Yery characteristic, and in others 
just the contrary. The reason of this is that ·the grouping anc1 
character of the symptoms clepencl entirely on tlw accidental 
locations of the different centres of disease. The numerous, 
concomitant cPrebral symptoms, the psychical distmbances, the 
peculiar impairments of speech, and the afTections of different 
cerebral nerves, are particularly important; so are also the yery 
irregular distribution of the paralyses, the peculiar and ,-arying 
range of the anrosthesia, the trembling of the lin1bs during volun
tary movement, etc. 

That foi-n1 o[ chronic myelitis which is confined to the poste
rior white columns, and is usually designated as tabes dorsalis 
(gray degeneration or sckrosis of the posterior columns), will 
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be described in detail in a subsequent chapter (No. 12). It is 
characterized, in the early stages, by se1·ere lancinating pains, 
slight disturbances of sensation, a girdle-sensation, anil not nn
frequenlly by implication or the optici and the nerves supplying 
the ocular muscles; in the later stages, by impairment or co-or
dination (ataxia), weakness of the bladder and of the sexual 
functions, loss of the tendon-reflexes, etc. 

An essentiall y different clinical history is, on the other hand, 
presented by that form of chronic myelitis called lateral sclero
sis, in which the morbid process can with great probability be 
located in the lateml columns. Here we have a motor weak1wss, 
which gradually increases in intensity and range. and is accom
panied by striking muscular contractions and contractures, and 
by g1·eat increase of the tendon-reflexes. There is no ataxia, but 
instead or it a markedly spastic gait; no disorder or sensation, 
no atrophy o( the muscles, no diminution o[ their electric inita
bility, no paralysis of the bladder, no decubitus. This form, too, 
mu~t be made the subject of speci::Ll consideration (see No. 13). 

Finally, it is very difficult to recognize dnring lire that form 
of myelitis which is localized in the peripheral layers of the 
wl1ite substance, and which is perhaps most correctly clesignated 
as myelomeni11r;itis cllronica (the sclerose corticale o[ the French). 
It may be recognized in a few cases by the fact that the symp
toms or chronic meningitis (seep. 255) are accompanied by some
what more pronounced manifestations of both sensory and mo
tor paralysis. It is said that muscular atrophy, as a rule, docs 
not occur. These points are not very safe or reliable from a 
diagnostic point of view. 

Diagnosis. 

The diagnosis of the different forms of chronic myelitis is 
to a g1·eat extent evident from the preceding descriptions, and for 
further details we may refer to the special chapters which follow. 
" re must make place here, however, for a few words concerning 
the simple, chronic myelitis transversa. It is characterized by 
slow development of paraplegia with relatively sl ight irritative 
symptoms, but with more or less marked di turbances of sensa-
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tion and or the bladder; usually also with muscular contmc
tions, increased reflexes, and decubitus. Hence, all, or at least 
most or the paths in the cross-section of the cord are included in 
the lesion, though with varying degrees or intensity. The pro
cess, however, is limited to a relatively small area in a vertical 
direction, a fact which can be most readily recognized from the 
state of the reflex initability. The affection is but slightly pro
gressive in character, and runs a tedious course. The diagnosis 
of transverse myelitis can readily be ma<le from these points, all 
the more certainly if the existence of such etiological intluences 
as slow compression, syphilis, and the like, can be demonstrated. 
The height at which the lesion is located in the cord can usually 
be easily determined from the range of the paralysis, the state 
of the reflex and electric irritability and of the nutl"ition, etc. 

The differentiation or transverse myelitis from the other forms 
of the affecLion, from tbe later stages of tabes, from lateral scle
rosis, from multiple sclerosis, and also from progressiYe muscular 
atrophy and from paralyses of the cauda equina. is iu most 
cases easy. Still there are many cases or peripheral paralysis 
clue to affections of the plexus 01· of the cauda equina, to com
pression of a number of the nerve-roots, etc., in which the differ
entiation from chronic myelitis is very diffict1lt. In the diagnosis 
of such cases, the co-eq nal extension or the motor ancl sensory 
disturbances, the absence of all re1iexes, the loss of electric irri
tability, the limitation of the distmbances to certain isolated 
nerve-territories, etc., may be turned to good account. 

There still remain, however, numerous complicated and per
haps irregular cases, in which an exact diagnosis of the special 
form of the disease is downright impossible. This leads us to say a 
few words concerning a point to which, despite its great impor
tance, too little attention has been paid in practice, and lo the 
disregard of which a great part of the obscurity and confusion 
in the accepted clinical conceptions of the disea e is due. It is 
the simple fact, that the myelitic processes, described in the 
preceding pages as strictly localizecl in particular parts of the 
cross-section of the cord, do not by any means always remain 
limited to these particular parts, but often extencl beyoncl them 
and involve neighboring parts; that, in other words, in addi-
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tion to the special forms of chronic myeli tis, trnnsition-forms 
ex ist and combinations occur which are of course cl1aracterized 
by combinations or the cl iuical hi stories. 'Vhile, in the very 
great majority or the cases, sclerosis of the posterior columns 
gh·••s rise to the typical clinical picture of tabes, while the regu
lar form of sclerosis of the lateral columns, as a rule, remains 
limited to the lateral colnmns and produces its own special 
symptoms, while poliomyelitis anterior chronica has its own dis
tinct clinical history, we meet in pmctice with not a frw cases in 
which thr typical sy mptoms of tabes are combined with those of 
sclerosis o[ the lateral columns, as well as cases in which the symp
toms o[ a poliomyeliti s anterior are added to those o[ a lateral 
sclerosis or or a tabes. Pathological anatomy has already fur
ni shed a suffi cient explanation of this fa ct. A nnmbe1· of reliable 
obsen•ations ham been recorded, in which the anatomical exami
nation demonstrntt•d the co-existence of gmy degeneration of the 
poste ri or and of the lateral columns, or the combination of an 
extensive lesion of the anterior gray substance with sclernsis of 
the poste ri or or lateral columns. Careless investigations and an 
insufficient acquaintance with these facts have na turally led to 
the incorrect conclusion, that lesions of special parts o[ the crnss
section or the cord do not give rise to specia l gronps of symp
toms, bu t that on the contrary these lesions ca n cause someti mes 
one and sometimes another set of symptoms. The knowledge 
which i · now possessed or the pathology or the cord, tpaches us, 
however, that each typical clinical picture must correspond to 
some distinct anatomical lesion, and that where we meet with a 
combination of different clinical pictu rns, we must al:;o assume 
a combination of different anatomical lesions. Valuable confirma
tion of this statement is fumishecl by the s triking conformity of 
the typical cases or each particular form or the diseas<» These 
combined forms are not at all rare, although they certainly con
stitute but a small minority in comparison with the pnre, typical 
cases of each form. It is true, that we cannot hope to be able 
to recognize these typical clinical pictures whenever met with, 
m·en when more or less confused by combina tion with one an
other, without a careful obsen-ation ancl study of an abundant 
material. 'Vithont this preparation, the differential diag nosis of 



456 ERU.-DISEASES OF THE SPINAL conn AN"D ITS EXVELOPES. 

such cases will prove very troublesome, ancl we shall have reason 
to complain of the obscurity and ambiguity of the clinical his
tories, while with it we shall be able to take a more decided stand, 
and to resolve the combination pictures more readily into their 
various component parts. That every case of this sort requires a 
special diagnosis, and that countless modifications are possible, 
are self-evident facts. 'Ve will retnm to these points again wheu 
speaking of the individual forms of the disease. 

Prognosis. 

The prognosis varies very greatly in the different forms of 
chronic myelitis; for details, we may refer to the apprnpriate 
chapters. In simple chronic myelitis transversa the prognosis is 
in general unfavorable. 'fhe affection is always a severe and a 
dangerous one, and the best that can be hoped for is recovery 
with a heritage of considerable residua. A real and complete 
recorery can only be looked for in exceptional cases, where the 
disease is ,·ery mild and has developed in otherwise healthy per· 
sons, and where, moreover, treatment has been b1Jgun in the earli
est stages. 

Only rarely, also, will it be possible to predict a partial recov
ery, followed by a persistence of the status quo for many years or 
until the natural encl of life. In such cases a complete recovery 
of power 01·er the limbs can never be expected. In the majority 
of the cases a slow, progressive course must be lookecl for, and 
usually only a fpw years of life ran be promisecl to the patients. 

The prognosis will be partly determinNl or influenced by the 
more or less progressive and ascending character of the clisease, 
by the tendency to aggravations and relapses which sometimes 
exists, by the effect producecl by certain therapeutic measures, 
and finally, by the more secondary symptoms, particularly the 
cystitis and decubitus which most frequently place life in clan
ger. None of these points require a more extended considera
tion. 
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Treatment. 

Is there any prophylaxis for chronic myelitis 1 Unquestion
ably, though only to a certain, very limited degree. The pre
cautionary measures, which in genera.I prom usefnl in preventing 
the development or diseases of the cord, are serviceable here also. 
Their employment is advisable particularly in the case of the 
numerons individuals, who belong to neuropathic families, and 
more especially when affections of the spinal conl have occurred 
in the generations immediately preceding. In snch individuals, 
more even than in others, the most beneficial effects will be de
rived from a rational liardening o.f tile body (by means or cold 
spongi11g, baths, gymnastics, exercise in the open air, pedestrian 
excursions, nourishing cliet, proper but not too warm clothing, 
etc.), and from appropriate hy,r;iene o.f the nervous system (proper 
alternation of rest and work, avoidance of mental o,·erexcrtion 
and of riolent emotional excitement, sufficient sleep, etc.). 'fhe 
avoidance of sexual excesses, of spirituous drinks and other 
irritating articles, of bodily overexertion, of the causes of catch
ing colc1, etc., will also assist to a certain extent in keeping the 
spinal cord in a state of health. Unquestionably, much would 
be gained in many of these cases, if the physician could induce 
the inuividnals in question to follow out strictly the above prn
cantionary measures. Unfortnnately, however, we can rarely 
succeed in this. 

In respect to the causal indication in chronic myelitis, it is 
only in isolated cases that anything can be done. In this con 
nection, the importance of a careful treatment of acute myelitis, 
eonlinued until recovery is complete, must be alluded to. In other 
cases there may be some compressing agent (caries of the Yerte
bnc, new growths, etc.), which we must endea,·or to remove; or 
a syphilis, which forms the basis or the spinal affection, must be 
energetically attacked; or diseases of peripheral organs, of the 
intestines, or of the urinary or sexual organs, must be subjected 
to proper treatment. \Vhen, in addition to hemorrhoids, a ten
dency to constipation, dyspepsia, etc., exist, the appropriate 
treatment for them should be employed; the fa\'orable results 
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obtained in many cases of chrnnic myelitis (so-called hemor
rhoidal tabes), by a course or treatment at saline springs, may 
perhaps be accounted for by its influence on these derangements. 
Usually, however, in consequence of the slow and lingering man
ner in which the disease is developed, it is impossible lo discover 
any causal indication, or, if discovered, to carry it out 

For the treatment of the disease when it has developed to a 
certain clegree, we possess, it is true, numerous remedies, but we 
must not deceive ourselves with regard to their efficiency. 
Chronic myelitis, in all its different forms, is a disease from 
which recovery is rnre, and in the best cases slow. The earlier 
the treatment is begun, the better are the prospects of a favora
ble termination. Hence, it is particularly important, that notice 
should be taken of the earliest and even the most trifling of the 
initial symptoms, and an energetic and appropriate treatment at 
once commenced. It is better to be too careful and anxious, and 
to ascribe excessive importance to trifling and perhaps harmless 
symptoms, than to suffer the patient and omsel ves to be ile
ceived concerning the grarity of the initial symptoms, and thus 
give the creeping evil time to develop into a dangerous and un
conquerable foe. 

'Ve shall rarely have an opportunity to employ antiphlogistic 
measures. 'l'he development of the disease is much loo linger
ing to pel'mit their employment; the symptoms of l1ypencmia 
and irritation !'ema.in more in the background. Ilc>nce, blood
letting, ice, confinement to bed, drastic cathartics, dep!'essing 
diet, and the like, should be avoided. These measures will only 
be indicated, when subacute or acute exacerbations occnr. Under 
such circumstances, the treatment laid down for acttte myelitis 
should be employed. 

'l'he much nsed and often misused derivative 'measures will 
naturally be the next to be thought of. Unfortunately, ex
perience tt'aches that they prove, as a rule, of very little use. In 
formel' times they were invariably employed, and in a very 
ene1·getic mannel'; the l'ec1-hot iron was an especial favorite, and 
all sufferers frnm spinal disease bore the mal'ks of it in numerous 
cicatrices on the back_ 'l'he l'esults pl'oduced by these mmsures 
were entirely disproportionate to the frequency and energy with 
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which they were employed. The persistent employment of 
milder derirntives (repeated flying or suppurating blisters, pus
tulating salves, painting with iodine, etc.) has also pro,·et1, as a 
rule, of little use. Personally I do not remember to have ever 
obtained any distinct advantage from the employment of these 
remedies, though, it is trne, my e:\.1Jerience with them has not 
been particularly extensh·e. Our attention is, however, directed 
to them over and over again by the favorable resu lts they pro
duce in other diseases, and perhaps fresh trials of them are now 
more admissible, in view of the facts that we can diagnose the 
different forms of the disease more positively, a ncl cau also pick 
out more readily the cases which present any chance of success. 
Such trials, however, should be canied out in a systematic 
manner, and with exclusion of other remedies. . 

'Ve recommencl as a relatively harmless, and still in many 
cases decit1edly efficient derivative measure, the application of 
dry cups along the spine, repeated every few days. Brown
Sequard praises highly the daily employment of a hot (87-40° 
C., !lS.5°-104° F.) douche to the back, for two or three minutes 
at a time; the stream should be nearly an inch in diameter. 

In the treatment of chronic myelitis at the present day (we 
are speaking now of all the forms together, refening to the 
special accounts of the different forms for further details), the 
chief rel iance is placed on three curative agencies. These are 
bat/ts (particularly the thennre, hot and cold bl'ine baths, and to 
a less degree steel-baths), liydropatliy, and galvanis1n. 'V c have 
already (i n the General Pal't, p. 184 et seq.) spoken at length of 
these things, and endeavol'ed to determine with some degl'ee of 
accuracy the general indications for their employment, and we 
have only to add here a few points bearing directly on theil' 
use in chl'onic myelitis. 

In ordel' to attain an approximately correct idea o[ the action 
of these agent8, I have made out a taule from the cases o[ 
chronic myelitis (i n all its forms, inclusive of multiple sclerosis, 
lateral sclerosis and sclerosis of the posteriol' columns). that 
have come under my own observation, of which I have notes of 
the treatment and its effects. This table includes 175 difl'el'ent 
observations that were made on 107 diliel'ent cases. It is trne 
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that this material is not homogeneous. It contains a large 
number of hospital cases, and many old and severe cases that 
defied all treatment ; most of them were treated solely by elec
tricity; many of them ha,•e undergone severnl courses of treat
ment, and lrnve thus afforded opportunity for rPpeatecl obsetTa
tion. 'Nith all this, however, some important points, whicL I 
would gladly see made the subject of further investigations, can 
be gathered from this table. 

In the first place, the result of my collation of facts is dPcid
ed ly unfavorable for the indifferent tltennm ('Vildbad, 'feplitz, 
etc.). Out of twenty-two cases in which these thermro were em
ployed, there were no less than twelve which were decidedly in
jured by them; in these cases an aggravation of the disease set 
in during or immediately after the course of treatment by baths. 
Of the remaining ten cases, seven experienced no change at nil, 
and only in three was there any improvement; one of these was 
cured. In two of the three cases which were improved, the baths 
were, however, cooler, of shorter duration, and less numerous. 
These observations coincide with the experience of most spe
cialists. The results are at all ernnts not encouraging; tlwy 
take away all desire to send such patients to the thermal springs, 
which was formerly the universal custom, and is even yet fre
quently done. If the physicians located at watering-places coulcl 
be induced to publish unprejudiced ancl careful observations, 
based on correct diagnoses, a great desideratum would be fnl
fillecl. At all events, I no longer risk a trial of the thermro in 
these cases, except when I have guarantees Ior the most cautious 
employment of a modified course of baths. The temperature of 
the bath shoulcl never be above 33°-34° C. (91}-03t° F.), and 
prolonged immersion should be avoided. If I were to attempt to 
pick out the actual cases for which the thermro are suitable, I 
should find myself in a clifficult position. It is usually stated 
that the cases with prominent irritative symptoms, with hyper
rosthesia, with meningitic symptoms, etc., are especially benefited 
by them. I must confess, however, that without further critical 
observations, I cannot regard these indications as reliable. At 
present I would only recommend a trial of hot baths after other 
remeclies have failed, and even then only with every precaution. 
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My experience has been much more fayorable with the tltermal 
brine batlts (Rehme, Nauheim). I possess notes of twenty-one 
cases; of these twell'e were improved by the course of treatment, 
nine received no benefit from it, hut none were rendered worse. 
Here, too, I am convinced that much depends on the manner 
in which the treatment is carried out, on the temperature ancl 
cluration of the baths. It is advisable that they should be of 
a modemtc temperature (30-26° C.-80- 78}0 l!'.) and not too 
prolonged, and that the water should not conta in an excess ire 
quantity of carbonic acid. Any increase in the activity o[ the 
treatment must he made wHh great caution. These baths are 
suitable for most of the cases. At the most, I would hesitate to 
recommend them for cases attencletl by great irritability, violent 
paim; and other symptoms of irritation. 

I hare had no experience at all with the ordinary brine-batlis, 
and very little with clialybeate and turf baths. The latter proYed 
useful in two cases, and detrimental in one. They are highly 
extolled by many authors. In Franzensbad particularly, various 
good resnlts hare been obtained by their nse. 'fbis, too, is a 
subject worthy of further investigation. 

Concerning animal-baths, !1ot sand baths, pine-needle baths, steam-baths, hot-air 
baths, etc., I know very little from pcrsonul experience. Jn most of the cases they 
are superfiut)US, and, when used at very high temperatures, they arc actually injuri
ous and dangerous. 

On the other hand, the results of a rationally conclncted colcl
~oater cure are exceedingly favorable. Ont of twenty-nine cases of 
which I have notes, the results of the treatment were favorable in 
twenty-one, negative in five, and nnfavornble in three. Ilere 
too, of course, everythi ng depends on the manner in which the 
cold water is used. I cannot insist too much on the clanger of 
forcecl cures, of all severe and st rongly exciting procedures, such 
as the employment of "·ater at very low temperatures, douches, 
sharp slappings, etc. These measures are, as a rnle, absolutely 
injnrious in cases of myelitis; even wet packs of the entire body 
lmrP, to my surprise, generally proved injnrious. Simple rub
bing with wet cloths, foot-baths and sponging the back, hip
baths, haH-baths with afl'usions to the back, local compresses to 
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the back left on till they become warm, etc., seem to be the 
measures which are chiefly applicable. The treatmPnt shonlcl 
always be begun with moderate temperatures (20-2.j° C.-OS-7i0 

F.), and we should never go below 16-12° C. (G0}-53}° F.). I 
believe also that excessive prolongation of the treatment is inju
rious. Many over-zealous hydropathists are only too often led, 
by their great confidence in the water.cure, to prolong the treat. 
ment to an extent that proves detrimental to the patients. 

The water-cure is, all things considerPd, one of the most 
important and most promising means of t1·eating chronic myeli
tis. The rnistrnst with which it is regarded by some authors is, 
as far as my own experience goes, entirely unjustifiable. His 
suitable for almost all cases, though of course the method of 
applicatio11 must Yary according to the peculiarities of the incli
vidual cases. Some patients, however, cannot bear the treatment 
at all; it is followed by insufficient reaction, causes chilliness, 
discomfort, etc. In such cases the t1·eatment should not he per· 
sistcd in. The choice of the establishment is of course a matter 
of great importance. I prPfer one situated in a healthy moun
tainous locality antl in a wooded region. The chief requisite, 
howm·er, is always the presence of an intelligent and competent 
physici311. 

In recent times the galvanic current has acquired a promi
nent position in the therapy of chronic myelitis. 011t of onP 
hundred cases treated by it, I obtained a. mo1·e or less farorable 
result in fifty· two. Complete recovery ensued, it is trne, only in 
a few of these cases, but :i very considerable and striking im
prnvement was obserl'ed in quite a number of them; in most of 
them, however, the improvement was only modemte. In forty
sel'en of the cases the results were negative, nlthongh in some of 
them the treatment was persisted in for a Yery long time. In 
only one case was the efTect of gahanization decidedly bad. 

The chief part of this treatment is, of course, the direct gal
vanization o[ the c01·d, which must be conducted precisely ac· 
cording lo the prinriples which have been exhau tively consid
ered in anotlll'r chapter (see page 178). The Plectrodes must 
be applied difl'erPntly, in accordance with the differences in 
the position and extent of the focus of disease. It is best to let 
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both poles act successively, either with a stabile or with a slowly 
labile current. " "hen we ham to deal with band-shaped sclerosis, 
it is advbable to include the cervical sympathetic also within the 
sphere o[ the electricity. The current used should not be \'ery 
strong, and the seances shonld bP short. I cannot insist suffi
ciently on the point, that the treatment, to be success[nl, mmt 
be contluctcd with great care and skill. Great patience on both 
sides is, as a rule, necessary . 'fhe treatment must be continued 
for months, being occasionally intenupted only to be reco m
menced after a brief pause. It is expedient to alternate or com
bine galvanization with other methods of treatment. 

It is as yet impossible to indicate the cases for which the 
galranic treatment is especially suitable. It may, indeed, be 
triPd in most or all cases, as we know of no positirn counter
indicat ion. Every now and then, however, we shall meet with 
patients who cannot bear, or who think th<'Y cannot bear, en•n 
the most cautious application o[ the galmnic current. In such 
cases the treatment must be at once discontinued. 

Little can be expected from internal 111edicines in the treat
ment of chronic myelitis. ~Nitrate of silver, which was first 
recomnwnded by \Vunderlich, is the most reliable of all of tliem. 
In a few caSPS it has unden iably provell beneficial. It is impos
sible to give the exact imlications for its employment, hnt, as 
it is in general a harmless medicine. it may be tried in most of 
the cas<'S. Brown-Scquard very mgenlly recommends ergot 
and belladonna, both of which are said to lessen the <'ongestion 
o[ the spinal cord antl to diminish its refl ex: initability. Ile 
gh·es the ergot in closes of 0.30-0.50 (gr. Y.-diss.) twice a day, 
and in connection with it applies a large belladonna plaster to 
the back, or gives extract or belladonna internally in doses of 
0.01.i to 0.02 (gr. -!-J} twice a day. The effect is sa id to be very 
decidPtl in many paraplegias. Iodide ef potassium has rather 
unexpectedly pro,·ecl almost invariably usei<'SS. I at least, oftPll 
as I ha1·e prescribed it, have nernr seen any decidPcl improve
ment follow its use. Even in the paraplegias of syphil itic 
patients, its curative action is often very limited. Arsenic, 
too, has in my experience, as a rule, provetl usPless. Plws
plwrus I have seldom prescribed; its curat ive action seems to 
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me dubious, nncl its administration not entirely without clanger. 
Strychnine i:; in my opinion almost always decicleclly objection. 
able in chronic myelitis. In the earlier stages it is more liable to 
do harm than good, ancl for the later stages, when the residua or 
the myelitis (pamlyses, etc.) are to be treated, we possess in 
electricity a much more reliable as well as safer remedy. 

In consequence of the long duration of the disease, the phy
sician will often find himsell tempted to employ in a tentatire 
manner, not only the above, but also numerous other remedies. 
It will be fortunate both for physician and patient, when the 
right remedy is discovered at once. 

The general management, the diet ancl the mode ef life of the 
patients are in our opinion of very essential importance. These 
points are sti ll very often sinned against, partly tlirough igno
rance, partly through carelessness. Aborn all, rest and a regular 
mode of life are essential; o,·erexprtion of every kind, mental 
as well as bodily, must be avoided; sexual intercourse should be 
confined within the strictest possible limits or completely stopped; 
all excitement, violent emotions, etc., must be preYented as much 
as possible. The diet must be simple and easy or digestion, but at 
the same time nutritious. Many patients are, however, bt'nelited 
by a very abundant supply of nourishment, ancl by cod-liver oil. 
Spirituous drinks should only be allowed in small quantities. 
Strnng coITce ancl tea ancl strong cigars must be avoided. It is 
very important that the bowels should be kept regular; for this 
purpose we must usually employ both aperients and clysters. 
The patients should be strongly urged to keep as much as possible 
in the open air. \\'hen practicable, a prolonged sojourn in a 
mountainous region at a moderate elem ti on, or at the sea-side, 
will be useful; it is also achisable that the winters should be 
passed in tlw South, in the Rh-iern, the southern Alpine vallep, 
etc. The regul:ttion of the bodily exercise is usnally a very 
impo1·tant question. :Much harm can easily be clone by ex
CPeding the permitted amount o[ exercise. I have 1·epeateclly 
known patients, who hacl begun to impro1·e, to be thrown back 
for a long time by an uncluly prolonged walk. The idea which 
is ente1-tailwd by many patients, that a commencing muscular 
weakness and sti[ness can be removed by forced exertion o[ the 
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muscles, must be energetically combated. I believe that patients 
who are still capable of moving about, should be allowed to take 
only so much exercise as they can indulge in without fatigue; 
as soon as they begin to grow tired, they must rest for a time, 
and may then resume the walk or other movement. 

In many cases, it is true, exercise is out of the question-the 
patients are bed-ridden, paralyzed. Such patients must make it 
a point not to lie always and exclusively on the back. Brown
Sequard wants to discard the dorsal position entirely, and to 
replace it by the lateral or abdominal position, but it is more 
than doubtful whether i t will be possible to do so. For these 
paraplegic patients a wheel-chair may be used, though it is but 
an unsatisfactory substitute for walking exercise. It will at least 
enable them to enjoy the fresh air regularly and freely. 

In most of the cases of chronic myelitis, there are also a 
number of symptomatic indications that require attention. 
'l'he most important of these is unques tionably the prevention 
of cystitis and decubitits; the closes t attention must be paid 
to this point under all circumstances. vVe have already dis
cussed it at length on page 193 et seq., to which the reader is 
referred. 

Another frequent and important indication is the relief of tlte 
pains- of the lancinating pains of tabes, the spontaneous and 
radiating pains of myelitis transversalis, etc. These will very 
frequently resist all imag inable remedies, and prove a source of 
great annoyance to the physician, as well as of torment to the 
patient. 'fhe most rapid relief will always be obtained from 
hypodermic injections of morphine, but the dangerous conse
quences of the constant use of this drug must deter us from too 
frequent employment of the injections. After morphine the 

most serviceable drugs are bromide of potassium, quinine, bro
mide of quinine, zinc, and valerian. Cutaneous irritation, elec
tricity (the faradic brush or galvanic current), Preissnitz' s com

presses, applications of chloroform, and frictions with veratrine, 
oil of hyoscyamus, and the like, often do good serl'ice. Similar 
remedies are employed with more or less success to relieve the 
manifestations of motor irritation, the painful spasms, refl ex 

twitching, etc. For the paralyses, atrophies, anresthesire, etc. , 
YOL. XIII.-30 
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which persist after the disease has mn its course, electricity is 
the sovereign remedy. 

The general plan ef treatment must of course, apart from the 
stage of the disease, be regulated chiefly according to the indivi
duality of the case, or the internal and external conditions of the 
patient. Any causative influences that may be discovered mmt 
be first of all removed, and the surroundings of the patient and 
his mode of life regulated. In the relatively recent cases, which 
are still in the early stages, the following course oC treatment 
may be recommended after the above points have been attended 
to: mild, but nevertheless efficient hydropathic treatment, in 
conjunction with the employment of the galvanic current; in 
appropriate cases these may be combined with mild clerivatives 
(blisters, dry cups, Preissnitz's compresses, etc.), change of air, 
and a sojourn in the mountains or at the sea-side. As the dis
ease progresses a course of treatment at the hot brine-springs, or 
in a hydropathic establishment may be tried, alternating with 
the treatment by galvanism; internally the persistent use of 
nitrate of silver. 

In the older cases, where the prospects of recovery are much 
less, a cautious alternation of the different methods of treatment 
is requisite. During the winter such patients should be treated 
by galvanism, and should also be made to employ cautiously 
cold applications combined with frictions. In the summer the 
thermal brines, cold-water treatment in the mountains, and per
haps also the thermre, may be tried. In addition to these meas
ures, various internal remedies may be tried, the symptomatic 
indications must be carefully fulfilled, and decubitus and cystitis 
must be guarded against. 

Under all circumstances, the employment of psychical influ
ences constitutes an important part of the treatment of chronic 
myelitis. The courage of the patient must be maintained, bis 
confidence in the various methods of treatment strengthened, 
and his hopes constantly aroused and reawakenecl Unfortu
nately the physician must in only too many cases rest contented 
when he can succeed in this task, which is itself by no means a 
light one, and brighten the miserable existence of the patients 
by an occasional glimmer of fresh hope. 
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10. Simple Sqftening of the Spinal Corcl.-Myelomalacia. 

Brown-Siqmml, Lectures, etc., on Paralysis of the Lower Extremities. p. 34. 1861. 
-Ilennig, Fall von Erwcichung des Riickenmarks . Arch. d. Hcilk. I. R. 188. 
1860.-Leyden, L. c. IT. S. 38, 51 ff.-Pa11um, Expcrim. Bcitr. z. Lchrc von d. 
Eml>olic. Virch. Arch. Bel. 25. S. 308. 1862.-lltm e, L. c. 2 Aufl. S. 706.
llammond, L. c. 3 edit. 1873. p. 463.- lVilligk, Ucbcr d. Vcrhaltcn d. Ncrvcn
zcllcn bei cmbol. Proccsscn im R-i.\!. Prn.gcr Vicrtcljnhrschr. 1875. III. S. 41. 
-D. J. IIamillon, On Reflex Paralysis and Urinary Paraplegia. Brit. and For. 
Mcdico-chir. Hcv. Tome I. VII. p. 440. 1876. - E'm. Bertin, H:amolliss. d. l. 
moCllc. Diet. Encyclop. des. Sc. med. IL Ser. T. VIII. p. 751. 1854. 

H may perhaps seem venturesome in the present state of our 
knowledge, to devote a special chapter to simple, non-inflam
matory softening of the spinal cord. \Ve arc still deplorably 
ignorant with regard to this affection, and hence the chapter 
will necessarily be a short one. That there really is, however, 
a non-inflammatory as well as an inflammatory softening of the 
spinal cord, must unquestionably be admitted; it is demon
strated both by convincing analogies with similar processes in 
the brain, and by a certain number of anatomical and clinical 
facts. It is in order now to describe as accurately as possible, 
the anatomical changes and clinical history of this simple soften
ing, in orcler to differentiate it more positively from the inflam
matory affection. 

It seems to us particularly desirable to protest against the 
misuse of the word "softening," which is at present very com
monly applied to simple and even to acute inflammation. 'l'he 
terms softening and inflammation are by no means synonymous; 
not every softening is the result of inflammation, and not every 
inflammation leads to softening. The latter certainly occurs as a 
concomitant and a consecutive lesion in many forms of spinal 
inflammation, but it is by no means an essential part of them. 
"'e might, with just as much and perhaps even more reason, 
employ the term "hyperromia," or "exudation," or "fatty dt>
generation," to designate inflammation. 

It is unquestionably better to discard entirely the use of the 
term "softening" for inflammatory conditions; this would bP, 
the best way to avoid misunderstandings. If used at all, it 
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should be reserved for the simple, non-inflammatory processes 
of softening, which are undoubtedly met with in the cord ; for 
these, it seems to us perfectly appropriate. 

It is true that the existence of these non-inflammatory changes 
has not yet been demonstrated with that degree of positiveness, 
which is desirable, and that we do not, as i11 the case or the 
brain, possess experimental proofs or clinical obsen·ations equiva
lent to them (cerebral emboli) for the most important forms of 
the soften ing. 'Vi th respect, moreover, to the histological pro
cesses, and more particularly the points which distinguish the 
simple from inflammatory softening, we are as yet to a great ex
tent in outer darkness. Still, it seems to us that there has been 
too great a tenuency in i·ecent times to class under myelitis all 
lesions of the spinal cord characterized by softeni ng, even though 
the characteristic histological evidences of inflammation be by 
no means always present. 

A few brief remarks concerning simple softening may be made 
now, principally with a view to incite others to further studies 
and investigations. 

'rhe pathogenesis of the affection is enveloped in numerous 
obscurities. The softening which is due to thrombosis and em
bolism is probably the easiest to explain, in consequence of its 
analogy with the corresponding cerebral process. The effects of 
embolism of the abdominal aorta, from which we might expect 
the most valuable information in this connection, have not yet 
been sufficiently studied. It has been stated, that white softening 
of the cord has been found as one of these effects. 

Embolism of the small arteries of the cord is very rare, and 
would at all events produce only very circumscribed centres of 
softening. Panum, Vulpian and others have studied it experi
mentally, and have demonstrated the development of small cen
tres or red softening as the result or such emboli. Leyden found 
small, inflammatory foci produced by emboli, which were derived 
from ulcerative endocarditis. 'Willigk, in his recent investiga
tions, discovered no centres of true softening in the neighborhood 
or the obstructed vessels, but found instead of softening, in some 
cases a hyperplasia of the connective tissue with atrophy and 
destruction of the ganglion-cells, and in others a peculiar "col-
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Joid" degeneration of the ganglion-cells without increase of the 
connective tissue. All this requires further study and investiga
tion. The case of multiple thrombosis of the small vessels of the 
cord, reported by Hamilton, is a remarkable one. 

There is little reason to doubt that a severe affection of tl!e 
ioalls of tlte vessels, such as atheroma, calcification, or sclerosis, 
diminution of the vascular lumen, etc., can also cause similar 
retrogressive metamorphoses in the tissue of the cord, which 
finally terminate in softening. 

Second in order of importance comes the softening produced 
by slow compression of tl!e cord. 'Ve have already (p. 323) 
stated, that a true myelitis (compression-myelitis, inflammatory 
softening) of the affected portion of the cord is o.lmost wit!Jout 
exception excited by such compression. Nevertheless, excep
tions do apparently occur. The fact that in not a few cases of 
compression of the cord, the microscope reveals in the softened 
mass no granule-cells, no hyperplasia of the connective tissue, 
no proliferation of the nuclei, but only swollen and disinte
grated nerve-elements, speaks unmistakably in favor of the view 
that the process is sometimes, at least for a time, one of simple 
softening. There is nothing forced in the theory, that the is
chremia of the cord caused by the compression results in simple 
softening, ancl that this condition may persist as long as the 
compressing mass does not develop strongly irritating qualities, 
and implicates the cord only very gradually and slowly. This, 
too, requires verification. 

It is still very doubtful whether a spontaneous simple sqften
ing ever occurs. At all e1·ents, the older observations which are 
adclucecl in favor of it, are by no means conclusive, since they 
Jack the microscopical examination which alone can determine 
positively the absence of inflammatory changes. 

A senile softening of the cord is spoken of, but we must con
fess that the supposed examples of it contained in medical liter
ature do not by any means convince us of its actual existence. 
Still, it is certainly possible that the vascular affections, which 
are so common in old age, may occasionally give rise to small 
spots of softening in the spinal corcl. At nil events, however, the 
fact requires more accurate authentication. 
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'Ve may mention, finally, that Hammoncl assumes sexual ex
cesses to be the cause of simple softening in a few case8. 

Uncler these circumstances there is but little that can be said 
concerning the special pathological anatomy of myelomalacia; 
there is always clanger of confouncling tlie inflammatory with 
the non-infla1unmtory foci of softening. In fact, macrnscopically 
they resemble each other very closely. The spinal corcl is soft 
and pulpy, and swells up above the level of the cut; in pnre 
cases it is white, ancl in the later stages becomes creamy, milky, 
and iluicl. Pronouncecl red softening can, however, also occur 
in consequence of the blood being clammed back iii the ischremic 
vascular territories. 'Vhen the fatty degeneration assumes spe
cial prominence, the softened spot may acquire a more yellowish 
color, ancl present the appearances of yellow softening. At its 
boundaries, the softened spot usually merges imperceptibly into 
the normal tissue. 

It is difficult to decide whether the case of Hennig should really be classed as 
simple softening; if it must be, it would present a sort of gelatinous or colloid 
degeneration, with fatty degeneration of the vessels. 

The microscopical examination can alone furnish conclusive 
evidence of the inflammatory or non-inflammatory nature of the 
softened spot. Unfortunately, however, we do not as yet possess 
a sufficient number of accurate reports bearing on this point. 
Wherever we find a large number of cells containing fat granules, 
tensely distencl~cl blood-vessels, numerous young cells, increase of 
the interstitial tissue, swollen axis-cylinclers, etc., we are justified 
in assuming positively the inflammatory character of the process. 
On the other hand, when these characteristics are wanting, and 
we only fincl simply swollen and disintegrated nerve-fibres, gan
glion-cells in a state of glassy swelling, a few cellular elements 
ancl fat-grannle-cells, ancl a small quantity of fatty detritus, we 
must diagnose a simple softening. Further ancl searching in
vestigations of this point are, however, very much to be desirecl. 

The symptomatology of simple softening is also exceeclingly 
obscure. In the clinical histories we meet with the picture of a 
more or less acute or subacute myelitis unattended by fever, ancl 
presenting only a few non-essential modifications, that are of 
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little help in the diagnosis. According to Hammond, toe absence 
of motor symptoms of irritation is particularly distinctive of 
simple softening. 'L'hat this, however, does not hold true of all 
cases without exception, is demonstrated by the histories of 
many cases of acute myelitis. 

In the commencement of the disease a sensation of numbness 
and a feeling of weakness are experienced, which gradually be
come more intense, but are not accompanied by pains, muscular 
twitchings, etc. Progressive weakness of the bladder is added 
to the paralysis ; the anal sphincter is also affected, aud the 
retlex excitability seems diminished. 

In the later stages of the affection we have the complete pic
ture, modified only in accordance with the localization of the 
softened spot, of a severe sensory and motor paraplegia, with 
paralysis of the sphincters, bed -sores, and the well-known termi
nation. 

According to Brown-Sequard and Hammond, the absence of 
motor and sensory signs of irritation is conclusive for the diag
nosis from inflammatory softening. According to them, there 
are no pains, no spasms, no hyperresthesia, and no increase of 
the reflex activity. Personally, however, we cannot suppress a 
slight doubt as to the pathognomonic importance of the absence 
of these symptoms, and feel ourselves forced t.o look to the future 
for the possibility of a morn exact diagnosis of simple myelo
malacia. 

The prognosis of the affection must be decidedly unfavorable, 
when the centres of softening are at all extensive. The very 
small foci, which give rise only to a very limited array of symp
toms, or perhaps to none at all, do not, as a rule, call for a prog
nosis. 

The treatment of simple softening can also be disposed of in a 
few words. It must be carried on essentially according to the 
rules laid down for the non-febrile forms of myelitis without 
prominent inflammatory symptoms. 

Brown·Sequard recommends, besides iron and quinine, chiefly 
iodide of potassium, which is best administered in a bitter decoc
tion (cinchona, colombo, rhubarb); strychnine only with the 
greatest caution ; no ergot! no belladonna ! Ile believes, further, 
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that the cold clouche or shower-bath to the back is indicated, as 
is also confinement to the dorsal position. 

In general, abnndant and nourishing food, when possible 
moderate exercise, and the employment of the galvanic current, 
will be found advantageous. 

11. Multiple Sclerosis of the Spinal Oord (and Brain) .-liiul
tiple, noditlar Sclerosis; disseminated, multilocular, insit
lated Sclerosis of the Central Nervous System.-Sclerose en 
plaques disseminees.-Insitlar Sclerosis. 

Cruveilhier, Anat. pathol. Livr. 32, 38. 1835--42.-Charcot, Klin. Vortr. Uber die 
Krankh. des Ncrvensyst. Deutsch von Fetzer. 1874.-1Ia11e, 1. c. 2. Aufl. S. 
708.-Roaenthal, l. c. 2. Aufl. S. 147.-llamnwnd, 1. c. 3. Edit. p. 637.--Ley· 
den, 1. c. II. S. 375.-&rnlteim, Diet. cncyclop. des Sc. med. II. S~r. T. Vill. 
p. 707. 

F'rerichs, Ueber Hirnsklcrose. Haeser's Arch. X. S. 334. 1849.- Valentiner, Ucber 
Sklerose des Gehirns u. R-M. Deutsche Klin. 1856. No. 14. bis 16.-Leyden, 
Ucber grnue Degen. des R.-M. ibid. 1863. No. 13.-Rindfaisch, Ilistol. 
Detail zur graucn Degen. Virch. A.rch. Bd. 26. S. 474. 1863.- lV. Zenker, 
Sklerose des Gehirns u. R.-M. Zeitschr. f. ration. Medic. 3. Reihe 24. Band. 
1865. - Vulpian, Notes sur la scll!rose en plaques, etc. L'Union m6d. 
1866. Nr. 67-72.-Charcot, Gaz. des bOp. 1868. Nr. 102, 103.-0rdenitein, 
Sur la paralys. agit. et la sclGr. en plaques gGnCralisGc. Thi'.!se. Paris, 1867.
BournCJJille, :Mouvcm. ml!d. 1868. Nr. 13-25, u.18691 Nr. 27 bis 38.-Bourne
"ille et Gufrard, De la sclerose en plaques diss(im. Paris, 1869.-Gub-ard, 
Essai sur la scl. en plaques. Th~se. Paris, 1869.-Liouville, Gaz. mCd. 1870. 
Nr. 19 u. 20.-Jojfroy, ibid. Nr. 23, 24.-Ma.~man, ibid. Nr. 14. p. 183.-Leo, 
Beitr. zur Erk. der Sklerose des Gehirns u. R.-:M. Deutsch. Arch. fiir klin. 
~lcdic. IV. 1868.-Jl. &hU<le, ibid. VII. S. 159. 1870, u. Vlll. S. 223. 1871. 
W. Leube, ibid. vru. S. 1. 1870.-u. Klin. Ber. nus dcm Krankcnhaus zn 
Jena. 1875. S. 111.-Zenker, Deutsch. Arch. f . klin. Medic. VIII. S. 126. 1870. 
-Eb1tein, Spinale Form der multipl. Sklerose. ibid. IX. 8. 028, u. X. 595. 
1872.-Kelp, Ucber Ilirnsklerose. ibid. X. S. 224. 1872.-Buchwrtlcl, ibid. X. 
8. 478. 1872.-0uo, ibicl. X. S. 531. 1872.-Berlin, ibid. XIV. S. 103. 1874. 
-Engeaser, ibid. XVII. S. 556. 1816.-Baerwinkel, Arch. d. Ilcilk. X. S. 590. 
1869.-0. Hirsch, Deutsch. Klin. 1870. Nr. 33-38.-Radlick, Fall von Sclerose 
en plaques. Diss. Berlin, 1874.-Poltl, Sklerose des Gchirns u. R.-'M. Diss. 
Berlin, 1874.- 1Veatplutl, Ucber eine Affection des Nervcnsyst. nacb Pocken 
u. Typhus. Arch. f. Psych. u . Nerv. III. S. 376. 1872.-The same, Neue CharitG
Annalen. I. Jahrg. 1874. S. 427.-0tto, Casuist. Beitr. zu den nervOs. Nach-
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kraokh. dcr Pockcn. Virchow-Hirscb, Jahrcsbericht pro 1872. IL S. 23.
Jolly, Uebcr multiple nirnsklerose. A.rch. f. Psych. u. Nerv. lIL S. 711. 1872. 
-Chvoatek, Wien. med. Pr. 1873 u. 1874.-Allgcm. Wien. med. Zeit. 1875. 
Nr. 11-20.- lV. Moxoll, Eight Cases of Insular Sclerosis. Guy's llosp. Rep. :X...X. 
p. 437. 1875.-Molliere, Sur quelqucs points du diagnost. d. I. iClCr. des ccntr. 
nen'. Lyon med. 1875. Nr. 28.-F. Schultze, Ueber clas Verhaltuiss d. Paralys. 
a.git. zur multiplcn Sklerose des R.-M. Virch. Arch. Bd. 68. 1876.-Ghristidia, 
Ucber multiple Sklcrose, etc. Diss. Wlirzburg, 1875.-E. Killian, Uebcr cinen 
Fall von diffuser :Myelitis chronica. Arch. f. Psych. u. Ncrvenkrankh. VII. S. 
28. 1816.-Putzar, Fall von multipl. Sklerose des Gchirns u. R.-M. Deutsch. 
Arch. flir k.lin. Med. XIX. S. 217. 1877. 

History. 

The disease now generally known under this name has only 
figured in the annals of science for a few decades, and only be
came thoroughly understood dming the last decennium. The 
first minute account of the affection appeared, accompanied by 
excellent illustrations, in the large atlas of Cmveilhier (1835 to 
1842). A similar case, observed by Tuerck in the year 1855, was 
entirely lost in a clinical point of view. 

The clinical history of circumscribed sclerosis begins with the 
work of Frerichs (184.9), which was very greatly enlarged and 
perfected by Valentiner (185G). A few years later, the pathologi· 
cal anatomy of the disease was greatly cleared up by the labors 
of Rindfleisch (1863), Leyden (1863), and Zenker (1865). The 
French works, which followed those of the above-named investi
gators, have, however, undoubtedly contributed most to our 
knowledge or the disease. They defined more sharply the morbid 
picture presented by the affection, gave due prominence to its 
essential points, and secured for it a place in pathology as a 
legitimate and recognizable disease. After the appearance of the 
first works of Vulpian and Charcot (1866-1868), the latter in par
ticular contributed very greatly to the enlargement of our knowl
edge of multiple sclerosis; with the help of his pupils (Orden· 
stein, 1867, Bourneville and Guerard, 1869) he has studied it in 
an exhaustive manner, from almost every point of view. 

About the same time there appeared in Germany an excellent 
account of a case observed by Leo, which was the first of a long 
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list of careful and full reports(by Schuele, Leube, Ebstein, Kelp, 
Buchwald, Otto, Berlin, Engesser, Baerwinkel, llirscb, West· 
phal, Jolly, Chvostek, and others). These i·eports have contrib
uted not a little to the enlargement of our knowledge and to the 
elucidation of different important questions. In France, also, 
numerous isolated observations have been recorded since the 
above date (by Liouville, Joffroy, Magnan, and others). In Eng
land, however, until the appearance of the recent work of Mox
on (1875), the disease was overlooked and almost entirely 
unknown. 

Through the labors of the above-named writers, we have ac
quired a pretty accurate knowledge of the affection, especially in 
its practical relations, although numerous questions of detail, 
some of them not unimportant, are still in an unsettled state, 
while in the domain of therapeutics in particular almost every
thing still remains to be done. 

Deflnition.-Multiple sclerosis is a form of chi·onic myelitis 
and encephalitis. 

It is characterized, anatomically, by the development of numer
ous, insulated sclerotic nodules, varying in size, and of a chronic 
inflammatory nature, which are scattered irregularly throughout 
the entire cord, and usually also throughout the entire brain, but 
which seem to possess, nevertheless, certain spots of predilection. 
Sometimes a less intense, but more diffuse sclerosis unites the 
different nodules with one another. 

Cl'inically the manifestations of the disease are very variable 
and manifold, assuming almost protean shapes. 'fhis is the nat· 
ural result of the development of the nodules in so many differ
ent localities, which are seemingly determined by accident. 

Motor pareses and paralyses are never wanting, while disturb
ances of sensibility belong to the less constant symptoms. Dis
turbances of co-ordination (ataxia) are very frequently observed, 
and a peculiar, exceedingly characteristic tremor, whlch accom

. panies voluntary movements and progressively increases, is 
almost regularly present. These symptoms are accompanied by 
a more or less extensive list of bulbar and cerebral symptoms, 
the most prominent of which are a peculiar disturbance of speech 
(scanning, monotony of voice), noisy inspiration, impairments of 
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sight, nystagmus, pronounced psychical disturbances of varying 
degrees, and apoplectiform attacks. 

"re have to deal here with an affection that runs an exceed
ingly chronic course-a course moreover which always goes on 
progressively from bad to worse. Very considerable fluctuations 
in the severity of the symptoms do occur, it is true, but a per
manent improvement is rarely obsetved. 

For practical reasons we shall discuss together the multiple 
scleroses of the cord and of the brain. The exclusively spinal 
form of the affection is rare, and the characteristic morbid pic
ture belongs essentially only to the cerebro-spinal form. 

Etiology and Pathogenesis. 

Hereditary influences may in many cases be regarded as pre
disposing to multiple sclerosis. Duchenne observed hereditary 
transmission of the disease in one case, and I have myself observed 
the same thing. Frerichs saw a brother and sister who were 
suffering from the disease, and a similar case has come under my 
own observation. The general neuropathic tendency may per
haps play its well-known i·ole here also, as hysteria and other 
nervous disturbances sometimes, though relatively seldom, pre
cede the affection. In other respects but little is known concern
ing the intluence of this diathesis. 

According to Charcot's statements, the female sex presents a 
considerably greater predisposition to the disease than the male 
sex. The fact that his observations were partly conducted at the 
Salpetriere (Women's Hospital), will explain the discrepancy 
between his statements and those of other observers. Chvostek 
observed sixteen cases, of which ten were men and six women. 
Of the nine cases observed by myself, four were men and five 
women. Hence there is no marked difference between the two 
sexes in this respect. 

It is certain, however, that the affection is pre-eminently a dis
ease of youth and middle age. It most frequently makes its 
appearance during the second and third decades of life; it rarely 
or never appears after the forty-fifth year, and relatively few 
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cases have been known to occur in children under ten years of 
age. 

Among the direct causes, we must mention first, "catching 
cold," the influence of which has been repeatedly demonstrated. 
The disease has been known to develop after sudden and severe 
exposure (e. g., a fall into cold water or the like), as well as 
after continued or repeated exposure to injurious influences, 
especially to the prolonged action of damp cold. It is impossible 
to conceal the fact, that the mode of action of these influences is 
as yet enveloped in the greatest obscurity. 

Excessive mental and bodily exertions are also assertetl to be 
exciting causes. It is possible, that they prove so only in already 
predisposed individuals. In this category belongs also the action 
of 'intense emotions, particularly of long-continued depressing 
emotions, such as sorrow, care, etc. These are often advanced as 
the causes of the disease. 

Jn one of my cases, thnt of a young lady whose father in all proh:ibility died 
from the same affection, the disease was brought on by fright combined with 
fatigue and exposure, which were incidental to a fire that broke out suddenly. 
Hence, in this case, there were a number of injurious agencies active at the same 
time. 

Traumatic i11jluences (injury of the head, concussion of the 
entire body, railroad injuries, etc.) seem to be decidedly poten
tial. In the etiology of the observations recorded in medical 
literature, the occurrence of such injuries, some of which, it is 
true, were received years before the b1'eaking out of the disease, 
is so frequently mentioned, that it is impossible to assume a 
purely accidental coincidence. 

Pregnancy has also been adduced as an etiological agent 
(Guerat·d). Molliere believes that the disease is often developed 
as a sequel to long-continued and severe hysteria. There is no 
doubt that disseminated sclerosis can be developed as a sequel 
to acute diseases. Ebstein and "\Vestphal saw it after typhus, 
and Charcot after cholera. "\Vestphal has described some cases 
of disease following variola, which in all probability must be 
classed as disseminated sclerosis, although some important fea
tures of the disease were wanting in the clinical picture. This 
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theory fincl s support in the fact, that he subsequently clemon
stratecl the existence of a clisseminatecl myelitis in some similar 
but more acute cases. Otto has clescribecl a similar case. 

None of these isolatecl facts, however, have as yet furni shecl 
the slightest information concerning the more clelicate processes 
in the pathogenesis of this remarkable affection. 

Pathological Anatomy. 

Multiple sclerosis is, as a rule, very reaclily recognizecl by the 
naked eye. In a few isolatecl cases, however-Bourneville has 
clescribecl one such- the corcl ancl brain appear normal, ancl the 
existence of noclules of sclerosis is only revealed by microscopic 
examination . 

The alteration appears in more or less numerous spots and 
nodules, which are not confined to the corcl, but are scatterecl in 
greater or less numbers through the mecl ulla oblongata, the 
pons Varolii, the cerebrum, ancl the cerebellum. 

The indiviclual noclules are usually recognized easily by their 
color and consistency. ' Vhen they lie close to the surface, they 
often glimmer distinctly through the pia, and iu very intense 
cases, the entire surface of the corcl may appear to be studclecl 
with grayish and u sually sharply clelinecl spo ts. These arc often 
slightly swollen ancl elevatecl above the level of the surface of 
the corcl; more rarely they are somewhat sunken ancl atrophic, 
while frequently they are level with the surface, and have con
sequently unclPrgone no change in volume. 

They are usually seen much more distinctly in the cross-sec
tions. More or Jess extensive spots are seen in every section in 
the white or in the gray substance, or in both together. 'rbese 
spots are gray or grayish yellow, ancl when exposecl to the air 
often take on a light reclclish tint (like salmon-fl esh). They are 
somewhat translucent, resembling jelly or cartilage, or perhaps 
more opaque; line white lines are often seen running through 
them ('•essels, fatty spots). They are more or less sharply cir
cumscribed; as a rule, the eclges are pretty sharply clelined 
against the surrounding healthy tissue, but sometimes they are 
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blurred, and the transition from the di seased to the healthy tis
sue is more gradual. They are frequently very closely pack ed, 
and sometimes become confluent. In form they are rounded, 
elliptical or more or less irregt1lar, so that it is impossible to de
scribe them very accurately. 

The consistency of these nodules is, as a rule, consiclerably 
increased. They are tough, dense, leathery or cartilaginous, 
oppose considerable resistance to the cutting instrument, and 
can usually be recognized by the palpating finger as firm nodules 
imbedcled in the soft nervous mass. In rare instances the nod
ules are soft., semitluid, gelatinous; these are probably nodules 
of recent date. 

Their cut surface is smooth, and uniformly glossy, and gives 
exit to a very small quantity of clear fluid. In size they vary 
greatly. They may be so minute that they are only revealed by 
the microscope, or they may be as large as a hemp-seed, a bean 
or a hazel-nut, or even larger; between the two extremes every 
possible intermediate stage may exist. In the brain the diseased 
spots are sometimes very large and diffuse; in the cord they are 
sometimes greatly elongated (from two to ten centimetres or even 
longer-three-quarters of an inch to four inches), though con
fined to single white columns. 

Their number varies within the widest limits in the individual 
cases. Sometimes only a few are found, and again they are so 
numerous that they might be numbered by hundreds. 

The distribution qf tlte nodules in the spinal cord is very dis
similar in different cases, and apparently depends entirely on 
accident. They may be sitnated in the white as well as in the 
gray substance. All the white columns may be attacked with
out distinction; the furrows on the cord do not constitute bar
riers to the pathological process. In one cross-section the nod
ules will lie chiefly in the lateral column, in another more in the 
posterior columns, and in still another perhaps more in the gray 
substance; in one they will take up the greater part of the sec
tion, and in another only a very small part of it; here they will 
be confined to one side, and there they will involve continuously 
both sides of the cord, etc. (See Fig. 6.) 

The opinion held by many authors, that the anterior col-
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umns are pre-eminently affected, holds trnc at all events only 

for a small number of the cases. '£he more recent German 

observations include, as it happens, several 
cases in which the disease attacked chiefly the 
posterior columns. 

Furthermore, numerous nodules are usu
ally found also in the various parts of the 
cauilex cerebri, in the medulla oblongata, 
the floor of the fourth ventricle, the pons, 
and the pedunculi cerebri. These parts, to
gether with the walls of the lateral ventricles, 
the white substance of the cerebral hemi
spheres, and the white columns of the spinal 
cord, seem to be the localities for which the 
nodules show most predilection. The nod-
ules may be scattered throughout the entire 
extent of the strnctures forming the caudex 
cerebri ; they are of varying sizes, and are 
sometimes superficial and again deeply seated, 
sometimes numerous and closely packed and 
in other cases more isolated (see Fig. 7). It 
is very rare for these parts to be found free 
from disease. 

@) 

0 
m 
w 

The cerebrum usually contains a large 
number of disseminated nodules, which are 
very distinctly seen on every section through 
the organ. The gray substance of the cortex 
is, however, generally spared by the disease, 
nodules being only exceptionally found in it. 
In the central, white substance, the walls of 

the ventricles, the corpus callosnm, etc., they 
are, on the other hand,exceedingly numerous. 
As a rule, some nodules are also found in the re:~~·~:i~-:ri~Fec':.::~~ 

corpora stria.ta and the thalami optici. :~v=!~~tt~i:c:~~!~c1~;~ 
In the cerebellu,m, on the contrary, the ~:~1::_1ncsent. the sclerotic 

nodules are usually few in number. Here, 
too, they are located by preference in the central white sub

stance, the cortical layers being usually left exempt. 



480 ERB.-DISEASES O~' THE SPINA!, CORD AND ITS ~:NVELOPES . 

The account just given applies almost solely to nodules of 
old standing, such as are met with in the bodies of persons who 
have suffered for many years from the disease. In these cases 
we usually find the firm, dense, gray masses, on which the clas
sical picture of multiple sclerosis is based. For an accurate 
description of the characteristics of the younger and youngest 
nodules, we must look to the future. Zenker found in one case 
rounded translucent masses of a soft gelatinous consistency, 
which presented a homogeneous, structureless and colorless 
matrix enclosing numerous cells, and which he held to be young 
nodules of sclerosis. In general, most observers manifest a 

tendency to regard the 
gray nodules, which pos
sess a softer, and perhaps 
semi-fluid consistency, as 
the younger, and those 
which are harder and den
ser as the older. This may 
be on the whole correct, 
but at the same time the 
possibility of individual 
differences cannot be en
tirely excluded. 

Furthermore, it must 
also be mentioned, that the 
sclerotic nodules are not 

F
1ir J;e ~~!.1bt~~i:r0i_.,~~e~:°~:1tt~i~~ ~!t~i~rirL by any means Ii mi Led to 

the central organs ; on the 
contrary, they not unfrequently extend beyond them and estab
lish themselves in the nerve-roots and nerve-trunks. This has 
most frequently been observed in the cerebral nerves. Here, 
just as in the central organ itself, gray translucent, circum
scribed nodules, involving the entire thickness of the nerves, 
are not unfrequently met with; sometimes several of them are 
found on the same nerve. Such nodules have been found in 
the optici, the olfactorii and the trigemini; also in the nerves 
of the muscles of the eye, in the hypoglossi, etc. On the roots 
of the spinal nerves, too, such nodules have been repeatedly 
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seen. On the peripheral nerves, however, their occurrence has 
not yet been demonstrated with sufficient positiveness. 

Finally, we have still to mention the fact, that in addition to 
the disseminated sclerosis, a more diffuse sclerosis has also been 
occasionally met with in the cord as well as in the brain (e. g., 
the cases of Schuele, Kelp, Buchwald). The individual, appar
ently isolated nodules are then united with one another by a 
more or less altered intermediate tissue. It is probable, that a 
gradual transition to a truly diffuse sclerosis may take place in 
this way. 

vVith respect to the microscopical appearances of the sclero
tic nodules, we may, for all the essential points, refer to the 
description given of the microscopical changes in chronic myeli
tis. In the opinion of almost all obsetTers, multiple sclerosis 
presents the type of interstitial chronic myelitis. \Ve shall 
confine ourselves here to a brief sketch of the histological ap
pearances. 

It may be premised, that the sharp line of division between 
the healthy and diseased tissues, which is apparent when the 
specimen is examined with the naked eye, cannot u sually be 
recognized under the microscope. On the contrary, a very grad
ual transition from the normal into the morbid tissue can, as a 
rule, be demonstrated. 

In the nodules themselves we find: more or less marked 
thickening of the trabeculre of the neuroglia, swelling and pro
liferation of the nuclei, large and very sharply defined spider
cells; gradual transition into a fibrillated and delicately fibrous 
connective tissue; finally, nothing but parallel bundles of fibrils 
placed close to one another; between them remains o[ the me
dulla, fat- and granule-cells and masses of the same substance, 
free fat. 

In the nerveji,bres atrophy of the medullary sheath and 
swelling of a Iew of the axis-cylinc1ers, most of which, however, 
remain unchanged; disappearance of the medullary sheaths, per
sistence of the nakec1 axis-cylinders, which are closely embraced 
by the small-meshed fibrillated ti ssue; at last, the axis-cylinders 
also may become sclerotic, glossy, brittle. Finally, these too 
disappear in great part, and there remains only the dense fibril-

VOL Xfll.-31 
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lated connective tissue, "·hi ch contains largP aJH1 b~anl iful spider
cells, a moderatt:\ abundance of nucl1-1i and a varying number of 
corpora amylacm: free fat and drops of myeline are then usu
ally wanting. 

The rcmarknbly long persistence of the axis-cylinder in the sclerotic th~suc, 

which was pointed out by Charcot and confirmed by J.,eydcn, docs not really 
possess the importance ascribed to it, in the differential diagnosis from other forms 
of chronic myelitis. At all events, even in advanced cases of sclerosis of the pos
terior columns (tabes), we not uufrequently find very numernus well-preserved 
nerve.fibres and axis-cylinders i hence I do not think that the persistence of tlio 
axis-cylinders can be regarded as a. radical point uf difference or an essential char
acteristic. 

A considerable sclerosis of the walls of the ?>essels is regularly 
observed. '.!'hey are thickened, blended with the snrrounding 
fibrillated tissue, and very rich in nuclei; not unfreqnently they 
are in a state of pronounced fatty degeneration, and there is au 
abundant inliltratio11 of fat into the lymph-channels which en
velop them. The lumen of the vessel is thereby greatly dimin
bhed. 

If the sclerotic process extends into the gray substance, the 
ganglion-cells located therein generally become atrophied. They 
frequently acquire a strikingly yellow color (yellow degenera
tion), ancl are no longer stained perfectly by carmine ; later on 
they undergo colloid atrophy, lose their processes, and may 
finally be completely destroyed. 

Yery little attention has hitherto been paid, in cases of mul
tiple sclerosis, to the familiar secondary degenerations. I find 
them hardly ever mentioned, and still, in view of the position 
and extent o( many sclerotic nodules, their absence would seem 
decidedly remarkable. They seem at all events to occur rela
tively very seldom; in many cases, however, it might be difficult, 
withont a very searching examination, to decide exactly what 
belongs to the primary sc.lerotic nodule and what to the second
ary degeneration. A closer stncly of this question would be de
sirable. 

Jolly1s case is the only one in which the descending degeneration of the lateral 
columns is expressly mentioned. It is not positively certain, however, that the case 
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belongs in the present category. The cord was free, and the changes in the bruin 
were of n more diffuse character. 

In addition to the changes in the central organs themselves, 
some other subordinate alterations take place, which require 
only a brief mention. The skull-cap is frequently found abnor
mal; it may be thickened or thinned, presenting sclerotic or 
erod0d spots. The membranes of the brain and cord are fre
quently perfectly normal, but in other cases present more or less 
pronounced evidences of hyperromia and chronic inflammation. 
The cerebro-spinal flnid is, as a rule, increased, frequently 
cloudy, somewhat flocculent, etc.; the ventricles are considera
bly dilated. 

In the other organs of the body (muscles, peripheral nerves, 
skin, bones, bladder, k.idneys, lnngs, etc.) the changes already 
spoken of in connection with chronic myelitis are occasionally 
observed. Some of them are direct conseq nences o( the severe 
spinal affection (such as bed-sores, vesical diphtheria, pyelone
phritis, etc.), while others constitute more or less accidental com
plications or terminal diseases (pnenmonia, plemitis, pnenmo
phthisis, typhus, etc., etc.). It is nunecessary to speak of them 
here. 

Pathology of Multiple Sclerosis. 

Symptoms. 

General clinical history.-In the majority of the cases the 
disease develops gradually and insidionsly. Sometimes, how
ever, it commences abruptly: the scene is opened by an apoplec
tiform attack, a sudden paralysis, severe headache and vertigo, 
or the like. 

In the cases which develop slowly the initial symptoms are 
nsnally very obscure, vague and manifold. Sometimes they are 
chiefly referable to the spine and sometimes to the brain. In one 
case there may be slight disturbances of sensation, parresthesia, 
weakness, paresis of the lower extremities, uncertainty of gait, 
disturbances of co-orc1ination recalling those of ataxia, difficulty 
in writing, cardialgic attacks (so-called crises gastriques) with 
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YOmiting, etc. In another there may be 1·ertigo, headache, stag
gering gait, tremor of certain muscles or limbs, impairments of 
speech, of sight and of particular cerebral nerves, psychical dis
turbances, and a convulsive or apoplectiform uttack. 'rhe com
mencement of the disease is nry frequently marked by ltead
aclie, dizziness, uncertain gait and sligld psyclliNtl drpression. 
It is evident, however, that the initial symptoms may occasion
ally show themselves in all possible parts of the body. 

The symptoms slowly become more severe, and new ones 
are gradually or ubruptly added. 'rhe disease continues for 
years with slight fluctuations and occasional, deceptive improve
ment, but the practised eye can ustmlly 1·ecognize a slow, progres
sive aggravation. The forms in which the disease can present 
itself are exceedingly numerous, and Clmrcot was Tight when he 
callecl it par excellence a polymorphous affection. 

In marked and typical cases the following morhicl picture, or 
something very like it, is de1·eloped after the lapse of a variable 
period. The patients complain of sensory llisturbances which 
tary very greatly in intensity, quality and localization. Usu
ally there are only pai-msthesiro; sei-ere pains are less common, 
bt1t still they do occur. They assume the most manifold shapes, 
and may present themselves in any part of the body; they may 
take the form of facial neuralgia, or of girdle-pains, or of Janci
nating or cli:fl'use pains in the extremities or the trunk, etc. To 
these are added later, anresthesire of varying degree and location, 
impairment of the muscular sense, etc. It is a striking fact, 
however, that in u relatively large number of the cases, these 
sensory disturbances are very slightly developed or even entirely 
wanting; at least the objective examination often fails enti..rely 
to reveal any of them. 

The motor disturbances, on the other hand, are generally 
much more constant and more severe. The first to attract atten
tion are usually pareses and paralyses, which alll)ost always 
begin in one leg, mid extend subsequently to the other leg and 
then to the arms ; occasionally, however, they occur in some 
other order of development, all imaginable variations from the 
above sequence being possible. From a simple difficulty in walk
ing, which is usually of a spastic character (see Part I., p. 97), 
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the disease passes slowly thl'Ough all the stages of development 
up to complete paraplegia. )Iuscular contractions (Muskelspa:n
:nungen) usually make their appearance early, and in the later 
stages very marked contractures of the lower extremities are the 
rnle; the legs are held as rigid as sticks in a position of exten
sion and adduction. In the upper extremities the paralyses 
rarely attain such a high grade as in the lower extremities, and 
contractures are rarer; still both contractures and marked par
alyses occur in them. 

111 a certain number of the cases, there is also true and pro
nouncecl ataxia of the extremities. The most trnstworthy ob
servers report that they have seen exquisitely jerking move
ments of the legs, setting clown of the heels, etc., with the con
sequent uncertainty in walking and stancling; also corresponding 
ataxic disturbances of movement in the hands, etc. 

A particularly striking, and in most cases exceedingly im
portant ancl characteristic symptom, is an active, shakin,q tre
mor, which occurs chiefly or exclusively during voluntary move
ments (volitional trembling), and disappears or becomes scarcely 
notice~tble during rest. As long as the patient remains quietly 
seated, tlwre is either no tremor at all, or at most a slight shaking 
movement of the head, or a slight oscillation of the trnnk. As 
soon, however, as he attempts to seize anything with the hancl, 
the tremor sets in; it is a forcible, rhythmical, shaking move
ment, which increases in violence with the increase in the force 
of will exerted, and which is very different in character from the 
irregular, impulsive movements of ataxia, although it is occa
sionally co,;,binecl with them. The intenclecl movement is gener
ally carried out correctly, but it is attencled by oscillatory 
vibrations with more or less regular excursions. \Vhen the 
patient attempts to raise a glass to his mouth, he cannot do it 
without spilling the contents, which are often scattered widely 
about him; if he succeed finally in the attempt, the tremor 
makes the glass rattle against his teeth in a rhythmical manner. 
The oscillations increase as the goal is approached, in a direct 
ratio with the increasing intensity of the will-force, and the aug
menting strain on the attention. The oscillations of the head and 
the trunk also increase in intensity, whe11 movements of the 
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arms are n.ttPmpted. 'Yhen thP patient ris<'; ancl attempts to 
'rnlk, the tremor im·olves the entire body. Ile stagger; on his 
feet, and his enti1·e body, head and arms are shaken by a violent 
tremor; in the severer grades of the alfeetion he is often unable 
even to stand, let alone to walk. 

As soon as the effort of will is relaxed and the limbs arP sup
ported, the tremor ceases. \Vhile the patient is in the recumbent 
postul'e "·ith the head well suppol'ted, no trace of it can, as a 
rnle, be detected, but the slightest effort of the will, any strong 
emotion, ancl any excitement will immediately call it forth in a 
very marked degl'ee. A continuous tremor, }Jel'sisting also dur
ing rest, and henc-e resembling somewhat the tremor of }Jaralysis 
agitans, has only bl'Pll observed i.J1 a fi>w isolated cases; in some 
of these it was a transitory and in othel's a per;istent symptom. 

In connection with all tltPse motor disturbances, the conditio11 
of the rl'jlex activity may vary. lJsually it remains unaffected 
for a long time, sometimes it is diminished, but frequently, b

pec-ially in the Ol'dinal'y ca;e; which present paraplegia and mus
eular contractions, it is increased, the tendon-reflexes in par
ticular being exquisitely developed. 

The vesical disturbances are usually remarkably trivial, per
haps on account of the i-elatively slight implication of the gray 
substance of the cord. In some cases, however, all imaginable 
disturbances of the i'esical function, from the most trivial up to 
the most severe, Yiz., i·etention ancl incontinPnce, have been ob
served, just as in the other forms of chronic myelitis. Usually, 
however, these symptoms belong to the latest stages. 'fhe same 
statements may be made with respect to the rectal function ancl 
the sexual powers. The latter often remain unaffected for a re
markably long time, but towards the last they almost rnvariably 
become impaired, and are finally extinguished. 

Trophic clisturbances are usually wanting for a long tinw. 
As a rule, the blooming appearance of the patients presents a 
striking contrast to the complete helplessness to which they are 
condemned by the motor disturbances. Sooner or later, how
ever, but in genernl only in the last stage, trophic disturbances 
of various kinds are wont to occur. The muscles become atro· 
phied ancl lose thei.J- electric excitability. Bed-sores are devel-
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oped, the state of the general nutrition sinks along with the di
gestive powers, and fever hastens the advance of the cachexia. 

The symptoms thus far enumerated are supplPmented in most 
cases by a series of phenomena, whose origin can positively be 
referred to changes in the brain (cephalic or l'erebral symptoms). 
" re must mention first certain bnlbar symptons, which are 
among the most important of the entire morbid picture ; first of 
all, a remarkable alteration of speech an(l of the voice. The 
speech is slow, hesitating, distinctly scanning, and later on more 
or l,,ss indistinct. The voice is weak, monotonous, and has less 
staying power. The acts of laughing and c1·ying are accom
panied by peculiar, noisy inspirations. Later on the movements 
of the tongue and lips are not unfrequently impaired, mastica
tion and deglntition are accomplished with great clillicnlty, etc. 

The disorders of the organ of vision are, as a rule, very signifi
cant. Temporary or permanent diplopia, cine to pareses of the 
ocular muscle·, has been observed. A marked nystagmus, 
which, according to the statements of different observers, is in
creased by any exertion of the will or by any violent emotion. is 
very common. Finally, amblyopia is not infrequent, but it is 
only in a few cases that it increases to complete aniaurosis, with 
atrophy of the optic nerve as its basis. 

Furthermore, psycltical derangements art> very generally 
present. Often, these consist only in slight irritability, changes 
in disposition, a more active reaction to all sorts of impressions, 
a grpat tendency to weep, or to laugh without motive, etc. Im
pairment of the memory ancl the intelligence is common, as is 
also the development of pronounced psychoses ; n>Pland1olia, 
monomania taking the form of persecution or of exaltation, final
ly craziness and complete dementia. 

The attacks qf vertigo, the sleeplessness ancl violent head· 
aches, which are not unfrequently observed, complete this pi<'
tnre; and when we adcl that in some cases repmted apoplectifonn 
attacks, accompaniecl by high feve r and followed by temporary 
hemiplegia, are observed, we have therewith pnt the finishing 
touch to the general description of the clinical history. 

This description, however. applies only to tht• very pro
nounced and typical cases of the disease. It cun11ot be cleni<·cl 
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that the variations are Pxceedingly numerous; that, on the one 
hand, this or that symptom may be wanting, while on the other 
hand, symptoms may occupy the foreground, which will stamp 
the clinical history with a great resemblance to that of other 
known disPascs. The accidental localization of the principal 
nodules affords a ready explanation of the fact, that certain 
cases present an unmistakable resemblance to sclerosis of the 
posterior or o( the lateral columns, or to myf'litis transversalis, 
etc. The inconstancy of often the most important ,;ymptoms, 
the absence o( somf', the occurrence o( otlwrs, and the great 
changf'ableness of the clinical picturP, also /ind a natural expla· 
nation in the great diJTerencPs in the uurnber and localization of 
the nodulPs in the different cases. 

An attempt has been made to diJierentiatP tlilff'rent forms of 
the affection, according to lhe predominating localization of the 
disease. '!'he most frequent form has bt>Pn accorclingly desig
nated as the cuebro-spinal, because in it the nodules ar<> found 
both in the brain and the cord; in contrast to it, a purely spinal 
form (with exclusive spinal localization) all(l a ptuPly cerebral 
form (with Pxclusive cerebral localization) have also b<'Pll set up. 
\YP slmll return to this point in another plaee, aml we shall see 
tlrnt in practice this sharp differentiation io, as a rule, impos
sible. 

The comse o( the disease is usually exceeciingly slow and 
sluggish. . . .\_ vPry striking imprO\rcment sometimes occurs-an 
actual remission that almost simulates a cnre. It is wont to be 
deceptive, ho"·ever, and is rarely persistent. Ustmlly the dis
Pase makPs continuous, though oitt>n very slow progress. Its 
duration must he reckoned by years, often hy many years. As 
time elapses, all the symptoms increase in intensity and extent; 
the paralysis, the contractures, and the psychical weakness 
assume more and more the upper hand, and bring about an 
exceedingly deplorable state of affairs. The speech becomes 
more and more unintelligible, the pains angnwnt, and the rest
lessness o( the limbs becomes unbearable; affections of the blad
<ler and bed-sores, with all their consequences. are superadded. 
Those patients are most fortunate who are rapidly carried off by 
,.;ome acute intercmTPnt disease (pneumonia, septicremia, typhus, 
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cholera, etc.), as chey th1'reby escapt> a lingt>ring cleath aft1•r un
uttt>rable sufl'ering;, from the advancing general cachexia. 

Analysis of lhl' lndivillual S1;1nptoms. 

It is not neci>ssary here to go into all tlw llPLails, since a great 
nmnber of the }Jhenomena met wi.th are to bP explain1>cl exactly 
in the Rarne way, as the same sympton1s in chronic myelitis. 
Hence, we can, for many of them, refer to the preceding chapter. 
This applies espc·cial ly to the disturbances of sensibility, the 
paretic ancl pamlytic phenomena, the state or the reflex adivity, 
the muscular contractions ancl contractnres, the vesical symp
toms, the occasional atrophy of the muscle,;, the heel-sores, etc. 
Of course a part of these symptoms may be of cerebral origin, 
e. [!., the parPSPs antl paralyses, which may be clue to sclerotic 
nodules Rittuttecl in the thalami optici, the corpora striata, the 
peclunculi, ptc· . 

:.\fany authors speak of the absence of marked, ohjectirn dis
turbances of sensibility, which they claim to be especially charac
teristic of the disease. This is, however, clecicledly incorrect. 
Berlin fouml clisturbances of sensibility notecl in fifteen of the 
thirty-nine easc•s examined by him. In not a few cases all pos
"ibh' varieties :incl gmclcs of sensory disturbance are found. In 
J1:ngesser' s case, there were clistinct diminution of the cutaneous 
'ensihility ancl consiclemble impairment of the muscular sense, 
with much staggering when the eyes were closecl, but without 
ataxia. Other cases ham presented markecl ataxia, without any 
clisturbanc<' of ensibility, ancl also without any staggering when 
the eyes were closecl-a fresh proof that this last symptom has 
a direct clepenclence solely on the sensory disturbance, ancl has 
no connection with the ataxia as such. It is certainly remark
able, that in many cases the disturbance of sensibility shoulcl be 
~o exceedingly trivial, or even entirely absent, in spite of wide
spread multiple sclerosis involving also the posterior columns. 
Schuele has investigated this question thoroughly, ancl found in 
the immunity from the lesion of certain parts of the posterior 
columns ancl the gray substance, the conditions which in all 
probability secure the unclisturbecl conclnction of the sensory 
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impres8ions, despite apparently large gaps in the normal sensory 
tracks. 

\Ye must now devote some space to a special discussion of 
that very important and characteristic symptom, the shaking 
tremor during voluntary rnorenients (the rolitional trembling
Intentionszittem-of F. Schultze). This presents a very peculiar 
and easily recognized ensernble. \Vhile the patients remain 
seated, we notice only a slight rhythmical trembling and oscilla
tion of the trunk and the head, the extremities remaining quiet. 
It rn ust be borne in mincl in this connection, that in the act or 
siLting the muscles of the tmnk are constantly in a state of 
slight action, which is requisite for the retention of the equi
poise . 

• \s soon as any movement is made with the upper extremities, 
an active trembling and shaking becomes noticeable in them, 
while at the same time the oscillations of the head increase in 
intensity. All delicate and even all coarse manipulations are 
thereby impeded or made impossible; in writing, the letters are 
,·ery greatly clistorted, and finally become entirely undecipher
able, etc. 

\Vhen the patients attempt to stand and walk, the entire body 
is violently agitated, the legs being particularly affected. In the 
highest grades of the affection, both walking and standing are 
rendered impossible by this shaking; in the slighter grades, it is 
observed particularly in changing from one position to another, 
in rising from a chair, at the commencement of a walk, etc. 

On the other hand, when the patients are in a position of per
fect rest, lying comfortably in bed, no trace of the tremor can be 
noticed, at least in the majority of the cases. Strong emotion 
(anger, irritation, embarrassment, shame) will, however, excite 
the tremor in these cases even during the state of i·est, just as 
it will notably increase it during voluntary motion. In con
trast to the above, it is recorded of isolated cases, that a shaking 
movement of the extremities was pr~sent even during perfect 
mPntal and bodily rest, and persisted more or less uninter
rnptedly for clays, weeks, or even longer. I have myself ob
served one such case. The unfortunate patient was almost con
stantly tormented in the most pitiable manner by tremor-like, 
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twitching movements or the extremities; there was but one way 
in which the restless movements could be controlled even for a 
few minutes, and that was by firmly holding the limbs. 

It is very probable that in such severe and intense cases even the ri.utomatic 
movements of voluntary muscles, e. g., the respiratory act, or the half involuntary 
movcmcut.c; of the muscles of the eye, the muscles o[ facial expression, c>tc., are capn· 
hie of exciting and keeping up the shaking tremor, while the body is apparently at 
rest. 

In the great majority of the cases, however, and in the first 
stages of the disease, it is always a very essential and character
istic point, that the tremor is ingrafted on the voluntary move. 
ments, that it appears with every innervation qf tlte rnuscles. 
Even in the later stages, when the tremor has become more con
tinuous, it is at all events certain that it is enormously increased 
by every attempt at movement. As a rule, it is wanting du1·ing 
absolute rest, and appears in connection with all voluntary or in
voluntary movement , becoming more intense as they become 
more forcible; the more extensive the movement, the more forci
bly it is performed, the more the attention is dir'ected to it, so 
much the more violent is the tremor. 

Therein lies also the essential point qf' d iJl'erence between tlte 
tnmior of rnultiple sclerosis and tliat qfparalysis agilctns, two 
forms of tremor wh ich were almost invariably confoundecl until 
Charcot pointed out their exact diITerential characteristics. In 
paralysis agitans the trembling is observed also during perfect 
rest; it is not increased by voluntary movement, but, on the con
trary, the patients are able-at all events in the earlier stages of 
the affection-to control it for a time at least by force oI will ; 
any voluntary movement, any change in the position or the limb, 
iti sufficient to still the tremor for a few minutes, but it gradually 
begins again after the limb has Jain quiet for a time. The cliar
acter of the tremor also is essentially different in the two affec
tion& In paralysis agitans the oscillations are much smaller 
and more frequent ; they possess more of the character of a trne 
tremor, than do the wide oscillations of urnltiple sclerosis. In 
the latter, moreover, the tremor of the hands frequently assumes 
a peculiar ancl very characteristic type; it looks as if the patients 
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were about to spin, or to mix pills, or thP like. The head is sel
dom or never involved in the tremor of paralysis agitans. 

As far as I can jndge from my own experience, the trembling 
of paralysis agitans can in most cases be easily distinguished 
from the shaking of multiple sclerosis. Any one who has once 
observed closely and compared the two forms of tremor, will 
never confound them together in pronouncPcl cases. It would 
be very wrong, however, to conceal the fact, that cases of multi
ple sclerosis occur, in which the tremor 1·esembles in character 
very closely that of paralysis agitans, and in which the decision 
as Lo lite quality of this one symptom may be very difficult-cases 
in which the two forms of tremor exist side by side. It is in my 
opinion much more correct, to assume a combination and compli
cation of two different clinical processes in such cases, than to 
deduce from them, few in number as they certainly am, the con
clusions that the two forms of tremor are not essentially different, 
and that tlwy can occur promiscuously in both diseases. 'l'he 
former view is supported b_r the great majority of the observa
tions, which speak plainly in favor of the essential difference of 
the two forms of Ll'emor. \\Te must wait for more accumte ob
servations, however, before passing finally on the correctness of 
this view. 

'Vith actual clwreic movements, the shaking tremor of mul
tiple sclerosis cannot be easily confoundecl in ordinary cases. 
'l'he movements in chorea are very irregular, violent and impul
sive, and not rhythmic or oscillating as those of multiple sclero
sis. They occur also during rest very :1bmptly and without 
apparent cause. In chorea the direction of an intended move
ment is altogether distorted; it is zigzag and irregular: in mul
tiple sclerosis the general direction of the movement is iireserved, 
but the line of movement is wavy, oscillating about a central line. 
This holds true, at all events, in the typical cases of the two dis
easPs; here too, however, it seems to me that combinations and 
undecided intermediate forms occasionally occur, in which doubt 
may arise as to the proper classification of the existing motor 
disturbance. 

These remarks apply also to true ataxia, that disturbance of 
co-ordination which is present in its typical form in the sclerosis 
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of the posterior columns. Here, too, the differentiation is very 
easy in ordinary cases. 'rhe ataxic movements clo not constitute 
a regular, rhythmical trembling or shaking; on the contrary, 
they are disorderly, immoderate, jerking movements, which make 
their appearance at the moment a YOluntary impulse is formed 
and frustrate the intended movement. It is very difficult to de
scribe them in detail, but when once seen and stnclied, they can 
scarcely be confouncled with anything else. Here too, however, 
and much more frequently even than in the cases of paralysis 
agitans ancl chorea, combinations and mixed forms occur, which 
permit the development of both motor disturbances in one and 
the same patient, and which lead uncritical observers to con
found them together both in description and in pathogenesis. It 
is, in my opinion, exactly in these cases, that it b most easy to 
recognize the combination of the two motor disturbances, to de
monstrate the simultaneous occlU'rence of ataxia and volitional 
tremor; in fact it has already been repeatedly demonstrated by 
different observers. The pathogenetic explanation of this com
bination is reacly at hand, since the anatomical basis of the 
ataxia is given in the location of sclerotic nodules in the posterior 
colnmns. Other symptoms of sclerosis of the posterior columns 
are usually present in such cases, viz., lancinating pains, anres
thesia, impairment of the muscular sense, ~taggering when the 
eyes are closed, etc. With regard to the volitional tremor itself, 
we are, it is true, not yet in an equally desirable position, for we 
are unable to ascribe it even with probability to any specific 
anatomical local ization. 

The tremor is one of the most constant, and unquestionably 
one of the most characteristic symptoms of multiple sclerosis; 
whenever it is met with, it must direct the attention to that dis
ease. It is not always present, however, not a few cases haYing 
been recorded, in which it was absent throughout the entiI·e course 
of the disease (Leube, Ebstein, Engesser, Jolly, and others), cases, 
moreover, to which Charcofs suggestion, that it may perhaps 
have existed during a time when the patients were not under ob
servation, cannot well apply. It is certainly true, that the charac
teristic tremor diminishes iu the later stages of the disease, and 
finally disappears entirely. This diminution progresses in an 
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invcl'se ratio to the increase in the prominence of the paralysis ancl 
the contractures. Another form of lremol', however, frequently 
appears at this tinH', namely, the clonic tremor on passive dorsal 
flexion of the foot (the so-called epilepsie spinale of Brown
Sequarcl and Charcot) . 'Ye have already shown (Part I., p. 101) 
that this is a reflex phenomenon, ancl that it is usually connected 
with increasPd tendon-reflexes. Beyoncl the external form, it has 
11othing in common with the volitional tremor, ancl only a super
ficial observer would confound it with the tremor that accompa
nies volunlary movements, and utilize it in the characterization 
of multiple sclerosis. 

The ol"igin of the typical volitional tremor of multiple scle
rosis is as yet exceedingly problematical. It is a variety of 
derangement of co-ordination, which, however, when closely ex
amined, differs very essentially from tnie ataxia, and hence must 
certainly ha,·e another anatomical basis. Charcot's theory, that 
the relatively long persistence of the axis-cylinders in the sclero
tic nodules might perhaps have something to do with it, becanse 
the impulse or the will would be conducted through the naked 
axis-cylinders only in a sort of jerking manner, will certainly not 
find many adherents. It is open to too many objections. 'rhe 
theory, that some specific localization of the sclerotic nodules is 
answerable for the production of the tremor, is certainly more 
plausible, and it is maintained by many authors. Ordenstein 
asserts, that it is principally the pons and the parts of the brain 
situated in front oI it, that come into qnestion here, and Ham
mond says, that the tremor is wanting in the exclnsively spinal 
cases. 

In point of fact, if we pass in review the recorded cases of 
simple clironic myelitis, we do not find this characteristic tremor 
ennmerated among the symptoms, even when several centres of 
disease exist in the corcl. The matter becomes more difficult to 
decide, when the individual cases of multiple sclerosis are nuder 
examination, because in them the wide extension and great mul
tiplicity of the nodules place almost nnconquerahle obstacles in 
the way of every attempt to draw a simple and clear conclusion. 
Still, a critical stncly of these cases reveals some facts that are 
worthy o( note. Thus Ebstein describes a case of purely spinal 
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localization without tremor, but with ataxia; in Kelp's casP, on 
the contrary, which belonged to the purely cerebral form, the 
tremor was present. Engesser also describes a case wit/tout tre
mor, in which the localization was predominantly spinal, and 
Y ulpian' s first case was of the same sort. From these facts it 
seems to follow, that the localization of single nodllles in tlw 
brain is, in point ef fact, necessary for the production of lite tre
mor. It is still more difficult to decicle exactly what parts of 
the bmin m nst be affected, in orcler to prodLlCe the tremor. I 
ham examined twenty-two recent cases, with a special view to 
the clecbion of this question. In all of them which had pre
sented the tremor during life, the structures of the caude>x (pons, 
medulla oblongata, pednncnli, etc.), besides other portions of 
the brain, were particularly invohed in the sclerosis ; on the 
other hand, in the Cew cases in which the tremor was absent 
during life, although nodules existed elsewhere in the brain, 
there were either none at all or at most only small ones in 
the pons, the oblongata, the cerebellum, etc. (See the cases of 
Jolly, Leube and Engesser). Uncertain and ambiguous as these 
facts may be, they at all events speak in favor of the opinion 
expressed by Ordenstein, that the localization or the nodules in 
the pons and the parts of the brain situated anterior to it, is an 
essential condition for the proclnction of the tremor. This con
clusion withal necessarily rests on very insecnre fon nc1ations, 
and 1rnmerous observations are requisite for its complete con
firmation. At all events, the appearance of volitional tremor 
furnishes even now valuable el"idence that a pathological pro
cess has been established in the brain itself, evidence which, 
in doubtful cases, may prove of great diagnostic value. 

Among the motor symptoms, the tonic contrartion of the 
parnlyzecl muscles, which appears in the later stages and may 
subst>q nently increase to very marked contractzire, also deserves 
mention. It affects pre-eminently the lower extremities, which 
are also, as a rule, more intensely affected by the paralysis. At 
fu-st isolated attacks of spasmodic extension, of tonic stiffness of 
the legs, etc., occur, either spontaneously or when the patients 
attempt to perform some movement: or they may be exrited by 
external cutaneous irritants, or probably also by violent emo-
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tions. In a certain stage of the disease, movements, which 
are otherwise still practicable, may be greatly interfered with 
hy these attacks of stiffness and rigidity. The attacks become 
iirogressively more frequent and morP prolonged, until finally 
permanent contracturPs in the position of extension are devel
oped ; the legs are as rigid as sticks, and are held closely to
gether by contracture of the abductors; the feet are in tlh' 
vcLro-equinus positiou. Sometimes, howPver, contractures in thl! 
position of fiexion are developed at a later period. These con
tractures are almost always accompanied by a considerable aug
mentation of the tendon-reflexes. The already repeatedly de
scribed, clonic twitching or one or even of both legs excited by 
passim dorsal fiexion of the foot (called by Charcot tonic spinal 
epilepsy), has been mentio1wil particularly by many observers. 
'fhis clonus can be excited by cutaneous irritation, as well as by 
passive dorsal ficxion of the foot; it is also excited occasionally 
by voluntary moYements and by the act of defecation or of mic
turition. 

'fhe upper extremities are rnrely the seat of contractures. 
Still, exceptions do occur, when the paralysis has extended to 
the arms; the contractures have then been observecl both in the 
tlexed and the extended positions. Schuele observed in one casP 
a temporary, cataleptic or tetanic rigidity of the muscles of the 
upper extremities. 

The explanation of these phenomena is probably the same as 
that of the analogous symptoms in simple chronic myelitis: in
termption of the tracks for controlling the rntlex actions and 
increase of the reflex activity on the one hand, and direct irrita
tion of the motor tracks on the other. Their anatomical basis 
must, in the present state of our knowledge, be assumed to be 
the development of sclerotic nodules in the lateral columns and 
the consecutive, descending secondary degeneration of the same 
columns. 

Among the cerebral disturbances, the impairment qf speech 
deserves to be mentioned first; it is a frequent, a striking, and, 
for the diagnosis, an important symptom. The so-called scan
nin.'J speech is the form of impairment which is most frequently 
observed. The speech is slow, drawling, and hesitating; every 
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syllable is pronounced separately and di stinctly, the words being 
as it were scanned. Later on, particular letters are pronounced 
indist inctly and replaced by others, a peculiarity that was espe
cially marked in Racllick 's case. Finally, in the more intense 
degrees, the entire articulate expression becomes indistinct, !ai
ling, and even unintellig ible. The impairment consequently is 
uot a true stuttering, and neither is i t the form of im pedi1rn•nt 
which is so common in progressive cerebral paralysis. In parnly
si s, the words tumble over one anoth er, sy llables and words are 
left out entirely or are jumbled together in a confused mass, ancl 
lettern and sy llables are inse1tecl in the wrong places; in multiple 
sclerosis, on the other hand, the words fall from the lips in a 
hesi tating, regular, scan11ing manner. 

The mobility of the lips is often impaired, ancl they may 
present slight twitching movements in speaking . In many cases 
the tongue can only be put out in a slow ancl tremulous manner. 

The monotony of lite 1·oice, which has been already spoken of. 
is in most of the cases n. striking peculiarity. rrhe voice remains 
in the same key, is w 1.:::ak. and low, and often almost whispering; 
it breaks readily when forced efforts are made. Leube examined 
one such case with the laryngoscope, and found that the vocal 
cords could be brought together, but that their tension " ·as 
soon relaxecl ancl freq nently elm nged . In one case obsen-ed by 
mysc!(, the monotony altematecl with the exaclly opposite con
dition; there was a constant, rhythmical, perfectly regular 
change in Llie k ey at fixed musical intern1l s, e. r;., a tl1inl, so 
that the key was altered in the pronunciation o! every sy llable, 
always observing, howe,·er, the same interrnl , just as iE the 
patient were constantly singing a-c, a- c, a-c, etc. The effect pro
duced was ,·err peculiar. 

Leube's ob:;ervations show, that this peculiar disturbance of 
the voice probably depends on a diminution in the innerration 
and the capacity of the vocal cords. " ' hether the scanning is 
clue to the same cause is still questionable. Lenbe attempts to 
explain it also by the exhaustion and weakness of the cords; 
their capacity, according to him, is only equal to the produ ction 
of isolated syllabl rs, ancl hence the sy llables are enunciated in an 
isolated manner. l'nder such circumstances, however, we shoukl 

vor~. xnr. --32 
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rather expect to find the articulation confusecl and precipi tate. 
P ersons who suffer from weakness of the vocal cords due to 
other causes are not wont to scan. It seem ~ to us, consequently, 
tha t in order to accoun t for the scanning, we must assume the 
exi stence of di sturbances in the nerve-t racks that presiue o\·er 
articul a tion. 

The entire disturbance of speech can in most cases be referred 
to the presence of sclerotic nodules in the medulla oblongata and 
the p ons. St ill we cannot exclude the p ossibility, that nodules 
located further forwa rd in the nerve-track s for the organs of 
speech may be answerable for thi s disturbance. Jolly 's case 
certainly presented the impairment of speech, and still there 
" ·ere absolutely no changes in the pons, and only doubtful altem
tions in the mPdnlla oblongata. 

In connec tion with the abo,·e we must consider the manifesla
Uons ef bulbar paraly sis, which have been observed in several 
cases (J offroy, Lcube, Schuele, J olly, and others), and which g i1·c 
u s a di stinct glimpse of the ty pic>Ll form of tha t affection. Im
paired mobili ty of the lips and tong u0, clifftcul ty of swallowing, 
paralysis o( the YC!um palati, p ermanently open month , increased 
secreti on of saliva, etc., are t he symptoms. In the majority or 
the cases they a rc certainly dne to the presence of nodules in the 
bnlb, but J olly's case proves that th is is not invariably and neces
sarily the case ; in it the morbid process a widc-spreacl sclerosis, 
was located more centrally. 

The d isturbctnces of respiration, which are often obsen-ed, 
also belong h ere bPyoncl a cloubt. E spPcially characteri stic are 
the disturbances in the innerrntion of the larynx, which manifest 
themselves on tho one side by the already desc ribed monotony of 
speech, and on lhe other by the stridulous inspirations, which 
are frequently obserrnd during lnnghing, wpcping, etc. They 
may proba bly be explainecl by a paresis of the crico-arylronoidei 
}lOStici. 

The nyslagnws is u sually the most striking of all th~ eye 
sym p toms. It consists of short twitches, which have a h orizontal 
directi on, and clrnw t he 0y es sometim es in an ontwarcl and some
times in an inwarcl direct ion ; they are at limes p ersis tent, but 
agc:Lin may occur onl y c1ming forcell accommodation, or when 
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movements are performed with the extremities. In the latter 
case the eyes present nothing abnonnal, when the body is in a 
state of general rest. This symptom is pretty common ; accord
ing to Charcot it is met with in about half of the cases. \Yhether, 
and to what extent, this nystagmus differs from the ordinary 
nystagmus o( eye·patients; whether or not it is an essentially 
different disturbance, are questions that must still be le(t open. 
H is probable that, in many cases, we have to deal with the 
"ataxic nystagmus" (disturbance of co-ordination of the mus
cles of the eye), recently differentiated and described by Fried
reich;' in other cases it may be analogous to the volitional 
tremor. 

Both physiological and pathological facts (compare the ac
count g iven in the work o( Friedreich just cited) warrant the 
assumption, that the cerebellum, the corpora qnadrigemina and 
the medulla oblongata possess important functions rPlating to 
the co-ordination of the movements o( the eyes. Hence it is 
probable, that the presence of sclerotic nodules in these struc
tures may be the cause of the nystagmus in multiple sclerosis. 
This still lacks posith'e demonstration , however. 

The next symptom in point of frequency is ainblyopia, a pro
gressive weakness or sig ht, sometimes accompan ied by color
blindness and diminution of the fi eld of vi sion, and, in rare cases, 
increasing to complete amanrosis. Sometimes the development 
or the amblyopia is preceded by photopsia, fl ashes of light, etc. 
On ophthalmosropic examination the papilla is sometimes found 
perfectly normal or only partially diseased, while in other cases 
it is in a state of pronounced white atrophy. All this is prob
ably produced chiefly by sclerotic nodnles in the tractus and 
the nervi optici. The fact that these nodules are essentially 
of an interstitial character, affecting the nen·e-fibres only at a 
later stage, and in a secondary manner, is, according to Charcot, 
the reason why the amblyopia is not Yery intense and complete; 
the axis-cylinders, being left intact for a long time, are still capa
ble or performing their functions.' 

1 Uebcr Ata.xio mit bC'!IOnderer Beriicksichtiguug der heredit.iircu Formen. Virch. 
Arnh. Ild. 68. 1876. 

1 See also Foerster, Beziebung der Kraukbeiten des Nervenl'iystcms zum Schorgan, 
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Finally, diplopia is not unfrequently observed, sometimes as 
an initial and trnnsient symptom, sometimes in the later stages, 
when it depends on complete and permanent paralysis of the 
different muscles of the eye. There can be no doubt that these 
later disturbances are to be ascribed sometimes to nodules in the 
periphe1·al nerves of the ocular muscles, sometimes lo nodules in 
the intra-cerebral tracks for the innervation of these muscles. 

Impairments of smell, taste, and hearing occur in isolated 
cases, but they are rare, and hence possess no great importance. 

Psychical disturbances, on the other hand, Ul'e common, and 
belong essentially to the morbid picture. In the commencement 
and in the milder cases, simple depression of spirits and impair
ments of the memory, the intelligence, ancl the intellectual ca
pacity, are observed. \Vith these are combined attacks of yawn
ing or sobbing, and a great tendency to laugh or weep without 
motive. Later on the patients become stupid, the face acquiring 
a correspondingly apathetic and varyingly stupid expression. 
Sometimes, however, the mental disorder becomes very pro
nounced; an intense melancholia, sometimes accompanied by 
stupor, rejection of food, etc., or mania with delusions of perse
cution or of grandeur, conditions of exaltation, etc., may be 
developed. These disorders can run their usual course, termi
nating finally in complete destmction of the intellectual life. 

It is clear, that all these disturbances can be ascribed only to 
the development of nodules of sclernsis in the hemispheres of the 
cerebrnm. It is scarcely necessary to acld, however, that we 
have not yet c1isco1•erec1 the exact relations of the specific local
izations of the nodules to the particular forms of the mental 
disorder. 

'l'he same may be said with respect to an almost constant, or 
at all e1·ents, in all stages of the disease, a frequent symptom, 
l"iz., the vertigo. This often makes its appearance very early, 
el'en in the prodromal stage. According to Charcot, the dizzi
ness is usually of the turning variety; the patients feel as if they 
themselves were turning arnund, or it seems to them that all the 

in the Griife·Sfi.misch J-Inndbuoh d. Angcnheilk. V1I. l. p. 104; and Kie88el!Jaclt, Zur 
Kcnntuiss dcr graucu Degener. der Schuerven bci Erkruukuugeu des Cerebrospiua.lsys· 
te1m1. Diss. Erlangeu. 1875. 
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surrounding objec ts are engaged in a gy ratory movement. This 
vertigo occurs in short, isolated attacks. Its mode of develop
ment is entirely unknown. Occasionally an existing diplopia 
may give rise to a visual vertigo (Gesichtsschwindel) which is 
easily distingui shed from the other form. 

\Ve have, last of all, to mention one other g roup of symptoms, 
which also stands in direct connection with the brain , viz., the 
ctpoplectiform attctcks. These are apparently entirely analogous 
to the apoplectiform attacks in progressive paralysis, in which 
clisease they have been long known and accurately stuclied. 

It hns not yet been salisfactorily demonstrated that the cpileptij'orm attacks, 
which are likew ise not infrequent in paralysis, occur in multiple sclerosis as well. 
Chnrcot has not yet met with them. On the other huncl , they were observed in 
Kelp's case, and Leu he reports one case (without an nutopsy) in which an cpilepti
form attack was observed. 

The apoplectiform attacks occur only iu a comparath·ely 
snrnll proportion of the cases of multiple sclerosis-about one
Jifth o( them, according to Charcot. They are chamctPl'ized by 
the abntpt clevelopment of severe cerebral symptoms, accompa
niecl by conside>rable ele,·at ion of temperature. After slight pro
droma, '11ch as a feeling of oppression in the head. an apathy 
ancl an obscuration of consciousness appear, which in the course 
of a few hours may increase to deep coma. Tl1e face is reel ancl 
l1ot, the pulse quick , ancl the temperatme rises to 40° or 41° C. 
(104°- 10.";i0 I•' .). Ycry soon the existence of hemipl <>gia can be 
demonstratell by the complete relaxation o( the extremities of 
one sicl e. After a shorter or longer interrnl (one or two clays) 
the consciousness reappears, the temperature falls, and the pa
tient sinks in to a deep sleep, (rom whi ch he awakens relatiYely 
well. The hemiplegia, however, persists for a fe "· days longer, 
and then di sappears gradually. These attacks are nPvertheless 
invariably followed by a general aggrm·ation o( the disease. 

Attacks of this sort may be repeated several times. They may 
recur every few months, or e,·en at interva ls o( a year. Some
times death occnrs during the attack, while the patient is in a 
coll(lition of cl eep coma. 

The interpretation of these attack s is still very obscure. They 
differ from true apoplexy particularly in the Lig h temperature ol 
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the body, the, as a rule, gradual development of the coma, aml 
the rapid disappearance of the hemiplegia. 

The autopsies in such cases reveal no signs of acute conges
tion of the brain. Charcot could never discover in them either 
<l'dema or hyperromia, or, in fact, anything but old changes. 
He draws attention, however, to the fact, that these attacks are 
only met with in those cases of the disease, in which the pons 
and the me(hllla oblongata arc involved either primarily or sec
ondarily. 1\7 e are, however, still ignorant of the actual cause of 
these very transient but violent attacks. The suggestion, that 
they perhaps indicate the acute development of new nodules of 
sclerosis, has little to support it; they would in that case be 
much more common. 

The above embraces all the chief symptoms of multiple scle
rosis, but it still remains for us to mention briefly a few uncoin
mon symptoms, which are occasionally met with, although they 
do not belong to the typical morbid picture. 'rhe first of these 
to be mentione(l is the 1nuscztlctr atrophy. This may attain a 
very high grade, and may present itself in any part of the body
in the upper or the lower ex tremities, in the neck, the fa ce, or 
even in the longne (Ebstein). It is unquestionably to be ex
plained by the localization of sclerotic nodules in the correspond
ing parts of the gray substance. 

"\Yi th this atrophy the condition of the electric irritability 
stands in the most intimate connection. The latt~r usually 
remains intact for a Jong time. or presents at most only slight 
quantitative changes. In the later stages, when there is inc!'eas
ing atl'opby, the electric irritability may diminish very consider
ably ; at such times accurate examination will nndoubtedly re
veal also the reaction of degeneration. Thus, Leube obse!'ved 
marked impail'ment of the electric irritabili ty with indications 
or the l'eaction or degeneration. In Engesse!''S case the irrita
bility was at first increased, and subsequently ronsiderably 
d iminished . The customary conclusions with respect to the 
1rntl'itive state o{ the muscles and the condition of the gray sub-
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stance corresponding to them, are to be drawn from these facts. 
The electri cal examination has uot, however, up to the present 
time proved of any great practical value. 

The disturbances qf the ves icalfimction are also va1fable and 
inconstant. They are often wanting for a Jong time, ancl tlien 
set in in l'arious fo rms and degrees; they are sometimes marked 
by great tlnctuations in intensity (Engesser' s case), but do not 
present anything that is at all characteristic. The entire history 
o[ the vesical complications is essentially the same as in cl1ronic 
myelitis. This may be said also of the a!Iection of the sphincter 
ani. 

The distnJ"iJances of the sexual functions are also Yery incon
stant. So111eti n1 es the sexual power is retainecl for a long time, 
ancl again it is Jost at an early pel"iocl. In some cases excessive 
unani::m1 gives evidenee of unusual sexual excitement. 

In a few cases tlie so-called tabic symptoms are developed in 
a Yery pronounced manner; disturbances of the cuta neous sen
sibili ty, impairnwnt or the mu scular sense, Jancinating pains, 
girdle-sensation, dist in ct ataxia, staggering when the eyes aro 
closed, etc., are observed in sueh cases. In mos t of these cases, 
this may be explained by the del'elopment of a lai·ge sclerotic 
nodul e, or o[ several such nodul es, in the posteri or columns. A 
combination of bancl· shaped sclerosis or the posterior columns 
with insular sclerosis o[ the rest of the nerrous system, is al so 
possible. Such cases may interpose grave difficulties in the way 
of a diagnosis. As a rnle, however, the presence of other sy 111 p
toms, which belong on ly to sclerosis, will clear up the matter. 
At all events, the cases of hereditary ataxia described by Fried
reich (l. c.), which, as far as their clinical hi story is concerned, 
occupy a sort of intermediate position between ordinary sclerosis 
or the posterior columns and insnlar sclerosis, but still must 
unquestionably be classed only under sclerosis or the posterior 
columns, warn us to be very careful in making a diagnosis. \Ve 
shall return to this subject in another place. 

In a similar manner, the symptoms of the so-called lateral 
sclerosis are not unfrequently found in the clinical hi story; 
parpsis of the lower extremities, muscular contrac tions, incrPn.secl 
tendon·retlexes without disturbances of sensibility, etc. These 
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symptoms may even ex ist alone for a long time, ancl their trne 
signilicance may then only be cleared up by the development of 
cerebral symptoms at a later period. A primary or secondary 
scleJ'Osis or the lateral col um us accounts sufficiently (or this state 
of affairs, as has already been stated above. 

But little progress has as yet been made in the differentiation 
of dU/'erent forms ef 1nultiple sclerosis. The French authors 
distinguish a cerebra-spinal, a purely cerebral, and a purely spi
nal form. The correctness of this division has not yet, however, 
been demonstratecl with satisfactory cleamess, and it is even 
positively rejecte<l by some authorities (Buchwald et al.). A 
sharp separation, an unquestionable limitation of the affection 
to the brain alone or to the cord alone, is in all probability 
very rare. Still, there undoubtedly are cases, in which the locali
zation is so predominantly in one 01· the other o( these nervous 
centres, that we are justified in speaking of a cerebral and a 
spinal form in a somewhat wider sense. 

The cerebro-spinal form has been described in the preceding 
pages. The cerebral form seems to be relatively very rare. The 
cases recorded by Kelp and Jolly should probably be classed 
here. In this form only the cerebral symptoms are present; the 
psychosis usually occupies the fo1·eground in the clinical pic
ture. The tremor is sa id to precede the paralytic manifestations. 
In other respects the clinical picture cannot differ greatly from 
that of the cerebro-spinal form; it is difficult to exclude the 
simultaneous implication of the spinal cord. 

The limitation of the spinal form to the cord is usually more 
easi ly recognized. Generally, it is sufficiently chnrncterizec1 by 
the absence of the cerebral symptoms, particularly the nystag
mus, the volitional tremor, the psychical di sorders, the vertigo, 
the apoplectiform attacks, etc. The disturbances of speech and 
of co-ordination may, however, be present. In Ebstein's case, 
for instance, there were no cerebrnl symptoms and no tremor, 
but there were distnrbances of speech and of co-orclination. In 
Engesser's case, which also presented an almost purely spinal 
type, ancl formed a sort of transition to diffu se chrnnic myelitis, 
the tremor, the disturbance of speech, the nystagmus, the vertigo 
and Lile apoplcctiform attacks were wanting. Vnlpian also de-
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scribes a purely spinal form without tremor, with the exception 
of the refl ex clonus in the leg, which, of course, must not be con
founded with the volitional tremor. In cases like these, the 
purely spinal localization can be easily recognized. The great 
difficulty, however, will be to determine the existence of mul
tiple nodules. Usually, the clinical picture will present a hope
less similarity to that or simple chronic myelitis, ancl we can 
only regard it as a happy accident, when the localization of the 
noclnles is such , that we can recognize from the symptoms a 
sim nl taneons affection of several isolated parts of the co rel. A 
close study of the symptoms will enable us to succeed in this in 
some cases. It is unnecessary to enter into iui·ther details on 
thi s point. 

There still remains a certain number of cases, which I might 
term unusual or anomalous, in which the autopsy reYea ls a 
multipl e cerebro·spinal sclerosis, although during life the charac
teri stic symptoms or the affection were absent, ancl a diagnosis 
was consequently impracticable. An example or this is furnished 
by tlw case published by"-es tphal, in the new Charit6· .\nnalen; 
in this cast> the only sy mptoms were paraplegia with contractures 
ancl coincidPnt dementia. A Yery similar case was rPct- ntly ob
served in the hospital at Leyden, ancl was publi shed by Killian 
under the name of myelitis clilfosa. The clinical ltisto1-y of the 
case is very nnsatisfacto1-y (dementia, extensive paralysis with 
contractnres), but anatomically it was plainly nothing else than 
a disseminated, cerebro-spinal sclerosis. Several cases similar to 
these arc to be found in medical literature. Here, as well as 
elsewhere in the pathology of the central nerrnus system, we 
must accustom ourselves to the facts, that processes apparently 
similar in nature ancl extent clo not always procluce the sa me 
symptoms, ancl that, as a natural consequence, we shall be unable 
to make an accurate diagnosis during life in not a few cases. 

Course-Duration-Terminations. 

Charcot has very appropriately cli stingui shecl three stages, 
into which the as a rul e exceedingly slow ancl chronic course of 
the disease can be cliviclecl. His first stage embraces the com-
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mencement and development of the clisease up to the appearance 
of marked incapacity for motion, with contractures. Tills s tage 
may last from two to six years or even longer. 

De,·e lopment generally very slow; sometimes begins with 
cepbalic sy mptoms, headache, vertigo, uncerta in gait, etc. ; more 
frequently, however, with spinal symptoms-paresis of the lower 
extremities, etc. ; in the latter case the supervention of cerebral 
symptoms, the appearance o[ tremor, etc., are necessary to com
plete and clear up the cl inical picture. In rare cases a more 
rapid development with more violent manifes tations is observed: 
occurrence o[ an apoplectiform attack, gastralgic t roubles, etc., to 
which paralyses, disturbances of co-ordination, tremor, etc., are 
su peradded in rapid succession. 

Very slowly and gradually the above described syndrome is 
fully developed. Considerable ameliorations may occur, and 
sometimes a very striking improvement, which persists for months 
and years, is observed, but the progressive course of the disease 
is only temporarily check ed. Sometimes sooner, sometimes 
later, the rnrious characteristic symptoms appear, until finally 
the complete morbid picture is developed. The patie11ts become 
more and more helpless, their intellectual powers more and more 
impaired, complete paraplegia confines them to the bed, the 
tremor c1epl"ives them of the use of their hands, and at last the 
legs become rigid, contractured, and the seat of frequent spas
modic clonus. 

The seconcl stage, that of the completely developed disease, 
is now atta i1wd. This stage too can last a nnmber of years, 
from fom to six or even morn. The disease remains in general 
at the same point, without producing disturbances of the general 
nutrition 01· otlwr threatening symptoms. In spite o[ their help· 
lessness ancl rigidity, in spite of the eternal trembling and the 
constant confinement to bed, the patients often remain well 
nouri h,·d, nncl present a tolerably fair appearance, the slow but 
unceasing progress of the n!Iection being often appreciable only 
to the practised e)"0 of tlw physician. 

Grad nn ll y the tllircl stage appears on the scene ; it is cliarac
teri zed by impairment of the ,·egeta tirn functions, with simultane· 
ous de,·elopment of threatening nerv o•Js symptoms. Loss of 
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appetite, digestive disturbances, and emaciation set in; the par
alysis of the bladder· leads to cystitis; bed-sores with consecu
tive pyremic or septicremic fever are developed; the increasing 
bulbar symptoms impair the nutrition still more, and apoplec
tiform attacks threaten life directly. 

Under these circumstances death is no longer distant. The 
patients may succumb before the augmenting difficulties of deg
lutition and respiration, or in au apoplectifonn attack (sometimes 
with enormous increase of temperature during the agony), or the 
general cachcxia may lead to the gradual extinction of life. Not 
unfrequently, however, death is brought about more rapidly by 
some intercurr nt disease, such as typhus, pneumonia, plemisy, 
pulmonary consnmption, or the like. Pulmonary affections, in 
particular, are among the most frequent complications of the 
last stages. 

The duration of the disease is very variable. There are cases 
which terminate fatally in one or two years, but they are rare. 
In other cases the disease drags along for ten, twelve, seventeen, 
or twenty years. The usual duration is about firn to ten years. 

The termination of the disease seems to be inrnl'iably death. 
It is trne that marked fluctuations occur as it runs its course, 
and ameliorations l1avc been observed that seemed to border on 
a cure, but they were not permanent. No well-authenticated 
case of recovery has been reported up to the present time. Vul
pian records a case o( multiple sclerosis, that was influenced in a 
remarkably favorable manner by an intercurrent val'ioloid; the 
symptoms disappeared entirely, but returned agaii1 after the 
lapse of three years. 'Vhile speaking of chronic myelitis (seep. 
419) we mentioned the existence of similar experiences. 

Diagnosis. 

The recognition of multiple sclerosis may, under some circum
stances, be a very easy matter, and under other circumstances be 
very diflicult, or even actually impossible. The purely cerebral 
form does not 1iropel'ly come into que tion here; it cannot, more
orer, be easily confonndecl with diseases of the corcl. The pUJ·pJy 
spinal form, as has already been stated, is frequently unclistin-
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guishable from simple chronic myelitis ; when reduced to its 
elements, moreover, it is really nothing more than this. 

It only remains for us, consequently, to consider the cerebro. 
spinal form, which is, however, by far the most frequent. In 
pronounced cases it can be recognized with the greatest facility; 
in the rare, anomalous cases, on the other hand, the recognition 
is very difficult, or even impossible. The symptoms may be so 
trifling, so vague and undecided, and so ambiguous, that a. diag
nosis is either impossible, or can only be made with a certain 
degree of probability. 

\Vhen, however, all or the greater part of the following symp· 
toms are present, the disease can be diagnosticated without diffi. 
culty: commencement with vertigo and uncertainty of gait ; more 
or less marked paresis and paralysis of the extremities, combined 
with the characteristic tremor and sometimes also with ataxia, 
and later on with muscular contractions and contractures; im· 
painnent of sigh t, nystagmus, and the characteristic disturbance 
of speech; disproportion between the intense disturbance of mo· 
tility and the relati rnly slight di sturbance of sensibility; head· 
ache, attacks of dizziness, psychical disorders; finally , bulbar 
symptoms, disturbances of respiration, apoplectiforn1 attacks. 

There are only two affections with which the disease can really 
be confounded, when it is at all pronounced. One of them is 
pctralysis agitans, with which it was formerly almost univer· 
sally confounded, and for which it, is even yet occasionally mis· 
taken. Since the publication of Charcot's excellent descriptions, 
there is no longer any excuse for this mistake. No one who 
has ever observecl closely the two forms of disease will be liable 
to confouncl them with one another; the di!Ierences are too strik· 
ing and characteristic. In individual cases, the significance of 
particular symptoms (e.g., the tremor) may, it is true, be some· 
what obscure, but the combined clinical picture is, as a rule, so 
distinctive that the diagnosis is easy. 

The following are the most important points for the differen
tial diagnosis. The most essential is the 1xtriety of tlte tremor. 
In paralysis agi tans it has the character of short, definite, com· 
plicated movements, resembling oscillations; it appears during 
perfect rest, and may also persist during voluntary movement, 
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but is, as a rule, temporarily controlled by rJolition; it rarely 
or never extends lo lite head. In multiple sclerosis the tremor 
ceases entirely during rest; it is excilecl or aggracated by vol
untary movements; lite lteacl is invariably involved; ils form is 
that of longer and more extensive oscillations, or regular to and 
fro movements, which extend to the entire body when any volun
tary exertion is made. Pamlysis agitans is a disease of advanced 
age; it may be said to never occur in persons under forty years 
of age. Multiple sclerosis is a disease of youth and rniddle age, 
and is selclom or ne1•er developed after the fortieth year. In 
paralysis agitans the paresis is not developed until long after the 
tremor, perhaps not for a year or more; in multiple sclerosis the 
paresis or pamlysis, as a rule, precedes the tremor, or, at all 
events, follows it in a relatively short time. In paralysis agitans 
the cerebml and bulbar symptoms, the scanning speech, the im
pairment of sight, the nystagmus, the Yertigo, the ataxia, lhe dis
turbances of sensibi lity and the paralysis of the sphincters, are 
wanting, while all of these symptoms belong to the regular and 
almost inrnriable phenomena of multiple sclerosis. In addition 
to these symptoms-which are all-sufficient for most cases-we 
can also deduce points for the differential diagnosis from other 
phenomena, which cannot be enn rn emtecl in d~lail hc'l'P. Aborn 
all thing$, we must bear in mind, that paralysis ngitnns is a dis
ease which positil'ely is not based on gross anatomical cl1nnges in 
the central organ, while in multiple sclerosis, on the other hand, 
we hal'e to deal with severe anatomical lesions. 

F. Schultze hns quite rcrcntly reported a cnse of paralysis ngitans. in which 
small sclerotic nodules were found in the posterior columns and the left lntcral 
column of the cervical enlargement, togeU1cr with much more extensive sclerotic 
changes in the lumbar enlargement. One might be tempted to coucluclc from this 
case, that multiple sclerosis may also be the anatomical basis of the synclromc of 
paralysis ngitans; in my opinion, however, this conclusion would be clccidcdly too 
far.fetched. Tho concurrence in tl1is case was in all probability purely accidental. 
We can hardly 11~sumc the small nodules in the cen·ical mcclulln to he the en use of 
the paralysis agitans, in the face of the numerous nml well-authenticated antagonis
tic focts. ::Moreover, the much larger nodules in the lumbar enlargement produced 
no symptoms at a.ll. The only certain conclusion that can be drawn from this case, 
is that. the existence of paraly:;is ngitans does not exclude the possibility of the ex
istence of sclerotic nodules in the bruin and the cord. At all eyents, it is cYidrnt 



510 mrn.-D!SEASES OF TIIE SPINAL CORD AND ITS EX\-ET,OPES. 

from numcroll'S facts tliat the anatomical basis of parnly.sis ugituus is st ill entirely 
unknown, and that in all probability it ia not to be found in sclerotic nodules in 

the cord. 

The other affection, with which the disease under considera
tion may possibly be confounded, is sclerosis of the posterior 
columns, tabes dorsalis (ataxie locomotricP) . Here, too, tli e diffe-
1·entiation in pronounced cases is usually very easy, eren though 
ataxia is not at all rare as a symptom of multiple sclerosis. 

The points which indicate tabes are the lancinating pains, 
the gi rdl e-sensation, the disorders of sensation and of the blad
der, Lit e reeling when the eyes are closed, the ataxia without 
marked im pairment of the gross st rength, the absence of the ten
don-retlexes, of the nystagmns, of the impairment of speech , and 
of the psychical disorders, the very tardy development of pare
ses, etc. P ar multiple sclerosis speak: the attacks of dizziness, 
the cerebral symptoms, the early appearance of pareses and 
paralyses, the development of contractures, the augmentation 
of the tendon-reflexes, the tremor (which ca n easily be distin
guished from the ataxia), the nystagrnus, the di sturbance of 
speech, the psychical di sorders, the apopleC"tiiorm attacks, etc. 
Even in those cases, in which symptoms of tabes accompany the 
multiple sclerosis, we can, as a rul~, recognize the presence of 
multiple nodules from the paralyses, the contractmes, the tre
m01", the cerebral symptoms, the vertigo, etc. 

In consequence of the presence of impairment of speech and 
nystagmus, Pried reich' s cases of hereditary ataxia are, however, 
more liable to be mistaken for multiple sclerosis, and, in fact, 
Frenrh authors have confonnc1ed the two afl'ertions together. 
In this they are unquestionably wrong; in heredi tary ataxia we 
have undoubtedly to deal with a sclerosi of the posterior col
umn $, though, it is trne, of a special am1 not uncomplicated form. 
It can be distinguished from mul tiple sclerosis by the fart that 
the pareses and paralyses, the contractnres and the tendon-re
fl exes, the disturbances of sensibility, the psychical and hnlbar 
symptoms. the vertiginous and apoplectiform attacks, etc., are 
all wan ting. 

In the diagnosis of the cnse reported by Lcubc (Jenner Krankcnhausbericht) 
great caution is necessary. The clinical symptoms were those of multiple sclerosis, 
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but nt the autopsy gray degeneration of the posterior nncl lateral columns of the 
cord wns found, together with diffuse sclerosis and considcrnble meningeal changes 
in the brnin. It does not seem to me altogether certain, that the lesion in this case 
consisted of" the usual changes of a gray degeneration of the posterior columns," 
but it evidently follows from it that the more or less diffuse affection of the brnin 
must ultimately give rise to the same symptoms as the multiple, insular affection. 
The same centres are in vol vetl iu both forms of the disease, and there cnn be no 
doubt, tho.t the most essential symptoms of multiple sclerosis nrc produced by those 
nodules that arc locntccl in the brain. 

Some other affections that are also accompanied by acth•e 
trembling (t remor sen ili s, mercurialis, saturninus, etc .) may pre
sent certain points of resemblance to multiple sclerosis, but the 
differential diagnosis can always be easily made from the anam
nesfs alone. 

The differentiation from chorea 1ninor is also, as a rule, easy, 
since the volitional tremor differs rnry essentially from the cho
reic movements. One case that came under my own observa
tion, has, however, convinced mp, that the choreic motor-disturb
ance can, like ataxia, occasionally occur as a concomitant symp
tom in multiple sclerosis. In such obscure cases, the trne state 
of affairs will only be recognized, when the existpnce of multiple 
sclerosis is demonstrated by other and unequivocal symptoms. 

In th is connection, too, we must al ways bear in mind the facts, 
that anornalons ancl obscure cases occur, and that, in conse
quence or the entirely accidental and irregular localization of 
tl1e nodules in the netTOUS system, the most peculiar clinical 
pictures are de,-eloped, which may give rise to all sorts of errors 
in diagnosis. 

It has already been stated that the pro.qnosis or multiple scle
rosis is, under all circnmstances, an unfavorable one. Up to the 
present time no well-authenticated case of recovery has been 
reco1·dPd. The ultimate termination or the affection is conse
quently a question about which there can be no doubt, although 
it may not be deemed advisable to inform the patients of the 
fact. To encourage them stress may be Jaicl on the fact, that 
marked remissions and ameliorations which persist for a long 
tinw, arP oftPn obsPrved in the course of the disease. To most of 
the patients the almost certain prospect of a long duration of the 



512 ERB.-DlS};AS};S Of' THE SPINAL COHD AND ITS ENVELOPES. 

diseasP, ancl of the consequent prolongat ion of life for years, will 
prove a source of tolerable comfort. 

The special prognosis clepends of course upon the conditions 
of each particular case. It is unnecess:ll'y to enter into details 
concerning tbe nuurner in which the more or less rapid course 
of the disease, and the development of particular threatening 
symptoms, snch as cystiti s, becl-sores, bulbar symptoms, apo
plectiform attacks, etc., can inflnence the prognosis. This is 
sufficiently evident from the general principles on which the 
]Jrognosis of any atrection must be based, as well as from the 
description of the disease given in the preceding pages. 

Treatment. 

In all essential points, the treatment is the same as that laicl 
down for chronic myelitis. The indications ancl principles of 
treatment are the same in both affections, but in multiple scle
rosis we must expect the therapeutic effect to be still more lim
iteu. In fact, all authors who have written about the treatment of 
multiple sclerosis agree in the statement, that its resnlts are deci
dedly di scouraging. Clmrcot, whose experience with this disease 
has perhaps been more extensive titan that of any other man, 
although l1is cases, it is true, were mostly advanced and hope
less, has almost nothing but failures to report. Arsenic, bella
donna, bromille or potassium, ergot, and st rychnine, provecl en
tirely useless in his hancls; chloride of gold and phosphate o[ 
zinc aggmvatecl rather than relieved; nitrate o[ silver, on the 
contrary, l1ac1 a di stinctly favorable effec t, which, howeYer, was 
only transitory; hyc1ropathy proved decidedly usefnl in one 
case. Ile recommends that furth er investigations be macle with 
electricity. IIammoncl advises chloride o( barium in closes of 
0.05 grm. (three quarters o[ a grain) three times a clay. Schuele 
saw a transitory impro\'ement after the colcl-water treatment, and 
I have myst>H had a similar experience. On the other hancl, sev
eral cases ]rn,·e been recorclecl (Otto, Baerwinkel, Berlin) , which 
were aggravatecl by the use of the thermro. In one case that was 
treated in the hospital in this city, markccl improvement set in 
under the use of subcutaneous injec tions of arsenic; at a later 
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period this case was distinctly benefited by the galvanic current. 
As has already been stated, no authenticated case of recovery is 
known. 

These unsatisfactory results, howm·er, must not lead us to 
abandon all therapeutic efforts, especially in more recent cases; 
in these a favorable result may occasionally be obtained, just as 
in simple chronic myelitis. In the first place, the treatment rec
ommended for chronic myelitis must be steadily and patiently 
followccl out; the persistent employment of the ga lvanic cur
rent, or hydropathy, and or nitrate of silver, is especially to be 
com mended. H these remedies prove useless, there will al ways 
be time and opportunity for extended thempeutic trials of all 
possible measures, and perhaps accident will lead to the discov
ery of an efficient remedy for this, at present hopeless, disease. 

12. Gray Degeneration of the Posterior Colitmns-Scleros is qf the 
Posterior Columns-Tabes Dorsalis-Ataxie Locomotrice 
Progressive (Dnchenne)-Leukomyelitis Posterior Cltronica. 

Olli'oier, I. c. 3. Cd. Tom. II. p. 45-t. Obs. 132 and 133.-Cruteilhier, Annt. patho
log. Tom. II.-Rombery, Lchrhuch dcr Nervenkrankheiten. I. 3. Abth. S. 184. 
2. Aull. 1851.- lVunderlidi, Uancllluch d. Pathol. u. Therapie. 2. Aull 1854. 
Axenfeld, Jn the Diet. encyclop. des Sciences medic. 'f. VII. p. 56. 1867 . ..:._ 
1.'rousscau, Medic. K lin. des llOtel-D ieu, Deutsch von Clllmanu. JI. p. 544. 
1 GS.-Benedikl, Elektrothernpie. S. 331. 1868.-llasse, 1. c. 2. Aufl. S. 713. 
-Jh.ww101ul, l. c. 3d edit. p. 360.-Leyden, Klinik d. Riickenmarkskraukhci
tcn. II. 2. Abth. S. 324. 1876. 

W. !Iom, De tube clorsuali prrelusio. Berol. 1827.-Dccker, De tabc dorsuali. Diss. 
llcrolin, 1838.-Brach, :Med. Zeitung des Vercins f. lleilk . in Prcusscu. 1840. 
Nr. 45, und 1842. Nr. 31 4.-Jacoby, Exempt. tabis dorsual. cpicrisi ornatum. 
Beroliu, 18·12.-J(uscltel, De tab. dors. Bcrol. 18-14.-Sleintlwl, Bcitr. z. Ge
schichtc u. Pathol. d. Tab. dors. llllfcland's Journ. Band n8. 1844.-1'odd, 
Cyclop. of Anat. and Physiol . IIL 1847.-Tucrck, Ucbcr primiire Degeneration 
einzeluer Rlickenmnrksstriingc. Sitzuugsbcr. cl. k. Akaclcmic zu Wien. l\Iathem. 
naturw. Cln<.:sc. XXL Jahrg. 1856. Heft I. u. 11. S. 112.-Duchenne (deBou
loy11r), De l'atnxie locomotr. progressiYc. Arch. gCnCr. de :MCd. 1858. Dl'.lc. 
um>, .fanv., Avril.-Electrisat. lo<'alisl'.le. 2. Cd. 1861. 3. Cd. 1872.-Jlm·leas, 
Pl1ysiol. Vcrmittlungswcge pnralytiseher und paret. Erscheinung1..:n. Bayr. ;'[rztl. 

Intclligrnzbl. 18[)8. Nr. 13.-0ppolzer, Krankh. des R.-:M. Spitalo.:zcit. 185D. 
Nr. 2l.-Trous3cau, De l'atax. locomotr. progress. Union mC:d. 1861. Nr. 12, 
14, 20.-Bmmlon. Cas d'atax. loc. Gaz. hebdom. 1801. NI'. 41.-Bourdoll ct 
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Lttys, ttudcs clin. ct histol. etc. Arch. gCinCr. Nov. 1861. Avril , 1862.-Tei&· 
sier, De Pataxie musculaire. Gaz. mCd. cle Lyon. 1801, Dec. 1862, Janv.
Dumenil, Union med. 1862. Nr. 17.-0ulmontetLuys, UnionmCd. 1862. Nr.41. 
-OILm·cotctVitlpian, AtrophieclescorclonspostCr. etc. Gaz. hcbdom. 1862. Nr. 
16, 18.-.3farotte ct Luys, Union med. 1862. Nr. 61.-Trousaeau ct &pey, ibicl. 
Nr. 88, S'J.-.Duguet, Atax. locom. d e formc hemiplCig. lbicl. Nr. 122.-.Marius 
CarrC, De l'atax. locom . ThCse. Paris, 1862.-M. Carri, Gaz. mCd. de Lyon. 
1864. Nr. J5, 20; Nouv. recherches sur l'atax. Joe. progr. Paris, 1865. 
-Dujardin·Beamnetz, De l'atax. loc. Paris, 1802.-l!.'isenmann, Die Be· 
wegungsataxie. Wien, 1863.-Friedreieh, Ueber degenerative Atrophic der 
spinalcn llintcrst rilngc. Virch. Arch. Ell. 26 u. 27. 1803.-Leyden, Die grauc 
Degeneration der llinterstr. de R.-i\L Berlin, 1803. Deutsche Klinik. 1863. Nr. 
13. Virch. Arch. Bel . 40. 1867.-Ucber Muskclsinn und Ataxic. Ibid. Bcl 47. 
1860.- lVestp/i.al, Tabes dorsual. u. Paralysis universal. progress. Zcitschr. f. 
Psych. XX. 1863. u. X..'XI. S. 361. 1864.- lVestplwl, Ucber Erkrankung des 
R·i\I. bci der allg. progress. Paralyse dcr Irren. Virch. Arch. Iltl.. 30 u. 40. 
1867.-C!iarcot cl irulpian, Dcux cas de Sc1Crosc des cord. postCr. etc. Gaz. 
med. 1803. Nr. 14.-Aurifeld, Des lesions atroph. de In moCllc Cp in. Arch. 
gCinCr. 18G3, Aug. Oct.-R. Remak, Ueb. Tahes clorsalis. Deutsche Klin. 1802. 
Nr. 40. Berl. kliu. '\Vocheuschr. 1864. Nr. 30, 41.-Benedikt, Wien. med. 
Wochenschr. 1862. No. 44-48. 1864. Nr. 23, 30, 37.-Teissier, De }'at. loc. 
Gaz. med. de Lyon. 1804-. Nr. In.-Cornil, Gaz. med. de Par. 1804. Nr. 10.
Duc!temie, Rech. clin. sur }'(itat pathol. cl. grand Sympath. etc. Gaz. hcbcl 
1864. N r. 8, 10.-Diagnost. differ. des affect. cCrCibc11. ct de }'a.tax. Joe. Gaz. 
bebd. 1864. Nr. 20, 31.-Cel. Be1'1Utrd, De l'at. loc. ThCsc. Strasbourg, 1864. 
-F'inkelnburg, Bcobb. lib. cl paralyt. Bcwcgungsataxic. Berl. klin. '\Vochcn· 
schr. 1804. N r. 53.-Topinm·d, De l'at. locom. Paris, 1804.-.Jaecoud,Lcs para· 
plGgics ct l'atax. du mouvcmcnt. Paris, 1864.-Fr. Yanesc!ti, De tahe dors. 
Diss. Berol. 1864.-Remak, Allgcm. med. Ccntralz. 1862, Dec. 1803, Dec. 
1864. Nr. 83.-Spaeth, Zur Leh re von d. Tab. dors. Dis. Tiibingen, 1804.
Naclttioryh, Kau,ert, Mette, De tabe dors. Diss. Bcrol. 1804.-Fr. Boening, Be· 
obb. Uber progress. Bewegung~ataxie. Deutsche Klinik. 1863. Nr. 1, 5, 8.
IJ,mclutrd, Des lesions anatom. de l'at. loc. progr. Lyon, 1S65.-Not/mf19el, 
B(•rl. klin. Wochenschr. 1865. Nr. 17.-0. Frolnoeln, Diss. Erla11gen, 1865.-
0ppolzer, '\Yicn. med. Wochcnschr_ 1806. Nr. 2G-28.-C/1m·cot et Bouchard, 
Douleurs fulgur. de l'atn.xie sans incoord in. des mouv., Scl(irosc commen'Y:mtc 
des cord. post. Gaz. mCd. 1860. Nr. 7. Compt. rend. de ]a SociCt. de lliolog. 
l 860.-Fhlm•, Physiol. pathol. ct cliagn. de l'atax. etc. Gaz. des hOp. 1866. Nr. 
107, 108.-Alll1n11s, On Epi!cpsy, Hysteria, and Ataxy. London, 1806.-Lock· 
lim·t Clarl-r, On Locom. Ata.xy. St. George's Hosp. Rep. I . 1866. Brit. Med. 
Joul'll. 1800. July 3, 31; Sept. 2J; Dec. 11.-ll. J11ibricius, Diss. Berlin, 1867. 
E. Cyo1i, Zur Lcl11"C von clcr Tabcs dors. Berlin, 1867. Virch. Arch. Bel 41. 
1807.-Frommann, Untcrs. lib. d. normale u. pathol. Anat. des R<M:. JI. J ena, 
1867 .-Robitisch, Zwci ungcwOhnl. Finle von Tab. d. Di~. Berliu, 1867.-E. 
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&hulu, U1.:b. cl Aetiologic der Tab. dors. Diss. Berlin, 1867.- f'ulpian, Etat 
des nerfs sensit., des gnngl. spinaux, etc. Arch. d. Physiol. norm. ct pa.tho}. 
I. p. 128. 1868.- Vulvian, Retard des scnsat. dans lcs ens de sclGrosc, etc. 
Thid. I. p. 463. 18GS.-Larroclu, Th~e. Jilontpcllier, 1868.-Duboia, Etudc 
sur quclqncs points de l'at. loc. 'l'h~se . Paris, 1SGS.-.Azel Jaederliolm, Studicn 
iib. d. grauc Degener. des R. -M. Norc1. medic. Arkiv. I. Nr. 2. 1869.-Th. 
Laycock, Influence of Libid. Excess on the Causal. of Locom. A.taxy. Dubl 
Quart. Journ. 'May, l SGO.-Bracltt, Zur Symptomatol. d. Tnb. d . Diss. Berlin, 
1800.- Win 8or, C•lSC of Loe. At. Bost. ?![ed. and Surg. Journ. 1870, Ocl. G.
./IIeredith Clymer, Some Points in the Clinical History, etc. New York Med. 
Hueorcl. 1870, Febr. 1.-Arndl, ::\Iitth('il. i.ib. die IIistol. dcr grnucn Degen. u. 
s. w. Berl. klin. Woch. 1870. Nr. 11.-Pierret, AltC:rat. de la subst. grise clans 
11at. locom. progr. Arch. clc Physiol. Ill. p. 590. 1870.-Pierret, Sclerosc des 
cord. poster. clans Pataxic. Ibid. IV. p. 3G4. 1871, 1872.-C;ts de Seier. pri
mit. du faisccau median des cord. poster. Ibid. V. p. 74. 1873.-Sam. Wilks, 
Ataxia. Guy's Hosp. Rep. HI. Ser. Vol. XVII. p. 108. 1872.-Tiggei, UclJ. 
mit Tab. dors. complic. Psychose. Alig. Zeitschr. f. Psych. Bd. 28. S. 245. 
1872.-v. lfrfljft-Ebin(I, U(•b. Tab. <lors. mit finalcr GcistcssWrung. Ibid. S. 
578.-ll. Leonha,rdt, Ucb. Tah. dors. Diss. Berlin, 1872.- Vo1siu1, Bcitr. z. 
Symptomat. d. Tabcs. Diss. Berlin, 1873.-Cllarcot, Le~ons sur lcs malacl. du 
i:yst. ncrvcux. IL SCr. 1. fasc. 1873.-0. Lange, Nord. medic. Ark. JV. 1872. 
S. Virchow-Hirsch, Ja.hrcsbcr. pro 1872. TI. S. 79.-.Murtin, De l'atax. loc. pr. 
ThCse. Pa.rht, 1874.- Voisin, Prog1Cs mCd. 187.1. Nr. 10.-llayem, Atax. loc. 
progr. NCcropsic. Gaz. m<!d. 1876. Nr. 19.-Erdmann, Z. Beurthciluug des 
Vcrlaufs tahct. Li'ihmungcn. Jahrcsber. d. Gcsdlscl1. f. Natur- u. Hcil k. in 
Dresden. Oct. 75. Juni, 70. S. 56. 1876. -Friedrcich, Ucb. Ataxic mit bcson
dcrcr Beri.icksichtigung dcr hcrcditiircn Formcn. Virch. Arcli. Bd. GS. 1876. 
Bd. 70. 1877.-Kello(!U, Two Cases o( Loe. At. in Children. Arch. of Electrol. 
and Ncurolog. Vol. IL p. 182. 1875.-Du Castel, Scl<!rose primit. des cordons 
de Gull. Gaz. mCd. 1874. Nr. 3.-Fournier, Vataxic Jocomotricc d'originc 
syphilitiquc. Gaz. mCcl. 1876. Nr. 53. 

Lmdois u. M J11ler, Ncuropathol. Stu<lien. Berl. klin. Wochenschr. 1808. Nr. 41. 

-E. Remak, jun., Ueb. zcitliche Incongrucnz dcr Bcrlihrungs-und Schmcrzcmp
findung bci Tab. dors. Arch. f. P sych. u. Ncrvcnkrankh. IV. S. 763. 1874. 
-Naw1yn, Ucb. cine cigcnthiiml. Anomal. cl. Schmerzempfintlung. Ibid. S. 
760.-0sthojf, Vcrla.ngsnmung cl. Schmcrzcrnpfind. bci Tnbcs. Diss. Erlangcn, 
18i4.-llcrtzbcrg, SensibilitiltsstOrung bci Tabes dors. Diss. Jena, 1875. 

Galczowsky, Des troubles oculaircs clans l'atax. Joe. progr. Gaz. des hOp. 1874. Nr. 
8J.-Lcbrr, UC'bcr grauc Dc~cncr. d. Schncrvcn. Arch. f. Ophthalm. XIV. 2. S. 
177. 1868.-Xit".ssrllm.ch, Zur graucn Degen. d cr Sclmcrven bei Erkrank. d es 
Ccrcbrospinnlsyf't. Diss. Erlangcn, 1875.-Ifempel, Ucb. Spinnlmyosis Arch. f. 
Ophthalm. XXlI. 1. 1876.-Foerster, Im Handh. d. gcsammt. Augcnhcilk. 
von A. Graefe u. Srremi1c!t. VIL 1. S. 131. 1870.-A. Pierret, Essai sur Jes 
symptomcs cCphnliques du Tabcs dorsalis. Paris, 1876. 
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JJclamnrre, Troubles gastriques clans l'al I. pr. ThCse. Pnris, 1866.-Pcliljean, 
Crises gnstriqucs clans rataxie. ThCsc, 1874.-Gminger Stewo1·t, Peculiar Form 
of Gastric Crisis in Loe. Ataxy. Medic. Tim. 1876. Oct. 7.-Jf. Raynaud, Crises 
nCphrCtiqucs dans l'at. loc. Arch. gCn6r. Oct. 1876.-FfrCol, Sur queJqucs 
sympt. visccraux-laryngo-broncMques de l'atax. Gaz. hcbdom. 1860. Nr. 7.
Jean, 'froubles atnx. du cote du larynx et du phar. Gaz. hcbdom. 1876. Nr. 
21.-CkoosUk, Tabes complic. mit Atrophic des liukcn llalssympath. u. s. w . 

.A.llgcm. Wien. med Zcit. 1874.-1l/. Cuffer, JICmiatrophie d. 1. languc surven. 
cl l. cours <l1trnc ataxic. Union m6d. 1875. Nr. 72. 

Charcot, Sur quclqucs arthropathies, qui paraissent depenclrc, etc. Arch. d. Physiol. 
I. p. 161. 1868; u. lI. p. 121. 1869.-C/Utrcot ct Jojj'roy, Lesion de l. subst. 
gi-isc dans un ens cParthropath. ataxique. Ihid. lIL p. 306. 1870.-Ball, Ar
thropathics, etc. Gaz. des. hOp. lSGS. Nr. 128 u. 186D. Nr. 58-62.-IIeruy, 
Arthrop. lii!c a l'at. Ibid. 1868. Nr. 33.-Blum, Des arthropathics d'originc 
nervcusc. Th~se. Paris, 1875. pp. ID-50. -Buzzard, Locomot. ntaxy with 
anomalous joint affections. Lancet, 1874. Aug. 22.-Charcot, Luxat. pnthol. et 
fractures spontanCes multiples clans l'atax. Arch. cl Physiol. VI. p. 166. 1874. 
-li'orestin, Arthropathies, fractures et luxat. consCcut. Paris, 1874.-Brodiin, 
Des lesions osseuses chez les ntax. Gaz. des hOp. 1875. Nr. l2.-Raymo11d, 
Note SUI' les arthrop. de Pat. Gaz. med. 1876. Nr. 8. 

R. Remak, Ucb. cl Bchandlung der Tab. d. mit d. canst. galv. Strom. l'Icd. Ccn
tralz. 1858. Nr. 2D. 1862. Dec. 3.- lVwulerlicl•, Bchanc.llung der Spinalpnraly
scn mit Silbersalpctcr. Arch. d. Ilcilk. 1861 u. 1SG3.-Cl1arcot ct Vidpian, 
Emploi du nitrat d'arg. etc. Bullet. cl. Therap. Juin, 1862.-EulenZ.111·9, Erfolg 
v. Arg. nitr. Vcrh. cl Berl. med. Gcs. lSGG. Heft. 2. S. 142.-llilzig, Schiid
lichc Wirknng des Arg. nitr. bei T;1bcs dors. Berl. klin. Woch. 1867. NI'. 31. 
JJujrtrdin-Beaumetz, Emploi du phosphore, etc. Bull. gCni!r. Th!!rap. 1868.
Sfredey, Action du bromurc de potass. clans !'a.tax. I. pr. Ibid. 1872. Aotit 30. 
-1Jelm1ts, Six: observat. cl1a.ta.x. loc. Journ. de )l(;d. cl. Borel .Mars, 1865. (cold
watcr trcatmcnt).-ti. Krafft·Ebin9, Ucb. llcilung und licilbarkcit dcr Tabes 
<lurch den galv. Strom. Deutsch. Arch. f. klin . )[cdic. IX. 1872.-Kai·min, 
Fall von gchcilter Tabcs. Wien. med. Wach. 1868. Nr. 35.-0nim.us, De 
l'emploi des courants contin. dans le trait. de l'at. Gaz. des hOp. 1868. Nr. 
llG-119 .-JJelmar, Trait. de l'at. loc. Rev. med. 1874. Nr. 38. 3D.-1Vald
mann, IlchancUung d. Tabcskrankcn als Anhalt fiir A.erzte u. Kranke. Ilalle, 
1872.- .. :itentlel, Bch. dcr Tabes dors. Deutsch. Zcitschr. f. prakt. Medic. 1874. 
Nr. 3D.-Fr. Richter, Ibid. 1874. Nr. 48.-Ucb. Tcmpcratur u. Mechanik der 
Ba.clcformen hci Tahes, etc. Ibid. 187.J.-CasU'r, Oxide of Silver in Locom. 
Ataxy. Philacl. :Med. and Surg. Rep. 1875. Dec. 

Hefcr, furthermore, to the text -books on Electrotherapcutics, Balneothcrapeutics, 
and Hydrothcrapcutics, also to the larger hand-books and cncyclopredias of 
Specinl Pathology and Therapeutics, all of which contain more or less detailed 
accounts of the pathology and therapeutics of Tabcs. 
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History. 

We begin the discussion of those affections of the spinal cord 
which are limited to certain definite portions of the transverse 
section of the cord, but which reach a very varied longitudinal 
extent, with the consideration of that form thereof which is best 
known and most studied, viz., gray degeneration or degenerative 
atmphy (Friedreich) of the white posterior columns. This is tlte 
same a[ection which is now almost universally designated as 
"tabes dorsal is," in Germany, the term which was formerly used 
for atrophy of the spinal cord in general being thus restricted to 
this special form .' 

This disease was undoubtedly known to the most ancient phy
sicians, and frequently enough came under their observation. 
Among the fol'ms of spinal disease which are more or less defi
nitely spoken or, under the name of tabes, or of phthisis ischia
dica, by Hippocrates, Galen, Bonetus, and others, there were 
undoubtedly also cases of sclerosis of the posterior columns. 
But it is hardly worth the while to trace out the reports or the 
older physicians on these fol'mS of disease, for we shall nowhere 
find anything like an accurate cham.cterization of the same, or 
a correct distinction between the different forms. 

Neither woulcl it prove any more profitable to follow up all 
the descriptions of tabes dorsalis, phthisis of the spinal cord, 
etc., which at the end of the last and the beginning of the pl'esent 
century were ascribed to the influence of sexual excesses and 
spermatorrhma, and which reached their climax in the extrava
gancies of Lallemand. 

It was not until the third and fourth decade of the present 
century that occasional more exact observations appeared, which 
are to be regarded as the first foundation stones of the doctrine 
of tabes dorsalis. The anatomical obserrations of IIu tin (182'7) 
and J\Ionod (1832) undoubteclly belong to this clisease, although 
the latter were still cited by Ollivier as c<ises of hypertrophy of 
the gray substunce. Cmveilllier, in his celebrated atlas, besides 

1 More generally kuown in English as progressive locomotor ataxy.-TUANS. 
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admirable anatomical representations, also g ives a series or histo· 
ries or the t!isease. 

But it was principally German physicians who, in the next 
two decades, occupied themselves in working up the subject of 
tabes, presenting a more precise picture of the disease, and col· 
lecting the resul ts of post-mortem examinations belonging there
to. The Dissertation of vV. Horn (1827) may be regarded as the 
starting-point of these labors. In the subsequent classical de
scription given by Romberg all the principal symptoms of the 
disease are enumerated, and he even draws the di stinction be
tween the peculiar form of motor disturbance that is present and 
true paralysis. The anatomical changes were more accurately 
made known through the investigations of Frol"iep, E. Ilorn, 
Jacoby, and others, and the work of Steinthal (1844) gave a tol
erably complete representation of the pathology of tabes, even 
though it does inch1de under that head a good de'11 that is for
eign thereto. German physiologists (Joh. i\Ineller, Spiess) recog
nized the peculiar fo rm of motor disturbance which Bouillaud 
(1845) and Todd (1847) correctly designated as a disturbance of 
co-ordination, and not as paralysis. The description of the dis
ease given by 'Vunderlich (18M) leaves but liLtle more to be 
desired. Rokitansky and Tuerck advanced our knowledge of 
the anatomical alterations by their microscopic examinations. 
In Germany, therefore, as early as the beginning of the latter 
half of this century, the hi story ancl pathological anatomy of 
tabes dorsalis was firmly estab lished in its main features, and 
was sufficiently well known to the medical public. 

It was therefore a somewhat peculiar and certainly an unjus
tifiable undertaking on the part of Duchenne, in the year 1858, 
to describe the disease as an en ti rely new one and under a new 
name (Ataxie locomotrice progressive). Entirely ignoring all 
the labors of his predecessors, he seek s the seat of the disease, 
on theoretical grounds, in the cerebellum, whereas it had long 
since been found to lie in the spinal cord. 

At the same time, we mus"t certainly admit that Duchenne 
gave a most admirable description of the disease, one more accu
rate than had previously been furni shed; that he characterized 
and emphasized the first stage of the disease, though, perhaps, 



TABES DORSALIS. 519 

in a somewhat one-sided manner ; that he was the first more 
accurately to establ ish the idea of a disturbance of co-ordination 
(ataxy), and to demonstrate unequi,·ocally, by means of the 
dynamometer, the presei·vation of the gross muscular strength. 

Duchenne's work unquestionably excited an extraordinary 
degree of interest in all directions, and gave occasion to such 
numerous works on Tabes uorsalis that the literatme of the sub
ject has already swelled to dimensions which we can hardly com
pass. 

Numerous investigations and discussions first arose in France 
over the "new" disease, which, under the powerful protection 
of Trousseau, soon claimed general recogni tion. An extensive 
amount of material was accumulated, partly in the form of com
prehensive representations of the disease (Dujardin-Beaumetz, 
i\Iar. Carre, and others), partly in the form of reports of cases 
(Bourdon, Luys, Oulmont, Teissier, Dumenil , Charcot, Vulpian, 
and other ), thus clearing up the views held on the subject. 
Stimulated by a prize qtiestion proposed by the Academy, several 
larger works on Ataxy appeared in 1864 and 1865, which treated 
the question in an exhaustirn and in part in a most admirable 
manner (Topinard, Mar. Cano, Jaccoud). 

But in Germany also numerous and admirable works ap
p~ared. In the year 1863 three very noteworthy works, of great 
value in the hi story of tabes, were put forth by Friedreich, Eisen
mann and Leyden, to which were afterwards added many larger 
and smaller communications and investigations ('Vestphal, 
Frommann, Spaeth, R emak, Benedict, Finkelnburg, Boening, 
and others). 

Since then the production of works on tabes has l1ardly, as 
yet, suffered any diminution; particularly in France and Ger
many, each year brings a series of valuable contribu tions, while, 
aside from the admirable labors of Lockhar t-Clarke, English lite
rature actually contains but very little on this subject. 

The last few years have materially advanced and deepened 
om knowledge of tabes, although we are doubtl ess still far from 
having arrived at a final conclusion of the same. The anatomical 
changes have been more accnrately investigated in their finer 
histological details, and in their more precise localization in a 
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transverse section of the cord ; the picture or the disease has 
been more sharply defined and relieved of unimportant aml acci
dental features; the careful observation of details has taught us 
to recognize a series of rarer bnt not less interesting symptoms; 
the theory or the disease and or its individual symptoms has 
been eluciilated by thorough and lively discussions, although it 
has not yet been finaJly established ; the diagnosis has been ren
clered easier and more delicate, the distinction between this dis
ease and neighboring ancl kindrecl aIIections 1i::ts been materi
ally advanced; aud the prognosis, too, which was formerly so 
gloomy, has been essentially modified by noteworthy advances 
in the therapeutics of the disease. The evidences of this are to 
be found in the writings of the past ten years, as cited in the 
above table or literature. 

It would carry us too far if we were to foJJow, even quite cur
sorily, the historical clevelopment of the Yarious scientific vic
tories gained in connection with this subject of tabes; if we 
were to attempt to show how the anatomical views gradually 
developed themselves up to the present standpoint; how the 
theoretical views of the entire disease and of single symptoms 
thereof (for example, the ataxy) slowly assumed form, amidst 
the most lively disputations; what stages of development the 
therapeutics of the disease itself has undergone, etc. The reader 
who desires information on this subject must make his own spe
cial studies thereon. 

"'e desire only to be permitted a few i·emarks ou the most 
appropriate designation for the disease. None of the designa
tions thus far in use can be regarded as entirely appropriate or 
exhaustive. The term "ta hes dorsalis" is hardly to be justified 
by the history of the disease and not at all so by its anatomy, 
although it at least has the advantage of antiquity. The term 
"progressive locomotor ataxy" is still more unfortunately chosen, 
as it is derived from one single symptom which often does not 
appear until the disease has existecl for years, and is sometimes 
also present in other diseases. From an anatomical point of 
view, to which we should endeavor, as far as possible, to adhere, 
the term "gray degeneration or degenerative atrophy of the pos
terior columns of the cord" might the most readily be accepted. 
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Aside from its length and awkwardness, however, it is open to 
the objection that it only designates a comparatively late stage 
of the anatomical alterations, and that, in all probahility, it is 
not even exhaustive, inasmuch as an extension of the process to 
the gray substance and to neighboring portions o( the lateral 
columns probably constitutes the rnle. The same obfcction ap
plies to the name "Leukomyelitis posterior chronica," although 
this iu a happy manner emphasizes the chronic inflammatory 
character of the process. 

Still, in the encl, it is all the same what we call a thing, the 
main point being to know and to determine what we wish to 
ha,·e understood under a certain designation. If we can unite 
on the clinical and anatomical characterization of the disease
ancl I think that at the present clay there is no serious difficulty 
about this with regard to the disease under consideration-we 
shall also be able to come to an understanding as to an appro
priate designation for tho same. In my opinion-until something 
better is found-it might be most appropriate to adhere to the 
old name of tabes dorsalis, which was naturalized by Romberg 
and has also of late been extensively used by the French, it being 
distinctly understood that the term is to be limited to the desig
nation or that form of disease described in the followiug pages. 
"Sclerosis of the posterior columns" (" Ilinterstrungsklerose ") 
is anoth<'l' not very prejudicative designation which might recom
mend itself, on account o( its breYity, to those who favor a name 
selected from an anatomical stand point. 

Definition. 

Under the name of tabes dorsalis we understand a disease of 
the spinal cord which rnns a slow course, which arises princi
pally during youth :ind middle age, and which in all probability 
belongs to the group of chronic myelitis. 

It is anntomically characterized by ribbon-like sclerosis o( the 
white posterior columns, lead ing to gray degeneration, ancl prob
ably also by later participation on the part of the adjoining por
tions of the white lateral colnrnns ancl the gray posterior horns; 
still, nothing more accurate is established with regard to the 
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more or less regular aml uniform participation o( these parts in 
the process. The affection generally begins in the lumba r region, 
and may extend throughout the entire cord as Iar as the upper 
cervical portion, and even into tbe mednlht oblongata. 

Clinically the disease is characterized by a Jirst stage, which 
often stretches over many years, and which is marked by lanci· 
nating pains, disturbances of certa in cerebral nerves (the optic 
and the ncn·es supplying the muscles of the eye), pancsthesias 
in the legs, on the trunk, ancl in the domain o( the ulnar nerve, 
debility, a tendency to weariness a ncl unstead i110ss in the legs, 
weakness of the bladcler ancl of the generative organs. 

The seconcl stage is that of the fully-developed cli sease, in 
which, aside from a more or less high degree of disturbance of 
sensation (pain, anresthesia, panesthesia, sensation of a tigh t 
girdle, etc.), and aside from weakness of the bladder and the 
genitals and the disturbance of certain cerebral nerves, a distinct 
and characteristic disturbance in the co-ordination of motion be
comes prominent, without the gross power of movement being, to 
any considerable degree, diminished (a taxy). The cerebral func
tions still remain intact. 

Finally, there is the third stage, that of progressive spinal 
paralys is, characte1·ized by actual paralysis, muscular atrophy, 
contractures, troubles of the bladder, bed-sores, and, at last, 
general marasmus. 

It is a disease of a decidedly progressive character, although 
it is not exactly rare for it to come to a standstill ancl improve, 
and in some few instances actual recovery even takes place. 

It is always a question of :i disease of long dnration, which is 
to be counted by years, and not rarely by decades. 

Etiology and PathogenesiL 

Tabes is one of the most frequent affections or the spinal cord. 
The predisposition to the same must, therefore, be tolerably 
wide-spread. 

In developing this predisposition, the neitropatkic tendency 
of numerous individnals undoubtedly plays a very prominent 
part. The increasing frequency of nervous diseases generally, 
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and of tabes in particular, the large number of nervous and hys
terica l women, result in the birth of an ever-increasing number 
of individuals with a tendency to nervous diseases. In the family 
history of those affected with tabes it will not be rare to be able 
to clemonstrnte the occurrence of hysteria, epilepsy, mental dis
eases, migraine, or it may be only of violent fi ts of anger, drnnken
ness, 0 1· anomalies in the form of the skull , malformations of the 
external ear, etc. Such instances have been narrated by Trous
seau, Rosenthal, Topinard, and others. The condition of things 
most rarely Connel is that of the direct hereditary transmission of 
the di sease; the most striking instance of this is g iven by Cane, 
who saw eighteen cases of the disease occur in one family, in 
three generations. As a rule, parents transmit to their children 
only the predisposition to tabes. This was al so especially true 
in the remarkable observations communicated by Friedreich. In 
three different families several brother; and sisters were earh 
time attacked with the disease at almost the same age, without 
the parents themselves having suffered from it. The only thing 
we can suppose is that in such cases a certain weakness and irri
tability of the nervous system, perhaps also a spec ies of imped i
ment to the development of certain portions of the same, is he
reditarily transmitted, which renders the nervons system less 
capable of resisting external injuries. 

At the same time, according to my experience, there is a very 
large number of cases of tabes in which there is decidedly no 
hered itary neuropathic tendency, the patients coming from fami
lies that were, nen 'ously, perfectly well. 

Almost all observers concur in the statement that the male 
sex shows a decidedly greater predisposition to ta bes than the 
female. I can fully confirm this from my own observation ; 
among eighty-three cases of undoub ted tabes seen by me, seventy
four were men ancl only nine women. It is probable that this 
greater predisposition is largely owing to the fact that men are 
far more exposed than women to the strongi>st di rec t causes of 
tabes-taking cold and sexual excesses. Still, this might not 
entirely account for so striking a preponderance of males. 

Tile etntistics of different authors, nlthough without exception confirming the 
fact of a marked preponderance of the disease in mca 1 still show great differences 
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in the propl)rtionatc frequency o( the disease in the two sexes. I here place together 
some of these statements: 

),kn. Wc;men. 

:M. Carre. . . .. .42 18- about in the proportion of 2t : 1. 

Topinar<l . . . 21 4 5 : 1. 

Stcintlml ......... .42 l. 

Eisenmann.. . .... .4G 20 2t: l. 
Schulze.. . ... 37 4 1. 

Cyon.. . .. 149 43 3,' l. 
Leonhardt ...... . ... 12 11 1 l. 

Erb ............... 74. 0 8 1. 

It is not permissible to add together these numbers, as they refer, in part, to 
tho same cases. Of course these depend very much on the accidental supply of 
material, and it is only thus that the striking statement of Leonhardt can be ex
plained, which, it is true, only relates to quite small numbers. At all events, the 
preponderance of males is established beyond all doubt. 

Tabes is a disease of youth ancl micldle a,qe; by far the ma
jority of individuals are at the top of the hill of life when the 
disease begins-between their thirtieth and fiftieth year. In the 
third decade of life, too, cases of the disease are tolerably com
mon ; before the twentieth and after the fiftieth year, however, 
they arc very rare. This, too, might have some connection with 
the above-named causal conditions. 

Among sixty-eight observations of my own, in which the beginning of the dis
ease could Uc determinod with some ce1tainty, it was found to occur as follows: 

Between the ages of 11 and 20, three time8. 

21 " 30, thirteen 
31 " 40, thirty-one " 
41 " 50, eighteen 
51 ' 1 GO. three 

The statistics collected by other observers (Topinarcl, Carre, Cyon, etc.) corre
spond pretty accurately with these. 

No cloubt it is owing to the greater influence of external 
injurious causes that certain occupations furnish a larger pro
portion than others to the number of those attacked with tubes. 
'rhis is said to be the case especially in those persons who, by 
reason of their calling, are obliged freqnently to expose them
selves to all extremes of the weather, cold and wet-and who 
are subjected to all sorts of bodily hardships, such, for instance, 
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as cornrncroial travellers, hunters, engineers, soldiers, firemen, 
workers on ice, railroacl concluctors, fi shermen, etc. At the same 
time, all these are more subordinate and accidental causes. 

Bodily and mental ooerexertion are certainly to be counted 
among the injuries which may occasion an increased predisposi
tion to tabes. The increased demands of the fight for existence, 
the excitements ancl exertions of modern social life, are certa inly 
in no small degree responsible for the more frequent occmrence 
of tabes at the present clay. This explains the greater frequency 
of the affection in large cities and in the higher walks of life, in 
which mental overexertion, want, cares, anxiety, fai lu res in li[e, 
ancl the like, oft<'l1 play a very prominent rule. All these things 
are to be regardell as weakening to the body, aml especially to 
the nervous system, ancl thereby as predisposing to cl isease. 

The same prec1isposing influence may be exer ted (E. Schulze) 
by previous acute and chronic diseases (typhus, in termittent 
ferer, anc1 the like), whether occurring but once or repeatedly. A 
similar effect may al so be claimed for syphilis ; for the existence 
of an actual, specific, syphilitic sclerosis of the posterior columns 
may yet well be cloub tecl But in Yiew of the comparath·e 
frequency of both forms of clisearn, it is hard to exclude an acci
de11tal COJlCUl'renCC or the same. 

Sea:ual excesses and onanism are certa inly or no sligl1t signifi
cance, at least in the development of a predi sposition to tabes. 
" re have alreacly previously expressed onrselves in detail on this 
point (page 147), and what was said there holds especially good 
with regard to tabcs, the most frequent of all chronic diseases of 
the spina l cord. \Ye do not entertain the sl ightest doubt that 
such sexual excesses, of the most varied kind, ornr- irritate and 
weaken the spinal cord, and at all events make it more suscepti
ble to the influence of direct injuries. 

Among the direct causes of tabes the first that may be 
mentioned is taking cold. It is regarded by some (Leyden, Leon
hard t) as the most frequent, in fact as the almost excl usive cause 
of tabes; but while fully recognizing the undeniable potency of 
this injury, we must yet look upon this view as being ex treme. 

It is notorious that individuals who are otherwise quite well 
and not burdened with any neuropathic tendency, vigorous 
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people from among the working classes, those working in water 
and ice, foresters, soldiers, etc., frequently notice the first symp
toms of tabes after they have been, once or repeatedly, exposed 
to some serious injury in the way of taking cold. Instances are 
not rare in literatme going to prom ihat the disease has come to 
an outbreak as the result of inundations, ::ifter a person's falling 
into the water or getting wet through, after a wet, cold bivouac, 
after occupying damp living-rooms or workshops, and the like. 

This holds particularly true for persons of a nervous tempera
mpn t, or who are exhausted and reduced through exposure, 
sexual excesses, mental disturbances, night-watching, ancl the 
like; in such persons e1·en the slighter causes for taking cold 
may be efl'ective, such as sleeping in a clamp room, etc. 

\Ve possess no more plausible explanat ion of the modus 
operandi of" taking cold" in the production of tabes than in the 
numerot1s other forms of disease which may likewise be brought 
about by the same cause. It is true that various attempts at an 
explanation c,( the same have been set up, which are very well 
meant, in themselves, but do not stand the test of severe criti
cism. \Ve consider it unnecessary to enter into any more de
tailed consideration of this question, and content ourselves with 
merely confirming the fact that, in many cases, "taking cold" 
can he showll to be the immediate exciting cause of tabes. 

Bodily overexertion and the exhaustion induced thereby, 
lwrclships of all sorts, arc often stated as being the direct occa
sioll or tabes. Their efficacy appears to be especially manifest 
if, at the same time, an opportuJtity is given for taking cold, and 
actirn nwntal disturbances likewise exist. I have twice seen 
tabes break out in consequence of fntigning ancl exciting busi
nrss jouriwys undertaken during severe cold winter weather. 
'fhe fact that severe marches and other hardships, combined with 
mental actirity and excitement, very readily lead to tabes, has 
been most nnequirncally pro1·ec1 by all the campaigns of this 
centmy, after which the development of tabes has always been 
observed to be especially frequent. To be sure, it is hard to 
determine in such cases the share of responsibility to be assigned 
to each of the injmious conditions. At the same time, I believe 
that the mere overexertion of itself, especially in persons dis-
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posed that way, may prove effectirn to this end. (For an exam
ple of the same see 'Valdmann, p. 74.) 

All this holds good, to a still higher degree, with regard to 
sexual over-excitement and excesses, which may also sometimes 
become the direct causes of tabes. Formerly these were regarded 
as the principal and almost the only causes of tabes, and every 
poor victim of the diseaEe lay under the suspicion of haYing led 
a dissolute life. This was certainly wrong; it is but a limited 
number of cases tl1at are unquestionably caused in this way. But 
it is at least equally wrong to deny this etiological connection 
entirely, or in great part. Aside from the predisposing influences, 
which doubtless constitute the main feature, cases are also not 
rare in which the first manifestations of tabes immediately fol
lowed great sexual excesses (for instance, in newly-married per
sons). This view is even somewhat favored by the mere fact of 
the far more frequent occurrence of tabes in men, and during the 
period of their greatest sexual acti,·ity. 

Onanism, carried to excess, acts in the same way as the exces
sive natural gratification of the sexual appetite; the same is trne 
of Yery frequent pollutions, pollutiones diurn,e, spermatorrhma, 
and the like. And yet, with regard to just these last processes, it 
is often hard to determine what is the cause and what may perhaps 
already be the eirect of the disease beginning to be developed. 

'Vith regard to the method of operation of sexual excesses it 
is also difficult to arrive at any plausible theory which shall have 
more weight than that of a mere conjecture. 'Vo shall touch 
briefly, below, upon the opinions expressed on this subject. 

Extreme and lively emotional activity appears now and then 
capable of being the starting-point of tabes; at least this is 
asserted to be trne of lively fright, terror, continued anxiety, 
cares, r1~peated anger, etc. It is well known that these emotions 
are often accompanied with serious disturbances of innervation 
(trembling and weakness of the limbs, rnso-motor disturbances, 
etc.). It is at least not inconceh·able that an increase ancl repe
tition of these disturbances might also finally lead to actual dis
ease o[ the spinal cord. Bt1t nothing accurate can be said on this 
]JO int. 

It is bard to determine what relation certain acute diseases 
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bear to the tabes which follows them, whether they are merely 
predisposing, or whether they directly light up the disturbances 
of nu trition in the spinal cord. The fact is, however, that evi
dences or tubes aro often de,·eloped, sometimes more quickly and 
sometimes less so, in the train of typhus, articular rheumatism, 
acute pneumonia, etc. The same thing holds trne of repeatecl 
labors and abortions, of serious losses of blood, too long con
tinued lactation, etc. 

Ataxy has also been repeateclly obsen•ed among the nervous 
disturbances which so often appear in the train of diphtheria; 
but it may appear doubtfol whether we here have an actual 
affection o[ the posterior columns of the cord, or perhaps another 
form o[ ataxy; still, the observation reportecl by Jaccond (1. c., 
p. 631) appears to me to speak positively for the first supposi
tion. I am myself at present obserl'ing an interesting case, in a 
child nine years of age, which, after diphthe1fa of the fauces, at 
first showed paralysis of the pendent palate, paresis of accommo
dation, and insuffi ciency of the int.em al recti muscles, and now 
presents well-marked ataxy of all four extremities, wi th slight 
muscular weak ness, with very slight distnrbances or sensibility, 
with swaying or the body on closing the eyes, and the failure of 
refl ex irri tability or the tendons-therefore presenting an almost 
complete pictul'C of the symptoms of sclerosis of the posterior 
columns. 

Among chronic di seases syphilis in particular has often been 
credited with being the cause of tabes; wi th what justice cannot 
as yet be determined. E. Schulze, in his dissertation, cites quite 
a series of cases in which no other cause but previously ex isting 
syphilis conlcl be brought into et iological connection with the 
tabes. Judging by my own experience this connection seems 
doubtful , although I have often enough seen the development of 
other forms or myelitis in syphili tic patients. On the other 
hanc1, Fournier most recently insists on thi s connection as being 
comparatively frequent, which, if it should be confirmed, \YOuld 
of course be a point or the utmost importance in the therapeutics 
of the disease. 

The connection between hemorrhoids and tabes is still more 
obscure and doubtful. The same is trne of the causation of tabes 
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by the suppression of sweating of tltefeet, as has been so often 
claimed. 

E. Schulze also, in some instances, assigns a causative agency 
to traumatic injuries : fracture of the thigh, a fall upon the 
belly, the shock of a gunshot wound, concussion of the spinal 
cord, etc. This probably requires further confirmation. 

Finally, various authors adduce excessive tobacco-smoking 
among the causes of tabes . \Ve are unable to support this in 
itse lf not improbable assertion from our own experience, but 
neither can we deny it. 

Orer against all these statements, however, it must also be 
emphatically declared that, in no inconsiderable number o( cases 
of ta.bes, the most careful investigation is able to show no cause 
whatever for the disease. 

If the very existence of a causal connection between the con· 
ditions above mentioned and ta.bes may often be callecl into 
question, it must be admitted that we know still less with regard 
to the method in which this causal connection proves effec tive in 
the individual case; in what way sexual excesses or exposure, 
taking cold, or mental impressions, induce the disturbances of 
nutrition in tho spinal co1·d ly ing at the foundation of the group 
of symptoms which constitute tabes. Of course the mos t varied 
opinions have been advanced on this subjec t, all of which, how
ever, have been confined more or Jess to the domain of hypothe
sis. This much seems certain, that all cases do not have the 
same pathogenesis, but that those alterations which we designate 
as sclerosis or gray degeneration may finally be developed from 
variot1s starting-points within the spinal cord. In view, however, 
of the gt·eat difficulties which lie in · the way of obtaining ana
tomical material from the earliest stages of tabes, these points 
cannot, at the present time, be positively decided. 

The views with regard to the origin of tabes which seem to us 
most plausible are those advanced by Remak , Sen., reprod uced 
by Cyon, and still further carried out by \Valdmann. \Ve lay 
these before the reader, without, however, vouching for their cor
rectness. According to Remak, the disease may arise in two 
ways. In the one, the central nervous apparatuses are primarily 
affected and disturbed in their nutrition by over-irritation and 

VOL. XIU.-34 
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overexertion ; primary atrophy and degeneration of the same 
take place, as a resnlt of which, however, inflammation and 
hyperromia may also afterwards he developed. Umler this head 
might be ranged those cases where tabes arises from hardships 
and overexertion, from sexual excesses, from mental disturb
ances, and the like. 

The other way is by the primary development of an inflam
matory process in the interstitial tissue of the posterior columns, 
which only secondarily induces atrophy and degeneration of the 
nervous elements. To this category belong those cases of tabes 
which originate in taking cold, in traumatic injuries, the suppres
sion of perspiration in the feet, acute and chronic diseases, and 
especially syphilis. 

In the second group of cases, the interstitial changes lying at 
their foundation may either begin originally and principally in 
the tissue of the posterior columns, thus constituting a primary, 
chronic interstitial myelitis, or they may arise by extension from 
a chronic spinal meningitis. The inflammation of the pia mater 
is, in these cases, the primary step, the sclerosis of the posterior 
columns only secondary, extending thither from the meninges. 
This order of things has been especially noticed by \Valdmann. 

It is evident that before these views can be considered as 
scientifically established, pathological anatomy must demon
strate, first, that there is such a thing as a primary, non-inflam
matory, degenerative atrophy of the posterior columns; second, 
that in certain cases of tabes this alone exists at the beginning; 
third, that in other cases of tabes the interstitial changes are the 
primary disturbance; and fourth, that the meningitic changes 
occasionally found in the autopsies of those who have had tabes, 
preceded the other changes in point of time. \Ve shall presently 
see, in looking at the pathological anatomy of the subject, how 
far these postulates are or are not sustained. 

However plausible these pathogenetic views may therefore be, 
they must nevertheless, for the present, be regarded as merely 
hypothetical. 
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Pathological Anatomy. 

In cases taken from the later stages, macroscopic inspec
tion, as a rule, enables us to recognize an atrophy and wasting 
of tlte spinal cord, especially in its lower divisions, and on care
fol observation this is also found to be especially the case in the 
region of the posterior columns, whicli appear somewhat sunken 
and narrowed. 

Even on looking at it through the pia mater, or, if this is 
thickened and cloudy, after tlte removal of the same, we may 
recognize a gray or grayislt-yellow discoloration along the pos
terior median fissure, at both sides of the same, extending almost 
throughout the entire length of the spinal cord. 

As a rule, the cord shows a distinct increase in its consist
ency; sometimes, however, this appears quite normal, ve1y rarely 
being diminished. 

Generally, also, the posterior roots are discolored, gray, trans
lucent, thin, atrophied, in great contrast to the normal white 
anterior roota; this discoloration and atrophy are marked with 
striking distinctness in the cauda equina in particular. 

The pia mater usually appears cloudy and thickened, con
nected by numerous adhesions to the dnra mater, which is but 
rarely thickened and roughened, the pia showing abundant bony 
plates and sometimes stronger pigmentation. This change is 
almost always confined to the posterior division of the spinal 
cord, and corresponds in some degree to the area of extension of 
the gray discoloration; more rarely the pia mater appears altered 
over a larger area. The spinal jl1dd always appears increased 
-sometimes to a large degree. The anterior and lateral divisions 
of the spinal cord, like the anterior roots, usually appear, on 
external inspection, to he quite intact. 

l\101·e accurate information can only be obtained by the study 
of numerous transverse sections of the cord. 

In the most well-pronounced cases, the various transverse sec
tions show the posterior columns entirely, or throughout their 
greater extent, as gray, translucent, of firmer consistency, or 
more gelatinous, and of a grayish-yellow color. They are often 
wasted, sunken, evidently shrunken, so that the two posterior 
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columns appear more approximated to each other, and show 
greater precipitousness in the direction of their course. This is 

often very marked, particularly in the dorsal 
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portion. (See Fig. 8.) 
Generally the degeneration is not uniformly 

distributed over the eutire transverse section 
of the posterior columns [Hinterstriinge], the 
middle portions and those peripheral portions 
lying next to the pia mater being ordinarily 
most intensely affected, and often still sepa
rated from the posterior commissure ' and the 
posterior horns of gray matter [I-lintersiiule] by 
a narrow zone of white substance. As a rule, 
nevertheless, the external portions of the pos
terior columns ["die Keilstriinge," the "Funi
culi cuneati" of Burdach. -TRANS.] are the 
parts, in particular, which are likewise affected, 
thus affording a characteristic contrast to pure, 
secondary degeneration which is confined to 
Goll's columns ["die zarten Strange," "Funi
culi graciles" of Burdach.-Tl~ANS.]. 

It is also rare for the posterior columns to 
be the subjects of gray degeneration throughout 
their entire length. In the lowest lumbar divi
sion, we often see but a slight gray discoloration 
in the external half of the columns; this in
creases in width as we ascend, until finally, in 
the upper half of the lumbar enlargement, the 
entire transverse section of the posterior columns 
appears discolored ; this then generally con
tinues upwards throughout the entire dorsal 
portion, again to diminish in the cervical portion, 
and finally to be limited to the columns of Goll. 
In the majority of cases, therefore, the rule holds 
good that the intensity ancl extent of the pro
cess is greatest in the upper lumbar and the 
dorsal portions, diminishing both upwards and 
downwards from these points. 
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At the same time the changes may also extend upward into 
the medulla oblongata, into a portion of the 1·estiform bodies, 
but then they cease there without any definite boundaries. 

Not rarely, however, even the unaided eye can recognize a 
slight grayish cliscoloration of the neighboring posterior ancl 
extemal divisions of the lateral columns, which may extend for
ward as far as the anterior columns, in a gradually narrowing 
seam, admitting of no sharp line of demarcation between itself 
and the normal tissue. 

In like manner the posterior horns of gray matter are, in 
many cases, also not free ; they appear of a darker gray, shriv
ellecl, distorted ; the pillars of Clarke have repeatedly been found 
altered. 

This is the picture of the fully developecl, typical cases, 
such as most frequently occur. 

At the first beginning of the disease, howe1·er, if anything 
at all is to be founcl, it is only a pair of nanow, scarcely recog
nizable gray strips at each side of the median line, in those por
tions or the posterior columns designated by French authors as 
the "rubans externes " (Cbarcot, Pierret). But in some cases, 
also, macroscopic inspection shows nothing abnormal ancl the 
microscopic alone reveals the beginning sclerosis. 

In the oldest and most severe cases, on the contrary, the spi
nal cord, throughout Jong portions of the same, appears cl win
dlecl, atrophied, and hardened in its entire thickness. On mak
ing a transverse section it is founcl, almost throughout its entire 
extent, transformed into a gray, translucent mass, in which the 
usual picture of a transverse section is no longer distinctly to be 
recognized. 

But complete information with regard to the kincl and the 
extent of pathological change present can only be attained by 
the microscopic examination of harclenecl preparations, treated 
with various coloring matters. 

Jlistologically, we may, in the earlier stages of the disease, at 
first recognize a grmter or less degree of thickening or the inter
stitial tissue, a greater wealth of nuclei in the same, often en
larged ancl very much developed Deiters' cells ; in the nerve
fibres there is generally not much to be seen that is abnormal, 
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aside from simple emaciation, dwindling, and final disappearance 
of the same; a slight thickening of the nerve-fibres is rare ; there 
is usually no breaking down of the medullary sheaths, nor fatty 
degeneration of the same, nor swelling of the axis-cylinders; it 
is merely a question of simple atrophy and disappearance of the 
fibres. Generally, especially in the more recent cases, numerous 
granule cells are a lso to be found, and these are sometimes 
]Jarticul arly abundant in certain definite zones of the diseased 
tissue and scanty in others. The vessels am commonly thick
ened, their wall s rich in nuclei. Corpora amylacea are scattered 
throughout the tissue in greater or less number. 

In the later stages the principal mass of the structure is com
posed of a firm, fibrill ar, often wavy connective ti sstw, which con
tains numerous nuclei, and is usually di sseminated with innume
rable corpora amylacea. Most of the nerve-fibres have entirely 
disappeared , ordina rily not even a trace of the ax is-cylinders is 
to be seen; but even in the oldest cases one will still find quite 
a large number of single, isolated, but well-preserved nerve
fibres scattered through the increased, firm connective ti ssue. 
The vessels are sclerotic, the number of granule-cell s is small , 
but generally there is an increased num ber of admirably de
veloped, large spider cells. 

The posterior roots, so far as they run their course within the 
cord in the posterior columns, endeavoring to reach the gray 
posterior horns, u sually take part in the degenerative process; 
their fibres are broken clown, atrophied, 11ave grown more sparse 
and thinner, and are separated from one another by broader 
bancls of connective ti ssue. 

'l'he microscope also generally gives the best informa tion wi th 
regard to the more accurate localization of the process, wi th re
gard to the degree of its extension tlirouglt a transverse section 
qf tlie cord. 

In the pos terior columns, as a rul e, the entire transverse sec
tion is more or less a ttacked, although to a very vary ing clPgree 
of in tensity in different cases. Strictly speaking, however, this 
onl y holds goocl wi th regard to the upper lumbar and thoracic 
regions. In the lower lumbar region the rniclcll e and innermost 
divisions are often tolerably free ; in the cervical region, on the 
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contrary, the external divisions are generally free while the col
umns of Goll are principally or exclusively attacked. These 
then generally behave exactly as in simple secondary degenera
tion . The bundles of roots lying within the posterior columns are 
always affected likewise, and even within the posterior horns of 
gray matter they show all the evidences of degenerative atrophy. 

It is, of course, a matter of importance to find specimens 
showing what part of the posterior columns is involved in the 
lightest cases and is the earliest at
tacked. The opportunity for this 
is, naturally enough, but rarely 
presented. In such cases Pierret 
found the external ribbons of the 
posterior columns ( bandelettes 
externes) exclusively or pre-emi
nently attacked, the columns of 
Goll, on the contrary, being free 
(see Fig. 9, a, a). 

In contrast and complement thereto, 
Pierret, in one case, found the columns of 
Goll exclusively involved in the sclerosis. 
The symptoms observed during life were 
quite different from those belonging to 
ta bes. 

The microscope furthermore dt~~£~t~r~~~
1

r::~~~~1f:!~fi~~~~~~:; 
reveals a regular participation in ;~;~1i1;t~1~~!pt~"· 11.) After l'icrrct, Arch. de 

the disease on the part of the gray 
posterior ltorns, manifested by disappearance of nerve-fibres, 
thickening of the connective tissue, but very slight changes in 
the ganglion·cells, which at most appear somewhat more pig
mented. Clarke's pillars also appear to be regularly involved, 
even though their ganglion-cells frequently remain tolerably in
tact. This involvement of the posterior horns is, according to 
Lockhart Clarke, so constant that he raises the question whether, 
after all, the posterior gray horns are not tliefirst to be diseased, 
or, at all events, are not very early affected in all cases. This is 
a point worthy of all consideration. 
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In like manner there is also, almost always, especially in the 
later stages, a well-defined extension of the di sease to the lateral 
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colitmns, which is very variable and sometimes 
quite considerable in extent. A sclerotic stripe, 
varying in width, and diminishing in width an
teriorly, extends forward from the gray poste
rior horns along the periphery of the lateral 
columns, sometimes even extending far into the 
anterior columns. 

Sclerosis of the posterior columns is there
fore, in the majority of cases (perhaps in all?), 
not the only condition found in tabes, but the 
process extends beyond the posterior columns 
to the lateral columns and the posterior horns, 
often involving them to a very considerable ex
tent. Such a case is given, for example, in the 
accompanying Figure 10. 

Sometimes, also, degeneration, sclerosis, and 
atrophy of the ganglion-cells is met with in the 
anterior gray horns, although this is a rare form 
of change. According to Pierret this alteration 
stands iu connection with sclerosis of the poste
rior inner root-bundles, and extends from these 
along the bundles of fibres that radiate into the 
anterior gray homs. 

After this brief exposition of the principal and certainly 
the most essential anatomical changes in tnbcs, yarious ques· 
tion.:; at once arise whic11 arc of the highest importance to the 
pathology of the disease, '\'\"hose solution fa11s chiefly within 
the domain of pathological anatomy, but has, as yet, hardly 
been undertaken. What is the true essence of the diseased 
process 1 Is it inflammation 1 Ts it simple degenerative atro
phy 1 Is it secondary degeneration 1 Is the sclerosis of the pos
terior columns tl1 e only essent ial part of the process ? Where 

;.;;;;·.; ;;;;~·":;.,;~~~·,;;;. docs it begin
1 

in what portion? How docs it advance 1 What 

is primary and what secondary about the clmnges 1 .Arc not 
certain portions of the gray substance and of the Jatcrnl col

?.f'~;:~·~~;: .,~t~:;;;,,'i':,'.:::r;,;: umns affected with cqunl regularity, and is not sclerosis of these 
parts of equal importance with that of the posterior columns 1 
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All these questions still await their solution. Many attempts hnve been made 
to answer them, and with very varying results. Conclusive proofs could scarcely 
be brought forward for nay of the opinions nclvnnced, and but too often the pref. 
ercncc of a writer for n certain theory, or some preconceived opinion of his, has 
been sufficient ground for causing him to group or to explain the facts in a certain 
way. 

The most recent views differ widely even with regard to the general patholo~ 
gicnl significance of the process. 'V11ile Leyden treats of tnbcs under t110 head 
of chronic myelitis 110 nevertheless denies the inflammatory character of the pro· 
ccss under considcrntion, and accounts for it rather as a peculiar chronic degener
ation of the nerve-tracts, without any special participfltion on the part of Urn con
nective tissue and without inflammatory manifestations. Ile considers the main 
thing to be the atrophy of the nerve-fibres; that this constitutes the starting-point 
of the process, which is probably first localized in the external portions of the 
posterior columns. 

Charcot, indeed, coincides with Leyden in so for as to locate the starting-point 
of the process, in all probability, in the nerve-elements (parcnchymntous sclerosis) i 
but he regards the process as a chronic inflammation, and gives prominence to the 
hyperplasia and fil>rillar transformation of the connective tissue at the expense of 
the nerve-elements. 

Friedreich, too, has long since declared himself of the opinion thnt sclerosis of 
the posterior columns represents a chronic infiauunntory process leading lo second
ary atrophy of the nerve-clements. 

C. Lnngc, on the contrary, believes that so·cnlled seco11dal'y degeneration plays 
a prominent rOlc in sclerosis of the postei·ior columns, and is inclined to attribute it 
ton primnry affection of the roots caused by meningitis. 

It certainly cannot be denied, on making an unprejud iced cxnmination of the 
anatomical condition~ present, that secondary degenerat ion docs indeed play nu im
portant rOle in sclerosis of the posterior columns. The gray degeneration so com
monly present in the cervical portion, confined to the columns of Goll, is very cer
tainly only of a secondary nature, and is always found present when the gre:iter 
part of a transverse section of the cord in tlle lumbar region is degenerated. But 
how and where we are to establish the boundary between secondary and primary 
degeneration cannot as yet be determined. Evidently, also, secondary degeneration 
-such, for instance, as occurs in chronic transverse myelitis-hns in many cases 
been confounded with tabcs i thus, for instance, in the two cases of Robitzsch. 

At all events, most of the more recent observers arc entirely ngre<'d in the opin
ion that the affection does not begin in the posterior roots, but within the sp inal 
cord itself. Vulpinn speaks with all positiveness against tho possibility of the 
former; Charcot and Pierrot locate the beginning of the process very positively in 
the spinal cord itself, and Leyden is of the same opinion. 

The French school hM recently made the attempt, based on some fol'tunatc post
mortem discoveries, to locate more definitely the point of the first beginnit1g of 
sclerosis in the posterior columns, and to investigate the way and method of its 
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further spread from this point of origin . The views of Chnrcot and Picrrct, to 
whom we are indebted for the investigation of this difllcu1t and important question, 
are essentially as follows: The sclerosis begins in the cxtcrnul hands of the posterior 
columns, at the point where the inner root-bundles mix with the vertically ascend
ing (probably commissural) fibres of the posterior columns i this sclerosis of the 
lateral bands or ribbons (Keilstriingc) is the only easrntial anatomiral change in 
ntnxy. The sclerosis of the columns of Goll (zarte Stri.ingc) is to be regarded 
principally as n secondary ascending degeneration . At the beginning of the disease 
the posterior roots do not show the slightest change. In the lnternl bands of the 
posterior columns, the sclerosis now gradually spren<ls upwnrcls from root to root; 
from here it spreads to the columns of Goll, in part directly, nml in part (nnd prin
cipally) as secondary degeneration; it furthermore spreads from here to the pos
terior gray horns, to the posterior roots, and to the external portions of the lateral 
columns, nod finally, in rare cases, to the anterior gray horns. (The only obscrYa
tion which stand~ opposed to these statements is one published by Charcot himself, 
in connection with Bouchard, 1 of a case which was regarded as the beginning of 
tabcs on account of the bncinating pains that were present, and in which the begin
ning sclerosis was found in the "inner and posterior" portions of the posterior col
muns, therefore, after all, in the columns of Goll.) 

Ilowcver plausible all these views may be, they can by no means as yet be 
looked upon ns firmly established. :Much still remains to be confi rmed by further 
observation. After maturely weigbing a11 the facts and opinions, we can probably 
only say this much, viz.: 

It is in the highest degree probable that in tnbes we have to deal with a chronic 
in6nmmatory process; that it therefore merely represents one form of chronic mye· 
litis. 

It is possible, and perhaps probable, that this cl1ronic myelitis mny tnkc its origin 
in two different ways: nt one time from a primary irl'itntion nnd degeneration of 
the nerve-clements themselves (parenchymatous sclerosis), at another from a primary 
irritation and proliferation of the interstitial tissue (interstitial sclerosis) - thus 
giving a double method of origination of ta hes, as was believed by Rcmnk, Senior. 

It is possible, and perhaps probable, that tlie sclerosis begins in the external 
bands of the posterior columns, and spreads from here further, and that the scle
rosis of the fasciculi grnciles, or Goll's columns, must, to a great degree, be regarded 
as a secondary degeneration. 

It is certain that the disease does not begin in the posterior roots. 
It is, finally, probable that sclerosis of the posterior columns is not the exclusive 

nnd essential change in tabes, but that a simultaneous involvement of the posterior 
gray horns and of certain portions of the lateral columns is constant, and, perhaps, 
equally essential-a statement which, it is true, finds its support more in clinical 
observation than in the anatomical facts now before us. 

1 Gaz. med. de Paris. 1866. No. 7. 
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After this digression, it remains for us to touch briefly on the 
anatomical changes to be found outside of the spinal cord in tabes. 

The posterior nerve.roots are generally found diseased in the 
later stages; they are highly atrophied, flat, gray, translucent, 
showing degenerative atrophy of the nerve.fibres, proliferation of 
connective tissue, and abundant corpora amylacea. In the earlier 
stages, however, they are also often found quite normal; the 
iiosterior roots have never been found diseasecl alone (Vulpian). 

In striking contrast thereto, the peripheral sensitive nerves 
are always found entirely intact, even if the posterior roots 
belonging to them (even to the spinal ganglia) are entirely the 
subjects of gray degeneration. 

The anterior nerve-roots are intact. The spinal ganglia are 
likewise generally founcl entirely intact. 

Some have attacheu great value to the examination of tl!e 
sympathetic and its ganglia, because they sought in this the 
seat of the disease. This has, however, always been found intact 
(Carre), and where gray degeneration of the main trunk of the 
sympathetic and the like has been demonstrated, as in the case 
of Chvostek, it has certainly always been on account of a rare 
and accidental complication. 

The peripheral spinal nerves have likewise generally been 
found intact; Friedreich alone, in one case of his, founcl pro
liferation of connective tissue, and emaciation of the nerve-fibres 
in the sciatic nerve. 

The niuscles are generally quite normal; they are at most 
simply emaciated in the later stages; degeneratirn atrophy of 
the same has been found, as a very rare complication, in individ
ual instances. 

Certain of the cranial nerves, on the contrary, are more fre
quently the seat of changes. This occurs oftenest in the optic 
nerves, which show gray degeneration-essentially the same 
change tliat takes place in the posterior columns-proliferation 
of connective tissue, rapid and complete disappearance of nerve
fibres, and numerous corpora amylacea. The trunks of the optic 
nerves are generally most intensely attacked; still, the affection 
may also extend throughout the entire length of the optic tract as 
far as to the corpora geniculata. Thus far it has proved impossible 
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to find any anatomically demonstrable continuity or the gray 
degenerntion between the optic nerves and the posterior columns. 

In quite rnre cases, alterations belonging to the class of atro
phy and gray degeneration have also been found in some other 
cranial netTes (ocnlomotorins, abducens, hypoglossus). 

The nuclei or these nerves, on the floor of the fourth ventricle, 
also appear sometimes to be affected. 

Among the pathologico-anatomical changes found in other 
parts of the body those of the joints claim special interest. In 
those cases in which disease of the joints belongs to the symp
toms of tabes dorsalis we find a disappearance of the articular 
cartilages, a grinding off of the articular head and of the cavity 
for its reception, the surfaces of which are hollowed out and 
rough, or ground oiI and flattened; a peculiar characteristic of 
this condition is that with the rapid clisappearance of bone there 
is so insignificant a tendency to exostosis. In more recent cases 
the amount or articular fluid is materially increased, points of 
thickening and iungosities are found on the synovial membrane, 
the surrounding sort parts are more or less strongly and exten
sively swelled and suiinsecl with fluid. 

The changes in the skin (bed-sores, etc.), in the bladder (cys
titis, ulceration, diphtheria, etc.), in the kidneys (pyelonephritis, 
interstiLial abscesses, etc.), in the respiratory apparatus, the di
gestive apparatus, etc., are the same as in chronic myelitis. 
They belong to the very latest stages of tabes or are more acci
dental complications. 

Pathology of Tabes Dorsalis. 

Symptoms. 

I give first the general pict1ire of the disease in the ordinary 
typical form of tabes, which includes by far the greater numb~r 
of cases, and which, in my opinion, must constitute the starting
point for all further investigations and observations The remain
ing rarer forms I shall endeavor to characterize briefly farther on. 
In view of the importance of the malady, and the wealth and 
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manifold character of its symptoms, this delineation must be 
allowed a somewhat wide sweep. 

The disease almost always begins with an introductory stage 
(also designated as a precursory, prodromal or neuralgic stage), 
which may last for a very variable period of time, generally 
extendi

0

ng over many months or a few years-sometimes, how
ever, over a longer pe1fod of years. 

The mo t characteristic and almost constant signs of this 
stage are the lancinating neuralgiform pains; lively, stabbing, 
boring pains, shooting through a part like lightning, lasting for 
single days or nights, or often merely for hours; pains which 
may be of furious severity, generally occuning in paroxysms, 
and consisting of an aggregation of numerous single, often merely 
momentary impressions of pain; pains which often remain con
fined for a long time to one or both lower extremities, often 
changing their position within these, but which also extend far
ther to the trunk (very generally), and to the upper extremities 
(more rarely). 

These pains, occurring in paroxysms, are generally regarded 
as rheumatic in character and treated accordingly, and are often 
but little regarded for years. At first they recur but rarely, at 
intervals of months-for instance, in the spring and fall; gradu
ally they become more frequent and more tormenting, occur with 
every change of weather, especially with every considerable vari
ation of the barometer, with rain, wind, snow, and the like, after 
bodily overexertion, and after mental disturbances. 

They may last for years without any further symptoms being 
de,·eloped. 

Sooner or later, however, in many cases~by no means in all 
-symptoms appear on the part of certain cranial nerves; above 
all things, diplopia, caused by paresis or paralysis of various 
muscles of the eye, especially those supplied by the oculomoto
rius. This diplopia may be transitory and may change its place, 
or it may persist for a longer time, for some months; it is but 
rarely that such paralyses are permanent. 

Quite the contrary is true with rPgard to the arnblyopia, 
which is of almost equal frequency, not rarely arising in the in
troductory stage of tabes, and which more or less rapidly de-
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velops to complete amaurosis, being dependent on a degenerafo·e 
atrophy or the optic nerve, which is hardly ever capable of rn
covery. 

:More frequent, however, than these disturbances or the high
est sense, during the introductory stage, are disturbances qf tlte 
sensibility and mobility qf the lower extremities, which; after a 
longer or shorter time, become constantly associated with the 
lancinating pains, sometimes even preceding these, or at least 
arising simnltaneonsly with them. 

The first distnrbances are usnally those of a sensory charac
ter, appearing in the form of varions kinds of parr.esthesia; such 
as a feeling of numbness, the sense of having wool or felt on the 
soles of one's feet, formication in the feet, the legs, and thighs, 
also on the trnnk, and-what is tolerably freqnent and charac
teristic-in the ulnar domain of one or the other hand ; in other 
cases the sense qf a tight girdle at various heights on the trnnk, 
or also on the extremities, abont the knee- or ankle-joint. Anr.es
thesia which can be objectively demonstrated is very rare at this 
time. 

On the other hand, the sensations of motor weakness and 
insecurity, of growing more easily fatigued on standing or 
walking for any length of time, belong to the most constant 
symptoms. These may also, in part, be regarded as belonging 
to the class of sensory disturbances. That striking sense of fa
tigne, in particnlar, of which the patient is often aware even 
before he has left his bed in the morning, or which becomes qnite 
oppressive on the slightest exertion, especially on standing, and 
which is followed by an uncomfortable disquiet in the limbs, 
might be regarded, in part, as an irritation or parresthesia of the 
sensitive nerves of the mnscles. 

Undonhtedly, however, true motor disturbances are also asso
ciated with this condition; patients decidedly lose the strength 
of their limbs: exertions which were formerly borne with ease 
become a severe effort; their powers of endurance, in walking 
and standing, diminish mate!"ially. Patients find the perform
ance of these acts increasingly difficult and disagreeable; they 
feel themselves unsteady on their legs, believe that they sway to 
and fro, or actually do so to a slight degree, and yet sufficiently 
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so to be capable or objective demonstration. In many patients 
all these manifestations increase materially when it grows dark, 
and in such persons we can also always recognize a higher de
gree or disturbance when they close their eyes. All these mani
festations may require a variable length of time for their devel
opment. 

In many instances disturbances of tlte bladder appear sooner 
or later (difficulty of micturition, dribbling of urine thereafter, 
etc.}, and almost more frequently there is weakness and irrita
bility ef tlte sexual f1mctions (various grades of impotence, 
insufiicient erections, premattue ejaculations, nocturnal or diur
nal pollutions, increased excitability on coming in contact with 
women, etc.) . 

Among the much mrer disturbances at this period of the dis
ease are severe attacks of gastralgia (crises gastriques), which 
doubtless stand in close relation to the lancinating pains; pecu
liar affections ef tlte Joints (arthropathies des ataxiq ues) ; ltead 
symptoms of various kinds, as a sense of confusion, headache, 
pain in the neck, evidences of an oversupply of blood to the 
head, dizziness, great psychical initability or slight psychical 
aberration, etc. 

There is usually, at this period, but a very slight sense of ill
ness; nutrition is good; there is never, or but very rarely, any 
fever. Finkelnburg and llf. Rosenthal claim to have seen slight 
febrile disturbances in the initial stage. 

·while all the manifestations hitherto described increase, tlte 
stage ef tlte fully developed disease then approaches, generally 
very slowly and gradually. This may, with some propriety, be 
called the ataxic stage, on account of the symptom which most 
forcibly strikes the eye. Of course it is impossible to establish 
a sharp boundary between the stages. 

The unsteadiness of the gait increases more and more, until 
distinct distitrbanoe ef co-ordination (ataxy) is developed, and 
the patients clearly show the ataxic gait/ their legs are moved 
unsteadily, irregularly, and with a tlinging motion, the toes are 
pointed outwards and thrown into the air, the heels are brought 
to the ground with a stamp; the gait becomes insecure, swaying, 
staggering; the majority of such patients anxiously follow their 
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steps with the eye, and can only walk with difficulty, or perhaps 
not at all if they tLu·n away or close their eyes. 

At the same time their powers of enclura.nco diminish more 
ancl more; the promenades grow shorter ancl shorter; finally, 
every little trip throws the ])atient into a proinse perspiration; 
there is no longer any question of his standing on his feet con
tinuously. 

In remarkable contrast hereto, it appears, on examination in 
the lying posture, that the gross strength of the legs is not at 
all, or but very little, reduced; that single movements can be 
executed with almost normal strength ancl certainty. Still, on 
more careful examination, in the majority of cases, slight local 
pareses may be recognized. Tension of muscles is, however, en
tirely lacking. 

Soon, however, well-developed ataxy of the legs shows itself, 
even in the lying posture. Somewhat more complicated move
ments (movement in a circle, the touching of an object held be
fore them, etc.) are accomplished with increasing uncertainty, 
with many zigzag motions, etc., in spite of the anxious assistance 
given by the eye. This is frequently still more the case if the 
patients close their eyes, the movements then becoming quite 
uncontrolled, irregular, unmeasured. 

In the further course of the disease the ataxy k eeps increasing ; 
patients are obliged to avail themselves of one, and afterwards 
of two canes; eventually they have to be !eel; then they can no 

· longer walk under any circumstances, ancl finally they can no 
longer stan<l. On attempting to clo so, swaying and staggering at 
once begin, or the patients fall to the ground outright. 

Sooner or later the ataxy also extends to the itpper extremi
ties; this occurs with very variable rapidity in different cases, 
and sometimes does not occur at all, even where the disease has 
existed for years. The more delicate an<l complicatecl move
ments-writing, piano-playing, handiwork, etc.-are the first to 
become difficnlt or impossible; the attempt to take hold of 
things is accomplished with singular, jerking, irregular move
ments; the acts of dressing, eating, and the like become visibly 
morn difficult, and the patients are thereby rendered to a great 
degree helpless. 



TABES DORSALIS. 545 

At the same time the disturbances of sensation are liable to 
incrtase; the lancinating pains continue with varying intensity 
and frequency, tlw ense of a tight girdle is generally very con
sid1•mble and sometimes increases to a feeling of oppression and 
constriction. The diminution of sensibility in the legs is now 
likely to be distinctly and objectively demonstrable, though to a 
very variable degree ; sometimes it can hardly be demonstrated, 
eren on the most careful examination, at other times it is of a high 
degree and wel 1 pronotrnced. Partial paralysis ef sensation is 
also very common-analgesia, as well as partial paralysis of the 
sen$e of touch and the perception of temperature. Retardation 
qt' sensitiveness to pain is not mre, as well as the long continu
ance of sensations, or ltypc-ralgesia with diminished sense of 
touch. Almost always correspondinp: anomalies in muscular 
smsibility can also be demonstrated, such as a diminished 
perception of the position and attitude of the extremities or of 
1x1s~ive movements, greater difficulty in performing mornments 
with closed eyes, etc. 

The rljlex action of the skin acts variously ; sometimes it is 
increased, generally normal, often lowered or extinguished. On 
the other hand-and this seems to be a very noteworthy symp
tom - the rljlex action ef the tendons is always completely 
e.r:tinguislted, and this seems to stand in no regular relation to 
the reflex action of the skin. 

The disturbances in function of tlie blaclcler ancl sexual 
organs already referred to increase in intensity. The nutrition 
of the muscles generally remains intact for a very long time; the 
same is true of the nutrition of the skin ; at this period heel-sores 
are very rare. 

In some instance rnrious rarer symptoms are added to the 
disturbances already named. whereby the picture of the di ease 
may be rendered Ye1y manifold, but which must yet be looked 
upon as subordinate and by no means regular manifestations. 
Among these are disturbances of hearing, nystagmus, slight 
derangements of speech, troubles with the joints, muscular 
twitchings, muscular atrophy, attacks of suffocation, difficulty 
of swallowing, etc. 

Aside Crom tlw previously described disturbances of motility, 
YOL. XIIL-~J 
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of sensation, of reflex action, etc., an objective examination 
reveals but very li ttle. The spinal column is generally quite 
normal, nowhere sensitive. It is but very seldom that points 
which are pain ful on pressure can be demonstrated thereon. 
The urine usually remains normal for a Jong time. The internal 
organs are healthy. The general nutrition ordinarily remains 
good fol" a long time ; sleep, appetite and digestion are apt to be 
good, notwithstanding that pa tients suffer from more or Jess 
obstinate constipation. l\fany patients are strikingly well nour
ished, of blooming appearance, corpulent ; some, to be snre, pre
sent a pale, sickly, faded appearance. 

The psychical functions, intelligence, memory, di sposition, etc., 
generally remain intact for n. Jong time- often permauently. The 
observation of Steinthal that patients sick with tabes rejoice in a 
striking degree of cheerfulness and contentment, and bear their 
pitiable troubles with wonderful good humor, can often be con· 
firmed. or course, thi s is by no means always true, and but 
too many pat ients experience the burden of their tortured exis
tence with double weight. 

Thus ma tters may remain in this stage for many y ears (5, 10, 
15, or 20 years), slowly and gradually changing for the worse, 
and this does not exclude the existence or p eriods of s tanding 
still and fluctuations towards improvement. The helplessness of 
the pa ti ents constantly increases, their discomforts augment, the 
pains do not abate, and the whole misery of their condition is 
made more insupportable by the amaurosis, the incontinence of 
urine, the slowly developing vesical catarrh, etc. 

And thus the final stage gradually approaches-the stage of 
true paralysis and of increasing cachexia (stadinm paralyticum, 
paraplegic stage) . The motor power diminishes sooner or later, 
faster or slower, finally reaching the point of complete paraple
g ia; the legs grow stiff, contractions set in, a ncl deformities 
caused thereby, the muscles become more and more emaciated, 
the extremities g row thin and skeleton-like. 

Distinct disturbances of digestion now set in, the appetite 
diminb hes, the bowels g rnw increa8ing ly sluggish, and when a 
111 oveme11 t or the bowels is about to take place it ran no longer 
be held back. The prolonged paralysis of the bladder leads to 
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cystitis with its results; finally bed·sores set in , accompanied 
with fever, ancl if an earlier encl is not pu t to the suffering:; of the 
patient by some intercurrent d isease (typhus, pneumonia, pul· 
monary phthisis, dysentery, or the like), death finally occurs 
through general exhaustion. 

This is the way it goes in the worst cases. Sometimes, how
ever, we sec the disease, in its earli es t stages, turn towards a 
cure; it is true this is seldom enough the case- still it does 
occur. 

Or the di sease may come to a stand-still for a longer time, 
the patients remain for decades of years in the same situa tion, 
wi thout any ma teria l fhwtuations, un til finally the terminal stage 
brings about the end in a compara tively short space or t ime, or 
the unfortunate victim is carried off by some intercurrent di s-

The analysis of the individual symptoms of tabes brings us 
in contact with numerous interesting problems in tl1c pathology 
and physiology of the spinal cord, which may be conducted 
toward their solution by the accurate clinical analysis of this 
disease and through careful histological examina tions. 

JJistltrbances qf Sensib ility. 

Among the e, pain s tands largely in the fo reground, pa rtly 
on accoun t of i ts early occurrence as regards time, partly on 
accoun t of i ts g reat severi ty and frequent recmrPnce. 

This is very particul al'iy trne of the so-ca lled lancinatin.q 
pains (boring, da rting like lightning) which belong to the most 
regular manifestations of the ini tial stage, bu t also not rarely 
accompany the di sease throug hout its entire course. 

These are the exc0ssive1y severe boring or piercing pains
darting through like lightning , or sometimes rag ing in one spot 
for some seconds, and occasionally conveying the sense of n tight 
cord- which have already been gra phica ll y descri bed by so many 
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authors, antl which we ham also alre,uly previously attempted 
to ('hamcterize (p. 7.!). 

They usually occur in paroxysms, which are repeated with 
Yarying frequency, ancl which themseln:s, agn in, are compoSPll 
of a larger num ber of single painful sensations. They are at 
timc>s conlinctl to a small, ci rcumscribed region of the skin, and 
are th<>n uot nuely accompanied with a high ilegree of circnm· 
scribed hyperresthesia at the same spot, causing a light touch to 
be uncommonly 11ainful, while, on the contrary, stronger pres
sm e appears to be g rntefttl. Or these pains may be situatecl 
deep within the soft parts or in the bones, aucl one sees the 
patient every monwnt or two twitching in bocly and hi s face dis
torted with pain, sometimes even rnoaning nnd whimpering. Or 
the pains may follow certain definite nerve-tracts, in the form of 
neuralgia, as clarting pains through the limbs, generally desig
nated as "rheumatic." Then during the paroxysms the ne1Te
trnnks are likely to be sensit ive to pressure. 

The intensity of the pain is very vari able in different cases. 
Some patients arc so little troubled with it that it requires care
ful questioning to determine the existPnce of the pain. Others 
are obligetl to endure the most fearfol to1tures during the at
tacks, which eqnal in intensity the worst neurn,Jgi c paroxysn1s. 
Almost every patient gives a somewhat different description of 
the pain; but its momentary, boring, paroxysmal character, like 
a strPak of lightning, almost always stands fortlt so prominently 
that it can rpacl il y be recognized. 

The dnra tion or the inclividnal attack s is very Yariable: often 
bu t single darts or pain arise; at other times an attack of hall an 
hom is all that is exp<'rienced for one or several cl:tys; but fre
quently thP attacks last for hours ancl cla y~, and generally attain 
thei1· g 1·entest intensity during the nigh t. The in termissions rnay 
be qnite free from pain, 01· may present only moclerately painful 
sen~ations. 

The frequency of the attacks is extremely \'ariable: some
times they are repeated in the co n1·;;e of clays 0 1· we<> ks: at others 
thP indiviclunl attacks are separateil by intervals of months, and 
even of yen rs. 

It is not to be den ied that extemal impressions are of the 
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greatest in!luence on the occurrence of the attacks. This is 
undoubtedly true with regard to the in!luence of the weather . 
.\.!though this intluence may not be capable of being demon· 
strated with certainty in all patients, yet it certainly exists in 
many, and I have often been su rpri secl at the unanimity with 
which my tabes pa tients complained of attacks of pain on C<' I .. 

tain days. In our climate, patients ha,·e the most reason to fear 
wind, a. low barometer, rain ancl snow, also fog; hence, cloubt
ll'ss, the often observed greater frequency of the attacks in the 
spl"ing ancl autumn. In the height of summer those clays are 
especial ly to be feared on which there are thunder-storms. 

Aside from the intluence of weather, the attacks are also 
sometimes brought about by bodily exertion, emotional disturb
ances, the act of coit ion, and the like. 

The lanrinating pains unclonb tedly belong to the most con
sta nt symptoms of labes; Topinard states that they were want
in.!!; 22 times in 104 cases; in GO of my own obsern1tions, i11 

which a statement is made with regard lo them, thPy were ab
sent only 8 times; on paying more particular attention thereto, 
they may perhaps be found still more frequ .. ntl y . Q11ite lately it 
l"tppr ned that one of my pa ti en ts, on being repeatedly q nes
tionecl, stated that he had never hatl any pain; and then, when he 
happened to have a characteristic attack of pain, clcclarecl that 
that was his old "rheumati sm," from which he had sufie1'C'Cl for 
many years. Ge1wrally the pains precede all other symptoms 
for a longer or shorter ti me ; sometimes, howc\·e1-, they occur at 
the same time with othe1· sy mptoms, or follow them. " ' hene,·er 
the charactel'istic attacks of pain are met with , we may seriously 
suspect the preSPJH"e of tabes ; at the same time, it wo11lcl be a 
matter of interest to determine more positi,·ely whether si milar 
pains may not also occur here and there without any reference 
to sclerosis of the posterior columns, or whether they are, as it 
alinost appeai·s, well -nigh pathognomonic of tabes. 

" ' ith l'<'garcl to the artnal pathogenesis of these lancinating 
pains, we have as yet only conjectures, the most probable of 
which is that they are caused by initation of the posterior root
tib1·es within the po,tel'ior columns. Charcot, wit·h all positive
ness, places the anatomical location of the same in the external 
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bands of the posterior columns which contain the internal root
iibres, claiming that the lancinating pains are entirely character
istic of sclerosis of these bands. 

According to this, they might probably also occur in other diseases of the spinal 
cord as soon as these involved the above-named bands-for instance, in multiple 
sclerosis. 

Analogous perhaps to the lancinating: pains arc the visceral neuralgias described 
of late by a number of writers: the urethral and rectal colics, the gastrnlgic attacks 
(Dclamarre, Clrnrcot), the attacks of renal colic (Haynaud), etc., to which we shall 
refer again farther on. 

Pain in tlte back belongs decidedly to the rare symptoms of 
tubes. In many cases patients do not complain of the least ab
nol'm::tl sensation a.long the vertebral column; this is nowhere 
sensitive to pressure or on motion. Sometimes complaint is 
made of circumscribed or morn diffuse pain in the vertebrre, be· 
tween the shoulder-blades or in the small of the back. But 
these are manifestations of only slight se1·erity. In some cases. 
points which are painful on pressure may be founcl on the spi
nons or transverse }Jl'Ocesses of single vertebno-a fact to which 
J\101·. Meyer has recently again called attention '-which fumish 
an important basis for treatment, but which are, unfortunately, 
only too rare. 'Vhene,'er there is prolonged and severe pain in 
the back, when this pain is materially increased by movements 
of the body or of the extremities, by riding over a rough road, 
by pressure on the spinal column, we may suspect the immediate 
cause to lie in meningiLic complications, as has also been plainly 
shown by the descriptions of "'aldmann. 

Among the Yarieties of parcestltesia, which rarely fail iu the 
picture of tabes, the most prominent is the sense ef a tight girdle. 
It is apt to be extremely annoying to the patient; sometimes it 
appears as a very troublesome stnse of being tightly laced around 
the thorax or the abdomen, combined with a more or less severe 
sense or oppression, or it appears to the patient as if he were 
enclosed in a tight coat of mail. But it also not rarely occurs on 
the extremities, at the knee- or ankle-joint, or like a garter below 
the knee. The intensity of the sensation is very variable, fluctu-

1 Berl. klin, Wocbenscbr. 1875, No. 51. 
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ating from one clay to the next, but rarely rising to the point of 
severe pain. The most probable views with regard to its patho
genesis have already been given on page 75. 

The statements of patients with regard to the presence of 
other varieties of parresthesia, which so often occur, especially 
in the lower extremities, are exceedingly mani fo ld. The most 
common are the feel ings of formication, of numbness, and of in
sensibility. One patient says that he feels as if he were walking 
on felt soles or on wool , another as if he were walking on blad
ders Jillecl with water, etc. A sensation of burning in the skin, 
or of colrl, is al so not rare. The feeling of formication is not 
rarely confined to circumscribed spots in the skin m· tu the do
main of sing le nerves, as to the thigh, the perineum, or anus, etc. 
This or a similar abnol'lnal sensation is also especially frequent 
in the ulnar region of the upper ext remities, and I mnst, accord
ing to my experience, agree with Erdmann when he ascribes a 
certain significance to this symptom, which so often occurs in the 
initial .stage of the di sease. 

These forms of parresthesia belong to the most common man
ifestations o( tubes, and we shall rarely find a case in which 
the one or the other cannot be demonstrated. They usually 
appear in the earli est stages, and may then change their seat and 
the area o( their extension with the progress of the di sease. At 
the same time there is uot much that is charactel'istic about 
them, as they occur in so many diseases of the sp inal cord. vVe 
have already expressed ourselves with regard to their pathogene
sis on page 74. 

The appearance of kypc-rcestlwsia qf tlle skin is mnch more 
rare in tabes . Still, it occasionally takes place to a high degree, 
entirely irrespective of the quite circumscribeu hypermsthesias 
which sometimes accompany the lancinating pains. Then large 
regions of skin may possess a special sensiti\·eness over against 
certain kinds or all kinds of irritation. I have seen a man who 
showed a high degree of hyperresthesia towards impressions of 
temperature, over the entire back, while at the same time there 
was anmsthesia towards impressions of touch. It is also not rare 
to see a moderate paralysis of the sense of touch accompanied 
by a hig h degree of hyperrestbesia towards imp1·essions of pain. 
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The statements of physiologists with regard to the occurrence 
of !Jyperrosthesia in lesions of the posterior columns would suffi
ciently explain this manifestation; only one would then expect 
hypenesthesia to be much more common iu tabes. (Compare 
page 73.) 

Ancesthesia Qf the skin certainly belongs to the most regular 
manifestations, and to those most carefully studied with refer
ence to the theory of the ataxy. The possibilities with regard to 
the occlll'rence, the intensity and the extent of this disturbance, 
are positively innumerable. Almost every case beh:wes differ
ently in this respect. 

The patients themselves are often unconscious of the anros
thesia which objective examination demonstrates in them. Gen
erally, however, they are informed on the subject by means of 
various little discoveries which they have made on themselves: 
they no longer feel the floor distinctly; articles which they touch 
seem to them to be co,•ered with velvet; they cannot judge with 
certainty of the tempernture of a foot-bath; they cannot hold on 
to small objects with their fingers if they turn their eyes away ; 
they can no longer button their clothes, or tie n. cravat, without 
the looking-glass; they cannot readily handle things in their 
pockets ; and more of the same sort. If there is a higher degree 
of anresthesia, the patient is in great doubt, when in the dark, as 
to the existence and position of his legs, and he knows that the 
n.nresthetic parts mmt be taken hold of vigorously before they 
recognize any sensn.tion. 

A more accurate picture of the kincl and the clegree of anres
thesia can, however, only be obtained by n.n objective examina
tion. \Vith regn.rd to the methods to be employed in carrying 
this out we have expressed ourselves in detail elsewhere,' and 
w011ld refer the ren.der to what is there said. By these means we 
can, first, recognize the most varied grades of dulness qf' sensi
bility, often such insignificant and circumscribed disturbances 
- especially on the soles of the feet, the toes, and back of 
the feet - that they cn.n only be demonstrated by the most 

1 Erb, Diseases of the Peripheral Nerves. Tbir:i Cyclopredia, Vol. XI. p. 212 and 
following. 
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careful examination. Generally, however, we find distinct and 
easily demonstrable dimi1rntion of sensation, most marked in the 
feet and legs, but also not rarely extending over the thighs, the 
trunk, and even portions of the upper extremitiPs. The higher 
degrees of cutaneous anresthesia-such as occur, for instance, so 
frequently in transverse myeliti s, in slow compression of the 
cord, etc.-are but seldom observed in tabrs ; even in the latest 
stages such se1·ere anresthesia is an exception, aml in the earlier 
sLages, evcm though extending over many yt>ars, it may be stated 
as a mle that the cutaneous anwsthesia only reaches a moderate 
grade. 

On the other hand, especially in the later stages, more careful 
examination very often reveals the existence of partial paralyses 
of se11satio11. It woLlld carry us too far to describe in detail 
all tht> indil•idual possibilities of these interesting disturbances, 
almost evt>ry case behaving differently in this respect. Su ffi ce it 
to say that all possible combinat ions or partial paralysis or sen
sation, such as we have characterized on page HID of \' ol. XI., 
occasionally app<'ar-for, is not tabes the Yery richest fi eld of 
obsenation for these di sturbances 1 P erhaps analgesia occm s 
the most frequently-loss of the sensibility to pain with retained 
sensibility to touch; but the reverse is al so not rare : l'ctl'ntion 
m· even increase in the sensibility to pain, with diminution of 
sensibility to all or to some Yarieties of touch; partial pamlysis 
of the sense of touch may be co111bined with analgesia or hyper
algesia, or with hyperwsthesia towards i111pressions of tempera
tu1·e, ancl the like. According to Topinard, sensibility to tem
pem ture is, in many cases, retained an unusually long time ; in 
short, the indil'idual cases present an inexhaustible yaJ'iety of 
manifestations. 

At a. later period it is not rare to find n distinC't retardation 
eftlte conduction ef sensations, especially or impressions of pain, 
as we have a lready more explicitly set forth at page 70. This 
manifes tation, which has long been known, has r<'Cently_been more 
accurately studied (E. Remak, Osthoff, Nnunyn, Hertzberg); it 
is not !'are in the typical cases, as taught in the schools, and 
may even be found present in the ea rly stages of the affeC' tion. 
According to the most l'ecent ollserrntions, it at first seern ed as 
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though this retardation extended only to the sensation of pain, 
a fact which would stand in admirable accord with physiological 
conditions discovered by Schiff; indeeil, this is by far the most 
frequent state of things. And the statement of patients with re
gard to the double sensation produced, for instance, by the prick 
of a needle, on account of the normal rapidity with which the 
sense of touch is conveyed, and the retardation of the sense of 
pain, is often very striking, being the most so in typical cases of 
tabes, and being more frequently found, on carniul examination, 
than was hitherto supposed. But this retardation is by no means 
always limitecl to the sensation of pain; in fact, Hertzberg has 
demonstrated that in some cases the sensations of touch and of 
temperature are also retarded, although to a far less degree than 
those of pain. 

Usually, in such cases, a corresponding retardation ef rqfle:v 
action can also be demonstrated; likewise, as a mle, a strikingly 
long duration ef, not rarely a supplementary increase in, tlte 
sensation of vain, so that patients declare the highest degree of 
pain not to be reached until several seconds after it has begun. 
Intimately connected with this is the inability to separate with 
certainty and to count several tactile impressions rapidly follow
ing one another. These manifestations, too, have previously been 
spoken of. 

Not less frequent than the disturbances of cutaneous sensi
bility in tabes, are the anomalies qf11wscular sensibility, which, 
long since known and acknowledged, have recently been brought 
more into the foregrounil by Leyden. Here, too, the conditions 
may vary much. 

First of all, it may be said that the extreme feeling ef fatigue, 
which is so frequent ancl so annoying at the beginning o[ the dis
ease, may prrhaps be nothing else than a perverse condition of 
muscular sensibility, a parrosthesia of the sensitive nerves of the 
muscles. Spaeth has endeavored to establish this view; I must 
confess that it appears to me quite plausible, notwithstanding 
that it is thus far incapable of direct proof. In the same cate· 
gory with this sensation we might prnbably also rank the annoy
ing feeling of disquiet in the limbs which arises on sitting or 
lying still for any length of time. 



TABES DORSALIS. 555 

But a much more frequent and important manifestation is 
that of diminution of muscular sensibility which can, by means 
of the proper examination, be shown to exbt in persons suffer
ing from tabes. 

It is here less a question concerning so-called muscular sensi
bility, or electro-muscular sensibility' (though this may like
wise be diminished}, or concerning the so-called sense or power 
[KraftsinnJ, which, as Leyden has shown, does not figure so 
prominently here, being an essentially psychical act, than it is 
a question of the diminution of what is called muscular sense 
[Muskelsinn], which can very often be demonstrated in patients 
with tabes_ Such patients more or less entirely lose the sense nf 
the position or attitude of their lower extremities; in the dal'k 
or with closed eyes they do not know where their legs are, how 
thPy lie, whether they are crossed, or how far apa1t from one 
another they are. If one leg is passively placed in a certain po
sition and the patient is asked to put the other in the same po
sition, he cannot succeed in doing this at all, or but very imper
fectly, while a well person can do it with the greatest precision. 
These patients have likewise lost control over tlie extent and the 
direction of the rnovements requirecl Qf' them, if they are to exe
cute these in the dark or with closed eyes_ Their movements are 
thus rendered uncontrolled, excessive, shooting far over the mark 
or wide of it. This is generally mistaken for an increase in the 
ataxy which is commonly present. On careful observation, how
ever, it is easy to recognize that the true ataxic disturbances of 
motion are not essentially changed, that it is not the uncertainty 
o[ movement that is increased, not the zigzag character of the 
gait when the eyes are ciosed, but merely that the patient is 
uncertain with reganl to the direction or the motion to be under
taken, ancl does not know when he has reached the limit of the 
required movement. These two things are to be sharply dis
tinguished from one another. 

Finally, such patients have more or Jess completely lost the 
sensation wliich j1tdges of passive movements of tlte limbs. If 
the appropriate tests are made, according to the method given 

I Compare Vol. xr. 
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on page 67, it will be founcl that much more extensh·e move
ments are required than in a well per"on in order to prndncP any 
sensation thereof, and that pa.Lients are very much mislakt:.n 
with regard to the direction and the degree of the mo1•ements. 
In fact, it will be found, in the severer cases, that in certain joints 
such passil"e movements cannot be felt at all, and that, when 
their eyes are closed, patients are in absoh1te uncertainty ns to 
the position in which tlieir limbs have been placed. 

All these di sturbances sometimes, though much more rarely, 
occm in the upper extremities as wel l. 

It does not need to be specially insisted on, that it is not the 
sensiti ve nerves or the muscles alone which are to be held re
sponsible for these di sturbances, but that the sensitil·c nenes of 
the joints, the tendons, ligaments, fasci:-e, ancl in part of the 
skin also, must take part, if the group or di sturbances aborn 
describe(l is to be brought about. 

So far as concerns the occurrence of anmsthesin in tabrs, the 
statements of clifl'erent authors widely disagree. " ' hi le Leyclt>n 
rpga rds anmsthesin (cutaneous and musc ula1") as a very constant 
symptom, ancl is even inclined to beliern in its existence wlwre 
good and reliable observers have been unable to demonstrate it, 
a large proportion of other authors are of the opinion that while 
cutaneous and mnscnlar amesthesin, belong to the ve1-y frequent, 
they are by no means among the constant symptom s ot tubes. 
Topinard, for instance, in 100 cases, fonncl cutaneous an msthesia 
76 limes di stinctly, 15 times very lightly , and 18 times not at 
all; and among 50 cases that contained statements on the 
subject, muscular anmsthesia 20 times to a hig h degree, 8 times 
slightly, and 22 tim~s not at all. Friedreich has repeatedly and 
quite recently dPscl"ibed cases of intense sclerosis of the posterior 
columns in which the most accurate ancl exhaustive tests of sen
sibility, in all directions, have failed to show the slightest trace 
of cutaneous or muscula r anmsthesia, at least during very long 
periods ot the well-developed disease. I too must express the con
Yiction, founclccl on my own experience and special inve8tigation 
directed to thi s point, that- though they may be rare-there are 
case.~ qf well-pronomwed tabes in which every sort of disturb
ance qf cutaneous or rnusoular sensibility is lacking, or, at all 
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events, can11ot be recogniz1·d on the most carefnl investigation, 
while in such cases the highest degree of ataxy may be presPnt. 

In the remaining, much more frequent cases, "·hich cer1ainly 
constitute the rule, the anresthesia appears at \'ery rnriable wri
ods in the course of the disease. It is rare for a distinct, ohjec· 
ti rely d<>monstrable anmsthesia to be present in the initial stage; 
it generally does not appear till the beginning of the second 
stage. Topinart1 asserts outright that the cutaneou an;csthesia 
always appears simultaneonsly with or after the ataxy, never 
bel'o1·e it-a declaration which we cannot entirely subsC'ribe to. 
During the further progress of the tlisease the anrcsthesia may 
gradually increase in intensity and extent, so that, during the 
later pe1foc1s, at least the feet and lt>gs below the knee may be
come almost completely anmsthetic. Still, this is subject to the 
greatest \'ariation in individual cases. 

Notwithstanding the assertion of Leyden that, on carefnl 
examination, a dulness of cutaneous or muscular sensibility, or 
of both, can regularly be demonstrated. corresponding to the de
~l'PP of :ttaxy present, I must, on the strength of my own obser· 
rntions, suh•cribe to the opinion of numerous other obse1Ters: 
that, in patients wlw have tabes, there is not e1•en an approxima· 
til•d!J constrint relation between the degree Qf ata:r;y ancl the 
de!Jree of cvtaneous or muscular anrestliesia. Jn the typical 
and more frequent cases, it is true, both forms of c1istu1·hance arc 
usually very well marked; but, aside from tlwse there are numer
ous other cases of tabes in which there is a high degree of ataxy 
and only a very slight disturbance of sensibility. and still othet-s 
with well-pronounced disturbances of sensibility and but very 
slip;ht ataxy. 

The question of the pathogenesis of all these disturbances of 
sen:;ibility, a· regards tlw anatomical basis of the same, is gen
erally answerec1 on the supposition that the gray degeneration 
of the posterior colnmns and posterior roots is ahnndantly suffi
cient to explain the disturbances of sensibility here found. But 
the proof of this is not adduced. Serious doubts on the subject 
are arousecl by the not unfrequent cases in which the highest de
gree of gray degeneration of the posterior colnrnns has been 
found, without any considerable disturbance of sensibility; by 
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the experience of secondary ascending degeneration o[ the postP-
1-ior columns; by the physiological facts, which indicate with all 
certai11ty that a lesion of the gray matter of the cord always lies 
at the foundation of retardation in the conduction or sensations; 
by the investigations of \\r oroschiloff, which show that the late
ral columns take an essential part in the condnction of sensory 
impressions. This is not the proper place further to enlarge 
upon and to derell(l these doubts; but it does appear proper to 
state that gray degeneration of the posterior cord does not seem 
to us to fnrnish, with certainty, sufficient ground for the disturb
ances of sensibility in tabes. \Ve are more disposed to conjec
ture that wherever there are profounder disturbances of sensi
bility, retardation of conduction, etc., the gray substance (posterior 
horns) prominently participates in the anatomical changes. This 
point, however, as well as the degree of possible participation of 
the lateral columns in the causation of sensitire disturbances, 
must be left to be determined by fnrtlwr careful investigations. 

It may be permissible here to treat at once of a symptom 
which seems to us to stand in intimate relations to the distnrb
ances of sensibility, and which, by the frequency of its occur
rence, and through the authority of Romberg, has acquired great 
importance in the clinical history o[ tabes, viz., the patient's 
s10ciyi11g and falling to the gromul on closing his eyes. This 
belongs to the most constant ancl regular symptoms of ta bes. 
Still, there arn exceptions even to this; cases in which, with the 
highest <legree of ataxy, there is no swaying on closing the eyes, 
or at least the swaying which does exist is not aggravated 
thereby; there are always cases in which there is an entire ab· 
scnce or any disturbances of spnsibility. \Ve have already spo· 
k<>n of this manifestation in detail previously (page 93), and 
end<>a1·ored to dPmonstrate its intimate connection with the dis
turbances of sensibility. This symptom will never be found 
lacking where there are distinct disturbances of sensibility in the 
lower extremities. To be sure it also occurs, at least in its light
est forms, in not a few cases in which, as yet, no disturbance of 
sensibility can be objPctively demonstrated. \Ve are therefore 
disposed to regard swaying on closing the eyes as the first and 
lightest symptom o[ :1 cli111inutio11 in the so-called muscular sen-
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sibility, which is not, as yet, otherwise objectively clemonstrable. 
Inasmuch as constant sensory impressions coming from the 
periphery are necessary for the maintenance of the equilibrium 
ancl the position of the body in space, it is just in this very dis
turbance of equilibrium (in swaying) that the least distmbance 
of these centripetal currents is noticecl the soonest. At all events, 
we must aclhere to the opinion that this symptom does not stand 
in closer relation to the symptom of ataxy. 

Disturbances ef Motility. 

The most important among the symptoms belonging here, ancl 
the one most thoroughly discussed, is unquestionably the ataxy, 
the disturbance Qf co.ordination, ef tabes. 

The characteristics of this disturbance of motility are that the 
certainty and precision of movements, especially of all combined 
and complicated movements, is naturally diminished, while the 
strength of individual movements and the certainty of the simplest 
mornmenls is not at all, or but very slightly climinished. \\'hat 
we ham here is a disturbance in the co·ordination of movements, 
and not a true paralysis. Notwithstanding the frequency with 
which an unmistakable diminution e\'en of grnss motor power, 
and especially of endurance, can be demonstrated in tabt>s, still 
th is paresis is by no means the typical feature in the picture of 
the disease. In all typical cases the true disturbance of co-ordi
nation certainly stands very much in the foreground as comparecl 
to the paresis, and the amount of the disturbance of co-ordina
tion is out of all proportion greater than that of any paralysis 
that may be present. Ataxy, and not paralysis, is tlte essential 
ancl cltaracteristic disturbance of motion in tabes. 

The method of appearance of the ataxy is, in the great ma
jority of instances, the same. The disturbance almo~t always 
begins in the lower extremities. In the lightest grades the ex
periencecl eye notices a certain unsteadiness and irregularity in 
the gait; the steps grow some\\·hat uneven, the position o[ the 
feet somewhat inegular; morn difficult movements betray a 
higher degree oC insecurity; rapid swerving to thP right or left, 
quick turning around, am accompanied with distinct swaying; 
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the patiPnt finds greater difficulty in running and hopping, climb
ing stair::::, steppi 11g upon a stool, walking o n a crack, walking 
on a waxed floor, etc.; not unfreqnently they complain of an 
aggravation of all tlwse troubles at e\·ening1 in tlte dark, or wlwn 
they shut their 0yes. No material di sturbance is as yet noticeable 
in standing; only in standing with closed pyes is there a slight 
degree of swayi ng, the patient quickly grows uncomfortable, or 
slight tw itching rn ovPmcnts of the anterior muscles or the leg may 
set in. Standing on one foot grows very uncertain, ancl soon im
possible. On lying down, however, nll movements generally seem 
as yet altogether quiet and secure. and arc commonly al so per
formPcl with out any material diminution in gross strength. 

Soon, howe1•er, the distmbancc reaches a highn- grade; now 
the mm·pments of walking grow quite un:;teacly1 excessive, and 
are exrcuted with a flinging mot ion ; the toe of the foot is flung 
forward and outward with a bri sk motion, tho heel is brought to 
the ground with a stamp, the knee is held as st ill' as possible, 
and genernlly the patient is seen to follow the movements of hi s 
feet slmrply with his eyes, his glance directed to the ground. 
The gait is thereby rendered to a high degree shaky, insecure, 
reeling, the steps quite une1·en and jerky; the line pnrsned in 
walking is inegular1y zigzug. 

'l'he distmbance now also makes itself more di stinctly notice
able in standing; patients sway and oscillate to and fro, espe
cially iC they are made to stand with their feet together; back
ward rnon•ments of the legs and trunk disturb the equilibrium; 
that form of ataxy has been reached which Friedreich bas of late 
very apprnpriately designated as static ata:ry, anc1 has set up 
oi-er against locomotor ataxy. The former is made manifest dnr
in1; thr qniet fixation of the extremities or the trnnk, such as is 
reqni rel1 for the q uiet stretching ont of nn arm, the quiet h olding 
up or a leg, 01· in sitting ancl standing; th e latter occurs dul'ing 
the ex<>cntion of movements of the trnnk or extremities, and 
represents a lighter grade of ataxy; stati c ataxy appears only in 
the Jat <•r s tages and in advanced di sturbances. 

Bnt now, even movements performed when ly ing down, and 
which are comparatively simple, also become dis tinctly ataxic, 
and it is precisely t he st t1dy of these movements which I consider 
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as especially calculated to insme a correct insight into the truP 
essence of ataxic disturbances of motion. The patients are un
able to touch an object held before them by means of a quiet and 
uniform movement of the tip of the foot, but the line of motion 
executed is an irregular, zigzag line; simple raising of the leg oc
curs in a similar line, rendered irregular by brisk side movements; 
the leg which has been lifted falls back upon the bed at a point 
more or less remote from its former position; instead of describing 
a circle with the tip of the foot, as the patient intends to do, he de
srribPs quite an irregular figure with a zigzag outline; it thereby 
becomes eddent that the direction of movement in general is 
retained, but that a straight or uniformly curved line has become 
an irregular and zigzag line. Patients are unablp to execute any 
quiet and steady movements, and even the simplest motions are 
executed in a jerky and abrupt manner. In many cases this 
becomes much more distinct if the same movements are required 
to be made with closed eyes; but this is only true when there is 
a simultaneous disturbance of sensibility, especially when there 
is muscular anresthesia; to the ataxy there is then added un
certainty with regard to the direction and the degree of motion 
required, which thereby becomes quite excessive and uncon
trolled. In those cases, however, in which sensibility is entirely 
intact, it is easy to demonstrate that the ataxy is either not at all 
inlluenced by closing the eyes, or but very slightly increased. 
And in all cases that are at all extreme it can be shown that the 
most careful control on the part of the eyes is not capable of 
doing away with the actual ataxy of motion. 

In the highest grades of ataxy, finally, it becomes entirely 
impossible for patients to stand or walk. The legs find no sup
port, slip out in every direction; left to themselves such persons 
at once fall to the ground ; if they are allowed to make attempts 
at standing or walking, supported on either side, their legs fly 
around in the air, widely and confusedly, are thrown in this and 
that dirnction by all kinds of irregular, paroxysmal movements 
not subject to the control of the will, and are incapable of giving 
the least support to the body. In wonderful contrast hereto, 
even in these cases, is sometimes the strength with which certain 
movements can be exPcnted, and the energy with which limbs, 

VOL. XIIL - 3G 



562 mm.-DISEASES OF THE SPIXAL CORD AND ITS ENVELOPES. 

which are utterly useless for standing or walking, can ofl'Pr re· 
sistance to attempt; at passive motion. In spite or this, such 
patients are u tterly helpless and are condemnetl to a permanent 
sitting or lying posture. 

The ataxy i; liable to appear much later in tlte upper extrem
ities than in the lower; it seldom attains such a high grade here, 
and-on account of the different methotl o( using the upper ex
tremities-appears in a somewhat moclified form. In the more 
frequent typical cases of tabes, ataxy of the upper extremities 
belongs to the more rare and certainly to the very late manifes
tttlious; just the contrary appears in those cases belonging to 
the group described by Friedreich; in tlwoe, atttxy or the upper 
extremities appear; very soon after that ot the lower, or almost 
simultaneously therewith. 

It manifests itself earliest in the innumerable more delicate 
acts in which we use our hands : in writing, playing the piano, ty
ing a cravat, buttoning clothing, drawing, cutting, etc. All these 
mo,·ements become more and more uncertain, difficult, irregular, 
the more so if they have to be carried out without the guidance 
of the eyes. At a later stage the simpler mo1·ements also become 
impeded, irregular, ataxic; here, too, it again appears that the 
dbtnrbance consists essentially in the transformation of rectili· 
near directions of movement into movement in inegular, zigzag 
lines. IC these patients are asked to touch an object held before 
them, with the tip of one of their fingers, they will shoot past the 
mark, and only reach it after repeatecl, inegular swaying to and 
fro in front or it. This is particularly marked if they are required 
to hold their two forefingers at a considerable distance apart and 
then bring them together with tolerable rapidity so that the two 
tips shall touch one another; hern the ataxy stands forth in a 
striking manner. Not less characteristic is the disturbance of 
co-ordination in reaching for an object held before them ; this is 
only reached by a ronndabout way ancl with jerky interruptions; 
at the momrnt when the fingers are about to reach it they are 
spread out again, and the whole act of grasping is performed in 
an uncertain, blind sort of way ; finally, in attempts to draw 
fig ures it1 the air with the forefinger, a circle, numbers, a cross, 
etc., the ataxy also stands forth very prominently-all the out· 
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lines are irregular and zigzag. This, too, becomes more so on 
closing the eyes, but only when disturbances of sensibility are 
present at the same time. 

At a later petfod there may also be static ntnxy in the upper 
extremities, as it has been strikingly depicted by Friedreich. 
Patients can no longer hold their arms still when stretched out 
horizontally, without the occurrence of slight backward move
ments of tlw same ancl of the hand ; they can no longer exert 
uniform pressure witll their hands, etc. 

In the highest grades, tinnily, the hands become entirely use
less for all Lill' acts o[ daily life; patients can no longer dress 
themselves, can no longer cany a spoon or glass to their lips, they 
can holcl nothing-in ;hort, tlwy are as good as completely de
pt-ii-Pel of the use of their upper extremiti >s, although here too, 
as n rule, till' mnseles arn still for a long time capable of a snr
prising development or strength. 

But the ataxy doPS not always confine itself to the extremi
tie'. Orcasionally that harmonious working together of the mus
cles o[ the trunk is also disturbed which is requisite for main· 
taining the lmlance in standing ancl sitting, and the body makes 
irregular swayinl( mo,·ements; ataxy of the muscles of tlte neck 
distmbs the quiet position of the head, which falls into irregnlar 
shaking a ttd swayittg. 'l'hns in the cases described by Friecheich. 

The same observer has formerly, as well as recently again, 
described distMbances ef speech ancl qf tlte movements of tlte 
l'!f"S which may, without forcing things at all, be rPgarded as 
ataxie, nncl the existence of which has been established by Fried
reich in a whole series of cases. The disturbance of speech be
trays itself first as a somewhat indistinct pronunciation of 
words; afterwards in the form of an irregular, stuttering inter
ruption of speech. It clecidedly does not take the form of delib
erate measured speech, for often whole sentences are uttered 
ra.piclly ancl then there is a slight stuttering, ancl this is repeated 
in quite an irregular manner, while at the same time the volun
tary movements of the tongue and lips are apparPntly quite 
unclistnrbed. In the highest grades this disturbance may be
come 80 extreme that 8peech is almost incomprehensible on ac
count of the bad articulation. 
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Ataxy shows itself in the movements of the eyes as a form of 
nystagmus, which appears on attempting to fix the eye on an 
object held at rest, or to follow a moving object; a nystagmus 
which is independent of disturbances of vision and affections of 
the refracting media, and which is entirely absent when the eye 
is at rest and no attempt is made to fix it npou an object. 'l'he 
greater and more numerous the movements requisite for fixing 
the eye on and following an object of vision, the more distinct 
and pronounced will be the appearance of the uystagmus, in the 
form of twitching movements of the eyeball, which do not fol
low one another with the rapidity of these movements in ordi
nary nystagmus, and which take place principally in the trans
verse direction, but occasionally also in every other dfrectiou. 
"\Ve cannot but concur entirely in Friedreich' s designation of 
these movements as being ataxic; they differ from the mow
ments of ordinary nystagmus partly by their being independent 
of diseases of the eye, partly by the fact of their following one 
another with less rapidity, and partly in their occurrence exclu
sively during movements of fixation. 

The occurrence of these ataxic disturbances in the cranial 
nerves certainly constitutes one of the greatest rarities in the 
clinical picture of tabes; as far as our knowledge goes, thus far, 
it appears to be confined to the peculiar cases of sclerosis of the 
posterior columns described by Friedreich, and which will be 
given more fully farther on. In the typical forms of tabes these 
disturbances seem to occur rarely or never, in characteristic con· 
trast to the conditions obtaining in multiple sclerosis, as set forth 
in a previous section. 

But little is known with regard to ataxy in the domain of the 
other cranial nerves, especially the facial nerve, in tabes. In 
some few cases grimacing movements of the face have been ob
served. But at all events these are amongst the greatest rarities. 

After· the description given above, and if one has once care· 
fully observed a series of tabes cases, it will not be easy to con· 
found ataxy with any other disturbance of motion. Nevertheless 
in some instances difficnlties may arise. Some cases of chorea, 
in particular, may easily be mistaken therefor, and yet this is 
only because superficial observation sometimes reveals a remote 
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similarity between the two forms of motor disturbance. For 
more accurate observation at once shows striking differences 
between them. Let any one read the admirable description of 
choreic movements given by von Ziemssen (thisCyclopredia,Yol. 
XII.), and he will not doubt for a momenc that it is here by no 
means a question of ataxy, but true cramp. Friedreich has 
again recently drawn a sharp line of distinction between the two 
forms of motor disturbance: ataxy appears only during volun
tary movements, and ceases during rest; choreic twitchings con
tinue also during complete rest of the body, and they only 
incidentally disturb the otherwise quite well co.ordinated volun
tary movements; choreic twitchings almost always affect also 
the face and the tongue, ataxic disturbance does this but seldom, 
and then only in a subordinate manner. \Ye would add that in 
ataxy a certain definite movement (taking hold of things, walk
ing. etc.), whene,·er it is repeated, is always disturbed in about 
the same way, while choreic twitchiugs have something entirnly 
accidental and irregular about them, ancl form a picture of motor 
dist1ubance of a constantly and strikingly changeable type. Of 
<·onrse, the other accompanying manifestations would also not 
readily permit us to confound ataxy with chorea. 

Nor will ataxy be easily mistaken for the tremor of 1nultiple 
sclerosis to which we have already explicitly referred (page 100). 
In this tremor there are regular oscillations in the line of move
ment; in ataxy there are quite irregular zigzag movements, which 
by no means make the impression of a tremor. Still, it must not 
be forgotten that both disturbances may occur alongside of one 
another, as is, indeed, not rarely the case in multiple sclerosis. 

· Less likely yet is ataxy to be coufounded with tlte tremor qf 
paral!Jsis agitctns. The very manner of this tremor, which 
moves in very small oscillations, positively forbids this mistake. 
Added to this is the fact that the patient afflicted with paralysis 
agitans can, for a very long time, still execute voluntary move
ments with great p1·ecision and without trembling, while ataxy 
only arises during voluntary movements, and is absent during 
rest. 

The appearance of ataxy almost always occurs at a period of 
time more or less removed from the beginning of the disease, 
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after having been preceded by the symptoms o( th<> initial period 
for months and years, sometimes many ye::irs. Indeed, we are 
ordin::irily ::iccustomed to reckon the beginning of the second 
stage from the time or the appearance of ataxy. Still, this varies 
in different cases; the disturbance arises with very varying rapid
ity, and ataxy may even figure among the earliest symptoms, or 
even be the Jirst and for a long time the only symptom o( the 
disease, as in several cases described by Friedreich. But for the 
ordinary typical cases the rule holds good that ataxy does not 
appear until after varioLlS initial symptoms have existed for 
months or even for years. It must still be regarded as question
able whether the cases of "'acute ataxy." described by a num
ber or observers, or those ataxic disturbances observed after acute 
diseases (diphtheria, typhus, variola, etc.), and which are gener
ally developed with striking rapidity, are really to be accounted 
as trne tabes. 

Great difficulty has for a long time been experienced in arriv
ing at a pathogenetic explanation qf the symptom qf ataxy. 
Innumerable attempts at an explanation have been set up, the 
most various hypotheses have been defended with more or less 
of spirit and of goocl fortune, and discussions with regard to the 
"theory of tabes" have hinged only too much on the theory of 
the symptom, "ataxy." It would lead us much too far to enter 
into a full discussion and explanation of these inte1·esting points 
of dispute. 

'Ve have already at a previous place (p. 83 et seq.) entered 
somewhat minutely into this question, and have endeavored 
to make clear the method of origin of spinal ataxy. After ma
turely weighing the various views, we came to the conclusion, 
based upon the facts thus far ascertained and supported by nu
merous investigations of our own, that the ataxy, in tabes, can by 
no moans be 'made dependent upon the clist1irbance qf sensibility 
which may happen to coe:cist, but that it 11mst rather depend 
iipon a dist1irbance qf co-ordinatory tracts l?Jing within the 
spinal corcl; that it is therefore a "motor" ataxy. 

To-clay we have but little to acld to the explanations there 
given, and we have nothing to take back of the views there ex
pressed, in spite of the explicit defence which has, in the mean-
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time, been put forth by Leyden, whereby he endeavors to uphold 
his former theory. On the contrary, we are only confimwd iu 
om opinion by renewed study of the literature or the subject and 
accurate observation of new cases, so that we have no doubt that 
the ataxy in tabes is not at all, or at l~ast in but a very unim
portant manner, influenced by the disturbance of sensibility. 

In the nwantime Friedreich has also opened up the question 
mww in a thorough and admirable work, has refuted Leyclen's 
view, and has thoroughly fortified his own opinion, which is to the 
effect that the immediate cause of ataxy does not lie in a disturb
ance of sensibility, but that it must rest upon a disturbance of 
co-ordinatory tracts within the spinal cord. 

It only remains for us here to introduce to the i·eader a few of 
the most prominent advocates of different views, so as briefly to 
rnnder him familiar with the various attempts at the explanation 
of ataxy. In so doing, we can only permit ourselves a very brief 
criticism of the same. 

A whole group of authors, being led thereto by the anatomical conditions found, 
which in the main show disease of the posterior roots aucl the posterior columns, 
nn<l by the physiological investigations which nssign to these parts only sensitive 
functions, or at least only the function of centripetal conduction, seek t110 causes of 
ataxy in a disturbance of the sensitive fanctious, or nt least in a disturbance of the 
centripetal excitt\tion which is conducted through the posterior roots. 

A part of these authors seek the causes of ataxy, independently of the disturb
ances of conscious sensation, in a disturbance of the 1·ejle:c activity 1oitltin thr. spimil 
corcl. Thus, according to Jaccoud, the ataxy depends in part upon a distmbance 
of the cutaneous and muscular sensibility, and represents an anomaly of spinal 
motor irradiation and of spinal reflex action. 

According to Carre, ataxy is independent of conscious sensibility, but depend
ent upon disturbances of reflex activity, upon conscious sensibility. 

Cyan regards co-ordination as taking place through a rcfiex process within the 
spinal cord; disturbances of this reflex process call fo1th ataxy. The diminution 
in the excitation which is conducted through the posterior roots causes a sinking 
in the excitability of t11c motor nerves, and thus calls forth irregular, flinging, ex
cessive movements, because the patjent npplies too strong impulses of the will. 

Benodict set up n theory of his own, on the basis of certain experiments of Har
less. the correctness of which has with justice been challenged. Harless found, 
nnmely, that section of the posterior roots lowered the excitability of the mixed 
nerves belonging thereto, as he believes through the loss of a centripetal excitation, 
which is conductecl through the posterior roots. According to Benedict, the ataxy 
ll'>W bkes place through the failure of the regulating influence of tlic spinal cord1 



568 ERB.-DISEASES OJl 'J'JlE SPINAL CORD AND l'l'S ENVELOI>E~. 

which is exercised upon the periphery through the medium of the posterior roots. 
He considers the ataxy as independent of the peruption of peripheral sensitive ex
citation. 

Great doubt is thrown upon all these views, first, by the opinion established by 
Goltz and others, th:J.t the centres for the co-ordination of movements, for the main
tenance of the equilibrium. and the locomotion of the body, do not lie in the spinal 
cord at all, but higher up. To be sure it may be conceded that the proof of this 
opinion, at least with regard to the human spinal cord, is not entirely conclusive i 
at the same time it is to a high degree probable that the actual processes of co
ordination, which regulate voluntary activity, do not take place in the spinal cord 
at all. Tf the spinal cord were really possessed of the co-ordinatory functions 
ascribed to it, then-as was correctly urged against the views of Jaccoud--a de
capitated animal ought to be able to stand, or, having once been started in walking, 
ought to be able to walk further. 

The experiments of Cyou, however, arc out and out irreconcilable with the 
reflex theory, and thus this author has himself refuted his own views. Ile has 
shown that section of the posterior roots (which nre supposed to have caused these 
reflex manifestations) causes no interference with ordinary movements (jumping, 
hopping, swimming, etc.), or at most interferes only with the most complicated 
movements, for the explanation of which the simultaneous disturbance of sensi
bility undoubtedly suffices. But we must certainly agree with the authors here 
cited in the opinion that conscious sensation, or the disturbance of its tracts, cannot 
possibly have anything to do with the ataxy. But the recently discovered fact of 
the apparently almost constant failure of the reflex action of the tendons in ntaxy 
at least leaves the remote possibility open that disturbances of certain rcllex tracts 
in the spinal cord, which act in an entirely unknown way in the co-ordination of 
movements, may have a relation to the ataxic disturbances of motion. This might 
be more carefully investigated in the future. 

The view advanced by Leyden originally regarded the disturbances of conscious 
sensihility as the essential cause of the disturbance of co.ordination, nnd Leyden 
bas taken much pains to demonstrate the disturbances of conscious sensibility in 
all patients, and asserts that these always exist to a degree n.hout corresponding to 
the degree of ataxy. Tie therefore also attaches the greatest value to the careful 
examination of conscious sensibility. Almost all other authors have expressed 
themselves as opposed to this significance of conscious sensibility, and so of late 
J .. eyden himself also admits that it is not conscious sensibility that lies at the foun
dation of these co-urdinatory functions, but tbat probably these unconscious cen
tripetal excitations within the spinal cord arc conducted through the same tracts 
as the conscious sensations. 

Leyden has most recently defended his theory over against the exceptions taken 
thereto, and expresses himself to the effect that, even though the question of the 
orig in of ntaxy through disease of the posterior columns be not satisfactorily rc
sol vcd, the cause of cttflxy is lo be sought in the loss of the connections leading in a 
c-e11tripetal clirertion b1 t1ocen the pt1·iphery aml tlw centre of co-ordination. 



TABES DORSALIS. 569 

We must admit that Leyden's view bas something seductive about it, and that 
the way in which he has sought to refer the ataxic disturbance of locomotion back 
to a disturbance of the muscular sense appears to us quite pbusible. \Ve would 
also accept this theory without hesitation if a whole seri es of well-established facts 
did not exist which make this doctrine a logical impossibility. We have already 
adduced these facts at another point, and have drawn the conclusions resulting 
from them. We can furthermore refer to the new work of Fricdreich, which 
brings forward ,such facts in still greater completeness, and radically refutes the 
deductions of Leyden. We may here perhaps add the cases of Trousseau and 
Bourtlon, in which there was distinct ataxy with no anrestbesia of the sk in or 
muscles; then a case of Ebstein's 1 in which there was sclerosis of the posterior 
columns accompanied Uy a high degree of ataxy without any disturbances of sensi
bility i finally a case of Eugcsser's,~ from Kussmaul's clinic, in which muscular 
feeling was extinguished, cutaneous sensibility diminished, and Romberg's symp
tom present, without any trace of ataxy. 

\Ve must attach special value to the newer cases of Friedreich (which we were 
nble, in part, to examine ourselves) in which exhaustive tests of sensibility, applied 
in all directions, showed no trace of disturbance of cutaneous or musculnr sensi
bility, although a high degree oC ataxy existed. When Leyden seeks to weaken 
the force of these cases by saying that they appear to him to deviate from the usual 
type of tabes, and arc, therefore, 11 not directly to be credited to his theory," we 
can only reply that, from the standpoint of scientific logic, it appears to us, in such 
n dilemma, where well-established and undoubted facts will not fit a theory, much 
more correct to let the theory fall, than, for the sake of the theory, to reject the 
facts as inapplicable. 

In like manner we cannot accept the rejection, proposed by Leyden, of the . case 
of Spaeth and Schueppcl (page 89). We do not sec why "the turning to any 
theoretical account of so exceptional a case" should be "impo!:isible. '' ·when 
such a case has been so accurately and repeatedly investigated, and that with special 
reference to Leyden's theory, it can surely be turned to account, even iC it should 
throw the highest degree of doubt upon that theory. And when Leyden adduces, 
as the main argument against this case, that we might just as well conclude there
from that disease of the posterior columns has nothing to do with ataxy, we must 
confess that this conclusion docs not appear to us by nny means so absurd, and that 
this very case of Spaeth and Schueppcl furnishes one of the grounds on which we 
advocate the possibility, and perhaps probability, that the co-orclinatory tracts may 
not lie in the posterior columns themselves, but only in their neighborhood. 

At all events, it would rc>quire new, well·confirmcd, and unequivocal facts to 
make the theory of Leyden tenable i it can, in our opinion, simply not be main· 
tained on the basis of the facts and observations now kuown. The disturbance of 
sensibility, as far as it has been possible thus far to investigate and confirm it, can· 

1 Deutscbes Arcbiv f. klin. l\Icd. X. p. 595. 
t Ibidem. XVII. p. ;177. 
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not have anything essential to do with the ataxy i it may perbnps have some influ· 
encc in determining thcjOrm of the ataxic mauifcstatious, but probably bns none in 
producing them. The ataxic movements, in walking, for instance, may indeed be 
somewhat modified in their method of appearance, and perhaps increased, by the 
disturbance of sensibility, but they cannot be called forth by this alone. 

It is possible that the tcl>tiug of "unconscious 11 sensibility, of reflex action, a.ncl 
especially the more careful following up of the reflex action of the tendons, may 
afford some new fixed points for this theory. This remains to be ~ccn. But I c:rn 
nlr<'ady state, on the ground of some cases quite recently observed, that the failure 
of reflex action of the tendons proLably also does not stand in any constant causal 
relation to atuxy. I have seen two cases in which them was undoubted atnxy with 
distinct increase iu the reflex action of tendons, and one case of atuxy with fail
ure of the reflex action of tendons (after diphtheria); this latter symptom persisted 
after the ataxy had long since disappeared. 

For the prc!S<:nt we consider those theories admissible which make the ataxy de
pendent on ct disturbance of tl1e apparatuses of co-ordinatio11. tlLrmselves. 

It is out of the question to suppose that we arc dealing with a disturbance of 
centres of co-ordination lying outside of the spinal cord, as was taught by the theo
ries of Duchenne and Eisenmann. In tabes we have undoubtedly to deal with an 
affection of the spinal cord; the ata:xy can, therefore, hardly be made to depend on 
a disturbance of the cerebellum-if, indeed, the centre of co-ordination lies there. 

Fiukelnburg considers the explanation of ataxy by a disturbance of sensibility 
as entirely untenable i according to him, it is a question of an immediate disturb
ance of the power properly to co-ordinate muscular movements. 

Topinnrd likewise denies that motor weakness or cutaneous or muscular aures
thesia has nuy influence on ataxy; he considers the rather that this takes place by 
a disturbance of the co-ordinating function of the spinal cord, which he looks upon 
as a reflex power. llis opinion is open to tlie same objection as all reflex theories. 

Spaeth says: Atnxy cun Qnly be explained by the disturbance of some definite 
apparatus which, under normal conditions, presides onr the funct ion of the co-or
dination of motion. This apparatus would seem to haYe to be sought in part in the 
gray substance of the spinal cord. Spaeth, like Topinarcl, wrote at n time when 
the situativn of the centres of co-ordination outside of the spinal cord was not yet 
demonstrated. 

Friedrcich's opinion is to the effect that ataxy is caused by a disturbance of 
those tracts in the spinal cord which conduct the influence of the centre of co-ordina
tion (which is to be eought outside of the cord) to the motor nerves. These tracts 
lie in the posterior columns. 

Our own view, already expressed above, is also to the effect that ataxy depends 
on ~disturbance of co-ordinatory tracts lying within the spinal cord, and leading 
in a centrifugal direction. 

We are therefore forced to the conclusion that there must be 
co-ordinating tracts in tile spinal cord, tracts which maintain the 
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communication between the centres of co-ordination and the 
peripheral motor nerves, and that ata.xy can be explained only 
through a disturbance of these tracts. The question of where 
tliese tracts lie naturally obtrudes itself. Naturally, we first 
think of the posterior columns. But there are some objections 
to this view. One is, that cases of extensive degeneration of the 
posterior columns have been observecl without any ataxy; an
other argument against it is the Spaeth and Schueppel case; 
another is perhaps the so frequent inrnlvement of tile gray mat
ter and of the lateral columns in th_e later stages of tabes. W e 
would therefore not regard the question as decided with entire 
certainty; we have alreacly previously expressed ourselves on 
this question (page 95), ancl have scaTcely anything to add to 
what was said there. Ought not, in the future, more attention, 
perhaps, to be g iven to the "direct tracts from the cerebellum 
to the lateral columns" which have been stuclied by Flechsig? 
At all events, many questions here remain to be solved by fntLITe 
investigation. 

The fact of swaying on closing tlte eyes, previously referred 
to, has been regarded as having various different relations to 
ataxy, and as being a sign that ataxy was increased by closing 
the eyes. 'Ve have already previously shown that this is not 
correct. In fact, there are numerous instances where the sway
ing is present long before ataxy arises; ancl others in which, 
while the ataxy is great, closing the eyes causes no increase in 
the swaying; in these latter there are no disturbances of sensi
bility. Therefore this symptom, which, it is true, is seldom 
absent, remains chiefly as the sign of the existence of disturb
ances of sensibility, especially of the disturbance of muscular 
sense. If, nevertheless, in some patients suffering from tabes, 
there is a slight increase of ataxy on closing their eyes, tl1is only 
proves that a moderating and directing intluence can be exer
cised over the di sturbance through the sense of sight, after the 
withdrawal of which the disturbance stands forth in its true 
magnitude. 

Among the remaining motor disturbances the first that de
serves notice is the 1notor weakness, which may afterwards in
crease to complete paralysis. As a rul e, the" complete retention 
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of gross motor power" does not go very far. There are, indeed, 
individual instances, in which the ataxy is also liable to be espe
cially well marked, in which the patients are capable of an ap· 
parently quite normal and even unusual development of strength, 
offering exceedingly energetic resistance to pas:sive movements, 
and executing all single movements with great power. But 
these cases do not constitute the rule, and in many of them there 
will at least be found a distinct diminution in the pozoer of en
durance (Ansdauer) of motor efforts. Just this very diminution 
in the power of endurance of movements belongs to the earliest 
and most nrnrkPd symptoms of tabes; and the lively feeling of 
fatigue in such patients appears to stand in somP i·elation thereto. 

But in the great majority of tabes patients, ancl especially in 
the typical ones, a distinct dirninution ef rnotor power can early 
be demonstrated. Topinard already observed this, and Cyon 
claims to have found this motor weakness in almost all tabes 
patients. llfy own observations agree therewith in so far as that 
very distinct motor paresis is to be demonstrated in at least one. 
half of all cases. Here and there I have also observecl transitory 
paralysis in the domain of single nerves-for instance, the pero
neal-but this is very rare. Pierret most recently pronounces 
these partial and temporary paralyses in the extremities as a 
very common appearance in tabes, and seeks, by these alone, to 
explain the disturbance of co-ordination. But we must await a 
more accurate confirmation of this theory of ataxy. 

In the later and latest stages, however, true paralysis seldom 
fails ; the legs grow heavier and heavier, finally, more or Jess com
pletely paralyzed, they emaciate, contractures set in, etc. \Vith 
the appearance of paralytic symptoms the ataxic manifestations 
naturally fall more and more into the background, and finally 
disappear al together. 

It is in the highest degree probable that these last symptoms 
-paralysis, with contractures-are to be referred to a final spread 
of the anatomical process to the lateral column . \Vhether the 
earliest symptoms of motor weakness ancl exhaustion can also be 
explained in the same manner, may still be a matter of doubt; 
at the same time, in the present state of our knowledge, we are 
quite inclined to the idea that, wherever distinct manifestations 
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of motor weakness are present, there is some, even though but 
slight, involvement of the lateral columns or the gray substance. 
Tliis, however, can only be decided by further investigations. 

In tabes there is but very little to be seen in the way of mani
festations Qf motor irritation. Here and there, particularly in 
the earlier stages of the disease, slight jerking contractions may 
be observed, spasms of single muscles, occasionally also fibrillar 
contractions. Not unfrequently there are also stronger twitch
ings of entire extremities, and the like; but these occur almost 
always only in connection with lancinating pains, and, therefore, 
are doubtless to be regarcled as reflex. 

There is an entire absence of only so-callPd musC'1tlar tension 
in all genuine and typical cases; the limbs are limp, easily mova
ble, and do not offer the slightest resistance to passive move
ments. 

On the other hand, in the later stages, muscular tension and 
contractures may also arise, with the true paralysis, and may 
finally reach so high a gradP that the limbs remain immovable in 
the position of extension or flexion, as they do in the later stages 
of multiple sclerosis or of chronic myPlitis. 

The statements of authors diller much with regard to tlte re
lations Qf electrical excitability in tabes. This is sometimes 
said to be heightened, sometimes normal, sometimes lowered. 
The truth probably is, in other words, that the conditions of 
electrical excitability vary in different stages of the disease. 

In my own examinations-and I pay no regard to any that 
are not made by my own method, which alone is applicable in 
such cases-I found tlH' faradic and galvanic excitability, in a 
whole series of cases, to be quite normal in respect both to 
quality and to quantity. 

In another series of cases I found a distinct, even though but 
slight increase in tlte faradic ancl gal~anic excitability in the 
domain of the peroneal nerves, without any qualitative altera
tions. 

And finally, in still another group of cases, I found a more 
or less distinct dimimttion Qf electrical excitability in the domain 
of the peroneal nerves, likewise without qualitative changes. 

On the whole, I Jiave received the impression that in the 
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earlier stages of tabes there is mther an increase, in the later 
stages rather a diminution, of electrical excitability to be demon
strated. In one case I observed this directly, finding the electri
cal excitability at first materially increased, anll afterwards di
minished. Still, in dew of the small amount of material before 
us, and the very variable intensity in the course of the disease, 
it is difficult to arrive at a definite conclusion with regard to 
these rnlations. 

I have thus far not found any qualitative changes of the gal
Yauic excitability in the domain of the peroneal (anomalies of 
the Jaw of twitching [Zuckungsgesetz]); in particular have I 
never be<'n able, in spite of careful search, to confirm what is 
claimed with regard to the existence of a grPater tendency to 
twitchings at the opening of the circuit. Only in one case was 
I able to demonstrate, in the region of the ulnar, the occurrence 
oi the AnSZ before the KaSZ, and a preponderance oi the former 
over the latter, with low powers of the current. 

Certainly, in the present situation of affairs, there is no great 
advantage to be gained, in the diagnosis or prognosis of tabes, 
from electrical Pxaminations; we will therefore give no further 
time to the subject. 

IJistiirbances ef Reflex .Action. 

These h:we hitherto, it appears to us, received perhaps too 
little attention; in most histories of cases statements on this 
subject are very incomplete or are altogether wanting. 

So far as the reflex action ef the skin is concerned, it presents 
no sort of constant or essential anomalies. According to my 
own observations it appears to present no considerable deviations 
from the nornrnl ; that is to say, reflex action is generally present, 
more or less well marked, sometimes very active, sometimes hard 
to call forth . I have but very rarnly found it absent; still it is 
known that this may be the case, even in health. In future these 
conditions should be more carefully observed, and it might per
haps be desirable in all cases more accurately to test the reflex 
action originating in the sole of the foot, that of the cremaster 
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muscle otiginating from the inner surface of the thigh, and that 
originating from the skin of the abdomen. 

Since writing the above I ha,·e carefully tested the reflex nction of the skin, in 
this respect, in eight typical cases of tnbcs. In all of them the reflex action of the 
tendons wns completely extinguished. Reflex il.Ction of the skin was retained in all 
of them, though in a very varying degree in different individuals. Sometimes the 
plantar reflex was very active, sometimes the crcmnstcr and the nbllomiual rcllcxes 
were more• marked, but in no case was there an absence of all the skin rcllexcs at 
once. No definite relation was found. to exist between the reflex action of the skin 
and the degree of utnxy present, 11or did the former bear any relation to the degree 
of disturbance of sensibility present. I have thus far merely rcc(•ivcd thr impression 
that the reflex action of the skin behaves the same in persons with tabr..; ns in those 
who arc well, the !alter also reacting with very yariablc degrees of intemity to 
cutaneous irritants capable of producing reflex action. Further investigations on 
this point arc to be desired. 

The conclition of reflex action ef tlte tendo1i.s, on the con
trary, is very remarkable in tabes, ancl probably also very im
portant. 'Vestpltal ' first calletl attention to the entire absence 
of the reflex action of tendons in tabes. Since then I lul\'e 
always paid attention to this symptom. and can fully confirm 
\Vestphal's statements. In all typical ancl well-developed cases 
of tabes the reflex action of the tendons is entirely wanting, even 
though reflex action of the skin may be pre:;ent ancl even in
creased. In only one case which I count as tabes, but in which 
there was, as yet, no ataxy, but only some initial symptoms, 
coulcl the presence or reflex action of the tendons of the patella 
be demoustratecl. "'herever the case had aclvanced to the de
velopment of ataxy, or even to slip;ht indications of the same, 
reflex action of the tendons was entirely lost. 

It would, of course, be in the highest degree interesting to 
know more accmately wlien reflex action of the tendons is ex
tinguishe(l-whether it disappears before or after the occurrence 
or ataxy, whether it disappears in the initial stage already, and 
thus to be able to establish the early diagnosis of tabes ancl the 
like. I have thus far labored i11 vain to clear up these questions. 
They require years of observation of single cases, or very favor-

1 Arch. f. Psych. u. Nervenkrankheiten. V. p. Sm. 
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able accidental circumstances. 'rhis matter is therefore com
mended to the study of our professional brethren. 

At all events, the great constancy of this symptom lends it a 
high diagnostic significance. It certainly stands in no demon
strable relation to cutaneous or muscular sensibility, nor to the 
reflex action of the skin. I have seen the reflex action of tendons 
fail when the cutaneous ancl muscular sensibility were entirely 
intact ancl when they were greatly diminished, when the reflex 
action of the skin was normal, raised, or lowered. This symp
tom, therefore, seems to be entitled to a certain isolation in the 
symptom-picture of tabes. At the same time there are compli
cated cases-and we shall retum to this again under the head of 
Spasmodic Spinal Paralysis-in which, together with ataxy and 
other symptoms of tabes, an increase in the reflex action of ten
dons shows itself, together with other manifestations of spas
modic spinal paralysis. These are certainly not typical cases of 
tabes, and they constitute well-characterized exceptions. 

Disturbances of the Organs qf Special Sense. 

'Ve would mention, first, the paralyses qf tlte ?nuscles qf the 
eve, which play a not unimportant role in the clinical picture of 
tabes. 

They most frequently affect the motor oculi and abducens, 
far less frequently the trochlear nerve, and manifest themselves 
by the corresponding disturbances of binocular vision, diplopia, 
strabismus, dizziness, etc. von Graefe calls attention to the fact 
that tabes patients who are suffering from diplopia show a strik
ingly small tendency to the blencling of images in binocular 
vision, which is supposed to point towards a central origin of the 
affection. 

These paralyses may arise quite transitorily, lasting, with 
varying intensity, for a couple of days, weeks, or mouths, then 
disappearing, ancl rnturuiug again after a longer or shorter time; 
in the later stages of the disease, however, permanent paralyses 
of the muscles of the eye doubtless also occur. 

Not infrequently disturbances ef accommodation also take 
place, pareses of the same, and alterations in the pitpils. The 
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latter are sometimes con tmcted or dihted on one side ; but more 
frequently there is a bilateral, uniform, generally pretty con
sidemble contraction of the pupils, which presents the characters 
of spinal myosis; that is, the pupils do not react to the stimulus 
of light, but do still react distinctly to accommodative impulses 
(Arg. Robertson, Knapp, Leber, Hempel). This condition is gen
erally permanent. 

The occurrence of all these changes in the muscles of the eye 
is by no means rare in tabes. IE we embrace them all in our 
estimate, including the slight and transitory disturbances, the 
differences in the pupils, the spinal myosis, then we shall be 
able to establish the existence of such changes in more than one
half of all cases. The more prolonged and permanent disturb
ances, on the contrary, may probably not arise in more than 
one-third to one-fifth of all cases. 

The transitory disturbances occur with special frequency in 
the initial stage of tabes, and are to some degree characteristic of 
the same, although by no means as constant as Duchenneat first 
stated. But paresis of the ocular muscles may arise in every 
stage of tabes, and it is just the severer forms of the same which 
generally appear only in the well-pronounced disease. 

In a pathogenetic point of view, the most important item, as 
influencing these changes, is doubtless the disease of those fibres 
of the ocular nerves which run together in the medulla oblon
gata. Probably slight diseases of tlrn nerve-tracts here situated, 
and of their nuclei, are to be looked upon as the causes of paresis. 
Still, such diseases harn not hitherto been anatomically demon
strated; neither has any direct connection with the degeneration 
of the posterior columns been thus far established, either ana
tomically or physiologically. Pierret declares these paretic dis
turbances of the muscles or the eye (as well as of the muscles 
of the face and of mastication, which sometimes occur) to be 
dependent on primary initation or disturbance in the tract of 
the trigeminus, which participates in the disease in a manner 
quite analogous to that of the posterior spinal nerve-roots, and 
he regards them, therefore, as paralyses of sensitive origin (retlex 
paralysis, etc.). The idea that, particnlal'ly in prodromal diplo
ph1, it is a question of rheumatic paralysis of the muscles or tho 

VOL. Xlll.--J7 
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eye, consequent on taking cold, will find but little support. The 
changes in the pupils would, first of all, suggest the involrement 
of the cilio·spinal centre and the oculo-pupillar tracts emanating 
therefrom and lying within the cervical portion of the cord; but 
here, too, we are thus far without the support of any anatomical 
proof. 

The nystagmus observed by Friedreich in a series of cases, 
and more accurately described by him, is a peculiar, but, on the 
whole, a very rare di sturbance of the muscles of the eye. This 
is always a bilateral nystagmus, which follows partly a horizon
tal, partly a vertical , or probably al so a diagonal direction, 
which does not occur during rest, but does occur at every 
attempt to fix the eye. Ir an object is moved in various direc· 
tions in the fi eld of vision, irregular, jerky twitching of the ball 
of the eye takes place, being all the more prominent the more 
the object is approximated to the outer limits of the field of 
vision. In the higher grades of the trouble, nystagmus also 
occurs when the eyes are fixed upon an object held at rest, bnt 
even then it is absent when the glance is quiet and not fixed. 
The movements are slower and iess regular than in the ordinary 
nystagmus, dependent only upon disease of the eye, and are 
principally to be distinguished from the latter by the fact that 
they only arise on voluntarily moving the eye or fixing the 
glance. Friedreich is undoubtedly right in considering this 
nystagmus as a form of ataxy of the movements of the eye, and 
in setting it up as ataxic nystagmns, over against the ordinary 
form of the disease. 

l~riedre ich seeks the cause of this nystagm us in a disturbance 
of the co-orclinatory tracts which lead from the centres of co-or· 
dination to the nuclei of the nerves of the ocular m nscles lying 
on the Hoor of the fourth rnntride, and declares himself to be 
of the opinion that nystagmus does not arise in spi nal disease 
until the medulla oblongata is involved. This proposition also 
still lacks anatomical proof in tabes. Pierret explains these 
phenomena also on the ground of the primary disease of the 
sensitive root-tracts of the trigeminus in the medulla oblongata. 

The occnrreuce of ataxic nystag nrns is rare in tabes, and has 
thus far only been observed by Friedreich in five of the nine 
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peculiar cases c1esci·ibec1 by him. It belongs to the Jat~r symp
tom~, anc1 becomes as•ociated with the other ataxic manifesta
tions only after the disease has existed for a number of years 
(five to twenty-one). 

But the atroplty of the optic nerve, which is unfortunately 
very frequent in tabes, is of much more importance than the dis
turbances of the visual apparatus thus far considered, and is 
much harder for the patient to endure. It belongs to the saddest 
com pl ica,tions of this already melancholy disease; the helplc ss-
1wss causecl by the ataxy is aggrarn.ted beyond all measure by 
the blindness added thereto, and the sources from which the 
patients can obtain comfort and oblivion amid their sull'ering 
are materially diminished. 

The tronble begins with slowly or rapic1ly adrnncing dirnimt
tion in llte sharpness qf 'tis ion, which soon increases to amblyo
pia, and finally to amaurosis. The field of vision, which is at 
first slightly veiled and cloudy, becomes increasingly narrowed, 
!!enerally from without inward, sometimes from without and 
ahO\·e, sonwtimes more from below. Examination shows tl1at 
this nanowing of the field of vision does not take place in a 
u11iform manner, but with entering angles. Finally, the hlincl 
area involves all but a spot towards the inside, which allows the 
patient bnt a limited and insufficient amount of vision. 

Color blindness can usually be demonstrated in patients be
fore any limitation in the field of vision. Generally the percep
tion o[ green is lost first, then that of reel, finally that of yellow 
ancl blue; still, deviations from this order are not excluded. 

In such cases the pupils are frequently contracted rathPr than 
dilated; their reaction to light entirely snspenckd. In the ear
lier stage many patients show an inc1·Pased sensitiveness to 
bright light, ancl therefore see somewhat better in the twilight 
than in bright daylight. 

Ophthalmosropic examination reveals the signs of so-callec1 
white atrophy qf the optic nen·e. At first there is a slight gray
ish c1isroloration of the papilla, which gradually grows paler 
and finally appears quite white and sharply outlined. The arte-
1·ies at the same time show a progressil·e narrowing, but other
wise the 1·etina remains quite unaltered. These clrnnges are 
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easi)y to be distinguished from the ophtbalmoscopic pictme of 
nelll'itis optica ancl congested papilla, and according to French 
authors they are so characteristic that the existence or the ap
proach of tabes can be recogniie<l from them alone. 

Atrophy of the optic nene in tabes is always-with quite 
rare exceptions-a decidedly prngressive malady, and leads with
out interrnption to complete amaurosis. In diJierent cases, it is 
trne, this occurs with very variable rapidity; sometimes it re
q nires only weeks, sometimes months, or even years, for its ac
complishment. Occasionally the malady comes to a stand-still, 
even after it has lasted for a comparatively long time. Some
times the trouble is limited for a considerable time to one eye, 
but it is far more common for both to be attacked and to become 
blind simultaneously or within a short time. Modifications be
tween these two extremes are of course manifold. 

Atrophy of the optic nerve belongs to the more frequent of 
the complications o[ tabes, but we have no accurate statistics as 
to its frequency. 'l'he statements of ophthalmologists are per
haps generally too high. I myself have seen it hut eight times 
among about seventy cases. Topinard, on the contrary, gives 
"distUl'bances or vision" in 49 cases out of 102. Cyon, in 203 
cases, finds 60 of amblyopia and amaurnsis. Morn accurate 
statistics on this subject are to be desired. 

Very commonly :itrnphy of the optic nerve arises in the initial 
stage of tabes ; it may eren be the first manifestation of the 
disease, and may, fot· a longer ot· shorter period, precede the 
lancinating pains and the other symptoms. The amanrosis 
caused thereby may even exist for years (up to ten years, Char
cot) before other symptoms of tabes are ac1dec1 thereto. 

The immediate cause of the amaurosis of tabes is, of course, 
the gray degeneration o[ the optic nerves, a typical gray degen
eration entirely analogous to the changes in the spinal co1·d, and 
one which we have learned to know more accurately throngh the 
labors of Leber. The disease J:iegins at the periphery of the 
trunk of the optic nerve and attacks the most central fibres of the 
same last. It always begins on the trnnk of the optic nen'e itself, 
in the divisions nearest to the eye, ancl spreads from here to
wards the centre to the optic tract, in rare cases also to the 
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tubercula qnadrigemina. The narrowing of the fi eld of vision 
and the method of its development would alone enable us to 
decide wi th certainty that the change always begins in the trunk 
of the nerve and not in the tractus opticus (Foerster.) 

'Vhat connection is there between this degeneration of the 
optic nerve and the sclerosis of the posterior columns 1 Probably 
there is no direct connection, for no anatomical continuity can in 
any way be demonstmted between the process in the optic nerve 
and that in the post.erior columns. The idea which naturally sug
gests itself, that the disease in the posterior columns of the cord 
might interfere with trophic influences exerted on the optic nerves 
and thus cause their gray degeneration, can also hardly be main
tained in the face of the fact that atrophy of the optic nerve often 
for a long time precedes all manifestations of the spinal disease. 
Consequently for the present there is not much of anything 
better left for us than the conclusion that gray degeneration "is 
developed simultaneously or successively at various points in 
the central nervous system especially predisposed thereto'' (l<'oer
ster.) 

Dist1trbances of liearing very rarely arise in tabes. Imper
fect hearing has i ndeecl been observed here and there (Leyden, 
Remak, Vossius), but in the majority of instances it was doubt
less due to an accidental concurrence of two diseases, each 
frequent enough in itself. 'fhis accidental character of the deaf
ness in ta bes has been especially demonstratecl by Lucae ' in two 
cases. But it seems probable, from a case observed by me, that 
tabes may also be accompanied by purely or principally nervous 
deafnes$, which probably depends on atrophy of the auditory 
nerve and is thus analogous to atrophy of the optic. 

The case was thnt of a Russian na \'nl officer, who for some years had suffered 
from the manifestations of n. somewhat complicated taLcs. During the initial stage 
of the same, besides psychical disturbances, occasional headaches and <leaf11ess had 
arisen, the latter gmclnally increasing. When I firBt saw him the patient was suf
fering with moderate ntaxy of the legs. with swaJ•ing on closing his eyes, was very 
easily fatigued, hncl n. sense of numbness in his feet, slight weakness of the bladder, 
etc. :My collcngnc, Prof. M.oos, had the goodness to examine the organ of hearing 

1 f.A1ca6, Ueber Schwerhfitigkeit bei grauer Degenerntion des R.-M. Verb. d. Berl. 
med. Gesellscb. Bd. I. S. 127. 1866. 
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more accurately, and to communicate to me the follow ing results: July 21st, 1873. 
"On both sides hspcrromia of the handle of the mnl1cus, and slight cloudiness of 
the mucous membrane. Right ear: the tuning-fork could not be hcnrd, either in 
the air or by conduction through the bones i hearing of speech, null A. watch of 
thirty feet hearing distance heard only on pressure. Left ear : O' and c· [tuning
forks] not heard at all through the craninl bones, and but feebly through the air; 
from a upward the vibrations nre heard both through the cranial bones and by 
way of the air. High tones can be heard through the air at a distance of seven 
paces. With the watch, II. D. =two inches; coniluction through cr.:minl bones 
very good ; ipoken words uuderstood at a. distauce of four feet. 11 There was, 
therefore, probably atrophy of certain fibres of the auditory nerve. On the 7th of 
August, 1873, Prof. Moos reports: II Rig/it ear: G' not heard; c· heard i a also 
heard through the nir i no conduction through cranial bones; watch heard a dis
tance of two inches i words distinguished at a distance of one foot. L eft ear : 
tuning-forks of a low pitch arc now lrnard throug h the cranial bones, as well as 
through the air; high tones arc heard through the air at a distance of ten or twelve 
paces; watcli, eight inches; spoken words, six paces.'' 

Appreciable improvement had therefore followed the treatment employed 
(galvanism). 

Bnt, at all events, the question of the occurrence of affections 
of the auditory nerve in tabes requires more accurate inves
tigation. 

Distnrbances of taste and smell have indeed been observed 
here and there in tabes, sometimes with simultaneous anrosthe
sia of the mucous membrane of the tongue and mouth; they are, 
however, of very subordinate significance. 

Distnrbances of tlte Action of tlte Brain. 

These are comparatively rare in tabes. In the typical form 
of the disease, intelligence, memory, and disposition are likely 
to remain entirely intact. The state of mind of the patients is 
often even remarkably cheerful and contented, and they often 
endure their serious troubles with wonderful good humor. At 
other times, it is true. one also finds these patients depressed, 
unhappy, ve1·y initable and moody, tormented with sleepless. 
ness, quarrelling with their fate. 

l\Iore sel'ious psychical disturbances , through complication 
of the tabes with an affection of the brain, are but seldom ob-
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sen •ed. These may precede the tabes for many year, or may 
become atisociated with i t after i t bas existed for years, or, 
finally, may not ari se un til the terminal stage. 

Since the admirable labors of 'Yestphal special attention has 
been d irected to the connection between tabes (that is, gray de
generation of the pos teri or columns) and the p rogressive paraly
sis qf tlte insane. \Ve can here only briefly touch on thi s inter
esting and far-reaching subject, and must refer our readers, for 
fur ther informa tion, to the original works on this subject, espe
cially those or \Vestphal. According to thi s au thor, all , 01· at 
least the majority of the pa tients who present the picture of ordi
nary progressive paralysis, and, in so far as they present motor 
di sturbances or the extremities, seem to have an anatomically 
demonstrable disease of the spinal cord (chiefl y degeneration of 
the posterior colnmns). In these cases, therefore, the tabes is one 
of the mani fes tat ions of a more or less di!Inse process of di sease, 
extend ing O\'er a g reat part of the centrnl nervous system ; the 
tabes, at i ts very beginning, is combined with a psychopathic 
group of symptoms. 

In another se t of cases, howeYer, the paralytic insanity is 
added to the spinal affec tion of tabes only after the latter has 
existed for years. Na turally, in all such cases, the importance 
of the spinal becomes subordimite to tha t of the cerebral disease. 

The frequency with which the true cranial nerves are involved 
in tabes is very variable. 'Ve have already seen that the motor 
nerves of the eye and the optic nerves themselves are very often 
diseased . On the other hand, the hll"olvement of the remaining 
cranial nerves not yet mentioned is among the greatest rarities in 
tabes . The trigeminns shows sig ns of irritat,ion here and there 
(pain, pa rros thesia, etc.), or it may be paretic conditions (anres
thesia, sense of numbness, disturbance of taste, etc.) which have 
been thoroughly establi shed by Pierret, and referred to clerosis 
in the region of the lower nucleus of the trigeminns in the me
dull a oblongata . Pierret attributes ''ery great importance to this 
distm bance in the development of various "cephalic" symptoms 
of tabes. The f acial nerve is but very rarely found implicated, 
ancl then it is principally the branches ser\"ing for the mimetic 
movement• of the mm1th. The hypoglossal has occasionally 
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been found affected (Friedreich). Thepneuinogastric and spinal 
accessory, as well as the glossopliaryngeal, appear to be impli
cated comparatively seldom; difficulty of swallowing is rare iu 
tabes; palpitation of the heart, attacks of difficult breathing, 
gastralgic troubles, and the like, do, indeed, occur, but it is not 
certainly decided whether they are caused by an affection of the 
nerves above named. 

Disturbances qf lite Functions of tlte Bladder and Rectum. 

These are among the most common symptoms of tabes. 
Sometimes eviuences of irritation are to be observed in these 
parts; spasmodic dysuria, hyperresthesia of the neck of the 
bladder, neuralgic (lancinating) pains in tht1 depth of the pelvis, 
in the perineum or the neck of the bladder, on urinating, on coi
tion, or ot1 defecating, have repeatedly been observed. 

Ent signs of paresis are far more common, especially on the 
part of the bladder, more rarely on that of the rectum. All those 
various distmbances in the evacuation of the bladder occm 
which we have previously depicted (p. 131 et seq.), and have 
endeavored to refer to their physiological causes. It is particu
larly the lightet· difficulties with which tabes patients are af
flicted; severe and complete paralysis of the bladder does not 
occur at all, or only in the latest stages of the disease. 

Patients either complain of slight retention, so that emptying 
the bladder takes a longer time, and is only accomplished by 
stronger pressure and with some subsequent dribbling, or there 
is a moderate degree of incontinence, so that when patients feel a 
desire to minate, they must do so at once, or the evacuations 
of the bladder occur more frequently, and sometimes take place 
into the clothes or bed. It is but rarely that patients are obliged 
to have recourse to the catheter or to make provision against the 
constant involuntary flow of urine and its ill effects. 

After a longer or shorter time evidences of vesical catarrh 
almost always show themselves, but this likewise remains re
stricted within moderate limits, and but seldom calls for direct 
interference. 

For an explanation of all these disturbances we refer to the 



'J'AUES DORSALIB. 585 

di scussion of the subject at a predous place; still, we must not 
fail to call attention to the fact that the sclerosis of the posterior 
columns in itself probably does not afford sufficient ground for 
these disturbances, but that, in order to expln.in them, we must 
probably assume a simultaneous disease of the gray substance. 
But these are all matters calling for still further examination. 

The disturbance qf the functions qf the rectum is also likely 
to be but insignifi cant in tabes. The most frequent is anresthesia 
of the anus, whereby patients lose the feeling of appron.ching or 
actual evacuations of the bowels, so that they not infrequently 
dirty themselves. True paralysis of the sphincter probn.bly 
occurs only in the latest stages of the disease. 

Disturbances qf the Sexual Functions. 

These are scarcely ever absent in tabes. Weakness is the 
most frequent a nd common evidence of this disturbance; still, 
evidences of abnormal irritation are not always wanting. At the 
beginning of the di sease, in par ticular, these evidences of in
creased excitement are not rare. Trousseat1 and Hammond have 
obse1Ted increa ed sexual power at the beginning of the di sease ; 
Charcot, in one case, saw satyriasi s. Not infrequently patients 
are possessed of a high degree of sexual excitability, so that 
their passions are at once aroused by the sight or the innocent 
touch of a woman. But this increased excitab ility is almost 
always already associated with signs of sexual weakness; if 
patients are still able to perform the act of coition, they still 
11ave premature ejaculation; discomfort, a sense of weakness 
and pain follow the act; such patients suffer from frequent pol
lutions, ancl cases are not infrequent in which a lasciv ious 
thought or word, or the mern sight of a woman, is enough to 
excite an escape of semen, which then takes place without an 
erection a nd without a ny libidinous sensation. 

l\Iore frequently, however, there is impotence, beginning early 
and increasing rapidly. At first snch patients can still perform 
the act of coition, but more rarely, with less power and pleasure. 
It is very common for patients with tabes to beget children even 
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after the disease has lasted for several years. But gradually 
this power is more and more extinguished, erections become 
rarer and weaker, and finally fail altogether. As a rule, sexual 
desire is at the same ti me more or less completely extinguished; 
still, there are cases in which frequent pollutions and increased 
sexual excitabili ty exist together with complete impotence. 

It must finally be mentioned that some tabes patients may 
also retain perfectly undiminished sexual power for a very Jong 
time. 

'Ve have already prev iously intimated (p. 137) how imperfect 
our knowledge is as yet with regard to the more exact localiza
ti on of these di sturbances within the spinal cord. 

In women with tabes, disturbances of the sexual functions 
are, as a rule, not observed. l\Ienstruation, pregnancy, and the 
puerperal condition may run their course quite normally. 

Vasa.motor Disturbances. 

These fall very much into the background in tabes, and are 
but li ttle studied. In many cases cold feet are very common; 
the occurrence of blue spots on the skin, increased or diminished 
secretion of sweat, especially suppression and disappearance of 
sweating of the feet ; sometimes also a great tendency to the 
occurrence of ,; goose-tlesh" (cutis anserina). The more accu
rate relation of all these disturbances to sclerosis of the posterior 
columns is not y et determined. 

Trophic Disturbances. 

These likewise belong to the infrequent symptoms; in fact, it 
is quite striking how admirable the general nutrition-the nutri
tion of the muscles ancl the skin- is in many tabes patien ts. It 
is not until the tinal stages of the disease that trophic disturb
ances are frequent, and only in single cases that they occur in 
the earlier and even in the initial stage. 

On the sidn, eruptions of herpes, of li chen, and of something 
like pemphigus are to be observed here and there. Bed-sores 
belong only in the last stage to the ordinary and almost constant 
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manifestations, ancl then they present all the characteristics of 
chronic bed-sores, as previously depicted (p. 122), and arc amena
ble to the same attempts at an explanation. 

In the ordinary and typical cases the nutl'ition of the muscles 
remains for a long time entirely intact; there are tabes patients 
enough with splendidly developed, hard, and powerful muscles. 
Not until the latest stages, when there is already complete 
paralysis, do we often see a high grade of muscular atrophy set 
in, which, however, only represents simple emaciation of the 
muscles, ancl is not to be regarded as degenerative atrophy. 

In occasional, rare cases, however, this complication appears 
earlier, with a high degree of atrnphy of single muscles or of 
groups of muscles (atrnphy of the ball of the thumb, hemi-atrn
phy of the tongue, atrophy of the calves of the legs or the 
thighs, etc.). Tlwse atrophies are doubtless, in the majority of 
cases, to be regarded as degenerative atrophy; they cannot pos
sibly depend upon the sclerosis of the posterior columns, and 
their appearance points with all certainty to the fact that the 
pathological process in the spinal cord has extended further, to 
motor and trophic tracts. It is in the highest degree probable 
(Charcot, Voisin) that in such cases there is gray dPgeneration of 
the corresponding portions of the anterior horns of gray matter. 
The few cases of this kind which have thus far been more care
fully examined with the na.ked eye argue in favor of this. 

Those disturbances ef nutrition of tlte joints-" arthropa
thies des ataxiques "-of which we have also previously spoken 
(p. 126), and which occur quite often in tabes, certainly belong 
to the most remarkable manifestations met with . 

This joint affection generally develops itself in the initial 
stage, even before the ataxy is manifest. If any joint trouble 
appears later, it is usually in the upper extremities, when the 
disease spreads to them ; therefore when the initial stage has 
been reached for thesA extremities. The joint most frequently 
attacked is the knee-joint; descending in the order of frequency, 
after that are the shoulder, the elbow, the hip-joint, and the 
wrist. 

In describing this very characteristic a[ection we can be 
bl'ief. 
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The scene opens with a sudden and high degree of swelling of 
the joint, caused by an accumulation of fluid, without pain, 
without redness and heat, and generally also without fever; 
associated with this there is a great and often widespread doughy 
swelling of the surrounding parts, so that the whole extremity 
may be extensively swollen; what is particularly striking is the 
non-sensitiveness even of joints that are greatly altered on active 
or passh·e motion. 

If the joint affection is of a benign form all these manifes ta
tions may disappear again in the course of a few weeks. 

Generally, however, the affection is of a chamcter very disas
trous to the joint; it results in progressive des truction of the 
articular extremities, sub-luxations or spontaneous luxations of 
the joints, causing notable deformi ties; thus at the knee-joint, 
in partic"t1lar, an exceedingly striking hyper-extension of the leg 
is prod need. 

As a rule, it is easy to disting uish this joint affection of tabes 
from rheumatic inflammation of the joints or from arthritis sicca. 

Probably the abnormal friability of tlie bones now and then 
observed belongs in the same category of disturbances. In one 
case Charcot saw numerous spontaneous fractures arise, and 
Blum found these to he occasioned by a rarefying ostitis. 

It is in the highest degree probable that these trophic di sturb
ances in the joints and bones are of neurotic origin ; still we 
have as yet no positive demonstrntion of their dependence on 
disease of definite portions of the spinal cord. Prnbably disease 
of the gray matter of the anterior horns is to be held responsible 
for it. Charcot and Jolfroy at least found di sease thereof in a 
case of arthropathy; and in A. Pick' I find the notice of an 
observation of \Vestphal's, in which, together with alterations of 
th e joints, atrophy of the large ganglion-cells of the anterior 
horns was found. In another case Charcot, on the contrary, 
founcl no changes whatever in the gray substance, though there 
was sw~lling of the spinal ganglia, which may, therefore, also 
possibly have an influence on these processes. 

vVe must finally notice still another series of rare symptoms 

1 Arch. f. Psych. u. Ncrvenkraukh. VI. p. (i95. 1876. 
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of tabes which we enumerate more for the sake of completeness 
than because they contribute particularly to the characterization 
of the disease. 

First o[ all an increased frequency of the pulse may be men
tioned, which is considered by some authors as a tolerably con
stant manifestation in tabes; the pulse is said to beat Ol'er a 
hundred and even up to a hundred and fifty to the minute. I 
have no personal experience in this. 

Friedreich, in one of his cases, observed prQfuse sweating, 
diabetes insipidus and salivation. Bouchard claims once to 
have found acid saliva. 

More importance attaches to the gastralgic attacks, the so
called "crises gastriq ue , " which are by no means rarely to be 
obsen·ed, and the existence of which was first thoroughly estab
lished by Delamarre and Charcot. These are extremely severe 
cardialgic pains, arising in paroxysms, associated with nausea, 
retching, vomiting, dizziness, sometimes with dianhma, but gen· 
erally with constipation, etc. In the severest forms there is 
swelling of tl1e abdomen, rigors amounting to convulsive trem
bling, vomiting of watery mucus with bile and blood, very fre
quent heart's action, etc. These attacks may last one clay or 
several, and may return every couple of weeks, thus greatly re
ducing the patient. They may arise at any period of the dis
ease, in the initial or the ataxic stage, and evidently bear the 
greatest analogy to the severe attacks of lancinating pains. They 
may, doubtless, also be referred to the same anatomical causes 
as the latter. 

The "crises n6phretiques" recently described by Raynaud, 
which present the most exquisite picture or se,·ere renal colic 
and may cause the patient fea rful torture, ev id~ntly show great 
analogy to the above. They are to be distinguished from true 
renal colic by the longer duration and more frequent return of 
the attacks, and especially by the absence o[ all disturbances in 
the urine (admixture of blood, gravel, renal calculi, etc.). The 
" rectal and urethral colics," described repeatedly, doubtless 
also belong in the same category of di sturbances. 

The "bronchial crises" first described by Fereol, attacks oE 
spasmoclic cough, diflicnlty of breathing and of swallowing, are 
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at least doubtfnl, as yet, so for as their connection with tabes is 
concerned (Bracht). :Martin has recently described a case which 
perhaps belongs here, in which cough, dy~pncea, and convulsions 
were observed. In a case of tabes in which there were attacks 
of sufforatirn cough (arising spontaneously or on eating), con
nected with noisy inspiration and expiration, with tickling in the 
fauces, ancl difficulty of swallowing, Jean found atrophy of the 
left pnenmogastl'ic and recurrent laryngeal. 

Finally, it may be mentioned that in some of Friedreich's 
cases dizziness was also observed, in part to a very marked 
degree. 

Individual Clinical Forms of Tabes. 

For the present we must depend upon clinical obse1Tation to 
teach us the difl'Prent forms of tabes, and how to distinguish 
between them; to demonstrate which forms are the most frequent 
and common-the typical forms, as it were; what other forms 
and rnrieties stand next to them, and what relation they all bear 
to allied forms of disease. Pathological anatomy is as yet un
able to perform this task, in part bPcause the pathological anat
omist principally sees the latest stages of the disease, in part 
because he is not yet able with certainty to recognize the earliest 
and lightest grades of change and its spread within the spinal 
cord. 

The more abundant the amount of mate1fal furnished for 
clinical obserrntion in any department or metlicine, and the more 
sharply and completely we are able to recognize and to fix the 
symptom-picture of indiddual forms o[ disease, the easier will 
it become for us to draw the line of demarcation between differ
ent symptom-pictures, and the more readily shall we be enabled, 
in the frequently confusing multiformity of manifestations, to 
distinguish between the essential and the non-essential, the regu
lar and typical, and the irregular ancl non-typical. 

This has also been particularly true with regard to tabes. No 
nerve-pathologist of the present day would think of regarding 
e,·erything as tabes which was so regarded even ten years ago. 
\Ye have, through many conflicts and difficulties, it is true, ob-
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tained a keener eye for the symptom-picture of tabes; we are 
able, with greater certainty, to di,tinguish between the clean 
typical cases and the irregular, the co111plicated, mixed, and 
transition forms. \\r c harn progressed far enough to obtain a 
quite definite, sharply-outl ined idea of tubes, so to speak, an 
ideal picture of the same, which we regard as the regular and 
norrnal one, even though it may ari::;e in numerous Yarieties, the 
connection of which with the typical form is, howernr, easily 
recognizable. Any considerable deviation from thb type always 
at once indicates an unusual manifestation of the disease, a com
plication of the same, a combination with other allied forn1s of 
disease. Aml these dev iations occur but comparati,-ely seldom. 

Regarcled from this point of view the sifting of the numerous 
individual cases of ta.bes appears tolerably simple. As far as we 
can see, there is, first of all, a large group, compri sing by far the 
greater number of cases of tabes, and which we may, therefore, 
regard as the regular and typiral form of the same. This has 
been depicted in the preceding pages. 

Next to this comes a far smaller gronp, containing fe wer 
cases, but likewise well characterized and distinctly deviating 
from the typical form. This group comprises the cases of " he
reditary ataxy" described by Friec1 reich, which agn~e among 
themselves in a remarkable manner. 

All other forms may JJrobably be best regardecl as merely 
varieties of these two types; as cases in which single symptoms 
attain peculiarly prominent significance, or new and unusual 
symptoms appear, or the signs of othe 1· diseases of the spinal 
cord (or probably also of diseases of the brain) are mixed with 
the symptoms of tabes. 

\Ye may here be permitted a brief characterization of these 
diil'erent forms. 

Tlte regular, typical form of tabes.-Special regard has been 
had to this in the preceding pages, and it therefore only requi res 
to be sketched in very brief outlines. 
· The beginning of the disease, which usually attacks men dur· 

ing middle age, is with lancinating pains; with disturbances 
in the muscles of tlte eyes and the optic nerves; with disturb
ances in the sensibility and motion of the lower, much more 
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rarely of the upper extremities, such as parcestltesias, the sense 
qf a tight girdle, slight ancestliesias, swaying on closing tlie 
eyes, a great f eeling qf fatigue, and the fact of getting tired 
soon, lowering of the motor power and endurance; und gener
ully ulso weakness qf the bladder and sex1tal weakness. 

During a second stage of the disease, while the symptoms of 
the first stage gradually increase, disturbance of the co-ordinu
tion of motion-ataxy-is added. 'l'his spreads slowly from 
above downward. Pa tients grow increasingly helpless; there are 
well-marked d isturbances of sensibility, partial paralysis of sen
sation, retardation of the sense of pain, though rarely complete 
anrosthesia. R eflex action qf the tendons extinguished. Vesical 
and sexual weakness increased. Motor weakness more distinct. 
General nutrition still good; psychical functions remuin intact. 

Filrnlly, in the last stage, there is u transition to true paraly
sis, paraplegia, contractnres, musculur atrophy, bed-sores, pro
gressive cacltexia, which finally induces death with or without 
intercurrent diseases. 

Naturully there are numerous deviations from this general 
picture of disease (ulthough a strikingly large number of cases 
show a uniformity extending even to the smallest minutim). Of 
comse, in many individual instances, the picture of the di sease 
will assume a somewhat different form, according as the one or 
the other symptom predominutes, or arises earlier or later, ac
cording to the slower or more rapid progress of the disease from 
the lower to the upper ex tremities, according to the complica
tions or mre symptoms that arise earlier or later. But the 
typicul picture of the disease will still always be recognizable in 
its most essential features. 

But in our opi nion it has not yet been possible, on the ground 
of these differences in the symptom-picture of tabes, to establi sh 
different forms or the same, among which all the individual cases 
coulcl be classified. Nor is it as yet possible, on the ground of 
the symptom-picture, to determine whether we are dealing with 
an intlammatory or a simply dPgener'.ltive form of sclerosis of the 
posteri or columns, nor to classify the cases according to their 
anatomical seat at different heights within the spinal cord. To 
be sure, with our present knowledge, it will be easy to distin-
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guish in each individual case about how high the anatomical 
process extends in the spinal cord, whether tlie lumbar portion 
alone is involved, or the dorsal and cervical portions as well ; 
furthermore, whether the cranial nerves are implicated, whether 
the bulb o( the medulla oblongata is likewise affected, etc. After 
onr repeated explanation of these points no one need remain in 
doubt about them. 

On the other hand, one may be justified in doubting whether 
it is a possible thing to determine the seat or the disease, not 
only by the localization, but also by the quality o[ the symp
toms, and whetlwr one is justified in accepting this accidental 
seat of the disPase as a sufficient ground for distinguishiug dif
ferent Corms of the same. 

Remak, in this way, distinguished not less than six forms of tabcs, nll of which 
he thought he could recognize by certain symptoms: a tabcs lumbalis, lumbo-dor
salis, clorsalis asccndcns, ccrvicalis, basalis, and cerC'bcllarie. Cyan has tried to 
simplify this division !O far as to accept only three forms, which he characterizes 
as follows: 1. Brttml form-Begins with disturbances in the muscles of the cyei pro
gressive atrophy of the optic ncr\"'"e; pupils not contracted; ataxy always present; 
anresthcsin frequent, espccinlly in the upper extremities; psychical alterations may 
arise. 2. Oerviwl form-Contracted pupils; severe, horing pains in the extremities; 
ataxy rare; the eye affected only later, never any paralysis of the musc1es of the 
eye; always irritability of the genitals, and impotcncC". 3. Dorsfll form-Anres
t.hesia rarely absent; bladder trnublc and difficult defecation frcc1uent j pains not 
as severe as in the first two forms; parrcsthcsia and the sense of a tight girdle com
mon; never any eye trouble, only sometimes dilatation of the pupils. 

This indefinite clmrncterizntlon of itself shows that all possible transitions of 
the individual forms nmon~3t themselves must take pince, and ii one takes the 
trouble to test a large number of cases with reference to their belonging to one of 
the three groups, he will find that but very few of them fit into the corresponding 
mould, but that most of them directly represent transitions between the different 
(orms. We therefore regard it as a hitherto unsatisfactory task to attempt such a 
division; it will suffice to content ourselves with recognizing tnbes a.s snch, nnd, 
in certain cases, also with determining approximatively its more exact scat at 
different heights within the spinal cord. 

Tlie Friedreiclt form ef tabes.-The disease is developed on 
Ille basis of a hereditary or family predisposition. The cases 
thus far known are distributed among three families, in each of 
which several brothers ancl sisters were attacked, especially the 
female members or the families. It begins at a very early period 

VOL. Xlll.-38 
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of life-between the twelfth and eighteenth years-perhaps in 
connection with the development of puberty (or with a congenital 
imperfect development of the spinal cord!). Lancinating pains 
are very rare at the beginning; motor disturbances, on the con
trary, occur very early, quite at the beginning, in the form of 
well-marked ataxy, which spreads rapidly to the upper extremi
ties, even arising simultaneously in the lower and npper ex
tremities. Co-ordinatory disturbance of speeclt; ataxic nystag
mus. No distitrbances of sensibility, or but very late and 
insignificant ones; the sensibility of the skin and muscles re
mains quite intact for many years. No swaying on closure of 
the eyes. Reflex action of tlte tendons extinguished. No dis
tmbance of the bladder nor bed-sores. No psychical disturb
ance, no tremor, no amaurosis. Paresis and contractures, atrophy 
of the muscles, weakness of the bladder, appear only in the 
latest stages. Remarkably long duration of tlte ajf'ection (reach
ing to over thirty-two years). 

The cases rccent1y described by Kellogg-unfortunately in an cxtrrmcly imper· 
feet manner-probably belong here. The cliscasc was devdopcd in two brothers, 
iu each at the age of six years i there were several similar cases in other branches 
of the same family. 

In addition to these well-marked types of the disease there are 
numerous cases, in practice, which deviate more or less from the 
type without having to be thrown out of the general group of 
tabes. \Ve have already above called attention to the fact that 
the different forms of chronic myelitis, in which we also include 
tabes, are by no means always sharply separable, but that they 
not iufrequently extend beyond a certain definite domain i11 the 
transverse section of the cord, and even beyond the cord itself, 
and thus produce combined and complicated symptom-pictmes, 
the true significance of which can only be attained through an 
accurate knowledge of the typical forms. These remarks also 
hold good, to the fullest degree, for tabes ; here, too, there are 
numerous complicated and transition forms, which, however, do 
not possess regularity enough to justify their being set up as a 
well-characterized form of the disease. A comprehensive and 
expert j udgm~nt will very often be able to recognize the typical 
germ in the abnormal symptom-picture, ancl will conectly grasp 



TABES D ORSALIS. 595 

the significance and the pa thogenetic basis of each unusual ancl 
complicating symptom. These remarks may suffice to call at
tention to these inegular forms, to only a few of which we can 
cursorily allude. Sometimes it will be simply impossible to 
establish a clear-cut d iagnosis of any customary form of the dis
ease, but we shall have to content ourselves with establishii1g the 
existence of a more or less irregularly localizecl and extended 
clironic myelitis. 

In a certa in number of cases manifestations of motor weakness 
mul p ares is come into prominence very early, while the ataxy is 
less prononnced , but the other symptoms are as usual ; in this 
way symptom-pictures may be reached which suggest paraplegi:i 
- emacia tion ancl a trophy of the legs may become associatecl 
with it. In such cases one doubt] e$S has a righ t to suppose an 
earlr itH'oh·ement of the lateral colnmns and the anterior gray 
substance, both of which conditions, indeed, have been anatomi
call y demonstrated repeatedly. 

In other cases the lancinating pains stand fo rth wi th strik
ing prominence in the picture of the disease ; they are for a long 
time the only ancl afterwards certainly the most tormenting mani
fes tation , ancl ari se during the whole conr e of the disease, some
times in rarer, sometimes in more frequen t pamxysms, which, by 
their intensity and dnration ancl the other symptoms associatecl 
with them, may become an excessive torment to the pa tients. 
The attempt has been made to orga nize these cases into a separate 
form, " tabes dolomsa," and Remak especinlly claims thi s char
acter for his " cen•ical form " of tabes . 'Ye ha ve not yet been 
able to sati sfy onrseh·es tha t thi s is justifi able; we have ob
sen ·ed such se,·ere and repeated attack s of pain occasionally in 
most of the fo rm s of tabes. 

In other instances, aga in, manifestations of pain in tlle back, 
.~pin al scnsit freness, circumscribed or diffuse c11ta11eo11s li yper
restlies ia, and the like, are extremely prominent, and in such 
cases one is doubtl ess justified in thinking of a meningitic com
plication of tabes. The J'ela tions of sclernsis of the posterior 
columns to the accompanying spinal meningiti s may be very 
rnl'i ecl, and thus a, g1·eat vari ability may appear in the inclividnal 
cases belonging under this head. 
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Finally, it is not rare for tabes to be complicated with psyclti
cal disturbances, as has already previously been intimated; 
here, too, the most varied combinat ions may arise. \Ve may not 
make special forms of tabes out of these, but must simply con
clude that the occurrence of the psychical disturbance signifies 
nothilig more than a disturbance in the brain, which is addecl to 
the disease in the spinal cord. 

\Ve might give many more similar hints with 1·egard to i1·
regular forms o( tabes, but it would be superfluou s. \Ve only 
wish once more to emphasize the fact that these irregular, com
plicated cases of tubes constitute d0cidPdly the minority over 
against the regular, typical forms of the dbease. 

Coitrse-I>uration-1'errninations. 

1'' ith regard to the method of clcvelopment and course of 
tabes, we ha\"e but little to add to what appears from the genernl 
description or the disease. 

Ta bes is a disease of a remarkably chronic course, and it seems 
to us extremely questionable whet li er wliat has o( late repeatedly 
been describecl as "acute ataxy" has any relation whatever to 
tabes and to sclerosis of the posterior coh1mns. 

The development of the trouble is accordingly slow, chronic, 
extending over months, not rarely over a whole series o( years. 
Only in rare cases has the disease hitherto been seen to develop 
itself so far within a few weeks or months as that a positirn 
diagnosis could be made. Gener;lly, howe,·er, we observe the 
slow development described aboYe, the rise o[ single symptoms 
which remain isolated for a long time, to which others are grad
ually associated, until in the course of months and years the pic
ture of the disease is complete. This development usually begins 
in the lower extremities; still, single cases have also been ob
served i11 which the upper extremities were first ancl prominently 
attacked with the symptoms of tabes (Vossius). Jn not alto
gether rare instances a unilateral development may also be ob
served, and the ex istenre for a longer period of exclusively or 
mainly unilateral manifestations. 

\Vhen the disease has once become clevelopecl, its further 
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course u suall y leads slowly from bad to worse. :llfore or less 
rapid ly the intensity of the individual symptoms increases, new 
symptoms ari se, and the condition of the patient grows ever 
more deplorable. 

This does not exclude the possibility of more or less consider
able fluctuations : slight or even considerable improvement may 
go on fo r months and years, then again to give place to an unfa
vorable change ; during the summer patients feel better and more 
comfortable, while the winter always makes them worse again. 
Generally , however, the evil influence or winter outweighs the 
good of summer ; it is but very rarely that the tendency to im
prove gains the upper hand, and the patients then advance grad
ually towards recovery . 

A prolonged arrest or the di sease is quite common in tabes ; 
when it has reached a certain point of development, when it 
has, perh aps, progressed so far as to compd the patient to use a 
ro11ing-chair, he will be seen remaining in about the same con
dition fo r years, a nd even for decades, dragging out a miserable 
existence, o[ten with tolerabl e cheerfulness and resigna tion. 

These arres ts may then occasionally be interrup ted by exter
nal influences and injuries (by taking cold, by an emotional dis
turbance, a di sastrous attempt a t a bath·cure, mistaken thera
peutic measures, ot· the like), and the occasion be given for 
renewed and more rapid prog ress of the disease. This, of course, 
rnries ex ceed ingly in different cases. 

The dnration or the disease is generally very considerable, 
and is always to be counted by years, and so111et i111es by de
cades. Even the initial stage may las t for twenty years, and 
there are single cases in literature where patients ham Jived O\·er 
thirty and thirty-two years after the first beginning of the dis
ease. " ' ith rega rd to many such cases, i t may be said tha t the 
durn tion of the d isease cannot be determined ; that the malady, 
haring once become stationary, only reaches its end with the 
natural term ina tion of life, brought about by some intercunent 
disease or the weakness of age. This, however, only holds good 
for a minority of the cases ; in the majority of typical cases of 
tabes, it may be saicl tha t the di sPase p uts a limit to the life ot 
the patient in the course of 'i few years (about six to ten or 
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twelve years), either because its progress within the spinal cord 
direc tly threatens life, through bed-sores, cystitis, troubles of 
respiration, bulbar symptoms, and the like, or because the dis
ease causes a diminished resistance of the individual to intercur-
1·ent illnesses (infections diseases, pneumonia, dysentery, etc.), 
which bring about death. 

Among the terminations of tabes, that in recovery is certainly 
the most rare. In quite i·ecent and light cases, in particular, 
under appropriate treatment, one may sometimes see things 
change for the better and recovery set in. I have repea tedly 
seen this tak e place in the initial stage; to be snre, the donbt 
may then always arise whether it really was a case of beginning 
tabes, as long as there was no ataxy yet present. Still, I am in 
possession of two such cases, which I was obliged wi th great 
positiveness to regard as beginning tabes, becanse the initial 
symptoms were very distinctly present (lancinating pains, panes
thesim, swaying on closing the ey es, weariness and diminished 
endurance, vesical and sexual weakness, etc.), and which ha1·e 
now been entirely cured for a number of years. Ent even where 
the disease is fully developed, we may, although very rarely, 
see recoi-ery take place, or an improvement bordering on recov
ery. I am likewise in possession of two cases which demonstrate 
this. In the one there were lancinating pains, unsteadiness, 
weariness ancl distinct ataxy of the legs, pa1·resthesia in the 
domain of the ulnar nerve, and vesical weakness. After the 
malady liad lasted for several years, the patient recovered com
pletely, with the exception of slight vesical weakness, and for 
the past few years has attended to hi s duties as a civil function
ary, without suffering any inconvenience. The other case was 
that of a naval officer, in whom the di sease was farther advanced. 
He suffered from parmsthesia and slight anmsthesia of the legs, 
diplopia, distinct ataxy and weariness of the legs; could not 
walk withon t being led; had a high degree of vesical weakness 
(incontinence, with cystitis), etc. AflPr systematic treatment for 
two ypa 1·s, he was so far restored that he marched for three or 
four hours, could retain his urine for five 01· six hours, showed 
no distm·bance of sensibility, got married, ancl has now for two 
years served as commander of an ii·on-clad frigate. 
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I could make still fnr ther reports of similar, if not as well
marked instances of improvement. Sincti Remak' s celebrated 
case, other observers also have now and then been able to report 
cures of actual tabes. 

There cannot, therefore, be the slightest doubt that in a cer
ta in, though very small per cent. of all cases of tabes, recovery 
actually fo llows. 

F ar more frequently patients must content themselves with a 
sligh t and moderate ·impro,,ement, or an arrest of the malady; 
and thi s, too, is a result which does not constitute the rule, but 
is, likewise, only reached in a certain number of cases. 

As a rul e, however, this trouble is of a decidedly progressive 
character, its tendency being slowly to grow worse. The final 
fatal termination may then be brought about in various ways, 
as fo llows: 

The disease in its progress may lead to paraplegia, to cys titis 
and bed·sores, with their results, and the patient then dies from 
increasing cachexia under the picture of severe spinal paralysis. 
In that case we usually see a very protracted death ·struggle, 
and not rarely, during the last days, severe cerebral symptoms, 
coma, delirium, etc., under which life is exting uished. 

Or, in its prog ress upward, the disease leads to symptoms 
which d irectly threaten life, to disturbances of respiration, suf
focative a t tacks, difficulty of swallowing, etc., and thus causes 
dea th. 

Or, finally, some intercurrent disease (typhus, pneumonia, 
diphtheri a, cholera, pulmonary phthisis, etc.) brings about the 
end . It is remarkable that so many tabes patients succumb to 
typhus; still thi s might in part be explained by the fact that 
their long sojourn in hospi tals more frequently exposes such 
patients to the danger of infection. 

Tlteory of the Disease. 

\Ve have here but little to say on thi s point. By the theory 
of tabes we understand not merely the theory of ataxy, which is 
bu t a single symptom oE the same, bu t tlte reference of the whole 
symptom-picture to definite anatomical clwn_r;es in the spinal 
cord-the demonstration tha t a certain definite method of devel-
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opment and form of symptoms stand in a causal relation to a 
certain definite kind and localization of anatomical changes. 

\\'e ha••e been obliged in a number of places to point out the 
fact that we are, as yet, still far from having reached this goal ; 
we still lack the positive evidence of a whole array of single 
facts which belong to a theory of the disease. \Ye may there
fore here only briefly touch upon those views which are now cur
rent, and upon the most satisfactory hypothesis of tabes, at the 
same time indicating the gaps which they contain and the objec
tions which, as yet, may be urged against them. 

The view of some authors, which was advocated with special 
zeal by Trousseau, that tabes is merely a functional disease-a 
pure neurosis, and that the anatomical changes are merely sec
ondary results of this neurosis and not necessary causes of the 
same, is absolutely no longer tenable in view of the entire una
nimity of all more recent anatomical discoveries. Tubes is with
out doubt an organic disease of the spinal cord. 

The general opinion at present is undoubtedly to the effect 
that tlte sclerosis of tlte white posterior columns is the only 
essential, and in many cases also the exclusive alteration of tlte 
spinal cord in tabes, and that it is abundantly sufficient to ac
count for all, or at least for the most essential symptoms; and 
that only a part of the symptoms is brought about through. a 
simultaneous localization of the disease in certain cerebral nerves 
and districts of the brain. 

The advocates of this doctrine explain the lancinating pains 
by the irritation of the sensitive root-fibres and their virtual pro
longations within the posterior colnmns; the pan:csthesias and 
anmsthesias by disease of the ascending sensitive fibres in the 
posterior columns; the disturbances of co-ordination by affection 
of the co-ordinatory tracts presumed to lie within the posterior 
columns; ancl they only concede the gradual extension of the 
process to the neighboring portions of the lateral columns to 
explain the motor paresis and paralysis which arise late. Va
rious other symptoms, the vesical weakness, the sexual weak
ness, the trophic disturbances, etc., thus remain silently unex
plained; and, altogether, the certainty with which the disease 
of the posterior columns is made responsible for so many differ-
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ent kinds of symptoms is in remarkable contrast to the perfect 
uncertainty in which physiologists find themselves, in spite of 
numerous experiments, with regard to the function of these very 
posterior columns. 

There are not a few serious doubts in the way of accepting 
this exclusive reference of the tabes symptoms to the disease of 
the posterior columns. In the most extensive degeneration of 
Goll's columns the specific tabes symptoms are liable to be regu
larly wanting; very extensive degeneration of the posterior col
muns has been observed witllout the symptom-picture of tabes; 
and although the symptom-pictures of the few hitherto known 
cases of primary sclerosis of the columns of Goll do not seem to 
agree among themselves, still they also dilier from the symptom
picture of tabes. (Pierret found µanesthesia ancl slight anres
thesia, difficulty of walking, the impulse to run forward, a high 
degree of weariness, swaying on closing the eyes, no atnxy. Du 
Castel, on the contrary, paraparesis, trembling, ancl amblyopia, 
but no anresthesia and no ataxy.) 

It has, therefore, been found necessary to admit that Goll's 
columns have nothing immecliately to do with the actual tabes 
symptoms, but that other portions of the transverse section of 
the posterior columns must be diseased if the symptom-picture 
of tabes is to arise. Charcot ancl Pierret J1ave encleavorecl accu
rately to establish the fact that in tabes the clisease always first 
attacks the lateral ribbons of the posterior columns, ancl that the 
lancinating pains and the parresthesias are the expression of this 
initial clisease. If the aliection extencls from here outward ancl 
inwarcls, then there is ataxy (according to Charcot, the co-orclina
tory fibres are supposed to lie in the external halves of the pos
terior columns, between the inner root-bundles); if the a[ecLion 
extends to the gray posterior horns ancl the posterior roots, a 
high clegree of anresthesia is producecl; its extension to the 
lateral columns causes manifestations of motor weakness ancl 
paralysis, while its extension to Goll's columns is betrayed by 
no new symptoms. 

This view has something very seductive about it, ancl is also 
materially supportecl by a number of beautiful observations. 
Perhaps it conic! be opposecl by but one remarkable observation 
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recently reported by F. Schultze.' Here there was (probably 
secondary) degeneration of the ex ternal ribbons of the posterior 
columns, which, it is true, manifested itself only by disappear
ance of the axis-cylinders, not by proliferation of connective tis
sue simul taneously with a sarcoma or the corpus callosum ; 
during Ji[e there were no symptoms of ta bes, especially no ataxy. 

It will be seen that, for the explanation of important symp
toms of tabes, Charcot himself admits a more or less extensi1•e 
participation on the part of the gray substance and of the lateral 
columns. Indeed, according to all that we know of the func
tions of the spinal cord, the theory of an exclusive disease of the 
posterior col umns can harclly be maintained. Thus, for instance, 
the retardation of the sensation of pain, which is so frequent, 
and the partial paralysis of sensation, argue with great proba
bility in farnr of a disease of the gray substance. C. Lange 
believes that the excentric pains are also produced through irri· 
tation of the sensitive tracts within the gray substance; the 
vesical and sexual weakness, the articular troubles and other tro
phic disturbances, likewise point to a lesion of the gray substance. 
The motor paresis and paralysis can hardly be explained other
wise than through disease of the laternl columns or of the ante
rior grny horn, and the oft-cited c:>se of Spaeth-Schueppel only 
admits of the conclusion that the co-ordinatory tracts of the 
spinal cord also do not lie in the pos terior columns. 

All these facts favor the view that the typical form ef tabes 
does not depend exclusively upon disease of the p osterior col
umns of the spinal cord, but that other parts fn the vicinity 
ef the posterior coMmms must also be invol'l!ecl in the disease. 

" re would announce the following as for the present the most 
probable theoretical view of the disease or the spinal cord in tabes, 
a view which is still to be tested by farther investigations. The 
affection begins in the posterior columns, and probably always in 
the external portions of the same (regions cl es bandelettes ex
ternes), and thus causes the symptoms of the initial stage; it 
spreads from here longitudinally and transversely; its extension 
long itudinally is caused by the advunce of the disease from below 

1 Centrnlbl. f . d. med. Wissenscb. 1870. No. 10. 
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upward; its extension laterally is at first caused by the fact 
that a secondary degeneration of Gall's columns is gradually 
added to the primary affection of the fasciculi c1ineati [Keil
striinge], whereby the peculiar and charateristic gross anatomical 
picture of ta bes is caused. The direct trans,·erse extension of the 
disease to the neighboring gray posterior horns and the contigu
ous portions or the lateral columns may explain the later, more 
severedistmbances o( sensibility, the disturbance of coiirdiuation, 
the rnotor paresis and }Jaralysis, the vesical and sexual weakness. 
This leaves it still to bn more acctll'ately determined to what pa1·t, 
in particular, the lesion must extend in order to produce the 
single disturbances of function named. 

'Ve belieYe that a hopeful field for further investigations and 
observations is here presented; probably much may still be arrived 
at by careful attention. "'e must not be satisfied with the con
ditions found in the posterior columns, and which readily strike 
the eye, but must above all things cultivate the methods for the 
examination of the gray st1bstance, which as yet are very crude ; 
at all ernnts, it is not until then that we shall be able to say, with 
greater confidence, whether the lesion is confined to the posterior 
columns or not, and how far it regularly extends beyond this. 

The determination of the extent or the lesion, as to space, will 
be the easier task. Then, however, the more difficult question 
still remains for solution as to the essential character of the 
pathological process ; whether it is an inflammation or not, 
whether parenchymatous or interstitial inflammation, etc. \Ve 
need not tmvel over this grnuncl again . But it is evident that 
the theory of tabes cannot be complete until these questions also 
ham bPen answered. 

For the present we can only designate this as a peculiar form 
or disease with a special tendency to localization in definite por
tions of the nervous system (posterior columns, certain cranial 
nen·es), and to extension chiefly in certain tracts which, anatomi
cally a.ncl physiologically, to a certait1 clegree belong together. 

IJ iagnosis. 

Ir, nncler the name of tabes, we understand only that form of 
disease clcfinecl aml explicitly described in the foregoing pages, 
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1hen its diagnostic recognition, as a rule, offers no serious dif
fi culties. The typical cases, iu particular, are very easy to 
recognize, and are distinguished, in quite a characteristic man· 
ner, from the remaining chronic spinal affections. \Yhen in such 
a case or disease, distlll'bances in sensitive donrnins (lancinating 
pains, panesthesiro in the extremities, sense of a tight girdle, 
sense or weariness, etc.) and symptoms on the part of certain 
cranial nen ·es have gone before, when diminished endurance and 
precision or motor efforts appear, when vesical and sexmil weak
ness are noticed, when objective examination shows a distinct dis
turbance in the co-ordination of movements, while there is but 
very slight motor paresis or none at all, when the d ifferent kinds 
of sensation seem to be more or less distlll'bed, when swaying or 
closure of the eyes appears, when the i·etlex action of tendons 
fail s, etc., then the typical form of tabes can be easily and posi
tirely recognized. 

Nor will it be any less easy to diagnosti cate with certainty 
the Fried rnich fo rm of tabes, arter the desci-iption already giren 
above (page 593). 

To be sure, such a clear and significant symptom-picture does 
not exist in all cases, and one will orten meet with serious diag
nostic difliculties in those obscure, complicated cases which occur 
11 ot rarely, in which the affection extends a greater or less dis
tance beyond its usual limits, in cases which are complicated 
with meningitis, with affections of the gray substance, the ante-
1-ior and lateral columns. \Ve have already stated repeatedly 
that transition-forms between the different classes of chronic 
myelitis are not rare ; and we here once more declare that i t is 
of less consequence to force an individual case of disease into a 
definite d iagnostic scheme than to conceive as clear a picture as 
possible of the anatomical changes actually before one, as to 
their sea t and extent, even though these may not exactly fit 
into the typical mould of ta bes, or of any other form of chronic 
myeliti s. If one holds to this, he will find himself in a com
parati vely sa[e position, even over against the irregular, compli· 
cated form s of t:Lbes which are difficult to classify. 

One of the most difficult matters, and at the same time one of 
the highest practical importance, is the recognition of tabes at 
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its commencement, in the earliest stages of its development. \Ye 
will here merely emphasize the fact that, in thi s stage, attention 
is especially to be directed to the lancina ting pains-often too 
little rega rdPcl by the patient,- to any symptoms tha t may be 
present on the part of certain cranial nerves, to pancsthesias of 
various kinds, e. g., the sense of a tight girdle, aud especially 
panesthesia in the domain of the ulnar nerve. It should al so be 
borne in mincl tha t slight swaying on closing the eyes-the only 
dis turbance o( sensibili ty recognizable on careful examination,
that a. g reat sense o f weariness ancl a certain unsteaL1in Pss in v er
forming the most diffi cult and complicated movements, as well 
as the failure of the refl ex action of tendons, tha t slight weak· 
ness of the bladder, dribbling of urine after micturition, and di s
turbances of the sexual organs, are often, a t an early period, 
noteworthy indications of the se,·eri ty of the disease which is 
just beginning. The grea ter the number of these symptoms that 
ex ist at once, the more di stinctly , in particular, disturbances 
of motility ancl sensibili ty can be objecti w ly demonstra ted, the 
more probable is the diagnosis of tabes. In this way, al so, the 
di ·tinction is easy be tween this di sease and neurasthenia spinali ,, 
which bears some resemblance to the earliest stages of tabl'S 
(compare page 379). At the same time, in no t a few such cases 
of beginning ta bes the patient will have to be observed for some 
time before even a prnbabl e diagnosis can be made. 

Among the other chronic spinal di seases which may come 
into q ues tion in the diagnosis of tabes, we may speak of the fol
lowing: 

Common chronic myelitis (transverse, etc.) will , as a rule, be 
easily di stinguished. Here the picture of the disease is essen
tiall y characterized by paralysis of all the spinal functions, 
motor and sensith·e para lysis, which generally shows a sharp line 
of demarcation a t its upper limit ; no ataxy; on the other hand , 
quite comm onl y spasms, muscular tension, contractures, greatly 
heightened re!lex action of the skin and tendons; furthermore, 
actual parnlysis of the bladder, often with cystiti s ; a tendency 
to the earl y formation of bed-sores. And even the initial stage 
of chronic myeliti s will gPnerally be easy to di stinguish from the 
beginning or tabes, by the absence of lancinating pains and of the 
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cranial nerve symptoms, and by the early appearance of paretic 
symptoms. 

There may occasionally be some trouble in distinguishing this 
affection from multiple sclerosis, inasmuch a"', when the foci are 
Bituated in the posterior columns, tubes symptoms may also 
nrise. On careful obsernttion, howeYer, th e diagnosis can gener
ally be eas ily made, as cerebra-spinal sclerosis presents a picture 
of disease much 1frher in symptoms and much more complicated 
than tubes. The following symptoms may be regardecl as par
ticu larly signifi cant of multiple sclerosis, ancl should, there
forC", engage our attention: great dizziness, headache, psychical 
disturbances, early nystagmus, scanning speech (whirh can be 
distinguished from the atax ic distmbance of speech of the Fried
reich patients); the chamcteristic tremor on Yoluntary movement, 
the pareses, paralyses, muscular tensions, contractures, increased 
reflex action of tendons, etc ., in the lower extremities, which are 
always present, and the apoplectic attacks. 

The Friedreich form of tabes, too, which bears a certain re
semblance to multiple sclerosis, on account of tllP nystagmus, the 
distmbance of speech, and the static ataxy of the muscles of the 
trunk, can generally be di stinguished from the latter disease on 
the ground of the symptoms named. 

The differential diagnosis between tabes and spasmodic spinal 
paralysis (lateral sclerosis), the aggregation of spinal symptoms 
described by mo (compare the following section, No. Ul), is wry 
easy; the lat ter is characterized by paresis and paralysis, with 
muscular tension and contractures, with greatly increased refl ex 
action of the tendons, and by the absence of ataxy, of disturb
ances of sensibility and of the bladder, of lancinating pains, of 
cranial nerve lesions, etc. 

The question of distinguishing tubes from affections qf the 
cerebellum has greatly occupiecl authors, and sometimes offers no 
little difficulty. The evidences of cPrebellar trouble are : frequen t 
and severe headache, especially in the back of the head, occa· 
sional vomiling, and general convulsions, a staggering gait, lik.P 
that o[ a drunken man, reminding one of ataxy, but not identi
cal with it, sometimes a straddling gait, or an impul se to walk 
backward, cliplopia, and amaurosis. On the other hand, in .cere· 
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bellar aftections there are, as a rule, no lancinating pains, no 
clistmbanccs o( sensibility, no vesical or sexual weakness. By 
these means a cliagnosis can be macle in most cases. 

As a rule, tabes can be easily clistinguishecl from chronic 
spinal rneningitis; in some few cases, however, this cannot be 
clone, because the latter is occasionally complicatecl with tahes. 
The eviclences in favor of meningitis are the pains in the back 
which may exist, ancl the stiffness of the back, the sensitiveness 
of the spinous processes to pressure, the more or less uniform 
but not very extreme sensitive ancl motor paresis, the absence of 
ataxy, etc. 

The clifterence between progressive cerebral paralysis ancl 
tabes will be apparent by the absence, in the latter, of the clis
turbances o( speech ancl psychical changes which are character· 
istic or the former. Those cases in which the two forms of clis
ease are combinecl, whether the psychosis is aclclecl to the latter 
history or tabes, or whether symptoms of t.-ibes arise clnring the 
course of progressive paralysis, will call for a special exercise of 
judgment, and will, as a rule, not be hard to interpret aright. 

Prognosis. 

Tubes clorsalis is, under all circumstances, a very serions dis
ease, althongh, incleed, its prognosis is not qnite so hopeless as 
it was once thought to he by Romberg. It is certainly not quite 
as unfavorable as the prognosis of multiple sclerosis, or even as 
that or simple transverse chrnnic myelitis. 

Although in the great majority of cases the clisease is more 
or less continuously progressive, advancing to an unfavorable 
termination, still a certain number, even though it be but a small 
number, or cases end in recovery. In many instances at least 
a certain degree of improvement takes place, ancl the malady 
remains at a stancl-still for years. If the disease is at all well cle
velopecl, it is harclly to be supposed that the anatomical changes 
can recede. 

It is always a question or a disease of long duration-and this 
is at least a comfort to many patients; however variable it may 
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be in indil"idual cases, a number of years always elapse, often 
many, very many years before the fatal termination. The slower 
the development of the disease, the better the general condition, 
the slighter the disturbance of sensibility, the Jess there is of a 
neuropathic predisposition, the longer, as a rule, will be the 
durntion of the disease. 

The judgment of each individual case, with regard to the 
prognosis, is generally very difficult; even one who has a rich 
experience in such matters will be able to give but an uncertain 
verdict. The pmgnosis is favorably influenced by the absence 
of a neuropathic predisposition and hereditary causes, by the 
absence of previous sexual excesses, by a very slow development 
and moderate intensity of the symptoms, by but slight disturb
ances of sensibility, rare and moderate lancinating pains, by the 
favorable effect of certain therapeutic measures, by favorable 
external circumstances which enable the patient to do every
thing requisite for his health, etc. On the other hand, it is 'lln
favorably influenced by hereditary predisposition, sexual over
stimulus, by the rapid progress of the manifestations, severe 
paroxysms of pain, rapid emaciation and Joss of strength, by 
affections of the special senses and of the brain, great general 
initability, serious irritation of the genitals, a tendency to bed
sores, vesical catarrh, by the uselessness of all therapeutic inter
ference, by unfavorable circumstances in life, forcing one to labor 
for his daily bread, etc. 

The prognosis of individual symptoms is very various. 
"rhile the disturbances of sensibility, the parresthesias aml 
anmsthesias, are generally very easily improved or removed, the 
prognosis of the ataxy is ordinarily quite unfavorable; it gener
ally remains unimproved, even though the motor power as a 
whole improves. The Janrinating pains, as a rule, are extremely 
obstinate; the vesical weakness may disappear, the sexual weak
ness usually remains nni111pro1·ed. Paralysis of the muscles of 
the eye gPnerally admits of a fa1·orable prognosis, while the 
amalll'osis due to atrophy of the optic nerve is almost absolutely 
hopeless; it is almost always incmable, and but rarely can even 
any slight improvement be observed. 
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Therapeutics. 

\Vith regard to the prophylaxis of tabes, which ougl1t perhaps 
to be considered oftener than it is now, we may refer to what was 
said above on the therapeutics of chronic myelitis. The points 
to be specially noted in this connection are the combating of the 
neuropathic tendency by appropriate diet and habits of life, and 
the prevention, by every means in our power, of things notoriously 
injurious, especially the combating or onanism and avoidanc,e of 
sexual excesses. In not a few families will one find fitting objects 
for the exercise of this sort of household medical supervision. 

In most cases it will be found impossible to fulfil a caiisal 
indication, as one is dealing with quite chronic conditions, the 
causes of which have long since passed away. \Ve shall, there
fore, but rarely find ourselves in a position to do anything in this 
direction, and whatever is to be done will appear from the indi
vidual circumstances of the case. \Vhere there are signs of syph
ilis, we should not fail to carry out the appropriate treatment . 

.A.s a rule, the physician will find that he has to deal with the 
disease after it has arrived at a certain degree of development, 
and he will have, before all else, to satisfy the indicatio rnorbi. 
ll' hat we have said more specifically above, under the therapeu
tics of chronic myelitis, is here especially applicable. .A.t the 
same time, we must not fail just here especially to emphasize 
some facts, and again to subject to closer inspection the effects of 
certain remedies in tabes particularly. Of all forms of chronic 
spinal affection, tubes is certainly the one that has been snbjected 
to the most extensive and manifold therapeutic experiments . 

.A.s a rule, nothing at all is to be expected from actual anti
pltlogistic treatment. This could at most be thought of in quite 
recent cases, with well-marked evidences of irritation and a more 
inflammatory character; and here, according to the observations 
or Frerichs, it does sometimes seem to be usefu l. But in all later 
stages, and during the well-marked chronic course of the ui sease, 
antiphlogistic treatment has always proved useless. As a rnle, 
therefore, it is to be ignored. But the application of dry cups 
may often be permitted for the relief of pain. 

In just this form of chronic myelitis aerivatives also seem to 
VOL. XIIl. -39 
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accomplish the least possible good. This is especially true of 
the actual cautery, which was formerly very often used, but is to 
be discarded as entirely useless. I have likewise never seen any 
distinct benefit from the milder derivations (blisters, salves that 
raise pustules, irritating inunctions, etc.). 

Among the means of treatment still discussed for tabes, sim
ple thermal baths formerly headed the list. If anything is plain 
in the therapeutics of tabes, it is the fact, confirmed almost unani
mously by all recent experience, that thermal baths are i11jitrious 
rather than beneficial in tabes, that in this form of chronic my
elitis they should either be entirely avoided or only employed 
with the utmost care. Benedict says, outright: "Thermal baths 
belong to the essentially injurious agencies in tabes;" and M. 
Rosenthal, Erdmann, von Krafft.Ebing, Richter, and others, have 
expressed themselves quite to the same effect; and my own ex
perience likewise quite agrees therewith. Leyden is the only one 
among recent writers who expresses himself as" unequivocally" 
in favor of the value of thermal baths. In opposition to this 
view, we would maintain what was said generally above (page 460) 
on the subject of thermal baths, under the head of Chronic My
elitis, as being especially applicable to tabes. We would advise 
the trial of thermal baths in tabes patients only under quite 
peculiar conditions, when all other methods of treatment have 
failed. The cases which are generally declared to be especially 
adapted to the use of thermal baths are those with prominent 
evidence~ of irritation, lancinating pains, with great general ex
citability, sleeplessness, etc. It is very much to be wished that 
these indications might be made more exact. 

At all events, one should be extremely cautious in the appli
cation of thermal baths. Only a moderately warm temperature 
is allowed; all above 90° F. may be injurious; most of the 
natural thermal waters therefore must be cooled. The duration 
of the baths must not be too long (not ovet· fifteen to twenty 
minutes) ; they are not to be employed daily, but only evPry 
two or three days. Only when thus carefully used do thermal 
baths sometimes seem to be of use in tabes. 

The sulpltitr baths which have been used with special fre
quency in Fmnce have probably no other effect than that of 
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simple thermal baths; what has just been said, therefore, applies 
equally to them. 

Saline thermal baths can certainly show better results, and 
Rehme, in particular, has long enjoyed a well-founded reputa
tion in the treatment or tabes. From my own experience I can 
likewise make a report in the main favorable to these baths 
(Nauheim). But here, too, it is greatly to be desired th,it more 
accurate indications and contra-indications should be established. 
The rules of caution given above (p. 461) might be especially 
applicable to tubes; the baths should not be given too often 
('Valdmann con iders three baths a week as sufficient for most 
cases), they should not be of too long duration nor too warm, 
and the more exciting forms of baths should be especially 
avoided, as they only too often interfere with the good results to 
be expectecl from such a course of baths. 

No conclusive experience is at hand with regard to the effects 
of clwlybeate-batlts or mud-baths in tabes. The latter seem to 
act favorably in some cases, though we cannot as yet say pre
cisely in what class of cases. 

But a cold-water cure, carefully conducted, must be very 
especially recommended for the t1·eatment of tabes. The results 
thereof are extraordinarily favorable, especially in comparison 
with the otl1er curative measures at om· commanJ. Aside from 
the hydropaths, whose judgment might be impugned as not alto· 
gether u11\Jiassed, Benedict, M. Rosenthal, and others, express 
themselves decidedly in favor of the beneficial action of 11ydro
therapeutics. 'Valdmann ascribes a strikingly farnrable effect 
to mild, cool sponging of the body. IIere also Leyden alone sets 
himself in opposition to all other authors, and claims that tabes 
patients, as a mle, bear cold water badly. According to my own 
experience, I must directly contradict this statement. Among 
nineteen of my tabes patients who went through with the cold
water cure, sixteen experienced more or less benefit, two saw no 
improvement, and only one gre\\· slightly worse. Most of my 
patients bear cold-water treatment so well that I almost always 
have them use the cold sponge-bath at home all winter, and have 
never yet seen any harm come from it. 

Here or course everything depends on the method and the 



612 ERB.-DISEASES OF TJIE SPIXAL CORD AND rrs l'XVELOPEOi. 

manner of application, which must he determined ancl regulated 
with the greatest caution. 

The metl10d of action of the water-cure on tabes may be two
Iolcl In the first place, it contributes to the hardening of the 
skiu and thereby to the diminution of injurious effects; it causes 
general strengthening and improvement of nutrition, which then, 
secondarily, also effects an improvement of the spinal trouble; 
One almost always sees patients leave water-cure institutions with 
a blooming aippearance, increased weight, and a feeling of greater 
well-being and increased capacity for work ; and all this is cer
tainly not to be lightly esteemed. 

But, secondly, the water-cure seems also to exert a direct and 
beneficial intt nence on the affection of the spinal cord, and thus 
to contribute more directly to the improvement and cure of the 
disease. 

From the statements of various specialists with regard to the 
metlwds to be selected, it first of all appears very decidedly that 
all low temperatures as well as all more exciting forms of bath 
are injurious and to be avoided, that, on the contrary, moderate 
degrees of temperature-not below 68° F. !-and the milder, 
more quieting, or only slightly exciting forms of bath alone are 
permissible. While, therefore, actual colcl water, cold fnll-IJaths, 
shower-baths, cold slappings, etc., are decider1ly forbidden, it is 
admissible to use simple wet rubbings (beginning with 77° F. 
and going down to 68°, or at the utmost to 59°), half-bltths (of 
about 86° to 70° F.) with simultaneous washing of the back and 
sprinkling of the back; furthermore, also mere washings of the 
back, of the feet, wrapping the feet and the abdomen with cold 
compresses which warm themselves, and here and there a hip
bath. The wet pack should be used with extreme caution, 
beginning with a temperature of 88° F . ; it is seldom borne at a 
temperature below 77° F . (F. Richter) . Czerwinsky recommends 
only tub-baths to be used in tabes, with a temperature of 81;\-° F., 
which is to be lowered only very gradually. At the same time, 
some patients bear lower temperatures very well. Very much 
reduced, anromic, irritable patients, who are very sensitive to 
cold, are the least titted for this treatment; at all events, in 
such cases it may only be tried with the utmost caution. 



TABE> DORSALIS. 613 

The choice or the insti tution to which tabes patients are to be 
entrusted is or the greatest importance. His not in all water· 
cures that the requisite understanding and the necessary indi· 
vidualization are to be found. Care must therefore be exercised 
in this respect. 

If poss ible, let those institutions be selected which lie in a 
good mountain region, are provided with convenient walks, are 
well conducted as to attendance, and are not too noisy. The 
best plan is to send patients there at the beginning or summer 
with instructions to remain till autumn. I have thus far not 
found win ter.cures in actual cold.water institutions as especially 
to be recommended . 

Since the pioneer labors of R emak, the galvanic C'ltrrent has 
earned for itself a secure and honored place in the trea tment of 
tabes, as well as in that of other diseases. Electro.therapeutic 
li terature abounds in reports of cases which establish, beyond 
all ques tion, the Yalue of the galvanic current in tabes. My 
own ex perience also speaks sufficiently in favor of this good 
effec t, although it is certainly calculated to put me on my 
guard against too great illusions in regard to the value of the 
method. Among 66 cases treated by me, 215 received no benefit; 
41, on the con tra ry, were more or less improved . This improve
ment, in most cases, it is true, did not amount to very much ; 
in but comparatively few was it very considerable, and only in 
rare instances was there complete recovery. 

Various authors differ somewhat among themselves with re· 
gard to the methods which are to be empl oyed, but almost all 
ag i·ee in thi s, that they regard the main poin t as consisting in 
the direct treatment or the back , wi th moderately strong, chiefly 
stabile, more rarely labile currents, and recommend only short 
sessions. 

Von Krafft·Ebing advises simple stabile currents tl1 rough the 
spinal column, of from fo ur to six mi nu tes' dura tion ; in addi
tion, he recommends the labile action of the cathode on the nerve
trunks. I cannot coincide wi th hi s opinion, that usually the 
first six or eigh t sessions determine the result ; the improvement 
ofte n docs not appear until very much la ter. :Mendel has like
wise appliecl stabile and labile currents to the spinal cord with 
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advantage. Mor. Meyer has found the action or the anode use
ful in some cases, on points in the spinal column that were pain
ful on pressure. 

I myself for some years past have almost exclusively em
ployed the method described on p. 183, and believe that I have 
thereby attained comparatively the best results. Naturally this 
will have to be variously modified in different individuals, so 
far as the duration, intensity, and localization of the currents 
are concemed. In very irritable persons, in particular, with 
severe pains, it is well to apply very weak currents. I generally 
combine with the galvanic treatment of the spine peripheral 
galvanization of the nerves of the lower extremities (cathode 
labile), which is to be used about two or three times a week. 
In the same manner, any complications that may exist (paralysis 
of the muscles of the eyes, atrophy of the optic nerve, lanci
nating pains, vesical weakness, anresthesia, etc.) are at the same 
time to be treated symptomatically. 

The sessions last about three to six minutes; strong currents 
are positively avoided; treatment usually takes place daily, 
commonly for months together. 'Ve should not allow ourselves 
to be prevented from continuing the treatment by temporary 
fluctuations in the comse of the disease. 

Only if patients feel more tired and poorly after each gal
vanization ; if their condition, as a whole, grows gradually 
worse; if their pains increase, sleeplessness sets in, or the like,
must we give up the galvanic treatment as inappropriate. 

Among the internal remedies for tabPs, nitrate oj' silver 
undoubtedly stands first, as it can show quite undoubted results. 
The observations of 'Vunderlich, Charcot, Vulpian, Eulenburg, 
Griesinger, von Graefe, and others, speak decidedly in its favor, 
and lately Friedreich has also again expressed himself favorable 
thereto, at the same time }Jointing out the danger of albuminuria 
connected with its use; but this danger may no doubt be easily 
avoided by cautious dosing. 

Although we cannot, as yet, accurately desig nate the cases in 
which nitrate of silver vroves beneficial, still the fact that it 
i·eally has done good in a considerable number or cases, and that, 
as a rule, and if used with . some caution, its employment is 
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without any danger or discomfort, is of itself enough to justify 
its administration in most cases. The dose is 0.01 to 0.02 gramme 
(one-sixth to one-third of a grain) several times a day, so that at 
1nost 0.06 to 0.10 gramme (one to one-and-a-half grains) is used in 
the course of a day; the remedy may be continued until about 
8 to 10 grammes (two to two-and-a-half dracllms) have been used; 
and its use may also be repeated again later. 

Caster found material improvement under the oxide of silver in two cases where 
the nitrate had been employed without effect. 

Iodide of potassium, which is recommended by some on theo
retical grounds, cannot show any results worth mentioning. 
Leyden considers it effective against any rneningitic complica
tions that may e.idst; it is also said to moderate symptoms of 
irritation. 

According to Siredey, bromide of potassium is said to im
prove the disturbances of co-ordination and to mitigate the pains 
in closes of from 3 to 10 grammes (gr. xlv. to 3 iiss.) daily. 

The systematic use of belladonna and ergot has, as a rule, 
only resulted in failure. Ergot has lately found a eulogist in 
\Valdmann, who tried it on himself (he suffers, however, princi
pally from spinal meningitis), and who urgently recommends it 
for chronic meningitis and for tabes "caused by dilatation of 
the vessels." One to two grammes (fifteen to thirty grains) is to 
be given daily, in the form of powder, and continued for a con
siderable time. 

There is not much to be said in praise of arsenic, chloride qf 
gold and sodium or cllloride of barium (recommended by Ham
mond in doses of 0.05 gramme [three-fomths of a grain] three 
times a day); all these remedies generally leave one in the lurch. 

Strychnine is decidedly objectionable in tabes. 
Plwsplwrus, which has repeatedly been recommended by 

Dujardin-Beaumetz, appears to produce no effect in most cases, 
and will but rarely be used on account of the danger connected 
with it. 

Quite recently, in n Russian periodical, Lesch has reported favorable results from 
phosphorus treatment in tabes, from the clinic of Prof. Eck. The remedy is said to 
act first on tho sensibility, afterwards on motility also. Five ccntigrammcs (three-
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fourths of n grain) of phosphorus is to be dissolved in sulphuric ethcr1 nnd this is to 
be made into fifty pills, with breadcrumbs; three to six pills are to be given daily, 
until about 0.15 to 0.25 gramme (two and a hnU to four grains) of phosphorus have 
been consumed. I tried the remedy in one case, without any result; it was well 
borne, Further trials are to be desired. 

Cod-liver oil is praised by many. It appears, besides its gen· 
eml nourishing qualities, also to have a favorable effect on the 
nutrition of the nervous system, and therefore deserves to be 
used where it is well borne. 

Very particular attention is, in all cases, to be given to tbe 
matter of regulating the diet and the rnethod ef life of tabes 
patients. On this subject we may refer to what was said under 
Chronic Myelitis (see above, p. 464) and also to the admirable 
remarks of "'aldmann on this point. 'Ve have nothing to add 
to what we have said above wilh regard to diet, mental labor, 
digestion, sleep, sexual intercourse, etc. \Ve would again recom
mend the utmost possible indulgence in fresh air, especially 
mountain-air, sea-ait·, and the air of the forests. As a feeble 
substitute for a winter spent in the south, which is impracticable 
for many patients, the daily inhalations of oxygen, lauded by 
Waldmann, might be tried. 

With reference to bodily movements, we may, according to 
our best convictions, dissuade patients from too much walking. 
The diseased spinal cord must be spared; patients quickly grow 
tired in walking, and may, therefore, only continue this exercise 
until the beginning of fatigue; every overexertion or extreme 
fatigue may be of tho greatest detriment. Topinard likewise 
recommends rest, especially for those people who otherwise work 
hard and beyond their strength ; on the other hancl, he thinks 
that light muscular exertion, though never to the point of over
exertion, is the rather indicated for others, especially patients 
from the higher walks of life, who have a poor appetite and 
lowered nutrition. The proposition to cure commencing tabes by 
quiet rest in bed for several months has not met with any en
dorsement. As a matter of course, tabes patients must guard 
themselves against wet, dampness, cold, and taking cold; for 
many of them it is therefore well to wear flannel underclothing. 

After having thus passed in review the different means and 
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methods recommenc1ed against tabes, it may be well to offer a 
few suggestions with regard to the general plan of treatment 
which should be carried out in individual cases. 

In cases just commencing, with light, initial symptoms, we 
should first search for any causes or the disease which may be 
present and still acting, and remove these. Then the diet and 
method of life of the patient should be regulated in the most 
careful manner, his activity in his business, his recreations, etc., 
and the patient should early have his attention called to the fact 
that only the most methodical and persistent carrying-out of the 
regulations pt'escribed for him may presel've him from a subse
quent grievous malady. Of course, we should at the same time 
strive to quicken his hope and courage. Much must still be left 
to the tact of the physician, after carefL1l weighing of the indi
vidual characteri stics of the case. Direct treatment in summer 
may be limited to having the patient take up his abode for a few 
weeks at some appropriate place in the mountains, in good forest 
air, or at the sea-side, to having him use a regular cold-water 
cure, or a cure at the baths of Rehme or Nauheim. \Ve may 
generally reserve for the autumn and winter the regular carry
ing-out of systematic galvanic treatment, the administration of 
nitl'ate of silver, or any other medicine called for by circum
stances, as well as the regular use of cold rubbings, washing of 
the feet, or the back, etc. In this way different therapeutic 
measures may be canied on for months and y ears, interrupted 
from time to time by pauses. If improvement or recovery takes 
place, patients must still take good care of themselves for a very 
long time, avoid all overexertion, and endeavor permanently to 
establish their health and strength by subsequent treatment 
(mountain-air, water-cures, sea-baths, etc.). 

In quite recent cases, with very prominent signs of irritation, Frerichs (compare 
the disscrtt\tions of lt"'abricius, Kaucrt. Mette, Nachtweyh) recommends the copious 
abstraction of blood :dong the spinal column, and derivation to the skin nnd bowels 
by flying blisters, irritating salves, and colocynth. This method may only be 
employed with the greatest caution, and is, of course, entirely to be rejected in the 
later stages of the disease. 

In more advanced and completely developed cases we shall 
not be able to build any too great hopes 011 thernpeutics, how-
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ever much it may be our duty to support the hopes of the 
patient. There will be plenty of chance here for the systematic 
trial of various means of cure. For the summer months a 
course of baths at Nauheim or Rehme may be recommended; 
afterwards also at some one of the thermal springs, with subse
quent residence in the mountains, or a cold-watei' cure. In the 
intervals the patient should be allowed a couple of weeks of rest 
at a pleasant place that suits him, and without any special treat
ment, except perhaps cool rubbings. For the winter and spring 
months the use of the galvanic current especially commends 
itself, simultaneously with internal means and cautious hydro
pathic treatment. If the use of nitrate of silver has been con
tinued long enough, we may try, one after another, the internal 
remedies mentioned above, giving tonics, cod-liver oil, and the 
like, in the intervals. The method of life must be regulated; 
care must be taken that patients remain in the open air as much 
as possible; they should use a good perambulating chaLr, and 
we must seek by all sorts of external means, by rubbing with 
liniments and spirituous washes, by symptomatic treatment, to 
act favorably upon the state of mind of the patient. All this is 
a very difficult task for the physician, and patients only too 
readily lose courage and turn from one physician to another, 
expecting help from each one, and dismi sed by each with the 
same lack of result. 

In quite old, inmtrable cases, finally, we should seek, so far 
as possible, to restrain patients from all useless attempts at 
curative treatment. Romberg's utterances, which have become 
celebrated, and were dictated by true humanity, apply to these 
cases. If patients possess enough strength of character, they 
should be cautiously informed of the uselessness of further 
"cures;" if not, we may endeavor to keep them encouraged, 
which is generally very easy, with the hopes of improving at a 
better time of year, and conduct them thrnugh their long period 
of suffering with harmless treatment. \Ve should then confine 
ourselves to regulating the method of life and the external rela
tions as far as possible, seeking to secure to the patient as com
fortable an existence as may be, giving him careful symptomatic 
treatment, and letting him spend much time in the open air, at 
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the same time improving the general strength by cold l'Ubbing 
and sponging. Long journeys to bathing-places are decidedly 
,to be avoided; still we may advise well-to-do patients, who can 
accomplish it with all comfort to themselves, to spend the sum
mer where they can have good mountain or forest air. 

In so tedious and severe a malady, l'Unning its course in part 
with very tormenting symptoms, the symptomatic indications 
oftpn urge themselves upon the physician. One must be very care
ful and ingenious in order to satisfy the desires of the patients. 

First on the list are the pains, especially the lancinating 
pains, the paroxysms of pain, by which patients are o[ten terri
bly tormented. Only too often we shall find ourselves helpless 
over against them, endeavoring in vain to combat them with 
every possible means. I here mention a list of remedies, all of 
which help sometimes, but quite as often leave us in the lurch: 
sina pisms, blister8, warmth (in the form of hot compresses, sand
bags, etc.), Priessnitz's cold-water compresses, opium or bella
ilonna plasters, rubbing with chloroform, veratrine, or oil of hy
oscyamus; faradization or galvanization (stabile cathode) of the 
particularly painful and hyperresthetic points of the skin ; but, 
above all, subcutaneous injections of morphine, which only too 
readily become a necessity; among other intemal remedies, 
quinine and bromide of potassium in large doses, or the hydro
bromide of quinia, recently recommended by Erlenmeyer (0.50 
to 2.0 at a dose, gr. viiss. to gr. xxx.); iodide of potassium 
(Leyden) in moderate doses, etc. 

Against cutaneous ancestliesia, motor weakness, and atrO']Jliy 
of the muscles, electricity is the only rational means to be 
employed. 

In weakness ef tlte bladder, faradization of the bladder, 
either from without or with the aid of the bladder electrode, is 
often useful. 

Cystitis and threatening or existing bed-sores are to be 
treated in the manner explicitly laid down before (p. 194). 

For the amaitrosis, strychnine has always thus far be~n 
ti-ied in vain; the galvanic current, also, is extremely seldom o[ 
use. "\Ve may deem ourselves fortunate if we accomplish the 
arrest of the evil whih• still in progress of development. 
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The miucular twitcliings that are sometimes present demand 
the same means as were indicated for the pains. 

The constipation, which almost always exists, is an especially 
troublesome symptom. \Ve must proceed against this careiully, 
and only with the mildest purgatives. If we can succeed in 
attaining our end by appropriate diet (much fruit, Graham 
bread, etc.) and simple enemas, so much the better. In specially 
obstinate cases the regt1lar faradization of the intestines (one 
pole to the sacrum or in the rectum, the other passed over the 
entire abdomen, with a strong current) often yields good results. 

Attacks of oppression must be combated by the customary 
means. Paroxysms of gastralgia are best met with a strictly 
limited diet and morphine injections. 

The best remedy for the pollutions and increased sexurtl 
excitability is bromide of potassium (gr. xxx. to gr. xc.). Lupn
lin and camphor have also often pro.-ed useftll. Cool hip-baths, 
the avoidance of any considerable filling of the bladder, and of 
lying on one's back at night, are also of benefit. 

13. Paralysis Spinalis Spastica.-Tabes Dorsal Spasmodique 
(Cliarcot).-Sclerosis of tlie Lateral Colu1nns f-Primary 
Lateral Sclerosis f 

Tuerck, Ucbcr primiirc Dcgenerat. einzelncr Rllckenmarksstriinge. Sitzungsbcr. d. 
k. Akad. d. Wisscnsch. zu Wien. Math: na.turw. Classc. Bd. XXL Jahrg. 1856. 
S. 112.-Charcot, Scll!rosc des cordons later. d. 1. mocllc £\p. chcz. une femme 
hystCr. nttcintc de contracture pcrmnn. des quntrc mcmbrcs. Gaz. hcbdom. 
1865. Nr. 7.-Cluircot et Joffroy, Deux ens d'atrophie muscul. progress. avec 
lesions de la subst. grise et des faisc. antCro-latCraux de la moelle Cp. Arch. d. 
Physiol. IL pp. 354, 620, 744. 1860.-..4. Voiain, :Meningo-myClite suraigue, 
SclGrosc des cordons lnteraux, etc. Gaz. med. de Par. 1860. Nr. 40. p. 533.
GonWaitlt, SclCrosc symmctr. des cord. later., etc. Arch. d. Physiol. IV. p. 509. 
1871-72.-0luircot, SclGrose primit. de la part. postCricure des cordons antCro
lat. Gaz. mCd. de Par. 1874. Nr. 3. pp. 38-39.-Cllm·cot, Lei;ons sur les mal. 
du syst. nerveux. II. SCr. fasc. 3. Sclcroi::e latt:rale nmyotrophiquc. Paris, 
1874.- lV. E1·b, Ucb. einen wenig beknnntcn spinalcn Symptomencomplex. Vorl. 
ltlitU1. Berl. klin. Woch. 1875. Nr. 26; und Bericht Ub. d. 8. Versamml. siid· 
westdcutsch. Irrcniirzte zu 1-Icppcnhcim. Zcitschr. f. Psych. Bd. 32. 1875.
Jilr. Richter, Zur Sklcrosc dcr Seitenstr. des R.-M. Deutsch. Arch. f. klin. :Medic. 
XVIr. S. 365. 1876.-0. Berger, Die primUrc Sklcrosc dcr Scitenst1·iingc des 
R-M. Deutsche Zcitschr. f. prakt. 'Medic. 1876. Nr. 16-19.-Seeligmueller, Skle· 
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rose d. Seitcnstr. d. R.-)l. bei ycrsch. Kindern derselben Fa1nilie. Deutsche 
med. Woch. 1876. Nr. 16-17.-Leyden, Kliuik derRUckcnmarkskr. Bd. II. S. 
434. 1876.-0. Beryer, Ein Fnll Yon Sclerosis later. amyotroph. Deutsche 
Zeitscbr. f. prnkt. :Med. 187G. Nr. 29, 30.-Bitoua, !:tudc sur le tabcs dorsal 
spasmudique. Paris, 187G.-Cliarcot, Du tabcs dorsal spasmodique. Progr~s 
rnGdic. 1S7G. Nov. Nr. 45-47.-Erb, Ueber Lnteralsklcrose und ibre Beziehung
cn zur Tabcs dorsalis. Arch. f. Psych. und Nervcnkr. Bel. Vil. S. 238. 1S76.
Be1·gn·, Zur Lehre von dcr prim£lrcn Lateralsklerose des R.-M. Deutsche Zcitscbr. 
f. prakt. Medic. 18i7. Nr. 3, 51 u. 6.-Rich, Sclmlz, )fohrcre FUlle von "Lo.ternl
sklcrosc." Arch. d. llci lk. XVIII. S. 352. 1877.- lV. Erb, Ucbcr spast ischc Spi
nalparulysc (Tnbcs dorsnl spasmodique, Clta1·cot). Virch. Arch. Bd. 70. 1877. 

Introduction and History. 

It should be stated, in advance, that in this section we shall 
consider that form of disease exclusively, the picture of which I 
first gave fully and in detail (Berliner !din. \Voch. , 1875, No. 26), 
and which Charcot bas also recently described in detail under 
the name of "tabes dorsal spasmodique." This was after that 
author had for a number of years made short and suggestive 
reports with regard to quite similar manifestations of disease, 
and bad spoken of them as being related to sclerosis of the spinal 
lateral columns. 

In the meantime, the opinion, that sclerosis of the lateral col
umns is the anatomical basis of the disease describec1 by Chareot 
and myself, has been gaining niore and more advocates; indeed, 
it is held by some authors as quite firmly establi shed, although 
this is without sufficient grounds, that is, without conclusive 
anatomical investigation. 

It is only on the supposition that this opinion, which we onr
sel ves regard as extremely probable, is correct, and will be con
firmed by subsequent i111·estigations, that we also discuss sclerosis 
of the lateral colnmns in this section, that in the historical 
review we allude to those works which treat of primary degen
eration of the same, anc1 that we shall depict its anatomical 
characteristics. If, contrary to our expectation, this opinion 
hould prove to be false, the disease here to be described would 

nevertheless remai n as an independent, well-characterized form 
of disease, and we shou ld still have to search for the symptom
picture of sclerosis of the la teral columns. 
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Tuerck was doubtless the first who recognized a primary 
sclerosis of the lateral columns; he expresses himself only briefiy 
and unsatisfactorily with regard to its symptomatology. 

All other communications up to 1875 actually originate with 
Charcot alone. The manifold investigations into secondary de
generation of the lateral columns, which fall within this period, at 
most furnished a few fixed points in symptomatology; and these 
are capable of but very limited application, on account of the 
prima1·y disease of the brain or spinal cord. 

Charcot first published a case of hysterical contracture which 
had lasted continttonsly for nine years, and had before arisen re· 
pentedly; the autopsy showed symmetrical sclerosis of the poste
rior sections of the lateral columns throughout the greatest por
tion of their length. Subsequently, Charcot set up a peculiar form 
of lateral sclerosis, which is complicated with muscular atrophy, 
and which he afterwards designated as "sclerose laterale amyo
trophique;" in giving the description of two cases belonging under 
this head, he briefiy defined the essentinl symptoms of sclerosis 
of the lateral columns. His subsequent communications nlways 
brought merely brief references of essentially the same import. 

'fhe matter then stood thns: The principal symptoms of 
sclerosis of the lateral columns hnd little by little been recog
nized, being taken from various complicated cases (secondary 
degenerations, amyotrophic lateral sclerosis, etc.); and from these 
the picture of "primnry lateral sclerosis" had been constructed, 
with great probability of correctness-this being also said to have 
been found present in some of the cases observed by Charcot. 
These cases, however, were never published; no detailed disease· 
picture or lateral sclerosis wns nnywhere delinented; the disease 
figured in no text-book; and, at least with us in Germany, it did 
not occur to anybody to recognize and diagnosticate this as a 
very frequent and well-characterized form of disease. 

My introductory cornmnnicntion gaYe the delinPation-con
taining nll that was essential-of n disease·picture which bore 
the greatest resemblance to the symptom-picture of lnteral scle
rosis indicated in ontline by Charcot, which may probably be 
regardecl as identical with the latter, and actually is so regarded 
by most authors. 
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Charcot himselr, then, in 1Si6, both had this disease describeu 
by his pupil Bctous, under the name of "tabes dorsal spasmo
dique," and al o himself published an essay thereon. He like
wise, as yet, expresses himself Yery guardedly concerning the 
anatomical basis of the disease, which can only be finally deter
mined by reneweLl anatomical investigations. Ile says that the 
cases formerly observed by him are too old and partake too de
cidedly of the character of "somewhat confused memories" to 
serve as evidence. 

During the past year several works have also appeared in 
Germany on so-called lateral sclerosis, and 0 . Berger, in particu
lar, has handled the subject in several essays. I ha,,e myself 
recently published my more detailed communications on this 
disease. 

Definition. 

The disease is clinically characterized by a gradually increas
ing paresis and paralysis, generally advancing slowly from 
below upwards, with muscular tension, reflex contractions and 
contract1tres, with strikingly increased reflex actions of tendons, 
while at the same time there is entire or almost entire absence ef 
all disturbances ef sensibility or trophic disturbances, of all 
?Jesical or sexual weakness, and of all cerebral disturbances. 

The disease, as a rule, is extraordinarily slow in its develop
ment, insidious and very chronic in its course; it may occur in 
various combinations, but in its typical cases is very easily to 
be distinguished from all other forms of chronic spinal disease 
(from chronic myelitis, myelitis transversa, tabes dorsalis, multi
ple sclerosis, etc.). 

The anatomical characteristics of the disease cannot as yet 
be given with certainty; if everything does not deceive us, the 
anatomical basis of the group of symptoms consists in a sym
metrical sclerosis of the lateral columns, especially of their poe
terior divisions, adrnncing gradually from below upwards. It 
would constitute a complete analogue to sclerosis of the poste
rior columns. The correctness of this presumption can only be 
definitely decided by post-mortem examination. 
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The duiynation of the diaeaae would naturally be best selected on an anntomical 
basis, and 11 sclerosis of the lateral columns 11 or "lateral sclerosis 11 would therefore 
be most appropriate. As long, however, as we are not certain in this matter, it 
would be better to select a symptomatic designation. Chnrcot has chosen the term 
"ta bes dorsalis spasmodica." I cannot consider this choice very fortunate, and it 
is hardly to be accepted for us in Germany. For us the term "tabcs dorsalis" now 
signifies exclusively sclerosis of the posterior columns, and it is doubtless best for 
us to abide by it. But if by the term tabcs we arc again to designate all atro
phic and sclerotic processes in the spinal cord, we sl1ould thereby still be in n<lvance 
of our nnatomical knowledge of the disease. Furthermore, in Charcot's designation 
the spasmodic clement of the disease is the only one thnt rcccivc11 clue prominence. 

But the main symptoms of the disease arc manifestly paralysis (parc~is) and 
spasm (muscular tension and contrn.ctures); these should, therefore, receive special 
prominence in the designation. After various other trials-following the analogy 
of atrophic spinal paralysis-I have chosen the name "spasmodic spinal paralysis," 
"paralysis spinalis spastica," as a provisional clinical designation, and l1opc that, 
in spite of its lack of euphony, it will suffice as a somewhat suggestive name for 
the disease, until satisfactory results of post-mortem examinations shall render pos
sible the choice of a definitive anatomical designation. 

Etiology and Pathogenesi& 

There is thus far very little to be said on this point. The 
disease is a tolerably frequent one, although by no means so fre
quent as sclerosis or the posterior columns. But little is known 
of any definite predisposition thereto. Only in the smallest 
number or cases can the neuropathic tendency be assumed as an 
auxiliary cause. The disease seems to attack the male sex some
what oftener than the female; still the dilrerence is decidedly not 
so great as in tabes. 

The disease is developed almost exclusively during the age of 
maturity; by far the larger number of cases begin between the 
ages of thirty ancl fifty. But from various observations which I 
have reported (I. c.), it would appear that the disease may also 
develop itself even in earliest childltood, and we might then 
imagine the possible congenital defective development of certain 
divisions or the spinal cord. Part of the cases described under 
the name of spasmodic infantile paralysis may well belong here. 
The remarkable observation communicated by Seeligmueller, 
where four children of the same family were taken sick with 
amyotrophic lateral sclerosis, should also be placed here. 
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But most frequently it is jnst the robust, strong people, who 
are subject to no neuropathic influences, that are attacked by the 
disPase, and in the majority of them the most careful interrogation 
does not discover any sort of predisposing cause for the disease. 

In fr.ct, even the exciting causes of spas1i.odic spinal paraly
sis are as good as unknown. Naturally enough, here, too, taking 
cold is not rarely assigned as a cause, although not so often, nor 
with as much certain ty, as it is in some other tl1ings. At the 
same time, the astonishing many-sided ness of this source of in· 
jnry may occasionally show itself in this malady too. 

Betous thought that he could demonstrate lead-poisoning as 
a cause in one of his cases. Berger believes in the possibility of 
its being produced after trawnatic influences. In my cases I 
coukl never prove anything with regard to the intluence of sexual 
excesses or previous sypllilis. 

The etiological relations of the disease, therefore, certainly 
still remain to be discovered. 

Pathological Anatomy. 

Going on the supposition announced above, and which is to 
be still further established below, that the disease is identical 
with primary sclerosis of the lateral colnmns, we have here 
brietly to depict the anatomical conditions in this affection. 

J.Iacroscopically we encounter the usual appearance of gray 
deg~neration, though here limited in a sym metrical manner to 
the two lateral columns, and, indeed, especially to the posterior 
dil·isions of the same. The gray discoloration here occupies the 
entire posterior half of the lateral column in the form of a trian
gle, extencling inwards to the posterior gray horn, outwards to 
the pia mater, and b~ing somewhat indistinctly shaded off for. 
wards into the healthy t issue of the lateral column (Fig. 11, a). 
According to Charcot and Bouchard, this very form of the gray 
wedge alone should enable one to distinguish primary lateral 
sclerosis from secondary degeneration in most of the sections of 
the cord. Secondary degeneration of the lateral colnmns, as a 
result of di sease of the spinal cord, is characterized by the fact 

VOL. Xlll.-40 
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that the inner posterior contour of the gray spot 
does not reach the posterior horns, but remains 

,,, separated from it by a rnllTOW zone o( normal 
white substance, while the gray di scoloration, it 
is true, here also extends to the pia mater (Fig. 
11, b). Secondary degeneration, the result of 

. 3 brain trouble, in addition to its usually appearing 
only on one side, is said to be disting uished by 
the fact that the g1·ay discoloration has a more 
roundish form, standing out from the surround

~ '" ing substance in sharp outlines, and never reaches 
close to the pia mater (Fig. 11, c). Still these 

Fw. ll. - H•lf ,;,. characteristics are probably not absolutely uni
~~~~I~~c~-£i~:1~e~~~; versal, though they may, perhaps, app.ly to most 
ralculumns(fromatxmt. cases, and to the g reater part of the sp111:i.l cord. 
~1~~-;.~;'i;o::).rta~~·o~ It must be left to future observations to deter
f~~;~~f,~.~111~~"tr~ mine positirnJy whether, in }Jrimary sclerosis of 
:~;~"~:.;11 ;~··~~11~~~~0~ the lateral columns, the innermost didsions of 
![~,;t~~c~~{.~,~~~hi t~ie anter~or c?lnmns, wliich, according to Flech-
caseoftbe bmi11. s1g, are likewise to be recko1wcl as part or the 

pyramidal tracts, are al so diseased. 
The degeneration may extend over the greater portion of the 

length of the cord, from the lumbar region np into the medulla 
oblongata, and even beyond that, showing a somewhat different 
configmation and intensity of the process in the different trans
verse sections. 

11Iicroscopically we encounter the ordinary picture of gray 
c1ege11erntion. In Yiew of the incompleteness of the im·estiga
tion :i thus far made, it is not yet possible to establish a positiYe 
hi stological distinction between primary lateral sclerosis and 
secondary degeneration of the lateral columns. 

Among the possible cornplications of lateral sclerosis, we 
must mention sclerosis or the posterior columns (a combination 
which wns seen repeatedly by \Yestphal, and is also very com
mon in the later stages or tabes) ; fu1thermore, a more or less 
c1ill'use sclerosis or the anterior columns; ancl, finally, a lesion or 
the ant erior g rn.y horns, which constitLLtes the rul e in that form 
or disease described under the name or sclfaose lntfrale amyo-
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trophiqnP. This degeneration of the anterior gray horns estab
fodws itsl'lf hy preference in the cerrical enlargement of the cord, 
wlu-'re it im·oh·es greater or less areas, and, in addition to the 
interstitial changes, especially induces degenemtion, atrophy, and 
di~appearance of the large ganglion-cPll s in the anterior homs. 

All the e statements await further anatomical investigations, 
to render them more precise. 

Pathology of Spasmodic Spinal Paralysis. 

Symptoms. 

The .'feneral picture ef tlle disease is that of motor paraplegia, 
generally d<',·eloping itself Yery slowly, and gradually achancing 
upwards, lo which symptoms of motor irritation early ally 
tl1 emst>h-es-muscular twitchings, muscular tension, rigidity, 
and contractures, which lend to the disease-picture a peculiarly 
fertile charal'tPr. To thi s is added a ,-e1·y striking increase of 
the rellex activity of the tendons, mucll more m1·ely also or the 
rl'flvx action of the skin, while there is an entire absence. at least 
for a Jong time, of any serious disturbances of sensibi lity, of the 
vesica\ or sexual functions, and of nutrition, and cephalic syrnp
to111s likew ise nc\·er ari se. 

The disease often bt•gins at once, without any farther precur
sor$, with the manifestations of motor weakness in one or both 
lower extremities. 

In otht.:. r, not rare cast>s, howe\-er, this is preceded, for a 
longer or shorter lime, hy eYidences of sensitive irrilalion
pain in the back, dragging ancl tearing pains in the legs, formica
tion and other pancsthesias, etc. But tlwse are rarely se,·ere, 
and are genernl ly of a transitory nature and eas ily subdued. 

The motor distnrhance, which sometimes begins in both lower 
extl'emities at onre, somet im es in one alone, and very rarP1y in 
tltP upper extremities, consi,ts at first only in weakness, in being 
more easily fatir111ed, nnc1 in a ce1-tnin liem•iness of the limbs. 
This graclunlly becomes actual paresis j the legs grow quite 
henYy, the gait becomes dragging, difficult, unstencly. Only in 
rare cases, ancl usually not until the later stages, does this paresis 
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increase to complete paralysis. No ataxy appears during the 
entire course. 

But distinct manifestations of motor irritation early ally 
themselves to the paretic symptoms. At first single lighter 
twitcltings, or jerking of the lef;s, arise, which occur when sitting 
or lying down, often appear at night, and are very frequent 
when fatigued; or there may be a certain spasmodic stijf"ness, 
which arises on the execution of certain movements and lasts for 
a few moments. This gradually increases to more continuous 
stiITness, to regular tension qf tlle 1nuscles, which appears on 
active, and still more on passive motion, and affects the patient's 
gait; and finally it comes to permanent and severe contractures, 
which fix the limbs in a position of extension. 

From all this, as long as the patients are still able to walk, 
there results a very characteristic method of walking, the spas
tic gait, which we have already previously described in brief 
(p. 01). At first but slight indications or it are to be observed; 
later the disturbance grows more distinct; the dragging and 
trailing or the legs, the drooping of the toes on the ground, the 
shnffiing, the disposition to raise oneself on the toes, keep grow
ing more marked, and in especially well-pronounced cases a hop
ping sort of raising or the body takes place with each step, and 
a tendency to fall over forward. 

On merely placing the point of the foot on the floor, while 
sitting, a tremor very generally sets in, evidently in no respect 
different from the clonic trembling on passive dorsal fiexion of 
the foot. And this is catlSed by the ever-present Mglt degree qf 
facrease in tlte rl'jlex action qf tlte tendons, which can generally 
be demonstrated very early. Not only does the normal reflex 
action of tendons show a very abnormal increase, but this also 
appears quite actively in many tendons which under normal re
lations ~how no trace thereof. 

Objective examination re,·eals no disturbance qf sensibility. 
The sensibility of the skin and muscles, tested with the greatest 
care and in all directions, appears entirely normal. Not the 
slightest swaying appears on closing the eyes, nor any trace of 
unsteadiness in the twilight. In part o! the cases the reflex 
action of the skin appears increased; generally, however, it is 
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normal, sometimes rather diminished. There is no atrophy of 
lite 1nuscles. The f unctions of the bladder and recturn are en
tirely normal, as are also the sexual functions. But little is gen
erally to be seen of vaso-motor disturbances, neither are there bed
sores nor any other trophic disturbances of the skin. The func
tions of the brain and the cranial nerves are entirely undisturbed. 

During the further progress of the clisease tlte disturbances 
grculually contimte to advance upward. The muscles of the 
back and abdomen become paretic and rigid, the movements of 
the trunk grow difficult, sitting up and holding oneself erect be
come difficult or qnite impossible. 

Then the aJfection extends to the arms; this often occurs 
tolerably eady, but generally not till the later stages of the dis
ease. Parnsis, heaviness, and stiffness of the arms sets in; exam
ination shows here a lso an increase in the refl ex action of tendons, 
bnt no distmbance of sensibility, no ataxy; linally, rigidity and 
contmctures also occur, but rarely full paralysis. 

This methocl of development is not the only and invariable 
one. Sometimes the affection passes from one lower extremity 
lirst to the upper extremity of the same side, and the alTection 
may persist for a long time (ernn for several years) in tltis herni
plegicforrn before the other lower ex tremity is attacked. Some
times, too, the disease begins in the upper extremities, and, run
ning its course downward, does not involve the lower extremi
ties until later. 

\Vhen the disease has reached a certain point o( development, 
it may then remain stationary for a variable lPngth o( time, 
often for many years, or show but a scarcely percep tible advance. 

Generally, however, the paralysis eventually becomes com
plete, the contractnres increase in intensity, and the patients, 
grown stiIT and immovable, are doomed to permanent lying still. 
At the same time, there may be an entire absence of pain and of 
other disturbances of sensibility, the vegetative functions may 
take their regular course. 

The disease in itself <loes not appear directly to threaten life, 
ancl patients generally die of some intercmrent disease. 

Now and then, however, death is doubtless inducecl by the 
extension of the processes within the spinal cord to structures of 
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the same, which are more importa11t to life. The complications 
or the disease-al wnys rnre---which betray such an extension of 
the same, are rnuscular atrophy, bulbar symptoms, distmbauces 
of sensibility, vesical weakness, cystitis, bed-sores, etc. 

In estimating the importance of individual symptoms, we 
must principally direct our attention to the p"lresis and paraly
sis, the spasms, rigidity, and contractions, to the peculiarities of 
the gait resulti11g therefrom, and to the heightenccl reJ!ex action 
or tendons. 

The rnanifestations ofrnotor paralysis generally begin with 
some fatiglle, insecurity, weakness, and sti:flness of the lower 
extremities, sometimes of both at once, but not rarPly of one leg 
somewhat earlier than the other. 

The legs feel as heavy as lead ; every prolongecl exertion 
fatigues the patients extrernely; finally, longer marches and 
walks become impossible; tbe gait grows distinctly dragging. 

Gradually it comes to distinct paresis; pntients are no longer 
able to raise themselves on their toes, much less to mnintain them
s~h·es thereon; it becomes difficult or impossible for them to raise 
their legs, if extended, while lying down; the leg, extended at 
the knee, oITers less resistance to nttempts at passi,·e motion. 

At the same time all movements are quiet and uniform, only 
sometimes rather uncertain on account of the paresis. No sign of 
ataxy is to be noticed. All movements called for can be exe
cuted just as quietly and certainly with closed as with open eyes. 

Finally, complete paralysis may be cle,·eloped; it is generally 
confined to the domain of single nerves and muscles, but may 
gradually extend further. The paralysis seldom becomes quite 
complete; that entire immobility of the limbs, so characteristic 
of many cases or myelitis, does not readily occtlr here. 

This is the usunl picture. But sometimes it happens that the 
disease begins unilaterally, and retains its lteiniplegic forin for 
quite a while, a point to which Berger callecl attention in his 
first work; the paresis then extends from one leg first to the arm 
of tlie same sicle, nnd may exist in this way for a long time (as 
much as several yea1·s) before the weakness iiwades the other 
leg, and finally the other arm. In all these cases the leg is more 
paralyzed than the arm. 
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But now and then the afl'eclion also begins in one or both 
upper ext remities, and the legs are not inrnilecl by the paralysis 
until later. In these cases, however, the paralysis of the legs is 
liable soon to become quite as intense as that of the arms. 

Ve1-y soon after the signs of paralysis, occasionally almost 
sinllllta11Ponsly with these, rnanifestations of motor irritation 
also show themselves. · 

At first they are merely silir;le }erkinr;s, which ari$e nnder 
the most vari ecl circnmstanees whil e sitting, 1ying in bed, etc., 
ancl otten appear to the patient like a sort of starting from 
fri ght. The foot is suddenly raised, or the leg thrown some
what into the air, or, on making voluntary movements, a species 
of cramp sets in, sing le muscles or the entire leg gl'O wing tern~ 
por:nily st iff. Often the familiar trembling on setting clown 
the toe of the foot occurs, especially if the patients are some
what fatigued. 

Then disti11ct 11wsc11lar tension is cle,·eloped. At first, on 
performing passive motion, ther~ is a doughy, grad u::iJly increas. 
ing resistance, which ran be overcome by increasing pressure 
aml somewhat lessened by repeated mo1·enwnts, but which again 
appears di stinctly, especially on brisk attempts at mo,·ement. 
Suon the tension also shows itself in active movements, rcnclPrs 
them clifficnlt, makes them nncertain, and thus causes the paresis 
to appear greater than it is in reality. 

Finally it comes to a permanent greater rir;iclity of the 11ws
cles, which gradually goes on developing to a regular ancl high 
clegree ofpennanent contracture. This generally appears in the 
lower extremities in the form of a contrnctme with extension. 
The legs are held in the position of rigid extension, the feet in 
the extreme position of talipes ,·aro-eq uinns. the toes sometimes 
flexed on the clorsum, ancl furthermore the legs are rigidly helcl 
together by the extreme contracture of their aclcluctors. 'l'he 
rigid immobility ot the legs is now and tlwn intprrnptecl by a 
clonic trembling of the feet, which may exte ncl to the entire legs, 
which apparently often ari ses sponta11f'o11sly, hnt is prnbably 
to be referred to a dorsal t!ex ion of the foot prncl11rl'cl in a reflex 
manner 01· call Pcl forth by touching the poi nt of the foot, and 
which may probahly now and then also be re[eJTecl to a rnlnn-
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tary e[ ort. Contractures with flexion rarely occur in the lower 
ex tremities, and then only in the la test stages. 

The upper ex tremities are visited with contractures much less 
frequently and in tensely ; the arm is then drawn to the trnnk, 
the forearm is in ha!£ ff exion and in pronation, wrist and fingers 
in a Jiigh degree of flexion. All these contractures naturally in
crease the he! ples:mess of the pa tient, and are a g1·eater hindrance 
to the use of the limbs than the paresis. 

As Jong as patients can still walk, tliese paralytic and spas
modic manifes ta tions result in an extremely peculiar and thor
oughly characteristic gait, which we have al ready designated 
as the " spastic gait " (p. 97). 

'rhe first thing noticeable is a certain dragging of the limbs; 
the fee t are drawn forward with difficulty; they seem to cling to 
the ground, and, as they slide forward, p rod uce a characteristic 
scraping noise; the tip of the foot catches on every little inequal
ity of the ground, and pa tients readily stumble and fall. The 
gait is thereby rendered uncertain and swaying; at every step 
the patient changes his centre of gravity from one side to the 
other. The shoes mainly wear oil' at the toes and outer border. 

In the higher grades of the disturbance, pa tients show a dis
tinct tendency to ra ise themselves on their toes ; the fri ction 
that takes place between the ground and the fee t causes acer
tain disturbance or equilibrium in the upper portion or the body 
which is tending forwards, and thus the disposition arises to fall 
over forward s and in walking to adopt an increasingly rapid 
step. In some instances this is further associated with a peculiar 
hopping movement, a raising oneself up on the toes with every 
step, wl1ich produces a very remarkable effect. 

A t the same time the legs are carried in a still' and constrained 
manner; they are locked closely to one another and somewhat 
sunken a t the knees ; the steps are small and hesita ting. 

It is evident at the first glance how sharply thi s rnriety of 
gait is di sting ui shed from the ataxic. There is no trace of the 
ffinging motion of the legs, of throwing forward or turning out
ward the tip oi the foot, of s tamping the heels, of holding the 
knee still' to a degree bordering on hyper- extension, as in ataxy; 
we see, rather, the opposite of all this. 
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The peculiarities of the spastic gait are very easily explained 
-in part by the paresis, which causes the dragging and the catch
ing of the toes ; in part by the muscular tension, which brings 
about the stiffness of the movements, the closed position of the 
legs, the short steps, the scraping wi th the tip of the foot, the 
walking on the toes; and in part by the heightened refl ex action 
of the tendons, which probably explains the hopping movement 
with every step. 

At last, of course, all walking ceases, and patients are able, 
at mos t, to drag themselves arnund on crn tches, or, with the 
help of their hands, to move about by holding on to cha irs anu 
fumiture, dragging their legs a fter them like two sticks, anu 
only now and then u sing them as props. Finally, patients are 
doomed to continuous lying in bed, as sitt iug up often becomes 
downright impossible, on accoun t or the sti[ness of their legs. 

\Ve have already, a t varions places in this work, referred to 
another important, and , as it would appear, absolu tely constant 
symptom of the d isease-the great increase in tlte rtjlex action 
of tendons. Tllis may be observed to a very in tense degree in 
spasmodic spinal paralysis, inasmuch as not only those tendon
retlexes which normally exist in the majori ty of people show a 
gre,ttly increased intensity, but rnauy other tendons likewise 
(and even other aponemotic structures) may be excited to acth·e 
l'etiex twitching through mechanical irritation. 

The rl'jlex action of tlw tendon qf tlte patella is most con
stantly increased- not rarely to such an extent that it can be 
mainta ined in a clonic form by the suduen, forcible lixa tion of 
the pa tella wi th a blow downwards. Not less constant is the 
increase in the rtjlex action of the tendo ./J.cltillis, which can 
generally be main tained in the clonic fo rm on passive dorsal 
tlexion of the foo t. The rtjlex activity of t!te tendons of the 
adductors generally behaves in the same way. I ham repea tedly 
been able to excite thi s by tapping over the region of the lum
bar ver tebrro. Tenclon-retlexes, furtherm ore, occur in the lower 
extremities in the tibiali s anticus and posticus, in the biceps 
femoris, the semi -tendinosus, etc. R efl exes in the quadri ceps 
also sometimes originate in the upper broad end or the tibia. 

The refl ex action of the tendons is generally no less well 
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developed in the upper extremities. It is to be found in the 
biceps ancl ll'iceps humeri. Quite remarkable refl exes can be 
aroused fro m the lo\\'er end of the radi ns, as well as from the 
ulna, by tapping-the first in the biceps, the latter in the triceps 
ancl the postel'ior portion of the deltoid. The fl exors of the 
Jingers and the extensors of the wrbt, as well as the supinator 
longus, can be excited in a reflex manner by t110ir tendons; 
al so somet imes lhe interossei by tapping on the metacarpal 
bones, tho deltoid from the spine of the scapula, tLe pec toralis 
major from the sternum, etc. 

It hardly requires demonstration that in all these cases we 
have to deal with nothing else than a lieiglitening of the reflex 
processes. This appea 1·s as an absolt1te necessity, from some of 
the facts heretofore communicated, entirely aside from the cir
cumstance that all authors who, si nce the appeara nce of " 'cst
phal's works and my own, ham orcupiecl themseli-es p:ll'ticularly 
with this cil'rumstn nce, have come to the conclusion that the 
physiological phenomena mentioned could only represent refl ex 
processes. " 'e must therefore refer the increase in the tendon
refl exes which arise in spasmodic spi nal pa ralysis to an increase 
in tlw retlex activity of the S}Jinal cord. 

The singular part of it is that this increase is almost always 
confined to this one class of reflexes ; for the skin reflexes by no 
means constantly show any similar relations. I found them dis
tinctly increased in hardly one-thircl of my cases ; in the rest 
gPnemlly normal-often not at all distinctly present, but also 
often tolerably lirely, even if not exactly abnormally heightened. 
At all event , h owever, the reflex activity of the skin by no 
means bore any relation to that of the teudons, and the increase 
of tlic former certainly does not constitute an essential symptom 
of spasmodic spinal paralysis. 

The electrical excitability of the motor nerves never shows 
any qualitative, but always merely insignificant quantitath·e 
changes; in all the cnses more careful ly examined, I found a dis
tinct, though slight, lowering of tltefaradic and galnanic excita
bility. I kwe never yet found an increase of the same. 

All the other symptoms that remain to be noticed are of an 
essentially negntil'e quality; but this very fact contributes not a 
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little to characterize the disease. The entire absence of every 
clis 'urbance of sensibility, even on the most careful testing of 
the sensibili ty of t ile skin and muscles ; the absence of i·esical 
ancl sexual weakness; the absence ef 1nuscular atropliy and ef 
bed-sores; the entire absence of d isturbances ef the brain and 
cran ial nerves,-are at least as significan t and as important for 
the chara ct~riza tion of the disease as the presence of paresis, 
muscular tension, and incl'eased reflex action of tendons. 

Ollter isola ted symptoms-rind indeed of the most varied 
kim1-c1o occasionally urise, bn t appeur as more or less acciden
tal fea tures in the disease, and will be more appropriately dis
cussed under the head of Complications. 

Course, Duration, Terminations. 

The course of the di sease, in the majority of cases, is very 
slow, insinuating, and chronic. l\Ionths and yc•ars m:iy pass 
before the rn anifesla tions hat·e so fa r developed that the disease 
can be recogni zed with certain ty. And then the trouble often 
remains stationary for y ears. In some cases, however, the mani
festat ions develop more rapidly, and may wi thin a fe w mon ths 
assume the form of the typical disease-picture. 

The duration of the di sease is always of many years, and is 
generally to be reckoned by decades. Complicated cases only
of which we shall speak below-are sometimes of short dura
tion, and mn lheir course to a fatal tcrn1i11ation within a few 
years. 

Among the terminations of the di sease, tha t in rcco,·cry is 
p robably the rarest, a lthough not qui te as uncommon in thi s 
fo rm as in other fo nns of ch ronic spinal paralysis. Already in 
two cases I have seen complete or :ilmost complete recovery set 
i11 . Several cases have been muterially impro,·ed . 

Generally, howe,·er, the di sease rema ins stationary for an 
indefinite length ol time, or makes extraordinarily slow progress. 
It does not seem, of itself, to threaten life direc tly; in mos t cases 
dea th occurs through accidental, in tercurrent di seases. 

If complications ari se, these may cause death; thus, for in
stance, bulbar symptoms, or the ma11ifeslations of severe spinal 
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paralysis, such as cystitis, bed-sores, etc., with t!Jeir evil conse
quences, which produce gradual exhaustion of the patient. 

Tlteory of the Disease. 

The theory of spasmodic spinal paralysis cannot as yet be 
firmly established, on account of the lack of reports of post-mor· 
tems. 13ut some isolated conclusions may still be drawn from 
our present physiological and pathological knowledge, ancl these 
will here be given in brief. 

The essential features in the symptom-picture of spasmodic 
spinal paralysis are, on the one hand, the presence of paresis and 
paralysis, muscular tension and contractures, ancl the heighten
ing of some kinds of reflex action (that of the tendons), and, on 
the other hand, the absence of disturbances of sensibility, of 
yesical and sexual weakness, of trophic ilisturbances of the skin 
and muscles, of ataxy, and of all bmin symptoms. 

From these latter negative symptoms we may, with consider
able certainty, exclude certain divisions of the spinal cord from 
participation in the disease, Yiz.: the posterior columns, the pos
terior gmy llorns, the central gray substance, ancl prnbably also 
a great part of the anterior gray homs; of course, also the brain. 

\Ve therefore only have tbe so-called motor portions of the 
spinal cord left for the localization of the disease, that is, the 
antero-lateml columns, and perhaps also a portion of the gray 
substance. 

More recent physiological investigations unanimously indicate 
that the lateral columns at least quite certainly contain motor 
tracts, while we are still uncertain with regard to the functions 
of the greater part of the anterior columns proper. An irrita
tion ancl paralysis of these motor tracts in the lateral columns, 
caused perhaps by an inflammatory affection, might accordingly 
\'ery well explain the muscular tensions and pareses present in 
our disease. The entire absence of atrophy probably justifies us 
in excluding, with some certainty, disease of the motor tracts 
within the gray substance; the same evidence, as well as the 
failure of the reflexes, positively excludes disease of the anterior 
roots-therefore probably also disease of those portions of th~ 
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an terior columns trarnrsed by these roots. If, on the basis of 
our pl'esent physiological knowledge, we a!'e to refer the existing 
manifesta tions of motor il'ritation and pa ralysis without atrnphy 
of the muscles to any lesion of the spinal cord, we are th us 
poin ted to the lateral columns, especially to the posterior di vi
sions of the sam E>, which contain the so-call eu pyramiclal tracts 
of the lateral columns [Pyramidenseitenstrangbahncn] (Flechsig). 

Then the increase of refl ex action woulu still remain to be ex
pla ined. This can hardly be referred to di sease or inc!'eascd 
irritabili ty of the gray substance, as all other symptoms of di s
ease of the g ray substance are wan ting. The only explana tion 
then li es in a lesion of the tracts which eontrol reflex ac tion ; 
aceol'd ing to the in,·es tigations of " 'oroschiloff, these also li e in 
pal' t wi thin the lateral columns; consequently we may wi th p rn
prietr refer the symptom of increased refl ex action of the ten
dons al so to a disease or the la teral columns. 

Pathological experiences coincide with this in a significant 
manner. If a unil a teral paralysis, caused by cerebl'al apoplexy, 
has con fractures and increased reflex action of tendons associated 
with it, ana tomical investigation un iformly demonstrates the 
famili ar signs of descendiug secondary degeneration of the lateral 
columns of that side. In the numerous affections of the spinal 
col'd, which present as one of their manifestations seconclal'y de· 
generation of the lateral columns (transverse myelitis, myeli tis 
from compression, hmmatomyelia, multi ple sclerosis, etc.), mus· 
cula r tension, contractUl'es, and increaseu refl ex action o[ the ten
dons, arc fo nnd in add ition to the symptoms o[ th<' fundamental 
a ffect ion. In amyotrophic la teral sclerosis Charcot has several 
times ana tomically demonstra ted sclerosis of the la teral columns 
as a very probable cause of paralysis, contractures, and increased 
refl ex action of the tendons. In a rase o[ combined sclerosis 
of the postel'ior columns ancl the la teral columns, \Yestphal,' 
in addition to di stu rbances of sensibility, fo und paralysis 
wi th muscular twitchings and muscular tension, and increased 
retlex action of tendons. As these symptoms never occur in 
consequence of sclerosis of the posterior columns, they cannot 

1 .A.rchiv f . Psych. u. Nervenkrankb. Bd. V. p. 822. 1875. 
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well be referred to anything else than the sclerosi; or the lateral 
columns. 

Physiological ancl pathological experiences, therefore, \Yi th a 
unanimity that is worthy of consideration, point to the lateral 
columns as the seat or disease; and we shall probably not go 
amiss if, as Charcot did long ago, we accept a cltronic inflam
matory process, a sclerosis of the posterior divisions of tlte 
lateral columns, as the highly probable anatomical basis ef 
spasmodic spinal pctralysis. 

But, unfortunately, we thus far lack conclusirn reports of 
post-mortems. Until we have such, this assumption remains only 
a very probable one ; and, in view or the exceedingly vacillating 
character which still attaches to our "physiological and patho
logical experiences" concerning the spinal cord, we shall do well 
to await the definitive confirmation of this view before exchang
ing our clinical designation for an anatomical one. 

Complications. 

The disease-picture of spasmodic spinal paralysis does not 
always appear in its clear, typical form. Qnite apart from those 
cases in which this constitutes only one of the features in the 
symptom-picture of other diseases, and is probably to be re
gan1ell as the expression of the secondary degetwration of the 
lateral columns, we also encounter in this form of diseasP, as 
well as in nu morons other spinal diseases, single cases in which, 
while the oytnptom-picture of spasmodic spinal paralysis decid
edly dominates, it still appears complicated with single symp
toms or with whole series of symptoms, which give evidence of 
the extension of the disease to neighboring or remote portions of 
the spinal rord. 

In my detailecl work alluded to abo,·e, I have touchecl some
what more specifically on these relations, and ham pointed out 
the fact that there are two series of symptoms in particular 
which complicate the disease-picture of spasmodic spinal paral
ysis in this way, and may render the diagnosis more difficult. 
On the one ha nu there are the symplorns qf sclerosis of the pos
terior columns, of actual ta.bes (slight ilistmbances of sensibility, 
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sway ing on closing the eyes, slight Yes ica l wenkn ess, lancinating 
pains, di stinct ataxy, etc.); on the other hand, the syn1 ptoms of 
a more or less ex tensil·e, more or less prngresoi re atrophy ql tile 
muscles, which arises by preference in the upper extremi ties. 

So fa r as complicated cases of the fi rst rnriety are concerned, 
to wh ich Berger already d rew a ttention, all possible grada tions 
of tabes sympto ms occasiona lly take place in them, sometimes 
only slight subjecti1·e di sturbances of sensibili ty, combined with 
some ves ical weakness, sometimes laneina ting pains, 11arresth e
sias, and the sense of a tight girdle, combined with indications 
of a taxy, sway ing on closing the eyes, etc. ; sometimes the ta bes 
sym ptoms (:rnmsthesia , a taxy, vesical and sexual Wl'akness) may 
el'en stand in the foreground, and only tl1e simultaneous pres
ence of paresis, muscular tension, and especially of increased 
reflex acti on of tendons, gi,·es ev idence of the existence o( spas
modic spinal paralysis likewise. There are also cases in which 
the diametrically opposite of the typical forms of sµas modic 
spina l paralysis and tubes are mor<! or Jess mingled , and in which 
one may be in doubt whether to credit them more to the one or 
to the other form of disease. 

The doubt in such cases may be most easil y solvecl on the 
assump tion-which seems the most natural nml lhP most appli
cable- that we here have to deal wi th a combination of sclerosis 
of the pos teri or columns with sclerosis of the lateral columns. 
Such cases ha\·e frequently been seen-their·exislPnce in the last 
stages of tubes is well enough knuwn,-and \\'cstplml , in the 
work cited above, especially poin ted out their occuncnce. But 
thi s q ues tion, too, can only be cleared up by conclusive results 
of post-mortem examina tions. 

In the complicated cases of the second variety, likewise, there 
are all possible ,qradations of muscular atrophy lo be obserred. 
Sometimes one sees merely a simple, not Ye ry high grade of ema
ciation of the paralyzed extremities, with or without scanty 
fibrill ar contractions, or there are more di stinct a trophic condi
ti ons, which may remind one of beginning progressive musculnr 
a trnphy. This is seen particularly in the upper extremi ties, and 
is snfii cientl y desig na ted by the a trnplly of the small mn srles of 
the hand, the sinking of the in ter·me<lacarpal spaces, the charac-



640 ERll.-DlSEASF.S OF TJIE SPINAL CORD AND ITS EN\'ELOPES. 

teristic claw-shape of the hands, etc. But recently two cases 
Jmve fallen under my observation in wltirh the typical manifes
tations of spasmodic spinal paralysis were supplemented by this 
atrophy of the muscles of the hand on paretic upper extremities. 

To explain this complication, we must suppose that the scle
rotic process, which we beliern to exist in the spinal cord, extends 
to the gray anterior horn-with special ease and frequency in 
the cervical enlargement-and from here produces the muscular 
atrophy by lesion of the large ganglion-cells. 

But the highest degree of this combination of spasmodic spi
nal paralysis with muscular atrophy is presented by those cases 
in which the atrophy of the upper extremities shows a rapidly 
progressirn character, in which bulbar symptoms associate them
selves with it sooner or later, and within a few years the disease 
leads to a fatal termination. 

These cases, which were formerly generally counted in with 
actual "progressive muscular atrophy," but which may be 
sharply distinguished from the typical form of the same, have of 
late been more carefully investigated, anatomically and clinic
ally, by Chvrcot, who has drawn a disease-picture of the same in 
his customary masterly manner, and given it the name of 

Sclerose Laterale ./J.myotrophique. 

"\Ve will here devote a little space to the discussion of this 
disease, as it appears to us to bear an undoubted relationship to 
spasmodic spinal paralysis, althongh it differs from the latter in 
some not unimportant points. As we do this in a manner that 
impliPs no prejndgment of the case, we reserve the right, in case 
further itl\'estigation of this interesting disease shoulcl justify it, 
to assign to it another more appropriate place. 

According to Charcot, amyotrophic lateral sclerosis is char
acteriZPd as follows: 

The disease generally begins in tlie upper extremities with 
rnotor weakness, to which a more dz{fitse m?tscular atrophy is 
soon added, with fibrillar twitchings, etc. Then mitscular ten
sion ancl contractures are c1m·elo1wd, which bring the arms into 
a permanently deformed position: the upper arm is pressed fast 
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to the trunk, the forearm ha!I flexed a11d pronatPd, hand and 
lingers strongly tlexed. 'Vhatever movements can still be exe
cuted are weak and tremulous. The muscular atrophy progresses 
rapidly; sometimes there is lipomatous hypertrnphy of the same. 

In a case, evidently belonging here, aod which is furthennorc of interest, because 
the disease is developed on a young man who carries about him the sequels of an 
attack of the "spinal paralysis of childhood," galvanic examination shows the 
most pronounced renction of degeneration in the extremely atrophied muscles of 
the upper extremities, while the excitability of the nerve-trunks is nevertheless 
preserved. In a very marked case, Berger found normal quali tative and quantita
tive electrical cxc itahility in the uen'C·truuks. 

After a longer or short<'r time, usually after from six to nine 
months, tlte lower extremities are also attacked; sometimes formi
cation and numbness set in, always paresi". aclvancing to final 
paralysis; to these are aclded muscular tension, permanent con
tractures, generally contractures in the position of extension, in
creased reflex action of tendons. At first there is no atrophy in 
tlw lower extremities; the muscles are tense and firnt; no anres
thesia, no para lysis of the sphincters, no bed -sores. It is not till 
v~ry late that fibrillar contractions take place, and graduaUy 
diffu sP atrophy or the legs; then the contractmes diminish. 

Finally, in a third stage, the manifestations of bulbar paral
ysis are added to the preceding: paralysis ancl atrophy or the 
tongue and lips, paresis of the pharynx and larynx, finally dis
turbances of respiration, which before very long inclnce death. 

The malady develops itself rapidly, and is said always to 
induce death in from one to three years. 

The characteristics of the disease then are: the paralysis and 
contractme, with rapid, diffuse muscular atmphy in the upper 
extremities; the paralysis, with contractnre and afterwards atro
phy in the lower extremities; the final manifestations of bnlbar 
paralysis. 

In a number of post-mortems, Charcot, J offmy, Gombault, 
and others, found symmetrical sclerosis of the lateral columns 
and degenerative atrophy of the anterior gray horns, with loss 
of the large ganglion-cell s. 

Charcot refers the paresis and contractme to the sclerosis or 
the lateral col umns; the muscular atrophy to the degeneration of 

VOL. XllT.-41 
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the gray substauce; the bulbar paralysis to the extension of tl1is 
degeneration to the nerve·nuclei in the medulla ohlongata. 

The lateral sclerosis is said to be the primary step; from the 
lateral columns the process passes over to the anterior gray 
horns, perhaps by condnction along the physiological tracts 
which lead from the lateral columns to the large ganglion-cells 
of the anterior horns. 

The distinction between amyotrophic lateral sclerosis and the 
typical form of spasmodic spinal paralysis is evident from the 
earlier involvement of the upper extremities, from the superven
tion of muscular atrophy and of bulbar paralysis, and, finally, 
from the rapid course of the former. It dilfers from progressive 
muscular atrophy in the fact that, in amyotrophic lateral scle
rosis, the atrophy is preceded by paralysis, and that there are con
tractures in the uniform atrophy which extends over whole mus
cular masses, and in its decidedly more rapid pernicious course. 

According to the experiences th us far before us, which are of 
course by no means final, the prognosis of amyotrophic lateral 
sclerosis seems to be absolutely unfavorable. 

Further investigations with regard to this interesting form of 
disease are greatly to be desired. 

Diagnosis. 

The disease-picture of spasmodic spinal paralysis is so charac
teristic that it can always be recognized with the greatest ease, 
especially when it is uncomplicated. 'fhe sum of the positive 
symptoms (paresis, paralysis, muscular tension, contractures, 
increased reflex action of tendons, a development which is slowly 
and, as a rule, systematically progressive from below upwards, 
etc.), and of the negative symptoms (absence of anresthesia, of 
vesical and sexual weakness, of atrophy, of bed-sores, of cerebral 
symptoms), usually establish the prognosis with certainty. 

'.Ve must remember to distinguish it from the following forms 
of disease: 

First, from myelitis transversa (myelitis from compression, 
hrematomyelia, etc.). In this we regularly find, besides the 
motor, also sensitive paralysis of various degrees, vesical weak-



8PAS1!0DIC SPINAL PARALYSIS. 643 

ness, bed-sores ; the paraplegia is developed more rapidly and 
completely, but the upper boundary of the paralytic manifesta
tions remains stationary. Retlex action of the skin, as a rnle, is 
materially heightened. To this are usually added extreme evi
dences of sensitive irritation, at the beginning; furthermore, 
those manifestations of the disease which indicate the existence 
of compression, etc. 

In fairly well-marked cases, spasmodic spinal paralysis is 
very easily to be distinguished from tabes dorsalis. In tabes 
there are lancinating pains, the sense of a tight girdle, sensitive 
dist1ubances, the lowering of muscular sense, swaying on closing 
the eyes, disturbance of certain cranial nerves, ataxy, a tlinging, 
stamping gait, vesical and sexual weakness, no paresis or paraly
sis, no muscular tension and contractures, the entire absence of 
all tendon reflexes. In spasmodic spinal paralysis we have the 
opposite of all this. In all typical cases, therefore, the distinc
tion will be easily made. In those cases, however, in which a 
combination of the two classes of symptoms is recognizable, we 
shall be enabled, according to the hints given above, to rncog
nize the greater or less participation on the part of each disease 
by the preponderance of one or the other set of symptoms. 

This disease is to be distinguished with certainty from polio
niyelitis anterior cltronica (chronic atrophic spinal paralysis; see 
farther on) by the fact that, in the latter, a high degree of atrophy 
of the paralyzed muscles is very rapidly developed, with loss of 
faradic excitability and with the rnaction of degeneration ; that 
there is an entire loss of the reflex action of tendons; ancl that 
contractures, if they do occur, at first only attack the antago
nists of the paralyzed muscles. 'rhe development of the paraly
sis is furthermore very much more rapid. 

In most cases the distinction between this disease and niiizti
ple sclerosis is easy, except when the latter, at the beginning, 
makes its fast ancl only localization in the lateral columns, and 
then presents itself quite under the typical picture of spasmodic 
spinal paralysis. In that case a diagnostic distinction between 
the two is simply impossible. Not until the moment when the 
multiple sclerosis makes further localizations, and causes these 
to be noticed by further more or less characteristic symptoms 
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(sensitive disturbances, psychical changeR, clistnrbances of cer
tain cranial nerves, nystagmns, ataxy, trembling, disturbances 
of speech, etc.), shall we be able to settle tlte diagnosis, with in
creasing certainty, in favor of multiple sclemsis. 

In distinguishing between paralysis frorn lesions qf the 
cauda equina and other peripheral paralyses, the following 
may be considered a decisirn symptoms: the absence of distmb· 
ances of sensibility and muscular atrophy, the retention of elec
trical excitability and the increase or the reflex action of tendons. 

'J'he proper significance of those cases or spasmodic spinal 
paralysis which assume a hemiplegio form will easily be recog
nizecl on givini:, them a little attention. 'l'l1Py are readily to be 
distinguished from Brown-Seqnard's unilateral lesion of the spi
nal eord, which we shall describe in the following section, by the 
absence of crossed amesthesia and other symptoms to be de· 
scribecl in that section. Over against cerebral lterniplegia we 
mnst remember that spasmodic spinal paralysis, as a rule, begins 
in the lower extremities, and advances bnt very slowly to the 
upper; that the upper extremities are usually much more lightly 
attacked; that muscular tension and contractures are developed 
early ; that distmbances or sensibility, as well as all symptoms 
on the part of the head and cranial nerves, are entirely wanting. 
In view of these signs, it will not be easy to be mistaken. 

The presence of the symptom-picture of spasmodic spinal 
paralysis in mixed and complicatecl forms of disease (transverse 
myelitis, myelitis from compression, multiple sclerosis, amyo
trophic lateral sclerosis in connection with sclerosis of the poste
rior columns, etc.) will generally be easily recognized by its 
characteristic signs. 

Pro911osis. 

According to the experience thus far before ns, spasmodic 
spinal paralysis seems to run a less pemicious cour;e than the 
forms of chronic spinal disease thus far studied. On the one 
hand, it seems to be compatible with an unlimited dnration of 
life (if very decided complications do not exist), and this doubt
less depends on the absence of those distnrbances of the bladder 
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-cystitis, bed-sores, Ptc. -which so often bl'ing a fatal termina
tion. On the othel' hand, the disease is capable of improvement, 
and, in a few cases, also of recovery. I have thus fal' seen as 
good as complete l'ecovery in two cases, and material improve
ment in thrpe; though it is true that most cases receive no bene
fit from treatment. The prognosis, as l'egards life, is therefore, 
in genPral, very favorable ; as regards l'ecovery, it is at least more 
favorable than in the other forms of chronfo myelitis. 

If complete paralysis and extreme contractures have once set 
in, we can hardly expect any improvement. 

Cel'tain complications, especially muscular atrophy, bulbar 
symptoms, etc., of course vitiate the prognosis to a greater or 
less degree. Fmthermore, this is naturally also dependent on 
the general and special circumstances of the individual case. 

Therapeutics. 

_.\.!I that we have said above with regard to the treatment of 
chronic myelitis, and that of tabes, might also be applied to the 
therapeutics of spasmodic spinal paralysis, as this disease is 
doubtless most intimately l'elated to those just mentioned. 

As one of the means which has thus fal', in my own hands and 
those of othel's, afforded the best results, may be mentioned the 
galvcmic current; its application is to be conducted entirely 
according to the general principles l'epeatedly laid down. 

Aside from this, the use of a reasonably conducted cold-water 
cure desel'ves the greatest confidence; gaseous saline thermal 
springs may also be used; simple thermal waters, unless most 
carefully managed, are objectionable. 

Intemally we may first try the nitl'ate of silver, and then the 
other remedies mentioned above. Strychnine is, under all cir
cumstances, contraindicated. 

'.Vith reference to diet, method of life, exercise, living in the 
open air, the regulating of sleep, of sexual intercourse, etc., I 
refer my reader to the discussion of these points as cited above. 
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14. Unilateral L esion of tlte Spinal Oord-Brown-Beqitard' s 
Spinal Paralysis-Hemiplegia et Hemiparaplegia Spinalis. 

Broum-Siqu.ard, Course of Lectures on the Physiol. and Pathol. of the Central Nerv. 
Syst. Philad. 1860.-Recherches sur la. transmission des impressions de tnct, 
de cbatouillcmcnt, de doulcur, etc., dans la. moCllc Cp. Journ. cl 1. Physiol. de 
Phommc et des animaux. VI. pp. 124, 232, 581. 18G3. (Also contains most of 
the older cnscs.)-On spinal hemiplegia. Lancet. 1868. Vol. II. pp. 593, 65£1, 
7{j5, 821.-Rechcrches sur le trajet cles diverses cspCccs de conducteurs d 'im
pressions sensit. dnns la moCllc Cp. Arch. de Physiol. I. p. 610 u. 710. II. p. 
230 u. 693, 1868 u. 1869.-Vigutis, Plnie de la moCllc Cp. dans la r6gion dor
salc . .M:onit. des hOp. 1855. p. 838.-Bland Radcliff"e, Lancet. 1865. :May 27. 
-Bazirc, Lancet. 1865. July. p . 116.-Uspensky, Zur Pathologic des R.-.M. 
Virch. Arch. Bd. 35. S. 301. 1866.-Jaccoud, L~ons de clin. mM. Paris, 1867. 
p. 451.-Perroud, Journ. de mMcc. de Lyon. Vol. X. p. 385. 1868.-0harcot, 
Ilt:miparapl6gic dCterminCie par une tumeur, etc. Arch. de Physiol. II. p. 291. 
1869.-C. J. Jt-,. Ric.ht,er, Fall von einseitiger Riickenmarksverletzung. Diss. 
Berlin, 1868. -M. Rosenthnl, Ucher spinalc Ilalbscitcnliihmungcn. Ocstcrr. 
Zcitschr. f. pr. Ilcilk. 1867. Nr. 47-52.-Klin. d. Xcrvcnkrankh. 2. Aufl. S. 
3!15. 1875.-Paoluui (Oant,ani}, Affcz. di una. meta lateralc dcl midoll. spin. 
etc. i\Iorgagni. Disp. XI. 1810.-Fieber, Klin. Stud. iib. d. Brown-SCqnard'scbe 
Spinalliihmung. Wien. med. Zeitung. 1871. Nr. 21-23.-11'. Mueller, Bcitr. 
zur pathol. Anat. und Phys. des R.-M. Fall 1. Leipzig, 1871.-Joffr<nJ et Sol
nwn, Plaie d. l. moCllc 6p. dans. la r(ig. dorsale. Gaz. mCd. de Par. 1872. Nr. 
6-8.-Charcot et Gombaule, Les. dissCm. des centres nerv. cbez uue femme 
syphil. Arch. d . Phys. V. p. 143. 1873.-Riegel, Ilalbseitige Rlickenmarksver
letzuog. Berl. klin. Woch. 1873. Nr. 18.-1'roi8ier, Dcux cas de lesions 
sclereuses, etc. Obs. II. Arch. d. Physiol. Y. p. 70\l. 1873.-Lanzoni, Sifiloma 
sulla porzione infer. etc. II Morgagni, 1874. Marzo.-.M. Bernhardt, Bnlh
seitige Riickenma.rksvcrletzung. Arch. f. Psych. u. Ncrvenkrankh. IV. S. 227. 
1874.-Viz, Eioseitige Verletzung des vcrl. 1\larks u. s. w. Correspondenzbl. d. 
ilrztl. Ver. im Hheinlaod. 1874. Nr. 14. (Ccntrnlbl. 1875. Nr. 22.)-Burn:&i, 
Lo Sperimentale. 1871. Gennajo. 1875. Nov. (s. Vircbow-Ilirsch Jahresber. 
1871 u. 1875.)-G. 1:1 . Dall'Armi, Balbscitige Vcrletzuog des R.-M. Diss. 
Wilrzb. 1875.-Feder. Ale11andrini, Fcrita. clclla meta destra del mid. cervic. 
inCer. Annal. univers. Oct. 1876.-ll. Koe1mer, Die Lchre von dcr apinalcu 
Hemiplcgic. Dcutschcs A.rch. f. klin. :Medic. Bd. XIX. S. 16\l. 1877. 

Introduction and History. 

'l'his section treats, not of a single, definite form of disease, 
but of various different diseases of the spinal cord (such as 
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traumatic injuries, infiammn.tion, compression, sclerosis, tumors, 
syphilis, etc.), all of which, however, by reason of their definite 
localization, acquire such characteristic features that they may 
be treated of under one common head. The very peculiar pic
ture of disease here presented depends ou tlte localization qf tlie 
trouble in one lateral lwlf qf tlle spinal cord-the more or less 
complete destruction of one entire lateral half of a transverse sec
tion of the cord, while the longitndin:il extent of the diseased 
process may vary exceedingly. 

To Brown-Sequard, in 1iarticular, belongs the credit of having 
exhaustively studied this group of symptoms, both by means of 
clinical observations on the human subject and by numberless 
experiments on the lower animals, and of having established, 
beyond all doubt, the fact of its frequent occurrence. He was 
the first who asserted, with all positiveness, that the sensory 
fibres decussated in the spinal cord already, and who thereupon 
demonstrated that section of one· half of the spinal cord produced 
quite a peculiar group of symptoms, the chief characteristic of 
which consists in the crossed sensory and motor paralysis. This 
assertion gave rise to a long and vigorous war among physiolo
gists, which may now be considered as virtually settled in favor 
of Brown-Sequard. 

In his great work, which appeared in 1863, this author also 
endeavored to establish these physiological facts as applying to 
man, and for this pm·pose collected and critically worked up 
such clinical material as could be obtained. In so doing he 
created the pathology of unilateral lesions. 

It is true that, before Brown-Sequard's labors, a number of 
cases belonging under this head had been described in literature 
{for example, by l\fonod, Charles Bell, Gintrac, and others), but 
generally without any comprehension of the pathogeny of the 
same. These cases were first caused to be understood through 
the labors of Brown-Scquard. 

Since the accomplishment of this fundamental work, numer· 
ous observation have been published under this head. In some 
few, immateri al points, they have served to extend and render 
more precise the doctrines of Brown-Sequard, but in all essential 
points they have served only to confirm and establish those doc· 
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trines. Quite recently Koebner has put forth an ample treatise 
on this affection, based on a collection of most of the known 
cases. 

Definition. 

vVhat we propose to do here is to present a brief and essen
tially symptomatic picture of those forms of spinal disease 
which, anatomically speaking, have only this much in common 
-that they are more or less sharply and more or less completely 
localized on one-half of the spinal cord, while they may vary as 
to their longitudinal extent, or a:; to the height at which they are 
situated. 

These cases are clinically characterized by unilateral motor 
paralysis-either hemiparaplegia or hemiplegia-on the side of 
the lesion ; by crossed anresthesia on the opposite side of the 
body; by symptoms referable to the roots of the nerves, and cor
responding exactly with the height at which the lesion is situa
ted; and by a series of other manifestations which may vary very 
much, according to the seat and extent of the µrocess, but which 
are also severally very characteristic of the different portions of 
the spinal cord which may be affected. 

Etiology and Pathological Anatomy. 

As we have in this connection to deal with various kinds of 
lesions of the spinal cord, we cannot very well speak of any spe
cial etiology. The causes which respectively give ri se to these 
various lesions may also serve as causes of the unilateral par
alysis. 

It is only necessary here to enumerate those µathological pro
cesses in the spinal cord which occasionally affect one-half of 
the cord ; if any one so chooses, he may regard these as the im
mediate causes of the ' ·unilateral lesion." 

By far the most frequent cause is to be found in traumatic 
injiiries which happen to involve only one-half of the spinal 
cord, and thus, as it were, perform the experiment of cutting one 
lateral half of the cord in man. Instances of wounding of the 
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spinal cord by blows with a knife or dagger are especially fre
quent in literatme (see the cases of Brown-Scquard, Vigues, '"· 
Mueller, Riegel, Joffroy, Vix, and others). ::>uch pointed instru
ments may very easily reach the spinal cord through a wound at 
the side of the spinal column, may penetrate the cord more 01· 

less deeply, and more or less completely divide one-half of the 
same. The position of the intervertebral fissures readily ex
plains why, in the majority of such ilrntauces, only one-half of 
the cord is wounded. 

Oompression ef llte spinal cord from without is the next 
cause which not infrequently affects one-half of the cord mainly 
or exclusively, thus giving rise to the manifestations of a unilat
eral lesion. This may arise from rneningPal tumors (cases of 
{Jharcot, Gintrac, Ore), or from fracture or dislocation of the ver
tebne (cases of Brown-Scquard), or ilot1btless, also, through intra
meningeal effusion of blood. It is probably in this category that 
we should place those cases in which the manifestations of a 
unilateral lesion are developed after falling headlong or falling 
upon one's back. 

But the same array of symptoms may likewise be called forth 
by processes developed within the spinal cord itself iu one of its 
lateral halves. This has been seen to occur as the result of 
lwmorrltar;e in one lateral half of the cord (l\Ionod's case); as 
the result uf a unilateral circumscribecl sclerosis (Troisier's case); 
as the result of cltronic 1nyelitis, developed in consequence of 
taking cold or of concussion of the spine, or spontaneously ancl 
gradually (Uspensky, Radcliffe, Paoluzii, etc.); as the result of 
an intramedullary tumor (Gendrin) ; and finally, as the result of 
sypliilitic affections (Charcot et Gombault, Lanzoni). In short, 
all possible ncute or chronic affections of the spinal cord may 
produce the features of unilateral lesion whenever they extend 
over the greater part of one lateral half of the cord. 

Symptoms. 

The characteristic group of symptoms belonging to a unilat
eral lesion may either be developed very gradually and insid
iously or quite suddenly. 'rhis, of course, depenils altogether 
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upon the nature of the fundamental lesion: the stab of a knife 
calls the entire group of symptoms into being at one blow; a 
circumscribed sclerosis induces but a very gradual development 
of these symptoms. 

The peculiar signs of this affection are as follows: On the side 
of the lesion there is motor paralysis, which is confined to this 
side, therefore is unilateral,' which may merely involve one leg 
(hemiparaplegia), or, if the lesion is situated higher up, may also 
attack the arm of the same side (spinal hemiplegia). A marked 
contrast is presented by the other side, the one opposite to the 
seat of the lesion, which is either entirely free from all motor 
paralysis, or is affected only to a slight and subordinate degree. 

Evidences of ?Jaso-motor paralysis are also generally found 
on tlte side of tlle lesion, especially if the affection has been 
rapidly developed (as in traumatism, hemorrhage, etc.). The 
temperature of the paralyzed limbs appears more or less ele
vated, to the extent of 1.8° Fahrenheit and more. 

Musculctr sensibility and m~tscular sense are diminished on 
the affected side, according to the evidence of various observers 
(Brown-Sequard, Bnrresi, Vix). Lanzoni also found electro
muscular sensibility lowered on the afl'ected side; while in one 
case, in which, it is true, the paralysis was but incomplete, Bern
hardt found the so-called sense of power [Kraftsinn] retained. 

'l'he sensibility of tlte skin, on the other hand, acts very 
remarkably. The entire paralyzed side shows more or less con
sic1erable ltyperc£Stltesia for all qualities of sensation. Impres
sions of touch, of temperature, or of pain are Tecognized with 
extraordinary and even with painful acuteness ; sensitiveness to 
tickling is exceedingly marked and disagreeable; the test by 
means of "r eber' s compasses usually demonstrates greater acute
ness in the power of localizing sensations of touch. Sometimes, 
however, this hyperresthesia is limited to ceTtain single varieties 
of sensibility. 

The hyperrosthetic Tegion of skin is, in many instances, 
bounded above by an anmstlietic belt, generally nanow, though 
sometimes wider, which corresponds exactly with the height and 
longitudinal extent of the lesion in the spinal cord. In some 
instances another narrow ltyperrestltetic zone may be demon-
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strated above the anresthetic belt, the former extending, <tlthough 
with less distinctness, to the opposite side, and surrounding this 
likewise as with a girdle. 

The conditions of reflex action on this, the pamlyzed side, 
are v<triously reported in different instances: P<toluzzi, Riegel, 
and others h<tve found refiex action incre<tsed ; Bazire, Brown
Sequard, and others have found it diminished. Yery special 
interest might here be attached to the state of reflex irritability 
of the tendons, and yet, up to the present time, this has, to all 
intents and purposes, not been tested at all. In one case of uni
lateral lesion caused by an intramedull<try tumor, I found the 
reflex irritability of the tendons materially increased. In a case 
of traumatic unilateral lesion J offroy and Solmon report the 
existence-though not until several weeks after a traumatic uni
lateral lesion-of clonic spasm of the dorsuru of the paralyzed 
foot. (Secondary degeneration of the lateral column!) 

On the side ef tlte body opposite to the seat of lesion the fol· 
lowing conditions are found: 

There are no rnotor disturbances, or they are, at most, ex
tremely insignificant; all movements can be executed easily, 
safely, and powerfully. The sensitiveness of tlie 1nuscles, as 
well as electro-rnuscular sensibility (Lanzoni), is retained. 

On the other hand, more or less complete anmsthesia of the 
skin exists to a height corresponding with that of the lesion. 
All varieties of sensibility-that to touch, temperature, pain, and 
tickling-are, as a rule, equally affected, though sometimes one 
may be somewhat more, another somewhat less so. There may 
even be very well-defined 1mrtial paralysis of sensation, as in a 
case reported by Koebner. The anrosthesia extends exactly to 
the median line of the body, as may be distinctly demonstrated 
on the trunk, the scrotum, etc. 

Now and then a narrow, slightly ltypermstltetic zone may be 
found at the upper limit of the arnesthetic region, the former 
corresponding with the similar zone of the other side. 

Reflex action generally seems to be retained and normal on 
this side, although in some cases it has been found to be in
creased (Brown-Sequard, Bazire). In the case above referred to 
I found it normal. 



652 ElW.-DISEASES OE' THE SPINAL CORD AND l'l'S J;NVELOl'ES. 

On this side, too, there is no 'l!aso-motor paralysis-at least, 
in recent cases. The temperature is normal, and therefore lower 
than that of the paralyzed side. Sometimes, however, and this 

seems to be especially tme where 
the affection has existed for a long
er time, the reverse is found to 
be the case: the anresthetized is 
warmer than the paralyzed side, 
which latter then shows an abnor
mally low temperature. 

In the accompanying diagram the char
acteristic difference in the two sides is rep
resented, so far as it relates to th<.: skin symp
toms. It is assumed that there is a llllilateral 
lesion of but slight longitudinal extent about 
the middle of the dorsal region, in the left 

half of the spinal cord. The left lower 

extremity and left lower half of the trunk 
show motor and vaso-motor paralysis, as 

well as hyperresthcsia of the skin (a) i above 
this there is a narrow anresthctic zone, cor

responding to the longitudinal extent of th~ 
lesion (b) i and above this again a narrow 

hypcrresthetic zone, which likewise extends, 
like a girdle, over the right side (c). The 
right side shows complete anresthesia (d). 

This diagram would he modified accord
ing to the seat and extent of the lesion. If 

the lesion is situated higher up, the upper 
extremity may fall within the domain of the 
anresthetic zone {b); or, if the lesion were 

J.'m. 12. Dlngrammatlc repre&entatlon or thr seated still higher, this zone would fall in 

~r~i:~~J>~':~~~11~;1~~r:~ 1t~!0~ftr~t~~.do~~! tlie regiou of the throat and neck, and the 

~~~;~~~1fu~1",;~;~r~~:fi~; ~~!~=·~:_:: upper extremity would become hyperresthetie 
~:::a't~~1!1r.~;1:h!~k~~tt1.-d ishadillg indicates and paralyzed. If the longitudinal extent 

of the lesion increases, the width of the 
anresthc:tic zone (b) also increases; it may, for instance, extend over the entire 
length of the trunk, and then the characteristic differences of sensibility between 
the two sides would appear only on the lower extremities. 

Aside from these main symptoms of a unilateral lesion, 
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other less constant and less characteristc manifestations ma,. 
he observed in individual instances. • 

It is not uncommon to meet with a painful feeling ef con· 
striction at the height o[ the lesion; also with all sorts of 
painful sensations (burning, darting, boring pain, etc.), which 
sometimes occur most prominently on the anresthetic side, some
times on that which is paralyzed and hyperresthetic, and some· 
times on both sides. 

Distinct disturbctnces in tlie evacuation ef tlle bladder ancl 
bowels are almost always present. In the acute traumatic cases 
it is especially common to find severe paralytic symptoms at 
the beginrtlng of the attack (complete retention or complete in
continence, im·oluntary stool-, etc.), which, however, generally 
soon recede and gin• place to lighter, more permanent tronbl<'R 
(weakness of the bladder, weakness of the sphincters). Some· 
times these disturbances are very insignificant. 

'fhe sexual powers act in the same way; generally are more 
or less diminished, though sometimes they remain unchanged. 

Decided emaciation of the paralyzed side generally sets in 
quite early, sometimes making remarkably rapid progress. This 
symptom is also present in quite chronic cases. 

Corresponding to this, the paralyzed side bas, in a numb<•r 
of instances, shown a notable lowering offaradic irritability 
('V. l\fneller, Joffroy, and Salmon). This is a point, however, on 
which further obseiYation is mueh neec1ed. In a very chro11ic 
case of mine, which hac1 arisen spontaneously, there was mod1'r
ttte emaciation and hut slight diminution of electrical irritability. 
Bverything probttbly depends upon the settt and the nature of 
I he lesion . 

Among the more rare, al though not less interesting symptoms, 
we may mention the occurrence of gangrenous bed-sores on the 
ancestl1etizecl side (Yigues, Charcot, Jofiroy et Solman), and the 
development of an inflammatory knee-foint affection in tlte para
lyzed lfg C'i'igueti, Joffrny et Solman). 

Finally, we must not fail to mention that the two last named 
observen;, with the return of motility in their case, witnessed the 
occurrence of well-marked ataxy. 
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Pathological Physiology of the Disease. 

Physiologists have instituted numberless experiments on the 
course of the motor, vaso-motor, and sensitive tracts, from the 
brain through the cord to the roots of the spinal nerves, and have 
especially and thoroughly ventilated the question of the crossing 
of the various tracts. 

The course qftlte motor tracts was soon made clear, and them 
are no longer any serious differences of opinion with regard to 
this. There is no doubt that for the most part they decussate 
high up in the spinal cord and the medulla oblongata, in the 
pyramids, and the motor tracts for each side of the body run in 
that same side of the cord. Section of the right side of the cord, 
therefore, causes motor paralysis of the right extremities and the 
right half of the trunk. 

The interesting results of Flechsig's researches 1 have shown even this relation to 
be only partly correct. It appears that the pyramidal tracts only in part pursue a 
crossed course (in the posterior lateral columns), and in part run their course 
uncrossed (at the inner portion of the anterior columns of the same side-[Hlil
senvorderstrangband]). A vicarious relation exists between these two portions; 
sometimes the greater part of the tracts runs in the lateral columns nud is crossed, 
aometimcs in the anterior columns and is uncrossed. Consequently, very variable 
symptoms may arise on unilateral section of the spinal cord : complete paralysis on 
the side of section, or con1plcte paralysis on the opposite side, or incomplete bila
teral paralysis. The first of these conditions, according to pathological experience, 
is by far the most frequent. 

W"hat has been said of motor tracts is also true of va so-motor 
fracts, at least to a great degree ; indeed, more recent investiga· 
tions have again proved that the principal mass of these tracts 
run their course in the lateral columns, and are uncrossed. A 
lesion of these tracts would therefore manifest itself upon the 
same side of the body. At the same time, their relations are 
somewhat complicated by the existence of the nerve-centres lying 
within the spinal cord itself, which have recently heen demon
strated by Goltz and others. 

1 Paul Flechsig, Die Leituugsbabnen im Gebiru und Rilckeumark des Meuschen. 
Leipzig, 1876. S. 291. 
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On the other hand, a clifference of opinion long existed with 
regard to the point of crossing of the sensitive tracts. Brown. 
Sequard was probably the most positive in liis assertion, based 
upon his nnmerous experiments, of their complete crossing with
in the spinal cord.' Ile stated that the sensitive tracts, conduct
ing the sensations of touch, temperature, pain, and tickling, de
cussated with those of the other side very near their point of 
entrance into the spinal cord, and then ran to the brain in the 
opposite half of the cord. The only tracts which did not take 
part in this crossing, but ran through the cord on their own side 
of the body, like the motor tracts, were said to be those concerned 
in the phenomena of muscular sense (which enter the cord with 
the anterior roots). Brown-Sequard also gave other details which 
have thus far not proved of so much practical importance. Ac
cording to him, the four different conducting tracts cross at dif
ferent heights; those concerned in the sensation of temperature 
crossing somewhat earlier than the rest. Dttring their farther 
course they lie separated from one another within certain definite 
segments of the cord, the sensitive tract of the lower extremities 
being said to lie behind those of the upper extremities in the cer
vical portion of the cord. 

These teachings were long combatecl by many. But in more 
recent times they have won universal recognition, especially on 
the basis of numerous pathological observations made on man. 
Even Schill' has recently admitted their correctness for man, 
and it appears that part of the opposition to these teachings was 
clue to the fact that the relations of these tracts is not the same 
in all classes of animals, bnt that incomplete decnssations fre
quently occur. It has likewise been proved that centripetal 
fibres concerned in the production of reflex action also have a 
crossed course within the cord (Miescher, Nawrocki). 

Section of one-half of the spinal cord would therefore cause 
anresthesia of the opposite side for sensations of touch, pain, 
temperature, and tickling, while on the side of section these sen· 

1 Comptes rendua de lo. Soc. de Biolog. 1849. Gaz. hebdom. 1855. Noe. 31nod36. 
Journ do }(L Physiol. de I1homme, etc. 1858. Vol. I. p. 176. 

1 Oentra.lblntt f. d. medic. Wisscnsch. 1872. No. 49. 
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sations would be retained, but that of muscular sensibility would 
be lost, which, in its turn again, would be retained on the oppo· 
site side. 

The accompanying diagram gives a representation of the course of the principal 
condu.cting tracts within the spinal cord. The motor and vaso-motor tracts (1 uud 

1 '), which make their entrance, or 
rather their exit, t11rough the ant<:rior 

root ('D), remain on the same side of 
the spinal cord. The same thing is 
true of the tracts concerned with mus
cular sensibility (2 and 2' J. The sen
sitive tracts concernc<l in the sensa
tions of touch, temperature, pain , and 
tickling ( 3 and 3' ), which enter 
through the posterior roots (lt), at 
once cross to the other side of Uic 
spinal cord, and pursue their cour~c 
upward on that s ide. Section through 
the right hu.lf of the spinal cord at the 
height of a would then affect the mo
tor, vaso·motor, and musculo-scnsitive 
tracts of the right i::ide (1 and 2) and 
the cutaneous scusiti vc tracts of the 
left side (3'). 

Physiologists have fur
thermore discovered the fact 
that section of one-half of the 

11rii~~~>li~rn~1~e~.:~~il;1";~~~~!~~~1~r~r~1~1::~'::'c1 ~~~ spinal cord causes a high de
~:f v~~n;:~·~~ tr:c~:1 tc2~0[;:~tJ7~~~~~~~~ sc111~iCT~~'.' gree of cutaneous ltyper<estlte
~:.i3~c~c'~:;~~:1~~~>!]{'~n~l~~.lit)~~1~ !~~~~~~Ji~ac~~~'c sia of tile same side, extend-
1Hrectionot11hyi.iologica1wut1uction. 

ing to all varieties of sens.-i· 
tion. This fact has 11ot yet been satisfactorily explained. It 
i8 in part referred to the secondary inflammation of the cord 
following the wound, and the greater initability of the sensitive 
tracts caused by thi:; infiammation ; and in part to the with
drawal of certain controlling infiuences which hold the irritabil· 
ity of the sensitive nerves within bounds, and whose tracts re
maiu on the same side or the cord. 

The conditions of r~fiex action, on unilateral section of the 
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cord, do not seem to have receh·ed sufficient study at the hands 
of physiologbts; we still lack definite teachings on this subject. 
The conditions seem to vary somewhat in different animals; at 
all erents, the relations of reflex action to unilateral section of 
the spinal cord are not establbhed with sufficient certainty to 
admit of our deuucing a law therefrom. Nor do pathological 
observations on man lead to.satisfactory conclusions on this sub
ject. According to \Voroschiloil''s experiments it would appear 
that the libres which control or check reflex action in a given 
lower extremity rnn their course principally in the same half o[ 
the cord, those which call forth reflex action principally in tho 
opposite half of the cord. 

At the same time we ham a sufficient number of well-authen
ticated facts entirely to explain the most important manifesta
tions of unilateral lesions. In case of simple unilateral section 
(for instance, at a in Fig. 13), we find motor and rnso-motor 
paralysis of the same side, together with a diminution of muscu
lar sense, and a high degree of cutaneous hypencsthesia. On 
the opposite side thern is complete anrosthesia of the skin, while 
mobility and muscular sense are retained, and the fulness of tho 
blood-vessels is normal. In fact, the corresponclence of such 
cases with the results obtained in physiological experiments is 
quite complete. 

If the unilateral lesion, however, is of somewhat greater lon
gitudinal extent, if it extends over the domain of several enter
ing roots, then another characteristic symptom arises in the form 
of an anrcsthetic zone on the paralyzeu side, lying above the hy
pencsthetic r~gion, ancl corresponding with the latter in width. 
The origin of this anresthetic zone is easily explained. It is due 
to the implication of root-fibres of the same side before their 
crossing; the more of these implicated, the wider will be the a11-
resthetic zone; in progressive cases it may gradually extend over 
the entire trunk. 

This relation may also be made clear by a simple diagram. Fig. 14 represents 
the course and the crossing of the sensitive nerve-tracts of five successive pairs of 
posterior nerve-roots. If we now suppose a lesion of the right half o{ the cord, ex
tending over the shaded space, this will involve the sensitive tracts o( the ncrvc
roots 1', 2', and 3' of the left side as well as ti.le sensitive tracts of all roots on tlrn 

\'OL. XJJI.-42 
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left side coming from still further back, thus causiog a crossed, left -sided nnre~t~c~ 
sia as high as the root 3'. It will, however, at the same time involve the _scns~tl~'e 
tracts of tbe roots 2, 3, and 4 on the right side, and will cause nnresthesm within 

o' 

the domain of these nerves; this nnresthesia 
J'-o ' will therefore be zone-like, occurring on the 

side of the lesion, while all sensit ive tracts 
entering behind the roots involved cross over 
to the left side unscathed, and continue their 
course undisturbed to the brain. 

The narrow hyperresthetic zone 

4 in some cases observed above the 
anresthetic belt-and, indeed, to a 
more marked degree on the sicle 

3 of lesion than on the opposite side 
-is explained by Brown-S6quard 

z on the ground that the descending 
fibres of the posterior roots fall 

1 
within the mnge of the lesion. It 
is a matter of no practical signifi
cance. 

o· We have thus seen the charac-
teristic manifestations of a unilate-

c h~1~1!~· of D!~~;;:~~~t;er~~~l;~~~~I I~~ ral lesion satisfactorily accounted 
for by known physiological fact.s. 
This is, likewise, none the less true 
with regard to certain manifesta
tions which supervene when the 
seat of the lesion is very high, in 

•ion or the right Mitll', w the ext.cut of the 
~haded 11pacc. All senill tive tracts of corre
e11on<ling hc1i;ht. M1 wel11u tho.;crominf('from 
further lla.ck, on the l~ftMdt,11.re lntcrmpted. 
On thu r·iylu 1mltonlythu11,_. a.re interrupted 
whichcntC'rbythc root..q fromllo!I 
Numbcr11Uto5rcpre,;entthcl:l('n~itivctmctfl 

of the right •idc. rnlcringwith the 1iostcrior 
root.s;<Y1.u5'thcll-1mconthelcftsitlc. 

the cervical portion of the corcl. These mani[estations consist, 
for example, of vaso-motor disturbances in the face, on the sicle 
of lesion, ancl the corresponding half of the heacl ; in evidences 
of paralysis of the sympathetic in the neck, on the same side 
(contraction of the pupil, narrowing of the palpebral fissure, 
sinking of the eye in the orbit}, etc. 

Certain differences in the symptoms will occur according to 
the height, within the spinal cord, at which the lesion is situated. 
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"' e must not fail briefly to notice these, although, in fact, they 
follow, as a matter of course, from our knowledge of the physi
ology of the dilierent divisions of the spinal cord. 

In a unilateral lesion of the lumbar enlargement of tlie corcl, 
in addition to the characteristic symptoms (paralysis and hyper
icsthesia of the lower extremity of the same side, anresthesia of 
that of the opposite side, etc.), an anresthetic zone may be found 
on the paralyzed side, corresponding to the area of distribution 
o( one or more lumbar nerves, being situated on the pelvis, the 
abdomen, the region of the groin, the anterior surface of the 
thigh, etc., thus constituting a zone which need not be exactly 
belt-like. By this means the anmsthesia may appear to be dif
fused over both lower extremities, but on careful examination it 
will be easy to recognize the trne condition. 

A imilateral lesion of the clorsal portion of the cord presents 
the most characteristic picture of symptoms, inasmuch as the 
sharp distinction between the two lower extremities, as regards 
their motor and sensory disturbances, stands forth with the 
greatest prominence. The hyperresthesia and paralysis of the 
one, the anrcsthesia and complete mobility of the other, appear 
in glaring contrast; the difference extends, in similar manner, to 
the trunk, ascending to a variable height; the belt·like an::csthe
sia of the paralyzed side becomes prominent, sometimes bounded 
by a narrow hypermsthetic zone above (sec Fig. 12). 

In unilateral lesions of the cervical portion of the cord the 
re lat ions are much more complicated, and often inclistinct, espe
cially i[ the lesion is just at the cervical enlargement. Aside 
from the manifestations in the face, the eyes, and certain cranial 
ner,.es, which, in this case, may complicate the picture of disease 
in an interesting manner, numerous varieties of the picture may 
bed ue to the higher or lower seat, and to the greater or less 
longitudinal extent of the lesion within the cervical enlargement. 
A little consideration shows how varied the motor paralysis in 
the upper extremity may be, according as the lesion involves the 
domain of the upper or lower roots of the brachia! plexus, and 
how manifold the relations of hyperresthesia to anresthesia in 
the upper extremity of the same side may and must be accord
ing to the kind and the number of areas presided over by indi-
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vidual nerve-roots which are directly ilH'olved. The possible 
combinations that may here arise cannot all be cited, but if one 
has formed a clear conceptiou of these relations, and mastered 
them in a simple case, he will also solve the problem in more 
complicated and difficult cases. 

The symptoms presented in such a case are as follows: In the 
lower extremities and on the trunk the same conditions as in a 
lesion of the dorsal portion (paralysis, loss of muscu lar sense, 
elevated temperature, and hyperrosthesia on the side of the 
lesion; anrosthesia, normal tempemture of the skin, no motor 
disturbances, normal muscular sense on the opposite side). In 
the upper extremities, on tlte sicle of tlte lesion, we find more or 
less muscles and nerve-domains paralyzed, hyperrosthesia in 
some or in all parts, mingled with amesthesia of certain regions of 
skin or for certain Yarieties of sensation ; 011 the opposite sicle no 
paralysis, more or less complete anmsthesia in all or in indil'idual 
parts. 

The neck ancl lieacl, on tlte sicle of tlte lesion, sometimes show 
anrosthesia and hyperrosthesia of individual portions of the neck, 
manifestations of paralysis of the vaso-motor and oculo-pupillary 
fibres (higher temperature of that side of the head and body, 
heightened sensibility, nanowing of the palpebral fissure, con
traction of the pupil, etc.); on tlte opposite sicle, sometimes 
anrosthesia of the neck (and a narrow zone of hypermsthesia), a 
normal condition of the face and eye. 

Natmally enough, this complicated group of symptoms is 
liable to manifold variations in individual instances . 

.As a matter of course, but little that is of general applica
bility can be said with regard to the course, duration, and ter
mination o[ this malady, on account of the varying character of 
the anatomical changes which lie at the foundation thereof, and 
we must therefore refer the reader mainly to what has heen 
statecl in previous sections concerning wounds of the spinal cord, 
compression, chronic myelitis, sclerosis, etc. 

The development of the characteristic group of symptoms 
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may either occur quite suddenly, or may but slowly and gmdu
ally advance to a certain degree o( completeness. 

It then but rarely remains stationary and unchanged for any 
considerable length of time. The lesion generally extends fnr
ther, in part through the transrnrse diameter of the cord, and in 
}Jart longitudinally. 

In most traumatic lesions the former change usually takes 
place early, the traumatic inflammation quickly spreading over 
the entire transverse diameter of the corcl. Paraplegia at once 
follows, ancl we have before us the picture of transverse myelitis, 
which may encl in death. Not rarely, however, the paraplegia 
again recedes, ancl we recur to the symptomatic }Jicture of a uni
lateral lesion, which may then continue unchanged for many 
years. In not a few instances complete recovery has been seen 
to follow such traumatic unilateral lesions. It is singular that, 
according to Brown-Sequarcl, the disturbances of motion disap
vear earlier ancl more completely than those o( sensation, the 
reverse o( which holds goocl in case of peripheral injury of the 
nerves. 

In the more chronic cases a similar course is maintained; the 
sclerosis or the tumor extends gradually 01·er the entire trans
Yerse diameter of the cord; paraplegia occurs, followed by its 
resulting evils, and the further progress o( the affection is deter
mined by the fundamental process upon which it is based. 

The lesion may, however, also extend longitmlinally, gradu
ally advancing upwards. The sclerosis or tnmor may thus 
slowly creep upwards, and this does not usually occur without 
serious modification of the typical symptomatic picture, inas
much as lateral extension usually goes hand in hand therewith. 
The final result is then likewise determined by the fundamental 
affection. 

Diagnosis. 

In view of the characteristic symptoms presented, the diagno
sis of a unilateral spinal lesion is usually extremely easy. 

The distinction between this and other forms of hemiplegia 
or hemiparaplegia is very simple. 
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Hemiparaplegia from lesion of one side of the cauda equina 
may be recognized by the fact that here the paralysis and anres
thesia are to be found on the same side, and also that they gen
erally aliect only certain individual nerve-domains of the lower 
extremities. 

The lwniplegic form of spasmodic spinal paralysis is easily 
to be recognized by the absence of nil disturbances o[ sensation, 
therefore, also, of crossed anresthesia, the absence of any disturb
ance of the bladder, etc. 

'l'he unilateral spinal lesion may at all times be readily dis
tinguished from any form ef cerebral hemiplegia by the fact 
that in the latter there is either no disturbance of sensation, or 
it is to be found on the same side as the paralysis; that there is 
one-sided paralysis of the face and of the tongue ; that there are 
disturbances of various cranial nerves and other head-symptoms, 
etc. 

With regard to the kind of lesion that exists, it will some· 
times be difficult in non-traumatic cases to arrive at a diagnosis. 
We can only attempt to overcome this difficulty by the help of 
general pathological and diagnostic principles. 

Prognosis. 

The prognosis of unilateral lesions is governed entirely by the 
form of disease lying at the foundation of the lesion. It may be 
remarked of traumatic cases that they justify a comparatively 
favorable prognosis, as with proper handling the majority of 
them end in recovery. Aside from these, the prognosis in indi
vidual cases, is the same with that of other similar affections of 
the spinal cord, which are not localized on one side of the cord. 

Therapeutics. 

Of course, there is no distinctive treatment for the unilateral 
spinal lesion. 'Vhat concerns us is merely the proper treatment 
of those spinal aliections which are sometimes localized in one 
lateral half of the cord. 

Tho principles and methods which are applicable in the treat-



POLIOMYELITIS ANTERIOR ACUTA. 663 

ment of wounds of the spinal corcl, of compression or the cord, 
of chronic myelitis ancl sclerosis, of hemorrhages and new forma
tions in the substance or the cord, of spinal syphil is, etc., may 
also be brought into play in corresponding cases of unilatera l 
lesions. 

15. Acute Inflammation qf the Gray Anlrfrior Golu7J1.nS [Ante
rior Jlorns].-Poliomyelitis Anterior Acuta (Kussmaul°).
Spinal Infantile Paralysis (von Jleine) .-Acute Spinal 
Paralysis qf Adults.-Acute Atrophic Spinal Paralysis.
Paralysie Atropldque de l'Enfance (J>ucltenne). 

J. 11. Heine, Bcobb. iibcr Liihmungszustunde dcr untcrcn Extrcruiliitcn und dcrt'n 
Behandlung. 1840.-Ucbcr spinalc Kindcrliihmung. 2. Aull . 1800.-.Bad/wm, 
IAnd. Med. Gaz. 1836.-Rilliet, Gaz. med. de Paris. lS.31. p. 661.-Rilliet C't 
Barthez: Tmit6 clin. ct prat. des malad. des enfants. Paris. 1853. Tom. TI.
Duchenne (de Boulognc), de l'tHectrisation locali~Cc . 1855. 2. Ccl. 1861. 3. Ccl 
1872.-Paralysic atroph. graisscusc de l'enfancc. Gaz. hcbdom. 1855.-Vogt , 
Ueb. d. cssenticllc Liihmung dcr Kinder. Bern. 1858.-Biubaum, Die Paralyse 
dcr Kinder . Journ. I . Kinderkrankh. 1859. Heft 1 u. 2.-Bl'itirnichc, Ucb. die 
eog. csscnt. LiLhmung bci kleinen IGudcrn. Journ. f. Kinderkrnokh. 1861. Ed. 
36. 8. 366.-Cornil, Com pt. rend. de la Soc. d. Biolog. 1863. p. 187.-Duchen11t1 
fils, Atroph. gra.i.ss. de l'cnfancc. Arch. gener. 1 S64.-Labo1·de, De l. paralys. 
dite csscnticllc de l'cnfancc. ThCsc. Paris. 1864.-Roger, Pnralysie infontil1·. 
Annal. de l1E16ctric. 1865.-Pl'ivost, Compt. rend. d. In Soc. d. Biol. 1865. 
XVII. p. 215.-Mor. Meyer, Die Elektricit. in ilircr Anwcnclung u. s. w. 3. Au fl . 
1868. S. 209.-G. Salomon, Zur Diagn. u. Therapie cinigcr Liihmungsformcn 
im kindl. Alter. Jahrb. f. Kinderhcilk. N. Folgc I. S. 370.-Bouclmt, Nature 
et trait. des p::iral. esscnt. de l'enf. Union rn£td. 1867.-Jolmson and LocJ.:hm·t 
Clarke, Extreme Muscul. Atrophy, etc. Med.-chir. Tramact. LI. p. 249. 1868. 
-Cluir(',()t ct Joffroy, Cas de paralys. infant. spin. avec lCsions des corn. aoter. 
etc. Arch. de Physiol. norm. ct path. IlL p. 134. 1370.-Rl1Tot et Joffroy, 
Note sur un ens de parnl. infant. Ibid. ITI. p. 309.- rulpian, Cns d'lltroph. 
muse. graiss. etc. Ibid. III. p. 316. 1870.- Volkmann, Ucb. KindcrHihm ung 
und paralyt. Contracturen. Samml. klin . Yortr. Nr. 1. 1870.-Duchennl!I ct J<>f
froy, Da l'ntroph. aiguC ct chroo. des cellulcs ncrveuscs, etc. Arch. cl. Physiol. 
ITI. p. 499. 1870.-Roger et Da.maschinc, Rech. nnnt. -pathol. sur la parnl. spin. 
de l'enf. Gaz. med. de Par. 1871. Nr. 41 ff.- W. Afueller, Bcitr. zur patbol. 
Annt. u. Phys. des mcnschl. R-:M. Bcob. 2. 1871.-A. Eulenburg, Lclub. der 
funct ion. Ncrvcnkrankh. 1871. S 607.-Dujardin-Beaumelz, De la myClitc 
niguc. 1872. p. 103.-Ilitzig und Juergensen, Zur Thcrnpic dcr Kindcrliibmung. 
Deutsch. Arch. f. klin. :Med. IX. S. 330. 1872.-Petifjita, Consi<lCrat. sur 
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l'atroph. aiguC des ccllul. motrices. Paris. 1873.-Gombault, Note sur un cas de 
paral. spin. de l'adulte suiti d'nutopsie. Arch. de Phys. V. p. 80. 1873.-Bern
hcmlt, Ucb. cine d. spinal. KindcrHihm. iilml. Affect. Erwachscner . .Arch. !. 
Psych. u. Ncrvcnhrankh. IV. S. 370. 1873.-Bcitr. zur Lchre v. cl. acut. 
ntroph. Spinnlliihm. Erwachs. Ibid. VIL S. 313. 11'$77.-.M. Rot!t, Auat. Befuntl 
bci spin. Kinderliihmung. Virch. Arch. Btl. 58. S. 203. 1R73.-.Bcrnl1cim, Dic
tion. encycl. des scicnc. metl. 2. Ser. Tom. VIII. 1874.-.Jlfary Putnam Jacobi, 
Americ. Journ. of Obstetr. June. 1874.-C. Lange, Hosp. Ticl. 2. R. I. Aarg. 
1874- (Virchow-Jlirsch, JRhrcsbcr. pro. 1874. If. S. 104).-FrnJ, Ueb. tcmpo
riire Liihm. Erwachscner u. s. w. Berl. klin. 'Vochenschr. 1874. Nr. 1-3.
Clwrcot, Lc<;ons su r les mal. du syst. nerv. H S6r. 3. fascic. 1874.-I'rb,ost ct 
JJavid, Note sur un cas d1ntropli. des muscles de l'Umin. thennr, etc. Arch. de 
Phys. VI. p. 595. 1874.-Seguin

1 
Spinal Paralysis of the Adult. Transact. 

New York Acad. of Medic. 1874. Nov.-E,.b, Ut:ber acute Spiualliihmung bei 
Erwachscncn u. s. w. Arch. f. Psych. u. Nervcnkrnnkh. V. S. 758. 187J .
Leydm1 Beitr. zur. pathol. Anat. d . atroph. Lahm. d. Kinder u. d. Erwachs. 
Ibid. VI. S. 271. 1875.-Klinik der Rtickenmarkskrankh. IL S. 552. 1870.
lrcilll, Ein Fall von neut. Spinallilhm. bci Erwnchs. Diss. Brcslau. 1875.-G. 
B1u·ckllardt, Pbysiol. Dingnost. d. Ncrvenkrankh. S. 174. 1875.-F. T. Jliles, 
Case of Acute Spin. Pa.ral. Transact. Aml'ric. Ncurolog. Assoc. for 1875. p. 
217.-M. Rosenthal, Klin. d. Nen•enkrankh. 2. AufJ. S. 409. 1875.-Dijcrinc, 
Note sur l'Hat de l. moCllc Cp. etc. Arch. cl. Physiol. VU. p. 253. 2875.-Ray· 
mond1 Observ. de myCl. ccntrale. Gaz. mCd. clc Pnris. 1875. Nr. 18.-Deux cas 
de paralys. essent. de l'cnfance. Ibid. Nr. 19.- Wl1arlon Sinkler, Palsies of 
Children. Americ. Journ. of Med. Sc. April. 1875. p. 348.- lV: Sander, Ueb. 
Rlickwirkung cl. spin. Kinderliihm. auf. die motor. Gebictc clcr Ilirnriude. 
Ccntralbl. f. cl. med. Wiss. 1875. Nr. 15.-llammond, Diseases of the Ncrv. 
System. 6. edit. 1876. p. 451.-F. Schultze, Zur Lchre von d. spin. Kinder
lilbm. u. cl. analog. Liihm. Erwachscncr. Virch. Arch. Bel. 68. 1876.-Eisen
lohr, Mitthcilung lib. nuatom. Bcfun<le bci ~pinalcr Kindcrlahmung. Tagebl. 
der 49. Naturforschervers. in Hamburg. Bcibl. S. 140. 1876.-Couty, Note sur 
un ens de myClitc aigui! des comes antUrieures. Gaz. m~d. de Paris. 1876. Nr. 
18 o. 23.-E. C. &guin, 1\Iyelitis of the Anterior Ilorns or Spinal Paralysis of 
the Adult and Child. New York. 1877. 

H istorical Sketch. 

Jacob von Heine is doubtless entitled to be considered as the 
actual founder of the doctrine of acute spinal paralysis in chil
dren. In 1840 he wrote a monograph on the disease, and gave 
an exhaustive clinical representatien of the same, especially with 
reference to the atrophy and the deformities of the second 
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period. It is true tha t some individual cases had been described 
before his time (by Underwood, 178-1 ; Shaw, 1822; Bad ham, 
1835; and others), but the knowledge or the diseasn had re
mained very limitecl, and its separation from other form s or paral
ysis during the age o( childhood was not yet establi heel. 

This work or Heine's, marking an epoch, as it did, was fol
lowed by numerous di scu~sions, and during the succeeding 
decades a succession oC works was published on thi s di sease 
(Rilliet and Barthez, Kennedy, Vogt, Bierbaum, ancl others), 
prominent among which are the manifold and extensive investi
gations o( Duchenne (de Boulogne). They iurnishccl an exhaus
th·e clinical pictu re or the disease. 

But the pathological ana tomy of the affection rnmained ob
scure, and the strife as to whether this di sease represented an 
" essential " or a spinal or peripheral paralysis was carried on 
more by theoretical arguments than by positive observations. 

In the second edition o( his work, in 1800, which is based 
npon a largely increased amount of material for observation, 
Heine declared very positively in favor of the spinal seat of the 
disease, which has e1•er since been universally designated as 
" spinal infantile paralysis." He thought it extremely probable 
that there was an alteration in the gray ma tter. Duchenne, 
though partly Oil other grounds than those or Heine, had like
wise declared the spinal origin of the di sease as in the highest 
degree probable. But at that time this view was not, as yet, 
supported by any positive evidence from the cadaver. 

Indeed, such evidence remained lacking for some time yet, 
and, as we know now, could not be obtained until better methods 
for the microscopic examination of the spinal cord had secured 
general acceptance. 

At the beginning of the previous decade workers in this dis
ease, therefore, confined themselves almost entirely to clinical 
observa tions. The number of cases actually belong ing to this 
disease was more accurately defined and limi ted, numerous 
detail s were more closely investigated, etc. 

Col'llil (1863) was the first to recognize di stinct alterations in 
the spinal cord itself in thi s di sease ; bnt Provost and Vulpian 
(1803) were the first to make the positive observation that the 



666 ERB.-DISEASES OF THE SPINAL COHD AND ITS ENVELOPES. 

anatomical lesion was essentially situated in the gray anterior 
horns. This was confirmed by the observation of Lockhart 
Clarke in 1868. A \"ery carefully investigated case of Charcot 
and Jolfroy (1870) then stands at the beginning of a series of ob
servations which, in all cases of spinal infantile paralysis, have, 
with perfect uniformity, demonstrated a disease of lhe spinal 
cord, and especially of the anterior gray horns. 'L'he existence 
of this lesion was established beyond all doubt by the cases of 
Parrot and Joffroy, Roger and Damaschi110, Roth, Leyden, F. 
Schultze, Vulpian, W. Mueller, Dejerine, and others, and of late 
years no post-mortem has been made in this disease without the 
discovery of a similar lesion. It is true that there is not entire 
unity amongst observers as to the significance or the origin of 
the process, and that some apparently conflicting conditions 
have been discovered, but the fact is certainly established beyond 
all controversy that in this disease there is an acute lesion of the 
spinal cord, and principally of the anterior horns of gray matter. 

It was not until about the time when the anatomical basis of 
the disease had been established that it was proved not to be 
exclusively an affection of early childhood, but one which might 
occur, in Hs typical form, during the later years o[ childhood or 
during adult life. This fact was first pointed out by Mor. Meyer, 
and was also confirmed by Duchenne, with a series of cases. 
Quite recently reports have accumulated establishing the occur
rence of acute atrophic spinal paralysis in adults (Hallopeau, 
Gombanlt, Bernhardt, Frey, Charcot, Seguin, Erb, \Veiss, F. 
Schultze, and others). 

It is true that some cases have also crept into these reports 
with reference to which we may doubt whether they actually 
were Poliomyelitis anterior acuta. The line of distinction be
tween this form of disease in adults and other forms of spinal 
disease, especially acute ascending paralysis. acute central mye
litis, hromatomyelitis, etc., can only be completed by fm·ther 
observations. 

Definition. 

This disease has very sharply defined clinical characteristics, 
as follows : It begins suddenly, usually with fever, with severe 
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cerebral symptoms (cleafness, coma, clelirinm, general convul
sions) ; there is very mpiclly clevelopecl ancl complete paralysis 
,with entire rnlaxation or the muscles, this paralysis being of very 
variable clistribu tion over the trunk ancl extremities, but gene
rally in tile form of pa raplegia ; there is an absence of any severe 
clistnrbances of sensa tion, no paralysis of tile sphincters nor 
bed-sores. 

A rapicl improvement of the general condition soon follows; 
the paralysis proves not to be of a progressive clmracter-indeed, 
gradual improvement of the same begins, although the restitu
tion of movement is not uniform and remains in par t lost forever. 
In some of the musul es there is extreme and rapidly progressing 
atrophy with degeneration of tissue ; the de,·elopment or the 
bones is retarded ; the extremities are cold and cyanotic. Dur
ing tho further course of the afl'ec tion considerable deformities o( 
the limbs ancl trunk arise (club-foot, curvatures of the spine, 
paralytic contractures, etc.). The general conclition of the indi
viclual is admirable, in spite of the permanent defects in the 
motor appara tus which almost inrnriably remain. 

The cli sease may occur at all periods o( life, though it is by 
far the most frequent in children between the ages of one and 
four years. It is s t1sceptible of an unusually large number or 
grades of severity. 

The anatomical lesion, although not yet quite certainly de
terminPd for all cases, may be regarded as most probably consist
ing in an acute m yelitis of the gray anterior columns (anterior 
horns), which may extend more or less over the greater part or 
their entire length, but is disposed to be most heavily localized 
in the cervical and lumbar enlargements. 

Etiology and Pathogeny. 

There is undoubteclly a striking p redisposition to this disease 
in the age of childhood, children between one and four years of 
age being by far the most frequently attackecl by it. Duchen1w, 
jlls, even reports one case in a child twelve days olcl, and one in 
a chilcl a month old, ancl the number of instances of the cliseas<> 
increases in the second half of the first year of life. 
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Various explanations have been given of thi s predi sposition 
of the age of childhood. Probably the least satisfactory doctrine 
is to the effect that the physiological condition of the central 
nerYous system in such young children of itself causes greater 
irritabili ty ancl liabili ty to disease of the same. C. Lange be
lieves that the beginning of the exercise of voluntary move
ments at this age, especially those of walking, not unfrequcntly 
causes overexertion of the spinal cord, and thus induces a 
susceptibility to disease of the same. Dentition, however, has 
been more frequently invoked than anything else in explana
tion of this fact, and Heine in particular has emphasizecl the 
not rare occurrence of the symptoms of difficult dentition in 
his observations. At the same time, it is doubtful whether the 
disturbances which are so often associated with dentitio11 do 
exactly determine the predisposition to disease of the cord. It 
is quite as reasonable to suppose that, the predisposition being 
already present, dentition merely sen ·es as the exciting cause, 
and thus cull s forth the disease. At all events, it seems thut if 
dentition really stood in a causal relation to the spinal pamlysis 
of children, the disease would necessurily be far more frequent 
than it is. 

Another fact, which is now sufficiently estubli shed , viz., that 
of the occurrence of the disease at later p eriods ef life, ulso goes 
to disprove the intimate connection of dentition therewith. In 
fact, the disease has been observed at all ages up to the sixties, 
although with much less frequency than during childhood. 

Sex seems to exert no influence on the liability to the disease ; 
it is about equally divided between the two sexes. 

On the other hand, according to 'Vharton Sinkler, there seems 
to be no denying the inffuence of seasons ef the year. Among 
fifty -seven cases collected by this observer not less than forty
seven occurred between May and September. Sinkler uttributes 
this increased tendency to the disease during the summer months 
to the warm weather. 

In the majority of instances there is no evidence whateYer of 
any hereditary influence or neuroputhic tendency. Duclwnne 
<'ven sta tes that he never saw two cases in the same family. 
But Ilammoncl reports its occurrence in two brothers, and Mor. 
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Meyer saw it arise simultaneously in twin brothers after measles. 
Duchenne, jils, reports a case in a chilcl whose father afterwards 
died of tabes, b11t considers this as a mere coincidence. I have 
seen a. similar case. 

Neither do the llyscrasias often present in childhood (rachi
tis, scrofula, syphilis) appear to ham any demonstrable influ
ence in the production or this malady. Heine expresses himself 
very vositively on this subject. On the contrary, it is just the 
most blooming, robust, and strong children that are rnost fre
quently attacked by the disease. 

Our knowledge with regard to the exciting causes of acute 
spinal varalysis is just as scanty as that concerning the predis
posing causes. In a large number of instances not the slightest 
cause can be assigned. Children are often attacked with the dis
ease in the midst of the most blooming health, and physician and 
parents strim in vain to discover any cause therefor. 

In a minority of instances the fact of taking colll has evi
dently been shown to be the cause, This has been repeatedly 
and nndonbtec11y demonstrated in children as well as adults. In 
hliles's case the disease apveared immediately after a cold bath, 
which the patient hacl taken while sweating, and after lively sex
ual excitement. 

In other cases-and they are tolerably frequent-no other 
cause can be assigned than normal or difficult dentition. '"rhe 
irritation of teething" has, from all time, been a favorite method 
of explanation for every conceivable trouble of infancy, espe
cially those of a nervous character. At the same time, it is snp
vosable that the circulatory and nen·ous disturbances which are 
undoubtedly often associated with dentition might develop this 
disease in a spinal cord vredisposed thereto. 

Traumatic influences of various kinds have repeatedly been 
regarded as causes, with what degree of justice it is hard vosi
tively to determine. 

It is uncloubtedly true, bowe1·er, that the outbreak of the 
affection is not rarely connected with some acute disease. The 
entire symptomatic JJicture of acute spinal paralysis has reveat
edly been se~n to arise in children during the vrogress or soon 
after the subsidence of measles, scarlatina, varioloid, typhus, 
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intermittent fever, etc. And the same thing has repeateilly been 
seen to occur in adults after the same diseases, or after severe 
puerperal disease. Authorities may conflict as to whether these 
attacks are to be rnnked with those forms of poliomyelitis ante
rior acuta which arise spontaneously; but there appears unques
tionably to be the same localization of the disease, and in all 
probability a very similar anatomical process, in these well-de
fined "paralyses after acute diseases." We must trust to the 
future to settle this question. 

Pathological Anatomy. 

In spite of the numerous investigations of the past few years, 
the pathological anatomy of acute spinal paralysis can only be 
incompletely given. \Ve are, no doubt, justifiable in laying 
down as a strict requirement that only those cases shall be con
sidered as affording conclusive anatomical results which l1ave 
been accurately observed during life, and which have presented 
the well-marked clinical characteristics of the disease. Many of 
the cases thus far described do not sufficiently fulfil this require
ment. Many have been satisfied with the proof that there was 
paralysis during childhood without inquiring into the precise 
history of the beginning of the malady. Changes in muscles, 
bones, and nerves, which may notoriously be the results of very 
varied processes in the nervous system, have been accepted 
merely as the sequels of the "spinal paralysis of childhood." 
In this way probably very varied anatomical processes, not hav
ing the same significance, have been cited as belonging to this 
disease. "\Vhen we see what diagnostic daring is developed in 
some authors by the desire to publish new observations on any 
rare form of disease, we shall be the more disposed to adhere to 
the postulate above uttered. 

Secondly, we have a right to dema11cl that only the rnost re
cent cases obtainable should be examined, with a view to deter
mining the trne essence of the pathological process present. 
Cases which are examined from twenty to sixty years after the 
fresh attack certainly cannot give safe and positive data for a 
judgment with regard to this disease. 'rhe literature of the sub-
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ject shows that this-requirement, too, has hitherto been but little 
complied with. The earliest anatomical examination which has 
thus far been reported (Roger and Damaschino) was made two 
months after the beginning of the disease. 

I am convinced that it is only by the rigid observance or tlw 
two requirements above indicated, and by the careful criticism of 
observations, that we shall gradually succeed in leaming the 
essential anatomical changes in this disease, and be enabled to 
separate them from those that are non-essential and accidental. 
It can hardly ·be otherwise than that a di sease with so sharp and 
well-charncterized a clinical picture should have some uniform 
anatomical lesion as its basis. 

From the anatomical observations at present before ns, it 
would at least nppear most probable that this essential anatomi
cal change consists in a vwre or less dif/'Me acute myelitis qf t11 e 
anterior gray substance, wllicli reacltes its greatest illtensity in 
tlte lumbar and cervical enlargements qf tlte cord and, as a rule, 
leaves no permanent and irremediable alterations excepting at 
tllese two points. In many instances, a moderate extension of the 
process, both in the gray substance and to the neighboring white 
(antero-lateral) columns, can be demonstrated, but probably thi s 
is only secondary and not essential. 

The conditions which have been di scovered, ancl upon which 
these Yiews are based, must be dividecl into two groups, viz.: 
those which have been observed soon after the beginning of the 
illness (2 to 20 months), and those which have been obsel'\"ed 
very long after (17 to 61 years). Unfortunately, we are as yN 
entirely without any observations on the earliest stages of the 
disease (the first few days ancl weeks). 

Observations made at an early period qf tlte disease (Roger 
and Damaschino, R oth, Leyden' s second case, Parrot and Jor
froy, probably also the case very briefly reported by Rinecker' 
and examined by von Recklinghausen) show that sometimes 
nothing abnormal about the spinal cord can be discovered by the 
naked Pye; sometimes the substance of the cord seemed tougher 
at the height of the cervical or lumbar enlargements, and there 

Ja.hrb. d. Kinderbeilkunde. 1871. New series. V. p, 118. 
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was a slight dwindling of the cord, especially at the expense of 
the antero-lateral columns. On making a transverse section, the 
markings were somewhat indistinct, the anterior gray substance 
was more or less discolored, whitish or retldish, sometimes soft 
aml diJUnent; sometimes a diminution can be shown in the volume 
of the gray anterior horns. The anterior roots-corresponding to 
the main seat of the disease-are gray, translucent, and atrophied. 
'fhe membranes of the cord usually show nothing abnormal. 

Nothing short of a microscopical examination, however, re
veals the exact seat, variety, and extent of the alterations. The 
principal trouble is found in the gray substance of the anterior 
horns, constituting a tolerably diffuse lesion with regions of 
greater ·intensity at the enlargements of the cord, particularly at 
the lumbar enlargement. Here we find, usually on both sides, 
though sometimes only on one side, an area of softening in the an
terior gray horn of greater or less longitudinal extent (10 to 30 mm. 
or more, 1', of an inch to 1-j- inches), which is sometimes situated 
more towards the centre, sometimes more towards the front of 
the horn, and is separated from the sunounding parts by a more 
or less sharp line of demarcation. Similar areas are often also 
found in the cervical enlargement of the cord, more rarely at 
other points, in the do1·sal or upper cervical portion. These areas 
of softening represent i17jlct1nmatory so.flening; their substance 
is friable, soft, and disseminated with numerous granulation 
cells;' closer examination clemonstrates an increase in the num
ber of nuclei ancl iii the amount of connective tissue and more 
than ordinary fulness of the blood-vessels. The most striking 
discornry, however, is the more or Jess entire disappearance of 
tlle large, 11niltipolar ganglion-cells; those still remaining are 
found partly in all stages of degeneration ancl atrophy, partly, 
howc,·er, quite well preserved. It has not yet been possible to 
demonstrate any regular localization of these changes in definite 
groups of ganglion-cells within the anterior horns. The nerve-

1 Iu Leyden's case there were no granule-cells (KOrnchenzeller} i in the pfoce of 
them there were numerous large, bladder-like1 nucleated cells, like those of endothe
lium, in the grny substnnce1 in part crowded together nnd in part more scattered, 
which, perhaps, bad the same significance, in the morbid process, as the grnnule
cells. 
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fibres and axis-cylinders within the area of softening are also 
found to have entirely disappeared. In the immediate vicinity 
of the softening there is frequently quite a striking multiplication 
of nuclei, as though prepamtion were being made fur a specie; 
of encapsulati ng process. The anterior horn, as 
a whole, appeai·s diminished in size and wasted. ~~ 

43 
These areas, or foci, sometimes extend, by \ ~ 

means of little prolongations, backwards, or 
towards the sides. The tissue surrounding them ~ J'' 

may be more or less completely or approxi- • 
mately normal , with well-preserved ganglion-
cells. Generally, however, sligllter and more 
d(U'use cltanges can be demonstrated through-~ 
ont a greater or less portion of the gray sub- · I 30 

stance, usually throughout the entire dorsal 
portion, consisting of single granule-cells scat-
tered through the tissue, the multiplication of @f!) 
nuclei, dilatation of blood-vessels, the disap- ~ ' 23 

pearance of individual ganglion-cells. The ac- . 
companying diagram gives a clear picture of the 
localization and extent of the softening in th@ ~ t.J 

lumbar enlargement of the cord, according to ~ 

Roth. Fm. 15.-Localb.lltiim l)f 

At tllis stage there is generally not much to ~~1~e::~~~e~;11111~r 11lh~\;~1~ 
be seen in the antero-lateral colunins ; still they ~~1 ~~i~r~~;:~n~w~\c!::~ 
have repeatedly been proved to be diminished in ~:~~· ~;~~.~i11~10~1,tht~e!\~1i:. 
size and the seat of a s1ight sclerosis. At other ~;~:~e ~~~~Ffc%·~~h?:~; 
times a thickening of the trabeculre has been ~h~~-; ;~~ei.~~=~~r~e 
found, atrophy of individual nerve-fibres (Jof- ~~i~~10r tb11con1. A fter 

froy, Damaschino), solitary granule - cells or 
LeydPn's cells within the tissue; at all e1·ents, however, no very 
high degree of alteration takes place. 

Tile anterior roots are diminished in size, atrophied, and 
under the microscope show the signs of degenerative atrophy. 

In observations macle at a late periorl the picture is, of course, 
radically c1ilIPrent. \Ve have such obsPrrntions made betwcPn 
seventeen ancl sixty-one years after the origin of the disease by 
Cornil, Prevost, Vulpian, Lockhart Clarke, Charcot and Jofl'roy, 

YOL. Xlll.-43 
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Petitfils and Pierret, Leyden, cases 1 and 3, Gombault, Dejerine, 
F. Schultze, and others. 

Now atrophy and shrivelling of certain portions of the spinal 
cord are much more evident, eMn to the naked eye, the wasting 
of the antero-lateral columns and the shrinking of the anterior 
horns being especially prominent. These are inegularly reduced 

Pm.lfl.-S11lnaleordwithPollomyl.'Jltisanterloracnt.I\. forly-threcye11niaftcrthe beginning of thedi&
rac:e. a,Sectlonthroughthcl11mbarcnlarge111ent; bothautcrior horns nml 1rn•<'ro-h1.teralcolumn'lstro11gly 
~hrivelle..t. moruon the lcftglde than on the right.. No g11nglio11-cclls. b. &."Ction through the cervical en-
1arge111c11t: the left 11nterior horn and antcro-later11.\ oolumnvcry&trongly~hrivellod. No pnglion-cells.. 
The posterior columns 1oud post.erior homa in both i;ection• arc normal. A!wr Chareot and Jollroy. 

in their dimensions in various directions, narrowed, and shrivelled 
so that the entire form of a transverse section of the cord, as 
well as its markings, seems to be changed ; this is especially 
prominent if the lesion is limited to one side (see Fig. 16). The 
antero-lateral columns often appear somewhat gray and translu
cent; the posterior columns, on the contrary, are quite normal. 
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The anterior roots are ton high degree a trophi<'d, and the seat 
of g ray degeneration. 

On making a fresh transrnrse sec tion of the cord there is fre
quently not much to be seen tha t is abnormal, aside from the 
al tera tions in form ; af tPr hardening, howe,·er, the principally 
degenerated areas generally appenr wi th g1·ea ter distinctness. 

On rnicroscop ic examination the circumscribed foci first 
strike the eye ; these will be found within the anterior horns at 
the lumbar and cervical enlargements, to n yariable number and 
ex tent. In addi tion to this, in the majority of cases, there is al so 
a more or less diffuse change in the gray substance, and a higher 
grade of alteration in the white columns. 

The anterior horns are highly a.trophic and shrnnken; within 
the foci which they contnin there is a more or less firm, fine-fibred 
connective tissue, rich in nuclei, thi s wealth of nuclei being not 
rarely most striking just in the peripheral border zone ; thi cken
ing and enlargement, and probably multiplication o[ the blood
vessels, can be demonstrated ; g ranule-cell s are generally absent, 
but immense numbers of corpora arnylacea are to be found, 
as well as pigment, etc. In the foci the ganglion- cells, and 
all nerve-fibres, are more or less completely des troyed. The 
ganglion-cell s that may remain are in all stagPs o[ degenerative 
a.trophy, pigmentary degeneration, and shrivelling. vVell-pre
served ganglion-cell s are only to be found outside of the foci. 
"Clnrke' s columns" have generall y been found in tact; in two 
cases, however, they were also invoh·ed and their cells destroyed. 

In the remaining didsions of the g ray anterior horns-in the 
dorsal region, for instance-the ganglion-cell s are less numerous 
thnn is normal, the connective tissue increased, there is n grent 
wealth of nuclei, ancl numerous corpora. amylacea. 

In the ant~ro - l ateral columns a greater or less degree of scle
rosis may be discovered, thickening ancl multiplication of the 
neuroglia, wi th or without pronounced atrophy of the nerve
fi bres. This sclerosis may vary grently in ex tent; sometimes it 
is confined to the immedia te vi cini ty of the an terior horns of gray 
matter, sometimes it is di stributed more diffusely over the entire 
antero-la teral colu mns, especially the posterior part of the lateral 
columns. It generally stands in most in timate rela tions to those 
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parts of the anterior horns which are most prominently diseased. 
The anterior bundles of roots within the antero-lateral columns, 
as well as the anterior roots themselves, present an unequivocal 
picture of degenerative atmphy. 

\Vhen we take a comprehensive view of all these conditions, 
we find, after all, that there is more unity in the picture than 
appeared on the Jirst glance. It would be highly desirable to 
have our knowledge completed by some cases from the first few 
days or weeks of the disease. But even without this, so much 
appears certain, that we have to deal essentially with an acute 
inflammatory process in the anterior horns of gray matter; we 
do not know yet whether this is nothing more than an ordinary, 
acute myelitis, or whether it is distinguished by certain specific 
peculiarities. This process is spread, more or less diJinsely, 
over the greater part of the gray anterior horns, but attains its 
greatest intensity in certain favorite spots-the lumbar and cer
vical enlargements-and there causes distinct areas of softening. 
In these, besides the inflammatory changes in the neumglia, the 
most striking and constant changes consist in the complete de
strnction and disappearance of the nerve-elements, especially of 
the multipolar ganglion-cells. 

This process soon passes over into a chronic stage; after it 
has entirely receded in some places, it gradually leads, in the 
principal seats of the disease, to the development of cicatricial 
connective tissue, without any restitution of the nerve-elements. 
In the further progress of the disease, probably only secondarily, 
as a rule, the antero-lateral columns are affected, and show a 
higher or lower grade of sclerosh. If the process has been de
veloped during the age of childhood these columns are generally 
retarded in their d welopment; they appear narrow and atro
phied, and, together with the shrinking of the anterior horns by 
cicatricial contraction of the foci, cause more or less serious 
changes in form in the spinal cord. The posterior horns and pos
terior columns almost always entirely escape the disease. 

If all the anatomical conditions hitherto made public under the name of acute 
spinal paralysis do not entirely ngree with the representations here given, this is 
doubtless in part due to the circumstance mentioned above, thnt quite heterogcue. 
ous diseases have sometimes been brought into the list1 all that was necessary to 
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their :\dmission being to prove that they were developed in rhildhood, nncl left 
bchin<l them pn.ralysis, muscular atrophy, paralytic contrncturcs, nncl all sorts of 
deformities. But we know that various diseases of the spinnl cord (multiple scle
rosis, hmmatomyclitis, simple myelitis, etc.), provided they affect certain divisions 
of the gray substance, will produce exactly the same manifestations, o.nd leave bc
)1incl the same results. It woul<l certainly be wrong to count nil these as cases of 
ncute spinal paralysis, for they are other forms of disease wliich happen to have a 
certain rcscmbJancc to it. For the present, therefore, we should be clisposed to 
regard these unusual conditions as probably not belonging to this disensc at all. 

A question which has been raised by authors, and discussed 
with great li'"eliness, and which, it appears to us, cannot be de
termined with the material now on hand, is, whether the affec
tion is originally a parencl1ymatous or an inte1·stitial myelitis. 
Charcot, and after him Joffroy, Petitfils, and others have asserted 
that the primary step in the affection was the lesion of the large 
ganglion-cells, that, therefore, the disease is parenchymatous 
myelitis; while Roger and Damaschino, Roth, and others believe, 
on the grouncl of their examinations in fresher cases, that inter
stitial myelitis is the primary affection, and that the atrophy 
and disappearance of the ganglion-cells are secondarily caused 
therf'by. In our opinion, no conclusive evidence has yet been 
obtained in favor of either view. \\"e therefore decline to enter 
into any elaborate discussion of this difficult question, the more 
'so as it is very elaborately treated of in the works of some of the 
authors above named, and as it does not yet appear to us to be 
of any great practical value, however much scientific interest it 
may possess. It is enough for onr purpose to know that almost 
all authors agree on the fact of there being acute myelitis, and 
we may be content to leave it to thP future to decitle whether 
this myelitis is parenchymatous or interstitial; perhaps, as Du
jardin-Beaumetz suggests, it may be decided that the connective 
tissue and nerve tissue are simultaneously attacked by the irrita
tive process. 

In those sections of the corcl which are especially involved in 
the poliomyelitis, the anterior roots always appear very thin, 
gray, translucent, and atrophied. The microscope shows degen-
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erative atrophy of the greater part or the nerYe-fibres, well
marked prolireration and sometimes fatty infiltration of the inter
stitial connective tissue, thickening or the blood-Yessels, etc. 

The peripheral nen·es have not yet been examined with th1• 
care that we could wish. The results or examination by electri
city show with tolerable certainty that degenerative at1·ophy 
must exist at least in the motor filaments or many or thesu 
nerves. In a somewhat old case, F. Schultze found undoubted 
and considerable increase of the interstitial connective tissue 
with moderately numerous atrophic fibres. Dejerine also found 
atrophy of the nerve-fibres with increase of the connectin' tissue 
and nucll'i. 

The 11mscles or the paralyzed limbs always show the highest 
degree of alteration. E,·en with the naked eye the most Yal'ied 
grades and steps of such alteration can be recognized alongside 
of one another in one and the same patient. 

In the first stages of the disease the muscles merely appear 
lean, atrophied, pale, and soft ; later they become more grayish, 
or of a pale 1·eddish yellow, being streaked partly with white 
connective tissue bands, ancl partly with intensely yellow bands 
of fatty tissue, which keep increasing more and more in nnmb('r 
and in width. In the late1· stages the muscles acquire somewhat 
the appearance of decayed or withered leaves (welkes Laub), and 
finally they are entirely replaced by fatty tissue, which looks 
exactly like subcutaneous fatty tissue, and by its volume often 
more than restores the form and mass of the lost muscle. An
other portion of the muscles dwindles into pure, connective-tis
sue fibrous strands containing no development of fatty tissue. 

All these alterations take place to very variecl degrees of ex
tent; they may be seen irregularly intermingled in the various 
muscles of an extremity; not infrequently one may see several 
stages or change in one single muscle. The older the process is, 
the more will connective tissue and fatty tissue predominate, 
and in old cases some groups of muscles appear merely as great 
masses of fat. 

The microscopic examination of these changes has unfortu
nately not been carried out in a rigidly systematic manner. But 
from what has been discovered by various observers, at the most 
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different stages of the di sease, thus mnch wonld appear to be 
certain , that the p1·incipal conditions fo uncl are those of the vari
ous stages ef degenerative alroplty of muscles, as we h ave more 
particula rly described i t in another portion o[ this work,' that in 
addi tion lo thi s, in some muscles, simp le a trophic condi tions and 
simple lipoma tous conditions are found, but that these are of 
quite subordinat e significance. 

In the earlier stages o[ the disease, in the ffrst months and 
years, we find at fi1 -st a l1igh degree of atrophy and wasting o[ 
the mnscula1· fibres; in many of these the nuclei are greatly in
creasecl in number, the tnms,·erse s triations are indi stinct if not 
unrccogni 1~'tble. A t n. la ter pPri od there is cloudiness of the 
muscular fibres, a t first en.used by soln ble molecules, aftenvards 
by fa t molecules; finally, the muscnlur fi bres di sn.ppen.r alto
gether or almost so; individ ual fi bres, however, or e\•en whole 
bundles o[ them, may rnmain for a Jong time well preserved in 
the midst of the di seased muscle. 

E\•en in the ve1T first stages of the disease a simultn.neous pro
liferation of the in terstitial tissue begins; the width o[ the inter
stices is incren.sed, they appear to be fill ed, here and there, with 
accumulations of nuclei, the wall s of the vessels appear thi ck
ened and infiltrated with cell s. Thi s proli[eration of connec tive 
tissue increases more n.ncl more ; in all the later stages the muscle 
has scattered throughout i t an abundance of Jirm-librecl connec
tive tissue, ri ch in nuclei, so that some have spoken of it as a 
regular sclerosis of the muscle. \Vhen all the muscular fibres 
have finally di sappeared from such a muscle, nothing but a firm, 
fibrous strand o( connective tissue remains. 

Sooner or later, however-and in youthCul subjects this seems 
to occur compn.ratively soon-an abundant deposit of fat takes 
place in thi s in tersti tial ti ssue; whole rows of fa t cells appear 
between the a trophied muscular fi bres, which are in part found 
in n. stn.te of complete fatty degenerati on ; these rows multiply 
increasingly, overmn the ent ire tissue, and finally, n.fter the de
struction of the muscular fibres, the entire muscle is replaced by 
fatty tissue. This may go so far that the ol'ig inal volume of the· 

1 This Cyclop::cdfo. . Vol. XI. 
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degenerated muscle may be considerably exceeded by the volume 
of the fatty tissue that has taken its place. Thus a species of 
pseudo-hypertrophy of the muscle is brought about. 

•ro my mind it does not admit of the slightest doubt that the 
rhanges brietly described above represent the various and espe
cially the la test stages of degenerative atrophy, as it is known 
and has been carefully studied especially in severe traumatic 
paralyses. 

Even the tendons not rarely appear as narrow bands, atro
phied, thin, and stretched. 

The bones are always retarded in growth, both as to length 
and thi ckness, when the disease occurs during chilclhood; their 
epiphyses are stunted, the normal protuberances and processes 
Jess developed. Their external, hard lamella is thinned, friable, 
tlexible, the medullary portion comparatively increased, its fatty 
contents more abundant (osteoporosis). 

The j oints are also strikingly lax, often regular dangling 
joints (Schlottergelenke), their ligaments thinned, stretrhed, and 
loose; the articular extremities are stunted, ground oil', eroded; 
the articular cartilages are atrophied. The most manifold de
fonniti es are produced in this way, especially the severest forms 
and grades of club-foot. Extraordinary degrees of curvature of 
the spine are also not rarely produced in the same manner. 

The external skin and the internal or.r;ans qf tlte body, in the 
majol"ity of instances, are quite normal, or only show such 
changes as are in no way connectecl with the di sease of the 
spinal cord, and only belong to diseases accidentally acquired by 
the individual. 

The brain is reported as entirely normal in almost all r eports 
of post-mortems, and really seems to have nothing directly to do 
with this disease. Great scientific interest, however, is attached 
to an observation of Sander's, according to which the separation 
of the brain from a great part of the muscular apparatus of the 
body appears not to be without serious reaction upon certain 
motor divisions of the brain. In one case of "spinal paralysis 
of childhoocl" (which, it is true, was associated with "idiocy"), 
in a boy fifteen years of age, Sander found the two central con
volutions and the lobulus paracentralis (which in man is sup-
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posed to be the seat of the so-called motor centre ) materially 
stunted in their development. It is to he wished that there were 
more careful and more freq ueut examinations of this relation. 

Pathology of Acute Spinal Paralysis. 

Symptoms. 

Ilitherto this disease, as it occurs in chilclren and as it occurs 
in adults, has almost always been treated of separately. Th is is 
smely not right; i t is evidently precisely the same di sease in 
both cases. To be sure there are certain variations in its picturP 
of symptoms caused by the period of life, by the subsequent 
growth, by the different excitabili ty of the organism of the child 
and the adult. For th is reason a separate consideration of the 
symptoms at lenst would seem to be justifi ed. 

\Ye will first delinea te in detail the more important and fre
quent picture of the disease ns it occurs in children, and add to 
this a short account of the same in adults. 

a. Poliomyelitis Anterior Acuta in Cltildren. 

General picture o.f the disease. -The onset of this rlisease is 
marked by more or less severe fever, the significance of which 
may at first be enti rely unrecognized. Tliis sometimes follows 
certain premonitory manifestations (pain in the back ancl limbs, 
psychicnl changes, a tendency to be frightened, etc.), or may 
follow more or less difficult dentition, but most frequently it 
arises without any warning and while the ch ild is in the midst 
of apparently perfect health. Yery soon the heat and res tl ess
ness are followed by more serious symptoms; evidences of 
congestion of the head appear, giddiness, confusion of ideas, 
drowsiness, which may afterwards increase to somnolence and 
coma. Children that are olcl enough to tell of their sensations, 
complain of severe pain in the back and in the limbs. Not 
seklom general convulsions, of greater or less severity ancl extent, 
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then ari se, eclamptic seizures, which may occur once or repeat
edly, but are generally of but shor t duration. 

In many cases, however, such stormy manifestations are lack
ing, and the beg inning of the di sease is introduced merely by 
slight fever and a transitory ill fee ling. Indeed, it is not rare 
for no initial symptoms to be noticed, and the characteristic 
paralysis may appear in the night, or during the clay too, while 
the child is apparently perfectly well. 

But even the most alarming symptoms generally disappear 
again in a very short time (from half a clay or a day to three 
clays), the fever subsides, the child's general health seems good, 
and one is inclined to think that the trouble is all past. 

About thi s time the parents generally notice, with alarm, that 
a more or Jess extensive p aralysis has imperceptibly crept on. 
This is made manifest when the child is taken out of bed, when 
it is ba thed, or when it is expec ted to walk. Either one limb or 
all the limbs hang down, relaxed and powerless, are incapable of 
motion. 

It is but rarely tha t this is observed during the febrile and 
somnolent stage, and still more rarely tha t it has been possible 
accurately to follow the development of the paralysis. This 
seems to progi-ess pretty rapidly ; one leg may be paralyzed in 
the course of half an hour or of a few hours, the other leg fol
lows soon, then the arm s; thus the paralysis may reach its full 
development during a night, or in from one to two days ; it rarely 
requires a longer time (a week). 

Sometimes during the first few days there is also paralysis of 
the blaclcler, usually iucontinence, more rarely retention of urine ; 
thi s is of course bard to prove, with certainty, in little children. 
This may last a couple of clays, or even weeks, hut then always 
di sappears. 

So far as can be pro,·ecl in children the sensibility of the para
lyzed parts is completely retainPcl. 

The further course of the affection is remarkably uniform in 
different cases. The paralysis attains the maximum of its in
tensity and ex tent very soon after the beginning of the disease. 
It does not increase any more, but merely decreases. The extent 
to which it may decrease varies very much in different instances. 
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In the rares t cases, improvement begins very soon, in from 
one lo three weeks, being at first seen in single littl e movements, 
and then g rndually extend ing furth er; the muscles at the sam e 
time remaining 1·elaxed and soft, but not becoming much emac i. 
ated . This improvement adrnnces further and further until 
complete reco,·ery, which may be a ttai1wd in the course of a few 
months. These are the cases of so-called temporary spinal paral
ysis. 

Generally, however, the course is not so favorable. It is trne 
tha t improvement usually begins early, but it only advances to 
a certain poin t; the arms may become entirely free, or perhaps 
only partly so, the moYements of the shoulders ancl elbows may 
return while the hands remain partly paralyzed, or vice versa. 
In the same way partial recovery occurs in the lower ex trerniti l'S; 
one limb may become entirely movable while the other remains 
completely paralyzed, or the thighs may return to their normal 
condition while the legs remain paralyzed ; indeed. single groups 
of muscles or even single muscles may again acquire the power 
of motion or remain completely paralyzed, in the most multiform 
manner. 

In the great majori ty of cases the larger part of the muscles 
tl1us remains parnlyzed for a very long time, or permanently. 
Aud in all these muscles a high grade ef rap idl!J p rogressive 
atrophy is at once set up, and examination by means of electri city 
gives well-marked evidences of degenerative change. 

The limbs so severely paralyzed now present a very charac
teri stic condition. There is complete paralysis and entire tlae
cidity of the muscles, a high degree of atrophy of the same with 
great softness to the touch, total failure of all refl ex action in 
the limbs (both of the skin and tendo11 s) ; the sensibility of tl1 P 
skin is everywhere normal, the patient does not take to hi s bed, 
the skin is strikingly cool, bluish, cyanotic, and not seldom 
somewha t bloated . 

Children then remain for a long time in this condition, which 
may extend more or less widely over the trunk and ex tremities, 
and may be well developed within a few week s after the begin
ning of the illness. Their general condi tion is excellent, the 
vegeta tive functions arc entirely in order, the brain is perfectly 
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normal, their intellectual development progresses regularly, the 
growth of their teeth shows nothing especially abnormal, the 
gro11·t h and cle,·elopment of the non-paralyzed parts ad\·ances 
admirably, and these children generally make the impression of 
being in blooming health. 

It is on ly in the paralyzed limbs that further changes gradu
ally take place, changes which are pecnliarly characteri stic of 
the affection, and even in later life betray, to the practised eye, 
at the first g!nnce, the disease which was gone through with in 
childhood. These changes are as follows: 

Progressive emaciation of the muscles, up to the point of the 
complete disappearance of the same, and a skeleton-like condi
tion of the limbs; not rarely, however, there is an exuberan t 
production of fat in the same, whereby the atrophy may, to a 
great degree, be hidden. 

The clevelopment of paralytic contractions in the most Yarious 
musdes and groups of muscles. 

Retardation o[ the growth of the bones; shortening and stunt
ing of the limbs; distortion, laxness, and unusual mobility of the 
joints, displacement of articular extremities of bones, etc. 

As the resnlt of all these changes the most manifold and 
extreme deformities of the limbs, the joints, the spinal column, 
("tc., are produced. Club-foot, which is of such freqnent occnr
rPnce, loose dangling joints, and extreme degrees o[ spinal cnrva
tnre, usually owe their origin to infantile spinal paralysis. The 
shrunken, parn.Jyzed, crippled members, hideously distorted, in
capable o[ any use, constituting a burdensome appendage to the 
body rather than a necessary portion thereof, appear in striking 
contrast to the well-developed, well-nourished members. 

In later life these patients drag their deformities and their 
wpaknesses around with them, without any reul improvement 
e,·er taking place. Not infrequently, howe,·er, an apparent im
pro,·ement occurs, because the patients gradually lea rn most 
'ldlful ly to use the healthy muscles and limbs in supplying the 
place of those that are paralyzed, and are enabled, by the J1 elp 
o[ the former, or by the aid o[ artificial supports, 01·thopredic 
appamtns, etc., to move about with tolerable rapidity and safety, 
and to work. 
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This of course varies very much, in individual instances, 
accord ing to the extent and seat of the lesion ; sometimes bu t 
one lower ex tremi ty is para lyzed and shortened, sometimes both; 
or the arms a lone may be affected, sometimes only one arm. or 
sometimes even par ts of one extremity alone. The most wonder
ful curvatures and deformities thus occ tu· (they are very g raplii
cally depicted in the plates of Heine's book) ; the most striking 
cripples on the public streets, the chronic inmates of orthopredi c 
hospitals, the most grateful objects for the ingenuity aud art of 
those interested in mechanical surg ical appliances, are, in grea t 
part, the victims of the spinal paralysis of childhood. 

The duration of life does not seem to be in any way influenced 
by the disease; its victims, aside from their d~formity and paral
ysis, remttin well and fresh, and may reach old age. They fullil 
their calling, so far as they are capable of hav ing a calling, get 
married, have child ren, and comport themselves like heal thy 
men and women, wi th the exception of the defec ts left bel1ind by 
the di sease of their childhood. 

There does not even seem to be any increased di sposition 
remaining to fur ther d isease of the spinal cord. I have thus far 
met with bu t two cases in which adul ts, who showed signs of the 
acute poliomyeli t is anteri or of which they had suffered in child 
hood, were at tacked with spinal disease (in one case with tabe>, 
in the other wi th sclerosis lateralis amyotrophica). Raymond 
saw progressh·e muscular a trophy developed at a la ter period in 
such an individual. In one case I afterwarcls observed the de
velopment of epilep sy. 

Value ef tlw Individual Symptoms. 

The initial f ever has been bu t very littl e examined and in
vestiga ted as yet. It may be very insig nificant or very severe. In 
some, althongh ra re in tances, it appears to be entirely lacking; 
according to D uchenne, Jr., this is claimed to have been trne in 
seven cases ou t of seventy ; the correctness of thi s statement does 
not, however, seem to have been tested by the thermometer. I t 
is certainly p resent in the ma:jority of instances, al though of very 
vary ing intensity antl. duration. I t usually lasts but one or two 
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days, sometimes only half a day or a few hours; rarely for from 
six to eight days, or even fourteen. It is not yet determined 
whether the fever stands in any definite relation to the intensity 
and extent of the disease in the initial stage; bnt it certainly 
appears as though the intensity of the fever bore no definite re
lation to the extent of the disturbances that are left behind. 

Probably no one would dissent from the view that the initial 
fever is simply of an inflammatory nature, and is dependent on 
the acute process localized in a large part of the spinal cord. 

In most instances the initial brain symptoms are very promi
nent. They also appear in extremely varied degrees of intensity; 
sometimes the outbrnak of the severer manifestations of disease 
are preceded for a few days by light nervous symptoms; greater 
psychical irritability, unusual liability to fright, uneasy sleep, 
gritting the teeth during sleep, frequent rolling of the eyes, par
oxysms of terror, and the like, are noticed in children. 'With 
the beginning of fever, confusion of ideas with slight somnolency 
is gPnerally soon observed; all sorts of delirium, sometimes 
light and sometimes active, appear; occasionally there is pro
found unconsciousness. 

But the most striking and alarming manifestations are the 
convulsions which occur in many cases, and which may be of a 
light or a severe form. II light they may be confined to convul
sive twitchings of the face and extremities, to grinding the teeth 
and rolling up the eyes; if severe they consist in an outbreak of 
general convulsions, which remind one of eclampsia, but which 
are generally repeated but a few times, and not rarely terminate 
with the first attack. This symptom also is liable to great varia
tion ; sometimes the attacks only last one or two hours, at others 
they occur frequently during one or two days; the individnal 
attacks are sometimes lighter, sometimes more severe; they may 
be accompanied with vomiting. But although they often look 
very threatening, they do not appear to cause any immediate 
danger to life. It remains to be proved, however, whether the 
convulsions, which ca rry off some little chilclren within a few 
days, may not sometimes belong to the initial stage of acute spi
nal paralysis. 

Finally, however, there are also numerous instances in which 
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severe initial brain-symptoms can be demonstrated, in which, at 
all events, all convulsive manifestations are entirely lacking. 

The pathogenetic explanation of these initial brain-symptoms 
has not yet been found. It may appear doubtful whether they 
are to be regarded as mere manifestations of fernr; it is not 
proved whether the sudden irritation or a large part of the spinal 
cord makes an impression on the brain of a child sufficiently 
powerful to induce such severe disturbances. Neither has the1 e 
as yet been furnished any demonstration of a simultaneous lesion 
of the brain, during the initial stage; this would have to be or a 
very transitory nature ; and it certainly is not plausible to sup
pose, like Frey, that this lesion consists in a cerebral hyperremia 
which is induced by paralysis of the spinal Yaso-motor tracts 
for the cerebral vessels, and which disappears again with the 
speedy abatement of the inflammatory swelling or the cord. Per
haps a number of these causes work together to cause the re
markable occurrence of severe initial brain-symptoms in this 
spinal disease. 

Unquestionably, however, the essential symptom of the dis
ease is the paralysis with subsequent atrophy ef tlte muscles. 
This lends to the pictnre of the disease its main peculiarity, ancl 
is almost exclusively responsible for the severe sequels of the 
affection. 

The development of the paralysis often occurs quite unno
ticed. It is not until the febrile manifestations have subsided, 
when the child wants to use its limbs, when it is to walk or 
stand, when it is bathed or dressed, that one notices the paraly
sis which has in the meantime crept on, and even then it is not 
nnfreqnently looked upon as being nothing more than the lassi
tude resulting from the fever. This error is naturally cleared up 
by the further course of the affection. Children of a somewhat 
older age often notice the paralysis earlier and call attention to 
it in good time. 

The paralysis is almost always developed with great rapidity, 
and appears well-nigh simultaneously in all the parts attacked. 
It does not, however, come on with the quickness of apoplectic 
paralysis, but several hours always pass, half a day or a night, 
before it reaches its maximum. In some few cases a slower 
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spread of the affection is obse1.-ed, so that it may not reach its 
acme for several days. Again, it has been seen to arise in sev
eral successire onsets, so that the several extremities were at
tacketl at intervals of eight days; each single onset, however, 
then goes on with a certain degree of rapidity. 

"'hatever the precise method of development may be, t11is 
much is certain, and is to a high degree characteristic o[ this 
very disease, that tlte paralysis reaches the maxi1ml1n ef its ex
tent and intensity at the very beginning of tlte disease, or at 
Zectst within a short time thereafter; that from this time on it 
adrnnces no farther, but merely recedes. The paralysis, there
fore, has distinctly no progressive character. 

The paralyzed muscles now appear entirely fiaccicl ancl soft, 
ancl show no trace of contraction; the limbs are capable of free 
passive motions in all directions; they hang on the bocly like 
limp, clead masses. The turgescence of the muscles appears at 
the same time to be diminished, likewise the turgescence of the 
skin. Rettex action is completely extinguished in the paralyzed 
muscles ; no reflex action can be aroused by the strongest irrita
tion to the skin or tendons, although this irritation may be very 
distinctly felt by the little patients. 

The distribittion of the paralysis is extraordinarily different 
in different cases. The lower extremities are almost always at
tacked; sometimes, however, the upper extremities are seized at 
the same time, as well as a great part of the muscles of the tmnk, 
especially those of the spinal column, ancl sometimes also of the 
neck. Not rarely but one lower extremity is attacked, and 
sometimes the paralysis occurs in the form of hemiplegia, the 
arm and leg of the same side being affected. This form, the 
existence of which was deniPd by Heine, has been observed by 
Dnchenne, is declared by Volkmann not to be at all rare, and 
was found by Sinkler eight times in eighty-seven cases. Dn
chenne saw one case of crossed paralysis in the arm and leg. It 
is rare for but oue arm to be totally or partially paralyzed, still 
more rarely does the paralysis seem to be confined to the upper 
extremities without participation of the lower. It is very com
mon, however, to meet with a quite partial paralysis of single 
muscles ancl groups of muscles, especially on the lower extremi-
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ties, aud, at all events, in the majority of cases, even where the 
paralysis is exceedingly wide-spread, there is a very non-uniform 
implication of the various groups of muscles and even of single 
muscles in a given nerve-domain. Hence arises such a manifold 
variety in individual cases as to defy all description, and we 
must therefore refer our readers for details to the reports of 
case· accumulated in literature. >Ve merely mention, by way 
of example, that in the domain of the peroneal nerve the tibialis 
anticus not rarely occupies an exceptional position, either being 
paralyzed alone or alone free ; that in the domain of the crural 
nerve the sartorius or the tensor vaginre femoris often give the 
s.1me history; that in the domain of the radial nerve the same 
is trne of the snpinator longus; that the deltoid is not rarely 
attacked by paralysis alone, and other instances of the same 
kind. 

Very soon, sometimes within a few days, bnt generally not 
until within the next few weeks, a gradual improvement ef the 
paralysis sets in, affecting a greater or smaller part of the mus
cles involved, while the rest usually remain paralyzed perma
nently or, at least, for a Jong time. This very symptom of the 
partial restitution of muscles is also very characteristic of the 
dise>ase. Very rarely this restitution is complete, extending to 
all the paralyzed muscles, so that the improvement once begun 
advances to complete recovery (so-called temporary spinal paral
ysis). 

The upper part of the body, and lhe upper extremities gener
ally, improve soon, and are the parts most likely again to regain 
their full activity; a part of the muscles of the trunk also almost 
always takes part in the improvement, wl1ile others, particularly 
the muscles of the back, remain permanently paralyzed. In the 
same way :t partial restitution often takes places in the lower 
extremities; one limb may become entirely or partially capable 
of performing its functions again, while the other remains para
lyzed; it iti very common for single portions of an extremity to 
remain permanently paralyzed, often single muscles alone; this, 
too, afterwards gives great variety to the picture of the disease. 

As a general rule, the progress of this improvement only lasts 
for a time; this progress is most manifest during the first four to 
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eight weeks, and then often inspires delusive hopes. At a later 
period the progress is slower, and after six or nine months from 
the beginning of the disease there is no question of any further 
spontaneous improvement; if any is then observed, it is as a 
rule only apparent, caused by use and practice or the rcstorecl 
or unaffected muscles. Doubtless, however, during the later 
stages of the disease, too, appropriate (electrical) treatment may 
still eITect improvement in some muscles, which is sometimes 
very striking, although generally but slight. 

In almost all muscles whose mobility is not very soon restored, 
and which remain more or less permanently paralyzed, a well
marked and rapidly progressive atrophy very soon appears. 
This begins in the first weeks of the disease, and even those mus
cles that are but slightly affected generally give unmistakable 
evidence of a slight degree of emaciation; this soon disappears 
again, however, on the restoration of mobility. In the muscles 
more severely affected the atrophy is generally very distinct in 
the course or a few weeks. The muscles become more and more 
flaccid and attenuated, and may so completely disappear that 
the skin seems to lie immediately upon the bone, and the limbs 
assume a skeleton-like appearance. During the further course of 
the affection the volume of many of these muscles is again in
creased, so that there appears to be a muscular mass present 
again; this is caused, however, by the secondary deposition of 
fat in the connective tissue, and it is generally easy to prove, by 
the test of galvanism, that not so much as a trace of muscular 
tissue remains in these pseudo-muscles. In some cases the 
atrophy o( the muscles is completely masked from the very 
beginning through the more abundant development or fat in the 
subcutaneous connective tissue, or by early deposits of fat in the 
muscles themselves; this is especially trne in well-nourished, 
well-developed children. In such cases, however, advanced atro
phy is always to be recognized by the extreme sort.,ess and flac
cidity of the muscle as compared with one that is healthy, even 
if the tape-measure indicates no material difference in compari
son with the healthy side. 

Another sign which may be mentioned as being often ob
served in adults, although more rarely established in children, is 
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that during this rapidly advancing process of atrophy the mus
cles are qttite sensitive on pressure. 

The alterations in the electrical irritability of the 1notor 
nerves and ef the muscles, which are always to be found in the 
spinal paralysis of childhood, stand in most intimate relations 
to almphy of the rnus(']es. The earlier authors, it is true, only 
tested the relations o[ frnaclic irri tahility, a1l(l Duchenne, in par
ticular, is entitled to tl1e crcilit of having carefully investigated 
this in every direction, and of having established important diag
nostic and prognostic mies. Duchenne found that in muscles 
which are severely a[ecteil, faradic irritability begins to sink 
very quickly j that it is materially diminished at the encl o[ three 
to five days, and entirely extinguished by the seventh clay or 
during the course of the second week. All the parnlyzed mus
cles, however, in which this does not occur during the course or 
the second week, in which faradic irritability is only more or 
less diminished, but not completely lost, do not remain perma
nently paralyzed, but regain their mobility, and do so the more 
promptly the less their faradic irritability has been diminished. 
These statements have been confirmed by all subsequent ob
servers. 

But our knowledge on this subject clid not widen nor gain in 
precision until the paralyzed nerves and muscles were also tcslecl 
by the galvanic current. Then it became at once manifest that 
the Joss of faradic irritability found by Dnchenne was nothing 
else than a part of the phenomena o( degeneration. Indeed, as 
might have been expected, a priori, in view of the degenerative 
changl's in the nerves and muscles. the alteration in electrical 
irritabil ity which seems to be alll"ays capable o[ demonstration, 
in its various stages in the spinal paralysis of chilclren, const i
tutes lite reaction qf degeneration. So far as I know, Salomon 
was the first to establi h the characteristic alterations of gah•anic 
irritability in the muscles in the spinal paralysis of children, and 
since that this alteration has often enough been obsPrved again, 
though it has also o[ten enough been o,·erlooked. The course of 
the alteration is about the same as that in severe traumatic paraly
sis. There is rapicl loss of Caraclic irritability in nerves and mus
cles, either permanently or, at least, for a long time, that is, until 
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mobility returns; and then the familiar fact is often observed 
that faradic irritability returns much later than voluntary motion. 
There is equally rapid loss of galvanic irritability in the nerves; 
in the muscles, however, during the first weeks and months of 
the paralysis, there is an increase of galvanic (and mechanical) 
irritability with the characteristic qualitative changes (AnSZ = 
or> KaSZ ; contraction slow, tonic, prolonged). 

In the course of two or three months the galvanic irritability 
sinks again, often far below the normal standard, but retains the 
characteristic qualitative alterations, and these constitute the 
main point in the examination. In the course of one or two 
years and more after the beginning of the disease there is gener
ally nothing but a trace of galvanic irritability in the muscles; 
bnt not unfreqnently the characteristic sluggish jerking can still 
be shown here too, and, indeed, it is often possible to prove, by 
means of the galvanic current, that muscular substance is still 
present where this was thought to have entirely disappeared. In 
still older cases there is generally nothing definite to be estab
lished. In those muscles that do not atrophy, a greater or less 
simple diminution in the faradic and galvanic initabilit.y is gener
ally found; the same thing is trne in all those muscles and nerves 
which have regained their mobility up to a certain point; in 
these the reaction of degeneration can, of course, no longer be 
demonstrated. 

It is desirable that these relations should be more systemntically tested t1mn hns 
yet been done. To be sure the material is not easily obtained, and is only to be had 
by a fortunate chance, and the examination of the unruly and screaming little 
patients is attended with great difficulties. It is also often out of the question 
exActly to localize the current in single muscles, for the nbund:rnt layer of fat, in 
children, the well· preserved sensibility, the resistance of the patient, etc., make it 
much mol'c difficult to determine the contractions. The cases \Yhich occur in adults 
arc tco rare to furnish sufficient mntcrinl for observation, which can best be obtained 
in large children's hospitals. I regard the reactioil of de9eneration as quite n constant 
manifestation in the spinal paralysis o[ children, one which can generally be dis· 
tinctly shown only in the first years of the disense, often not being recognizable 
with certainty at I\ lntrr period. I have, at least, never yet, amongst a lnrge num· 
ber of cases, failed to find the reaction of degeneration on careful search. The 
above statement is based upon the examination of cases after the lapse of four, 
eight, and fourteen weeks, after six, twelve, twenty-two, and twenty-four months, 
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ancl from that up to several, or even many ycnrs. Furthermore, it also entirely 
corresponds with the known results of electrical examination in the same affection 
in adults. 

The changes in the bones and joints which arise in the course 
o[ the disease are almost equally important with the changes just 
described in the muscles. The bones of the paralyzed limbs are 
materially retarded in their longitudinal growth, so that, in the 
legs for instance, differences of from 3 to 20 cm. (1.1 to 7.8 inches) 
may occur, as compared with the healthy side. The same tl}ing 
is true in the upper extremities. The long bones, furthermore, 
remain much thinner than normal; they not rarely become po
rous and inclined to bend, yielding, and friable. Their epiphy
ses and processes grow smaller and less distinct; the shoul
der-blade and the patella often remain far below their natural 
size, the paralyzed hand or foot is shorter, narrower, and thinner 
than the sound one; even the pelvis may remain considerably 
behind-hand in its development, being below the normal measure
ments of circumference and height. 

It is a remarkable fact that the interference with the growth 
o[ the bones is by no means always in direct proportion to the 
atrophy of the muscles of the same extremity; sometimes the 
one and sometimes the other is in the ascendancy, and the inter
ference with the growth of bone may persist in spite of the dis
appearance of the paralysis (Volkmann). I have myself had 
occasion to observe th is fact. 

Volkmann also, not without reason, counts a case of "unilater:i.l paralysis of the 
fnce, 11 observed by him, as belonging to the spinal paralysis uf childhood. Other 
cuscs should be tested with reference to similar connection. 

The joints become deformed, abnormally movable, partly 
through disappearance of the articular extremities of bone and 
of cartilages, partly through relaxation and stretching of their 
ligamentous appamtus. The mo,•ableness of the limbs is thus 
often rendered rery great, so that patients can frequently execute 
all kinds of unusual movements and wonderful dislocations of 
the limbs. 

The clianges in tlte skin must also be noticed. The skin 
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becomes flaccid, withered, doughy, sometimes dry, scaly, brittle. 
The most striking characteristic, however, is the coldness and 
cyanosis which is uniformly observed in the paralyzed limbs. 
Heine carefully measured the lowering of temperature in many 
cases, and was able to prove very marked differences as com
pared with the healthy extremity. There can liardly be a doubt 
that thi8 lowering of temperature and cyanosis are due less to 

· diminished nutrition in the paralyzed limbs than to vaso-motor 
paralysis, and it would be interesting to note whether, in the first 
stages of the disease, there is not a temporary elevation of tem
perature. I demonstrated this to be the case in one adult pa
tient. 

By means of the conditions above described-the paralysis 
and atrophy of muscles, the interference with the growth of 
bones, the changes in joints-all severer cases lead to paralytic 
contractures and secondary deformities, which may cause the 
most revolting distortions of the limbs, of the spinal column, 
etc., and are most graphically set forth by Heine in numerous 
illustrations. The atrophy and secondary contraction of the 
muscles, the laxness and malformation of the joints, the curva
tures of the spine, all combine to produce the most deplorable 
and extmordinary cripples, such as, in countless numbers, excite 
the sympathy of the passers-by upon the highways and in the 
market-places. 

'What are called paralytic contractures are especially effect
ive in the development of these deformities. According to 
Heine, these do not begin to develop until the children com
mence to use their limbs and drag themselves about with them, 
whether well or ill. This statement, however, may not be so 
rigidly correct. 

'l'he most varied forms of club-foot occur (talipes varus, val
gus, eqninus, and calcaneus), and various combinations of the 
same (most frequently of the equinus and varus). Retrocurva
ture of the knee, inversion and eversion of the same, are also rnet 
with, as well as contractures in the knee- and hip·joints, kypho
sis, lordosis, and extreme instances of scoliosis. In the upper 
extrnrnities the deformities are liable to be much less serious; 
tbe hands and fingers are generally found flexed, the shoulder-
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joint gradually becomes immornble, the pectoralis and the latis
simus dorsi are more or less contracted. 

The occurrence of contractures is chiefly the result of a high 
degree of paralysis and degenerative atrophy of the muscles. 
Uonsidered in detail, the more precise method of development 
may be threefold. 

1. By far the most frequent cause of paralytic contracture, in 
these cases, is the continued approxirnation o.f the points qf at
tachrnent o.f the m1iscles, induced partly by the weight of the 
parts, partly by external pressure in walking, standing, sliding, 
etc. This point has been thoroughly discussed by Volkmann, on 
the basis or Hueter' s investigations, and the former seeks to ex
plain almost all paralytic contractures on mechanical grounds. 
According to 11im the deformities are developed partly by reason 
or the weight or the limbs concerned aud the position which they 
assume when at rest, partly through the fact that limbs, articu
lar extremities, and articular snrfaces are subjected to an abnor
mal burden, when called into use, and are thus gradually pressed 
into abnormal positions. In both instances the points of attach
ment of certain muscles would be more or less permanently ap
proximated to each other, and thus a gradually increasing nutri
tive shortening of the same occurs, a permanent contracture and 
deformity. 

This must certainly be the explanation or all those contrac
tures and deformities which arise when all the muscles snrround
ing a joint are completely paralyzed, or when the deformity and 
contracture take place in the line of traction of those very mus
cles which are especially paralyzed. Talipes equino-varus is the 
form most easily explained; the foot, being left to its own 
weight, assumes this position, which becomes more and more 
fixed the longer the patient remains in bed, or the longer step
ping upon the foot, which would counteract this deformity, is 
avoided, or the patient merely steps upon his toes. 

Paralytic talipes valgus occurs when the patient begins to 
walk again very soon after his attack, and steps on the foot 
while there is mo1·e or less complete paralysis of the mus
cles or the leg; lw then steps on his entire sole, and the foot, 
which is loose in its joints, gives way, toward the outer side 
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(knickt soweit nach aussen um), until prevented, by physiologi· 
cal restraints, from bending any further. Even talipes cal· 
canens is said to be due principally to mechanical canses, 
inasmuch as when the muscles of the calf are entirely para
lyzed, the individual steps upon the os calcis, and this is then 
gradually and mechanically pushed forward; by this means 
the distance between the points of attachment of the muscles of 
the sole is also diminished, and for this reason the plantar curva
ture of the sole reaches a peculiarly high degree of development 
in this variety of club-foot. It appears to us, however, that here 
the co-operation of the antagonistic muscles of the front of the 
leg, which are less paralyzed, is of material significance. Retl'O
curvature of the knee is brought about by the fact that the joint, 
deprived of its power of fixation by the muscles, is extended 
backwards as far as its physiological restraints will admit, in 
order to transform the leg into a firm support for the body. In 
the upper extremities, too, the majority of contractures and de
formities are developed in the same simply mechanical manner. 

2. But contractures may also furthermore be brought about 
by the fact that tlte antagonists of' tlte paralyzed 1nuscles remain 
effective. In every voluntary action of the same their points of 
attachment are approximated to each other, and there is no mus
cular power present to draw them apart again; in many cases, 
indeed, this is accomplished through the weight of the parts or 
other mechanical means ; but where this is not the case these 
muscles fall into permanent nutritive shortening, and thus in
crease the deformity. A certain degree of participation in the 
production of paralytic contractures and deformities, even though 
it be but subordinate, must certainly be attributed to this active 
mobility of antagonistic muscles; thus in talipes calcaneus, thus 
in contractile bemling of the knee-joint with complete paralysis 
of the quadriceps extensor muscle. 

3. Finally, a certain part in the production and fixation of 
paralytic contractures may be attributed to the proliferation of 
interstitial connective tissue and its subsequent retraction, which 
takes place with the degenerative atrophy of the muscles. This, 
however, would seem to be of subordinate significance. 

Mechanical causes certainly play the principal role, in this 
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matter, and the manifold and adventurous methods of locomo
tion to which many of these patients accustom themselves, as well 
as the extremely varied localization and extent of the paralysis, 
account for the fact that the most wonderful and striking mal
formations and crippled conditions occur iii these very patients. 

So far as concerns the patlwgenetic explanation of the prin
cipal symptoms of the disease, as described thus far, these may 
doubtless all be explained in one way. The acute, inttammatory, 
and destructive lesion of the gray anterior horns is undoubtedly 
to be held accotmtable for all these disturbances. And inde~d 
the lesion or the lurge ganglion-cells- and, we may add, the de
struction of all nervous channels of commnnication-seems to be 
of very special importauce in this respect. It is difficult to make 
any more definite statement on this subject; still the application 
of what we now know about it seems pretty easily made; inasmuch 
as the spinal paralysis of children is one of the Yery conditions, 
among others, which has contributed to clear up our knowledge 
of the physiological functions of the gray anterior horns. 

According to all we know, the gray anterior horns are po!nts 
of passage for direct motor conduction from the lateral c0Jumns 
to the anterior roots. \Vhether this conduction, in all cases, 
passes through large ganglion-cells, and whether these, there
fore, constitute a species of ganglionic centres (Knotenpnnkte), 
is not yet certainly determined, but seems very probable. It 
seems, furthermore, tolerably certain that. the large ganglion-cells 
exercise distinct trophic functions with reference to the nerves 
and muscles (and probably also to the bones, joints, etc.) . It is 
still undecided whether all these gangl ion-cells have at the same 
time motor and trophic functions, or whether, as Duchenne ancl 
Joffroy conjecture, and as Hammond also believes, there are two 
kinds, purely motor and purely trophic; nor is this point capa
ble of easy demonstration. At the same time the latter suppo
sition is not exactly improbable, ancl is certainly more convenient 
as applied to the theory of this and kindred diseases. 

The more or less complete destruction of the anterior gray 
horns, arising acutely, explains all the manifestations encoun· 
tercd in quite a plausible manner: the paralysis by the destruc
tion of motor tracts, the atrophy of muscles and the hindrance 
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of the growth of bones, with their results, by the destruction of 
the trophic apparatus. The fact of the disease occuning in cer
tain circumscribed areas, and the immunity of certain groups of 
ganglia, explains the localization and extent of the paralysis, and 
the immunity of certain single muscles and groups of muscles. 
The acute inflammatory natme of the process accounts for the 
sudden appearance of the paralysis; the wide extension of the 
process over the spinal cord accounts for the initial fever and the 
wide extent of the paralysis at the beginning. The possibility 
of the partial resolution of the acute intlarnmation explains the 
rapid disappearance of the first stormy manifestations, and the 
later partial restitution of the muscles. 

Upon the supposition, therefore, that our views concerning 
the fnnctions of the anterior gray horns are correct, the clinical 
manifestations of the spinal paralysis of childhood are in suffi
ciently satisfactory currespondence with the anatomical lesion. 

The remaining functions of the spinal cord, with few excep
tions, suffer no disturbances whatever, or but very sl ight ones. 

'.J.'he sensibility of tlie skin is almost always intact. At the 
beginning of the affection there may be complaints of pain, par
resthesia, and the like, here or there, but they are quite transi
tory manifestations which may easily be explained by the inflam
matory swelling and hypermmia in the initial stage. At a later 
period sensibility is generally intact everywhere. Only occasion
ally is there a slight, generally very insignificant dulness of sen
sibility complained of, especially a slight diminution of sensibil
ity to pain and lessened intensity of the sensation of tickling. 
This may be explained partly by an unusual extension of the 
diseased process to the central ancl posterior gray substance, 
partly, however, also by the great coldness and poor nutrition 
of the extremities. 

Reflex activity, on the other hand, always suffers very severe 
disturbances. It is a matter of course-on account of the degen
erative atrophy of the muscles ancl nerves, if for no other rea
son-that in all muscles which are severely attacked reflex action 
is completely extinguished; in these muscles no sign of reflex 
twitching can be aroused, either through the skin or through 
the tendons. But even in those muscles which are but slightly 
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attacked, retlex activity is liable to be, at least temporarily, very 
much lowered or entirely extinguished. As the reflex circuits 

,are generally considered as being located in the anterior gray 
substance, and reflex activity is thought to be connected with 
the large ganglion-cells, this condition of things is readily to be 
understood. 

J)isturbances qf tile function of tile bladder are not exactly 
rare during the fil'st days; there may be complete paralysis of 
the bladder, with retention of urine, but more frequently there 
are involuntary evacnations through incontinence of the bladder 
(arnl the same thing also holds trne with regard to evacuation of 
the bowels). Bnt these manifestations always disappear com
pletely again within three to eight days. Not seldom, however, 
especially in little children, a slight weakness of tho bladder, 
with occasional incontinence, remains for a time. But this dis
turbance, too, is likely to disappear within a couple of weeks or 
months, leaving no trace behind, and in the Inter stages of the 
disease bladder disturbances certainly belong to the rarest ex
ceptions. 

The occurrence of bladder troubles is sufficiently accounted 
for hy the occasional somewhat greater extension of the anatom
ical lesion within the gray substance. 

The sexualf1mctions probably never suffer any distnrbance, 
or at least only qnite exceptionally and rather indirectly (through 
muscular paralysis, deformities, etc.). 'rhey generally remaiu 
quite intact, both in men and women. 

The same thing is trne with regarcl to the functions of the 
special senses, the psycllical and other cerebral functions. 

The vegetative functions are also usually carried on quite 
undisturbed. The appetite and digestion are good, bowels some
times rather sluggish. The general nutrition of the body is usu
ally admirable, if some other circumstance does not incidentally 
disturb it. 

b. Poliomyelitis Anterior Acuta in tile Adult. 

When this malady attacks adults, we have essentially the 
same pictnre of disease presented to us as in children. It is 
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mPrely moilifiPd, in a non-essential manner, by the fact that the 
brain of the adult offers somewhat morn resistance to the initial 
disturbances, that the general organism is not so highly disposed 
to fever, and that the growth of the bones is already completed, 
and the firmness of the joints is greater. 

Here, too, the disease begins with a general ill-feeling, with 
f ever which is generally introduced with lively pai1i in the back 
and the extremities, and not rarely with parmsthesia (Iormica
tion, a feeling of numbness, etc.). Severe cerebml symptoms are 
generally wanting; general convulsions have never yet been ob
served, but severe headache, clulness, somnolenc11, ancl even slight 
delirium occur. \Vell-markecl gastric symptoms, vomiting, etc., 
have been repeatedly met with. In some cases the fever reaches 
great intensity. 

Then the paralysis is developed, more or less rapidly, gene
rally in the course of a few hours, perhaps over night, more 
rarely not until after a few clays. Jnst as in the case of children, 
it is more or less widely spread, complete, ancl with entire Jlac
ciclity of the paralyzed muscles. 

Now and then temporary weakness of the bladder is also cle
velopecl. lieflex action in the paralyzed muscles is eitlwr low· 
creel or extinguished; though in some cases (thus with Frey) it 
may be retained, at least in those muscles which are not perma
nently and not completely paralyzed . These statements, how
ever, need further confirmation, through accurate examinations. 

An improvement of the general condition very soon sets in
after one or two clays, rarely not till the eighth or tenth day
ancl then an improvement in the paralytic symptoms soon fol· 
lows. 'l'his, then, either gradually advances-usually not until 
after many weeks and months-to complete restitution of the 
paralyzed parts (teniporary paralysis, case of Frey), or there is 
merely a partial restitution of the muscles, ancl the rest of them 
remain for a long time or permanently paralyzed. In these, as 
in the case of chilclren, rapidly progressfoe atrophy then follows, 
with ev idences of the reaction of degeneration, etc. 'fhe skin 
becomes lax and withered, the extremities cool ancl cyanotic. 

But there exis ts no trace of distiirbances of sensation; the 
patient never takes to his bee!; the bladder troubles that may 
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have existed soon suhside; the sexual function remains entirely 
normal; the general nutrition becomes quite good again. 

Jn the further course of the disease the evil consequences of 
the paralysis and atrophy of muscles ine,•itably show themselves 
in the shape of paralytic and myopathic contractures and the 
deformities resulting therefrom. These, however, never reach 
the same degree as in children, partly because in adults there is 
no in tPrference with the growth of bones, and therefore no short· 
en ing of limbs, because the greater firmness of the joints and 
their ligaments in adults prevents more serious deformities of the 
same, a nd because adults notice the deformities at their very be· 
ginning, and seek, by means of early treatment or careful man
agement, to remove them, or to hinder their further development, 
which is, of course, not nearly as much the case with children. 

The differences between acute spinal paralysis in children and 
that in adults actually reduce themselves clown to this more 
sl ight dernlopment of the secondary and consecu tive a lterations 
in the latter. In all other respects, in the extension of the paral
ysis and atrophy to single or to many muscles, to one or to all 
extremities, or to the trunk, in the further course of the disease, 
in the insignificant influence of the same on the general well
being, etc., there is the most complete correspondence bPtween 
the two, and it is therefore not necessary to add anything fur
ther with regard to the affection in adults. 

Course-Duration-Terminations. 

There is not much to be added to what has already been said 
on this subject. The typical and ordina ry course of the disease 
-with its extremely ac ute beginning and very quick transition 
to a ch ronic stage, and with its gradual development of second
ary changes-is, in the majority of cases, pretty much the same, 
and has been described with sufficient minuteness in the preced
ing pages. 

" ' i th reference to the course of the affection, we will only ac1c1 
a few words on the subject of so-called temporary spinal paral· 
ysis. The term "temporary paralysis" seems to have been first 
used by Kennedy ; at least he is everywhere cited as authority 
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for the occurrence of temporary paralysis in children, and I 
think unjustly so, for sca rcely any of his cases belong under this 
general head, and those which do belong under it were not 
"temporary." At the same time, such temporary forms ·of 
acute spinal paralysis do seem to occur, as has been claimed by 
Duchenne, Volkmann, and others, and established by Frey with 
several undoubted cases. Neither can we see any reason why the 
restorati c·n of motility, which in ordinary cases is regularly ob
sen·ed in a part of the muscles, shonld not in the lighter cases 
extPnd to all the paralyzed muscles. These temporary forms are 
cli stingu ishcd from the permanent ones only in this, that in the 
comse of some weeks, or a few months, complete restoration of 
all movements takes place, although, at the beginning, these 
cases wpre by no means to be distinguished from the severer 
forms; they may even have been characterized by atrophy with 
loss of faradic irri tabil ity. These temporary forms occnr in 
adults as well as in children. 

Nothing further need be added with regard to the duration 
or the disease. 

The termination of the disease seems always to be farorable, 
so far as its relation to life is concerned. There is no evidence 
that this disease, of itself, has ever directly induced death. Jn 
persons who have been affected with spinal paralysis dea th re
sults from accidental occurrences, the weakness of age, or any 
disease imaginable. 

Cases of this affection divide themselves, quite simply, into 
two classes: those in which complete recover11 takes place-the 
temporary paralyses just mentioned, and those in which the 
recover?J remains incomplete, that is, there is recovery with some 
remaining defect. This defect is due to permanently paralyzed 
and atrophied mmcles, to the shortening and bending of limbs, 
etc. Daily experi~nce teaches that this defect, e,·en when it is 
very great, need not materially interfere with the general well
being, nor the following of an occupation, nor the enjoyment of 
life. To be snre, there are also miserable cripples enough who 
have been placed in the saddest predicament fo1· their entire lives 
by means of acute spinal paralysis, even though they may still 
enjoy a good appetite and a clear head. 
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We would here again briefly call attention to one point. It 
would be well worthy of further attention to investigate whether 
persons who have once gone through with an attack or acute 
spinal paralysis do not show a greater disposition to diseases of 
the spinal conl, so that in later life they are attacked with other 
spinal affections. I have stated above that this has occuned but 
seldom in my own experience and that or others-so seldom, in 
comparison with the absolt1te frequency or the spinal paralysis 
of children in ge1wral, that I am rather inclined not to believe in 
any such cansal relation. Still, this experience may prove to be 
deceptive, and, on closer investigation, the facts may turn out 
differently. 

Diagnosis. 

'Vith the degree of knowledge at our disposal to-day, and in 
view of the great uniformity of the picture o( the disease and its 
course, it is certainly quite easy to recognize acute poliomyelitis 
anterior. There will be no difficulty in making the diagnosis 
where the characteristic grouping of symptoms is present; 
where a sudden febri le affection, not un(reqnently accompanied 
by severe cerebral manifestations, is quickly followed by a wide· 
spread paralysis of a high grade, with complete relaxalion o( the 
limbs; where early improvement of the general condition, and 
not long after partial recovery from the paralysis follows, while 
the morn severely paralyzed muscles lose their fnradic iITitabili
ty and fall dctims to rapid atrophy; where retlex action is com
pletely extinl(uishcc1, but cutaneous sensibility and the (unctions 
of the bladder and rectum are entirely preserved. Under these 
circumstances it will not be necessary to wait for secondary con
tractnres and deformities, for the arrest of the growth of limbs, 
etc., to confirm the c1 iagnosis. 

But, even in the lightest, and what might be called fragmen
tary cases, it will, as a rule, be possible to make a diagnosis with 
greater or less certainty by means of a thorough examination of 
the nerves ancl muscles, careful regard to the clm·elopment o( the 
disease, ancl all other circumstances relating thereto. During 
its latest stages, likewise, t.lie disease may still be recognized by 
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its sequels, and, unless all points in the history of the case going 
to show the method of its development are wanting, may be pro
nounced upon with certainty. Here, howevar, it is easier to 
imagine the possibility of confounding it with the sequels of 
other kindred forms of disease. 

\Ve must, however, as a matter of course, be careful not to 
place in this category every instance of spinal paralysis arising 
in childhood, even if accompanied with atrophy. This is, alas, 
still too often done. But such a stretching of the idea of what 
is included under "spinal paralysis of childhood" is not justifi
able at the present day, and it must be positively required that 
in the diagnosis the characteristic signs of the disease be ad
l1ered to. 

Acute poliomyelitis anterior must be distinguished from the 
following forms of disease : 

From acute, central, or transverse myelitis. IIere the dis
tinction will not generally be difficult, on account of the disturb
ances of sensibility and of the bladder and rectum which are 
almost invariably present in these diseases; on account of the 
occurrence of bed-sores; on account of the fact that there is 
usually increased reflex action and usually no atrophy. The 
principal marks of distinction are the disturbances of sensibility 
and of the bladder, also the course of the affection. 

Hcematomyelia, or hemonhage into the gray substance, may 
present great similarity to acute spinal paralysis, on account of 
the rapid development of the paralysis, the subsequent atrophy 
and reaction o( degeneration, the absence of reflex action, etc. 
But the non-febrile beginning of the former, the entirely sudden, 
apoplectifmm appearance of the paralysis, the almost invariable 
disturbances of sensibility, the paralysis o( the sphincters, the 
bed-sores, etc., insure the diagnosis of hemorrhage. 

JJiyelitis from compression-such, for instance, as not rarely 
leads to rapidly deYeloped paraplegia in Pott's disease-can only 
be confounded with poliomyelitis anterior by reason of great 
inattention, or in quite exceptional cases. The disturbances of 
sensibility, the heightening of reflex excitability, the paralysis 
of the bladder, the spasmodic manifestations in the lower ex
tremities, the absence of atrophy and the i·eaction o( degenera-
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tion, the presence of affections of the vertebral column, of lively 
pain, or disturbances of the general health, etc., are enough to 
determine the presence of this form of disease. 

'L'he cerebral lwmiple.qia, which is not rare in children and 
quite frequent in adults (especially what is called "hemiplegia 
spastica infantilis "), is to be distinguished from our disease by 
the more or Jess complete demonstration of the following symp
toms: headachP, dizziness, affection of the cerebral and spinal 
nerves, strabismns, a stt1pid expression of countenttnce, paralysis 
with tension of the muscles and spasmodic contraetnres, increased 
rnflex excitability of the tendons, no atrophy or but a very 
slight degree of the same, the preservation of electrical irrita
bility, involuntary additional movements on voluntary motion of 
the sound side or the body, stiffness and extension of the joints, 
the bones not at all or but little shortened, more or less consid
erable disturbttnces of sensibility, no scoliosis, etc. These signs 
are also sufficient for a differential diagnosis, even when such a 
cerebral affection is bilateral. 

Progressive rnuscular atrophy is to be distinguished from 
acute spinal paralysis simply by its chronic development, the 
}Jrogressive course of the disease, and the lesser prominence of 
the paralysis ; furthermore, by the retention of electrical irrita
bility, the hcreclitary relations of the disease, etc. 

Pseudo-hypertroplty of the rnuscles is likewise to be recognized 
by the slow development of the disease, the absence of ~evere 
paralysis, the incrnase in the volume of the muscles, and the 
absence of any atrophy. 

The spasmodic spinal paralysis of children, two cases of 
which I lrn1'e reported,' is very easily to be distinguished by 
the slow, insidious and unnoticed development of paresis (which 
seldom goes on to complete paralysis), by the muscular tension 
and contractions, the increased in·itability of the tendons, and 
the absence of atrophy and the reaction of degeneration. 

The distinction between our disease and the paralysis ef cliil
dren folloioing deUverv,' which, at a certain stage, may ha1'e 

1 Virchow's Arch iv. Bd. 70. Heft 3. 1877. 
'See this Cyc1opredin. Vol. XI. (l!,'rb, Diseases of the Peripheral NenesJ, p. 561. 

YOL. Xlll .-45 
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some resemblance to the spinal paralysis of children, of limited 
local ization, is generally determined by the history of the case; 
and "·hen this is not trne, by the characteristic localization, as 
well as by the distnrbances oE sensibili ty that are present ; fnr· 
thermore, by the absence of a feb rile initial stage, the occurrence 
or the trouble at an eurly uge, etc. 

The periplteral paralyses q/' single groups of muscles and 
nerves through pressure, faulty position, tight bandaging, etc., 
such as not rarely occur in children, will be correctly pronounced 
on by demonstration of the cause, by the absence of the charac· 
teristic initial stage, by the strict localization of the trouble in a 
definite peripheral nerve-domain, by the presence of disturbances 
of sensibility, by the rapid, favorable result, etc. 

For the distinction between thi s and subacute and chronic 
poliomyelitis, see the following section. 

Prognosis. 

Acute atrophic spinal paralysis does not appear ever directly 
to threaten life; its prognosis is therefore ubsolutely favornble, 
so far as life is concerned. The first onset, it is true, often looks 
dangerous, and it does not appear exactly impossible that death 
may occasionally follow during the initiul stage. It is u ques
tion which as yet remains undecided, whether some cases of 
death from "convul sions" do not belong in this category. This 
can only be decided by a very careful and intelligent examina
tion of the sp inal cord in such cases. I was fo rcibly struck by 
the fact that in von Heine's histories of hi s patients it repeatedly 
appears that one or another child in the same family had died of 
convulsions. 

The prognosis with reference to complete recovery is quite 
different. Here it may be pronounced as almost ubsolutely un
favorable. The "tempornry" forms of the disease are so rare 
that they can hardly be taken in to consideration ; in fact, the 
best we ran do, almost always, is to make a prognosis of recov
ery with .r;reater or lesser remaining defects. 'l'he par ts thut do 
not regain their mobility in the first two or three mon ths, or 
within the first six months, seldom do so at a later p eriod. 
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There is then little to be expected in the way of direct attempts 
at recovery, although slight and partial improvements, even at 
later periods, are not exactly rare. 

At the same time the usefulness of the extremities may still 
be materially improved through appropriate orthopredic opera
tions, gymnastics, electri cal treatment, etc., and thus the magni
tude of the defect be rendered less noticeable by the patient. 

The prognosis in this respect depends upon the grade and 
extent of the paralysis, upon the preservution and the functional 
capacity of certain muscles and groups of muscles, upon the 
extent o[ the atrophy and tlte amount of deformity already 
present, upon the age of the patient and of the di sease at the 
beginning of treatment, upon the intelligence and perseverance 
of the patient, and more of the same kind. A rich PXperi ence will 
of course sharpen one's judg ment with regard to the value of 
these several conditions. 

Therapeutics. 

The treatment of acute spinal paralysis natnrally falls into 
two divisions: the treatment of the acute injlarnrnatory attack, 
and that of its sequels and results (the paralysis, atrophy, con
tractnrcs, and cleformities) . 

The fnlfilment of the first task is rendered difficult by the 
fact that the endeavors of the physician often come too late, or 
that his diagnosis remains in doubt until the paralysis is fully 
developed. 

In all cases, however, which come under treatment in good 
time, the measures which would be applicable in acute myelitis 
are to be adopted with all energy- of course, in a manner fitting 
the circumstances, ancl especially with due reference to the tender 
nge of many of the patients. Local abstraction of blood, there
fore (leeches, cups, etc.), is to be employed. first of all, at the 
parts especially aliectecl (the lumbar and cervical enlargements) ; 
cathartics (calomel, infusion of senna, etc. ); inunction of mer
curial ointment to the back; the use of ergotine, belladonna, or 
iodide of potassium in appropriate doses ; derivatives (strips of 
blister plaster tile length of the spine, painting with tincture of 
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iodine, etc.); and, in appropriate cases, the application of ice, or 
the employment of Priessnitz's cold wraps about the trunk. In 
cases of severe brain-symptoms, Kussmaul recommends a tepid 
bath, with cold aliusion to the head. Still, we n eed not be 
immediately driven to more active interference by apparently 
threatening manifestations, as experknce teaches that there is 
hard ly ever any l"Cal danger during the initial stage. But if we 
should succeed, by energetic trea tment, in suppressing the mye
li tis at its outset and thus preserving a portion of the nervous 
elements from positirn destruction, it would be a great point 
gained. 

In the second stage of the disease it must likewise be our 
main endeavor to induce a favorable change in the diseased focus 
itself within the spinal cord, to favor the resolntion of the inflam
matory and degenerative changes, so that whatevet· of nerve-ele
ments, fibres and cell s, may still be capable of being saved, shall 
be saved and again put in condition to perform their functions. 
Those ganglion-cells which have once been totally destroyed can
not be reproduced, but probably cells and fibres which are in the 
act or degeneration may be preserved from further des truction, 
and gradually brought back again to the performance of their 
functions. It is only on this supposition that there cn.n be any 
sense in the further symptomatic treatment of peripheral nerves 
and muscles. It is hard, indeed, to determine how far the power 
of our curative measures reaches towards the fulfilment o( this 
indica tion; up to the present time not much can be said in praise 
thereof. 

The galvanic current may undoubtedly be regarded as one of 
the principal means of influencing the di seased area within the 
spinal cord; and it is the catalytic action of the current that is 
to be triecl. " ' hat we want, therefore, is a stabil e action of the 
current upon those portions of the spinal cord which are chiefly 
di seased. Onr best plan will be to place a large electrode, which 
will cover the entire di seased area, over the corresponding por
tion of the back (over the lumbar or cervical enlargPment), and 
to apply the other to the anterior surface of the trunk, and first 
to let the anode, then the cathode act for from one to two min
utes at a time, with a moderately stmng current. The earlier 
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this treatment is begnn, the better ; cluring the later stages little 
is to be expected from it, althongh, accord ing to the well-estab
lished experience of some, a fa,·orab le effect is by no means im
possible. The treatment must be continued fo r a long time, or 
must be repeated, at in tervals, fo r several years. 

It must be aclmi ttecl tha t, as yet, thi s treatment has been fol
lowecl by no specially brilliant resnlts; this is perhaps partly clne 
to the fact that these cases almost always come uncler trea tment 
far too la te, a ncl that physicians have often contentecl themselves 
with the peripheral applica tion of the cunent to the paralyzed 
muscles, instead of making the cli seasecl area within the corcl 
itself the main object of gal vanic treatment, as shoulcl always be 
clone. It is al so q ui te evident tha t the faraclic current is not the 
one to be usecl in these cases. According to my own experience, 
which relates almost exclusively to olcl cases ancl later stages, I 
can report no brilliant results ; still, I have often seen improve
ment set in , which I was obliged un questionably to ascribe to the 
treatment, so that I cannot concur in the un favorable n rd ict of 
Volkmann on electrical treatment. This verdict has a lso already 
been con ected by Ilitzig a ncl J uergensen. To be sm e, we may 
not expect much from inappropriate, inadequate, or purely per
ipheral electrical treatment, and under all circumstances the at
tainm ent of any considerable resul t requires nnusnal pa tience and 
perseverance on the part of the physician as well as the patient. 

The same encl- healing and resolution of the changes wi tl1in 
the spinal cord- may be sought to be reached through the ,qen
eral stimulation ef tissue-clwnges ancl ef nutrition. On this 
ground something is to be expected from the use of baths (ther
mal springs, saline springs, thermal saline springs ri ch in gas, 
animal baths, pine-needle baths, cold-water cures, sea-baths, etc.). 
No more precise indica tions fo r the selection of the k ind of ba ths 
can yet be g h·en. F or child ren, I shou ld first use saline springs 
and saline thermal springs, a fterwards lig ht cold-water treatment ; 
and for somewha t larger child ren, also sea-baths (and sea-air). 
F or adults, I woulcl recommend gaseous saline thermal springs, 
and then the energe tic cold-water cure. 

On the same principle, [L strong ancl abitnclant cliet will be of 
benefit, with prolonged sojourn in the open air-the air of moun-
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tains and woods-and the use of cod-liver oil. It is a question 
whether rubbing tlte skin witlt spirituous or otlter applications 
may have a similar though feebler effect, by exciting the activity 
of the skin and aiding the circulation; at all events, it may be 
tried. 

As a matter of course, all sorts of internal remedies have been 
tried-iodide of potassium, iodide of iron, nitrate of silver, etc.
all, at best, with doubtful results. Strychnine has been warmly 
recommended by many for the second stage; Heine and Sinkler 
have found it alike inefficacious when used intemally or exte~·
nally. In view of the much surer and safer action of electricity, 
its use may well be ignored. Hammond recommends ergot to be 
given as early as possible, and in full doses. 

Finally, symptomatic treatment is of the highest importance. 
This is to be directed, first, against the paralysis and atrophy of 
the muscles. The principal means to be used is electricity. In 
addition to the direct galvanic treatment of the spinal cord itself, 
the systematic peripheral treatment of the ne1Tes and muscles is 
also to be carried on. Naturally, the galvanic current is the one 
to be used first, on account of the reaction of degeneration of most 
of the muscles. Still, Duchenne has arrived at quite noteworthy 
results even with the faradic current; this is especially applica
ble to those nerves and muscles which have but slightly lost or 
entirely retained their faradic irritability. But these muscles, 
naturally, also offer the best chances for galvanic treatment. The 
method of treatment is simple: the labile application of the ca
thode over all the paralyzed muscles and nerves, while the anode 
is best placed upon the vertebral column at the height of the 
main lesion. For very much atrophied and but slightly irritable 
muscles, changes in the current are to be recommended in which 
both electrodes are to be applied to the muscle (one upon the 
nerve-trunk belonging to it). The strength of the current should 
be such as to produce distinct twitchings and lively redness of 
the skin. The faradic application is to be made with moist elec
trodes, and with a pretty strong current. Treatment must al
ways be continuecl for a very Jong time-months and years-with 
longer or shorter interval s. By this means some slight progress 
is generally attained. 
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In support or the electrical treatment, massage ancZ kneading 
of tlte muscles, together with appropriate gymnastic exercises, 
may be undertaken. 'l'lte application of warrntlt (warm-water 
com pr sses, sand-bags, etc.) has also been recommended to far
ther the blood-supply and nutrition; and for thi~ purpose, too, 
some have advocated friction of the limbs witlt irritating sub
stances (oil or mustarcl, tincture of cantharides, strong liquor 
ammonire, extract of nux vomica, etc.). 

But the main portion or the treatment generally, and in old 
cases always, falls within the domain of ortlwpmdic sitrgery. 
It is not our province here to enter into cletails on the difficult 
and manifold indications which a1·ise in this connection ; we 
refer our reaclers, for that, to treatises on surgery and orthopm
dics. \Ve will on ly allow ourselves a few brief obsermtions 011 
the main principles of the orthoprodic treatment. 

The main point, and the most important task, which devolves 
precisely upon the practitioner who has these cases under tretit
ment at the beginning, is the prevention of contractures and 
deformities; when these arc once dernloped and have grown old, 
they are a more appropriate object for the specialist in ortho
proclics and for orthoprocl ic institutions. The physician may 
render considerable service in this respect, if he keeps in mind 
the 1mrely mechanical methods or origin of the majority of con
tractures ancl deformities, and early enough counteracts theso 
mechanical causes. This is the main point, nnd in its accom
plishment electricity, gymnastics, light frictions, and baths can 
serve merely as ruilcl ac1jnvants. 

The essential point consists in watching the position of the 
limb when at rest, and in guarcling the movements and the gait 
so as to avoid the undue burdening or one side of the bocly 
ancl continuous false positions. In guarding against the oc
cnrrence of talipes equinus it is sufficient, according to Volle- · 
mann, if, during the earliest stage, while the patient is lying : 
clown, the foot be fastened to a light foot-board by means of a 
flannel bandage, ancl this be drawn up somewhat towards the leg 
by a strip of aclhesive plaster. On their attempting to walk, 
children should be put into stout-laced boots, with a steel shank 
on the outer or inner side of the boot-leg, or with the sole slightly 
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thicker on the one side or the other; in this way the develop
ment of talipes varus or valgus may be counteracted. The for
mation of t:ilipes calcaneus may be combated by supplying the 
defective action of the posterior muscles of the leg by a strong 
bridle of rubber (the best is a rubber ring), which passes from the 
heel to a trough-like fixture that is applied to the leg just below 
the knee, and that is held firmly in place by a side-bar fastened 
to the shoe. Indeed, the lost muscular power, wherever it occurs, 
may be replaced in various ways by means of elastic tugs and 
the like. 

According to the seat and extent of the paralysis, according 
to the k ind and magnitude of the deformity, the most varied 
machines and supporting apparatuses are to be applied, in the 
construction of which orthopredic surgery has accomplished a 
great deal, and which often secure to the patient a very consider
able use of his limbs. 

In the more severe deformities tenotomy and forcible means 
of correction may come into play. According to Volkmann, 
patients should, as far as possible, avoid the use of crutches and 
similar supports, especially at the beginning of their ailment. 

16. S1tbacute and Chronic Inflammation qf the Grav Anterior 
Ilorns.-Poliomyelitis anterior, subacuta et chronica.
C!tronic atrophic spinal paralysis.-Paralysie generale spi
nale anterieure subaigue (Duchenne). 

n1tclumne (<le Bo1do1Jne), Recherches Clectroph)•s iol., palholog. ct thCirap. Compt. 
rend. de l'Acad. cl. Sc. 18=H>-De l'ClcctriEnt. localisCe. 18J5. 3. Cdit. 1872. p. 
450.-Neaemann, Jieilung cincs bis zur vollstiind. L:ihmung nllcr Extremitiitcn 
vorgcschritt. Fu.Hes von progress. J\Iuskclatrophie u. s. w. B1:rl. klin. 'Voch. 
lSGS. Nr. 'J7.-Poclte, Quelques consider. sur les amyotroph. cl'origine spinale. 
Thf)se. Paris, 1874.-Frey, Fall von subncut. Liihmung Erwaehsener. Berl. 
klin. Woch. 1874.. Nr. 4-1, 45.-Erb, Ueb. neut. Spinalliihm. bei Erwachs. und 
Uber verwandtc spinale Erkrankung. Arcli. f. Psych. u. Nervenkrankh. V. 
Beob. 7. 1875.-Gornil et LCpine, Cas de pnrn1ys. gCnCr. spin. nntCir. subaiguC, 
suivi cl1nutopsic. Gaz. mCcl. de Par. 1875. Nr. 11.-Lemofoe, Paralys. de l'adulte. 
GuGrison. Lyon m~clic. 1875. Nr. 15.-Lincoln, Case of Spinal Paralysis in 
an Adult. Bost. Med. Surg. Journ. 1875. March 25.-8. G. Webber, Contrib. to 
the Study of :Myelitis. Transact . .Americ. Neural. Assoc. for 1875. Vol. r. p. 
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55.-Golldammer, Ueh. cinige FUlle von subacntcr Spinnlparalyse. Berl. klin. 
Woch. 1876. Nr. 26.-Jiammond, Diseases of the Ncrv. Syst. 6. eclit. 1870.
KWae, Zur Lcbre von dcr Paralys. spinnl. anter. subacut. Diss. Brcslau, 1876. 
-Bernliardt, Bcitr. zur Lchre von der neut. atroph. LUhmung Erwachscncr. 
Arch. f. Psych. u. Nervcnkrankh. VII. S. 313. 1877. 

History. 

It was Duchenne who, first in the year 1840, and then again 
in 1853, described a peculiar form of spinal disease, character
ized by motor paralysis, progres;ing more rapidly oi· more slowly, 
accompanied with ati-ophy in bulk of the muscles, and loss of 
their faradic excitability, without any other lllanifestations. 

'rhis statement attracted but little attention until Duchenne, 
in the third edition of his'· Electrization localisce" (1872), again 
and more emphatically pointed out the existence of this form of 
disease, and gave a detailed description of the sam~. Influenced 
iu part by a hypothetical belief with regard to the anatomical 
basis of the c1isPase-which he believed to consist in chronic cle
generation of the gray antet'ior horns-he designated it "Para
lysie g6n6ra.le spinalc ant6rieure snbaiguC." 

Since that time the existence or the d isease has been unh·er
sally recognized as a clinical fact, and single instccnccs oC it lrn.ve 
been descl'ibell by Yarious authorities (Poch6, Frey, Erb, \Veb
ber, Comil ct Lepine, Klose, Goltclammer, Bcmharc1t, and 
others). 

The only point on which thero is still any doubt is with 
reference to the anatomical basis of the disease, although the 
single reports of post.mortems thus far mac1e by Cornil et L6pine 
and by \Vebber, wonld seem strongly to confirm the hypothesis 
first set up by Duchenne. Further observations on this subject 
are desirable. 

Definition. 

Clinically considered, the disease presents itself as a motor 
paralysis, usually developed without fever, with but slight gen
eral disturbance and insignificant disturbances of sensibility. 
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The paralysis more or less rapidly seizes the entire lower extrem
ities-generally in the course of a Iew days, or at the most a few 
weeks-and soon extends to the upper extremities also (much 
more rarely showing the opposite order of development and be
ginning in the upper extremities) ; it is associated with complete 
flaccidity ef tlte 1nusclcs and loss of tlteir re.flex excitability, 
and is followed by rapidly progressive atroplty in the bulk of 
the paralyzed muscles, with the well-marked reaction ef degen
eration. 

The disenso has certainly, as a rnle, an ascending course, 
though it is by no means always progressive; its development 
generally comes to a stand-still sooner or later, this arrest in tro
dtlCing a gradual retrogression of the distmbances, which may 
lead to more or less complete reco,·ery. 

The anatomical limits of the disease cannot, as yet, be de
clared with absolute certainty; but, accoruing to all that we know, 
there i:; e\·ery probability of its being located in the gray ante
rior horns. The two post-mortem examinations thus far made 
Yirtually confirm this, and thus, for the prnsent, we may desig
nate the disease as a subacute or chronic inflammation or degen
eration of tlte gray anterior horns, with extensive disappear
ance and atrophy of the large multipolar ganglion-cells. 

Etiology. 

The causes of the disease under consideration are as yet ex
ceedingly obscure. Nothing is known of any definite predispo
sition thereto, and no hereditary influences have as yet been 
demonstrated. All the cases obserred thus far have been in 
adults, and, indeed, between the ages of thirty and fifty, as is also 
the case with the majority of other chronic spinal diseases. 

Under the heacl of exciting causes, traumatic injuries have been 
cited-a fall upon the hip or back ; furthermore, gross exposure to 
taking cold, damp dwellings, and, in the case of Klose, free indul
gence in beer and excesses in venery. All these are mentioned 
as possible etiological conditions. In the majority of cases, 
however, no definite cause for the disease cau be demonstrated. 
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'Ve must, howm•er, here briefly call attention to one etiologi
cal factor which is, as yet, of hypothetical, though perhaps oE 
very great significance : that is, chronic lead-poisoning. In 
speaking of the pathogenesis of lead paralysis, 1 which is such a 
peculiarly characteristic affection, I have sought to show that 
its origin is probably spinal instead o( peripheral, and E. Remak' 
has established this more accurately and in a more detailed man
ner by the sifting and critical examination of a larger amount of 
material. He comes to the conclusion that quite circumscribed 
alterations in the gray anterior horns probably lie at the founda
tion of lead paralysis. These alterations might well be or a 
degenerative or chronic inLlammatory nature, bui are, as a rule, 
capable of resolution. Bernhardt has also recently given in his 
adherence to this view. In fact, the whole state of things in 
lead paralysis, with reference to mobility, atrophy, electrical 
relations, the absence or disturbances of sensibility, etc., is so 
entirely analogous to that in poliomyelitis anterior chronica, lhat 
we are almost forced to the theory of changes in the anterior 
gray horns in lead paralysis. On the olher hand, again, I recently 
saw two cases of paralysis of the upper extremities, which, in all 
thei r details, were so completely analogous to lead paralysis 
that only the entire lack oE any sort or evidence of lead-poison
ing was sufficient to determine me to give up this diagnosis, and 
accept that of a chronic circumscribed poliomyelitis anterior. 
Thus, everything crowds us at least into regarding the localiza
tion of lead paralysis and of chronic anterior poliomyelitis as the 
same. It is left to further investigations to determine whether 
the saturnine alterations in the gray anterior horns are the same 
in kind as the others-whether, therefore, the lead-poisoning calls 
forth an inflarmnatory affection. It would be well, at all events, 
to keep this question i11 view in the future. 

1 Erb, Diseases of the Peripheral Yervcs. This Cycloprodia. Vol. XI. 
'Zur Pnthogenese der Bleiliibmungen. Arch. f. Psych. und Nervenkr.:i.nkh. Vol. 

VI. p. l. 1875. 
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Pathological Anatomy. 

Up to the present time there are but two reports oi post-mor
tems before us, which certainly do not fulfil all the requirements 
of a vigorous critiqtie. \Ve here communicate them in brief. 

In one case, which terminated in death at the encl of four 
years, Cornil and Lepine found softening of the lowest division 
of the spinal corcl. The principal change was in the gray ante
rior horns, consisting of chronic inflammation, thi ckening of the 
vessels, an abundance of fatty , granular cells, the perirnscuhr 
spaces filled with blood, di sappearance of a great ]Xtl-t of tho gan
lion-cell s, increase of the cells of the neuroglia. In the cervical 
portion there was a sclerosis of the antero-latt•ral column en
tirely surrounding the antetior gray horn, ancl being limited 
farther clown to the posterior divisions of the latera l column 
(secondary degeneration 1). The anterior roots were atrophied; 
in the muscles the usual fatty atrophic changes were fou nd. 

In \Vebbet' s case, which hacl lasted eleven mouths, he found 
degeneratirn atrophy of the muscles, tlie anterior roots in a high 
state of degeneration, the posterior roots but very slightly degen
erated. In the gray substance there was here ancl there an exu
dation and an increase of nuclei around the vessels; disappear
ance, atrophy, ancl degeneration o[ the large ganglion-cells in the 
ante1fot· horns; but slight changes in the ganglia or Clarke's 
columns and of the posterior horns ; in the white columns a 
part of the nerve-fi bres were degenera ted, the neuroglia hardly 
changed. The same alterations which \Vebber ascribes to a pre
eminently parenchymatons in!lammation were found to ex tend 
as far up as into the medulla oblongata. 

Prom these two not altogether coinciding reports, thi s much, 
at least, woulcl appear ev i,lent: that even if the lesion is not 
entirely confined to the gray anterior horns, it is at least most 
pronounced in these; ancl that wha t here especially attracts atten
tion, in addition to the chronic inflammatory changes, is the degen
erative atrophy or the large, multipolar ganglion-cells. In the 
an terior roots ancl in the muscles those changes are to be founcl 
which have already repeatedly been described as being charac
teristic or degenerative atrophy of these structures. 
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Pathology of Poliomyelitis anterior chronica. 

Symptoms. 

I t will suffi ce for all practical purposes to gil'e a somewha t 
min ute general picture of thi s, on the whole, rare affection. A 
more detailed pa thogenetic discussion of i ts symp toms would 
bring to ligh t the same occurrences as constitute the principal 
manifestations of the acute form. 

The disease may be developed with very 1·arying degrees of 
rapidi ty ; sometimes in a more subacnte manner, developing a 
wic1esprea<1 paralysis within a few clays or weeks, bu t generally 
pursu ing a more chronic, insidious course, so lhat its develop
ment may extend over years. 

Accordingly, ligh t inc1 icati011s of fever, gas tri c di sturbances 
and dyspep tic manifesta tions, headache, and the 1 ike, may be 
present or may be wanting at the beginni ng of the d isease. On 
the other hand, we shall rarely fail to encoun ter all kinds of 
parmslhesia and light manifestations of sensory irritation 
(<h awing a nc1 shoot ing pains in the back and limbs, backache, 
Ptc.) among the precursors of the disease. It is also common to 
Jind that for a long time such persons have sufiered from great 
weariness and c1iminishec1 enclnrance in the limbs. 

The actual beginning ef the disease is generally markecl by a 
distinct rnotor weakness in the lower extremi ties, or in but one 
of thes~, or a t least more vrominently in the one. This weak
ness more or less rapidly grows distinct; it increases in the 
course of clays or weeks to pronounced paresis, so that the pa
tient breaks clown on going upstairs, and soon finds hi s walks 
reduced to a minimu m, or is confined to his bec1. Dming this 
enti re development there is never any tremor, ne1·er any ataxy in 
the limbs. 

On examining such patients, their movements are fonncl to be 
sluggish, awkward, weak,anc1 paretic ; the movements of the knee 
anc1 ankl e-joint are usually more severely interfered with than 
those of the hip-joint. Sooner or later thi s paresis increases to 
complete paralysis of single muscles ancl groups of muscles, or 
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o( the entire extremity. The rapidity with which this takes 
place varies exceedingly in difierent cases; sometimes it occurs 
within a few clays, sometimes not till after the lapse o( many 
months, or even after years. Then the muscles arc completely 
flaccid anc1 soft, the limbs easily movable in all directions; at 
first there is no sign of any contracture. 

Very soon a progressive atrophy in bulk takes place in the 
paralyzecl muscles; the calves of the legs turn into lax, flabby 
sacks, the muscles of the thigh anc1 gluteal region grow thin 
ancl flaccid, ancl the tape-measure shows a diminution in the vol
ume of the muscles from week to week. This atrophy may 
ac1,·ancc till it causes a skeleton-like emaciation of the limbs, 
amounting to almost entire disappearance of the muscles. In its 
earlier stages it is generally accompanied with more or less fre
quent anc1 active fibrillar twitchings of the muscles. 

The feet are colcl and easily grow cyanotic. Sensibility qf tlie 
skin is usually completely intact ill all directions; it is but 
rarely that this is slightly dulled and that patients complain 
somewhat. of insensibility and numbness. 

Reflex action in the paralyzed muscles is completely extin
guisltecl; neither through the skin nor through the tendons can 
the slightest reflex twitching be procluced. 

It is usually not long before the affection also extends to tlte 
itpper extremities; these grow awkward, feeble, heavy, grad
ually paretic, and at last completely paralyzecl. Here, too, the 
trouble extends more prominently or earlier to individual groups 
of muscles; sometimes the extensor group of the forearm is 
earlier and more severely paralyzed than the rest, sometimes the 
fl exors ancl the little muscles of the hand are more prominently 
affected. In general the fingers and hands are more severely 
paralyzed than the fmearm and shoulcler. The hands assume a 
correspondingly characteristic position, the arms lie lax and im· 
movable as they are placed, no trace of any contracture being 
demonstrable. 

Reflex action is completely extinguished in the paralyzed 
muscles. Sensibility in the upper extremities, too, so far as ob
jective examination can prove, seems to be entirely normal, or 
diminished to an entirely insignificant degree. Subjectively, pa-
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tients somet imes compla in of numbness in the fi ngers, of par::es
thesia in the domain of the ulna r nerve, etc. 

llere, loo, rapidly progressive atrophy e11sues, uniformly dis
tribu ted over the paralyzed muscles, which may lead to the 
highest degrees of emacia tion, especially in the hands and fore
arms. 

In some instances the muscles of the back and abcl omen al so 
share in the paralysis : the patients can no longer sit up; expira
tion, coughing, sneezing , defecation, etc., are rendered difficult. 

'!'here is generally an entire absence of any di sturbances of tlte 
bladder, the rectum, or tlte genital organs; the fnnctions in 
question arc carried on undisturbed and in quite a normal man
ner ; the exceptions to this are rare. 

The nu tri tion of the skin does not suffer in the least ; no bed
sores occur. 

The vegeta tive functions are al so all of them normally per
formed. 'l'hc appe tite and digestioa , which may, at the worst, 
have been slightly and temporarily impaired at first, are good ; 
sleep is natural ; the general nutrition and well-being are usually 
quite und isturbed. 

No symptoms at all on the part of the brai n or the cerebral 
nerves appear, at least during the earli er stages of the disease. 
The initial headache ordinarily soon d isappears. 

Examination of the paralyzed and a trophied muscles by elec
tricity g ives qni te the same resul ts as in acute an teri or poliomy
eliti s, onl y modifi ed to a sligh t degree to correspond with the 
much slower development of the malady. 

Ilere, too, Dnchenne showed a diminu tion of farad ic excita
bility occnrring from the beginning, and adrnncing more or Jess 
rapidly to complete loss of the same. 

Here, too, according to my own experience ancl tha t of others 
(Bernhard t), this is nothing more than one of the mani testations 
of the reaction ef degeneration. I have been able to prove this 
electrical disturbance in all the more recent cases tha t haYe come 
under my noti ce (fi ve in all), and indeed in i ts most pronounced 
form. The motor nerves were entirely unexcitable to both the 
faracli c and the galva nic current; the mu scles did not respond 
to farailiza tion, their galvanic excitability being retained, and 
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c1uring the first weeks and months oi the disease being slightly 
heightened (s<'<' the case reported below), a[terwards more or less 
diminished, but ulwaysehanged in quality (AnSZ>KaSZ; twitch
ing sluggish, tonic); their mechanical irritability was at first 
heightened. 

At the stagP in wl1irh we generally first see these cases, gal
nrnic excitability is generally already much lowered, but usually 
still permits o( the ,·pry distinct recognition of the qualitative 
anomaly. 'Vilh lhe cure of the disease the electrical excil ability 
returns but Yery slowly and gradually to its normal standard. 

We have now become familiar with the occurrence of the "reaction of degen
eration 11 in various diseases of the spinal cord, an<l it would seem to be time that 
we should enter 1Jrielly upon the relatious of the same, in order to throw some 
light u1>on its diagno3tic significance and to indicate the important points in gen
eral pathology which result from the connection of this with othc1· already recog
nized facts. 

We have found that the reaction of degeneration appears in its full develop
ment in acutt anterfor poliomyelitis in the form of complete loss of faradic and 
galvanic excitability of the motor nerves, loss of faradic excitability of the mus
cles, but heightening and qualitative changes in the galvanic excitability of the 
muscles. 'Ye have, therefore, in this form of disease, complete paralysis, a high 
graclc of atrophy, the motor nerves and muscles involved in degenerative ntropl1y. 

Quite the same thing is found-on ly somewhat milder in degree, corresponding 
to its more chronic course-in chronic anttrior volfomyclitfa: the complete reaction 
of clegcn;)ration, the electrical excitability of the nerves entirely abolishrd, etc. i 
h ere, therefore, likewise entirely the same condition, viz., paralysis, atrophy, the 
motor nerves and muscleia degenerated. 

Quite a different state of things exists in amyotrophic lateral sclerosis. A case 
which I accurately examined of late sh owed, in the upper extremities, the faradic 
and galvanic excitability of the motor nerves entirely preserved (at all events not 
materially diminished) i in the muscles rm elevation and qualitative change of gal4 

rnnic excitability (reaction of degeneration) on direct irritation, while on indirect 
irritation the muscles reacted normally (twitching like lightning, KaSZ> AnSZ) i 
the muscles also responded to the faradic current.' At the same time there 
was a high degree of atrophy and complete paralysis of the muscles. Ilcre we 
therefora found paralysis, atrophy, the motor nerves not degenerated, the muscles 
degenerated. 

In JJl'OfJres!ifJe muscular atropliy (typical form) it is somewhat different again. 

1 The same condition, therefore, exists which is characteristic of the so-called middle 
form of facial pamlysis and some other peripheral forms of paralysis. Compare this 
Cyclopredia, Vol. XI. 
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In a part of the muscles attacked, the excitability, through the nerve, is preserved 
or appears to be simply lowered i in the muscles themsch-es foradic excitability is 
preserved, but galvanic excitability is preserved with the characteristics of the 
reaction of inflammation (though generally with already very much lowered excita
bility). lu another portion of the muscles-in those that are ~ry highly atrophied
faradic excitability is abolished, the nerve is entirely uucxcitablc, and the muscle 
reacts only on a very heavy galvanic current with sluggish twitching, AnSZ >KnSZ. 
In those muscles, however, which arc but !:.l ightly affected and which were attacked 
at the beginning, electrical excitability appears still to be quite nornrnl on direct 
and indirect irritation. At least so I have found it, since paying attention thereto, 
in all the cases carefully examined by me. If Bernhardt (I. c.) recently doubts the 
occurrence of the reaction of degeneration, this is to be cxC'used on the ground that, 
in prog-res.~ivc muscular ntrophy, at all events, the reaction of degeneration is very 
hard to demonstrate, an<l may easily be overlooked in a not very careful search. 
There are various reasons for this. One is the very slow development of the disease, 
so that the characteristic increase of excitability subsides and the qualitati,·e changes 
alone remain; another is the preservation of the excitability of the nerves, so that 
the normal neuro-muscular twitchings mark the qualitative alterations. A st ill 
stronger reason, however, is the fact that the degeneration of the fibres within a 
muscle takes place in a scattered manner; among the degenerated fibres there sti ll 
always remain a certain numher of healthy and still excitable fibres, which respond 
to irritation, and thus mark the existence of the reaction of degeneration. The 
more slowly the process advances, the lower sinks the excitabi lity of the degenerat
ing fibres, nod the increasing strength of the current required to produce an effect 
may for a long time compensate for the numerical diminution of healthy fibresi so 
tlmt the relation of things long remains obscure. It will, therefore, only be possible 
to demonstrate the reaction of degeneration in its earlier stages in those muscl~s 

which clcgeucrate pretty rapidly, and in which larger numbers of degenerated fibres 
are to be found; the later stages of this reaction (with great diminution of galvanic 
excitability) can only be shown in those muscles which have already attained a 
high grade of degeneration. This naturally Yarics in each individual case. Con
sequently, the reaction of degeneration can always only he demonstrated in single 
muscles, sometimes more and sometimes less distinctly. I have thus far always 
found it in this way. 

ln progressive muscular atrophy, therefore, the reaction of degeneration exists 
with retained excitabilitv of the motor tracts (at least for a. long time); but, in 
contrast to amyotrophic iaternl sclerosis, no paralysis here exists until the muscles 
are almost entirely degenerated. Here, therefore, the manifestations arc grouped 
as follows: no paralysis, but atrophy i the motor fibres not degenerated, the mus

cles degenerated. 
I recently found quite an analogous state of things in a well-pronounced caac of 

bttlbar priralyaia. In the muscles of the chin and lips, and even of the tongue, the 
excitability of the nerves was found retained and almost normal i in the muscles 
thcmscl vcs, however, tlic well-marked reaction of clcgeucrntion on direct irritation. 

VOL. XJil.-4G 
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I bad cxpcctccl this condition on account of the analogy of the disease with pro
gressive muscular atrophy. 

Quite similar variations are also to be met with in other forma of paralysis. 
Among these may be mentioned the occurrence of the well-marked reaction of 
degeneration in aevere peripMral traumatic and 1'heumatic paralysia ; the occurrence 
of the "micldle form" in alight rheumatic and traumatic paralysis (of the facial, 
radial, etc. l); finally, the extraordinary fact, in a case of lead-poisoning made 
known by me,' where the reaction of degeneration was present in a muscle that wns 
not paralyzed, whereas ordinarily in lead-poisoning the muscles act just as in chro
nic anlcl'ior poliomyelitis. 

It is difficult to form a plausible conception of the course and connection of the 
various trophic nnd motor tracts which might, even to some degree, enable us to 
comprehend these various facts. Some of the conclusions to be drawn from the 
facts briefly collected in what has been said above may even now be indicated. 

If it had needed any confirmation, all the facts would have unanimously con
firmed the doctrine that the occurrence of the reaction of degeneration is always 
and everywhere associated with the existence of certain histological alterations in 
nerves and muscles which we comprehend under the name of degenerative atrophy.3 

But it would furthermore also appear that the 1110to1· tract11 within the central or
gan, to aome degru run their course aep<l1·ately from the trophic apparatu1e1 a11d tracta, 
&S them a.re central paralyses with atrophy (poliomyelitis anterior) and witlwut atro
phy (spastic spinal paralysis). and likewise central atrophies which exist for a long 
time 1citltout actual paralysis (bulbar paralysis, progressive muscular atropl1y). 

We can, furthermore, hardly escape the conclusion that the trophic influences 
for motor nerves are somehow separated in space from those for the muscles; that, 
accordingly, different trophic central appm·atuses and tracts may perhaps exi1t for the 

ner?1e1 and the muscles. This appears from the fact that the muscles mny degenerate 
alone, without the nerves taking part in the degeneration. (So in amyotrophic 
lateral sclerosis, in bulbar paralysis, in progressive muscular atrophy, in the middle 
form of paralysis of the facial and radial nerves, in the case of lead-poisoning 
described by me.) At all events, therefore, these tracts cannot he comp1ctely 
identical; they must present some clifferences in their localizntion

1 
or perhaps only 

in their resistance to influences that cause disease. 

\Ve can, even though it may be with some difficulty, form a hypothetical idea 
of the existence and position of the various apparatuses and tracts belonging here, 
within the central organ as well as in t11e peripheral nerves, whereby we might 
explain the above-mentioned differences in the different forms of disease. AU the 
facts go to show that these apparatuses lie principally in the grny substance of the 
anterior horns. But our anatomy will not so soon show us how these nre arranged 

1 Comptne tho appropriate sections in Vol. XL oC this Cyclopa..>dia. 
t Erb, Ein Fall von Bleilii.hmung. Arch. f. Psych. u. Nerveu.k.ran.kh. Bel V. p. 445. 

1875. 
3 This Cyclopredia, Vol. XI. 
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and distributed there. We may, therefore, be permitted, with all due reservations, 
to draw a hypothetical diagram of this arran:tement, according to the postulate 
which virtually results from the facts above communicated. 

In the accompanying Fig. 17, let a be the motor conduction from the brain, 
which undoubtedly lies in the lo.tcral column i let this continue through the gangli· 

onic point d (multi polar ganglion.cell ?), into which the reflex tract, 1, coming from 
the sensitive sphere, opens through the anterior roots and the peripheral nerves 
(a-cl-a') to the muscle m. Let b be the trophic central apparatus for the mmi· 
cles; the trnct b-b' represents the trophic conduction tract emanating from thitt 
apparatus and somewhere (probably at d) uniting with the motor tract. Let c be 
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~he trophic central apparatus for the motor nerves (which possibly coincitlcs with 
d) and c~ the tract which conducts its trophic influences to the motor fibres. 

With this diagram, the special arrangement of which within the spinal cord is of 
course unknown-and indeed, for the present, a matter of entire indifference-one 
can form quite a clear idea of the origin of the different forms of disease, provided, 
at the same time, he has due reference to the phenomena of reflex action. 

If the tract a alone is interrupted by disease, we have simple pnralysis without 
any degenerative atrophy, and without the reaction of dcgcneration-1impla lateral 

1clero1i1. 
1f o and the centre b are simultaneously diseased, then there is paralysis with 

atrophy of the muscles, and the reaction of degeneration in the muscles, but no 
change of the motor nerves, whose electrical excitability is retnined-amyotropldc 
latero.laclerosi1. 

If the centre b alone is diseased, there is atrophy of the muscles, at first without 
paralysis and without degenerative atrophy of the motor nerves, reflex action being 
rctained-bulbar paralysis and progressive muacular atrophy. 

If b, c, and d arc simultaneously diseased (or, if we suppose tliat all th6 tracts 
pas• through d, then on disease of d alone), there is paralysis with degenerative 
atrophy, and the reaction of degeneration in nerves and muscles and loss of reflex 
action-acuU and chronic poliomyelitis anUrior. 

If we imagine b, c, and d to represent the different ganglion-cells of the gray 
anterior horns, and the diagrammatic couduction tracts to represent the different 
connections of the same among one another, with the lnter:l1 columns and the 
anterior roots, then we shall readily see that this diagram to a great degree harmo
nizes with the recently accepted views concerning the forms of disease which here 
occupy us. Even the view adopted by Duchenne and Joffroy, by IInmmond and 
others, that there are separate motor and trophic cells, has found representation in 
the diagram. 

But this diagram also furnishes points towards the elucidation of the d ifferent 
forms of peripheral paralysis. If the conduction d, a1 alone is disturbed, simple 
paralysis, without degeneration and the reaction of degeneration, will exist (the 
light form of rheumatic paralysis of the facial);, if d, a1 and b, b' nrc simultaneously 
disturbed, then paralysis with the reaction of degeneration in the muscles, but not 
in the motor-nerves (the middle form of rheumatic paralysis of the facial); finally, 
if in addition to d, a' and b, b', c, c' is also paralyzed, then there is paralysis with 
tho reaction of degeneration in the nerves and muscles (severe :form of facia l 
paralysis 1). 

But, aside from these more theoretical, and, as yet, entirely hypothetical sides of 
the question, accurn.te electrical examination also bas its diagnostic importance in 
such forms of disease. So far as one can judge, up to the present time, with the 
very scanty material thus far on hand, some not unimportant diagnostic facts would 
seem to come to light. 

1 Compare my Essay, cited above-A Case of Lead-Poisoning. L. c. p. 455. 
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1Vcll-mnrkcd, ccnnplete reaction of degeneration, with loss of the excitability of 
the motor-nerves and with elevation, or, nt least, without aAy great dagrec of 
diminution of the galvanic excitability of the muscle!\, is evidence in favor of 
poliomyelitia anterior, both of the acute and chronic form. It is always accom
panied with paralysis, disappearance of reflex action, and a high degree of atrophy. 

The middle form of the reaction of degeneration, without any material disturb
ance of the excitability of the motor-nerves, and with well-marked elevation, or, at 
least, without nny material diminution of the galvanic cxcitnbility of the muscles, 
speaks in favor of amyotropltic foteral sclerosis" this is always accompanied with 
paralysis and atrophy, but reflex action may be preserved. 

The middle form of the reaction of degeneration, but with a grct1.tcr or leas 
degree of diminution of galvanic excitability of tho muscles, wl1ich is 11ard to 
demonstrate and cnn only be shown in single muscles and groups of muscles, speaks 
in favor of progressit~ muscular atrophy (and bulbar paralysis). There is then no 
complete paralysis, non-uniform ntrophy, while reflex action may be retained. It iS 
true that the later st;i.ges of the discnsc, such ns are so often found in the little mus· 
clcs of the hand, cannot easily be distinguished by electrical examination alone 
from similar changes caused by poliomyelitis anterior or amyotrophic lnteral 
sclerosis (nor from peripheral paralysis, lead parnlysis, etc.), but then the diagnosis 
can usually be ma<le from the other manifestations, and from the development and 
course of the disease. 

At all events, it seems worth the while to pay further nttention to these relations, 
as they arc not only of diagnostic importance, but promit>c to throw light upon cer· 
tain difficult prohlems in the physiology of the spinal cord wl1ich cnnnot easily be 
approached in other wnys. To l>c sure, these examinations clemnnd great practice, 
patience and technical knowledge, and I cannc;it too urgently recommend tbe 
greatest care in conducting test e:"<aminations. I can guarantee the facts discovered 
and communicated hy me, but they urgently require to be extended and confirmed 
in numerous new observations. 

The further course of chronic poliomyelitis anterior, after it· 
has been de1·eloped to the point above described, may shape 
itself in 1·nrious ways. 

In the majority of instances the disease now remains station
ary for some time. The paralysis increases no more, the weak
ness or impossibility of movement remains about the same; but· 
the muscular atrophy does still advance. Now, too, moderate 
paralytic contractnres may be developed, chiefly caused by the 
mechanical approximation of the points of attachment of the 
muscles. No other new distnrbances arise. 

After a while-a couple of weeks or months-very gradual 
impr01iement sets in, generally first in the upper extremities~ 
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single movements first return, others again grow more distinct 
and stronger, and thns the improvement gradually advances, 
while the galvanic excitability of the muscles sinks more and 
more, and slowly gives place to the normal conditions of excita
bility, the contractures disappearing again little by little. 

But the improvement is slow; it is only after the lapse of 
months that the patients can again eat, write, and use their bands 
for all kinds of manipulations. 

Then the lower extremities have their turn ; first the move
ments of the hip-joint become freer and more powerful, then 
those of the knee, and not till quite late those or the foot and toes. 
The course of things with reference to electrical excitability and 
the contractures is precisely the same as in the upper extremities. 

The question of how far this improvement goes varies some
what in individual cases. Not infrequently it advances to com
plete recovery, so that mobility is quite restored, the nutrition of 
the muscles again becomes normal, and patients regain all their 
former capabilities. This may, however, require many months 
and even years. 

Incomplete recovery, however, is far more frequent. A part 
of the muscles (especially those in the domain of the peroneal 
nerve) remain paralyzed and atrophic, and patients retain the 
defect thus induced for life. 

In a minority of instances the malady advances further and 
further upwards; finally, disturbances of respiration set in, signs 
of asphyxia, various bulbar symptoms, paralysis in the domain 
of the facial nerve, of the tongue, of swallowing, etc., and these 
manifestations gradually lead to death. Sometimes this like
wise follows, without any further complications, through simple 
exhaustion. 

The duration of the disease is, accordingly, in most cases, 
comparatively long; at best it is a question of months, generally 
of years. The progressive cases terminate fatally in from one to 
four years. 

In view of the small number of observations thus far at our 
command, I may be permitted to communicate a brief outline of 
the following case, of a rather subacute form, rncently observed 
by me. 
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Mr. A. G., forty-two years of age, was alwa)'S of robust constitution nncl health, 
and hnscxposccl himself with impunity to many injurious influences (heat, draughts, 
travels, the free use of alcoholic drink). For a year past he has often complained 
of unusual weariness. 

His illness began at the end of July, 1876, with general weakness, heaclachc. 
slight dyspeptic symptoms, etc. The patient still went about, notwithstanding 
increasing weakness of the legs, until tllc 22d of August, wl1cn, his legs gh•ing way, 
he fell down-stairs. From this time on he was bed-fast. The only subjective trou
bles complained of were some shooting and piercill.{I pai111 in tli~ legs, with trnnsitory 
formication. 

At the encl of September similar tceakne8& in lite l1anda set in, so thnt the patient 
coultl neither write, feed himself, nor do anything el!e with his lrnnds. He never 
had the sensation of a tight band a Lout his hody. l'li e functions of the bladder mul 
rectum toere entirely undisturbed. His genernl condition of late 11ad been quite good. 

Condition on ezm1iination, the 6th of October.-There was a high degree of J><H"t
sis tmtl prirtial Jutrrilysis of tM l<noer extremities. Mo,•ements of the ankle-joint and 
toes were quite impossible, of the knee- and hip-joint <tuite difficult. 

Sitting up in bed was very difficult. The 1111per c:ctremitica ttere also to a liigh 
d.ecru paretic, especially the hand and forearm. The grasp of his hnnd could 
scarcely be felt; the extensors were completely paralyzed. The power of the mus
cles of the upper arm was materially lowered, that of the muscles of the shoulder 
least so. 

The mobility of the muscles of the neck nnd face, of mastication, deglutition, 
and of the eyes was completely intact. 

The senaibility rif the skin in the feet and legs was somewhat, although but very 
slightly, dulled i from the thigh upward, as well as in the upper extremities, it was 
entirely normal, excepting a subjective sensation of numbness in the tips of the 
fingers. 

R".flex actio1t-of skin and tendons-in the lower extremities was completely 
abolislicd. 

The muscles, which were very lax and flabby, were already considerably atrbphicd 
in all four extremities. The bladder and rectum acted normally. No bed-sores. 
Appetite :rnd digestion regular. Sleep good. Head free. 

Fhradic ezcitrrbility in the paralyzed muscles and tbe nerves belonging to them 

was greatly lowered, in part entirely abolished. 
The 9alcanie ezcitability of the nerves of the lower extremities was completely 

extinguished i in the muscles, on the contrary, it wns raised nnd changed in quality 
(twitching, sluggish, AnSZ> KaSZ} i so at least in the domain of the peroneal and 
tibial nerves. In thr. domain of the crural nerve, diminution of the galvauic excita
bility could alrcndy be demonstrated with a continuation of the qualitative change. 
In the upper extremities the well-marked reaction of degeneration existed only in 
the extensors of the forearm and in the intcrossei muscles. 

The mechanical excitability of a portion of the atrophied muscles was distinctly 

heightened. 
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The treatm~nt consisted of the use of dry cups along the spine every couple of 
days, Priessnitz's cold·water compresses to the buck, and iodide of potassium. 

His condition very soon began to imprMe. At the beginnill{l ef Nuvember this 
was distinctly perceptible in all the extremities, even though but to a very slight 

degree. 
At the beginning ef December the patient was able to sit in a chair, and to move 

his o.rms and legs much more freely. In the upper extremities the domain of the 
radia.l nerve was still completely paralyzed; a slight contracturc of the fie::cors of 
the hand and of the fingers had set in. Movements of the elbow· and shoulder
joiut were now perfectly free and strong. 

In the lower extremities there was still entire paralysis of the foot and the toes. 
Extension of the knee-joint fceblei lifting of the leg possible i n. slight contracture 

of theflcxors of thr. lcg. 
Sensibility and the state of the bladder were normal. The paralyzed muscles 

still showed the reaction of degeneration. 
He was now ordered galvanic treatment to the back and extremities. 
Jiis condition now steadily improved. At the bcfjinning of Feb1·um·y, 1877, the 

mobility in the extensor region of the forearm was pretty well restored i the con· 
tracture of the ftexora had almost entirely dis.1.ppearcd; the hands bad greatly 
gained in strength, the patieut could again feed himself. 

The mobility of the muscles of the thigh was materially improved; the muscles 
of the legs were still completely paralyzed. Then.trophy was somewhat Jess. 

Electrical cxamin::i.tion still showed the full reaction of degeneration, although 
now with distinctly diminished galvanic excitability. 

Middle ofMarclt, 1877.-The mobility of the upper extremities was now almost 
entirely normal; the first signs of movement in the joints of the feet now began to 
appear; the general condition very good. 

Middle of April, 1877.-Continued improvement. Movement of the feet and 
toes is becoming more distinct and extensive, although but very gradually. The 
patient is now able to stand somewhat, and, if well supported, to move a few steps. 
The upper ei::trewities arc now almost entirely normal. 

Diagnosis. 

The picture of the disease in subacute and chronic poliomye
litis anterior has so much that is characteristic about it, that in 
cases which are at all ·well-marked it can rnry easily be recog
nized. Especial significance is to be :ittached to the tout ensemble 
of the diseaee and the successive development a11d consecution of 
the symptoms. This disease can generally be easily distinguished 
from all similar and kindred affections, notwithstanding the great 
similarity that frequently exists between them, by the lassitude, 
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weakness, paresis, antl finally paralysis, occurring at first in the 
lower and then in the upper extremities, the muscles being lax, 
without tension or contmcture; by the progressive atrophy with 
the reaction o( degeneration ; by the failure of reflex action ; by 
the absence of any disturbances of sensibility and of the bladder, 
as well as of any tendency to the formation of bed-sores ; by its 
slowly progressive course and its usually favorable termination. 

'l'he diITerential diagnosis between this and acute anterior 
poliomyelitis cai1 only come in question when it refers to the 
sequels of the latter affection. The existence of the latter is de
termined, however, by the fact of its extremely acute beginning, 
which at once causes the highest degree of paralysi8. The 
subacute form has a decidedly progressive course: it extends 
more or less rapidly upward, the paralysis increases for a time, 
the disease may at last terminate fatally, or it may run a similar 
progressive course towards recovery. In both respects there 
seems to mr to be such an essential difference between the acute 
and chronic forms that it appears to me doubtful whether the 
two actually represent the same process of disease developecl 
with different degrees of acuteness. 

Pro,qressive muscular atrophy has very often been confound
ed with chronic anterior poliomyelitis. Notwithstanding all the 
resemblance which the two forms of disease may bear to one 
another in certain stages, they may easily be distinguished by 
the following chara.cteristics: in chronic poliomyelitis there is 
first paralysis and afterwards atrophy ; in progressive muscular 
atrophy the paralysis becomes associated with atrophy which 
has already long existed ; in the former there is atrophy in the 
bulk of the muscles, in the latter only partial atrophy of the 
same; in the former the well-marked reaction of degeneration 
can be demonstrated as well as the failure of reflex action; in 
the latter, if there is any reaction of degeneration it is only the 
middle form, ancl reflex action is retained ; the former rnns its 
course comparatively fast and generally favorably, the latter 
very slowly and always unfavorably. 

The distinction between this disease and amyotropltic lateral 
sclerosis is still more easy. The latter, it is true, resembles 
chronic poliomyelitis in the paralysis and atrophy in bulk of the 
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upper extremities, but in the lower extremities it shows paralysis 
without atrophy, with tension of the muscles and contractures, 
with increase of the reflex action of tendons, etc. Perhaps ex
amination hy electricity may also contribute something towards 
the determination of this question, if the fact should be further 
confirmed that in amyotrophic lateral sclerosis only the midclle 
form of the reaction of degeneration occurs. 

With regarcl to the distinction between this and the slower 
forms of Paralysis ascenclens acuta, see the following section. 

Chronic anterior poliomyelitis will be capable of being easily 
distinguished from all other forms of chronic spinal disease, 
from transverse chronic myelitis, multiple sclerosis, tabes dor
salis, spastic spinal paralysis, etc., if proper regard is paid to 
the condition of sensibility, of the bladder, of the nutrition of the 
skin, of reflex action, of electrical excitability, etc., quite irre
spective of the other peculiarities of these various forms of 
disease. 

In the well-marked and more diffuse forms, therefore, the 
disease is easy to recognize. But it is a question which can only 
be determined by further successful investigations, whether an
other series of more partial forms of paralysis and atrophy of 
the extremities do not belong in the same cat~gory. It already 
seems probable that this is, t.o a certain degree, the case in so· 
called lead-paralysis. 

But I would also raise the question with regard to quite simi
lar conditions of disease which have arisen spontaneously, viz., 
with regard to partial paralysis with atrophy and the reaction of 
degeneration without disturbances of sensibility in the extremi
ties; with regard to a good many cases which are cited in papers 
on progressive muscular atrophy, but which absolutely have not 
been progressive; whether all these do not owe their origin to a 
quite circumscribed chronic ttnterior poliomyelitis. Of course 
this question can only be solvecl by accurate clinical observa
tions, made with this object in view, and finally settled only by 
pathologico-anatomical investigation. I therefore recommend it 
as worthy of further attention. 
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Prognosi.1. 

The prognosis of this disease is never to be treated lightly; 
life may very easily be endangered, which never seems to be the 
case in the acute form. 

At the same time the prognosis is comparatively favorable, as 
in the majority of cases recovery follows, and at all events the 
improvement, as a rule, goes much farther than in the acute 
form. At the same time patients must make up their minds to 
a comparatively long dura,tion of the disease, extending perhaps 
over several years. 

The prognosis is bacl only in that form of the di sease which 
advances upward with comparative rapidity. vVhenever diffi
culty of breathing and of swallowing, labored action of the 
tongue, etc. , set in, a fatal termination is at least very probable. 

The more partial forms are never dangerous to life, bn t may 
lead to permanent disappearance of the muscles and correspond
ing defects of motion. 

Therapeutics. 

In view of the small number of observations as yet made, 
there is, of course, no question of any established, independent 
treatment of the disease. 

In general, those principles are applicable which we have laid 
down elsewhere for the treatment of subacute and chronic myeli
tis generally. Therefore, at the beginning of the disease, we may 
employ abstractions of blood, derivatives of all sorts, hydro
pathic applications to the back , iodide of potassium, ergot, etc. 

Undoubtedly at a later period the most that can be expected 
is from the galvanic current. It must be left to the future to 
determine whether mineral baths, cold-water treatment, or other 
similar means are of any special avail, and what internal reme
dies promise the best results. The best we can do at present is 
to continue our trial of the curative measures appropriate in 
chronic myelitis. 
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17. Paralysis Ascendens Acuta.-Acute Ascending Paralysis. 
-Landry's Paralysis. 

0. Landry, Note sur la paralysic asccndante aiguC. Gaz. hcbdom. 185!1. Nr. 30, 
31.-Kua~maul, Zwci Fiille von t Odtl. Paraplegic ohne nnchweisb. Ursache. 
Erlangcn, 185!1 . -7~ L. Walford, Softening of the Spinal Cord. Assoc. Med. 
J ourn. 1854. Nov. 11. (Canstntt's Jahresb. III. S. 33.)-Gomea de Valle, Obs. 
d. paral. asc. nig. Union mCd. 1861. N1·. 13.-Leudet, Paral. nsc. aig., rapid. 
mortcllc, smvcn. dnns l. conval. d. l. fi~vrc typholclc. Gaz. des hOp. 1861. Nr. 
58.-Pellcgrino· T.e"Oi, De L paral. asc. aiguc. Arch. gCn(i r. 1865. I. p. 129.
Bablou, Obs. cl parnl. nsc . aig. Gaz. hebdom. 1864. Nr. 49.-Gru, Union mCd. 
1806. NI'. 152.-C'amsin, Gaz. des hOp. 1866. N r. 23.-ll. Jones, Brit. :Med. 
Journ. 18GG. Oct. 27.-Jlayem, Paralys. nsc. aiguC. Gaz. des hOp. 1867. Nr. 
102.-llarley and Lockhart Clarke, Fatal Case of Acute Progress. Po.ralysis. 
Lancet. 1868. Oct. 3.-C. Lan')e, Om obstigende spinalparalysc. Hosp. Tid. 
12. Aarg. Nr. 6-10. (Virchow~Eli rsch , Jahresbcr. pro 186!1. II. 8. 34.-Cheta
kt, Par. asc. aig. d'origine syphil. Bullet. d. thCrap. 1860. Oct. 15.-Labad~ 
Lagraf!e, Gaz. des h&p. 1860. Nr. 148.-0. Bayer, Hcilung eincr neut. ascend. 
Parnl. untcr nntisyphil. Bch. Arch. d. Heilk. 1869. S. 105.-A. Eulenburg, 
Lehrb. d. funct. Ncrvcnkrankh. Berlin, 1871. S. 603.-Reincke, Fall v. Pnral. 
asc. acut. Deutsch. Klin. 1871. Nr. 23, 24.-Bernhardt, Bcitr. z. Lchre. v. d. 
neut. allg. Paral. Berl. klin. Woch. 1871. Nr. 47.-Cltalvct, Gaz. des hOp. 
1871. N r. 03.-Leyden, Klinik d. R iickcnmnrkskrnnkh. I. S. !14. II. S. 201. 
-Herm. L evy, Paralysis asc. ac. Correspondenzbl. cl iirzt l. Ver. cl. Rhcinprov. 
1873. Sept. (Ccnt.ralbl. 1874. Nr. 11.)-Petiljilii, Consi l16r. sur l'atroph. aig. 
des cell. motriccs. Paris, 1873.-Eisenloh1', Zur Lchre v. d. neut. spin. Paral
yse. Arch. f. Psych. u. Ncrvcnkrankh. V. S. 219. 1874.-Caleatri, Gnzz. Lom
bard. J(XX!V. Nr. 20. 1874. (Schmidt's Jnhrb. Bd. 168. S. 18.)-Salomon, 
Schnelle Ilcilung cincr schwer. ac. RUckcnmarksaffcct ion n. s. w. Corrcspon
dcnzbl. d . Urztl. Ver. im Rheinl 1875. N r. 15.-Golldammer, Ucbcr ein igc FU11e 
von subac. S1>inalparalysc. Fall. 3. Berl. klin. Wochcnschr. 1876. Nr. 26.
Baumgartcn, Eigcnthnml. Fall von Paral. nsc. aiguC mit Pilzbildung im Blut. 
Arch. d. ITcilk. XVII. S. 245. 1876.-C. lVcstpluil, Uchcr cinige Fime von 
neut. tOdtl. Spinalliihnmng. Arch. f. Psych. u. Ncrvcnkrankh. VI. S. 765. 1876. 
-Dijerine ct Goetz, Parat asc. aiguC. Arch. de Phy~iol. norm. ct path. 1876. 
p. 812.-R. 11. d. Velden (Leyden), Fall von acut. aufstcigcnd. spinaler Para
lyse. Deutsch. Arch. f. klin. Med. XIX. S. 333. 1877, 

History, 

In the yea.r 1859, Landry described some cases of disease, 
under "Paralysie ascenclante aigue," which had terminated in 
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death, with the manifestations of spinal paralysis advancing 
rapidly from below upward, and finally paralyzing the medulla 
oblongata, and in which no appreciable anatomical lesions were 
found. In the same year Kussmaul also described two cases 
observed by him of similar, rapidly fatal spinal paralysis, with 
entirely negative results on post-mortem examination. 

No doubt cases of disease belonging to this category hacl pre
viously been described in literature-thus, by Ollivier, in his 
work, under the head of Hyperremia of the Spinal Cord, byvVal
ford, and others. It appears that the distinguished Cuvier also 
died of this disease in 1832. 

But it was not until after Landry's publication that reports 
of cases of this form of disease began to accumulate. Much, 
however, was included under this head which evidently does not 
belong here. Thus, cases of acute, central or diffuse myelitis (for 
instance, the cases of Levy, Picard, and others), or of subacute 
poliomyelitis anterior (cases of Behm and 'faylor), or of infec
tious myelitis (Baumgarten); perhaps it is also wrong to place 
here those syphilitic affections which run their course presenting 
the picture of acute ascending paralysis. 

Vle may learn how difficult it is to keep these different forms 
of disease separated when we remember that Petitfils has but 
recently made an attempt, in the most detailed mtLirner, to estab
lish the identity of acute ascending paralysis and acute or sub
acute anterior poliomyelitis,-to regard the former merely as a 
variety of the latter, and to refer it likewise to acute alterations 
in the large ganglion-cells of the gray anterior horns. In view 
of a series of well-established, more recent, and most recent facts, 
this theory may be regarded as overthrown. 

Even before this theory was ad1·auced, cases had repeatedly 
been observed which might be regarded as typical of acute 
ascending paralysis, and in which even the most careful examina
tion by a skilled and practised hand discovered no trace of any 
change in the central nervous system (the cases of Vulpian, Pel
legrino-Levi, Cornil and Ranvier, IIayem, Bernhardt, and others). 
The most recent observations of vVestplrnl are decisive, and to a 
certain degree conclusive. In a number or cases that were clin
ically well marked, he could not find any trace of anatomical 
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alterations in the spinal cord, even on the most careful anatomi
cal examination, carried out in every direction. Almost at the 
same time, Dejerine and Goetz published a case belonging here, 
with the same negative anatomical result. \Vestphal has also 
rendered the clinical diagnosis of the disease more definite in 

various directions. 
It is thus settled, for the present, that the disease cannot be 

considered as identical with any of the previously named forms 
of spinal disease, but rather that it is a clinically well-charac
terized- undoubtedly spinal-form of disease, the anatomical 
conditions of which are entirely negative, so far as our present 
means of investigation show. The disease may, and must, there
fore, as yet be rega rded as systemic; to be sure, we stand but at 
the threshold or our knowledge thereof, and it will require addi
tional clinical, pathogenetic, and al so anatomical investigations 
to give us any satisfactory idea of the same. The material thus 
far at our command is far too inadequate for this purpose. 

Definition. 

The disease designated by the name of paralysis ascendens 
acutrt is clinically characterized by a motor paralysis (ascending 
paralysis), which generally begins in the lower extremities, 
spreads pretty rapidly over the trunk to the upper extremities, 
and usually also involves the medulla oblonga ta, which some
times runs its course without fever, sometimes with more or less 
active fever, which but slightly involves the general sensibility 
and the functions of the bladder and rectum, and which runs its 
course without any notable atrophy of the muscles, and without 
any diminu tion or change of their electrical excitability. 

In the majority or instances the disease terminates fatally, by 
asphyxia, paralysis of deglutition, and the like; but lighter 
cases may also encl in recovery. 

The anatomical characteristics of the disease are at present 
purely negative. No pathologico-anatomical alterations are to 
be found anywhere, and especial ly not in the spinal cord, which 
might explai11 the picture of the disease. In particular are 
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there no signs of hypenemia within the spinal cord, of myelitis, 
of acute destruction of the ganglion-cell s or nerve-fibres. 

If the disease is therefore to be localized within the spinal 
'conl a t all, it is a quest ion of fi ner, so-called impalpable disturb
ances of nutrition, not accessible to our present means of exam
ination. 

Etiology and Pathogenesis. 

On this subject very little is known, and, in fact, nothing 
positive. 

Sometimes the d isease arises wi thout any demonstrable pre
disposing or ex citi ng causes. 

Men are most frequently attacked; among the sixteen cases 
collected by P ellegrino-Lev i, only fo ur were in women. 

Mos t cases of the disease occur between the ages of twenty 
antl forty , but it may also occur at la ter periods of life. 

Nothing is known of any hered itary or neuropathic intlnences. 
Taking cold is mentioned first in the line of exciting causes. 

It is not necessary here to mention the individ ual possibili ties of 
the same, as they proved to be effectual in an entire series of 

Not a few instunces lrnve been seen to uri se during the course 
of, or dming the convulescence from, acute diseases (ty phoid 
fever. d iph theriu, plemisy, varioloid, etc.). Some few have fol
lowed s1tppressed nienstruation (through taking cold or emo
tionul d istmbunces). 

Bablow suw the d isease break ou t after a man had indulged 
in the act of coition while stand ing up. 

I t is at least douhtfnl , as yet, whether syphilis is an actual 
cause of gen nine acute ascending paralysis. '.ye are accustomed 
always to find palpable alterations in syphilis, so that a syphili
tic affection of the spinal cord wi th an impalpable lesion does 
not seem to us exal'tly p robable ; at the same time, such a thing 
is poss ible. At all erPtlts, va rious authors (Kussmaul , Lundry, 
0 . Bayer, and others) have decided on the syphili tic natme of 
the disease, partly from the antececl Jnts and pa rtly from thera
peutic results. 
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W es tphal has recen tly taken up the idea of an intoxication 
as the cause of acute ascending paralysis. The same had already 
been announced by Landry, and briefly touched on by Ilayem 
and Bernhardt. Baumgarten's case, in which the bacteria of 
splenic fever (Milzbrand) were found in the blood and in the 
spinal cord, appears to give some support to this supposition; 
still, in this case, there was nndoubted myelitis present, therefore 
it prnbably does not belong here. \Vestphal considers it proba
ble that some intoxication-thus far, to be sure, of an entirely 
irnknown variety-is the actual and final cause of acute ascend
ing paralysis. This can only be decided by numerous further 
observations. 

It readily occurs to us to draw a parallel between this ancl 
another affection, likewise spinal, which sometimes terminates 
fatally within a few days, and sometimes mns a longer course to 
recovery, likewise appearing in lighter and severer attacks, and 
for which, np to the present time, Lhere has likewise been found 
no anatomical lesion. \Ve refer to tetanus. This parallel does 
not need to be carried out any further ; but close observation 
cannot fail to detect the manifold analogies of the two forms of 
disease, although in the one (tetanus) it is a qnestion principally 
of manifestations of motor irritation, and in the other (acute 
ascending paralysis) principally of manifestations of motor par
alysis. 

Pathological Anatomy. 

The few convincing and sufficiently careful reports of post
mortems now before us (Vulpian, Cornil et Ranvier, Bernhardt, 
W estphal, Dejerine et Goetz) unanimously teach that there are 
absolutely no anatomical changes present to which the symptoms 
could, with any reason, be referred. 

The examinations fulfil all the requirements that can be made 
of them at the present time; they have furni shed entirely nega
ti've res1dts, as well with reference to the brain as with reference 
to the spinal cord and the medulla obTongata, and likewise with 
reference to the sympathetic nerve, the peripheral nerve-trunks, 
and the muscles. The future alone can tell whether the changes 
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in the anterior roots found by Dcjerine ancl Goetz, but unfortu 
nately not thoroug hly enough examined, are of any sig nificance. 
It is not probable that they are so. 

On the other hand, the older investigations, which claimecl to 
have proved the presence of hypenemia here and there, of soft
ening or the spinal cord, even of myelitis and the like, lose all 
their significance; at best they belonged to other clinically some
what similar forms of di sease. This also holds trne of the very 
newest observation recently published by Leyden (v. cl. Velclen), 
nncler the name of a.cute ascending paralysis. 'l'his clecicl eclly 
does not belong to the form of disease which wo have here, in 
harmony with the views of ,Vestp])al ancl others, described under 
this name, as is abundantly evident from tho clinical symptoms 
(a high g rade or fever, delirium, paralysis or the bladder, loss of 
electrical excitability, stiffness of the back, tension of the mus
cles, etc.) . " ' hat is here presented seems rather to be an admi
rable instance or acute di ssemina ted myeliti s, especially affecting 
the antero-lateral columns and the anterior gray substance. 

It may be a matter of some significance that in single cases 
similar alterations have been found in the spleen, the liver, the 
lymphatic glands, ancl intestinal follicles, etc., as they are also so 
frequently found in diseases of infection-such changes as cloudi
ness, swelling, enlargement, more abundant blood-contents, etc. 

Pathology of Acute Ascending Paralysis. 

Symptoms. 

In most instancPs, though not always, the appearance of the 
characteristic manifestations of paralysis are preceded by vari
ous prodroma, snch as slight febrile action, general discomfort, 
pulling ancl shooting pains in the back and the limbs, panes
thesia or varions kinds, as formication, numbness in the feet and 
finger.tips, and the like, generally also a feeling of great weari
ness ancl striking weakness. These may last for a longeF or 
shorter period, for one or for several days, even a. week and 
longer; such premonitory symptoms have been observed for as 
long as six weeks. 

VOL. Xlll.-47 
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The actual beginning of tlte disease is marked by a striking 
weakness of the lower extremities, which increases more or less 
rapidly, either gradually or with sudden greater steps, and very 
soon amounts to well-marked paresis. Standing and walking 
arc soon rendered impossible, while when lying down the indi
vidual movements of the legs can still be executed, although with 
a grnwing diminution of force. Gradually tl1ese mo1·ements also 
fail, first in the joints of the feet, then in the knees, and finally in 
the hips; and so in the course o[ a few clays, seldom earlier or 
later, there is complete paralysis of the limbs. 

The legs then lie there, lax and immovable, show no traces of 
muscular tension or contractures, exhibit no l\brillar twitchings, 
nor any other spasmodic manifes tations, do not present the 
slightest resistance to passim movements, and arc not subject to 
pain, or but 1·ery slightly so, either spontaneously or on touch 
or pressure. 

The pamlysis now gradually advances upwards, uniformly 
and steadily, bu t seldom interrupted by a prolonged arrest of the 
malady. 

The muscles qf tlle trnnk are next attackecl; sitting up and 
sitting straight are gradually rendered impossible by the paraly
sis ot the muscles moving the spinal column; the acts of expira. 
tion, of coughing and sneezing, of clefocation, etc., become weak 
and powel'iess thrnugh paralysis of the abclominal muscles. 

Not long after-though here, it is trne, the rapiclity of the 
prog ress is very variable in dill'erent cases-the upper e:rtremities 
are also attackecl with the weakness and paralysis. First the 
hancls grow weaker and less steady, the strength o[ grip dimin
ishes rapidly, orcli nary acts, such as wri ting ancl feed ing one's 
self, grow impossible. Then the movements of the arms grow 
increasingly more difficult, finally the movements in the shoulder
joint, too, become more or less feeble ancl paralyzecl, so tlmt at 
last the arms, like the legs, are entirely relaxecl and imm ovable. 

Then, too, disturbances ef inspiration also appear, owing to 
paralysis of the intercostal and other respiratory muscles of the 
trnnk. 

\Yhen the clisease has become developecl up to this point, an 
objective examination shows very little that is markeu, aside 
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from tlw motor disturbances. As a rule, the very sligllt disturb
ance of sensibility is especially noticeable. 

Subjective distnrbances of the same, it is true, arc not rare; 
patients complain of a feeling of nmnbness and fonnication in the 
lingers and toes, a diminution of feeling in the sole- of the feet, 
rarely of higher grades, of loss of feeling in the lower extrPmities. 
There is generally no pain, or but an jnsignificant a.mount only 
at the beginning. The spinal column is not pain[uJ, the spinous 
processes not se11 sitivo on pressure. 

Objective tests of sensibi li ty, in the majority of cases, give 
quite normal results; occasionally it is founcl sl ightly though 
distinctly lowe1·ed, especially towards the lwriphery of the ex
tremities. l\Ioro mrely higher grades of anmsthesia are d<•111on
strated, aml it mar be a n1atter of cloubt whether thes<> cases 
belong in this cat<>gory at all. Tlw"e statements hold equally 
good for sensation of the skin and muscles. 

In singl0 ca«•s a tolerably high grnde of J1yperrosthesia of the 
skin (hypemlg?sia) has also been demonstrated. 

At all events, however, the disturbances of sensibility play a 
snbordinatc rule, in the picture of the disease, as compared to 
the motor parnlysis. 

No ata:cy can be demonstrated, as long as any movPments 
arc capable o[ being canied out, although the feeble, trembling 
mo,-emcnts of the paretic limbs sometimes remotely rem incl ns of 
this concli ti on. 

'rhcre is likPwise no considerable atroplty of tlle paralyzecl 
muscles. Dnl"ing the progress of the disease more or less con
siclerable emaciation may appear, as in nny one long confined to 
a sick-bed; hnt thern is no question of a high grade of rapidly 
progrpssivc atrophy, as in poliomyelitis anterior, and the few 
casps in which such has been reported were probably wrongly 
classified. 

Another fact which stands in most intimate relation to the one 
jnst stated, and which appears to be of no less valnc in a dif
fe1·entinl cliagno~d,, is that tlie eler·trical excitability qf" tlw para
lyze(l nenes and uwscle.i remains entirely normal. In all the 
morP recent cases, carefnlly investigated by skilled hands (Pel
legrino-Levi, Bernhardt, "\Vestphal, etc.) no anomaly of electl"ical 



740 ER!l.-DISEASES o~· l'llE SPINAr, CORD AND Il'S ENVELOPES . 

excitability worth mentioning has been found, even after the 
disease had existed for a number of weeks. By this very means 
the disease seems to be distinguished, in a very significant 
manner, from all progressirn paralyses causccl by gross anatomi
cal lesions within the spinal cord (myelitis central is, poliomyelitis 
anterior snbacnta, etc.). At all events the careflll testing of 
electrical excitability is worthy of special attention in all future 
cases. 

But little is said with regard to the existence of vaso-motor 
disturbances. In Eisenlohr's case there was transitory rndema 
of the skin, with redness of the integument over various joints. 
In some cases a profuse secretion of sweat is reported. 

The nutrition of the skin does not usually suffer. Bed-sores 
do not occur. 

The conditions of reflex action certainly deserve more careful 
attention, as they are probably also of diagnostic significance. 
Statements with regard to the reflex action of the skin are very 
various ; i t a!;;o appears that this changes gracl ually during the 
course of the disease. It is but rarely that an eleYation of reflex 
acLion is reported (Eisenlohr's case); histori es of cases generally 
show tlmt refl ex action is presen cd during the first days and 
week s of the disease, that it then diminislH'S more or less rapiclly, 
and is finally entirely extinguished . If, as a general rule, reflex 
action thus entirely fails in well-marketl and complete paralysis, 
s till this does not seem to occur as rapid ly and completely as it 
does, for instance, in poliomyeliti s anterior. Special attention 
mig ht be paid to this point. The reflex excitability of tendons 
has, thus far, only been examined by \Yestphal, who, in one case, 
found it, as well as the excitability of the skin, to be lacking. 

The condition qf the spkincters is a matter of no less impor
tance. The bladder and rectum are generally quite undistnrbed 
in their functions; there are no involuntary entcnations, there is 
no retention of urine-this is the rul e. In individual instances, 
howe,·er, slight di sturbances of the bladder occur ; generally, 
however, even if they become more severe, they arc merely transi
tory. Usually there is no tmce of the severe paralysis of the 
blaclder and l"l'Ct tim which occurs as a rnle, for example, in 
central myeli tis, and it is only exceptionally that the use of the 
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catheter is requ ired (cases of Dejerine and Goetz). In one case 
P ellegrino-Levi fo und the urine alkaline. There is usually con
st ipation, which may, u nder some circumstances, become very 
obstinate. 

Statements vary considerably with regard to the general con
dition of the patien ts ; i t may be more or less disturbed, although, 
in some instances, it is rema1·kably good. In the majori ty of in· 
stances there is said to have been no fever ; a t all events, it does 
not belong to the essential mani festations of the disease. In some 
cases active fever has been found, in others only a moderate de
gree of the same. A t other times, again , single severe a ttacks of 
fever, wi th a chill , have been encountered ; or there might merely 
be slight, transitory, feb rile movement, ex tending over several 
days. This question, too, requires fur ther more careful inves ti
gation. 

In most striking contrast to the sm·ere manifestations of spi
nal paralysis (for we can hardly 1·cgard it as being anything else) 
is the complete integrity of the fimctions Qf the brain, at first 
and d uring the earlier period of the disease. Intelligence and 
memory, consciousness and the functions of the special senses 
remain entirely normal; there never is any dizziness, delirium, 
and the like, and even complaints of headache belong to the rari
ties in this cli sease. Eveu the cerebral motor nerves either take 
no part at all in the general paralysis, or are not involved un til 
very late. Actual paralysis of the muscles of the eye has not 
been observed ; transitory amblyopia has been reportecl in two 
cases. Only those motor nerves which are directly dependent on 
the medulla oblongata a re, as a rule, sooner or later involved in 
the paralysis. 

After the d isease has once reached the stage heretofore de
scribed, its f urtlwr cmirse may vary somewhat. 

In most instances tile disease advances stillf1irther 1ipwards. 
The movements of the head and neck now hegin to be di sturbed; 
the muscles of the neck grow paralyzed ; patients complain of 
weakness or of a feeling of stiffness in the neck; sometimes dis
tinct wpakness in the domain of the facial nerve sets in. R espi
m tion g rows incretisingly difficult; a high degree of dyspnrna 
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occurs, with very frequent and anxious respiration; the activ ity 
of the diaphragm has been impaired, and the danger of asphyxia 
draws threateningly nearer. Simultaneously herewitli, or it may 
be earlier or somewhat later, disturbances of articulation of the 
voice, or speech set in, caused by paralysis of the muscular ap
paratus pertaining to these functions. To these arc added weak
ness and paralysis of the muscles of mastication, paresis of the 
soft palate (nasal speech, the regurgitation of tluids through the 
nose), difficulty of swallowing, and finally complete paralysis of 
deglutition ; in a word, tlte complete picture qf severe bulbar par
alysis. If we add that not infrequently differences in the two 
pupils may be observed, and that the frequency of the pulse 
often ri ses to a very alarming height, we shall therewith have 
completed the clinical picture which indicates an advance of the 
process to the uppermost divisions of the cerv ical spinal cord. 

All these manifestations continue to increase, while ev idences 
of hyperrcmia and hypostatic congestion or the lungs appear, 
and the danger of asphyxia is augmented, until the fatal termi
nation is more or less rapidly ushered in. 

The period of time which elapses before this termination is 
reached may vary considerably. Sometimes it is but a few 
days; the disease has been seen to run its course and end in 
death within two or three days, although it may last for two, 
three, and four weeks ; it seems to be rare for the disease to 
extend over as long a time as six weeks. The average duration 
of fatal cases seems to be eight to twelve days. 

But another termination is possible, having occurred in a 
series of cases which may probably be counted as belonging in 
this category, viz., a termination in irnprovenient ancl recovery. 
Landry e''ell speaks of eight recoveries in ten cases, and Pelle
grino.Levi found at least five cured ont of fourteen diseased. 

The disease may come to a stand-still at any stage or its de
velopment ; then, some day, the paralysis extends no further. 
This generally appears to be the case before the paralysis has 
reached the nerves of the bulb, thot1gh instances have also been 
known in which recovery took place in spite of the ex istence of 
disturbances of respiration, deglutition , and mastication. 

The favorable turn usually takes place after the disease has 
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lasted hut a comparatively short time; some single mo1·emcnts 
appear to he a little better and stronger, others return once 
more ; those parts last attacked by the paralysis are the first to 
show improvement. 'rhis gradually increases; the strength and 
power or function of the muscles grow from day to day; first 
the patients can use their hands again, g1·adually they learn to 
sit up, Jimtlly again to stand and walk. This may occupy a con
siderable timu; it is always to be counted by weeks, and whether 
it be many w..:H ... ks or few, varies very mu<"h jn i11dh·idua.l cases, 
a ncl depends on circum stances entirely unknown to us. Usually 
the patients feel very weak and poorly for quite a while; flu ctu
a tions anll. relapses in this favorable course also seem to be pos
sible. 

E'tccptionnlly the disease may be seen to pro(Jre&s do1onwar<ls within the cord, 
instead o f pursuing the more frequent ascending course. The paralysis then begins 
in the ncn?cs of the bull>, and successively seizes first the upper and then the lower 
extremities. So in the case of the distinguished Cuvier, as reported by Pellcgrino
Lcvi. 

It may seem doubtful whether W<'stphal"s Case 4 belongs under this head. TI1is 
was likewise nu instance o( acute, fatal paralysis, with n perfectly negative result of 
post-mortem examination, but confined to the ncn·cs of the bulb; there was paral
ysis of the tongue and lips, o! deglutition, masticat ion, ond r<'spirntion. This cnee 
woLJld have to be considered as one of a more rudimentary character, more limited 
in its localization, ancl rendered rapidly fatal h.r this very localization. But it is 
probaUly better for the present to regard it as doubtful, nnd to leave it unclassi

fied. 

Diagnosis. 

The picture delineated in the preceding pages is probably 
sufficiently characteristic to admit of a diagnosis of the disease 
being macle in a fair proportion of tl!e cases. 

The paralysis, ch iefl y of a motor character, progressing rap
idly from below upwards, the small amount of fever, the insig
nilicant disturbances of sensibili ty, the absence of paralysis of 
the blallclP1" the slow extinction of reflex excitability, the ab
sence or muscular tension aud muscular atrophy; the non-occur
rence or bed-sores, and the final involrement of the funct ions of 
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the bulb would seem to be sufficiently indicative of this disease 
to point suspicion that way. 

At the same time a positive decision will often not be IJOS

sible, especially during the first few days, and the diagnosis may 
for a time be unsettled. 'l'he affections with which acute ascend
ing paralysis may be confounclecl are particularly the different 
forms of acute ancl snbacute myelitis, but on careful considera
tion of all the symptoms one will generally be able-especially 
in the course of several days-to arrive at a tolerably certain 
decision. 

This affection is hardly liable to be confounded with acute 
poliomyelitis anterior (section 15} because the latter has no 
progressive character, never attacks the medulla oblongata, and 
never directly induces death; because it generally sets in with 
fever, with very rapid loss of faradic excitability ancl rapid mus
cular atrophy, etc. It is only in the light ancl temporary forms 
of acute poliomyelitis anterior-which, however, are very rare
that a doubt might perhaps arise. But these may perhaps be 
distinguished from the light forms of acute ascending paralysis 
by tlte entire failure of reflex excitability(!}, and certainly may 
be distinguished by the lowering of faraclic excitability-even 
though it be but slight,-ancl by the non-progressive character of 
the paralysis. 

It is an easier matter to confound this malady with those 
cases of subacute anterior poliomyelitis, which pursue a com
paratively rapid course in an upward direction. Indeed this 
disease has, by a number of writers, been regarded as identical 
with Landry's paralysis. This is certainly incorrect, as will 
appea1· ou a careful comparison of the symptoms of the two forms 
of disease. The first argument in favor of the existence of acute 
ascending paralysis is to be found in the absence of atrophy and 
in the fact that the electrical excitability remains intact; then 
the longer preservation of reflex action, the possible presence of 
slight disturbances of sensibility ancl of the bladder, the more 
rapid and generally fatal termination, and the early appearance 
of severe symptoms of bulbar trouble, also point in the same 
direction . Generally, however, we shall be able to conclude 
with certainty that a given case of paralysis is clue to anatomical 
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changes in the spinal cord, only on the development of atrophy 
and of the reaction of degeneration. 

As a rul e, Landry's paralysis can easily be distinguished from 
acute central myelitis (see above, p. 416). In the latter there is 
always a high degree of disturbance of sensibility, the early fail
ure of all refl ex actions, great paralysis of the sphincters, fever, 
acute bed-sores, u lowering of faradic excitability, und a rapidly 
fatul termination. Hence the distinction is not difficnl t. 

The spinal forms of syphilis, which run their course under 
the form of acute ascending paralysis, muy be distinguished from 
the latter, if, indeed, they are not identical with it, only by the 
evidence of former or still existing syphilis in the patient, and 
by the results of anti-syphilitic treatment. 

Infectious myelitis, of which Baumgarten has certainly not 
given us a very complete clinical picture, ought to be distin
guished from Landry's paralysis by the same signs which char
acterize any other diffuse or central myelitis. 

The rare cases of acute multiple neuritis, one of which Eich
horst 1 bas recently described, could only be mistaken for acute 
ascending paralysis by a very careless observer. The se,·ere 
pains, limited to single nerve-roots, the anaisthesia and paralysis, 
similarly limited, and especially the rapid lowering of elec trical 
excitability, should be enough to guard against this error. 

Prognosis. 

Acute ascending paralysis is always a disease of very doubt
fol prognosis. If it is far enough developed to be diagnosticated 
with certainty, then the prognosis is generally very serious. It 
becomes worse the more mpid has been the ascending course of 
the disease, the earlier respiration has been attacked, and the 
more pronounced the evidences of bulbar paralysis. 

But we huve seen that there are also exceptions to this rule, 
that no small number of cases even terminate favorably. It is 
difficult, however, to recognize these favorable cases early ; as a 
rule, this is impossible until impro\•ement has begun. Perhaps 

1 NeuritiR acuta progressiva. Virchow's Arch. Vol. 00. 1877. 
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further experience will give us some fixed points for such a dis· 
tinction. 

Therapeutics. 

It is difficult, in view of our entire ignorance with regard to 
the true essence of the disease, to decide on any definite thera
peutic course. 

One will be inclined, in general, to employ the treatment ap
plicable to the acute ascending forms of myelitis. But it is a 
question "·hether the good results of tbis treatment h::LVe not 
been obserred in those very cases which have been falsely diag
nosPd as acute ascending paralysis. 

The main object of treatment certainly is to bring about a 
change in tlte nutrition qf tlw nerve-elements qf the spinal cord. 
This is an indication more easily set up than fulfilled. 

It is more than doubtful whether the energetic application of 
derirntires to the spinal column is justified by this indication. 
The favorab le results attained by Levy and Salomon with the 
actual cautery occurred in cases which most probably did not 
belong unuer this head. At the same time, in so serious a dis
ease, one would not shrink from the frequent application of dry 
01· wet cups, from repeatecl blistering, and, in case life was 
threatened, even from the use of the actual cautery. 

Curefnl stimulation of the activity of the skin is more likely 
to prove of benefit. This may be accomplished by frictions of 
the skin with cold water, the repeated application of Priessnitz's 
"packs" to the trunk or to the entire body, lukewarm baths, 
cold affusions, etc. 

Of internal remedies, iodide of potassium is generally used as 
the nearest refuge in this therapeutic extremi ty, or nux ,·omica. 
Their effects are doubtful. 

An agen t which promises much, and is certainly worthy of 
being more carefully tested, is the ga lvanic current. " ThiJe its 
value has been establi shed beyond a doubt for the later stage of 
the cases that terminate favorably, the question still remains to 
be uecidecl, when its application is to be commenced. A priori, 
we would seem to be justified in beginning it very early, as there 
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is no fever, no inflammation, but merely an impalpable disturb
ance of nutrition in the spinal cord. And it is against just such 
a condition that the galvanic current, perhaps, shows itself espe
cially efficacious. The application of a constant, moderately 
strong cmrent Lhe lengLh of the spinal column might be tried 
first. 

As a matter of course, these patients require the most careful 
nursing; their nourishment must be tonic and abundant; anil 
on the appearance of symptoms of para lysis which threaten life, 
the free and energetic nse of all the various stimulants (alcohol, 
coffee, musk, camphor, ammonia, nux \'Omica, etc.) must not be 
omitted. 

In those cases which terminate favorably, subsequent treat
ment with electricity, baths, cold water, mountain aiT, etc., is 
indicated. 

18. Tumors ef tlte Spinal Cord.-Intrameditllary Tumors. 

Lebert, Trait6 d'anatom. pntholog. Tom. II.-Ollivicr, 1. c. 3. l!d. Tom. IT. p. 503. 

1837.-Foerster, Ilandb. <lcr palhol. .\unt. IL 2. Aufl. S. 628. 1863.- Yirclww, 

Die krankhaftcn G~schwlilste. Bd. 1 u. 2.-Lfyden, Klinik <lcr Rlickcnmurks

kmnkh . I. S. 468. 1874.-Jl Rosentlutf, Klinik dcr Ncrvcnkrankh. 2. Aufl. S. 

34!J. 1875.-llrme, 1. c. 2. Aufl. S. 72!J-73,j, 1860. 

Eager, Arch. gCnCr. 1834. Tom. 4. p. 605.-BroMn-SCquard, Course of Lectures, 

etc. Pbila. lSGO. p. GO, p. 101, etc. Paralysis o( the Lower Extremities. J,on

don, 1861. p. 92--99.-Gemfrill, Tubcrculc comprimuut, etc. cite pat· Brown

Sequard. Journ. d. I. Physiol. T. VI. p. 233.- W: Gull, Cases o( Pnrnplcgia. 

Guy's Ilosp. Rep. VIU. R. 113. 1s:;8.-&huq,pel, Gliom u. Gliom)'Xom des 

R.-)f. Arch. d . Ilcilk. VIII. S. 113. 1807.- lV. Sclwlz, Paraplegic u. s. w., 

Bindcgcwebsncubildung im R.-:M. Alig. militiiriirztl. Zeitung, 1808. Nr. 28-

Jolm Grimm,, Ein Fall von progress. :Muskclatrophic. Vircb. Arch. Bd. 48. S. 

445. 186D.-E. JC IIo.ff'mann, Gliomyxom im obcren Theil des Lendcnriickcu

marks. Zeitschr. f . rnt. :Medic. III. Reihe. Bd. X."UlV. S. 188. 1869.-J. San

der, Fall von Paralysis ntrophica.. Arch. f. Psych. u. Nervenkrankh. II. S. 780. 

1BiO.-IIaberslvm, Clinical Caqcs, etc. Tubercle in the Spinal Cord. Guy's 

Hosp. Rep. XVII. p. 426. 1872.-G. Dayem, Tubcrcule d. I. mocllc ep. Arch. 

cl. Physiol. V. p. 431. 1873.-Charcot, Lc~ons sur lcs maladies du s_yst. ncr

vcux. II Ser. 2. Fasc. 1873.-Chz:ostek, Zwci Fiillc von Tuberkulose des R.-M. 

Wien. med. Presse, 1873. Nr. 35. 37-3D.-1Vestp11al, Fall von IWhlcn- uncl 

Gcschwulstbi1dung im R.-M. Arch. f. Psych. u. Nervcnkrankh. V. S. tlO. 1874. 

-7'/i. Simon, Ucbcr Syringomyclie u. Gcschwulstbildung im R.-M. Ibid. V. 
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S. 120. 1874.-Liouville, Nouv. excmpl. de lCs. tubcrcul. dnns lam. l! p. Arch. 
gCuGr. 1875. Janv. p. 92.-Kkb3, Bcitr. z. Gescbwulstlchrc. Leipzig, 1877. S. 
89. P rag. Vierteljnhrsc!Jr. Bd. 126 u. 133. 

In this section we shall consider those pathological neoplasms 
which a rn developed within the sul>stance of the spinal cord 
i tself, in so far as they occur in the form of tumors, and are morn 
or less sha rpl y di stinguished from the substance of the cord. 

Tumors of the substance of the spinal COl'd are very rare 
affections; they are also, clinically, very difficult or impossible 
to l'ecognize with certainty, and therefore seem to be of but li ttle 
pl'actical importance ; consequently, we shall treat the subject 
brietly. 

Pathological Anatomy. 

There are bu t few forms of neoplasm that liave thus far been 
observed in the spinal cord itself, and bu t single ones of these 
hare acquired some degree of practical importance through the 
comparative frequency of their occurrence. Such are gliomata 
and tubercle o( the CO!'d. 

'l'he majority o( medull ary neoplasms appear to be developed 
in the midst of the substance of the spinal cord ; onl y in rarer 
instances do they grow from the spinal meninges into the cord. 
It cannot as yet be determined whether the whi te or gmy matter 
of the cord affords the principal soil for the development of the 
various neoplasms. Some writers assert one thing , some another. 
P erha ps the relations vary according to the various form s of 
neoplasm. According to the observations of Th. Simon, i t would 
almost appear as though the anterior portions of the white pos
terior columns were the favori te sea t of some neoplasms. This 
mnch, l1 owever, is certain, that intramedullary neoplasms may 
be developed from the most varied points in the g ray and white 
substance of the cord. 

The size of the tumors can never be very considerable, on 
accoun t or the narrow space within the spinal canal. They are 
generally ronnd or longish growths, from the size of a hemp-seed 
to that of a hazel -nut, or even of a thumb. Jn single cases, 
however, ex traordinarily elonga ted tumors have been found, 
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which hnrn strctchec.1 , in various degrees o f thickness, through· 
out the entire corcl, from the conus medu!laris to the medulla 
oblonga ta. 

The s ubstance or the spinal cord is a t first only crowded apart 
by the tum or::;, more or lt>ss compressPd, and finally ca used to 
disappear entirely; more rarely the substance of the cord passes 
dil'ec tly into the mass of the tumor. An i11tlammatory so ftening 
is always dernloped in the neighbo1·hood o( the neoplasm, a 
tra nsverse myeli tis, whence in ma ny instances the first sei- ere 
cli11i cal symptoms pl'oceecl. Asiclc from thi s, the secondary 
aseending and descend ing <.l cgenera t ion ~ so often S})Oken of n.re 
generally clevelopecl. 

In the tumors themselves processes o( softening are not ral'e ; 
the same is trne of the secondary cle,·elopment or cavi ties (sy ri11 -
gomyelia), extravasations of blood, etc., as we shall see when 
studying the incliviclual forms of the a ffection. 

Among the tumol's tlrns far obsen·ed in the cord, glioma is 
probably the most frequf'nt Yariety (cases of Sander, Simon, Case 
YII. ; Schueppel, Case I. ; Klebs an cl others). It usually appears 
as a soft, g rayi sh-red or grayi sh-whi te mass, of a roundish or more 
elongated shape, often ,·ery long cl!'awn out ancl irregular in form. 
In ma ny places i t is mel'gecl imperceb tibl y in thesurrouncling tis
sue. It is very vasculal', di ssemina ted witlt numernus lnl'gcr ancl 
smaller bloocl-rnssels, and not rarely shows mol'e or less extensive 
hemorrhages in to its substance a ncl i11 its neighborh ood . The 
secondary developmen t of cavities is ,-cry frequent in g liomata, 
especia lly of the softer form, and par t of the cases of di sease 
described uncle!' the name of syringomyelia evidently belong 
here ('Yestphal, Th. Simon). The n'ry rascul ar forms have 
probably al so been clescl'ibed as teleangiectat ic gtiomata. This 
vari ety, in particular, shows especially ex tensive hemorrhages. 

According to Virchow, gliomata proceed from the neurnglia, 
ancl represent nothing else than a hyperplasia of the neul'oglia. 
They consist of cells which are imbeclclecl in a granular or fibl'il
ln ted, or sometimes also in a more mucous basement membrane. 
Their wealth of cell s varies more or less ; their wealth o( vessels 
is gpnerally very considerable. The nerve-elements (fibres and 
cell s) have generally entirely disappeared within the tumor, 
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according to the reports of the majority of authors (Virchow, 
Charcot, and others). 

On the other hand, Klebs has reC'ently undertnkcn to show that all these tumors 
principally proceed from the 11crve-clcmcnts1 partly from true ganglion-cc.:lls, partly 
from mcdulbtcd nerve-fibres, and that associated herewith there is n mighty devel
opment of bloocl-\•csscls and lymph-vessels. ltc therefore calls these tumors neuro
gliomata. It is claimed that the intcrrnption of ner\'ous conduction occurs much 
btcr in these hypcrplnstic tumors than in those forms of tumor which act upon 
the nerve-tracts through mcclmnical pressmc. This might be of value from a clin
ical point of view. Further investigations mny reconcile these differences. 

Gliomata of the spinal cord arc said to occur principally in 
the cen·ical portion of tlw samP, and, according to Schueppel, to 
arise chiefly from the gray substance. 

11lyxoglioma (Simon, Case YIII.; Schneppel, Caso II. ; Iloll'
mann) is to be regarc1ed as a rnriety of glioma. It is a bright 
red, translucent, viscic1 tumor, in which the cell-elements are im
bedded in a basement substance containing mucine, and which 
otherwise acts jnst like the simple glioma, with which the myxo
glioma is sometimes combi11ed. The same is true of gliosarcoma, 
of which \Yestphal l1as described one case. 

· Pure sarcoma (F'oerstPr, Tuenge! in his clinical communica-
tions, Ifamburg, 186-!, p. 27) is certainly a very rare form of tumor 
within the spinal cord. Virchow has never seen an instance or it. 
M11xosarcoma has been observed hern and there as a long-drnwn 
tumor with the de,·elo]Jment of a number of central cadties. 
The cases of llutin and Scholz, and the case of Sonuenkalb, re
ported in Ollivier, 1. c., II., p. 402, perhaps belong in the cate
gory of fibrosarcomata. 

On the other hand, tubercle i$ one of the most frequent tumors, 
perhaps the most frequent, of the spina l cord (Charcot). It has 
teen observed in numProns cases (Gull, Eisenschitz, Yirchow, 
Hayem, Liouville, Ifabershon, Chvostck, and others) . 

Tubercle of the spinal cord occurs at all periods of life, most 
frequently between the ages of Jifteen and forty, and compara
tively oftener during youth . 

These growths may he developed in all portions of the cord, 
but are especially fond or the two enlal'gements of the same, and 
according to Hayem are especially liable to occur in the lumbar 
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enlargement. Sometimes they occupy pl'incipnlly the white, nnrl 
sometimes principally the gray substnnc<'. Their size varies from 
that of a liemp-see<l to that of a hazel-nut, or larger; they gPncr
ally occur singly, rnrely several are fonml at once, or a whole 
grnup or them. Tuberc:Ie o[ the spinal cord is seklom the only 
localization of tuberculosis within the body; there is almost 
al ways simultaneous tubercle of the brain. or tuberculosis or the 
lungs and other organs of the body can be demonstrated. Yery 
generally gray miliary tubercles are at the same time to be found 
in the meninges of the conl. 

Tubercles of the spina l cord ha,•e quite the appearance or the 
well-known, far more frequent tubercles of the bmin; they are 
roundish, hard tumors, or a dry quality, o[ yellowish-white, 
cheesy color, of a lamellar arrangement on their cut surface; the 
peripheral layers are often morn gmy and hard, and contain 
young tubercle grannlalions. Sometimes a. rentral cavity is met 
with, containing softened matter of a cheesy or pasty consist
ence (Chvostek, IInbcrshon). 

In the vicinity of the neoplasm there is always more or less 
extensirn softening o[ the spinal cord, o[ an inflammatory nature; 
a secondary myelitis which is especia ll y prnnonnced in the gray 
substance, and extends to a ..-ariable cleg1·pe upward ancl down
wanl within this substance. Sometillles, loo, a species of encap
sulation through sc lProlic t issue is met with i11 the Yicinity . 
According to circnmstances-accordi11g lo the po-citio11 o[ the 
tumor-there will be secondary ascencli11g or descemling de
generation. 

Syphilornata, gurnrnata, are, on the whole, but rarely found 
within the spinal cord (cases of E. \Vagner, Maxon, Charrot and 
Gombault, and others). They are the11 genrmlly multiple, and 
occur simultaneously also in the bmin. They have the same 
peculiarities as other gummnta or the central nen·ons system. 

Carcinoma seems ne,·er to occur primarily in the spinal corcl, 
if we ignore the earlier, very cloubtfnl reports with regarcl to 
"cancerous" new growths in the cord. E1·en the case of tumor 
of the cord, reported by John Grimm as meclnllary carcinoma, is 
probably somewhat questionable . Yery frequently, however, 
carcinomatous growths, taking their origin from the vertebrre, 
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grow into the spinal cord, but then they run their course quite in 

accord with the clinical picture of mc•11ingeal tumors. 

Probably those alteratio11s within the cord which have been 

describecl under the names of hydromyelus and syringomyelia 

may also be in part counted amo11g tumors of the cord. Although 

they are not exactly rare, they a1·e o[ very little practical impor

tance on account of frequently running tlteir course entirely unac

companied by any symptoms. Their method of development 

seems to be various; sometimes there is an uctual malformation, 

sometimes a secondary widening of the central canal, sometimes 

a secondary development of cavities, such as occur from processes 

of softening in myelitis, or more frequently (Th. Simon) in actual 

neoplasms (gliomata, myxogliomata, myxosarcomata, etc.). 

Etiology. 

The causes of intramedullary tumors are as yet quite obscure. 

Naturally enough, here too, as in meningeal tumors, the blame 

has been attachPd to all sorts of conditions, but it is generally 

very hard to tell witlt what llegree of justice. 

Traumatic lesions, a blow, a jar, a fall upon the spinal col

umn, are among the causes, the efficacy of which we should be 

most inclined to recog11ize. 

The intluence of pregnancy and the puerperal state are quite 

uncertain. These might more readily be believed to give occasion 

for the appearance of the Jirst symptoms where the neoplasm 

already existed hut was as yet latent. 

It cannot be regarded as settled whether severe j'rigltt, pro

longed trouble, and the like, are capable of causing the develop

ment of a tumor of the spinal corcl. 

It is certain, howe1·er, that some general diseases and clyscra

sias are capable of occasionally becoming localized in the spinal 

cord. This is true of scrofola and tubercnlosis, as shown by 

tubercle of the cord; of syphilis, as shown by spinal gummata. 

\Ve know of nothing further to say with reference to the etiol

ogy of intramed ullary tumors. 
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Symptomatology. 

The picture of di sease by which tumors of the spinal cord 
betray themselves is exceedingly variable in different cases; it is 
manifold, and generally at the same time so uncertain that there 
can ordinarily be no such thing as a positirn recognition of the 
same. This lies in the very nature of the case. 

Either a more or less complete paraplegia appears, with all 
the usual signs observed in every myelitis from compression 
{paralysis of motion, sensation, and of the bladder, increased re
Jlex action ; finally, atrophy, bed-sores, etc.). The development 
of this paraplegia sometimes, though by no means always, occurs 
with li vely excentri c pain, shooting pains i11 the limbs, constrict
ing pains like a girdle, etc., similar to the symptoms in meningeal 
tumors, with parrestlwsia, local atrophy, and the like; sometimes 
it comes on with vague and uncertain symptoms (parresthesia, 
weariness, stiffness, sl ight atrophy, etc.) lasting for a long time, 
until the paraplegia then suddenly and somewhat rapidly de
velops itself, ev idently caused by a rapidly spread ing transverse 
myeli tis, or it may be by hemorrhage into the tumor itself and 
its surroundings. 

Or a quite partial paralysis is at first developed, which may 
remain for a long time confined to one upper extremity, for in
stance, anJ then, in an irregular manner, seize the other extrem. 
ities until the paraplegia has become complete. In such cases, 
too, tile symptoms of a unilateral lesion have been observed for 
qnite a long while (cases of Scholz, Gendrin), which have then, in 
the further progress of the affair, developed into complete para
plegia. Or various other groups of symptoms are called forth 
(progressirn muscular atrophy, symptoms of tnbes, signs of 
spasmodic spinal paralysis, etc.) according to the position, seat, 
and principal direction of development of the tumor. 

In not a few cases the manifestations during life are exceed
ingly insignificant, ancl one is astonishecl, on making a post-mor
tem examination, to find such extensive changes in the spinal 
cord. This seems to be especially the case when a tumor quite 
centrally developed crowds the substance of the cord apart, and 

VOL. XlIL-48 
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does not entirely dest roy it. Th. Simon has even reported sev
eral exceedingly remarkable cases which ran their course entirely 
without any symptoms. 

But when it is not a question of just such quite exceptional 
instances, then the picture or the disease is u sually that of a 
transverse myelitis, being more or less rapidly developed and 
extending over a transverse section of the cord. Sometimes the 
disease runs a more acute, sometimes a more chronic form, and it 
is but seldom that in this pictnre the presence of a tumor can be 
recognized as the cause of the transverse myelitis. 

In some single instances the di sease also appears under the 
pictnre of a slowly ascending, chronic, spinal affection, which 
runs its course under the most complicated manireslations, and 
does not present the picture of the previously described chronic 
diseases or the general system ; therefore, represents more the 
picture or a diffuse ascending myelitis. In still rarer instances 
one may also recognize a descending extension or the neoplasm, 
or of the myelitis caused thereby, within the g ray substance, by 
the subsequent disappearance of reflex excitability, the occur
rence of ex tensive muscular atrophy, etc. 

The attempt has thus far been made in vain to secure, from 
amongst the individual symptoms, at least a few fixed points 
on which to base the diagnosis of intramedullary tumors. 
The following have been claimed as such. A somewhat long 
antecedent hi story of active local manifestations or irritation, 
belt-like pains, excentl'ic pains, definite par::estltes ias, local paral
yses, as in meningeal tumors; early and well-marked atrnphy, 
which points to a larger involvement of the gray substance; 
striking flu ctuations in the course of the di sease, spontaneous 
improvement, and equally spontaneous growing worse again 
(Schueppel) ; and finally, Schneppel has al so tried to connect 
the occurrence of scoliosis (cun·atme of the spinal column to the 
side on which the tumor is situated) with the presence of a 
tumor. In this he is doubtless wrong, as this manifestation 
merely depends on unilateral paralysis of the muscles of the 
back, which may depend on all sorts of causes. \Vhoever is at 
all familiar with the story of chronic spinal diseases will readily 
see that all these symptoms are of but very subordinate signifi-
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cancc, and will never justify a positive conclusion as to the pres
ence or a tumor. 

The termination of tumors of the spinal cord is doubtless in 
the majority o[ instances fatal, with the single exception of 
syphilomata, in which energetic specific treatment may bring 
about a cure. 

'l'he fatal termination may be brought about in various ways. 
Arter the disease has perhaps remained latent for a considerable 
t ime, or has onlyhetrayed itself by slight and insignificant mani
festations, an acute aggravation thereof suddenly occurs, and the 
disease then runs its course to death under the picture of an 
acute or subacute transverse myelitis. 

Or the aJJection prngresses slowly, more and more compli
cated ancl severe symptoms showing themselves gradually ; the 
evidences of paralysis take an ascending course, disturbances of 
respiration, paralysis of deg I utition, etc., are added thereto, and 
bring about the end. 

Or death is induced by intercurrent diseases developed dur
ing the progress of the spinal difficulty (typhus, variola, and the 
like}, to which the patient is perhaps able to offer less than the 
usual amount of resistance. 

The duration or the disease is not easily determined, as we 
can generally arrive at no certainty with regard to the beginning 
of the development of the tumor, unless very positive causes for 
the same ran be demonstrated. As a rule, however, but a few 
years elapse from the beginning of the symptoms to the fatal 
termination-sometimes but a few months. 

Diagnosis. 

It is evident, from what has been said above, that the diagno
sis of an intrameclullary tumor is but very rarely possible. As 
a rule, one will have to he content with making out a distinctly 
localized, more or less extended, chronic spinal aJJection, under 
which one may only in exceptional cases, with a certain degree 
o( probability, conjecture the presence of a tumor. This prob
ability may rest upon the etiological conditions which may hap
pen to be present; upon the demonstration of some previous 
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traumatic cause, or existing scrofula, or tuberculosis, or syplii
li s. Among the symptoms those which perhaps deserve special 
consideration are the fluctuations in the intensity of the paraly
tic manifestations, the not complete interruption of spinal con
dnctiun; furthermore, it may awaken suspicion of a tumor if 
the evidences of central myelitis or of hrematomyelia supervene 
upon those of a long-continned, insidious spinal affection . 

If once the general presence of a tumor within the spinal 
canal has become probable, it will still be difficult to distinguish 
an intramedullary from a meningeal tumor. An argument in 
favor of the former will be found in the slighter intensity of the 
initial signs of irritation ancl in the frequently occurring gradual 
upward advance or the disease. A positive conclusion, however, 
will but rarely be possible. 

P rognosis. 

The prognosis of spinal tumors-with the exception of the 
syphilomata-is, of course, absolutely unfavorable. In the ma
jority of cases, however-in view or the defective diagnosis-this 
is first clearly brought to our view by the fatal termination of the 
case. 

Therapeutics. 

Consistently with the above statements we have to admit that 
our therapet1tics are generally quite hopeless. It is only when 
syphilis exists that we shall attain any results by energetic med
ication directed against this disease. \Ve know at present of no 
remedy for the other neoplasms. And yet we would not for that 
reason oppose any attempt that may be made with iodide of 
potassium, arsenic, iodide of iron, cod-liver oil, etc. 

As a rule, we shall have to confine ourselves to the treatment 
directed against subacute and chronic myelitis, which has been 
explicitly set forth in previous sections, until we have convinced 
ourselves and the patient of the hopelessness of all further at
tempts at a cure. 
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19. Secondary Degenerations of tlte Spinal Corel. 

L. Tuerck, Ucber ein bishcr uuLckanntes Vcrhalten d es R.-M. bei Hemiplcgicn 

Zcitschr. d. Gcs. d. Acrzte in Wien 1850. Heft. 1.-L. Tuerck, Uebcr sccun

di~rc Erkrankung cinzclncr Rlickenmarksstr:'.inge und Hirer F ortsctzungcn zum 

Gehirn. Sitzungsbcr, d. kais. Akadcm. d. Wiss. :Mat hcm.-naturw. Clnsse. lld . 

VI. 8. 288-312. 1851 und Ibid. Bd. XI. 8. Q3. 1853.-Leyden, Ucbcr grnuc 

Degener. des R.-M. III. Deutsch. Klin . 1863. Nr. 13.-Boucharll, Des dl!gfat

erations secoudafres cl.1. moCllc Cpiu. Arc11. gl!nCr. d e mCd. 1860. Vol. I. pp. 

272, 441, 561. Vol. If. p. 273.-Cliarlt. Bastian, Case of Concussion-lesion with 

Extensive Secondary Degeneration of the Spinal Cord, etc. J.lcd. Chir. Trans. 

L. pp. 4!HJ. 537. 1867.-D. 0. Barth, Ueber secuncl. Degener. des R.-i\L Arch. 

d. lleilk. X. S. 433. 1869.-Vulpian, Expl!ricnccs relat. ii. la pathogl!nie dei 

atroph i~ second. d. 1. m. l!p. A.rch. d. Physiol. II. p. 221. p. 661. 1869. Ilf. 

p. 521. 1870.- 1Veitphal, Ucbcr cin eigcnth. Vcrhnltcn sccundiir. Dcgcncrnt. 

d es R-M. Arch. l. Psych. u. Ncrvenkrankh. U. S. 374. 1870.-Ucb. kiinstl. 

erzeugtc sccund. Degener. einzelncr RUckemarksstrilnge. Virch. A.rcll . Bel. 48. 

S. 516. 1869. und Arch. f. Psych. u. Ncrv. JI. S. 415. 1870.- lV. Mueller, 

Bcitragc zur pathol. Annt. uncl Physiol. des R.-'M. Leipzig. 1871. Bcob. 1.-C. 

Lanue, F orclaesninger over Rygmarv. Patologi. 1. Ileft. Kopcnhngcn. 1871. 

Fall von Myelit. intcrstit. chronica. llosp. T id. 14. Aarg. 1871 (s. Virchow

llirsch, J ahresbcr. pro 1871. Bel. II. S. 77).-0. Lanue, Om lednings forhol

dcne i Rygm. Bagstriinge, etc. Nord. med. Arkiv IV. Kr. 11. 1872 (s. Vir

chow-Hirsch, Jahresbcr. pro 1872. Bd. IT. S. 79).-771. Simon, Tumor im Snck 

d er Dura spin., die Cauda cquina comprimircnd, mit fortgeleit. Degener. d. 

Ilinterstriinge u. s. w. Arch. f. Psych. u. Nerv. V. S. 144. 1874.-Leyllen, 

Klinik der R U.ckenmnrkskrankh. II. S. 301-317. 1876.-F. Schultze, Zur Lchrc 

von d er sccund. Degener. des R -:M. Ccntrnlbl. f. cl. med. Wiss. 1876. Nr. 10. 

-A. Pitres, Atroph. muscul. cons6cur. U unc sclCrose descend. ProgrCs mCd. 

1876. Nr. 8.-Dcs dCgCin6rat. second. cl. I. m. l!pin. dnns les ens de lesions cor

ticnlcs. Gaz. med. de Par. 1877. Nr. 3.-0harcot, Lei;:ons sur les locnlisnt. 

dans Ies malad . du ccrvenu. 1. fnsc. 1870. p. 145-168.- P. Flechsig, Die Lci

tuugshahnen im Gchirn und R-~I. des :Mcnschcn. Leipzig, 1876. S. 230 ff.

Ucber Systcmcrkrnnkungen im R.-)L Arch. cl. Hcilk. X\"III. S. 101 S. 28\J, 

1877.-P. Sc!tiefferdeckcr, Uebcr Regeneration, Degenernt. u. Architcctur des 

R ·M. Virch. Arch. Bd. 67. S. 542-614. 1876. 

A. Vidpian, Influence de }'abolition des fonct. des ncrfs su r Jn rtlgion d. J. m. Cpin., 

qui leur donne orig ine. Exam. cl. I. moCllc clnns des ens d'nmputnt. d 'an

cienne date. Arch. d. Physiol. I. p. 443. 1868.-Sur les modifi c. qui sc pro

duis. clans I. m. l!p in. sous l'influcncc de la section des nerfs <l'nn membre. Ibid. 

IL p. 675. 1860.-.Dickinson, On the Change! in the Nervous System which 

F ollow the Amputation of Limbs. J ourn. of Anat. nod Phys101. Nov. 180S.

Fried1'eiclt., Uebcr progress. Muskelatrophic u. s. w. Berlin, 1873. S. 138.-Ley-
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den, 1. c. II. S. 314. 1876.- A. Genzmer, Vcranderung im R.-'M. ciucs Ampu

ti rtcn. Virch. Arch. B el. GG. S. 265. 18i6. 
G. Hayem, Des nltCrntiong cl 1. mocllc, consCcut. ii. l'nrrnchcmcnt du ncrf sciatique 

chcz le lapin. Arch. d. Physiol. V. p. 504. 1873.-Compt. rend. Vol. 78. p. 

291. 1871. 

History. 

'Ve are indebted to L. Tuerck (1851 and 1853) for the di scov
ery and the most thorough examination of certain secondary 
processes of degeneration which frequently occur within the spi
nal cord. He was the first to make extensive reports with regard 
to these processes, and his observations, which, in spi te or the 
defective methods of examination then employed, still pass mus
ter at the present day, gave us a well-nigh exhaustive explana
tion of the state of things, to which the mos t recent rnsearch 
has added but lit tle. 

Some few observations belonging under this head doubtless 
received passing notice even before Tuerck's time ; thu s, for 
instance, in the "Sepulcretum" of Bonetus. Cruveilhier also 
found secondary a trophy ex tending to the pons aml the pyra
mids in di seases of the brain, though he founcl nothing of thi s in 
the spinal cord itself. Rokitansky had the same experi ence. 
Tuerck, however, was the first one who thoroughly and almost 
definitively cleared up the question of secondary degenera tions 
within the spinal cord . His statements, however, chietly refer 
to the localization and extension of the process under various 
circumstances. 

The first somewhat more accura te teachings with regard to 
the hi stological condi tions in secondary degeneration are those 
of Leyden, in 1863. 

After various French and other observers (Charcot, Cornil, 
and others) had published single cases which belonged under this 
head, Bouchard (in 1866) issued a work trea ting of thi s question 
in all its phases, in the most masterly manner, wherein he not 
only sets forth the pa thologico-anatomical relations, but al so 
mos t specifically the pathogenesis and symptomatology of sec
ondary degenerations. 
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The communications which followed, consisting chiefly of 
·reports of cases, developed nothing new that was of any signifi
cance. The only thing of importance was the demonstration 
furnished by 'Vestphal-previously sought iu vain by Vulpian, 
but afterwards confirmed by him-that secondary degeneration 
could also be experimentally produced in dogs. 'l'his is a fact 
of which, alas! no one has as yet availed himself for the purpose 
or submitting to an experimental test various still obscnre ques
tions connected with secondary degeneration. 

Quite recently again the doctrine of secondary degenerations 
has been materially advanced, and in some respects cleared up, 
by two important ancl larger works. Flechsig, in his compre
hensive work on the paths of conduction within the human spi· 
nal cord, has also examined and tested secondary degPnerations 
more carefully, has compared the results of this testing with the 
very noteworthy results of his investigations into the history of 
development, and has found them to agree in a way that is en
tirely satisfactory.' Schiefferdecker too, has, at least in one 
direction, most carefully worked up a large amount or experi
mental material (in dogs whose spinal cord von Goltz and Freus
berg had divided at a certain point, for purposes of physiological 
investigation). He has fully confirmed the former doctrines 
and somewhat extended them. 

In spite of all this, many a problem still remains to be solved, 
and although the examination of secondary degenerations has 
already been of the greatest value in advancing our knowledge 
of anatomical, physiological, and pathological pl'oblems, yet just 
:i.t this very point there is still a rich field for experimental inves
tigations, which will undoubtedly lead to numerous and impor
tant results. 

Etiology and Pathogenesis. 

Since the investigations of Tnerck, it is known that certain 
diseases of foci lying outside of the spi11al cord (especially within 

1 In bis work, in the Arcllio der Ileilkundc, which is as yet but partly ma.de public, 
Flcc'18i9 returns, in a more detailed manner and with more positive declarations, to the 
question of .tJecondary degenerations. 
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the brain), and having a definite seat, are followed by a secondary 
disease of quite definite paths of conduction, which disease is 
extended for great distances into the spinal cord; and that simi
larly, in certain diseases within the cord, secondary disease of 
quite definite paths of conduction extends upward as well as 
downward, far beyond the limits of the original focus of disease. 
Finally, the same thing, even though to a more limited degree, 
holds true of certain diseases of the peripheral nerve-tracts. 

Therefore, in diseases which are either developed in its own 
substance 01· in some portion of the nervous system lying outside 
of the same, the spinal cord, in a portion of its tracts, is seconda-
1·ily involved in dispase, and, indeed, as has appeared on more care
ful observation, this occurs in a perfectly regular manner and 
according to certain Jaws. Those changes in the spinal cord 
which are thus caused are designated as secondary degenera
tions. They act quite differently, according to the seat of the 
lesion which causes them. 'Ve must therefore ilistinguish seve
ral group. 

a. Secondary degeneration ef the spinal cord in diseases qf 
tlte brain. This is, of course, always descending in its progress, 
and is as good as exclusively confined to the so-called "pyram
idal tracts" (Flechsig) ; that is, on the one hand, to the motor 
conduction-tracts uniteil into a large bundle in the posterior half 
of the lateral columns (" Pyramidenseitenstrangbahnen ") ; on 
the other hand, to the uncrossed pyramidal tracts lying together, 
usually in a nanow bundle at the inner surface of the anterior 
columns(" Pyramiden-Vorderstrangband "-Flechsig, "IIiilsen
Yorderstrangband ''-'l'uerck). 

This degeneration can be followed upward through the pyra
mids and the pons into the crura cerebri and the fibl'illations of 
the inner capsule; it extends downward, always growing nar
rower and becoming limited to a smaller number of fibres, into 
the lumbar portion of the cord, to disappear gradually in the 
lower half of the same. 

Descending secondary de,qeneration ef tlte pyrarnidal tracts 
occurs in all destrnctive diseases of the brain which involve the 
direct motor paths between the pyramicls and the corona racliMa 
(perhaps more accurately the direct motor tracts of the inner 
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capsule-Charcot). This degeneration is called forth by effusions 
of blood, foci of softening, neoplasms, scleroses, and chronic 
inffanunations, which to any considerable extent involve the 
pons, the peduncles, the optic thalamt1s andcorpnsstriatum, the 
lenticular nucleus, etc. It has also been found in chronic hydro
cephalus (F. Schultze). An indispensable prerequisite to the 
occurrence of this degeneration, however, seems to be that the 
direct motor tracts which run from the pyramids to the inner 
capsule' must be involved in the lesion; affections which are 
rigidly confined to the gray substance or the lenticular nucleus, 
the optic thalamus or· the corpus striatnm, call forth no secondary 
degeneration (Charcot). 

It is furthermore demonstrated that lesions of any consider
able extent in the centrum ovale, in case they are not situated 
too far from the foot of the corona radiata, call forth this degener
ation. 

Finally, it appears, from both older and more recent observa
tions (Tnerck, Bouchard, Charcot, Pitres, Flechsig), that this 
descending degeneration also takes place in diseases of the cortex 
of the brain (if they are not very superficial only); but this is 
only true when such lesions are situated in the so-called "motor 
sections" of the hemispheres-in the central convolutions and 
their immediate neighborhood. Here even a comparatively small 
focus of disease is sufficient to cause the degeneration, while in 
the non-motor portions of the brain-cortex even larger lesions 
exist without secondary degeneration. 

In all these brain affections, therefore,-and they constitute 
no small number of brain diseases gcnerally,-after the lesion 
has existed for some time, descending degeneration or the pyram
idal tracts takes place, and in the spinn.l cord this is situated 
on the opposite side from the brain-lesion in the lateral columns 

1 I sec by tho continuation ot Flecl1si(J1S work in the Arcldv der lleilkun<le, which 
bas appeared since the completion of my n1anmwript1 that the statements of Cluircot 
nod Fltclisi[J materially differ with regard to the position of the pyramidal tracts with· 
in the inner cnpsnle. Clwrcot plnces them in the anterior, Flccl~sig in the posterior 
di"isions of the inner capsule. This question, which can doubtless be definitely settled 
by further invcstigatious, is of primary interest in connection with the pathology of 

the brain. 
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(therefore crossed) ancl on the same sicle with the brain.lesion in 
the anterior columns. Flechsig has shown that these two tracts 
are doubtless physiologically of the same significance or function, 
::incl that the pyramidal tracts are distributed variously to the 
lateral ancl anterior columns, so that iu one case all the pyram. 
iclal tracts run through the crossed lateral column, in another 
case a great part of the same take their way through the anterior 
column of the same sicle. In secondary degeneration, therefore, 
the circumstances of this distribution may also vary. 

The case made public by F. Sc1rnltzc must, thus for, be considered as standing 
alone. In a sarcoma of the anterior division of the corpus callosum there was de
scending dcgcncrntion in the external posterior columns [" Kcilstrnng "-" Funi
culu~ cuncutus" of Burdach], reaching down to the dorsal portion of the cord, 
while Gall's columns and the lateral columns were free. The microscope showed 
absence of the greater part of the axis-cylinders and marked atrophy of thosl! that 
remained; the mcdullary shcti.th was chiefly preserved, the neuroglia not incrchsecl, 
no proliforntion of nuclei, no granule.ccl1s, no fatty degeneration of the vessels
thcrefore a picture differing from the one usually found in secondary degeneration. 
The entire condition of things in this case is unique, if not inexplicable, and it 
may therefore seem doubtful whether it belongs here at all. 

b. Secondary degeneration ef the spinal cord in diseases ef 
the corcl itself-In all severe diseases of the spinal corcl (trans
verse myelitis, myelitis from compression, hromatomyelia, sclero
sis, tumors, etc.), as we have already stated in various places in 
this book, if these diseases involve the entire transverse section 
of the corcl, or also certain definite portions of the same, second
ary degeneration of definite divisions of the corcl will take place. 

If the disease involves the entire transverse diameter, or at 
least the greater portion thereof, ascending as well as clescencling 
degeneration will be founcl as soon as the a!Iection has lasted a 
certain length of time . 

.Ascending degeneration extends: a, to the posterior columns, 
ancl especially to the inner halves of the same, which, in the up
per division of the spinal corcl, are more sharply clividecl from 
the outer halves, ancl are generally known uncler the name of 
"tender columns," or "Goll's columns." In the immediate 
neighborhood of the lesion the degeneration extends to the entire 
wiclth of the posterior columns, but it very soon becomes strictly 
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limited to Goll's columns, diminishes in extent as it ascends, but 
can always be followed into the restiform bodies, where it ends. 
This form of ascending degeneration is very frequent, and is 
generally easy to recognize by its sharp limitation, and usually 
very distinct gray discoloration. 

{3. Ascending degeneration, again, may occupy a narrow zone 
at tlte outer peripltery of the posterior lateral column, which 
begins with its greatest width at the point of the gray posterior 
horn, and extends forward over the greater part of the periphery 
of the lateral column, as a border which is all the while growing 
narrower. This degenerated zone can be followed upwarcl to the 
cerebellum. It was known, although but imperfectly, to Tuerck, 
was afterwards often overlooked, and has recently again been 
restored to its legitimate place, and more carefnlly studied by 
Flechsig and Schiefferdecker. The tract thus degenerated, which 
closely and intimately touches the descending degenerated pyram
idal tract of the lateral column, is designated by Flechsig as 
the "direct cerebellar tract of the lateral column" ("directer 
Kleinhirn-Seitenstrangband "). 

Descending degeneration in affections of the spinal cord also 
extends almost exclusively to the "pyramidal tracts," just in 
the same r.:ianner as in diseases of the brain, that is, with variable 
distribution to the tracts in the posterior lateral columns and the 
tracts in the internal anterior columns, only with the non-essen
tial difference that here the gray degenerated spot in the lateral 
column usually has a somewhat larger extent. Naturally in 
spinal affections the descending as well as the ascending degener
ation is generally bilateral. 

Aside from this, Schielierdecker states that transverse section 
of the anterior and lateral columns shows scatterecl fibres of de
scencling degeneration, but they are only to be found in the 
neighborhood of the point of lesion. 

In lesions which only aliect a portion of the transverse section 
of the cord, we shall also find only correspondingly partial second
ary degenerations. 

Thus, for example, in trau1natic unilateral lesions, the ascend
ing as well as the descending degeneration is contined to the side 
of the injury. 
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In affections that are confiuecl to thefundamental bundles of 
tke posterior columns (" Keilstriinge " - " banclelettes extern es " ) 
" ·e meet only with ascencliug clegeueration of Goll's columns 
(perhaps also of the cerebellar tracts of the lateral columns), a 
condition which probably exists with tolerable regularity in tabes 
clorsal is. 

In case of partial lesion of the lateral columns (a circum
scribecl sclerosis, effusion of bloocl, wouncl, tumor, etc.), " ·e shall 
find only clescending clegeneration of the lateral column of that 
side. 

It has not yet been determinecl whether certain lesions of the 
gray substance can also call forth secondary clegenerations, ancl 
so far as we know the question has not yet been very closely 
investigatecl. It woulcl cloubtless be worth the while more care
full y to test the anatomical conditions, with reference to this 
point, in amyotrophic lateral sclerosis, in the spinal paralysis of 
children, in progressive muscular atrophy, etc. 

c. Secondary degeneration of the spinal corcl in clisease of 
the peripheral nerves. Such a conclition is, thus far, known with 
certainty to exist only in lesions of the spinal nerve-roots, and, 
indeed, it woulcl appear, only of the posterior roots. A certain 
number of observations exists (Cornil, Th. Simon, C. Lange, 
Leyclen) in which tumors on the cauda t•quina compressecl the 
nerve -roots lying within the same without clirectly injuring the 
spinal corcl itself, ancl in which an exquisite ascencling degenera
tion of the posterior columns was found, extending to the entire 
transverse diameter of the same in the lumbar region, and being 
limitecl, higher up, to Gall's columns. 

Lesion of the motor roots, or lesion (section, crushing, etc.) of 
the peripheral nerve-trunks is not followed by any seconclary de
generation in the cord. 

After having thus enumerated the causes of secondary degen
erations in the spinal corcl, we have to acld that the pathogenesis 
of the same is by no means, as yet, satisfactorily cleared up. 

Closer observation teaches that descending clegeneration oc
curs in undoubtedly motor py ramidal tracts, that is, in those 
leacling in a centrifugal direction, only when conduction in these 
tracts is interruptecl at some point of their course. 
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Furthermore, that ascending degeneration occurs when the 
posterior roots-therefore, tracts leading in an undoubtedly cen
tripetal direction-are interrupted in their conduction; likewise, 
if the posterior columns, which are probably to be regarded as in 
great part leading in a centripetal direction, are injured; and 
finally, if the same thing happens to certain tracts of the lateral 
columns (the direct cerebellar tracts of the lateral columns). 
·whether the latter lead in a centrifugal or centripetal direction 
is not yet determined; at all events, this is not indicated with 
entire certainty by the direction in which these tracts degenerate 
on the interruption of concluction. 

Some authors, then, explain seconc1ary degenerations simply 
as follows : that the degeneration follows in the c1irection in 
which the conc1uction of physiological excitation occurs, and that 
the interruption of these processes of conc1 nction-the functional 
inactivity of the nerve-tracts-is the actual cause of the c1egener
ation. Therefore the motor tracts have always been founc1 c1e
generated in a centrifugal, the sensitirn always in a centripetal 
direct ion. 

Ir this were true, then, when a peripheral nerve was cut 
through, the sensitive fi bres ought to degenerate only in a cen
tripetal direction, that is, in the central piece, the motor fibres 
only in a centrifugal direction, that is, in the peripheral piece. 
But this is notoriously not the case, both kinc1s o( Hbres degen
erating in a centrifugal c1irection and only in the peripheral 
division of the nerve. 

If this were true, tlien in every descending seconc1ary degen
eration of the pyramic1al tracts, in consequence of lesion of the 
brain or corc1, the anterior roots and the motor peripheral nerves 
would have to degenerate, for these, too, are entirely c1isturbed 
in their function. The contrary, however, is true; the anterior 
rnots anc1 the peripheral motor tracts remain intact in the vast 
majority of cases (if no special complications exist). 

The view, therefore, that the degeneration is due to the func
tional inactivity cannot be looked upon as sufficiently well founc1-
ec1, as has, inc1eed, been satisfactorily proven by Bouchard. 

In my opinion, the only conclusion which can thus far be 
dmwn is, tltat secondary degeneration occurs as soon as certain 
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definite conduction tracts are separated from their trophic cen
tres, their centres of nutrition (Bouchard, C. Lange, and others) 

·where these centres (centres of de1·elopment ! Flechsig) lie, 
and how they arc related to the different tracts, is, to be sure, as 
yet tolerably unknown. There are only some points in regard 
to which we can thus far draw conclusions with more or less prob
ability of being ri ght; thus, for instance, that the trophic centres 
for the sensitive tracts ascending with the posterior roots (there
fore, probably, also for the greater part of the tracts subject to 
ascending degeneration) are probably situated in the spinal 
gm1glia; that the trophic centres for the anterior roots and the 
motor nerves are certainly to be sought in the g i-ay anterior horns. 
Bt1t it is as yet entirely unknown where the trophic centres for 
the pyramidal tracts lie; they may, perhaps, be situated in the 
gray cortex of the brain, in which, according to recent investiga
tions, large, multipolar ganglion-cells have also been found, such 
as exist in the gray anterior homs of. the cord. The trophic cen
tres for the direct cerebellar tracts of the lateral columns are also 
as yet entirely unknown. 

Consequently quite an array of important problems still re
mains to be solved. And however great the advantages which 
have already accrued to our knowledge of the anatomical struc
ture and physiological functions of the spinal cord, through the 
study of secondary degenerations, it is equally to be desired that 
still further and particularly experimental investigations on this 
highly important question should be under taken. 

Those cho.ngcs iu the spiual cord which have been seen to nrisc after amputations 
ancl the resection of 1ie1·vcs only stand in a very cli stnnt relation to actual secondary 
dagenerations. After amputntion, a non-symmctric:nl condition of the spinal cord 
has been found, with narrowing of the entire half of the cord on the side of the 
amputation, sometimes mostly affecting the aHterior, nnd sometimes the posterior 
column, and generally also in volving the gray substance. Some observers report 
slight histological changes, diminution in size of the gang lion-cells and nerve-fibres, 
very sli g ht increase o f connective tissue, possibly some diminution in the number of 
the ganglion-cells i but in the majority of instances the hi stological condition o f the 
spinal cord was quite normal. The asymmetry was gcnemlly more marked in pro· 
portion to the youth o f the individu!l.1 at the time of the O['Crntion, and the length 
of time tha.t had elapsed since the operation. No doubt here it is a question in part 
of an arrest of development through the early disuse of the part; probably partly, 
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also, of aimplc atrophy from the same cause; and, least of all, also, of the results of 
a chronic irri tative process travelling along the nerves from the point o f :imputation 
upward into the sp inal cord. All this requires still further investigation. 'I'hus 
much1 however, nppea111 to be certain already, that these changes in the cord arising 
after amputations, etc., have nothing to do with the secondary degenerations we arc 
here cousidering j also th:1.t they arc of very little practical significance. 

An entirely different matter is the condition of things which Ilayem found in 
the spinal cord of squirrels after tearing out the sciatic nerve. Ilerc it is n question 
of a direct wounding of the spinal cord, and of a traumatic myelitis ari sing thence, 
the more careful study o f which prom ises to be of grent importance to the doctrine 
of acute central mye litis. Exceptionally such a central , nscending myelitis (which 
lends to progressive atrophy of the muscles) also arises after simple resection of the 
trunk of the sciatic nerve in the squirrel 

Pathological Anatomy. 

The macroscopic appearance of secondarily degenerated por
tions is, in general, that of gray degeneration, morn or less dis
tinct ancl pronounced; gray or grayish-yellow cliscoloration some
times disscminatecl with fine, whitish lines (vessels with an abun
dance o{ gra nule-cells). In more recent cases, a, brilliant, pure, 
milk-white color is also to be recognized (C. Lange). Not seldom, 
however, in the fresh prepurution, nothing at all, or nothing very 
definite, can be seen with the naked eye; an cl thus, in a fresh 
specimen of the cord, no correct idea can be obtained of the 
existence ancl extent o{ the secondary degenemtion. This is 
generally brought out with greut distinctness by the familiar 
coloration o( the specimen with chrom ic acid (a bright yellow 
appearance), :rnd can then be rnry well recognized; but a, trnly 
accurutc conclusion, especially with reference to the extent of the 
degeneration, can, u{ter all, only be reached by microscopic 
examination. 

After the affection has lasted a considernble time, there is 
generally no trouble in rerognizing distinct atrophy uncl shrirnl
ling of the degenernted columns; the form o{ a transverse section 
of the cord may appear somewhat altered thereby, the gray horns 
being somewhat displaced in one direction or another. In one
sidecl degenerution, particularly, the asymmetry of the two halves 
of the spinal cord, on transverse section, thus stands out dis
tinctly. 
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The microscopic conditions have not yet been developed 
with the completeness which we might wish, in all the different 
stages of the degenerative process, so that a complete account 
of the histological processes in the same cannot, as yet, be 
given with certainty. The statements and views of dillerent 
investigators, with regard to the method and the essential 
character of the process, also differ as yet in a manner that is 
not pleasing. 

In considering them, we must separate the earlier stages 
(which are far from being satisfactOJ'ily investigated as yet) from 
the later stages (which come under observation by far the most 
frequently). 

In the earlier stages of the process we meet principally and 
almost exclusively with alterations 'in tlte nerve-fibres. 'fheir 
medullary sheaths are found strikingly altered in their reaction 
with carmine and osmic acid; they break down and become 
fissured, suffer fatty degeneration, and finally disappear al to
gether. For some time the axis-cylinders alone remain (or per
haps also the horny sheaths recently discovered by Kuehne and 
Ewald). Along with these processes of degeneration an exceed-

. ingly abundant development of gmnule-cells also sets in, which 
gives a characteristic appearance to the microscopic picture, and 
which formerly served exclusively for the recognition of second
ary degeneration. During all this the connective ti.Ysite is not 
materially increased; this does not occur until much later. On 
the walls of tlte vessels an abundant deposition of fat-granules 
and fatty degeneration may be recognized. Aside from this, 
there is always a not inconsiderable number of well-preserved 
and apparently normal nerve-fibres to be observed. 

In the later stages the degenerated tissue appears shrunken, 
as a whole ; most of the nerve-fibres have entirely disappeared, 
or their remnants alone can still be demonstrated as narrow, 
rigid fibres (axis-cylinders! horny sheaths!). The tissue ef 
tlte neuroglia is materially focreased, and is changed into a 
dense, finely fibrillar tissue, which contains numerous nuclei and 
spider-like cells. The granule-cells ltave become more scanty, 
or have entirely disappeared; not rarely numerous corpora amy
lacea can be seen. In this entirely degenerated tissue, likewise, 
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single, more or less numerous, well-preserved nerve-fibres are 
still to be seen. 

It is el'ident, then, that these later stages of the process are 
in no wny to be distingL1ished from ol'dinary gray degeneration 
(in tabes, multiple sclerosis. chronic myelitis) ; the histological 
picture is almost exactly the same. \Vhether this is also the 
case in the earlier and eal'liest stages, we must learn undeci
ded, as no im·estigations especially direc ted to this point exist; 
indeed, the two pI'ocesses (secondary degeneration and pdmnry 
sclerosis) have cel'tainly often been confounded with one another. 
\Ve should think that quite considerable differences would cel'
tainly appeal', ancl we consider it as one of the most important 
tasks devoldng upon the students of the pathological anatomy 
of the spinal cord, finally to clear up these fundamental ques
tions. 

Not until this is done shall we be able to give a decided 
opinion as to the rnetlwcl and the essence of this degenerative 
process, with regard to which the d ews of different authors at 
present materially differ. By some the entil'e process is regarded 
as an il'l"itative or inttammatory one, which propagates itseH 
directly from the point of h>sion by definite tracts, or which is 
developed in these very tracts by the breaking down of the 
nerve-fibres. Almost all the facts in the case :ug ue against the 
theory of an inHarnmatol'y process propagated directly from the 
point of lesion; and if the more recent statements of careful 
obsen-ers are correct, that the fil'st changes are to be recognized 
exdnsively in the nerve- fibres, and that alterations in the con
nective tissue do not occur until many weeks later, tlien it will 
be i111possible to sustain this view. After comparing all the 
statements now before us, it appears to us most probable that we 
have here to dea l with a process entirely analogous to those 
rhanges which arise in peripheral nen-es after they have been 
didded; that secondary degeneration, theref01·e, is nothing else 
than the degeneralh>e (nemotic) atrophy qf certain definite tracts 
qf the spinal cord separated frorn their nutritive centres. 'Ve 
~hall have to learn it undecidecl for the present, whether the pro
liferation oI con110ctive tissne which arises later is called forth 
by the iri-itation caused by the products of degeneration of the 

\'OL. Xlll.-49 
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nerve-fibres, or whether it constitutes an essential part of that 
degenerative atrophy. 

Statements differ materially with regard to the period within 
which secondary degeneration is developed after the occurrence 
of a lesion which causes it. Tuerck's opinion, that about half a 
year is required for this purpose, is evidently incorrect; all morn 
recent observations have approximated the end of the pe1fod 
much nearer to the occurrence of the causative lesion, and in 
cases falling under this head we may be sure of finding the 
degeneration distinctly developed and easily recognizable after 
four, six, or eight weeks. Schieiierclecker, in his experiments 
on clogs, found the beginning of the degeneration at the encl of 
fourteen days. At the encl of four to five weeks the well-marked 
picture of the same was completed, and it was not until the 
eighth week that he saw changes arise in the connective tissue. 

The peculiar form of degeneration in ring-shaped figures, which Westphal 
described, and which was caused by a massive, peculiarly localized accumulation 
of granule-cells, has not been seen by others, and its significance is as yet entirely 
unknown. C. Lange thinks it was not a case of secondary degeneration, but a 
peculiar form of myclitic alteration i perhaps it belongs under the bead of what 
Schiefferdeckcr calls " traumatic degeneration." 

The distribution, as to space, of secondary degeneration in 
the spinal corcl is, in almost all cases, strictly according to rule, 
ancl extremely characteristic. 

Descending degeneration spreads first, in all cases, to the pos
terior half of the lateral columns- not entirely, but in greater 
part filling out the space between the periphery, the posterior 
gray horn, and the region near the point of attachment of the 
ligamentum denticulatum. On making various transverse sec
tions, the trans,·erse picture of the degeneration produced is 
somewhat varied (see Fig. 18). 

In the secondary degeneration which follows diseases of the 
brain, the degenerated portion, at least in the upper half of the 
spinal cord, does not reach the periphery of the lateral column, 
hut remains separated from the pia mater by a nanow margin of 
sound tissue, and is generally also somewhat separated in the 
same way from tho limits of the posterior gray hom. Further 
downward, on the other hand, this healthy peripheral margin 
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disappears, and the degeneration, although, as 
a whole, it has grown smaller, reaches entirely 
to the pia mater in the lower dorsal and ]um· 
bar portions of the cord. 

1'he secondary degeneration in such cases 
can generally be first demonstrated in the me· 
dullary substance of the crus cerebri; then in 
the pyramid of the same side, to be followed 
through the crossing of the pyramids into the 
lateral column of the opposite side; the greater 
part or the degenerated fibres takes this course, 
while a smaller part often remains on the side 
of the lesion, to continue its course downward 
in the pyramidal tract of the anterior column 
of the same side. 

The degeneration of the lateral column is 
most extensive in the cervical portion, and here 
has more of a triangular form, with the apex 
directed inward (Fig. 18, 1 to 3); in the dorsal 
portion it becomes gradually narrow and as· 
sumes more of a roundish form (Fig. 18, 4 and 
5); in the lumbar portion it moves more to
wards the periphery, again assumes more of a 
triangular form, grows narrower and narrower, 
finally to disappear entirely at the height of 
the origin of the third or fourth sacral nerve 
(Fig. 18, 6 to 8). 

Aside from this, in descending degeneration, 
the inner surface of the anterior column (pyram
idal tract of the anterior column) on the same 
side with the cerebral lesion is usually found 
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degenerated to a greater or less extent. It .c,~~?.;u~~;;~:;:;~:!":f~ 
constitutes a narrow zone, which generally f~~~:1!1a:h'~i: ~"1r~r:~! 
does not extend as far down the cord as the ~~~5'!~lne ~~r!i}::i~r!!':! 
degeneration of the lateral column, but disap- ~fa;1~~=~~:~e1f~~~1£°~~ 
pears entirely (Fig. 18, 1to6). The occurrence fJ:;~ 1~r~~~t~~>in~nea~~l:k:; 
of this degeneration depends on the distribu- ~~ue~~~~,t~: :~ ;~<!:nn: 
tion of the pyramidal tracts in the transverse !~fa~~!~e~:~~i°:Ot~). 1umbar 
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diameter of the spinal cord, as has been more 
carefully investigated by Flechsig; only the 
pyramidal tracts degenerate. Accordingly, in 
one-third of all the cases the lateral column 
alone is found degenerated; in the remaining 
two-thirds the degenera tion also involves the 
anterior column of the opposite side. Thus 
far no instance has been found of degeneration 
of the pyramidal tract of the anterior column 
alone. 

In diseases of the spinal cord the relations 
of descending degeneration are precisely the 
same. Only the transition into the original 
focus of disease is usually very gradual, so 
that the secondary degeneration is only sepa
rable, little by little, from the more diffuse le
sion of the spinal cord. Here the degeneration 
everywhere reaches the surface of the cord 
and can generally be recognized glimmering 
through the pia mater (Charcot, C. Lange). 
The distribution to the lateral and anterior 
columns is the same as in diseases of the brain 
(Fig. 19, 6 to 8). Naturally, in affections of 
the spinal cord the degeneration is generally 
bilateral; still it may also be the same in bilat
eral brain affections. 

Ascending degeneration of the posterior 
columns involves that portion of the posterior 
columns lying next to the posterior fissure, 
usually having a very sharp outline (Fig. 19, 
1 to 4). In the upper portions of the cord it is 

:~q~~~~~r~:::;~~:::: strictly confined to ~he colm:nns of GoJJ, .its 
111uaeuem!rouo1M{hntf 6Chc- apex usually not qmte reachmg the poster10r 

~~~~·t~1~~~L~~ .. P!~:1:i~ commissure. In the neighborhood of the orig
~1~Ya:~:'~j1·;~111·!~,~~c~~1(~~ inal focus of disease the d(->p;euera.tion spreads 
;:~r:~~~11:~\~ a~m~~1i1~ ~~: over the entire transverse diameter of the pos· 
~~i~;;1 ~1~~f(':.~:1=~1~nrri~~~ terior columns, thus gradually to pass over 
~,r~~~d:1~:ri~~~~u~~~~w. into the diffuse lesion. 
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Aho,·e, the ascending degeneration extends into the medulla 
oblongata and ends here with the " Funiculi graciles" (of Bur
dach- " zarten Strange " of Erb), in the region of the nuclei of 
the same. 

In tumors of the caucla equina with secondary degeneration, 
the posterior columns are degenerated to thei-r entire width, in 
the lo\\·er division of the spinal cord ; the degenerated zone grows 
gradually narrower and i> finally strictly limited to the columns 
of Goll (Th. Simon, C. Lange). This diminution, according to 
Schiell'erdecker, does not occur progressively and nniformly, but 
by steps. 

A scending degeneration in tlte lateral columns is liable to 
occupy bnt a very insignifican t amoun t of space. It appears in 
the Io1·m of a m t JTOIV peripheral zone, not sharply defined towards 
the inside, which begins at the hindmost end of the lateral col
uinn and e}\tends around the periphery of the same to a greater 
or less ui stance forward-often to the neighborhood of the ante
rior columns (Fig. 10, 1 to 4). Below, this degenerated zone 
ari ses gradually from the more dill'use lesion of the spinal cord; 
far ther up it can always be traced on the outermost periphery of 
the cord in the restiforrn bodies and un til the entrance of the 
same into the cerebellum. Schiefl'erdecker s tates that this sec
ondary degeneration also d imin ishes by steps. 

Secondai·y degenerations, in the vast majority of cases·-in 
fact we may say regularly-confine themselves to the whi te col
umns of the cord. 'l'he gray matter generally remains entirely 
intact (Tuerck, Bouchard), and bu t very exceptionally takes part 
in the process. Nevertheless, in descending degeneration of the 
lateral columns a spread of the (irritative?) process to the gray 
anteri or horns has repeatedly been observed (Charcot, Pierres, 
Pitres), resul ting in degeneration of the large ganglion-cells and 
muscular atrophy. This has thus far been observed principally 
in the cerrical enlargement, but belongs, as above stated, to the 
rare exceptions. 
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Symptomatology. 

Ascending secondary degeneration (in the posterior columns 
and in the cerebellar tracts of the lateral columns), so far as we 
are at present informed, appears to occasion no sort of clinical 
manifestations ; that is, it adds no new di sturbances to those 
caused by the fundamental malady. At the same time the ques
tion might be raised, whether the manifestations of sensory irri
tation in the paralyzed side of the body (parmsthesia, formica
tion, pain, a sensation of burning, of heat and cold, etc .), which 
arise so often in the myeli tis of compression and similar condi
tions, may not be connected with ascending degeneration of the 
posterior columns, and originate and be maintained thereby. 
This does not appear to us so entirely improbable, although it 
might, indeed, be hard to prove. . 

However positively, therefore, we may expec t the occurrence 
of secondary ascending degeneration i11 certain affections of the 
spinal cord when their diagnosis is once fairly establi shed, and 
however regularly we also find evidence thereof on the dead 
body, yet this certainty is by no means founded upon any defi
nite clinical symptoms; it rests, the rather, upon constant patho
logico.anatomical experience. 

It is somewhat different with the descendin.!J degeneration ef 
tlte pyramidal tracts. Of course this can produce no change in 
the phenomena of paralysis caused by the original malady. But 
since the work of Bouchard it has become to a high degree proba
ble that the slowly developed contracture of ltemiplegic subjects 
(the "contracture tardive" of the French), which becomes asso
ciated with the paralysis at a later period, stands in connection 
with the secondary degeneration of the pyramidal tracts, a nd is 
the result of the same. Bouchard is of the opinion that it is not 
so much the degeneration of the tracts directly affected by the 
paralysis which causes the contracture, as the initation of other 
nerve-fibres, of different origin, running in the same region of the 
cord, which irritation is causPd by a sclerosis arising in conse
quence of the degeneration. This will, at all events, be a hard 
matter to prove; and, indeed, it is not easy, as yet, to form 
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any satisfactory idea or the mechani sm of the origi n of contrac
tu res. 

An arg ument in favor of this view is, ne1·ertheless, found in 
the fact that the secondary contractures in hemiplegia are liable 
to occur about the same time at which one may expect the occur
rence of secondary degeneration-that is, one or two months 
after the first nppearance of paralysis. Furthermore, that in 
the spinal afiections, likewise, which lead to secondary degen
eration of the pyramidal tracts, muscular tension and contrac
tmes in the lower extrcmi ties are developed artet· a short time 
-about sim ultaneously with the a ppearance of these degen
era tions. Furtherm ore, that in amyotrophic lateral scleros i" 
contractur<>s ani regularly to be fo und along with the sclernsis or 
the pyramiclal tracts, just as muscu lnr tension and contractures 
belong to the most constant symptoms of supposed primary 
lateral sclern is. 

It cannot be deniecl that these proo[s are by no means concl u
sivP, and that, thus far, there is merely a probability-to be sure, 
a pretty great one-in fa1•or of the dependence of secondary con
tractures upon secondary degeneration of the pyramidal tracts. 
It will requi re further and varied material fo r observation ia 
ordPr to raise this prnbabili ty to a certain ty. 

?lfatters are still more uncer tain with regarcl to ano ther symp
tom which is likewise almost constant in all cases in which 
secondary degeneration o[ the pyramidal tracts exists, viz., in
crease of tlte reflex excitability of the tendons. There can 
scarcely be a doubt that this stands in connect ion with disease 
of the spinal lateral columns, but it is not certai11 whether i t is 
the resu l t of interruption in the conduction o[ certain tracts in 
the lateral columns (limi ting retlex action?), or of the subse
quently developed secondary degeneration of the same; in other 
words, whether it is a symptom co-ordinate with the paralysis 
or with the secondary contractures. This question could only 
be determined by careful clinical observa ti ons on the point of 
whether the elevation of retlex excitab ility of the muscles oc
curred simultaneously with the paralysis, or simultaneously with 
the contracture, or earlier or later than either; whether it always 
occtu·s in connection with secondary contractnres, or may al so 
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arise without them, etc. On account of the short time that has 

elapsed since the dbcovery o[ the reflex excitability of tendons, 

such observations clo not exist in snfficient numbers. I only tincl 

some sta tements in \Ves tphal,' tha t after apoplexies ancl the like 

the elevation of refl ex excitability o[ the tendons is present in 

from seven to twenty-one clays after the attack, ancl in some 

cases was not p resent during the firs t fo ur clays. But we can

not fo1·m much of a conclusion from thi s, as the statements with 

regard to the time of occurrence of secondary degeneration are 

as yet very uncertain. It appears to me, for the present , the 

more probable that the elevation in retlex excitability of the 

tendons is the result o[ interrnpted conduction in tracts control

ling refl ex action, and is not the result of secondary degeneration 

of the pyramidal tracts. At all events, this ques tion demands 

further investigation. 
It is at least not likely that the epileptic and epileptiform 

a ttacks, which are so frequent in hemiplegic patients, have any 

relation whatever with secondary degeneration of the pyramidal 

tracts (especially in the medulla oblongata), as was supposed by 
Bouchard. 

Diagnosis. 

From all that has hitherto been said, it is evident upon how 

unsafe a footing the clinical diagnosis of secondary degenerations 
as ye t stands. 

Secondary ascending degeneration is simply not to be recog

nized by any clinical manifesta ti ons; but, in case of the well

established diag nosis of a defini tely localized a!Tection of the 

spinal cord (myelitis from compression, trnuma, etc.), it is merely 

to be expected, with some certainty, as a necessary result of the 
same. 

In secondary descending degeneration the only sign which 

points towards it with some probabili ty is the occurrence of la te 

contractn res (and of increased rellex excitability of tendons 1). 

" ' hen, therefore, in the course of a hemipleg ia or paraplegia, 

1 Arch. f. Psych . u. Nervenkrunkb. V. p. 810. 
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muscular tensions and contractures set in after some weeks, we 
may infer, with great probability, the existence of descending 
degeneration of the py ramidal tracts. 

If thi s should be contirmed in the future, then the demonstra
tion of the presence or absence of this secondary degeneration 
will perhaps admit of out· aniving at a conclusion with regard to 
the localization o[ the fundamental cerebral afl'ec tion. For, as 
we have before remarked, this degeneration does not by any 
means occur in all , but only in very definitely localized affections 
o[ the mo tor portions of the brain (Charcot) . Th is is a question 
that will have to be decided by cerebral pathology. 

P rognosis. 

The more exact history of the course of secondary degenera
tions, under various possible circumstances, is a matter yet to be 
investigated. 

In general, the prognosis is the same as that of the funda
mental affec tion, and we have e\·ery reason to believe that, witl1 
the cure of the fundamental affec tion, the secondary d~genera
tions may al so tend towards resolution ancl recovery. But this is 
not so very cer tain under all circt1mstances, and a!Lhough a com
plete regenera tion of the degenerated nerve-tracts appears possi
ble in the earlier stages of the process (similar to what occurs in 
the degenerative a trophy of peripheral nerves), yeL thi s is, to say 
the least, improbable in the later stages of the affec tion, and the 
prog11osis of secondary degenerations, a fter they have existed for 
a long time, is, therefore, to be rega rded as decidedly unfavor
able. 

Naturally, under some circumstances, the prog nosis of the 
fundam ental malady is seriously vitiatecl by this means, and 
Charco t unhesitatingly regards descending degeneration of the 
pyramidal tracts as one of the main causes of the persistence of 
motor paresis in hemiplegia, even when the fundam ental affec
tion rnns a favorable course. There is furthermore no doubt 
that secondary contractures often cause much greater interfe
rence with the use of the extremities than would result from the 
degree of paresis or paralysis actually present. .A.nd if these 
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contractures shonld be the results of the secondary degenera
tions, then Bouchard's statement might here be of interes t, that 
he had never se<'n hem iplegia end in recovery when the develop
ment of secondary contractnres had taken place. 

All tl1is will therefore have to be taken into consideration in 
forming the prognosis of the cerebral or spinal fundam ental 
affection. 

Therapeutics. 

'fherc has thus for not been much talk of any special thera
peuti cs of secondary degenerations ; inileed, this conlcl not well 
be tl1e cas0, in view of the difficulties which stood in the way of 
the diagnosis of these alterations. 

'l'he essential point, of course, is the treatment of the funda
mental affection, with regard to which we need not here expati
ate. 

But after what has been said above, the question may well be 
raised whether a further and not inconsiderable improvement 
might not be attained throngh direct treat.nwnt of the secondary 
degenerations at a certain stage of the fundamental malady; 
whether, after the cansative cerebral malady had, to a great 
degree, undergone resolution, and after cerebral conduction ha cl 
again been restored by direct or by vicarious tracts, the paresis 
and contractnres which s till remained mig ht not be removed by 
the removal of the secondary degeneration. 

This question may doub tless be answerPcl, with prnbability, 
in the affirmative ; and -it tlierqfore appears to be indicated, 
when the fundamental disease has impr011ed and is in the act 
of retrograde development, to institute direct treatment of the 
secondary degenerations. 

The ways and means to this end are, it is true, yet to be 
found. A priori, one will feel inclined to resort to the employ
ment of the therapent,ic measures commonly usell in chronic mye
litis and in sclerosis in general (baths, cold-water cures, galvanism, 
etc.). The galvanic cnrrent is doubtl ess entitled to the most 
confidence, and admits of the most practical and sa fest method 
of application. It is not necessary to say anything further here 
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with regard to the methods or its application in these degenera· 
tions or the c01·d. I will merely add that in some old cases 
of hemiplegia with contractures I believe I have seen decidedly 
favorable effects on paresis and contractures follow direct gal· 
vanic treatment to the spinal cord, instituted in addition to thP 
other galvanic treatment. In such cases, however, it is naturally 
very difficult to be sure about our therapeutic experiences. 

20. DeformiUes and 1'£alformativns of the Spinal Cord. 

Ollitiier, 1. c. 3. ~d. I . p. 159-240. 1837.-Crutieilhicr, Anntom. patholog. Livrnis. 
XVC.-Virchow, Die krankhaften Gcschwtilstc. I. S. 169. 1863.-Foeritn-, 
Hnndb. d. path. Annt. 2. Aufl rL S. 621. 1863.-P. Scldefferdecker, Asymme· 
tric d. graucn Subst. des H..·M. Arch. f. mikrosk. Annt. XII. S. 87. 18i6. 

Bardelebcn, Lehrb. d. Chirurg. u. Opcrations1ehre. Bel. IV.-Lorinser, Spina bifi<la 
in Pitl1a-Billroth, Chirurgie. Bel. Ill. 2. S. 5.-Smit!t, An Unusual Form of 
Spina Ilifida. Transact. of the Pathol. Soc. XXL p. 1. 1871.-J. RooRe, A Cnse 
of Spina Bitida. Philad. Med. Surg. Report. 1872. :March 30.-.4. Petit, Ana
lyse d'un liquidc de spinri bifida. Bull. gCnCr. de LhCrap. 1873. p. 256.-1'h. 
Simon, Ucbcr Syriugomyclic uucl Gcschwulstbildung im R.-M. Arch. f. Psych. 
u. Ncrvcnkrankh. V. S. 121. 1874.-Lcydc1i, [{lin. cl. Rii.ckcnmarkskrankh. I. 
S. 195. 1874 j Hydromyclus u. Srringomyclic. Virch. Arch. Bd. 68. S. 1. 1870. 

W e have but little to say in this section that is of interest to 
the practical physician and really necessary for him to know. 

First in order comes quite a series or thi11gs which are of in
terest only in a pathologico-anatomical point of view and in con
nection with the history of development; and which, to the 
practical physician who is primarily concerned with living human
ity, will prove all the less interesting because they occur 011ly in 
the still-born frotus, or at least in one incapable of sustaining life. 

On the other hand, there are certain anomalies in the configu
ration and position of individual divisions of the spinal cord 
which one mnst know in order to avoid the possibility or con
founding them with pathological changes. This also is a matter 
which more particularly interests the pathological anatomist 01· 
the special investigator of t he pathology or the spinal cord. The 
practical physician will but seldom obtain a sight of these things, 
which do not betray themselves by any symptoms during life. 
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Finally, we have to deal with conditions which are congenital, 
are carried into later life, and are perhaps still further developed 
at a later period-conditions of extension and widening of the 
cavities lying within the spinal column itself or surrounding the 
same, wi th more or less considerable accumulations of fluid 
within the same and corresponding degrees of secondary changes 
-displacements, adhesions, the development of clefts of the 
cord itself, or of the parts surrounding it (hyclromyelus, hydror
rhachis, ancl spina bific1a). These things, being, in part at leas t, 
forms of disease susceptible of clinical diagnosis and therapeutic 
interference, must be taken up ancl discussed. BL1t, in view of 
the pre-eminently surgical interest which attaches to the most 
important of these anomalies-spina bificla-we may be tolerably 
brief in its discussion. 

Among the first group of anomalies, as mentioned above, are 
the following : 

1. Jlrnyelia, or absence of the spinal corcl. This is a com
paratively rare malformation. Ollivier counts up a series of 
older observations of the same. U the spinal cord is missing, 
then the brain is always missing too (amyelencephalia). Entire 
absence of the spinal cord, when the brain is present, does not 
seem to occur. The pe1·ipheral nerves may be entirely preserved, 
the nerve-roots pa1·tly so ; remnants of the spinal membranes 
may al so sometimes be found in connection with rudimentary 
development of vertebrre. It is not necessary here to enter upon 
any more minute description. 

It is also s tat~cl that clming the latter months of pregnancy 
the greater part of the spinal cord may be destroyed by hydro
myelns-the brain, as well as the peripheral nervous system, being 
mainta ined intact. This, too, is of no practical significance. All 
such prod ucts of generation are incapable of life. 

2. Jlteloinyelia, or irnpe1fect developmen t qf the spinal cord. 
The upper encl of the spinal cord is lacking, or is imperfectly 

developed, in all cases in which the brain is lacking (anence
plwlia), or in which the greater part of the heac1 is defectil-e 
(acephalia). The medulla oblongata is then lacking, or exists 
only in a rndimentary form, sometimes still in co1wc tion with a 
part of the nerves usually given olI from it. Farther clown, the 
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development of thP spinal cord may then be quite regular. 
Sometimes, however-in acephalia-a larger piece of the upper 
division of the cord is entirely wanting; in that case there is also 
usually spina bifida of the cervical vertebral column. 

In rare instances the lower part of the spinal cord is also 
found stunted, ending in a club-shaped extremity; this is gener
ally accompanied by still further anomalies of the organs of the 
trunk. 

The interference with development may also show itself in the 
fact that the two lateral halves in which the spinal cord is de
veloped do not unite, but either remain entirely separated, or 
unite only throughout a portion of their extent; so that the 
spinal cord, either for its entire length or merely at its upper or 
lower encl, appPars separated into two lateral halves-diastemato
rn11elia. This malformation generally occurs with anencephalia, 
and is, of course, of no practical significance. 

3. IJiplomyelia, or duplication qf tlte spinal cord. 
Double monstrosities of rnrious kinds and of various grades 

also show these malformations of the spina l cord, corresponding 
to the rest of their bodily development; so that either the upper 
part of the spinal cord is single and is cliddecl into t":o cords 
below, the ve1-tebral colnmn ancl the enti re lower half of the body 
also being double, or the lower part of the COl"d is single and 
terminates in a double cord above. 
~re are not yet in possession of more accurate information 

with regard to the method of duplication or the connection of 
the parts at the point of bifurcation, which would certainly 
afford very interesting pictures on trans,-erse section. 

In such cases the form of the spinal cord probably has but 
little influence on the entire development and life-history of these 
monsters. 

Turning to our second group, we may first mention those 
sligltt anomalies in the length and thickness qf the cord which 
are now and then mrt with. In some men the spinal cord is 
found strikingly thick and voluminous, in others strikingly thin 
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and insignificant, without either the one class or the other hav
ing presented any spinal symptoms during life. If, at the same 
time, microscopic examination demonstrates no alteration in the 
structure o( the spinal cord, then we :ire evidently dealing with 
inelevant, individu:il anomalies. 

This is regularly the case with abnormal lengtlt (the cord has 
been seen to descend to the third lumbar vertebra) or abnormal 
shortness of the cord (sometimes it ends at the eleventh or twelfth 
dorsal vertebra), if there are no other special malformations or 
diseases present. 

Abnormal smallness of the entire spinal cord and medulla 
oblongata, with corresponding smallness of the nerve-cells ·and 
fineness of the nerve-fibres and axis-cylinders, has lately been 
demonstrated by F. Schultze,' in one of Fri8drnich's cases of 
" hereditary ataxy," and he propounds the interesting query, 
whether this faulty development of the entire organ is not the 
pred isposing cause of the sclerosis of the spinal cord developed 
at the time of puberty. This question would be well worth test
ing in future cases. 

Tho~e alterations which sometimes show themselves in the 
configuration of the spinal cord, and which must not be con
founded with pathological changes, with actual diseases, are 
more noticeable. 

This is especially true of asymmetry ef tlte gray substance; 
unequal width, depth and form of the symmetrical gray horns, 
on a transverse section. Starting with the supposition that the 
symmetry of these parts was very complete, some observers have 
often declared deviations from the same to be pathological ; but 
this is not permissible, unless accurate histological examination 
demonstrates actual pathological changes which account for such 
asymmetry (atrophy, sclerosis, the loss of ganglion-cells, etc.). 
Schielienlecker has demonstrated that such asymmetry is not 
rare, occurring even to a very considerable degree, and may be 
confined to single divisions of the spinal corcl; the same thing 
was slated long ago by other observers, and every one who occu· 

1 Friedreicli, Uebcr Atnxie mit besonderer Beri.icksicht.igung, u. a. w. Nachtrag. 
Virchow'1:1 Archiv. Vol. 70. p. 140. 1877. 
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pies himself with the histology of the spinal cord will often meet 
with thi s fact. 

The non-uniform distribution of the pyramidal tracts upon 
the two sides of the spinal cord, as demonstrated by Flechsig,' 
whereby each pyr:tmiu may send its mass of fibres into the spinal 
cord either entirely crossed or only partly crossed, sometimes 
leads to very pronounced asymmetry, which here afiects the 
white substance exclusively, and, indeed, the antero-lateral col
umns. 

In cases of congenital absence or intra-uterine stunting of cer
tain extremities, we not rarely see secondary atrophy of definite 
portions of the spinal cord, and thereby the production of asy m
metry which is limited to the cervical or lumbar enlargement, 
accoruing to the extremi ty that is afiected. Thus Troisier,' Ior 
example, found a unil a teral diminution in size of the spinal cord 
espechLlly afiecting the gray matter, running through the entire 
extent of the cervical enlargement, in a case of congenital stunt
ing of the corresponding upper extremity (hemimyelia). In this 
case, without any further demonstrable changes, the only thing 
t!Jat could be shown was a diminution in the number of the 
ganglion-cells. 

Unusual outgrowths of the gray matter, or the absence of 
portions of the same, which are generally present (for instance, 
the tractus -intermedio-lateralis of Clark's columns), are condi
tions occasionally met with; likewise, in some cases, duplications 
of the one or the other gray horn, for a longer or shorter distance. 
These are matters the trne value of which we can generally arrive 
at, without much difficulty, on careful investigation. 

In the third group we turn our attention fil'St to congenital 
enlargement of tlte central canal in tlte spinal cord, what is 
generally called ltydrorrliacliis interna, also hydromyelus (or 
better, hydromyelus congenitus). 

1 Die Leitungsbabnen im Gehirn und RUckenm:i.rk des Meuschen. Leipzig, 1876.
lleber Systemerkrankungen im Riickenmark. Archiv der 1-Ieilkuudc. XVIII. 1877. 

:! Arch. de Physiologic. IV. p. 72. 1871- 172. 
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This anomaly is not so very rare; but by no means all those 
cases in which this condition has been thought to exist ha\'e 
been actual congenital malformations; they have oftener repre
sented changes acquired at a later period, as the result of disease; 
and more frequently yet these have not been cases of dilatation 
of the central canal itself at all, but of newly-fo1·mpd pathologi
cal cavities-cavities which have only been confounded with trne 
hydromyelns on account of their central position in the spinal 
cord, and which would be better designated "syringomyelia." 
This subject will be touched on again at greater length, in the 
following section (No. 21). 

The malformation which concerns us here depends on an 
accumulation ef fluid in the fcetal central canal. This may 
reach very varied grades. 

In the ligllter grades we recognize the formation of a central 
cavity in the spinal cord, more or less extensive in length, and 
varying in width from that of a knitting-needle to that of a crow's 
quill. This may extend throughout a greater or less portion of the 
cord, sometimes running through the entire length of the same, 
at other times restricted to certain portions thereof (the cervical 
or lumbar portion) ; sometimes the dilatation assumes the form 
of a string of beads (moniliform), dilated portions alternating 
wit,11 those of normal width ; sometimes, too, the canal is obliter
ated in the centre, its antel'ior and posterior walls having grown 
together, leaving both sides open, so as to produce the appearance 
of a. don ble ca.nal, etc. 

In such cases, as a rule, the dilated central canal can be rec
ognized as such, with certainty, by the position of the cavity 
relative to the other portions of a transverse section of the c01·cl 
(relative to the anterior and posterior commissnre, to the central 
veins, the gray matter, etc.), by the lack of any trace of anoth~r 
stmcture which might be the central canal, by the fact of its 
being lined with cylindrical epithelium, etc. The spinal cord 
itself is othPnvise well developed, and appears to be without 
any other pathological changes, aside from the displacemPnt 
which its other portions may have been subjected to through the 
great dilatation of the canal. 

This is also a positive test for the separation of congenital 
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dilatations or the central canal from those cansed by pathologi
cal processes. The latter are not rare, for instance, in periepen
dymal myelitis, in transverse myelitis, in neoplasms or the spinal 
cord, and we shall recur to them again later. 

Simple congenital hydromyelus appears to produce no symp
toms whatever; mnch or the observations under this head have 
been made accidentally, in persons who had complained or no 
spinal symptoms during lifo; and where such symptoms have 
existed an<l "hy<lromyclus" has been found on post-mortem ex
amination, these p:tthological processes have undoubtedly, as a 
i·ttle, co-opemted in the production of the same. 

In the liiglter grades of hydromyelus entire disappeamnce of 
the spinal cord takes place, or it appears split in two halves, for 
a greater or less length; the cavity o[ the centml canal is in free 
communication with the cavity of the dnra mater and the hydror
rhachis intenm is merged into hydronhachis externa, as not 
mrely occurs in spina bifida. This condition or things, too, may 
be developed in very different grades and to a variable extent. 

An abnormal accumulation or fluid within the c:tvity of the 
dura mater-th:tt is, in the subarachnoidal spaces, in connection 
with a greater or less degree of alteration and deformity or the 
vertebml column, constitutes what is called 

Spina bifida (partial hydrorrhacliis, hydromeningocele, and 
hydromyelocele). 

\Ve shall have to spend a little more time on this, .as being, 
practically, the most important malformation, although, for all 
more minute details, we refer onr readers to the text-books oi1 
Surgery and Pathological Anatomy. 

Spina bifid:t presents itself as a sac-like dilatation and pouch
ing of a more or less circumscribed portion of the cavity of the 
dura mater, whi<'h is ge1JPrally coincident with the cle:tving (on 
absence) of one or more Yertebral arches, ancl protrudes like a 
hernia through the cleft thus formed, raising the skin in the form 
or a more or Jess considerable tumor. This pouching but seldom 
occui·s between two vertebral arches without cleaving of the snme, 
and i[ it does, is always a comparatively small tumor. (H the 
vert<'l)l'a[ column remains quite normal, and there is only an in
creased accumul:ttion o[ water in the vertebral canal, then we 

VOL. XUI.-fiJ 
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have simple hydrorrhachis externa-a common manifestation in 
hydrocephalus.) 

Opinions still differ as to the exact method of origin of spina 
bifida, and it is at least probable that this condition may be 
brought about in various ways. It is either a question of a pri
mary dropsy of the central canal, with disappearance oi the cord 
and secondary widening ancl distention of the spinal membranes, 
or merely of a dropsy of the sub-arachnoideal spaces, which clis· 
tends the membranes ancl pushes them forward like a hernia. If 
these changes take place before the vertebral arches are closed, 
their closure is prevented, ancl thus the cleft of the vertebml 
column takes place. But it is also possible that this is the pri
mary step, ancl that the hydrorrhachis is not developed until 
afterwards. 

Spina bifida is not exactly a rare malformation. Chaussier 
found it present in about one case in every thousand births. 

The more special relations of spina bifida are about as fol
lows: 

Its general seat is in the sacral and lumbar region, much more 
rarely in the dorsal or cervical portion of the spinal column; 
generally there is but one tumor present, more rarely, several ; 
these are almost always sitnated in the median line, seldom 
deviating to one side or the other. 

They difl'er very much in size, varying from that of a nut to 
that of a head. In form they are usually round or elliptical, 
or also pear-shaped; but t.hey may also be extended in length, 
stretching over a more or less considerable portion of the entire 
spinal column. The tumor is either flat or pedunculated, some
times lobulated or divided into two. 

The skin over the tumor is either quite normal or highly 
stretched, thinned, reddened, involved in ulceration; not rarely 
an umbilicated depression may be seen at some point on the 
height of the tumor, caused by the insertion of the encl of the 
spinal cord in the interior of the sac. 

Passing beneath the skin, one usually comes upon the dura 
mater, which may be thickened or normal, or also very much 
thinned; sometimes it has entirely disappeared or has split, and 
the soft membranes alone protrncle. Next comes the arachnoid, 
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which, in most instances, actually encloses the tluicl H hydro
myel us exists, the pia mater also takes part in the formation of 
the sac. 

The neck of the sac is more or less narrow and leads into the 
spinal canal. Not unfrPquently it is closed by adhesion, and 
thus the cystic tumor lying under the skin is isolated from the 
cavity of the dura mater within the vertebral canal. 

The condition of the spinal cord varies in individual cases. 
In the nmjority of instances the spinal cord is certainly essen
tially normal , a ncl takes no part, or but a very suuordinatc pmt, 
in tl1e ex isting alterations. It happens still more frequently that 
its lower extremity is adherent to the sac at some point, and 
causes an umbilicated depression of the same, visible from with
out. The spinal cord is often materially lengthened by this 
means, its extrem ity being drawn clear ont of the vertebral canal, 
and not seldom thinned and flattened. The nerve-roots then run 
thei r course from this portion back along the walls of the sac 
(or floating free within the same), partly into the vertebral canal 
and to their intervertebral iorumina, partly directly through the 
walls of the sac to their appropriate plexus. J\Iore rarely there 
exists simultaneously a hydrorrhachis intem a, with its ev il conse
quences so far as regards the form of the cord ; then the lower 
extremity of the cord is more or less destroyed, atrophied, and 
the cav ity of the sac communicates directly with the dilated and 
open central canal. 

The jl1tid contained in the spina bifida is generally quite 
light, colorl ess, and clear, and perfectly identical with the usual 
cerebra-spinal fluid, consequently very rich in water and poor in 
solic1 ingredients; it is but rarely turbid or bloody; its quantity 
may amount to from 500 to 1,000 gmmmes (3 oz. to 2 lbs.) or 

Symptoms ef Spina Bifida. 

Children affected with thi s deformity are generally born with
out hind rance, are capable o( sustaining life, and show nothing 
abnormal except a more or lPss extensive tumor in the sacral or 
lumbar region, rarely at a higher point of the spinal column. 
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If the tumor is Yery large and the skin orer it thinned, the 
sac may bmst during birth and its con tents <'scape ; the child 
is then ordinarily born highly asphyxiated, and peri shes within a 
couple of hours, or, at the outside, in a couple of days. 

If thi s is not the case, however, the tumor either remains un
changed, or, more frequently, gradually increases in size, the 
skin over the same becoming more and more thinned, ete. 

It is but rarely that such a tumor is first dereloped some time 
after birth. See Genga's case in Ollivier. 

The tumor itself, varying very much in s ize, is roundish, peai·
shaped, or divided into two parts and lobulated, tense, elastic, 
and distinctly flu ctuating. In smaller tumors the skin over the 
same is unaltered, in larger ones it is more or less stretched and 
thinned, bluish or reddish; at the same time the entire tumor 
not rarely looks translucent, like a hydrocele. In worse cases, 
the skin is superficially ulcerated and secretes a watery, purulent 
fluid; it may in part be entirely destroyed or absent, so that the 
di stended spinal membranes alone constitute the wall of the 
sac. 

A characteristic found in many cases is that the fluid con
tained in the sac can be pressed away. In other words, it can, 
by pressure, be partly emptied into the spinal canal, so that the 
tumor grows smaller; but this c1oes not occur without sometimes 
causing disturbances of cerebral innervation-drowsin0ss, sleep, 
twitchings, etc. If there is coincident hyc1rocephalus, swell
ing and increasing protrnsiou of the fontanelles can be demon
strated during such pressure ; on the other hand, pressure on 
the hyclrocephalic skull increases the tension aml size of the 
spina bifida. The swelling likewise somewha t increases 011 as
suming the erec t attitude, on screaming, on pressure, etc. ; an 
increase of swelling has al so been observed atisoc iatet1 with rnore
ments of the pulse and of respiration. :Not in[reqtwntly the 
tumor is sensitive on pressure. In those cases, ho wPver, in which 
communication with the spinal canal has been cut oIT: by closure 
of the sac, all these manifestations are, of course, no longer to 
be found. 

In the majority of cases the manifestations above described 
are the only ones in spina bificla. The children thus affected are 



DEFOlnIITIES AND MALFORlfATIONS. 789 

otherwise normal , show no sort of manifestations of paralysis, 
develop well, learn to walk, and may arrive at a considerable age 
without being troubled by their deformity otherwise than, at 
most, in a simply mechanical manner. 

This, however, is the exception; as a rule, the tumor ad
vances in growth, ancl not long after birth all sorts of sernre dis· 
tnrbances begin to show themselves, caused by compression of 
the lower divi sion of the spinal cord and the canda equina. 
Increasing paralysis and paraplegia set in, incontinence of urine 
and of freces, bed-sores, etc., and the patients thus gradually 
perish. 

:Much more rarely these severe manifestations exist at the 
very beginning, and this is regularly the case whenever there is 
coexistent hydronhachis interna. Paraplegia and paralysis of 
the sphincters are then present from the Yery start, and the days 
of the little patient are numbered. 

But these children by no means always perish as the direct 
result of the spinal paralysis thus caused; much greater ancl 
more urgent clangers threaten them from the numerous acts of 
violence and accidental wounds to which the tumors are exposed. 
Knocks, }Jressurt\ drngging, direct wounds, prolonged lying upon 
the back, ancl the like, are all of them capable of bringing about 
a rupture of the sac. This results in purulent inflammation of 
the same, which-if the communication with the spinal canal is 
still opcn-l•xtend" into the latter, uncl induces a purnlent spinal 
meningitis which ordinarily puts un encl to the life of the little 
one within a few clays. It has hu ppenecl, although but very 
rarely, that such an occurrence has passed over favorably ancl 
has C\'Pll !eel to the cure of the malady ; this is only to be ex
pected when the perforation is very minute and the ttuicl ttows 
out quite slowly. Ir the opening is large ancl the fluid is, by 
any accident, rapidly erncuated, death may follow very quickly, 
wicliin a. few hours, under general convulsions and increasing 
debility. 

The terminations of the disease have been sufficiently indi
cated in what has just been said. Life is but rarely maintained 
for any considerable length of time; still, isolated ca es have been 
known to Iivo to the age of 20, 30, 35, and even 50 years. Prob· 
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ably in all these the communicatio11 with the cavity of the dura 
mater was closed early, or was very narrow. 

In most cases death occurs much earlier, and, indeed, the 
more certainly and quickly the larger the tumor. The immediate 
cause of death is most frequently rnptme of the sac; this 
comes about either thrnugh the fact of the tumor gradually grnw
ing in size, and finally bursting of itself or thrnugh some acci
dental wound; or through the fact of some traumatic injury, 
wound, blow, or the like, causing a sudden rupture; or through 
the fact of the sac being purposely opened and emptied for thera
peutic purposes. If, in such cases, the emptying takes place 
quickly and in a stormy manner, death may occur within a few 
hours, unU.er general convulsions and increasi ng weakness; 01·

and this is more frequentfy the case, especially after operations 
-an acute purulent meningitis is developed, which leads to the 
death of the child in a few days. 

In a minority of instances death follows without bursting of 
the sac, through general prostration in consequence of the severe 
spinal disturbances. 

The rarest result of all is that such an accidental perforation 
is survived, and becomes the starting-point of a positive cure. 
More frequently, though by no means frequently enough, this 
favorable result follows in conseq ueuce of a carefully undertaken 
operative evacuation of the sac. 

Diagnosis. 

The recognition of spina bitida is generally not difficult; only 
in the smallest forms of the same, when the orifice of communi
cation is very small or entirely closed, can this present any con
siderable difficulties. 

The following may be mentioned as distinguishing marks: a 
tumor on the vertebral column, of the form and size described 
above; tense, fluctuating, translucent; its size capable of being 
reduced by pressure, whereupon the fluid is emptied into the 
spinal canal, causing the appearance of severe nervous disturb
ances (finally also protrnsion of the fontanelks) ; the edges of 
the cleft vertebrre, the ends of the vertebral arches being some-
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times distinguishable to the touch as light prominences. By 
these means spina bifida will, as a rule, be easily diagnostica ted. 

It is of special importance-in a prognostic point of view, as 
well-to demonstra tB the presence or the absence of communica
tion with the spinal canal ; thi s is not easily clone in all cases. 

The ilistiuction between this and the displacement of abc10111i
nal a nd pelvic viscera (hlaclder, rectnm, etc.) resulting in a sacral 
tumor, to which Lorinser call s attention, will generally be easy. 
There will likewise be no difficul ty in recognizing the other 
malformations and defects which not rarely coexist with spina 
bificla; viz., hydrocephalus, deformities o[ the lower extremities, 
anomalies o[ the genital apparatus, inversion o[ the bladder with 
congenital Jissure of the abdominal walls, and the like. 

Prognosis. 

The prognosis of spina bificla is by no means very favorable. 
Very many cases perish by the spontaneous accidental opening 
of the sac or through the progressive growth of the tumor; not 
a few, likewise, die in consequence of operations undertaken to 
effect a cure. 

The prognosis becomes more unfavorable the larger the tumor 
is, as a whole; the higher it is situated on the vertebral column 
(the cases where it is on the sacrum and coccyx are by far the 
most favorable} ; the larger the orifice of communication with the 
spinal canal; the more it is a case of true myelocele, and not 
mere meuiugocele-therefore, the more there is of hyclromyelus; 
the more di stinct the signs of hydrocephalus; and, finally, the 
feebler the constitution of the child thus affected. Keeping these 
points in view, one will generally be able to form a conception of 
what is to be expected during the further course of the malady. 

Therapeutics. 

Nothing at all is to be expected from the treatment of spina 
bificla with internal remedies, with inunctions, baths, e tc. The 
attempts to cause the disappearance of this condition by cleriva. 
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tion to the skin, by blisters, the actual cautery, etc., may be 
designated as downright objectionable. 

But it is just as little permissible in most cases to leave the 
thing to itself and expect time to effect a cure. Experience 
teaches that this trouble is almost always of a progressive char
acter, and sooner or later leads to death. 

Nothing remains, therefore, but surgical treatment, which 
must, however, be undertaken with the greatest caution and 
care, if the results are not to be altogether too unsatisfactory. 

Very different operative measures have been undertaken, 
naturally with very various results. Lorinser is opposed to all 
opemtive interference as long as a communication with the spinal 
canal can be demonstrated. This is probably, after all, somewhat 
excessive caution, although it is evident, in and of itself, that 
those cases which have but a very narrow communication, or 
none at all, with the cavity of the dura mater, promise far better 
results than those with a very wide communicating orifice, as the 
main danger of the operation is always to be found in the exten
sion of an inflammatory process to the membranes of the spine. 

Among the operative procedures hitherto proposed, there are 
a number that are to be positively rejected, because almost 
always accompanied by fatal results. First among these is the 
passing of a hair cord thrmigh the tumor; this is inevitably 
followed by inflammation and suppuration, and could only be 
considered reasonable if one were quite sure that the external 
tumor was entirely shut off from the spinal cavity. The incision 
or amputation of the tumor is likewise commonly followed by 
fatal meningitis, and is therefore to be a\"Oided. 

Ligature ef the sac, which implies that it is pedunculated, 
seems to be almost equally dangerous ; the sac sloughs off, the 
orifice or communication cicatrizes, and a cure may thus be 
effected ; but here, too, purulent meningitis, with a fatal result, 
very often follows. At the same time a number or favorable 
results, following this method, have been reported. Thus, by 
Hizzoli and Oldoini, 1 by Parona,' who availed l)imself of a pair 

1 Lo Sperimentale. XXXVIIl. (Centralbla.tt f. d. med. WiRs. 1876. No. 50.) 
2 Ann11l. uuiversa.l. Vol 235. Aprile, 1876. 
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or compressing forceps for carrying out the operation ; by von 
Brunn,' who undertook the compression of the pedicle by means 
of an ovarian clamp; by Colognese,' who used an elastic liga
ture, a rubber tube, for this purpose. 

In view of the better results attending them, the following 
methocls of operation are probably the only ones worthy of con
sideration at the present day: methodical compression qf tlte 
t1tmor; simple, repeated puncture of the sac, repeated according 
to the necessities or the case; and puncture, with tlte subsequent 
injection of iodine. 

JJ£etlwdical compression, by means of adhesirn plaster, ban
dages, appropriate compresses, and the like, certainly in some 
cases ell'ects nothing but an apparent impl'Ovement, inasmuch as 
it mechanically presses the tlnid back into the ca\'ity of the 
spine; as soon as the compression ceases the tumor again returns 
to its former volume. At the same time, Heister claims to have 
attained a favorable result thereby. The carrying out of com
pression by means of painting with collodion is highly recom
mendecl by Belircnd, and has been repeatedly employed with a 
good result. Ile first paints the tumor with a mixture of collo
dion with castor oil, afterwards with pure colloclion, and finally 
applies a compressory bandage. 

Experience teaches that simple puncture must generally be 
often repeated before accomplishing its end. Still, even tl1 is 
method is not without danger, even when carried out with the 
greatest caution, to say nothing of the fact that it is often with
out any result. '!'he best way is to eYacuate the tluicl through a 
very fine puncture (for instance, to chaw it out with a hypoder
mic syringe), not to empty the sac altogether, and afterwards 
to apply a light compressory bandage. 

A surer result, although, perhaps, attended with somewhat 
greater risk, is to be attained by pnncture with tlte subsequent 
li(jection qf iodine. This method was first introduced by the 
French, is probably more employed at the present clay than any 
other, ancl has been especially lauded in Englancl (Morton,' 

1 Ilcrlinerklin. Wochenscb. 1871. No. 17. 
t Anna.I. unh·erA. Vol. 230. p. 143. 1871. 
J llrit. Med. Journ. April 6th nud June 15th, 1872. Lancet, Dec. 2d, 1876. 
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\Vatt,' Ellis'). Morton, in particular, seems to have practised 
this method with great results; he recently reports fourteen cases, 
of which eleven were cured. Recovery followed in all the cases 
seatecl in the lumbar region-which constitute, as is well known, 
the grnat majority of such cases. He first makes a test puncture; 
this is repeated in five days, and then only half the fluid present 
is withdrawn, whereupon an injection is at once thrown in, con
sisting of about four grammes of a solution of iodine in glyce
rine (pure iodine, 0.60 grammes [ten grains], iodide of potassium, 
2 grammes [thirty grains], pure glycerine, 30 grammes [ 3 vijss.]). 
OLhers have used other solutions (tincture of iodine and distilled 
water, equal parts; alcoholic solution of iodine and iodide of 
potassium; and some merely alcohol), and have also modified 
the method of the injection in various ways, allowing the injected 
tluid to tlow out again, etc. In all such cases it will be well to 
prevent, so far as possible, the penetration of the injected fluid 
into the spinal canal by compression of the pedicle dining the 
injection. The subsequent treatment will be governed by the 
signs of irritation that may arise. 

The main point in any of these operations will always be the 
careful and accurate carrying out of the same, and the attentive 
after-treatment. 

In cases that are not suited to operative treatment-very large 
tumors, very wide clefts of the spine and orifices of communica
tion, very feeble subjects-we must endeavor to protect the tu
mor, so far as possible, by means of appropriate bandages, com
presses properly hollowed out, and the like. 

21. Rara et curiosa.-Rare and Doubif'.d Diseases ef the 
Spinal Cord. 

In the foregoing chapters I believe I have presented every
thing that can now be regarded as to any degree established in 
the pathology or the spinal cord, and that may be of importance 
to the practical physician. That this does not, by any means, 

1 Brit. Med. Jour., April 26th, 1873. 
' Philadelphia. Med. Times, No. 114. 1874. 
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exhaust the entire pathology of the spinal cord, I am myself 
very well aware. 

There is another class of cases, in which even very serions 
alterations may be found in the spinal cord, but which are rare 
in themselves, and, furthermore, by no means admit of a positire 
diagnosis; cases which are to be regarded more as curiosities, or, 
at best, as valuable material towards the construction of it future 
and broader pathology of the spinal cord. There are likewise 
cases enough which must, in all probability, be localized in the 
spinal cord, without our being able, at present, to adduce any 
positive proof to that effect. Finally, there are those in which 
severe spinal symptoms are merely a part of the manifestations 
of general processes of disease (severe intoxications, infections, 
and the like), and are, therefore, more or less disregarded in the 
general picture of the disease, and usually also receive no thera· 
peutic attention. 

Such and such-like matters will be briefly cliscussed in this 
section, while, at the same time, I wish to give special emphasis 
to the fact that, owing to the essentially practical tendency of 
this Cyclopmdia, we arc not justified in entering more minutely 
upon many questions or the highest scienti fi c interest, which are, 
nevertheless, still awaiting their soh1tion. I must therefore con
fine myself to more or less aphoristic notices, and would fain, by 
th is means, give the practitioner some stimulus more accurately 
to observe, and to publish any cases he may encounter of such 
and similar rare forms of disease. 

a. The Pathological Formation of Cavities in the Spinal Cord.-Syringo· 
myelia.-Hydromyelus acquisitus. 

G. Narnias, Di mm specie d'atrofia delfa midolla spinnle. Gnz. med. ital. Lomb. 
185 1. Nr. 85. (Syringomyelia .)-· W: Gull, Ca!!c of P rngrcss. Atrophy, etc. lly· 
dromelus. Guy's Hosp. Hep. VIIL 1861.-Koehler, .Monograph. d. :Mcningit. 
epinnl. Leipzig, JSGI. Beob. 17. -Lancereaux, Cas d'hypertrophie de l'Cpeu· 
dyme spinalc, etc. Gaz. med. d. Par. 18G2. N r. 31.-0. Schueppel, Uebcr Hy· 
dromyclus. Arch. cl. Hcilk. VL S. 289. 1805.-Ein Fall von allgcm. Aniisthcs. 
Ibid. XV. S. 44. 1874.-John Grimm, Ein Fall von progress. Muskelatrophie. 
Vircb. Arch. Bd. 48. S. 445. 1869.-Lcydcn, Kliuik dcr RUckcnmarkskrn.nkh. 
I. S. 199. 1874.-Uydromyclus und Syringomyclie. Virch. Arch. Bd. 08. S. 1. 
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1870.- W~.ttphal. HUhlcn- und Gcschwulsthildung im R. -.M. Arch. f. Psych. u. 
Ncrvcnkrnnkh. V. S. 90. 1874 .-Sinum, Ucbcr Syringomyelie uud Gcscbwulst
bil<l ung im R-M. Ibid. V. S. 121. 1874. 

·whereas formerly all central cavities developed in the spinal 
cord were regarded at once as dila tations of the central canal, 
and, in part, as congenital faults of development, the conviction 
has recently been reached, through the careful examination of a 
large num ber of cases, that there are not only pathological dila
tations of the central canal itself which have been developed 
secomlarily, as the resul t of various di seased processes estab
lished in the centre of the spir.al cord, the dila ta tions themselves 
not being developed till later in life, but that newly formed cen
tral cavities also occur within the spinal cord, which have noth
ing at all to do with the central canal, bu t lie within the patho
logica lly altered tissue, and have been developed out of the same 
by vari ons p rocesses of metamorphosis. 

All these cases may be grouped toge ther under the name, 
alread y used by Ollivier, of " syringomyelia." 

After IIallopeau had shown, to a demonstration, tha t certain 
ch ro nic inflammatory processes within the spinal cord , which he 
desig nated as peri ependymal myeliti s, migh t lead to secondary 
dilata ti on of the central canal, Th. Simon, in iiarticular, in a 
large nnd exhaustive work, establi shed a conec t understanding 
with regard to a grea t part of the conditions that hnd previously 
been thrown together under the name of hydromyelus. On the 
other hand, Leyden has again recently in troduced some new fea
tures into the doc trine of syringomyelia which, i t would appear, 
necessitate a modification of Simon' s views. 

Pathogenesis and Pathological Anatomy of Syringomyelia. 

Simon sums up the results of bis studies on syringomyelia as 
follows : tha t an extensive dila tation of the cen tral canal is tole
rably frequent in fmta! life, and is rare during later extrauterine 
existence; tha t, on the other hand, most of the cases designa ted 
as hydromyelus are either of very doubtful authenticity, or cer-
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tainly represent no dilatation of the central canal itself, bnt are, 
rather, 1wwly-formed cav ities, which are most fo nd of developing 
themseh-es in the foreruost portion or the posterior ~ul11mn s, 
therefore, belt incl the central canal. It is a q nestion here of p1 o
cesses of softening with complete absorption of the softened (and 
usually abo newly formed) tissue. But undoubted ly genuine 
dilatations or the central canal also take place, arising secon
darily through shrinking of tile newly-formell tissue which sur
rounds the central canal. Generally, however, it is a question 
oI newly-deve loped cavities, which are especially easily formed 
throug h the breaking down of tumors that are rich in blood 
(gliomata, gliomyxomata, etc.), and which may sonwtimes even 
be lined with a coating of cylindrical epithelium. Such c:wities 
may be looked upon as the tme centra l canal only when their 
topographical position with reference to the other pottions oE a 
trans,·erse section of the cord justifi es this ri ew. 

In addition to the abo\•e we may adll that such newly
formecl cavities may be cle,-eJoped in very different ways, and as 
the resnlt or the most varied pathological processes, among which 
are the following: 

Throngh breaking down and softening in the centre qf neo
plasms (gliomata, gliomyxomata, gliosarcomata, etc., cases o[ 
\\'es tp hal, Grimm, Simon, and others). Not infreqnentl y there 
fa such a complete breaking down that only t emnant8 of the 
tumor remain , or even only the connective tissue outline of the 
same. The same tissue as that of which the tumor was formed 
can then oft~n stil l be demonstrated above or below the cavity. 
These centres of softening arise in part through hemorrhage into 
the interi or of neoplasms (so partie11larly in the teleangiectatic 
forms), in part through simple softening and cyst-formation 
within the same. Sometimes there is a dernlopment of multiple 
cavities; once Simon even found a cadty \\·ith an epithelial lin
ing (a shut -off portion of the fcetal central canal 1). 

Through the breaking dozon a nd sqftening of apoplecticfoci, 
by the same process, therefore, that leads to apoplectic cysts 
within the brain. 

Through more or less ex tensive central sqftening in areas nf 
gray degeneration and chronic myelitis. To this category be-
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Jong the forma tion of canals which Friedreich' found in a case 
of tabes of the cord; the formation of ca,·ities which Charcot and 
J otrrny' found in a case of progressive muscular atrophy; the 
formation or a cleft which Langhans' describes in a case of lepra 
amcsthctica, ancl more of the same sort. 

Finally, through complete interntplion ef tlte continuity of 
the spinal corcl at some point, as occnrred in the experiments of 
Nannyn ancl Eichhorst.' Tl1ese obsen•ers found, in clogs in whom 
they had cut or crushed the spinal conl at some point, during 
their earlies t youth, some weeks later, numerous most noticeable 
cavities, extending a consiLlemble distance upward from the cica
trix. These c:n-itics had , at first, nothing to clo with the central 
canal, ancl were considered by these observers to be clue to an ob
struction of the lymph-passages. \Vestphal, in his case, found 
something similar in man, ancl advocates the possibility of a 
tumor occasionally al so inducing such obstrnction. 

In addition to the foregoing we then still have the true dila
tations of tlte central canal, which may arise secondarily as the 
res ul t of various processes, probably oftenest through the so
called periependymal myelitis or Hallopeau, which has also been 
folly recognized and confirmed by Simon . Here it is a question 
of a prolifera tion of the connective tissue surrounding the central 
canal and of subsequent shrinking of the same, whereby the 
canal is passively dilated. 

Adhesions of the pia mater to the dnra mater, cltronic menin
geal processes at certain definite points, appear, according to 
Simon, also to have a definite relation to arquirecl hydromy,,lus 
- perhaps by a simple extension of the inllammation from the 
pia mater to the peri ependymal tissne, perhaps, al so, by means 
or the fact that shrinking meningitic layers of adventitions tis
sne, by their pulling, mechanically cause the widening of the 
canal. 

Finally, obliteration ef the central canal at some point 

1 Ueber degenerative Atrophie dcr spinalcn Ilinterstrange. Vircbow's Arch, Vol. 
JL'{V!. Case IV. 1863. 

' Deux ens d1ntroph. muse. etc. Arch. d. Physiol. II. 186\J. Second case. 
3 Virchow's Arch. Vol. LXIV. p. 175. 1875. 
•Arch. f. expcrim. Pntbol. u. Phann. II. p. 225. 1874. 
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(through inflammation, external pressure, and the like) may 
leacl to dilatation of the neighboring portions. 

Leyden has again recently sought to re-establish a more inti
mate relation between syringomyelia anil congenital hydromye
lus. Ile considers the two as essentially identical, basing his 
opinion on the observation of two two-year-old children who 
were affected with hydrencepbalocele, and furthermore showed 
the development of cavities in the spinal cord. Inasmuch as he 
does not recognize the significance of the tumor-like masses in 
the neighborhood of such cavities as being that o( true tumors, 
but rega1·ds them as mere hypertrophy o( the cpendyma and of 
the nemoglia, he comes to the conclusion that congen ital hydro
myelus is the usual starting-point o( the syringomy1>lia m·ising 
later in life, and that even the abnormal cadties situated in the 
posterior columns are merely remnants, that is to say, extensions 
o( the central canal, hampered in its development. He considers 
this view as being supported by the history o[ the development 
of the central canal, and thinks such cavities should be regarded 
as portions of this canal which were early cut off. This view 
may be the correct one for a certain series of cases, but can 
hardly claim to hold good for all cases of syringomyelia. 

The patlwlogico anatomical condition varies very much in 
different cases. Cavities of very variable length are met with; 
often only of a few millimetres or centimetres in length, but not 
rarely o( a length extending throughout tho entire spinal cord. 
Tlwse cavities are almost always more or Jess centrally located, 
and it is only on more careful examination that we can determine 
their precise situation and their relations to the central canal. 

The width of these cuvities varies much-from one to ten mil
limPtres, from the size of a needle to that of one's little finger. 
Their form, on transverse section, is roundish, oval, angular, sinu
ate. etc. Sometimes several cavities are found alongside of one 
another. Their contents consist of u flnid which is light and 
clear, or tmbid yellowish, brownish. etc.; in muny cases no ac
curate statement is made on this point. 

The walls of the cavities may be smooth ancl firm, often pro
vided with u layer of cylindrical epithelium, or somptimes rough, 
ragged, uneven, etc." In their vicinity we may, according to cir-
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cumstances, find a hard, cirrhotic tissue or gray degeneration, or 
the rnrious new formations spoken o[ above. 

The spinal cord, as a whole, is often materially al tered there
by, thickened, misshapen; but frequently, also, nothing unnatu
ral can be noticed about it externally. On transverse section the 
substance o[ the spinal cord either appears simply crowded and 
pushed out or place by the syl'ingomyelia , or more or less exten
sively destroyed, partly through simple d~generation and atro
phy, partly through gray degeneration, neoplasms, extravasa
tions, ancl the like. 

Symptoms of Syringomyelia. 

All experience thus far teaches that the development of cavi
ties, as suc-h, produces no sort of symptoms by which it could be 
recognizr-cl during lire. In many instances the syringomyelia. is 
only accidentally discovered in the bodies o[ persons who pre
sentecl no so rt of spinal symptoms during life, and who di ed of 
some other disease. 

In other cases the most manifold spinal symptoms exist: 
paresis and paralysis, atrophy of muscles, disturbances o[ sensi
bility of various kinds, ataxy, paralysis of the sphincters, etc., 
in the most varied combinations. These are doubtless exclu
sively the resul ts of the primary alterations (the neoplasms, 
chronic myeliti s, apoplexy, etc. ) with which the formation of 
cavities has been associated later and as an accidental complica
tion. No special symptom, no peculi:irity in the course of the 
disease betrays this com plication. 

llence it appears that we are at present possessed of no means 
to establ ish the diagnosis o[ syringomyelia during Ji[e. As a 
rul e we shall not be able to entertain anything more than vagtrn 
conjectnres on the subject. 

Conseqnently there is also no question about prognosis or 
therapeutics. The onl y indications for the same are to be found 
in fundamental disease when it is demonstrated. 
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b. Saltatory Spasm. 

Bamberger, S:lltatori!!ichcr Rc6exkrampf, cine merkwlirdige Form von Spinalirrita. 
tion. Wien. med. 'Voch. 1859. Nr. 4 u. 5.-P. Guttmann, Ein mcrkwUrdigcr 
Fall von sog. saltiitor. Kri:impfen. Berl. klin. Woch. 1867. Nr. 13.-A. Frey, 
Uebcr den saltator. Rcflcxkrampf. Arch. f. Psych. u. Nerv. VI. S. 2-HL 1875. 
-P. Guttmuiin, Fnll von saltator. Reftcxkr. Ibid. VI. S. 578. 1876.-A. 
Eulcnburg, Lehrb. d. function. Nervenkrankh. S. 699. 1871. 

Under the name of saltatory spasm[" saltatorischer Kram pf"] 
Bamberger, in 1859, first described two remarkable cases in 
which, as soon as the patients placed their feet upon the floor, such 
a lively clonic twitching of the lower extremities set in that the 
patients were thrown into the air over and over again, innumer
able times-in other words, they fell into a rapid and vehe
ment, involuntary act of hopping and jLuuping. Afterwards P. 
Guttmann reported two similiar cases from Griesinger's policlinic, 
and recently A. Frey, in communicating a valuable case from 
Kussmaul's clinic, has worked up the question in detail and 
presented us with a number of suggestive points. 

The form of disease under consideration is, on the whole, ex
ceedingly rare. Inasmuch as, according to the unanimous view 
of all authors, which I a lso share, it evidently represents a 
functional disturbance ef the spine, I consider it justifiable briefly 
to discuss it at this time. 

For the information of the reader the five cases thus far ob
servecl will be narrated in outline. 

1. Obscrvntion of Bamberger (Case 1). A man nineteen years of age had been 
tnkcn sick with ncutc pneumonia i during convalescence from the same, severe 
spasms, of a remarkable character, occurred. .At the moment ~Dltm the patient's feet 
toucl1ed the floor a tetanic ri9itlity of his legs took place, accompanUd by the most severe 
conc1uaions, so that the patient was thrown into the air ; this 1ca1 repeated with urwt 

rapiclity a& long a.t the patient was maintained in an upright position. At the same 
time his facu wasvery red, his heart's action much nccclcratcd; he had no pain. 

In a lying or sitting posture there was not the slightest anomaly to be recog~ 
nized in the patient. The sensibility and motility of the legs then appeared entirely 
normal. But when his feet were pressed against the foot of the bed similar 
convulsions took place; the spasm could s.lso be originated by tickling the soles of 

VOL. XIIl.-51 
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lti1feet. and then it sometimes extended to tl1c arm. No atrophy i no pain along 
the vcrtcbrre. 

In the further course of the case, while the rcf1e:c excitability of the lower ex
tremities still increased, twitchings of the face also set in, as well as increased 
heart's action, dyspncea, oscillating movements of the iris, etc. 

The administration of morphine seemed to have a decidedly favorable effect on 
the spasm, nnd in the course of a few weeks recovery took place. 

2. Observation of Bamberger (Case 2). A liy1terical uwman, thirty years of age, 
suffering from chlorosis and cardialgia. and complaining of a great general sense 
or weariness. One dny when she got up, the same spasms were noticed in her as in 
the fil'st case. As soon as lter feet lou.clted the floor she was at once tossed into the air 
and this 1cas rr1Mate(l as long aa !JM maintained the upright posture. Her face was nt 
the snmo time distorted into an anxious expression and the heart's action was very 
tumultuous. The spasm also extended as far up us her head; aftor the attack a 
certain rig idity remained, accompaniod by slight twitchings, for n quarter of an 
hour after the patic>nt was put to bed. 

Motility and aensibility seemed normal. Tickling the soles of the feet called 
forth no reflex action. On pressing tho foet against the foot of the bed twitchings 
occurrod only in the upper half of the body. Nothing else particularly abnormal 
was recognized. 

Subsequently excitability was still furthor increnscd 1 to sink again soon and 
tbon to remain stationary. At a later poriod nil sorts of hysterical forms of spasm 
were developed. The saltatory spasm did not disappear until after quite a wl1ile. 

3. Ohsorvation of Guttmann. A man forty-six years of age. Sixteen years 
boforc, he had fever with congestion of tlte ltead and hallucinations. Afterwards he 
had had frcqnont repetitions of this congestion, with shooting pains in his limbs. 
Three years ago he had the same pains again, followed by trembling in the limbs, 
'first in the lc(t foot on walking, then also in the right; nt that time, already, he had 
saltatory spasm, which was sometimes stronger, sometimes weaker, but on the whole 
gradually grew worse. Now there is very 1cell·marke(l bounding as aoon as the vatient 
to1telte1 tlte.fWor unless he has a strong support for 11is arms. De is flung into the air 
with grratforce aiul mpidity; his head and trunk arc, at the same time, bent back
ward, thereby putting him in danger of falling upon bis back. He also suffers 
severe pain at such times, with a sense of oppression. The spasms arc especially 
severe in the morning, towards evening they often disappear altogether. Psychical 
disturlJances especially favor their occurrence. The attacks arc generally preceded 
by a sort of aura in the form of a painful cha wing sensation in the legs and back 
as far U[> a!5 lhe back of the head. Ile complains of pain along the spine, also 
sometimes <lf pnrresthesia. 

Ohjectivcly, sen1ibility seems to be normal. 1'1M apinoua processes of several ur

ttbrte ttre tender on presaure, and severe pressure on these is sometimes capable of 
originatin~ n. rndimentary attack. Cutaneou1 frritation ef the solc1 of the feet {1 
toithout r.ff"cct. The spasms only occur nt certain times; during the intervals the 
patient can wulk about, stamp on the floor, etc.1 without inducing an attack. 
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AU therapeutic interference proved unavailing. The patient kept his trouble 
unchanged (with the aura, and infiucnced by psychical excitement) uutil his death, 
which followed five years later from typhoid fever. 

4. Observation of Frey. A man seventy years of nge, who hnd been very much 
reduced l>y previous diseases, suffered for two months from rheumatic pains in both 
legs and in the left arm, which have grown stiff and weak. At a later period trem
blin9 set in when motions were executed, first in the right leg, then in the left nrm. 
The trembling assumed a more and more convulsive character, and after fourteen 
days fully developed spasms were present. On passive and active muscular move
ment, severe clonic spasms, starting from the left arm, which is in n state of moder
ately flexed coutracture, show themselves in that arm, throwing the entire extremity 
U(>Ward with great \'iolence about three hundred times in a minute; then they pass 
over to the right arm and enact just the same scene there. ]{ the left arm is held 
up still longer, the spasms now pass to the right leg, and finally to the left leg. 
After a few minutes the intensity of the spasms abates, and they disappear again 
gradually in the reverse order from that in which they arose. All attempts to pro
duce the spasms hy purely cutffneous ·irritation were 1matailing. 

Quite the same state of things existed in the 1·ight leg. This showed distinct 
muscular tension; on the attempt to make active or passive movements, sCYe1·e 
clonic twitchings (about 300 times in a minute) set up in this leg, which at once 
passed to the left leg, then to the left arm, and finlllly to the right arm, gradually 
disappearing again in the reverse order. Herc, too, the spasm could not be called 
forth by irritation of the skin alone, nor by pressure upon the sole, as long as the 
footwasnotmO\'ed. 

If the patient attempts to stand on t110 floor, n.1 soon as the sole1 of Ms feet touch 
it lie is t!troum into the air 1oitli qreat force Uy clonic spasm of tlie muscles of the calf, 
which at firstoccms in both calves nt once nnd nfterwarcls becomes nltcrnating, so 
that a 'Oery curious trippin(J step, of extreme rnpidity, results. At the same time there 
i3 intense rain in the legs. As soon as the patient sits down, the spasms cease. 

No distu1·bances of 1ensibility. Electrical excitability normal. Moderate atropl1y 

eftltemu.scles. 
A singular fact was observed, viz.: that the most violent spasms could be 

quickly quieted by pressure upon the bellies of the muscles of the left arm and 
forearm in the neighborhood o( the elbow (control of reflex action). The same 
thing was trnc of the right leg through pressure on the quadriceps fcmoris a little 
above the knee. 

The malady underwent no improvement under the 1.1sc of various remedies. 
5. Observation of Guttmann: A soldier, nineteen years old, was taken sick with 

dizziness, hcnclachc, great sensitiveness of the spinal column uud cramps in his feet. 
The manifestations quickly increased. At the encl of five '\\'eeks, as soon as the pa
tient is set tip alone on the floor he is at once thrown into the air, and this is 1·epealcd 
with increasing frequency and violence of the mou1ncnt1 tmtil, after a few minutes, tlie 
patient threatens to sink to the ground exhausted. At the snmc time he has pnin in 
the lower extremities, pnlpitntion of the hen.rt, dyspncca and a red face. The clonic 
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spasms n.rc confined to the muscles of the leg and thigh ; nll the remaining muscles 
of the body are free. In the sitting posture, when the soles of the feet touch the 
ground, spasms also set in, but more feebly, in the form of a commlsite tremor of 
the feet. If tM sole of one foot is tapped with the finger, as in percussion, the clonic 
twi tchings arc at once set up; on strong percuss ion, they arc developed even in 
both legs. The same thing occurs on pressing the feet against the foot of the bed. 
The twitchings cannot be arouscll th rough any other portion of the body. 

No disturbances of sensibility and none of mobility in the lower extremities. The 
spinal column was painful on pressure in three places. 

In the course of a year, gradual improvement set jn. 

These are the only cases thus far known in literature, in 
which the symptom of "saltatory spasm " has so far stood in 
the fo reground as to be deemed worthy or special noti ce. Simi
lar conditions of enormously increased retlex excitabili ty are 
alludell to, here and there, in the pathology or the spinal cord, 
and yet only in cases that presented much more severe and com. 
)Jli cated di seases of the spinal cord. From more recent litera
tu re I mention, fo r instance, the case of l\Iosengeil,' in which, 
af ter a tra t1matic i11jmy of the spinal column, a very high degree 
of increase of reflex excitability was developed, toge ther with 
simultaneous paralysis. A recently published case of Chonppe's' 
no doubt also belongs in this ca tegory , even thongh it is not 
entirnly identical wi th "saltatory spasm." The case is tha t of 
a man for ty years of age who has been di seased for ten years 
" ·ithout change. \\Then he begins to walk notl1ing abnormal can 
be noticed, but when he has walked thirty to forty yards the 
ex tensors of his legs and thighs contract powerfull y and snd
dcnl y so that the patient makes a leap that raises him some eight 
or ten i11ches from the ground. Then the muscles remain con· 
tracted , the limbs are cold, hard, and painful. This condition 
lasts about a minute. If the patient goes on walking this a ttack 
either recurs again soon or he may walk great distances without 
noticing any thing more. 

1 Berl. klin . Wochenschrift. 1875. No. 43. p. 588. 
'Coutra.cturc des membrcs infCrieures provoqut'>c par la. marche. Gaz. mCd. de 

Po.ris. 1877. No. 11. p. 138. Soc. d. Biolog. 
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The foregoing five cases have this characteristic in common, 
that in all tliere was a very extraordinary fncrease ef reflex ex
citability, but only in certain nerve-tracts; that, as a resul t of 
the same, on standing itp, or on touching the sole of tlte foot to 
tlte floor, a singular spasm occurs, which lws been very appro
priately designated as "saltatory;" and finally, that this in
creased reflex excitability appeared as an fsolated fact, without 
any other or with but insignificant spinal symptoms; that, in 
particular, there was no serious paralysis. 

An elevation of reflex excitability, even to a very astonishing 
degree, is by no means a rare manifestation in the pathology of 
the spinal corcl; this can be demonstrated in e1•ery instance of 
myeliti s from compression, in every high grade of spastic spi nal 
paralysis, and several other forms of spinal disease. !fore, how
ever, it is generally associated with paralysis and other severe 
spinal symptoms. On the other hand, the almost isolated and 
qnite preponderating occurrence of increased refl ex excitability 
is certainly very rare, and pro1·es that the reflex apparatus as 
well as the tracts thae control reflex action are certainly but 
rarely diseased alone. But it likewise appears, from the above 
cases of saltatory spasm, that such isolated or well-nigh isolated 
disease may yet occur. 

The method of action of saltatory spasm has something very 
peculiar about it; this being thrown upwards as soon as one's 
feet tonch the floor, this severe spasm of hopping, which puts the 
whole body in motion with great rapidity, is extremely charac
teristic; it constitutes the most prominent symptom ancl belongs 
to all cases of the di sease, although in some instances various 
other spasmodic manifestations are al so reported. 

"rith regard to the true essence and the starting-point of this 
peculiar cramp we are not yet altogether in the clear, in spite of 
the careful observation of cases, and in spite of the peculiarly 
accurate examinations of Frey. It is a pity that, at that time, 
the refl ex excitability of tendons was unknown. Although Gutt
mann believes that no relation can be established between this 
and saltatory spasm, yet I cannot rid myseH of the idea that the 
tendons are the very parts that must dec idedly have something 
to do with these spasms. At least in Frey 's case it was positively 
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demonstrated that the reflex action did not originate in the skin. 
J<' rey regards it as due to the tension and stretching of the mus
cles, but it is a qurstion whether the tenuons were not at the 
same time also stretched and irri tated. The fact that in several 
cases pressing the feet against the foo t of the bed, und tlrnt in 
Guttmann's case tapping on the sole of the foot (sic .') aroused 
the reilex spasm. speaks strongly in favor of my opinion. The 
well-known dorsal clonic spasm of the feet in its higher grades, 
in which both legs fall into a lively convulsive trembling (trepi
dation epileptoide) must, in my opinion, ben,r n, very g rea t re
semblance to saltatory spasm, and I can readily imagine that the 
patients who show this phenomenot1 would also develop salta
tory spasm i[ it were possible to set them on their foet and keep 
them standing; bnt they are generally the victims of severe 
paraplegia. 'l'hese considerations ut all events inspire the wish 
in future cases more accurately to test the question of whether 
saltatory spasm does not bear a certain relation to the reflex 
excitability of tendons-whether it does not represent an increase 
- certa inly to a very high degree-of dorsal clonic spasm of the 
feet. At the same time, Bamberger's first case seems to show 
that the reilex action may also originute in the skin ; thi s, how
ever, is in part also true of dorsal clonic spasm, and may be 
explained in other ways. 

There cannot be the slightest doubt that the phenomenon is 
rnally nothing else than a reilex spasm ; this uppears, to n, dem
onstration, from all observations, and quite particularly from the 
case of Frey, in which the subsidence of the reflex manifestations 
followed in quite a typicn,l manner. The fact, too, of the check
ing of the reflex action by strong mechanicn,l irri ta ti on of the 
structures lying beneath the skin may also be understood in the 
same sense. 

'Ve have, therefore, in all cases to deal wi th a peciiliar form 
ef spasm caused by extraordinaril11 increased reflex excitability 
qf" the spinal cord, and principally localized in certain nerve
tracts. 

But does this constitute a distinctive, well-characterized form 
of spasm, perhups somewhat simila r to t<'tanns, or is i t only one 
-certainly very striking and remarkable, but yet single-sy mp-
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tom of disease which may occur in various a ffections of the 
spinal cord?, 

F ot· the present I should be more disposed to accept the la tter 
alterna ti,·e . Just as is the case wi th ataxy, wi th muscular ten
sion, with pa rtial paral yses of sensation, and many other things, 
so saltatory spasm migh t also only be a peculi ar symptom be
longing to tho localization or diseased processes in quite deJini to 
porti ons of the co1·d . 'Vhether thi s symptom can be the main 
and essential one in a certain defini te form of c1isease; whether 
i t will , tli ernforn, be possible, in the future, to ga ther toge ther 
cases of thi s increasec1 refl ex excitabili ty under the name of •'sal 
tatory spasm," taking only the purest cases and those most free 
from other manifesta tions ; can only be determined by future in
vest igations. Ancl in these it woulcl be desirab le to gh·e special 
prominence to the more accurate stucly of refl ex action itself and 
its sta l"ting-points, and to settling the question, so far as possible, 
of a ll other concomitan t ma ni festations. 

The cases at p resent before us, although they are bound 
toge ther by the common symptom of ' · saltatory spasm," can 
hardl y be considered as the same in kind and belonging to a 
definite form of di sease. One case (Bamberger's 2d) is decidedly 
of hysteri cal origin ; in another (that of Frey) the paresis, the 
contractmes, and the atrnph y that were present, speak in favor 
of the ex istence o[ chronic myelit is ; in the other three cases 
(Bamberger' s Jst, Guttmann's 1st and 2d) no other sp111al func
tions seemed, to any considerable c1egree, afl'petec1 ; sensibility 
and motility were qui te normal. In these cases it would at least 
seem natural to regard them as peculi ar fo rms of di sease, whose 
main symp tom was the sal tatory spasm. They would constitute 
the germ of a subsequent more accura te array of cases of this 
form of disease. 

The main causes of this disease " ·ould seem to be previous 
illnesses, debilitating influences, nenropathic disturbances. 

The distribut ion of the spasms d iffers very much in individual 
cases; sometimes they are confined to the legs; sometimes they 
also ex tend to the back , the neck, and face, even to the organs 
of circula tion and respiration, and to the pupil s. In all cases 
the a rms remained free during the actual salta tory spasm, and 
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could be u sed by the patient for his support. The spasm was 
almost always accompanied by lh·ely pain in the legs. In one 
instance the spasm occurred only on stand ing; in others it could 
:tlso be called forth hy :tppropri:tte irrit:ttion when lying down. 
P sychical inttuences coulcl be shown in a number of instances 
either to favor or to control the spasm. 

Arter g iving the :tbove reports of all the known cases, it is 
not J1eccssa1y fur ther to deline:tte the picture of the dise:tse. 
The diagnosis of salt:ttory spasm will, :ts a rule, be easy, on 
:tccount of the extremely characteristic occurrence of the hop
ping movements as soon :ts the feet touch the floor. 

As regards the therapeutics o( this ma11i(est:ttion, no gre:tt 
results can yet be shown. In most inst:tnces all possible thera
peutic measures (w:trm b:tths, cold sponging, ice to the b:tck, gal
vanism, :trsenic, iodide and bromide of potassium, etc.) proved 
entirely ineffective ; the trouble remained stationary, or ran its 
course to lL favorable termin:ttion, apparently uninfluenced by 
therapeutic me:tsures. Only in the first case of Bamberger did 
the administration of morphine seem to exert a decidedly bene
ficial influence on the spasm. 

The treatment of this peculiar condition is therefore still to 
be discovered. It might be desirable, first of a ll, to keep our eye 
on trial s of bromide of potassium, calabar bean, ergotine, and 
atropia (see this Vol., p. 189). 

c. Tonic ST!asms [Cramps] in Muscles Capable of Voluntary Movement. 

Charle8 Bell, Affections of the Voluntary Nerves. Physiological and Pathological 
ln\•estigations of the Nervous System. German by Hornberg, 1832. p. 367.
M. Benedict, Ueber spontane u. reflector. Muskclspann. u. Muskelstarre. 
Deutsche Klin. 1864. Nr. 30-34.-Elektrotherapic. S. 134 ff. 18GS.-Leyden, 
Klinik u. s. w. I. S. 128. 1874.-J. Thomsen, Tonischc Kriimpfc in willklirlich 
bewcglichen Muskcln in Folge von crerbtcr psychischer Disposition. Arch. f . 
Psych. u. Ncrv. VI. S. 702. 1870.-A. Seeli[Jmueller, Ton. Kriimpfe in wilk. 
bcwegl. Muskeln (Muskelhypcrtrophie 1). Deutsch. med. Wocb. 1876. Nr. 33 
u. 34. 

After attention had been directed for a Jong time to certain 
conditions of muscular rigidity which occur in some diseases of 
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thP spinal cord, and also in other nervous affections, cases were 
more recently described by J. Thomsen and Seeligmueller in 
which such muscular tension and regular tonic spasms, on volun
t:uy motion, formed almost the only dPmonstrable manifestations 
of disease. 'l'hese were cases that probably depended on a con
genital anomaly of the nervous system that occurred repeatedly 
in one and the same family, and were bereditary through sernral 
generations-cases which caused the individuals thus attacked 
great annoyance, and often led to their being falsely judged and 
unjt1stly treated. 

As these cases are of decided practical importance, aml may 
acquire the most serious significance to the individual-in case 
of his being subject to military duty, for in tance-and as they 
are, furthermore, probably of spinal origin, they will here be 
briefly noticed. 

\Ve will first, as a sample of this peculiar disturbance, com
municate the case very fully investigated and described by 
Seeligmueller. 

Iliclrnrd Kroitzscb, a recruit, twenty-two yc:-ns of nge, had well-nigh driven his 
drill-sergeant to despair, because he could not learn to handle his musket with 
anything like the requisite rapidity and precision, and, furthermore, rcpentedly let 
his piece fall, in the midst of the drill, or even fell to tlrn ground himself, without 
losing consciousness. The recruit stnted that a certain stijfiiess and tension in his 
arms lmd legs, especially after long rest of the extremities, 1mftented the raJJitl and 
vrecise ca.rryinrJ out of the movements. An older sister suffers from the same 
affection. 

The patient has been affected with this trouble from his tarliest cJiildlwod. Ile 
never could execute rapid movements; was prevented for this renson from becom
ing a waiter, and was obliged to adopt a sedentary occupation. The stiffness is 
Ycry great after sitting still for a considernble time, and nlso on getting up in the 
morning. It is claimed that his extremities aluays grow more aupple, and m·e under 
belter eont1·ol aft.er prolonged move1nent; this also proved to be the case after drilling 
for n long time. Tiis speech is also somewhat hesitating. His legs and forearms 
often have the subjective sensation of being asleep and of formication. No pain 
and never any cramps in the cnlves of the legs. 

Objective examination showed a man of medium stature, with but a slight layer of 
fat, but with well developed, and in part even ntl1lctic, muscles. The domain of the 
facial nerve and the tongue were nonnal. Speech good. There was no tenderness 
on prt!ssure over the spinal column, the nerves or muscles of the extremities. Reflex 
movement on tickling the soles of the feet increased. 
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There was an enormou1 clerJeloi>ment of single symmetrical groups of muacles, thus 

of the calves of the legs, the quadriceps and trnpczius muscles, the glutrei, the biceps 

muscles, etc. The measurements given shol)"ed an unusual size of the individual 

parts. This massi\•e development is comparath·cly uniform for the upper and lower 

extremities. There is consiclcrable lordosis of the lumbar portion of the spinal 

column. Skin and panniculus normal. Almost all the muscles show an unnm, 
knobby aurface, which becomes more distinct on motion. The muscles feel as lwnl 

as boards, es1>ecially when they are set in acliou, when they swc11 up into knotty 

ridges. This is also the case when they are irritated, mcclianically <>r electrically. 

On tnpping over them, the parts affected at once contract into firm masses, standing 

out in relief. The same thing takes place on irritation with the faradic current, 

nnd it appears, furthermore, that the tetanus thus called forth continues cli~propor· 

tionntely long (five seconds an<l more) after the action of the fara<lic irritation bas 

ceased. The same manifestations were also called forth through a strong galvanic 

current. 

Jn the muscles of the upper arm and shoulder there were distinct fib1·illar con

tractions. The actilie tnovability of the extremities did not appear to be materially 

disturbed, during the examination-only the rotation of the shouldcr·joint was a. 

little slow and hesitating. Con8iderable obstacle8 were opposed to passice motion in 

most of the joints, particularly the knee· joint. There were no disturbances of co· 

ordination. Climbing stairs was executed with the legs somewhat spread. No 

muscular tetanus could be called forth by compression of the trunks of the nerves 

or arteries. The galvanic and faradic excitability of the nerves and muscles proved 
to be quite nonn:ll 

Seeligmueller was induced to report the preceding case by the 
description which Dr. J. Thomsen had given of this peculiar form 
of disease. Thomsen himself has suffered from the affection 
since his youth, and has demonstrated its existence in his own 
children, in his brothers and sisters, and in his ancestors, includ
ing numerous cases, and running through not less than four 
generations. 

The description which he gives, somewhat concisely, of him
self and of one of his sons who, by reason of the imperfect judg
ment formed concerning his case, had to snfier much at the 
hands of the military surgeons, agrees in all essential points 
with Se~ligmueller's case. 

The difficulty begins iu earliest youth; Thomsen was able, in 
part, to recognize it in his children even in the cradle. It con
sists in a deficiency in the influence of the will on the muscles 
which fall into a state of rigidity and stiffness, and even int~ 
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complete tonic spasm when they attempt to obey the will. This 
appears the more prominently the more powerfully patients 
exert their will to ornrcome the obstacle, the more they are oh
seiTed, or are the subjects of psychical excitement genemlly. 
This condition may become so extreme that patients fall to the 
grounu and tumble around helpless until the spasm abates. On 
the receipt of sudden severe psychical impressions a sudden 
painful sensation shoots through all the voluntary muscles. 
Low temperature, taking cold, and all conditions o( disease in
crease the evil, warmth and movement diminish it. The sphinc
ters are not involved. \Vhen the patients once get agoing, and 
the will has attained its influence over the muscles, then they are 
as capable of movement as well people. 

No other disturbances of any kind are to be obsen·ed. Psy
chically these people are well, although the fear of betraying 
their condition before people, and the wish to conceal it, rule 
them and influence their character. There is nothing abnormal 
to be found in their corporal condition; the muscular system, 
particularly, may be quite admirable and well developed. In 
Rostock they excised a piece of muscle from Thomsen's son 
and founcl it perfectly normal. 

The heredity of the trnuble is very remarkable, as is strik
ingly manifested in Thomsen's family. The great-grandmother 
oi Dr. Thomsen died of puerperal mania, and her two sisters 
were afterwards psychically diseased. His grandfather was also 
mentally weak. Of his four children, two had the stiffness to a 
high degree, the other two (including Thomsen's mother), to but 
a slight degree. Among the children of this generation, the evil, 
as well as conditions of psychical weakness, was very wide-spread; 
of thirteen children borne by the ruother of Thomsen, se,·en suf
fered from this rigidity. Among the thirty-six descendants of 
Dr. Thomsen and his brothers and sisters, on the other hand, 
but six suffer from this complain!. Four of his own five sons 
have the disease. This is, therefore, a very classical exam pie of 
"nenropathic encumbrance" [·' neuropathischer Belastung"] in 
a family . 

I furthermore find a case in Leyden (l. c.) which plainly be
longs here, and some details of which I wish to mention, as it 
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may serve in certain respects to complete the description of 
Seeligmueller. 

A merchant, twenty-eight years of age, whose brother suffers from a !imilar 

muscular affection, and whose muscles arc dcvclopc~ in quite an athletic manner, 
shows a strikitw stiffness iu all his movements, which he has had from his earliest 

youth. Individual groups of muscles do not promptly ohcy the will, and, whcu a 

certain movement is intended, come to a stand-still half way in a state of tctauic 

rigidity. ITis speech is slow and awkward, ns arc alw the movements of the tongue. 

Some of the motions of the eyes, and of those musrlcs controlled by the facial 

nerve, arc also sluggish. If the patient clenches his fist powerfully it is impos

sible for him to extend his fingers again immediately; this is accomplished but 

slowly, as if he had to overcome a serious obstacle. After these attempts ha.ve been 

repeated a. number of times the movements arc accomplished more easily. The 

same manifestations occur in the lower extremities, etc. Aside from this the patient 

is perfectly well. The malady remained uninfluenced by any treatment. 

In Benedict, too, there are some observations in which this 
appearance of muscular stiffness stoocl out in a very prominent 
manner. This is particularly true of observation No. 88, in his 
"Electrotherapy," while observation No. 86 donbtless represents 
a somewhat more complicated, but, in certain respects, a similar 
case. 

Charles Bell, too, has undoubtedly seen the affection here dis
ct1ssed, and has described it-even though in quite hasty lines-in 
that portion of his celebrated work citecl above. 

I myself very recently observed a case which, at least, gave 
indications of quite similar manifestations. 'fhe patient, twenty
one years or age, came to me on account of symptoms indicating 
multiple sclerosis in process of development, and stated that from 
his youth up he had been the butt of his comrades on account 
or his being so stiff and unhandy. Ile hacl always felt a cramp
like stiffness in his limbs whene1,er he endeavored to use them 
rapidly, especially if he was being observed by others. This was 
noticeable in rising from a chair, in going up stairs, etc.; if he 
took a firm holcl of any slender object with his hands, he was 
unable to let go of it again immediately, etc. This condition was 
worse in the cold. \Vhen once started in walking his movements 
followed much more easily. 

Signs of these conditions are often enough met with in per-
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sons with disease or the spinal cord, but then they are always 
complicated with other and more severe spinal symptoms. This 
peculiar stiffness and awkwardness of motion, and the fact that 
many patients walk and move worse when they are being ob
served, are known to every experienced physician. 

On the other hand, the almost isolated occurrence of these 
disturbances, as it appears in the cases g iven above, is certainly 
a rarity, though it might be worthy of the special attention of 
military surgeons. 

Briefly stated, the picture of the disease, as based upon the 
scanty material at hand, is about as follows: 

From their earliest youth-doubtless, as a rule, under the 
influence o( hereditary conveyance-these }Jatients sufier under a 
peculiar distmbance of movement, which is but rarely c1eveloped 
for the first time in adults. This disturbance of movement con
sists in a peculiar stiffness and rigidity of the muscles which are 
intended to be set in action by the will; a stiffness which may 
increase to a regular tonic cramp, so that morements are entirely 
hindered, the patients fall to the ground, etc. Just as the vol
untary contraction o( the muscles is opposed by a strong internal 
obstacle, so the termination of a contraction that has once set in 
also follows but slowly, as if overcoming an obstacle; the con
tractions which were accomplished with difficulty persist long
patients can not at once let go of articles which they have seized 
firmly. It is only when, after repeated powerful efforts of the 
will, the tracts for motor excitation seem, as it were, to have 
become free again, that movements follow with increasing free
dom and ease, and are but little to be distinguished from healthy 
movements. Psychical influences, sudden mental impressions, 
the effort of paying attention, the presence of strangers, cold, 
etc., act unfavorably on the condition; warmth, moderate move
ment, a gooc1 state of mind, a high degree of self-confidence, 
relieve it. Aside from this these patients are well; their bodily 
and mental functions are accomplished normally; their muscular 
sy tem may be admirably developed and even capable of accom
plishing a large amount of labor. Sometimes (always?) tension 
of muscles takes place on making passive movement, and on 
mechanical and electrical irritation of the muscles strikingly 
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powerful tonic contractions of the same set in. \Vi th all this, 
such patients are unfit for many of the duties of daily life and 
for the exercise of various callings, and above all are unqualified 
for military cluty. 

\Ve will not here enter into far-reaching speculations with 
regarcl to the essence or this remarkable form of disease. Thom
sen thinks that it depends on a distm·bance falling principally 
within the domain of psychical influences. Seeligmueller does 
not share this op inion . \Vhereas he originally thought it to be 
a peculiar forn1 of muscular hypertrophy, the doctrine of a con
genital or inheri ted affection of the lateral columns or the cord 
afterwards appeared to him most probable. I must confess that 
I have thus far been unable to form any definite idea of the seat 
and the variety of affection lying at the foundation of this ditli
cul ty, although, owing to the occurrence of analogous symptoms 
in so many diseases of the spinal cord, I should first of all think 
of a spinal affection. The question can only be decided by fur
ther observation. 

There is also wide play left here for tlierapeutic endeavors, 
which, in the cases thus far reported, seem to have been entirely 
without results. 

d. Intermittent Spinal Paralysis. 

Macar itJ, Gaz. m6d. de Paris. 1857. Nr. 6.-Romhcr9, Lchrbuch d. Ncrvenkrankb. 
I. p. 752.-Iltirtwig, Ueber cinen Fall von intcrmittircndcr Paralysis spinalis, 
Diss. lfallc. 1874. 

The occurrence of purely intermitten t attacks of paraplegia 
and paralysis, which, according to all appearance, are of spinal 
origin, and which make a most striking impression as contrasted 
wi th the usual stability of spinal paralysis of similar severity,. is 
undoubtedly one of the rarest and most remarkable forms of 
manifestation of malarial infection. 

Literature contains but very few instances of this form of 
spinal paralysis. 

I find one case of l\facario's cited in Ilertz,' in which a 

1 This Cycloprodio.1 Vol II., p. 601, foot-note. 
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woman, two days aCter her confinement, was attacked with for
rnication i11 her feet without any known cause, which extended 
01·er the trunk to the upper extremities. The extremities be
came paralyzed and anresthetic, and the tongue, too, was para
lyzed. These maniCestations were repeated in a quotidian type 
three times, and were cured by quinine. 

Romberg describes quite a similar case. 

A woman, sixty-four years of age, after being quite well the day before, was 
suddenly attacked with paralysis of the lower extremities nnd the sphincters. Scnsi
Uility was unchnugcd, consciousness clear, the tcmpcrnturc cool, pulse 80, small and 
empty, no pain in tl1c spinal cord. The next day there was an astonishing change 
in the condition. The patient can walk again, and void urine voluntn.rily, and 
only complains of weakness in the legs. The next morning there was paraplegia 
again, which had set in at the l:!amc hour as two days before. A third paroxysm 
was awaited, which a1so set in at the appointed time, although without paralysis of 
the sphincters. Quinine effected a rapid cure. 

In a recent dissertation at Halle, IIartwig has reported in 
detail an observation belonging under this head. 

This observation is in relation to a vigorous lnborcr, twenty-three years of nge, 
who harl suffered from tertian intermittent for a few weeks fh·c years before. hut since 
that time had remained perfectly well and strong. In November of 1873, he first 
noticed weariness in the legs, which gradually incrensed, nnd the arms, too, were 
attacked. On the third clay he was obliged to take to his bed, and the night follow
ing he was completely paralyzed-his legs, trunk, arms, ancl even the movements of 
Lis head were paralyzed, but. not the muscles of the face; speaking, breathing, nnd 
swallowing were somewhat hindered; there was no paralysis o[ the sphincters, sen
sibility was intact, the head entirely free, no pain. The secretion of sweat was 
excessive. After this condition had lasted for twenty-four hours it let up, nnd in 
hnl f an hour, generally with an increased secretion of sweat, all the muscles again 

becnme movable. 
During the succeeding twenty-four hours the patient remained free from any sign 

of paralysis, merely complaining of weariness and heaviness of the limbs. Then 
the attack of paralysis recurred ngain, in the same way as at first, and then thrre 
followed regular successive free intervals and attacks, both of ahout twenty.four 
hours' duration. Gradually the time occupied by the attack extended to forty 
hours, the inten•al being much shorter. Under the use of arsenic the intervals also 
extended over a period of about forty hours. On first using quinine the attacks 
remained altogether absent for four days. After hypodermic injections of strych
nia the tertian type of the attacks was re-cstnblisht>d. Between two days, on 
which the patient is completely paralyzed on both sides, he has a day of tolerably 
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free mobility of all his members. The sphincter ani was likewise affected a few 

times i the general condition of the patient had not mutcrially suffered. 

At the end of :March, 1874, the following condition was found to exist during 

nu attack: The patient lay there completely paraplegic; only the muscles of hi~ 

face acted normally; the flexors of the hands an<l feet show a minimum amount of 

motion. The pupils reacted woll i the special senses were normal. 'J'hc head 

could not be moved; on inspiration, it was principally the diaphragm that was 

active i expiratory efforts were reduced to a minimum. Speech and swallowing 

were somewhat difficult. Respiration 20, pulse 72, temperature 9£1.5° i sensibility 

of the skin and muscles normal. Reflex action is entirely wanting; the electrical 

excitability of the muscles is almost entirely extinguished (dming the intervals it is 

only diminished). No pain, only formication and a feeling of numbness in the 

parts affected. Evacuations voluntary. 
In the course of the succeeding months greater and lesser irregularities occurred 

in the course of the disease. The use of quinine sometimes prevented the attacks for 

a number of days, but then they returned again in spite of its continued use. On the 

whole, however, the disease retained its intermittent or strongly remittent type, and 

grndunlly a certain degree of cachexia. began to show itself, with marked emacia

tion of the muscles, etc. After the trouble had lasted for seven and a half months 

no radical improvement could, as yet, be demonstrated, and nothing is stated ,,·ith 

regard to the final termination of the case. 

These three very remarkable cases have the following features 
in common: that they all present a rapidly developecl paraple
gia, advancing to complete motor paralysis, with or without 
anrosthesia and paralysis of the sphincters; that this paraplegia 
disappears again in the course of a few hours, sometimes witli 
the appearance of a critical sweat, to give place to a complete or 
well-11igh complete intermission; that this process is then re
peated, in a more or less regular manner, in the quotidian, ter
tian, or qnartan type; anil that the entire affection is either 
promptly cured by quinine, or at least favorably intlucnced 
thereby. 

It is in the highest degree probable tJiat we here have to deal 
with a malarial infection; the intermittency of the paroxysms, 
their termination in a sweat, and the efficacy of quinine, all argue 
strongly in favor of this intermittent paraplegia being nothing 
else than a masked intermittent. To be sure, this cannot, as 
yet, be considered as rigidly proven. 

H may probably be even more positively asserted that the 
seat and starting-point of this disturbance is to be found in the 
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spinnl cord. The entire character and grouping or ·the symp
toms, the limitation or the paralysis to purely spinal nerves, the 
entire immunity of the brain, the grent resemblance to other 
general paralyses of notoriously spinal origin, speak with such 
positiveness in favor of this belief that no reasonable doubt on 
the subject can be raised. 

But it is, unquestionably, a matter of the grentest difficulty 
to determine what nctually takes place within the spinal cord in 
this malnrial paraplegia,-whether nny, nnd, if so, what anntomi
cal changes take place therein during the attack. IIartwig as
sumes that it is a question of transitory hypen-emias and serous 
transndations in the snbstance or the spinal cord; a supposition 
which appears to me untenable, from the mere fact thnt the dis
turbance is always confined to the motor })Ortions of the cord, 
lenving the sensitive portions entirely free. It is probably safer 
to sny that the essential conditions of malarial spinal paraplegia 
are at present unknown to us, and that we can only hope for 
light on this subject from the future. 

The diagnosis oE ·'intermittent spinal paralysis" is very 
easily arrived nt from the picture or the disease. And when the 
diagnosis is clear the treatment is plain. The treatment ap
plicable to intermittent fe,·er in all its forms-quinine, arsenic, 
removal from a malarial region, etc.-must be undertaken with 
energy. If this remains without results, then the therapeutic 
measures laid down in various portions oE this work for acute 
and chronic spinal paralysis will claim consideration. 

e. Toxic Spinal Paralysis. 

Raoul Leroy if) Etiolle8, Des paralysies des mcmbrcs infCrieurcs. TT. p. 1-75. Paris, 
1851.-Jaccoud, Les pamplCgies et l'ataxie du mouv. pp. 321-334. Paris, 1864. 
Leyikn, Klinik. II. 1. Al.Ith. pp. 280-2!)7. 1875. 

Jn connection with the foregoing cases of infections spinal 
paralysis, it may, perhaps, be appropriate to give some particu
lars with regarcl to similar instances of paralysis called forth by 
known and actual poisons. 

It is claimed that such paralysis (in various forms, as paraple
gia, as paralysis of single groups of muscles or extremities, as 

VOL. XIII.-52 
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general paralysis, etc.) has resulted from in toxication with ar
seni c, phosphorns, lead, quicksilver ; furthermore, as the result 
of poisoning with carbonic oxide, sulphide of carbon, tobacco, 
camphor, ergot, Jathyrus sa tivus, alcohol, absinthe, mushrooms, 
balsam of copaiba, etc., entirely apart from the severe acute 
paralysis of the nervous system, such as is called forth by 
opium, belladonna, strychnine, etc. 

All these poisons are disting uished for their powerful though 
varied influence on the nervous system; they cause lasting 
paralysis, as a 1·ule, only when their action is slow and repeated, 
more rarely when it is quite acute. They cause the most varied 
forms of paralysis and paraplegia, from simple weakness and 
paresis to complete paralysis, sometimes acute, sometimes more 
chronic, with or without muscular atrophy, with or without dis
turbances of sensibility. In many cases, however, the causal 
connection between these and the antecedent intoxication is by 
no means placed beyond all doubt. 

Furthermore, we know almost nothing wi th regard to the 
changes that may exist in the nervous sy stem (especially in the 
spinal cord) in such paralyses. \Ve have virtually no anatomi
cal reports on this subject that carry any weight wi th them ; the 
localization in the spinal cord cannot even be asserted, with any 
degree of positiveness, on the ground of the clinical symptoms. 
Grmt uncertainty still reigns even with regard to the most fre
quent and best known of these forms of paralysis, viz., lead
palsy. \Vhat is to be said and conjectured on this subjec t has 
already been given in other portions of this work. 

The pathology of the spinal cord has, therefore, not as yet 
experienced any advancement through the study of toxic paraly
sis, and there is all the less reason why we should here enter 
upon these matters in detail, because this would carry us into 
the domain of toxicology, this being the fi eld where, for the pres
ent, the sc ientifi c working up of these questions will have to take 
place. The reader who is more particularly in terested in this 
direction will find that, aside from the hand-books on Toxicology, 
the works above cited contain more detailed accounts o( these 
matters, even though the results may still be unsatisfactory. 
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£ Paraplegia dependent on Idea. 

J. R11,1aell Reynolds, Rcmnrks on Paralysis and other Disorders of Motion nnd Sen
sation dependent on Idea. British Med. Journ. 1869. Nov. 6. 

In a very rnadable essay, and one of importance to the pmc
titioner, Russell Reynolds some time ago pointed out the fact 
that severe disturbances of the nervous system (paralysis, cramp, 
pain) may depend upon diseased action of the mind, and upon 
imagin:i.tion; that such distnrbances, under the garb of afl'ec
tions of the brain or spinal cord, may long bid defiance to all 
treatment, and on ly disappear after the removal of the erroneous 
ideas. Such conditions may occnr quite independently of psy
choses, of hysteria, hypochondriasis or simulation; they are 
often associated with general debility, and even with actual, well
delined diseases of the nervous system, and, if a correct diagnosis 
is made, may easily be removed by appropriate treatment. 
Everybody knows the powerful influence which imagination 
and lively mental operations have upon pathological manifesta
tions in the nervous system, and we are not surprised if these 
influences make themselves felt in the domai11 of sensation and 
feeling ; we are less accustomed to the idea of such psycl1ical 
impressions manifesting themselves in the form of severe motor 
disturbances also, although there is no reason, a priori, why this 
should be impossible. 

Taught by om own experience that such conditions actually 
do occur, and perhaps occur more frequently than one would 
think, we consider that it would not be amiss to give a brief rep
resentation of Russell Reynolds' views, so far as they refer to 
disturbances in the sphere of the spinal functions. The reader 
will agree with us that the easiest way to familiarize him with 
the subject is by the brief narration of the most significant one 
of Russell Reynolds' cases. 

A young Indy who hnd seen better days was ndmitted into the hospital as para
plegic. She had become so graduallr. nnd wris much cmacintcd. She had been 
unable to stand for two or three months, and was now bed-fast. Her expression of 
countenance was noxious, mixed with a glimmer of hope i she expected to be cured 
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a9 th" result of entering the hospital,-a step upon wliich she bad resolved with 

difficulty. 
wus almost complete; she could move the toes somewhat, and 

from the ]Jed. But the sphincters were normal, and there was 
no local atrophy. Sensibility was intact; clectro-museular sensibility and contro.c
tility normal; reflex action hard to accompl ish ; no conditions of cramp i no pain, 
even on moycmcnt of the legs or on pressure over the spinal column. No hysteria i 
no traumatic injury; no cachcxia demonstrable. 

Iler previous history is as follows: Iler father, who is her only relative, was 
brought from aflluencc to poverty, a year and a 11111( ago, through commercial dis
nsters. H e bore it bravely, as did also his daughter i he set to work again, and she 
assumed duties and responsibilities which she had never known before. At first all 
went well, but suclclenly the father became paralytic, and his daughter nursed him 
with tender self-sacrifice. But they soon found themselves in actua l want. The 
cloutghter woL"kcd as d.~ily governess, was obliged, as a matter of economy, to walk 
a great deal, and walked fast, so as to gain timo for her father. Thus she worked 
for many a weary week, the thought of paralysis nlways before J1er, lier brain over
burdened with thought and anxiety, her limbs weary with walking, her spirits 
hardly equal to the constant effort to appear cheerful. Iler legs often hurt her, and 
she thought, with shuddering, what if she should grow lame like her father! This 
thought acquired an increasing power over her ; she was gmdually obliged to give 
up walking, then to stay at home, then in her room, and finally in bell. H er legs 
grew more inactirn from day to (by unti l complete paralysis was present. 

She was told, and all those about her wcro told, in confidence, that she would 
soon be able to walk perfectly well. A light tonic was administered; her legs 
were faradized, though more for the sake of the psychical impression; he1· legs and 
brick were rubbed and she WM obliged to walk up and clown the hall for five min
utes every four hours supported by two muses. The day after the beginning of 
this treatment she could walk with but little support. After four or five days she 
could walk quite well, and at the end of two weeks she was as strong and capable 
as ever before iu her life. 

Not less interesting are tlie other examples which Rnssell 
Reynolds gives. I have likewise met with qu ite similar things 
in my own practice, even if not so well marked in degree, and 
have repeatedly seen improvement set in through appropriate 
psychical impressions made upon the patient. 

It is, of course, by no means always easy to recognize such 
conditions aright and to separate them from real diseases with 
an anatomical basis. Such conditions are by no means always 
associated with hypochondriasis or hysteria, or mentnl disturb
ances, although this may occur: still less are we to suppose that 
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such patients are indulging in malicious simulation; they are 
themselves Jirmly convinced of the reality of their symptoms. A 
certain general debility not rarely accompanies such conditions, 
and all possible debilitating intluences-clisease , cares, anxieties, 
O\•erexertion, etc.-may be followed by the same. But it gener· 
ally requires, in addition, that the attention be habitually cli· 
rected to certain portions of the body or to certain forms of dis
ease in order to call forth such "imaginary" disease. On this 
ground Russell Reynolds believes that a part of the neuroses 
caused by railroad accidents may be classecl under this head, 
wherein the attention of the victim is intluenced in the most nn· 
fortunate manner by the stories of fri ends, by the inquiries of 
his physician, the talk of his attomey, and the sober face of the 
company's physicia n. 

'l'he diagnosis of such forms of disease is based on the follo"·
ing circumstances: on the method of development of the symp
toms, and especially on the demonstration of some rnling idea of 
the mind; on a judg ment with rega rd to the symptoms present, 
and especially on the demonstration of such symptoms as cannot 
be reconciled with the theory of an organic lesion. In this re· 
spect Russell Reynolds call s attention to the fo llowing points : 
that the patient cannot lift his heel from the becl nor draw it up, 
while he can rnise himself up or li e down without any help, Ol' 

turn from one side to the other; that in apparently complete 
motor paralysis there are no signs of paralysis of sensa tion, no 
trophic di sturbances ancl no diminution in the electrical exc ita· 
bility; that sometimes there is complete inability to stand on 
one's legs, whereas the legs can be moved in e\·ery possible direc
tion. Finally, the diagnosis is also said to be aided by the fail
ure of ordinary treatment and the success of treatment directed 
to the remm·al of the false idea. That it will not always be pos
sible to make a positi\'e diagnosis on the g round of these signs, 
is a fact which will be admitted by every one familiar with the 
pathology of the spinal cord. 

In the way of treatment Russell Reynolds gives the follow
ing r~commendat ions : Let the case be taken hold of earnestly; 
excite the hope of recovery, if a defini te plan of treatment is fol
lowed out, and let this be clone not only by tho physician but by 
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those around the patient-hence the importance of hospital 
tl'eatment; compel the patient to walk at certain definite times, 
su ppo,.ted on both sides; use faradization to the muscles, fric 
tion and passive movements of the limbs; apply dietetic and 
medicinal treatment such as the general conditio11 of the patient 
requil'es. 

So far as we know, these matters, which are certainly not 
without practical importance, have thus far not received the at
tention which they unquestionably deserve. It would be inter
esting to receive communications from others regarding similar 
manifestations; perhaps it would be possible after a while to gain 
somewhat more insight into the pathogenesis of these processes, 
which thus far almost elude all scientific explanation. 
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I. Anatomical Introduction. 

The chief works to be consul ted arc: B. Stillfog, Untersuch. i.ib. d. Tcxtur u. Fune· 
tioacn clcr Medulla oblong. Erlangen. 18-13.-Untcrsuch. tibcr den Bau des 

llirnknotcns oder dcr Varol'schcn Brlickc. J ena. 1840.-Scliroeder 1'. d. Kolk, 

llau u. Function dcr Medulla spin. u. obloogata. Braunschweig. 185V.

Deiicn, Untcrs. iib. Gchirn u. RUckenmark des :Menschcn u. der Siiugcthicre. 

1865.-Sticda, Ueber den Ursprung dcr spinalartigcn Uirnncrvcn. Dorpat. med. 
Zcitschr. IL 1873.-.Mcynert, Strickcr's Handbook. Vol. 2.-Skizzc des 

menschlichen Grosshirustammcs, etc. Arch. f. Psych. und :Ncrv. IV. 387-431. 

1874. -Henle, llandbuch dcr Ncrvcnlchrc. 1871.-Jlu9uenin, All. Pathologic 

d cr Krankhcitcn des Ncrvcnsystcms. I. Anatom. E inlcitung. 1873.-Fledisig, 

Die Lcitungsbahncn im Gchiru n. R li.ckenmark clcs Mcnschcn. Leipzig. 1876. 

-Uchcr Systcmcrkrnnkung im R li.ckcnmark. Arch. d. H cilk. XVHI. 1877.

Furabeuj~ iu Diction. cncyclo. des sciences mGdic. 2 SGr. tome YIU. p. 20!'1. 

1874.- lV. ]{ra1tsc, Handlrnch d. mcnschl. Anatomic. I. 1870.-Duret, Sul' la 

distrilmti0n des artCres nourriciCres du bulbc l'hnchidicn . Arc11. de Phy. norm. 

ct patbo l. 1873. p. n7. 

Many points, and these perhaps the most important, in the 
anatomy qf tlie 1neclulla oblongata, are still unsettled. Indeed, 
the relations here a.-e, more than elsewhere, difficult to disen
tn,ngle. The connections between the different structures of the 
medulla oblongatn, and those, first, of the spinal cord below, and 
second, of the central nervous system above, are so extremely 
complicated, nnmerons, ancl entangled, that even the most care
ful and thorough anatomical investigation can scarcely make 
them understood. This is quite su ffi cient explanation for the 
fact that the views of the best observers on the finer stmcture of 
the medulla oblongata are still at great variance with one another 

on several points. 
The space in this handbook does not allow of an accurate 
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and exhaustive description of the outward form and internal 
structure of the medulla oblongata. Yet we can scarcely avoicl 
giving a short sketch of the principal points, in order to refresh 
the practitioner's memory 011 anatomical relations, to put him 
au courant with the latest investigations, and acquaint him 
somewhat with the present nomenclature, and thus, we hope, 
facilitate his comprehension of the morbid anatomical details in 
the following pages. 

The best way of attaining this object will be to begin with the 
structures of the spinal cord, with which we are already 
acquainted, and follow these into and through the medulla 
oblongata, and after this to give a short description of the other 
parts which are peculiar to the medulla. To suit the practi
tioner's interests, we shall endeavor, first of all, to give a clear 
and conect idea of the topography of the parts, leaving aside 
the details of the course of the fibres and their manifold connec
tions, partly because these are wholly uncertain, and in many 
instances in great part unknown. 

Even the external boundaries of the medulla are still a matter 
of dispute among anatomists, though every one agrees to bound 
it inferiorly with the roots of the first cervical pair of nerves. 

The superior border, however, is undecided, some considering 
it as formed by the inferior border of the pons (which woulcl 
correspond on the posterior surface to the upper strim acusticm); 
but most writers include the whole floor of the fourth ventricle, 
i. e., the whole rhomboid sinus; these latter boundaries, too, are 
better suited for clinical purposes. \Ve should then take for the 
upper boundary the processus cerebelli ad corpora quadr. (which 
form the lateral walls of the fourth ventricle) and the entrance 
of the Sylvian aqueduct; thus, we 111ay regard the pons as a 
cerebral strncture, which bounds the medulla oblongata on one 
side, and then we need concern ourselves no more with its struc
ture or pathology in this article. 

From a superficial examination of the exterior, one would be 
!eel to think that the columns of the spinal cord run without 
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interruption into the structures of the medulla oblongata; but 
closer observation proves the error of this view, and shows that 
the most manifold transpositions take place, which contribute to 
bring new and important structures to the surface, and produce 
the characteristic appearance of the medulla. 

If we follow up the anterior spinal columns, they appear to 
ascend directly and run into the pons. But, on dmwing apart 

the lips or the anterior median fissure, we perceive that, at the 
level of the first cervical nerves, it is obstructed for a distance of 
from six to seven mm. by coarse bundles of fibres, which pass 
from one side to the other, decussating in fact, and then con· 
tinning their course on the opposite side, along the anterior 
fissure. Here we see a crossing of fasciculi, which come to the 
surface from the interior, and then usurp the position of the 
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anterior columns in their course upwards. This is the so-called 
decussation of tlte pyramids (Fig. 20, £"), and the columns which 
go from this to the pons, and take the place of the anterior 
columns, ::ire called the pyramids (Fig. 20, d). They issue from 
between the anteriol' columns (Fig. 20. ct), which latter retreat 
ancl dis::tppear into the interior of the medulla. 'fhis arrange
ment is often rendered eddent by a di stinct gl'OO\'e (Fig. 20, e) 
nrnning obliquely upwal'd s, and fol'ming the boundary between 
the pyramids and lhe anteJ"ior columns prnper. 

The lateral colmnns of the spinal cord proceed directly 
upwards thrnuglt lhc medulla, and are now surrounded by the 
(motol') roots or the hypoglossus (Fig. 20, XIJ) ancl the (chiefly 
sensory) roots of the glossopharyngeus (IX) and rngus (X), 
which replace the anterior and posterior roots of spinal nerves. 
In the upper half, almost immedi::itely behind the pons, projects 
an almond-shapecl structure, like a long pl'ominence, and bor
dered on either side by attenuated stripes of the lateral columns; 
this is the olioary body (Fig. 20,f) . Its prominence is subject 
to considerable individual vaJ"iation. The upper portion of the 
lateJ"al column is here often callecl the olivary column. A ~mall 

portion of the lateral column (Flechsig' s direct cerebello-latero
columnar tract), belonging to the periphery of the postero-late
ral column, passes in the meclulla obliquely backwards, and 
takes part in the form::ition of the corpus restiforme, and also of 
the peduncnli cerebclli. 

'l'he posterior spinal columns at firsL continue their parallel 
course upw::irds; a little above the superior tel'mination of the 
clecussation, however, they part at rather a sharp angle, ancl 
pass into the cel'ebellnm under the form of round columns, much 
inci·eased in size. These columns are the pedunculi cerebelli 
(Fig. 21, g) or funiculi restij'onnes. The increase in size would 
alone indicate that these are not the mere prolongation or the 
postel"ior spinal columns; in fact, new bundles contribute to the 
formation o[ the cerebellar peduncles. The components o( the 
posterior columns proper appear to run directly into the pedun
culi ; the iuniculi grnciles (Goll's cuneifol'm columns) (F ig. 21, 
u), forming the intt>1·nal portion or the pedunculi , at the point of 
the angle swell to nodules, the clava (Fig. 21, d) , and are 
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u sually connec ted with the cuneiform column of the other side 
by a slender band of whi te substance, the obex (Fig. 21, e). 

The sulcus intermedius postC1·ior (c) , which divides the graci
lis from the cuneiform column proper, continues its course up 
to the s trim acnsticre. The cuneiform column runs upwards 
alongside the snlcus, increasing considerably in size, as it is rein-

forced by other fasciculi, which form the lateral half of the 
pedunculus cerebelli. These fasc iculi receive the name, corp us 
restiforme (f ), and are freqnently marked off from the cuneiform 
column by a di stinct groove (dotted line in Fig. 21), so that they 
have been divided by some (Henle) in to median and lateral cune
iform columns ; this latter distinction can be more e.isily de-
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tectecl in a transverse section (Huguenin). The corpus restiforme 
is partly made up of superfi cially situated bundles, which have 
been described under the name of fibrm arciformes (Fig . 20, i; 
Fig. 2l, m). These arise partly from the bottom of the anterior 
median fissure, between the pyramids, and partly from the late· 
ral fissure, between the pyramids and olivary bodies. They 
appear to be derived from the anterior columns, and form an 
arch round the anterior and lateral smfaces of the meclulla, 
sometimes of large, sometimes of small dimensions ; finally, they 
di sappear almost completely in to the cuneiform columns. They 
are genera lly best developed at the posterior angles of the 
olivary bodies, sometimes even covering these. But the corpora 
restifonnia receive numerous other btrndles of considerable size 
from the neighborhood of the olivary bodies, and probably, too, 
from the bodies themselves. 

The separation of the pedunculi cerebelli exposes the deep
seated gray substance to a considerable extent, thus producing a 
slight depression, which is bounded inferiorly and laterally by 
the diverging pedunculi cerebelli, superiorly and laterally by the 
converging crnra corporum quadr. - this lozenge-shaped depres
sion is called the rhomboid sinus, or floor qf the fourth ventricle 
(Fig. 21). Its superior angle is formed by the union of the crnra 
cerebelli ad corp. quad 1·. at the entrance to the Aquroductus 
Sylvii, o.nd its in[erior o.ngle lies between the pedunculi cerebelli, 
behind the obex o.t the point of sepo.ro.tion of the funiculi graci· 
les. Just here too the central spinal cano.l opens into the poste
rior long itudinal fi ssure, o.nd thus communico.tes with the fourth 
ventricl e. The obtuse angles on either side are formed by the 
junction of one crus with the peduncle of the corresponding side. 

The floor of the fourth ventricle is divided symmetrically by 
a longitudino.l slrnllow groove. A superficial inspection shows 
us here "' number of grooves, depressions, projections, and gray 
patches, etc., which are all connected with import.ant structures 
in the interior, ancl thus of practical importance to us. 

Of these certo.inly the most striking o.re the strim medullares 
(Fig. 21, Z). In numbers varying from one to twelve, these bun
dles run horizonto.lly at right o.nglPs to the medio.n fi ssure from 
which they emerge, and cross the peduncu!i, and, passing ~ound 
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them, join the ner1•us acusticus. They divide the sinus into a 
superior large', and an inferior smaller space. Above the strim, 
ancl in the right angle formed by them with the median fissure, 
lies a small, rounded, white prominence, corresponding to the 
gemt nervifacialis ancl the neighboring nuclens qt' the abducens 
(Fig. 21, 11). Laterally and anterioi-ly to this we find the so
calledforect anterior (Fig. 21, o), a depression which is generally 
colorecl with a dark pigment, and presents the appearance of 
a contracted scar. At some depth below this lies the nucleus 
JJroper o.f lhefacictl nerve. 

Going from this towards the superior angle of the fourth ven
tricle and slightly outward, we strike another gray depression, 
callecl the locus creruleus (p), which borders 011 the motor nu
cleus or the tl'igeminus. 

'l'he gently elevated cords which traverse the inferior triangle 
of the rhomboid sinus, parallel to the median fissure, receive the 
nameoC.funiculi teretes (Fig 21, q). Beneath them lies on either 
side a micleus qf the hypoglossal (Fig. 21, r), extending longi
tudinally for some distance. Passing outwards, we are met by 
a light-gray triangle, with its apex pointed to the strim, and its 
base resting on the clarnl. This is called the ala cinerea (s ancl t). 
Its anterior portion (s) is coextensive with the nucleus of the 
'llagus, while the posterior (CJ contains the upper end o[ the mt
cleus accessori'i, which extends far clown into the spinal cord. 
In the interior of the meclulla, 8omewhat anterior to the ala cine
rea, the nucleus of tlte glossoplwryngeus comes in contact with 
that of the vagus. The posterior median niwleus of tlte acoustic 
forms the anterior ancl lateral boundary of the vagns nucleus. 
It comes nearer the surface than the glossopharyngens, ancl oc
cupies nearly the whole space between the ala cinerea ancl peclnn
cnlus, up to the upper border of the striro. Henle has described 
it under the name of niwleus acusticus superior. 

The internal structure of the mednlla oblongata is so ex
tremely complicate<l that no one has yet been able to throw the 
slightest light on the general course of the fibres and the connec
tion between its paths of conduction. Though some structures 
have been rPcogniz~cl as undoubtedly analogous to certain com
ponents of the spinal cord (gray nuclei-gray columns, commis-
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sures, etc.), still we meet with so many new ancl problematical 
forms, the clifl'~rent parts combine in so various ancl complicatecl 
manners, ancl the fibrils run in such entanglecl, tortuous ancl 
interwoven courses, that we must almost clespair of ever follow
ing them up accmately. In fact, up to the present the most 
careful ancl exact investigations hav<l thrown but a very feeble 
light upon the subject. 

Yery little is known with certainty ancl acceptecl by all, ancl 
the few facts o( this nature may be well clescribecl as lanclmarks 
in an unknown region. vVith the rest we neecl not fnrth er oc
cupy ourselves, since there is no practical value to be clerivecl 
from studying all the conflicting views of the hour. Our task in 
this direction only ex tends to the indication or those regions 
about the structure o( which nex t to nothing is known. 

The ,·alue aml s ignificance of successive sections, which are 
here too the chief methocl of im·estigalion, can be studiecl in 
anatomical text-books. From the natme of the subject we can 
imagine how imperfect must be the results. 

The first material change in the spinal cord-that, indeed, 
wl1ich leacls to the clistinction between it ancl the medulla oblon
gata-takes place on a level with the first cervical pair of nerves, 
consisting chiefly in the decussation of the pyramids. 

Large bundles of fibrils collect from the posterior division of 
the lateral columns, and pass obliquely forward and upward, 
and simultaneously forwarcl ancl inward towards the anterior 
longitudinal fissure. They appear here more or less as continu
ous bands, though frequently interrupted by vertical fibrils. 
They cross the fi ssure, and then run up the other side in the 
place or the anterior columns, which they have now displaced. 
There is likewise a considerably enlarged anterior commissure, 
here call ed the decussation. The bunclles of the pyramids too 
divide the anterior gray columns from the central gray sub
stance, and displace them outward (Fig. 22). 

ThPSe decnssating fasciculi are to be regarded as chiefly mo
tor. They form the coarse-bundled clecussa tion which we see in 
the anterior fi ssure, and are called the inferior or motor decussa
tion qf the pyramids. 

Higher up too we may perceive bundles of quite considerable 
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d imensions, arising from the posterior columns, bending forward, 
passing the cen trnl canal, crossing the middle line, a nd finally 
running up in the pyramid of the opposite side, where they 
generall y occupy the ex terior portion. This is the anterior or 
sensory decussation. llug nenin describes a bundle from the 
posterior cornua as taking par t in thi s, bu t Flechsig's latest 
investigations have, to say the least, th ro wn grea t doubt upon 
the significance of these fib res and the exactitude of their course. 
Flechsig positively denies any connec ti on whatsoever between 
thi s a nteri or decussa tion and the pyramids proper. Still, these 
fibril s most undonbteclly alter the co nfigura tion of the gray sub
sta nce in t he spinal cord, dividing the head and neck of the 

posteri or gray cornua from the central gray substance (Fig. 22). 
A t the same time, these par ts are displaced somewhat outwa1·c1 Jy 
towards the periphery, since tlie lateral columns d iminish in size. 
The increase of volume in the posterior gray columns enables us 
to fo llow them on transverse sections th rough the greater par t of 
the medull a a nd in their gradual outward course (cf. Fig. 22, b, 
Figs. 24- 26, c). In the peripheral por tion of these sections we 
observe la rge bu ndles of fi brils ascend ing ver tically; these are 
t he large ascend int/ roots qf the tri_qeminus (Fig. 22, b), which 
may be follo wed dow n to the second a nd thil·d cerl'i cal nerves 
and upward as far as the exit of the senso!'y trigeminal roots. 

VOL. Xlll. -53 
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The motor decussation has lately been submitted to thorough 
investigations, und appears to be derivecl mainly from the pos
tero·lateral columns. The diagram (Fig. 23) enables us to see 
this and observe how the fibrils, before crossing the middle line, 
bend gradually forward, and how they displace the anterior col
umns after their passage across. The fi&ure demonstrates too 
the bundles from the anterior columns which join the pyramids 

on either side and pass up along with thrse imdecussatecl 
(Flechsig). Thus we see that the pyramids contain not solely 
the decussated fibrils o( the postero-lateral columns, but also 
some additional nndecussated elements, varying in number, from 
the anterior columns. Flechsig positively denies the association 
with the pyramids, at an anterior point, of bundles from the pos
terior columns and cornua, though it has been asserted ~hat this 
takes place, and that these run with the pyramids into the pons. 
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The deflection of so many bundles from the lateral ancl poste· 
rior coltimns produces a number o( fibrils, which lie horizontally 
on a transverse section, completely interwoven, and embracing in 
their meshes the vertical fibrils, after these latter have split up 
i11 every direction. Thns from the reticular processes of the 
spinal cord we get the j'ormatio reticularis (Fig. 22, g). This 
latter strncture occupies more and more space in the transverse 
section as we follow it upwards, and connects all the fibrils and 
structures o[ the medulla. But its complicated mesh-work is 
"carcely to be unravelled. Thus the trausverse section even of 
the inferior portions o[ the medu lla assumes the altered ap
praranco we s0e in Figure 22. The four cornua are separated 
from the central gray substance, and the posterior are further 
very much clislocated. The centre o[ the section is occupied by 
the remaining gray substance and an enormons formatio reticu
laris. In add ition, we see the development or new gray substance 
around the different bundles and columns. On particularly good 
sections one may often recognize the horizontal fibril s or the 
roots of the accessorius, arising from the neighborhood of the 
lateral cornua, i. e., from the tractus intermeclio-lateralis (Fig. 
22, h). 

Higher up, while the formalio reticulari s is visibly increasing 
in s i z~, we arc met by new strnctures, the significa nce of which 
is only in pa rt known. 

Of these strnctu res the most striking arc the olivary bodies 
(Figs. 24, 25, 26, b). They ari se in the territory of the lateral 
columns, close upon the pyramids, and attain the length of 14 
mm. They rPsemble an extremely irregular di sc, and contain a 
num ber of small ganglion-cell s. On the whole, they look like a 
bean or an almond, with the hilus directed inwards. A number 
of nerve-bundles, coming from all points, enter at this hilus, 
some terminating in the gelatinous substance of the olivary 
bodies, while others pass through in the form of fine bundles. 
This appears to bring about an ex tremely wide connection with 
all the different parts of the medulla oblongata. 

Fnrther on we perceive here a number o[ gray nuclei, most 
of which are connected with some cerebral nerve, and must be 
regarcled as medullary roots. The first or these is the hypoglos-
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sal nucleus (Figs. 24, 2:3, 26, g), situated beside the middle line, 
and falling back with the central canal. At the entrance of this 
canal, just below the floor of the fourth ventricle, we find it lying 
on the edge of the median fi ssure. 

This nucleus attains the length of about 18 mm.; it is cylin
drical, attenuated, and contains a number of large ganglia, l'e
sembling in every respect the multipolar cell s of the anterior 
cornua. It corresponds exac tly to the anterior co rnu, though it 
retreats along with the central canal, which opens posteriorly, 
while an increasing number of fibril s pass over into the anterior 

portion of the medulla. Thus the anterior end of the hypoglos
sal nucleus comes to be situated on the floor of the fourth ven
tricle. The rnots of the hypoglossus (Figs. 24 and 25, XII) run 
horizontally between the pyramids and the olivary bodies to join 
their nucleus, and their whole course is easily followed. 

Somewhat posterior to the nucleus hypoglossi, and in the 
inferior portion of the medulla, we fiml the nitcleus ef the acces
sorilts (Fig. 24, f). It, too, is represented by a columnar, attenu
ated, gray structure, which extends to the tractns intermedio
latemlis o[ the spinal cord (cf. Part I. , p. 16), and with this it 
gradually alters its position in relation to the other parts of the 
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section. From it lhe superior roots of the accessorius run later
ally and somewhat posteriorly. 

The nucleus accessorii is immediately bounded by a gray 
mass, which is situated in this region, beside the nucleus hypo· 
glossi. This is the nucleus of the vagus. It contains a number 
of small ancl middle-sized ganglia, ancl lies in the fourth ventri
cle, along with the bypoglossal nucleus, in the so-called ala 
cinerea, immediately beneath the surface. 

Immediately adjacent to the internal portion of this nucleus 
comes a clearly defined, round fascicle of coarse fibrils (Figs. 24 
and 25, lt). We can trace this along the whole course of the 

Fm.25.-Trnn!lllcl"l!O M!ct.ion throui;:hthe centre of lhc olivnry body. 1md of the vaguo;..root. a, P)"rn
midal fascicn!I; b, olivary body; c, gclatmons sub~tancc and trigcrnuws-root; d, corpub rc~lirorme; t, fu· 

~~J:{:f(~:;1~~Ycp£~{e£i~~{f~:A~::U~~:~fc!~~~J;;r;~~~~~l"'~~c=er;o~~~~~~~;1~~e~rr0~~~ 

nucleus vagi, and find it composed of fascicles from the vagus, 
glossopharyngeus, and accessorius. It runs clown into the cer· 
vical portion o( the cord, and is said to come into connection 
with the pbrenic (Krause's respiratory fascicl e). According to 
Stieda, the roots of the three above-mentioned nerves are dPrived 
from this lateral ascending longitudinal fascicle, and not from 
the gray structures, which are generally designated as their 

nuclei. 
The nucleus of the vagus is bonndccl, too, by another gray 

structure. which comes into immediate contact with it, and is not 
separated by any di stinct boundary ; it lies, however, somewhat 
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less superficially, and is designated as the nucleus ef tlte glosso
pltaryngeus (Fig. 2G, It). The roots of the glossoplrnryngeus run 
almost horizontally from it, outwards and forwards, malong then· 
ex it from the medulla above the roots of the vagus. 

Meynert and Huguenin describe further n motor nucleus of the vagus and glos· 
sophnryngeus, which is situated more in the interior, between the olivary body nncl 
ascending root of the trigcminus. We have indicated its position in Fig. 25 by m. 
Stieda looks upon it as the nucleus proper of the vagus. 

The posterior median nucleus ef tlte acusticus (Fig. 26) (nu
cleus acust. sup. of llenle; median nucleus of the posterior root 
of the acusticns of Krause) comes likewise into contact with the 

F10. 26.-TrM~ver,e section or the mOOulln through lhc Fll\X'rior <'ncl of the oliv:i.ry bo<ly, where tho pO"I· 

~f!~~1~~~~~~~~~L~/~~11~1 ~~!ff:"~~~·; ~· r~rif:1~~ii\\;1;n~~1~11i~~r~r~~\~: ci~n,i~~~i; ~~~~~1~:·~1~1~.~l~~~i~~tt1i 1 ;F. 
antcrio1· termination uf the hypoglo'l!lns nucleu~; I!. gh""'>011h11ryngcu11 uucleu .. ; t, posterior lntcralneouslit.: 
nucleus; k, fibr:earciformcll; l'///,posteriorncousticroot.s. 

vagus; but it is more superficially situated, and somewhat to 
the outer side of the glossopharyngeal. It occupies the whole 
space included between the ala cinerea and pedunculns cerebelli, 
up to the anterior border of the striro medullares. The posterior 
root of the acoustic takes its chief origi n from this nucleus, and 
passes out partly in superficial fasciculi (stl"iro acusticro), and 
partly through the body of the meclulla. Between these two 
fascicnli we find the posterior lateral aco1istic niicleus (Fig. 26, i) 
(nucleus acust. iufrrior of Henle) lying beside the peduncle, in 
the form of a small gray nodule. Besides these, the acoustic 
possesses two other nuclei, belonging to its anterior roots, and 
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situated in that portion of the medulla which lies anterior to the 
strim. The first is the anterior rnedian acoustic nucleus (Fig. 
29, VIII) (median nucleus of the anterior acoustic roots of 
Krause), ancl occupies the external angle of the fourth vent1·icle, 
about the middle of the pedunculus cerebelli. The second ap
pears like a. prolongation of the postero-lateral acoustic nucleus 
beside the peduncle, and is wedged in between the peduncle, th" 
ems cerebelli ad pont. and the tlocculus. It receives the name 
of anterior lateral acoustic nucleus (nucl. acust. lateralis of 
Ilenl e), and gives origin to the portio intermed ia vVrisbergii. 

W e have now described in the medulla oblongata, below the 
level of the pons, all the structures that are at all well known. 
There are, however, a few other gray nuclea.r bodies, whose sig
nification and connections are but little known. These are the 
following: 

'rhe nucleus ef tlte pyrarnids (internal parolivary body, Fig. 
24, k), a. structure which is bent at a sharp angle, and runs verti 
cally, consisting of gray substance of the same structure as the 
olivary bodies. They lie opposite the pyramids in front, and to 
the inside of the olivary bodies, corresponding nearly with the 
position of the former anterior cornua. 

Then we have the parolivary bodies (external, Fig. 25, ;), 
similar, slightly concave bands, which occupy a position exactly 
bounding the internal half of the posterior border of the olivary 
bodies. 

Further, we find the nucleus of tlte cuneiform colitrnn arising 
from what was the anterior cornn, a longish, gray body on the 
inner borcler of the cuneiform column, and enlarging as it ascends 
(Fig. 22, k, Fig. 2-1, ;). 

Fourthly comes the nucleus of tlwf1miculus gracilis, in the 
shape of a longitudinal pillar of gray substance. It arises from 
the centre of the funicnlus gracilis, ancl produces the enlarge
ment in this, known as the clava. (Fig. 22, i, Fig. 24, i). It 
ascends with the nnclPns of the cuneiform column, and both 
extend to the posterior end of the postero-lateral acoustic nu
clens. 

The Inst on this li st is the nucleus ef tlw lateral colurnn, a 
small, cylindri cal, attenuated column of cells in the posterior 
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portion of the lateral column between the olivary body anc1 the 
caput cornu posterioris. 

The remainder of the transverse section is occupied by the 
formatio reticularis, which attains its maximum dimensions and 
symmetry parallel with the olivary bodies. This structure is con
stitnted of a nmnber of fascicles, which run horizontally in an 
arched conrse, though sometimes radially, and embrace in their 
meshes a number of vertical bundles. All through its substance 
we see numerous ganglia, so that we find the most intimate inter
mixture and intp1· twining of white and gray substance. The 
}Jlace of the anterior commissure below the decussation of the 

F10. 27.-Tmn!lv<'r!IC' ~tlon of the meclnlla through the inferior hord('t of th<> pon'I, on a level with the 
faciitl and 11.bdm:;.'<?n" root.~. S<.>rncwh:u <hngmmm,.tic. The ri~ht h.1lf rcpre-.ent..~ a 11Cl'Llot1 mw\t• n little below 
th l! lcft11CCtlon. ''· 1>ymmil\'I: b, trnn~v<'rsc fa«ciculi of the pom<: c. gc'lntinon'I ~uh~innce n11d a~t.'Cll(ling tri-
1,:cminus root: d,1ictluncului1clrcbl.'l li: e,nuclcuRof theabtlu~n<1(nudcw1\.'0lllmontothcfnciali111&ndabf\u
Cf'llll); f, Jl:Clln rwrv\ foC'iali1>: y, cleo;ccn,Jin,1r limh of the facia!la root; h nuclc118 of facialid; I, anterh .. r 
ol ivarybody; 17,rOOt·fas<:lcleofabdncena; VU,do.offac1alis. 

pyramids is filled above this point by the raphe. This structnre 
enlarges in its antero-posterior axis as i t ascends, and consists 
both of longitudinal and transverse fibres. 'Ve have further to 
mention the fibrce arciformes, which surround almost the whole 
onter surface of the medulla in the form of a layer (varying in 
dimensions) of fibres that take a horizontal or an oblique course. 
They increase in size as they ascend, and generally run into the 
raphe (Figs. 25 and 26, le). 

Almost parallel with the most anterior strim we are met on 
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the anterior sm facc of the medulla by an enormous body of 
transverse fasciculi , i. e. , the pons Yarolii (Fig. 27, b, Fig. 28). It 
is this structure which p roduces the characteristic appearance of 
the an terior portion of the medulla. The pons consists of numer
ous and well-developed t ransverse bundles, between which we 
can trace scarcely any thing but the main longitudinal fibres, 
namely, the pyramids. 

The most impo1tant and best-studied parts of this anterior 
portion of the rn edulla a rn the nuclei of the fif th, six th, and 
seventh cerebral nerves. 

The best and longes t known of these is the nucleus of the 
abclucens (mixed nucleus of the facialis and abducens, Fig. 27, e). 
It lies in the con tinua tion of the hy poglossus, only divided from 
this by a Yery short in terval, and occupies a position just above 
the strim on the side of the median fi ssure, which extends about 
six or seven millimetres in the form of an attenua ted gray col
umn. The roots or the abducens run almost hori zontally from 
the py ramidal region towards the pons, at the in fe rior border of 
which they diverge slightly . 

This nucleus appears, too, to be connected wi th the facialis, 
for the facialis roo t takes its course from the !tlteral region of the 
pons towards the median fi ssure of the rhomboid si11us, close 
to the abducens-nucleus. From the descriptions of Ilenlc and 
Huguenin, there can be no doubt that the facialis root gives ofl' a 
number of fibres which pass into this abducens-nucleus ; hence it 
has been desig na ted as " posterior facial nucleus." After this, 
the facial root takes a sndden backward turn, and runs for a 
short distance parallel to the median fi ssure. Turning again 
sharply (genu nervi faciali s, Fig. 27, f ) i t presses forward and 
in to the interior of the medulla, where it meets u longish fascicle 
of g ray subs tance, the nucleus proper of the f acialis (Fig. 27, h). 
Thus we see the root of the facialis only passes round the abdu
cens nucleus in a horseshoe course, und is certainly in but very 
small part derived from this nncleus. The latest observers return 
to the old view, :incl deny even the remotest connection between 
the facialis and the nucleus of the abd ucens. 

The question about the facial nucleus does not appear to have 
received its final answer. Amongst others, Lockhart Clarke de-
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scribes a so-called " inferior " facial nucleus in the inferior por
tion of the medulla on a level with the hypoglossal and acces
sori al nuclei, a11d indeed pa thological facts (bulbar paralysis) 
seem to confirm its ex istence. 

In connection wi th the trigeminus, the complication is still 
greater. 'Ve have already described one of its roo ts, the ascend
ing, which belongs to the caput co1·nu posteri ori s, and may be 
traced clown thrnugh the whole leng th of the medulla into the 
cervi cal region of the spinal cord. So we are justified in regard
ing the caput cornu post . as inf erior sensory trige?ninal m wlfJ'l.tS 
(Fig. 23, b, Figs. 24-28, c). The ?notor trigerninal nuclrus is 

FTo.!?8.-Trnnwel'l!C~ectionofthcm('flnlln throughtheA ntcriorportlonor the fonrth vf'ntricle,coincitl· 
In~ with the c~!~ of t. rigcminn~. Semi rlingramnmtic. <t, pyrnmhls; c, 1tCll•lLnOm~ ~11bstnnce nnd a~ccn1lmg 
root of trigcmitm'I; b,dc.-cendin'; lrigcminri. l root. of C('rcbr.\li>rlgin; d. cm~ C<'rf'l>clll acl cor11. (111!\llr. : e, 
motor nuclcua nnd root. of trigcminus; f, middle sensory Lrigcm!na. l nucleus; V. rool-fa.11cicle or trigeminus . 

si tuated on the floor of the fourth ventricle, cl ose to the upper 
border. Its anterior termination coincides with the entrance of 
the Sylvian aqueduct, and from this it ex tends in form o[ a fine, 
gray column to the border of the fa cialis roots . This nucleus 
g ives ol'igin to the portio minor of the trigeminus. At the point 
where the roots of the portio trigemini maj or separate, and run 
some forward, and the rest backward, we find a small gray 
mass lodged between the two, TeprPsenting the m iddle sensory 
nucleus of the trige?ninus (Fig. 28,f). The smaller portion of 
roo t-- fascicles (Fig . 28, b), which takes an anterior course, passes 
to the far side of the corpora q uadri., and terminates there in the 
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superior sensory tl'igeminal nucleus. Thus we can count up four 
nuclei for the trigeminus, as we did for the acoustic. 

. In addition to these gray nuclei we meet in the superior por
tion of the medulla: 1, the superior olivary body (27, i), a long
ish, gray column, which is situated in the pons just in front of 
the facial nucleus, and 2, the pons nuclei, consisting of patches 
of gray substance scattered through the whole pons. 

The remainder o( the transverse section through the anterior 
part of the medulla is taken up by the transverse fibres of the 
pons, and the formatio reticulal'is. 

It is evident from the complicated relations between nil the structures we have 

been describing that it is no easy matter to get n correct idea of tbe topographical 

anatomy of the fresh unhardened organ, one that will take in every particular, and 

enable us at n post-mortem examination to say without hesitation what nuclei or 

ncrve-Casciclcs, etc., coincide with some small patch of softening, some diminutive 

apoplexy, or with some defined sclerotic centre. In order to lighten the prnctition

cr's task in this direction, we insert two dingrammnlic sketches, which give lateral 
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and front views of the approximate situation of the most important gray centrn. 
'Ve here follow the example of others, such as Stilling, K1·ause, et al. These diagrams 
do not of course make the very slightest pretensions to extreme accuracy, but still 
we hope they will give an easily comprehensible picture of the topography, and 
one that will act as a key to this anatomical labyrinth. 

Fig. 29 represents a transparent view of the mcdulb oblongata from behind, 
on the right side of which all the above-mentioned nuclei are represented and their 
names attached, while on the left side, to aid comparison, nothing is givC'n but the 
superficial structures, such as the ala cincrea, strire mcdullares, etc. By this mcaus 

one secs plainly the nuclei of the sixth and seventh, of the firth and eighth, the 
hypoglossal nucleus, and the inter-connected nuclei of the ninth, tenth, and eleventh 
pairs. Of course, neither the form nor size of the diagrammatic nuclear structures 
is exactly true to nature, the only thing that is aimed at being a faithful representa
tion of their situation as relates to one another nncl the surface. Further, we liave 
sacrificed a number of detl\ils to the clearness of tlie sketch. 

Fig. 30 gives a transparent view of the right half of the medulla, seen from the 
suface of section (i. e., autcro-postcrior, through the middle line, and vertical), so 
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that what is nearest to the ol>server in the diagram is nearest to the mi<ldle line. 
In this figure, too, only some of the gray nuclei arc represented, in order clcn.rly to 
display their relation to the exterior and their internnl relations of space. The 
nuclei nearest the observer (i. e., nearest the middle line) arc deeper shaded, while 
those that arc further from him, and consequently nearer the surface of the 
medulla, have only a light shading. Amongst the nerve-tracts which communicate 
with the nuclei we have given only semi-diagrammatically those of the fifth, sixth, 
and seventh ucrve.s, especially the latter, in order to render the gcnu nervi facialis 
more distinct. Only the three nuclei of the trigcminus, which lie within the medulla, 
arc sketched, and only the principal nucleus of the acoustic. 

Connection between the histological elements, and tlie course 
oj' tlie nervejlbres in tlle medulla oblongata. 

Notwithstanding all the investigations that have been made 
and the illcalculable trouble expended on this subject, we are 
scarcely acquainted with the barest outlines. \Ve know just as 
little about the fate of most of the fasciculi, which enter the me
dulla from below and from above, as we do of the significance of 
numerous striking strnctures in the medulla. Their connection 
with one another and with the gray nuclei, the mode of inter
ruption and where it occurs, their transposition and their termi
nation, all remain a mystery. 

Still we know somewhat more about the course of tlle root
flbres from their entrance into the meclulla till they reach their 
proper nuclei, where they temporarily encl. The root-fascicles of 
the hypoglossus, and perhaps, too, those of the abcltlcens, are the 
only ones which run directly and almost horizontally from their 
point or entrance, ancl can be followed on a transverse section 
along nearly their whole course. Most or the other root-fibres 
take a more or less oblique course ancl are often tortuous. Part
ly, indeed, their course is comparatively simple; but sometimes 
they break up into separate fascicles, and sometimes press in
wards towards the nuclei in more compact masses; such are the 
root-fascicles of the accessorius, vagus, and glossopharyngeus. 
But others are much more tortuous, and split up in all directions 
to join nuclei that lie far apart; to this category belong the roots 
of the trigeminus and acoustic. The roots of the facial, finally, 
as we described them above, form a large arch with its crown 
(genn) toncl1ing the posterior surface of the medulla, and its pil
lars in the facial nuclei. 
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There ham been many investigations made, and much discus
sion, on the possibility of a decussation of the rnot-fibres in the 
medulla. It seems, however, to be settled beyond doubt, that 
by far tlle greater part of the fibres of c,·ery nerve that enters 
the medulla remains on the same side, and ends in the gray 
1rnclei of the side. The decussation of some few fibres has been 
asserted, but by no means pro,•en. Krause's words on this sub
ject rep 1·esent truly the present extent of our knowledge ; he 
says: "rfhe roots of the abducens, or the portio tl'igemini minor, 
the anterior aconstic ancl the inferior arcessorial roots most cer
tainly clo not dccussate; a partial decussation (o f some fibres) of 
the portio trigcmini major, of the posterior acoustic roots, of the 
glossopharyngeus and Yagus may take place; possiuly, too, of 
the facial, the superi or accessoria1, and the hypoglossal, but the 
assumption of the partial decussation of these latter may be clue 
to misconceptions." In any case the decussation of all these 
tracts (a nd we are compelled by a number of clinical facts to 
assume their decussation) takes place artc•r they have passed 
their nuclei, fur ther up in the medulla or in the pons. But the 
exact place where it occurs is totally unknown, since even the 
central continuation of all these nerves after they pass into their 
nuclei is almost completely a blank tons. \Ve can only conjec
tu re that these tracts are to be lookecl for in the fonnatio reticu
lal"i s, and that they then successively cross in the rnphe, and 
artenrnrds join other tracts (e. g., the pyramidal) at different 
points as these come up from the spinal corcl to the brain. 

Our knowledge, too, is at the same low point as regards the 
course of the different tracts into which we ran dis ect the spinal 
cord, and as regards the ultimate course of the spinal columns in 
t he medulla oblongata. 

The course of the pyramidal tracts has, howe1,er, been settled 
beyond all doubt by the thorough investigations of Flechsig. 
They are coll ect<'cl frnm the posterior portions of the lateral and 
the internal fascicnli of the anterior columns, and after the clecus
sation of the parts alone derivecl from the lateral columns, they 
run directly ancl continuously through the medulla np1Yarcls; 
they then enter the pons, ancl separate grad ually into a number 
of fibril s, but without any transposition or discontinuity, till they 
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arrive at the pedunculus cerebri, where they pass through the 
inner capsule and further on into the brain. In the pons the 
pyramids appear to be i·einforced by fibres from the pons and 
fibrro arcuatic, which probably come from, or are going to, tlw 
cerebellum. Flechsig positively denies any addition to the 
pyramids from the so-called sensory decussation of the posterior 
columns and cornua. 

'rhe direct tractiis ab cerebello ad columnas laterales, which 
Flechsig, too, has studiecl so accurately, runs completely into 
the restiform body, though it is only one factor in this stmcture. 
The two go together into the cerebellum, where their termination 
has not yet been discovered. The real significance of this tract 
has not been determined, but it may have some connection with 
Clarke's columns. 

It is a more difficult matter when we come to the postl-rior 
coliunns. The so-called funiculi graciles (Goll) probably encl 
in great part in the "nuclei of the columnro graciles" at the 
level of the clavro. In the same way the greater part of the 
funiculi cuneati terminates in the nucleus of this column; pos
sibly, however, some of its fibres go directly as librro arcuatro 
into tho formatio reticularis, olivary body, etc. But the further 
course of the posterior columns is totally unknown. The olcl 
view (which rested on external appearances) that the fnniculi 
graciles et cnneati continued straight into the pcdunculi cerebelli, 
and ran with these into the cerebellum, while the external por
tion of the peclunculi (the corpus restiforme proper) was derived 
through the fibrro arcuatm ext. et int. from the antero-lateral 
column-this view was most decidedly a false one. But the 
modern view,. which has been worked out chielly by Meynert, 
has not passecl without opposition. Meynert considers that the 
greater part of the posterior columns (or their continuation) runs 
into the olivary and parolivary bodies of the same side, and that 
then their continuations pass across the raphe, finally forming 
the restiform body of the opposite side. Accordingly we should 
have the virtual continuation o( the spinal posterior columns in 
the restiform bodies of the opposite side, and the olivary and 
parolivary bodies thrown into their course. IVhat are defined as 
funiculi graciles et cuneati in the pedunculi cerebelli, and which 
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li e in the middle line, these ;\Ieynert describes as structures of new 
origin ancl spdnging from the formatio reticularis, which 11jgher 
up join the spinal columns of the same name, and take their 
place, without being continuations of these, in the same manner 
as the pyramids take the place of the anterior columns. 

Space does not allow us to give in detail Flechsig's objections 
to this view of .Meynert's. \Ve shall only mention that Flechsig 
describes a great number of fibres which come from the nuclei of 
the funiculi graci les (anterior decussation) and accompany the 
pyramids for some distance. They soon, however, leave the 
pyramius, and rejoin the formatio reticularis in the neighborhood 
of the olivary and internal parolivary bodies. Flechsig, too, 
asserts the ex istence of an extensive connection between the oli· 
vary body and the cuneiform column of the same side. Accord
ing to the same au th or at least a portion, the outer portion, of 
the restiform body is composed or fibres, which spring from the 
formatio reticularis and the region of the olivary decussation. 

Tile remainder ef tlte anterior, after deduction of the pyra
mido-antcrior columns (Flechsig's fundamental anterior colnnin) 
runs directly upwards into the so-called posterior longitudinal 
fascicle of the medulla, which is situated posteriorly between 
the roots of the hypoglossns and the raphe. This fasc icle is 
then continued thro ugh the posterior portion of the pons into 
the cerrbm m. 

Wltat remains ef tlte lateral columns, when we put aside the 
pyramido-lateral tract, is lost in the formatio reticulari s, and is 
here possibly in direct connection with the corpora quadrigemina 
and the thalamus opticus. From the latter two structures, as we 
must not forget, a very considerable number of fibres descend to 
the medulla, and take part in the construction of the formatio 
reticulari s. In that portion of the formatio reticnlari s which 
lies between the olivm·y bodies, Flechsig describes the fibres that 
are connected with the corpora quadrigemina, and in a region of 
the forma t. retie. posterior to this he places the fibres which come 
from the opt ic thalamus. 

After we have exhausted all that we know perfectly and in 
part in the meclulla, there remains a vast field or which we know 
nothing whatsoever. The exact connections nncl significance of 
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the olivary and paroli,•ary bodies, the pyramidal nuclei, etc., 
are all totally unknown; further, we know nothing of whence 
the innumerable fibres of the substantia reticularis come, and 
whither they go. 'Ve are equally ignorant of the central tracts 
of all the different bulbar nerves, and of the ending and signifi
cance of the fibres of the pons. Nor are we acquainted with 
the origin and function of the majority of the peduncular tracts. 
Further, none of the centra, the existence of which has been 
assumed to explain physiological facts, the centra for the respir· 
atory and cardiac movements, and for deglntition, the vaso· 
motor centra and the centrum for convulsions-in fact, all the 
great reflex tracts of the medulla-none of these has been recog· 
nized by the anatomists. Doubtless the formatio reticularis does 
display the most suitable anatomical strncture for the accom· 
plishment of every possible reflex action, and so it is perhaps 
allowable to conjecture that this formation chiefly serves for re· 
flex processes; but there is an extremely wide gulf between a 
conjecture like this and a certainty which clears up every detail. 

We consider it advantageous to give a diagram of the course of the fibres (nfter 
Flechsig, Arch. dc1· llcilk. XVIII. Taf. VL) to cnnblc the reader to get a general 
conception of the subject, nnd at the same time show him how complicntcd the 
study is. Figure 31 represents the medulla, pons and the neighboring structures, 
lcaviug out nil the grny nuclei except the olivary bodies, and only giving the for
matio reticularis as a shaded space. The sketch gives n general view of the most 
important nnd best-known tracts, which ascend from the anterior, lateral, and pos
terior columns of the spinal cord ( V, S, fl). We can see plainly how the pyram
idal tracts (Py) 1\re formed from the pyramido-antcrior (n) and pyrnmido-lateral 
(d) tracts. And then we can follow the course of the ccrcbcllo-laternl columns (e-e) 
which ascend to the pedunculi ccrcbelli. Then we observe how the internal por
tions of these pcdunculi (P.c.i) arc lost in the formatio rcticularis, whilst the exter
nal (P.c.e) run into the olivary bodieR. The remainder of the anterior (b) and lateral 
(c) columns end in the formatio reticularis. The fil>res of the funiculi gracilcs (f), 
after piercing the nucleus of the funiculus (/'},form the anterior dccussntion of the 
pyramids, join the pyramidal tracts, and then immediately fall back into the oli
vary bodies and the formatio reticularii::. The tracts of the cuneiform column (g) 

after they reach their nuclei, spread out into the olivn.ry bodies, and partly into 
the formatio rcticularis. This formation further receives fibres from the thaln.mus 
opticus (Tl1al.) and corpora quadr. (C.q.F) . From the latter structures, too, fibres 
pass into the oli\•ary bodies (C.q.O). 

Tbu!:I we sec that the formatio reticularis receives fibres from every quarter, and 
VOL. XIII.-54 



850 ERB.-DISEASES OF TJIE ~IEDULLA OBLONG.\TA. 

that these fibres arc here woven into a complete chaos of threads. If we only imagine 
the addition of a number of other gray nuclcolar structu res (to which we have here 
made allusion), aucl all their afferent and efferent fibres, the root-fibres, the fibrre 
arcuatre, the fibres of the pons, etc., we shall then have a. painfully acute idea of the 
structure with which we have to deal, and the hopelessness of ever unravelling it; 
we shall then, too, comprehend how our knowledge of the finer structure of the 
mcclull:L has remained so cxtrcmcJy incomplete, in despite of all the work and trou
ble bestowed upon it. 

Fw. 31.-Diagrnm of the chief ll'ftcU. In the medulla. The form11.tlo reticollu·ls Is re11rei'<'nted by ahad-

~~~: ?,'.• 11~1:;~~~~i:1t%~1 :;·ac~~w;.~r j.y!r~k~~~~~~tn:d b:~,:~~~~~~~f•P~~:~ri~~':h:~n ~· c;~;~~:~~~~,~~~~~ 
laternl column: e~. cerebello-1Rt.eml lrl\CL: f, fumc11ln11 gracilk and f'. 1mcle1111 of the sa.me: g, funic11\u~ 
C1tne11.tu11, Rndg'.nncleu~oflhesame; P.c.f, imernal fl\scic11lm1ofthc1Jedunc.cerebcl\i: P .c.e.external (llllci
~~~,~~el:l~h~l~;~~:~~ficC:!l~rom corp. qUJJ.dr. to forrnRt.. relic.; C.q, Q, the Ml.Ille to the olivary body; '111al., 

Vessels qf tlte medulla oblongata.-Duret's exhaustive inves
tigations have proved that the medulla gets nearly its whole 
supply o[ blood from the vertebral and basilar arteries, the lat
ter supply ing the pons portion. Ilere we have chiefly to men
tion small, median branchlets which pierce into the raphe be-
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tween the pyramids, and are given off by the art. spin. ant. for 
the bnlbus ancl by the basilaris for the pons. They run up to 
the floor o( the fourth ventricle, and rami[y here, forming a large, 
narrow-meshed capillary network, especially round the gray 
nuclei. Thus we see that they originate chietly from the le(t 
vertebral, for this artery generally gives off the art. spinal. ant. 
when it is single, and when there are two anterior spinal arteries 
the median bulbar branchlets are generally derived Crom the ant. 
spin. sinistra. But besides these, small vessels pierce the me
dulla along with the nerve-roots, and run to the corresponding 
nuclei, where they take part in the formation of capillaries. The 
olivary bodies and pyramicls are supplied by small branches 
from the vertebral and anterior spinal arteries. The restiform 
bodies receive vessels from the art. cerebelli in(er. post., whilst 
the posterior spi nal arteries send branchlets to the pedunc. cere
belli and floor of the fourth ventricle. 

Most o( these little vessels are so-called terminal arteries 
(Cohnlwim"s "Endarterien "). Their ramification produces a 
comparatively open-meshed network in the white substance, 
whilP in the gray the meshes are very numerous and narrow. It 
need hardly be said that numerous varieties and abnormalities of 
origin and course occur amongst these little vessels, and these 
are of some importance in the explanation of certain clinical 
occn nenccs. 

There is nothing special to be said of the veins, ancl the lymph
vessels in the medulla are quite analogons to those of the spinal 
cord. 

Il. Physiological Introduction. 

Amongst others we would direct attention to: Longet, l'Anntomie et physiologie 
du systllme nerveux. T. I. -&hiff, Lehrbuch dcr Physiologic des Menschen. 
I. 1858-59.-Schroed11r "· d. Kolk. Bau u. Function dcr Medulla spin. und 
oblong. 1859.- Wu.ndt, Ph)•siol. Psychologie. Leipzig. 1874.-Laborde, Dic
tionn. cncycl. des sc. med. 2. ser. T. YlII. p. 604. 1874.-Poinctiri, Le systCme 
nervc:ux central, etc. 2me edit. T. I. 1877. 

Besides these, the text-books of L. Hermann, Wundt, F1tnke, Vierordt, etc., may be 
consulted, nucl innumerable monographs in all possible physiological periodi

cals. 
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The physiology o! the medulla oblongata is just as imperfect 
and obscure as its anatomy, so that we have not become pos
sessed of any undisputed information on the most elementary 
and important facts. For instance, we know nothing or the con
duction of sensory impressions, or of the exact position of the 
chief centres. 

\Ve are, indeed, acquainted with u number of facts, which 
teach us to recognize the medulla as one of the most important 
divisions of the central nervous system, and which give it a 
prominent part in several :ill-important physiological processes, 
such as respiration, the cardiac movements, vascular innervation, 
speech, and others. But we have got little beyond the confirma
tion of these facts, and we are in especial darkness as to the 
anatomical distribution of these functions anu their components. 

There are very good reasons for all this, and the chief of them 
is the difficulty of experimentation. For the 1mrts lie so deep 
and are so well protected, the slightest injury to them is so dun
gerous, the structures themselves are so extremely small, they 
are so wonderfnlly connected in a complicatccl manner with ull 
possible adjacent structures, and the white and gray substances 
are so intimutely mixed-all these circumstances are so many 
insurmountable difficulties in the way of physiological investigu
tion. 

Consequently we mnst not claim too much from physiology. 
" 'e should undoubtedly look for most important explanations 
from careful clinical observation, combined with accurate post
mortem examination, though this has yet been scurcely at
tempted. 

In this state of things we cun and must give the pructitioner 
only a very btief account of the physiology of the medulla ob
longata. 

\Ve shall first study the medulla as an organ ef concluction. 
Nobody can entertain the slightest doubt that the motor im
pulses sent from the cerebrum to the spinal cord, and the sen
sory irritations 011 their way from the periphery to the brain, 
must pass through the medulla oblongata. Further we are 
justified in assuming that the parts of condnction fo;· several 
other initations, which pass between the spinal cord, the cere-
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brnm ancl cerebellum, must likewise be situated in the medulla. 
But tlie position of these has not yet been properly demon
stratccl. 

Motor Conduction. 

The investigations in this direction have gone further than 
any, and, indeed, have reached a certain degree of completeness. 
It is almost beyond doubt that the chief paths ef condiwtionfor 
volitntary motor i11ipulses ctre to be sought in the pyramidal 
tracts (Flechsig). \Ve should thus have the chief conductors 
for voluntary motions in the pyramids, in their inferior decussa
tion, and in their continuations with the lateral and anterior 
columns. Bnt it appears from certain pathological facts (marked 
atrophy of the pyramids witlwut any motor affection during life), 
that they are not the only conductors for voluntary impulses, 
and are not necessary under all circumstances. 

This function of chief motor conductor from the brain to the spinal cord has 
been assigned to the pyramidal tracts chiefly on the ground of modern anatomical 
and clinical di!'lcoveries. From the latest physiological expc.:riments no binding 
conclusions can be drawn, and the older experiments would rather lead to an 
opposite view. The results, too, obtained by the most eminent physiologists arc 
directly contradictory; one saw no particular mnscular contractions on irrita
tion, while another observed convulsions i and again after section one saw no 
paralysis, and the other saw cxtensiyc paralysis. According to Schiff the pyramids 
a.re not motor conductors, whilst section of funiculi siliquro nnd latcralcs produces 
motor paralysis. Section of the lateral columns (between the first nncl fourth ct:r\'i
cnl nerves in nninrnls) stops the respiratory movements of the same aide. The 
uncertainty and contradiction we meet in the experimental results arc easily ex
plained by the difficulty in operating on the anterior surface of the medulla, and 
the probable variation in the course of the voluntary impulses. 

Nothing is definitely known of any motor conduction in tlte 
.'JTa!J substance, except what can be determined regarding the 
nuclei of the nerrns and their roots. 

'l'he inferior decussation gives a perfectly satisfactory expla
nation of the decussation qf the rnotor conclitctin.'J tracts on a 
level with the medulla, a fact which has been proved by numer
ous experiments and still more numerous clinical facts. Cases 
that have been observed in which there was no decussation are 
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to be explained by the non-clecnssation of the pyramiclo-anterior 
tmcts, and pal'tly, too, by the striking variations the occun ence 
of which Flechsig has so clearl y prorncl. The pymmiclo-anterior 
tracts, in fact, may not decnssate before they reach the cord (in 
the anterior comm issure); it is further possible that their decus
sation has taken place so far forward as the pons, namely in the 
raphe; thirdly, there is a possibility of their undergoing no de· 
cussation whatsoever; but this remains to be proved. There are 
cel'tainly enough tracts in the raphe and the pons above tl1e 
motor pyramidal decussation. which would all allow of a decus
sation of motor impulses. 

Longitudinal section of the dccussation of the pyramids docs not produce a 
complete paralysis of the animal's Lody i this fact, too, nrgucs against a totnl 
decussation, l>ut of course we cannot directly transfer the results to the humau 
subject. Schifrs experiments seem to prove that the dccussation of the tracts 
which supply the muscles of the hunk, the lower and upper extremities, occurs at 
successively higher points. Schiff's assumption of a repeated (" return 11

) decussa
tion in some tracts requires fresh confirmation. 

Sensory Conduction. 

The tracts which conduct sensory impul ses in the medulla 
are still quite undefined. Even in the spinal corcl we cannot 
trace the chief tracts with any great certainty, and in the me
dulla this uncertainty is very considerably increased. 

On this point, too, the physiologists are completely at vari
ance. According to Schill' the tracts of the posterior colnmns, 
which convey painful impressions, push more and more outwards, 
and finally come to lie as iC in direct continuation of the lateral 
col umns. The floor of the fourth ventl'icle, he asserts, and like
wise the funicnli pyramic1nm and siliqnre, do not react on irri ta
tion. Vulpian, on the contrary, declares that the COl'pol'a rest i
form ia and the funicnli graciles et cuneati, ancl also the ttoor of 
the fourth ventricle, are all equally sensitive when irritated. The 
resul ts of section are quite as contradictory, and can in no in
stance be called unambiguous or convincing. 

It is to be conjectured that the peduncu li cerebelli convey but 
few sensory impressions, and that this function belongs rather to 
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the cen tral gray substance (formatio reticulari s), which conveys 
them in all di1·ections, so that partial lesions of these tracts ne,·er 
produce any recognizable amesthesia-o[ course the tracts which 
Jiaye decussated in the spinal cord continue their fur ther conrse 
nnal tered- i. e., the tracts belonging to the right half of the 
trunk are situateu in the left half of the meclulla, and vice versa. 
But thi s decussation is by no means a total one, as experiments 
show us, lJrobably on account of the power the gray substance 
has of conclucting in e\·cry direction. If one side of the medulla 
is cnt through, one side or the face is depri ved o[ sensation ; thi s 
is sometimes the same as, and sometim<'S the opposite side to, 
the sec tion, a matter which seems to depend on the position ancl 
dep th o[ the sec tion. 

Th us our knowleclge of the general situation of the sensory 
paths amounts to nothing more than a series o[ conjectures. Of 
course we know nothing whatsom·er of the special tracts for 
tactile, temperature, and pain impressions. 

The functions of the medulla in tlte cap acity Qf central organ 
are a lit tle more thoroughly investiga ted and better known. F or, 
in addi tion to the simple transmission of impressions, the medulla 
can transfer centripetal irrita tions to centrifugal tracts; it can, in 
fact, bring about reflex f imctions, and thesP, too, of every kind 
and wi th every complica tion. These appear always to be con
nec ted with certain clefinite, more or less sharply buuncl<'cl spots, 
which are fo r this reason termed centres of the several functions. 
Thus most of the centres are unclo ubtedly rejlex centres, and it 
is only in tlw case of few that we can assume, wi th any degree of 
probabili ty, that they can be thrown into activity withon t any 
previous initation of a centripetal tract, tha t they act, in other 
words, as automatic centres. 

In the first place, the medulla accompli shes simple or slightly 
complicated reflex actions, such as those that pas from the 
trigeminus in so many ways to the facialis (winking when the 
conjuncti vre a re irritated, wry faces ronsPq1wnt on strong impres
sions of taste, secretion oE saliva whPn the mn rons membrane of 
the month is irritated, sucking motion, when we put a finger in to 
the mouth o[ a nPw·bOl'll child, etc.). The arc o[ re1iect ion must; 
be situated in the medull a, and the same may be asserted of the 
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reflex actions between all the other nerves which have their origin 
in the medulla. 

But very much more extensive refl exes take place in the 
medulla. The so-called general 1·tjlexes, or the transfer of the 
reflex irritation to the whole muscular system, cannot be assigned 
to any other part of the central nervous system. According to 
Pllueger' s laws of reflex action the medulla oblongata is the chief 
centre of irradiation for all the refl exes of every muscle, and 
these are never brought into action till the refl ex irritation has 
extended to the bulbus. Ludwig and Owsjannikow have as
signed the centre of origin of these general refl exes to the region 
of the lateral columns in the formatio reti cularis. 

It is probably the rnme point from which general convulsions 
arise in consequence of Yarious direct or refl ex irritations. Noth
nagel proposes to g ive it the name centre qf cramps, and ass igns 
it to the level of the pons in animals. This centre for cramps 
ca,n be irritatecl directly (as proba,bly occurs in epilepsy) or re
fl exly in a great number of ways. According to Nothnagel the 
refl ex irritation is produced with the g reatest certainty from two 
definite points, one on each side of the median line on the floor of 
the fourth rnntricle. 

In the human subject the exact situation of this centre is not 
yet known, but is probably to be sought in the pons portion of 
the medulla. 

Besides these we find in this organ a large number of centres 
for special processes, some of them, too, extremely important. 
Some of them effect very complicated reflexes, which display a 
combination of definite actions to accomplish a definite effect. 
Actions of this chamcter follow one another in a perfectly regular 
order, which has its origin in the refl Px mechanism and in the 
perfonnance of certain processes within it. 

These centres are partly automatic as well, ancl their activity 
persists after all centripetally conducting tracts have been re
moved, the probable explanation being that they are excited by 
a certain condition of the blood, and by the changes of the fluid. 

The most important and best studied of these centres are 
probably those which preside over the respiratory mechanism. 
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Tlte Respiratory Centres. 

After Legallois had discovered the centre of respiration, Flou
rens endeavored to localize it more accmately, and arrived at the 
conclusion that it was situated in a point not larger than the 
head of a pin, exactly in the middle line and at the posterior 
angle of the calamus scriptorius. If this point be destroyed, res
piration ceases and life with it (namd vital). Bnt of late even 
Flourens himself admits two centres of somewhat larger dimen
sions. 

ln point of fact, all more modern investigations point to the 
existence of two respiratory centres, one in each ha]( of the me
dulla, situated in the superior external portion of each ala cinerea 
and a little posterior to the exit of the rngus. It is possible that 
the substance which connects the two may regulate the normal 
harmony that exists between the respiratory motions of the two 
sides of the body. Destrnction of one centre only affects the 
respiration of the same side of the body. 

Gierke asserts tllat the "respiratory centre" is nothing but the sum of con· 
ducting tracts, which convey the irritations, thnt set in motion the respiratory reflex 
from the trigcminus nncl vngus to the motor-cells of the respiratory nerves. They 
take the form of a round fa~ciculus composed of fine nerve-fibres, which runs down 
on both sides parallel to the median line, nnd is identical with Krause's respiratory 
fosciculus mentioned above. So that, in the strict sense of the word, this is not 
a centre, i. e., a central apparatus composed of ganglion-ce1ls, in which centri
fugal and centripetal tracts enter into nnntomical and functional connection. 
Possibly a "respiratory centre" proper may be found in addition to this respiratory 
fasciculus. Farther down, too, in the spinal cord there mny exist similar central 
structures for respiration (P. Rokitansky), but they certainly play nothing more than 
n secondary part, and can never come into action independently. The same relation 
probably exists between these centres as between the vaso-motor centres of the spinal 

cord and of the medulla. 

The centripetal tracts, which come from the periphery and 
excite or inhibit the respiratory centre, are for the most part 
situated in the vagus. The centrifugal tracts, which lead from 
the respiratory centre, run down through the lateral columns to 
the motor nerves of the different muscles of respiration. 
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As this is not the place for an accurate account of thP physi
ology of respiralion, we sha ll confi11e o urseh·es to mentioning 
that a certain amount of oxygen must be contained in the blood 
to maintain the irritability of the respiratory centres; that, 
further, the oxygen and carbonic acid contained in the blood 
must be p1·esent in certain fixed proportions to effect the irrita
tion of the centres; that the irritation increases in proporti on as 
the quantity o{ ca rbonic acid exceeds that or oxygen; and that 
the w:int o{ oxygen produces a greater irritation than the accu
mulation or carbonic acid. Bnt the respiratory centre can also 
be exc ited refl exly by a llnmber of different sensible nerves, such 
as the vagus, trigeminus, ancl those o{ the cutis. " 'e must add 
that the physiologists consider themselves compelled to assume 
separate centres o{ inspiration and expiration (making a ltogether 
fou r respiratory centres), which appear in certain r<'spects to have 
an antagonistic act ion. But nei ther the anatomists nor experi
menta l physiologists have yet been able to localize these centres 
accurately . 

·when thP respiratory irritation increases, more muscles are 
affected, till finally general epileptiform convulsions are pro
duced, being the result or an ex tension of the irritation within 
the gray substance of the medtllla, as far as the cramp-centre. 

Sneezing, coughing, yawning, sobbing, and similar respira
tory (partly in- and partly expiratory) reflex acti ons, are also 
efTectPd by the respii·atory centres of the medulla, but they do 
not originate in the same sensory tracts as the simple movements 
of respiration. All these prncesses prnbably have theii· own spe
cial mechanisms, but the anatomical strncture of these is quit" 
unknown. 

Laughing and weepin.'J belong to the same category of refl ex 
artions, hut they a1·p distinguished by their combination wi th 
mimic and secretory reflexes. 

Centres f or the Cardiac Movements. 

Although highly probable, it is not certain whether the me
dnlht possesses" centre of acceleration of the action of the heart; 
it:::; position is, of course, unknown. 
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On the other hand, the excitement of the inhibitory fibres ef 
tlte va.'JUS iti genemlly assig ned to a centre in the mPdulla , though 
the posit ion of this centre is equall y unknown. This " inhibi tory 
centre fo r thP action of the heart" seems also susceptible of auto
ma tic and reflex irritation. 

Centres ef Speech. 

The most important centre f or voice, for the origination of 
tones, is undoub tedly situated in the bulbar pot"ti on of the me
dulla. F or, after the pons has been clivickd from the bulbus, 
rpfl ex crying may still be prodnced. By thi s process the respir
atory centres ancl the motor tracts of the accessorius (supplying 
the la rynx) a re brought in to action. Kussmaul (.\ppendix to 
\"ol. XIV. of this CycJ., p. 030) giYes this centre the name of 
basal phonic centre, and considern it indispensable for the con
struction of articulated sounds. It is situated probably close 
to the centres of respiration. 

Exactl y the same may be said of the chief centre ef articula
t ion, i. e. , the structu re which controls the complica ted muscular 
actions necessary to transform simple tones into articulatti 
,·owels and consonants. The glossopharyngeus, accessorius, 
hypoglossus, facialis, and trigcminus, all take part in the pm
duction of arti cL1late sounds, undoubtedly a mat ter of extremely 
tine, complicated and carefnlly combined movements. 

The anatomical fact that all these nen ·es and their nuclei lie 
so close together g ives weig ht to the assumption that the most 
important centre, a t least fo r the articulation of letters, is situ
a ted in the medulla. And this vi ew is fur ther strengthened hy 
numerous pa thological facts, which show tha t diseases or the 
bulbus, anc1 especiall y degeneration or the nuclei of its nen·es, 
ani particula rly destructive to the faculty of speech (pmgressive 
bulbar para lysis). There is, however, a slight uncertain ty in the 
case, as these muscles or articula tion are always positively para
lyzed in bul bar paralysis, so tha t we are not full y entitl ed to 
assume any actual di stmbance or co-o rdination. It is fur ther 
quite possible that the real centre of articulation li es higher 11p 
iu the cerebrum or cerebellum, and that its centrifugal tracts 
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only pass through the medulla, or only set in motion a series of 
secondary med ullary centres. \Ve have, indeed, a parallel for 
this in the co-ordinate movements of the extremities where this 
process occurs farther down in the gray substance of the spinal 
cord . Certainly the centres for the combination of letters to 
syllables and syllables to words are situated anteriorly to the 
medulla. 

Nothing is known ns to the position of this hypothetical centre of nrticulntion 
in the med ulla. Schroeder van dcr Kolk wrongly assigned it to the olivary 
bodies, but his view is now rejected by every one. Jaccoud tried to find it in the 
lmlbo-ccrcbcllar commissmal system, in the olivo-pccluncular reg ion, etc. i but we 
cannot accept this propos ition either. It is more to the point to say that this centre 
has not yet been discovered. 

Centre ef Deglutition. 

Swallowing is a refl ex act that is performed entirely by mus
cles the nenous snpply of which originates in the medulla. It 
is, in fact, a combined act of the hypoglossns, faciali s, g losso· 
pharyngeus, vagu s, accessorius, and trigeminus. Consequently 
the centre of d<·glntition has been assigned to the medulla, an 
assumption which is well borne out by experimental and clinical 
facts. But it has not been fnrther local ized, nor do we know 
anything of its connections. 

According to Schiff, too, the centre ef vomiting is situated in 
the medulla, but nothing further is known about it. Schiff like
wise asserts that the contractions ef the abdominal muscles in 
defecation are co-orc1inated and brought into act ion by a centre 
in the medulla. 

\Ve can hardly assume a special reflex centre f or the masti
catory movements, as mastication cannot properly be rega rded 
as a refl ex action. It is, in fact, only til e co-ordination of cer
tain motor impul ses in order to accomplish a definite compli
cated process; the centre of co-ordination which serves this pur
pose is by no means necessarily situated in the medulla. At the 
same time, howeVPr, it is easy to comprehend that di sease of the 
motor tracts in the mec1ulla which are involved (nucleus of tri-
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geminus, hypoglossus. etc.) might impai.t· the masticatory powers 
to a great extent. 

Vaso·viotor Centre. 

Lndwig and Thiry demonstrated a centre in the medulla 
wllich can throw all the arteries of the body into contraction; 
and section o( the cervical portion of the cord inferiorly to the 
medulla paralyzes and dilates all the arteries. Later investiga
tions, however (Goltz, Vulpian, Schlesinger, M. Nussbaum, and 
otherti), prove beyond doubt that, even if this is the principal one, 
it is still not the only vaso-motor centre; and further, that other 
secondary centres exist in the gray substance of the spinal cord, 
as far down as the lumbar portion. The spinal centres are situated 
one abo,·e the other through the whole cord, and appear depen
dent, i11 the first instance, upon the principal rnedullary centre. 
"'hen this latter is removed, the spinal centres come into action 
(but only gradually), and regain their influence over the vessels. 

Owsjannikow and Dittmar have defined the position of the 
vaso-motor centre in the medulla more accurately. They found 
it, in the rabbit, between the corpora quadrigemina and calarnus 
scriptorius, somewhat removed from the middle line, in the late. 
ml columnar tract of the fonnatio reticularis. The nerves for 
vascular contraction which leave it are said to run down through 
the lateral columns to the anterior nerve-roots (Dittmar). 

In addition, centripetal fibres ascend to this centre, which 
produce a reflex contraction of the vessels; these, too, are said 
to lie in the lateral columns. 

In conclusion, this centre can be excited or depressed by some 
parts of the cerebrum (irritation of the peduncnli, blushing or 
pallor resulting from mental impressions). 

The latest investigations on the subject of vaso-rnotor nerves 
compel us to assume the existence of nerves which directly dilate 
the vessels. For these, too, a centre has been assumed in the 
medulla. 
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N utritive Centres f or Certain N ervous R egions. 

It seems probable that the gray nuclei of the motor medullary 
nerves have a nu tritive effect upon their nerves and appertaining 
muscles, very similar to that which the large multipolar cell s of 
the anterior comua of the cord exercise over the nervo-muscular 
regions dependent on them. As may be seen in bulbar paralysis, 
degeneration and destm ction of these cells produ ce granu lar 
atrophy of the ling ual, labial, faucial, and pharyngeal muscles . 

Different clinical and experimental facts have led some to the 
hypotheti cal assumption of certain ceutres iu the brain f ur the 
regulation of tlie temperature ef the bocly . Should these. really 
exist, we should seek them also in the medulla. 

Centres f or Certain Secretions. 

To Claude Bernard we owe the important di scovery that the 
seeretion of itrine, and certain nutri tive processes, can be influ
enced by irritation of the tl oor of the fomth ventri cle. 

If we merely pierce the floor with a needle, half-way between 
the origins of vag us and acusticus, it suffices to produce a d ia
betes rn elli tus. If the needle pierces at another point, closer to 
the acoustic, it produces a simple polyuria (diabetes insipidns). 
And, besides thi s, we can frequently succeed in prodncing albu
minuria by irritation of a point between these two. 

In spite of numerous investigations, we a re still in uncertainty 
as to the manner in which this takes place, and as to the mech
anism and ana tomical structures which bring it about. Claude 
Bernard conjectured that there was a nervous centre in the me
dull a which controllecl the form ation of sugar in the lh·er. But 
lli s view has met wi th many opponents, and most physiologists 
now incline to the explanation of thi s artificial diabetes by vaso
motor intlnencPs. This view is supported by the fac t that irrita
t ion of sunounding parts produces only an increased secretion 
of urine, nnaccompaniccl by any secretion of sugar. But the 
question has not yet been defini tely settl ed. 

Irrita tion of the anterior portion of the rhomboid sinus, close 
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to the nucleus of the abducens, produces an active salivation on 
the same side as the lesion. The secretion is continuous and 
abundant. I t is, perhaps, p roducecl refl exl y by irri tation of 
some branches of the trigeminus. P ossibly, however, i t is a di
rect irritation of the secretion, with or wi thout the intervention 
of vaso-motor processes. Gruetzner's experiments go to prove 
the existence of a centre ef salivation in the med nUa, which con
trol s both the fibres of the chorda tympani, going to the salivary 
glands, and the fibres of the sympatlwtic. And this centre, when 
dirnctly or refl exly irritated, produces active salivation. 

From all the detail s given in the preceding pages we can at 
least conclnde tha t a great nnmber of the most important phy
siological functions are united in the medulla. This very fact 
compels us to admi t the ex traordinary entangled and compli
cated course of the fibres, to which we so frequently drew atten
tion. 

III. Diseases of the Mmlnlla Oblongafa. 

Introduction. 

The pathology of the medulla obl ongata is still in the first 
stage of i ts development. The material for study is relatively 
scarce, quite unsifted, and in great need of fnrth er enlargement ; 
and the only way we can hope to enlarge it is by taking all the 
modern points of view, and devoting ou rselves to a careful clini
cal study of the cases, and more especially to accurate anatomical 
in vestigations. 

As miglH be conjec tured from its anatomy, the pa thology of 
the medulla resembles, in some poi nts, that of the cerebrum, and 
in others that of the spina l cord, so that di seases which are proper 
to each occur in t.he medull a. This gives the medullary pathol
o~y a very varied character. But, on the other l1 and, i t is sim
p lified, as we can, in many cases, merely refer to the cerebral and 
spinal diseases, which ham in great part been very much better 
investigated. Some cases-for instance, meningitis of the me
dulla-we can pass over unmentioned on this account. 
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As yet we are acquainted with almost nothing but symp
tomatic forms of disease in the medulla. Our knowledge was 
most extensive on the subject of chronic progressive bulbar 
paralysis, which had been made known by Duchenne's investi
gations. Gradually we became acquainted with the character
istic symptoms of an acute apoplectic bulbar paralysis. And 
soon all chronic diseases of the medulla that resulted in paral
ysiti were included under the first head, and all the acute forms 
were regarded as apoplectic. 

But further observation rendered matters more clear, anc1 we 
can already distinguish several different forms that have been 
classed together under both of these heads, anc1 we are probably 
in a position now to draw anatomical and clinical distinctions 
between these forms. 

In the following pages we have endeavored to draw these 
clinical and pathologico-anatomical distinctions. At the same 
time we are fully conscious that there are many shortcomings 
and gaps, and that the material at our disposition is very much 
too small, and in particular too inaccurate, to give us, as yet, a 
sure footing on this ground. 

The classification we have adopted must consequently only 
be regarded as a temporary diagram, to contain, for the present, 
the forms of disease with which we are acquainted. \Ve shall 
first discuss the quantitative changes of blood in the medulla, its 
hemorrhages, and the obstruction of its vessels; secondly, the 
i·esults of acute and chronic mechanical lesions-acute wounds 
and slow compression; thirdly, acute inflammation of the bul
bus; fourthly, chronic (inflammational) bnlbar degeneration, first 
described by Dnchenne; then the other chronic aud inflamma
tioual diseases of the medulla; and, finally, the neoplasmata 
which occur in its substance. 

\Ve must urgently crave the reader's indulgence for all the 
imperfections and defects contained in the following description. 



llYl>Jrn.JEMI.A AND UEMORRUAG:K 86.) 

l. HyperrI!miet and Hernorrlwge ef tlte lJiedulla Oblongata.
Apoplexia Medztllll Oblongatre. 

Ollivier (d'Angers), TrnitC des mal. de la moclle Cpinii:!rc. 3mc Cd. II. p. 138-167. 
1837.-Mesnet, Apoplexie du bulbc rhachid. clans ~a partic supi!r. etc. Arch. 
gt!n. 1861. Sept. :\Ionit. des Sc. mCid. 1861. No. 0-1.-Putain, Parnlysic gllnCr. 
incompl~te; polyurie i apoplcx. foudroyantc; ramollissen\ent ancicn, hCmor
rhngic de la protuberance. Gaz. cl. hOp. 18G2. No. 9~L-Levier, Beitr. zur 
Pathol. cler Rilckenmarksapoplexie. Dissertation. Bern, 1864. -Deanos, Cas 
cl'hCimorrhagio cle ti~ protub. annul. avec albuminurie, etc. Union mCd. 1869. 
No. 20.- lVilks, Labio-glosso-laryngeal Paralysis. Guy's Hosp. Reports. XV. p. 
2-17. 1870.-IJuglllin(fs Jackson, On a Case of Parnl. of tho Tongue from llem
orl'lrngc in the Medulla Oblong. Lnncct, 1872. Nov. 30. p. 770. -Dutrait, 
HGmorrh. sous le planchcr du 4 ventricle; albumin uric, glycosuric. Lyon med. 
1875. No. 45.-C. Browne, Hemorrh. into the Pons Yarolii. Lancet, 1875. 
FclJ. 6.-Leyclen, Kliuik der Riickcnmark>;krankhcitcn. II. p. G3. 1875.-..M. 
Rose1lthal, 'l'raitCi des maladies du syst. ncrvcnx. p. 249. 1878.-Licl1tl1eim. 
Ueber apoplcktiformc Bulbiirparalysc, etc. Deutschcs Arch. f. klin. i\Ied. XYlil. 
t87fi. 

Pathogenesis and Etiology. 

HyperfI!mia strictly limited to tlte meclulla must be an ex
tremely rare occurrence, and there is rea"onable doubt as to 
whether such a case has ever been diagnosed with certainty, and 
a real pathological change ascertained. \Ve are not justified 
here in adducing the capillary dilatation8, which nre so fre
quently found in the medulla, and which are >ilwnys followed 
by hyperremin. 

In the grent majority of cases hypermmia or the meclull>i is 
nothing more tba1; part ef a general lt!!perfI!rnia qf the brain or 
spinal cord, for the medulla is most intimately connected with 
these in regard to its vascular supply. So thnt in every case or 
general cerebral hypermmia. whether primnry or secondary 
(eclampsin, tetnnus, mentnl and meningitic diseases}, the me
dulla will be fonnd in the same condition. 

Naturally the same etiological and pathogenetic conditions, 
as those that were given at length in Volume XII., when treat
ing of cerebral hypermmia, retain their force in the medulla. 
\Ve have partly to deal with >ictive inflammational hypencmi>i, 

\"OJ, XTTI-55 
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resulting from hypertrophy and increased action or the _hea~·t, 
or from yaso-motor disturbances, from collateral congestive m
flammation, and from certain poisons, exposure to the sun, or 
excessive mental activity, etc. But, on the other hand, it may 
be the result of passive stagnation consequent on cardiac and 
pulmonary disease-for in stance, hindrance to the current in the 
jugnlar veins, .or violent expiratory exertions (coughing, strain
ing, vomiting, etc.). 

'Ve need only say here tluit all these matters are to be re
garcled as paving the way for hemorrhage in the medulla, and 
under certain conditions they actually produce it themselves. 

All that Nothnagel has said, in hi s exbaustive and lucid trea
tise on cerebral hemonhage, is equally appli cable to rupture in 
the medulla. In regard to hemorrhage the medulla is more 
closely related to the brain than to the spinal cord, i. e., hemor
rhage is much more frequent in the medulla than in the cord; 
and further, the frequency is greater in the cerebral than in the 
spinal end of the medulla, so that the great majority of apo
plexies are found in the pons division. 'fhis fact alone renders 
it difficult to draw a sharp line between hemorrhage in the pons 
and in the medulla. · 

On the whole, rupture of a vessel is a rare occurrence in the 
medulla. As regards its pathogenesis we may pass it over with a 
few words, and refer the reader for details to Nothnagel' s treatise. 

Undoubtedly the most important pathogenetic principle is 
di.yease ef the vessels (miliary aneurisms, st1ch as Ileschl de
scribes in the pons, atheroma, fatty degeneration, capillary dila
tation, resulting from processes of softening so clearly demon
strated by Gerhardt'). \Ve find extremely frequent cases of 
atheroma and nneurisms of the basilar artery accompanied by 
hemorrhage from its small branches in meclulla and pons. 

Increase ef arterial tension plays a prominent pai·t in con
nection with these diseases of the vessels themselves; but even 
without the latter the ri se of the blood-pressure alone can often 
produce hemorrhage. The sa.me result is seldom produced by an 
incrtrised tension in the veins from stagnation of their blood. 

1 JenaUicbc Zeitschrift f. :Med. und Naturw. I. 1864. 
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Under the head ot Hemorrhage from Excessive Tension may be 
brought the cases caused by cardiac palpitation, by great excite
ment, fits of passion, physical overexertion, and by excessive 
indulgence in alcohol. 

Some diseases of the surrounding parts, which not infre
quently lead to hemorrhage of varying extent, seem to act in 
two ways, 1·. e., by impairing the walls of the vessels and by 
raising the collateral blood-pressure. To this class belong caries 
of the cervical vertebrro, purulent basilar meningitis, and tumors 
in or around the medulla, etc. 

In addition to this, hemorrhage, iu greater or smaller degree, is 
frequently produced traumatically thrnugh injnrics to the skull 
and back of the neck, though we can often recognize no direct, 
palpable lesion in these parts. ·westphal produced capillary 
hemorrhage in the medulla of the guinea-pig by light blows of a 
hammer on the head. \Ve can imagine something analogous to 
this occurl"ing to the human subject. 

In conclusion it may be remarkecl, that in extensive cerebral 
hemonhage, which breaks through into the ventricles, or in ex
tended rupture in the meninges (e. g., the rupture of an aneu
rism), the fourth ventricle is often filled with blood, and to this 
may be attributed some of the symptoms that occur in such 
cases. 

Pathological Anatomy. 

As ltypermrnia of the rnedulla is characterized by the same 
anatomical appearances as cerebral hyperromia in general, we 
need give no special description of it. 

Nor can we draw the slightest cUstinction between the apo
plectic clots in the rnedulla and those in the brain, either as 
regards their appearance, the changes they go through, or the 
condition of the surrounding parts. Fresh hemorrhage looks 
like a dark-red coagulum, and is often half fluid towards its 
centre. This very soon changes into a semi-solid, chocolate
colored mass, which gradually assumes a lighter color, and is 
partly absorbed. The last stage consists either in a rusty, con
tracted scar, or in a small cyst, with a wall of dense cicatricial 
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tissue, with fine threads of connective tissue passing through it, 
and filled with a cloudy, yellow fluid. In due course we observe 
the development of a secondary degeneration, which can be 
either unilateral or bilat0ral, according to the seat of hemor
rhage; and this degenemtion we cau trace to some distance 
down the spinal cord. 

The size of these ruptures is usually very insignificant. 'l1heir 
shape is roundish, or rnsembles an olive or bean, but frequently 
it is quite inegular. Near the median line we often meet with 
small triangular spots of hemorrhage, with the apex pointing 
forwards, and tl1e ba.se towards the floor of the fourth ventriclP, 
thus corresponding pretty closely in extent with the territory o! 
a median bulbar artery (hemorrhagic infarct 1). As regards their 
situation, these ruptures can occur at any point in the whole 
rnedulh. If they occur near the floor of the fourth l'entricle, 
they have a tendency to pierce through it, and then we find a 
coagulum of g1·eater or less dimensions in this cavity. \Ye sel
dom meet with more than a single rupture, but occasionally 
there are several together. Ollivier describes cases of from three 
to sLx hemorrhagic points in the medulla. 

In the medulla alone these effusions o! bloocl seldom attain 
to any great size, though they are frequently very large when 
the pons is simultaneously attacked. In cases of the latter class 
we often see undefined cystic masses, as large as a walnut or an 
egg, rnnning through the pons ancl medulla, usually piercing 
into the fourth ventricle, and filling it with a large clot. 

Gctpillctry lwmorrhage occurs, too, occasionally in the me
clulla, in the same characteristic form as in the cerebrum, and 
with just the same accompanying or causal cil"cumstances. 

Symptonts. 

Very little is known of the symptoms of an injlammational 
hyperr.emia in tlte •medulla. It is perhaps allowable to refer 
some of the •ymptoms of general cerebral hyperremia (dyspncrn, 
slow pulse, vomiting, general convulsions, certain defects of 
speech, etc.) to congestion of the medulla, but this is only hypo
thetical. The same, too, may be said of the assumption that 
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certain initial symptom~ of acute bulbar disease (pains in the 
head and back of the neck, spasms in the fare and tongue, 
formication, etc.) are to be attributed to hypermmia in the 
medulla. 'fhis assumption is quite arbitrary, and no proofs 
have been adduced for it. 

In the cal'le of hyperremi1ifrom 3ta[Jnation, we possess some experimental invcsti· 
gatious mu.de hy Landois, Hermann, and Escher. These prove that retardation of 
the pulse aucl dyspn«!:\ (irritation of the vagus ancl respiratory centres), likewise 
contraction of the vessels (irritation of the vascular centre), and, finally, general 
convulsions (irritation of the cramp centre), all result from intense venous stagna· 
tion. All these symptoms, without doubt, originate in the medulla, and we a.re 
fol'cecl to believe that something similar takes place occasionally in the human 
subject. 

Om knowledge of the symptoms qf ltemoldwge in the me
dulla is more extensive, and rests upon a greater number of 
observations. 

Hemorrhage in this organ, Pven of inconsidemble extent, is 
always to be r(~gard1.::icl as extremely dangerous, commencing gen
erally with the most alarming symptoms, ancl not infrequenLly 
causing instant death. 

lt is, in fact, these tempestuous apoplexies (apoplexie fou
drnyante}, from which death results in a few minute" or hours, 
accompanied by sig1rn of failure of respiration or circulation, 
that belong usually to the medulla or pons. The patients fall 
down with" cry or in epileptiform convulsions, and die instan
taneously. 

I<urther, we know that large effosions of blood into the hemi
spheres and ganglia of the base, if they reach the fourth ventri
cle, and irritate and compress the meclulla, very quickly produce 
deatll, accompanied by symptoms of vomiting aml convulsions, 
along with deep coma and complete general paralysis. 

But slight hemorrhage in the medulla, too, genPral ly pro
duces immediately symptoms of an alarming ancl very threaten
ing nature-symptoms which come more quickly and are more 
grave the nearer the effusion is to the centres of respiration, or 
when it affects these directly. Jn the latter case instant death 
may ensue, and, consequently, medical men are seldom called in 
for consultation or to treat the cm;e. 
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Our principal interest is consequently attached to those case 
in which the patient lives on for at least some hoUI·s or days, or 
in which a partial recovery takes place, and the sufl'erer enjoys 
a somewhat longer existence, though one that is always very 
materially impaired. 

In such cases the patients utter a loud cry, or are attacked 
by buzzing in the ears, dizziness, sudden headache, vomiting, or 
convulsive spasms of the body, and then follows, very quickly in 
general, an apoplectic attack-i. e., they fall down unconscious, 
and sink into a more or less deep coma. Motor and sensory 
paralyses characterize this, as well as all other apoplexies. Bu t 
we may localize them often in the medulla-on the one hand, 
from theil' extent and combination, anc1, on the other hand, from 
their almost unexceptional complication with a large number of 
charactel'istic symptoms, the origin of which has been referred, 
with a certain amount of probability, to the same organ. 

The motor paralysis assumes very various dimensions, some
times attacking only the lower extremities. sometimes only the 
upper; at other times it takes a hemiplegic character, though 
this is only when the hemorrhage is extremely smal l, .rnd then it 
is usually a decussating paralysis of the extremit;es; but in 
most cases all four extremities are eithel' completely or partially 
paralyzed, which is vel'y characteristic, because it is hard to fiml 
any point in the brain where all the motor tracts of the body can 
be affected simultaneously by an effosion of blood. 

Accompanying this paralysis of the extremities, we always 
find some of the bulbar nerves more or less completely par
alyzed, usually the hypoglossus, accessorius, facialis, and tri
geminus; sometimes, too, the nerves of the orbit. These paraly
ses also occur on one OI' both sides. If we have a hemiplegia, 
(an effusion into one sic1e of the medulla), the most characteristic 
symptom is that the paralysis of the bnlbar nerves, caused by 
injtu·y to its nuclei and root-fascicles, occurs on the saine side as 
the hemorrhage, while the hemiplegia of the extremities occupies 
the opposite side of the body, owing to the decussation that 
takes place at a point inferior to the lesion. \Ve th us get all 
the characteristics o[ a hemipiegia alternans, with the extremities 
paralyzed on one side, and the facial muscles (in certain cases 
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this applies as well to the tongue, the muscles of mastication, 
and to the abclucens) paralyzed on the opposite side of the body. 
'l1he above-mentioned nerves al'e affected in greater or less num
ber, according to the location of the hemorrhage. 

The paral!Jsis of sensation follow" the same rules as that of 
motion, only that it is on the whole not so well developed. In 
severe cases, when all fonr extremities are paralyzed, it is gener
ally impossible to ascertain anything about the condition of sen· 
sation on account of the coma in which tl10 patients lie. If it ia 
a case of motor hemiplegia, we may assume that the sensation 
decussates as well ; bllt still, owing to the peculiar course of the 
sensory fibres in the mec1ulla, we can hardly expect a sharply
defi ned amctithesia. This, of com·;e, depends al together upon the 
extent of the efrnoion in transverse section. It would he ex· 
tremely interesting to investigate accurately the condition of 
sensation on both sides of the heac1 and face in such cases of 
apoplectic hemiplegia. :B'or a priori we should anticipate au 
alteration in the conditions dominant here, such as a simultane
ous, a decussating, or even a bilateral arncsthesia, always pro
vided the so-called ascending root of the trigeminus contains the 
sensory tract for the same side of the head and face. 

Respirator!! disturbances, as they are most tlu-enteuing to the 
life of the patient, mny be regnn1ed as the most important of 
the symptoms produced by a bulbar lcsiou, ancl they are at the 
same time very characteristic of such lesion. H fatnl asphyxia 
does not at once ensue, still the respiration is always greatly im
paired; it becomes irregular, stertorous, often intermittent, and 
accompanied with the g1·eatest dyspnma; the Cheyne-Stokes phe
nomenon is frequently observed ; the reopiratory process then 
grows more and more encumbered and parnlytic, till at last death 
1·estllts from asphyxia. It is only in comparatively mild cases 
that the respiration can recover, or is not at all affected. But 
even in cases which commence as herniplegia, the hemorrhage 
ge11erally extends and causes further mischief. 

Alterations in tlte action of tlte lteart are generally less 
p;ominent. But in every severe case we unfailingly meet with 
an enormously rapid pulse, which is frpquently irregular and 
intermittent, and the paralysis of the cardiac action nrns a para!-
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lel course with the increasing asphyxia. In the ca:;es that have 
hitherto bePn descrihc•Ll, very little is noted of i·asoinotor cltan.c;es, 
unilateral or bilateral rise of temperature in the skin, such as we 
might expect with certainty, especially in the period immediately 
succeec.li11g the hemorrliage. 

Great i111portance attaches to the epileptifonn cono1ilsiollS 
which aceompauy hemorrhage in the pons am1 medulla. They 
are often a111011g the eadiest symptoms, but they may be repeatell 
in the fir:;t fow clays, and even later, assLmting the most violent 
character. ~'- tonic rigor has been often described in the ex
tremities, o[ variable c1L1mtion and frequent rncurrence. 

Disturbances qf speech ond de.c;lutilion, and unilateral and 
bilateral paral?Jsis of tlte sq/t palate result natmally from the 
participation or the bulbar nerve:; in the pamlysis. The same 
may be said of aural troubles, such as dca[ness am1 h11zzing in the 
ear:;, which will probably be more frequently detectvcl uow that 
oar attention has been directed to them. Vomiting of frequent 
recurrence, ancl a continuou::; troublesome s ingultu::;, which ha,·e 
often been o\>:;erved, may be explainec1 in the same natural way 
by an irritation of their centres in the medulla. 

Potain, in a case recorded several years ago, describes the 
occurrence ofpolvuria. Dutrait found both sitgar and alburnen 
in the urine, but his case proves nothing, as both these sub
stances were fou nd before the hemorrhage as well us after. Both 
llfader and Desnos confirmed the presence of albumen in the 
urine in the case of an acute hemorrhage, where the kidneys 
were foum1 quite intact at the autopsy. 

In a case wltere hemol'rhage occul'red 'in tlte pons portion of 
the medulla, I observed a conside1able rise in the temperature ef 
tlte body d1uilt(/ the agon?J. Leydl'n and other:; record similar 
instances, and further it agrees with well known experimental 
facts. 

In casPs where life lasts long enough, we can test the electric 
reaction or the pamlyzec1 nerves >incl muscles. It probably re
mains quite normal for some time in the extremities, though it is 
stated that the il'ritability of the pamlyzed nerves which come 
directly from Lite bnlbus soon disappears. Leyden has con
firmed the latter point, at lea:;t as regard:; I he iaradic current. 
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.ArgLLing from analo!-[y, it seems highly prohahle that when the 
nervous nuclei of the bulbus, or the nerve-roars that leave them, 
are destroyed by hemorrhage, the peripheral nerves dependent on 
them must lose their irritability, and that the muscles supplietl 
by the:;e nerves must gil·e a reaction of degeneration. This will 
be easily decided by futme inrnstigation,. 

The course of the (lisease is tl11·eefold. It is either at once 
fatal, Math b1•ing produced by paralysis of the respiratory cen
tres with all the symptoms of apoplexiefoudroyante. 

Or secondly, death does not occm for some hours or days, 
whilP the patient lies COntillUOUSly in a state Of 11101'6 or less in
tt>llSP unconscions1w::;s ancl is paralyzed to a varying extPnt, 
breathing stertorously, and with a quirk puloe, sometimes, too, 
with a high temperature. 

In the third, aml probably most seldom course, life is main
tained for a more considerable time. This only occurs when the 
hemorrhage is relatirnly insignificant. 'l'hl' patient gradually 
recowrs his consciousness, some of the pamlytic and other symp
torus disappear, and nothing remains but hemiplcgia 01· partial 
paraplegia, and more or less difficulty in articulation and clegl n
tition. Apart from the fact that the actual intellectual region i,; 
absolutely uuafl'ectetl, and apart from any remnants of bulbal' 
paralyse·, these cases, in their further course, their termination, 
and the fol'mation of secondary contractmes, etc., exactly resem
ble those cases in which hemiplegi>i ancl other forms of paralysis 
have been produced by some hemorrhag<e in the brain anterior to 
the medulla (in the thalamus opticus, the corpus striatum, the 
nucleus lentifol'lnis, the eapsnla, etc.). 

Very little is known of the symptoms o[ smn,ll capillary 
ltemorrlwge in the medulla; but they are probably similar to 
those produc0d by emboli in the smallest arteries of the bulbus, 
ancl can scarcely be detected accurately unless occurring on a 
large scale. There is no evidence as to whether epilepsy can 
result from this capillary hemorrhage, as "reslphal' observed it 
in the gninca-1Jig after strikinp; it on the Jwacl. 

-- -
1 Berl. klin. Wocheni:;chr. lSil. ~o. :3::). 



874 ~lrn.-DI:::iK\.S..ES o~· '!'HE :UEDUJ.-LA. OHLO::i"GAT.\. 

Diagnosis. 

It is hardly possible that we slrnll ever be called upon to make 
a special diagnosis of liypenemia of the ruedulhi oblongata. 

\Ye can apply the general symptoms of cerebral hemorrhage 
to the diagnosis of hemorrhage in the medulla, so that we need 
only refer to the chapter on this subject i11 Vol. :XII., and to 
the desniptiou given above. In many cases it is very difficult 
to distinguish between hemorrhage anc1 embolism. \Ye shall 
treat of tlte important points for this cliJierential diagnosis in the 
next chapter. 

In order to make a special diagnosis of a hemorrhagic lesion 
in the medulla and pons, we must take account of the following: 
In severe cases loss of consciousness, epileptiform convulsions, 
and sudden death are sufficiently characteristic to establish the 
diagnosis. In less rapid cases we may mention the following 
symptoms as indicative of a similarly situated lesion. Com
mencement with general epileptiform convulsions, vomiting, sin
gultus, more or less threatening respinitory disorders (intermis
sion, dyspuma, Cheyne-Stokes' phenomenon),dysphagia. disorders 
of speech, paralysis of the tongue and soft palate, of the infel"ior 
branches of the facialis, aucl of the abclucens, etc. ; albumen anc1 
sugar in the urine, ancl final i·ise of temperatLU·e; the extension 
of paralysis to all fonr extremities, bnt particnlarly the unequal 
degree of paralysis in the extremities of the one sicle, ancl the face 
aud tongue on the other sicle (paralysis alternans); we might 
perhaps, too, adduce the cessation of all reflexes in the territory 
of the paralyzed bulbar nerves. 

'fhere are some further isolated symptoms which might make 
our diagnosis more accurate, but they need some additional con
firnrntion. For instance, we might take the alternating paraly
sis of the facialis (and perhaps, too, of the masticatory muscles 
ancl the abclucens) as indicative of hemorrhage in the pons por
tion of the meclulla. But we must take account of several other 
symptoms according to the extent anc1 exact position of the clot 
in the pons. As regarcls these we refer the reader for details to 
Nothnagel's article in Volume XII. 
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We may conclucle that the lesion is limited to the anterior 
half of the floor of the fourth ventricle, when we see paralysis of 
the abducens, facialis, and trigeminus, with aural disorders, and 
sugar and albumen in the urine, etc. 

Hemorrhage in the posterior portion of the rhomboid sinus 
produces paralysis of the bypoglossus, facialis and trigeminus, 
and of the accessorius and vagus, accompanied by grave respira
tory disorder;, and usually by paralyzed extremities; it is a 
symptom probably of some importance when these latter alter
nate with the paralysis of the tongue. Alternate paralysis of an 
upper and lower extremity probably indicates that the lesion is 
located in the centre of the decussation of the pyramids. In a 
case described by Hughlings Jackson, a small hemorrhage, whicl1 
had occurred some considerable time before, immediately border
ing upon the left olivary body, is made responsible for a sudden 
complete paraplegia of the tongue. 'Vhether this is j nstifiable 
it would be hard to decide, since there were many other clot; 
found. 

Prognosis. 

The prognosis is generally very unfavorable; in the great 
majority of cases, especially when the hemonhage is of at all 
large dimensions, it is absolutely fatal. 'fhere is only hope of 
life in cases of very limited hemorrhage, or when the location is 
very favorable, especially when it is far removed from the Tespir
atory centres. The patient's condition may then improve gradu
ally, ancl partially recover. As regards details, the prognosis in 
such cases is the same as in other cerebral hemorrhage. 

Capillary hemorrhage, if we could diagnose it, would prob
ably allow of a more favorable prognosis. Still, we should not 
be sanguine, as the cause-namely, vasctllar clisease-remains to 
work more mischief. 

Treatment. 

The rules of treatment for both hyperremia and hemorrhage 
in the medulla are exactly the same as those for similar disorders 
in other parts of the brain. To avoid repetition we shall merely 
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rder the reader once more to Kotlmagel's work, which we hav~ 
so often quoted. \Ye should only wish to draw attention to 
venesection combined with active stimulants as the most suitable 
treatment in sel'ere cases where respiration is threatened. _\.s 
the patients can seldom swallow, we must inject the stimulants 
per rectum (clysters of musk), or subcutaneously (emulsions of 
ccimphor, aromatic spirit of ammonia, port wine, cognac, etc.). 
\Ve shall not attempt to discuss the value derived in many 
cases from artificial respiration, even if continued for a long time. 

A suitable application of electricity is indicated in chronic 
casPs where paralysis continues, allCl where the speech and deg
lutition, etc., are impaired . 

2 . .tlnmmia of tlte Jiedullci Oblongafo- Throinbi and Ernboli 
in its Arteries-.Necrotic Sq/Zening. 

11ucu9el, Mitthcil. nus d. allgcm. Krankcnliausc in llamburg. Virch. Arch. Bd. 
XVI. p. 356. 1859. -Griesinger, A.ncurysurn dcr llasilarartcric. Gcsammelte 
Abhandlungen. I. p. 487>.-l!Orard, Union mM. HWS. No. 35 (quoted by 
Lichthcim).-G. llaycm, Sur la. tbrombose pnr artCrite du tronc Uasilairc comme 
cnusc de mort rapide. Arch. llc Physiol. 1. p. 270. 1808.- lVilks, Labio-glosso
laryng. Paralysis. Guy's Hosp. Rep. XV. p. 2-17. 1870.-1\:tylor, Embolism 
of the Left Vertebral Artery; Paralysis of the Glossopharyngcal Nerves; Death 
from Starvation. Drit. 1\Ied. Journal. 1871. Nov. 4.-Proust, Soc. de Biologie. 
Sbmce du 17 Juillct, 1870; De !'aphasic. Arch. gCinCr. 1872. Tome I. p. 681. 
-Jn.ffi·oy, Sur un cas de parnl. glosso·labio-laryugCe U. formc apoplect. d'origine 
IJUlbairc. Gaz. rn6d. 18i 2. Nos. 41-46.-lluret, Tri but U. l'histoire de l'crubolie 
des artt:r. vcrtGbralcs. ThCsc. Paris, 1873.-Diu·et, Distribut. d es artCrcs nourric. 
du bulbc rhachid. Arch. de Physiol. V. p. 97-114. 187:..:. -1'frard, Thrombos. 
of Vcrtebr. and Basilar Arteries. Med. Times. 187G. Dec. 2.-Ribard, De la 
thrombose du tronc basilaire. Th~sc. Paris, 1876. -Lic.hlheim, Ucber apoplck
tiformc Bulbarpnrnlyse und ihre Bezichungen z. d. Erkrank. d. Se>itcnstr. des 
Rlickcnmarks. Deutsch. Arch. f. klin. Med. ~-Ylll. p. 59:3. 18i0.-.Marktuy, 
Zur Lchre v. d. progress. Illuskelatrophie u. progress. Bulbiirparalsse. Disscrt. 
Brcslau, 1874.-Eichlwrst, Erwcichuogsherd in dcr Varolsbriickc in Folge von 
eyphil. Entartung <l c.: r Art. basilar. CharitC-A.nnalcn. I. p. 206. 1870.- lVilliuk, 
BulLiirparalysl.l in Folgc von Embolic der Art. vertebr. Prager Vierteljahr
schl'ift. 1875. lld. 120. p. 3!'1.-M. Rose11tlutl, loco cit. p . 249.-llallopeau, Des 
paralysies hulbaircs. Paris, 1875. p. 98.-Note sur un fa it de thrombosc basi
hi,irc. Arch. d e Physiol. Vlll. p. 7!'14. 187(.i. 
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Pathogenesis and Etiology. 

V\'hat has been saicl of hyperremia can be repeated or anw
mia qf tile medulla. l t probably occurs seldom or never alone, 
unless we take account of local compression, in which case anro
mia only plays a very secondary part. It is generally a mere 
component of geueral anremia of the whole body, or at least of 
the brain and spinal cord. \~' e have not to conrem ourselves 
with further details of this, but rnfer the reader to tlw article on 
"Amemia of the Brain." No doubt some ot the symptoms 
which we see in general amemia are rnferable to "similar concli
tion of the medulla. 

Tltrombosis ancl em/;olisni of the vesseb supplying the me
dulla arn not extremely rare. They are the commonest rause of 
arncmia or the bulbus; certainly they produce at once the most 
intense anremic condition, so th<Lt, nnle's the circulation is quick
ly compensated, the part at once undergoes necrotic softening. 

Tlte thrombus or embolus occm·s almost without exception in 
the vertebral ancl basilar arteries, aml is very seldom confined 
to the smaller branches of these. Latterly this subject has 
received much attention; and tho result has been that a number 
of the cases which were classed together as "acute, apoplectic 
bulbar paralysis" (a term first usecl by Herard) were produced 
by emboli and thrombi in these arteries. Duret, in his mono
graph on the arteries of the medulla (1873), mentionecl all that 
was important to know; Hallopeau went over the same ground 
in his thesis (1875), while Lichtheim has giveu us an excellent 
treatise (1876), containing everything known or the subject up to 
the date. Ilowever, we are in possession of very Iew cases which 
have been under accurate clinical observation, and afterwai·cls 
received a post-mortem examination. Lichtheim has collected" 
great many observations, though without the continuation of an 
autopsy. 

What has been said of thrombosis and embolism in the cere
bral arteries in general, applies equally well to these processes 
in the medulla. The sources of the emboli and the causes of 
thrombosis m·e in every respect similar. 'l'he basil ar artery is 
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frequently a theromatons and contains aneurisms, and it is often 
infected hy syphili s, so that it constantly produces disorders in 
the circulation of the pons and bnlbns hy means of thrombosis 
ancl contractions in its lumen, though these are occasioually con
fined at first to a few of the branches it gives off. Thrombi 
form, too, very easily and often in the vertebml arteries; and in 
these likewise we often meet with emboli, more especially in the 
art. Yertebralis sinistra on account of its favorable position, given 
off so clirectly as it is from the subclavian. 

'l'he emboli in these vessels are just as numerous and large as 
in others, they undergo the same metamorphoses, and disinte
grnte in just the same way, and are then carried on by the blood. 
'l'he secondary thrombi and the development of the p1·imary 
thrombi, till they finally close the lumen of the vessel, are like
wise indistinguishable from the process in any other vessels. So 
we need not enter into any description of emboli sm and throm
bosis, but the process must be borne in mind in order to get the 
significance of, and enable us to comprehend, the different symp
toms. 

Pathological Anatomy. 

\Ve shall not enter into a description of thrombosis and em
bolism in the basilar and vertebtal arteries, as this can be found 
in any text-book on pathological anatomy. Ancl besides, in the 
cases which have been published, the macroscopic anatomical 
appeamnces are usually treated of with great accuracy, whilst 
the consecutive changes in the pons ancl medulla have been very 
imperfectly studied. 

\\re shall confine ourselves here to mentioning the facts that 
either or both vertebral arteries may be completely obliterated; 
that further, the thrombosis may extend from them into the 
basilar; thirdly, that the lumen of the ba ilar may be obstructed 
either from one end to the other, or for a short distance in its 
anterior, median, or posterior division, according to which, of 
conrse, the symptoms vary. Finally, we may state that the 
branches given oil' from the main arteries, partially or wholly, 
any or all, may be affected by the thrombosis. 
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The effect procluced in the medulla is of course greater, the 
quicker the obstruction is developed aud the greater its extent. 
Almost unexceptionally we meet with grave disorders in the cir· 
culation, as most of the nutritive arteries in this region are ter
minal. The immediate result is, of course, intense anannia of 
tlie aifected vascular territory. According to the conditions 
which govem the further development of similar lesions in other 
parts, the second stage consists either in an engorgement accom
panied by ((fits ion qf blood (hemorrhagic infarct), which leads to 
rnd and afterwards to yellow and white softening, or we have 
nothing but simple anmmic yellow ancl white sq/Zening. The 
Jina! stag<> oftc•n consists of the formation of a caviLy in the bul· 
bus, varying in size, with walls of soft i·eticular connective tissue, 
and delicate threads of the same tra,·ersing the interior. 

If the obstruction takes place in one of the smaller ,·essels, 
we find a number of small cuneiform centres of softening, and in 
them capillary extra\·asations ; or else we meet with similarly 
shaped hemorrhagic infarcts, with their apices pointing forward 
and their bases towards the floor of the fourth ventricle. 

'Ve arc in possession of very few microscopical investigations on the subject of 
these softenings in the medulla. Cbarcot found a number of corpuscles of Gluge 
(FcttkOrnchcnzellcn) in the early stages, a.nd changes similar to ·what is observed in 
anremic parts of the brain. 'Ve owe a more accurately studied case to Willigk, who, 
ten months after the commencement of the dii'lease, found lhc basilar artery reduced 
to a fine thrombotic cord, and thrombi in the art. cercbellares inforiores, whilst the 
vertcbrals were unnffocted i the pons was atrophied and sclerotic where it touched 
the fourth ventricle; both pyramids and olivury bodies atrophied. The anterior 
portion of the pyramids was sclcrosed, and from here down Willigk could follow 
the usual <le~cending secondary degeneration into the lateral and anterior columns 
of the spinal cord. He found a number of sclerotic vessels filled with detritus and 
coarse granular substance in the degenerated parts of the pons :rnd medulla, and . 
between these were other vessels which were dilated and admitted of circulation, 
lmt were surrounded by lymph-cells, fat and pigment. EYerywherc the connective 
tissue had increased, and the uerYes had nothing but di~intcgrntcd sheaths and 
atrophied axis-cylinclcra. The ganglion-cells were manifestly altered, especially 
those that lay near the thrombotic vessels: some had undcrgmic granular disinte
gration and pigmentary degeneration, others were in the lnst stage of sclerosis and 
had Jost all their processes i the number, too, of ganglion-cells in some parts was 
greatly diminished, as, for instance, in the anterior portion of the l'homboicl sinus, 
but not so much iu the hypoglossal nucleus. An important fact was the marked 
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average atrophy of the cells in the olivary bodies, which bodies were themselves. 
climinished in size, while their fibres remained comparatively normal i the same 
condition reigned in the nuclei of the pyramids. Some of the cerebral nerves, t~o, 
had atrophied and degenerated, more particularly the abducens. The obstruct1011 
of the basilar in this case does not seem to have taken place either \"Cry suddenly or 
all at once i probably there were several subsequent emboli, which would account 
for the absence of extensive necrosis and softening. Eichorst in his case found 
fatty degeneration and dilatation of the vessels, and a number of the corpuscles of 
Glugc; fmthcr, the nerve.fibres and ganglion·cells bad <lcgeneratc<l, and the con· 
ncctive tissue resolved into fat. 

SymptMns. 

\Ve shall confine onrselves to the symptoms proclucecl by oh
sttuction in the arteries of the meclulla, clrawiug a distinction 
that seems advantageous, between those that take place in the 
main arteries ancl those in the small branclws. 

If one or both vertebral arteries, or if the basilar is obstructed 
(thrombosis or embolism), we usually observe the following gen· 
erc1l symptoms: A more or less complete bulbar paralysis sets 
in suddenly or in a very short time (in the course of one or two 
clays, in a case of autochthonous thrombosis), frequently resem· 
bling an npoplectic fit, but often, too, without any loss of eon
sciousness. 'l'his bulbar paralysis consists in paralysis of the soft 
palate ancl tongue, loss of speech ancl the power of cleglutition, 
ancl partial paralysis of the inferior territory of the facial is. 
'l'hpse symptoms are sometimes accompanied by paralysis of the 
orbital ancl masticatory muscles. clisorclers of hearing, ancl singing 
in the ears; of extremely frequent oecmTence are respiratory, 
circulatory ancl vocal clisorclers. Almost without exception, par· 
C1lysi8 is clevelopecl simultaneously in tlte extreinities, 11snally in 
fheform of lwmiplegia on the same sicle as the obstruction, con· 
s••quently, with greater frequency on the left sicle, as the art. 
Y«1tebr. sinistra is more subject to embolism; but we very often 
firn1 Clll fcntr extremities more or less completely paralyzed. Sen· 
"'tion, apart from subjective clisorclers, is often quite unimpaired. 
but it may also be more or less affected. 

This acutely clevelopecl d isease is not of a progressive charai:· 
ter; at most we see a slight change for the worse in the first clays, 
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if death from respiratory paralysis did not at once ensue. On the 
contrary, the patients after some time generally recorer to a cer
tain degree. That is to say, the paralysis disappears in part, the 
extremities contract, the tendon reflexes are more actire, etc., ati 
in other cerebral disseminated paralyses, ancl the patients ca1! 
remain alive in this condition for a relatively long period. 

Duret's thorough investigations of the circulation in the me
dulla have provided us with means of forming a judgment as to 
the exact region which is principally affecteil by obstruction of 
the different vcss('ls, so that we can draw conclusions as to the 
location of the thrombosis, from observation of the functions that 
are disordered. 'fhe following is a condensed statement of 
Duret"s results: The important gray nuclei of the bulbus are 
supplied on the one hand by the arteries or the nen·e-roots, which 
spring from the vertebrals, the basilar and its bmnches; but 
they derive by far the greater supply of blood from the median 
bulbar arteries, which pierce through the anterior fissure into the 
raphe, and thence to the nuclei. Thus tbe nuclei of the hypo
glossus and accessorius are supplied by branches from the spinali s 
anterior and ,·ertebralis, and in a rery minor degree, too, form the 
cNebellaris inferior. The nuclei of the vagus, glossopharyngeus 
and acusticus derive their blood from the branches given off by 
the anterior pottion of the vertebrals and from their ;junction; 
the blood-supply of the nuclei of the facialis, trigeminus, abdu
cens, and the two anterior orbital nerves, comes chieUy from the 
different branches of the basilar. 

The pyramids and olivary bodies derive their blood in part 
through small branches coming directly of!' from the vertebrals, 
and partly from the spinalis anterior. The pedunculi cerebelli, 
and also the latPral and posterior portions of the medulla, are 
suppliecl by the inferior cerebellar and posterior spinal arteries. 
The ffoor of the fourth ventricle receives terminal branches from 
nearly all the arteries of the bnlbns and pons, and in addition to 
these some vessels from the inferior cerebral artery and from the 
choroid plexus. 

If this vascular distribution were perfectly constant, we could 
easi ly make a synthetical estimate of the results that would be 
produced by the obstruction of any vessel or any point of the 

VOL. XIH.-5G 



882 ERB.-DISE.\SES OF Tim MEDULLA OBLONGATA. 

same ; and on the other hand, we should be able to deduce an 
exact diagnosis of the location of the lesion from the symptoms 
presented to us. But the manifold \'arieties in the points at 
whlch these vessels are given off, and in their course, as well as 
the mrious possibilities of a collateral circulation, all tend to di
minish the succcess of our efforts in this direction. 

\Ye must pay special attention to the unilateral or bilateral 
origin of the spinalis anterior, and as to whether it unites to form 
a common trunk or not; further, as to whether the cerebellaris 
inferior is given oil' at an anterior or posterior point, etc. \Yith 
such anomalies a lesion located in exactly the same point of the 
same vessel may produce in different cases very dissimilar symp
toms. 

Notwithstanc1ing attempts have been made to localize the 
thrombus from the symptoms in different cases, and the post
mortem examination has in some of them given results which 
agreed very well with what was observed during life, still, the 
diagnostic rules we shall now give can lay no claim to absolute 
constancy; they are at most approximately trne. 

Obstruction of tlte basilar artery, as a rule, produces bilateral 
symptoms, paralysis of all four extremities, and of both sides of 
the face, etc. ; but indubitably the most important symptom is 
the cessation of the functions of the vagus and glossopharyngeal 
nuclei, severe respiratory disorders, dyspnma, cyanosis, and 
usually a rapid death from asphyxia. A rapid and complete 
obstruction of the basilar generally produces instant death. Be
sides, consciousness is lost in every case, the patients falling down 
insensible and sinking into deep coma. If life does last for a few 
homs, we may observe a complete paralysis of all four extremi
ties, caused undoubtedly by anremia of the pyramidal tracts. 
But in these cases, too, life soon terminates in asphyxia, the res
piration becoming very rapid. Tirard describes cases of 75 to 
105 respirations in the minute. 

If the obstruction only extends to small portions of the basi
lar, or if the thrombosis is merely attached to the wall of the 
artery and only cuts of!' the blood from a few branches, the 
symptoms are often less threatening, and individual bulbar 
nerves are paralyzed, accompanied by weakness or paralysis of 
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some or all or the extremities. In such cases we see the different 
orbital muscles paralyzed, and those supplied by the facialis, 
trigeminus, etc. The respiration may then remain uninterrupted, 
provided circulation continues in the posterior portion of the 
basilar and in the vertebral arteries. 

Obstructions in both verlebrals simultaneously produce ex
actly the same effects as thromboEis of the basilar artery, namely, 
complete paralysis of the extremities and the tongue, difficulty 
in swallowing, aphonia, and intense dyspnam, quickly followed 
by ckath from asphyxia. The life of the patient is not in such 
immediate danger if the thrombosis is dernloped slowly enough 
to allow time for tlte completion of a slight collateral circulation. 
Joffroy attaches some importance to the lock-jaw that has been 
observed in such cases. "'e are inclined to agree with Licht
heim, who ascribes a case of :Marnsky's, in which this symptom 
was observed, to embolism rather than to extravasation. 

Obliteration of one 'l!e:rtebral artery produces symptoms 
which are to a certain degree hemiplegic. The lesion is more 
frequent in the left artery, from which, too, the spinalis n,nterior 
is generally exclusively or in greater part given off. It prodnces 
occlusion of the spinalis anterior and cerebellaris inferior. This 
is the origin of the herniplegia, which occurs either on the same 
side n,s the lesion or on the opposite, a matter that depends on 
sornewlrnt varying conditions, such as the location o[ the throm
bus, the point of origin of the spinalis anterior, the completeness 
of the pyramidal decnssation, etc. \Ve may also meet with 
paralysis of the hypoglossus and accessorius, disorders of articu
lation and deglutition, aphonia, paralysis of the in[erior branches 
of the facialis, partial paralysis and ami:?sthesia of the soft palate, 
etc.; but all these symptoms are frequently more prominent on 
one side of the bocly. \Ye ham thus before us all the symptoms 
of acute bulbar paralysis, and, in addition, a more or less pro
nounced hemiplegia or weakness of all four extremities, gener
ally unaccompanied by any loss of consciousness. 

\Ve can often recognize the successive occlusion o{ the differ
ent arterial territories quite plainly by the grouping o{ the symp
toms and the order in which they follow one another, which show 
us how the thrombosis becomes more complete and increases in 
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its extent. This is well illustrated by the cases described by 
Tirard, IIallopeau, and others. 

The larger the \'essel occluded and the thrombus occluding it, 
and the firmer the consistency of the latte!', the quicker ensues 
death. If the circulation can be quickly l'estored by di sinte
grntion or displacement of the tbrnmbus or embolus, or by suffi
cient collateral branche , we may hope for imprnvement and par
tial recovery. Patients of this class may drag out their existence 
for several years more, though general ly l'etaining severe results 
of the lesion, such as paralyses, contractmes, and difficulties of 
articulation and deglutition. Licbtheim has described a very 
good instance of this form . 

An occlusion qf the very small branches in the bulbus can 
certainly never be diagnosed with certainty from the symptoms 
it produces. But as these vessels are generally terminal, their 
obliteration is sure to be accompanied by necrosis of the parts 
affected, and it only depends on the territory of such an artery 
whether we get any symptoms of it or not. It is quite possible, 
for instance, that these occlusions may produce partial paralysi~ 
of the tongue, difficulties of articulation and swallowing, unilate
ral paralysis of the facialis and abducens, respiratory disorders, 
and perhaps even lits of asthma, etc. But we are seldom or 
never able to conjecture such lesions. 

To this category, however, belongs a case of Voh~in'R, which Durct quotes. A 

woman had nil the symptoms of a suddenly clcvclopcd bulbar paralysis, and the 
post-mortem examination proved the presence of a triangular capillary clot as large 

as a pen, situated in the middle line and pointing with its apex to the anterior sur~ 

face of the bulbus, while its base was directed towar<ls the floor of the fourth vcn, 

triclc. Ilnllopcau, too, describes an interesting case in which the main lesion con· 

sjsted in a small point of softening in the bulbus, wl1ich co incided exactly with the 

common nucleus of the facinlis and abducens, and had pnrnl)·zccl these two nerves. 

An cmbolus of the vertcbralis as well had given rise to 11 cmipl f'gia on the opposite 

side of the body, while a continuous incomplete thrombosis of the basilar produced 

other paralytic symptoms, and fiuall:y caused death from asphyxia. 

Diagnosis. 

The diagnosis of a bulbar embolus or thrombus is very fre
quently surrounded with many difficulties, though in most cases 
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we can scarcely fail to inform ourseh•es or the approxima te lo
cation of the well -marked symp toms. A bnlbar paralysis, fo r 
instance, with all its characteristic symptoms of difficul ty in 
swallowing and a rticula tion, palato-labio- lingual paralysis, pa:'· 
tial paralysis of the rnasticatory and some of the orbita l muscles, 
with tlneatening d isordel"S of the respira tion and circulation, and 
accompanied by either hemi- or paraplegia of the extremities, 
occasionally too by epileptoid convulsions-all this is so charac
teristic that we can 11ardly fail to comprehend it, and our atten
ti on is a t once direc ted to the pons and medulla. But in fnlmi
nant and extremely rapid cases, when the patient sinks in to deep 
coma, and universal paralysis sets in with threatening asphyxia, 
we can only make a g uess as to where the lesion has occurred. 

\Ve can generally make a pretty positive diagnosis of an 
acu te, clefined lesion in t he bulbus, if the sy mptoms are sudclenly 
developed without any waming; fo r, even in u case of autochtho
nons thrombosis, we generally have a sudden attack, probably 
the moment the vessels a re completely occluded. But it is not 
a lways easy to determine whether a h<>morrhage or an embolism 
has taken place. The general grounds for the one or other in ter
p reta tion are, us is well known, not at all absolu te (compare 
Nothnagel, Yo!. XII.); nor can we always find any source of 
an embolns; bes ides, in old person s thrombosis is just as fre
quent as hemon-hagP, ancl in young subjects the arteri es may be 
in fected by syphilis. These reasons render a positive di stinc
tion, in most ca es, impossible, unless the special symptoms lead 
us to d iagnose one cause or the other. This is, however, very 
frequently the case. 

" ' e could hardly entertain thoughts of an extravasation, for 
instance, in Hallopea rt' s case, where the d ifferent symptoms came 
on one after the other-the same effect as prodr1cecl by an embo
Jus with continued de,·elopment of a secondary thrombus. 

Epil eptoid convul sions and apoplec tic a ttacks are of more fre
<J.Uent occurrence in cases of hemorrhage than in those of embo
li sm ancl th rombos is; it is only when the whole basilar is com
ple tely occluded that we meet with a severe apoplecti c attack. 

The symptoms of embolism are, in many cases, of a definite 
character, owing to the regular cUstribu tion of the vessels, whilst 
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those of apoplexy are more dependent on chance; so that we 
oftener meet with a repetition of exactly the same group of 
symptoms in cases of embolus than we do in extravasation. As 
an instance of this repetition, we refer the reader to Lichtheim's 
case of obliteration of the vertebral, witl1 simultaneous bulbar 
paralysis and paralysis of the extremities. 

The course of the disease is very frequently quite decisive for 
or against a diagnosis of embolism. Striking and rapic1 improve
ment, wi th total disappearance of complete groups of paralytic 
symptoms, seldom occurs in cases of hemorrhage. 

\Vhen we have decided on a thrombus or embolus, though 
perhaps only on grounds of probability, we must proceed to the 
exact localization of the lesion. This will often be possible when 
we can go upon the basis of the facts stated above; but our diag
nosis must always have a certain amount of uncel' tainty, owing 
to all the possible varieties of the vessels. Besides the localiza
tion of the paralyses, other symptoms may help us to form our 
diagnosis. Tlrns, in diagnosing occlusion of the basilar, we 
might take account of an unusually full pulse in the carotids, 
and of Griesinger's symptom (which he deduced a priori, though 
we have never heard of its being practically tested) of violent 
general convulsions resulting from energetic compression of both 
carotids, just as in Kussmaul and Tenner's experiments. The 
practical application of this experiment seems, however, some
what problematical. 

Prognosis. 

\Ve need scarcely observe that the cases of embolism and 
thrombosis with which we are now occupied are of the gravest 
character. \Vhilst the prognosis of sudden and complete obstruc
tion of the basilaris or both vertebrals is almost absolutely fatal, 
we may say of a slowly developing, or at first incomplete, occlu
sion of one or more of the large vessels in this region, that it 
almost unexceptionally ends in death within a short period. vVe 
cannot expect life to last long, except in cases of relatively limited 
obstruction, which happen to aITect the least dangerous parts, or 
where a possibility is offered of a somewhat considerable collat-
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eral circulation. "\Vhen such cases become chronic they share 
the same prognosis as thrombotic or embolical softening of other 
cerebral regions, and are consequently, in their later periods, to 
be regarded as incurable. 

Treatment. 

"\Ve refer the reader, for the treatment of these cases, to Noth
nagel's article. Stimulants and tonics are plainly indicated 
when the thrombosis is located in the bulbus ; but, unfortu
nately, the diagnosis is so uncertain in many cases that it is 
difficult to follow out any definite therapeutical course. So that 
we must be gu ided by the scanty symptomatic indications, which 
can be gathered from a careful observation or the individual case. 

At a later period electricity may be applied with most suc
cess. Markusy derived the most wonderful rnsults from its ap
plication in a case which probably belonged to this class. 

3. Injuries and Wounds ef tlte Medulla Oblongata.-Ohronic 
Compression oj' tlte Same. 

Ollivier, L c. 3mc M. I. u. II. pasaim.- Watera, Rcmarknhle Case of Lesion of the 
Medulla Oblong. Mcdico-Chir. Transact Vol. XLVI. p. 115. 1803.- Vix, },all 
von cinseit. Vcrlctzung des verl. :Marks. Corrcspondcnzbl d. iirztl. Ver. im 
Hhcinlnnd, 1874. Ccntralbl. 1875. No. 22.-Leyden, Klinik I. und II. 1874-
76.-llullo1>eau, Des parnlysics bulbaircs. Paris, 1875. p. 117.-C. Lange, Ein 
paar plOtzlichc Todcsfiillc. Hosp. Tid. 1870. Virchow-llirsch. Jahrcsber. 
1870.-Leorat-Rlrroton, Cas de glycosuric detcrminEic par unc tumcur collo'ide 
rcnferm6e dnns le 4mc vcntricule. ThCsc. Paris, 1859.-Solbrig, Ucber die Ve
rcngenmg des Eingnngs des Wirbelcnnals in den mit Epilcpsic vcrbundcnen 
Scclcnstfirungcn. Allgcm. Zeitschr. fiir Psych. Bd. 24. p. 1. 1867-11. Reck
linyhause1l, Virch. Arch. Bd. 30. p. 364. 1 $64.-I...adamt', Symptomatologie 
uud Diagnostik dcr IIirng,!schwlilste. p. 43. 1865.-Voiain, Cas de paral. 
glosso-lab.-l&r., sans sclerosc clu hulbe. Ann:i.1. medic. psych. Janv. 1871. Vir
chow-llirsch. Jahresber. ld71. Vol. II. p. 5!).-Baclz, Enchondrom dcr Schii
dclbasis. Arch. dcr lleilkunde. XUL p.102. 1872. -Bouchm·d, Compress. de 1& 
pyram. nntCr. gauche par l'apophysie odont.; hCmiplCgic i convulsions Cpilept. 
(quoted in IIallopcau's work, p. 118).-Bourrlon, Tubcrcule du cervelct occu
pant l'Cmincnco vcrmicul. et comprimnnt le bulbc; cmbnrras de la parole. 
ibid. p. 125.-Garrod and Pltilpot, Pnpillomatous Tumor in tho Fourth Ven-
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tricle of the Brain. Lancet. 1873. March 1.-lfertz, Fall von Erwcichungshcr

dcn in der Med. oblong. etc. Dcutsches Arch. f. klin. :Med. Xllf. p. 385 . 1874. 

-Rotter, Arthritis dcfornmns der Al'ticul. cpistrophco-atlant. etc. ibidem XIII. 

p. 403. 1874.- Verron, :£tudc sur lcs tumcurs du 4. ventriculc. ThCsc. Paris, 

1874. -!Inllopeau, Tumcur rlans le cervcnu moycu. Gaz. mCd. 1874. No. 0.

llubrich, Geschwulst des Kleinhirns, Druck auf die Med. oblong. Arch. fiir 

Psych. u. Ncrv. V. p. 5n4. 1875.-Lanzoni, Caso singolarc di paral. bulb. per 

compress. di un tumore dcl ccl'veletto. Raccogl. med. 1876. Aprilc. Jahrcsbcr. 

pro. 1876. II. p. 11 l.-Morelli, Affectioncn clcr Med. oblong. Ccntralbl. 1877. 

No. 38.-Griesinuer, Ancurysma d. Basilarartcric. Gesammeltc Abhandl. I. p. 

472 ( from the Arch. d. Hcilkunde III.).-Lebert, Aneurysma d. Vertebrales, 

Busilaris, etc. Berliner klin. Wochcnschr. 1866. No. 2~. 

Notwithstanding its protected position, the medulla oblongah• 
often suffers from traumatic influences, and is thereby, direc tly 
or indirectly, more or less injured ancl even destroyed. To this 
category belong acute mechanical ·injuries to this vital organ, 
which are of the most dangerous character, and consequently 
have, as a rule, a very short clinical history. 

But, besides these, there are other mechanical influences which 
affect the medulla from without, but quite gradually and increas
ing by slow degrees. These influences are neoplasmata, disease 
of the bones, and dislocations, parasites, etc. They all produce 
a slowly increasing pressure, and compress the medulla chron
ically. 

It appears to us quite suitable to discuss the two-the acute 
and chronic forms of mechanical injury to the medulla-in the 
same section. 

Pathog~nesis and Etiology. 

Injuries qf the medulla may be produced in many different 
ways : for instance, by a cut or stab, which pierces easiest between 
the atlas and occipnt; or by foreign bodies, such as pistol and 
rifle bullets, splinters of bone, etc. Such injuries can occur at any 
point, accompanied or unaccompanied by injuries o( the cervical 
vertebrro and skull. Further, these wounds may be producecl 
by a cut on the head, wi th ot· without fracture of the skull, and 
in many cases by contre·coup. A fall on the head or back of the 
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neck, or a heavy body striking these parts or the face, produces 
similar results. 

Fractures, dislocations and displacements ef the two first 
cervical vertebrce are very important and frequent causes of 
wounds of the medulhi. 'Vhen the ve!'tebl'm are fractured, as 
happens from gunshot wounds, or from a fall or blow on the 
head or neck, etc., we always find them more or less displaced; 
if this is not the case, the medulla may escape uninju!'ed. The 
most dangerous luxation is that of the first vel'tebnc, as it is 
almost always accompanied by backward displacement of the 
odontoid process; this process is then forced against the anterior 
surface of the medulla, which it compresses and lacerates, espe
cially when some pathological process has already produced en
largement of the bone, or altered its natural direction of growth. 
This event, followed by immediate deatll. can also be produced by 
simple dislocation of the odontoid process. Dislocation can take 
place when the head is sharply pulled forward, as in hanging, or 
llexed, the epistropheus slipping from under the transverse liga
ment. The same effect is pl'oduced by any great force acting on 
the head and neck, inducing a luxation in the occipito-atlantoid 
or atlanto-epistropheal articulations. A similar result ensues 
from cal'ies of the iil'st cervical vertebl'm, which slackens and 
destroys the ligaments and the vertebrm themselves, so that quite 
a tl'itling mechanical process, such as a sudden turn of the head, 
etc., produces dislocation. 

The causes of slow compression of the medulla are very vari
ous. If any neoplasma or enlargement (whether it arises in the 
bone, periosteum, meninges, in the vessels or the surrounding 
parts of the brain) grows in the direction of the medulla, it rnay 
produce slowly increasing compression, and thereby cause mate
rial injnry to the functions of this organ. 

The processes of this class with which we most frequently 
meet are osseous. Simple caries of the occipital bone ancl two 
first cervical vel'tebrro may produce the effoct, with its exuda
tions, ab cesses, osseous tumefaction, dislocation of the odontoid, 
etc. 

The medulla is often compressed, too, by abnormalities in 
tlte sltape and size of tlte bones. Solbrig directs attention to one 
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of these, which is by no means of seldom occurrence, namely, 
constriction qf the entrance to the spinal canal, caused by some 
misgrowth of the processus anonymi occipitis, of the processus 
odontoideus, and of the posterior semicircle of the atlas. In nine 
cases of epilepsy he found at the autopsies considerable constric
tion, which had caused compression. And Ollivier describes 
similar cases. An enlargement qf the odontoid, too, is not rare. 
Ilertz describes a case in which this process was very much en
larged, with its point directed sharply backwards towards the 
medulla, perhaps the result of rachitis. These variations do not 
seem to have any absolute significance, an<l are often found by 
mere chance; but when combined with certain external injurious 
inlluences or some casual effort (physical overexertion, carrying 
a hea'-y load, etc.), they may give rise to grave disorders. In 
Hertz's case, for instance, the overgrowth of the odontoid had 
produced a small centre of softening iu the decussation of the 
}Jymmids, corresponding exactly to the point of the process. 

Arthritis deformans in the articulations between the occi
put, atlas, and epistropheus, would seem to be a very much 
rarer cause of compression. Rotter has lately described a case 
in which the shape of the joints was immensely changed, the 
odontoid process enlarged, and the ligaments very slack, so that 
the occipital fommen was considembly constricted. 

The medulla is much oftener compressed by tumors arising 
from the bony parts and growing into the fora.men magnum. 
Baelz found an enchondroma from the base of the skull, Leyden 
a cystosarcoma of the clivus, ancl Hallopeau a connective-tissue 
tumor from the base, and we coulcl enumerate many other in
stances of this class. 

The same effect is produced by difl'erent kinds of turnors 
fa~orably situated on other surrounding structures, such as 
syphilitic gummata arising on the dura rnater, excrescences on 
the choroid plexus (Kussmaul), epitheliomata in the arachnoid 
(Voisin), etc. 

In this class we may further include anenrisms of the basilar 
and vertebral arteries, which are of somewhat common occur-
1·ence; they, however, in the majority of cases compress the 
pons, but sometimes their intluence extends to the medulla and 
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its nerves. They are rendered still more dangerous by the 
thrombosis, which almost constantly accompanies them. 

Lastly, we come to tumors of the cerebellum, which, when 
they are large enough to compress the medulla and are favorably 
situated, play a very prominent part. Cases of this kind are 
numerous. Bourdon describes a small tubercle in the vermis 
cel'ebelli surrounded by an exudation, which compl'essed the 
inferior portion of the rhomboid sinus; Jiiorelli had a case of 
tubel'cle on the floor of the fourth ventricle; Ilubl'ich saw a 
gliomn, probably originnting in the tlocculns, and wedged in be
tween the meclulln, cet'ebellum, nncl pons, which hncl compressed 
the medulla consiclernbly, and pushed its nerves to one side; 
Lanzoni observecl n gliomn as lal'ge ns n hen's egg in the vermis 
inferior, which covet'ecl the fourth ventricle; Voisin found an epi
theliomn in the pia mater of the cerebellum growing in the direc
tion of the medulla. But we need not multiply cases fnl'ther. 

The action in all these cases is increasing pressure from with
out upon the medulla, and this pressure must naturally first act 
upon the nerve-roots given off by the medulla, and then upon 
the different pal'ts and funiculi in the organ itself. This is what 
pl'ocluces the characteristic symptoms of gradually increasing 
irritation and paralysis. But frequently a long time elapses 
before we can observe any symptoms, or perhaps only very insig
nificant ones; and then these cnses exhibit suddenly the most 
acute paralytic symptoms, ending quickly with death. This, of 
coul'se, leads us to assnme an embolus or extravasntion, but this 
occurs by no means constantly; on the contral'y, it is almost cer
tain that bulbar myelitis produced by compression, which ex
tends rapidly over a large surface, is the origin of these acute 
symptoms. In fact, we have an analogous case in the slow com
pression of the spinal cord. It is the possibility of this myelitis 
Ly compression that constitutes the chief clanger in a great many 
cases of mechanical injuries of the medulla oblongata. 

Pathological Anatomy. 

It is unnecessary to dwell upon the causes which could pro
duce an acute traitina in the medulla. A few words, too, will 
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dispose of the anatomical changes which we ob erve in the organ 
when wouniled, lacemted, or crushed. Tuey resemble i11 c1·ery 
deta il the acute injuries in the spinal cord, and their termina
tion is similar. The location and extent these lesions occupy are 
very various, and of course dependent ou chance. 

It wonld also take up too much space to describe the ana
tomical appearunces of the causes of slow compression, and we 
shall content omselves with having enumerated them above. 

The medulla itself may undergo the most manifold changes 
from compression : its shape may be altered, it may be dis
located, turned on its axis, or pressed out ffat or obliquely, ren
dered unsymmetrical, or may receive a number of impressions of 
various depth and size. Yarious parts are atrophied by pressure, 
or there may be sharply-defined indentations, or one.half may be 
se1·erely com pressed, whilst the other is relatil·ely untouched, etc. 
It is quite plain that all Lhis depends entir~ly upon the position 
and shape of the compressing processes, and that these, too, are 
accountable for the different symptoms that we may mee t with. 

Relatively little is known of the histofogical changes that 
take place in such cases. \Ve usually find the medulla anamiic, 
and generally sojZened. In Hubrich' s case the aJiec tecl half was 
soft and friable. Extrarnsations in the softened parts are of fre
quent occurrence. In the small centre of softening which Hertz 
describes, he fon11d that the medullary sheath had di sappeared, 
ancl likewise part of the axis-cylinder; he saw, too, a great deal 
of fin ely granulated, soft, interstitial tissue, numerous corpus
cles of Gluge, ancl corpora amylacea; Lhe vessels were irregularly 
dilated, hypertrophied, and covered with granules of fat and 
pigment, anil it was around them he found most of the corpus
cles of Glnge. 

The nen·e-roots given off from the bnlbus are ge1wrally more 
or less degenemted and compressed; they are flattened, gray, 
attenuated, and undergo degenerative atrophy. 

Secondary degenera tions o[ten arise from these lesions and 
run down into the spinal column. 

Ilowever, in future cases it would be very desirable to make 
more accurate investigations on the resrllts of myelitis of the 
medulla from compression. 
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Symptoms. 

Ii the in_jurv to the medull a is a severe, acute one, the symp
toms are generall y very simple-the patients collap e as if struek 
by lightning, and die instantaneously; sometimes they give 
u tterance to a loud cry befo re falling, or dea th may be accom-
1mnied by a fo w transitory convulsions. All this results from 
sudden paral ysis or the respiratory centre, and complete inter
ruption o[ every conducting connection with the spinal cord ancl 
the pt' ri phery. 

This is the ordinary course when the occ iput is d islocated 
towards the atlas, or when the odontoid process is forced from 
the epistropheus, or in fractures or the an terior cervical vertebrre, 
or in g unshot and kni fe wounds of the medull a, and also in a 
numlwr or other cas~s . 

\\' hen the wounds are rela tively less se\'ere, or whPn the 
medulla is onl y partially lacerated, li fe may last for some time ; 
bu t these cases, too, end suudenly. 

"' atcrs describes a case of this nature. The pat ient rccch·ecl a heavy blow in 
the face, unaccompanied by fracture o f the skull. At first thl.l symptoms were 
trifling, consisting o f a sli ght feeling o f weakncf's, and dcafn cs~ on the right side. 
There wns no anrosthcs ia; the tong ue and uvula were !'li ghtly ,ihlique; the patient 
su ffered, too, from singultus, nnd was unable to swallo w. Tl1e temperature was 
high on the rig ht side. Sudden death in twenty-four hours. At the autopsy he 
fo und hoth sides o r the rig ht pC'dunculus cercbelli lacerated, the wound extending 
to tlw fl uor of the fourth ventricle. The paralytic symptoms may be explained by 
lacerat ion o f the nuclei, and death probably resu lted from paralysis o f the rcspira* 

tory centre. 
Vi x'l:I case cannot be regarded as anything more than n mere unilateral wound 

of the upper cervica l porti on o f the spinal cord, which was located in nil proba
bility be/010 the clccussation of the pyramids. No conclusions, however, can be 
d rawn from the case, as the pat ient survived, and au autopsy was ne''er obtained. 

I t is certa inly highl y probable tha t pa tients sometin1Ps Slll" 

vi ve very small injuries to the medttlla. Bu t still thi s is d iffi cult 
to prove ; for, from the symptoms of paralyses of different kinds, 
troubles of a rti culation and hearing, epilepsy, slow pul s~, dia
be tes melli tus 0 1· insipiclns, etc., we can only conj eclitre that the 
medulla has received some injury. 
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On the other hancl, it is by no means certain that we must 
always assume an actual lesion such as hemorrhage, laceration, 
or comminution, to explain the symptoms which follow trau
matic intluences bearing upon the neck ancl skull. It would not 
be difficult to acconnt for all the symptoms by simple commo
tion similar to what has been found in the spinal cord; it does 
no t 'alter the question whether they are accompanied or not by 
chronic nutritive troubles. This remains to be decided. There 
is no doubt, however, that our present 111aterial is not sufficient 
to allow ns definitely to assume the existence of a commotio 
merlullm oblongatre. 

Special importance attaches to a number of initial symptoms 
in slow compression of the •medulla. These i11itial ymptoms 
develop very gradually, and may escape observation; their form 
is very rnriable, and they are the results of irritation and paraly
sis of the nerve-roots coming from the bulbus and pons. In the 
first place, we have symptoms of irritation, such as pains of 
rnrying intensity in the territory of the trigeminus, or head- and 
face-aches, which often assume a neuralgic character, and are 
generally unilateral, though sometimes bilateral. To this class 
furth er belong twitching of the muscles supplied by the Iacialis, 
transitory cramps in the tongue and lips; sometimes, too, we 
meet with clonic and permanent contractions in the extremities, 
with buzzing in tho ears, etc. \\'hen the bu lbus itself is seriously 
irritated, we may observe epileptoid convulsions, vomiting, dizzi
ness, ancl singultns. 

After these initial symptoms ha Ye lasted for a varying period, 
the nerves above mentioned sho\\- signs ef paralysis, usually 
accompanied with atrophy, and thus we gradually get all the 
symptoms of a "bulbar paralysis."' P aralysis in tlte extremi
ties a ncl di ·orders of respiration and circulation very soon follow. 

But the development of the disease does not always take this 
course; sometimes it be_r;ins more acutely-so rapidly, in fact, 
that we are induced to think of an em bolus, thrombus, or some 
similar lesion. Cases of this nature are rerorcled by Hallopeau, 
Bourdon, Bouchard, ancl others. In point of fa ct, this acute 
commencement may be cnusecl by thrombosis or hemorrhage in 
the medulla; but in the majority of cases it results from a rap-
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idly developing and spreading myelitis from compression, after 
this latter has reached a certain intensitv. 

In both cases, if the symptoms are ,~ell de1·eloped, we ha•e, 
in the first place, prtralysis qf the bulbar nerves an(l centra, 
varying in extent, symmetry, and intensity ; in the second place, 
the extremities are paralyzed-either a perfect hemiplegia, or, 
when paraplegia, the symptoms are more marked on one side 
than on the other. Lastly, we meet with different degrees of 
sensory disorders, both in the face and on the trunk ancl 
extremities. But, at the same time, there is no sign of any 
anterior parts of the brain being complicated, and consciousness 
is generally quite unimpaired. 'rhe optic nerves are never 
alfocted, except when the tumor is very large, and so situated as 
to extend its influence thus far. 

It is a most striking fact that in this disease we usually meet 
with a group of symptoms which are generally taken to indicate 
bulbar paralysis, and almost all the cases of this nature ham 
been describecl under the heading of chronic bulbar paralysis. 
To this class belong paralysis of the tongne and muscles of 
articulation, partial paralysis of the inferior branches of the 
facialis (especially as regards the lips) and of the soft palate, 
troubles of deglutition, increased secretion of saliYa, hoarseness 
and aphonia, disturbances of the respiration and circulation, and 
occasionally paralysis of the orbital muscles (especially the 
abducens) and the masticatory muscles, anrosthesia in the terri
tory of the trigeminus, deafness, and singing in the ears; tinally, 
we may meet with vomiting, singultus, epUeptic convulsions, 
signs of vascular paralysis, Stokes' respiration, and a number of 
other symptoms which do not need mention. Of course, all these 
symptoms do not occur, by any means, in every case, bnt only 
one or more at a time, so that these cases of slow compression 
assume very various forms. This rnriability of symptoms is the 
great characteristic which distinguishes it from "chronic progres
sive bulbar paralysis." This latter disease, which we shall 
describe later on, presents mrnsually constant and sharply de
fined symptoms. 

To illuslrate the variability of symptoms in slow compression, 
we shall give the following summaries of cases on record: 
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BJuchrird'a case: Compression of the L:ft pyramicl; hcm iplegia of the right side, 
with contracturcs, followed by cpilcptoid convulsions confined to the left Eiidc. No 

other lesion found in the brain. 
J/i tllopeau: Compressio1i of both pyramids; consequent paralysis of both upper, 

and later, of both lower extremities, with permanent contractions and violent 
remittent spasms in the members; no anresthcsia i finally, dyspnrea ancl asphyxia. 

Jlcrtz : My,.litia ji·o1n com11ression fo, the dccuss<tlion of the pyramids; motor 
paralysis of all four extremities, wi th spasms and contractmcs-ohscrvcd in the 
neck too i contrncturn of the masticatory muscles; speech, articulation, and sen· 
S:l. tion unnffectcd i remarkable tl:mpornry redness of lhc face; pain in swallowing, 
and headache. 

R otter: Cornp,.ession in the region of the inferior clecussation of the pyramids, 
caused by the odrmtoid 7Jrocess ?. motor paralysis of the cxtrcmilics of the right side 
and of lhc sphin cters; cpilcptoid convulsions; no disorder of sensation; spe;ecb 
and d:!glu lition unaffected. (Imperfect record.) 

Baelz : E nchomlroma, o.f the bcue of the skull, compres!inq cllirjly tl1e ner~e roots, 
and hardly affecting the bu\ bus itself at all; headache; neuralgia in the trigcmi
nus; convulsive fits in the lips and tongue; in a. later stage, typical hulbar paraly
sis, with paralysis and atrophy of the tongue; finally, anresthesia of the fnce and 
scalp; extremi ties very little affected. 

llubrich : A 9lioma, cu l1 irge as a walnut, UJedged i1t on the lift si<lr, between the 
medulla, cerebcllmn, and 7Hms; headaches, buzzing in the cars, and vomiting; 
troubles of deglutition, nnd a feeling of fur on the hands; increased secretion of 
saliva; pnralysis of both inferior :ind of the riglit superior ex trem ities; no paraly
sis of the lips or tongue, but speech somewhat affected; sensation is unaffected; 
attacks of ve1'ligo and weakness, and finally, loss of consc iousness, with convulsions 
and passing blindness. The patient l1imself assigned the lesion, with perfect accu
racy, to the point where it wn1; found at the autopsy. 

Leyden: .A cystosarcom,,, which had forced 1"ts way on the n'ght side, between the 
medulla, cerebellum, and pons; severe headache; vertigo; left-sided hemiplegia; 
later, general weakness of all four extremities, with violen t pain, bulbar paralysis, 
paralyzed bladder, and d ecubitus. 

Bourdon: Thejf,001· of the fourth ~entricle comp1·essed by a small tuhercle arouncl 

the nucleus of tM hypoylomts ?. speech very much impaired (annrtbria) i all other 
bulb1u functions unaffected; sudden death. 

Morelli: Tubercl-e on th.I' floor of the fourth 1'entricle ?. hc:tdache, giddiness, im
paired vision; paralysis of right facial is and right nbclucens; weakness of the left 
upper extremity; fihrillar twitchings in the tongue and left mnssetcr. 

Lrwzoni: Glioma on lite jforJr of the foitrlh ventricle; hendache, inclination to 
vomit, dyspncca, unsteady gait, st rnbismus, tongue to the left, difficulty in speak
ing and swallowi ng, facinlis paralyzed on the left side i no paralysis of the extrem· 
ities, sensibility unaffected . 

C!in11ppe (in Venon's work, p. 40): H ypertrophy of clio1·oid plexus, attaining a 
thickness of one centimetre; vain in thcface,f1w1uent vomiting, bilateral cleaf11css; 



INJURIES AND WOUNDS. 897 

decrease of intelligence, and amblyopia; partial paralysis of the facialis on the 
right side i sensibility unimpaired; later, delirium i contraction of the extremities 
of the left side; neither albumen nor 1ugar. 

Von Recklin9hauaen : IIypertrophy of the choroid plezua, unattnched in the ventri
cle i scalp-wound; later, loss of memory; dfobetea mellitm ,- phthisis. 

Bourdon (in Verron's work, p. 52): Tumor of the choroid JJlezua a1 large aa a 
hazel-nut, of finn tissue, and like n mulberry; secondary softening of the pyra
mids; convulsive movements, and tremor in the extremities, tongue, and face, 
rendering difficult, too, the movements of the eye and of speech; gcncrnl muscular 
weakness; normal scnsiLility; frontal headache J. decrease of intelligence i no albu
men or sugar; finally, continuous convulsive contractions, speech incomprehensi
ble, respirntion nncl deglutition unaffected, mania, vomiting, death. 

Garrod (in Vcrron's work, p. 57): Papilloma of tlte choroid plexus, one and one
hnlf inches lung, occupying the whole ventricle, very vascular i wound on the 
head; unstcwly ynit J. ataxy i weak sight, and stagnation in the papiUn i paral
ysis nf riyht alxlucens J. strength of muscles almost unaffected, and normal sensibili
ty; pam in the back of neck; weakened intelligence; t:<>mitillg ,- deaji1ess i diffi
culty in swallowing i disturbancts of respiration and circulation i partial paralysis 
of the right facia.lis i finally, coma, general paralysis, ancl n. terminal rise of tem
perature. 

Solbriris cases: Contraction of the entrance to the 1pinal canal/ probably in all 
the cases a very chronic, slow compression of the medulla; as yet only found in 
epileptic insane, but probably causally related to epilepsy. But we need more de-
tails. 

These cases will suffice to give an idea of the great number of 
different possible symptoms, and at the same time show the dif
ficulties we have to deal with and the points to which we must 
hold fast in the interpretation of individual cases. 

Diagnosis. 

The diagnosis of a severe acute traimia of lhe medulla is sel
dom made during life, and generally only after a post-mortem 
examination; and in the few cases in which life remains unextin
guished for a few hours, we must hesitate to make a certain 
diagnosis on the very ground that death did not follow instan
taneously. In the latter case the probability-cliagnosis can only 
be confirmed by a sudden death. Even in lighter cases, where 
the symptoms remain constant, the most carPful estimation of 
all the circumstances can hardly lead to anything more than a 
probable conjecture. 

VOL. XIII.-57 
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The symptoms of sloio compression are so grouped and suc
ceed one another in such an order, as to allow of a diagnosis in 
many cases. Thus, when we observe a series of initial symptoms 
of irritation in the bulbar nerves, sharply confined to certain 
nervous tracts; and then in the same tracts symptoms of paral
ysis which, perhaps at an early stage, prove on electrical exami
nation to be peripheral; when we meet with giddiness, violent 
headache, vomiting, and epileptic convulsions; and when, later, 
these are followed by the typical symptoms of bulbar paralysis, 
complicated with paralysis, twitching, and contractnres in the 
extremities; and if these symptoms of paralysis show a disposi
tion to spread rapidly; if they are rather unsymmetrical on the 
two sides; and if, finally, the sensorium is unaffected-in such a 
case we may assume a gradually increasing compression from 
without with considerable certainty. 

But it is different when the initial symptoms are absent or 
very trifling, and we suddenly meet with all the symptoms of an 
"acute bulbar paralysis" (see next paragraph) simultaneously 
with the development of a myelitis from compression or the oc
currence of hemorrhage or thrombosis. Here it would be impos
sible to make a certain diagnosis, though perhaps there might be 
a possibility, by means of more accurate investigation, of finding 
some prel'ious suspicious symptoms from which we might con
jecture that it was not an actual case of so-called primary acute 
bulbar paralysis, but only a secondary one, originating from com
pression from without. 

'fhe chronic cases are easiest and oftenest confounded with 
I>ucltenne' s cltronic bulbar paralysis. In our opinion it is not 
so very difficult to distinguish between the two forms, provided 
that we understand Duchenne's disease as a well-characterized 
and sharply-defined form, and not merely any chronic paralysis 
of the bnlbar nerves and centres whatsoever. \Ve shall discuss 
this point more in detail in Paragraph 5, under the head of 
Chronic Progressive Bulbar Paralysis. 

Cases of slow compression of the anterior half of the medulla 
alone, where the pyramids are mainly involved, exhibit a very 
striking likeness to spastic spinal paralysis, so that, when the 
disease is fully developed, the resemblance is almost complete 
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(compare Hallopeau's case, J. c., p. 121). Still, in most cases it 
will be possible to draw a distinction, though, or course, it cannot 
be a reliable one until we become acquainted with the anatomi
cal lesion which causes spastic spinal paralysis. The points of 
distinction are: the sudden commencement of the paralysis, the 
fact that it appears first in the upper extremities, and that it is 
iollowecl later by actual bulbar symptoms, dyspnma, paralysis 
of the tongue, diflicnlty of swallowing, etc. 

But, even whrn we do diagnose slow compression or the me
dulla, there still remains the difficulty of determining its cause. 
Here we must proceed on general principles. It often happens 
that we fincl characteristic symptoms which enable us to say 
whether it is a case of caries of a cervical vertebra, an aneurism 
of the basilar artery, a tumor within the skull, or syphilis. Still, 
too, these freq ucntly fail us. 

Prognosis. 

Every severe acute injury to the medulla causes instant 
death; and smaller lesions, too, are usually extremely danger
ous, because the traumatic inflammation and softening conse
quent on them oft.en lead rapidly to a fatal termination. We 
can seldom hope for any long duration or life. 

The prognosis of slow compression of the medulla is, of course, 
deprndent. upon the cause of the compression; but in most cases 
it may be prnnounced absolutely fatal, as most of the processes 
in this category follow an uninterruptedly progressive course. 
The prognosis of the quickness or slowness of the disease in pro-

' ducing death depends, on the one lrnnd, upon the rate at which 
the structure grows, and, on the other hand, upon the point at 
which the medulla. is attacked, and whether the vital centres 
come at once or only slowly under the influence of compression. 

\Ve may form a prognosis not absolutely fatal in cases of 
simple caries (as restitution is possible), in arthritis deformans, 
and in syphilitic tumors. 

It naturally nePds an exceedingly care[ul estimation of every 
circumstance and symptom before we can form a prognosis for 
each individual case. 
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Treatment. 

Little can be saicl on this head. Acute injuries to the medulla 
must be treated in the same way as similar ones of the spinal 
cord. 

Causal treatment is the chief and only method which prom
ises success in slow compression. "'e can find elsewhere what 
is to be done in cases o! caries, syphilis, aneurisms, tumors, etc. 
We must take a purely symptomatic course. But, when the 
diagnosis is uncertain, it would be advisable to have recourse to 
a number of empiric remedies. 

4. Acute Inflammation of tlte Medulla Oblongata.-l'IIyelitis 
Bulbi Acuta.-Acuie Bulbar Paralysis. 

Abercrombie, Abscess of the 'Mcdull. Oblong. Diseases of the Brain and Spinal 
Cord. p. 103. Edin. 4th ed. 1846.-Lan9e, Om acute Bulbnrparalysc. Hosp. 
Tidendc. 1868. Nos. 51-53. Jahresberichte pro 1868. II. p. 46.-Meynert, Ab
scess in der Varolsbri.icke, etc. Oesterr. Zeitschr. f . prakt. ITeilk. 1863. No. 24. 
-Roaenthal, loc. cit.-Leyden, Klin. der Rilckcnmarkskrankh. IT. p. 157. 1875. 
-Leyd,en, Zwci Falle acuter Bulb£Lrparalysc. Arch. f. Psych. u. Ncrv. VII. p. 
44. 1876.-Lichthei1n, Ucbcr npoplcktiformc BulbUrparalyse, etc. Deutsches 
Archiv f. klin. Med. XVIII. 1876. 

It is only in the last few years that this disease has received 
its due share of attention. Under the heads of apoplexy, embo
lism, myelitis from compression, and traumatic myelitis of the 
bulbns, we have, in the preceding paragraphs, treated of "apo
plecti!orm bulbar paralysis." But there still remain inclividual 
cases of great interest, and which must most probably be re
garded as primary acute myelitis bulbi. Leyden was the first 
who drew our attention to this form, and he illustrated it with 
an accurate description of three cases. 

The other cases, which arc scattered over the literature of the subject, cannot be 
well taken into consideration: Abercrombie's case of an abscess appears to Jmvc 
been a tubercle, and must consequently be excluded i !\lcynert describes an acute 
abscess, but his case was complicated with Uasilar meningitis i Lange's two cases 
arc doubtful, and perhaps belong to another form of disease. So there only remain 
to us Leyden's three interesting cases, and we have taken them as groundwork for 
our aescription. 



ACUTE BULBAR MYELITIS. 901 

'Ve shall bring together under this head the processes in the 
rnedulla oblongata of relatively acute and prirnary origin, which 
may fairly be designated as intlammational. On the other hand, 
we do not include forms of secondary origin, such as the bulbar 
processes, which originate in acute ascending myelitis, and usu
ally bring about the fatal termination of acute central myelitis, 
and ascencling poliomyelitis anterior subacuta. Nor can we in
ti ude the myelitic centres we find in the oblongata in cases of 
basilar meningitis. 

Etiology. 

The causes of acute bulbar myelitis are still almost unknown. 
If we put out of consideration the myelitides ascending from the 
spinal cord, and also basilar meningitis and emboli as causes of 
centres of softening, we have nothing further. 

In Leyden's first case he could adduce no cause; in his second 
he assumes an embolus as the probable origin, but no embolus 
was found; it was preceded by rheumatic arthritis. His third 
case was a hard drinker, who had suffered greatly from rheuma· 
tism, but had no peculiar antecedents. 

Pathological Anatomy. 

Rather small centres of softening, without definite boundaries, 
were found in the medulla in all three cases. In two cases noth
ing abnormal could be seen on the fresh specimens with the 
naked eye, either in the form, color, or consistence of the me
dulla. Bttt in the third case, even withont the microscope, a cen
tre o( extravasation could be plainly seen, clotted with numerous 
small extravasations. 'Vhen the specimens were hardened, how
ever, the position and size of the myelitic centres were easily 
recognized. 

An accurate examination gave the following results: 

CASE !.-Woman, thirty-six years of age. Region of the pyramids and olivary 
bodies coverrd with numerous small cxtravnsntions; all around the softened sub
stance was of n. gray and reddish Jellow tinge. These centres were found from 
above the dccussation of the pyramids up to the inferior position of the pons, occu-
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pying especially the so-called internal fields of the mcdu11n, and were more numer
ous ou the left side than on the right; on the left side changes had taken place 
between the roots of the \'agus and accessorius. MicroJJcopically the vessels were 
found to be hypertrophied, and surrounded partly with numerous cells and partly 
with cxtrnvasations of blood. The ucrvous substance was iu a state of inflammn
tioual disintegration, and full of pus-cells, corpuscles of Gluge, parcnchymntous 
centres of myelitis (swollen axis-cylinders, ctc.)-iu fact, a form of iujlammational 

diaintcgration with capillaru hemorrhage. 
CASE II.-Woman, fifty-two years of age. In the right half of medulla a small 

centre of softening, situated between the rcstiform body, the olivary body, nnd the 
roots of the hypoglossus, shaped like an olive, without any boundary above or be
low. Cousequenlly it affected chiefly the roots and nuclei of the vngus, glossopha
ryngeus and ncccssorius i the substance of the restiform body, too, wns very much 
involved. Microscopic examination showed considerable cellular infiltration, with 
softening and swelling of the nervous tissues. Cells were large and round, and 
possessed several nuclei, and there were a few corpuscles of Gluge. The adventitia 
of the vessels was full of cellular elements. In this case a commencing inflamma-

tional (embolic1) softening. 

CASE UI.-Man, sixty-two years of age. Centre of softening in the internal 
fields of the medulla, extending from the floor of the fourth ventricle into the pyra
mids, and from the centre of the olivary bodies to its anterior extremity, tapering 
to a point anteriorly nnd posteriorly. Under tile mic1wcopc the structure could hardly 
be recognized, the tissue showing a tendency to disintegration i few corpuscles of 
Glugc; reactive demarcation on the pt:riphcry, i. e., parcnchymatous myelitis, 
swollen nxis·cylindcrs and cellular infiltration. Acute softcni1u1 of inflammatioaal 
character? 

These cases undoubtedly prove the existence of recent small 
centres or in!lammation it1 the medulla, which in two cases occu
pied the internal, and in the other the lateral field. Further 
observations must of course be awaited, bringing with them 
more knowledge. 

Symptoms. 

Taking up these three cases, we can draw up the following 
description of the disease: The commencement appears to be 
always acute and rather sudden, accompanied by headache, gid
diness; occasionally, too, by vomiting or violent singultus, diffi
culty in swallowing and speaking, parresthesia, and symptoms of 
"·eakness in the head and extremities. But there is never any 
disturbance in the sensorium, loss of consciousness, or apoplec
tic attack. 
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Arter a short time more or less developed and severe symp
toms of bulbar paralysis make their appearance, which affect the 
different functions or the bulbus in different degrees, according 
to the situation of the lesion. 

In one case swallowing was impossible, in the other the pa
tient could only swallow with the greatest difficulty. 'fhen, 
again, the tongue is either paralyzed or almost unaffected, whilst 
articulation is more or less disturbed. Symptoms of paralysis 
in the region of the inferior facialis and in the soft palate varied 
in intensity, ancl were sometimes bilateral, sometimes more uni
lateral. Usually, at quite an early date, there were very marked 
symptoms of disturbance of respiration (quick, irregular and 
lialting breathing, dyspnma, feeling of oppression, cyanosis) and 
o[ circulation (rapid, small and irregular pulse, with intermis
sions, etc.). 

Besides this, there were frequent vomiting, troublesome sin
gnltus, fits of coughing, violent headaches, small differences in 
the pupils, etc. 

'fhe symptoms are rendered complete by more or less con
siderable a.Dection ef the extremities, which can, however, vary 
greatly according to the position and extent of the lesion; this 
affection consists in partial paralysis of some or all fonr extrem
ities, sometimes in hemiplegia (when the process approaches or 
involves the pyramids). When the pyramids are spared we have 
no symptoms at all of paralysis, or very trifling ones. In one 
case signs or loss of co-ordination were observed (destruction of 
the fibrm arct1atro 1). 

Sensibility was objectively scarcely affected ; subjectively 
complaints were made of pains and formications in the limbs 
(fnniculi ,:estiformes involved 1). 

'fhe bladder and rectum may become paralyzed at a later 
stage. In Cases 2 and 3 there was a slight fever, 38.8° C. (97.9° P.) 

Neither epileptic convulsions nor tonic or clonic contractions 
of the muscles have yet been recorded. 

In its further course the disease makes rapid progress; the 
distmbances of circulation and respiration increase; the patient 
becomes unconscious, and plainly collapses; death results from 
paralysis of resp.iration and asphyxia. 
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The duration o! the disease is short (four, six, or ten days). 
It is not decided whether death is the one invariable result of 

the disease. For the present we should scarcely venture to make 
the diagnosis until we obtain a post-mortem examination, in 
order thus to fix the symptoms and render the diagnosis pos
sible in succeeding cases. It will not be possible, before this has 
been done, to say whether other cases (as is quite possible and 
e,-en probable) take a more favorable course and i·esult in con
valescence. At present nothing certain is known of this. 

Diagnosis. 

It is certainly not very difficult to recognize an "acute bulbar 
paralysis," i.e., an acute pathological process in the medulla ob
longata. But it is really difficult to say what the process is, and 
to distinguish it from hemorrhage, embolism, or rapidly develop
ing myelitis from compression. 

The following points may perhaps be taken as indicative of 
primary acute myelitis bulbi: no foregoing or initial symptoms, 
no Joss of consciousness, no convulsions, and moderate fever ; 
rather gradual development of the paralysis and the complete 
set of symptoms, a matter of at least hours or days ; rapid 
change for the worse. 

Of course, nothing decisive can be said till we have collected 
more cases. 

Prognosis. 

The same may be said of the prognosis, for it is impossible 
to draw conclusions sufficient to form a prognosis from three 
cases which all terminated fatally. 

Treatment. 

The principles, means and methods which we have treated of 
in t~e chapter on the therapeutics of acute spinal myeliti s (supra, 
section 9), may be applied to the treatment of bulbar myelitis. 
W e would recommend, too, comparison with what has been said 
of the treatment of paralysis ascendens acuta (suprn, section 17.) 
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5. Clironic Progressive Bulbar Paralysis ("\Vachsmuth).-Pro
gressive Mitscular Paralysis of the Tongue, Soft Palate, and 
Lips (Duchenne).-Paralysis Glosso-labio-laryngea (Trous
seau).-Progressive A.trophic Bulbar Paralysis (Leyclen).
Progressive Bitlbo-nuclear Paralysis (Kutismaul).-Priniary 
A.trophy of the Motor Nuclei (Hallopeau). 

Duchenne (de Bouloguc), Paralysic musculaire progressive de la languc, du voile du 
pale.is et des l~vres. Arch gC:n{!r. lSGO. Vol. 1[. pp. 283 nnd 431.-Dc l'Clectri
sation local isC:e. 2. edit. 1861. p. 621.-3. Mit. 1872. p. 504.-Dum€nil, G::i.z. 
hebdom. 1859. 24 Juin. p. 390.-Trousseau, Paralysis glosso-laryngca. Clin. 
med.-1Vachsmuth, Ucber progress. Bulhiirparnlyse u. Diplcgia facialis. Dorpat, 
1864.-B. Schulz, Bcitr. z. d. MotilitatsstOrungen dcr Zungc. Wien. med, 
Wach. 1864. Nos. 38 and 39.-Gerlwrdt, Capillarcktu.sic im Pons Varoli. Jen. 
Zcitschr. f Med. and Nnturwiss. I. p. Hl6. 1864.-De Bormejoy, De la parnlysie 
glosso-laryng~fo. Th~se. Paris, 1866.-.Mignard, De la paralysie <lite glosso
labio-laryn. 'l'h~se. Strasbourg, 1867.-Hubcr, Zur Gcschichtc dcr Paralys. 
glosso-lab.-lar. Deutschcs Arch. f. klin . .Med. II. p. 520. 1867.-J. Stein, Dop
pelscit. Liihmung des Ncrv. fac . u. hypogloss. ncbst nllgcm. prog. J.luskclatro
phic. Ibid. VI. p. 5!)3. 1869.-Leyden, Yori. :Mitt. iibcrprogr. Bulbiirparalysc. 
Arch. f. Psych. und Ncrv. IT. p. 423. 1870.- Ucber progr. Bulbiirpnralysc. Ibid. 
Il. p. 643. 1870 i and III. p. 3:18. 1872.-Cliarcot, Note sur un ens de paralysic 
glosso-lnr. suivi d'antopsic. Arch. de Physiol. norm. et path. III. p. 247. 1870. 
-Duclum.ne ct Jojfroy, De l'atrophie aiguC et chron. deli ccllules ncrv. de la 
moclle Cpiu. et du bulbc rhach id. tt propos d1une obscrv. de paral. glosso-lab.
lar. Ibid . UL p. 4!)!). 1870.- ll'ilks, Guy's Ilosp. Rep. XV. 1870. p. 2.-llun, 
Labio·glosso-lar. Paralysis. Americ. Journ. of Insan. 1871.-K1·ishabe1·, L'ancs
thllsic de la scnsib. rCflexe des voies aCr. et digest. comme signc prCcurseur de 
la paral. 1.-gl.-lar. Gnz. hebd. 1872. p. 772.-A. Eulenbur(J, Lchrb. cl. funct. 
Nervcnkrankh. 1871. p. 549.-Cheadle, Glosso-lab.-lar. Paralysis. St. George's 
Hosp. Rep. V. p. 123. 1871.-Benedikt, Elektrotbcrapic. 1868. p. 217.-Ncrven
p&th. u. Elekt. 1870. p. 640.-Zur Casuistik d. progr. Liihmung d. Gchirn- ' 
nervcn. Deutsch. Arch. f. klin. Med. XI. p. 210. 1872.-Fall von diffus. Neuritis 
ccntralis. Ibid. XIII. p. 94. 1874.-Lockhart Clarke, Progress. Muscul. Atrophy, 
etc. Mcdico-chir. Trans. Vol. 56. p. 103. 1873. -Fried1·tdch, Uebcr progr. 
:Muskelatrophic, etc. Berlin, 1873. p. 322.-E. Hoerill(J, Uebcr paralysis glosso
ph.-lah. Diss. Tlibingen, 1870.-Blumenthal, Reflex. sur la m11.1. dCcrite par 
M. Duchennc, <::tc. Gaz. des hOp. 1872. No. 113.-Bourdon, buclcs sur lea 
mal. du bulbe rhnch. Bull. de l'Acad. de MM. 1872. No. 7.-Gaz. hebcl. 1872. 
No. 22. p. 354.-DCchery, Que1qucs formcs d'ntroph. et de pnralysic glosso
laryng. d'originc bulbnirc. Th~se. Paris, 1870.-K~lssmaul, Uebcr fortschrcit. 
Bulbitrpa.ralyse und ihr Verha.ltn. z. progr. M.-Atrophie. Volkmnnn1s Samml. 
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klin . Vortr. No. 54. 1873.-M. Rosentltal, loc. cit. 1876.-Leyden, J{lin. <l. 
RUckcn. II. p. 50!>-525. 1876.-Hammond. Diseases o f theNcrv. System. 6th ed. 
p. 502. 1876. Charcot, Let;:. sur lcs mal. d. syst. ncrv. Tom. II. 1 S'i7.-Hi~ig, 
Fall von angcborn. Bulbiirparal. Berl. klin . \Voch. 1874. No. 37, P· 4Ga.
R. Mai.er, Fall von fortschrcitcnder Bulbiirparalyse. Virch. Arch. Bd. 61. p. 1. 
1874. _ J[abersllo11, Glosso·laryng. Paralysis. Guy1s Hosp. Reports. XX. p. 
334. 1875.-1Vi119e

1 
Case of Duchcnnc's Disease. Norsk. Mag. for Liigcv i<l . 

R. 3. D. 4. (V irchow·Ilirsch's Jahrcsberichtc for 1874. II. p. 121).-Ma1·kusy, 
Zur Lchre Yem dcr progr. Muskclatrophic uud progr. Bulbiirparal. Diss . 
Breslau, 1874. Jiallopeau, D es paralysics bulbairc~. TbCse de l'agrC:gat. Pads, 
1875 .-Dowac, Bulbar paralysis. Brit.11Iec1. Journ. 1876 . Nov. 11.-Fox, Case 
o f Bnlbar Paralysis. Brit. Med . Jour. 1876. Nov. 1 t. -ft1?x, Ca.so of Bulbar 
Paralysis. Ibid. NoY. 11.-R. Kayser, Zur Lchrc von der prog r. Bulbiirparal. 
Dcutschcs Archiv f. klin. Med. XIX. p. 145. 1877.-Riincare, Lo systCmc 
ncrvcux central. 2. Gel. Vol. I. p. 291. 1871.-0rasaet, :Malad. du systCme 
nervcux. 1878. p. 433. 

Introductory. Historical 

The form of disease which we shall discuss in this paragraph, 
in spite of its relatively short existence in the records of science, 
has accumulated quite a large literature, and can boast of an 
equally Jong li st of different names which it has received. 

It is beyond dispute to Duchenne that we owe the first de
scription of this disease, as an individual and defined clinical 
form. It of course stands to reason that the disease was observed 
by others before this ; but the men (Trousseau, Tuerck, Dumenil) 
who observed it did not treat it as a special form. Duchenne at 
first gave an accurate clinical description founded on a number 
or cases, but dic1 not know anything o[ the nature of the patho
logical lesion. Although often accompanied by progressive mus
cular a trophy, he regarded the two as totally different. The one 
disease consisted in a primary atrophy without paralysis, 
whereas the glosso-labio-laryngeal paralysis was a primary 
paralysis without atrophy. 

In the next few years a large numbPr of cases were recorded, 
some of them with autopsies, which did not, however, r eveal the 
real situation of the lesion, but only allowed the assumption of 
a progressive atrophy of the nerve-roots as foundation for the 
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symptoms. But in the year 18Gl' Baerwinkel casually pointed 
out that the seat of the disease should probably be looked for in 

, the central nervous system, especially in the medulla oblongata. 
Schnlz (18G4) referred it with the greatest distinctness to the me-
dulla, on both sides of the raphe, but restricted it to the region 
of the facialis. "'achsmuth in his admirable treatise (1864) 
declared most distinctly, on theoretical grounds, that at the next 
autopsy the origin of the disease would most certainly be found 
in the bulbus medullro; and in place of Duchenne's laborious title 
he proposed to call it "progressive bulbar paralysis," a name 
which has since then been universally adopted. \Vachsmuth ex
pected to find a lesion not alone of the gray nuclei on the floor 
of the fourth ventricle, but also a notable change in the olivary 
bodies. But later investigations only confirmed the former, and 
this they have done completely. But it was some years before 
the confirmation came. At an autopsy which Bonnefoy made 
(18G6), he found sclerosis or the medulla with increase of con
nective tissue; but the investigation, which can only be carried 
out properly with the aid of modern methods, was very imperfect. 

Decisive results were first obtained in lSGO, and published in 
1870, by Charcot in France, and by Leyden in Germany, after 
Charcot and Joffroy had pointed out (1869) in two cases of pro
gressive muscular atrophy the signification of the disappearance 
of the ganglion-cells of the bulbar nuclei in atrophic paralysis of 
the tongue and lips. The results obtained by Charcot and Ley
den agreed pretty well in all important points. The French 
aL1thors, however, laid particular stress on the atrophy and dis
appearance of the ganglion-cells, asserting this to be an essential, 
and sometimes even the primary and only change in bulbar paral
ysis. Since this further anatomical investigations have been 
made (Duchenne and Joffroy, Gombault, R. Maier, and others), 
which merely confirmed the former views without as yet solving 
the question of the primary or secondary nature of the process 
in the ganglion-cells of the gray bulbar nuclei. 

The numerous cases which have been recorded, and the com
prehensive descriptions of the disease, have since then thrown 

1 Schmidt's Jabrbilcher. Bd. 110. p. 2i1G. 1861. 
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considerable clearness over the matter. Amongst the latter Kuss
maul' s excellent treatise (translated by the Sydenham Society, 
1877) deserves special mention, giving a most thorough investi 
gation or the pathological physiology of the disease. Kussmaul 
proposes the name of "progressive bulbo-nuclear paralysis," on 
the ground of the pathological results. 

It is beyond doubt that even at the present day a number of 
non-related diseases are classed under this name and its syno
nyms. So we shall follow the example of the better anthors, 
and include only oneform with peifectly defined clinical symp
toms, and with an equally definite anatomical lesion, under the 
name of progressive bulbar (ot· bulbo-nuclear) paralysis. 

Adopting this name, we shall describe a form of disease which 
very frequently takes a chronic course, and is always character
ized by the most striking regularity. 'I'he following are its CLIN

ICAL sn1PTO.MS: Progressive paralysis and atrophy of certain 
muscles which derive their nervous supply primarily from the 
bulbus, i. e., the tongue, tlte lips, the soft palate, pltarynx, and 
larynx; and in consequence of this, disturbances ef articulation, 
speech, mastication, deglutition, and ef tlte voice; later on, 
spreading of the paralysis to other important bitlhar functions 
(especially the respiratory function), and frequent combination 
with progressive muscular atrophy. The ANATOMICAL BASIS 

consists in degenerative atrophy ef the gray nuclei in the floor 
ef tlie f01irth ventricle, and often other extensive sclerotic pro
cesses in the medulla and spinal cord, and degenerative atrophy 
of tlte paralyzed nerves and 1nuscles. 

\Ve shall deal in the following paragraphs exclusively with 
this form. This excludes all those cases which, thongh they ex
hibit certain bulbar paralytic symptoms, do not give the pure, 
defined, and constant symptoms of progressive bulbar paralysis, 
and are the result of a different anatomical lesion (compression 
of the medulla, or neoplasmata in it, etc.). 

Pathogenesis and Etiology. 

There is as yet nothing known of the exact mode in which 
the pathological process which we have just described takes 
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place, and the special causes of it have been very meagrely inves· 
tigated. 

Under the head or predisposing causes, neuropatliic diathesis, 
or general nervous disposition, deserves mention, though it cer
tainly does not play a prominent part. 

'l'he period of life i3 or more importance-progressive bulbar 
paralysis being a disease of maturity and old age, and seldom 
occurring before the fortieth year; most frequently between this 
and the seventieth year. 

Out of nine undoubted cases there was only one patient under Iorty i this was a 
girl of twenty. Hitzig's case of a child six years old most undoubtedly belongs 
to another class of disease. The case Kayser records of a twelve year old boy is, to 
say the least, doubtful, and was not confirmed by the autopsy. Even Wachsmuth's 
case-a girl seventeen years of age-admits of doubt on account of the presence 
of unusual symptoms (parnlysis of the superior branches of the facialis, loss of 
fa.rndic irritability of the nerves and muscles, absence of any motor disturbances in 
the tongue) i the first mentioned symptom, however, was present in my own case or 
the girl of twenty. In any case, the occurrence of the disease in young people must 

be regarded as a great rarity. 

The rnale sex seems more liable than the female to the dis· 
ease; of the cases on record, by far the greater number are males. 
The disease occurs in all ranks of society, from the highest to the 
lowest, and in every profession. 

The excitin.q cause most frequently adclnced is catchin.q colcl; 
and some of the cases undoubtedly owe their origin to this, and 
I can produce three observations of my own as witnesses. ('l'he 
above.mentioned girl of twenty years or age attributed the dis
ease to a severe cold she caught dming menstrnation; a midwife 
exposed herself, on the occasion of a troublesome delivery, to a 
bad cold, etc.) 

The same undoubted influence is exercised by violent and 
continuous mental excitement, bodily and mental ornrexertion, 
e.g., in nursing patients, excessive mental activity, or straining 
or the muscles affected in the disease (continuous playing of wind
instruments, long reading with a loud Yoice, etc.). To the same 
category belong restricted circumstances-stinted nourishment. 

It has not yet been proYed whether progressive bulbar paraly
sis ever originates in a slight shock qf tlte medulla from a fall, 



910 ERB.-DISEASE OF Tl!E )IF.O UT. LA OBLONGATA. 

especially on the feet or nates, or even on the head without in
jury to the skull. And the same may be said of the influence of 
syphilis, excessive smoking, and other causes that have been 
asserted. 

It often happens that allied pathological processes spread 
from the spinal cord into the medulla, and thus combine with 
progressive bu I bar paralysis; this is undoubtedly the case with 
amyotrophic lateral sclerosis and progressive muscular atrophy. 
But in many cases no cause for the di sease can be asserted. 

Pathological Anatomy. 

It is "by no means an easy matter to detec t the changes in the 
bulbus with tlie naked eye. It frequently happens that for the 
nakeil eye there is nothing there to be seen in the fresh slate, not 
the slightes t alteration of form, color, or consistency. 

Often we can, however, notice that the mellulla is reduced in 
size, or unsymmetrical from general or partial atrophy; here and 
there, too, an unusual hardness or an abnormal want of firmness. 

w·e can generally detect a slight gray decolorization in some 
parts of a section, and a cloudiness and want of definition in the 
structure. But this is not brought out properly till the speci
men has been hardened in chromic acid; though even this seldom 
gives absolutely certain results. 

In almost every case, however, the atrophy and gray de
colorization ef several nerve-roots given o:ff" from the medulla is 
very striking; these are often reduced to thin, gray threads, that 
are hardly visible, and are, of course, extremely different from 
the nerves that remain unaffected. This is usually most pro
nounced in the hypoglossal ancl facial nerves; while in the roots 
of the accessorius, vagus, and glossopharyngens it is usually less 
intense, and often unnoticeable. Still less freqnPntly does it ex
tend to the roots, especially the motor roots of the abducens and 
trigem inus; and the roots of t.he acoustic are never affected, or 
only l"ery exceptionally. 

Gerhardt's case, in which he founJ a small centre of so ftening in t11C pons, is 
not above criticism, and the microscopic examination was very imperfect. If it was 
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a case of progressive bulbar paralysis at all, it was one complicated by chance by a 
centre in the pons i and besides, there wa.CJ softening in the cerebellum, and changes 
had tnkeo place in the spinal cord. 

It is only the most accurate microscopic examination which 
can give at all satisfactory explanation or the process in the 
medulla. And even this gives very uncertain and meagre results 
with fresh specimens, chiefly corpuscles of Gluge, increased con· 
nective tissue, and here and there an atrophied or pigmented 
ganglion-cell, or a thickened vessel-seldom more than this. 

The localization and extent of the pathological process and 
its character cannot be distinctly and certainly made out until 
the organ has been hardened and treated with the usual coloring 
reagents; when this has been clone, the diseased parts may be 
recognized, (rcim their bad coloring, by the naked eye, or with a 
pocket-lens. 

The microscopic examination of the different cases exhibited 
various processes and of varied extent (because some of them 
were complicated); but much, and probably all essential particu
lars, were common to them all. 

The chief point seems to be a degenerative atrophy ef tlie 
ganglion-cells in certain gray nuclei of the medulla. This was 
observed in every case which was accurately examined. 

Tliis affection of the ganglion-cells may, as it would appear, 
exist quite unaccompanied by other changes worth mention 
(Charcot, Jolfroy, Hallopeau, ancl others); but in the majority 
of cases we observe simultaneously an increased growth o( con
nective tissue, atrophy of clifl'erent nerve-tracts, conglomerations 
of fat-granule- ancl other kinds of cells, slight changes in the 
vessels-in a word, we may observe in the medulla, in varying 
proportions, all that is described under the name of gray degen
eration, sclerosis, or chronic myelitis (Leyilen, R. Maier). 

As we clo not yet possess recorcls or so very many autopsies 
from which WP can draw absolute conclusions, it is still an open 
question whether the chronic myelitis is an essential or secondary 
part of the process, whether the atrophy of the ganglion-cells is 
only the secondary result of this myelitis or a prima.ry change, 
a.nd merely accompanied afterwa.rds \necessarily or casually) by 
myelitic changes, and especially by alterations in the interstitia.l 
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tissue. But the atrophy o( the ganglion-cells certainly appears 
to be the deciding cause in the pathogenesis of the disease, and 
to account for the form taken by the symptoms. But, before we 
can speak on this subject with absolute certainty, we must await 
further investigations, to be conducted with the greatest accuracy 
and specially directed to the solution of these questions. 

The changes which take place in the ganglion-cells consist in 
progressi.ve atrophy and contraction; they become filled with 
yellow or brown pigment (yellow pigmentary atmphy), theit· 
nuclei disappear, and Jinally the cells themselves, leaving behind, 
at most, some unrecognizable remains, in the shape of angular, 
glittering, pigmented masses. If we now examine the gray 
nuclei, and compare them with normal specimens, we are at once 
struck by the decrease in number and size. In this way we can 
obtain a satisfactory general idea o( the intensity and extent of 
the process in the various nuclear structures. 

In the individual cases the surrounding tissue was found to 
contain corpuscles of Glnge in varying quantity ; increase of 
connective tissne and of the nuclei, and a number of spider-cells 
(" Spinnenzellen "); hypertrophy and fatty degeneration of the 
vessels; often numbers of corpora amylacea; and then the 
nerve-fibres themselves were atrophied and diminished, while the 
axis-cylinders were often strikingly massive and swollen: finally, 
the nerve.fibres lose their medullary sheath, and disappear com
pletely with the axis·cylinders. In a relatively recent case, 
Benedikt found changes of an undon btedly infiammational char
acter-i. e., congestion, hypertrophy of the walls of the vessels, 
and numerous "inflammational nuclei," etc. 

As regards the topography ef tlte changes, the results as yet 
obtained seem to prove that the micleus ef tlte hypogloss?.ts is 
the starting or central point of the disease; it degenerates earlier 
and more completely than the others. The nuclei of the acces
soriits ancl vagits are next attacked, \vhile the disease does not 
extend in all cases to the nucleus of the glosso-pharyngeus. The 
nucleus of tltej'acial is attacked at a very early stage-at least, 
that part of it which is connected with the inferior (labial) 
branches. The present pathologico-anatomical investigations 
have not decided whether the point attacked is the nucleus 
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faciaJis proper of the latest writers, situated in the anterior por
tion of the rhomboid sinus, or whether it is the "inferior" facial 
nucleus in the inferior portion of the sinus assumed by Clarke. 
The nucleus of the abducens is very seldom diseased ; the 
acoustic nuclei appear never to suffer, and likewise the trigemi
nal nuclei; still, the motor nucleus of the trigeminns has been 
often found in degeneration, but only the merest traces of dis· 
ease in the sensory nuclei. 

The root-fibres, which go to the nuclei, appear to be more or 
less strongly atrophied and degenerated. 

Thus, we have to deal mainly with a circumscript centre of 
disease, which has a tendency to spread gratlually. It attacks 
primarily the gray nuclei situated in the inferior portion of the 
floor of the fourth ventricle, and extends from here very stealth
ily in all directions. 

As regards the other structures in the medulla, the olivary 
bodies are seldom affected, though R. Uaier found them degen
erated, and Leyden found corpuscles of Gluge, in one case, in 
their centre. The participation of the formatio reticularis is 
doubtful and not easy to decide; Benedikt found it universally 
affected. Still, the nerve-fibres running through it are probably 
involved in every case. The pedunculi cerebelli are never 
attacked. On the other hand, the pyramidal tracts have been 
often fonnd diseased, foll of corpuscles of Gluge, sclerosed, and 
degenernted ; and this degeneration conlcl be genernlly traced 
up into the ]Jons, and regularly down into the laternl and ante-
1-ior columns of the spinal cord; bt1t it is quite possible that 
these were all complicated cases. 

In fact, combinations with spinal diseases occur very often. 
These spinal diseases are sometimes degeneration of the ganglion
cells of the anterior cornua, such as has been of late rPgularly 
found as the lesion in the typical form of progressive muscular 
atrophy ; sometimes simultaneous degeneration of the lateral 
columns ancl the anterior cornua, producing the form Charcot 
has described as amyotrophic lateral sclerosis. 

Changes in the nerves and mitscles. The nerve-roots coming 
off from the bnlbus are almost always very much degenerated, 
and they exhibit the same degenerative atrophy as peripheral 

VOL. XllI.-58 
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nerves arter section, i. e., 'ratty degeneration and disappearance 
of the ne1Te-fibres, growth and sclerosis or the neurilemma, leav
ing nothing of the roots but tough cords of connective tissue, 
filled ,,;th fat, and preserving generally only traces of thell" 
ai..is-cylinders. These changes, though less in degree, may be 
traced through the nerves and into their peripheral terminations 
in the muscles. Still, in one case Charcot found but very slight 
changes in the root-fibres of the hypoglossus. 

The roots of the hypoglossi are usually the ones which suffer 
most from the disease; then the faciales, and next a part of the 
roots of the accessorius, vagus, and glossopharyngeus. In com
plicated cases we find the same changes taking place in many of 
the anterior spinal nerve-roots. 

In the muscles, too, we find a very pronounced atrophy, 
which varies greatly i11 extent and intensity. 'rhe muscles look 
pale, reddish, or yellow, or a reddish gray ; they are very much 
diminished in size, striped with fat, and partly changed to fatty 
and connective tissue. Under the microscope, we see intensive 
atrophy of the muscnlar fibrils, and notice their small number, 
the increase of nuclei and connective tissue, and in some parts 
masses of fat. According to the unanimous view of all modern 
authors, the changes are exactly the same as those which take 
place in progressive muscular atrophy, and they exhibit the 
same irregularity and want of uniformity in their distribution. 
The tongue usually suffers most, though cases have occurred in 
which the degeneration could not be diagnosed with certainty 
till brought under the microscope. .A.trophy in different degrees, 
too, has been observed in the lips and palate and in the pha.ryn
geal and laryngeal muscles. 

We genemlly see in addition similar a.trophy of the muscles 
of the back of the neck, especially the trapezii, and in compli
cated cases there is usually progressive atrophy of the whole 
muscular system. Even in uncomplicated cases we very fre
quently find the initial traces of atrophy in the small muscles of 
the hand, bull of the thumb, interossei, etc. 

In tlte otlter organs of tlte body no changes chara.cteristic of 
this disease take place. Extreme wasting and emaciation of the 
whole body may usually be observed, as in all other states of 
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inanition. Frequently centres of pneumonia from foreign bodies 
are found in the lungs, or we have phthisis, or there are symp· 
toms of some other fatal disease. But we need not enter upon 
this. 

Pathology of Progressive Bulbar Paralysis. 

Symptoms. 

General Symptomatology.-Progressive bulbar paralysis is 
almost unexceptionally developed in a most stealthy manner. 

Sl ight premonitory symptoms generally precede, but escape 
observation for a long time. These consist of a slightfeeling of 
oppression ancl pain in the back of the lteacl ancl neck, an 
unpleasant sensation in speaking, a little giddiness, etc. ; oc
casionally we may succeed in detecting a loss of reflex irritabil
ity in the pharynx and larynx at an early stage of the disease 
(Krishaber). 

'l'he commencement is occasionally accompanied by violent 
symptoms, such as a sudden impediment of speech, with d iffi
culty in the movements of the tongue and lips; or we may have 
impairment of the act of deglutition . These symptoms often 
appear to result from a slight apoplectic attack, but it is doubt
ful whether they are real cases of the disease we are discussing. 

But usually the symptoms come very graduall y and stealth
ily, and thP patient sees without suspicion his trifling difficulties 
growing worse, till after a somewhat short and unrestrainable 
course they bring his life to an end after fearful suffering. 

At first the reigning symptom is u progressive weakness ef 
tlie lin.!Jual, labial, palatal and plwryn,qeul m1iscles. This does 
not de,·elop according to the same rule in e,·ery case, the weak
ness beginning sooner and making more rapicl strides sometimes 
in this and sometimes in that direction. This produces a dis
tinction between the different cases, but this is unessential. 

The difficulty ef speech is generally striking, proceeding from 
weulcness qf tlte ton,que. The pronunciation of certain letters 
and syllables which are chiefly produced by the tongue becomes 
difficult, hindering the articulation and renclering the speech in
distinct. 
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This is soon IollowPd by d ifficulty and indistinctness of the 
labial sounds, arising from weakness ancl stiffness of the lips. 
The speech thus loses still more of its clearness, and at the 
same time the patipnt is deprived, in part oi· whole, of hi s 1iower 
to whistle, blow, compress his lips, kiss, sl1 ow hi s teeth, etc. 
This is inseparably connec ted with a change in the expression, 
the mouth becoming lengthened, and the naso-labial folds deeper, 
and the whole cxp..ession peculiarly lachrymose. 

J.fastication is impaired at a very early stage, chi efly by rea
son of the diflicul ty in moving the tongue and cheeks ; a real 
varesis of the muscles of masticat ion is rare, and never one of 
the early symptoms. 

After a varying length of time we observe a difficulty in 
swallowing. This is due in the first instance to paresis of the 
sqft palate, which renders the ,·oicc nasal, and often allows fluids 
t o escape through the nose during the act of deglutition; the 
pronunciation of certain labial consonants ('' b" and " f "), too, 
becomes more difficult. 

Tile muscles of the pharyn..7: and those that close the larynx 
become gradually weaker. This is betrayed by the increasing dif
ficulty in swallowing, which is sometimes g rpater with solids and 
sometimes with flnids ; sometimes, too, the food~' goes the wrong 
way," in other wo1·ds, gets into the larynx, and causes fits of 
coughing and suffocation. 

Even at this s tage the patients exhibit an extremely charac
teristic appearance-their peculiar expression, the contrast be
tween the upper movable and lower paretic portion of the face, 
the fa! teri ng, incomprehensible, nasal speech, a.ml the diffi cnl ty 
in swallowing, all betray the disease at the first glance to a prac
tised eye. The case is completed by atrophy, trembling move
ments and fibrillar twitchings of the lips; by the g rooved ap
pearance and atrophy In the tongue, which can hardly be put 
out, or lies helpless in the bottom of the mon th, in constant 
Yibration with fibrill ar twitchings; by the excessive secretion of 
a thick, mucous saliva, which the patient cannot swallow and 
which he must consequently wipe from his lips constantl/with 
a handkercliief. 

But the organs of sense and the intelligence generally remain 
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quite unaffected; the most that has been observed being a 
slightly lachrymose and easily excitable temper, with an inclina
tion to causeless laughter. Sensibility remains quite undis
turbed ; even the taste on the tongue is perfectly normal. Re
ttex action is only diminished in the pharynx and larynx. 

Tims tlie cliseasefollows its slow ancl generally unremitting 
onward course. There seldom comes a remission oE any length, 
and still more rarely any improvement. \Ve can clearly see from 
week to week, or at least from month to month, a change for 
the worse. The speech becomes more and more incomprehen
sible, swallowing more difficult, the secretion of saliva greater 
and more annoying, the patient becomes weakPr, while his men
tal functions and intelligence remain unclouded, giving him a 
monrnfl1lly clear idea of what threatens him, and thus addi11g 
another pain to his disease. 

As the disease proceeds, we get further symptoms, resulting 
from the extension of the process in the medulla. Such are 
weakness ancl loss ef voice, caused by paresis and paralysis oE 
the vocal cords and the muscles of the larynx; and then irregu
lar action ef the heart, retardation or great rapidity and irregu · 
larity of tile pulse, a feeling oE faintness and threatening death, 
accompanied by great terror; further, we have respiratory dis
turbances in the form of a feeling of oppression, weight on the 
breast, dyspnma with actual fits oE suffocation, difficulty in 
coughing, sneezing, and clearing the throat, etc. Finally, we may 
observe paralysis ef the muscles ef mastication; much more 
rarely do we see any sensible disturbances in the region of the 
trigeminns; still less frequently are the orbital muscles para
lyzed, usually beginning with the abducens. 

The contrast is stt"iking between these severe paralyt.ic symp
toms and the clearness preserved in the higher functions of the 
brain and organs of special sense, together with the freedom of 
the extremities from any but tritting affections. Though the 
extremities, with the exception of inanition from weakness, 
rarely suffer from any motor or sensible affections, and more 
especially any actual paralysis, till the vPry last stage of the 
disease, still we may frequently observe the development of a 
progressive atrophy in the smaller muscles of the hand, causing 
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the interossei to fall in, and diminishing the thenar and hypo
thenar muscles, etc. But this complication often grows to a 
complete and general progressive muscular atrophy. 

At this stage the patients suffer frightful tortures. Speech
less and harassed by salivation and the danger of suffocation, 
with their intelligence perfectly unclouded, they see the ap
proach of a death from starvation. Every endeavor to still their 
gnawing hunger is vitally dangerous, and causes unspeakable 
pain; artificial nou rishment seldom gives them long respite. 
Characteristic of the very last stage comes a state of intense ina
nition, which in one way or another brings about the deatll of 
the patient. It is real good fortune for those whose lives end 
qtlickly from suffocation, or who are carried off after a short 
attack of pneumonia caused by a foreign body, or for those who 
are set free by paralysis of the heart or respiratory organs. Any 
of these is better than death from starvation. Lire frequently 
terminates with a prolonged agony, often accompanied by a ter
minal coma, rise of temperature, etc., but generally resulting in 
a simple extinction of life. 

Such is a sketcll of the most usual and frequent cases, though 
it is, of course, subject to many variations, and does not run in 
exactly the same way with the constant quickness and constant 
intensity. 

From our present experience it is doubtful whether the dis
ease ever resulted in anything but death. 

Analysis of tlie Individital Symptoms. 

Initial symptoms. Real premonitory s11mptoms are often 
wanting, and are generally quite tritling and uncharacteristic. 
There are occasionally complaints of pains in the head and back 
of the neck, slight dizziness, and a feeling of compression in the 
neck and breast, which rarely attains the character of actual 
dyspnma. '\Ve shall not attempt to decide whether these symp
toms are to be regarded as signs of initial hyperremia, constantly 
occurring in slight attacks. 

Krishabcr found in two cases that, many months before any definite paralytic 
symptoms appeared, the pharynx, larynx, trachea, and msophagus were strikingly 
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slow to answer reflex irritation, while their tactile sensibility remained unaffected. 
But docs this often occur? 

The real symptoms of the commencement of the disease usu
ally consist in a slight affection qftlie speech, the patient becom
ing tired easily after speaking for some time, and finding diffi
culty in the pronunciation of certain letters and words. The 
speech, too, grows objectively less distinct. 

This is followed by the first symptoms of a commencing weak
ness in the lips and palate; the expression of the face is altered, 
the voice becomes nasal, and the patient tires after prolonged 
chewing anc.l swallowing. 

This is the usnal order of succession in which the symptoms 
occur; but occasionally they commence with the lips and palate. 
Even at this early stage we may often observe an increased secre
tion of saliva. 

The duration of the development of the symptoms varies con
siderably ; sometimes it is rather short after a febrile disease or 
after a febrile initial stage(?). Bnt it is generally pretty long 
and gradual, the worst being a few rapid periods. Kussmaul 
records a rare case, which began with a sudden weakness in one 
of the above-mentioned muscular regions. Actual apoplexy or 
acute myelitic processes appear never to give rise to a genuine 
progressive bulbar paralysis. 

It frequently happens that an intercurrent disease induces a 
very rapid change for the worse . 

.Affection of Speeclt. 

The affection of speech is usually the earliest symptom, and 
the one most acutely felt. It consists always and without ex
ception of an incapability (produced by paralysis) to pronounce 
certain letters (and syllables ancl words which are formed with 
these letters). The simple and combined motions of the tongue, 
lips, etc., necessary to the articulation of the sounds, become diffi
cult or impossible. So it is a mere affection of the articulation. 
Thus we have to deal with alalia (or anarthria). It is never a case 
of stumbling over syllables (Silbenstolpern), a transmutation and 
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confusion or syllables and words; the words are never forgotten, 
as in genuine aphasia. It is, in fact, always an affection qf the 
articulation, caused by paralysis and atrophy of the muscles 
necessary to speech. 

The course of the affection varies according to the order in 
which the three important muscular provinces, the tongue, lips, 
and palate, are paralyzed. According to this ,·aries the order in 
which the different letters become diflicult of pronnnciation. 
Finally, all articulation becomes impossible, and the patients can 
only produce grunts and groans, and even these very imperfectly 
when the vocal cords are paralyzed. 

Primary weakness of the tongue renders the vowel "i" first 
unpronounceable, as its production requires the greatest raising 
of the tongue. The tongue, too, is in part or altogether the pro
ducer of the consonants \' r," and "sch" in particular, and of 

. "s," "l," "k," '' g," "t," and finally of "d" and "n." 
Weakness qf tlte lips causes the loss chiefly o( "o" and "n," 

and also of "e," whilst "a" can be pronou need almost to the 
last. IV hen the lips become more affected, "p" and "f" cannot 
any longer be pronounced, and lastly "b," "m,,, and "w" are 
lost. 

Paralysis of tlw palate renders the formation of certain la
bials still more difficult, because the current of air necessary to 
form explosives escapes through the nose, and consequently 
loses nearly all its force. Tims, "b"and "p" are turned into 
"me" and "ve." If we close the patient's nose, these letters 
are very much better pronounced (Dnchenne). Besides this, the 
nasal tone is clue to the weakness of the palate. 

\Vhen all these affections come together, the speech grows 
rapidly more and more indistinct, and becomes at last an im
possibility. The words sound quite differently from what they 
should, and gradually only monosyllabic words can be recog
nized, till at last even the power of producing these is lost, and 
the unfortunate creatures can only give forth inarticulate, incom
prehensible, grunting sounds. 

All these affections may be easily explained either by the 
lesion in the nerve-nuclei and nerves, or by the atrophy of the 
muscles, both which causes injure the efficiency of the muscles 
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of speech. Tims we see that the affection of speech depends 
essentially upon the lesion i11 the hypoglossal nucleus, and part 
of the nuclei of the facialis and accessorius. It requires further 
investigation to determine the extent to which the nuclei of the 
vagus and glossopharyngeus are implicated. 

If the aITection spreads further in the accessorius nucleus, the 
innervation of the larynx and the vocal cords becomes weaker, 
from which 1·esult hoarseness, weakness of voice, and finally 
complete aplwnia. In the course of this process the patients are 
often able to groan loudly, and laugh, sometimes in a peculiarly 
boisterous manner; but, for ordinary speech, their voice is of no 
service to them. In such cases the laryngoscope reveals paresis 
and paralysis of the vocal cords. 

Affections of Mastication and Deglutition. 

These form the second important group of symptoms in this 
disease. Here, too, we find variations, according to the succes
sion in the paralyses of the various groups of muscles which take 
part in deglutition. 

Particles of food which get between the lips and teeth can
not be caught up by the tongne, and consequently stick there. 
This condition is rendered worse when the lips and buccinators 
are paralyzed simultaneously, in which case the food "falls out" 
more readily. I Vhen the paralysis is more complete, food, es
pecially semi.fluid and fluid, falls completely out of the mouth, 
which can no longer be properly closed. In the same way, too, 
saliva flows constantly, and has to be wiped away every moment 
by the patient. 

But when the disease attacks the motor nucleus of the trigem
inus, and thus paralyzes the 1nuscles of mastication, the final 
and worst affection of deglutition is produced. This results in 
exhaustion and increasing loss of power in chewing, until at last 
the act becomes an impossibility. 'fhe patient is likewise un
able to close his month, or effect the lateral motion o( his lower 
jaw. The utmost he can now do is to take flnicl nourishment, 
and even this he can hardly effect, as deglutition is so difficult. 

'l'he first stage of deglutition is affected by weakness in the 
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tongue. There is great difficulty in forming the bolns, and press
ing it back against the soft palate and into the pharynx. These 
movements the patient often assists with his hands, shoving the 
bolus back till it is caught up by the reflex movements of deglu
tition. 

'Veakness of the soft palate finds its expression chiefly in the 
imperfect closure of the choanre. At first fiL1ids escape through 
the nose, and, at a later stage, sometimes even solid food. The 
regurgitation is favored by the action of the inferior constrictors 
of the pharynx. Iu this way a considerable portion of nourish
ment often escapes. 

'Vhen the pharyngeal muscles become affected the difficulty 
and danger connected with swallowing a bolus grow greater, for 
particles of food are caught up in the sulci and bursro of the 
pharynx, and collect there and behind the epiglottis too. Some
times the whole bolus gets fast, and cannot be moved forward 
or backward, causing great danger of snffocation. 

The greatest inconvenience and clanger lies in the possibility 
ofjl1tids or solid bodies getting into the larynx. For, by inita
tion, they produce coughing and attacks of dyspnma, or, if they 
get into the bronchi, they give rise to pneumonia. This danger, 
too, may assume different proportions, according to the muscles 
which are first and most paralyzed. 

If it is chiefly the body of the tongue which is paralyzed, the 
root cannot be well brought over the fallen epiglottis, and hence 
the larynx is not completely shut, so that particles of food and 
fluids easily find thei.r way into the trachea. A solid bolus 
passes over more easily, as its weight presses down the epiglottis; 
but fluids enter very easily. 

But, for the preservation of the larynx, the purely laryngeal 
mechanism for closure seems still more important. This is 
brought about by the accurate juxtaposition of the arytenoid 
cartilages ancl the plicce ary-epiglotticre (v. Bruns). If the mus
cles which perform this function are weakened or paralyzed (mm. 
arytrenoid. transv., thyreo-ary-epiglott., and thyreo-arytenoid. 
ext.), the larynx cannot be closed effectively. But, if this func
tion is quite unimpaired, then food cannot easily "go the wron<> 
way," even if the closure by the tongue and epiglottis is ver; 
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imperfect. In such cases the patients can swallow fluids and 
semi-solids without much difficulty. But when the laryngeal 

, closure is affected, the danger in swallowing flt1ids is greater, as 
they can penetrate through the smallest opening into the larynx. 
The patients prefer to avoid this risk by taking more solid and 
drier nourishment, though of course the difficulty of swallowing 
this is greater. 

·when the paralysis extends to the rnsophagus, deglutition is 
a complete impossibility, and recourse must be had to the stom
ach-pump. 

The explanation we gave of affections of speech may be ap
plied dit·ectly to deglutition. In this case, also, we are unac
quainted with the details as to the participation of the nuclei of 
the accessorins, vagus, and glossopharyngeus. 

Affections of Expression. 

In addition to the affections of the speech and deglutition, we 
have in the expression a prominent and characteristic symptom, 
due to paresis of the inferior branches of the facial. In fact, tL 

practisecl eye can make the diagnosis from the featmes alone. 
The orbicularis oris suffers more than all ; while the leva

tores Jab. sup., quadratus, triangularis, and levator menti, the 
buccinator, etc., are less frequently affected, and never so in
tensely. These muscles are almost always plainly atrophied, so 
that the lips look Jean, furrowed, thin, and sharp-edged. Some
times, too, we see fibrillar contractions passing through them. 

This paresis deprives the patient of the power to whistle, blow 
out a light, show his teeth, point his mouth, etc. Besides this, 
he can no longer keep his mouth closed; but. it is always open, 
with a hanging underlip, and the saliva flows out in a constant 
stream. 

Tlte expression of the face undergoes a peculiar change, the 
mouth increasing in breadth, and slightly opened, the naso-labial 
sulci grow more marked, thus producing a sad, lachrymose, and 
somewhat stupid look, contrasting strongly with the vivacious 
movement of the features of the upper half, and with the bright
ness and motion of the eyes. 
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The lower half of the countenance remains relatively motion
less in speaking and laughing, and the laugh degenerates to a 
peculiar grin. 

'l'he superior branches of the facial are usually unaffected, 
though in very rare cases they have been parnlyzed with varying 
intensity. 

The lesion lies, undoubtedly, in an affection of the nucleus 
facialis. But there are many doubtful points connected with 
this. In the first place, \Vhy is this nucleus so regularly and so 
early affected 1 A glance at Fig. 30 shows us that the nucleus 
of the facial is rather far removed from the nuclei of the hypo
glossus and accessorius, in which the pathological process seems 
to commence. Lockhart Clarke's assumption of a facial nucleus 
at an inferior point, about on a level with the ltypoglossal (close 
and external to this nucleus), is undoubtedly more suitable 
to explain this early participation. The second question
\Vhy is it that the lower branches, and almost nlways these 
alone, are the ones that are attacked i-could also be easily an
swered on the assumption that the process only extends to this 
"inferior" nucleus, on a level with the hypoglossus, which ex
clusively controls the inferior branches of the nerve, while the 
superior nucleus is only rarely affected, and never till a late 
period. The explanation of this peculiar difference in the be
havior of the superior and inferior branches of the facial, which 
occurs, too, in other cerebral lesions, we must leave to normal 
and pathological anatomy. 

Affection of tlie Salivary Secretion. 

In nearly e»ery case-though there are exceptions-we are 
struck, at an early period of the disease, by the constant flow of 
salivafrom the mouth. It is sometimes very watery, sometimes 
more consistent with transparent rnucns, and must be constantly 
wipecl away. It soaks throngh the pillow at night, causing the 
patients great annoyance. 

This is primarily and chiefly due to paralysis of the lips and 
the muscles oE deglntition. The saliva is secreted in normal 
quantity, but can only be swallowed with difficulty, and conse-
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quently collects in the month. Bt1t, the contraction or the lips 
being impPrfect, the saliva flows over them, and out of the 
mouth. It is easy to prove on one's self that no extra secretion 
or snJiva. is necessary, by avoiding deglutition and holding one's 
mouth open, and inclining one's head slightly forward. 

Though the salh·ation may be thus to n certain extent ex
plained on the ground of paralysis, still it might be asked, is 
there not at the same time nn actual incrPase of the secretion 1 
And the question inn great number of cases can be answered in 
the affirmative. 

Schulz estimated in one cnse n six- or eight-fold secretion. 
Knyser asserts positively that the secretion is increased, but his 
proors nre more theoretical than actual facts. His reasoning is 
that the saliv•i is secreted uninterruptedly during sleep, and that 
it does not always commence simultaneously with nfl'ection of 
dcglutition. In Kayser's cnse he could increase the secretion by 
rellex irritation, and stop it temporarily by menns or atropine. 

Knyser has discussed the question thoroughly, though he has 
by no means decidecl it. The large quantity or the secretion ex
cludes the supposition thnt it is mere "paralytic saliva." In 
fact, we know so little of this "paralytic" saliva, or of its man
ner of production, that we can hardly discuss the question. \Ve 
must consequently assume an irritation or the salivary centres, 
which, according to Gruetzner's investigations, 1 governs bolh the 
fibres of the chorc1a tympani, and of the sympathetic which go 
to the snbmnxillary gland. But he does not attempt to show 
how this centre of salivation is irritated, when all the other bnl
bar functions are paralyzed, nor to localize the centre exactly in 
the medulla. 

Affections of tlte Respiration and Circulation. 

Tlte a:tfections of respiration occur chiefly in the terminal 
stag<» They are as yet imperfectly known. 

'Ye hnve already mentioned the various affections of laryn. 
geal innervntion, paralysis of the vocal cords, aphonia, and the 

1 Deitr. zur Physiol. d, Speichelsecretion. Pflucg. Arch. VII. p. 522. 1873. 
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attacks of coughing and suffocation caused by the entrance of 
foreign bodies during eating and drinking. 

The participation of the nuclei of the vagus and accessorius 
in bulbar paralysis being beyond doubt, when we consider the 
close relationship that exists between them and the respiratory 
centre, we can hardly be surprised to find frequent affections of 
the respiratory mechanism. However, this is not so often the 
case, and when it occurs, it is at a late stage of the disease. 
'\Vhen we meet it in an advanced form, we may be sure that the 
encl is drawing near. 

\\re often hear complaints of constriction and fnlness in the 
breast, accompanied by a want of breath which has no visible 
founcfation-affections in fact, connected with a decrease in the 
functions of the respiratory centres. But real attacks of clysp
nma, which are occasionally observed, would rather lead us to 
think of irritation in the centres. 

'\Ve may further note various troubles of expiration, such as 
weak and powerless coughing, partly due to insufficient inspira
tion, and partly to feebleness of expiration and paralysis of the 
vocal cords. 'rheu, too, they find difficulty in blowing their 
noses, because part of the current escapes through the mouth. 
They seldom sneeze, and often fincl it impossible, as the strength 
of the expiration diminishes with weakness of the expiratory 
centres. The loss of motility in the root of the tongue causes 
them a similar difficulty in clearing their throats. Many patients, 
too, complain that they can no longer srnoke; but this depends 
chiefly on paralysis of the tongue, and of the muscles which 
lower ihe inferior maxillary, and of the orbicularis oris. 

Finally comes the stage or weakness and paralysis qf the 
respiratory centres, clue to degeneration. The want of breath 
and the oppressive feeling grow worse, while the attacks of clysp
nma accumulate and breathing grows constantly less powerful, 
till asphyxia, either slow and resulting from gradual paralysis, 
or acute, occurring in an attack of clyspnma, ends the life of 
the patient. But the slightest disease of the respiratory organs, 
such as a bronchial catarrh, or pneumonia, often suffices to put 
an earlier encl to the patient's life. 

Little is known o{ the disturbances in the action qf tlte lteart. 
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There is no reliable record of retardation of Lile pulse (irritation 
of the vagus). An abnormally rapid pulse (paralysis of the 
vagus) has been oftener recorded, rising sometimes, just before 
death, to 130, 150, and higher, in the minute. The fainting-fits 
which so frequently occur, and to which the patients occasion· 
ally succumb, may fairly be referred to the centres of cardiac 
innervation. 

Disorders ef Nutrition. 

One of the most constant attendants of progressive bnlbar 
paralysis is undoubtedly atrophy of the paralyzed muscles. 
This is usually most marked in the case of the tongue. This 
member grows smaller, flatter, shrunken, und murkecl with fur
rows; it looks limp, and is kept in constant vibrating motion 
clue to fibrillar contractions. \Ve can often, too, plainly detect 
atrophy or the lips, which grow thin like paper, emaciated, and 
with sharp edges; the skin over them becomes withered, and 
also exhibits in many cases these fibrillar contractions. Of 
course, the atrophy must have advanced pretty far before it can 
be noticed in the lips. Atrophy of the sqft palate can probably 
never be recognized with certainty. 

Several authors assert that this atrophy is not constant, and 
Duchenne himself brings the absence of atrophy forward as a 
distinguishing characteristic of his bulbar paralysis from pro
gressive muscular atrophy. But all modem observers bear wit
ness to the complete falseness of this view. \Vith reference to 
this question, I have myself comparecl my notes of nine accu
rately observed and genuine cases of bulbar paralysis, and found 
atrophy recorded in every single one; though in one case it was 
only found in the lips, ancl not in the tongue. In six of these 
nine cases, though the bulbar paralysis was far advanced, there 
was no complication whatsoever with progressirn muscular atro
phy (an extremely important matter for the question in hand); 
in two cases there was a commencing muscular atrophy, and in 
one case it was slightly advanced. 

But we must grant without hesitation that the atrophy does 
not always appear at an early stage, and runs, by no means, a 
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parallel course witl1 the paralysis. On the contrary, the paraly
sis may have lasted some time before there is any atrophy, or, 
at least before it becomes evident. But we should not forget 
that th~re may be a very considerable atrophy and degeneration 
of the tongue and lips before we ran detect it by mere insp ection. 
Charcot's case proves quite plainly that the tongue may retain 
quite a normal appearance, volume, and smoothness, and yet, on 
microscopic examination, exhibit extensive clegenern.tion of its 
m uscul:.tr fi bn•s. 

\Ve arc thus !eel to the conclusion that atropliy is one of the 
most constant and regular symptoms qf bulbar paralysis, ob
serving at the same time that it does not i·un parallel with the 
paralysis. 'l'he atrophy, in precisely the same manner as the 
paralysis, may commence at various points, and progress from 
these; ancl if the two do not begin simultaneously and progress 
in the same direction, this only proves that they are not causally 
dependent upon one another, but only co-ordinate. 

In many cases we meet with local atrophy and fibrillar con
tractions of the small muscles of the hand. 'l'his is the first indi
cation of complication with progressive muscular atrophy, which 
we shall discuss more fully later mi. 

It is extremely probable that the atrophy we have described 
arises from a lesion of the motor nerve-nuclei in the floor of the 
fourth ventri cle, and that its origin is clue in great part to degen
eration of the large ganglion-cells in these nuclei. In fact, the 
symptoms of bnlbar paralysis themselves supply the best possi
ble argument for the assumptio11 of a nutritive function of at 
least some of these cells. 

One constant and necessary consequence of the disease occurs 
sooner or later, in the form of general mdritive disturbanee8-a 
state of extreme emaciation, increasing and finally extreme inani
tion, all due to insufficient supply of food. It is self-evident that 
this must be n.ccompaniecl by great general weakness, even with
out pronounced paralysis, and that the patients mu st k eep to 
their beds, being, in fact, scarcely capable of stirring. 

There is no fever during the whole course of the di sease, 
unless arising from a. chance complication. 

Among the rare symptoms of progressive bulbar paralysis, 
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we may note affections of the auditory nerve, consisting of 
buzzing in the ears and deafness. \Vhether they really belong 
to the disease, 01· are only chance complications, and part of 
another lesion, which was confounded with bnlbar paralysis, we 
cannot decide. In any case, they take no prominent part. 

The same may be said of paralysis qj' the orbital muscles. 
It is not a usual symptom of progressive bulbar paralysis; still, 
it is occasionally recorded. Nor is it at all strange that the motor 
nuc!Pi of the nerves supplying these muscles, especially the 
abdncens nucleus, should sometimes participate in the disease; 
but it is exceptional. I have myself seen cases in which ptosis 
and paralysis o( other orbital muscles were present, bnt am not 
quite sure that they were genuine bulbar paralysis. 

As has been already observed, paralysis of the muscles of 
mastication is more frequent, resulting from the spread of the 
disease to the motor nucleus of the trigcminus. Sensory affec
tions qj' the trigeminus are, on the contrary, very rare, occurring 
either very exceptionally, or perhaps never. The symptoms are 
a furry feeling and amesthesia on both sides of the face, and 
want of sensation in the tongue. 

Sensory affections in the trunk and extremities are quite as 
rare, though there are occasional records o( (nl'l'iness and loss of 
sensation in the fingers, excentric neuralgia in the extremities, 
pains in the back and loins, etc. 

Paralyses in the trunk and extremities are, however, more 
frequent. Here and !here weakness and parnlysis of the cerYical 
muscles, especially the trapezii, and o( the shoulder musclPs. 
etc., have been observed. This is u'ually accompanied by atro
phy, and thus forms a gradual transition to progressive muscular 
atrophy. On the other hand, we meet with paralyses of the 
lower extremities, with contractnres, ancl increased tendon-reflex, 
but no atrophy-a complication which we must regarc1 as amyo
trophic lateral sclerosis, and which we shall cliscuss later on. 

Little fa known of any vaso-motor affections. I observed 
frequent congestions in the head in one ease, a very red face, and 
a feeling of heat in the limbs ; but it was a man who was always 
subject to these symptoms. 

There is no Tel iable case of diabetes mellitns or albmninuria 
VOL. XIII.-59 
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occurring in bulbm· paralysis, though Dcchery makes a short 
reference to one recorcled by Yoisin. 

The symptoms in a pronounced case of bulbar paralysis are 
so characteristic that tllPy can be taken in at :1 glance; but s till 
an accurate objective examination in such cases is of service 
in helping to fix definitely, and enlarge our knowledge of, the 
whole uppearance or the disease. 

Besides the functional affections which we have described in 
full, we ma y be able to detect the presence of paralysis in the 
tongue, lips, soft palate, and sometimes in the vocal cords. The 
tongne lies almos t immovable on the floor of the mouth, and 
can be exlcndecl over the teeth only with great difliculty. Its 
point ca n no more reach the ])alatc or cheeks, :111d its root cannot 
be raisecl, tho ugh there is not much difliculty in drawing it back. 
In fact, the paralysis is by no means always evenly distributed 
over the whole tongue, generally affecting fit-st ancl prominently 
the internal muscks, the ling ual muscles proper. · 

·w e ilescribed a born the paralysis of the lips. The sqft pal· 
ate loses its tense appearance, while the urula. ha ngs loosely, 
though generally quite vertically, and is u sually somewhat 
swollen. During phonation we observe only very slight motion 
-often less 011 one side than on the other. The laryngoscope 
revea ls lo us the paresis or paralysis of the vocal corcls. 

The results o.f electrical examination of the paralyzed nerves 
ancl muscles is espec ially interesting, though it is trne that most 
anthors up to the last few y ears have left u s very scanty recorcls. 
As a rul e, we find it stateil that in progressive bulbar paralysis 
bo th the faradic and galvan ic irritability are subject to no note
worthy changP, or, at the most, a simple decrease, without any 
qualitative alteration, may be detecteil in the very last stage. 

Thus, Duchenne, M. Meyer, Grasset, uncl Hallopeau talk of 
perfectly normal faradic irritability ; R osenthul , Erdmann, and 
Dechery consider it normal, or only dimini shed in a few cases ; 
Benedikt found it retained for a long time in the tongue, while 
it had diminished in the muscles of the face; \Vach smuth found 
it completely extingui shed; L eyilen asserts that the climinution of 
the electric irritabili ty is not noticeable till the very last stages of 
atrophy, ancl thut the reaction of degeneration was not observed; 
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Kussmaul alone observed in one case, where tile faradic irrita
bility or the orbicularis oris was well preserved, that its galvanic 
and mechanical irritability had increased. Tims, it appears 
there was a degenerative reaction in this muscle, althougl1 it 
cannot be dedt1ced with certainty from Kussmaul's brief report, 
and was certainly not recognized as such. 

Encouraged by my observations in progressive muscular atro
phy {elsewhere reportecl '), and Jed on by the conviction tluit the 
form or degenerative atrophy with which we have to deal in 
bulbar paralysis would be physiologically expressed by the 
"reaction of degeneration," I expected certainly to find this 
reaction in the disease, and my expectation was fully justified 
by the first pronounced case which came under my observation, 
and which I examined with great care. I found, in fact, tlte 
11losl marked reaction ef de.generation in direct irritation of tlte 
muscles, both on the chin and in the lips, and even in the 
tongue. At the same time, however, the electric il'l'itability or 
their nerves was normal, or but slightly diminished; so that we 
have exactly the same form of dPgenemtive reaction which I 
have described as characteristic of the so-called "middle form " 
of certain peripheral paralyses (cf. Vol. XL), and I have no 
doubt that we shall find the same thing, if we look carefully for 
it, in all cases where atrophy of the muscles has reached acer
tain point. 

The patient in this case, whi9h I intend to publish elsewhere in full, wn! a. 
woman, aged sixty-two, who had shown symptoms of progressive l>ull>ar paralysis 
fur a year and a half, complicatecl in the last three months by a commencing atro
phy of the thennr and intcrosseous muscles. At the time I examined her, the 
symptoms of bulbar paralysis had reached their most typical appearance. The far· 
adic examination revea.lecl no plain diminution of the irritability in the inferior 
branches of the focialis ancl muscles of the lips nncl chin. The faradic irritahility 
of the tongue, hoth diL'Cctly and through the nerve, was likewise normal, or per· 
haps slightly diminished. Galvanic examination of the inferior branches of the 
facinlis showed no diminution of irritability, or only a very slight one i nor was the 
quality altered (cathodal closing contraction was greater than the nnodnl, the con
traction short. Jikc a flash of lightning) . Direct galvanic irritation of the muscles, 

1 Viele suvra, Sectiou JG. Compare, too1 ]j),.ZJ, Ein Fall von Dleiliihmung. Arch. f. 
Psych. u. Nervenkrankb. V. p. 452. 1875. 
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however, revealed the plainest B'ymptoms of tlie reaction ef degeneration in the atrophic 
labial and mental muscles. 'Vhcn the muscles were irritated through the nerves, 
there was only a slight, though normal, contraction at the cathodal closure with 
eight cells, nnd no anodal closure contraction, while there were extensive though 
sluggish and tonic contractions when the muscles were irritated directly with the 
same number of cells. The contraction ut the anodal closure, too, appeared gre>ater 
than at the cathodal. Even with six cells these contractions are quite distinct, 
while through the nerve no effect is produced. Direct irritation of the tongue with 
a current of four or six cells rcsultecl in evident closure contractions, and most 
unmistakably greater at the a.nodal than at the cathodal closure. The sluggish 
character o( tha contraction was not distinctly recognized. 'Ve found exactly tha 
same condition in the thauar and first iuterosscous muscles. 

Considering the grea~ practical and theoretical interest of 
these results, it would be nry desirable to test them further and 
in a greater number of cases. 

Examination ef the sensibility usually reveals no disturb
ance wl1atsoever. It is quite normal in the particular cases of 
tho face, mouth, aml nares. Frequently, however, the snuerior 
cervical YertPbrm are iminfnl on pressure. 

In many cases the behavior oj' the reflex actions _s strikilrn;. 
They are often g1·eatly diminished, or e,-en totally extinl!uished, 
so that we can toneh and irritate (with our fingers or an instrn
ment) the patient's tongue, soft palate, pharynx, and even 
la.rynx, wlt110nt exc iting any consiUernble rcllex action, such as 
the motions of vomiting or coughing. .At th e same time the pa
tient can feel and localize each touch quite distinctly . Krishaber 
examined this point Ycry accurately in two cases, and found 
even thP larynx extremely insensitirn to the action of caustic. 
This is, however, not always the case; on the contrary, I haYe 
ill many of my cases found that the rdlex initability of tlw 
palate and pharynx was retained till the later stages o[ tlte 
disease. Still, in others I ham seen it extingu ished at an early 
date. 

In the case of which I have given the above sketch, I oh
servecl very striki1117 r~fl,ex contractions in the muscles ef tlie 
cliin and lips. 'Vhen ])ercussed, their whole surface fell into 
active, sho1-t contrartions, but the muscles percussed remained 
perfertly passive. To prove more clearly their reflex nature, I 
produced these contractions by similar percussion of the nose. 
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·when the cornea was irritated the diseased muscles contracted 
most actively. 

In conclusion, we may call attention lo a number of negati?Je 
symptoms, which are also rather cbaracterislic. In the first 
place we have perfectly normal intelligence, memory, and sleep; 
unaffected organs of special sense and unaffected movements of 
the eyes; normal sensibility; absence of motor and sensory 
affections in the extremities, at least in the first stages or the 
disease ; normal function of the bladder and rectum ; unim
paired appetite and good digestion; and finally, no fever. 

Course, Duration, and Terminations. 

'l'he course of progressive bulbar paralysis is always very 
slow and chronic from beginning to end. 

Any alteration of pace in the course is rare, though it may 
halt for a little, and then go steadily on its way again . There is 
seldom an improvement of any duration. 

Recovery has never been observed, at least when tho diag
nosis was certain. 

As a rule, the course is fatal, and death generally results in 
a few years (from one to five), either from progressire general 
inanition and exhaustion, from fits of choking and asphyxia, 
from an attack of syncope and paralysis of the hea1t, or, finally, 
from intercurrent complications, which effect a more rapid ter
mination than the condition of the bulbar paralysis would lead 
us to expect. 

Complications. 

By far the most important and frequent complication of pro· 
gressive bulbar paralysis is the typical form of progressive mus
cular atrophy. This has been wry frequently observed, and 
may occur in two ways. Either an extensive progressive muscu
lar atrophy attacks an already well-cleveloped case of progres
sive bulbar paralysis, or at least traces of it may be found on 
the hands aud scapular muscles, and tibrillar coutrnctions occur 
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in different parts or the body. Or, on the other hand, we may 
see a perfect case o! progressive muscular atrophy, and after 
some time atrophic paralysis of the tongue, lips and palate sets 
in, so that at last the patient dies of typical progressive bulbar 

paralysis. 
It has often been discussed whether the two forms of disease 

are related, and merely distinguished from one anotl1er by their 
locali1~-ition and the different directions iu which they derelo~). 
Duchenne, indeed, who observed the frequency with which they 
occurred together, asserted that it was a mere combination of 
two totally distinct diseases. According to him, bulbar parnly· 
sis is paralysis without atrophy, and progressh·e muscular atro
phy, on the contrary, atrophy without paralysis. 

But the fact alone of their frequent combination speaks for 
their close relationship. A still stronger argument is that tlte 
clinical symptoms exltibited by tlte affected muscles are per
fectly similar; iii both cases we have weakness and atrophy, 
with predominance sometimes of one and sometimes of the other, 
attacking the different muscles and sets of muscles in irregular 
order, and showing a tendency to progressive disease. Besides, 
the changes in electrical irritability are identical, and the same 
inay be said ef tlte patlwlogico-anatomical process in tlte nerves 
and muscles, which is a typical form of degenerative atrophy. 
And finally, we find post-inorte1n exactly the same anatomical 
changes in the central nervous system-either a simple pigment
ary atrophy of the multipolar ganglion-cells in the gray sub
stance, or a chronic sclerotic myelitis, producing at the same 
time the destruction of the ganglion-cells. 

The great number and unanimity of modern investigations all 
compel us to regard progressive muscular atrophy us essentially 
resuHing from degeneration and destruction of the large gan
glion-cells of the anterior cornna. And in the same manner all 
carefully made autopsies teach us that the essential lesion in 
progressive bulbar paralysis is, in all probability, degeneration 
ancl destruction o! the large ganglion-cells in the motor nuclei 
or the medulht oblongata. 

Now, it cannot be for a moment cloubted that the gray motor 
nuclei of the medulla are prolongations o( the anterior gray 
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columns, and that the two are anatomically and physiologically 
analogous. 

'Ve may accordingly assnme that in both diseases the patho
logical processes are either essentially identical, or at least very 
closely related, and that it depends on their localization chiefly 
whether the result is muscular atrophy or bulbar paralysis, and 
that consequently these two diseases may combine frequently 
and in every proportion. 

This view has been very beautifully expounded ancl argued 
by Kussmaul. Shortly afterwards llallopeau, on the same 
grounds as Kussmaul, asserted the relationship of the two dis
eases, only distinguished by their localization. Perhaps a little 
too early, he proposes for both diseases the name or "atrophie 
primitive chronique des noyaux moteurs,'' and distinguishes a 
bulbar form (progressive bnlbar paralysis), a spinal (progressive 
muscular atrnphy), and a bnlbo·spinal form (a combination of 
the two). 

In the preceding paragraphs we have given the views of nearly all modern 
neurologists, with which we ourselves, too, fully agree on the grounds of the facts 
we have learned. Even Trousseau in his time declared for the relationship of the 
two forms, though he <lid not think they were quite idcutical. Benedikt can draw 
no distinction between cases with and those without ntrophy. Leyden, Charcot. 
Poiucar<l, Grnssct and others all agree to the complete unity of the diseases i and 
Kayser, in a. lately published review of the question, takes the same side. 

At the same time it should not be forgotten thnt high authorities do not take 
this view. In the first rank comes Ducheune, who was the first to set up the dis· 
tinctiou we hnvc so often noticed, asserting that in bulhar paralysis there was only 
paralysis. It is, indeed, hardly credible that so distinguished nu observer as 
Duchcnne should have overlooked the atrophy, which is at least v<:ry frequent. At 
a later period Duchenne modified his views considerably. He admitted that the 
anatomical lesion in the two cases was identical (primary atrophy of the large 
ganglion·cells), and allowed that they were often combined; but still he held fast 
to his old clinical distinction of paralysis in the one case auc1 atrophy in the other. 
Ile tried to get himself out of the dilemma. by the hypothetical assumption that 
there exist two kinds of multi polar ganglia-motor and nutritive, and that in pro· 
gressive hulbnr parnlysis exclusively or chiefly the motor ganglia. were affected, and 
in progressive muscular atrophy only the nutritive. llamrnond quite agrees with 

this view. 
One could very easily agree to this, n.nd temporarily n.ccept this rather plnusiblc 

hypothesis, if it only could be proved that progressive bulbar parnlysis really exists 
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witMut atroplly. But this has 1uDcr been proved. Instead of proofs, we meet wit~l 
the coustnnt assertion thnt there is no atrophy, in direct contradiction to what 15 

constantly observed by all modern authors. 
The histories of his own cases prove that Duchcnnc himself did not meet solely 

with cases without atrophy. In observations 140 and 141 (f:lcctris. locnlis. 2d Cd. 

pp. 622 nud 62!))
1 

Duchcnnc narrates that the tongue was wrinkled and furrowed, 
11 ct en apparencc atrophiCc,11 and then goes on naYvcly to state that in both cases, 

after a few farndic sittings, it again assumed "its normal volume," eruo, it must 

have been atrophied before. 
It is quite pluin that it is not always an easy matter to detect atrophy in an 

organ like the tongue, and that further it mny be concealed by a secondary growth 

of connective tissue or deposition of fat. Naturally, too, disturbances of the action 

of the tongue, which requires such precision, can be detected at o. much earlier date 

than the atrophy which creeps so slowly after. It is almost superfluous to adduce 

as evidence Charcot's observation, that the tongue may during life retain its normal 

appearance and proportions, and still, when examined post·mortem, be found to 
have undergone extensive degenerative atrophy. Consequently the anatomical 

examination, and not the clinical, can alone decide the absence of atrophy. And 

all observations restricted to a clinical examination, or which do not employ the 

microsco1>c at the autopsy, n.s well as all which relntc to other lesions than dc:grn· 

crativc atrophy of the gray nuclei, are utterly worthless for the decision of this 

question. 
Nothing can decide but a complete autopi;y embracing nil points, fmd tlte-re is 

no suclt an one. In the only one (which was published by Duchennc himself, and 

performed by Joffroy) it is a matter of extreme regret that the muscles (tonguC', 

lips, etc.) could not be examined. The decisive autopsy, consequently, has still to 

be made. 
Accordingly, Dtichery's thesis, written probably at least in part under Duchcnnc's 

guidance, nnd attempting the rescue of" bulbar paralysis without atrophy,'' can hard· 

ly be regarded as a success. D&chcry brings forwu.rd this form, without heing able 

to prove its existence, and since he cannot bring himself to accept Duchcnne's 

hypothesis of s<'parate motor and nutritive cells, strives to get out of the difficulty 

by assuming that in non-atrophic bulbar paralysis only a few cells in the gray 

nuclei are affected, and all or a great many in the atrophic form. Duchcnne"s 

hypothesis certainly sounds more plausible than this. 

But in the last few years the doctrine of close relationship between progressive 

bulbar paralysis and muscular atrophy has found a stout opponent in Fricdreich. 

He devotes a special chapter, in llis work on progressive muscular atrophy, to the 

relationship between it and progressive bulbar paralysis, and comes to the follow

ing conclusions: Progressive bulbnr paralysis is essentially a pure paralysis, and it 

is characterized clinically by the fact that the muscles retain their normal volume; 

yC't sooner or later atrophy may be supcradde<l. Now, if this bulhar pnrnlJ'Sis 

commences in a case of already developed muscular atrophy, the rcnson is that an 

ascending neuritis, derived from the muscles, spreads to the cervical portion of the 
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spinal cord, nncl is from this propagated to the medulla oblongata, where it 
becomes established ns bulbar paralysis. ln cases where progressive muscular 
atrophy appcnrs as a complication of bulbar parnlysis, we must assume that it is 
primn1·ily a case of 7xlralysis, produced by propngation of the bulbar process into 
the spinal cord, and that then a secondary atrophy comnu.!nccs in the paralyzed 
muscles, an atrophy, consequently, which h:is nothing to do with genuine progressive 
muscular atrophy. Finally, there exists a progressive atrophy of the muscles of the 
face, palate, and tongue, which is, however, only a part (gcncrnlly of late occur
rence) of u very extensive general progressive muscular atrophy. 

It is not in place to discuss these somewhat complicntcd views of Fricclreich's; 
in fact, it would not ha possible withouta very thorough exposition o[ his myop:ithic 
theory of progressive musculal' atrnphy, for 'vhich there is not space in this work. 
w·e only repeat, that in opposition to Fricdreich's view, it must be asserted that the 
existence of bulbar paralysis without degenerative atrophy of the muscles remains 
to be proved. And further, our own experience docs not lend us to believe that the 
complication of bulbar paralysis with progressive muscular atrophy docs not occur 
by any means unexceptionally through the intermediation of a parnlysis preceding 
the atrophy. 

"With the facts at present before us, we arc compclJcd to adhere to our convic
tion tlmt paralysis and atrophy arc all.Days combined iu progressive bulbar paralysis, 
though the relative proportions may vary, i.e., in one case atrophy may occur earlier 
and be more marked than in another, and 'Ciee versa. But it does not appear to us 
nllowable to draw a shup distinction between the two forms of disease on the mere 
ground or a difference in the degree of atrophy. 

Th(' existence of progressive bulbar paralysis wit/tout ntrophy remains to be 
proved, and when this is done we shalt gladly recognize it, nnd likewise a primary, 
isolated, progressive atrophy of the lingual, labial, and palatine muscles. For the 
present we shall restl'ict the idea of the bulbar paralysis we have described in the 
foregoing pages to a disease which commences with more or kss early and wcll
murked degenerative atrophy of the muscles, and which is, in this respect, anU in 
its anatomical foundation, closely allied to progrcssh·c muscular atrophy. 

A second important complication of progres ive bulbar paral
ysis is witlt anivotropltic lateral sclerosis. Bulbar paralysis 
often occnrs in the last stage of this disease, which has been 
described by Charcot, and causes the death of the patient. In 
this case, also, it is characterized by the same anatomical lesion 
-that is to say, dPgeneration and atrophy of the irray nuclei 
of the medulla. The c1isease is further characterized by the 
symptoms of progressive muscular atrophy in the superior 
and spastic spinal paralysis (lateral sclerosis) in the inferior ex
tremities. To this class belong a number of cases described as 
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bulbar paralysis or progressirn muscular atrophy. It is clearly 
a complication or a chronic degeneralirn process in the medulla, 
with similar extensive chronic processes in both the white and 
gray matter of the spinal cord. 

The anatomical facts and clinical symptoms allow us to con
jecture an immediate relationship between the three diseases
progressive bnlbar paralysis, progressive muscular atrophy, and 
amyotrophic lateral sclerosis. But we need more numerous, em
braeing, and careful observations before we can determine their 
relations, and either distinguish. sharply between them, or unite 
th.em more closely. 

Theory ef the Disease. 

Our whole description shows pretty plainly how little we know 
relatively, and especially how few certain uata we have, to found 
a theory. 

One fact is beyoml doubt: that in bnlbar paralysis we have a 
progressive paralysis and atrophy of ce1tain muscles and muscu
lar groups, and that this corresponds anatomically to a degenera
tive atrophy of the muscles and their nerves ancl nerve-roots, 
and finally, of their grny nuclei and large ganglion-cells. The 
functional tlerangements may be satisfactoril y explained by these 
anatomical changes. 

Probably the uegeneratirn atrophy oI the ganglion-cells is the 
primary part of the disease ; for, as this condition of the cells is 
constant, it rannot be the degeneration of the root-fascicles, or 
any other conducting tract of the medulla, which gives rise to 
the symptoms. 

\Ve are still in darkness as to how this process in the gan
glion·cells comes about, and what it actually is-whether it is a 
primary (interstitial) myelitis with serondary atrophy of the 
cells, or a primary idiopathic degeneration. This question seems 
hardly ripe for discussion. No1· can anything more be said of 
the manner in which the process is carrieu out. 

Furthermore, tliere is no light on the exact relationship be
tween what is plainly the primary central lesion, and the sec
ondary changes which take place in the nerves and muscles. It 



PROGllESSIVE BULBAR PAHALYSIS. 939 

seems to us very improbable that a descending neuritis is prop
agated from the centre in the medulla along the nerves to the 
muscles, creating in these latter an inflammational atrophy. The 
centre in the medulla seems too small and limited to meet this 
supposition, anu shows too few signs of actual inflammation. 
Besides, the changes in the nerves are not proportionate to those 
in the muscles, and then, too, electric examination proves that 
the nerves may be quite unimpaired whilst the muscles are far 
advanced in degeneration. We must consequently regard this 
degenerative atrophy as neurotic. But there is nothing to ex 
plain the relations of the different affected central structures to 
the origin of the paralysis and the production of nutritive de
rangements in the mnscles and nerves. 

" 'e are here again met by the questions we have already 
discussed and designated as a rewarding object of future in
vestigations, i. e., Are there separate and peculiar motor and 
nutritive cells 1 Have the muscles and nerves separate nntritive 
centres 1 How must the lesion be located to produce paralysis 
alone, paralysis with atrophy, or atrophy without paralysis! Do 
facts allow us to distinguish between a form of bnlbar paralysis 
commencing with paralysis, but leading, without fail , to atrophy 
(analogous to sp inal poliomyelitis ant. chron.), and another form, 
in which the atrophy is primary, and in which the paralysis is 
due merely to atrophy (analogous to the typical form of progres
sive mu scular atrophy) 1 

These and other theoretical ques tions await an answer, which 
can only be g iven by very deep researches. It would appear 
advisable here to include not only all cases of progressive bulbar 
pa ralysis and progressive muscular atrophy, but also those of 
am yo trophic lateral sclerosis, and poliomyelitis anterior chronica. 

Diagnosis. 

·when bulbar paralysis is fairly developed , the symptoms :ire 
so extremely characteristic that it is hardly possible to mistake 
them. It is unnecessary to repeat the individual characteristics 

here. 
But it is frequently a difficult matter to recognize the very 
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co1nrnencement qf tlte disease. \Ve shoukl here pay attention to 
any slight difficulty of speech, a certain stiffness o.r the lips, 
slio-bt alteration in tlH• expression of the face, to a feeling of pres· 
su;e and traction in the back of the neck , slight trembling in the 
tongue when put out, traces of a nasa l voice, etc., etc. Any traces 
of atrophy in the small muscles of the hand are likewise of im
portance. 

It is hardly worth mention that at this stage there is no 
trouble about distingttishing the disease iro111 a simple angina, or 
sto111atitis simplex. 

\Vhen the disease is further advanced the grnat task is to di s
tinguish between "bulbar" paralysis fro m other causes and 
pri111ary progressive bnlbar paralysis. 

\Vhen the bulbar paralytic symptoms (derangement of speech 
and deglutition, paresis of the lips, paralysis of the tongue, 
palate, etc.) are only some of many ari sing from extensive dis
ease in the central nervous system-e. g., disseminated sclerosis, 
general paralysis of the insane, amyotrophic lateral sclerosis, 
poliomyelitis anterior chronica ascendens,-then the Jii-st matter 
to be settled is the diagnosis of these diseases from the sy mptoms 
that belong to them, in order thus to gain a clear idea of the po
sition occupied by the bulbar symptoms, and of any special 
process taking place in the medulla. 

But it is more important, when the di sease is actually local
izecl in the med ulla, to make out its nature, whether it is a 
primary atrophy of the gray nuclei on the lloor of the fourth 
ventricle, or whether it is a different pathological process. The 
diagnosis must in this case depend upon the most accurate ex
amination possible of the course and development of the disease, 
and a carnful investigation of all, and especially of the unusual 
symptoms. 

The manner in which the disease commences is the best guide 
to distinguish it from embolism, thrombosis, and hemorrhage in 
the medulla. These three al ways commence act1tely and suddenly, 
whereas progressive bulbar paralysis is very gradual. The paral
ysis is frequently partial, limited to, or p1vdominant on, one side. 
An apoplectic attack, violent dizziness, or an ep ilep toid fit often 
form the onset. Besides, these diseases have no progressive char-
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acter, but rather a tendency to improve. Nor is there generally 
any difficulty in recognizing the later results of these processes, 
·uch as hemiplegia with contractures, absence of atrophy, s tabil
ity of the bulbar symptoms. 

The differential di agnosis of tumors which compress the me
dull a is or more importance, as their course is usually one of 
slow development. Here we should note that a t first the pa tient 
nearly always sulfers from violent headaches, dizziness, buzzing 
in the ears, vomiting, etc. \Ve should al so look specially for 
initial symptoms of irritation or paralysis of the bulbar nerve
roots, especially nemalgia and anms thesia in the trigeminus, 
derangements of hearing, spasms and contractions in the face 
and tong ne, paralysis o[ the abducens and facialis, or of the 
tongue, with early pronounced degenerative reaction of a com
plete na ture-all this is the more important, the more unilateral 
the symptoms are. 'Vhen the compressing body is situated 
an teriorl y, and acts on the bulbar roots or both sicles, i t is often 
ha rd ly possible to draw a distinction. Early paralysis of the 
limbs with contractures is likewise of importance, when the 
tendon-refl ex is increased and there is no a trophy. Then, too, 
repeated epileptic at tack s should be noted, attack s of fainting 
and temporary amaurosis, and finall y all other symptoms which 
indicate the presence of a neoplasm within the skull (ophthal
moscopic examination, etc.). 

It is easy , as a rule, to di stinguish bulbar paralysis from a 
cliplegici f acialis of peripheral origin. The cliagnosis may be 
founded on the complete paralysis of all branches of the facialis, 
inclusive of the superior ones, as well as on the in tense degenera· 
tive reartion we generally find , the complete immunity of the 
tongue, normal deglutition, and the enntual ageusis of the point 
of the tong ue. N or is there much difficulty with a d iplegia faci
ali s of cerebral origin, which may be distinguished by the simul
taneous paralysis of the Pxtremities and perfectly unimpaired 
elec tri c irri tabili ty , and also by the manner iu which the di sease 
is developed. 

'Ve should not, howeYer, forget, when dealing with symptoms 
even of bilateral paralysis of the bulbar nerves, that all the 
symptoms of labial , ling ual, and pharyngeal paralysis may be 
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caused by lesions localized more centrally in the hemispheres, 
corpus striatum, internal capsule, etc. In such cases we are ad
vised by Jofiroy to observe that tl1e paralyses of the tongue, 
palate, lips, and pharynx are never long complete. It is a lso 
characteristic that they arise from two plainly separate unilateral 
afiections, and there is frequently a preponderance on the one 
side or other; there is no atrophy; electrical irritability is quite 
normal, and there is no reaction of degeneration; reflex action re
mains unaltered, or may be increased; the extremities are like
wise paralyzed, without atrophy. 

"'e may mention, finally, that Jolly iu a case of 0xtensive 
cerebral sclerosis' saw the gradLml development of a bulbar par
alysis of most unmistakable nature, though without atrophy of 
the tongue, and at the autopsy he found no notable pathological 
change in the medulla, especially no alteration of the nuclei in 
the floor of the fomth ventricle. This case teaches us that a 
very similar set of symptoms may be produced by a lesion in the 
anterior tracts, and that we cannot be too particular in making a 
difierential diagnosis to note every symptom, even those that 
seem quite insignificant. 

Prognosis. 

In all the well-observed and accurately recorded cases of 
genu ine bulbar paralysis, there is hardly an instance of recovery, 
and but seldom a halt in the conrse, or a transitory improve
ment. There are, indeed, a number of recorded cases in which 
considerable improvement took place, and even some cures; but 
when we look closely at these records we see that they are not 
cases of bulbar paralysis at all, or else very doubtful ones. No 
typical, genuine case has yet been treated with lasting success. 
I have myself treated numbers of such cases without success; in 
fact, the only case which seemed successful, when reviewed more 
accurately, cannot strictly be included, although it had certainly 
very strong points of similarity with the typical form. 

\Vith our present knowledge we must, accordingly, term the 

1 A.rob. f. Psych. und Nervenlmi.nkh. III. p. 711. 1872. 
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prognosis absolutely fatal. We can in such cases prophesy the 
patient's death within a few years. Benedikt's assertion that the 
prognosis or "progressive paralysis or the cerebral nerves" is 
more favorable than that of locomotor ataxy, progressive muscu
lar atrophy, etc., npplies very well to a series of diseases which 
Benedikt classifies under this heading, but which have certainly 
nothing to clo with progressive bulbar paralysis. 

In some cases n prognosis may be formed from the stage of 
the disease and its principal symptoms. Intense dysphagia is, 
o[ course, an unfavorable sign, and likewise advanced inanition, 
dyspnO'a, and fits or suffocation. In fact, the greater the respir
atory derangements, the nearer is the encl. Duchenne considered 
the incapability or lateral motion or the jaw (paralysis of the 
pterygoids) as a prognostically unfavorable symptom, as in that 
case the disease is in the proximity o! the 1rnclei o! the vagus, 
and death may soon be expected. 

Treatment. 

The prognosis we have just given speaks for the bad success 
or every treatment. 

However, it wonld be quite unjustifiable to renounce every 
effort to cure the disease. Perhaps time will bring us suitable 
agents and methods. Perhaps, too, when taken early, the disease 
is more tractable; and then the transitory successes that are 
occasionally attained stimulate us to Inrther therapeutic efforts. 
Certainly lhe experience we ha,·e gained o! progressive muscular 
atrophy is not exactly encouraging. 

\Ve have to deal with a chronic, slowly progressive degenera
tion, which comes on with very slight symptoms or irritation and 
without any evillent inflammational process or growth or tissue, 
and the proximate and ultimate causes or which are unknown to 
us. Accorclingly, the indication is to improve the abnormal 
nourishment or the nervous system, and to rouse the regenera
tive activity-in a word, the indication is "alterative." 

In the earliest stages we should apply (accorcling to the ini
tial symptoms) gentle derivatives at regular intervals (Kuss
man!), bloody and dry cupping, vesicantia, setons, Priessnitz 
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bandages, and shower-baths (a single stream oI water should be 
used very cau tiously). . 

\Vheu the disease has de1•elopecl we should, aboYe all things, 
endeavor to regulate tlte diet in such a manner as to avoid irri
tation oI the nervous system. The patients shonld, iI possible, 
give up their work, und avoitl ull excitement, and, at the same 
time, take plenty of wholesome nourishment, limiting themselrns 
in alcoholic drinks, and tea ancl coliee. Cure should be taken 
that they get enough sleep, und they should have plenty of open 
air, if possible at the seaside or in the mountains. 

\Ye may combine with this any conrse of treatment which 
tends to a general stimulation o[ nutrition, and produces a tonic 
effect upon the nervous system. In this respect I place most 
reliance upon a cautious hydropathic treatment, which must, 
however, be continued for a long time and with great regularity. 
Bt1t with aged patients this is not very feasible. I think it ad
visable, too, in suitable cases, to ti')' the effect of warm saline 
and chalybea te springs, thongh I should decidedly warn any
body against hot springs, steam-baths, or mud-baths. A very 
cautious trial of a hot spring (especially in the mountains) 
might possibly prorn oI service to okl and decrepit people. 

But by far the most important indication is electricit?J, which 
promises more than any other method triecl. Unfortunately, 
however, the results as yet obtained are similar to those oI prn
gressil'e muscular atrophy, not at all encouraging. Benedikt's 
reportecl cures are certainlynrr brilliant, but they plainly relate 
to other forms of disease. The only two oI his cases wl1ich rPally 
belong to this class remained unaffected by his treatment. How
m·er, Benedikt's publication contains many encouraging tbera
peutical remarks. I myself effected a cure with galvan ism in 
one case which had all the symptom s of bulbar paralysis, bnt 
began with severe pains in the heacl and joints, and, besides, 
exhibited symptoms of clizziness and buzzing in the ears, so that 
I was not certain of my diagnosis. 

The most effective rnethocl of golvanisni is as follows: gal 
vanize with stabile application transversely through the mastoid 
processes, and longitudinally through the skull , the so-callecl 
galvanism of the cervical sympathetic (anode on tli e nuchus, and 
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cathode at the angle of the lower jaw); and then induce move
ments of deglutition (twelve to twenty at each sitting); besides 
tltis, apply, according to circumstances, direct galranic or faradic 
cmrents to the tongue, lips, and palate. 

I seize this opportunity of correcting an error which has been allowed to run 
through our literature for several years, the error of supposing that galvanic produc
tion of t/i,e mocemcnt1 of deylutition is due to irritation of the hypoglossus. It is quite 
incorrect, for it may bo easily demonstrated that the current which suffices to pro
duce these movements is by far too weak to irritate the bypoglossus; and tliat the 
movements, too, cannot J,c induced by a single contraction of the tongue (especially 
by a unilateral contraction); further, that it is more easily effected at other points 
than the point of irritation of the bypoglossus; ancl that, finally, nctual direct irri
tation of the hypoglossus, though accompanied by visible contraction of the tongue, 
produces no movement of cleglutition. It is evidently a case of reflex action, arising 
from the sensible nerves of the pharynx and larynx: in fact, physiology teaches us 
that irritation of the laryngeus superior induces reflex deglutitory movements. If 
one tries the experiment on himself, there is immediately n sensation produced as if 
one had n bolus or draught o{ water in the throat, and this is irresistibly followed 
by a movement of deglutition. 

The best method to produce it is to place the anode on the back of the neck, 
and then run the cathode rapidly over the lateral surface of the larynx, repeating 
this after short pauses. A healthy man requires only six or eight cells, but for bul
bar paralysis the current must often be much stronger, and the reflex irritability is 
easily exhausted. To meet this, we must reverse the current, instcr.d of using catho
dal closure. This treatment produces some improvement in dcglulition at least for 
a short time. 

The electric treatment must be continued for a very consider· 
able time, with from four to seven sittings a week. The duration 
of a sitting should not exceed four or six minutes. The patients 
are frequently irritable and sensitive to a galvanic cnrrent, so 
that great caution must be taken in selecting the number of cells. 

Medicines taken internally have never prnduced the very 
faintest e!l'ect. Still, considering their success in other chronic 
degenerations of the central ne1Tous system, we shall always be 
inclined to administer nitrate of silver, iodide of potassium, 
iodide of iron, chloride of gold and sodium, ergotine, belladonna, 
and preparations of iron and quinine, etc. "'e wish to warn 
against the administration of strychnine and phosphorus. 

As the d0ran!(ement of deglutition grows worse, the impor
VOL. XI!I.-60 
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tance of the patient's food increases. At first all food must be 
finely divided, and very carefully cooked; it must be soft, juicy, 
and concentrated nutriment. At the same time we should not 
forget to vary it suitably, and not canse distaste from monotony. 
Minced meat, beefsteaks of the same, bashes, russoles, etc., beef
tea, milk and eggs, cocoa, soups of revelenta arabica, and pre
pared legu minosa, etc., form a basis to which may be added all 
kinds of sort prepared meats, compotes, and vegetables. \Vine 
and beer should only be taken in moderation. 

According as the cleglutitory paralysis grows worse, special 
attention must be given to the act of swallowing; help must 
always be given, ancl none but easily swallowed victuals be 
allowed. Afterwards all particles of food must be removed from 
the pharynx, the root of the tongue and underneath it, and the 
mouth carefully washed out. 

·when deglutition becomes impossible, we must feed the pa
tient through a flexible tube; but with many patients this is ren
dered impossible by violent fits of vomi.ting and suffocation. In 
this case nothing is le[t but the administration of nutriti ve ene
mata, such as solution of pancreas, milk and eggs, bouillon, 
wine, etc. But patients seldom endure this long. 

\Vhen the only indic:i,tion is to overcome increasing exhaus
tion, gastrotomy and introduction of food through the wound 
might be recommended as a "dernier ressort." \Ve might hope, 
by this means, to prolong the patient' s life for a short time. But 
if there are threatening signs of respiratory paralysis, the oper
ation would be superfluous. 

Fauvel, in one case, proposed and performed tracheotomy to 
check the fits of suffocation and dyspnma. If the patient con
stantly wears a tube, and eventually has the larynx plugged at 
every meal to meet these choking fits, a,nd to prevent the en
trance of food-particles into the trachea, it may do some good. 

To check salivation, Kayser recommends atropine (subcutane
ous dose, T'.- to+ gr. (0.0004-0.001); internally,-} to -(6 gr. (0.0008-
0.0012). \Ve cannot abstain from the use of narco tics, mor
phine, chloral, etc., when, towards the termination of his disease, 
the patient is troubled by dyspnma and sleeplessness. 

The usual analeptica and irritantia may be administered in 
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cases of general weakness, syncope, etc. To close the tragic 
course the physician might well think of euthanasia. 

6. Other Oltronic Diseases qf the Medulla. 

Samuclaon, KOnigsb. med. Jahrb. I. p. 93. 1859, and Berliner klin. Woch. 1868. 

No. 27.-J. Wayner, Uebcr Ilirngcschwnlste. Diss. Berlin, 1871.-Cornil and 

Li.pine, Cas de paralys. gl!nCr. spin. ant(:r, subaYgue suivi d'autopsie. Gaz. med. 

de Paris. 1875. No. 11.-Jiallupeau, Des pnralysics bulbaires. Paris. 1875. 

The description of diseases in the foregoing paragraphs by 
no means exhausts the pathology of the 'medulla oblongata. 
There are several other forms of disease, some occurring as part 
of the phenomena of more extensive diseases of the central ner
vot1s system, and some which occur so seldom and have been 
recorded so badly that they have no practical value, and are, 
consequently, hardly worth mention. Probably the foture will 
throw much light upon this province, so that this chapter can 
only be regarrled as a temporary refuge for those cliseases o( the 
medulla oblongata to which no place has been yet assigned in 
our nosography. 

The literature or this subject is still very small. 'IV e gil•e the 
following extracts: 

Sclerotic centres, which are usually met with in the medulla 
oblongata as one of the many symptoms of multiple cerebro
spinal sclernsis. These may occur typically in all shapes and 
sizes; they are oftenest found on the floor of the fourth ventricle, 
pressing more or less deeply into the white substance, and affect
ing the bulbar nuclei in varying degree; but they have also oc
casionally been observccl in the pyramids, olirnry and restiCorm 
bodies, and in the formatio reticularis. Sometimes, too, they 
may be met with in the bulbar nerves. 

The microscopic appearance or these centres is quite the same 
as any other, so we may refer to the description on p. 481. The 
destmction of the nerrnus substance proper (nerve-tibrils and 
ganglion-cells) does not appear at all so complete or of the same 
kind, as in bulbar paralysis, for instance. 

The symptoms of these bulbar centres play a prominent part 
in multiple sclerosis, and there seems to be a special connection 
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between the symptoms of bulbar paralysis we so often meet in 
this disease and these centres in the bulbns. But Jolly's often
cited case proves that this is not necessary, ancl that the symp
toms may be produced by anteriorly situated lesions. 

In such cases we often come across a s trikingly deceptive 
likeness to progressive bulbar paralysis; bnt the pa ralysi s is 
generally not complete-only a paresis; atrophy of the muscles 
is rare, ancl in general the whole development of the symptoms 
is not so regular as in the typipal form of chronic bulbar paraly
sis. Besides, the diagnosis is readily conffrmecl by the presence 
of numerous other symptoms of multiple sclerosis. 

Possibly other inuividual symptoms in multiple sclerosis, 
such as scanning speech, monotonous voice, paralysis or the fa
cialis, weakness ancl trembling of the tong ue, salivation, auc1itory 
derangements, etc., might be referred to the centres in the me
clnlla. " 'e have already discussed the question, ancl must here 
again leave it unclecicled whether this supposition is correct or 
whether the symptoms are not clue to centres situated in an 
anterior portion of the brain. 

I t is somewhat more warrantable to connect the clernngements 
of d0gl11tition, attacks of clyspnma, syncope, cariliac palpita
tions. anu paralysis, etc., which OCCLlr in the last Stages Of mul
ti pie sclerosis, with the development of sclerotic centres in the 
medulla. 

Anatomical changes in the medulla occur, too, usually as a 
part of dementia paralytica (chronic myelitis, myeliti s with cor
puscles of Gluge, gray degeneration); these changes, however, 
constitute only a very small part of the lesion , which ex tends 
over the whole central nervous system in this disease. It is still 
questionable, ancl not at all probable, that the frequent and typi
cal derangements of speech are dependent upon the participation 
of the medulla. Ilowever, it is not a matter for discussion here. 

\Vhen poliomyelitis ant~rior subacuta assumes an ascendino
and progressive character, the process in the spinal cord finall; 
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attacks the bulbus, and seems to show a special trndency to set
tle in the gray nuclei in the floor o[ the fourth ventriele. But 
we have no dec-isi,·e pathological facts on this point. If we may 
draw conclusions from Cornil and Lcpine·s interesting case, in 
which unfortunately the exact microscopical examination of the 
medulla is not recorded, we have a case of ch1·onic intlamma
tional changes with secondary destruction of the ganglion-cells. 

\\'hen apror1ressi1•e ?11yelitis universalis finally spreads to 
the medulla, the changes are probably the same, Yiz.: chronic 
myelitis varying in extent, but probably not confined to the g1·ay 
substance, but embracing the white as well; still this is an unde
cided q nestion. 

But tl1e bulbar changes, which take place in the terminal 
stages of amyolrophic lateral sclerosis (and also in the course of 
progressiM muscular atrophy) are, as we have already insisted, 
exactly the same as in progre.,il-e bulbar paralysis. 

In all these cases the infection of the bulbns is indicated by 
the occurrence of bulbar paralytic symptoms, which gradnally 
increase till thry assume the typical form of progressive bulbar 
paralysis-dt'rangement of speech and deglutition, and pal'esis 
of the lips and palate, increase or decrease of saliva, derange
ment of respiration, attacks of suffocation, and all the rest. The 
appeamncc o[ the symptoms always betokens the last stage of 
the diseas~; the prognosis is generally very se!'ious, and the dis
ease can seldom be checked in its course. 

Amono- the <liseases that are \\·ell confinecl to the medulla a 
diffuse 8<{erosis-chronic myelitis bulbi-has occasionally been 
obse1·ved, sometimes with and sometinws without simultaneous 
sclerosis of the brain or spinal cord. Bnt details ar~ wanting. 

It is ha rel to Ray, from J. \\"agner's desniption. whether his 
remarkable case (tumor-like hypertrophy ancl tonghneRs of the 
pons aml the whole medulla, n1ore especially on the right side) 
was a real tumor or hypertropbic sclerosis. It was more prob
ably a genuine neoplasm. 



950 ERB.-DISEASES OF THE :UED ULL.\ ODLOXGATA. 

Samuelson observed one case of circuniscript bitlbar sclerosis, 
consisting of an indurated spot in the lp[t half of the py 1~midal 
substance about the size of a bean. l\Iicroscopic exam1nat1on 
proved it to be sclerosis (fine fibrils of connective tissue with 
numerous nuclei and separated nerve-libril s). 

In this case, after repeatPd sensory and motor derangemPnts 
l1ad occurred, sometimes in the right and sometimes in the left 
extremities, he observed a sudden 1·ight-sided hemiplegia with 
apoplectiform symptoms, and accompanied by troubles of deglu
tition and respiration, and slight derangemrnt of speech. The 
tongue was straight, and all the anterior cerebral nerves unaf
fected ; retention of urine; feeling of a hoop around the heacl 
from the occipnt to the foreheacl; sensibility normal ; reflex 
action increased. Ya1·iations in the course of the disease are 
recorded, but no details given. 

7. Tumors of the ~!IIedulla Oblongata.-Neoplasmata ln its Suv
stance. 

A bercrombie, Diseases of the Br:i.in. 1845. p. 103.-0llitiirr, loc. cit. 3. Cdit. IT. 
p. 514. 1837. -Levrat-I'c:rroton, Cas de g lycosuric dCtcrminCe par unc tumcur 
collo1dc rcnformCc dans le 4mc. ventric. Th~sc. Paris, 18.'J9. Canst. JahrcshC'r. 
1859. IV. p. 254.-v. Reckli11rjlmuaen, Scliiidch·crlctzung, Diabetes, Tumor im 
4. Vcntrikc:l. Virch. Arch. Bd. 30. p. 3G4. 1804. -.:lfosler, Yfrchow, Ncubil
dung im 4. Ventr. mit. Diab. insip. Vi rch. Arch. Bd. 43. p. 225. 1868.- Vh'
chow, Die Krankhaftcn Geschwlllstc'. I. pp. 183, 387, 424; JI. pp. 112, 134, 
664, etc. 1863-65.-Eadame, Syni°ptomatol. u. Diagnostik d. IJirngeschwiilstC' . 
p. 43. 1805.-lmmerman11, Berl. klin. Wochcnschr. 1865. p. 177.-Joh. EriclL
m., Zur Casuistik der Tumoren des VcrlUng. )larks. Pctersb. med. Zcitschr. 
1870. I. p. 105. -Ed1oard111 Tumour in the Medull. Oblong. Brit. Med. Journal. 
1870. Fc.b. 5.-J. lVa91wr1 Uchcr Ilirngeschwnlstc. Diss. Berl. 1871. -Bour
don, ~tudes sur lcs malnd. du bulbc rhach. Gaz. hcbdom. 1872. No. 22. p. 304. 
-Garrod and Pliilpot, Pn.pi11omatous Tumour in the Fourth Vcntr. of Brain. 
Lancet. 1873. Mnr. 1.- Verro11, £tude sur !cs tumours du 4. ventr. Thi:lsc. Paris, 
1874 .-Ilalfopeau, Des pnralysies bulbaircs. Paris, 1875.-Carpani, Storia clin. 
d'uu caso di tumorc d'un pedunculo ccrcbcllarc. Lo Spcrimcnt. Ottobrc. 1876 
(Virch.-Ilirscb. Jahrcsbcr. for 1876. IL p.111). 

Pathological Anatomy-Cases. 

Neoplasmata in the medulla oblongata are of very rare occur
rence. Ladame only collected nine cases altogether, ancl most 
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or these were not actnally in the substance of the medulla, but 
only in its vicinity, in the cerebellum, etc., and only secondarily 
connected with the medulla. 

As n mntter of fact, it is extremely hard to distinguish between 
tumors in the medulln itself, and those in the surroundings, 
which press upon and irritate it. Clinicnlly it is in most cases 
impossible, as experience teaches us thnt tumors, for instance, 
which grow in the cnvity of the fourth Yentricle, and develop 
in the d irection of the floor, produce exactly the same symptoms 
as those which grow in the floor itself, for instance, tumors of 
the ependyrna. And as far as the symptoms are concerned, it 
would seem ct priori that there can be no considerable difference 
whether a neoplasm arises in the gray or white matter of the 
medulln and destrnys it from within outward, or whether a 
similar one penetrates from without,clisloca.ting and compressing 
it, and thus causing myelitis. 

Th us, the anatomical and clinical appearances of the two are 
intimately connected, and we can in grent part refer to what has 
been already said of chronic compression through neoplasmata. 
It is utterly impossible to drawn sharp di~tinction, since most 
of the recorded cases are imperfect, in as far as the tumor has 
seldom been limited to the medulla, but has generally invohed 
the surrounding corpp. quadr., pons, and ccrebellmn to some 
extent. 

So we shall merely mention whnt tumors occur in the medulla, 
and then give a few short examples, and from these deduce the 
symptoms. For the future the cases ought to be more accurately 
observed and recorded. 

Perhaps the most frequent form in t11c medulla is tubercle; 
they may be of any size up to the dimensions of n walnut, especi
nlly in the pons portion; there is usually but one, but there may 
be several small ones. The surrounding tissue is sometimes quite 
intact, sometimes more or less affecteu (Ollivier, Erichsen, Aber· 
crombie). 

Gliomatct and glio-sarcomatct have been repeatedly found 
(Virchow), either developed from the ependyma or in the centre 
of the medulla; their size and position Yary. 

J,fyxomata nppear never to be seen except on the choroid 
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plexns of the fo urth ventricle, and the same may be said of 
psarnmomata, which of ten occur there also, both large and smal l. 

Fibrornata hax e been discovered in many cases (Liouville, 
Yirchow, Carpa ni), occurring in sizes up to a bean, and growing 
either in the epem1yrna or in the medullary subs tance. 

The secondary changes, which the mednlht undergoes in such 
cases, have not been much investigated ; in fact, we have but 
very scanty records or the naked-eye appearances. But we can 
predicate, almost with certain ty, that softening processes oftPn 
occnr, and sometimes extend far beyond the limits of the tumor 
itself, and that further the lesion is often complicated by apo
plexy and thrombosis. 

But in general the tumor involves the neighboring parts of 
the bmin, and seldom remains confined to the medull a ; thus the 
pons is usually, the cerebellum frequently, and the corpom quad
rigemina occasionally drawn into the process. This of course 
has a great effect upon the symptoms. 

Intense hydrocephalus must be considered one of the most 
frequent secondary changes caused by tumors in the medulla, 
and more particularly in the four th ventricle. It is produced, 
on the one hand, by compression of the veins, especially of the 
vena magna Galeni, on the other haud, through the hinderance 
to the return of the cerebro-spinal ftnicl into the arachnoid 
space, caused by the tumor filling up the fourth ventricle and 
rendering it impassable. 

'Ve give a few ex tracts of cases. 

Olli'cic1·, Cnse 146 : T1co tul>"rcles in su7Mtmu:e of medulla; epilepsy for twelve 
years; an o.ura. o ( violent singultus before every altack, and feeling of g lobus in the 
throat. 

Erirl1sen : Tubercle the size of an almond, covering right half of bulhus along 
whole length of fourth ventricle, and extending somewhat to the left ; right corp. 
rcstiforme quite dC'stroycd ; hcn<lnchc, dizziness, sli ght dilation of pupils, nau
sea; tJomilin9 mul sinyultus, ap/,011ia, an<Ulllesia of tile 1•ighl side of tlie face; paresis 
of the right side of palate i tongue unaffected ; fin ally, paralysis of the iJl acldcr . 

. Edttards: F'_ibro·ullular tumor in the centre o f the medulla i conYcrgcnt strn · 
bismus (parnlys1s o f abduccns); Me<Lkncss in lrgs / d1:fltc1tlty in :mallowinq ~· incom 
pr:llrnsifile.11p,.~ch; later, vomiting,· hiccuping ; complete alalia ; d ysphag ia i abdo
minal rcsp1 rat 1011 ; paral ysis o f sphincters and ex tremities. 

Vi1'chow (GcschwU lste. II. p. 134) : Fibrous hyperplasia of the ependyma of 
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fourth ventricle, three to four lines thick, resembling n. tumor. Wound on head; 
after nine years, mental depression, loss of memory, di:zzi11e.~s, l1cadarlle, diplopia i 
fre'}1te11t urination {polyuria ?) ; later on, constant vomiting and languor; moYc

mcnts of the eyes(?), pupils, and tongue normali scnsiiJility unnfTectcd; pulse 56 i 
finally, lleran9ement of speech, stupiclity, etc. 

Liouville (quoted in Verron's work, p. 57): Small fibroma bi ependyma in left 
side of ralamus scriplorius, one centimetre long and a half centimetre brand. The 
patient, who imficrcd from heart and kidney disease, had 9lyco11uria during life. 

Cmpani: Elliptical jibroma, in the pecluncitlus cerebelli, nenr the pons, size of a 
bean; violent priin on rigltt side of head~· impairment of vision and flem·ing on the 
right .<tide; vomitin(J; atactic gait; weakness of extremities on right side i 1·ivht
sided paraly~is ef abclucens a1ul facialis. 

J. Wagner: 1'umor occupying the rigltt ltalf of pons and medulht, covered with 
small prnmincnccs; this half hypertrophied to twice or four times normal size (very 
inaccurntely described). Violent headache and dizziness; pnroly:-is of the right 
facial is, abducens, and hypoglossus; nasal voice i paresis of nll four extremities; 
pain in back of neck; hearing impaired on right ride; finally, derangement of 
speech and nspl1p'.i a. 

Jlomollc (quoted in Vcrron's work, p. 5-i): Glioma on the floor f!f fourth u11tricle, 
probahly commencing in cpcnclyma; very vascular; processes extending into the 
corporn quuclr., optic thnl., and left hcmisph. of ccrcbcll. l!Jmitiny; J11atlacl1e; 

transitory loss of consciousness; amaurosis i stagnation 1rnpilla i 1)(Jrtll-is of ltftfaci.
alis; attacks ef 11ertigo ~· somnolence; sudden death. 

Afoslcr- Vfrcluno: Lm·ge-celle<l gliosarcoma of epenclyma, pcdunculatccl i five 
centimetres long, occupying the whole ventricle; one to two centimetres in diam
eter, causing the ccrcbellmn nud medulla to swell out. Yertig!),. 'l:Omiting; mcking 
Jieadaclte, with considerable remissions of some duration; finally, sudden death 
with symptoms o/ su.ffoclttion. Diabetes iusipidus iu last few years. 

Etiology. 

As far as we have any knowledge or t11Pm, the causes o[ tu
mors in the medulla are exactly the same as of any others in 
the skull, Yiz.: trnnmatic inftuenres, syphilis, tuberrnlosis, etc. 
So we merely refer to Obernie1's article in Vollllne XII. 

Symptoms. 

Frequently tumors of the medulla cause no fonctional de
rangement, ancl are only discovered post-mortem ; or they may 
remain for a long time latent, ancl then suddenly in a few hours 
or clays cause sudden death with symptoms of suffocation. 
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Bnt, generally speaking, the final catastrophe is preceded by 
suffering of some duration. ,,-e need only g ive a short sketch 
of the general symptoms, which display numerous points of simi

larity to other cerebral tumors. 
Among initial symptoms tho most prominent are headaclw, 

occnning generally in separate attacks, reaching in some cases a. 
frightful intensity, and localized in various parts of the head, but 
generally in the occ iput and nuchns; and secondly, attacks ef 
dizziness, nncl frequent, exhausting ,·omiting. Tinnitus auriuni, 
singultus, epileptic fits, are of rarer occurrence at an early stage. 
The latter form a very important symptom ; they occur either 
as typical fits or else as mere epileptic vertigo or petit ma!. 

\Vhil e these symptoms remain, and often g l'OW worse, a num
ber of othel's make their appearance, whi<'h are calcnlated to turn 
our attention to the bulbus as the seat or the lesion. These con
sist of paralytic symptoms 'in tlie facialis, hvpoglossus, and 
abducens; and we see derangements ef speech and deglutition, 
with paresis qfthe palate and a nasal tone of voice, frequently, 
too, hoarseness and aplwnia. Besides these symptoms, there 
may be more or less ex tensfre paralvsis of tlw extremities, 
either unilateral or bilateral pal'esis, wi th or without contrac
tures. It is very characteristic when we see a hemiplegia alter
nating with paralysis of the faciali s, abc1ucens, or bypoglossus. 

\\'e frequently meet with derangement qf co-ordination, re
minding us of ataxia, but usually partaking more of the char
acter of the uncertain gait belonging to cerebellar diseases-this 
is especially the case with tumors of the fourth ventricle. 

Derangements of sensibility arc less marked. They gener
ally consist of pain in the nnchus, back , and extremities, par
msthesia in two similar regions, occasionally anmsthesia in the 
tmnk or extrem ities. On the other hand, ancestliesia ef one 
or both sides of the face is a very important symptom. R eflex 
action is often increased. 

Special local importance attaches to tinnitus and deafness, 
whilst amblvopia and amaitrosis (founded on the stagnation 
papilla recognizec1 with the ophthalmoscope) are almost constant 
accompaniments of every kind of tumor within the cerebral 
cavity. 
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Occasionally psychical derangernents ha1-e been observed, 
such as loss o( intelligence and memory, depression, etc., but 
thls is rather rare. 

Special importance attaches to a constant and lasting vornit
ing, violent and lasting singultus, and frequently occurring epi
leptoid convulsions, and attacks of transitory unconsciousness. 
Glycosnria and polyuria, which hare been often observed (espe
cially in cases of tumor of the fomth ventricle), and probably 
will be still oftener seen when looked for, deserve particular 
notice. 

The conrse of the disease is probably fatal in every case. Still 
considerable variations, and remissions and cessations of growth 
for long periods may occur, and thus the disease may extend 
over a number of years. Usually, however, the comse is an unin
termpted one. The headaches and paralytic symptoms grow 
worse, vomiting becomes incessant, hiccuping is a source of per
petual annoyance, the epileptic attacks occur more fi·pquently, 
consciousness grows clouded, and then come deliria, and after
wards coma, and usually life terminatPs with increased respira
tory dPrangement in an attack of suffocation. Death is generally 
rather sudden. 

Yery little certainty as r0gards tlie symptorns of special local
ization in the medulla can be derived from the Cow cases on 
record. In general, we must content ourselYes with making a 
probable diagnosis of a ttunor in the medulla from the general 
symptoms of a tumor in the brain, ancl the special symptoms of 
bulbar paralysis. 'Ve can seldom estimate its size, or attempt 
to localize it more accurately. Still this mnst always be the aim 
of our diagnostic endeavors, and we possess e1•en at present a few 
"points de depart." 

The most reliable points are, that tumors in the anterior por
tion qf tlte medulla, especially in the pyramids, produce uni- or 
Lilateral paralysis, with contractures and increased tendon-reflex, 
sometimes also paralysis of the bladder, while sensibility remains 
unimpaired; ancl then, besides, we may have the different symp
toms of bulbar paralysis. 

Tumors on tlwjloor Qf tlwfourtlt ventricle, on the other hann, 
produce no marked paralysis, and usually no considerable de-
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rnngemcnt o{ sensibi lity; but ataxin. may occur, ancl tl'.c most 
characteristic symptoms are ,·omiting and singultus, with res
pirato1T clisorders and a slow pulse, while special importance 
attaches to glycosuria and polyuria. 

It is hardly possible to diagnose a tumor qf tlw corpora resti
formia. \Ye must a"·ait fnrther observation before we can found 
a. diagnosis on sPnsory derangements in the extremities, unilateral 
anmsthesin. or the face, auditory troubles, ataxia, etc. 

There are no diagnostic points whatsoever for tiimors in tlte 
olivary bodies and reticularfornwtion, except the geneml symp
toms of a cerebral tumor and the special ones of bu I bar paralyses. 

Diagnosis. 

iYhen the general symptoms of a tumor in the brain (violent 
headache, dizziness, vom iti ng, stagnation papilla. loss of intelli
gence, etc.) are accompanied by sig ns of local initation and 
pamlysis, poi nting more or less definit ely to a lPsion in the 
nwdulla , and when, in addition, we ham quite obstinate ,·omit
ing, continuous singnltus, ancl glycosnria. or polyuria , we are 
then enabled to diagnose a neoplasm growing in the meclulla 
with some certainty. But to insure against ra shness, we should 
hold in mind the great difficulty and uncertainty of all such 
diagnoses. 

As regards the di stinction of these tumors from those situated 
in otl1 er parts of the bmin, we refpr the reader to Obernier's 
exhaustive treatise. iVe shall merely call attention to the special 
difficulties o{ di stinction from cerebellar tumors, because, on the 
one hand, tumors of the medulla often grow into the cerebel· 
lum, and on the other hand, many cerebellar tumors produce an 
irritative and compressive effect upon the medulla. In such 
cases it is si mply impossible to clraw a distinction, or we must 
acknowledge both parts as affected. 

It is very easy, as a rnle, to distinguish between a tumor and 
other bulbar disease, especially progressive bulbar paralysis, a$ 
the latter exhibits more definite and typical symptoms than are 
ever produc~d by a tumor. iYhile the regular symptoms of a 
tnmor, such as violent heaclache, dizziness, vomiting, singultus, 
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troubles of hearing, glycosmia, amblyopia, and stagnation 
papilla, epileptic convulsions, etc., selclom or never occur in pro
gressive bulbar paralysis. 

It is a far more diflicult task, or perhaps an impossibility, to 
distinguish between tumors in the substance ef the medulla and 
those that compress it chronically from without. "'hen nnaided 
by etiological circumstances, we must have recourse alone to 
symptoms of disease in the nerve-roots (signs of irritation and 
paralysis in the trigeminus, facialis, hypoglossus, vagus, etc.) in 
order to form a probable diagnosis, that the tumor is compres
sing the medulla from without, ancl is not growing in its sub
stance. 

Prognosis. 

Like all other cerebral tumors, those of the medulla, with few 
exceptions (gummata, etc.) are quite hopeless, and are, in fact, 
worse than the others in so far as an extremdy small-sized tumor 
suffices to produce the most grave consequences in this vital 
organ. 

Though the growth may cease for some time, and striking 
remissions are recorded, still, when once the diagnosis is certain, 
we should g ive a very gua1·ded prognosis. The few, though nn· 
doubted cases in which the fully developed symptoms of a cere
bral tumor are recorded to have completely disappeared, cannot 
be allowed much weight. 

Treatment. 

Treatment is in this case just as hopeless as in all other cas~s 
of cerebral tnmor, unless it be a syphilitic gumma. To avoid 
repetition, we again refer the reader to Obernier's article. The 
phy ician must, as a rule, confine himself to a symptomatic 
treatment after he has exhausted all the usual agerts supposed 
to act upon neoplasmata. 

END o~· VOLUME xm. 
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tabca dor!lllllll, 615; In tumors or the &Jllnnl mcm· epimll mcmbr1me1J, 276. 
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Rmmi;:urtcr., 300, 397, 733, i36, 745. I nnl cord, 35fi; in myelitis, 42-1, 45!1; in Pllrtlly~i'I 

:~~~. ~1~:.a, :;:~:,·1~,;~~~n,s~~!;~~n~;:~:i:; ~~~~~i::~~ 

::;::::::;::'.~,::;:~~,:':,:,::.~:~~'. ',,'.~.~:~~: I m~::::::.'.1~~~:,;:'',:•::,:~:;'~';• ,:,'.:..,,, o[ tho •1>i 

m:ition ofthc.,;pinnldum mutl.>r, 2'.?l; In multiple D!ood-letting in diSCllSCll of the1:.pi1111,\ con!, lb.3; in 

llt'\cro~i !!., ·l'n. ~~: in mycliti!I, 403. 4:33, 440: in acute ~J>innl mcnini,-itis, 2-i!); in i:hrcm:c l<Jlinal 

myclornalncia. ·I'll; in 1<low compre:;sion of the mcnlnglti~,2GO; lnconc11ssionofthcs11inalcor<l, 

conl,330; in spim1l nfl01>le~y, 2'J:J; intabesdor- 356;inhcmorrhngeinthcmedutlaolllo11gnta,b7li; 

511u~, !)tl6; in tumon or tho s11lnnl mcmbranet., in hypcncmia of the 11pmnl me11!11-;<$, 2117; in 

Zi:J; in wounds of the api1ml oonl, 312, in et1ol- mcniugcn\ hemoJrrhage, '.!16; in myeliti111 '12.a; in 

O',;y of pnchymcningiti!I spinnll;i cxtcr1m, 217; par11Jp;io,1 usccndens acutn., 7·10; in Poliomyelitis 

trent111c11tof,indiscll&!SofLh08pinalcord, Hl5. anter;or acutn, 707; in poliom,rclith. 11 1ncrior 

Dehm, 7J.'J. chronica, 731; iu progrcssh·o bulbar paralysis, 

!l4.'l;m111)innlnpo1>lexy,30·l;i11111linu.lirritaU011, 

3GI:!; lnwoundsorthespinalcord,318. 

Dlood·''l)flfl('I!\ changes in, in multiplesclcr~i11,4S2: 

!nmycliLi,..3t1$,434; inetiologyofhypcrreminof 

the mcdull:i. oblongata, StiG; of inJuriei; of the 

medullaoblongnta,S'JO. 

IlonnC'f0)',007. 

Dcrnard,Claudc,862. Douchnr11,20.i,fi..18,589,G2.5,75S,7G1,765,ir.6,773, 

Dernhnrdt,WO,G00,713,715,7l!J,7;ll,733,'i36,i39. <il,iiU,7iS.b9'J. 

Il''rvliet,!?SI. Dotll'ht'rt.'llll,2'l'l. 

IlUt.ous. G~J,625. Douchut, 2$4. 

von Ue7.old, 42,5!1. Ilouillnud,!HS. 

Dkrbi1um, ZW, 005. Dounlon, ~!!). 51i!I, S!l l, 894. 

Dillroth,128. Iloun1cvillc,29S,4i3.4i7. 

llliulcler, llfTections of, in di&ea!JCSof the 11plnalcord, Drnin, affections of, in diseases of the 1pinnl cortl, 

122, 131: in acute bulbor myellti~ 00~~; in chronic 1-1-1; in multi1.\e sclerOl'i"'- 47'J; i n mye\ill'I, 447: 

8pinnlme11ingitiS. 257; in OOllCll-'lSiOn or thCl'Jli- illlMlllomye\iti5anteriorac11t!l.tiSO; inetlologyof 

nalcord, 3<19; in in!lnrnmat1nnor thes11inal dur:i. l<CCOUrlarydCJtcueration or the~piunlcor.J, 71.iO. 

mntcr.~I; inhemi1)Jeglact hcmipnrnplcgiaspi- Drnun,2:i'?.261. 

nan, fo5-'l; in meningeal hcmorrhnA"e. 213: in Bre'il.'h('t, ~01. 

mn!ti1•le!1Clel'Ollis, 4$"1,·ISli,50!); htmyelitis,4lJ3, Droliic,12'1,l::J0,31'1. 

40!1, 13=l,<13!J: in mye\ornnlacir.,•li1; in1mraly1d1:1 Ilroll'n,:;55 

n'lt:emlen~ acuta, 7<10; in poH0111yclitis anterior Brown·SC11mml. 35. 36. 5-1, fl t , 6.'i, G9, 70, ii, 75, 82, 

acuta,68'";?, li99,700; In 1low comptcQ;ion of the 86, S!l, !~, 100, 101, 102, HJ9, 151, 189, l00, l fl5, 

cord, :J29, 334; in ~11in~l llJJO\)!eXy, 2!n; in 1111iT1nl 1!17, :.lf~I. 215, 2fil, 271, 29.1, 257, 2!!0, 316, 32..'l, 

nervous weaknC!>l:I, 37•1; in tnbc1 dorsa.lil<, GIO. 8.."6, ,121, 125, <159, 4li3, 465, 471, 491, 647, 649, 

543, 584; in tmnon or the medulla oblongl'lta, f.50,G51,GS5,ti58,r.Gl • 

. ~j§~~~;;1~~t.-~·-·~·--
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Bndgc, 55, 58, 1~5. Chronic Trnnmatlc Le<:ion or the Cord, 819. 
Dulbarl"'urnlyai11., Acute, 900. ChvO!ltek, 474, 4~~ 539, 750, 751. 
Bun;khanlt, i2, 104, 107, 116, 117. Clrculo.tion, disturbances of, in di&eMCS or the ~pinal 
Dnrr'C!ll,&50. cord,HO ; inacnt:elmlbarmycliti..,903; In acute 
Du11eh, 186. e11lnnlmcningitis,236; inanoomiaofthom1.nlulla 
Du:i.:.r.nrd, 120. oblongalll, &10; in hemorrhagcin the medulla 

oblongata,871; inmyelitis,412,4-17; lnprogres-
0AL.lDAnbennlndi61.'llSCSOflhe11pln11.loord, 189. aive bulbar paroly&i!I, 917, ti-25; in to.beedorsollB. 
Co.mphor In ooncus;:;ion of tho spinal cord, ::156; In t>S'J; In etiology of diseases of tho 1pinal con.I, 

paraly1.h111&cendcns 11.cuta, 7·17; polaonin1i: by, In 15!!; of hyperremia and hemorrhage in themc-
etiologyo!spinalparalysig, 818. dull11oblongata,$66; ofmyc\itia,42S. 

Carbon,sulphldeof,poieoningby,lne•iologyofspinal Cln.rlie,Lockhart. 3tl, 116, 119,356, 519,535, r.oo,673, 
pnrnly111~, ~18. sn, 913, M-i. 

Carbonlcoxide,Poi110ningby,lnctio\ogyofsplnalpa- Clcmcnt.,19.J,346,353. 
rnly81.s,618. Climntoindii;c11sc11 of the spinal CO'f<l,17'5; lnmyeli· 

Cn1tlnomaoftheSpinnl CO?'<l ,751. tls,426,464; in1>pinalnc_rvou11wcnkncss.. 381. 
CArctnomnofthcSpinnl.\len1bmnc11,2fi5. Cod·livcrollinconcus.sionof thc1pinnl cord,357; in 
Cnrtllac movement.II, centres for, In the medulla ob Ion· myelitis, 425; In poliomyelitis anterior 11cutA, 710; 

gata.858. in111owcompressionofthecord,342; lnspinallr· 
Caries of vertebrre in etiology of monlngealbemor· ritation,867; lnt.abcsdorsalia,616. 

rh~t!,209. Col?ceinpa.mlysisascendena3"'uta,717. 
Carpani, t5'2. Cohnhelm, lHI. 
Carro, Mar.,519,524,53!1,567. Cold, appllcntlon of, In disc&ses of the spinalconl, 
CMter,GH.i. JG2; inacut.e11pinal meningitls,2-1!>; inhypcrai· 
Cnthartics in acute spinal menini;:lt!e, 2-19; in chronic min of tbo spil)lJ.l meninges, 208; In meningeal 

SJlinnl mrningili.s, 260; in hyperoomin ofthespl· hemorrhnge, 211.i; in myelitie, .12J; in 1>1U"a\ysi8 
nnl meninges, 208; ln mycliti~, 423; in poliomy· nsccndenM acnt.a, 746; in ~pinal apople:r;y, 304; rn 
elitieanlerior acut:i., 707; in ~plnalapo)llexy, 305. i;pinl\l irrit..\tion, 368; in wour.dll of tho splulll 

Contery, actunl, in myelitis, •l'.?-1; In elow compression cont, 818; exposure to, in etiology of dl&ea!C!I of 
ofthecord,a43. the11piMlconl,l51; of acu~ 6pinal meningitis, 

Cayley, 265. 2'l9; of~hronie ~pinal meningitb, 252: of hyper· 
ll!miaof the spinal meninges,201; o!lnft111nma-

Chareot, 45, 76, 00, 00, 100. 101, Hl'l, 109,115,116, lion or the 11pinal dura mater,2!?2; of mnltiplc 
118,IHl,121,123,124,126,127,J30, 138.141,221, scle?'Olli"> 4'16; ofmyelitis,389, -42'7;ofparnlyl!.i11 
m,2"23,225,265,266,292,291i,301,32"i,3"23,327, nsccndens acuta, 735; o!poJlomyelitiB anterior 
828, 333, 3.17, :-1-11, !H:J, 386. 397, 405, 435, 4:36, 417, neuta, tili9, ~OS; inpo!iomyclitlBante1'1orehronlca, 
411, 473, ·175, 4'i6, 4&!, 4&1, 4fll, 4!13, 4!1.J, 4!16, 499, 714; of prC>greSll[ve bulbarpnrnly111~. OO!l; ofspa.11-
500, 50I, 502, 505, 50S, 512, 5Hl. 531, 5."l7, 538, 54!1, modlc Apinal paralysi11,625: of ~pinal irritation, 
650,5&1,585,S::.7,&tll:l,5:ic9,ti01,00:.?,UH, 621,(;22, ~60; of tabet dorsalis, G25; of tumora of the 
623.,624.6:!.'i.ti37.6'10,&U,li49,Wl,661i,G7:l,677, 11pinatmembrane11,268. 
750,'i5J,7;;8,761,'i72,7T.l,777,798,879,90'l',911, Cologn~,700. 

913,\.114, !)'28,935, 006, 937. CommotioMedull:e Splnalia,34~ . 

Chaussicr, 756. ComprC!llrion In etiology of myelitis, 389, 428; or mye-
Chlldbcd in etiology of tumo.-s or the spinal mcm· 

brnnl'fl., 268. Concusi;ionof theSpina\Cord, 84-1. 
Chill In ncutc spinnl m<.'ninglti<i, 2'15; In myelitis, Concu881on of spinal cord in etiology of myclltiJI, 428. 

402: in 11pinnl npoplc:ty,299; In t.umora or the Conh11nlndil!<'ll.'<C8ofthe11pinnlcord, !Stl. 
&plnnlmCJnhrnneg,27:J Conncctivcti!l'<UC,chRngesln,inmyclill11.39S,4'33. 

Ch lorn! hydmte in acute l'pinRI menlngltl.a. 250. Convulsions in acntei;pinal meningith1, 2l2; in hemor-
Chloroform in acute Fpinnl meningitis, 250; in myeli· rhage In the medull:\ oblongata. 87'2; in myelitis., 

t.ie, 4G5. -412; in poliomyelitis o.nterlMacuta,GSl ,600; in 
Cholcra inet.io\ogyofmultipler.clerwis,476. tumoraofthemeduJlaoblongata,95-1. 
Chouppc,00.J. Cooper,A.,2!0. 

Chro~~0:n:0~~;~:u~1;nnammt\tlon or the Gray An· Cop~;;· poisoning by, in etiology of 11plnal paral7sia1 

Chronic Atrophic SJJinnl Paraly&ia, 71:l. Cord, Spinn!, Anatomy of, 7. 
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~:~i~, l~~i:~t~ 711~~ ::~!~~:~~ ~~; ~~9~pinnl :~:c~~:l~~;4~~~1l:·::~·n~: 11~:~:~::. ;~~r:::~n:~ 
Cou;::1~::·!~· DiJt;~;:~~1:~i;:~:::~~i~;,;i 1i1n :~:~o:;l:~e

61

F~ina1 
Crua...el, 100. cord, 13tl; in mycliti~, 41:.!; In Fpinnl nl!rnm:1 

Cni~:hler, 70, 75, !!GO, 2Gi, 268, 270, 2$, 478, 511, Digc:~::n=t~~~-ncrvation of. 5.'l. 

Cud;~1·~1::1:~::'~::~~1::10;::~ ;~~nl cord, 169; ~::~~~sr:: ~::i:::o~:;:1:;~:~~'~;.~11 nscendcn~ acuta, 
7'J5;oftalx:sdorsalli;.,52S, 

'" P"''"~'i~o b">lbaq>aml- J DiJJlomycJia, 7Sl. 
Dittmnr,30, li9,S61. 
Dim'Ctks in chronic spl nnl meningitis, ~l; in myc-

DuBois,50, 109, 128, 

Czcrwmeky, G12. DuCnsWI, f,QJ, 

D11chcnnt',S.1. 105, llfl, SSfi. 475,51$, 519, 570,WS, 
DAll.\Scmso,11G1GfiG.Git,G73,G'i7. OOG,007.fil",USS.6!ll,G97,702,710,713,'il!l,72 1, 
Dnrnin<>,:.!titi. H/4.006. !l"ll.l,U:!(l,!~14, 005,Wtl. !H3. 
D&:hcrl, ~l:.lO,Wi. Duchcnne, jun .• 66!l, U!lf). 
Defccntion, dic;turbancesof, In diseruiesolthespinal D111ardin·Dca1mletz, ~G, 389, :r.>9, 401,416, 619,615, 

c<.nl. Ia$. G77. 
Deformities of the S1Jin:il Cord, Ti!>. DnmCnil, 10.1. 51!1, OOG. 
Degeneration, Gmy, of the Posterior Col11mns, 513 Durct, b50, b"i7, 851, S&I. 
Dt.-glutition,centrcfor,inthemcdull:ioblongnta,StiO: Dnsourd. 2S.J. 

di~turbn.nces of, in di<1CUo;cs of the S!)innl cord, J.12 ; Dutrnit, S'i2. 

DOjcrinc, GG6. G7-I. 678, 7~1 , 73fi, 737, 7•11. 
Dclnmnm.>. t.3.~. r>'·,o, 58!1. 

Dcntitionlnctiologyofnculc eplnnl mcningiti.s,231; 

EAn sym11tomsincli~n~softhe s11 !nal cord, 142; in 

nnremi11. ofthcmcdullnoblong11.tn. 8..'>0 : in hemor

rhage In the medulln. oblong:\ta.,872; 
eclcrosis,500;ln 1nog-rcssivebnlbar 

!l2!l;in tnbcedorsnlla,5Sl; 

dullnoblongnta.,95·1. 
Ebstci n, ·171, •l'W, •103, 491,G02, 001, 5G!l. 
Echinoooccus inthcSpinnl:i'!Icmbrnnc&,200. 

of1>0Uomyclitlsantcrlorncut11,f,(i!l. Eckhnrd,SG,58,5(), 130, 137. 
Dcrh·lltiws in tliw.i.sc~ of the "PiMI cord. 185; in Ehrling. 8'2.'3. 

acute spinal mcningitl..., 2.1(): in chronic spinal Eichhorst.,40,G5.,2!)G,745,79S,800. 
mcningitl..._ 260; In hypcr.l!mia of the spinal Eilscn,bathsof,indiscnsc1o!thc11iinalcord, 171. 

mcninge11, :?07; In myclltl~. 4~~. 45S: in 1ioliomyc- Ei~nlohr, 7•IO. 
llti~nnteriorlleutn, 707; in 1ioliomyclitis anterior Eisc11mnn11, 5l!>, 570. 
chroniH. 731; In pr()bore11:•tve bulbnr pnrnlysii;, Eiscnschitz,750. 

In ~low comp~ion of the cord. 34'1; in Elcctricit.rindi11Ca&e90fthc~pi111lloord, l'i8; lnRnre-
3G~; In tnbe-11lor-.nli~. OO!l; in min of the t<plnnl cor tl , 2!)(): in chronic l'\)ina! 

meningitis, 261; In concu~~ion of the s1)inRI conl , 

35G; in hemorrhage ln the medulla oblongata, 
87G; in hy1,cr:umin. of the ~plnal mcnlngcs,208; 
In inflnmmA.tlon o( th<' spinal durn mRlor, 2'!5; 

in mcningl'tll hcmorrhn.ge.21G; In m11lti1ilc 11c\c
ro~i11, 512 ; in mycllt.ls. 424, 459, •IG2: in pnralysi11 
n."CendcnKacnta,716; ln1mr11.plcgil\dc1icndet1ton 
idc11.,8:?-:?;lnpollomycllth1llutcrioracuta,'iOS; 
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in 1>nliomydltis nntl"rlor l"hronica, 731; in pro- eliti11, 412; in rnral;aia 11.~ndcn'> M"Uh, NI; in 

Srt':>.•i•e Uul!Jar l'llrnly~is, f~ll; in ·-condary de- progre,1ve bn\ba.r pand;~11, 9'..!9; 111 1!\ow oom-

gentr:ition'>of thespinnl cord, 778; in slow com- 1•rc-sionofthcconl, 337; in~plnnlirritatiu11,:.:v.1: 

prc--ion or tho cord, 343; In i;pnsmodle spinal in tabe6 dor.;.-.li~,5H,5fi3,5';G; intuwor.:; or the 

11a11lly.;is,G-IS; in11pinala.Po11lcxy,3U5; inspinnl medullaoblongRta,!15 1. 
lrritatlo11,3GS; In svinl\l ncn·onswenk11et1.;;,88I; 

inl:lbesdorsalla, 613. F•eR1c1tn,Gl7. 

Elll.o., 7!:11. Fcbrilcdh·enEes in etiology of hnx:n£mla of the 1;pi-

Eist..•r. baths or, indi11ensesofthcspinl'lloord,l71. nRlm<'ninge-;;,201. 

Em!\cintion in hemi1lh:gi11. et hcmlparnplegia spinalis., Feh~t, 8. 

653. Feinberg, 15·1, IM,391,399. 
EmboH and Thrombi In Arteries of the Medulla Ob- Fi!rilol, 5S~J. 

lo11gnta,S'iG. 
E111lxlli<>minctlologyofmy<'lomalacln,4GS. 

Em1<, wnt{"r~of, In 111yelitls, "2-'J. 

Enehowlronmofthc811innl.\Ccmbranes,2G5. 
Engelk('n, Ui, ~. 17!l, :™J, •110. 
Enge-...er,·171,·l!-.9,•l!.13,•W5,502,503,504,5"!l 

Epi\eJJtio lll'izurc~ in cli11Cno;esof theFJlinal oord, 101 ; 

in slow compr1•1< Ion of the cord, 337. Fibromn. of the ;uc.1ulln Oblongn.t.'I., 952 

Er1lm11nn, 551. GIO. !130. Fibroma of the $J)ln11! .Mcmbmncs. 2!»-l. 

Eroctionorpcnl'I nndejaculatlon,innervatlonfor,SG. FibrosnrcomnortlleS1>inalCur<!, 'iGO. 

Ergut in 1\ii;en~es of the 11plnnl cord, 18!); in concus- FilJrOt<arcomn. of the Spinal Membranes, 26-l. 
llionofthe1111inalcord,a:M>; inhyperremiaofthe Fick.136,38, 17!1. 

i;pint\\m('nin;;C"<,~;in meningeal hemorrhage, Finkclnburg,87,519,548. 

216: In myc\iti~ , 42-1, •161; in polion1ye\itis 11.nte- Fischer, 12S, l:W. 

rioractita, 707; inpu\lon1yeliti~nntcrlorchronicn, Fi<.('hcr, H .. 8-li. 

'131; in progres~ive bulbar paraly:ii!I, 915; in .<cpi· F!ceh~it!, G~i, G'J7, 65-1, 75!1, 7G0, iGI. iG'?, 700, 77:?, 763, 

nal a1>0plexy, 805; In tnbt's dors.""lli"- 615; in Sl'.J,:;.".4,MG,b-17,&l~8-l!),S51, ~5 1. 

wonn<lsofthc i<pinal cord,318; 1>0isoningby,in Flies,153 

etiologyof11pinal pnmly~ie, 818. Plourcn.., G5, 857. 

Er!chscn.3·1S,3e'?,3:>5,35G,35i,!Nl. Fluxion, collatcrnl, In etiology o[ h)'J>errumfa.or tho 

Erknmeycr, GI!). ~1>irml mcninge!t., 201. 

·~- ~-~---Eoi(111irol,2GG.278. FonrniC.t.iO. 
Etheri11conc11.ciq\onofthospi r1Rlcord, 35G. Fourn lcr,528. 

Etiolw,:-y. Sec Different Diseases. Frnnk, P.,385. 

Enlenburg, 11!.l,Ol l. Frnnzcnbtul,wnt<'n of,lndi&C11.scaofthc 11pmnloord, 

Ewnld,768. 170; inmy.•llti@.·161. 

EX<1J1theml\t.n,acutc,lnctiologyofcllS<'nscsofthospi· Frerichs.286,·173,4'i5,00!l,fll7. 
nnlc.1nl, l:.3;ofmyelitis,!-JOO; di-<appcaranccof, Fr<'nSber)'.:",-l7,4b,50,5l,5:?,G.;,IOt31G,759. 

htetiologyofacutcspinal meningiti~, 2-11. Frl'y, 101. t>'i6, 700, iO'l, 'il:J, ro1, SO:J. 80ti, 6()(i, 807. 

Excrci.,e, plly .. icnl,inmyelitis,426, "57.•16·1: inpnra- Frict101JR,extcrnnl,lndi•en"Cllofthcs11i111\lcnrd,lSG. 

11legiad<•l"·'r1Jent111>0nidc.-.,S'l:!: inpaliomyelith1 Frkdreich.~,SS, 119, 1!;0, 147, :t.."6, -l!l9. 510. 517, 

nnt<:rior acutA, 711; in siilnnl irritation,:!G7: in lil!l,5'?-1,5-'l7,5-'l'J.55f.,5jj{),M)'l,561.6G l. 54ij,567, 

spinriln·rvouswenkne!'.s.31:(1; exee!<.•h·c,inetiol- 56!1,570.5'iS,584,Sb'9,59U,Mll,5!J3,G l 4,7~i!)8, 

O'.;yoi discn..1<CSofthe11plru1.lcord,lSZ;of chronic !):W.,~. 

"Pinal meningitis, '.!S3; of meningeal hcmorrhai?e, Frommnnn, 21, lKI, 300, :r.t'i, 433, 519. 

209; of m11lti11lc sclerosis, •176; of myeliti.ci, 3S!l, Fro11nmcller,2ti,WS. 

427; off-Jlinnl nervous wcRknc11s, 371; of tobe11 Frorie1>.!H8. 
dorsnlis, 52::;. Fucrbringcr. l ',50, HM. 

Expre~•iou or raec, nltcctlonsor, In progre1slvc bulbar Functiom\l lrritntlon o!thcSplnir.I Cord, 357. 
pnrnlpi..,!12-1. Fnnctio11nlNl'n'ousW<'nkncnofthcSpinnlCorll,:'16!1. 

Eye Fymiitom~ in dlec11.sceofthespinal cord, 141,in Functional re1>flrntlonof\('Slonsofthe1111i11nlcord,G-I. 

acuto bulb:i.r mycUtl~, !Kl:J; in ir.cutc rpim1! mc1d11· Functionnl ~tin111lntlon In cliology or hypcrremin of 

gitis,212; lnmu\tip!o 1Clerosli:i, >187, 4tiS; iumy- lhe11pmalmen\11g1.~1 20U. 
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GuT In dillf'n~ of lhe ~plnnl cord, !Iii; In tabcs <lor- RarlC!'..~, 59, 355, sc:'. 
11nlh;,M'3. Jlartwig,815,517. 

Galcn,3S5,517. Hasse,209. 
Gangrene in dill('ll.Gc11or the11p[nnlcord. l:!l, Jl:lwkins, 334. 
Gastein, bath'! of, in di"-C:lSes or the spinal cord, 167. Haycm, 116, 200, 210, 29-2, 3rD, 386, 300, m, :97, ~. 
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GrnyDCS"cnernrio11oftheS11inn!Cord,426. 
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:~: :: :: ~~: :·. 381, 47U, 471 , 4~.J, 512, !XiS, llyd=.phnlua in tumors of the mcdulll\ oblongnta, 
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m11,7:!..J,'i'!lS,SJ:i.007,!.lll,93V,9-l:?. 

John..on, Athol, 2G::i. 
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lnJuryln etiology of du1en'\esofthe spinal cord, 151; Kelp,474,4b1,4!}::;,501,5Cll 
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ningeal hemorrhage. 20.1; of multiple scleJ"Of;:~ dil;Cll.SC8ofthe~11lna.\col\l,l5-I. 
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MedullaOblongatn,chnn1'.:CSi11,lnnculebnlbnrpm:n\. 
yi;i~, 001; following lnJuric«,8!11; in hypcrremin 
nnd hcmorrhngo,&;7; inprogrcs.~ivebulbarpM
al)'~i•, !HO. 

Medulla Ol>longnt.n, 11hy~iologyof, 13-51. 
Mcinb<'rg, balh11of,in di1>C:11<l(!~Of thes;pinnlcord, l"il. 
)lclnno11moftheS1·ina\1lcmbmnes,26S. 

ltc1nbmM11ofc.ml,t·hnngei1in.inmultiplesclerosis, 

4S3:lnmyclilit>i•B'2; iutabesdoroalis,531 

Mendcl,1&0,Gl3. 

~kninJ<"ca\Ap<>p\cJ:y,M. 

!.lcn!ngenlllcmorrhngf',200. 

Meulngit\R,coretmHphml,in etiology of diseases of 

mcdulln oblongatn, S!l-1: in meningeal hcmor· 
rhng(', ~12; in niulliple sdcro~i!<, 48-1, 400; in 
m,yc:iti'\40"l,•l')!l'.ln1>uhomsehti<;nntcrioracutn, 
6".:!: In poliomyelitis nutcrior chronlca, 717; 
in 111.lt.ntory i;pa~m, 801 ; in ~low com1>rc..sion of 
thecord,!;2..,,331; lnspa:.modiC!lpinal1mrnly1ds, 

G'!i:inbJ>inalnpoplexy,t97:i11e11irmlirrit.n

tio11, 362; ln l'Jlllllll nervous wcaknes'<..37::!; in 

li}ringomyclin. SOtJ: in tabc&dorsnlh1,5'l'.!,55!J; 
lntonic~pa .. ms, b13; in tumOriO( the medulla 

oblon1;ntll, %1; in tumors of the spinnlcord, 
7('..']; in uunors of the mcmbranCil.268; 

the s11innl cord, la~. 

Menses, suppressio11 of, In etiology ot acute s11inal the i;pinal con\, 37. 
mcnlngillY, !!.'JI; of myelitis, :mo; of chronic 8pi· Mout.nrd-Mnrtln, 2S.I. 

"'";:!:::::·::·~.:.:~.~:,::·::::::::::,~,:..:: I ~::~:a.~'.'.:'.~'."''"''·"· 
mc11i11g1•nl hcmorrhA~e,21Y.J;ofm11ltiplesclero- i\luc\lcr, ,foh.,518. 

sis,•1';0; ofmycliti><,3!!0,427; ofprogrc.uivebul· Muc\lcr,H..11.,~18. 

bllr 1mmlysi~, !l()~I: of ~pinnl irritntio11, 300; of 

11pinal ncrvou<; wcnknC•!l, 371; or tabesdon;ali«, """'"'•"-''"m•'''""""'"'""'"'""' 
625: oft11mor1ofthCl'J)innl membrane~, 268 

Mercury \n1li"ea!'C9 of the lillinalcord, 190; in acute 
spinal menln~ill~, 21!'1; in concu!l>ion of the Rpi· 

nnlcunl,:J,;ji; inmcningculhcmorrhno;t\216: in 

myclltia. ·l.:!:3; in t11m<.or11 of the s1)i1ml membrane.~, 

r.6: inwouncJ .. ofthcsvinfllCOnl,318; poisonil:g 

by,i11ctkilogyot11>inal1mro.Jy11is,SIS. 

Mette, ti17. 

?.lorbid pl'OC(:'<'\Cll., neighborin~. propagation of, in etl-
o:ogy <•f diecn.oesof the s1>innl cord, 151. l\tu~k in concu~~lon of tho i;plnal con1, 35li; in pamly· 

Mordrct.,2K'.i. Fi&asccmlcnancutn,747 
:Morelli.891 )fycliti".~2. 

Morton, 7!'13. Myclitb Dulbi Acutn, !lOJ. 
Mo.it'ngeil, ti().1. !ilyclhi~, chronic, In etlolo,::y of bcmivlcgia et beml-

Mution, dl~turbnnet'l!Of, ln rlii;ca!IC!IOfthe6pl11al cord, paraplcgln1<plnnli~ 019. 

:: .. :::.'.;::'.~~·~~~;::~::~::~:~.:: ;::::::.: ~~:::~:~~~;~; ::;.,, co .. 1, 750 

in con- )fyxom1LoftheMC'dull110blongata,!l:">l 
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N&!iliC,tiS, 14~. Ordenstcin, 4i:J, 4!lS. 

Nauheim, waters or, in myelitill., 461; la spinal ner- Or6, 301, 6-l!l. 
vou•.,,•eakncu.,SSt; lnt.'\betldorso.lis,611. OrthopredicsnrgerylntrC'lllmentofpollomyrliUsante-

N"'unyn,46.65,71,128,129,553,798. rioracuta,711. 
Nawrocki, 655. Osteom" of the !!Vina.I membranes, :265. 

NC('lrotieSoft.enlngoftheMedullaOblongnta,876. 
Nenndorf, bath1ot,lndli;eascsofthesµinaloord,l7l. Otto, 474,·177, 512. 

NervC!l,atfcctlo1uof,!n di.acu.~ofthe11pinal cord, Oulmont,519. 

141; tn multi11Je 111:\erosi'\4$0; in myelithi.410, Owi;jannikow,86G,861. 

432,447;1n1>0liomyelltisanterlorac11ta, 678; in 

tnbcs dorli:llis,r.:19; in etiology of secondary de· PAGE,316. 
gt!nerationofthespinalcc.rd,761. PainindillCBSC30f tho 11plna.l eord,75; lnacutebul-

Nervons 11ymplom11 in acute s11inu.l meningiti~, 236,. bar myelitis, !103; ln acut.O spinal meningitis, 235, 
.212; in multiple &ell'l"Ollls,4S7; In myclitie,411, .2.'37; in chronic spinn.l meningitis, 256; in eon· 

447; in poliomyelitis anterior acuto., 686, 700; in c11s&io11 of thc~pinulcord, 3·19; in hypcrromia of 

ta.il<'sdoraulls,5'13,582. thesvinn.lmenlngcs, .203; lnlnflnmmationofthe 

Neumsthcnla Sp!nnll8, OO!l spinal dnra m1Her, .21!1, 223; in me1:ingea\ hemor-

Nenroma. of the Sph111l Mcmlmmee, 2G5. rlmge, 211; In multiple ~lero~is, 4$.t; iu myell-

Ncuropa.thic 1lispositlon lu ctloloS"J Of disease& of the tis,41)2; lnpollomyclitiaanterioracut.11.,681,700; 

~plnnlcord, 1'16 in snlU.tory SJ>11Sm, SOS; in 1dowcomprcssionot 

Nieder,12'J,:U4. thecord,328,3:30; inepaamodic&pinn.I pnralysig, 

Nicmeyer,SG. 62'1; lnspiualnpoplexy,2!17: i111111inal irritation, 

Nobili, 17!1. 861; In spinal nen·ous weaknc;r.io, :::7:): in tn.bcs 

Nonat,800. 11orsalis.!ill,5H;intumon1orthcmt"dulla.oblon· 

Nothnagel, 52, 60,8.'l:i,856, 600,874,876.885. gala, !151; in tumors of the ~pinnlcord, 7.'i-1; h1 

Nn•baum, M., 42. 861. tumon1 of the spinal membranes, 2G8; iu wounds 

Nutrition.changes in, In dil!('tuesorthee11inalcord, ofthCBJlinaloord,311,313. 

127: ln11rogre&11ivo bulbarparalyi;;ii;,9"27; in spi- Pannm,4G8. 

nr..lnert'O\ISWealmeo;s,374; general di!turbanccs ra.oJuu.i,61!1,WI. 

of,inetiologyofdi11Cal!C!\ofthe11pinalcord, 151. ParalysfoAtro11hiqnedel"Enr11.nceof Duchenne, 663. 

Nntr1tivecentrcforcertaln ncrvOU!I regions. S62. l'arulysie GCn6rn\e Spinale Ant~ricure Subaigull ot 

Nntrltlvestlmu\atloninelio\ogyufhypcrremiaof the 

spinalmcnlnge11,20l. PnralysisAsccndenaAc11ta.,'i32. 

Nux vomlca In diseases or tho i;pinn.1 cord, 188; in raralysi~, D11lb11r, Acute, !JOO. 
200; in 1'11ralp;il!, Dnlbnr, Progre11.11lvc, 005. 

OmmN1ea,!153.,957. 

ObrC,'..'.ID. 

Oey11hauren,batb1of,indiscasc•ofthesµinntcord, 

168. 

Ogle,32"2. 

Ohloini,79.2. 

Ollivier, 200,21S,27:J,278,314,316,!l17,343,3G5,385, 

3S!l,517,r.:S.750,7S0,700,8(13,800,951. 

OpcrntivemeAAnrt"Ain trcn.tm<'ntof1<µina billda, 7!)2; 

in wound~ofthosplr1a.I cord, 318. 

Oplu1n in diseaSCllOfthe spinal oord, 192; in acute 
s11ina.lmeningitis,,2SO; In am:cmia. of the 1<pinal 

cont, 200; in myelitis, 465; in spinal irritation, 

:.;1>0l.sonin1tby,lnetlologyofs11iualirritation, 

Oppler, 103. 

Opvalzcr,3b6,389. 

Paraly11isof L.•mdry, 732. 

Paralyi:lii;,Spinnl,Toxlc,Sl7. 

Paralyi;i$ Spinalis Spai:.t!cn, G20. 
l'aralp.lsln discai;cs of the RJJinalcord,79; inacule 

bulbarmyelitis,OO:l; in o.cule spinal mcnini;:iti.!', 

2 6, 23!1; in auremlaof tho medulla oblongatll, 

SSO;ina11remlaoftho11pinaleord,2Sl.i;inchronic 

1;11inal meningitis,2J.6; iu eoncu'l6ionortbespi

nnl cord, 34!:1; in heml11lcgia et hemipufllJ)iegia 

spinaiii;.G:;o;i11hcmorrhugeofthemedullaob· 

longata.870; in lnflllmmation oflhesplnn.ldurn 

ma.ter.2·~1 2""?4; lninjnrie11ofthemOOul\aoblon· 

gntn., S!J.I: i11 meningenl hen1orrhngc, 212: in 

multl11lc 11e\cro!i11,40-I; il1 myoliti!!., •103, 43!1; in 

myelomalacia., 471; in pafllly11lsa1<Cendl'n~acut.n., 

7il8; lupoliomyelitlaantcrlorncut.a,6.S2,GS7,700; 

in J)OliomyeliUs anterior chronics, 717; in µro
grea~l\'Chulbar pamly11i11,917, !Jl!l; in 11low eom

vresslon of the conl, 328, 331; in spa~modic ~pi· 

na.J.parulysis,628;in11piualn1>01,lcxy,21Yl';in 
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i;yringomyelia, EOO; in tabcadorsali.<i, Mfl,t>...Q.3:1 \ngp\nalapoplexy,305;intnbesdorsalls,6l5;1n 
in tumors of the medulla oblo1111:at.a, 9:).1; in tn· tumors of the spinal membraneri, 2i6. 
mo'l'S of the !!pinal conl. 'i&1; in tumor11 ot the Pr<-s:u1111cy in etiology of multiple sclerosia, 476. 
spino.I membraneg, 268; In wounds of tbe spinal Prho~t. av, ms. 
cord,311,312. Priapisminmyeliti11,409 

Pnnlp\egiadepcndentonldea, SHI. Pri111n.ryLa.ter.1l&:lcro-•ir;, 620. 
PuonA,79'l. 
Pnrrot,308,600,(;71. 
Pathology. SccDiiferontDlseasee. 
Pellrgrino-Lcvi, 73a, 735., 'iS9, 741,742, 74-'l 
Pctit,J.L .• 008. 

PrognOiiLi. SccDilJerentDisea;;e;i., 
I'rogrcss1veDulUn.rParalysie, 905. 
Psycbicnl r.ympt.Jmein&J>inalirritation,363. 
Puerperol1liBeaSClilnetiologyofmyelitis,300. 
Pu\80 in du1cnses of the spinal cord, 143; in acute 

Petitftl11,t."74,617,'i83. bulbarmyclitis,!l03; in acute i;pinal meningitis, 
235;inconcuS11ionofthes1>inaloonl,3-1!l;in 

PfcfTcrs,ba.thsQf,indiseasesotthes1>inaloord, 167. hemorrhage in the medulla oblongata. S<2: In 
Pfcufcr, 210. hypcraimiaor the~pinlll meninges.20:>: in m)"e· 
Pftucgcr, 4:1, 47, l!ti~, 412; h\ ~luw compreBRion of the oorJ, 33i; 
l'hosphorns In disc:iae!I or the ~pin:il cord, 191; In in tabeli dorsalil', 5-89. 

myelitis, 46'1; in tabes dorsnhs, 615; poisoning Pntzcy,,43 
by, inetiologyofl!-pinal parnlysl~, 818. Pyrmont, Uathsof, indlscueilo!thespinalcord, liO, 

PbysicalCl\m1C~tlofdlscasc9ofthespinal cord, 152. 
Physiologyo!theMedul!aOblongn.t.a,851. 
Phy11\ologyofSpi11aLCord, 33. 
Picard,733. 
Pick,A.,588. 
Pierrer<,77:J. 
Picrret, l:J, 32, 116, 386, 533, 035, MG,537, 5"2,577, 

578,583,601,674. 
Pilre1>,761,773. 
Plcur!11yinctiologyofpar11Jys!.santcriorac11ta,73.j. 
PlombiUres, b.athsof,i11 dilcaSC>J or thea1>i1111.lcortl, 

167. 

QUINCK.E,10, 129,129,J!14. 
Quinine in discflSC.i of the ~p!nal cord, Hit; ln ncuto 

splnalmcnlngiti!J,2:>I:lnconcul1Sior.ofthespino.I 
conl,3:>7; in intem1iUcntspinnl 11arslpi'-\Sl7; 
i11mc11ingenl hcmorrhagc.216; m lllyclitis,4:!5, 
"65; inmyclomRlacia.,471; inprogre!l!livebull.Jnr 
pa.mlysis, 9~5; in slow t.'Clmprc~ion of the oord, 
3-12;inepin"lirrit.a.tion,!:67;inspiualucrvoua 
wenkncss,381. 

l'neumonilllnctiologyofdlsca'leSOfthesplnalcord, RAuow,180,209. 
lS.'J;ttfw.Ueadorsalis,528. lladclilfe,G49. 

Rndllck,497. 
l'oin<'ar6,!l35, Raguu.,bathsof,indu.eascsottbospina.lcord,167. 
Poieoningthooryof1>a.ra.lyslsuoomten11ncuta,786. Uanke,17!1, 184. 
Poi110nsincLio!ogyofdisea!!Clioftheapinaloonl,153; R:mvier,21,!!"2,733,736. 

of hyperremia Qf the Fp\nal mcningeg, 201; of Rnymond,686. 
mycliti11,4:?9; ofspimilirrit.u.tion,300. Raynnud,650,500. 

Poliomyeliti~ Anterior Acuta of Kll-'>l!lmtt.nl, 663. vou RccLlini;hauscn, 671. 
Poliomyelitis Anterior Subacntl\ etChroniea, 712. Rectum. nft'cctions of, In s11lnal diseases in general, 
Position of body In anremin of lhe111>inal cord,290; 138: lnacutebulbnrn1yclitis.oo.1:inaentcspinal 

lnconcunlonof thei;pinaloord.366; inhyperre· mcningiti11,236; lnconcus~lonofl.bcapinalcord, 
mil\ of the spinal meninges,207; in sp[nnlapo· 31!!; in hemiplcgin et herniparnplegin spinall~, 
plcxy.30li. &>.1; in meningeal hemorrbage,213; In multi11lo 

Potain, 872. 8CICr<>f!i~, 486: In myelitis, 409; In myclomala<:in, 
Pot.nll!ium, bromide or, lndlseasesof the~plnnl cord, 471; in pnrolysie 11.sccndcns ncuta,740; in slow 

1111: in myelitis, 41>5: in 11pinallrrillltion,869; in com11rC!lllionofthe cont, 3:."'9. 33·1; in spinal apo. 
t.Rbe.~ dori:w.lis, 615; iodide of, in diseases of the J>lexy, 2!.18; in tumor11 of the 11pinn.l mcmUranea, 
spinal oord, 100; in chronic tipinal meningitis, 271; in wounds or tho11pinal oord, 311, 312; in 
26I;ineoncuSKionotthef<)llnaloord,356:1n etiolO):'yoftnbesdorsali'\528. 
myelitis •l\l.'1. 426, 463; In mye\omnlacil\, 471; in Reetum, hmen•ation for evncuntion of, 53. 
paralysis a.;cendcn!I acut.R. 74fl: Ill poliomyelitis Retlexftctiunofthesp1nnlcortl,4fo, 
pnterior acnta, 'itl7; In poliomyeliti11 anterior Rchmc, w11t.cn of, in dlsell~S of the 11pinal oord, 168; 
chronica., 731; in J>l'Of!'reS-'lh·e b11lbar pamlyrla. lnmyeliUa,461; lnspinalncrvouaweakncsa,381 ; 
9-tS; inalowcompreiliionof theepinalconl,34.2; int.abcldonalis,till. 
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~:~~~~~~.':;'.~;';;~:::.~~~ .. ~,~:~;:,,.I ~~:,~::~'.::T,~i~s~]~:~~~· , .. 71. 

:;~:~ti~::·d~~~r=ct'll or. in disease'I of thl" spinal :::::~~:d, bu.lh1 of, in dlscuacs of the spin11l cord, 

cord,HO;i1111cntcbu\OOrmycHtis,OO.'l;inacutel HiT. 
spmal rnemn11iti11. :!31i, 2H: in nnremia of the &:hlcsingcr,42,57,5$.661. 
mOOullnolJlongaUl,SSO;inconcuS11io11ofthcspinnl Scholz,IG!J,347,Ui1,!:!.')7,:r.O,'i50,':'53. 
cord,3-1!1; !11 hemorrhage in the mcdullao\Jlon· SchuclC',47·1,·IS1,4b!l,400,512. 

:;.~~ ~~~ 1: 11:'.1i 1~~i::::~::~~
1

;0 ~~
1

~:l~e
1

1~~~in·~l~,' :::::::;;,
1

.~~: ~ 00, ~2, !>5, 569, 749, 7~. 754. 

417; in pnralyi.i11:tS<"l'ndcm111ci;ta, 738; in 1>ro- Schue::wnbcrgcr,29::1. 
grcssivcbullmr parnlysi~, !1 17, !1::5; in slow t:Offi· Schultze. F, riO, Hi2, !!Zi, !!30, 23:J, 238. ·125, 400, 4!.16, 
11rc..sionoflhcoord,3'37;ins11innlirritation. 50!1,G02,Uf.IJ,G7·1,G78,7Gl,7U2,'iS:J. 
!3fi2; In tal!t·s duri;.nli~, 58() Schultze, hl., 19, 117. 

Respirl\tion, 11rtiflcinl,i11 hcmorrhl\gc In the medulln Schulz..007. 
oblonga1.11,57G Schul"I:<', E .• 525, 528, 529. 

ll!'•Jlimtion, innen·at.ion orori;;nnsof, 5-1. Schwnlbnch, baths of. in dic;cfl!Cll of the spinal cord, 
nc~11lratoryccntr!' .. ln thcmedullnoblongatn, S5i. 170: lnconcnS11lonofthc!!pinnlcord,857. 
llest in concu~·ion or the splnnl cord, 3:;G: in mcnin· Sclcrosi,<, Ditfu6C, of thll Mcdultn Oblongatn, !J..i!)_ 

geal h!'morrhngr, 21G: m myelitis, ·122. Sc\cro~i~, '.\lultiplc, of the Spinal Cor,\, ·172. 
Rc)'nold•, J. Ru ~ell, 15.'1, SI!\ ~I. ~I Scll'roeis of the Lateral Column!<, li20. 
Rheumatism In etiology of m)"elltis, 3'.JO; in etiology Sclcro,;h of the P06terior ColumnR, 513. 

of tabc!ldorl>lllUI, 528. &:lcro,is of the SJ)innl Cord, 426. 
Ilichter.Fr .• 167,173,GIO,Gl!!. Sclero-islncliol~yofhcmi1)lcgiacthcmipani.plcgia 

Hi<",;el,l~lG:?,G.i!>,Wl. spi11nli1<,GI!>. 

Rizzoli,79'2 

Rol>crt"-On, 1-12,577. 
Rohin,J!li 

Jt0<.cn,tcin,l30. 

Ro5t:ntha1,M .• M!1,200, 260, ~,340,523,513,610, 

Gtt,930. 
Roth, 11G,Gti(i,G71,Gi7, 

noucr.S!JO. 
Unchlc,f:.7,218. 
Rungc,172. 

SACUS,C.,50. 

Sd<'roticCentrc<coftheMl'l.lnllnOblongntn,9-17. 

Scrofula in etiologyoftumorsofth(l~Jlmnl oonl,7:>2. 

Sccllgmucllcr,G.2-1.80!),SM. 
Sensation, 11i~turl11111ce>1 of, In dl:sen!'Cs of the spinal 

wnl,00: lnncutcbulbnr mycliti11,003; ln ncutc 
spinal mcningiti1<, X:G, 2:J!I; in nnremi:i. or the 

mcdullnoi.Jlongntn,880; in a.nreminofthesvinal 

cord,286; i11chronlcs1i!11111mcningitie,255.257; 
111concn'llionofthcs11innlcord,34!);inhcmiple
gia ct hcmipnra11l.-gln 8Jlinnli"'-, fliO: in hcmor

rhngc in the medulln ob\ongntn,Sil; in hypcr
reminofthcspinnlmtnlngt'f<,.2U3;ininflo.mmation 

or the spinal durn nmtcr, 2'20. 22-1; in lnjuri<"l of 

thcml'l.lullaoblongatn. &.l5; lnuwningcnlhcmor

rhagc.212; in multiple sclcroeis,484; in mJclilis, 

40'~. 4~: In myclomnlncla, •l'i'l; in !)tlroly~is 

nsccndcns ncuta, 730; in 110llomyclitis anterior 
chronicn,717; in !\low COll\))TC!ISlon of the cord, 

:3~.3-'l.3: in 11msmodic 1111innl 1>arnlyt<i8.G~7; in 
~pinnl RPolill'X.\" , ;.!!)7; l n i;plnnl irritntion, 361; in 
spinal lll'rvo11swcaknci;.ii,,373: in ,;yringomyclin, 

800; intnbcsdoro>11lis,C>l2,6·1:.i,M7; lutmnorsof 
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themetlnllaoblongatn,95l:lntumorsoftbespi- Sodena.Tl\un~batbsof,ln dlsea!Cllofthe spinal 
ntt.l.cord,753;111tumor.iofthcs1•in11\membra.ucs, cord, 16-i. 
2G.!:i; inwoundtofthe111>innlcord,311,312. &lmon.001,WJ. 

Sc11;ioryContluctioninthelledullaOblongata,S5-I. Sonncnkall.>.7.:.0. 
ScllSQryConductionlnthcSplnnlCorJ.~. Spacth,t-(i,S.'i00,9'l,95,5Hl.55-1,56!l,5'i0. 
Sc•11ti~mla In di&eaBCS of the spinal cord, 12'l. Spa,m in di 'thCi of the ~vinal C\'lnl, !l'J; in !'pin:i.l 
S;>quin,r.W. 

Sctchenow, 51, 52. Spa-~modicSp:nnl ParnJy.ii;, 620. 
Scxh1ctiologyofcfocnscsof the &pinalcord, 150; of S1>CCCh, centres for, in the medulln oblongs.ta, 

acute l'lph1al ulC'nlngiti<i,2"29; of multii>lc 11elero- 85'J. 

sis, 475: of mrclltl' 388, 4'!7; of J)amlysis n'ICen- SP"'oh, •""'"~'"'~ '''• ;..,,i;~"" or•h,.pfo•I oonl. 
dcnsac11t.n,73:>; of pr<><;rcssive bulbar 1mmlysis, 
OO!l;of111)lnnln1)(!Jlic:<y,2!l'2;ufspinnlirritation, 
~G'J; or ~p!nnl ncrvl)ua weakness, 371; of tnbcs 
dor.;nlls,52.'l , 

Scxunlcxce'\Sesnnd irrogu\nrit!eeinctiologyofdis.
casc110f lhcsp!nnl cord, Hi;ofchronics1>innl 
mcning[t!~, ~j:~; or concussion of the apinnl con.I, 

346: ofmyclitl11,3ts8,427; of myelomntncin,<1'70; Spic·"-,518. 
Ofp(lliomyelitis nnlerior chronica,71-1; ofi:;pinnl Spinallif\Ua.,785. 
irriunion,JGO; ofspinnl nervous wcakncss,371; S11ina!A1)1)plc:1;y, 291. 
ortnbesdorsn\ill, 5~. I S pluul Cu1·d, Introduc tion to Diseases 

Scxt~~lil~~ln:~~~;~i;\l~:::1;~~ 1:t ::::rn:~l~:: A::~o3~11CAL IsTnODt'CTIOS, 7: bibliogra1>hy, 7. 

::~~~===1 ·fu§±g~~~ 
in multi11lcsclcrual11,6I2: in myelitis, <125,4Ga; \·i~rn,52. 

In poliOnl)'Clilia anterior acuta, 710: in progrc~- GESERAL Sn1PT031J.T0L001', GG; di,;hirbnnccs ot 

Sim11leSoftcningoftheS1>in:i.ICorll,<IG7. 

Sinkler,Wharton,~,fi.SB.710 

Sirc..lcy.GIJ. 
Ski11,11lfoctlo11"of,indii;e11SC1ofthespinnlcord,l19; 

ln aentll&JJ:nat mcnin~iti;i. ~-12; In hemiplcgia ct 

hcmipar:11>lcgia!<pirudis. !ij(J; in int\a1nmation of 

thesphmlduramaU'r,221; in multiple i<e\crosis, 
4>1; in myelitis, ·lO:!; in JMl.ra\y;;is a.scc11<1ens 

acuta,740;inpollomyeliti11tnteriorac11tn,6'-0, 
U!>:j,700; in slow comprc .... ion or the cord, 32.l:i, 
s::w,33l;:in11pinn1Jillda,7SS;inta1Jesdorsa.lis, 

5'10,571,5$. 
SlccplcN>ne~'lin 1111innl nCr\•ouswcaknes.'!., 37·1. 

SlowCompressio11ofthoCord,3!9. 
Small-po:< in etiology or multiple sc!erosi"• 4'7G; 

or myelitis, ;,!)(); of 1mrnly11is Fl.~0011dens acuta, 

7:.;s 
Smell,diBturbancesor, ill multiple sc!crosi.11, 500; ln 

t4bcador,;nJl,i,5S.2. 

GG: 

charnetcristlc gniL'l, !)ji; !nercaw or motility, 
apa~m, 97; n.ltemtioninthevclocityofthemotor 

conduction, 10~: ele.:tric rcnction or the motor 
nppnrntu'I. lOS: di~lUrbnnCC$ of reflex activity, 
l t7: va,;o..motor disturblinccR, Ill; tn,11hic di ... 

turb:lne<'!I, 1l3: di11turb'mC\.'11of the urinary and 

scxualapJ13ratus.,I:!fl; di~turban~ofdigt>•tion 
and defrcntion, 138: di!<turbaucc11 or re~piration 

and circulation, HO;di11turban(!C3oftheocu\o
llllJJillary f\brC!<, the \'ariou~ Cl.:rcbra.I nen·cs, and 
thcbrninit.-.elf.Joll. 

GES£11AL ETIOLOOY, 116; ncuropnthicdh;po~ition. 
l4G; aexu~J exceAACtl 1111d il'l"CA'11laritil"', 117; in. 

f\uence of 11.i:re and IOC:<. 15'): gcn<'rnl 1\i~tnrbant.'C~ 

of1111trition, 151; 11ropn~ntionor11righborinl!'mOr· 

bid procc~-.c-~. 151 : C;>.;Jl">~u•'C to cold, 151 ; 1\i~tnrb· 
Ill\(.'('!! of circnlntion. exec ·-.ive exertion ancl p~r· 
chicttllnllucnccs,152;1)0!..onint;sandthelO<'al 

de\·e\opmcnt of various lufecliou11dlscascs,l53; 
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acutedi----.1S::;lrrltation:1.nddl.r;c:u;eofper· 

i1>bcralorgau11,lc:.4. 

GES&RAL J>L\GSOSIS,15.:i. 

G&S£nAL 'l'uanAl'£UTIC8, 160; external remedies_ 

lti2; cold, Hi:.!; warmth, JG3; bath!!, l&I; cli

mate,Ji5; elcetticity,lid: blood-lettingo.ndde

rivntivcs, lb:i: extcrnal !rlctions, l titi; intcrn:i.I 
remedk'l!>, hl7; 1;ympt.0ma.tic remedies nncl meth

od~, J92; gl'utrul method..iof life, 100. 

SJ)inul Co•·d 1 D beuliiclii o f" .lll c 111brancs o f", 

""' lil'l'Ell.Ell!AOFTlllCM~NIS(Hl:8 OF'l'llECORD, AND 

Ot' THI.: COlll> JTSELF, l!J'J; bibliography, 1W ; 
etiology nnd 1nithoge11e~i;;, 200 ; pathologicnl 

nnl\tomy, 202; sym11tomu.to\ogy, 203; diagnosii;, 

206; trenlmcnt,207. 

MENING •:ALllE:.tO llUllAOE.20S;bibliogrnphy,20S; 
eliolCJt'yll.nd11u.tho:;cncsio..209;pathological anat

c.omy,21U; i;ympt.omatology,211; couri:;e o.ndter

minalion, 213; dlagnosis, 214; prognosis and 

} NFLAlllllATIONOFTH ESPINAL D'ClRA}L\Tlm,21G; 

bibliography, 21G; ra ·l•vme11i11ult/4 Splnal£1 Ez,

ttrm1, 217; pathologic:i.1 anatomy, 218; 11ymP
tomatology, 219;<liagnosb, 2'"~; prognosis and 
t reatment, 2'21 ; Pachumeu1nu1tis /11ur11a, 2"21; 

etiology an<l 1mtholo"ic:3l anntomy, 222; symP
tomntology,2n; d11lb'll01>is,prog1wsis_11ndtrcat.-

ment,225. 
INl"LA:IJlolATION OFTllESPUl'AL Pu MATER, 226: 

bibliography,226; tfuac11tefunn,2'J9; etiology, 
229; Jl:tthological anatomy, 2.11; symptornatolo. 
gy,234; course, duration, te rmination. 244 : di
agnosi'<. 2~5; pr"gnosii;, 2 17: 
chr<mlc furm, 2:::i2; etiology, 

To~ORS 01" THE SP!SALMltlol'OnAS F.S.262; b!\Jlio
grnphy, 262; pathologicnl anatomy. 264; ctiolo· 
gy. 268; 11ym11tomaulugy.2GS: coul"!IC,<inrntion., 
tcrminfltion,27:1; dingnOf'.is, 274; prognosis n.nd 
trcatment.,276. 

Jlddend1m1. Annt.(lm\cnl cho.n1;CB In the gpinal mem· 
br11.net;,witho11tclinicn.l11ignlfic:mcc,277. 

Spinal Cord , Dlse a .it!• of'. 279. 

ll;;;nJExu Olo' TllECono,23); general remarks, 

AMIElflAOPTll & Cnno. 2~1: bibliography, 281 ; pa. 
thogcncsia and etiology, 282: patholo~icnl anato
my,285; •yn1plomn.toloi:ry,2S6; coursc,d11ration, 
termination, 288; dlagnosi11, prognoaii1, 289; 
t!'('ntmont,290. 

EiPINALAroru:xv, 291 ; 

g(nCSi11and<'tio\ogy,2()';!: 

294; lii)'WJltomalOIO{;'y, 

terminalion, :'.:Ol:11iagnOAi11,~2:prognOBilland 

trci..tment,:::O-t 
wouN.os, :.ms; bibliography, XS; etiology, 800; 
pr1thologicn.lunatomy,30S;11ympt.Ctmnto!o~y,:;10; 
coun;c,dumtion,termiuo.tioM.31G; <luigno~ii;antl 

prognosi.s,317 : trcn.tment,318. 
Sr.ow CoMPRES810S OF TUE Cono, 319; llibliog

rnphy,:ll!.1;ctiologya1l{l pnthogcncs!"'320; pntho
logicul 1rnatomy, 324 ; sy1111Jtomntology, 32'1; 
course, duratio11, tcrminati(;n, 3.'J.ts; tli:ii;nos.is, 
3.~9; progno11\g, 3H; treatment, 342 

CONCtJllSIOl'I' OF r u z: SPINAL Cono, 844: biblio-

SPINAL N1mvous WEAll'.MESS, 8G\'.l; bibliogrnphy, 
36!.l; ctiology,371;1ym11tom11tology,37:.!;coursc, 
durotion, tcrrr.lnn.tion, 376; dlag:no1ds, 37S; prog
nosi11, 3i\'.l: trcatmcnt.850. 

Mn:Ll'IIS, 382; bibliography, 382: introduction. 
383; hil'tory.<*5: .Jfgelilis acuta, 387; etiology 
and pathogenet;ls, 388; JlMhologic:i.l 1mntomy, 
3'Jl; Fymptomato\ogy, 4112: course, duration, 
tcrmination,-IJ.l;din;::no•is,418; Jlr<>gnosis,420; 
trcatmcnt,4'.?2; J111elllfacltronlca, <126; etiology 
e.ndpathogent!his, 427; pnthologicnl anatomy, 
429; i;ymptomntology, 433; cour.ilC, duration, 
tcrmination,•118: tlitTcrentfor111s of chronic my
clitis,44!1; dingnosis, 453; prognosis,456; t rca t

mcm, 457. 

olo;{ical anatomy, sym1Jlo11mtology, 483; 
coun;e, durntion, termination, 505; diagnosi11; 
007; trentment,512. 

TABESDORULIS.513; bibllogrnphy,513; hi,tory, 

617; etiologyandpalhogenC11ii1,6t'l;1mthological 
anatomy,531 : symptomatoiogy. 6 10; a.nalysiaof 

11yrupto1ns, 547; course, duration, termination, 
6!16;thcoryor thcdi&easc,5!l'J;diagnosia,Gua: 
prognosie,007;treatmcnt.GOS. 

Sr.4.s.1100 1cSr1sJ.Ll'J.RJ. Lvs1s,G20;bibliogra.phf, 

62Q;lntroo.luctionn11dh1htory,6:.! I ;otiolo11yand 
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symptomatology,GZl'; couri:c, d11ration. termina
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Ological anntomy, G4S; symptomatology, !'>49: in tabes don;ali!l, 531 ; from tumors, 748: in tu· 
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71~; etiology, 71 1; pnthologlcal nnnt.omy, 71G; S1)i11a\ P'1.mlysis, lutcrmlttent, 814. 

aymptomnt..,loi;y, 717; d!ngnogis, 728; progn0&is., S1•innl Pnrnl)"!iB of Brow11·S6q11nrd, 646. 

731: trcntmcnt, ~31. Spinn!Parnly11ls,Toxic, 817. 
PARALYSIS A!!CF.ND£N15 ACUT.&., 732; bibll~phy, Spine. rigidity of, m aeutcapinal meningitis, 235. 

732; hi~tory, 7:l2: etiology and pnthogen~.i~, 735; Steiner, 20,I, 

pnthologlcnl nnntomy, 7:)6; symptomatology, 737; Stdnmnnn, 5!J. 
dlagnoais, 743; progn!Mlis, 715; trc:i.tmcnt,7-16. Steinthal,518,5-16. 

l:n'RAM£DULL.rnYTUllORS,7•17:bibliography,747; Stcn!!On,282. 
pathological 1rnatomy,74S; etiology, 762; symp- Slemlener,313,816. 
tomatology, 7().1, diagnoe.is, 7;:.D; prognosia and Slicdn,S.11,838. 
treatment,7:;6. Stilling,a.J,366,s.14. 

Si;co:rnART D£0£NEIU.TlON9. 757; bibliogrnphy, Stimulnnta in concu~~lon of the spinal cord, 356 ; In 
757; hi~tory, 7.>S; ctioloi;yandpothogenC!liS. 7511; bemorThn.ge In the medulla oblongl'lla, 8'i6; In 
pnthol()b>ical nnritomy, 7li7; symptomntology, 7''4; myelitis, 4~; In 1mraly~I• uccndena n.eutn, 747; 
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Saltawrv Spf11m, 801; biW.lography,801; symp- In stow com1lre&&ion of the cord, 8·13; !nsplnnl 
tomatoloin· 801 ; etiology, 806; trcntment, 805; lrrilation,8GS; lnsp[n11l nervousweakn<'!::s,881: 
To11lc Spasm-', SOS; bib1logrn1>hy, SOS; s;mp· in tn~ donmli~, Orn. 
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TnliflC"I n rel'ntt or poliomyelitis anterior acnta, Tllberenl11rh/\11ill\r111cningiti1tinctiolc:isyof11c11tcspi· 

G!•5. 
TnrclrnnolT, 4-l 
T1i-tt',dislllrll11nccs of, in multiple 

ta~don;all«,&:i2. 

Tnylor,7'.13. 

Tcal<?,J. W., 125. 

T oxicS11ina.l Pnmly.,is,617 
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Tubcn:lcofLhcSpinalCord, 'ii>O. Yichy, wRlcrsof, inmyelit!s
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423. 

T ub<..,.clcof the Spinal .Mcrobro.nce, .2f):s. Vigu~s, G<f!), GS3. 
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