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PREFACE.

IT is my pleasant duty to acknowledge here the kind help that

I have received from many friends and colleagues in the pre-
paration of these lectures. I have specially to thank Dr. Gowers
for his valuable hints. Without the help of Mr. Horsley I
should have been quite unable to supply any experimental
illustrations of spinal degeneration.

The present volume is a reprint, with very slight additions, of
the lectures as they appeared in The Illustrated Medical News, to
which periodical I am much indebted for the facilities which they
have afforded me in reprinting my lectures, and for the excellent
and,faithful manner in which the illustrations have been produced
direct,from my pencil drawings.

H. H. TOOTH.

34, HARLEY STREET, W.

June, 1880,



THE GULSTONIAN LECTURES ON SECONDARY
DEGENERATIONS OF THE SPINAL CORD.

o i o e e e e g

LECTURE 1.

R. PRESIDENT and Gentlemen,—It was with feelings
almost apologetic that I announced the subject of these
lectures. I felt that it might be expected that a subject of wider
clinical interest should be chosen. But on referring to the terms
of the bequest of the founder of this lectureship, I discovered
that he had anticipated my difficulty. He was evidently aware
that the younger Fellows would be more able to do useful work in
the realm of pathology than in clinical medicine. He provides
that the lecturer shall give what is more of a demonstration than
a lecture on the dead body (if such be procurable !).

Two hundred and fifty years and more have elapsed since his
death, and yet the wisdom of the method implied in the wording
of his bequest becomes, not less, but more apparent. If our art
is to be raised from the level of mere empiricism, it must be
grounded on the sure basis of pathology. In ordinary pathological
inquiries it is usual to study the normal, and to reason from it con-
cerning the abnormal. This method is followed in my first
lecture, on the Histology of Secondary Degeneration. But when
we wish to study the course of the fibres in the cord we reverse
the usual process, and make use of pathology to teach us anatomy,
It is not too much to say that without this method our knowledge
of the anatomy of the cord would be of the vaguest and most
rudimentary description.

When we have learnt all the lessons that pathology can teach
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us concerning the paths in the cord which conduct the multitu-
dinous motor, sensory, and visceral impressions, then, and not till
then, shall we fully understand all the symptoms that present in
many diseases better known by name than by nature. Let it not,
then, be supposed that the subject I have chosen is one of aca-
demic interest only. It is true that at present our knowledge of
the anatomy of the cord and medulla is ahead of our diagnosis,
and also that our diagnosis 1s far in advance of our treatment ;
but who dares to say how long this shall remain so? It is but
a very few years since the workers at cerebral localisation, too well
known to need even mention by me, were locked upon as scien-
tific dreamers, and now their dreams have become the most strik-
ing facts in the medicine and surgery of the day.

Spinal localisation follows close, and already begins to bear
fruit. These facts, then, must be my justification, if, indeed, such
be needed, for dwelling minutely on points that appear to be of
little practical importance at the present moment.

It is a common thing for observers to speak of
degeneration of nerve tubes in the spinal cord as
being comparable to, and moreover of the same

Histology of
Degeneration.

nature as, the corresponding lesions in nerves.

As I wish to institute a close comparison between the two, it
would be well to sum up the features of the so-called Wallerian
degeneration first.

When a nerve is cut its peripheral end de-

De‘g:rlﬁ:fign. generates, because it is cut off from the centre,

which is believed to exert some nutritive or
trophic influence over it. Certain changes make their appear-
ance in the ultimate nerve tubes.

The first change that occurs is a loss of transparency of the
nerve fibres to the naked eye. This is coincident with, and probably
caused by, a cleavage of the myeline, or white medullary substance
of Schwann. It may be seen to occur in forty-eight hours, or
later, up to four days. This change is more rapid in summer than
in winter, and is associated with diminution of irritability of the
nerve to all stimuli. Under the microscope at this period the
white substance is seen to split across into masses or cylinders,
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these masses being separated from one another by distinct
intervals,

Later on, about the seventh day, the medullary sheath undergoes
further changes, likened by some authors to “ fatty degeneration.”
At any rate, the altered myeline becomes more or less liquefied,
and tends to run into droplets of all sizes, which lie about within
the sheath of Schwann; at the same time the nuclei, or ¥ nerve
corpuscles ” of the nerve, increase in size.

So far all accounts seem to agree, But there appears to be some
difference of opinion concerning the state of the axis cylinder ;
some writers, Schiff, Vulpian, Weir Mitchell, contend that the
axis cylinder remains, while the medullary sheath goes. Schiff
even maintains that it may persist for six months. But it is more
probable that the earliest view of Waller, and later of Ranvier and
others,* is the correct one, that the axis cylinder undergoes
changes pari passu with those of the medullary sheath. 4
priovi it would appear probable, inasmuch as the axis cylinder
is the means of conduction of stimuli, and not the medullary
substance, that it would be rather the first constituent of the nerve
tube to show signs of degeneration than the last.

Another important feature in nerve degeneration is the part
played by the nerve nuclei These early swell and undergo pro-
liferation ; this process must be distinguished from the appearance
of nuclei in the neighbourhood of the injury, which are in-
flammatory.

Later on the myeline becomes more and more broken up, and
according to the latest accounts becomes mixed with the degene-
rated remains of the axis cylinder, and finally tends to leave the
primitive sheaths to become absorbed. The primitive sheaths then
remain, and in them the nuclei.

The result of separation of a nerve fibre from its centre is,
as Ranvier suggests, not exactly death of the fibre, but an active
change, as evidenced by the proliferation of the nerve nuclel. This
idea is further borne out by the tendency to regeneration which
all peripheral nerves exhibit.

* For the latest article on this subject see Bowlby's Hunterian Lectures,
Lancet, 1887, 1., p. 863.
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After the degenerated myeline material has
disappeared, or even before that, in the second
month, or later, primitive fibrils make their appear-
ance. These are said to appear in the primitive sheaths of the
old nerves. They are at first without myeline ; however, they
soon acquire a medullary sheath, but are for a long time smaller
than the natural nerve fibres.

This slight sketch may serve for the purpose of comparison
with the analogous condition of the spinal cord. I propose to
show that though, as might be expected, the two processes
resemble each other in the main, yet they differ in several rather
important points of detail.

: It must be remembered that there are certain
ﬂﬁﬂ%‘iﬂa:{f} striking histological points of difference between
Cord and Peri- the nerve fibre of the peripheral nerves and
pheral Nerves.

that of the cord. The nerve tube of the cord
consists of an axis cylinder and a medullary sheath, which
are indistinguishable from those of a nerve. A c#d fibre has no
definite primitive sheath. It is surrounded by the close network
of the neuroglia, which takes the place of the tough structure-
less sheath coating the #erve fibre from end to end. We shall
see that this may account for some of the histological pheno-
mena of degeneration. :The co7d fibre is apparently devoid
of the nerve nuclei or corpuscles which take such an important
share in the nutrition of the ze7ze fibre.
The causes of secondary degeneration come
Causes of  ynder three categories :—
Secondary : - - :

Degeneration. 1. Destruction of trophic centres in brain or

medulla.

2. Interruption in the continuity of fibres, or bundles of fibres,
in their course ; that is, either by complete section, crushing, slow
pressure by new growths, or displacement of vertebre, or lastly
by invasion and consequent strangulation of fibres by new growths
or transverse myelitis.

3. Section of, or other injury to, posterior roots, by which
centripetal fibres are cut off from their trophic centres in the
posterior root ganglion. Under the first we have principally to

Regenemtinn
of Nerves.
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consider descending lesions from cortical injury. For our present
purpose the first two may be considered together. The third
requires special consideration.
a In the close neighbourhood of the initial lesion
Traumatic i :
Degeneration.” We have to consider the *traumatic degenera-
tion.” This was first described by Schieffer-
decker* (1876), but more fully later by Homén.t+ It is found
both above and below the lesion for about the distance of
1 ctm. It is essentially inflammatory in character, and must be
distinguished from secondary degeneration proper. It affects the
whole diameter of the cord, but even here shows a tendency to
affect certain tracts above and others below. There are many
leucocytes crowding the tissues. The large cells of the grey
matter are swollen and granular. There are many lacunze, some
filled with ¢ vitreous masses” (Homén) which do not take any
stain easily. In some cases, even after many months, the
inflamed tissue contains masses of material which stains faintly
by Weigert’s hzematoxylin, and is presumably broken down
myeline. Homén describes oval masses lying in the long axis
of the cord, believed by him to be altered axis cylinders. They
stain deeply with anilines. There is a tendency often to the
formation of small local collections of purulent matter, even as
far as two roots from the lesion. Both Schiefferdecker’s and
Homén’s accounts refer to cases of experimental lesions in which
one would expect to find signs of inflammation, as well as
degeneration, in the vicinity of the wound. In cases of crushing
after fracture-dislocation, in which of course there could be no
septic contamination, there is in my experience very little sign of
active inflammation at all, and yet in the immediate neighbour-
hood of the injury, both above and below, we find a more
advanced stage of degeneration usually than in points remote
from the injury ; and in cases which have survived many months
there is a considerable thickening of the neuroglia mesh-work. The

* Schieflerdecker, “Ueber Regeneration und Architectur des Riicken-
markes,” Fzrch. Arck., 1876, p. 542.

t Homen, * Contribution Experimentale i Ia Pathologie, et 4 ’Anatomie
Pathologique de la Moelle Epiniére,” 1885,
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endothelium of the perivascular lymphatics is also proliferated
even as late as six months, presenting an appearance analogous
to catarrhal inflammation elsewhere, but inflammatory nuclei in
numbers comparable to what obtains in experimental lesions
are not present in my experience at any date after injury. In the
neighbourhood of the lesion, however, the axis cylinders are
remarkably enlarged in the first eleven days, as will be seen in
Case 1. (vide infra), which enlargement may perhaps be of an
inflammatory nature.

Seooeii We now come to consider the secondary

Degeneration degeneration proper. The methods of examina-

Proper. -
tion followed are—

Naked eye, in the fresh state, or after hardening in bichromate
of potash or ammonia.

Microscopical.—]1 have used the following methods in preparing
material for these lectures : Weigert’s heematoxylin and the modifi-
cation by Pal for medullated nerve fibres.

In many cases Weigert’s haematoxylin has been used for staining
in tote ; this is good for gross results, but at some loss of sharpness.

Acid fucksin, Weigert's method,* for medullated nerve fibres, and
also for the early change in the axis cylinders, after Homén.

Ficro-carmine, in foto, for neuroglia and axis cylinders.

Alum carmine, Upson’s method,t for neuroglia and nuclei

Cockineal, for nuclei only.

Auniline, blue-black.

The sections were cut after imbedding in celloidin as a rule,
but after staining 7z fofo the paraffin method was used.

Although no doubt the fibres begin to degene-
rate the moment they are separated from their
trophic centres, yet the changes are not appre-
ciable till about the third day (Homén). Schiefferdecker puts it
much later; he says no change of any kind is visible till seven
days have elapsed.

In the fresh state to the naked eye nothing can be seen very
shortly after death, but according to Mr. Horsley,I if the degene-

* Weigert, Centralbl. fur die Med. Wissensch., 1882, p. 753.
+ Upson, Neurol. Centralbl., 1888, p. 319.
f Horsley, Brain, vol. ix., p. 52.

Farliest
Changes.
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rated area be examined five days after section in the living animal
under ether, “the dead white of the area, as compared with the
semi-translucency of the natural parts, is very striking.” In the
course of twenty or thirty minutes after death this translucency
of the natural tissue disappears, and then the difference between
the diseased and the healthy parts becomes invisible. This will
explain the invisibility of even advanced lesions in the human
subject after death. But after hardening by the bichromates the
area of degeneration is very early visible, how early I am unable
to say, but it is well marked in six days, and is probably visible
before any microscopical changes have shown themselves, if not
earlier. The area of degeneration appears as a yellow or lighter
brown patch, on a brown ground. It indicates, no doubt, some
preliminary chemical change. At this time (third day) the changes,
according to Homén, are only visible in the tracts adoze the lesion.
Under the microscope the axis cylinders of the affected area
appear larger than natural. They also stain very deeply by the
acid fuchsin method. In sections stained by other anilines and
picro-carmine the fibre appears to be without an axis cylinder,
because the enlarged axis cylinder takes these stains so feebly.
Owing to this swelling, the whole diameter of the fibre is larger
than natural. In five days the same changes have made their appear-
ance below the lesion.

In a semisection of the cord in the monkey (monkey 9)
between the eighth cervical and the first dorsal, done for me
by Mr. Horsley, the animal was killed on the sixth day. After
hardening in ammonium bichromate the degenerated areas
above and below, in the cord, can be seen perfectly by the
naked eye. Microscopically in the neighbourhood of the section
there was infiltration of leucocytes, showing traumatic inflamma-
tion. Close to the wound above, the axis cylinders in the cere-
bellar tract and posterior column were many of them enlarged.
They stained deeply with carmine, and also by acid fuchsin.

This enlargement of the axis cylinder was more apparent near
the wound (probably traumatic, see Case I. below) ; in the upper
cervical regicn it was made out with difficulty, though the appear-
ances to the naked eye were the same as lower down.
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Below the wound the appearances were much less marked,
though several of the axis cylinders showed signs of enlargement.
In the monkey, then, we may say that the changes in the
nerve tubes have begun at the sixth day, that they are more
advanced near the wound than remote from it, but that the naked-
eye appearances after hardening exist equally well away from as
near the wound.

In seven days the axis cylinder is more swollen, the whole tube
is broader. Only a small layer of myeline is left round the
swollen axis cylinder, but this myeline does not appear to be
altered in character. This peripheral layer of the myeline in a
normal cord fibre stains more deeply than the internal layer of
the same. Itis called by Weigert the “ Erythrophile Substanz,”
from the strong affinity it shows for the acid fuchsin stain, and also
for the Weigert hematoxylin. It is therefore this ery#hrophile ring
which remains. Homén suggests that this ring 1s a condensed
form of neuroglia ; this to my mind is more than doubtful.

It is a question what becomes of the central part of the
myeline sheath at this stage ; if it be fused with the enlarged axis
cylinder it has for the time lost its affinity for Weigert’s heematoxy-
lin and osmic acid.

Case I.—Fracture-dislocation of fifth cervical
Degeneration in yertebra. Compression of cord between sixth and
Human Cord at : %
Eleventh Day. Seventh cervical roots. Patient, &% 58, fell out ofa
cart on to the back of his head, on July 17th,
1887 ; admitted to St. Bartholomew’s Hospital four days after,
under Mr. Langton, who has very kindly allowed me to examine
the cord ; was then found to be paralysed in both arms, most in the
left. Sensation fairly good. In the trunk, breathing abdominal
only, sensation was much impaired, but not absolutely. Reflexes
absent ; complete paralysis of bladder and rectum. There was
the same loss of sensation in legs, with loss of knee-jerks., Tem-
perature abnormally low all the time, varying only from g5° to
06°. Patient died on July 28th, eleven days after the injury.

The cord is specially interesting on account of the date after
injury. At the level of the crush there is no alteration of the
shape externally ; reduction must have followed rapidly. There was






Fig. 1.

Fracture Dislocation of the Fifth Cervical Vertebra (Case I)
Transverse section, close to compressed spot. Eleventh day.
a, greatly swollen axis cylinders. &, axis cylinders less swollen
than a. ¢ normal axis cylinders. Picrocarmine in fofo. Zeiss
obj. D, oc. 2.

Fig. 2.

From the same case as fig. 1. Longitudinal section. a, greatly swollen
axis cylinders. 4, axis cylinders less swollen than a. ¢ normal
axis cylinders. Picrocarmine én fofo. Zeiss obj. D, oc. 2.
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complete absence of inflammation of the meninges. This was
at the level of the seventh cervical root. Here, on cutting across,
the cord appears to be disorganised, soft, and the distinction
between grey and white matter not to be made out. Under the
microscope the posterior region seems to have fairly escaped
damage, the lateral and anterior region being much more affected,
but in all parts there seem to be many normal fibres. There are
affected nerve fibres of two kinds. Large, rounded homogeneous
masses (fig. 1), staining deeply with carmine and acid fuchsin.
They do not stain with Weigert’s heematoxylin, but round the
periphery of the masses in sections stained with hzematoxylin we
see a fine dark line, which is the remnant of the myeline. These
masses, seen in longitudinal sections, are obviously axis cylinders
enormously enlarged (fig. 2).

These enlarged axis cylinders cannot be found except in the
vicinity of the wound ; they cease at the level of the fourth cervical
above and the third dorsal below. They were found in monkey
0, just mentioned, and I have seen them in many other cases.

Homen describes a similar condition near the wound in his
experiments. It seems to me that this great enlargement of the
axis cylinders must be distinguished from the enlargement of the
same in true secondary degeneration at an early date. They differ
in their affinity for stains from the true secondary enlargement.
The former stain readily with carmine and anilines generally, but
less readily with acid fuchsin, while the latter stain only with acid
fuchsin. Again, the enlargement in true secondary degeneration
is never so great as this near the wound. Lastly, I am not aware
that the true secondary enlargement ever takes on’ a varicose
appearance at all resembling fig. 2. When the enlargement seems
to have attained its greatest extent vacuoles make their appear-
ance. This, again, is peculiar, I think there can be little doub
that this change in the axis cylinders near the wound is traumatic
in its nature.

Hayem * describes and figures swollen axis cylinders in a’case
of acute myelitis, 7.¢., in undoubted inflammation of a very similar
appearance to those in fig. 2. At points above the fourth cervical

* Hayem, Arch. de Physiol,, 1874, p. 603.
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and below the third dorsal the section is that of a perfectly normal
cord, neither can anything be seen by the naked eye after harden-
ing. It is not too much to say that had the patient lived a week
or two longer, there would have been well-marked degeneration
of ascending and descending bundles of fibres.

The results of Homen’s and Schiefferdecker’s experiments on
animals and those in monkey 9 are misleading when applied to
man. It is probable that in man degeneration is a slower process
than in animals. When a fibre is cut off from its centre every
point in its length is believed to degenerate equally and at the
same time.* This was Bouchard’s opinion. Westphal considers
that the degeneration, as it were, creeps along the nerve as an
inflammatory process. Singer found, after division of posterior
lumbar roots in puppies, that naked eye changes had appeared on
the sixth day, but that microscopically no degeneration could be
found above the twelfth dorsal. This accords with the results
in monkey 9. It is probable, therefore, that Bouchard’s view is
correct as far as the early chemical changes are concerned, but
that the actual histological changes travel along the nerve fibre at
varying rate.

During the second week there takes place a
complete fusion of the remains of the axis cylinder
with the myeline. Now we have a complete
breaking up of the continuity of the degenerated tubule. In
cross-section we fail to make out any differentiation between
axis cylinder and medullary sheath. The fused mass has become
of a finely granular nature, which takes the ordinary stains,

Degeneration
in Two Weeks,

such as carmine, very faintly. In its extent it is larger than
natural, and appears as a droplet of granular material in the
meshes of the neuroglia. These granular masses stain deeply
with Weigert’s haematoxylin, and the degenerated area now appears
by this method studded with black masses which have taken the
place of the proper nerve fibres. At this stage they occupy the
exact position of the original fibres, as they do even at later dates
(see fig. 4 and fig. 5), both in transverse and longitudinal sections.

* See also Langley, “ Critical Digest: Brain,” 1886, p. 92.






Fig. 3.

Longitudinal section in the dorsal region, showing an early stage of
decomposition. @, Globules of escaped Mpyeline. Weigert
heematoxylin staining 7n fofo, Zeiss obj. D, oc, 2.
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As time goes on, during the fourth week no
swollen axis cylinders are any longer to be seen
anywhere in the section; the whole area is
degenerated, and we cannot say that one fibre is in a more or
less advanced stage than another; the black granular masses by
Weigert’s hamatoxylin are still very distinct.

The appearances here described may be simu-
Decomposition  Jated by decomposition. In decomposition the
Compared with : L :
Degeneration. myeline and the axis cylinder appear to fuse and
form a more or less liquid material. This
process takes place at varying periods after death, according to
the manner of death and the temperature of the air at the time.
The result of this liquefying of the contents of the tubules is the
varicosity of the fibres (see fig. 3), which is very characteristic and
quite distinct from the changes after degeneration. These vari-
cose fibres take the Weigert stain well, as one might expect. Later
the myeline escapes, and no normal fibre appearances are visible
anywhere. This may be mistaken for degeneration, but the granu-
larity of the degenerated fibre is absent. Then, again, the whole
cord is affected equally.

In two months the myeline element of the
degenerated fibre has begun to be absorbed,
The masses above mentioned now stain very
lightly or not at all by Weigert's hamatoxylin. The result is
that the whole degenerated area now, for the first time, becomes
visible to the naked eye by this method.

I have sections, however, from a case reported by Dr. Harris,*
in the British Medical Journal, which 1 take to show typical
degeneration at two months.+

Case II.—A young man, aged eighteen, was admitted into Vic-
toria Park Hospital with aortic disease and a pain in the side,
supposed to be pleuritic. After lying in the hospital about two
months, one morning on trying to get out of bed he discovered

Degeneration in
Four Weeks.

Degeneration in
Two Months.

* Harris, British Med. Four., 1887, p. 1380.

t I have already published a note of the cord of this case (St. Bartholo-
mew'’s Hospital Reports, vol. xxiii., p. 141); but the appearances are so typical
that I shall refer to it several times in these lectures.
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that his legs were quite paralysed and devoid of sensation. His
urine was retained, and the reflexes were increased. In a few
days girdle pains developed at the level of the ninth inter-
costal space; at the same time loss of all reflexes. Bed sores
rapidly formed ; the patient lingered for two months, and then
died.

Post-mortem a growth of a sarcomatous nature was found
growing from the laminze of the sixth, seventh, and eighth dorsal
vertebrae. It blended with the dura mater, and pressed the cord
to the side. The cord pressed upon was softened and disinte-
orated beyond recognition, and the softening extended to the
whole cord below the lesion. But above the lesion we have very
typical instances of ascending degeneration. In the posterior-
median column, for instance, we find that the tract all the way
up is extremely plain to the naked eye by Weigert's haematoxylin
method. But on staining with carmine we fail to make any gross
difference between the degenerated area and the natural. The
microscope, however, shows that in the degenerated area lower
down there is scarcely a single natural fibre in this tract. The
meshes of the neuroglia are filled with a granular mass of the
nature already described, and staining more or less with Weigert’s
hzematoxylin. It is important to notice that even in two months
we find but little increase of neuroglia tissue. There is also prac-
tically no increase of nuclei. I have said that the typical naked-
eye appearances by Weigert's heematoxylin staining are apparent
at two months in the human cord. This, of course, means that
there has been sufficient absorption of the altered myeline
material to give the degenerated area a lighter colour than the
surrounding natural u..ue. I am inclined to put this absorption
at two months at the earliest. I have a series of sections from a
case of fracture dislocation of the sixth cervical vertebree, with
degeneration of five weeks’, and another with degeneration of six
weeks’ standing. In both the naked-eye changes are distinct
after hardening, but after staining by any method there is abso-
lutely no distinction visible between degenerated and natural
parts, because the degenerated parts are yet so full of altered
myeline, which takes the stain well. Of course the microscope



Fig. 4.

Degenerated Fibres of Post-median Column after crushing of cord at
level of seventh cervical pair. Longitudinal section, Fifth week,
Weigert haematoxylin staining, Zeiss obj. D, oc, 2.

Fig, 5.

Degeneration of direct Cerebellar Tract, after semisection between
seventh and eighth cervical (monkey g9). Ninth week. Granular
remains of nerve fibres staining faintly by all stains, Weigert
hzematoxylin and alum carmine, Zeiss obj. D, oc. 2,
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at once shows the degeneration. Fig. 4 was taken from the first
of these two cases.
As this date is an interesting one, I may
Degeneration in  here refer to the appearances in the degenerated
Monkey in Nine : : :
Weeks. areas in the monkey. Mr. Spencer kindly did for
me a semisection of the cord at a level between
the seventh and eighth cervical roots. The semi-section was not
complete ; that is, the anterior column and the posterior median
column were not cut, but the whole of the lateral and |most
of the postero-external columns on the left side were divided.
The monkey completely recovered from the operation, and
was killed by ether nine weeks and four days after it. Very
characteristic tract degenerations were found after hardening, to
be described in my next lecture. The direct cerebellar tract
offers special facilities for examination, because it contains in the
cervical region almost only large nerve fibres.

Here we find by ordinary carmine staining the neuroglia mesh-
work, exactly as on the opposite side, with no appreciable increase
of nuclei. The greater part of the meshes contain no nerve
fibres at all, but by staining appear to be either empty or to con-
tain a homogeneous material which only stains faintly. <~ On using
the Weigert haematoxylin stain, however, the meshes are seen to
be not empty, but each filled by a material which stains distinctly,
but not so deeply as the normal fibres. This is the myeline
material which is in process of absorption, and no doubt a few
days more would have completed the process (fig. 5).
Degeneration in In four months the appearances differ sur-

Four Months. prisingly little from those of the second month.
I reported a case in the St. Bartholomew’s Hospital Reports * of
fracture-dislocation of the fifth and sixth dorsal vertebree. The
patient died four months after the accident, during which time he
had complete paraplegia, with loss of sensation. The cord was found
to be quite cut across, with well-marked lesions above and below.
At this date there appears to be a decided thickening of the
neuroglia, in other words a tendency to sclerosis. This is well
marked 1n the posterior median column high up in the cervical

* St. Bartholomew's Hosp. Repts., vol. xxi., p. 137,
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region, and therefore well away from traumatic influence. There
is a general look of inflammatory process about it, which has in
earlier cases been absent. The effect of Weigert staining is more
marked than in the preceding cases, that is, the mapping out of
the degeneration is more distinct ; and under the microscope the
reason of this is obvious ; there is much less of the myeline
material in the granular masses, lying in the neuroglia meshes.
They are still there, and they are still granular, and under carmine
stain appear exactly similar to the same in the cords above de-
scribed, but they no longer take the Weigert heematoxylin stain.
There is still, generally speaking, a marked absence of inflamma-
tory nuclei. Here would be, perhaps, the best place to draw
attention to the relative extent and intensity of the degeneration of
the various tracts at any given time. Homén says that the ascending
tractsare thefirst todegenerate, the descending not showing any signs
of degeneration for two days after the former. This precedence of
the ascending over the descending tracts may be said roughly to
prevail all through. For instance, the posterior median column
in any case of transverse section of the cord may be said to show
the greatest intensity of degeneration. The crossed pyramidal
tract comes next in degree, but after these the direct cerebellar,
and then the direct pyramidal. The direct cerebellar is distinctly
behind the posterior median, and also behind the crossed pyra.
midal tract in intensity of degeneration at a given time. Perhaps
it would be more correct to say, instead of intensity of degeneration,
amount of sclerosis or connective tissue increase. The direct
cerebellar may be devoid of normal nerve fibres equally with the
posterior median column, but may present no sign of connective
tissue increase, while the latter is thickly sclerosed.
DEE&EDEI’E.tiDn o In five months these appearalnc*es ha.w.a a]tEl-:‘Ed
ive Months. somewhat. We have now a distinct thickening
of the 'neuroglia. The material filling the neuroglia spaces, that
used to contain nerve fibres, is no longer granular, but homo-
geneous. Again, these spaces are distinctly smaller than they
were in the last month, probably due to contraction of the tissue.
There are nuclei scattered about over thearea. We have now the
beginning of a true sclerosis, but as yet there is no contraction
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of the same sufficient to cause any deformity in the shape of the
section. Inillustration of this stage I shall quote the following case.

Case IIL—A woman, aged sixty-six, a patient of Dr, Hughlings
Jackson, at Queen Square Hospital, who has very kindly permitted
me to use the case.*

Her history was briefly this: Four months before admission
into the hospital she was suddenly seized with vomiting, which
lasted half an hour, then lost her senses for about an hour; and
when she recovered consciousness she was found to be paralysed
on the left side, face and speech not affected. When admitted
there was very slight affection of the mouth, none of the tongue,
paralysis and rigidity of both arms and legs, with increase of
reflexes. An extremely interesting point was that there was
hemianasthesia and hemianalgesia of trunk and limbs.

Post-mortem there was found a softening involving the
middle and posterior third of the right internal capsule. I shall
speak of the anatomical distribution of the lesions in my next
lecture ; suffice it to say now that the anterior median column or
direct pyramidal tract and the crossed pyramidal tract were pro-
foundly degenerated, the latter rather more advanced than the
former. In double-stained sections by carmine and Weigert’s
hzematoxylin we find even so late as this a large number of black
masses. The neuroglia connective tissue occupies considerable
patches. It is of a granular structure. Here and there can be
seen small holes in it, filled with homogeneous material, which
takes the carmine stain fairly well. These are the remains of the
original nerve fibres, and it may be presumed that they are on the
way to be closed up by contraction of the connective tissue.
It can easily be seen that if only a few nerve fibres were
degenerated, say from a small cortical lesion, they would at
this stage be probably quite unrecognisable,

There is a distinct increase of nuclei, at any rate in the crossed
pyramidal tract. These nuclei are scattered broadcast over the area

of degeneration, but they are found in the greatest number
about the vessels.

* This case was one of the subjects of a paper by Dr. Ferrier before the
Medical Society. See Transactions, November 21st, 1887.
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There are, of course, many natural fibres scattered over the
degenerated area.

Dﬁz‘f eration I have no instances of degenerafiou muc+h latf.-r

r Six than the sixth month. The following case lived six
Months. months and twenty days; it was a case of Dr.
Buzzard’s, at Queen Square Hospital, and I am indebted to him
for his kindness in allowing me to use it :—

Case IV.—H. C,, aged sixteen, one month before admission
stumbled 1n getting out of bed ; legs weak all that day, most on the
right side. Next day was obliged to take to his bed. Was found to
have a rounded spinal curvature, involving the fourth to tenth dorsal
spines. Legs quite paralysed, with loss of tactile sensation, and
also of sensation of pain in many parts. Knee-jerk much
exaggerated both sides, with ankle clonus. Bed-sores developed,
and the patient gradually sank.

Post-mortem, advanced disease of the seventh and eighth
dorsal vertebrz, extending in a less degree to two or three
vertebrz above and below ; the cord at the angle formed by the
destruction of the seventh and eighth vertebre= was much
narrowed, but not destroyed 1 have had no opportunity of
examining the compressed spot, but very decided ascending
lesions were visible in the parts that I was able to examine. The
cord is remarkably free from signs of decomposition, though 1t is
not well hardened. The posterior median column is in a more
advanced state of sclerosis than the direct cerebellar tract, though
the latter is much more sclerosed than in the last case. The
posterior median column consists principally of a dense connective
tissue ; few, if any, of the holes described in the last case as contain-
ing homogeneous lighter staining material are to be seen ; that 1s to
say, the last trace of the old nerve tubes has disappeared, and we
now have little else but connective tissue (fig. 6). However, in longi-
tudinal section there is to be seen an occasional mass of myeline
material, faintly stained with Weigert’s hzematoxylin, showing how
long this material seems to be able to resist the process of
absorption.

At this date, again, one cannot say that there is any sign of
contraction of the sclerotic tissue; at any rate, the cord retains
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Fig. 6.

Compression from Caries at about eighth dorsal. Transverse section,
at level of third cervical. Degeneration at six months and twenty
days. @, coarsely granular neuroglia tissue without nuclei. &,
Loculi filled with homogeneous material not staining by Weigert
haematoxylin. Weigert heematoxylin and alum carmine staining.
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its natural shape on section, while any considerable contraction

would be certain to cause distortion of the shape of the cross

section. _

Dot ahich The exact date at which all the fibres of a
Degeneration bundle have disappeared is at present not
s complete.  jotermined. Leewenthal® finds that the num-

ber of altered fibres increases with the date, that is, that

there are fewer altered fibres at the third week than at the sixth,
and that at three months all the fibres of a tract, say the pyra-
midal, are degenerated after transverse section of the cord.

It 1s quite possible that different fibres of a tract degenerate at
different dates, and therefore of course disappear at correspond-
ing dates. I have very little material to reason from. In
a semisection between the fourth and fifth cervical, done for me
by Mr. Horsley (monkey 5), the animal died on the thirteenth
day, and at that date practically all the fibres of the crossed pyra-
midal tract below the lesion were degenerated.

In the later stages of degeneration we find that the definition of
the diseased area becomes less and less distinct after hardening
by the bichromates. Under the microscope the degeneration now
appears as simple area of connective tissue, devoid of nerve fibres
or their remains. This area contracts, and may eventually occupy
a much smaller space in the section than it originally did. In
other words, we have a scar, and little more, to mark the site of
the lesion.

Degeneration I designedly describe this form under a
after Section of separate head, because, in the first place, it
Posterior Roots. : e - -

differs somewhat in its histological appear-
ances, and again because in cutting a posterior root we are cut-
ting a nerve before it enters the cord, and therefore it 1s possible
that its fibres in the cord may differ from those which run from
point to point in the cord.

I propose to describe the gross results of the experiments in
my next lecture, but I may say here that the experiments were
performed on three monkeys by Mr. Horsley, whom I cannot

* Lrewenthal, “ Dégénérations Secondaires, Dissertation,” 1685,
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sufficiently thank for his generous and eminently skilful help.
The monkeys are known as 2, 3, 4.%

In each the surgical modus operandi was the same—strict
antiseptic precautions; the use of pressure to stop bleeding ;
the removal of one or more laminz of the vertebrze ; slitting
up of the dura mater; section of the posterior roots close
to the cord; turning back of their peripheral ends into the
wounds, so as to preclude any possibility of junction ; after this,
irrigation of the parts with carbolic acid solution, stitching up of
the skin wound with horsehair sutures, careful drying of the sur-
face, and the application of a pad of antiseptic gauze, soaked in
collodion. The wounds always healed by first intention.

In monkey 2 all the posterior roots of the right side of the
cauda equina were divided. In monkey 3 the posterior roots of
the sixth, seventh, and eighth cervical and first dorsal on the
left side were divided, and in monkey 4 the posterior roots of the
last dorsal and upper three lumbar.

In each case there followed complete anasthesia and analgesia
of the parts supplied by these roots, and also probably loss of
muscular sense ; a point difficult to determine in animals.

Monkey 2 lived thirty-eight days, monkey 3 lived twenty-eight
days, monkey 4 lived fifty-two days, after operation.

The histological appearances in these cords were the same
practically in each case. _

In monkey 2 unfortunately twelve hours elapsed between the
time of death and the post-mortem, but in the other two cases the
animals were killed by ether, and the cord and brain removed im-
mediately after death.

In all these experiments we have to consider degenerated nerve
fibres—

First, in the divided root.

Second, in the white matter of the cord.

Third, in the grey matter of the cord.

In the first situation of the degenerated fibres there is little to

* As control experiments Mr. Horsley has since done two more similar-
operations, which, however, I have not had time to examine microscopically.
I shall refer to them in my last lecture.
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say. Both in transverse and longitudinal section of the root
there is the picture of * Wallerian” degeneration ; near the point of
section, however, there is an enormous increase of nuclei. The
ganglionic end of the divided root degenerates for a short dis-
tance, but this is probably traumatic.

In the cord at the level of the division we find the fibres
radiating through the postero-external columns, showing marked
signs of degeneration, 7.e., many interruptions in their continuity
and varicosities in their calibre. On comparing the two sides at
this level we find a great diminution in their numbers on the side
of the lesion, showing that many of the degenerated fibres have
become absorbed.

In the grey matter, which 1s the destination of a large number
of these fibres, we notice the same degeneration, and can trace
the affected fibres towards the posterior vesicular column of Clarke,
or still farther towards the anterior horn.

To return to the white matter, we find that at first the bulk of
the degeneration is in the postero-lateral column, but very soon
this column becomes free from altered fibres, which now are col-
lected in the posterior median column. As to the degeneration
itself, it shows one marked peculiarity from its earliest beginning
to its highest distribution, and that is the large number of nuclei
it presents. The monkey's cord has scattered over the section
normally a considerable number of small round nuclei. These
occur especially in the lines of the connective tissue trabecule
dipping in from the thin sheath which surrounds the cord. They
are distinct from the branched neuroglia cells, but are probably of
connective tissue origin. This increase of nuclei appears to be
peculiar to lesions following division of posterior roots. It does
not occur to anything like the same extent in the transverse
lesions of the cord in monkeys; and in man, as I have before
remarked, it is conspicuous by its absence.

« Tertiary I cannot omit to mention here the ob-
Degeneration.” servations by Messrs. Langley and Sherring-
ton,* concerning what they call “tertiary degeneration.” In
Professor Goltz's dog, whose cord they carefully examined,

* Langley and Sherrington, Jfournal of Physiology, vol. v., p. 42.



22

several operations had been at different times performed
on the cortex of the brain, the last being two and a half
months before death. The secondary changes in the cord
were all of comparatively advanced date then, but in the anterior
and antero-lateral column they found a quite recent degeneration
with swollen axis cylinders. They suggest that this may be con-
sequent on degeneration of lower centres, secondary to those in
the cortex. I am not aware that any similar observation has been
published.

Secondary Spinal Enough has been said now, I think, to
and “ Wallerian” show that it is scarcely correct to speak of

Degeneration R ]

Contrasted. degeneration in the cord as the same thing as
Wallerian degeneration of nerves. Without doing more than
mention the fact that the changes commence in the axis cylinders
always, a condition of things which may, and probably does,
obtain in the degeneration of nerves, the essential points of differ-
ence seem to come out in the later stages of the change.

In the cord we apparently have no nerve nuclei comparable to
those in peripheral nerve fibres. When a cord fibre is cut off from its
trophic centre it dies, or undergoes a change analogous to
necrosis. And yet it is not a true necrosis. If it were, the
appearances of decomposing and degenerating nerve fibres would
surely be identical. This is not the case, as I have been at
some pains to show. Neither has it the least semblance to an
inflammation. Inflammatory nuclei are conspicuous by their
absence. Moreover, the appearances in the immediate vicinity of
the initial lesion, where, if anywhere, inflammation may be sup-
posed to exist, are, as I have shown, very different from the
appearances in true secondary degeneration. The nerve fibres are
rendered useless, and from that moment a change occurs which
does not cease till their last vestige has been removed by absorp-
tion. When that has happened their place is taken by the
thickened neuroglia. This thickening of the neuroglia is, however,
of a languid nature, not inflammatory, Now, in the “ Wallerian ”
degeneration of nerves, on the other hand, the changes are of a
much more active nature. The breaking up of the axis cylinder
and myeline are necrotic, no doubt, but at the same time the nerve
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nuclei within the primitive sheath wake up, as it were, and show
by their active enlargement and proliferation that the nerve is not
dead. It 1s true that the old nerve fibre dies and 1s absorbed,
but after a time new fibres make their appearance ; in other words,
regeneration follows close on death.
Regeneration of This brings me to a point of cardinal import-
Cord Fibres. ance. Is there in the cord any tendency to
regeneration at all comparable to that in nerves? There has
been considerable controversy round this subject, and I propose
to give a short summary of the most important observations.

In 1849 Brown-Séquard * made experiments on guinea-pigs,
rabbits, and pigeons, of transverse sections of the spinal cord.
In some cases slight movement returned in the paralysed limbs,
but they read more like reflex than voluntary movements.

In 1850+ he made a complete section of the cord in the
pigeon ; three months after, the ends were quite reunited ; very
slight return of voluntary movement, and none of sensation
resulted. In some of his cases he says he found nerve fibres in
the scar tissue.

In 1852 & he was apparently more successful. After complete
section high up in the pigeon there followed, of course, complete
paralysis and ansesthesia. At the end of three months attempts
at voluntary movements were seen, as well as reflex. In six
months the bird could stand, but not walk. In seventeen months
it could walk, with the help of its wings, and in eighteen months
could walk fairly well. His results with guinea-pigs were very
inconclusive.

In 1864 Miiller, § in studying the regeneration of the vertebral
column in lizards and triton, says also that the cord was re-
generated at the same time. There was also slight return of

* Brown-Sequard, ** Experiences sur les Plaies de la Moelle Epiniére,”
Gaz. Med., 1849, p. 232.

1 Brown-Sequard, °‘ Régénération des Tissus de la Moelle Epiniére,” Gas.
Med., 1850, p. 250.

1 Jbid, *‘Sur plusiers cas de Cicatrisation des Plaies faites 4 la Moelle
Epiniére avec rétour des fonctions perdues.” [did, 1851, p. 477.

§ Miiller, W,, *“ Ueber Regen. d. Wiebelsiule und d. Riickenm. bei Trito-
nen und Eidechsen,” Canstatt’s Jahresb., 1864, i., p- 53.
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dislocation of the spinal column. The actual lesion of the
movement. These are the only experiments recorded on reptiles,
so far as I know.

In 1869 Masius and Van Lair * excised pieces r-z2 mm. long
from the cord of the frog. There was complete loss of sensation
and motion. Both returned after a time ; they do not say how
long ; movement first, sensation later. In the scar tissue between
the two ends they claim to have found ganglion cells and nerve
fibres.

It is not necessary to do more than refer to Dentan’s disserta-
tion, and to say that what he mistook for return of voluntary
movement was obviously reflex (c.f. Scheifferdecker’s trenchant
criticism).F

Eichorst,f in 1874, records some careful experiments on dogs
and rabbits, very young, three or four days old. The advantages
of using young animals are the rapid tendency to regeneration
of all tissues, cartilaginous vertebrze, less tendency to bladder and
rectal trouble than in adults, and nourishment by the mother.
The lesion was either section or crushing. Fifty-five operations
were performed, thirteen of which were casualties. The usual
traumatic degenerations followed. In two weeks regeneration had
commenced, and in four weeks new nerve elements had appeared.
These new nerves had, however, nuclei in them or on them which
are not seen in normal cord fibres. It is suggested that these
nuclei are the means by which regeneration takes place. Eichorst
found no regeneration of ganglion cells. He found in no case
degeneration of the cord away from the lesion. Regeneration
took place only in the scar tissue.

QOur conclusions from these researches, then,

Conclusions as 35 to regeneration in the cord, are, that the ten-
to Regenera- ]

tion. dency to regeneration appears to be stronger as

we descend the animal scale. It is claimed to

* Masius und Van Lair, °“ Apatomische und Functionelle Wiederher-
stellung des Ruckenm. bein. Frosch,” Centralbl. f. dic Med. Wissensch., 1860,
p. 60g.

1 Schiefferdecker, ap. cit.

I Eichorst, ® Ueber Nerven Degeneration und Nerven Regeneration,”
Virch., Arch., 1874, p. L.
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have been established in birds and amphibia ; it is very doubtful in
reptilia, and equally so in adult mammals. But it must be re-
membered that the cord itself possesses more of automatism
in lower animals than in higher. As a centre for reflex actions,
also, its activity becomes more and more marked as we descend,
till in the frog we find it at its highest development, perhaps.
Everybody knows how difficult it is to distinguish purposive from
reflex acts in that animal. It is also an extremely difficult thing
to determine in any animal whether or not sensation is altered or
absent. I am inclined to doubt every one of the results that T
have yet read of as pointing to a real regeneration of degenerated
nerve fibres. The clinical evidence is questionable, and the histo-
logical still more so.

My own observations lead me to the same conclusion. I have
never seen anything, after the most careful search, which can be
construed into even an attempt at regeneration of cord fibres. It
is true that I have not had for examination cords with lesions of
later than seven months’ standing, but the absorption of degene-
rated fibres is complete at that date or nearly so, and their place
is taken by dense neuroglia tissue.

It is, however, extremely encouraging to read the excellent re-
sults obtained in the case reported by Dr. Gowers and Mr.
Horsley in the Medico-Chirurgical Transactions.* Here a tumour
had, by pressure on the cord, caused not only paralysis of the lower
limbs and bladder, but also'greatly increased reflexes. The tumour,
moreover, indented deeply one side of the cord, and it is almost
impossible to suppose that there was not actual destruction of
nerve-fibres at that spot ; and yet the removal of the tumour was
followed by complete recovery. The results here encourage
further operation in cases of compression, from whatever cause.

The subject of regeneration is one of immense importance. It
involves the question of surgical interference in injuries and
tumours of the cord; it enters into the question of prognosis
in a large number of nervous affections. One of the saddest
of all the accidents to which the body is liable is fracture-

* Gowers and Horsley, * Tumour of Spinal Cord: Removal ; Recovery,”
Med. Chir. Trans., vol. lxxi., p. 377.
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column is of the smallest account; it is nearly always reduced,
that is, the pressure is taken off the cord, but the damage done
is practically irreparable. If we could hold out any hope of
regeneration modern surgery would no doubt be able to step
in. As I have elsewhere described the spinal lesion, the cord
is cut across without injury to the membranes, in the same manner
as the middle coat of an artery is cut by the ligature. The parts
are in perfect apposition. Is it the crushed or scar tissue inter-
vening that prevents possibility of regeneration? It is not so in
the peripheral nerves; regeneration begins, even though the
severed ends be never brought into apposition. The surgeon
does no more than place the new nerves into continuity with each
other, and even then it is inconceivable that no scar-tissue inter-
vene. The new nerves have apparently the power to pierce a thin
layer of scar-tissue.

Could we hold out hope of regeneration of cord-fibres, with
what renewed energy should we strive to find out the jfons ef origo
of such lesions as obtain in the terrible diseases known as tabes
dorsalis, lateral and disseminated sclerosis, to say nothing of the
numbers of old hemiplegias that haunt the out-patient rooms of
our hospitals.

I propose in my next lecture to trace the course of the degene-
ration in the cord both above and below the lesion.



LECTURE II.

My first lecture has been devoted to the study of the histological
appearances of degenerations. My present task is one of much
wider scope.

If we examine a transverse section of a normal cord we see
grey matter and white matter only, the division into regions being
of the most superficial character. We can have no idea, from the
appearances, which part transmits motor, and which sensory im-
pressions, which carries fibres passing from above downwards, and
Vice versa.

But pathology does the work of the anatomist with the greatest
precision, and we find that fibres which pass from the brain run
invariably in certain areas of the transverse section, and those
which pass to the brain travel up in equally definite paths. More-
over, fibres passing from one point of the cord to another, upwards
and downwards, have also their own place.

It has become the custom to speak of degenerations of tracts
containing efferent fibres as descending, of those containing
afferent fibres as ascending degenerations. But it must be clearly
understood that the terms descending and ascending apply to the
course of the fibres in the tracts themselves, and not to the de-
generation. Therefore the full expression of the term descending
lesion should be a “ lesion of a descending tract.” There is every
reason to believe that the degeneration of a fibre cut off from its
trophic centre takes place, if not equally and simultaneously all
along its course, at any rate very rapidly.

Early The earliest observer to study this method was

Observations. Cruveilhier,* in 1835. But it was Tiirck,t
in 1851, who really gave us the first complete account of
the descending tracts, and later, in 1853, he studied and

* Cruveilhier, Anat. Pathologique, vol. xxxii., p, 15.
T Tiirck, Sitzungsh. der Akad, der Wissensck. in Wien, 1851 and 1853.
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figured with great exactness the principal ascending tracts.
There does not appear to have been anything of particular
importance in this direction written after Tiirck’s time till 1866,
when Bouchard wrote some admirable papers in the Archives
Générales de Médecine® After Bouchard we have numbers of
writers treating of this subject, with more or less minuteness, too
numerous to mention in this place, but to whom I shall refer as
occasion shall arise.

The anatomical facts established by pathological methods are
strikingly borne out by the study of the embryology of the cord, a
branch of investigation followed most completely, first by Flechsig,
later by Bechterew, Von Monakow, and others.

Preliminary In addition to the gross anatomical division

Anatomical of the white matter, we have one or two histo-

EOElorpt N logical points to draw attention to. There
are two forms of larger white medullated nerve fibres. First, the
large fibres which are familiar to all. Secondly, there are medium-
sized fibres, smaller than the last. Schwalbe has tried to show
some relation between the size of a fibre and its length, but
Gaskell, with more probability, suggests that the size varies with
the function of the nerve ; for instance, the hypoglossal nerve sup-
plying the tongue is composed of very much smaller calibre fibres
than we find in an ordinary anterior root. Whether this theory
can be applied to the cord fibres I am unable to say. It is certain
that the fibres supplying the smaller and larger muscles only com-
municate with the cord through ganglion cells in the grey matter.
It is possible that the medium and large-sized fibres are in con-
nection with medium and large-sized ganglion cells, and these,
in their turn, with corresponding fibres in the cord. Lastly,
there are the small medullated fibres. These are very minute,
a tenth part of the size of the large fibres. They are morpho-
logically exactly similar to the large fibres. They tend to
run in certain tracts of the cord, and I shall deal with them in
detail hereafter. They are connected with correspondingly small
ganglion cells.

We shall also have to notice the white fibres which run into

* Bouchard, A»ch, Gén. de Mid., 1866, t. vii., viil,
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the grey matter. Among these are very few large fibres, but
there are many of the small fibres just mentioned. The larger
number of the white fibres in the grey matter are extremely
minute ; seen in cross section by Weigert staining they appear as
little black dots displaying no structure to the highest powers. In
longitudinal section they are by the same method fine black lines
with an occasional varicosity. These are axis cylinders dimin-
ished in size and coated with a trace of myeline, sufficient to take
the stain. It is highly probable that the hardening and staining
operations may have some contracting effect on them.

Fibres which When any considerable portion of the motor
Degenerate area of the cortex is destroyed the fibres
Downwards. . : :

in connection with that part are degene-
rated. The degenerated fibres can be traced through the middle
third of the internal capsule, through the crusta of the crus
cerebri, through the pons, the anterior pyramid of the same side,
across in the decussation to the crossed pyramidal tract, down the
cord in that tract to certain cells in the grey matter, and no
farther. Though the motor impulses originating in the cortex of the
brain must take this course, and pass out to their destination
through the anterior roots, degenerating fibres are never found
in these roots, they must therefore stop at the ganglion cells in
the grey matter. This fact was fully recognised by Bouchard.

As I have not had the opportunity of examining lesions passing
down through the capsule and crus, nor had the time to under-
take experiments in that direction, I confine my remarks to
lesions in the cord and medulia only.

Descending In the pons the motor fibres lie in bundles
Fibres in Pons separated from one another by the
and Medulla.

transverse fibres of the pons. Case IIIL,
mentioned in my first lecture, a lesion of the middle and
posterior part of the right internal capsule, would naturally
afford the most extensive and complete degeneration of the motor
tract below the lesion. All the longitudinal fibres of the right
side of the upper and middle pons are deeply degenerated, but
no degenerated fibres can be found in the fillet. The next
section, at the commencement of the pyramids, shows that the



30

total sectional area of degeneration has undergone a very great
diminution in size. It must be supposed, in explanation of this,
that the motor tract here is constantly giving off fibres to the
various nuclei of grey matter, as, in fact, it must do to a less
degree in its course down the cord. At the decussation the de-
generated fibres can be seen crossing to the opposite lateral tract,
interlacing with healthy fibres. When this crossing has been com-
pleted we have the crossed pyramidal tract,
Citasad This area forms roughly an isosceles triangle,
Pyramidal with one of its sides close to, and parallel
*Eask with, the posterior horn, its apex at the point
of junction of the posterior horn with the rest of the grey
matter, and its base lying parallel with the periphery of the lateral
column, but not touching it in the upper parts of the
cord. The description of the shape I have just given applies to
the human cord. In dogs and monkeys it appears to be more
circular in its outline. It will naturally also vary in its shape
according to the extent of the lesion. Most of my cases are of
total transverse section, which of course will give the greatest
possible degeneration of this tract. It would appear that certain
parts of the tract convey fibres from corresponding regions of the
brain. This has not been made out with exactitude, but Langley
and Sherrington® found in Professor Goltz’s dog, in which parts
of the motor area had been removed at different times, distinct
patches of degeneration at different stages in the crossed pyra-
midal tract. For further information I must refer to their paper.

I shall here relate very briefly the clinical details of a case
which I shall have occasion to refer to several times, especially in
connection with the ascending degenerations.

Case V.+—A. P., @t 18, fell forty feet, fracturing left thigh, and
sustaining a {racture-dislocation of the seventh cervical vertebra.
On admission the breathing was diaphragmatic and remained so ;
manipulation of the fractured thigh gave no sign of pain. Sensa-
tion was retained in the hands and arms, but there was some

* Langley and Sherrington, Journal of Fhysiology, vol, v., p. 49.
T The clinical features of this case have been detailed in the Zawncet, 1887,
ii., p. 261, by Mr. Baker, who allows me to make use of the spinal cord.






Fig. 7.

Fracture-dislocation of Seventh Cervical Vertebra, with Crushing of
Cord between the Eighth Cervical and First Dorsal Roots
(Case V.). a.t., Antero-lateral ascending Tract. d.c.Z, Direct
Cerebellar, . #.mn., Posterior Median. c#.%, Crossed Pyramidal.
cd., " Comma-shaped ” Tract. x 2 diam,
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paresis. There was retention of urine and involuntary defeeca-
tion and priapism. There was complete anaesthesia and paralysis
below a line drawn round the body two and a half inches above
the nipples. There was also complete absence of reflexes. He
complained of pain in the upper part of the back, which became
more localised in the lower part of the neck as time went on.

I mention this case here because it affords the best illustration
I have of descending lesions following complete transverse crush-
ing high up in the cord. It will be noticed how extensive the
degeneration is for the distance of a root below, that is at least
one inch (fig. 7, D I.) There can only be said to be natural fibres
close round the grey matter ; all the rest is degenerated ; of course
this degeneration is principally traumatic. At the level of the
second dorsal (fig. 7, D II.) the crossed pyramidal tract may be
said to have its greatest possible development. At the next root
it is considerably smaller, and then diminishes gradually and regu-
larly from above downwards. Vulpian, Singer, Leewenthal, and
others say that the crossed pyramidal tract ends at the level of
the second lumbar. From my own observations I come to the con-
clusion that degenerated fibres can be found as low as the fourth
lumbar, and even lower (fig. 8, S); neither is this contrary
to what might be expected, for the fourth lumbar root enters ob-
viously into the formation of the lumbar plexus. And though the
nerves given off below this point are many of them visceral, yet,
as I shall endeavour to show later, they must have their connec-
tion with the higher centres, and the path for this connection is
probably the lateral column. In the upper parts of the cord the
crossed pyramidal tract, as we have already noticed, does not
reach to the edge of the section, because the direct cerebellar
tract intervenes. In the middle of the dorsal region the crossed
pyramidal tract comes to the surface. I find that this takes place
at levels varying from the sixth to the eighth dorsal roots
(fig. 8, D VIIL). The significance of this will be apparent
on consideration of the direct cerebellar tract. The crossed
pyramidal tract having gained the surface, retains its shape and its
position close to the posterior horn at first, but farther down the
triangle becomes smaller and smaller, and gradually leaves the
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posterior horn till at last it is a small patch on the periphery of
the lateral column (fig. 8, L III. and S).

Bouchard speaks of the crossed pyramidal tract as composed
of short and long commissural fibres ; the short are on the inner
side of the tract, and the long on the outside. He also makes
the statement that the long fibres are degenerated after injury to
the medulla, and not after injury to the brain,

What becomes of the fibres forming this bundle? The most
careful examination fails to discover any degenerated fibres in the
anterior roots. It is highly probable, therefore, that they in some
way form connections with the ganglion cells of the grey matter.
On physiological grounds it is certain that they do not cross, at
least as a whole. As Schiefferdecker has remarked, it is impos-
sible to understand how such small bundles of fibres as the two
descending tracts can convey the multitude of voluntary impulses,
unless we regard them as bearing only fibres which control subordi-
nate centres in the cord.

I am not aware, however, that any observer has been able
definitely to trace the degenerated fibres to their ganglion cells,
and it is curious to note that the bundle takes up and maintains a

position in the section as far away from the anterior roots as it is
possible to assume.

Development of The position and shape of the tract in the

Crossed cord at birth resembles very much the degene-
Eyramidal Teact. sted tract ; but considering the size of
the cord, the former is rather larger than the latter. In both the
tract diminishes from above downwards, but that of course means
that the process of development as a whole takes place from below
upwards. The tract comes to the surface at about the fifth or
sixth dorsal root level. It can be traced to the upper sacral
region with certainty, but shows a tendency to leave the position
close to the posterior horn, and to take up one a little farther

along the periphery of the section.

The Direct Thlf'.: consists of fibres, which after ]eavu-'.ng the

Pyramidal pyramids, do not cross, but run down in the
Tract. : : :

anterior median column on the same side. It

may be said to commence in the cord at the same time as the
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crossed pyramidal tract. It occupies a position close to the an-
terior median fissure, any lessening of size being on the side
next to the anterior root zone. In cases in which the degenera-
tion is extensive its anterior part may be extended towards the
anterior roots along the outer edge of the section. In its fullest
development it is a strip of degeneration extending the whole
length of the anterior fissure (fig. 7, D ITL.). Itis, so far as I know,
always associated in degeneration with the crossed pyramidal
tract. I have never seen or heard of a case in which this tract
only was degenerated secondarily.

Pitres * has shown that the tract is sometimes, though not
always, affected in cortical lesions of the brain, and also that both
tracts may be degenerated secondarily to an unilateral lesion.

Bouchard says the fibres composing it do not reach below
the middle dorsal; but this is plainly not the case, for in Case
III. it is distinct as low as the eleventh dorsal, and in another case,
to which I shall refer later, it can be seen by the naked eye as
low even as the level of the second lumbar.

The destination of these fibres is a disputed point. They
must be for conduction of motor impulses, because in semi sections,
as Homén points out, the paralysis is much more complete
if the anterior column be cut as well as the lateral than if the
lateral be cut only. Dr. Gowers + considers that the direct py-
ramidal tract conducts motor impressions for the upper extremi-
ties. This may be the case, but it can scarcely be the whole
answer, because the degeneration, as I have said above, can
be traced as low as the second lumbar. It is possible that it may
contain many commissural fibres.

It is almost certain that the fibres composing this bundle
cross somewhere in the cord, for in cases in which it is deeply
degenerated we get no paralysis of the same side. If they cross
it 1s only reasonable to suppose that they should go by way of the
anterior commissure. This commissure is practically a decussation

* Pitres, “ Recherches Anatomo-cliniques sur les Scléroses bilaterales de I
Moelle Epiniére,” ete., Arck. de Phys., 1884, p. 142.

T Gowers, ‘“ Diseases of Nervous System,” vol. i., p. 114.
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to spring from the anterior column of one side, to pass into the

corresponding column or anterior horn of the opposite side. And
yet the most careful examination fails to discover a single degene-
rated fibre in the commissure. The destination of this tract is
therefore at present conjectural.

Development  Developmentally the direct pyramidal tract

;ﬁrggi?f:l resembles the crossed; that is, the fibres are
Tract. medullated late, and therefore these two tracts

remain as unstained patches by osmic acid or Weigert's
haematoxylin, when all the rest of the white matter is stained
black. It is also developed from below upwards, but generally
speaking it is farther advanced in development at birth than
is the crossed pyramidal tract.
Recrossed In cortical lesions of the motor area another
Fibres. descending tract in the lateral tract of the same
side as the lesion has been often noticed. Pitres,* in the im-
portant paper just referred to, brings forward ten out of forty
cases of hemiplegia from unilateral brain lesions, many with
contractures and increased tendon jerks. In all he found a de-
generation of the pyramidal tract on the same, as well as on
the opposite side. In several of these the degenerations on
the two sides were of equal intensity ; in others it was less intense
on the same side. In six cases the direct pyramidal tract was
also affected, and in three both direct pyramidal tracts. The
pyramid of the opposite side was quite unaffected. He re-
marks also that there is clinical ground for the suspicion of
this double degeneration; that in many hemiplegias we find
loss of power, slight, it is true, of the same side. He moreover
draws attention to the very common occurrence of increased re-
flexes and the less common occurrence of contractures on the
same side. It must be said, however, that in many of his
reported cases these symptoms are not noted, though the de-
generation was obvious after death.
He considers that these fibres come from the pyramid of the
same side ; that is, that the fibres of that pyramid may pass inte
of medullated fibres from one side to the other. The fibres seem

* Pitres, op. cit.
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Fig. 8.
Semi-section between Seventhfand Eighth Cervical Roots on the left
side (Monkey 7). a.f, Antero-lateral ascending Tract. &.c.z, Direct
Cerebellar, ¢.4.£, Crossed Pyramidal. 7.4, ? Recrossed Fibres. ed.,

* Comma-shaped ” Tract. m.z., Descending Fibres in the “ Mixed
Zone,” x 3 diam,






35

-
the crossed pyramidal tract, the direct pyramidal tract, and the
pyramidal tracts of the same side.

Charcot,* who recognised this degeneration, suggests that the
fibres re-cross from the crossed pyramidal tract of the opposite
side by way of the anterior commissure. The absence of any
anatomical evidence for this statement must be the answer to it
for the present. Drs. Hadden and Sherrington+ add another
case in the human subject, in which they discover a few de-
generated fibres in the opposite pyramid.

According to Dr. Sherrington,f this “ re-crossed tract,” as he
calls it, does not make its appearance till about the third cer-
yical root. Itis much smaller, and the degenerated fibres in it
are fewer than in the tract of the opposite side. It cannot be
traced so far down the cord. Dr. Sherrington found it after
extensive experimental lesions on the dog.

Professor Schaeffer§ figures the same tract in the monkey.
In some monkeys’ cords that I have examined for Messrs.
Horsley and Spencer, in which the lesion of the cortex was
sufficient to cause a very obvious degeneration of the crossed
pyramidal tract, there was at this time a very scanty degeneration
of fibres in the corresponding tract on the same side as the
lesion. Another important piece of evidence of the existence of
these re-crossed fibres 1s that of Homén,| who, after semi-section
in the cervical region in dogs, found distinct degenerating fibre
in the opposite lateral tract, beginning about one ctm. below the
level of the lesion. He traced the degeneration as far down as
that on the opposite side. This experiment would show that this
so called re-crossing of the fibres is going on all through the
cord. He found at the same time degeneration of the anterior
pyramidal tract, which appears to me to answer the question of

* Charcot, ** Legons sur les Localisations dans les Maladies du Cerveau,” etc.,
Paris, 1876, p. 252.

+ Hadden and iSherrington, Bra#n, vol. viii., p. 502, *° Bilateral Degenera-
tion in Spinal Cord,”

I Sherrington, *‘ Degeneration in Spinal Cord,” Fourn. of Physiol., 1835,
p. 177-

§ Schaeffer, Fourn. of Phys., vol. iv., 1883, p. 316.

| Homén, op. cit.
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Messrs. Langley and Sherrington as to whether that tract exists
in the dog in the affirmative. The most difficult points in con-
nection with this degeneration are that it causes such slight,
symptoms, and that it is not really very common, and therefore
perhaps, ought to be regarded as a deviation from the normal.
To look at the figures and sections in Pitres’ paper one would
certainly expect a double hemiplegia. Again, one must suppose
a similar re-crossing of healthy fibres from the crossed pyramidal
tract of the same side into that of the opposite side, and there-
fore, if they be motor fibres, so much less a degree of paralysis on
that side, but the clinical evidence lends no colour to this view.
In my Case III., of extensive lesion of the middle and posterior
parts of the capsule, I can find no degeneration on the same side
in the lateral tract.

The descending lesions after a hali-section of the cord are
very well shown in monkey 7 (fig. 8), already mentioned in
Lecture I. The semi-section was not complete ; that is, the
anterior column and posterior median column escaped. The
lesion was between the seventh and eighth cervical. The crossed
pyramidal tract was very completely degenerated, and could be
traced as low as the sacral region, and came to the surface as low
as the seventh dorsal.

' In the antero-lateral region and extending

Descending i . )

Fibres in the round the anterior periphery, that 1s, 1n the

“Mixed Zone.” ,nterior root zone, are seen many degenerated
fibres, but in these situations are many normal ones also. This
diffuse descending degeneration of the antero-lateral region, or
““ mixed zone” (Flechsig), extends to about the eighth dorsal, but
in the anterior root zone a thin strip can be seen as low as the
sacral region.

This degeneration is also seen in fig. 7 for a considerable dis-
tance below the crush. It is figured by Drs. Hadden and
Sherrington in the paper referred to above.

For a short way below the lesion, at about the level of the
second dorsal, degenerated descending fibres are found in the
periphery of the oppcsite lateral column, in a position respected
by the ascending fibres of the direct cerebellar tract in the
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section above the lesion. (See fig. 8, #4.) These are the only
fibres corresponding to re-crossed degeneration that I could find
in this experiment.

Postero-lateral 1D complete transverse sections can be seen

Descending by the naked eye, and after staining, a distinct

Degeneration, : :

or ¥ Comma- tract of degeneration in the postero-lateral

shaped ” Tract. o,lumn below the lesion. It is situated so as to
divide the column, as seen in transverse section, into two almost
equal halves (fig. 7, ¢.d., and fig. 8). It has the shape of a comma,
that is, with a rounded thickened head and thin curved tail,
reaching nearly to the periphery of the section. It was noticed
first by Schultze,* but it was figured, not described, by Drs.
Bastian T and Westphal | previously to Schultze’s observation, and
later by Kahler and Pick.§

I have seen several instances of this degeneration, and I believe
that it is rarely absent in cases of transverse lesion. Schultze
figures it in a case of complete compression by tumour of the
middle of the cervical swelling, 2 ctm. below the lesion.

In Case V. (fig. 7), in which the cord was crushed completely
between the eighth cervical and first dorsal roots, the degenera-
tion is very distinct as low as the fifth dorsal root, and can be
traced without much trouble with the microscope as far down as
the seventh and eighth dorsal.

In another case, in which the cord was crushed between the
sixth and seventh cervical roots, the degeneration to the naked eye,
after hardening, was very distinct in the cervical and upper dorsal
region, and could be seen as far as the sixth dorsal. In a case of
fracture-dislocation of fifth dorsal vertebra, that I reported else-
where, I have since by careful examination found it, but it is very
faint, and extends little more than one inch below the lesion. It
may be said that the *comma-shaped” tract is generally more
distinct after lesion of the higher parts of the cord, above the

* Schultze, *‘ Beitrag zur Lehre von der secund. Degen.” ete., Asch, [,
Psych., 1883, p. 375-

t Bastian, ¢‘ Case of Concussion Lesion with second. Degen.” etc., Med.-
Chi. Trans., 1887, p. 499.

T Westphal, d»ck. f. Psych., Bd. x., 1880, p. 788,
§ Kahler and Pick, #5¢4, p. 179.
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fifth dorsal root, probably. Homén finds that this tract degene-
rates downwards on the same side after semi-sections ; an observa-
tion borne out by my monkey 7 (fig. 8, #.Z). It israther unexpected
to find descending fibres in the middle of a column which is
essentially a conductor of centripetal fibres. As to the function
of its fibres we are at present quite ignorant. Schultze considers
that it must either consist of fibres which degenerate both upwards
and downwards when cut in their course, a condition which 1is
quite irreconcilable with recognised facts, or else that it contains
fibres from the posterior roots, which are bent back, as it were, after
entering the cord, to pass into the grey matter at a point
below. This supposed bending back of the posterior root fibres
has been suggested by Stilling and Brown Séquard. It is, how-
ever, extremely improbable that such bending back of posterior
root fibres can possibly extend so far as this degeneration does ;
then, again, if the fibres of the “comma-shaped” tract were
derived from the posterior roots they should degenerate after
section of those roots, but I can find no evidence of such in my
experiments. It seems more likely that the fibres forming it are
commissural.

Flbsis sehich Degeneration of ascending tracts may be
Degenerate secondary to complete or partial transverse sec-
Upscrds. tions of the cord, crushing, pressure, invasion

of new growths, focal inflammation, involving the whole or part
of the transverse section, and lastly to section or disease of the
posterior roots.

Close above the lesion, supposing it to be a crush, for instance,
we find the traumatic degeneration affecting most of the section
but even here tending to affect the ascending tracts most. As a
rule, the whole of the posterior region is deeply degenerated ; the
same may be said of the whole periphery of the section, even
including to a greater or less extent the anterior column and the
anterior radicular zone (fig. 7, C VIL). The fibres, however, lying
next the grey matter in the lateral region, called the “lateral
limiting layer,” usually escape, unless, of course, there be much
inflammation, in which case the whole section may be affected,
grey matter as well as white. The traumatic degeneration is said






Medulla of Case V. (see fig. 7). a.l.,
Antero-lateral ascending Tract.
d.ct, Direct Cerebellar. d.a.,

*  Direct Cerebellar and Antero-
lateral ascending Tracts, com-
bined. pm., Posterior Median.
¢c.r., Corpus Restiforme. F.a.,
Ascending Root of Fifth Nerve.
X 2 diam,

i e e i = am -




39

by Homén and Schiefferdecker to extend for about 1 to 2 ctm.
above the lesion. Above this we may speak of the degeneration
as being true secondary degeneration.

Postero-lateral Lhe posterior region consists of the postero-
Degeneration. |ytera] column and the posterior median column.
The postero-lateral column is never degenerated far from the

point of lesion. At the second root, from the lesion in Case V.,
this column begins to show a few normal fibres, and these fibres
are obviously principally acquired from the posterior root. The
normal fibres can be seen if the section be made through the
point of entrance of the root, flowing in in considerable numbers
into the posterior part of the column, where they form a little
group.

At the next root above there is quite a considerable area of
non-degenerated fibres, extending torwards parallel to the posterior
horn of the grey matter. With each root, as we ascend from the
lesion, then, the postero-lateral area seems to receive a fresh con-
tingent of normal fibres ; and at the fifth root from the lesion we
find the postero-lateral area beginning to assume its normal dimen-
sions. This influx of new fibres from the posterior roots is, how=
ever, scarcely enough to account for the whole of the postero-
lateral column, as we shall see when we come to study degeneration
from sections of the root. It 1s, therefore, probable that a large
number of these are commissural. The above statements are based
principally on the examination of Case V., but they apply equally
well to lesions lower down in the cord.

We may look upon the postero-lateral column as one of the
principal conductors of the posterior root fibres. This of course
explains many of the phenomena of tabes dorsalis, which is
essentially a disease of this column.

D ortating With the appearance ot the postero-lateral
Median column the position and shape of the posterior
Column. -\ edian column becomes defined. The two
together make up an area having a V shape, the angle of the
V being truncated and applied to the posterior commissure. The
sides of the V bend outwards and backwards towards the pos-
terior roots at first. Root by root, however, this tract becomes
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smaller, compressed, as it were, by the increasing number of fibres
from the postero-lateral region, till at last it becomes a thin strip:
of degeneration each side of the posterior septum, but still reach-
ing forwards to the posterior commissure.

If the lesion be below the fourth or fifth dorsal the tract in the
cervical region not only becomes thinner, but at about the third
cervical root retreats backwards, forming a wedge with the thin
end forwards. The farther down the cord the lesion is, the
sooner this shape of the degeneration is assumed, till at last the
lesion is only a small triangular patch at the posterior extremity of
the posterior septum. The ascending degeneration of the pos-
terior median column is one of the most constant lesions we have
to do with. Any considerable damage of the cord high up or
low down is certain to be followed by more or less degeneration
of this tract. From remarks above made concerning the postero-
lateral fibres it is practically certain that large numbers of the
fibres of that tract pass directly into the posterior median column.
Hence it is that in tabes, in which the postero-lateral column is
sclerosed in the lower parts of the cord, in the higher parts we
find the posterior median column affected only.

A large number of the fibres composing the posterior median
column run from one end of the cord to the other, that is, into
the medulla. This is shown by the records of many cases of
pressure and disease of the cauda equina; moreover, I shall
quote experiments on monkeys in further proof of this point.

It is probable that very few, if any, of the fibres cross, in uni-
lateral lesions, to the opposite column, that is, they run up on the
same side. This is certain from semi-sections by Homén and
others, and by my own cases.

Destination But though a large number of the fibres run

H‘fdi‘;‘fﬁﬁg straight up to the medulla, yet the tract pro-

in Cord.  oressively diminishes in size from below upwards,
and therefore its fibres must be diminishing in numbers pars
passu. But this diminution appears, according to Schieffer-
decker,* to be not regular, but subject, at certain points, to sudden
alterations in size. These points were (1st) between the fourth

* Schieflerdecker, op cit.
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and fifth dorsal, (2nd) between first and second dorsal, (3rd) be-
tween seventh and eight cervical, and lastly between second and
third cervical.

His method of determining this was ingenious, but seems open
to many errors of observation ; it consisted of drawing very
accurately, by the camera lucida, the outline of the degeneration
on paper, and then cutting out the drawn figure and weighing it
with the most delicate balance. Of course this takes no account
of normal fibres in the area of degeneration, of which the tract
receives many as it passes upwards. Between the points of
sudden diminution in size the tract alters very slightly in area
from root to root. Schiefferdecker concludes, therefore, that these
fibres end in certain centres or collections of ganglion celis in the

cord.
But though large numbers of the fibres disappear

in the grey matter of the cord, yet there is no
doubt that a certain number, more or less, traverse the whole
length of the cord to the medulla. As we trace the postero-lateral
column and the posterior median column upwards to about the
level of the first cervical root we find that the angle formed
by the two posterior horns becomes wider, owing to their
divergence. At the same time the tips of the posterior horns
become swollen, as it were, by a local increase of the so-called
‘substantia gelatinosa Rolandi, this local swelling being named
the tubercle of Rolando; still at this level the general appear

ance of the spinal cord section remains. But above this the
appearance changes. The whole section is larger, owing to
the appearance of new material. Anteriorly we have the
lowest part of the decussation of the pyramids, pushing the
remains of the anterior horns of the grey matter aside, so
that the lateral region is relatively smaller than it is in the lower
part of the cervical regions. The substantia gelatinosa retains its
position, but assumes a crescent shape; between this crescentic
substantia gelatinosa and the periphery lie a number of medul-
lated fibres, part of which, at any rate, make up the ascending root of
the fifth cranial nerve (fig. 9 v.a.). At this level, moreover, a change
takes place in the constitution of the posterior region. In both the

In Medulla.
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posterior median column and the postero-lateral column we find
what appears as a prolongation backwards of the grey matter
around the central canal ; this is no longer the thin commissure that
it was lower in the cord, but a large mass, containing many ganglion
cells, which higher up are grouped to become the nuclei of certain
cranial nerves, such as the hypo-glossal, glosso-pharyngeal, etc.
This central grey mass then sends back prolongations of its sub-
stance into the posterior median and the postero-lateral columns.
So that at this level the posterior median and postero-lateral
columns consist each of a peninsula of grey matter, with white
matter nearly surrounding it. They here have received other
names : the posterior median is called the funiculus gracilis, the
grey matter in it the nucleus gracilis, or nucleus clavatus ; the
postero-lateral is called the funiculus cuneatus, with its nucleus
cuneatus.

It 1s with the nucleus gracilis that we are now more particularly-
concerned. The ganglion cells in it are peculiar ; they are not so
large as those in the anterior horns of the grey matter anywhere in
the cord, and they are also of the oval, bipolar, or unipolar kind,
such as are found in the posterior vesicular column of Clarke.
Among these ramify, horizontally, medullated fibres. As we pass
still higher in the medulla the two funiculi graciles become sepa-
rated by a fissure, the first beginning of the calumus scriptorius.
At the same time the central canal, with its grey matter and
nerve nuclei, passes backwards to open into the fourth ventricle,
and finally the grey matter forms the floor of that ventricle.

To return to the degeneration of the posterior median column.
Where the degeneration is extensive, as in Case V. (fig. 9, sec-
tions 6 and 7, p.m.), the peninsula of grey matter, or nucleus
gracilis, has a mass of degenerated fibres lying along its inner side
and also along its posterior aspect. If, however, the degeneration
be that of posterior root fibres, as in monkeys 2 and 4 (vide
infra), it will be found lying against the internal aspect
only.

Higher up the encroachment of the nucleus gracilis, as it were,
forces backwards the degenerated fibres, till at last there remains
little more than a small patch posterior to the nucleus, and finally
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this disappears also (fig. 9, section 5, p.m.). There can be no
-doubt that these degenerated fibres are absorbed one by one into
this nucleus gracilis. It is probable that the fibres are in direct
communication with the bipolar ganglion cells of the nucleus.
Seeing the great similarity between the cells of this nucleus and
those of the posterior vesicular column, it is not unreasonable to
suppose that the fibres which are disappearing from time to time
in the upward progress of the tract end in a similar manner in
the posterior vesicular column of the cord.

Now, I shall speak more particularly concerning the posterior
vesicular column and its relations in my next lecture, but it will
not be out of place to remark here that the posterior median
column carries vast numbers of small nerve fibres which have
been proved, by Gaskell, Onodi, and others, to be visceral in func-
tion and to be probably in direct communication with the posterior
vesicular columns; also that lesion of posterior median column
alone gives rise to no known symptoms at all comparable, at least,
to such as follow corresponding lesion of the postero-lateral
column ; also that the fibres of this column do not cross, at least
in the white matter, whatever they may do when they reach the
grey, but tend to run a very long course on the same side.

I may mention here that the posterior median column, as is the
case with the other columns of the white matter, develops from
below upwards, and therefore the tract of the unmedullated fibres
appears to diminish from above downwards, the opposite of the
degenerated tract.

We have seen, then, that the posterior median column degene-
rates secondarily after lesions involving the columns themselves
and after lesions involving the postero-lateral column; we have
next to consider the course of degenerations following on lesions
of the posterior roots.

Restlts of At the suggestion of Dr. Gowers, and with
Division of the kind help of Mr. Horsley, I have been
Rosterlor. Roote: - 2hled: to try the experiments on monkeys
of such sections. I have made careful examination of
the cords of three monkeys, which I know as monkeys 2, 3,
and 4. I have already referred to them in my first lecture,
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and have mentioned in what respects the resulting degeneratior
differs from ordinary secondary degeneration.

In monkey 2 Mr. Horsley divided all the posterior roots of
the right side of the cauda equina, at a level about 1 ctm.
above the tip of the sacral end of the cord. The operation was:
quite successful, and the animal rapidly recovered, without a
bad symptom. There was complete loss of common and pain
sensation, and probably of muscular sense, in the lower limb of
that side. There was also loss of knee-jerk on the same side.
The anmimal lived thirty-six days, and then died from diarrhcea,
which was causing a high mortality at that time among the
monkeys at the Brown Institution. TUnfortunately, the autopsy
was made twelve hours after death, and therefore there is some
post-mortem change, but not very much. Fig. 10, L. V, is made
from a section of the cord with the nerves of the cauda round
it, at the level of Lumbar V., about. The degenerated nerves
are shaded, as is the degeneration in the other figures. At this
level no affection of the posterior region can be made out,
except just close to the tip of the posterior horn, where the
posterior root fibres begin to enter; here the entering fibres are
deeply degenerated, and can be traced into the grey matter as
short broken bundles of varicose deeply staining fibres. A root
above, the area of the postero-lateral column next the horn is
highly degenerated, but as can be seenin fig. 10, L IV., only a
small area 1s affected. At Lumbar III. the greater part of the
posterior region—in fact, nearly all the postero-lateral column—is
affected.

At Lumbar I. the degenerated area has attained its largest
extent, the whole of the posterior region, except a very small tri-
angle at the posterior part of the posterior septum, and a small
patch close to the tip of the posterior horn. This small area
close ‘to the posterior septum is found to consist under the
microscope almost exclusively of fine nerve fibres (p.v.), and is
continued right up the cord. That next the posterior horn indi-
cates the entrance of new nerve fibres from the unaffected posterior
roots, a glance at the remaining figures is sufficient to show the
course of the degeneration. Though it affects the posterior



Fig. 10.

Section of Posterior Roots of Cauda Equina on the right side
(Monkey 2). #.., Postero-lateral Degeneration. p.r., Degenerated
Posterior Roots, proximal end. p.7., Visceral Fibres ot Posterior
Column. p.., Posterior Median Degeneration. x 4 diam,
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median column, it affects it most extensively at Dorsal XL, and
even there respects the small area above mentioned (p.v.)

Higher up it dies away till it remains as a small patch against
the posterior septum, rather below its middle.

On closer microscopical examination it is found that degenerated
fibres can be traced passing into the posterior horn at levels
from Lumbar V. to Lumbar III. inclusive. The posterior vesi-
cular column, as a collection of ganglion cells, does not com-
mence till about Lumbar II. Therefore, if these degenerated
fibres enter that column they must do so by passing up in
the grey matter for some distance. The evidence seems to
point to the correctness of this supposition. If the section at
Lumbar IV. be examined, large bundles of degenerated fibres
can be seen entering the horn, but then they seem to stop
suddenly ; only a few can be traced forwards. It is therefore pro-
bable that they do pass upwards. I have been unable to trace
with certainty any fibres crossing to the opposite side of the grey
matter; but a considerable number of these fibres can be seen
passing towards the anterior horns, probably to form communica-
tion with the ganglion cells for reflex purposes.

The experiment on monkey 4 was of a similar description.
Mr. Horsley divided the posterior roots of the last dorsal and
upper three lumbar nerves on the left side. The result was
angsthesia of the side of the trunk corresponding to the distri-
bution of the nerves. The animal was killed on the fifty-
second day. It will be seen from fig. 11 that the resulting
degenerations exactly correspond to those of the last case.

At the level of Lumbar III. the fibres entering the horn are
practically all degenerated ; the result is, that comparing the
horn on that side with the opposite healthy horn, we find that
whereas in the latter there is a wealth of fibres, in the former
there is a great dearth of them. Apparently, the animal had
lived long enough for complete disappearance of the degenerated
fibres.  Again, comparing the grey matter of the central
and lateral regions, we find a similar difference between
the two sides, though less marked. Even in the anterior
horns there appear to be fewer medullated fibres on the side
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of the lesion. At Lumbar II. the posterior vesicular columrm
has commenced, and there is in it on the side of the lesiom
scarcely a normal fibre visible, contrasting in that respect very
strongly with the opposite side.

This is also very striking at Lumbar I. There is, however,
no sign of alteration of the ganglion cells of the posterior
vesicular column themselves. Between the tenth and eleventh
dorsal the degenerated fibres have ceased to flow into the posterior
horn, but even here the posterior vesicular column shows few
normal fibres.

It should be noticed that the postero-lateral and posterior
median columns are the only two columns affected in these
two experiments; and that the direct cerebellar and antero-
lateral ascending tracts escaped entirely.

There is a number of vacuoles on the other side of the pos-
terior septum, at the levels of the twelfth dorsal and first and
second lumbar, but whether they mark degenerated fibres or not,
I am not prepared to say. :

So far as I know, the first to study degeneration after section
of posterior roots was Singer,” in 1881, though a short notice
exists of experiments in the same direction by Bufalini and
Rossit. Singer’s experiments were on dogs and, in the main
the resulting degenerations coincided with those in monkeys
2 and 4.

Rossolymo,I in 1886, made similar experiments on guinea-pigs.
He found degeneration of the postero-lateral column, and also
some degeneration of the lateral column near the tip of the pos-
terior horn, but says that none was found in the posterior median
column at any level. No doubt results will vary in detail in dif-
ferent animals. I cannot help thinking that the results in the
monkey must resemble closely those in man, the anatomical
features of the spinal cord being remarkably alike in both.

* Singer, ‘“ Ueber secund. Degen. im Ruckenmark des Hundes Sitzungsb.-
der Wien. Akad.,” 1881, p. 403.

t Bufalini et Rossi, * Atroph. de la Moelle Epiniére par la section des
Racines Nerveuses,” A»ck, de Plys., 1876.

T Rossolymo, ‘“Zur Frage iiber den Weiteren Verlauf der Hinterwurzel-
fasern,” Newrol. Centralbl, 1886, p. 391.
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Singer’s experiments, and monkeys 2z and 4, seem to show that
though some of the fibres of the posterior roots undoubtedly pass
straight into the posterior horn, and so in the dircction of the
posterior vesicular column, and probably also end in the posterior
vesicular column, yet a very large number pass up in the
postero lateral and posterior median columns even to the medulla.

Losionsof Such pathological data as we possess in man

Posterior Roots point in the same direction as the experiments

n Man. above quoted. Several observers have sug-
gested that in many cases of tabes dorsalis the initial lesion
may be in the peripheral nerves. It is difficult to under-
stand, however, how the degeneration can pass up the nerves, past
the ganglion on the posterior roots. After section of peripheral
nerves, the central end certainly does degenerate to a certain ex-
tent, but the degeneration has not been traced beyond the
ganglion. After amputation, the side of the cord corresponding
to the amputated limb becomes smaller, but no true degeneration-
has been observed. But if the initial lesion be in the posterior
roots, that 1s, between the ganglion and the cord, then we may
have the same degeneration resulting as follows experimental section.
Many cases have been recorded of lesions of the roots, more
particularly of the cauda equina. In all, secondary degeneration
has followed of the postero-lateral column first, higher up of the
posterior median.

In this connection also should be mentioned an exceedingly
interesting case of locomotor ataxy of the upper extremities only,
reported by Déjérine.* The lesion was situated in the cervical
and upper dorsal cord only. There was the most intense degene-
ration of the posterior roots of the region affected. There was
also posterior sclerosis, complete in the upper cervical region, with
the exception of the small triangle at the posterior part ot the
posterior median column. Lower down the postero-lateral column
was much affected, the posterior median column less so ; in fact,
the case presented the same lesions as result from section of
the posterior roots.

* Déjérine, “Contrib. i I’Etude de I'Ataxie Locomotrice des Membres
Supe.‘rieurs;, Aff.fii. Jf Pk}*ji, ISS‘S' P’ 33 I.
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Lange* records a case which appeared to give all the signs of
locomotor ataxia. Post-mortem was found a tumour involving
and pressing on the posterior roots of the cauda equina, most on
the right side, with ascending lesions to as high as the middle
dorsal region.

In conclusion, then, we may say that the fibres
s%ﬁﬁ:’;ﬂf £ of the posterior roots in the lower parts of the
nfﬁ?t%’i?ris. cord, most of them, pass into the postero-lateral

column, though some undoubtedly pass straight
into the tip of the posterior horn. In the postero-lateral column
the fibres remain only for a short distance of their course. They
then pass in one of two directions. They may either pass into
the grey matter of the posterior horn at various levels, or else they
may pass into the posterior median column.

In the grey matter they form connections undoubtedly with the
posterior vesicular column, and also with ganglion cells in the
anterior horns. In the posterior median column they run a long
course right up to the medulla, where they end in the nucleus
gracilis.

Physiological experiments point undoubtedly to the probability
ot a crossing of these fibres in the grey matter to the opposite
side. Do theycross in the posterior white columns? In the first
of the above experiments there was an appearance of degenerated
fibres in the opposite posterior column, but this may be accounted
for by an accidental injury of one or more of the posterior roots
of that side. In the second experimentthe appearances are more
difficult to explain, except on the suppositionthat some of the
posterior median fibres cross through the septum. Singer’s ex-
periments show nothing of the kind, and in a third experiment
(monkey 3), to be described in my next lecture, in which there
was section of lower cervi cal posterior roots, there was no such
affection of the opposite posterior median column. The appear-
ance may be due to the reagents used ;at any rate, I draw no
definite conclusions from them. It has yet to be determined by
experiment what kind of impressions the fibres of the posterior

* Lange, * Ueber die Leitungs-verbiltnisse in den hinteren Riickenmarks-
strangen,” etc., Schmidt's Fakrb., Bd. 155, 1872, p. 28I



Fig. 12.
Section of Posterior Roots of Sixth, Seventh, Eighth Cervical and First
Dorsal on the left side (Monkey 3). d.c.f,, Direct Cerebellar Tract.
p.n., Posterior Median. p.7., Posterior Tract of Visceral Fine

Fibres unaffected. x 4 diam.
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median column convey. The effect of lesion of the postero-lateral
column is better known, but such lesion includes affection of both
the sets of fibres above mentioned. It is highly probable, as I
shall insist in my next lecture, that most of the fibres of the
posterior median column are visceral infunction.

In my next lecture I shall study the course of the ascending
fibres in the lateral column, and their destination in the medulla,
and also the course of the visceral fibres in the cord.



LECTURE IIIL

Direct Gerebellar  After the posterior median column the direcf
Tract. cerebellar tract is most constantly degene-
rated. This tract was figured by Tiirck, who traced it to the
restiform body, but Flechsig was the first, I believe, to suggest
its destination in the cerebellum. It is situated in the periphery
of the lateral column, and in its fullest development is a thin
strip bordering the lateral column, having its largest end against
the posterior horns, and thinning off to about the middle of the
arc of the lateral column. But its position in this arc appears
to vary considerably with the position of the initial lesion and
the point at which the section is made from it. It appears
that degeneration does not show itself in the site of this tract
after lesions of the lumbar region.
Lowest Point of  OSchultze® gives a case of fracture of the
Bgii%élﬂﬁ Dﬁi‘:ﬁz' ninth dorsal vertebra, causing complete com-
pression of the cord, therefore, at the level of
the tenth pair. Here there was an annular degeneration, spread-
ing round the periphery of the section from the posterior horn to
the anterior roots. This was continued up to the cervical region.
In the interesting case of Dr. Gowers, described by him first
in his “ Diagnosis of Diseases of the Spinal Cord,” + the crush was
situated at about the eleventh dorsal, and though the antero-lateral
ascending tract was affected, the direct cerebellar was not de-
generated at all. From these two observations, then, we may
place the lowest point of origin of the fibres in the direct cere-
bellar tract at somewhere between the ninth and the eleventh
dorsal. It is probably usually higher up than this (monkey 8).
Kahler and Pick 1 give a list of twenty-seven cases, collected
* Schultze, ¢ Beitrag zur Lehre von der secund. Degen,” etc., Arck. fiir
Psyck., 1883, p. 364.
T Afterwards in the Lancef, June, 1886, p. 1,153.

I Kahler u. Pick, ** Weitere Bezitrdse zur Pathol, und Path. Anat. der Cen-
tralnervensystem,” Arck. fur Psych., Bd. x., 1880, p. 196.
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from various authors, of transverse lesions, with the relative
frequency of affection of the posterior median and direct cere-
bellar tracts. In all the posterior median column was affected,
and in those above the ninth dorsal the direct cerebellar tract as
well. In those in which the lesion was below that point the
direct cerebellar tract was not affected.

The lowest case of compression that I have is Case II. ; here the
compressing tumour sprang from the laminz of the sixth,
seventh, and eighth dorsal vertebree. Owing to injury in removing
the cord, unfortunately, the sections begin at the first dorsal.
Here the direct cerebellar tract is plainly degenerated as a thin
strip joining anteriorly with the antero-lateral ascending tract pre-
sently to be deseribed. There are many normal large fibres, and a
few small ; nearlyall thedegenerated fibresare evidently of the large
varlety, and therefore if any of the small fibres are degenerated
they have become absorbed, That large numbers of degenerated
fibres have been absorbed is evident from the considerable
amount of tissue intervening between what fibres remain, whe-
ther degenerated or not. From these facts the obvious inference
is that new fibres are coming into the tract from somewhere,
and that these are principally large fibres. Anteriorly the tract
appears to expand into the antero-lateral ascending, which con-
tains large numbers of degenerated fibres, both large and small,
and very few normal ones at all. The tract retains these char-
acters, but getting smaller and smaller, till we arrive at a
section at the level of the fifth cervical, where it is quite distinct
from the antero-lateral, and it is gathered up as a small patch
against the tip of the posterior horn. Here it is only to be
distinguished from the rest of the lateral column by its lighter
colour by Weigert staining, but it contains a large number of
normal fibres., At the level of the second cervical the direct
cerebellar tract degeneration has disappeared, except for the pre-
sence of one or two isolated fibres. Meanwhile the antero-lateral
remains highly degenerated. It may be said, then, that the
direct cerebellar tract, if degenerated secondarily to lesions of the
Jower dorsal region, is small and tends to disappear soon, that is
before reaching the medulla. If, however, the lesion be high up
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in the cord, say in the cervical, we have a different condition
of things.

I must here again refer to the appearances in Case V., fig. 7,
in which the lesion was a fracture-dislocation, involving the cord
between the eighth cervical and the first dorsal. One root above
the lesion we find degeneration of practically the outer half of the
lateral region, an extension of the degeneration round the anterior
root region into the anterior column (fig. 7, C VIL., Lecture II.). In
fact, there can only be said to be normal fibres in the immediate
vicinity of the grey matter. Moreover, the degeneration is abso-
lute, except close to the posterior horns, where, of course, normal
new fibres are entering, and here perhaps there are some fibres,
but unfortunately there is so much alteration of the normal parts
by decomposition that exact histological observations are un-
trustworthy. The condition resembles the annular sclerosis of
Charcot. A root higher, viz., the sixth cervical, the same appear-
ances obtain, but the area of degeneration is smaller. At the
fourth cervical (fig. 7, C IV.) we have a long strip of degeneration
stretching from the posterior horn round the edge of the section
and thinning off to the anterior root. There now appear many
normal fibres in the degenerated area. Till we reach the level ot
the third cervical we may speak of the degeneration as one strip
occupying the periphery of the section, but at this level we
discover a tendency, more particularly on the right side, to divi-
sion ot the strip, at about its middle, by the invasion, as it were,
of a mass of normal fibres. The posterior part is the direct
cerebellar tract, the anterior the antero-lateral ascending tract.
At the second cervical (fig. 7, C II.) this division is still more
evident on the right side. On the left there can scarcely be said
to be any such division at all.

I propose to leave the discussion of the further course of the
tract in the medulla oblongata till I have spoken of the antero-
lateral ascending tract, because the two bundles of fibres are
closely intermingled in the lower part of the medulla
Origin and Consti- To return to the question of the origin and

tution of Direct  eonstitution of the direct cerebellar tract. The

Cerebellar Tract. _
fact that degeneration of this bundle does nog
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follow lesions of the lumbar region has been already stated.
It is obvious, therefore, that the fibres composing it do not
come by way of the posterior roots from the /ower extremi-
ties. If further proof were necessary, the results of the experi-
mental section of posterior roots, above related, would supply it,
to say nothing of recorded cases of pathological lesions of the
same. It has long been suggested that the posterior vesicular
column supples fibres to this tract. Drs. Lockhart Clarke and
Gowers have maintained this view on anatomical grounds. In
longitudinal section of the natural cord fibres can be seen pass-
ing straight across the lateral column which appear te passin
the direction of this tract. Another anatomical point in favour cf
this view 1s the position and shape of the posterior vesicular
column., This column is circular in section, and in man extends
from about the eighth dorsal to the second lumbar. But there
are a few scattered cells in this situation up as high as the first
or second dorsal. They quite disappear in the cervical swelling,
to reappear in the upper cervical region, and in the medulla, as
already suggested, there are patches of ganglion cells much resem-
bling these in the clavate and cuneate fasciculi. Dr. Ross* has
pointed out that there are nuclei in the vicinity of the central
canal in the lower part of the medulla which may actually
be the upward continuation of this column.

Now, this column contains many ganglion cells, the prevailing
type of which is the small, elongated bipolar variety, but there
are also unipolar and larger multipolar cells. It is admitted by
most to be in direct communication with fibres entering by the
posterior roots ; these can be seen degenerated in monkeys 2 and
4 already described.

Dr. Mottt has described fibres passing trom the posterior vesi-
cular column across the lateral column towards the direct cere-
bellar tract. These, he says, are principally of the large variety.
Dr. Mott, in the same paper, records a case of injury to the roots ot
the cauda equina, with degeneration of the postero-lateral and

* Ross, ‘“ Dis. of Nervous Syst.,"” 1883, vi., p. 791.
+ Mott, *‘ Microscopical examination of Claike’s column in Man,
Monkey, and Dog,” Fourn. of Anat. and Plhys., vol. xxii., p. 479.
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posterior median columns, but none of the direct cerebellar tract.
A careful examination of the posterior vesicular column showed
no alteration of the ganglion cells, but an atrophy of the plexus
of fibrillze, with an increase of nuclei, a condition which I can
detect in my monkeys. It must be conceded, then, that there is
considerable anatomical evidence in favour of some connection
between the posterior vesicular column and the lateral column.

Now, Dr. Gaskell has given the most convincing reasons for
supposing that the posterior vesicular column has intimate con-
nection with the innervation of the visceral system, whether
blood-vessels or abdominal viscera it does not matter much for
our present purpose. The wvisceral and vaso-motor nerves differ
from the ordinary cord fibres in being of the very finest calibre.
It is almost certain that the fibres passing to and from the posterior
vesicular column are of this description. Therefore, if they go to
the direct cerebellar tract we should expect that tract to have
many of these fibres in it. This brings me to examine the tract
in the normal cord, or rather to examine the situation in which
the tract appears when degenerated.

Anatomical If we examine carefully the constitution of
Examination of 4 3
the Direct Cere- that part of the lateral region lying close to

bellar Tract.  the tip of the posterior horn in the cervical
cord at the level of the first cervical, we find a very great
preponderance of large fibres, but there 1s a very small
number of fine medullated fibres scattered about. At the level
of the third cervical we may say that this area is practically free
from small fibres; so that in the monkey, after staining by car-
mine, the direct cerebellar tract region looks to the naked eye
lighter than the rest of the lateral column, because the latter con-
tains vast numbers of fine fibres much in excess of the large, and
therefore stains deeply. This condition obtains as low down as
the seventh cervical, where again a smal/ admixture of fine fibres
appears. Root by root in the upper dorsal region more and
more fine fibres make their appearance in this tract, till at about
the sixth dorsal there are nearly as many fine as large fibres.
Below this, however, the fine fibres are much in the majority, till
.0 the lower dorsal and lumbar region there can be said to be






Fig. 13,

Section of Posterior Roots of Sixth, Seventh, Eighth Cervical and First
Dorsal on the left side (Monkey 3)- d.c.t., DirectiCerebellar Tract.

P.m., Posterior Median. 5.£., Substantia Gelatinosa. V.a., as-
cending Root of Fifth Nerve. x 2 diam.
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little else. These observations have been made on monkeys’ cords,
because we can get the cord immediately after death, and there-
fore can rely on the histological appearances with certainty. 1
have little doubt that what I have said applies equally to the
human cord. The region of the direct cerebellar tract, then, differs
in its anatomical structure in the lower dorsal from that in the
cervical and upper dorsal regions, in that, in the former there is
a preponderance of small fibres, while in the latter there is a pre-
ponderance of large.

But these anatomical differences are confirmed by experiment,
In a monkey which I call monkey 3 Mr. Horsley divided the
posterior roots of the sixth, seventh, and eighth cervical and the
first dorsal. The animal recovered perfectly from theoperation, The
cord was not injured in any way. The result was anzesthesia
of the left upper extremity. The animal was killed on the
twenty-eighth day. The appearances in the cord in section at
different levels are shown in fig. 12.

At the level of the first dorsal (fig. 12, D I.) there is only a
small slip of degeneration in the postero-external column, close
by the posterior horn. At the next roct above (fig. 12, C
VIIL.) there is extensive degeneration of the posterior region,
with the exception of a small wedge at the posterior part
of the posterior septum, exactly similar to that already de-
scribed in monkeys 2 and 4 (fig. 12, p.2.). But what is
very noteworthy is the fact that there is complete and abso-
lute degeneration of the direct cerebellar tract, not the whole
of it, but that part lying next the posterior horn; in other
words, that part of it which consists in this region of large
fibres only. This is continued up the whole of the cervical region
to the medulla in the restiform body, and I shall refer again to it
in that connection. From this experiment we may say, then, that
the fibres of the posterior roots of the cervical region, and pro-
bably of the upper dorsal region, enter largely into the formation
of the direct cerebellar tract. I[n speaking of monkeys 2z and
4, posterior root sections of the lower cord, I emphasised the
fact that the direct cerebellar tract was wnof affecfed. So that
we have again evidence of the difference between the direct cere-
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bellar tract in the upper cord as compared with the same in the
lower cord.

As these observations are important, and rather subversive of
hitherto accepted ideas, and as it might be said that some acci-
dental lesion of the tract was caused in cutting the posterior
roots, Mr. Horsley was so good as to do two more operations for
me as control experiments. I have not had time to cut sections
of the cords, but the lesions are quite obvious to the naked eye
after hardening. The first of these two was monkey 10, in
which there was section of the left posterior roots of the second,
third, and fourth dorsal. The second was monkey 11, in which
there was division of the left posterior roots of the fifth, sixth,
seventh, and eighth cervical, and first and second dorsal. Inboth
these the direct cerebellar tract is obviously degenerated, as well
as the postero-external and median columns. In fig. 12 there
will be seen a small strip of undegenerated fibres in the middle
of the posterior degeneration. This does not exist in dege-
neration of the posterior region after transverse lesions of the
cord ; it is probably therefore of ascending commissural fibres.
Now, how can these results be reconciled with the other facts
concerning the tract? As far as the posterior roots are con-
cerned, we can say with confidence that they do not enter in the
direct cerebellar tract in the lower dorsal regions, and that they
do so largely in the cervical. We can also say with certainty that
the direct cerebellar tract is not degenerated after transverse
lesions below the tenth or eleventh dorsal.

But in the lower dorsal there are vast numbers of fine fibres in
the position of this tract. These fibres cannot be ascending ones,
or they would, of course, degenerate upwards. It must be re-
membered that at about the seventh or eighth dorsal the fibres of
the crossed pyramidical tract come to the surface, and take the
position of the direct cerebellar tract. Now, the crossed pyra-
midal tract contains vast numbers of small fibres, probably all
descending. Therefore it is highly probable that the great
number of fine fibres in the peripheral part of the lateral column
in the lower dorsal region are really descending fibres. It is
also extremely likely that these descending fine fibres enter into
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communication with ganglion cells in the grey matter, probably
mith the cells of the posterior vesicular column, and that these
fibres are those which so many observers have seen crossing the
lateral column. In the monkey the posterior vesicular column
has its greatest development at about the level of the last two
dorsal roots (Mott), and therefore if it supplied the ascending
fibres of the direct cerebellar tract we should expect extensive
degeneration of that tract from transverse lesions at those levels,
but I cannot find record of such cases,

But there can be little doubt that many ot the small fibres in
connection with the posterior vesicular column do ascend the cord,
and there are at least two paths by which they may do so.
One of these paths is the posterior-median column, which in the
monkey, and probably in man, has what appears to be a special
- area set apart for that purpose. [ shall refer to that shortly. The
second path by which these fibres may ascend is the antero-
lateral ascending tract, to which I propose now to devote some
attention.

The first to describe this tract was Dr.
Gowers,* in 1880, but after he had described
it, it could be seen to have been figured by

many observers,} but apparently by all to have been considered

Antero-lateral
Ascending Tract.

as merely the anterior termination of the direct cerebellar tract, a
conception which 1s still held by some. This tract lies in the
anterior part of the lateral column, in continuity in many cases
with the direct cerebellar tract, behind and close to the anterior
root zone in front. It is not a thin strip like the direct cerebellar
tract, but a wedge-shaped area, with its base at the periphery of

* Gowers, #p. cif. In spite of Dr. Gowers’s protest against cognominal
nomenclature, Continental writers (Obersteiner, for instance) have named this
tract after him. I have all through these lectures endeavoured to use strictly
anatomical names for regions and tracts, For this tract I use the name
originally suggested by Dr. Gowers, though one of less cumbersome pro-
portions is much to be desired. In the copy of these lectures which appeared
in the British Medical Fournal Iused the term “antero-lateral tract,” This,
as Dr. Gowers has pointed out, is open to the objection of confusion with the
old anatomical name * antero-lateral column.”

T Bastian, Med. Chi. Trans.,, 1867, p. 499. Westphal, Arch. f. Psych.,
1879, p. 413, 1886, p. 788.
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the section and its apex towards the grey matter, and sometimes
bent posteriorly, so as to insinuate itself between the crossed pyra-
midal and the direct cerebellar tracts. It is situated in an area of
the cord called by Flechsig the ‘ mixed zone.” Now, in every
transverse lesion of the cord degenerated fibres can be found in
the position of this tract.

Case II.,in which the lesion was lower down, shows it particu-
larly well. It will be remembered that in this case the cerebellar
tract, though at first degenerated, became very insignificant by
about the third cervical, and might be said to have disappeared at
the second cervical, but the ascending antero-lateral is at this level
extremely well marked and extensive. (The figures illustrating
this case will be found in the St. Bartholomew’s Hospital Reports,
vol. xxiii., p. 141.)

If the lesion be high up in the cord, asin Case V., the distinction
between the two tracts is never so well marked as in the lower
lesions. This will account for the confusion between the two.
But if the lesion be very low down in the cord, below the tenth
dorsal, we still find the tract degenerates. This is below the
point at which the direct cerebellar tract degeneration begins.

This was the condition,as before mentioned, in Dr. Gowers’s
case. The crush was at about the eleventh dorsal ; the posterior
median column and the antero-lateral only were degenerated, not
the direct cerebellar tract.

Schultze * gives a case of crushing of the lumbar region follow-
ing fracture of the first lumbar vertebra; there was extensive
degeneration of the posterior column and the antero-lateral, but
no affection of the direct cerebellar tract.

These cases seem to show that the antero-

.Ent?eﬁ:gflg,tﬁal lateral has its origin in the cord low down. It

Ascending  obviously derives none of its fibres from the
Tract Fibres. ‘ : -

posterior roots, for in none of my posterior root

sections can any degeneration be found; and the same may be

said of Singer’s. If any further proof of its existence as a tract

distinct from the direct cerebellar tract be required, it may be

said that Bechterew t has described it developing at a period

* Schultze, op. cit., p. 363. 1 Bechterew, Newrol. Centralbl., 1885, p. 155.
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distinct from other parts. He was apparently unaware of
Dr, Gowers's observation.

If we examine the antero-lateral region in any part of the cord
we find that it contains many fine fibres resembling in this respect
the crossed pyramidal tract and posterior-median column. In the
cervical region it contains still many, but not so many as in the
lower parts of the cord. This may be because the cervical cord
has no true posterior vesicular column. But the antero-lateral
ascending tract in any part of the cervical region contrasts
strongly in this particular with the direct cerebellar tract in the
same region. [ therefore suggest that the antero-lateral fibres
arise solely from the grey matter, that its fine fibres, which are
very numerous in the lower cord, are centripetal from- the pos-
terior vesicular column, and that the large fibres are in connection
with one or more of the groups in the anterior horrs. Both these
suggestions are hypothetical, however, and are arrived at by a
process of exclusion rather than by any positive evidence.

Drs. Hadden and Sherrington * contribute an exceedingly inte-
resting observation in this connection. The case was one of locomo-
tor ataxy in which was found sclerosis of the antero lateral and pos-
terior regions. The area of fine fibres in and about the posterior
horn (Lissauer’s tract, so called) was profoundly degenerated ;
so were the fine fibres of the posterior vesicular column ;
but though there is no obvious degeneration of the ganglion
cells of the posterior vesicular column, the larger variety of
them seem to be fewer than normal. The degenerated fibres
in the lateral column are diffused at first, that is, about the
sixth dorsal, but in the cervical region they are concentrated
into the antero-lateral, and can be traced up into the
medulla. This case seems to me to confirm the idea that the
antero-lateral ascending tract fibres are largely derived from the
posterior vesicular column. It is possible that the primary lesion
may be situated in the fine fibres, constituting the so-called
Lissauer’s tract, and that there may be a degeneration of the
posterior vesicular column, leading to corresponding degeneration

* Hadden and Sherrington, ¢ Path. Anatomy of a Case of Lotomotor Ataxy,”
Brain, 1888, p. 325.
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of the antero-lateral tract, which I have shown probably receives
many of its fibres from the posterior vesicular column. One
must, however, I think, be careful not to reason too closely
from observation on system lesions. It does not seem to me to
meet the case to call this tract a part of the direct cerebellar tract.

It contains quite a different set of fibres. The true direct cere-

bellar tract consists of large fibres, the antero-lateral principally

of small. The direct cerebellar tract derives its fibres from

the posterior roots, the antero-lateral from the grey matter of
the cord, or at any rate nof from the posterior roots. A transverse
lesion of the cord high up, say lower cervical, will show degene-
ration of both antero-lateral and direct cerebellar tracts, but there
will be a joining of the two areas, with the result of a strip of
degeneration occupying the whole arc of the periphery of the
lateral region, and perhaps also, as Dr. Gowers has shown, a con-
tinuation of the strip round the anterior root zone to the anterior
column. The farther down the cord the lesion is, the less the
cerebellar tract element will be, and the more distinct will be the
severance between antero-lateral and direct cerebellar tracts, till
at last a point is reached below the ninth or tenth dorsal, at which
the direct cerebellar tract is not degenerated at all, but the fibres
in its position are all descending fibres from the crossed pyramidal
tract, and the ascending antero-lateral is affected only.

The above statement seems to me to offer the only explanation
which will meet all the facts. Why the upper part of the cord
should show such an important difference in its anatomical
arrangement from the lower I can at present see no reason,
developmental or other.

Dectinailon of A point of extreme interest is the termina-
Direct Cerebellar tion of the fibres of these two tracts.

Tract. : :

First, as to the direct cerebellar tract alone ;
this may be seen very well in the medulla of monkey 3 (fig. 13). It
maintains its position close to and in front of the posterior horn,
while the horn becomes enlarged and rounded into the so-called
tubercle of Rolando at the level of the first cervical pair. Very soon,
however, the tubercle leaves the edge of the section and assumes the
crescent shape of the substantia gelantinosa. Between it and the
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edge of the section now appears a bundle of fibres, which is the
ascending root of the fifth. The direct cerebellar tract still keeps
its position, and is then in front of the ascending root of the fifth
(fig. 13, section 5).

A little higher, at the level of the upper decussation, the ascend-
ing root of the fifth can be seen to be sending fibres past the
substantia gelatinosa, between it and the direct cerebellar tract
(fig. 13, section 4). Higher still the direct cerebellar tract is found
to be passing externally to the ascending root of the fifth, so that
at one point the direct cerebellar tract and the ascending root of
the fifth are both external to the substantia gelatinosa (fig. 13,
section 4). Finally, the direct cerebellar tract and the ascending
root of the fifth change places; that is, the direct cerebellar tract
is found posterior to the ascending root of the fifth, and even
posterior to the substantia gelatinosa. At this point the direct
cerebellar tract, however much it may be degenerated, receives a
large accession of normal fibres, in fact, is now in the restiform
body (fig. 13, section 2).

I have been unable in my sections to trace the degeneration
beyond the level of the origin of the eighth nerve, where it lies
between the roots of that nerve. Here the fibres begin to take
an oblique or horizontal direction to pass to their destination in
the cerebellum, and are therefore very difficult to follow. Tiirck
followed the tract as far as this, so also have Singer and Westphal.
Flechsig believes that the fibres eventually reach the cortex of
the cerebellum in the region of the inferior vermiform process.

Von Monakow ¥ did a semisection of the cord below the
decussation in a new-born rabbit. After six months he found total
degeneration of the direct cerebellar tract and part of the corpus
restiforme, atrophy of the auditory nucleus, and also of the cortex
of the superior vermiform process of the cerebellum on the same
side.

I am much indebted to the important paper on ascending
secondary degeneration by Lcewenthal,t and for further biblio-

* Von Monakow, *“Zur Kentniss der Husseren Acusticuskerns und der
Corp. restiforme,” Newrol, Centralbl., 1882, p. 481.

T Leewenthal, ** Dégénérations secondaires Ascendantes,” etc., Kev, de Med.
de la Suisse Romande, 1885, p. 511.
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graphical information I must refer to his paper. Lcewenthal's
experiments were on two dogs, in one of which the cord was cut
between the first and second cervical roots, and in the other
between the fifth and sixth cervical. The direct cerebellar tract
he traces to the dentate nucleus in the cerebellum, and supposes
that its further course is to the superior vermiform process. I
shall refer to the rest of his paper later on.

The true direct cerebellar tract then passes entirely into the
restiform body to the cerebellum. I believe that it is only after
lesion of the posterior roots of the upper cord that a simple un-
complicated degeneration of the direct cerebellar tract can be
produced. In all lesions of the cord itself in which this tract is
degenerated there is a large admixture of the antero-lateral
element, which has no direct connection with the posterior root
fibres.

I will now trace the antero-lateral ascending

Destination of the
Antero-lateral  tract to the medulla., I have no case of simple

REcEROINg Tracs degeneration of this tract only, except Case IIL.,
and the medulla unfortunately is wanting, except one section that
I have, in which the appearances are quite unreliable. I am
reduced, then, to those cases in which both tracts are affected, such
as monkey 7, fig. 14,and Case V., fig. 9. At the level of the first
cervical (fig. 8, C 1., Lecture II.) the two tracts, antero-lateral and
direct cerebellar, are distinct and separated from each other. As
they pass upwards, however, they approach each other, and at the
level of the commencement of the olive theyappear as one long tract
(fig. 14, section 7), lying along the lateral periphery of the section.
A little higher (fig. 14, section 6) this combined degeneration is
nearly divided into two by the appearance of normal fibres, and
also by many horizonal arciform fibres. This is the point at
which, as before described, the direct cerebellar tract passes
behind the ascending root of the fifth. At the next section
(fig. 14, section 5) the severance between the two tracts is quite
unmistakable. The direct cerebellar tract is now in the resti-
form body. The ascending root of the fifth has passed in front,
and has gained the edge of the section, and thus the antero-lateral
tract has taken up its position in front of this, in the angle formed



Fig. 14.

Semisection of Cord between Seventh and Eighth Cervical (Monkey 7)
Medulla (see fig. 8). d.ct, Direct Cerebellar Tract. a.£, Antero-
lateral Ascending. 7., Corpus Restiforme. s.g., Substantia Gela-
tinosa. O.s. and 0.z, Upper and Lower Olive. V.a., Ascending Root
of Fifth x 2 diam. Nerve,
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by the projecting olive with the lateral edge of the section, close
in front of the point of exit of the vagus nerve, It maintains
this position as far as I can trace it, that is, in this series of
sections, at the level of the points of exit of the seventh and sixth
nerves (fig. 14, section 1); here there are very few degenerated
fibres.

This observation on monkey 7 is the most complete that I
have to offer, and I admit that it leaves much to be desired in
further elucidation of this interesting question. I feel perfectly
secure in reasoning from the monkey’s medulla to that of man,
because of the extremely close similarity in anatomical respects
between the two.

I have sections and diagrams from my Case V. (fig. 9), which I
referred to in tracing up the posterior degeneration. It will be
remembered that the division between the antero-lateral and the
direct cerebellar tract was never very complete in the cervical
region. In the lower medulla, as in the monkey last described,
there is one degeneration only (fig. 9, sections 4 to 7, d.a.), a
large, comma-shaped area, with its head in front of the substantia
gelatinosa, and its tail passing back outside the ascending root of
the fifth (fig. 9, v.a.). This appearance obtains till we reach a
point a little above the commencement of the olive (fig. 9
section 3). Here, on the right side, the direct cerebellar tract has
taken its place in the corpus restiforme (c.7.), and anteriorly not
far below the olive lies a patch of degenerated fibres, not compact
like the direct cerebellar tract, but more diffuse. This is faintly
represented in the two succeeding sections (fig. 9, sections 1 and 2),
the highest of which is through about the middle of the olive.
Unfortunately, I had no more of the medulla for examination.
The ultimate destination of the tract is conjectural. It certainly
appears to have some relations with the nucleus lateralis. In
the lower part of the medulla, at the commencement of the olive,
there is a collection of ganglion cells (fig. 14, section 7, a./.) which
is the remnant of the anterior horn of the cord, The cells are
of the usual large multipolar type of the anterior horn., A little
posterior to it can be seen a small group of cells of the small
bipolar type. This is the nucleus lateralis, and is the
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upward continuation of the lateral horn of the cercival
cord,* also called the “ visceral horn.” Higher up the large cells
of the old anterior horn become very few, while those forming
the nucleus lateralis become more numerous. Eventually, just
above the olive, the small bipolar cells in their turn can no longer
be seen, but in their place a compact nucleus of large cells makes
its appearance, the nucleus of the seventh nerve. Itseems, then,
to me scarcely correct to say that the seventh nerve arises from
the upward continuation of the lateral horn. It arises from a
mass of large multipolar cells, as one might expect an essentially
motor nerve to do, these large cells having replaced the small
cells of the nucleus lateralis. It is at this point that in monkey 7
(fig. 14, section 1) the last trace of degeneration can be seen.

[ must here again refer to Bechterew’s work on the develop-
ment of this tract. He distinctly states that the developing
bundle ends in the nucleus lateralis.

This countenances the supposition that the tract has some
relations with the nucleus lateralis. 1 have said above, in dis-
cussing the minute anatomy of the tract, that it consists, unlike
the direct cerebellar tract, of fine visceral fibres as well as large.
I suggest, therefore, that the fine fibres really end in the nucleus
lateralis.+ I can form no conclusions from my own observations
as to the further course of the fibres, but the work of Leewenthal,f
already referred to, may throw some light on the question.

Leewenthal performed a transverse section of the cord in the
cervical region, The result was degeneration of what he
called the direct cerebellar tract, but a glance at his figures shows
that he had produced a combined degeneration similar to that in
fig. 7, C IL. (right side) ; in other words, he had degeneration of the
direct cerebellar tract, and also degeneration of the antero-lateral

* Hill, ““ Plan of Central Nervous System,” Graduation Thesis, Cam-
bridge, 1885.

+ Von Monakow, Az7ck. f. Psych, 1883, p. 1, describesand figures the results
of a half-section of the cord just below the decussation in a new-born rabbit,
He found almost complete atrophy of the cells of the nucleus lateralis, This
result seems to confirm the view above suggested, that certain ascending
fibres enter into direct connection with the nucleus lateralis.

1 Leewenthal, op, cit,



65

ascending tract, which was not at that time generally recognised as
a distinct tract. In the medulla he describes the true direct
cerebellar tract passing into the restiform body, and as he says,
a part of it taking up a position in the medulla anterior to this;
in fact, exactly the position I have described above in monkey 7.
He calls these fibres the “ ventral cerebellar fibres.” The interest
of his observation lies in the fact that he traces these ‘‘ ventral
fibres,” which I believe to be the antero-lateral tract, through the
pons into the superior peduncle of the cerebellum. It is possible,
then, that the fine fibres of the tract end in the nucleus lateralis,
with its small ganglion cells, and that the large fibres take a
further course, and eventually gain the cerebellum by way of the
superior peduncle.

As to the function of these two tracts I have little to say. The
direct cerebellar must, I think, conduct some form of sensory
impression from the upper part of the body, the antero-lateral
fibres from the lower.

The direct cerebellar fibres admittedly pass into the cerebellum.
The antero-lateral large fibres possibly also pass to the same, by
way of the superior peduncle.

Disease of the cerebellum causes marked loss of co-ordination
of muscular movements of both upper and lower limbs, besides
other obscure symptoms. May, then, the large fibres of the
antero-lateral and the direct cerebellar tract be for the conduction
of kinaesthetic impressions ?

Dr. Gowers * places the path ot conduction of impressions of
pain in the antero-lateral region, This he bases on a case of
gunshot injury of the cervical region, which, however, produced
such extensive lesion of the grey matter as well as the white in
one-half of the cord that the case might almost be regarded as
a semi-section. DBechterew also supposes that the antero-lateral
region conducts pain-sense, because he says that analgesia follows
transverse section of the anterior half of the cord, but not after
the same lesion in the posterior half.

In neither of these observations can we eliminate the grey

* Gowers, *‘ Case of Unilateral Gunshot Injury to the Spinal Cord,” Clin.
Soc. Trans., vol. xi., 1877.
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matter ; any crossing that takes place must take place there.
The direct cerebellar tract does not appear to cross at all in the
cord. The antero-lateral does not cross after leaving the cells of
the grey matter, but of course the impressions it conducts may
have crossed in the grey matter.

More precise experiments on animals are needed before any
definite conclusions can be arrived at,

Vool Nerie I have many times incidentally drawn
Fibres. attention to the fibres in the cord, which
are medullated, but of the finest calibre. I propose now
to deal with these a little more systematically, both from
the standpoint of anatomy and secondary degeneration. These
fibres have been recognised for many years, but no real signi-
ficance seems to have been attached to them till the researches
of Onodi, Gaskell, and Lissauer. Q1 these observers we un-
doubtedly owe most to Dr. Gaskell.* His work on the subject is
of the profoundest anatomical and physiological interest, and
marks to my mind a most important departure in neurology.
According to his researches, the following conclusions may be
arrived at :—

Every typical spinal nerve consists of three branches—dorsal,
ventral, and visceral. The visceral branch is the white ramus
communicans, and consists almost entirely of fine medullated
fibres ; the grey ramus contains nothing but non-medullated fibres,
and is distributed as a peripheral branch to the blood-vessels of
the cord and membranes.

The anterior and posterior roots of such a typical spinal nerve
also contain large numbers of fine medullated nerve fibres. Those
in the anterior root are efferent, and pass out to make up the
white ramus aforesaid ; those in the posterior root are, presumably,
afferent. The visceral branch, or white ramus communicans,
passes to its destination in the vessels, glands, or viscera, but is
sooner or later brought into communication with a ganglion
belnnging to what is known as the sympathetic system. Its fibres
either pass on through the ganglion to other ganglia of the same

* Gaskell, * Visceral Nerves,” Jfowrn. of FPhys., vol, vii., 188¢. Also
Marshall Hall, Oration, Med.-Chi, Trans., 1888, p. 363.
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kind, or else enter into direct communication with the cells of the
ganglion. In the latter case the fibres lose their medulla, and
continue to their final distribution in the vessels or viscera as non-
medullated fibres. So that the conception of the nerves and
roots of a typical spinal segment would be—

1. A posterior root, with a ganglion having a fixed position, the
root being made up of large fibres (somatic) and small fibres
(splanchnic) afferent in direction.

2. An anterior root, consisting of large and small fibres not in
connection with any ganglion, and a number of small fibres which
are in connection with ganglia, but the ganglia are remote and of
no fixed position.

This typical arrangement of large and small fibres only exists
obviously in the cord from the second dorsal to the second lumbar
(in the dog). At firstsight it would seem that the cervical and lower
were without such visceral nerves. In the cervical region, how-
ever, the upper roots of the spinal accessory and lower roots of the
vagus contain all the fine visceral fibres arising from that part of
the cord. They pass to the ganglion of the vagus trunk, where
many of them lose their medulla.

Again, in the lower sacral region there is another “outflow”
of visceral nerves, forming the so-called “nervi erigentes.” So
that we have three principal “ outflows” of fine visceral nerve
fibres :—

1. A cervico-cranial outflow in connection with the vagus and
spinal accessory nerves (cervical splachnics).

2. A thoracic oufflow (abdominal splachnics).

3. A sacral outflow (pelvic splachnics).

So far we have considered the relation ot these

Visceral Nerve fine visceral nerve fibres with the spinal roots
Fibres in the - .

Cord. and nerves. We have now to examine their

course and connection in the cord itself. My

remarks on this subject are based on examination of the

monkey’s cord, because as these fibres are very fine, high powers
are required, and it is quite essential that decomposition should

not have even begun.

The fine fibres of the cord may be said to be disposed. in two
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ways—in the ordinary large fibre tracts, or in bundles by them-
selves, practically unmixed with large fibres.

It is highly probable, speaking generally, that the fine fibres
included under the first head course in the same direction as that
of the tract in which they are situated. It is certain that in cases
of complete degeneration of a tract, after section of the cord, the
fine fibres have disappeared with the large. This disappearance
can only be accounted for by the degeneration of the fibres them-
selves, unless we suppose with Schiefferdecker that the degenera-
tion can spread laterally beyond the affected fibres. Fine fibres
degenerate in exactly the same manner as large, and exhibit the
same decomposition changes,

If we examine the anterior pyramids of the

Efferent Visceral

Nerve Fibres. medulla we are at once struck by the vast

numbers of fine fibres they contain; this may
be said also of the pyramidal tracts above in the pons. The
crossed pyramidal tract all the way down the cord is closely
packed with these fibres, so closely that this tract in normal
monkeys’ cords takes ordinary stains so deeply as to be quite
apparent to the naked eye. When the crossed pyramidal tract is
cut across, as in monkey %, fig. 8, we find the degeneration of the
tract below the lesion is very complete ; very few, if any, normal
fine fibres can be seen in it. This condition obtains in the tract
to its termination in the sacral region. We may say, then, I
think, that the crossed pyramidal tract, besides containing de-
scending large and medium-sized fibres, contains also descending
or efferent fine fibres. The anterior columns also contain large
numbers of fine fibres, but the bulk of them lie close to the
anterior horns in the anterior radicular zone. I cannot find that
these degenerate downwards, and therefore probably they are
commissural or on their way out into the anterior roots.

As is the case with the large fibres of the crossed pyramidal
tract, so the small fibres of this tract run from the higher centres
in the medulla or brain to lower centres in the cord, and no
farther. As Dr. Gaskell has pointed out, one of the most impor-
tant of these lower centres is the posterior vesicular column (of
Clarke). The principal, if not the only efferent path of com-
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munication between the brain and the vessels and viscera is the
crossed pyramidal tract. The fibres of the crossed pyramidal tract
have been long known by physiologists to influence the vaso-
motor system.

The paths by which these fibres ascend to

Afferent Wisceral .} higher centres are also well defined. One

Nerve Fibres.
important ascending tract at any rate we may

exclude, as 1 have shown, from having any share in the
transmission of the visceral fibres, namely, the direct cere-
bellar tract. Any small fibres that this tract may contain are
derived from the crossed pyramidal tract, and therefore not
ascending at all. The antero-lateral ascending tract is not so
exclusively composed of large fibres, and contains a large number
of small fibres. In my monkey 7 this tract is largely degenerated
above the lesion ; the degeneration affects large and small fibres.
Moreover, the degeneration is also, according to my other obser-
vations, of a diffuse character, and even when most affected the
tract always seems to present many normal fibres mixed up with
the degenerated ones. Then, again, for some way below the
lesion we find degenerated descending fibres in the antero-lateral
tract. Therefore the name ‘ mixed zone,” originally given by
Flechsig to this region, is still applicable. However, it is probable
that this tract is one of the paths by which the visceral fibres
reach the higher centres.

The whole of the posterior region is thickly supplied with fine
fibres; no doubt large numbers of these are on their way to the
centres in the grey matter. They are found in the posterior roots
of the lumbar and dorsal regions, but very few in the lower and
middle cervical. In fact, their presence in the posterior roots is
governed by the presence of the posterior vesicular column. But
there is a part of the posterior region which is specially devoted
to conducting the visceral fibres.

In 1886 Lissauer * drew special attention to the anatomy of
the posterior horn. Strictly speaking, the posterior horn never
reaches the edge of the section, but ends at varying distances

* Lissauer, ** Beitrag zum Faserlauf des Hinterhorns,” etc., d#ch. f. Piyck.,
1886, p. 377.
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from it, according to the level of the section, in what appears to
be a rounded tubercle. This is the substantia gelatinosa Rolandi,
and is probably not nervous at all. What appears as the tip of
the horn is in reality the posterior root fibres passing to pierce
the substantia gelatinosa, The zone which lies between the
substantia gelatinosa and the edge of the section is called by
Lissauer the “ Randzone,” or border zone. This zone in the
lumbar and sacral region is broad because the substantia gela-
tinosa is broad, and short because the substantia gelatinosa comes
close to the surface. In the lower dorsal region the substantia
gelatinosa is a long way from the surface, and therefore the
border zone is long and narrow, lying on each side of the fibres
passing to enter the horn. Now, this zone after staining by
Weigert’s haamatoxylin has a fine stippled appearance, which is
due to the great number of fine fibres seen in transverse section.
This zone in the upper dorsal region recedes from the surface
more and more, till it becomes, as it were, applied in the sub-
stantia gelatinosa. It is small in the cervical region, but in
the vicinity of the entering fibres of the posterior roots there are
always grouped a number of small fibres, and therefore this
““ border zone” cannot be said to be absent anywhere in the
cord. Its significance is that it marks the entry of the fine fibres
from the posterior roots, It is very consistently sclerosed, as
Lissauer has pointed out, in tabes, a circumstance which will, as
our knowledge grows, no doubt account for many of the obscure
visceral symptoms of that disease.

It is, of course, degenerated secondarily to section or disease of
posterior roots of that side, but the degeneration rarely extends
far up, and therefore it is most likely that its fibres pass sooner or
later into the posterior vesicular column or into the posterior
median. The border zone then bears the same relation to the
fine fibres as the postero-lateral does to the large. Bechterew,*
in 1885, had anticipated Lissauer somewhat by showing that this
zone develops in the embryo at a time distinet from the rest of
the posterior region.t

* Bechterew., Newrol, Centraldl., 1885, p. 360.
t See also Sherrington, Brain, vol. ix., p. 342.
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But it is probable that many visceral fibres entering by the
posterior roots ascend the cord without communicating with the
grey matter at all. The path taken by them is the posterior
median column. In man this column is crowded with fine fibres.
In the monkey, though the whole of the posterior median column
is packed closely with them, there is a small part.:::f the column
set aside apparently for the special path of the fine fibres. This
appears as a small wedge at the posterior part of the posterior
septum (see figs. 10, 11, and 12, p. v.) ; in it there are very few, if
any, large fibres. Thislittle tract runs right up to the medulla, and
perhapsends in the grey matter of the floor of the fourth ventricle

We have now a complete visceral system in the cord, on the
same plan as the motor and sensory system of large fibres. The
study of the visceral system of nerves is yet in its infancy, and its
bearing upon clinical medicine is practically a new field. Isitnot
possible that we may by it throw some light on the pathogeny of
such obscure diseases as diabetes, Addison’s and Graves’s disease,
and perhaps even myxcdema ?

My task, as far as these lectures are concerned, is ended, and
yet it can scarcely be said to have begun. 1have adhered strictly
to my text, perhaps too strictly. I am quite aware that I have
left untouched the important field of the physiology or functions of
the various bundles of fibres in the cord. To deal with this subject
at all satisfactorily on clinical grounds requires an experience to
which I can lay no claim, To study it from the standpoint of
physiological experiment would be practically impossible in the
time allowed for the preparation of these lectures. It has taken
fifty-three years to arrive at our present state of knowledge con-
cerning the anatomy only of the spinal cord, from the point of
view of degenerations ; and I have spoken to little purpose if I
have not made it evident that there is yet much to learn. If this
be true of the anatomy, it is still more so of the physiology of the
cord. If our art be so long that one life is too short to compass
it, how much longer, then, must it be before we can pretend to
understand the secrets locked up in a structure the highest and
most subtle result of evolution that Nature can show ?
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