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of the lesion. At Lumbar II. the posterior vesicular column
has commenced, and there is in it on the side of the lesion
scarcely a normal fibre visible, contrasting in that respect very
strongly with the opposite side.

Th:iE s 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,f 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 Epinitre par la section des
Racines Nerveuses,” Arch. de Phys., 1876.

* Rossolymo, *Zur Frage iiber den Weiteren Verlauf der Hinterwurzel-
fasern,” Newrol, Centralbl, 1886, p. 391.
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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

Summary of . .

Course of ©Of the posterior roots in the lower parts of the

RE:E'JE?:“‘ 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
or 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-verhiltnisse in den hinteren Riickenmarks-
strangen,” etc., Schmidt’s Fahrb., Bd. 155, 1872, p. 281,













LECTURE III.

Direct Cerebellar  AAfter the posterior median column the direct
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, 1 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 are 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  —ochultze® gives a case of fracture of the
Et::l;%i:l]‘;.frnii'igitt. 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 I give a list of twenty-seven cases, collected

* Schultze, * Beitrag zur Lehre von der secund. Degen,” ete., drch. fiir
FPsyck., 1883, p. 364.

+ Afterwards in the Lancer, June, 1886, p. 1,153.

1 Kahler u. Pick, *“Weitere Beitrize zur Pathol, und Path. Anat. der Cen-
tralnervensystem,” Arch, fur Peych., Bd. x., 1880, p. 196.
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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 VII., Lecture I1.). 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 IL.) 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 not
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ius;t::;; n:{jl;:nziumns, but none f]f the _dire::t cerebellar tract,
ion of the posterior vesicular column showed
no alteration of the ganglion cells, but an atrophy of the plexus
of fibrillee, with an increase of nuclei, a condition which I can
detectin 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 visceral 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 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 is 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, Wi‘tﬁrﬂ 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
.n the lower dorsal and lumbar region there can be said to be
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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, In both
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 1s
also extremely likely that these descending fine fibres enter into
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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, as in 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-

ht{;ﬁg_lﬂtﬁﬂ lateral has its origin in the f:nrd low down. It
Ascending  obviously derives none of its fibres from the
wesot FIDRSS: 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+ has described it developing at a period

* Schultze, op. cit., p. 363. 1 Bechterew, Newrol, Centraltl,, 1885, p. 155.
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of the antero-lateral tract, which I have shown probably receives
many of its fibres from the posterior vesicular column. Ope

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 arec 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.

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

e, 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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graphical information I must refer to his paper. Lecewenthal'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.

Destivabionotihie I will now trace the antero-lateral ascending

Antero-lateral tract to the medulla. I have no case of simple
i R degeneration of this tract only, except Case II.,
and the medulla unfortunately is wanting, except one section that
I have, in which the appearances are quite unreliable. 1 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 L., Lecture Il.) 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
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upward continuation of the lateral horn of
cord,* also called the “visceral horn.”

the cercival

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. It seems, 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,+ 1 can formno conclusions from my own observations
as to the further course of the fibres, but the work of Leewenthal,
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, A7ch. f. Psych, 1883, p. I, describes and figures the results
of a half-section of the cord just below the decussation in a new-born r?bhit.
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.

t Leewenthal, op. cit,
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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,

Visceral Nerve 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. Or 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
belonging 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," jourm. of Fhys, vol. vii, 1886,  Also
Marshall Hall, Oration, Med.-Chi, Trans., 1888, p. 363-
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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
medulla we are at once struck by the wvast
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

Efferent Visceral
Nerve Fibres.

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 7, 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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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 haematoxylin 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 distinct from the rest of

the posterior region.t

* Bechterew,, Newrol. Centraltl., 1885, p. 369.
t See also Sherrington, Brain, vol. ix., p. 342.
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