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Tais investigation was undertaken at the suggestion of Professor Horsrmy, in order
to determine the seat of origin of the fits in absinthe epilepsy and to find out what
share tho motor cortex or other portion of the cerebral hemisphere, the hasal ganglia,
corebellum, or the centres in the medulla and spinal cord, might take in the produe-
tion of the fit.

Tor this purpose numerous lesions were made both in the brain and spinal cord of
the cat, and absinthe administered immediately after, or after the lapse of days or
weeks,  The results of the absinthe stimulation wevre recorded by the graphic
method,

The following is the list of lesions —

T. Tesions wfter which animals were kept ulive .| 1. Removal of n complete cerebral hemisphero
in 40 eats.

2, Removal of motor area only, 4 cata.

3, Division of crus corebrin ¥ cats.

4. Removal of o loho of cercbellum in 12 cats.

5, Hemigoction of spinal cord in 4 cats.

1T, Lesions after whiclk aeimols were nob kept | 1. The precoding oporations, .
alive for any lengilh of time, 9. Removal of both cerebral homispleres.

3, Removal of cerchellum,

4. Removal of ono corebral hemigphere and
opposite lobe of cerebellum, &e., &e. -

5, Romoval of one hemisphere and divigion of
opposite hall of the spinal cord,
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The large amount and variety of material arising from these experiments furnished
the basis of an anatomical investigation, by the Marchi method, of more especially
the centrifugal paths in the brain and cord.

In order to enable a clearer comparison to be made between the various results
obtained by the experimental and anatomical methods, the paper is divided into—-

I. The anatomical changes.
II. Behaviour of the animal during life.

IT1. Results of absinthe excitation.

IV. Conclusions.

PART I.—ANATOMICAL CHANGES.

Microscopic Technique.—The tissues were hardened for about ten days in Miiller’s
fluid, and then thin slices transferred to Marchi’s solution of osmic acid in Miiller’s
fluid. In this solution the slices remained for a fortnight or longer, great care heing
taken to prevent the loss of the osmic acid by evaporation, and to renew it when it
became wealk, The slices did not exceed the % in. in thickness. It was found that
the osmic acid penetrated better when the tissues had been thoroughly hardened in
Miiller’s fluid, very good results even being obtained after one year’s hardening,

After the action of the osmic acid, the slices were dehydrated and embedded in
collodion and cut under alecohol. The sections were clarified in xylol-phenol and
mounted in Canada balsam. My experience has shown that mere time (up to two
years) has not had any serious solvent action upon the myelin which has reacted with
the ogmic acid, but the latter appears to slowly diffuse from the rest of the nerve tissue,
the sharply differential anatomical outlines of the recently-mounted section becoming
soon lost. These differences will be readily appreciated in the photographs.

The Morcht Reaction.—1 have observed commencing signs of the black reaction as
early as the 4th day in the vicinity of the wound. On the 5th day there is a little
extension, and this increases to the 10th day, when the degenerative reaction is
extensive. From the 14th day onwards, to weeks, or two or three months, I have not
observed in the cat any marked extension of the degeneration.

Numerous objections have been raised against the Marchi method, chiefly on the
ground that it stains too much, the reaction attacking the healthy nerve-fbres. But
a long, straight, healthy, darkly-stained nerve-fibre, if present, can be readily dis-
tinguished from the varicose and broken up, black, degenerated fibre ; I have found
the former very rare in my preparations. It is said that some nerve tracts and nerve
roots may normally give the black reaction, but this I cannot confirm in the cat.
When, in the cord, a hemisection is made, only the tracts upon the same side, and a
few fibres upon the opposite side, degenerate; yet I have seen cases where, after the
operation, there has been considerable change upon the opposite side ; but in these
cases the cause could be readily demonstrated in the complete traumatic myelitis at
the seat of lesion. In many of MARCHI'S own cases, which have heen characterisod

—



IN' THE BRAIN AND SPINAL CORD, AND ABSINTIIE RPILBPSY. 323

by most marked, wide spread change in various divections, I think that a similar
explanation must be sought. 1t is possible that the fibres react more readily in some
animalg than in othevs, but of this we will be able to judge better after more extended
observation.  In my own preparations the accuracy of this beautiful method of
demonstrating degonerate paths rests upon the following data :~—1, There is no trace
of roaction in normal caty’ cords, or in cords before the fourth day after the lesion,
I have verified this in numerous cages. 2. The degeneration is strictly limited to
definite anatomical groups of fibres. 8. In the case of bilateral tracts, the degene-
ration iy confined to one tract in the case of unilateral lesion. 4. The marked
nuiformity of the results obtained in each group of experiments,

Lo The Degenevations Resulting from the Removal of One Ilemisphere in the Cat.,

I wll thicty-five cases were examined, the material being furnished by animals
which had lived, for varying periods, from two days to three months after the
oporwbion,

Deseription of Operation.—Under the usual precautions of complete ansesthesia
and asepsis, o considerable portion of the left™ hemisphere was laid bare. After the
arrest of oozing, the dwra was freely incised, and a blunt pointed bistoury passed
forward betwoen. the hemispheres to the frontal bone; the knife was then carried
bonekwards, passing vortically through corpus callosum and ventvicle ; close to the
tontorium the knifo was carvied outwards dividing the crus cerebri fush with the
tontoriwm,  The hemisphers wag thon removed and bleeding arrested by cotton
sponges, ringed out of very hot sterilised water, or normal saline, In other cases,
ancl with, perhaps, bettor success, the hemisphere was removed in several pieces, use
being made of the scoop and scissors to facilitate the complste removal of the brain-
substance, The bleeding is sometimes very great. The wound is closed by catgut
or silk ligatures, and protected by boracic acid, wood wool, and collodion. In the firgt
two cases artificial vespiration had to be resorted to.

Apurt from tho washing of the skin with corresive sublimate, no antiseptics were
used, reliance wag placed on sterilised water or saline solution, Experience dearly
purchased showed that traces of carbolic acid applied to the interior of the gkull
resulted in irritation and the death of the animal.

If any signs of pregsure were manifest the wound was opened and the cavity washed
out, with. warm boracie acid.

Iixmmination of the brain after death, or after hardening, showed that the division
wag mosial, or very nearly so; that the candate and lenticular nuclens and the optic
thalamuy, with the exception, in some cases, of its most posterior part, were removed;
that the optic tract was divided, Adbering to the cut surface of the right hemi-
sphere, thore was a certain amount of very soft ropair tissue mixed with blood clots.

* In this oporation the left hemisphoro ling always beon removod.

21 2



324 PROFUSSOR R. BOYCE ON THN DESCENDING DEGENERATIONS

The posterior incision through the crus cerebri amounted to a hemisectz’m'?, of the
mesencephalon in the region of the corpora quadrigemina, aqueduct of Sylvius, and
third nerves. The lesion in the majority of cases penetrated externally a little lower
than the level of exit of the third nerves, but as the latter are situated very mesially
they usually escaped injury. In one case the results of the lesion were found as low
as the commencement of the ascending root of the Vth nerve. The incision usually
passed between the anterior and posterior corpus quadrigeminum, then extended into
the aqueduct beneath, and passed forwards and outwards through the tegmentum

Transverse section passing throngh anterior corpora quadrigemina and Mevyorr's decussation. I, lower
end of wound made by the hemisection through the mesencephalon on the left side ; 4, degenerate
and atrophied pyramid (left); B, Forur’s decussabting fibres commencing to form tho latoral
columuar tract; O, (/, MEYNERYS decussaling fibres commencing to form the antero-lateral
columnar fibres; D, degenerate posterior longitudinal bundle fibres (anterior ecolumnar fibres) ;
B, degenerate desceuding root of Vth; &, Lemniscus; H, ant. corp. quad,

(usually avoiding the third nerve), through the outer part of the red nucleus, the
outer part or whole of the fillet, and the outer part of the crusta, The line of incision
also penetrated obliquely downwards as well as outwards. The origin of the descend-
ing root of the Vth in the grey matter in the side of the aqueduct was invariably
injured.  These points will be rendered clear by the figures.

Mesencephalon,* immediately below the level of the ITTrd nerve (fig. 1). The

* In the following anatomical deseriptions of the sections, the terms anterior and posterior correspond
to ventral and dorsal respectively, whilst the terms superior and inferior vefer to an upper (cephalic) and
lower (candal) level.
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section was made from a cat which lived thirteen days. Comparing the crusta on both
sides, the contrast is marked. The degenerate crusta is composed entirely of degenerate
nerve fibres stained black by the osmic acid; it is flattened and atrophied, and this
atrophy extends to the subjacent substantia nigra and, in fact, slightly to the whole
of the tegmentum of that side. In the opposite crusta there is not one degenerate
fibre. There is no degeneration of the fillet, nor, indeed, marked atrophy. The
wound is seen to extend towards the grey matter of the aqueduct of Sylvius
and to involve the position of the commenecement of the descending root of the Vth
nerve (L), From about the same region conspicuously degenerate fibres arch round
the grey matter, to cross the raphé to the opposite side, where some turn downn the
raphd in the position of (C'), whilst others, derived from more anterior decussating
fibres, extend forwards and outwards and come to a position (B), behind the inner
border of the normal crusta and close to the mesial and dorsal aspect of the lemniscus.
These anterior decussating fibres will have in their course passed to the mesial and
ventral aspact of the red nucleus, or even partly through the anterior part of the
nucleus and of the superior cerebellar peduncle which runs down from it. In faet,
the fibreg of both tracts must considerably intermingle. This is rendered clearer by
comparigon with cases in which, owing to the removal of one lobe of the cerebellum,
the superior cersbellar peduncle has degenerated nupwards to the red nucleus.

The fibres which, having decussated as above and crossed the middle line to the
opposite side, have turned down in the raphd (¢refes Mark), in. the position of (", fig. 1,
that is internal to and slightly behind the red nucleus, and in front of the posterior
longitudinal bundle, I will, for the purpose of clearness, call the anmtero laterol
columnar fibres, whilst the fibres B, fig. 1, which are more anterior and lateral, I
will term the lateral columnar fibres, Thus two groups of fibres have decussated at
this level from the left or injured side.

Occagionally the presence of a wery few degenerated fibres on the right side may be
demonstrated, passing round the aqueduct to turn down in the raphé of the opposite
side, ag antero-lateral columnar fibres of the left side. Their number appears to
depend entirely upon the extent of the lesion posteriorly into the roof of the aqueduect.

Although fig. 1 shows that on the left side the decussating fibres appear to arise in
a focus which coincides with the commencement of the descending root of the Vth,
yet an examination of many sections will show thm, some of the fibres originate
further out in the tegmentum.

In the roof of the aqueduct there is a considerable number of degenerate commi-
sural fibres; they appear to terminate in the posterior quadrigeminal body of the
gound gide. Owing, however, to their very short length and close proximity to the
wound, the direction of the degeneration cannot be determined in these sections- (see

later).

Comparing the posterior longitudinal bundles, it will be seen that there is a well-
defined group of small degenerate fibres in the posterior Jongitudinal bundle of the
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left side (side of lesion). As seen.in fig. 1, the fibres are close to the middle lin.e and
the grey matter of the floor of the aqueduct; they would lie, therefore, at a slightly
higher level, in close relationship with the nucleus of the IIIrd nerve. The presence
of these degenerated fibres is one of the most constant phenomena in this series of
ablation experiments ; and it does not appear to depend upon the extension of the
wound to the middle line at the level of the IIIrd nerve.

Upper Border of Pons.—Descending from the preceding level, a very short dis-
tance, to the upper border of the pons, at the level depicted in figs. 2 and 8, it is

Fig. 2.

Transverse section passing through the npper (cephalic) border of pons and the postericr corporn quad-
rigemina. 4, B, 0, D, E, T, G, as in fig. 1; J, degenerate commissural fibres in the roof of the
agqueduct ; I, superior cerebellar decussation,

seen that the pyramids have approached ome another, each lemniscus appearing in
consequence to have passed slightly outwards and backwards, The mesial portion of
the tegmentum is occupied by the decussation of the superior cerebellar pedunclos,
fig. 2, and between these decussating fibres and the dorsal aspect of the pyramidal
fibres lie the collection of the lateral columnar fibres upon the right side. At a very
slightly lower level, fig. 8, the decussation of the peduncles having been completed,
the lateral longitudinal fibres have a slightly more lateral situation, beneath the
fillet, from which they are quite distinct.

The antero-lateral columnar fibres on the right side are well seen along the raphé,
extending from the anterior border of the posterior longitudinal bundle, glightly into
the superior cerebellar peduncle. The majority of the degenerate fibres are magsed
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clogse in front of the posterior longitudinal bundle; but scattered fibres extend
forwards for about one-half to two-thirds the length of the raphé, figs. 2 and 3.
Upon the left side is the degenerate pyramid beginning to break up into separate
bundles. The degenerate fibres in the dorsal part of the posterior longitudinal bundle
are well seen, also more anteriorly a few scattered fibres in the anterior columnar
group. At a slightly lower level some of the degenerate fibres in the posterior longi-
tudinal bundle have moved forwards, Upon the same side the degenerate descending
root of the Vil is conspicuous, figs, 2 and 8. A. few degenerate fibres may be encountered
upon the left side in the position of the lateral longitudinal fibres. They are very
often completely absent, but in two cases they have been as conspicuous as those on

Tig. 3.

Transyverse scobion through uppor (cephalic) margin of pons and caudal extromities of post. corp. quad.
A, B, 0, D, I, G, as boforo; I, superior cerobellar peduncle.

the right side. The variation depends entirely upon the extension of the wound
megially and downwards in the regionm of the mesencephalon. If the wound is
extensive and penetrates low down, then both the lateral columnar fibres and antero-
lateral colummnar fibres of the left side are interrupted in their course and, in con-
sequence, degenerate,

Apart from the groups of degenerate fibres described above, 4t is extremely rare to
eneounter scattered degenerate fibres.

Pons at Level of Vih Nerve—The pyramids have, at this level, broken up into
bundles, and thege on the left side are completely degenerate, whilst on the right
there are no degenerate fibres. ’

The most posterior of the degenerate antero-luteral colummor fibres of the right
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side have moved slightly forwards, and the same is the case with the degenerate
fibres in the posterior longitudinal bundle and the two or three scattered degenerate
fibres in front of them. This gradual moving forward of the fibres is very character-
istic and extends into the cord, but the relative position of the two groups of fibres
is constant—those on the right side (anterior colummar fibres) are always more in
advance of those on the left side (posterior longitudinal fibres).

On both sides the descending root of the Vth nerve can be clearly seen as it passes
out from the lateral angle of the floor of the fourth ventricle to gain the anterior and
inner part of the rest of the Vth nerve, fig. 4, A In its course the root descends:
loops downwards, coming into contact with the VIIth nerve, and then ascends
slightly to its exit. Depending upon the direction of the section, the degenerate
fibres may be seen issuing in a bundle, or, owing to the looping, the root may be cut
twice, viz., as it is descending and ascending. There are no degenerate fibres in the
opposite Vth.

It would seem therefore that the degenerate descending fibves of the Vih sweep out,
without a junction into the motor root, just as the ascending fibres of the Vth sweep
in from the sensory root and degenerate downwards in the ascending root.

But not all the fibres in the descending trunk of the Vth are at the lower levels
degenerate ; there is an accession of new fibres from the grey matter at lower levels,

The lateral columnar fibres on the right side are recognized as a well marked
degenerate group, situated just in front of the motor root of the Vth. They have
thus assumed a more dorsal position, as compared with higher levels, but the change
is gradual and the difference of position not very great ; from this level to the lateral
column of the cord, their relative position remains the same.

In the same position on the left side, two or three scattered fibres or a well markec
bundle may be found, depending, as above stated, vupon the extent of the lesion.

Level of VIIth and VIIIth Nerves., Fig. 4.—At this level the thick VIIth nerve
18 readily recognized passing outwards from the grey matter of the floor of the fourth
ventricle, the VIIIth nerve is close behind separated by the conspicuous and just
entering ascending root of the Vth. The commencement of the olive, of the nucleus
lateralis, and of the substantia gelatinosa may be observed.

The anterior columnar fibres and the posterior longitudinal bundle have much the
same position.

The lateral columnar fibres lie near the point of exit of the VIIth nerve, the latter
nerve passing through them posteriorly, fig. 4 ; they are algo traversed by trapezoid
fibres. They lie just in front of the descending root of the Vth and of the gubstantia
gelatinosa on the inner side of this; in front and slightly towards the middle. line is
the commencing nucleus lateralis. At E, the descending root of the Vth hag nearly
all passed.out, below this level it is not seen.

Through the Medulla.—The pyramids lie close together, the degenerate slightly
atrophied one contrasting well with its fellow. The antero-lateral columnar and
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posterior longitudinal fibres, fig. 1, Plate 8, stand out well, the former in advance of
the latter. It will be readily seen from the figure that the relative number of
degenerate fibres in the posterior longitudinal bundle is very small, The anterior
columnar fibres do not encroach upon the interolivary layer of fibres,

Transvorse soction through the lower (caudal) end of the pons. 4, B, C, D, as before; I, exit of the
dosconding root of the Vth; O, olive.

Tig. 5.

Section through tho lower (caudal) end of the medulls, from a eat in which a homisection was made in
the lower cervical spinal cord. 4, pyramid ; B, area of the lateral columnar bundle in front of the
sub-golatinosa and to the inside of the cerehellar tracts; V, ascending root of the Vith; V.0, dorsal
and ventral covobellar tracts ; 0.0, degeunerate ascending fibres from the posterior colummn.

The lateral columnar fibres have the same position in front of the substantia
gelatinosa and behind the nucleus lateralis (reticularis). Compared with a section
made very nearly at the same level, fig. 5, and representing an ascending degenera-
tion, following upon hemisection of the cord in the cervical region, it will be seen
couclusively that the area of the lateral columnan fibres s mot encrouched wupon to
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any extent by either the lateral or anterior cerebellar tracts; the fibres-of the latter
tracts are separated for the most part by the nucleus lateralis and a slight backward
projection from it (? nucleus of lateral cerebellar t ach).

Level of Decussation of Pyramids.-~At this level a reduction in aren has tuken
place.

This is owing to the digappearance of groy matter; the nuclei of the coluwms of
Gorr and Bunpacm ave mere projections, the substauntio gelatinosa is veduced, The
large nucleus lateralis has nearly completely gone, being now represented as the
lateral cornu of the anterior horn, which has begun to appear at this level. Tho
nucleus lateralis, therefore, does not represent the anterior horn, which is formed
independently.

With the disappearance of the nueleus lateralis, and of the smaller colleetion of
grey matter which may represent the nucleus of the lateral corebellar tenet, tho
lateral and anterior columns of the cord ave formed, and oceupy the avea extending
from the substantia gelatinosa, avound the lateral, anterior, and inner aspeets of tho
anterior horn, to the anterior commissure. Theve has been a great addition of white
fibres, and the relative positions of the degenerate luteral and anterior columuar and
postertor longrtudinal fibres show this very strikingly.

In the right side, the degenerate lateral columnar fibres are seen exactly in thoe
position they had higher up, namely, in front of the substantia gelatinosa ; on their
outer side are the fibres of the lateral cerebellar tract.

The antertor columnar fibres on the right side are seen in the anterior columm closoe
up to the pyramidal fibres, fig. 8, Plate 3, occupying the anterior portion of the
anterior column and extending slightly into the autero-lateral column, They have
much the same position they had higher up, fig. 1, Plate 3; but, owing to tho
change of position of the pyramids, instead of lying behind the latter, they lic now
on their outer aspect, in contact with thew. On the left side the deyenerate fibres
of the posterior longitudinal bundle are wlso veadily recognized in the antorior
column, more posterior, as usual, than the degenerate fibres on the opposite side, bub
like them close up to the pyramid.

The pyramids having sunk deeply into the anterior median fissare to a point cluse in
front of the central canal (fig: 3, Plate 3), commence to decussate, Tho degencrate
pyramidal fibres of the loft side are conspicuous. Thoy are seon to eross in hundles
the anterior cornu, and to occupy @ position very closely posterior to the deyenerite
Lateral columnar fibres, this position being allowed by the attenuation of the substuntin
gelatinosa, At a little lower level the complete decussation may he ohserved, none of
the fibres being apparently loft behind in the anterior column, but o few curve rownd
to the crossed tract on the same side.

There are, therefore, on the right side, in the spinal cord—

1. The crossed pyramidal tract.

2. The lateral longitudinal fibres in front, and partly mixing with them.
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3. The antero-latoral longitudinal fibres,

On the left side—

L. A fow pyramidal fibres in the lateral pyramidal tract (direct Iateral pyramidal
tract). :

2. The lateral longitudinal fibves, when these have been injured on that side, as
explainod in the text,

3. The fibres of the posterior longitudival bundle.

Thore are no diveet antevior pyramidal tracts,

Wo have now traced divect fibres from the level of the posterior corpora quadri-
gaming into the antorior and Inteval columns of the cord, and. wo have justified the
use of the torms antorior and lateral columnar fibres,  'Wo have likewisoe shown that
fibres of the postervior lougitudinal bundle also descond from the same level into the
anterior colunm,

The gradual passage forward of the anterior columnar fibres as woll as the fibres
of tho postorior longitudinal hundle will have been noted, indicating, thereforo, that
now fibres have boen coming into theso tracts,  As the level of the decugsation is
approschod {ibros inerouse vapidly, and just below the decussation the anterior and
latornl colnng have greatly swollen out, 1t is also to bo observed that not all the
fibros of tha postovior longitudinal bundle, nor of the anterior and lateral columnar
systems, at ovon tho highest levels, nre dogonorate.

Cerviced, Dorvsal, and Lumbor Cord-—Aftor the pyramids have left the anterior
eolumms, the dogenorate antevior colwmnar and posterior Tongitudinal tibres stand
holdly out, and wight be readily mistaken for direet pyrumidal dibres; indeed, I
ab fiest mistook thom for thom,  As one descends the cervieal region, both sets of
libres tond. to move away from the inner edge of tho anterior column ; this iy due to
the insertion of new fibres, a civoumstance which is worthy of note in connection with
the ¢uegtion of tho so-called divect pyvamidal tract. Both sets of fibres at the same
timo grow less, and have disappeared in the wpper dovsel or luwer eervicad region,

In tho posterior portion of tho lateral column, the characteristic small degonorate
fibves of tho erossed pyramidal tracts ave readily distinguished ; in front of them is a
trinngular aren of much largor dogonowto fibves—rtho lateral colwmnar fibres,  ‘The
two togothoer form u pyramidal-shapod arven of dogenevation (flig. 4, Plate 3), which
most observers would hold to be typieal of the cropsed bract. Yet, as we havoe seen,
the ovigin of the two is very distinet. In fig. 5, Plate 3, which represents the left
wido, and where thore is no degenernte pyranid, but degenorate lateral colummnar
{ihros, which wo eould readily trace from the mesencephalon, the diffeventiation of the
two Lracts 18 very cloar, both ag vegardy topography and the size of the fibres, It
will be woen the cevebellar tracks are not encroached upon to any extent--a point
which iy furthor emphasized by comparison with an aseending degenerntion in the
rogion in quostion.  The lateral eevebollar tract and the hinder part of the anterior
cerobellar tenet foirly aceurntely outline a slightly bilobed aren occupied by both

2 U 2
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descending tracts. Traced towards the lumbar region, both sets of fibres diminish,
but the lateral columnar thin out first.

We have stated that on the normal or right side, in the mesencephalon, pons and
medulla there were no degenerate fibres in the pyramidal tract; and this seems also
to obtain in cases after the tract has decussated in the cord. But I have seen a few
fibres of the degenerated pyramid decussating over to their own side to run down in
the lateral pyramid of that side. I again at first used this observation to explain Lhe
presence of the degenerate lateral columnar fibres on the left side, in apparently the
position of the crossed pyramidal tract. We will return to these points in the
general discussion.

The Degenerations Resulting from Removal of the Motor Area in the Cat.

The material furnished by four cats which had recovered well after the above—
named operation furnished the bagis of this investigation.

Description of Operation.—With the same precautions as in the preceding ex
periments, the anterior portion of the brain was removed with bistoury and scoop, so
ag to ensure the complete removal of the motor zone.

Anatomical Changes.—Reserving the paths of degeneration in the bram for a
subsequent chapter, a section through the mesencephalon at the level of the posterior
corpora quadrigemina, showed striking degeneration and slight atrophy of the erusta,
in fact, the same as in the case of the removal of the hemisphere. There were, apart
from the crusta and o few fibres in the roof of the aqueduct, no other signs of
degeneration. The IlIrd nerves, the descending root of the Vth, the anterior and
lateral columnar fibres, and the posterior longitudinal bundles were absolutely intact.

Fig. 2, Plate 3, represents a section through the medulla, and the only degenerate
fibres present were those in the pyramid ; the comparison with the hemisphere cats is
striking, fig. 1, Plate 3.

In the cervical cord there are no degenerate fibres in the anterior columns. In the
lateral column ihe round bundle formed by the small degenerate fibres of the crossed
pyramidal tract, fig. 6, Plate 3, are well seen, but there are no scattered large
fibres belonging to the lateral columnar system.

The contrast therefore between removal of a whole hemisphere and the anterior
motor part only, is complete, and argues strongly for the accuracy of the results.

The degeneration in the crossed pyramidal tract can be followed into the lumbar
region,

The Degenerations Resulting from Hemisection of the Cervical Spinal Cord.

The spinal cords of four cats were investigated.
The hemisection was made on the right side, in the usual way and with the greatest
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care. If this is not done, complete transverse myelitis oceurs, with the production of
very many anomalous paths of degeneration. The hemisection was made a short
distance below the decussation. When a section is examined through the cervical
cord a short distance below the lesion, it is seen that the lesion is confined to one
side. In the degenerate half the changes are well known to differ from those
obtaining in lesions of the motor area. The comparisons are, however, most important.
The I-shaped degeneration in the anterior column is very noticeable, it tapers away
antero-laterally, but aloug the inner half of the anterior column it forms a distinet
tract, a tract, moreover, which, without any staining reaction, may he readily
recognized by the size of its fibres. The figures show that a small area along the
inner margin of the anterior column remains free from degeneration, whilst ab
lower levels the degenerate fibres recede still further from the median fissure and at
the same time rapidly diminish. T have as yet had no evidence to show that there
“are ascending fibres along the inner margins of the anterior columns, as described by
SmerrivaroN and Morr; but T have not examined the point particularly, as it is
outside the scope of the present work.

Next to the antero-lateral tract degeneration, the most striking degeneration is in
the region of the crossed pyramidal tract. The degeneration at this spot has the
pyramidal or bilobed charactor which was described above after the removal of one
hemisphere. The more rounded posterior portion congists not only of the small fibres
characteristic of the pyramid, but also of larger ones ; the anterior portion is made up
of the larger fibres. In the lower dorsal region, fig. 86, the pyramidul area is actually
separated into two parts, one a posterior rounded portion, and the other a more
seattered marginal part. From our previous knowledge we may be perhaps right in
saying that the rounded posterior part corresponds in the main to the crossed
pyramidal tract, but also containg other large fibres which have entered it; whilst
the anterior, marginal scattered fibres represent lateral columnar fibres, In addition
to the lavger tracts, there are numerous degenerate fibres scattered throughout the
lateral and antero-lateral columns. Compared with an ascending degeneration, it
will be seen that, with the exception of Gowers’ tract, there is not much inter-
mingling of fibres,

Close to the meat of the hemisection many degenerate fibres may be observed
crossing over to the opposite side, some passing through the grey matter, others in the
anterior commigsure, Corresponding to this I have observed many degenerate fibres
in the anterior column close to the grey matter of the anterior horn, at a short
distance below the seat of lesion ; at still lower levels fibres may be seen in the lateral
column. The scattered degenerate fibres ave larger, and it seems very unlikely that
any of them are derived from the degencrate pyramidal tract of the opposite side,
that ig, that they are ¢ re-crossed ” fibres.
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The Degenerations resulting from Removal of a Lateral Lobe of the Cerebellum.

These degenerations 1 have not thoroughly examined, as my colleague, Dr. RUSSELL,
is engaged upon this task. But I can state that what I have found so far in the cat
agrees with our present anatomical knowledge, and does not coincide with the exten-
sive changes deseribed and figured by MARCHT.

I have always obtained degeneration of the superior cerebellar peduncle.

In the same cats there was no degeneration in the posterior longitudinal bundle, in
the antero-lateral columnar fibres or in the lateral columnar fibres.

The Degenerations resulting from Division of the Crus Cerebri.

In the ‘two cats, whose symptoms are described further on, and which were kept
alive for 5 weeks, the degenerative changes were precisely similar to those seen in the
hemisphere cats. The wound was sharply differentiated and strictly bilateral ; in’
both cases there was complete degeneration of the crusta on the side of the lesion.
The other degenerations were as follows :—

On same side—

1. Descending root of Vth.

2. Posterior longitudinal bundle, mesial aspect of (not complete).
~ On opposite side—

1. Antero-lateral columnar bundle.

2. Lateral columnar bundle.

The usual tracts were traced into the cord; there were traces of a direct lateral
pyramidal tract ; the crossed pyramidal tract ended about the mid-lumbar region.

The Degenerations found tn the Brain after (1) Removal of One Hemisphere,
(2) Removal of the Anterior Portion of the Brain, (3) Division of the Crus Cerebri.

- Removal of One Hemisphere.—The chief degeneration was limited to the corpus
callosum, the degeneration extending its whole length, but more marked anteriorly
just in front of its centre, and again posteriorly near the splenium.

With a view of ascertaining in what direction the callosal fibres turned, sections
were made in an antero-posterior vertical direction, in a lateral vertical direction, and
from side to side. It was found that the degenerate fibres radiated for the most part
upwards, anteriorly, and straight across, but none could be traced into the internal
capsule to twrn down wnto the crusta. The fibres of the posterior commissure, ag
already mentioned, were degenerate, so also the commissural fibres in the pineal
body—a tract of fibres described by Darksommwirscr. The optic tract on the left
side was usually injured, and showed in consequence widespread degenerations. The
anterior commissure was not degenerate,
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Removal of Anterior Area of Brain.—The degeneration in the corpus callosuin
can be very well seen ; it is most marked anteriorly, and again near the posterior
extremity. No fibres whatever turn down into the internal capsule to reach the
crusta.

In vertical transverse sections it was not easy to follow the radiating degenerate
callosal fibres ; the anterior median group appeared to pass out anteriorly, but what
becomes of the more posterior fibres I am unable at present to say.

There was atrophy of the subcallosal layer of MURATOFF on the side of the lesion,
but, contrary to MurATorr, I only observed a few scattered degenerate fibres in it.

A very large area of the internal capsule, in vertical transverse sections, showed
degeneration, the lowermost portion, and groups of nerve-fibres on its inner aspect,
however, contained no degenerate fibres. Slightly behind the level of the optic
chiasma, in similarly made sections, degenerate fibres were traced from the capsule
entering the thalamus, where they collected and grouped themselves around the
lower and inner aspect of the ventral lateral geniculate body. In more posteriorly-
made sectiong they have passed forward beneath the pulvinar; then, with the
disppearance of the geniculate bodies and pulvinar, the fibres came to the surface as
a well-marked group, immediately external to the commencing anterior corpus quadri-
geminum ; they are not connected with the other fibres at this level, which are going
to the posterior commissure. In sections through the anterior corpora quadrigemina,
the degenerate fibres are seen to enter the base of the, corpus of the side of the
lesion ; and it would seem probable that some fibres terminate here. Other fibres,
however, keep on their oblique course, and cross over superficially in the roof of the
aqueduct to the opposite side, where they may possibly terminate in either of the
corpora quadrigemina. If the above observations should always turn out constant,
and they have done so in the two cases examined, it would show that the anterior
third of the brain, and possibly of this, the motor region, was in communication with
both halves of the important quadrigeminal region.

These are not, however, the only fibres observed from the capsule which pass to the
quadrigeminal region ; fibres can be traced in successive sections hack to the quadri-
geminal region, which are being given off from the degenerate fibres in the normal
capsule in their course to form the crusta. One well-marked bundle passes from the
upper and incurved extremity of the pyramid just before the crusta is formed, to
the roof of the aqueduct, and lower down isolated fibres come off from the corre-
sponding extremity of the crusta (outer and upper extremity) and curve round to the
quadrigeminal region ; these latter fibres are figured by MurArTorr.

Discussion of the Preceding Anatomical Facts and of the Literature relating to them.

In the preceding pages we have traced from the vicinity of the corpora quadri-
wemina, certain definite groups of degenerate nerve fibres, viz., the descending root
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of the Vth fibres in the posterior longitudinal bundle, and fibres which we named
anterior and lateral columnar fibres. In the grey matter of the floor of the
aqueduct are the important nuclei of the IITrd nerves, and further. out in the
tegmentur the large red nuclei. From the superior corpora quadrigemina ﬁbrcjs ave
said to pass to the cortex and optic tract.* The region is thus the meeting point of
fibres related to the cord, cortex, cerebellum, the olives, the optic, and certain other
very important nerves.

Posterior Longitudinal Bundle—In Epinemrst words: “Das tiefe Mark ist ein
phylogenetisch sehr altes System., Hs fehlt selbst in den einfachst gebauten
Gehirnen niederer Wirbelthiere nicht, und umgiebt-sich bei diesen, wie auch beim
Menschen, ausserordentlich frithzeitig mit Markscheiden.”

At the ninth month, according to the same authority, the fibres of the posterior
longitudinal bundle,} and those of the fasciculus retroflexus, are medullated. Darx-
scaewiTscH§ showed that in the 28 centims. long feetus the ventral portion of the
posterior commissure is already medullated, and maintains that fibres arch from this
portion of the commissure around the grey matter of the aqueduct and come into
relationship with the upper oculomotor nucleus and the posterior longitudinal bundle.
Both EpiNeer and DARKSCHEWITSCH state that the posterior longitudinal bundle
receives large accessions of fibres from the posterior commissure and the oculomotor
nucleus, and that other fibres have an origin higher up in the brain. From the
change in position of the .degenerate fibres in the same bundle at lower levels, as
described in the preceding pages, it is most probable that new fibres are being
continually added to this system. Sritzra,|| as the result of a lesion in the left
cerebral peduncle in the cat, describes atrophy of the left posterior longitﬁdinal
bundle, and associates it with the atrophy of the left anterior corpus quadrigeminum
which was present. He combats the view that the posterior longitudinal bundle hag
an origin in the lenticular nucleus or in the cortex, as MEYNuRT, and to a certain
extent, WERNICKE assert; and in additional support of this he brings forward his
well-known observations of the large size in reptiles where the anterior corpors
quadrigemina are large. He further states that in atrophy, limited to the hemi-
sphere, there is no change in the bundle. According to FomrmL the posterior
longitudinal bundle is very small in the mole; GuDDEN, on the other hand, states
that although in the same animal the nuclei of the IIIrd nerves are atrophied,
yet the posterior longitudinal bundle is of fair size.

- * ‘Neurolog. Centralblatt,’ 1885,

T EDINGER, ‘ Nervise Centralorgane.’ Leipuig, 1892,

 Epwomr states that the fibres are medullated between 6th and 7th mouths, but that they are not
all medullated at same time.
~ § DarkscrEWiTsCH, “ Ueber die hintere Commissur des Gehirns,” ¢ Neurolog, Centralblatt,’ 1885,

|| Serrzks, “Degenerations resulting from lesions of the thalamus and neighbouring part of tho
cerebral peduncle in cat,” ¢ Neurolog. Centralblatt, 1885 also * Architecturo and Mochunism of thoe
Brain.” * Chicago Journ. of Nerve and Mental Diseases,” 1879.
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Sprrzra (Le)) makes the remark that the posterior longitudinal bundle connects
the higher centres in the anterior corpora quadrigemina with the nuclel of the
movements of the eyes, and those of the turning of the head ; Frrcmsiq, that it is a
connection both between the IIIrd, TVth, and VIth nerves, and perhaps other
nerves. OBERsTEINER* concludes “that the posterior longitudinal bundles consist
for the most part of short fibres connecting together the motor nuclei which follow
one another from the spinal cord up to the brain,”

Brucrt figures the tract of various dimensions at different levels and describes
fibres entering it from the opposite side of the raphé. Numerous eranial nerves,
according to the same authority, give or receive fibres from it.

Breursrnw] deseribes the projection into the “inner aren” of the formatio
reticularis (FLrcusia) of the anterior columnar ground bundle, and of part of the
lateral columnar ground bundle, and says that the former constitutes the posteriox
longitudinal bundle; they, however, end at some little distanco above the modulla and
their place 1s taken by oculo-motor fibres.

Reviewing the literature upon cortical extirpation, there is no mention of degene-
ration or atrophy of tho posterior longitudinal bundle, and apart from Srrrzxa’s
observation (l.c.) of ibs atrophy in a case of lesion of the quadvigeminal area, I have
not beewn able te find any experimental veforence to it. There i likewise very little
recorded from the side of puthology. In cases of porencephaly its presence is
normal. JAROwENKO§ vecords a case of degeneration of bhoth bundles in man ; but
he does not appear to have traced them very complotoly. Ile states that they may
contain short fibres which bind the various centres, and long ones, sensory, which show
an ascending degeneration. [Finally Maronr after extirpation of ous half of the
cerebellum, appears to obtain widesproad degeneration of the posterior longitudinal
bundle both above and below the lesion. This surely eannot imply that all the fibres
of the posterior longitudinal bundle are derived from the cerebellum, for thers is no
anatomical support for such a belief,

In the cat the fibves which form the posterior longitudinal bundle begin to group
themselves a short distance above the level of the root of the oculo-motor nerve, but
although bounded posteriorly by the grey matter of the aquoeduct, externally it would
be impossible Lo separate them from other descending fibres in the recticular formation
of the tegmentum at this level. At a still slightly higher level, that is immedintely
ventral to the posterior commissure and pineal body, pertion of what is apparently
the fasciculus retroflexus oceupies the space in front and to the oulside of the groy

* Opnrgreives, ¢ The Anatomy of tho Contral Nervouy Organs,’ tes, Tlir, 1890,
"t Bruo, ¢ Illosteations of the Mid and Ilind Brain,” Bdin,, 1892

I Bicrersw, © Ueber die Langsfasorziige dos Tormatio-vobiculuris modullm ohlongntm of pontia”
¢ Neurolog. Centrlblatt,” 1885,

§ JaxowrnNko, “Zur Frage iibor don Bau dos hinkern Téingsbiindols {faseiening Jongitudinalis
posterior).”  Ref. ‘ Nourolog, Gontralblath,” 1888,

MDCOOX OV, -1, 2 X
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matter of the aqueduct, the fibres of what will be the posterior longitudinal bundle
lying dorgal to them. This brings the longitudinal fibres therefore very close to the
posterior commissure, but it is very difficult to see how the fibres of the latter, which
are transverse, can suddenly turn and become longitudinal. I cannot prove to myself
that the fibres of the posterior commissure, which are constantly degenerate in my
preparation are the degenerate fibres which I have shown to be present in the
posterior longitudinal bundle. DarzscHEWITSCHE* on the other hand, however, tries
to show that fibres of the ventral portion of the commissure do turn sharply into
the upper oculo-motor nucleus and into the space between the fasciculus retroflexus
and red nucleus and the grey matter of the aqueduct to become longitudinal fibres,
At this region in horizontal sections, one can see in my preparations, degenerate
fibres (which certainly, I admit, might be derived from the degenerate fibres of the
posterior commissure), pass caudally into the position of the posterior longitudinal
bundle. I am, however, much more inclined to the belief that the degenerate fibres
in the posterior longitudinal bundle arige on the same side from the nucleus of the
posterior longitudinal bundles (Epincer, fig. 69), which may be regarded as the
highest portion of the anterior sylvian grey matter. In transverse sections, just
below the fasciculus retroflexus, but still above the root of the IIIrd nerve, the same
degencrate fibres can be seen, cut obliquely, next to the grey matter of the aqueduect,
passing from the position of the upper oculo-motor nucleus down near the anterior
extremity of the grey matter. These appearances therefore correspond in a remark-
able degree with the figure 1 of the human foetus in DARKSCHEWITSCH'S paper; but
the degenerate fibres are, after all, only a few, and they appear, in their course just
described, to insinuate themselves between the grey matter of the aqueduct and the
larger body of normel fibres, which lie dorsal and external to the fasciculus retro-
flexus (see above), and appear to go to form the main mass of the posterior
longitudinal bundle. What the origin of these undegenerate fibres may be I cannot
state definitely ; there is much in favour of the view that they arise from or in the
neighbourhood of the above-mentioned nucleus.

At the level of the root of the IIIrd nerve, the degenerate fibres come into cloge
contact with the large oculomotor nucleus and with the fibres issuing from it ; just
below the root, they are readily seen grouped together, occupying the most pogtel ior
position of the fibres in the bundle, viz, against the grey matter.

'Since the IITrd nerve was so frequently degenerate in the hemisphere cats, on the
side of the lesion, I at one time thought, that possibly the degenerate fibres in the
1IIrd nerve might turn down and form the degenerate fibres in the posterior
longitudinal bundle, or that the latter might arise from the oculo-motor nucleus.
This cannot be their source, for as just mentioned degenerate fibres are encountered
at higher levels. Nor is there ev1dence to shoW that any of the descendlng fibres,

L o® DARKSCHEWIT@OH “Tinige Beln(-‘lkl‘l]loen ubel I‘aservmhuf in der hinteren Oomrmsqur dog Gohum
‘ Nenrolog. Centralblatt,’ 1886,
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from the posterior commissure, run out into the IIIrd nerve. To sum up, the
possible sources of the degenerate fibres which presented themselves to mie are :

1. The highest portion of the sylvian grey matter (the nucleus of the posterior
longitudinal bundle) ; 2, the posterior commissure; 8, the superior and the inferior
oculo-motor nuclet ; 4, the oculo-motor nerve ; 5, the thalamus ; 6, the internal capsule.
The first appears the more probable view. Evidence therefore tends to show,
owing to the few fibres which are degenerate, that the fibres of the posterior longi-
tudinal bundle are mixed at this high level ; but I am not so sure that the bundle
receives a large addition of fibres from the nucleus of the IIIrd nerve, as usually
stated. Finally it may be observed in this place, that DARkscuEwITsCH speaks of
the fibres as ascending into the posterior commissure, whilst my fibres degenerate
downwards.

Just below the level of the IIlnd nerve, fig. 1, not only is the group of degenerate
fibres well-marked, but also the whole posterior longitudinal bundle, They are
bounded in front by the degenerate decussating fibres.

Although the degenerate fibres can apparently be traced from the level of the
posterior commissure to the cervieal region, it is possible that some become connected
with the nuclei of the different nerves, but the method employed furnishes no proof
of it. ‘

It is worthy of note that ag the posterior longitudinal bundle enters the anterior
column of the cord, the degeneraie jfilres oceupy their usual internal position ; we
may therefore assume that the other fibres of the bundle are those occupying the
zone next the grey matter. In the cord, after hemisections, it is the internal flres
which degenevate down for long distances, whilst those in the zome, next the
grey matter, are short fibres, It i very likely, therefore, that the same process is
continued upwards, and that our degenerate fibres are homologous to long internuncial
fibres, whilst the non-degenerate ones correspond to short fibres. The similarity is
certainly striking, both from the point of view of position, of direction of degenera-
tion, and of non-decussation,

The Antero-lateral Colummnar Fibres—The degenerate fibres which are so clearly
seen in fig. 1, Plate 8, passing from about the position of the deseending root of the
Vith and crossing the raphé immediately in front of the posterior lougitudinal bundle,
represent the fountain-like decussation of Muvnewrr, 'The same fibres are well seen
in fig. 78 of EpiNcur’s “ Vorlesungen,” 1892, internal to the fagciculus, retroflexus,
and red-nucleus, but they are supposed to end soon in nerve cells in this position.
According to the same authority the fibres ave strongly marked in fishes and birds.

In fig. 1, they are represented at a level just below the exit of the IIIrd nerves,
and are encountered in transverse sections from the level of the IIIrd nerves to a
short distance helow. In ragittal section they appear to extend from the level of the
hinder part of the anterior corpus quadrigeminum to beneath the posterior corpus.

It is exceedingly difficult to make abgolutely sure of their origin. I am unable, so-

2 x 2
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far, to trace them definitely to either the posterior commigsure or the commissural
fibres behind these in the roof of the aqueduct. The impression is rather given that
they spring from the lateral area of the grey matter of the aqueduct, from indeed the
avea closely related to the descending root of the Vth, from the cells in which
MzyNerT believed they originated, and from which circumstance he named them
“ Quintus-stringe.” Instead of the fibres ending in nerve cells in the inter-red-nuclear
region, we have rendered it clear that they pass down through the pons and medulla
into the cord, and that they form in their course an exceedingly characteristic group,
in front of the posterior longitudinal bundle.

Above the nucleus centralis inferior I can find no special reference to these fibres ;
little attention has been given apparently to the higher regions of the reticular
formation which lies between the post longitudinal bundle and the fillet ; fibres have
been described decussating in it and becoming longitudinal, but long fibres, unless
indeed they are described and included in either the posterior longitudinal bundle or
fillet, have not, in so far as I am aware, been discussed. A glance at the figures in
Plate 8 will show that these anterior columnar fibres are not included in the
lemniscus as the latter is usually figured and understood. In the lesion through the
crus, the lemniscus will have been often divided, but there is no descending degenera-
tion in it, whilst the anterior columnar fibres are markedly degenerate. Lower
down, however, in the medulla for example, fibres of the anterior column are described
mixing with the interolivary fillet. Thus, in tracing the upward continuation of
antero-lateral columns of the cord, the anterior is said to be represented by the
posterior longitudinal bundle, whilst fibres derived from the lateral tract occupy the
position in front of the latter and behind the commencing fillet (OBERSTEINER), that
is that the antero-lateral tracts (excluding the ascending tracts) move inwards to a
mesial position. BrcETEREW,* In a paper upon the constitution of the reticular
formation in the medulla and pons, based upon the study of the 25 to 28 centims.
long foetus, concludes that all the fibres of the anterior columnar ground bundle ag
well as the anterior portion of the lateral columnar ground bundle, pass into the inner
arvea of the formatio reticularis. He states that at the level of the middle of the
lower olive, the medial raphé fibres are grouped into two bundles; the dorsal group are
the posterior longitudinal bundles, and are composed exclusively of the upward
projection of the anterior columnar ground bundle; the ventral bundle which extends
to the interolivary layer, and which is less compact, is composed of fibres of the lateral
columnar ground bundle. Traced higher, the fibres of the anterior group end in the
nucleus centralis of Roruer. He, however, states that fibres, anterior and external
to the posterior longitudinal bundle, and which perhaps arise from the anterior
columnar ground bundle, can be traced still higher to the reticular nucleus in the
pons, together with fibres corresponding to anterior columnar ground bundle fibres,

* Breprarew, “Ueber die Langfaserziige der Formatio reticularis medullo oblongate et . pontis,”
¢ Neurol. Centralblatt,’ 1885, \ ’
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but which have been broken in the central nucleus ; a little higher up, at the level of the
nucleus centralig superior, all the fibres in front of the posterior longitudinal bundle,
which might correspond to the anterior columnar ground bundle, have disappeaved.
According to my showing, in the cat fibres of the antero lateral column of the cord,
can be traced without interruption to MEYNERT'S decussating fibres. Traced into the
cord, as mentioned in the preceding pages, the columnar fibres pass into the anterior
column and into the area in front of the anterior cornu. They lte in front of the
fibres derived from the posterior longitudinal bundle and extend round the horn;
they correspond, therefore, to antero-lateral fibres. It will thus be seen that the
results obtained by the Marchi method, as regards the upward projection of the
anterior column (posterior longitudinal bundle fibres) and of the antero lateral column
coincide with the teaching of ewmbryology and anatomy. They simply extend the
latter, by showing that in the cat at least unbroken fibres may be traced from the
quadrigeminal region to.the cord. They show that the degenerate fibres in the
posterior longitudinal bundle continue on the same side as the lesion, whilst the
antero-lateral columnar fibres situated on the opposite side have crossed over in
Meyymrr's decussation.

[Since writing the above, I have read a paper by Herp* from Frmomsia's
Laboratory. His description of the origin and destiny of MEzyNerr's fibres nearly
accords with mine. Ie deseribes Mevnerr's fibves originating in the upper corpus
quadrigeminum, and crossing over in the fountain decussation to take part in the forma-
tion of the antero lateral column. In the cat they are very couspicuous on the ventral
agpect of the posterior longitudinal bundles; but in man, owing to the development
of the superior cerebellar decussation, are pushed to one side. The fibres are the axis
cylinder processes of the multipolar ganglia cells, which are chiefly situated in the
middle and deep portion of the grey matter of the upper corpus. Some of the fibres
he describes, giving collaterals to the oculo-motor nucleus on the same side, then
crossing and giving collaterals to the opposite nucleus of the abducens., He states
that, as the posterior longitudinal hundle is continued into the anterior column of the
cord, it ig probable that fibres coming from the ganglion cells of the corpus may
extend into the cord, and surmises a further union of the above-mentioned nuclei
with the centres in the upper cervical cord for the turning of the head (compme
SPITZKA),

He describes fibres originating in the red nucleus which pass down to form the
lateral column, These ave the fibres which correspond, in all probability, to my
lateral columnar fibres, and which my evidence shows arige from cells in the grey
matter, more ventrally placed than the cells giving origin to the fibres of the antero-
lateral columns ; but, like the former, they decussate.] ‘

A great deal has been written upon the degenerations of the fillet -—gome observers

* Huvp, ¢ Archiv fiir Anatomie u. Physiologie,” 1892.
t Mamary, * Avehiv fiir Paychiat.,’ vol. 25; Morr, ¢ Journal of Physiclogy,’ vol. 15, No. 6.
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maintaining that the degeneration is descending, an equal number that it is ascending.
Tt is possible that some of the instances of descending degeneration may be explained
by the presence of the antero-lateral columnar fibres. ScrrADER¥ describes, in a case
in which there was a large lesion in the left crus, descending degeneration of the left
median fillet and of external dorso-lateral fibres (around olive). He described the
fibres ending in the nuclei of the posterior columns of the opposite side and in the
antero lateral column of the same side. MoNaxow,! in a case in the new-born cat, in
which the pons was damaged in removal of a portion of the hemisphere, describes
descending degeneration in the inter-olivary fillet. ~Maromr also figures complete
descending degeneration of the fillet, and of the fibres in the raphé and posterior
longitudinal bundle, and traces the degeneration into the antero-lateral tract; we
have before commented upon the significance of this wide-spread degeneration.
Hoser] especially lays stress upon a descending atrophy of the “cortical ” fillet,
which crosses to the grey nuclei of the posterior columns.- My own observations
lead me to believe that there is no descending degeneration of the fillet.

The Lateral Columnar Fibres.~—This system of fibres is clogely related to the
preceding ; they commence in the quadrigeminal region, close in front of the origin of
antero-lateral columnar fibres, and are derived from more ventrally decussating fibres.
In their course downwards, they separate from the antero lateral columnar fibres and
take up a lateral position and pass into the lateral colummn of the cord. As in the
case of the preceding fibres, they have heen described by various observers under
different names, and have been included in the fillet or the cerebellar tract.

They appear to be derived from fibres which pass from the side of the lesion more
ventral to MEYNERT'S fibres, to the opposite side, fig. 1.

It seems probable that these decussating fibres therefore coincide with ForErL’s
decussation. The evidence seems in favour of their being MevNERT'S fibres, but it is
possible that more deeply situate quadrigeminal fibres may take part in their
formation.  MevyNERT§ described a group of fibres which could be traced into the
pons, where thoy occupied a position between the facial nucleus and the ascending
root of the Vth, and were bounded laterally by the corpus trapezoidium. Mowarow||
later described the same fibres in the cat, and termed the group the aberrant lateral
columnar bundle.  He says that it runs mto the cord ventral to the ascending root
of the Vth and takes up a position lateral and peripheral to the posterior cornu.
Higher up the tract lies between the olive and the outgoing facial, in the position of

© * Scmrapsg, ‘Fin Grosshirmschenkelherd mit secundiiven Degenerat. der Pyramide in Haube, I. D
Halle, 1884,  Ref. ‘Nourolog. Centralblatt,” 1885,
*t Mowaxow, “ Neue exper. Beitriige zur Anatomio der Schleife,” ‘Neﬁrolog. Contralblatt,” 1885.
i Hoser, “Bin weiterer Beitrag zur Lelwe vom Verlauf der Rindemschleife,” ¢ Archiv f. Psych.,’
vol. 35, Heft; 1,1893. :
§ Mevwuer, ¢ Archiv fiir Psychiatrie,” 1884, fig. 52,
|| Mowaxow, loc. cit.
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N in fig. 123 of OBSTEINER'S last edition of his “ Nervous Anatomy,” a position which
exactly accords with that figured and described by me in the preceding pages. Still
higher, it is described as entering the fillet, and OBERSTEINER makes the remark that
the tract may be identical with the large fibres of the ventral portion of the direct
cerebellar tract described by LomwrNTmAL, which do not enter the corpus restiforme,
but pass up through the corpus trapezoidium, between the roots of the VIth and
- VIIth nerves, to near the quadrigeminal region, where it comes in contact with the
fillet and the superior cerebellar peduncle and then turng round and enters the
cerebellum. The same authority states that, according to Monaxow, it is possible
that the aberrant bundle goes over in Fomrmr's decussation and ends in the sub-
thalamic region of the opposite side. BRrRUck describes a lateral medullary tract,
lying in front of the direct cerebellar which contains Gownr's tract, but is laxger ;
he describes it terminating in the lateral area of the medulla, and “by a special
bundle which crosses the corpus trapezoidium, immediately external to the emerging
part of the root of the facial nerve, and enters the lateral fillet.” DBrcrrTEREW*
describes in the feetus, the hinder part of the lateral columnar ground bundle passing
up into the pons in front of the lateral cerebellar tract. He describes the “seiten-
strangrest ” ending in the nucleus lateralis; he would not, however, deny them
continuing wnbroken as far as the mesencephalon and cerebrum and emphasises the
fact. He says, for instance, that the lateral dorsal system of the formatio, situated
dorsal to the nucleus lateralis and to the nner side of the ascending root of the Vth,
may be traced upwards in the most external part of the formatio, lying at the lower
portion of the pons, external to, and behind the nucleus of the VIIth, in the middle
of the pons to the inner side of the motor nucleus of the Vth, and still higher up on
the convexity of the superior cerebellar peduncle; here the decussation causes their
wide separation, but in the cerebral peduncle they lie again external and behind the
red nucleus and may then pass perhaps into the Frrcmsig’s “Haubenstrablung.”
The same observer mentions in another paper that the *centrale Haubenbahn” was
figured by StinniNg in the pons and described as the upward continuation of the
lateral column.

The researches of LonwENTHALT are of special interest from the point of view of the
lateral columnar fibres. In an inaugural dissertation, published in 1885, upon the
“ Dégénérations secondaires de la moelle dpinidre, consécutives aux lésions expéri-
mentales médullaires et corticales,” made in Scmirr’s laboratory, from the dogs
operated on by Scmrrr, he noticed the presence of large non-degenerate fibres in the
degenerate crossed pyramidal tract in dogs after lesion of the cortex, whilst in
hemisections in the cervical region there were numerous large non-degenerate fibres in

* Buompurzw, * Ueber eine bishor unbekennte Verbindung der grossen Oliven mit dem Grosghirn,”
¢ Neurolog. Centralblatt,” 1885, (Retf. in ¢ Neurolog. Centralblatt,’ 1886.) .

+ LonwnN1iAL,  Lin végion pyramidale de la capsule intorne chez lo chien ot la constitution du cordon
antéro-latéral do la moclle,” * Rev, Méd, de Ja Suisgo Romande,’ 1886,
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the ventral aspect of the degenerate pyramidal tract. They occupied the field between
the pyramidal tract and the lateral cerebellar tract, and he looked upon them as a
special gystem of long fibres, and designated them as the outer zone of the lateral
column,

In 1886 he extended his observations® upon the dog, and observes that in spite of
the removal of the motor area ihe large fibres between the pyramid and cerebellar

tract and those in front of the pyramid and extending marginally are not affected.

He tries to show that there exists in the crossed pyramidal tract fibres which are not
cortical, that these are most marked in the cervical region, but could be traced to the
lumbar ; he calls them the “gystéme intermédiaire.” They can be traced upwards
with certainty into the medulla outside the formatio-reticularis of DrITERS, but they
take no share in the pyramidal decussation. On the other hand they have nothing
to do with the direct pyramidal tract. Ie adds that he has not called them
“ commissural ” fibres, as LANGLEY made him state (but this is not the case), but that
they might be called the “anterior marginal bundle.” In a third papert upon hemi-
section of the posterior part of the medulla of the kitten, at the level of the decus
sation, he mentions especially below the lesion the atrophy of large fibres upon the
ventral and external aspect of the pyramid, and which he believes do not belong to
the pyramid. In another paper the same conclusions are drawn. Lastly, it may be
mentioned that he elsewhere] describes ascending degeneration of the lateral cerebellar
tract, which, in front of the substantia gelatinosa of the ascending Vth, divides into
two, a dorsal and a ventral part, the former passes into the corpus restiforme, the
ventral portion, which he assumes is the same as the aberrant lateral columnar
tract of MENAKOW, passes upwards to the neighbourhood of the origin of the Vith,
and still further, lying close to the margin of the pons, to near the posterior corpora
quadrigemina, where it turns round the superior cerebellar peduncle.

LawGLEY in his “Recent Observations on Degeneration of Nerve Tracts in the
Spinal Cord,” ¢ Brain,” 83, makes the remark that Bouvcmarp§ had in 1866 noticed in
man that the descending degenera.blon in the lateral column was greater after i 111Ju1y
to the medulla, than after injury higher up, and that the medullary fibres were
situated in the lateral border of the pyramidal tract; he called them the ¢ fibres
commissurales antérieures longues.” LaneLEy, in discussing the question, agrees
with SEERRINGTON that the cortical pyramidal tract is smaller than that given by
Frrcusia, and proposes the name of descending medullary tract for the other fibres
found degenerate in the region of the pyramidal tract after lesions of the medulla.

* LODWENT}IAL, “ Atzophws secondanes du cordon postérienr,” ‘ Recueil Zoologique Snisse,’ 1886,
+ Hurzmy et Lonwnntaar, “ Trois cas de lésion médallaire du nivean de jonction de la moelle épinidre
. ¢t du balbe rachidien,” ¢ Archiv. de Physiologie,’ vol, 7, série 3.
1 LoEweNTHAL, “ Dégénérations secondaires ascendantes dans le bulbe rachidien, dans le pont ot dang
I'étage supérieur de Iisthme,” ‘Rev. Méd. de la Suisse Romande,’ 1886,
8§ BOUCHARD ¢ Archiv. gén. de Med ! 1886
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To sum up, it may be stated that the existence of fibres, following the coutse
indicated above, is mot negatived by any anatomical fact. It has been shown that
just as in the case of the inner fibres of the posterior longitudinal bundle, and the
antero-lateral columnar fibres, there exists a group of unbroken fibres which extend
from the quadrigeminal region into the lateral column of the cord, It has been
shown that these fibres undergo a descending degeneration, and that they must not
be confounded with the fibres of the cerebellar tract, to the inner side of which they
lie. The fibres may be traced to the upper lumbar region, but they very greatly
diminish as they descend. It will be observed that the fibres are very large, and
contrast with the smaller fibres of the crossed pyramidal tract. ZThe fibres are not
of cortical orginal and therefore they cannot cxplain the cases of bilateral degenera-
tion of the crossed pyramidal tracts following unilateral cortical lesions. 'They are
essentinlly non-pyramidal, differing as stated by their position and size. Thoy are
probably the representatives in the medulla, pons, and mesencephalon of the large
descending extra-pyramidal fibres found in the lateral columns of the cord, standing
in the same relationship to these as do the fibves in the posterior longitudinal
bundle and raphé to the anterior and antero-lateral columns. It is possible that in
the cat and the dog this higher *“internuncial” or segmental system is more marked
than in the monkey or in man, just as in the latter examples, the pyramidal system
is far more extensive than in the former.

The Pyramidal T'rects.—The fibres of one pyramid alone are found degenerate
after removal of the whole motor area or the whole hemisphere ; no fibres therefore
pass by the corpus callosum, as has been suggested by Hamirron,* into the opposite
pyramid. At the decussation the fibres cross to the opposite side, and no direct
pyramidal tract is left behind. A few fibres of the pyramid at the lower level of the
decussation instead of crossing to the opposite side may curve round in the form of a
small bundle to enter the crogsed pyramidal tract of its own side. Corresponding
with this fact, a very few degenerate fibres may be observed in the crossed pyramidal
tract on the same side ag the legion. '

Lavcrey,t in summing up the various observations upon descending degenerations,
states that in no case apparently did unilateral brain injury cause degeneration of the
opposite pyramid, although, in the cord, both crossed tracts might be degenerate.
Since then little evidence has been brought forward to show that the opposite
pyramid may degenerate after unilateral cortical injury. Flamirron, loc. cit., believes
that fibres may enter the opposite pyramid by way of the corpus callosum, and
ScuArsrf appears to have held a similar view. In reviewing the numerous
observations which have been made upon the descending degeneration following

- ¥ Hawntow, ‘Roy. Soc, Proc.,” 1884, )
t Laxarny, “ Recent Observations on Degeneration of Norve Tracts in the Spinal Cord,” ¢ Brain,’ 83,
T Scuirer, ' Quan’s Anatomy,’ vol, 3, 1893,
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experimental extirpation of the motor cortex, it will be found that the majority of
observers describe a slight . amount of degeneration in the crossed pyramidal tract of
the same side, yet no degeneration higher up of the corresponding pyramid (pyramid
of opposite side). These results are based upon the cat, dog, and monkey ; further
on it will be seen that in man there is strong evidence of bilateral degeneration in the
cord, following unilateral cortical injury.

Frangors Frayk, and Prrres* described in the dog bilateral degeneration of the
crossed pyramidal tracts after lesion of the motor area.

MogLit similarly observed slight degeneration on the same side in the dog.

Binswaneir and Mozrr} found in Musk’s dogs, in which the arm area had alone
been removed, degeneration of the crossed tract only,

ZizueN§ examined three dogs, two and a half to three months after the extu'pablon
of the fore-foot area and “nucken ” arvea, and found degeneration likewise limited to
the crossed tract. He therefore agrees with the last-mentioned observers, in opposi-
tion to those who maintain that there is bilateral degeneration of the crossed tracts
after unilateral injuries. We may mention that the explanation of these divergent
views is now finding its solution in a work by Dr, MerLus which will sholtly appear
from the luboratory.

SHERRINGTON,|| who has largely worked upon the descending deg‘enem’omm maintains
that not only in unilateral lesions of the cortex, but also in hemisections of the cord,
there is some degeneration of the crossed tract upon the same side, his explanation
of this, by supposing there'is a re-crossing of pyramidal fibres, is that now usually
accepted. As regards hemisection of the cord of the cat, I have not observed any
degenerate fibres in the opposite crossed pyramidal tract.

Morr T states that in a hemisection of the spinal cord of two monkeys, he was not
able to satisfy himself of the existence of re-crossed fibres,

HomEN,*#* on the other hand, describes a condition similar to that of SILDRRTNGTON
after hemisection.

Toors, t in a hemisection of the chord of the monkey, found below the lesion only
a few degenerate fibres in the cerebellar tract of the opposite side,

* I'rangors Franx, and Prrves (see ¢ Prog. Méd.,’ 1880).

t Monty, ¢ Archiv £, Psychiatrie,’ 14, 1883, and ¢ Neurolog, Centyalblatt,’ 1883.

1 Buvswanaer and Mozer, “ Zur Frage der Secundiiven Degeneration,” ¢ Neurolog. Centralblatt,” 1883.

§ ZieEgy, “ Secundire Degeneration nach Extirpation motorischer Rindenregionen,” ¢ Archiv f.
Pgych.,’ vol. 11, 1887.

| SaerrivgroN, “On Secondary and Tertiary Degencrations in thc Spinal Cords of the Dog,”
“Journal of Physiology,’ vol. 6, “ On Nerve Tracts Degenerating Sccondarily to Lesions of the Cortex
Jerebri.”  Idem, vol. 10. )

9 Morr, “On Hemisaction of the Spinal Cord in Monkeys,” ¢ Phil, Trans.,” 1892.

** Hosey, “ Contribution expernnentalc ala Pathologw, et & 1'Anatomie pzbtholoquue de la moelle
épiniére;”’ 1885, o :

tt+ ToorH, * Secondary Degeneration of the Spmal Cord,” 1889.
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SonArEr* early showed that unilateral cortical injury in the monkey might be
followed by slight degeneration in the crossed tract of the same side—especially when
the marginal convolution was injured ; and later his assistant, FRANOE,t confirmed the
bilaterality.

LorwENTHAL,] in the case of ScrIrr's dogs, found bilateral degeneration.

One gathers also from the papers of Marcat, and Marom and ALerrz, that there is
slight degeneration in the crossed tract of the same side after unilateral cortical injury.

Toorm (l.c.) found in the monkey very slight degeneration in the crossed tract of
the same side, A .

SanpmevER§ found slight degeneration of the crossed tract on the same side as the
lesion in dogs with unilateral motor cortical injuries; he used the method of MARrcHI,

Max Hegz|| demonstrated bilateral pyramidal degeneration after the removal of the
motor area in the monkey.

Somrrr, T in a recent paper on removal of the motor area in young dogs, observed
some atrophy upon the same side as the lesion. _

MuraTors*¥ has, still more recently, using the Marchi method, described the usual

bilateral degeneration in the cord following unilateral injury to the cortex of the dog.
He describes at the decussation the passage of degenerate fibres into the crossed tract
of the same side as the lesion. There is, therefore, a bifurcation of the pyramidal tract
at the decussation, In the preceding pages I have described a similar bifurcation,
taking place in the cat, and Dr. Mo1T hag also observed the same. At the present
moment Dr. MerLus is engaged in the Pathological Laboratory of University College
in accurately mapping out the extent of the bifurcation in monkeys in which definite
portions of the motor cortex have been removed. His results, coupled with those
of the previous observers and with my own in the cat, will go very far towards proving
with certainty that apparently all the fibres in the crossed pyramidal tract on the
same side ag the injury are due to the bifurcation of the degenerate pyramid at the
decussation.

In the cat, the amount of degeneration in the crossed tract of the same side as the

* Sewirey, ‘ Journal of Physiology, vol. 4, 1883.

t Francr, “ On the Descending Degenerations which follow Lesions of the Gyras Marginalis and
Gryrns Fornicatus in Monkey,” ¢ Phil. Tyans.,’ 1889.

t Lomwonrman, “ Des dégénérations secondaires de lan moelle épinidre conséeutives aux lésions
expérimentales médullaires et corticales,” ID., 1885, and ref. in ¢ Neurolog. Centralblatt,” 1886.

§ Sawpuryrr, “Secundire Degeneration nach Rxiirpation motoriseher Centra des Hundes,”
¢ Neurolog. Centralblatt,” 2891,

| Max Hzrz, ¢ Neurolog, Centralblatt,” 1892, p, 192,

9 Scmirr, ¢ Ueber socundiire Dogeneration des Pyramidenseitenstranges bei Hunden,” * Centiralblatt f,
Physiclogie,” April, 1893. .

*& Muravorr, “ Secundiire Dogeneration nach Zerstdrang der motorischen Sphiire dos Grehirns in Ver-
bindung mit der ¥Frage von der Loealisation der Hirnfunectiomen,” ¢ Archiv f. Anat. u. Phys,’ 1893,
Heft 3 wnd 4.
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lesion is exceedingly slight, notwithstanding that the whole hemisphere has been
removed. This coincides with the small bundle of fibres which does not cross at the
decussation but curves round into the lateral column of its side. On account of their
sparseness it is difficult to demonstrate these fibres at the bifurcation, unless a complete
series of sections is made through the decuassation ; and although I have only recognized
them in three or four examples, yet I feel sure that a more thorough examination of
the decussation would reveal their presence in all cases. Their comparative fewness
in the cat is well worthy of note,

I at first thought that the solution of the recrossed fibres of SHERRINGTON would be
found in the direct lateral columnar fibres described in the preceding pages. This I
have now shown is not completely the case, seeing that they do not come from the
cortex, and that they can be readily distinguished by their size from the pyramidal
fibres, figs. 4 and 5, Plate 3. Their explanation in cases of cortical lesions is probably
thie one now brought forward,

Our knowledge of bilateral degeneration in man after unilateral cortical injury is
not thorough. Following upon FrEcHsI6'S papers upon the precise mapping out of
the pyramidal paths, PirrEs® brought forward several cases of bilateral lateral
sclerosis after unilateral cortical injury, and, since these, this variation has been
often encountered. But there is no information to say upon what the absence or
presence of the degenerate fibres on the same side as the injury depends, or whether
‘the latter bear any relation to the presence or absence of a direct pyramidal tract.
Man~goprt has carefully described a case in which sudden hemiplegia was followed by
complete recovery of the legs and partial of the arm. Death shortly afterwards
occurred, the left arm being cedematous. Part of the right motor area was affected.
There was degeneration of the left crossed pyramidal tract, but none in the right
anterior or lateral tracts. Other similar cases have been recorded.

The Direct Pyramidal Tracts—We have seen that there is no direct anterior
pyramidal tract in the cat, although in those cases in which the fibres in the posterior
longitudinal bundle and in the antero-lateral columnar tract are degenerate, an
appearance of direct pyramidal fibres is simulated. -There is no direct pyramidal
tract in the dog (SEERRINGTON and numerous other observers). There appears to be
no direct anterior pyramidal tract in the monkey, I have assured myself from
normal sections that there is no direct pyramidal tract in this animal comparable
to the tract usually described in man, Similarly a direct pyramidal tract has not
been found atter motor cortical éxtirpation. Needless to say, a unilateral lesion
in the medulla or cord, which passes through the upward continuation of the anterior
column or through this column in the cord, will give rise to a descending degeneration

* Prrees, “Les scléroses bilatérales de la moelle épinitre conséeutives i des lésions unilatérales
du cervean,” ¢ Archives de Physiologie,’ 1884,
¢ 2 g - : . . . . 1
t Maxwkoer, “Beitrag zur Lshre von der Localisation der Gehirnkrankheiten, von der recundiren
Degeneration, &e.,” ¢ Zeitschrit. £, klin, Med.,’ 1884,
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in ‘the anterior column occupying the position of a direct pyramidal tract, but this
degeneration has no relationship to the pyramidal system. Nevertheless, even in
these animals the two systems have been confounded, and neurologists have spoken of
a direct pyramidal tract in the dog. In man the confusion is much greater, observers
stating that the direct pyramidal tract may be followed to the lumbar region, because
they have seen, after injury of the spinal cord, a degenerate anterior column. In
~man, since the time of Lupwie¢ TUROK, and in spite of the beautiful monograph of
Frrcnsia, a great deal of uncertainty exists concerning these tracts, Thus let it be
pointed out that, whilst FLEcusic states that an anterior and lateral tract may be
demonstrated anatomically in 75 per cent, of all cases, he at the same time brings forward
nine cases of descending degeneration in order to compare them with the anatomical
results, but in #hree out of the nine cases the degeneration was confined to the crossed
pyramidal tract. It has been assumed that the direct pyramida) iract varies in man,
sometimes extending to the cervical region, at other times to the dorsal, or even
lumbar, regions, If such an assumption is true, and it is certainly correct if
FrECHSIG'S interpretation of his embryological results is the correct one, then it tends
to divest the direct pyramidal of any definite function, such, for instance, as that
surmised by HuearIiNgs JAcksoN. On the other hand, some observers believe that.
the direct pyramidal tract is due to tardy decussation. In the cat and dog, as just
stated, there certainly is no direct pyramidal tract, and in the monkey, although
a few fibres may perhaps continue down in the anterior column after the decussation,
there certainly is no direct pyramidal tract comparable to that seen in degenerations
in man. And if one reviews some of the very numerous cases of descending degenera
tions, either secondary or primary, in man, one is greatly struck by the irregulai“ities
of the anterior pyramidal tract; in some cases it is present, in others absent; i
some cases the degenerate tract ig small, in others large, and passing 1nsen81bly into
the antero-lateral column.

Funomsie, WesteaAL, KAHLER and Pick, StrtyMprrn, OpPENEEM and others, in
their descriptions of the simple and combined *system ™ scleroses of the cord, signal
numerous irregularities, indeed, the first-named observer appears to divide the sclerose
into systematic, agystematic, and mixed. In these cages the pyramids above the
- decussation may be normal, whilst below, a lateral crossed tract or a lateral and
anterior pyramidal tract, or both crossed tracts, or both lateral and one anterior
tract may be degenerate.

‘When the above facts are taken into conslclemmon, it will be understood that the
direct pyramidal tract in man still wants considerable explanation. It might be
thought that the degenerate fibres in the anterior columns, close up to the pyramids
(fig. 3, Plate 3), and derived from the posterior longitudinal bundle and raphé, might
furnish some explanation, but this cannot be the solution, as we have seen that the
fibres in question do not come from the cerehral hemispheres. MuraToFF has made
the suggestion at a recent meeting of the Moscow Neurological Society, that the
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direct pyramidal tract in man is represented in the lower animals by the fibres of
the pyramid which curve round to the pyramidal tract of the same side.

Topography and Connections of the Pyramidal Trect.—In the hemisphere cats,
the whole of the crusta is degenerate and atrophied, and in the cats with the motor
area removed, the degeneration is nearly as complete, a small portion of the inner-
most part of the crusta remaining free. At the level of exit of the 1IIrd nerves,
and at a slightly higher level, a few degenerate fibres may be seen passing directly
backwards from the external portion of the crusta to the region of the corpora
quadrigemina ; similar fibres have been observed by Murarorr (loc. cit.). I aleo
agree with MurATOFF that a few fibres may be seen leaving the degenerate pyrawid
in the medulla at its inuer and posterior angle, but there is no definite bundle, and
I have not been able to trace any of these fibres to nerve roots, nor, indeed, at any
level of the pyramidal tract have I seen such a connection, a connection, for instance,
between the pyramid and the descending root of the Vth or the nuclei of the Vth
and VIIth nerves. In the pons I have not been able to show degenerate fibres
Jeaving the pyramid to turn into the cerebellum. With these fibres which leave
the pyramid must be coupled those from the crusta and internal capsule already
described.  As seen from the photographs, the crossed pyramidal tract has a some-
what round outline and is fairly compact. Compared with the monkey it is much
less extensive. In configuration in the cervical region the pyramidal tract of the
monkey differs markedly from the cat. Thus in a section of the cervical cord of
the monkey after removal of the motor cortex (ScHAFER and FRANOE'S case), a
distinet patch of degeneration may be seen on the outer side of the luteral cerebellar

" tract, the latter thus dividing the pyramidal tract. SHERRINGTON hag drawn attention
to this (‘ Journal of Physiology,’” 1889 and 1893), as also Franow. Coinciding with
this, Morr (“Phil. Trans.,,” 1892) describes the direct cerebellar tract leaving the
periphery in the upper cervical region.

It is an old observation that the so-called pyramidal area is greater after a
hemisection in the cord than after lesions of the cortex. This is due to the fact that
descending fibres other than those of the crossed pyramidal tract are cut across. At
the same time, it appears to me that the degeneration in the pyramidal tract proper
iy more intense after hemisection than after removal of a hemisphere,

The Degeneration n the Cranial Nerve Roots.

Optic Nerve.—The optic tract of the right side is divided in removal of one cerebral
hemisphere. Corresponding with this there appears to be complete blindness of the
right eye, and slight curtailment of the field of vision of the left eye. I have reserved
however for subsequent investigation the disputed point, whether in the cat there is
complete decussation or slight bifurcation. In Gorrz's dog, described by Lancrey and




































































































