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flexion of the foot on the leg, of the leg on the thigh, of the
thigh on the pelvis, a flexion of the toes on the metatarsus.
In some persons, on exciting the sole the toes remain to all
appearance motionless, but they do not ever (in health) exe-
cute a movement of extension. This applies especially to the
big toe. In certain pathological conditions, however, excita-
tion of the sole provokes extension of the toes, especially of the
big toe. This modification of the reflex he calls the "toe
phenomenon. Without proceeding to the consideration of
various details, I may say that in all the cases in which
Babinski has observed this phenomenon its relation to dis-
order of the pyramidal system has been incontestably estab-
lished, and he has not once noted its existence in a case in
which the pyramidal system was certainly in a state of in-
tegrity. According to his experience it is never seen in
hysterical paraplegia, of flaccid or spastic character. During
the last five or six months I have had the opportunity of test-
ing the observation in a variety of cases, and especially in
many examples of insular sclerosis, and am able so far to con-
firm the exactness of Babinski's description. It appears,
therefore, that by means of this very interesting test our
power of distinguishing between organic and functional para-
plegia is likely to be greatly increased. If the foot-sole, on
being tickled, responds by a movement of extension of the big
toe (care being taken to be sure that it is a movement of ex-
tension of the metatarso-phalangeal joint) we may take it as
tolerably certain that there is an affection of the pyramidal
tract, and that we have not to do with a case of functional
paraplegia. In insular sclerosis it must be a rare event for the
pyramidal tract in some part, at least, of its extent, not to be
invaded by islets of sclerosis, and the value of the test is
therefore strikingly exhibited. Time will not permit me to
dwell further on this interesting discovery. The subject has
been ably discussed by Dr. James Collier, and I cannot
do better than refer you to a contribution from him which
appears in the spring number of Brain.4
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THE LOCALISATION AND SYMPTOMS OF DISEASE
OF THE CEREBELLUM CONSIDERED IN

RELATION TO ITS ANATOMICAL
CONNECTIONS.*

BYALEXANDER BRUCE, M.A., M.D., F.R.C.P.E.,
Assistant Physician, Royal Infirmary, Edinburgh.

IN bringing this communication before the Medico-Chirurgical
Society to-night, my main object is to draw attention to the
importance of certain nerve tracts, which have been proved by
the recent investigations of neurologists to bring the cere-
bellum into intimate relation with the spinal cord and higher
parts of the central nervous axis.

I do not propose to approach the subject from the point of
view of the anatomist, but rather with the intention of im-
pressing upon the clinician that a knowledge of their position
and relations, when considered in connection with the results
of experiment on the cerebellum and its peduncles, may
afford valuable data for the explanation of some of the sym-
ptoms of cerebellar disease, and may assist him in the
difficult task of its localisation.
The symptoms of cerebellar disease may for our purpose to-

night be divided into two classes: first, those which are with-
out special significance beyond the fact that they indicate the

*Read before the Medico-Chirurgical Society, Edinburgh.

existence of an intracranial lesion, but which have no further
localising values; and, secondly, those which are regarded qa
being more definitely characteristic of affections of the cere-
bellum. Among the former may be placed headache, optic
neuritis, hebetude, and vomiting; among the latter the dis-
turbances of equilibrium and co-ordination indicated by the
peculiar reeling gait, the ataxia, the severe vertigo, and the
deviations and oscillations of the eyeballs.
One important and puzzling feature of cerebellar disease is

that these characteristic symptoms, as is well known, are not
invariably present in all cerebellar lesions, for some such
lesions may run a course which is more or less latent, or may
be indicated by symptoms of so vague a nature as, in the
present state of our knowledge, to be practically useless for
localising purposes; and on the other hand similar symptoms
may result from lesions which do not affect the cerebellum
directly. One of the first steps towards the explanation of
these peculiar variations in the phenomena of cerebellar dis-
ease was the recognition of the fact that these differences in
the symptoms are not due to differences in the nature of the-
lesion (occurring as they do equally in tumour, heemorrhage,
softening, and sclerosis), but depend, as Nothnagel was the-
first to show, on differences in its situation. This author
states in his Topische Diagnostik der Gehirnkrankheiten that " the-
conclusion to be drawn from all these observations is that the
situation of the lesion is the factor that determines the
presence or absence of symptoms; only when the lesion is
limited to one hemisphere can it run the course without
symptoms " (p. 47). ".There are certainly many cases which
show that lesions in the hemispheres may also produce sym-
ptoms. , but the analysis of these cases shows, in our
opinion, without doubt, that the lesion in such cases involved
adjacent parts in one way or other." It may be concluded,
therefore, that the loss of the substance of one hemisphere
does not of necessity produce any symptoms, or at least any
symptoms as yet known to us. " Lesions actually limited to-
one hemisphere cannot be diagnosed " (p. 48). " Disturbances
of co-ordination only occur when the lesion indirectly or
directly involves the vermis-that is, the middle lobe of the-
cerebellum " (p. 50).
" Another question (p. 51) is whether disturbances of co-

ordination must invariably appear when the vermis is in-
volved. In my earlier publications I answered this in the-
affirmative on the strength of the observations then at my
disposal."
" The later observations show undoubtedly that tumours

may be situated in the vermis without causing any symptom
of cerebellar ataxia, and therefore lesions of the vermis need
not be invariably associated with disturbances of co-ordina-
tion.
"In this connection I maymention that these exceptions

are always cases of tumour-that is, of slowly-growing lesions,.
and that in all cases a greater or less part of the vermis was,
left intact."
Nothnagel is frequently credited with the unqualified state-

ment that it is only tumours in the middle lobe that cause'
disturbances of equilibrium, and that tumours of the lateral
lobes always run a latent course. From what has just been
quoted, however, it will be seen that this is not a correct in-
terpretation of his opinion.

I shall now endeavour to explain from the anatomical
standpoint why it is that disturbances of equilibrium occur
specially in connection with lesions of the middle lobe, and
why in certain instances these disturbances may also be
present in lesions of the lateral lobe. The anatomical data
have been obtained partly by the collation of observations of
various investigators on the human fketus, partly by the
study of degenerations following experimental and patho-
logical lesions of the brain and cord.
The cortex of the middle or vermiform lobe of the cerebel-

lum forms the central termination for at least six important
tracts derived from the spinal cord, two arising from the cord
directly and the remainder from the nuclei of the postero-
median and postero-external columns, namely, the clavate
and cuneate nuclei (two arising from these nuclei on the same
side and two from those of the opposite side, each represented
by a single line in Fig. i). The uninterrupted fibres consist
of the direct cerebellar tract and the ascendling antero-lateral
tract of Gowers. -All thesetracts, except the last mentioned,
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are contained in the restiform body or inferior peduncle of the
cerebellum.

DENT.

Fig. I.-The constituents of the inferior peduncle. P. C. N., Each
oval area represents the combined nuclei of the two divisions of
the posterior columns, and gives a double tract represented bv a
single line to the restiform body of its own side and another to the
opposite side. These represent the interrupted paths from the
posterior column. R. N., roof nuclei. C. V. T., cerebro-vestibular
tract from roof nuclei to nucleus of Deiters.

The tract of Gowers passes further up the pons and hooks
round the fifth nerve before bending into the vermis, as has
been shown by Loewenthal, Mott, and Tooth in animals and
Poy myself in man. The majority of the fibres terminate in
the upper part of the middle lobe, some on the same side and
,some after crossing the middle line.
While it must be admitted that the functions of these tracts

are still somewhat doubtful, it is certain that they are not
concerned in the conduction of impulses which give rise to
impressions of touch, temperature, or pain, since they may be
destroyed without interference with these forms of sensi-
bility, and it must be presumed that some, if not all, of them,
are concerned in the conduction of muscular sense impres-
sions. It is important to note that none of these tracts xass
'to the lateral lobes, nor does any other tract from the cord, as
far as is kpown, enter the lateral hemispheres or become con-
nected with them, except indirectly, and even then to a com-
paratively slight extent. These tracts are all undoubtedly
afferent to the cerebellum.
Another tract which was at one time regarded as a purely

afferent sensory tract, and was therefore termed by Edinger
" the direct sensory cerebellar tract," connects the nucleus of
Deiters (one of the end nuclei of the vestibular nerve, lying
at the lateral angle of the fourth ventricle), with the roof
nuclei of the cerebellum.
Until quite recently the relations of Deiters's nucleus

remained very obscure. Its most characteristic feature, and
one that has impressed itself on most obger'vers, is the large
size of its cells, which in appearance are practically identical
with the motor cells of the spinal cord. So close is this

resemblance that, from the first time my attention was
directed to these cells; I felt convinced that they must
belong to a motor liucleus, although at that time it was not
possible to trace their connections. Subsequent research has,
however, determined to a very great extent the destination of
the fibres derived from this nucleus. Although our knowledge
of its relations is still far from being complete, enough has
been learned to indicate its great importance. Monakow, in
I883, showed that the cells of this nucleus became atrophied
after hemisection of the cord in the cervical region. The
significance of this fact was, perhaps, not at first fully
apparent, but the discovery of' the existence and nature of the
neuron showed that its cells must give origin to fibres which
passed down the cord, and which had been divided in the
above-mentioned operation. This view had been actually
advanced by Deiters himself long before this. In I888-89-92 I
described two tracts arising from this nucleus; of these one
passed in a downward direction, and could be followed as far
as the outer side of the inferior olive; but, owing to the
method of investigation then employed, it was not possible
to trace it further.' Held subsequently observed that it was
continued downwards into the antero-lateral columns of the
cord, and more r.cent investigations have confirmed this
view. The other tract passed inwards under the floor of the
fourth ventricle, and, after giving a certain proportion of its
fibres to the sixth nucleus, it crossed the middle line and
apparently passed upwards in the posterior longitudinal
fasciculus as high as the third nucleus. More recently our
knowledge of the connection of these two tracts has been
further extended by the study of sections stained by Marchi's
method after recent injury to the nucleus of Deiters.2 It is
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Fig. 2.-Scheme of the connections of the nucleus of Deiters.

now known that the first tract-which may be called the
vestibulo-spinal tract-passes downwards and enters the
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same side of the cord, where it divides into two parts, one
division taking up its position at the side of the anterior
median fissure and the other in the lateral column. Risien
Russell has traced some of these fibres as far as the lower end
of the thoracic region of the cord. They terminate in the
anterior cornu of the cord on their own side at various levels.
The second set of fibres, that which passes inwards under

the floor of the fourth ventricle, divides into several groups.
One of these terminates in the sixth nucleus of the same
side; the remaining groups enter the posterior longitudinal
fasciculi (P. L. F.) on both sides, some turning upwards and
some downwards. The two groups which bend upwards termi-
nate in relation to the two third nuclei; those which have a
descending direction pass down the anterior columns of the
cord, where they occupy a position at the margin of the
anterior median fissure. They appear to terminate by entering
the anterior cornua of the cord.

It will be seen that, by means of these various tracts, the
nucleus of Deiters is placed in a position to influence the
nuclei of the ocular nerves and the motor cells of the cord
throughout the greater part of its extent.
The nucleus of Deiters has another very important connec-
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Fig. 3.-Diagrammatic transverse section of cerebellum to show con-
nections of middle lobe: C. D., nucleus dentatus; S. C. P., superior
cerebellar peduncle; C. R., inferior peduncle.

tion that can be traced backwards from it along the side of the
fourth ventricle, then across the mesial plane of the cere-
bellum to terminate in a nucleus which is called, from its
position in relation to the fourth ventricle, the roof nucleus.
This tract was formerly regarded as the continuation into the
cerebellum of the auditory nerve, and even of the lower
cranial sensory nerves, and, as already said, was termed the
" direct sensory cerebellar tract'" by Edinger, but Ferrier and
Turner, and more recently Risien Russell and Andr6 Thomas,
have shown that the tract has its origin in the roof nucleus,
and is thus not an afferent but axi efferent tract, arising in the
middle lobe of the cerebellum, and terminating in Deiters's
nucleus.
When the middle lobe of the cerebellum is further exa-

mined (Figs. 2 and 3), it can be seen that its cortex is con-
nected by a series of sagittal fibres with the roof nuclei. This
important link completes a chain of afferent, internuncial,
and efferent fibres between certain sensory tracts in the cord,
the middle lobe of the cerebellum, the nucleus of Deiters, the
various oculo-motor nuclei, and certain motor centres in the
cord. The integrity of this chain appears to be essential to
the perfect maintenance of equilibrium. If we follow the
course of the fibres in this system (as indicated in Fig. 2), we
see that an impulse would travel upwards through the resti-
form body (C. R.) and Gowers's tract (not drawn) to the cortex
of the middle lobe of the cerebellum (superior vermis). It
would then pass by means of the sagittal fibres (S. F.) to the
roof nuclei (R. N.). Starting again from one of them (the
connection with the other roof nucleus being ignored for the
sake of simplicity), it would pass by the cerebello-vestibular
tract to the nucleus of Deiters. Here there might be a
reinforcement by other impulses travelling from the semi-
circular canals (S. C.) by way of the vestibular nerve (viii).
At Deiters's nucleus fibres to the nuclei of the sixth and third,
and perhaps the fourth nerve, as well as to the anterior
cornua of the cord, mainly on the same aide, would be simu-

lated, and in this way there would be put into operation a
very complex mechanism which is well adapted to affect the
equilibrium of the body. We can thus understand how irre-
gular or defective stimulation of Deiters's nucleus may lead to
lateral oscillations of the eyeballs, and to irregular or im-
paired movements of the same side of the body, resulting in
vertigo and disturbances of equilibrium.

It will be seen from what has just been said that the cere-
bellar termini of the constituents of this system are in the
cortex and roof nuclei of the middle lobe; no such connec-
tion of the spinal cord or its nuclei with the lateral lobes of
the cerebellum can be made out. These lobes seem to receive
afferent fibres from the nuclei in the pons, which, in their
turn, are in relation with the cortex of the frontal and tem-
poral lobes of the cerebrum.

If we now consider the system of the superior cerebellar
peduncle, which is also undoubtedly concerned in the main-
tenance of equilibrium, we see that this peduncle arises
mainly from the nucleus dentatus, and terminates above in
the red nucleus and optic thalamus of the opposite side. The
nucleus dentatus is situated at the junction of the middle
and lateral lobes, and is connected extensively with both of
these portions of the cerebellum, as well as, thlrough the in-
ferior peduncles, with the inferior olives of the medulla (see
Fig. i).

It will be observed from Fig. 3 that this nucleus is in such
a position as to be readily affected by lesions involving either
the middle or the lateral lobes. It will be seen, for instance
that a section dividing the middle from the lateral lobes will
cut through the nucleus dentatus, thus severing the origin of
the superior peduncle. and may at the same time cut across
both the afferent and efferent tracts of the middle lobe-
namely, the inferior peduncle and the cerebello-vestibular
tract. From these facts we can readily understand why it is
that removal of one-half the cerebellum or of one lateral lobe
causes practically the same symptoms as removal of one-half
of the middle lobe, since in both cases the afferent and
efferent fibres of one side of the middle lobe are divided, and
the superior cerebellar peduncle arising from the nucleus
dentatus is also involved to a greater or less extent. We are
also in a position to understand why a section in the mesial
plane of the middle lobe may cause few symptoms of disturb-
ances of equilibration, and why these disturbances may be
readily recovered from. Such a section will destroy the
afferent, and efferent fibres from both sides to an equal
extent, so that the resulting interference with equilibration
will be merely a symmetrical weakening of that function on
both sides. This can be compensated for to a great extent
by that portion of the mechanism for equilibration which has
remained unaffected by the lesion. For the same reason a
tumour of the vermis occupying a symmetrical position with
reference to the middle line, or at least which destroys, sym-
metrically, afferent and efferent fibres of the vermis, would be
marked by few or no symptoms, especially if its growth were
so slow as to allow of compensation. 'The pronounced sym-
ptoms in the case of unilateral lesions are due undoubtedly to
the fact that the interference with the mechanism is limited
to one side, and the results produced are therefore asym-
metrical. If one cerebello-vestibular tract or one nucleus of
Deiters is alone affected, the usual stimuli from the latter to
the nuclei of the ocular nerves and to the anterior cornua of
the corresponding side of the spinal cord will be wanting;
thus we can understand (i) the yielding of the limbs of the
same side and the tendency to fall to that side, and (2) the
oscillatory movements of the eyeballs.
These symptoms may, however, be absent after lesions of

the lateral lobe external to these tracts, which would leave
these systems entirely, or practically entirely, intact.
Turner,3 in reviewing Luciani's work, states that "in our
experiments rotation round the longitudinal axis certainly
occurs more constantly when the peduncles are divided than
when the lateral lobes are removed. But this is not an
absolute rule, and one of the most marked instances of rota-
tion round the vertical axis which we observed was an animal
in which only the cortex of the lateral lobe had been cauterised
and underconditions likely to excite irritation of neighbouring
parts." This statement may be regarded as being so far in
harmony with the view just enunciated.
Thomas' expresoes himself even more unequivocally:
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"4 Lesions involving a considerable extent of the cortex, but
not extending deeply and not implicating the central grey
nuclei, produce disturbances which are of relatively short
duration and of moderate intensity. Lesions limited to the
cortex of one hemisphere, and not extending deeply, may be
free from any disturbance."

It is well known that section of a superior or inferior cere-
bellar peduncle produces rotatory movements, and other motor
disturbances, and also that similar disturbances follow
removal of one half of the vermis or of one lateral lobe. This
second fact may be readily understood when the arrangement
of the parts is considered. An examination of Fig. 3 shows
that removal of one half the vermis or of one lateral lobe
involves a section of the intracerebellar portion of these
peduncles. It is also stated that section of the middle
peduncles produces somewhat similar symptoms, and since
the cerebellar terminations of this peduncle are limited to the
lateral lobe, it will naturally be asked why removal of the
lateral lobe, which must involve an intracerebellar section of
the fibres of this peduncle, should not in like manner produce
similar symptoms. In answer to this, I would suggest that
many of the results ascribed to section of the middle peduncle
are really due to involvement of the upper or lower peduncle
or of the cerebello-vestibular tract, or of all of these, during the
operation employed for division of the middle peduncle, and
that the results of a section limited to the middle peduncle
have yet to be determined.

If the views here adduced be well founded, we may expect
disturbances of equilibrium to be produced by lesions situated
within an area bounded by the intracerebellar path of the two
inferior peduncles, of the two superior peduncles, and the
dentate nuclei in which the latter arise. This area contains
the middle lobe (superior and inferior vermis, the roof
nuclei, and the sagittal flbres connecting the latter with the
cortex), and the cerebello-vestibular tracts from the roof
nuclei to the nucleus of Deiters (Fig. 3). Lesions within this
area may produce no such disturbances, provided they are
symmetrically situated with reference to the mesial plane,
and especially if their growth is so slow that compensation is
established pari passu with the disturbances they may tend to
cause.
On the other hand, lesions situated in the lateral lobes may

produce no disturbance of equilibrium provided they are
situated entirely external to the intracerebellar paths of the
upper andlower peduncles, and of the nucleus dentatus (area of
possible latency Fig. 3). If, however, these structures are inter-
fered with, either by pressure or by direct involvement, then
the characteristic symptoms of cerebellar disease will be pro-
duced, and will depend in their character and amount on the
nature and extent of this interference.

It
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Fig 4. Relation of Deiters's nucleus to the mechanism for conjugate
deviation.

If the cerebello-vestibular tract, or Deiters's nucleus, be in-

jured, then the usual stimuli will not pass either to the
anterior cornua of the cord or to the sixth (fourth) or third
nuclei. Hence may result the weakness of the same side, the
tendency to fall to that side, the impairment of the conjugate
deviation to that side, the tendency of both eyes to be directed
to the opposite side, and the lateral nystagmus which occurs
especially when the eyes are directed towards the same side.
A glance at Fig. 2 will show how the spinal symptoms may be
produced, since the nucleus of Deiters will not act through the
vestibulo-spinal tract and posterior longitudinal fasciculi upon
the anterior cornua, and more especially upon that of the same
side. The effect on the position and movements of the eyes
will be easily understood from Fig. 4, if it be remembered that
the sixth nucleus is the nucleus for the conjugate deviation of
the eye to the same side, supplying, as it does, not only the
external rectus, but also, through the opposite third nucleus
and nerve, the internal rectus of the opposite side. A stimulus
of Deiters's nucleus, acting on the sixth nucleus, will turn the
eyes to the same side; absence of this stimulus will allow the
other sixth nucleus to pull the eyes towards the opposite side
and will thus weaken the voluntary attempt to look to the
same side. On the other hand, lesions which merely irritate
but do not destroy the nucleus of Deiters may cause rigidity
or spasms of the same side of the body, or such an excess of
movement as may cause the body to fall to the other side, and
by acting on the sixth nucleus may turn the eyes to the same
side.
Luciani. Ballance, and Thomas have also drawn attention to

the possible effect which the superior peduncle may exert
through the red nucleus and the optic thalamus on the ocular
nuclei and the opposite motor nucleus, and it is not my inten-
tion to question this influence in producing the symptoms of
the cerebellar disease. At the same time, the importance of
the nucleus of Deiters as a co-ordinating centre seems too
evident to be ignored.

It is by no means claimed that the above described mechan-
ism is as yet so fully understood as to be capat)le of explaining
all the symptoms of cerebellar disease, but it, at least, affords
a working hypothesis on which the most characteristic and
frequent among them may be interpreted.
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ON THE PHYSIOLOGICAL ACTION OF
CHOLINE AND NEURINE.*

BY
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Pathologist to the London County Professor of Physiology, King's
Asylums. College, Londou.

THE cerebro-spinal fluid removed from cases of brain atrophy,
particularly from cases of general paralysis of the insane,
produces when injected into the circulation of ansesthetised
animals (dogs, cats, rabbits), a fall of arterial blood pressure,
with little or no effect on respiration. This pathological fluid
is richer in proteid matter than the normal fluid, and among
the proteids, nucleo-proteid is present. The fall of blood
pressure iS, however, due not to proteid, nor to inorganic
constituents, but to an organic substance which is soluble in
alcohol. This substance is precipitable by phospho-tungstic
acid, and by chemical methods was identified as choline.
The crystals of the platinum double salt, which, when
crystallised from 15 per cent. alcohol, are characteristic octa-
hedra, form the most convenient test for the separation and
identification of this base.
The nucleo-proteid and choline doubtless originate from

the disintegration of the brain tissue, and their presence indi-
cates that possibly some of the symptoms of general paralysis
may be due to auto-intoxication; these substances pass into
the blood, for the cerebro-spinal fluid functions as the lymph
of the central nervous system. We have identified choline
in the blood removed by venesection from these patients

Abstract o' a Paper read before the Royal Society on April l2oth, z899.
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