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PART III

THE SPINAL CORD





THE GROUPING OF AFFERENT IMPULSES
WITHIN THE SPINAL CORD

By henry head, M.D., F.R.S.,

AND

THEODORE THOMPSON, M.D.,

Assistant Pliysician to the London Hospital, and to the Hospital for Side Children.

CHAPTER I

INTRODUCTION

It would seem reasonable to suppose that the mechanism of sensation

as arranged in such a way that, from the sldn to the sensorium, there was

ne system of end-organs, fibres and cells for each sensory quality appreciable

y man. On this supposition, every appUcation of heat to the sldn would

ause a disturbance in the activity of a si^ecial set of end-organs, which reacted

this form of stimulation only. From these end-organs the imj^ulse would

e transferred by speciaUsed fibres to the spinal cord, and thence by a single

ract, directly or through the intermediation of cell-systems, to the final centres

a the brain. On this hyjDothesis, similar organs must exist for cold, for j)ain,

or pressure and for touch. With the discovery of the heat- and cold-spots,

.nd M'itli von Frey's [36] further development of the doctrine of pmactate

ensilulity, a mechanism seemed to have been found which would reasonably

ixplain the phenomena of sensation.

But recent work has shoA^^i that, as far as the peripheral nerves are con-

cerned, the afferent nervous system is not arranged on so simj^le a plan. Rivers,

n conjunction with one of us, has been able to show that between the

>parsely scattered heat-spots hes some other mechanism, capable of responding
30 stimulation by warm objects. Similarly, the work with Sherren upon
ii\dded peripheral nerves has demonstrated the existence of two afferent

systems in the sldn, each of which has its own distribution. To explain the

nature and distribution of the sensory mechanism in the peripheral nerves,

we are compelled to fall back upon a hypothesis of evolution, from a simple

apparatus to something higher but still imperfect ;
we cannot assume the

immediate development of a system logically and specifically complete.
333
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Tho ronroption. which we have ivachetl, ot the alTrit'iit nuHliaiiisni in the

IKTiphi'ial parts of the nrrvous systcni. accords more clearly with what might

he ex|)ei'te(l from our present, kiiowiedue of eomparative anatomy and |)iiysio-

lo^y. For it is extremely nnliUely ihat, ont of the primitive sense-organs of

lower animals, independent systems could bo developed in man, s])ccifically

fitted to receive all tlmse impulses which lead to tho dovelopmcnt of the

sensations of heat, of cuM. <it
|>,iiii. of touch, or of pressure. But our doctrine

of three peii|)luMal systems developed in all pro])al)ility at dilTerent pliylogenetic

periods, each system leaeting ditYerently to the mass-stimuli of daily life,

accords better with the known processes of evolution.

\\'e concluded from our examination of the phenomena which follow division

of peripheral nerves, that the afferent mechanism ai this level of tlu^ nervous

,«:ystem consisted of three systems.

(1) A system corres{>onding to the group of imi)ulscs we have called deep

sensil)ility. The end-organs of this system respond to the stimulus of pressure

and to the movement of joints, tendons and muscles. Painful impulses can

also arise within this S3^stem in consequence of injury to a joint, or excessive

j)ressure. This sensory mechanism is capable of res])onding in such a way
that the patient appreciates both the locahty of the stimulus and the direction

of movement in any joint which lies within an area innervated solely by this

S3'stem ;
and yet the integrity of deep sensibility carries with it no power of

appreciating a stimulus, such as that of cotton wool, even over hairy parts.

Nor does it ])ermit of the discrimination of two compass points applied

simultaneously to the sldn, even when widely separated.
The fibres which conduct these sensory impulses run mainly with the

muscular nerves, and are not destroyed by division of all the sensory nerves to

the sldn.

(2) The protopathic system, capable of responding to painful cutaneous

stimuli and to the more extreme degrees of heat and cold. Its end-organs
are grouped in points on the surface of the body, sensitive to one only of these

stimuU. Their response is diffuse, and unaccompanied by any definite

appreciation of the locality of the spot stimulated.

(3) The epicritic system. To the impulses of this system we owe the

power of cutaneous localisation, of discriminating two points and of recognising
the finer grades of temperature, called cool and warm.

A knowledge of this grouping of afferent impulses was gained by studying
the consequences which followed division of peripheral nerves and posterior
nerve roots in man. But, on comparing the loss of sensation produced by
injury and disease of the spinal cord with that caused by division of peri-

pheral nerves, fundamental differences at once became apparent. For if,

in consequence of disease of the spinal cord, sensibiUty to the pain of a prick
was lost, the pain caused by excessive pressure was also abolished, even

though the parts remained otherwise normally sensitive to pressure. Similarly
when a part became totally insensitive to stimuU which usually evoke a
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sensation of warmth, it was fomid to be also insensitive to all temperatures
tvhich normally cause a sensation of heat.

It is evident, therefore, that, as soon as a sensory impulse reaches its first

junction in the spinal cord, it becomes shunted into tracts devoted to the

3onduction of impulses, grouped in a way different from that found in the

peripheral nerves. It is no longer a question of protopathic, epicritic and

deep sensibility ;
each tract in the central nervous system is devoted to the

conduction of one of the specific impulses, such as pain, touch, heat and cold.'^

In the present paper, w^e are concerned more directly with this grouping
'of sensory impulses in the spinal cord, rather than with the position of the

tracts by which they pass to the higher centres. We hope to demonstrate,

not only that a change takes place in the grouping of the afferent impulses

but also to show at what point this transformation occurs.

' For the nature of the posterior columns vide Chapter VII., p. 400.



CHAPTER II

THE NATURE OF THE LOSS OF SENSATION rRODUCED BY A LESION OF THE SPINAL

COIU). COAirVKKn with that due to division of I'KiniMIERAL NERVES

Afferent impulses pass from the periphery to the spinal cord along three

systems of fibres, those of protopathic, e])ioritic, and deep sensibility.

T\\v i)rot()pathic system is essentially one of ])unctate sensibility. For

heat, for rold and, probablx . for pain, there are definite spots, from each of

which a specihc sensory impulse can alone be released. The hairs are also

innervated partly from this system ; and, when the skin is endowed with pro-

topathic sensibihty only, exquisite pain is produced by plucking the hairs,

and a curious diffuse tingUng or formication occurs when they are brushed

with cotton wool.

Eliniination of epiciitic sensibility from any part of the body makes it

impossible to distinguish two points of the compasses applied simultaneously,

cutaneous locaUsation is perverted and Ught touch over hairless parts abolished.

Whenever epicritic sensibility is destroyed, the power of appreciating inter-

mediate degrees of heat and cold (' warm
" and "

cool ") will also be lost.

We beUeve that there is a separate cutaneous mechanism which reacts to

temperatures we call warm (34° C. to 40^ C). It is also possible that coolness

is due to impulses from end-organs other than the cold-spots ;
the evidence

for tliis view forms the subject of a communication by one of us in con-

junction \nth Dr. Rivers. But it is also conceivable that the sensation of
'
coohiess

"
might be produced by the combined stimulation of this mechanism

and the cold-spots A\iiich belong to the protopathic sj'stem. According to this

view an apjoreciation of
" warmth " would be necessary for the j)roduction

of the sensation of
"
coolness," and therefore destruction of epicritic sensibihty

would remove the power of appreciating the intermediate degrees of tempera-

ture, whether they normally give rise to a
" warm "

or a
"
cool

"
sensation.

The existence of both these forms of sensibility dej)ends upon the integrit}^

of fibres in the sensory nerves to the skin. But, even after the complete
di\ision of all nerves to the skin, the denervated part remains' sensitive to

pressm'e, and pain can be produced as soon as this pressure exceeds a certain

measurable amount. Each pressm^e touch can be localised ^\'ith fair accuracy,
and any movement of the joints is at once recognised. But no degree of

temperature produces an}^ sensation, and the part may be bm-nt or frozen

\\-ith impmiit}' ; not even the j)ain of the extremes of heat and cold can produce
336
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a reaction in this system, which is so exquisitely sensitive to the pain of

increasing pressure. The two points of the compasses appUed simultaneously
cannot be discriminated, but the vibrations of a tuning fork beating 128 to

the second can be perfectly recognised.
As this form of sensibility remains after all cutaneous afferent nerves have

been destroyed, it is obvious that the fibres by which its impulses pass to the

central nervous system must rmi, at any rate to a considerable extent, with

the muscular nerves. But it must not be supposed that we deny the existence

of fibres in the superficial structures of the body, which belong to this deep

system, and are capable of reacting to pressure in all forms. '^

Sherren, Rivers

and Head were compelled to neglect them, because their only opportunities
tor investigating the properties of this deep system arose after division of all

the nerves to the sldn. But, in consequence of the i^ecuhar dissociation of

sensibility which we shall study in this paper, we see reason to believe that this

system of afferent fibres running in great part with muscular nerves, also

sends some fibres to the skin, particularly of such parts as the palm of the hand
and the sole of the foot.

These statements can be summarised in the following table :
—

n J^oss of epicriflc sensih'ditij abolishes—
Recognition of light touch over hairless parts or parts that have been shaved.

Cutaneous localisation.

Discrimination of compass points.

Appreciation of differences in size/including the accurate discrimination of the head from tlie

pomt of a pm apart from the pam of the prick.

Discrimination of intermediate degrees of temperature from about 26° C. to about 38° C.

Loss of protopalhic sensibility abolishes—
Cutaneous pain, especially that produced by pricking, burning, or freezmg, together with that

of stimulation with a painful interrupted current. Over hair-clad parts, plucking the hairs

ceases to be painful.

Sensations of heat from temperatures above about 45° C.

Sensations of cold from temperatures below 20° C.

After destruction of all cutaneous afferent fibres the part is still endowed with deep sensibility.

Pressure can be recognised, and its gradual increase appreciated.
Pain is produced by excessive pressure (measured by the algometer).

]\Iovements of muscles can be recognised.

The point of application of pressure can be localised.

The patient can recognise the extent and direction of movement produced jxissively in all the

joints within the affected area.

This grouping of the afferent impulses on their way from the periphery
to the central nervous S3'stem is probably determined by reasons of phvlo-

genetic development. But as soon as the first intramedullary cell-system is

reached, these impulses become shunted into paths along which they travel

in new combinations, and in this chapter we shall discuss the forms assumed

1
Cf. p. 190.

VOL. TI. B
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l»y till' loss ot si'usalioii. »ltu' to a lesion iiilci ftMiiiLT with nfTcrtMit impulses,

aftei' this iumv <:i(Mi|)iMU lias dccuiivd.

^j
1- \i\

Ni)\\ lu'ii' i> tliit. (.LitlVii'iK-e of ufoiipin^ more <.'\i(lciil than in the hehaNioiir

of those impulses associated with the pain produced l»y deep pressure. After

division oi a perijiheral m-rNc. or of postei'ior roots, those paits only Ixcome

insensitive to the |)ain of deep pressuie which ari' at the same time totally

insensitive to tlu' tactile element of this stimulus. I'nless all forms of deep

sensibility are aholished. pain will still he caused by excessive pressure.

But. if the lesion lies within the spinal cord, scnsiliilit}' to pain is abolished

as a wiiole, whatever tiie foiin of ])ainful stimulation. The patient Mill be

insensitive both to the pain of excessive pressin-e and to that of a prick or of the

interrupted current; yet. at the same time, he may be abU^ to recognise the

l-'iG. 74.

To show the loss of sensation in William B., produced by destruction of the sacral plexus.
The extent of the loss of all forms of sensation, including pressure, is shaded and marked B.

Those parts which were insensitive to all cutaneous painful stimulation but were sensitive to the

pain of deep pressure are enclosed within a broken line and marked A.

Sensibility to light touch was lost below the single dark line.

position of the spot pressed upon, and can ai3j)reciate the gradually increasing

pressure.

The folloA^ing case is an excellent instance of the condition produced by
destruction of several nerve-trunks.

WilUam B. (original!}" reported by Sherren and Head, p. 223, and later by
Sherren [107]) was shot through the buttock on October 4, 1901. This pro-

duced loss of sensation over the region supphed by the great and by the small

sciatic nerves, together with paralysis of all the muscles below the knee supplied

by the latter nerve. He was seen by Mr. Sherren and one of us on several

occasions from 1902 onwards. Finally, in May, 1905, he came under the care

of ]Mr. Sherren at the London Hospital, and at the exploratory operation the

following condition was found. The sciatic plexus was divided below the

point at which it was joined by the second sacral nerve
;
the third sacral had

been destroyed in the wound of the sacrum and the nerves were bound up in

a dense mass of fibrous tissue. ]\Ii\ Sherren sutured the lumbo -sacral cord
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and the second sacral nerve to the stump of the sciatic. As soon as the wound
of this operation was healed, the sensibiUty of his leg was again tested and
was found to correspond exactly to that before the operation. The extent

of the loss is shown on Fig. 74, taken from a series of photographs. It will be

.seen that over the greater part of the foot, deep sensibility was lost (area B) ;

here he was insensitive to the painful and tactile elements of pressure and
tailed to aj^preciate the vibration of a tuning-fork. But on the outer aspect
of the leg was an area of considerable extent (A) over which he was entirely

insensitive to the prick of a pin or to the pain of an interrupted current.

Within this area, the same amount of pressure was painful as on the sound

side within simiUar limits. Thus a part of the leg completely insensitive to

Fig. ti>.

To show the loss of sensation in Case 17, due to an injury to the spinal cord.
The dai'k area represents the parts insensitive to cutaneous painful stimuli, and also to the pain of

excessive pressure ; and yet over this area light touch and the tactile element of pressure were appreciated.

cutaneous painful stimulation was sensitive to the pain of excessive pressure.

The only parts where pressure could not be made to produce pain, were those

devoid of all forms of deep sensibiUty,

Algometkr Reading in Kilograms.

ni'jht (a ffcited). Left.

Outer Aspect of Shin.

Anterior portion
(«)

Posterior portion

Sole of foot

Below external mallcnl

Pain at 2 (within the area of cutaneous analgesia)

Pain at 3 (within the area of cutaneous analgesia)

No ])ain at 10 (deep sensihility abolishc'd)

No ])ain at 1(1 (deep sensibility abolished)

Pain at 2.

Pain at 3.

Pain at 2.

Pain at 1-5.

Compare with this dissociated analgesia the condition of the following

patient (Case 17), who suffered from a lesion within the spinal cord. He was
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iiijiuiHl Ity tlu> ovfituiniuij; dI' a (riK-k of i-oiuTrlc on .May '.', I
!»()."), aiul waK

broiiiiht to tlu« London Hosi)ilal |>aial,\sr(l tioni tlu- hips dowiiwarcls. By
Muv 11U)(), ho had partlv iccovorod and showi-d a. rondition that was so sharp

a contrast to that ot tlir |)ri-\ioiis patient (Fig. Til).

Ho walked, (h-agging thr left leg like a man with Ik iniplcgia, and this leg

WAS stilT and spastie. All iuoncinents coiilil lie |)ci loiiiicd l»y llic \ aiioiis j)arts

of the iiinl'. hut tin y wt'ie slow, espeeially dorsillexion at the ankle. Both

knee-jerks wtMc exaggerated, aidsie elonus was obtained and the plantar reflex

gave an extensor response on both sides.

The right leg below the knee was insensitive to prick and to all degrees

of tenijieratnre. But. over the whole of this area, he could apju'cciate all

tactile stimuli and t-ould locahse accurately the spot touched or pressed upon..

Vet. it was not possible to produce pain anywhere over the right leg and foot

b\ excessive pressure, although he fully recognised its gradual increase.

Right.

Outer aspect of leg . . . . . . . . No pain at 16

Inner aspect of leg over tibia . . . . No pain at 10

Front of tliigh above the limits of the analgesia Pain at 5

l.'Jl.

Pain at 5

Pain at 4.

Pain at 5

Fig. 76.

To show the loss of cutaneous sensibility on the (kjrsum of the hand produced by experimental
division of the radial (r. superficialis n. radialis) and external cutaneous nerves in the neighbour-
hood of the elbow.

Thus, in the former case, where the analgesia over the leg was produced

by division of nerve-trunks, a large area of sldn was sensitive to the pain of

deep pressure, although insensitive to all painful cutaneous stimuli. Onl\'

over the foot, where deep touch evoked no response, was the pain of pressure
aboHshed.

But, where the loss of sensation was produced by a lesion of the spinal
cord (Case 17), the pain of pressure was absent over parts insensitive to prick,
in spite of the complete integrity of the sensations of deep touch, and of the

power of recognismg the gradually increasing pressure.
These two patients were chosen as examples, because the site of the loss

of sensation was so nearly aUke in the tAvo cases. An equally striking contrast

is given by comparing the sensory condition of a part to which all the cutaneous
nerves have been divided, A^dth the loss of sensation produced by a pure lesion

of the spinal cord.

On April 25, 1903, the radial and external cutaneous nerves were divided
at the elbow in one of us. The area on the hand, which became entirely
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nsensitive to all cutaneous stimuli, including the pain of a prick and of the

nterrupted current, is shown on Fig. 76. But pressure was appreciated and,
vvhen increased, caused pain even more readily than over a similar jjart of

the sound hand. The readings given b}'' the algomcter in 1-ciIograms were as

follows :
—

Left {affected). Bight (sound).

Over the dorsum of the liaiul . . . . 3-.5 . . . . ,3-5

(-20
.. .'. 3-5

111 first interosseous space
2-0 4-0

Compare with this dissociated sensibility to painful stimuli, the sensory
condition of the hands in Case 13, a patient suffering from syringomyelia.

The whole of the area marked on Fig. 77 was insensitive to prick and to the

Fig. 77.

To show the loss of sensation to cutaneous painful stimuli in a case of syringomyelia (Case 13). The
whole of the area marked black was insensitive to the pajn of excessive pressure.

painful interrupted current. Tactile sensibiUty was everjnvhere perfect; he

could localise accurately the spot touched, or j^ressed upon, and appreciate

passive movements of all the joints. But pain could not bo produced by
pressure anywhere witliin the area of cutaneous analgesia, although he

recognised the gradually increasing stimulation.

Palm of hand

Thenar emmence.

Sole of foot

Right.

No pain at lo

No pain at 15

Pain at 4 . .

L,Jt.

No pain at 15,

No pain at 15.

Pain at 4.

Thus, in conclusion, we have found that, when sensibility to pain is

abolished in consequence of an intramedullary lesion, all forms of painful

stimuU are simultaneously afiEected. But, if the lesion be situated in the

peripheral nerves or posterior roots, the painful impulses produced by
excessive pressure are not interrupted, unless deep sensibiUty is abolished as

a whole.
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5$ 2. lltlAT AMJ Cul.l)

t.ival as is thf rontrasi hctwcen tho gron]Mnt:- of iiaiiitui alTnvnt impulses

ill tlir luMipliiM-al and central ium-vous systcMii. llio-^c lor si-usalioiis of heat

aiul rold imdiMjLio an i'MMI moiv c'oini)k'lo i-i'tlist i ihiiiioii. Dt'struetion ot cilhor

the ei>i(-iitie or the piotojiathii- lil)res interferes with the atTeient iniimlses.

both for heat and for eold. If epieritic sensibility is abolished, the pati(Mit

Crtimot diseriniinate intermediate degrees of Ilea; and cold. Ixil remains

sensitive to the more extreme ti-mperature stimuli. After a perii)heral nerve

has been divided, the protopathie system recovers first
;

this recovery endows

ilu" i)art with sensilulity to eold below about 20° C. and heat above abont

Injm-y to j)erii)heral nerves or posterior roots abolishes, to some degree,

Fig. 78. Fig. 79.

Both figures show the loss of sensation produced in Case 8, by disease of the cervical region of the

spinal cord. Fig. 78 shows the extent of the loss to prick. Fig. 79 that of the loss to all degrees of

cold. Sensation was evcrj^whcre present to all degrees of heat.

sensibility both to heat and cold
; recovery restores to the part sensibility to

both forms of thermal stimulation.

But, when the lesion is situated within the spinal cord, areas may be found

insensitive to heat but sensitive to cold, or vice versa. An intramedullary

lesion ma}" even destroy all sensibiUty to one form of thermal stimulation,

lea\-ing the parts completely sensitive to the other. Evidently the whole

arrangement of thermal impulses has undergone a change within the spinal

cord. All impulses which subserve sensations of heat, whether they arrive

by way of the epieritic or protopathie systems, become a single intramedullary

group. In a similar* manner all thermal impulses, whatever their source,

which can produce sensations of cold, are brought together within the spinal

cord.

G. G. A. (Case 8) was a good example of this condition. Sensation was

disturbed down the right half of the trunk and over the right leg, whilst the
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left leg was stiff and spastic. The right knee-jerk was brisk, but the left was

exaggerated, and clonus was obtained from the left ankle. He was analgesic

below the level of the nipple on the right side (Fig. 78). Cold was appreciated

everywhere above the right knee
;
but the outer aspect of the right leg and the

whole of the right foot were insensitive to stimulation by cold in all degrees

(Fig. 79). Heat from 35° C. to 56^ C. was everywhere appreciated correctly,

except that, over the parts insensitive to prick, he did not experience the usual

sensation of biu-ning pain when the temperature rose above 50° C.
;
and yet

he could clearly apj)reciate the increasing heat when the stimulus changed
from 50° C. to m= C.

Here no cold stimidus pioduced a sensation over parts of the leg, where

Fig. 80. Fig. 81.

To show the loss of sensation to heat {Vm. 80) and to cold (Fiu. 81) due to injury to the cervica

spinal cord (Cahc 7).

all temperatures from 30° to 60° C. caused a sensation of heat. Such a total

dissociation of the sensations of heat and cold never occurs from di^^sion of

peripheral nerves.

A similar dissociation of sensibility to heat and cold, but in the reverse

direction, was seen in Cyril W. F. (Case 7). In consequence of an injury to

the neck, due to diving into shallow water, this young man produced weakness
of the right arm, accompanied by loss of sensibihty to pain, heat and cold over

the left half of the bodv, each area of loss of sensation having a different extent

(Figs. 80 and 81). From the level of the ensiform cartilage downwards to the

penis, he was insensitive to all degrees of heat only; temperatures between
30° and 60° caused no sensation of warmth. But, over this area, he was
sensitive to all cold stimuli, recognising them at once.

Here, again, the sensibility to heat and to cold Mere dissociated. ^lore-

over, those parts insensitive to heat were insensitive to all degrees from 30° C. to

60° C, a condition which never occurs from any lesion of peripheral nerves.

Tn the case of Mrs. G. (Xo. 3), the loss of sensation to various thermal

stimuli was tested with extreme care on many occasions, and she was found
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to 111' iiiseiUsiliNc (»ii ilii- K-li K'Jj; to all tk'givt's of U'lnprialiirr hclwccii ('.

aiul tiO" C. As slu> was also insensitive to pain oxer the same parts, it might
have been \iru;eil that in this ease hotli piotoi)athie and ej)ieritic sensibility

hail been abolished. 'I'he falsity »>t such a supposition is at onee evident from

the faet that she was evt-ryw iuM-e sensitixc to light toiidi. and that tlie eom-

pass test gave normal ivsults oxer the alTeeted areas. This condition can

never oeeur from a lesion of iicripheral nerv'es or posteiior roots.

.\n exactly similar loss of .sensation to all grades of heat and cold ap|)eared

in Case 2, in eonseipienee of an injury to the cervical spine. This com])lclely

abolislied sensibility to ])ain. heat and cold over the left leg and left half of

the bodv, leaving all forms of tactile sensibilitv entircl> unaffected.

In conclusion, we find that the afferent imj)ulses produced by thcrjnal

stimuli are differently groupetl in the ])eri])heral nerves and in the spinal cord.

(1) Sensibility to heat may be abolished without coincident disturbance

of that to cold, and vice vena.

(2) Wlien sensibility to heat is disturbed in consequence of an intramedul-

lary lesion, the patient no longer appreciates any thermal stimulus between

30~ C. and 00° C, That is to say, insensibility is absohite to both intermediate

and extreme degrees.

(3) Insensibility to heat and cold may be absohite, and yet the patient

may be able to recognise the lightest tactile stimulation and to discriminate

the two points of the compasses. Such conditions can never occur from a

lesion of peripheral nerves only.

§ 3.—Light Touch and Deep Touch

One of the most characteristic features of the loss of sensation following

di^*ision of j^eripheral nerves, is the frequency with which light touches are

not appreciated, although deep touch and pressure are immediately recognised.

But, when the lesion is purely intramedullary, all these sensory impulses

come and go together. Thus, in a characteristic instance of BrowTi-Sequard

paralj'sis (Xo. 1), the patient was unable to recognise either Hght, touch or

pressure, applied within the affected area on the right half of the body. The

whole of the right leg w^as insensitive to stimulation aa ith cotton wool. No
reaction could be obtained to any of the graduated tactile haiis, although No. 5

was promptly recognised over the left leg. Pressure, even of many kilograms,

produced no sensation, unless the position of the muscles was sliiftecl. Yet

this patient recognised accurately any alteration in position, or any movement

produced passively in the insensitive leg. Such a condition cannot possibly

arise from a lesion of perijDheral nerves.

Thus, whenever sensibility to touch is aboUshed on the opposite half of

the body, in consequence of an intramedullary lesion, we beUeve that all forms

of tactile stimuli will be found to be affected. The peripheral afferent impulses
for touch and pressure, arriving by way of the epicritic and deep systems,
become combined in the spinal cord, so that the lightest perceptible touch
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produces a minimal tactile impulse, which passes up tlie spiual system among
the tactile impulses evoked by the severer stimulus of pressure.^

§ 4.—Passive Position and Movement

After division of peripheral nerves, the recognition of passive movement,
and of the position into M^hich any part of the limb has been placed passively,

is strikingly associated ^^^th the integrity of that system of nerves concerned

\\itli tlie maintenance of deep sensibility. So long as the cutaneous afferent

nerves only are divided, the patient can appreciate all movements of the

joints, is sensitive to pressure, and complains of pain when this pressure is

increased. There is a close association in the peripheral nervous system
between sensibility to pressure, the pain of excessive pressure and the power
of recognising passive movement and position. All three forms of sensibihty

are present or absent together after lesions of the peripheral nerves, and all

three depend upon the integrity of those afferent fibres which run with

muscular nerves.

With an intramedullary lesion, on the other hand, all recognition of the

position assumed passively by a limb is entirely dissociated from the afferent

impulses produced by pressure. Both groups are equally dissociated from

those impulses which underlie the recognition of the painful nature of

excessive pressure.

In fact. Case 1 shows that the patient may be able to appreciate passive

position and movement, although totally insensitive to every other sensory

stimulus. This man was suddenly seized with loss of power in the left hand

and leg, accompanied by absolute loss of sensibility to pain, heat and cold over

the opposite half of the body. His j^ower of movement was gradually restored,

but the loss of sensation remained. Insensibility to touch and pressure accom-

panied the analgesia and thermo -anaesthesia, and excessive pressui*e produced
no pain. But, in spite of this profound loss of sensation, the sense of passive

position and movement remained undisturbed in both lower extremities.

The most careful testing failed to show a difference between any parts of the

two legs in the power of recognising movement or position passively assumed.

Here, in spite of the absence of all sensibihty to deep touch and pressure, the

sense of passive position was not disturbed.

In the case of James Y. (No. 10) an exactly converse condition was j)resent ;

sensibility to touch and pressure was present, but he was unable to recognise

the position into which his limbs had been placed, and failed to perceive
even the most extensive movement. In consequence of a metastatic growth
witliin the sj^inal cord, this man had rapidly lost power in both legs. When
seen by us a month after the onset, both legs were flaccid and paralysed, and

sensibihty to painful and thermal stimuh was abolished below the knees and

diminished over the area shown in Pigs. 82 and 83
; Light touch and pressure

^ For a further consideration of tlie relation between sensations of light and deep touch, cf.

11. 356.
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COliltl lu- ivcognisi'd r\ t'r\ w luTc. HiiI he was uiialdc to tell tlic pusitioii into

wliu'h his lojis hail licni placed : he could not iri'oifiiiso oven tlic jri-ossost niove-

inents at the liii>. tlu> Uiu'c or tlu' aiiUlc Willi this loss of a|)|)i('ciation of

passive position and iiKiNcmiiit was associated a i'oni|)lete absence of discrim-

ination of two points, e\cn when sepai'ated to a distance of l'o cm.

This dissociation of the sense of passi\-e position from the impulses of all

other forms of sensation, exee|)t the disi-rimination of twD points, is piHuliarly

well illustrated l)V tli(> cas(> of Chai'les l>. (No. 2). At the time he was lirst

seen, motion wa.^ impaired in the left k\u. and sensil)ility to pain and tempera-
turi" aliolislu'd in the ri^ht leu and right half of the body. He could a])preciatc

pa.s.sive movement and the i)osition of all his limbs [)erfcctly. IJut, in eonse-

tiuonee of the oi)eration for the i-omoval of the fractured poition of the spine,

Fig. 82. Fig. 83.

To show the loss of sensation produced b}- a metastatic growth within the spinal cord in Case 10.

Fig. 82. Shows the extent of the loss to pain.

Fig. S3. Shows the extent of the loss to heat and cold.

The extent of the loss of sensation to jiainful and thermal stimuli varied considerably from day to

day, and the areas of total loss were bounded in every case by parts of diminished sensibility.

he lost the power of recognising passive movement and position of the left

leg, i.e. the leg in which all other sensory fmictions were perfect.

Such loss of the sense of passive movement and position on the opposite

side of the body to the analgesia and thermo-anaesthesia is the rule in Brown-

Sequard paralysis, and is illustrated by several of our cases.

In conclusion, we have been able to show that, in consequence of an

intramedullary lesion, every other form of sensibility may be abolished in a

part which still remains sensitive to passive movement. (Case 1.)

Secondly, we have sho"\\Ti that the patient may be unable to recognise
even the grossest passive movements, and be entirely unaware of the i3osition

of his legs, although they are sensitive to all tactile and pressure stimuli.

(Case 10.)

Thirdly, we can bring forward a number of instances where the sense of

passive position and movement was disturbed in one leg, whilst every other loss
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of sensation was to be found in the leg of the opposite side. (Case 2.)

Such dissociation of the impulses underlying the recognition of passive

position and movement from the imjiulses of the other forms of deep sensibility

cannot occur in consecjuence of injury to peripheral nerves.

§ 5.—^The Compass Test

One of the most remarkable differences between the loss of sensation

produced by division of a peripheral nerve and that dlie to a lesion within

the spinal cord is revealed by the compass test. When a nerve has been

injured, sensibility to light touch is the first to be disturbed; with this failure

to appreciate careful stimulation ^\itll cotton wool over hairless parts, the

compass test will be invariably found to give results considerably below the

normal accuracy. In fact, from the point of view of the peripheral nervous

system, the compass test is an accurate measure of tactile sensibility of the

skin. For this purpose Head and Sherren found it most useful, when carried

out by the modified method described in their paper.

But, when the lesion is situated within the spinal cord, sensibility to light

touch and the power of discriminating two points may be strangely dissociated.

In order to demonstrate this characteristic dissociation, all forms of tactile

sensibility must be preserved. For it is obvious that, if the part to be tested

is insensitive to touch and pressure, the compass test will fail from want of

afferent impulses. A diminution of tactile sensibihty will produce a less

accurate com23ass record, not because the special power of discriminating two

points is lessened, but on account of the diminished acuity of the tactile

impressions that are to be discriminated.

We have, therefore, selected those cases only where all forms of tactile

sensibility were perfect, and yet the power of discriminating two points was

gravely disturbed.

In Case 10, a man, aged 61 years, had become rapidly paralysed in both

legs in consequence of a growth within the spinal cord (Figs. 82 and 83).

With this paralysis, he had lost the power of appreciating the position of his

Kmbs to an miusual degree, and was unable to discriminate the two points

of the compasses, when widely separated. Over the external surface of the

leg, he failed entirely at 15 cm. and at 20 cm. over the front of the thigh;

over the palm of the left hand, a part unaffected by paralysis of motion or

sensation, he gave correct answers at a distance of 1'5 cm. At this time,

there was no part over which he did not at once respond to light touches, or

to pressure, and this grossly defective power of discriminating two points

cannot, therefore, have been due to altered tactile sensibility.

This dissociation is showii in a peculiarly strildng manner by Case 16.

The patient, a man, aged 32 years, had suffered for four years from sym])toms

of a growth witliin the cervical portion of the spinal cord. Tliis produced a

loss of sensation over the arms and trunk shown on Figs. 84 and 85
;
but

both legs remained sensitive to all painful, thermal and tactile stimuli. With
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tlu' liiicst ti'sts. ii<i dilTficiu-i' could lie discoxcrcd in [.\\v tactile seiisihility of

tlu> two lojis. With \im .l''ii'y"s liaiis. No. ."> could \)v a|)i)reciatc{l cve^y^^llcro

over the solos ot l)otli fort: No. 1 produced no scusatioii on oithcr limb.

Ami yet the power of cliseiiiiiiuatiiig two jjoiiits was gravely diminished

over the left foot and leu. Over tlie sole of this foot, he answered badly when

the points wer<.> si>parated to a distance* of S cm.

I in i;.

whereas, ovei' the ri^ht sole, his answers were perfect at 4 cm.

I
I

10 I!.

-
I
10 K.

4 cm.

Fig. 84. Fig 85.

To show the loss of sensation in a case of disease of the medulla oblongata and cervical portion of
the spinal cord (Case 16).

Fifr. 84. Shows the loss of sensation to painful stimuli. Fig. 85, the loss to heat. To cold, the
anaesthesia was slightly less extensive.

The only loss of sensation in the lower extremities consisted of profound loss of the sense of passive
position and movement, and of defective sensibility to the compass test in the left leg.

Over tlie outer aspect of the left leg, he failed with the points separated to

15 cm.
1

I

4 W. () R.

2
I
5 VV. K.

15 cm., but over a similar part of the right leg, his answers were uniformly
correct at 8 cm.

These two cases show that, within the spinal cord, the impulses which

underlie the power of discriminating two points are separated from those of

tactile sensibihty. Having passed up in the epicritic sj'stem, they become
dissociated in the spinal cord from the remaining forms of epicritic sensibihty.
AMthin the spinal cord, they pass on in close association with the impulses
which imderhe the recognition of passive movement and position of the

hmbs, impulses which have reached the cord by means of the system of fibres

isubserving deep sensibihty.



CHAPTER III

THE I>'TERRELATION OF AFFERENT IMPULSES IN THEIR PASSAGE UP THE
SPINAL CORD

Ix the previous chapter, we have shown that afferent impulses, which

reach the central nervous system by way of the peripheral nerves, undergo

rearrangement M'ithin the spinal cord. We shall now attempt to trace their

course upwards, indicating as far as possible the relation of each set of impulses
to the others.

More than fifty years ago, BroAvn-Sequarcl stated that division of one half

of the spinal cord caused loss of sensibility to pain on the side opposed to the

lesion, and that motion was affected on the same side.

Led by the results of his experiments on animals, he examined more

carefully the condition of sensation in patients suffering from what was called

spinal hemiplegia. He attempted to show that this condition was the result

of disease or of injury to one half of the spinal cord, which produced paralysis

of voluntary movement on the one side, and anaesthesia on the other side of

the body.
"
Experiments on animals and a great many clinical facts," he says [19],

" show that an injury, destroying a small zone, or dividing the whole lateral

half of the sj^inal cord in the cervical region, produces the following symptoms—•

"
1st.—Paralysis of the volunatry motor conductors on the same side.

"
2nd.—A paralysis also of the vasomotor conductors on the same side,

and, as a consequence, a greater afffux of blood and a higher temperature. . . .

"
rtth.—There is ansesthesia of all kinds of sensibility, excepting the

muscular sense, in the side oiDposite to that of the. lesion in the spinal cord,

o^^ing to the fact that the conductors of sensitive impressions from the trunk

and limbs decussate in the spinal cord, so that an injury in the cervical region
of that organ in the riglit side, for instance, alters or destroys the conductors

from the lejt side of the body.
"

6th.—There is some degree of ana?sthesia also on the side of the lesion,

in a very hmited zone, above the hypersesthetic parts, and indicating the level

of the lesion in the cord. This anaesthesia is due to the fact that the con-

ductors of sensitive impressions reaching the cord through the posterior roots,

at the level or a little below the seat of the alteration, have to pass through
the altered part to reach the other side of the cord."

This admirable summary is followed by the narration of two cases, observed

by Brown-Sequard himself, with a fulness rarely equalled in the present day [19],
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I.

DlSTURBAXCE. Reflexes.

with Long Sensory Paths).

Pahi. Cohl. Heat.

R. leg and R.
half of body
below le\el

of umbilicus

R. leg and R.
half of bodv

R. leg and R.
half of body
below love!

of umbilicus

R. leg and R.
half of body

R. leg and R.
half of botly
below le\el

of lunbilicus

R. log and R.
half of body

Passive Position
and Movement.

No loss

No Ic

Compasses.

L. no loss, R.
no ro.sDon>e.

No loss

L. leg, L. half L. leg, L. half L. leg, L. half No loss

of body and of body and of body and

strip on L.
, strip on L. strip on L.

arm arm arm

R. half of bodv R. half of body R. half of body
below umbil-

icus, and R.

leg, except
over sacral

areas

Front of L. l(!g

and thigh.
All sacral
areas unaf-

fected

R. leg and Pv.

half of body
to level of

ensiform

below umbil-

icus, and R.

leg, except
over all sac-

ral areas

J. leg, except
all sacral
areas

R. foot and
outer aspect.
R. leg below
knee

below umbil-

icus, and R.

leg, except
over all sac-

ral areas

[j. leg and L.

half of body
to level of

ensiform and
angle of

scapula

No loss

No loss

No loss No loss

No loss No loss

No loss No loss

Knee -jerks equal.
No ankle clonus.

Plantars flexor.

L. knee-jerk + -\-.

R. knee-jerk normal.
L. ankle clonus.
R. no ankle clonus.
L. plantar extensor.
R. plantar flexor.

L. half of body
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His results have Ih'oii attackod from two jHiiiils of view. It was pointed
out that tlir lesions proclueed liy tlisease were crude and ill defined, and

conuuonly alVin-ted liotli liaKes of tlic spinal cord. Moreover, jJost-nior I cm
examinations on those w iio had sullered tiom llrown-Sequard paralysis are

uneommon. e.\ee]>t in eases complicated by grave general disease, which

riMiders dillieult an accurate investigation of sensibility.

Physiologists attempted to solve the question by means of animal expci-i-

ments, carried out Avith all modern surgical ]>recautions. Some (especially

Turner [liJO]) sujiportcd the original view of Brown-Sequard, others (SchilT,

Mott [So], Kothmann | OS], [Schuster [104]), concluded that afferent impulses
did not cross in the diagrammatic manner he described. Moreover, many
ex{)erimenters have shown that hemisection in the dorsal region produces

ascending degeneration in both the same and the ojiposite half of the spinal

coitl. It is therefore certain that to afferent impulses, arriving by way of the

posterior roots, both crossed and uncrossed paths are open.
But of the nature of the afferent impulses passing by these paths, experi-

ments on animals can tellTis little. It is difficult to conclude whether they are

non-sensor}' afferent impulses, concerned with what may be called the higher
reflexes, or whether the}^ are ultimately concerned with some form of sensa-

tion. For every examination of sensation is in reality a psycho-physical

experiment, where the extent of the mental error can entirely obscure the

physical result. The nature and extent of these errors we can estimate only
in man. Moreover, it is not sufficient to note the response to a stimulus

;
we

must hear from the hps of the patient his experiences under stimulation.

Supposing he starts and withdraws his foot when pricked, we cannot conclude

that he experiences pain. It ma}^ be that his mthdraw^al is the reflex response
to pressm-e A\ith a pointed object. He alone can tell us the nature of his

sensations.

Thus, we are compelled to fall back upon the results of disease. But the

destruction produced by' disease is greatly wanting in precision compared
"uith an experimental lesion. Moreover, on account of lack of time, or fore-

thought, or the progressive nature of the disease, many cHnical records are

wanting in necessary fulness and precision. Thus, on the one hand, are those

who, for the sake of the definiteness of the lesion, cling to the results of animal

experiment, which can demonstrably lead to elementary conclusions only

concerning sensation
;
on the other stand the cUnicians, with their imperfect

records and iU-defined terms.

We do not attempt to base our conclusions on the verification of the posi-

tion of the lesion by post-mortem examination. For, in most cases where a

microscopical examination was possible, the general condition of the patient
had been unfavourable to that rigid and repeated examination by which alone

the condition of sensibihty can be estabhshed.^ We shall assume that an

^ We have rejected two case.? in which a complete microscopical examination was made on
account of faulty sensory records.
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1 intramedullary lesion disturbs the motor functions, and alters the reflexes on

the same side of the body. This no one has doubted. Then we shall examine

the effect produced by an intramedullary lesion upon the patient's answers

to a series of sensory tests. From these we shall deduce the manner in

' which the sensory impulses are grouped in their passage up the spinal cord,

and correlate the loss of sensation ^\ith the motor disturbance.

Such study of the nature and relation of sensory impulses, when disturbed

'' by an intramedullary lesion, has led to more fruitful results than the anato-

mical method, which demands in every instance that the lesion should be

demonstrated to be unilateral. For a complete unilateral lesion, especially

if it be the result of jii'ogressive disease, will certainly cause functional and

even microscojoical changes in the opposite half of the cord.

We have arranged on Table 1, eight cases of Brown-Sequard paralysis

observed by ourselves. In every instance the motor disturbance was Hmited

to the one half of the body, and in no case was the same form of sensation

disturbed on the two sides.

In this chapter we shall deal with the disturbances of sensation remote

from the level of the lesion. As Bro^^^l-Sequard pointed out, a lesion of the

spinal cord not uncommonly produces some degree of ansesthesia on the side

of the lesion, due to an interruption of sensory impulses at the level of the

disease. These local manifestations will be reserved for Chapter IV, while in

the present chapter we shall deal with the disturbances of sensation in parts

remote from the level of the lesion.

§ 1.—Pain, Heat and Cold

The close relation between the impulses for sensations of i)ain and tem-

perature has long been universally recognised. Easily investigated and

clearly defined, the loss of sensibility to j)ain, heat* and cold is well described

in most cases of disease of the spinal cord, however insufficient may be the

remainder of the record. Petren [90] has gathered together records of 137

imilateral lesions of the spinal cord in a monograph on this subject. He
concludes that, in 128 cases where the condition was adequately recorded,

sensibility to pain, heat and cold was abolished on the side opposite to the

lesion.

Thus, whatever may happen to the impulses which underlie other forms

of sensibility, there can be little doubt that, in man, those for i)ain, heat and
cold cross to pass up the opposite side of the spinal cord.

To these cases maybe added the eight instances of Brown-Secpiard paralysis in

the Table on pp. 350 and 351 . In all it will be found that the motor disturbance

was strictly unilateral, and the remote loss of sensation was confined to one

side
;
in all, sensibiUty to pain, heat and cold was disturbed on the side o^jposed

to that of motion.

We have already described the character of this loss of sensation in Chap-
ter II. When sensibility is abolished to pain, from an intramedullary lesion,

vol.. ir. c
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no iioi-mally painful stimulus. wIkI-Ikm' it ho a |Miik. the initMiuptcHl current,

oi- oxi'ossivc pivssuio. will produce a painful alTereiU impulse. Ju the same

wav. sensation is lost to all deiiiees of luMt oi' of cold, except at tlio edges of

an ill (lelined urea of tliernio-ana'stJiesia. Here the more extreme degrees of

heat or of cold may pioduce a sensation, because they ai'c a moie intense

thermal stimulus than the inteiniediate degrees; but, if the insensitive area

has wi'U diMined borders, all forms of tlu> specific sensibility to heat or to cold

aic abolished altogether.

Although the impulses for pain, heat and cold are so closely associated in

their jwssage up the spinal cord on the side ojiposed to their point of entry

they do not travel inextricably intermingled. Not only can the three forms

of sensibility be destroyed over different skin areas. ])ut it is possible that one

may even escape entirely.

In Case 8, it is almost certain that at one time sensations of pain, heat

and cold were lost over the right half of the trunk and over the right leg.

But, Avhcn the patient was first seen, the dissociation was pronounced. He
could not appreciate a prick, or the i)ain of excessive heat, or the j)ainful

faradic current, over the right half of the body below the costal margin. But

sensibility to all degrees of cold was lost over the right leg below the knee

only, whilst temperatures between 35° C. and 65° C. could be everywhere

recognised. (Figs. 78 and 79.)

It is particularh' in lesions of the cervical portion of the spinal cord that

the three forms of sensation tend to be unequally affected. In August, 1905,

C. W. F. (Case 7) injured his neck from diving into shallow water; when seen

by us in November, the loss of sensation was more extensive to heat than

to cold, to cold than to pain (Figs. 80, 87 and 88). Moreover, tliis patient showed

another phenomenon not micommon in lesions of the ujjper part of the cord
;

the analgesia occupied the front of the thigh and leg, but did not extend on

to the sacral area. To a less degree, this was the case also with the loss of

sensation to cold. Thus, a lesion in the cervical region abolished sensation

over the opposite leg, A^ithout interfering with the im]3ulses from the terminal

portions of the spinal cord. Tliis was extremely well shown in the case of

J. M. (No. 6), who, twenty years before we first saw him, had injured his cervical

spine by diving into shallow water. In this instance, the extent of the loss

to pain was greater than that to cold and to heat.

When the loss of sensation produced by an intramedullary lesion occupies
the opposite half of the body only, the boundary between j^arts of normal and
abnormal sensibility is usually ill defined. This might have been foretold

from our knowledge of the irregular distribution of such lesions.

But, occasionally, the upper border of the loss of sensation to pain, to

heat and to cold can be determined with unusual certainty. Such definiteness

of outline must signify that aU impulses iDassing upwards have been interruj)ted

completely at a certain level.

Now it would seem from some of our cases that, even when the impulses
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for pain, heat and cold are interrupted after they have crossed the cord, the

situation and shape of the border between parts of normal and abnormal

sensibiUty point to a segmental arrangement.
In conclusion, we beUeve—
(1) That afferent impulses for pain, heat and cold cross the spinal cord

to pass up the opposite side.

Fit;. 86.

Fig. 87. Fig. 88.

To show the loss of sensation in Case 7.

Fig. 86 shows the extent of the loss of sensation to painful stimuli.

Fig. 87 shows the loss to cold.

Fig. 88 shows the loss to heat.

(2) That the remote loss of sensation ma}' affect to a varying degree the

impulses for the three forms of sensibiHty.

(3) The borders of tliis remote loss of sensation on the opf)Osite side of the

body to the intrameduallary lesion usuall}^ merge gradually into j)arts of

normal sensibiHty. But, occasionally, they correspond to the borders of

intramedullary segments.
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§2.—Touch and Tukssi uk

In a |>ii'\ urns cliaiitci'. wc showed t lia( t he (list in Itajicc ol tact ilc siMisihilit.y,

duo to an intrajnodiillaiv lesion, dilTiMcd tiiiidanieiitaliy Iroin (liai produced
l>\ iiijiiiy lo a |)i'ii|)lu'ial uei\c. or poslciioi- ueixc root. I^'or, wlieii a. peii-

])lioral iieiM' has Ir'imi divided, a eoiisiderahle extent, ot the aiuesthetie ai'ea

remains sensitixi' to |>iessiire. hut iiisensit i\c to li.uht^ touch. lint, if the

lesion hcs witliin the spinal cord, tactile sensibility is diminished, or aholished

as a whole, whethei' the touch l)c caused l)y the lightest movement of hairs,

by stimulation with cotton wool, oi' l)y ])ressui'e. Occasionally, it is true,

]>ressure pioduces the sensation of touch, when the l(\ss insistent forms of

tactile stimulation fail to be appreciated. If au intramedullary lesion has

destroyed the impulses associated with the sensation of light touch, it will

also interfere with those that underlie sensibility to i)rcssure ; that pressure

can still be ai)preciated is due solely to the fact that it is a greater tactile

stimulus, not to any difference in path between the imj^ulses for light touch

and for pressure.

In the previous section, M'e showed that the impulses for pain, heat and
cold crossed the spinal cord to ascend on the opposite side. Here we shall

consider the intramedullary course of tactile impulses.

The clinical records of cases of Brown-Sequard paralysis are more especially

defective with regard to the condition of tactile sensibility ; most of the stimuli

that have been employed for touch are, in reality, tests for the recognition of

pressure. Fortunately, however, the impulses for light touch and pressure
are combined into one tactile group during their passage up the spinal cord

;

pressure is only an extreme form of touch. We may, therefore, assume that

if, in any case of BroAvn-Sequard paralysis, it is recorded that jjressure was
not appreciated, sensibihty to light touch was also abolished.

Sensations of touch and pressure are much less frequently disturbed in

cases of Brown-Sequard paralysis than those of pain, heat and cold. In the

two cases observed with unusual care b}^ Brown-Sequard himself, tactile

sensibility was greatly diminished, or lost, over the same parts that were

insensitive to pain, heat and cold, on the opposite side of the body to the

disturbance of motion. Among 128 cases collected from the literature .by

Petren, the anaesthesia to pressure reached the same development as that to

pain, heat and cold in 39 only. In every instance the loss of sensibility to

pressure was found on the same side as the analgesia.

This in no way proves that a unilateral lesion of the cord produces loss of

tactile sensibihty. It demonstrates only that, if this form of sensibility is

aboUshed, as the remote effect of an intermedullary lesion the loss of sensation

Mill be found on the ojjposite side of the body to the motor disturbance.

We are able to add an excellent instance of this comparatively rare loss

of tactile and pressure sensibility in a case of Brown-Sequard paralysis.

F. C. (Case 1) went to bed perfectly well on December 13, 1903. When
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lie tried to get out of bed he found he
'"
could not use his legs," and fell to the

I ground. On the afternoon of December 14 he found his left arm was weak.

73y Easter, 1904, his left arm and his left leg had recovered, and he returned

to work. He had noticed little wrong Avitli the other side, but within three

weeks of the onset, during his stay in the National Hospital, Queen Square,

<omplete analgesia and thermo-ana^sthesia had been discovered over the right

half of the trunk and right leg.

He first came under our care in August, 1905, for an attack of acute rheum-

atism. Diu'ing this time we discovered the condition of sensation, which has

remained substantially unaltered up to the present time.

He now shows the following disturbance of sensation. All sensibility to

cotton wool is abolished over the right leg and right half of the trunk, as high
as the level marked on Fig. S9. Within this area he is totally insensitive to

Fig. 89.

To show the loss of sensation to all forms of tactile, painful and thermal stimuli in Case 1. The frontal
border was not sharply defined, but merged gradually into parts of normal sensibility.

pressm'c steadily apj^hed; but, if the muscles are rolled from side to side

during the act of pressure, he sometimes says,
" You are rolhng the front of

my leg," or,
" You are pressing me." This loss of sensation is associated

with inabihty to distinguish the head of a pin from the point, or to appreciate
difference in size.

All sensibility to pain is abolished over the same parts, whether the stimulus

j

be a prick, an interrupted current or extreme pressure. Even a pressure of

20 kgms., applied to the outer aspect of the right knee, produces no pain,

although, on a similar part of the left leg, the j)atient complains of pain with

a pressure of 4-5 kgms.
The recognition of passive position is jDerfect in both legs from the toes

to the hip.

All loss of motor power has now cUsappeared; his grasps are equal and

there is no stiffness of either leg. The knee-jerks are brisk but equal, and
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anklo c-louus cannot be obtained. On neither side dooi=; tlio ]>lantar reflex

give an extensor res|>onse.

Tluis we eont'Iude, that sensihihty to toiuh and ]iressiue is rarely disturbed

in llrown-StWiUiird paralysis, lint, if .sueh a ehange exists,

(1) It is found on liie opposite side of the body to the motor disturbance.

(Case 1 and Case 4.)

(2) The iinjjulses of light toueh (eotton wool, von Frey's tactile hairs), deep
touch ami the tactile element of pressure are lost together. If the borders

of the loss of sensation are ill defined, i)ressure can be appreciated over parts

insensitive to stimulation with cotton wool, in consequence of the greater

intensity of pressure as a tactile stimulus. There is no evidence pointing to

a separation of sensibihty to hght touch from that to the tactile aspect of

pressure, such as is found in lesions of penpheral nerves.

§ 3.—Sense of Passive Position and Movement

Throughout tliis paper, in almost every section, our investigations have

borne their tribute to the acumen and accuracy of Brown-Sequard. He
stated that the impulses for the sensations of pain, heat and cold crossed to

the opposite side of the cord; ultimately, the impulses for touch, though
more rarely disturbed, followed a similar course. Not only our cases, but the

whole of the work of the past, when analysed, supports this view.

^lucli controversy has arisen regarding the further statement of Brown-

Sequard, that appreciation of the position into which a Umb has been passively

placed is affected on the same side of the body as the disturbance of motion
and reflexes. Xotliing could be more convincing than a perusal of the beauti-

fully recorded cases that came under his personal observation.

Among our observations, the following case (No. 2) is a striking corrobora-

tion of the view, that the impulses which underlie knowledge of the position
into which a hmb has been placed are interrupted on the same side as

the motor disturbance. It is a pecuharly unequivocal instance, because the

patient was examined when all sense of passive position was perfect ; j^et the

right leg Avas spastic, and sensibihty to pain, heat and cold was abohshed
over the left half of the body and left leg. After the operation upon his spine,
these signs remained unaltered, but he lost all power of recognising the position
into which his right leg had been placed.

His history was as follows: On April 11, 1904, he w^as throwTi out of a

dog-cart onto his head. He became unconscious for a few seconds and,
when he recovered his senses, found he was completely paralysed down the

right side. From the moment of the accident he has been unable to appreciate

pain, heat and cold apphed to the left leg and left half of the trunk.

In May 1905, when first seen by one of us, a little more than a year after

this accident, he walked with a hemiplegic gait, SA^inging his right liip, so that
the toes of the right foot might clear the ground.
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Over the left half of the body and the whole of the left leg below the level

of the seventh cervical segment, he was insensitive to all forms of pain, heat

and cold. Light touch with cotton wool, deep touch and pressure were

recognised everywhere, and were well localised. The sense of passive position
was perfect in all four limbs, and he could recognise the position assumed by
parts of the limb under electrical stimulation.

On the right side the loiee-jerk was greatly exaggerated, ankle clonus

was easily obtained and the jilantar reflex gave an extensor response. The
left knee-jerk was diminished and no clonus could be obtained in the left

ankle
;
the plantar reflex on this side gave a flexor resx)onse.

Thus at tliis time the patient showed all the signs of that form of Brown-

Sequard paralysis where motion is disturbed on the one side, sensibiUty to

pain, heat and cold on the other, touch and pressure and the sense of passive

position being entirely unaffected.

On June 25, 1905, Sir Victor Horsley exposed the lamina? of the cervical

vertebrae and found that the third neural arch was fractured. All went well

until a fortnight after the operation, when the patient noticed that the right
side and right leg seemed stiff and cramped and he thought he had lost powder.

But, when he was again seen by one of us, the only further change that

could be discovered was a loss in the right arm and leg of the sense of position

assumed passively. He could not touch his nose with his right forefinger if

the eyes were closed. He could not tell into w^hat position the thumb and

fingers of the right hand had been placed, unless the movement was violently

performed, and movements of the right wrist were badly appreciated. No
movement of the toes of the right foot could be recognised.

At the same time, he was sensitive everywhere to stimulation by light

touch and pressure, and the point touched was well locahsed. Thus, the

operation had added loss of sense of passive position and movement on the

right side to the loss of sensibihty to pain, heat and cold, wliich previously
existed over the left half of the body.

Case 16 also illustrates the loss of the sense of passive position and move-

ment on the same side of the body as the disturbance of reflexes and of motion.

R. A. H. suffered from a long-standing intramedullary lesion of the bulb and
cervical region of the spinal cord, which had paralysed the left vocal cord and

left half of the palate. The left knee-jerk was exaggerated, clonus was

obtained from the left ankle and the left plantar reflex gave an extensor

response. On the right side, the reflexes were normal and no ankle clonus

could be obtained.

Sensibihty to all i)ainful and tactile stimufi was distui'bed over the whole

of the left fore-quarter, but to heat and cold the loss of sensation occupied
both upper extremities.

The legs remained normally sensitive to all forms of tactile, painful, and

thermal stimulation, but the sense of passive position was profoundly dis-

turbed in the left lower extremity, i. e., on the side of the alteration in motion
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and rotlexcs. Out of t\v(Mity movcim-uls, ton oi which wore clorsitloxioii and

ten jtlnntar oxtiMision of tho loft auklo, lio gave eleven false answers—
Di.rMlloxiou

I

7 \V. :{ 15.

IMiitUiir cxtfiisioii I 4 \V. (i \\.

On tlio liiiht siilo ho niado no niistako uudor similar ot)udilions—
Dorsill.'xii.n In K.

IM.iiitiir fxlfiisidii hi i;.

Sense of passive position was oven more grossly atl'ootod in the toos of tho

left foot, but his ans\\ers were faultless and quiek from those of the right

foot .

Case 3 is another st liking instance of a similar inability to recognise the

jiosition assumed passively by the toes; this loss was also found in the limb

oi>posite to that insensitive to pain, heat and cold. This patient has been

under observation for eight years, and we have therefore had ample oppor-

tunity of confirming our observations.

Ill Maroh. 1898, she w^as suddenly seized with paralysis of the right leg

accompanied hy loss of sensation to pain, to heat and to cold in the whole of

the opposite limb. Since that time, her condition has remained materially

unchanged.
When walldng, she ckags the right leg, which she holds stiffly, sajdng she

dare not relax this leg, or she would fall. The whole leg is spastic, and volun-

tary movement is impaired by its rigichty ; but, in addition, there is some loss

of power, especially in the movements of the right hip. There is no wasting,

and the electrical response is everywhere normal.

l.ight touch and pressure are everyw^here appreciated and accurately

locahsed. Repeated examination failed to reveal any difference between her

answers on the two sides. But the whole of the left leg and thigh below the

level of the eleventh dorsal segment is absolutely insensitive to all forms of

pain, heat and cold.

In this leg, every movement produced passively is quickly and easily

recognised. She made no mistake when the left great toe was moved twenty
times into a flexed or extended position. But on the right side, the side of

the muscular rigidity and weakness, she failed repeatedly to recognise the

position of the great toe. Here, our method of recording the results shows the

difference between the condition of the two feet with remarkable distinctness.

Left Great Toe (Analgesia and Thermo-aneesthesia).

Flexion
|

I. III. II. II. II.

Extension
I

II. 11. I. III. II.

Right Great Toe (Motor Loss).

Flexion
I

II. X. IIIX. HI.

Extension
|

XX. i. XI. XXIXX.

Xo chfference could be observed betw^een her power of appreciating move-

ments of the ankles, knees or hips. Exactly similar results were obtained as

far back as 1898.
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Here, again, the loss of the sense of a position assumed passively by part
of the limb was found on the side of the motor distui-bance, and not on the

side insensitive to pain, heat and cold.

Thus, we conclude that, with regard to the impulses which underlie our

power of recognising the passive joosition of a Umb, Brown-Sequard's original

statement was correct.

(1) The sense of passive position and movement is abohshed on the same
side as the motor disturbance, pro\ided that the loss of motion is entirely

unilateral and no single form of sensation is disturbed on both halves of

the bod3^

(2) The loss of the sense of passive position and movement is independent
of the tactile impulses and of those which underUe the power of cutaneous

localisation. But, as will be shown in the following sections, it is closely

associated in Brown-Sequard paralysis with inability to discriminate two

compass points.

§ 4.—The Relation between the Power of Discriminating

Two Points and the other Forms of Sensibility

In a previous chapter, we cited two cases to show that tactile sensibility

might be perfect and yet the patient might be unable to discriminate two

points applied simultaneously to the skin. Both of these cases revealed

incidentally the close association between the loss of the sense of position

assumed passively, and the power of discriminating two points.

]Now, we have already ample evidence, that the power of recognising the

passively assumed position of any limb tends to be disturbed on the same side

as motion in Brown-Sequard paralysis. We should therefore expect that

the compass test would also show a diminished accuracy of discrimination

on the same side.

But it must be remembered, that the compass test depends upon two

entirely separate factors. In order that the test can be applied, the patient

must be able to recognise that he is being touched. If sensibihty to touch

and pain is lost, the test is obviously inappUcable, because of the total absence

of sensation, and not because of any necessary inability to discriminate t^o

points. A diminution of tactile sensibility alone will affect the results of

the compass test, by decreasing the certainty \\dth which the patient knows
when he has been touched. This was the reason Brown-Sequard stated that,

in two of his cases, the compass points were not normally discriminated over

the non-paralysed limb. In both of these cases, tactile sensibility was pro-

foundly affected on that half of the body opposite to the motor paralysis.

For the same reason Spearman [115], in his careful report, found that the

compass test gave bad results on both legs. We venture to suggest that on

the right leg, which was analgesic and thermo-anaesthetic, this was mainly
due to the grave defect in contact sensibihty ;

on the left leg, which was
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spastic aiul paii'tir. tlio iual)ility to rrcugiiiso [wo [Knnifi was associated with

tlio loss of sense of |)ositioii. The prohahihty of this explanation is increased

by the remarkahle raisinii of the threshold for \\\c compass test which occuiTcd

on the left lei; as the result of nuisciilar fatigue, a condition scarcely noticeable

in the v'wiht Ion:. A\here the cutaneous sensory loss was ])rofound.

Since the c-onipass test depen(b> ui)oii two factors, which may be sepaiated

in disease of the spinal cord, it is necessaiy to choose cases where one of these

factors alone is demonstrably unatTcctcd. It is obvious that a ditninution of

tactile sensibility will diminish the ease ^\ith which two ])oints are discrimi-

nated: Init we have other less elaborate tests for touch, and the true interest

and value of the compass test lies in the revelation of a loss of jiow'cr o.f dis-

criminating two points, although tactile sensibihty is perfectly maintained.

L'ase 3 is an instance of such a condition. Over the left leg, sensibility

to }">ain, heat and cold was aboHshed, wliilst in the right foot the patient was

unable to recognise the position into wliicli her toes had been placed. To
the finest tests all forms of touch were everywhere perfect.

^Vhen the compasses were apiilied longitudinally to the sole at a distance

of 2-5 cm., it was found that she was more accurate in her answers on the left

foot (sensory loss) than on the right (motor loss).

11 9 R. 1 w.
Left 2-5 cm.

2
I

10 K.

Right 2-5 cm.
^1 ll:lZ'.

For some hours before these tests, she had been resting in bed, and she

was therefore tested again after walking about 150 metres without a stick.

The result was striking. For whereas at 4 cm. distance the test gave perfect

results on the dorsum of the left foot, her answers failed grossly over a similar

part of the right foot.

Left 4 cm.
^

|

j^ p'

r>- 14. A 1
I

6 R. 4 W.
Right 4 cm.

2
I

t5R.4VV.

This brings out the considerable raising of the tlneshold for the compass test

which follows exertion, a fact first pointed out by Spearman [115].

On account of the stationary condition of her symptoms and her great quick-

ness and trustworthiness, this patient forms a good instance of the close connec-

tion between deUcacy in discriminating two points and a recognition of the

position of the Umb.
When discussing disturbances of the sense of passive position and movement,

we cited the case of R. A. H. (No. 16), where an intramedullary lesion of the

bulb and cervical spinal cord had produced locally loss of sensibihty in both

upper extremities, whilst motion and the reflexes were disturbed on the left

side only.

In this patient, the remote loss of sensation consisted of a profound dis-

turbance of the sense of passive movement and position in the left foot and ankle.
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Together \\ itli this loss, it was found that his power of cliscrimiiiating two points
was profoundly affected over the left foot and leg. Thus, over the sole of the

left foot his answers were bad when the points were separated to 8 cm,

o 1
1

10 R.
8 c^-

2
I

4 1^ n w. •'

whilst over the right sole they were perfect at 4 cm.

. 1
I

10 n.
* ^™'

2
!

10 R.

Over the outer side of the left leg he answered badly at 15 cm.
'

,
;-

1
I

fi R. 4 w.

^^ ^^-
2

I

5 K. 5 W.

although his answers were perfect at 8 cm. over a similar part of the right leg

S 1
I 1[) Pv^» cm.

2 f lu R.

Tliis difference in the sensibiUty of the two legs to the compass test could

not have been due to any alteration in tactile sensibihty. For stimulation

with cotton wool was appreciated equally when appUed to both feet and to the

outer side of both legs ; over both soles, von Frey's hairs produced sensations

of equal intensity. Stimulation with No. 8 and No. 5 was well appreciated;
but stimulation mth No. 4 appHed to the soles could not be appreciated over

either foot.

In conclusion, we beheve that, if all forms of tactile sensibility are perfect

in BroM'n-Sequard paralysis, (1) the power of discriminating two i3oints may
be found to be diminished over the side of the motor disturbance

; (2) there is

a close relation between loss of the sense of passive position and movement and

the power of discriminating two points; loss of the one is usually associated

with grave disturbance of the other.



CHAPTER IV

LOCAL EFFECTS OF AN INTRAMEDULLARY LESION

So far we liave neglected the local effects produced by a lesion of the spinal

cord, and have dealt solely with its remote results on sensation. A sidlled

operator can now produce, with the help of rigid asepsis, an experimental
division of one half of the cord, of such precision that the sensory effects at

the level of the lesion, on the same side as the section, may be neghgiblc. The

sensory consequences of a stab in the back, producing a wound of the spinal
cord, may also under favourable conditions be entirely remote. Even those

remarkable cases of Brown-Sequard paralysis, arising suddenly and presumably
due to spontaneous haemorrhage, may show no permanent sensory changes
at tiie level of the disease.

But. whenever interference in the conducting paths is due to a growth or

to a large haemorrhage, such as not uncommonly follows fracture of the spine,

the disease manifests itself by local disturbances which will form the theme
of this chajoter. The greater the extent of the lesion longitudinally in the spinal

cord, the ^^ider will be the area upon the surface of the body affected by these

changes ; and of all local lesions, the most widely extended is that of syrin-

gomyelia. At any rate in its early stages, this disease manifests itself by sensory

changes on the same side of the body as the disturbance of motion
;

its signs
and symptoms are essentially the local manifestations of a lesion of vast

longitudinal extent.

In some cases of syringomyelia, the central growth reaches such proportions
that long afferent paths are destroyed, and parts at a distance from the focus

of disease become insensitive
; but, in essence, syringomyeha is a local disease,

producing sensory changes at the level of the lesion.

§ 1.—The Local Sensory Effects of an Intramedullary Lesion occur
ON the Same Side as the Disturbance of Motion

Every disturbance of cutaneous sensibility, due to the local effect of disease

of the spinal cord, lies on the same side as the muscular wasting and loss of

motor power, that is, on the side of the maximum lesion. This forms a funda-

mental difference between the local and remote effects of intramedullary disease.

This rule is well illustrated by the following case of glio-sarcoma of the spinal
cord (Case 9). In November, 1904, Joseph F. noticed a slight weakness of the

364
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left arm
;
soon afterwards, his neck became stiff, and he complained of tingling

sensations in the fingers of the left hand. The wealoiess of the left arm gradu-

ally increased until February, 1905, when it became completely paralysed.

During Marcli and April, he became progressively weaker, and his legs began to

give way.
In July. 190,"), when admitted to the London Hospital, his left arm lay

motionless on the bed by his side, completel}^ paralysed for voluntary movement.
The small muscles of the hand and, to a less degree, those' of the forearm were

wasted, but reacted in the normal manner to both the constant and interrupted
currents. The grasp of the right hand was weak and its small muscles were

somewhat wasted
;

all

muscles of the limb.

movements were well performed by the remaining

Fig. 90. Fig. 91.

To show the lo.s.s of sensation to painful (Fig. 90) and thermal (Fig. 91) stimuli pioduced by a

glio-sarcoma of the spinal cord (Case 9). In the cervical region the growth destroyed mainly the left

half of the cord. The condition in the left upper extremity represented the local, that on the right
half of the body the remote effect of the lesion.

Sensation was profoundly disturbed over the whole of the left upper

extremity. All sensibihty to j)ain, to heat and to cold was lost over the areas

sho\ATi in Figs. 90 and 91, extending as high behind as the occipital crest and

occupying the whole of the arm, excepting only a small patch on its inner aspect.

Light touches and pressure were everywhere ajipreciated and well localised,

but two points of the compasses could not be discriminated, even at a distance

of 5 cm., anywhere over the left hand. Over the right palm, his answers were

perfect when they were 2 cm. apart, and he made two mistalces only in twenty

apphcations, when the points were separated by a distance of 1 cm.

All sense of passive position and movement was lost in the left upj)er Hmb.

When his eyes were closed, he was unable to indicate the position of his fingers

in space or the direction in which they had been moved
;
and this was also the

case with the wrist, the elbow and the shoulder-joint. The contrast in the con-

dition of the tAvo arms in this respect was striking ;
the patient recognised
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that lie was eutiivly ignorant of the })osi(ion of his left aim in space, whereas

every movement of any i)art of the right aim was iniinediately recognised.

Such were the local effects produced by a tumour growing in the left half

of the spinal i-ord. The remote effects were shown by profound sensory changes

in the right half of the body, tiie right leg and right arm below the level of the

fourth cervical segment. Within this area, he was insensitive to pain, to heat

and to cold, but light touches and pressure were everywhere appreciated, and

localised with accuracy. The sense of pas.sive movement and position was

disturbed in the left foot, that is, on the same side as the maximum lesion, but

on the opposite side to the analgesia and thermo-ana'sthesia.

This case shows, that a groN\tii which destroyed the whole of the left half

of the spinal cord produced complete analgesia and t hermo-anaesthesia in the

left arm at the level of the lesion. The remote loss of sensation to jiain and

temperature lay over the right or opposite half of the body. Moreover, the

sense of passive position and movement w^as disturbed in the left or analgesic
aim. in consequence of the local effect of the growth ;

whereas its remote effect

was manifested by a loss of the sense of passive position and movement in the

left foot. Tliis w'as accompanied by total analgesia and thermo-anaesthesia

of the right half of the body, below the level of the fourth cervical segment.

SensibiHty to touch and pressure remained unaltered until late in the disease.

Finally, even tliis form of sensation was disturbed in the left arm.

Syringomyelia rarely disturbs all forms of sensation at the level of the lesion,

but, as far as it occurs, the loss of sensation follows the rules that can be deduced

from Case 10. So long as the symptoms remain unilateral, the loss of sensation

•will be fomid on the same side as the muscular wasting. This is so well recog-

nised, that we need only mention shortly some cases among our collection which

illustrated this rule.

In April, 1905, Walter J. H. (Case 12) was an excellent instance of syrin-

gomyeUa ^ith unilateral manifestations. SensibiUty to pain and temperature
was lost over the whole of the right forequarter, but no other form of sensation

W'as disturbed. Neither hand was wasted and there was no loss of motor

power. By August, 190G, Masting and loss of power had appeared in the

right hand.

Similarly, Florence R. (Case 14), when first examined in 1899, showed dis-

tinct wasting and loss of power of the left hand, accomjDanied by thermo-

ansesthesia, confined to the preaxial half of the left forearm and hand. Shortly

afterwards, wasting of the right hand was noticed
;
but even as late as March,

1902, the loss of sensation was still confined to the left forearm and hand
; but

in November, 1902, part of the right hand also became insensitive to heat and
cold. Here, again, the loss of sensation appeared on the same side as the loss

of motor power and muscular wasting.
Such cases are examples of the rule that the local manifestations of intra-

medullary disease are found upon the same side as the disturbance of motion
and the wasting of muscles.
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i § 2.—The Nature of the Local Disturbances of Sensation

PRODUCED BY AN INTRAMEDULLARY LeSION.

In Chapter III we contrasted the nature of the loss of sensation due to

destruction of peripheral nerves with that caused by a lesion of the spinal cord,

choosing as an instance the phenomena of Brown-Sequard paralysis. From
such a comparison, it became possible to formulate certain fundamental differ-

ences between the sensory loss in the two cases. We shJiU now attempt the

jmore difficult task, and compare the characteristics of the loss of sensation,

'due to the local activity of an intramedullary lesion, with its remote sensory

effects. The manner of response to each particular stimulus will be detailed

in order, and we shall indicate the similarity and differences in the loss of

sensation produced by the two conditions.

(a) Heat and Cold.

As is well Imown from the phenomena of syringomyeUa, sensibiUty to pain,

heat and cold may be lost without any other sensory defect. Any one of these

forms of sensation may be disturbed separately, or to a varying amount, and it

is a commonplace of neurology that thermo-ansesthesia may be the only sensory
concomitant of tliis disease. Moreover, sensibiUty to heat is not infrequently

more widely destroyed than that to cold. It is certain, therefore, that the

local manifestations of an intramedullary lesion may disturb sensibihty to heat,

and leave sensibiUty to cold unaffected. C. H. (Case 11) was an instance of

this condition; at one period of his ilhiess, a large portion of his face was
insensitive to heat though sensitive to stimulation with cold.

Tlie converse condition may also be present, and the extent of the loss of

sensibility to cold may exceed the loss to stimulation with heat.

But, ultimately, if the disease extends, the borders of the loss of sensation

to heat will generally become coterminous with those of the loss to cold. The
isolated anaesthesia to one form of temperature stimulation is of interest, solely

as sho\\ing that a local lesion can disturb the one form of sensibiUty over parts
that remain sensitive to temperatures at the opposite end of the scale. In

this, the local manifestations of an intramedullary lesion agree with its remote

effects described in Chapter III, and differ fundamentaUy from the loss of

sensation caused by destruction of peripheral nerves.

With regard to the character of this loss of sensibiUty to heat, it is important
to discover whether sensation is simultaneously disturbed for aU temperatures
we call warm or hot. This is frequently cUfficult to determine. For the

borders of an area insensitive to thermal stimulation frequently merge gradually
into parts of normal sensibiUty ;

here a temperature of 50° C. will cause a sensa-

tion of heat, although the weaker stimulus of 40° C. cannot produce an impulse
of sufficient intensity to reach the sensorium. In the same way, temperatures
of 22° C. may produce no sensation, although coldness is easily evoked by stimu-

lation with ice. Here the sensibility of the part to heat and to cold is lowered,
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and tlir iulfrmodialo degivcs of tom|KMatiiii" ihercforo become stimuli of

iiisunifiont intmsit \ .

\\\' lia\r iu'\i'r liccn al»K' to assure oiii scKcs in any instance that, in conse-

qiicnce of a pure- intianiodullary li'sion. the patient was scMisiti\c to intermediate

degrees of lieat and cold l)ut insensiti\(> lo extremes.

\\'lien the t liermo-aiuest hesia has remained stationary foi" ;i l<"ig ])eiiod, so

that tills l)order of paitial loss of sens:itiou has disappeared, it is not diftieult

to show that sensihility to heat is destroyed as a whole. In a similai' manner,
it ean be shown that over areas insensitive to eold, no temj)eiature between ice

and 24 ( '. ])roduees any sensation of coldness. In Case 14, careful expeiiments,
made on September lt>. M.MKi. and on many i)revious occasions, showed that

sensibility to all degrees of heat and cold was destroyed over the left half of the

face bounded by the middle line. Ice, water at 22° C, at 38° C, at 40° C, and
at .")0~' C were all called

"
a touch

''
over the left half of the face; whereas,

when the mitUlle line was passed, they were accurately discriminated and rightly

named.

A similar condition was seen in W. J. H. (Case 12) at the frontal

border of the loss of sensation. On a photograph taken in April, 1905, this

border corresponded exactly in shape and position with that marked out in

Sejitember, 190G, showing that the loss of sensation had ceased to extend in

this direction. At this border, no temperature at any degree between ice and
60' C. produced anv' other sensation but that of touch. In this case, the abrupt-
ness of the bomidar}- between parts of normal and abnormal sensibility made it

imusually easy to determine this fact.

But it is not only in syringomyelia that the local manifestations of an intra-

medullarj' lesion may pioduce a thermo-ansesthesia, which conforms to this

description. A rapidly advancing growth may cause a similar loss of sensation.

Parts become insensitive to heat which are sensitive to cold, and no response

may be evoked by stimulation with any degree of temperature which normally

produces a sensation of heat. This was well shown by the ease already cited

(Xo. 9), Mhere a tumour growing mainly in the left half of the spinal cord

disturbed sensation in the left arm and right half of the body. Here we
had the opportunitv^ of comparing the local thermo-ana^sthesia on the side of

the lesion with that on the opposite half of the body due to its remote manifesta-

tions
; and in both cases, the character of the loss of sensation was the same.

The left arm, equally with the right leg, was insensitive to all temperature
stimuli.

To sum up, therefore : (I) the local action of a lesion within the spinal cord

may produce a more extreme thermo-ansesthesia to heat than to cold, or vice

versa. Parts sensitive to the one end of the soale may be insensitive to

temperatures at the other end.

(2) We have found that an area insensitive to heat will also be insensitive

to all temperatures that produce a warm sensation on the normal sldn. Towards
the edges of the thermo-anaesthetic areas, water at 40° C. may produce no
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sensation, although 50° C. is recognised as hot. This is (Uie solely to the

greater intensity of the stimulus of the higher temperature over parts of

defective sensibility ;
it does not occur when the loss of sensation has remained

stationary for long periods.

{b) Pain.

In every instance of Brown-Sequard paralysis where the patient was

insensitive to cutaneous painful stimuli, he was also insensitive to the pain of

deep pressiu'e, although its gradual increase could be perfectly recognised.

Tliis characteristic association between cutaneous analgesia and loss of sensi-

bility to the pain of deep pressure, is also found as one of the local manifestations

of an intramedullarv lesion.

Fig. 92. Fig. 93.

To show the loss of cutaneous sensibility to painful stimuli in Case 12. Fig. 92 shows the extent of

the analgesia in 1905, Fig. 93 the parts aiiected in 190(5.

Thomas B. (Case 13) is an excellent instance of this association. He was

insensitive to the pain of a prick and of the interruj^ted current over both upper
extremities and the upper half of the trunk (Fig. 77). Over the whole

of this area, pressure failed to cause pain, even when raised to 15 kgm. ;
and

yet lie was nowhere insensitive to deep touch, and recognised the gradually

increasing pressure. Elsewhere, outside the analgesic area, a pressure of from

3 to 5 kgm. invariably caused pain.

A similar condition was found in Case 12. Here the whole of the right

upper extremity and the right half of tlie cervical and thoracic regions of the

trunk were insensitive to the pain of a prick and the painful interrupted current

(Figs. 92 and 93). Sensibility to touch, both superficial and deep, was every-
where perfect ; but, over the whole of the right upper extremity, an increase

of pressure up to 15 kgm. caused no pain. When we first saAv him, the right

upper extremity only was analgesic (Fig. 92). But later, the left hand and
forearm also became insensitive to prick, and the loss of sensation is evidently

VOL. II. D
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advaiK'inii in this liriil> (Fiir. I'.'O- \iv\v his lit'ha\ ioiir when tested with tho

algomcter was iiist i net i\ r. The loss of seiisat ion in pi ick aiid to l ho interrupt eel

eurreilt exteutled to the left cHidw and at limes cncii ahoxc that point. Over
t ill' pahii. a piessmv of 40 U<j;in. \\as |)iiiuful. and lie (•oiii|)laiii<(l w hen fJic pres-

siii'e o\ci- t hi" llexoraspeet of the foreann reached o kirin. All hon^h 1 he forearm

and hand were insensitive tt) prii-k and to the pain of an inleniipled einrcnt,

])ain eouM still l>e |)rodueed by l>i'essure little in exeess of the noinial.

Thus, over parts \vh(>re the eutaneous ana]o;esia has been reeently acquired,

inereasinti ]>ressure not uneoninionly ])roduees a ])ainful sensation. But, over

an old-standing area of eutaneous analgesia produced by tli6 local cfTects of

an intramedullary lesion, pressure no longer produces pain ;
and yet sensibility

to the tactile element of pressure remains entirely unaffected.

Fig. 94.

To show the loss of jjainful sensibility in Case 11.

The area marked in black corresponds to the extent of the cutaneous analgesia. At various points
are placed numbers corresponding to the pressure which caused pain. Thus 5-5 means that pain was
caused bj" an algometer pressure of 5-5 kilograms. But such a number as 20 = means that no pain
could be caused even by a pressure of 20 kilograms.

This persistence of sensibility to the pain of pressure over parts that corre-

spond to the outworks of an advancing lesion, can lead to the following anomaly.
The sldn of the w hole upper extremity may be insensitive to all i^ainful stimuli,

although pain can be produced by j)ressure over the palm of the hand. In

Case 11, tliis plienomenon Avas the more strildng in that the right arm and hand

were entirely unaffected, and could be used for compaiison with the analgesic

extremity. On Fig. 94 is shown the extent of the cutaneous analgesia, and

at each point is given the pressure in kgm. which produced pain. It is at once

evident that the whole forearm, back and front, was insensitive to both cutane- 1

ous and deep pain. But, over the right palm, a pressure of 5-5 kgm. still pro-

duced pain ;
over a similar j)art of the normal palm, pain was evoked by a

pressure of 4 kgm., a difference within the range of exiDerimental error. Here

the whole of the forearm on the extensor and flexor surfaces was insensitive!
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both to painful cutaneous stimuli and to the pain of deep pressure ; but, to

the latter, the palm remained sensitive, though insensitive to cutaneous painful

stimulation. Tliis is evidently due to a difference in the segmental distribution

of tlie aifercnt mechanism employed in the conduction of painful impulses

l)roduced by cutaneous and by deep stimulation. The pain produced by deep

pressure on tlie palm is conducted by fibres which run with the muscular nerves.

It probably enters posterior roots other than those which receive the afferent

impulses from the skin of the same parts. If this were so, the impulses from

the termination of the Hmb would probably enter those segments which corre-

spond to the motor supply of the part. Now, the hand receives its motor

innervation from the first thoracic and eighth cervical. In the case we have

(fuoted, these segments, judging by the cutaneous

loss of sensibilitv, would he at the edge of the

active lesion in the cord, and the hand would

remain sensitive to the pain of deep touch, because

it was rej)resented by parts not in the focus of

destruction.

This want of correspondence between the

extent of the cutaneous and deep analgesia,

produced by the local manifestations of an intra-

medullary lesion, led to the following extraordinary

condition, in the case we have just considered

(No. 11, Fig. 95). The sldn of the whole upper

extremity was analgesic to the prick of a pin and
to the painful interrupted current. This man,
however, suffered from a neuropathic destruction

of the right shoulder-joint (Charcot's joint). This

joint was excessively painful, and, over a con-

siderable area, enclosed within the thick black line

on Fig. 9.5, he was profoundly hyperalgesic to even

the lightest pressure ; even pressure with the head
of a pin caused him to cry out. At the time when
this area of deep hyperalgesia could be marked out, the whole of the parts
tinted grey on Fig. 95 were insensitive to all cutaneous painful stimuU. That
is to say, there was a large area of the arm and shoulder abnormally tender

to pressure, though the sldn was entirely insensitive to the prick of a pin.

Ultimately this hyperalgesia disappeared with the gradual advance of the loss

of sensation. (For further details, vide p. 442.)

In conclusion, we iind that tlie analgesia, produced by the local manifesta-

tions of an intraspinal lesion, consists essentially of insensibility to the pain of

both cutaneous and deep stimulation. This loss of sensation to painful pressure
exists without any disturbance of sensibility to its tactile element ;

the

patient not only laiows he is pressed, l)ut recognises the gradually increasing

pressure.

Fig. 95.

To show the relation of tlie

deep hyperalgesia to the cutaneous

analgesia in Case 11 (p. 440). The
area of cutaneous analgesia is

coloured grey and enclosed by a
broken line ;

the area hyperalgesic
even to the lightest pressure is

enclosed l)y a heavy black line.
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111 tlu'se I'haractors, the analgesia jJioiliu-tHl 1)\ tlu^ local mauit'oslatioiis of

intraiiUMliillarv disease coi'resi)oiuls exaetly with thai clue to its remote elTects.

{(') Touch and Prcsfture.

One of the most striking dilTerem'es between the form assumed l)y the loss

of sensation in Brown-Sequard paialysis and that which follows injury to

peripheral uiM-ves. lies in the l)clia\ ioui' of the jiatient to the stimuli of supcr-

fieial and deep touch, if sensil)iHty to touch is distiu'hed in iirown-Sequard

paralysis, the patient no longer responds to either form of stimulation.

Loss of tactile sensibility is a rare local manifestation of syringomyelia;
but Me arc able to bring forward two instances from our collection. ]<''iom these

cases, it would seem that the form assumed by the loss of tactile sensibility

Fig. 9G.

To shew the loss of tactile sensibilit}' in George B. (Case 15, p. 453). Over the area marked black
he was insensitive to all forms of tactile stimuli, superficial and deep; over the dotted area he w-as

insensitive to light touch, but sensibility to deep touch, though present, was certainly somewhat
diminished.

corresponds exactly with that of the remote tactile anaesthesia in Brown-Sequard

paralysis. SensibiUty to light touch and sensibility to pressure were lost over

almost exactly the same extent.

Fig. 96 shows the area insensitive to light touch and to pressm-e in the case

of George B. (No. 15). For seven years he had lost sensation in the right hand,

accompanied by a gradually increasing inability to wTite. In October, 1906,

the sensations of pain,, heat and cold were lost over the right upper extremity
and the greater part of the right half of the head and neck. SensibiUty to

pressure was destroyed over the area marked in black on Fig. 96; over this

area, together with the dotted parts, he was entirely insensitive to light touch.

These two areas corresponded closely, except at the extreme frontal border,

Avhere the extent of the loss of sensation to Hght touch somewhat exceeded that

of the loss to pressure. But, since stimulation with No. 8 of von Frey's hairs

no longer produced any sensation when the border of loss to light touch was
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passed, Ave ma}' assume that deep sensibility was also diminished. Pressure

caused a sensation only by its greater intensity as a tactile stimulus. On the

inner aspect of the arm, tlie borders of the anaesthesia to the two forms of

tactile stimulation coincided almost exactly.

The second case where tactile sensibility was disturbed as a local manifesta-

tion of intramedullary disease, is that of R. A. H. (No. 16, p. 458). When
this man was first seen in March, 1904, all loss of sensation was confined

to the left arm and neck, except that to cold, which was bilateral. Tactile

sensibility was completely abolished over the whole of the left upper extremity.

The motor disturbance was represented by paralj'sis of the left vocal cord and

the left half of the palate. The left Ivnee-jerk was greatly increased, clonus

was obtained from the ankle and, on the same side, the plantar reflex gave an

extensor response.

Thus it would seem that, in those rare instances where syringomyelia

produces loss of sensation to touch, it also causes coiTcsponding anaesthesia to

the tactile element of pressure.

More rapid growths, starting within the sjiinal cord, frequently spread to

the posterior roots, or produce secondary metastases which become extramedul-

lary. This makes the results obtained from such mahgnant growths extremely

imsatisfactory. Many of the sensory phenomena they cause are of mixed

origin, and not due solely to intramedullary disease.

As far as our material goes, we believe that, when tactile sensibility is dis-

turbed at the level of the lesion in consequence of intramedullary disease, the

part becomes insensitive to stimulation mth touch, both superficial and deep.

Towards the extreme edges, pressure may be appreciated, but the sldn may be

insensitive to the lighter stimulus ;
this is due solely to difference in the intensity

of the stimulus, and accurate tests will show that, even over this borderland,

sensibility to deep touch is diminished.

Thus, the condition of tactile sensibility at the level of the lesion closely

resembles that due to its remote effects.

(fl) Passive Movement ami the Discrimination of Two Points.

Among the distant manifestations of an intramedullary lesion, any loss in

the sense of passive position and movement was always found to be associated

Mith defective answers to the compass test. (Chapter III., §§ 3 and 4.) A similar

relation is found, when this form of sensation is disturbed at the level of the

lesion. So long as the disease remains purely intramedullary, there is not

that close association between the discrimination of two points and sensibility

to light touch usually found after lesions of peripheral nerves or posterior roots
;

nor is the power of recognising passive movement and position associated A\ith

the integrity of deep touch.

Of this we can bring forward one unusually perfect example. Joseph F.

(Case 9) suffered from a glio-sarcoma, which destro^^ed the spinal cord in the

cervical region more extensively on the left side than the right. He was unable
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to nH'o>iiiisi' till- i)ositii)U of any j)art of tlio loft upper oxt rem if y, and no ])assivc

niovtMneiit of t lie joints, however e.\t(Misive, produeed any sensation. And yet,

at lirst. sensibility to both sujierlicial and (le(^j) touch was nnaiTected.

Over t he left hand, he was unable to diseriininate t wo points of the eoin|)asses

when sei)arate(.l for .i (Hstanre of "> em.
;
over the ri^^ht hantl he made two false

answ(Ms only at I <.in., and al 2 em. lie was invariably eorreet.

Ixiilht hand I

'

!) u. i w. Left hand i ; lo \\.

1 em. -'
,

!' i;. 1 W. 5 em. -'
i

lu W.

, 1
I

10 H.
- ^'"-

2
]

Kt H.

Here the power of discriminating two ])oints was profoundly impaired,

althouiih tactile sensibility Avas at that time iniaiTected, and the sense of

passive movement and position was lost, in spite of the retention of sensibility

to prcssiue.

Thus, it Mould seem that, when the loss of sensation at the level of an

intramedullary lesion includes disturbance of the sense of passive position and

movement, the disei'imination of two points is also affected.

(e) Summary.

A survey of the character assumed by the loss of sensation at the level

of a pure intramedullary lesion of the spinal cord has led to the conclusion,

that this loss follows the central rather than the peripheral type, although it

is situated in those parts which lie on the same side as the disease. If

sensibility to heat is disturbed, the patient no longer recognises temperatures
between 30° C. and 60° C. But, over the same parts, he may be sensitive to

all temperatures which normally j)roduce a sensation of cold. Where the

sldn is insensitive to painful stimuli, deep pressure will no longer be painful.

Sensations of light touch and the tactile aspect of pressure are linked together,
so that the former is a less, and the latter a more intense, degree of tactile

stimulation. When the patient becomes unable to recognise the position of

his Umb, assumed passively, it will be found that he is also unable to

discriminate two points at distances much in excess of that normally requisite.



CHAPTER V

AFFERENT SEGMENTATION WITHIN THE SPINAL CORD

Whenever several observers, worldng on the same problem, bring out

results which differ greatly, in spite of fundamental similarit}', it is certain

they have adopted different methods. The present state of text-book know-

ledge on segmentation of the central nervous system is an instance of the

confusion which may arise from an attempt to combine the results of different

observers, without recognising the significance of the methods by which they
have been obtained. (Seiffer [106], Lewandowsky [68], Oppenheim [88].)

Those who have worked on the segmentation of the afferent nervous system
from their owti observations, and by original methods, can be classified into

the following groups.

(A) Distribution of the Posterior Roots

(1) Sherriiagton [108 and 109] determined the total afferent distribution of

each posterior root, by the method of residual sensibility. By dividing a number
of posterior roots above and below the one nerve root under examination, he

left a sensitive area surrounded on all sides by ansesthesia. This sensitive

area must have been innervated by the one remaining posterior root. But, of

the specific function of these afferent nerve fibres, he remained of necessity

ignorant. His areas correspond to the maximal extent of the fibres of one

posterior root, whether they be those of epicritic, of protopathic or of deep

sensibility. We shall therefore speak of the areas worked out l)y Sherrington
as maximal root areas.

(2) Head and Campbell [45] recorded the areas on the surface of the body
mapped out by the eruption of herpes zoster. They then determined in seven-

teen instances by post-mortem examination which posterior root ganglion was

the seat of the disease. Now, it is obvious that, if the whole of one ganglion
is affected, the extent of the eruption mil correspond to the distribution of

those fibres only which, when irritated, can cause vaso-dilatation and destruc-

tive lesions on the sldn. Head and Sherren have shown reason to beheve

that such fibres are closely associated with the protopathic system. {Cf. also

BayUss [4].)

It is therefore probable, that the areas marked out by herpes zoster corre-

spond to the segmental arrangement of the protopathic fibres as they pass

through the posterior root ganglion.
375
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(B) Skcmkntation within tiii-] Spinal Cord

(1) As rovcalod 1>\ initaliou (Hyporalnosia).

Head [44] worki-d out a srlu'inc of iiitraiiu'dullarv sojjjnieatatiou based

oil iho liyperaliiesie zones which arise in coiisimiikmuc oI visceral irritation.

Disease of an iuleriial oi'ijau iiroiluces impulses which pass into I he sj)inal

eord l>y the while rami. 'I'hc segment u|)on which they impinge is excited,

and pain is proilueed. I>ut. at llic same lime, all ])otenliaiiy painful impulses

passing into this segment from the somatic afferent nerves aie exaggerated,

and ultimately the body wall may become tender.

These hyjieralgesic zones represent tlie extreme jirojection on the surface

of the body of those segments within the s[)inal cord which receive painful

imjiulses from the periphery.

(2) As revealed by loss of sensation due to intramedullary lesions (Kocher

[59], Allen Starr [118 and 119], Thorburn [121 and 122], Wichmann [134]).

Of these observers, Kocher alone faced the difticulty and determined to

record the ujiper level of the analgesia in a large number of cases of verified

spinal lesions. That part of Wichmann's valuable monograph which deals

^^ith the spinal cord is also based on the loss of sensation, produced by intra-

medullary disease
; but, in his general scheme, he attempts to combine the

results obtained by other means. Thorburn assumed that the areas of loss

of sensation corresponded to the form and extent of the supply of segments
Mithin the spinal cord, and failed to appreciate that they represented those

parts only, which were not supplied from tlie lowest intact segment. More-

over, he failed to differentiate between the loss of sensation due to destruction

of roots as they enter the spinal cord and that of intramedullary segments.
A want of appreciation of the different methods employed by these observers,

and the non-recognition of the diverse significance of their results, have led to

endless confusion.

The appearance of Sherrington's work on the posterior roots caused

clinicians to revise their views vdih. regard to the distribution of sensory dis-

turbances in certain well-lmown diseases such as tabes dorsalis. Max Laehr [64]

was the first to recognise that the loss of sensation in syringomyeha Avas dis-

tributed segmentally, at a time when most observers believed that its arrange-
ment more nearly corresponded to that found in hysteria. Since then, many
chnicians have acknowledged the truth of his observations and have amj)hfied
his statement in various directions.

Chnical observers have rehed on the extent of the loss of sensation in their

attempts to prove the segmental distribution of a lesion within the spinal
cord. All would have been well, had they correlated their results solely with
the borders of the loss of sensation in verified cases of interruption of the cord

at various levels. But the attempt to compare these areas of loss of sensation
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from intramedullary disease with the maximum sujjply of posterior roots led

to nothing but confusion.

No clinician seems to have recognised that the complete cutaneous dis-

tribution of a nerve, of a posterior root or of a segment of the spinal cord,

could only be discovered by observing how much of the sldn w^as sensitive,

^\•hen that afferent path alone remained intact. If we wish to know how
much of the palm is supphed by the median nerve, we cannot do so by observ-

ing the extent of the loss of sensation caused by its division. A case must be

selected where the ulnar, the radial and the external cutaneous nerves have

been divided
; tlien, any part of the hand which remains sensitive must receive

its innervation from the median. This is the method of residual sensibility

invented by Sherrington, and so ably employed by him to discover the

maximiun afferent distribirtion of each posterior root.

If we \\ish to determine the exact level of the affected intramedullary

segment, Ave are compelled to adopt an indirect method. For lesions within

the spinal cord, such as those produced by fracture of the spine or rapidly

spreading growths, lead to widespread destruction. However well defined

may have been the disturbance of sensation, some disease will be found corre-

sponding to parts beyond its limits. Moreover, the opportunities are too

Umited for correlating these areas of residual sensibility with the extent of

intramedullary disease.

Head [44] showed that there is a close correspondence between the dis-

tribution of the tenderness caused by irritation of the segments within the

spinal cord, concerned with the reception of painful impulses, and the areas

marked out on the sldn by the eruption of herpes zoster. Now, herpes zoster

is due, in most cases, to acute inflammation of a posterior root ganglion, whereas

the tender areas in visceral disease are due to the irritation of intramedullary

segments. But, though aU the cells and the fibres peculiar to them must be

affected by the profound inflammation of the ganglion, one system only, as

far as we know, can produce an antidromal effect upon the sldn. These are

the fibres shown by Bayliss [4] to have their cells of origin in the ganglion of

the posterior root. Bayliss, in conjunction with one of us, has been al)le to

show, that these antidromal fibres are capable of excitation in the divided

nerve of a cat, five weeks after it has been reunited to the central nervous

system. Tn the time and manner of their regeneration, these fibres closely

resemble tiiose of the protopathic system. Thus, it is probable that this

poAver of producing acute changes in the sldn of the periphery is a function

of fibres, which run in the protopathic system.
On this hypothesis, the eruption of herpes zoster would correspond to the

distribution of the fibres and cells of the protopathic system in the ganghon
of the i)osterior root.

Now Head and Sherren showed, that division of several posterior roots
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never caused a nioro extensive loss of pro1o|)atlnc' tiian of epicrilie sensibility.

Expiesscd rnulely. sensibility to ]iainfnl eiitaneous stiinuli was lost over a

laiizer area than sensibility to IIl^Iu toucli. I'^ioin this fact alone it is certain,

that the prott)j)athic libn-s in the posterior roots siij)ply areas which overlap

one another to a less exient than ihose of the epicritic system.
It is therefore not suiprising to find a comparatively close corresi)ondcnce

between the form and extent of the areas marked out liy lui pes zoster, and the

hyperalgesic zones of visceral disease. They belong, it is true, to dilTercMit

levels of the nervous system : the herjietic zones correspond to the disiribution

of those fibres which conduct all tlu^ cutaneous painful impulses, \\hilst the

others represent the segnuMils of the spinal cord into which those impulses

im])inge.

Since it is impossible to obtain enough material to determine the enumera-

tion of the segments bj' means of destructive lesions of the spinal cord, it is

justifiable to turn to the knoMii levels in herpes zoster. For, since the seven-

teen postmortem examinations by Head and Campbell, it has become possible

to determine the site of the lesion with, precision, in most cases of this disease.

Even should it ultimately turn out that the likeness between the areas of

tenderness in visceral disease and those of herpes zoster has been exaggerated,
we can still determine the numerical level of an intramedullary segment, by

comparing the extent of the residual sensibility with the areas marked out by

herpes zoster.

(rt) The Sensory Disturbance at the Level of the Lesion shows signs of

Intramedidlary Segmentation .

By apphdng this method of residual sensibility to cases where the sensory

impulses have been interrupted by disease within the spinal cord, it would be

possible to arrive at a notion of the caudal borders of the intramedullary

segments for touch, for pain, for heat and for cold. In every case, the border

must be determined at which sensation to each of these stimuli ceases.

But, unfortunately, in an overwhelming majority of cases, the boundary
between parts of normal and abnormal sensibiUty is ill defined. The upper
border of the anaesthesia for any one stimulus may differ in position according
to the method of testing. If, for instance, we start from parts of normal

sensibiUt}', the patient's attention is awakened, and he vaW respond to the.

stimulus even Mithin areas which would appear to be insensitive if the testing

began in the reverse direction. The border obtained by passing from normal

to abnormal parts may differ greatly from that at which sensation is present,
when we travel in the reverse direction. If so, it is certain that the specific

sensation we are testing is diminished, but not absolutely lost, over an area

which extends between the two borders. Such cases are useless for deter-

mining the form and position of intramedullary segmental borders.

In order that an area of disturbed sensibility can be used to investigate

intramedullary segmentation, the position of the border of residual sensibiHty
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must remain constant from day to day. Moreover, the border at which tlie

si)ecific sensibility ceases must correspond closely with that at which it begins

when testing in the opposite direction.

Unfortunately, such well-defined areas of total loss of sensation are rare

Fig. 97.

To show tho loss of sensation to cutaneous painful stimuli in Case 15 (p. 453).
Note the area of residual sensibility on the inner aspect of the right arm; its frontal border

corresponds to that of the second thoracic segment.

manifestations of intramedullary disease. But they occur sufficientlj" fre-

quently for us to be certain that the boundary between sensitive and insensitive

parts corresponds to the border of an intramedullary segment. For instance,

in Case 15, an area on the inner aspect of the right arm alone remained sensitive

Fic. 98.

To show the area of superficial tenderness duo to an aneurysm of tho aorta. The frontal border of

this area corresponds to that of the second thoracic segment.

to cutaneous painful stimuli (Fig. 97). The border of this residual sensibility

should correspond to an intersegmental boundary.

Now, the only scheme of intramedullary segmentation based on any method

except loss of sensation is that of the hj^^eralgesic zones in visceral disease.

Compare the area of residual sensibiHty on Fig. 97 with the tenderness found in
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a i-aseut UDilic discasi^ (l<"'ig. !tS). Ji will lie seen how floscly thccxtcut of the

mie c'orrcspomls with that of the othiT.

FiDin a case of licipos zoster cxamiiud aftri cU-ath (Head and Campbell,

Fig. 99.

To show the distribution of the eruption in a case of herpes zoster, proved by postmortem examina-

tion to be due to inflammation of the ganglion of the second tlioracic posterior root. (Head and

Campbell [45J, Case 7.)

Fig. 100.

To show a well-defined boundary between parts insensitive to prick and those of normal sensibility.

Caseie, p. 458.)
The boundary of the residual sensibility corresponds to the frontal border of the seventh thoracic

segment.

Case 7), we know that tliis area of residual sensibility must have corresponded
to the distribution of the second thoracic segment (fig. 99).

Another bomidary, which remained over a considerable period constant

to cutaneous painful stimuU, is sho%vn on Fig. 100. This was taken from a
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case of syringomyelia (Case 16), where the disease affected mainly the medulla

and cervical spinal cord.

Compare this intramedullary segmental area with the distribution of herpes
zoster in a case where the ganglion of the seventh thoracic posterior root was
diseased (Fig. 101

). It will be seen how closely the frontal border of this erup-
tion corresponds to the boundary of residual sensibhty to painful stimulation

in Fig. 101.

We have compared the border of an area of residual sensibility with the

border of a zone of hyperalgesia, due to the disturbance of an intramedullary

segment by visceral irritation. But a glance at Figs. 97, 100, will show that the

segmental nature of the disturbance in the two instances of syringomyelia could

have been deduced even from an examination of the extent of tlie analgesia,

for the boundaries of the area insensitive to painful stimulation corresponded

Fig. 101.

To show the distribution of the eruption in a case of herpes zoster proved by postmortem examina-
tion to have been due to inflammation of the ganghon of the seventh posterior root. (Head and

Campbell, Case 2.)

closely with that of the parts sensitive to the same stimuli. Thus, neighbour-

ing segmental zones cannot overlap one another extensively on the trunk.

The amount to which the distribution of one segment encroaches on that of

its neighbours is probably less than one half its own extent. Thus it comes

about that even the loss, of sensation to prick, to heat and to cold may closely

represent the true segmental distribution of the intramedullary centres.

The frontal border of the loss of sensibility to pain, produced by cutting
off all these segments below a certain level, will cause a loss of sensation, that

is only slightly lower than the caudal border of the same segment shown by
residual sensibility.

For this reason, those observers who have fixed their attention on the

cutaneous analgesia and thermo-ansesthesia produced by lesions of several

segments of the cord have come closer to the true segmental distribution than

Mould have been the case, had their contention been correct that these segments

overlapped greatly.

But this is true only for the loss of sensation to cutaneous painful and
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thormal sliiuiili. An iiit raiiu-dullary lesion may maiiilVst ilsclt' locally by an

area of ciitaiu'ous aiialLresia and t Iktiho aiuvstlicsia wliose borders correspond
almost exactly lo thosi'at which sensation to pain, heal and cold ceases. But
nnich of this area may In- sensitixc to deep paiidul stimuli, such as excessive

jiressure.

!\!oreov{M\ tactile sensibility is usually disturbed over a considerably smaller

extent, and the borders of this loss of sensation do not cori'cspond to those

of the cutaneous analgesia.

It is therefore of fundanuMiial importance, in every case, to test each form

of sensation separately, and to record the border at which it ceases and the

border at w Inch it begins, when the stinndus travels from sensitive to insensitive

areas. If these two borders correspond closely, and if the same borders are

obtained on several ditTerent occasions, it is possible to say that this area may
be a segmental border. The form and extent of the boundary of the residual

Fig. 102. Fig. 103. Fig. 104.

Fig. 102.—From Case 12 (p. 444). To show the extent of the residual sensibility to painful and
thermal stimulation in 1906.

Fig. 103.—From Case 16 (p. 458.) To show the extent of the residual sensibility to painful
cutaneous stimuli.

Fig. 104.—From Case 14 (p. 450). To show the extent of the residual sensibility to painful
utaneous .stimuli, taken from a series of observations made between November, 1903, and February,c

19C>5

sensibility only will determine if the disturbance of sensation is the expression
of intramedullary segmentation.

We have brought sufhcient evidence to prove the truth of Max Laehr's [64]

original statement, that the phenomena of loss of sensation, caused by intra-

medullary disea.se, pointed to a segmental arrangement of the afferent mechanism

at the level of the lesion. But it will be well in the light of this knowledge to

examine some of tlio.se remarkable borders on the face between parts of normal

and abnormal sensibihty, so commonly found in cases of syringomyelia.
We shall bring forward such cases only, where these borders remained

unaltered for considerable periods. For, when the extent of the loss of sen-

sation is spreading, a single examination may yield results which are transitory,

due to the want of adjustment of the higher sensory mechanism to shifting

structural changes. But, when a sensory border has remained constant over

a long period, as occurs not infrequently in cases of syringomyeha, we can

assume that it represents the di\ision between those parts of the central

»
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nervous system still cajiable of function and those in which this power has

been destroyed.

The disturbances of sensibility to heat and to cold follow the same segmental

arrangement as those for pain. In cases of syringomyelia, it is sometimes

possible to find one segmental border marked out b}^ the sensory disturbance

to heat, another to cold and a third to pain. 8ucli borders are not, however,

usually fixed, and do not therefore come within the subject of this section.

In Case 12, the area insensitive to heat and cold, w^hen passing from normal

to abnormal parts, was bounded above by the line on Fig. 102. This was no

transitory border, for it has persisted from

April, 1905, until October, 190G.

A similar border on the face, associated

Mith a completely different loss of sensibility

on the scalp, is seen in Fig. 103. Here the

loss of sensibihty to cold extended almost as

far forwards as the frontal border of the

hairy scalp.

x^nother remarkable area is shown on fig.

104, taken from Case 14. This was worked
out by each of us independently on many
separate occasions, between November, 1903,

and February, 1905. At this border, all

sensibihty to cutaneous painful stimuh was

lost, and the area over which sensation was

present to these stimuli was sharply defined.

We have ah'eady shown that on the trunk

the residual sensibihty to pain, heat and cold

tends to follow the distribution of intra-

medullary segments. It is therefore probable,

that these areas on the face are also dis-

tributed segmentally. They certainly do not

correspond to the peripheral divisions of the

trigeminal nerve.

The hne on Fig. 102 can scarcely represent the posterior border of residual

sensibility of the third divison of this nerve, and it certainly does not correspond
to that of its second division. On Figs. 103 and 104, the areas of residual

sensibility are inexjjlicable from tlie point of view of the peripheral branches of

the trigeminal.

The clue to the significance of these areas of residual sensibility is given

by the tenderness which accompanies disease of the organs of the head and

neck. Fortunateh', most of these areas upon the face can be worked out from

diseases of the teeth
; and, as one tooth only is not infrequently cUseased in

patients otherwise in perfect health, single areas make their apjiearance on

the face more often than in any other part of the body.

Fig. 105.

Taken from Schlesiiigcr [103] to show
the method by which, according to this

author, the loss of sensibihty advances
in lesions of the upper part of the spinal
cord and medulla oblongata. Note how
closely the.se borders correspond to

those of the tenderness in visceral

disease of the organs of the head and
face.
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VtRTIC/M

fRONTO-
MA'3AL

MAX-
LLARY

Conipaii' tlu> tliauraminalic r(']»ii'sentatives of these areas of teudeniess on

Fij:. 1(H) with tlie i)a!ts tliat irmaiiunl sensiti\r to pain, to heat, or to cohloii

F'\\is. IdJ. lo;>. lot. It will 1>(' (tl)\ioiis, tiiat lu-rc lies tlu' key lo tlie otherwise

inexplicahle lUstrihution of tlie sensory disturhauees of the liead and neck,

])ro(hieed by a k)cal intraniedulkiry
lesion.

Fig. 102 shows that all segments
anterior to the third cervical and

hyoid areas Mere nnafTected: hut

in Fig. lo3, the vertical i)aii('lal

and occipital areas were a(kk'd to

those insensitive in the previous
case.

On Fig. 103, it is evident that the

only sensitive parts remaining corre-

sponded to the segments in front of

the vertical, the temporal and

maxillary areas.

Thus, in spite of the difficnlties

which surround the determination

of these tender areas accompanying
reflected pain, we find that their

distribution alone enables us to

understand the forms assumed on

the face by the sensory disturbances

due to intramedullary disease.

TEMPORAL

MlDORBiTAL^, ^
R05TRAL

Nasolabial

^^ ^^r Parietal

Superior Laryngeal

Mandibular

(b) 7 he remote disturbance of

sensation on the side opposed to the

lesion may show signs of intramedul-

lary segmentation .

Sensory changes at the level of

the lesion might be expected to

show signs of segmental arrange-

ment. But we believe it is also

possible to show^ that, even when

the impulses are interrupted after

they have passed to the opposite

side of the spinal cord, traces of a

segmental arrangement can still be discovered.

Thus, in Case 3, the border between parts of normal sensibility and those

insensitive to pain, heat and cold w^as well defined on the side opposed to the

lesion. Tliis border resembles the caudal Umit of the eruption in a case of

herpes zoster due to the destruction of the ganglion of the eleventh thoracic

Fig. 106.

To show the extent and distribution of the tender
areas which may accompany reflected visceral pain
due to disease of the organs of the head and neck.

(Taken from Head [44, Part II].)
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posterior root (Fig. 107). Thus, we must assume that in this case the lesion

in the left half of the cord interrupted all the painful and thermal impulses
which entered on the right side by the twelfth thoracic posterior root, but

allowed all those of the eleventh thoracic root to pass unimpeded.
In the same way, in Case 4, an injury of the cervical portion of the spinal

cord produced complete loss of sensation to pain, heat and cold over that half

of the body opposite to the paralysis of motion. Here also the boundary
between parts of normal and disturbed sensibility was well defined, follo^^ing

Fig. 107.

To show the disturbance of sensibihty to painful and thermal stimulation produced by a lesion

which interfered with motion and increased the reflexes in the right leg. (Case 3, p. 412.)
The border between the normal parts and those which were completely insensitive was unusually

well defined, corresiJonding to the caudal border of the eleventh thoracic segment.

closely the caudal border of the first thoracic segment. The injury must there-

fore have destroj^ed the paths for all those impulses for j)ain, heat and cold

Avhich crossed the cord in the second thoracic segment, and must have destroyed
them after the crossing had occurred.

A similar result was produced by a fracture of the third cervical vertebra

(Case 2). Motion was disturbed in the right arm, A\hilst sensibility to heat and
cold was entirely abolished over the left leg, left half of the trunk and part of

the left arm. The boundary between parts of normal and abnormal sensibility

corresponded to the posterior border of an area frequently marked out by herj3es

zoster, which Head and Campbell attributed to disturbance of the ganglion of

the seventh cervical posterior root.

VOL II. E
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Now, ia this easi' an rxploraloiy opnalioii |)i(»\cti tliat the lu-ural arch of

the thirtl cervical vertebra had heen tracturcd; and yet the anterior border of

the remote hiss of sensation on tlie o]">posite side eonvsponded to tlial of the

eisrhth cervical si>u;nicnt. In the same Avav, tlic tiontal borcU'r of the loss of

sensation in W . M. (Case •'j) corresponded to the ])arts w hich we should ex])ect

to become analgesic from destruction of the segments below the second thoracic.

But there can be Httle doul)t that the uj)pcr, ratlicr than the lower, part of the

cervical spine was injured by Ids fall.

Thus, it would seem that, w hen t he loss of sensation (remote) on the opposite

side to the lesion siiows evidence of segmentation, it indicates an interi'n])tion

Fig. 108.

To show the distribution of the eruption in a case of herpes zoster proved by postnioi'tem examination
to be due to inflammation of the ganghon of tlie eleventh thoracic posterior root. (Head and Campbell,
Case 5.)

of the spinal cord, several segments below the jDoint of injury. This was first

sli0"VMi b}^ Piltz [93], whose statements are borne out by our cases of Brown-

Sequard paralysis, as far as they go.

(c) The remote analgesia and thermo-ancesthesia produced by lesions of the

cervical spinal cord, point to a lamellar arrangernent of sensory impulses in this

region .

Any one who has studied a long series of cases of spinal cord disease will

have been struck with the occasional retention of sensation over the sacral

areas, in spite of the complete insensibility of the remainder of the trunk. It

would seem that the impulses from the caudal end of the body may escape an

interruption which has overtaken all other sensory impulses.

Sometimes this phenomenon also appears in cases of Brown-Sequard

paralysis, and it is particularly well seen in the following instances from our

collection. The first of these was a man of 41 years who had injured his neck

by diving into shallow water, twenty years before he first came under our care.

The motor disturbance was represented by distinct wasting of the muscles of

the left hand. All loss of sensation was confined to the right leg and right half
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of the body (Figs. Ki9 and llU). Eut, in spite of the widespread cutaneous

analgesia, it will be seen that the genitalia with part of the buttock and back

of the thigh remained sensitive to prick. The retention of sensibility to heat

and cold was even greater, extending to the soles of the feet.

Fig. 109. Fio. 110.

To show the disturbance of sensation produced by injury to the cervical spine in Case 6.

Fit;. 109. Shows the extent of the loss to thermal stimuli. Sensation remained intact over the
sacral areas.

Fig. 110. Shows the extent of the loss to cutaneous painful stimuli. Sensation was present over
an area corresponding to the lower 3acral segments only.

Cyril W. F, (Case 7) showed a similar condition, also produced by diving
into shallow water. But, in this case, the loss of sensation was most extensive

to heat and of smallest extent to prick (Figs. 80 and 81, p. 343).

It is therefore jDrobable that in the cervical region the impulses from the

caudal end of the body (sacral segments), after crossing the cord, pass up in

paths separate from those for the sensory impulses from the lumbar and
thoracic regions. These paths must be arranged in a lamellar manner, since

an injury may interrupt the one set of impulses, leaving the others intact.

L ,



CHAPTER VI

TllK PASSAGE TIIRdlCll TIIK SPINAL ("ORD OF AFFERENT IMPULSES

CONCERN Kl) Wrril THE SPACIAL ASPECTS OF SENSATION

No qnestion has led to greater diffei'ciice of opinion than the means by which

we recognise the position of our Hmbs in space, and locahse a spot stimulated.

Fortunately, in the present ])aper, we are concerned with the passage through
the spinal cord of certain elementary afferent impulses, and not ^\ith the ques-

tion of spacial perception as a whole. This remains a function of the nervous

system at a level higher tlian that with which we are now occupied.

J)Ut, throughout this paper, we have spoken of the power of recognising

passive position and movement. Recognition of voluntary movement is a

more complex process, based upon impulses grouped differently from those

wliich fall \ntliin the range of that part of the nervous sj^stem we are now

considering. We have also examined the power of naming and indicating the

position of a spot touched, and, in every case, we have investigated the capacity
for discriminating two points at varying distances. These three tests, the

recognition of j)assive position and movement, the discrimination of compass

points and the localisation of a spot touched, have been chosen, because

experience shows that they are affected in lesions of the spinal cord.

^^'e have not only avoided all terms relating to the perceptual aspects of

locahsation, but also those that express the ultimate sum of many streams of

diverse sensory impulses, co-ordinated at a higher level than that with which

we are now concerned. We shall use the term "
tactile localisation" for the

power of discovering the spot to which a stimulus is ap]:)lied. For those

impulses which enable us to recognise the two points of the compasses, we
shall use the term

'"

tactile discrimination." Of all those imjjulses which

are concerned in the recognition of articular movement, we shall deal with

those of jDassive movement and position only.^ These are the three spinal

afferent elements which at a higher level of the nervous system, together with

many other factors, he at the foundation of spacial locahsation.

§ 1.—The Impulses concerned w^ith the Recognition of Passive

Position and Movement

After di^-ision of peripheral nerves, it is found that the power of recognising

passive movement and position is closely associated with the integrity of those

^ Two of these three terms corrcsiiond to the grou2:)s classified by German authorities
" Raumsinn

"
(tactile discrimination);

"
Hautlocalisation

"
or

"
Ortsinn

"
(tactile localisation

(C/. Spearman [116].)

388
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afferent fibres which run mainly with muscular nerves. It is tiiese fibres

which innervate the joints, the tendons and the muscles. So long as they
remain intact, all cutaneous nerves may be destroyed, and the patient will still

be able to recognise the position into which his joints have been placed. As

soon as these fibres are destroj^ed, this power is lost. But, in the same path
as the impulses for the sense of articular movement and position, travel those

which underlie the recognition of deep touch, as far as all subcutaneous struc-

tures are concerned. The close association between sensibility to deep tDuch

and the recognition of passive movement and position, is best seen by dividing

all the cutaneous nerves to any part, without injmy to the muscular trunks.

The sldn is thus rendered totally anaesthetic, and any sensibility whicli may
remain must be due to impulses which travel in the afferent fibres of the deep

system runnmg with muscular nerves. It will then be found that the patient

can recognise the tactile and painful elements of pressure, and remains sensitive

to passive movement and position of every j)art of the affected limb, although
he is insensitive to every other form of stimulation. Injury to peripheral

nerves cannot disturb one of these impulses, without simultaneously affecting

others of the group.

But, in consequence of lesions iiithin the spinal cord, these impulses can be

separately affected. The patient may be sensitive to a deep touch, but at the

same time all sensations of articular movement and i^osition may be destroj'ed.

This was the case in J. Y. (No. 10). A secondary growth Avithin the sj^inal

cord had entirely withdrawn from him all laiowledge of the position of his legs.

So great was the loss of sensation that he was ignorant even of the grossest

changes in their position ; and yet he was able to recognise pressure everj'where

over both legs.

Conversely, in Case 1, all tactile sensibihty and all j)ower of recognisnig

differences in pressure were destroyed over the right leg ;
and yet, there was

no part of the limb where he could not recognise passive jDosition and movement.

Passive movements were ecj^ually well appreciated, whether the joints moved

belonged to one limb or the other ;
and yet, the right leg was totally insensitive

to every other form of stimulation.

With cases of intramedullary disease, it is particularly easy to show that

the power of recognising passive articular movement depends upon impulses
which are uncrossed and therefore even more elemental than those for pain,

heat and cold. For the power of appreciating articular movement and position

is always lost on the same side as the disturbance of motion. In Grace G.

(Case 3), the left leg was insensitive to all painful and thermal stimulation, but

the sense of passive position and movement was perfect. On the right side,

sensibihty to touch, pain, heat and cold was j^erfect, but the sense of passive

position and movement was disturbed in the right foot. A similar condition

existed in Case 2. In consequence of an injury to the cervical spine, this man
became insensitive to all painful and thermal stimulation over tlie left leg and

left half of his body. When first seen, the sense of articular movement and
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jiositioii \\a^ |>iMtfrt. P.ut, altiT an altcinpl lo i-cdily llic coiiditiou of his

sj)iin\ \\v louM no loiicor ret'ogiiisc* tlir posilion ol his linhl Ir^ ;
the surgical

operation hail (li>stroye(l the sen?e of arl iiiilar ni.i\ cinciii and position on the

opposite side of his l)ody to tlie analgesia and t hciino-ana'st h(>sia.

This lull', that the sense of artieular movement and position is lost on the

side of llie disturhauee of motion, leads to a eiuious dilTeience between the

remote and local sensory i)henomena of iiitramcdullai\' disease. The remote

efTects consist of loss of sensibility to pain, heat and cold and perhaps to tactile

stimuli over the side opposed to the loss of motion; any loss in the sense of

artieular movement and ]iosition \\ill be found in the limbs on the side of the

motoi- disturbance, where the sensilulity is otherwise unaffected.

Hut the local effect of intramedullary disease disturbs cutaneous sensibility

on the same side as the motor disturbance, in consequence of an interference

with the afferent impulses before they have crossed the cord. The sense of

articular movement and position Avill also be abolished in the same limb, since

it is always disturbed on the side of the loss of motion. This difference is

excellently exliibited by the case of Joseph F. (No. 9). This man was analgesic

and thermo-ana?sthetic over the right leg, in consequence of disease of the

cervical spinal cord. The sense of articular movement and position was dis-

tm-bed in the toes of the left foot, that is, on the opposite leg to the remote

loss of sensation to pain, heat and cold. But the growth in the left half of

the spmal cord produced a local loss of sensibility to all forms of touch, pain
and temperature in the left arm, and, in addition, he was entirely unable to

recognise any movement of this arm, however gross.

In conclusion—
(1) The sense of passive jDosition and movement may be destroyed as a

consequence of intramedullary disease, although sensibility to deep touch

remains perfect. Conversely, the patient may be insensitive to all tactile

stimulation, both suj^erficial and deep, and yet may be normally sensitive to

passive movements.

(2) Any loss of the sense of passive position and movement will be found

on the same side of the body as the disturbance of motion and reflexes.

Thus, the remote effects of intramedullary disease may be manifested in

loss of the sense of passive position and movement, disturbance of motion and

changes in the reflexes on the one side of the body associated Mith analgesia,
and thermo-ansesthesia of the opposite half.

The local effects of an intramedullary lesion will all be found on the same
"side

; paralysis and wastmg of muscles, loss of the sense of passive jJosition and

movement, analgesia and thermo-anaesthesia, may all exist together in the

same limb.

§ 2.—The Impulses concerned with Tactile Discrimination

E. H. Weber [132j first employed simultaneous contact with the two points
of the compasses as a sensory test. According to him, the power of recognising
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tliat a stimulus had an existence external to the body was the highest quality
of sensation; sensations grouped together under the name of "common

sensibihty
"
(Gemeingefiihl) did not carrj' with them this quaUty. He showed

that. M lien the discrimination of two points was used as a test, some parts were

many times more sensitive than others
;

for instance, the two points could not

be distinguished over the back, until they were separated to a distance sixty
times greater than was necessary for a sensitive surface, such as the tip of the

tongue. He believed that, in the compasses, he had discovered a means of

measuring the sensibility of the skin, but fully recognised that the test he

enq^loyed depended upon sometliing apart from crude tactile sensibility.

For, throughout, he speaks of the fineness of the
'"

Ortsinn," and the chapter
in A\hich he introduces his experiments is headed

"
Ortsinn der Haut." His

AAork was imperfectly understood b}^ those who subsequently used the compass
test. BroAMi-Sequard frankly accepts it as a method of measuring the fineness

of tactile sensibility. He does not discuss the method
; but, when he wishes to

demonstrate the obtuseness to touch of the non-paralysed leg in a case of crossed

paralysis, he states that the two points appeared to be one, even when separated
to a distance of 13 cm.

;
on the paralysed leg, the patient discriminated the

two i^oints, when they were 1-2 or I'S cm. apart. Evidently, in tliis patient,

tactile sensibihty was gravely diminished, for Brown-Sequard states that "
it

Avas necessary to press very hard
" on the left leg,

"
while the patient was able

to distinguish the two points, even when they touched but very shghtly the

parah-sed leg." (Brown-Sequard [19].)

Now it will be obvious, that tactile sensibihty may be so gravely diminished,

that contact may cause little or no sensation. Under such circumstances, the

patient would be unable to recognise the two points, because the contact of

one or both failed to produce a sensory impulse. The compass test would then

fail from lack of tactile sensibility.
^

But early in our research on the sensory results of intramedullary lesions,

we found that the power of discriminating two points of the compasses might
be disturbed over parts which were sensitive to every other form of cutaneous

stimulation. One leg might be insensitive to painful and thermal stimuh,

but remain sensitive in a normal degree to the compass test
;
the opposite leg

might show a gravely defective sensibility to the compasses, although sensitive

to every other form of cutaneous stimulation. We also found that, if tactile

sensibility was disturbed, the anaesthesia was found over the leg which was also

insensitive to pain and temperature. Three facts stood out clearly before us :
—

(1) The power of discriminating two points can be diminished over a limb

completely sensitive to all cutaneous stimuli.

(2) If, as a consequence of the remote eiTects of an intramedullary lesion,

the compass test shows a diminution of sensibility, whilst touch is perfectly

appreciated, the part so affected will lie on the same side as the disturbance of

motion.

I
Cf. Case 4, p. 41G.
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(3) Whenever tactile sensibility is abolished, in consequence of the i-cmote

effects of an iutranietlullary lesion, this loss of sensation will be found on ihe

side opposeil to ihe loss of motion. o\ ci I \\c limh insensitive also to painful and

thermal stinnili.

It was therefore cWdcnt that, allhoui!;h the compass test depends upon the

inteurritv of tactile sensibility for its existence, it can reveal a disturbance in

sensation which, as far as intramedullary im])ulses are concerned, is entirely

separate from sensations of toueii. Througiiout this work, Ave have used the

compasses as a means of revealing defects in the impulses, which underlie the

power of tactile discrimination, apart from a loss of tactile sensibility. That

is to say, we have restored tliis test to the use originally prescribed by E. H.

Weber. We have not used it as a test for tactile sensibility as was done by
l^rown-Sequard, and, by this strict differentiation, we have been able to recon-

cile the discrepancies which have so puzzled recent observers. A clear under-

standing of tills use of the compass test is necessary for the comprehension of

the results produced by disease within the spinal cord. For if, among the

instances where tliis test showed some loss of sensation, are included those

where tactile sensibility was otherwise defective, the loss of sensation revealed

by the compasses A\ill appear, sometimes on the side of the disturbance of

motion, sometimes on the opposite side. But, if w^e confine ourselves to those

cases only, where tactile sensibility was perfect, any defect in discriminating
two points MdU be found to lie invariably on the same side as the disturbance

of motion and reflexes. {Cf. Case 3, p. 412. Case 16, p. 458.)

§ 3.—Tactile Localisation

We have already considered in this chaiDter, the effects of an intra-

medullary lesion on the Impulses which miderlle the recognition of passive

position and movement, and of tactile discrimination. Although they pass
to the spinal cord along two afferent paths, these paths become associated

within the spinal cord. Not only are the two sets of Impulses usually
disturbed together by intramedullary lesions, but the loss of sensation to

both forms of stimulation is uncrossed, on the same side as the disturbance of

motion.

We shall now bring forward evidence to show, that the faculty of tactile

localisation Is due to Impulses which, within the spinal cord, run sejDarately

from those of tactile discrimination.

This view was held by Volkmann [128], who first Investigated the matter.

But the question has been much obscm-ed of late by a misapprehension of the

significance to be attached to the compass test. Some have accepted this test

as a measure of tactile localisation, although it was pointed out In 1858, that

the compasses tested the
"
sense of space

"
(Raumsirm) only. In 1901 Forster

[30j went so far as to assert, that tactile localisation depended entirely upon
sensations of movement {Bewegungsempfindungcn). However much we may
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differ from this observer in his general conclusions, he was the first to examine

a series of pathological cases from this aspect.

Recently, Forster's challenge has been taken up by an experimental psycho-

logist (SiJearman [115]). But from a clinical point of view, Spearman's case

was not completely satisfactory, because the symptoms wej'e evidently bilateral,

and sensibility to touch was diminished. We have, however, frequently

alluded to this paper, because of the admirable thoroughness of the methods

emj)loyed.

Before describing in detail the results we have obtained, it is necessary to

discuss shortly the methods emjDloyed in testing a patient's power of recognising

the locality of a spot touched.

First, the patient's eyes are closed and he is asked to say where he is touched.

This is the simplest of all methods, and is usually spoken of by us as
"
spot-

naming." If the patient can answer correctly every time he is touched on liis

great toe, on the heel, on the dorsum of the foot, or on the laaee-cap, it is

certain that Ms power of tactile locahsation cannot be greatly affected.

If he is asked to point to the spot where he has been touched, he usually

errs considerably. But when allowed to grope mth the finger he comes closer,

and may ultimatelj^ touch the very spot. Many observers have j)ointed out,

that tills method implies two faculties : a knowledge of the spot touched and of

the position in space of the part upon which that spot Ues. It requires a com-

V)ination of the sense of passive position and movement mth the power of

tactile locahsation.

Suppose, however, that the sense of passive position and movement is

destroyed, and yet the patient can name correctly every spot touched on the

limb. It A\ill then be found, that, if he is aUowed to grope for the spot, he fails

entirely at first to find the limb, but gradually, as testing proceeds, becomes

increasingly able to approximate his finger to the spot. That is to say, by
means of the touch and movements of his indicating hand, he has partly cor-

rected his defective laiowledge of the j)osition of the hmb. When this know-

ledge has been reacquired, move the limb without allowing him to open his

eyes. Then he will grope for the spot touched as badly as ever he did, although
he still names it correctly.

Sjaearman devised the following method for overcoming this reaccpiisition

of loiowledge by means of groping touch. A hole is pierced in a piece of card-

board held one centimetre from the surface to be tested. Through this hole

the patient is touched, and he attempts to point out the spot with a pencil.

This marks the card, and the distance of the pencil-mark from the hole can be

measured. Since the sldn is never touched, except by the stimulating object

thrust through the hole by the observer, the patient has no oi^portunity of

correcting his defective knowledge by means of touch. This method is an

excellent one, where the one limb is affected, and that of the opposite side shows

none of the sensory defects with, which we are concerned in this chapter. But

it only emphasises the double nature of the groping test, which can never be
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siinplo so louii ;»s wo liavr lo ileal witli the sensory ik'fcfls produced by an

intrainodiillaiy lesion.

The [Miwcr of (artile localisation may remain <iood over parts where the

sense of passive jiosit ion and iiioMMiiciil is entirely al)scut . In .1. N'. (Case 10),

who iiad entirely lost all knowledge of the position of liis linihs. we performed
the followiuu i\\]ieriments : His legs were extended in the hed, and he was

allowed to see the position into wliich they had been placed. Then his eyes
were closed and he was touched over the sole, instep and just below the knee-

cap ; in every instance his answers were correct, even though the touch was

made with cotton wool. With his ej^es still closed, the leg was moved into an

entirely dilferent position, and his answers were equally correct, although he

was entirely ignorant that the leg had been moved, and believed it lay extended

before him.

Directly he was asked to point out the s])ot that had been touched, the

double nature of the groping-test Avas apparent. In the attempt to find the

spot he had named correctly, he beat the bed idly, entirely unable even to find

his hmb.
^^'ith the profound disturbance of the power of recognising the position of

liis hmbs was associated an inability to discriminate the compass points ;
over

the outer surface of the left leg, he failed when they were separated to 15 cm.—
, -, 1

I

8 W.JJl.10 cm.
2

I
.J \v\7K.

and over the front of the left thigh at 20 cm. distance^

_u cm.
2

I

w. 4 R.

But, in spite of this failure to disciiminate the two points, he could name

accurately the spot touched.

Thus, it is evident that, although the impulses underlying tactile discrimina-

tion and the sense of passive position are closely associated in the spinal cord,

they must be separated from those of tactile localisation as revealed by the

power of naming the spot touched.

R. A. H. (Case 16) also show^ed that the impulses, which underUe the powder

of naming the spot touched, pass by paths within the spinal cord, separate from

those for the impulses of tactile discrimination. This man showed signs of

chronic intramedullary disease affecting the bulb and cervical spinal cord.

The motor disturbance was represented by paralysis of the left vocal cord and

left half of the palate, with a spastic condition of the left leg.

There was profound loss of the sense of passive position and movement in

the left foot and ankle, and tactile discrimination (compasses) was gravely

affected. This case was particularly favourable for such tests, because the

sensation of the right lower extremity was unaffected and, on the left leg,

painful, thermal and tactile sensibiHty was normal even to the finest tests.

On the sole of the right foot his answers were perfect, wdien the compass points
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were separated by a distance of 4 cm. Over the left sole, he gave six false

, o 1
I

10 R.
answers at 8 cm. .H

—
. ,. .. ..r

In the same way, when he was tested by mo\ing his left ankle passively, he

failed to give a correct answer in thirteen instances out of twenty.

Dorsiflexion
|

3 VV. 6 (). 1 11.

But, with the right ankle, his answers were quick and uniformly accurate.

And yet in spite of these grave defects in tactile discrimination, and in

ai)preciation of passive position and movement, he named a sj)ot touched as

accurately on the left leg as on the right. A number of definite spots on both

loA^er extremities, such as the ball of the great toe, the heel, the external

malleolus, were touched ^\ith cotton wool
; in no instance did he fail to answer

quickly and correctly. Whilst his eyes remained closed, the left foot was placed
into an entirely different position. Although he could not tell the situation

of the foot, Jie still named all the points touched as correctly as on the sound

side.

But, as soon as he was asked to point out the spot, the difference between

the two legs was at once obvious. When tested by Spearman's method, he

de\iated to the following extent.^
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§ 4.—SuMM ai;n

A lesion witliiii tin- spinal cord van interrupt the afTorent impulses Avliich

subserve tlK> spaeial a.s]HM-ts of sensation in sueh a way, that the patient fails

to answer to one or more of thri'e sim])le tests, lie may not be able to

recognise passive position and movement, he may be unable to discriminate

two i)oints separated to a distance fai- in excess of normal, or he may be

unable to name the position of a spot stimulated.

Wq showed reason to believe, that the impulses induced by the first two

tests pass up the same side of the spinal cord as that by which they had entered.

The remote sensory loss, produced by the interruption of these impulses,

even in the eer\ical region, is found on the side of the motor disturbance.

h\ this ])eeuliarity, the impulses underlying the recognition of passive

position and movement and of the discrimination of two j^oints, differ from every

other sensory impulse passing up the spinal cord. Even the impulses for spot-

naming ultimately cross to the side of the spinal cord opposite to their point of

entry.

But with lesions of the cortex and subcortical systems, the loss of apprecia-

tion of passive position and movement is found on the oiDposite side to the

lesion. It is ob^dous, therefore, that all afferent impulses, which reach con-

sciousness and are manifested as a disturbance of sensation, ultimately cross

to that half of the nervous system opposed to their point of entry. Some cross

quicldy ;
but Mitli some, Hke those which underlie the sense of passive position

and movement, the crossing is delayed until the spinal cord has passed into the

medulla oblongata and pons varohi.

Now, sensory impulses which pass up the same side of the spinal cord have

not reached the second level of the sensory nervous system. For the most

distuictive feature of the impulses at a secondary sensory level is the fact that

the remote results caused by interference with them is manifested on the

oi)posite side of the body.

Thus, it is evident that the imjoulses underlying the appreciation of passive

position and movement and tactile discrimination have not attained, mthin

the spinal cord, to the chief characteristic of sensory impulses at the second

or intramedullary level of the nervous system.
Each of these two sets of impulses reaches the spinal cord in combination

with others. The fibres of the epicritic system conduct, not only the impulses

underlying tactile discrimination, but also those for the appreciation of Hght
touch. The peripheral system, associated with deep sensibihty, conducts

impulses for pressure, for the pain of excessive pressure, as well as those impulses
which underhe the sense of passive position.

Thus, by the time the impulses, which pass up in the epicritic system, have

reached the cervical region, those for tactile discrimination have parted company
vriih all the others, which have passed to the opposite side of the spinal cord.

In the same way, of all the sensory impulses which reach the cord by way
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of the deep system of nerves, those concerned with the sense of passive position

and movement alone remain uncrossed. Those associated with the pain of

excessive pressure and with the appreciation and locahsation of deep touch,

have all crossed to the opposite side of the nervous system within the spinal

cord.

Among the many sets of imjoulses poured into the spinal cord by way of the

epicritic and deep systems, a gradual filtering off takes place. At last, in the

upper cervical region, none from the epicritic system remain uncrossed, except
those concerned with tactile discrimination

;
none from the deep system, but

those which underUe the appreciation of passive position and movement.
When we turn to the impulses underlying tactile localisation, we find that,

although they have crossed to the opposite side within the spinal cord, they
still remain intimately associated with the impulses for tactile sensibihty.

The epicritic system brings to the spinal cord the impulses for hght touch and
cutaneous locahsation

;
the deep system carries those concerned with the

recognition and locahsation of pressure touch (deep touch).

These are immediately transformed and combined into a single group
of tactile impulses, which ultimately cross to the of)posite half of the spinal

cord. Those impulses, associated with tactile locahsation, might have been

spht off to run a course of their own apart from those for tactile sensibihty.
But tliis is not the case at the spinal level. Here these two groups of impulses
seem to be still intimately associated together. Their fate, at a higher level

than that with which we are now concerned, will be the subject of a further

communication.

In conclusion, we beheve that among the impulses concerned with the local

aspect of sensation, which can be interrupted by intramedullary lesions, the

three groups do not all belong to the second sensory level. Those concerned

with tactile locahsation cross the cord and show evidence of recombination
;

they have, therefore, become sensory impulses of the true intramedullary
level. The impulses underlying tactile discrimination and the recognition
of passive position and movement show no evidence of recombination, and are

interrupted on the same side as motion by intrasiDinal lesions. From a study
of disease higher up the nervous system, above the spinal cord, we know that

these impulses ultimately cross, and become recombincd. Thus, we believe

that a lesion of the spinal cord interrupts these impulses before they have
reached the second sensory level. Throughout the spinal cord, they still

remain impulses of the primary sensory level.



CHAPTER VII

GENERAL CONCLUSIONS

For fifty years physiologists and clinicians, stimulated by the work of

Browu-Sequard, have attempted to trace tlie upward paths of afferent impulses

through the spinal cord. J^ut, in spite of the many admirable experiments
on animals and a certain number of well-observed cases of intramedullary
disease in man, the latest Avriters either confess to ignorance, or believe that

every impulse passes by at least two paths.

This widespread scepticism arises from the nature of the methods

employed. On the one hand, although the experimenter can produce a lesion

of the spinal cord in a healthy animal, which can be killed at any desired

period after the operation and the secondary ascending degenerations be

traced with exactitude, j'et it is impossible to say certainly how sensation

is affected by the lesion, even when the animal has been long under

observation.

On the other hand, the cUnician may expend much time and trouble in

determining the nature of the loss of sensation
;
but it is especially in these

well-observed cases that it is usually impossible to verify the anatomical

nature of the lesion. Most of the instances, in which a careful microscopical

examination has been possible, have been cases where the lesion has been

progressive, or where the patient has died from complications which greatly

detracted from his suitability for psychophysical examination.

Xo one who has read our paper \\ill think we do not value the experimental
or clinical work of our predecessors. If we may seem to pay less detailed

attention to it than is customary, it is solely because we have attacked the

problem from a different aspect. We accept the experimental result that in

animals it is impossible to abolish the upward passage of all afferent impulses
from one Hmb by hemisection of the spinal cord, and fully recognise that the

majority of cUnical reports are anatomically unsatisfactory.

Recognismg the inherent difhculties of both methods, we determined to

attack the problem from a different aspect. All previous workers have assumed

that afferent impulses reach the spinal cord in the same combinations as those

ultimately received by the centres in the brain. Whatever psychical sorting

might take place among sensations, it has been assumed that the sensory

impulses pass from the periphery to the highest physiological centres, unchanged
in quality and in unaltered combinations.

398
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But Head, Rivers and Sherren showed that tliis could not be the case ;

for the afferent impulses passed up the peripheral nerves in combinations

entirely foreign to those familiar to tlie investigators of normal sensibility.

They showed that sensory impidses reach the spinal cord by way of the fibres

of the posterior nerve-roots in the same remarkable combinations. It was,

therefore, certain that the grouping of these impulses must have changed in

some way. Where this change occurred, and how the sensory impulses were

combined anew, was the problem we set before us.

(a) Results obtained by the Physiological Method.

Our method has been to trace loiown sensory impulses, arriving by way of

normal periiDheral nerves and posterior roots through a diseased spinal cord

to higher centres that are entirely unaffected, and we have attempted to

indicate how sensation is modified under such conditions.

We showed in Chapter II, how the disturbance of sensation produced by
an intramedullary lesion differed from that due to division of peripheral nerves.

Impulses arrive by thi'ee main streams, along the fibres of the protopathic,

epicritic and deep sj^stems. We compared this grouping of imf)ulses at the

primary, or peripheral, level with the changes in sensation produced by a

purely intramedullary lesion
;
and for this purpose, we chose the loss of sensi-

bihty on the opposite half of the body to that on which motion and reflexes

were affected.

All sensory impulses which have crossed the cord show signs of recombina-

tion. The form assumed by the loss of sensation shows that the tactile elements

have become united into a single grouj:*, by whatever peripheral path they

may have reached the spinal cord. In the same way, the impulses started

by cutaneous painful stimulation arriving by the protoj^athic fibres, and
those due to painful pressure arriving by the deep system of nerves, become

combined, parting company with all other sensory impulses that may have

travelled Avith them in peripheral paths. The thermal impulses of the epicritic

and protopathic systems become recombined, so that an intramedullary lesion

can interrupt all those subserving the sensation of heat, without interfering
with the impulses underlying sensations of cold. Or, in some cases, the patient

may be insensitive to cold over parts completely sensitive to heat of all degrees.
In passing from the peripheral to the intramedullary, or secondary, level, the

impulses change from a regional and developmental grouping to jjhysiologically

specific combinations.

Finally, we analysed the loss of sensation caused by intramedullary disease

at the level of the lesion, and showed that, in character, it agreed with that

remote loss on the side opposed to the lesion where the sensory impulses had
been interrupted after they had crossed the spinal cord. Thus, the change
must have occurred on the same side of the cord as that by which the sensory

impulses entered.
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(/>) The Xatitre of the Impulses in flic Posterior Columns of the Spinal Cord.

Tactile. j);uiifiil aiul thorinal iin|mlses, and those associated uitli tactile

localisation, cross in their ])assago throniih the spinal cord, and show evidence

of recombination. Rut the sensory impulses Avhich underlie the recognition

of passive ]H)sition and movement and tactile discrimination do not cross within

the limits of the spinal cord. Lesions of the higher centres show that, ulti-

mately, even these iui]>u1scs cross and are grouped anew; but this change
cannot l)e demonstrated by a pure intramedullary lesion.

Injury and disease of the cer\ical region of the spinal cord prove that an

impaired tactile discrimination and loss of appreciation of passive position

and movement may form the only remote loss of sensation on the same side

as the disturbance of motion. Thus, although these impulses show no signs

of recombination and are still impulses of the lowest sensory level, they are

no longer associated \\ith the sensory companions with which they travelled

in the peripheral nerves. The impulses underlying tactile discrimination,

which reached the spinal cord by way of the epicritic fibres, have parted

company with the impulses for light touch, for tactile localisation and for

intermediate degrees of heat and cold. The deep "system of afferent fibres

running Antli muscular nerves, carried to the spinal cord, not only the impulses

associated with the recognition of passive position and movement, but also

those for the appreciation and locaUsation of deep touch and for the pain of

excessive pressure. Of epicritic impulses, those for tactile discrimination

alone remain uncrossed and uncombined in the cervical spinal cord
; similarly,

of all those which passed into the spinal cord by way of the deep system of

fibres, the impulses underlying the appreciation of passive position and move-

ment alone remain uncrossed and uncombined.

For these impulses we must therefore seek some path in the spinal cord,

which is the direct continuation of the posterior roots and which remains

uncrossed, until we have passed beyond the limits of the spinal cord. Such

a path is found in the long extrinsic tracts of the posterior columns. Fibres

from the fifth lumbar and first sacral posterior roots can be shown to degenerate

up to the nucleus of the postero-internal column, and degeneration can be

traced up the complete length of the postero-external column, after division

of the posterior roots suppljdng the hand. But the number of fibres which

can be found degenerated in the upper part of the cervical region is but a small

fraction of those which show evidence of destruction, as a consequence of

division of any one posterior root. All the way up, the posterior columns are

giving off fibres to other parts of the cord.

On tracing the sensory impulses throughout their com-se in the spinal

cord, an exactly analogous filtering off occurs. Painful, thermal, tactile

impulses ultimately pass from the j^oint of entry to the opposite side of the

spinal cord.

But, before they pass across, they have undergone characteristic recom-
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bination. That this change occurs in the same lialf of the spinal cord by
wliich the impulses enter, is shown by the fact that the local loss of sensation

produced by a pure intramedullary lesion closely resembles, in character and

grouping, that of the remote sensory disturbance which lies over the opposite
half of tlic body.

'

•

Tlie rapidity with which the sensory impulses cross to the opposite side

varies greatly. Some, such as those associated with pain, heat and cold,

seem to have passed completely to the opposite side in the space of five or

six segments (Piltz [93J, vide also Chapter V, p. 384). Thus, in man, an intra-

medullary lesion may interfere completely with sensory impulses for pain,

heat and cold from the opposite half of the bod}^ without disturbing any
other form of sensation. With tactile impulses, the crossing is evidently less

rapid; for it is rare to find a remote disturbance of tactile sensibihty. But,

ultimately, even tactile impulses pass completely to the opposite side of the

cord, and a lesion in its upper part may, if sufficiently severe, produce loss of

tactile sensibility over the same parts that are analgesic and thermo-anaesthetic.

But, until this crossing is finally completed, it is obvious that two paths \vill

be open for tactile impulses. They will continue to pass up the fibres of the

epicritic and deep systems in the posterior column, until the highest point in

the spinal cord at which those impulses entering by any one posterior root

are received by the secondary systems. But, much nearer the point of entry,

some impulses will have become transformed and have crossed to the opposite

side. Thus, two paths are open for tactile impulses, one in the primarj^

system of the posterior columns, the other in the secondary intramedullary

system. In the first of these paths, the impulses travel untransformed, whilst

as soon as they enter the secondary path, they will have been recombined

into a specific group, associated with all forms of tactile sensibility.

For the impulses associated with pain, heat and cold, a primary and a

secondary path coexist for a short extent only within the spinal cord : for

those associated with all forms of touch, this double path seems to extend

over a considerable length. Finally, the impulses associated with passive

position and movement and with tactile discrimination do not, within the

hmits of the spinal cord, reach the point where they are recombined, but

continue inicrossed to pass along the fibres of primary afferent systems in the

posterior columns. It is not until they reach the posterior cohunn nuclei

(nucleus gracihs and nucleus cuneatus) that they pass from a primary to a

secondary sensory system. Here, at last, the impulses associated with tactile

discrimination and with passive position and movement undergo recombina-

tion, and cross to the opposite side of the nervous system.

Epicritic and protopathic impulses, and those associated with deep sensi-

bihty, travel along the fibres of the posterior columns like rubble over a

graduated sieve. Stones of small size drop through at once, those that are

larger pass on further, and some travel the whole length of the sieve to fall

into a heap at the end. So, some impulses cross rapidly, others after a longer
VOL. II. F
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course; some do not become sifted otf milil the coitl has terminated above in

the niK'lci of the postoiior cohimns.

These iini>ulses alone can be i-omj^letely intenu|)ted by destruction of the

posterior eohunns. Wc tlierefore tiiid. that the only definite consequence
of destruction of the posterior colunnis is to [)roduce loss of tactile discrimina-

tion (compass test) and of tiie sense of passive position and movement on the

same sitle as the lesion.

(c) The Significance of the Delayed Crossing of Sensory Impulses of the Secondary
or Intramedullary Level.

What is the signilicance of this dela3^ed constitution of the crossed tracts

of the secondary or intramedullary level ? The impulses wliich result from all

forms of painful stimulation pass to the spinal cord by the protopathic fibres,

and by the fibres of the deep system wliich run with the muscular nerves.

The impulses from the sldn, arriving by way of the protopathic system, probably
become almost at once transformed, and pass into an intramedullary system
at the level of their point of entry. It is probable that the fibres of the deep

system, carrying impulses produced by painful pressure from the same part
of the body, do not enter by the same posterior roots as those carrying the

impulses produced by cutaneous painful stimuli. Thus, more than one

segment of the cord is required, before all the painful impulses from any one

part of the body can be gathered together and recombined.

This is probably the cause of that \^'ant of correspondence between the extent

of the cutaneous and deep analgesia, produced by the local manifestations of

an intramedullary lesion. It also underlies the remarkable condition described

on p. 371, where an area of pain and hyperalgesia to the lightest pressure,

due to a diseased joint, lay mtliin the limits of total cutaneous analgesia.

Such cases show why a certain extent of the spinal cord must be traversed

before the transformed impulses from any part of the body can be gathered

up in a path on the opposite side of the spinal cord. Interruption at any

point after they have crossed may j^roduce a remote analgesia \\ith a definite

upper border, but this border A\ill probably lie several segments below the

position of the interrupting lesion.

An even greater extent of the spinal cord must be traversed by the impulses
associated A^ith light touch arriving by way of the epicritic fibres, and by those

for sensations of pressure conducted along the deep system. For, the extent

of the epicritic supply of any one posterior root greatly exceeds that of its

protopathic fibres
;
the overlapping is greater, and the epicritic fibres are less

completely segmental in distribution.

The local effects of an intramedullary lesion are produced by interference

with the paths of the secondary level before they have crossed the cord, whereas

the remote effects are due to interruption of these tracts as they pass up towards

the third level after crossing the cord.

Disease of the grey matter as such does not produce loss of sensation,
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except by interfering with these paths of the secondary intramedullary level

as they pass through its substance.

The more nearly segmental the arrangement of a primary sensory system
as it enters by the posterior roots, the shorter Avill be the distance necessary

for the complete crossing of the im]5ulses it carries into the' spinal cord. Thus

imj)ulses for pain and sensations of temperature arising mainly out of highly

segmented protopathic impulses have the shortest double path.

{(I) Tlte Path of hnpulses Subserving the Sense of Passive Position, and
Movement.

We have shown that the more nearly a primary sensory system is arranged

segmentally as it enters the spinal cord by the posterior roots the more quickly
will its impulses cross to the opposite side after recombination.

The fibres which conduct the impulses for passive position and movement
xre probably arranged on a plan different from that of the remaining sensory

iCgmentation. The greater number start from end-organs in the joints,

muscles or tendons of the Umbs, and in the leg, chiefly from the foot and ankle.

When the sense of passive position and movement is disturbed, the loss of

iensation is arranged according to joints.

j

Thus, we should not expect the crossing of these impulses to occur as

•apidly as those subserving thermal and painful sensibihty. In fact, we find

jthat comjDlete crossing and recombination does not occur, until after these

iifferent impulses have reached the posterior columja nuclei.

I But this delay in crossing and recombination of the impulses subserving
the sense of j)assive position and movement, seems to have another cause.

We have investigated those afferent impulses only which reach consciousness ;

jut many afferent impulses pass in by the primary or peripheral systems which

never produce sensation.

We wish to emphasise a distinction between the fate of sensory and non-

sensory afferent impulses, which has not been insisted upon suificientl}^ of late

vears. If a tract is shown to degenerate from below upwards, it probably
onducts afferent imjDulses. These impulses may however never reach con-

sciousness
; they may be associated with some higher reflex condition, such as

the maintenance of equilibrium, or the tone of muscles. This may be an entirely

imconscious process, and sensation may never be evoked, until some disturb-

ance of equilibrium produces impulses which, passing up sensory paths, reach

the highest centres concerned with sensation. A disturbance of non-sensory
afferent impulses produces an abnormal condition in the organism. This

ibnormal condition evokes fresh afferent impulses which, joassing up sensory

Jaths, causes the organism to become aware of the change that has occurred

n a state normallv outside consciousness.

Now, the afferent impulses, passing by means of the deep sj'stem from

tendons and joints, are pre-eminently associated with the higher reflex states,

such as equilibrium. Recent work, especially that of Horsley and of Sherring-
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ton. lias sluiwii tliat \\\c ccMvlti'llimi is llic alTcrciit cciitiv for tlu^s(> liiuihor

!"t'l!r\i\s. Any ctiluinii. tluMvfoiv. which conducts ini|)ulscs troni the liMidons

and joints will prohahly uivi' oil" coUaterals to alTcivut ccivbelhir tracts.

()ni> such |)atli. tht> diicct corchcllar tract, lies on the same side as the

posterior roots hy which the impulses from the deep system enter the spinal

cord.

It is therefore })rol)al)le thai, in their passage throiiuh (he spinal cord, the

afTeiiMil impulses of deep sensibility, eoncerned with I he position and movement
of joints, ilivide into two groups

—tliose destinetl after transformation to

heeome the non-sensory alVerent impulses of the direct cerebellar tract, and those

which continue up tiie libres of the primary system in the posterior columns
to subserve the sense of passive position and movement. The latter impulses
do not become reeombincd imtil tliey reach the nucleus gracilis and nucleus

euneatus
; they then cross rapidly to the opposite side like every other sensory

impulse.

(e) The Theory of Intramedullary Specific Receptors.

All sensory impulses are ultimatelj^ recombined, on passing from tiie

peripheral to the intramedullary level. This recombination takes place in

the same half of the nervous system as that by which the sensory impulses

enter. Impulses from the primary level wliich have been initiated by painful

stimuli of whatever kind, are united into a single grouj). In the same way,
all tactile impulses, whether they arrive by way of the epicritic or deep systems,
are gathered up and travel together in the secondary system.

We believe this is due to an arrangement somewhat as follows : each end-

organ in the skin is capable of reacting to the mass stimulations of the environ-

ment in a specific manner
; heat-spots react to certain degrees of heat only,

cold-spots to cold or, paradoxically, to heat above 45° C. The end-organs of

the deep system react to pressure, whether it be painful or not, but do not

resj)ond to stimulation with heat and cold.

When these pecuUar impulses reach the spinal cord, they are discharged
into the secondary systems, each of which is guarded by specific receptors.

These act towards the impulses of the primary sensory level exactly as the end-

organs in the skin acted towards the mass-stimuli of the en\dronment. When ;

an impulse, which has originated in the effective stimulation of a heat-spot

belonging to the protopathic system, reaches an intramedullary receptor of

the secondary system set aside for the impulses of heat, it starts a si^ecific

impulse. But the same receptor reacts to the ei^icritic impulses which are

started by stimulation of the skin with temperatures between 34° and 40° C.

No reaction, how^ever, occurs if the receiptor of the secondary system is exposed I

to impulses due to any other form of stimulation.

Similarly, the receptors of the secondary system arranged for p)aiiT^^ul
j

impulses respond to all impulses of this nature, whether they arise from stimula- 1

tion by a prick, or from excessive pressure.

li
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111 the same way, all tactile impulses are gathered up by the receptors of

I

he secondary tactile system, whether they are started by a light touch and
irrive by wa}- of epicritic fibres, or by pressure and reach the spinal cord

I hrough deep afferent fibres running with muscular nerves.

Thus, we imagine that, at the point where sensory impulses pass from the

orimary to the secondary level, there is a mechanism capable of responding
o one siDecific sensory impulse, however that impulse may have been

)riginated.

It is as if the gallery of a concert hall were fitted with a series of resonators,

^ach of A\']iich was tuned to a certain note. Each resonator would pick up a

)ecuhar tone, whetlier it was produced by the strings, the brass, or the wood-

bind.

/) Sensory Impulses of the Secondary Level undergo further recombination at

the Third Sensory Level.

When sensory impulses pass from the primary or jDeripheral to the secondary
)r intramedullary level, they are recombined in such a way that those which

lave been initiated by painful, thermal or tactile stimuli are brought together
nto specific groups. Interruption of sensory paths within the sjDinal cord

)roduces a loss of sensation so nearly specific in character, that it might be

jthought
no further recombination was possible.

Closer examination of the groups of sensory impulses at this level shows

liat they have still to undergo further sifting; the nature of this change
n grouj)ing at the tertiarj^ level \\ill form the theme of a further communica-

cion. It must be remembered, that intramedullary tactile impulses are stiU

•losely associated with those of tactile localisation, and no case has come
mder oiu' notice where the patient was unable to name the spot touched,

unless at the same time tactile sensibility was distinctly diminished. This is

I relic of the close relation of sensibility to light touch with cutaneous locahsa-

tion, and of sensibility to pressure with the locahsation of deep touch. Finally,

it the tertiary level, all the impulses subserving locahsation are brought

together, and the impulses for tactile locahsation become separated from those

for contact sensibility.

Moreover, at the second or intramedullary level, specific sensory impulses

3arrv ^\ith them the factors which determine the feeling-tone of the sensation

they ultimately subserve. When a strong interrupted current is applied to

the foot, the patient cries out with pain and withdraws the leg. Suppose,

however, that the lower extremity is totally insensitive to painful stimulation

3f all lands, in consequence of an intramedullary lesion, the current, even when
Df excessive strength, cannot cause j)ain. But so long as tactile sensibility

remains perfect, he will complain bitterly of the cUscomfort caused by this form

of stimulation.

Careful experiments with G. G. (No. 3, p. 412), and W. M. (No. 5, p. 420),

both of wliom were unusually trustworthy and willing patients, showed that
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the movoincut i>f witluliawal seeincd to he almost as vitjlciit wlicii a current

of known stroniilh was ap])lio(l to the analtresie as to the normal leij. G. G.

said the sensation produced was a
'"
kind of exaggerated tickling more

unpleasant tiian ]>ain." ]5oth these patients were firm in Ihcii- assertions that

the sensation was not painful; and yet, an observer watching tiieir behaviour

%\(Uild suj)jHise they were undergoing intolerable pain. This reaction was not

evoked on tlic analgesic side by a purely painful stinudus such as the prick of

a pin.

Evidently, stimulation with a strong interruj^ted current normally causes

l^ain. which rising to intolerable limits obscures all other sensations. But,

if the painful impulses are interrupted by an intramedullary lesion, the tactile

side of this stinudus is revealed, and, when the current is strengthened, can

produce a sensation painless, but intensely disagreeable.

Thus, at the second, or intramedullary level, even the impulses of tactile

sensibility can subserve a discomforting sensation.

(g) Conclusion.

In conclusion, we believe that the spinal cord is the seat of the trans-

mutation of most of the impulses of the peripheral into those of the secondary
level of the afferent nervous system.

This transmntation and recombination takes place on the same side as

that by which the impulses enter the spinal cord. The secondary paths for

sensory impulses then cross with greater or less rapidity, so that ultimately
all except those subserving the sense of passive position and movement and

tactile discrimination have passed to the opposite side within the limits of the

spinal cord. Even these sensory impulses cross after reaching the nuclei of

the posterior columns.

At the same time, "\^ithin the spinal cord afferent impulses become separated
into sensory and non-sensory. Of the latter, many pass up in the secondary

system of the direct cerebellar tract to reach the cerebellum.

Thus, the mechanisms of the secondary or intramedullary level are con-"

cerned with the separation of non-sensory from sensory afferent impulses,
and with the recombination and transmutation of sensor}^ impulses into

specific groups.

SHORT ACCOUNT OF SOME ILLUSTRATIVE CASES

Case 1.—Frederick C.

He was siiddenhj nUached ivith xcexihiess of the legs and left arm, December 1.3, 1903.

On January 4, 1904, he shoived weakness of left arm and disturbed sensibilitij over the right half

of the body and right leg.

Seen by us August, 1905. Well compensated mitral regurgitation.

Wasting of small muscles of left hand.

Knee-jerks brisk, no ankle clonus, left jilantar refex gave a flexor response.

Total insensibility to tactile, painful and thermal stimuli was present over the right leg and right

half of the trunk (Fig. 111).



THE GROUPINCx OF AFFERENT I:MPULSES 407

Frederick C, aged 37, a coal porter, -went to bed perfectly n-ell oa the night of December 13,

1903. When he tried to get out of bed at six o'clock next morning, he fomid that he could not

use his legs. He fell to the ground and had to be helped back to bed. The same afternoon he

discovered that his left arm was useless. He was nursed at home for a fortnight, and the weakness

of the legs disappeared ; but he was still unable to use his left arm. On January 4, 1904, he was

admitted as an in-patient to the National Hospital, Queen Square, where he remained for live

and a half weeks. His condition was then as follows :

"
There was weakness of the left arm and

loss of sensation over the right leg and the right side of the trunk; the condition was one of

complete analgesia and thermo-an:3esthesia, with relative loss of sensibility to touch over this

half of the body."
i

He improved greatly whilst in the hospital, and returned to work on the Tuesday after Easter,

1904. The weakness of his left arm had disappeared to such an extent, that he was able to carry
nine tons of coal on the first day he resumed work. Soon, however, he began to notice that

Fig. 111.

To show the loss of sensation to all forms of tactile, painful and thermal stimuli in Case 1. The frontal

border was not sharply defined, but merged gradually into parts of normal sensibility.

«

sensation was lost in the right leg. Pieces of coal falling uj^on it caused him no pain, and he

was often unaware that he had been struck, imtil he saw bruises on the leg at night. Further,

he found that the leg was insensitive to pinching. Re did not trouble himself about this loss of

sensation, but on August 13, 1905, he began to have pains in his joints, and was admitted to the

London Hospital, on August 16, with an attack of acute rheumatism.

When he was 20 years old, and again at the age of 31, he had had attacks of rheumatic fever,

and, for the last twelve months, had been a little short of breath on exertion. He denied syphilis

and gonorrhoea. He married at 21 years old, had one child, aged 2 years, who is quite healthy.
His wife had previously had three miscarriages.

His work was heavy, as he had not only to drive the van, but also to load and unload the

coals. He drank about ten pints of beer daily, but no spirits, and smoked about an ounce of

shag a day.

There was no family history of nervous or rheumatic disease. He was liable to urticaria;

wheals, and factitious urticaria could be produced by pricking or scratching the skin all over the

body, both over anaesthetic and over normal parts.

The day after admission, his temperature was 102° F. [38-8° C], and he had a good deal of

pain in the left knee, the left ankle and in both shoulders. He also experienced an uncomfortable

^ For this note we are indebted to the iU L'isirar of the National Hospital, Queen Square.
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sensation in tin' ri;^'lit kiu"t>. and he ohji'itril to tlcxioii of tlu- joint, l)Ut statetl tliat tlif sensation

was not at all i)ainfiil; it irsoinltleil an itchinji and was very (lisagrecable.

Tlio teniperatuio and pain ia|iidl\ subsided nndcr tlic inlluciicc of sodinni salicylate.

The heart was somewhat eidargeil and sho\\((l tiu- sit^ns of rnitial regui-gital ion of moderate

severity. Comjiensation was well maintained.

Sinee this date, the patient has been luuler frequent observation, and in the following aceount

we shall sumnuirise his present condition.

He is a tall, spare, but very muscular and iicnverful man, intelligent and answering readily

to the various forms of stinndation. His speech is normal, and he has never suffered from fits.

Motion.—The grasp of the left hand was a little weaker than lliat of the right, but this dilfer-

ence was much increased during the attack of riuumatism, when the dynamometer readings

were :
—

Right grasp 30 kilograms. Left grasj) 7 kilograms.

He was examined on juany occasions after the rlieumatism had jiassed away, and the average
results were as follows :

—
Right grasp 30 kilograms. Left grasp 23 kilograms.

There was slight but distinct w-asting of the first dorsal interosseous muscle and of the muscles

of the thenar eminence of the left hand. AH the tnovements of the hands, forearms and arms

could be readily performed, and no wasting could be detected in the remaining muscles of either

arm. The gait was normal. He did not diag either leg, and it could not be said that one leg

was held more stifUy than the other. He could stand steadily witli both eyes closed, and even

balance on either foot with equal ease. There was no wasting or tremor in either leg. He could

approximate his great toes with his eyes closed, even when he had not previously seen the position

of his limbs.

The electrical reactions of the muscles in both arms and legs were normal.

Reflexes.-
—The knee-jerks were brisk, normal and equal, and the plantar reflex, although

difficult to obtain, seemed to give a normal response on both sides.

Sensation.—F. C. stated that the right leg always seemed to him to be hot, as if it were before

a blazing fire. When he placed the left leg upon it, or when he touched the right leg with either

hand, the right leg always seemed to be hotter than the left.

Pain.—(a) Stimulation by jiricking with the point of a pin elicited no reply over the whole

of the right leg and over the right side of the body as far as the level of the xii^histernum. The

upper border Vas a soft one and shaded gradually into jiarts of normal sensibility. The anaes-

thesia was limited exactly to the middle Ime and included the skin covering the right half of the

penis and the right side of the scrotum.

No pain was produced over the right leg by pressure which would have been unendurable

over the left leg. The right side of the body as far up as the level of the cutaneous analgesia was

also insensitive to the pain of deep i:)ressure. Xot only was the pain of deep pressure lost, but

the patient also failed entirely to recognise any increase in pressure even when 15 kilograms were

used. The algometer records are given below.

Algometer
Bight. Left.

Sole 15 (no pain) . . 5 (pain).

Shin 13 (no pain) . . 2-5 (pain).

Outer side of knee .. .. .. .. ..20 (no pain) .. 4-5 (pain).

Front of thigh 15 (no pain) . . 5 (pain).

Outer surface of the ant. sup. iliac spine . . . . 15 (no pain) . . 3-5 (pam).
Lower ribs within the limit of the analgesia .. 10 (no pain) .. 1-5 (pam).

Sterno-clavicular joint . . .. .. .. .. 3 (pain) .. 3 (pain).

Temple 2 (pain) . . 2 (pain).

Elbow 4-5 (pain) . . 4-5 (pain).
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He was insensitive to the interrupted current in all its forms over the whole of the analgesic

,
lialf of the body and over the right leg. He could appreciate neither the i)ain nor tlie vibration

I
of the current. But, as soon as the muscles were contracted so as to produce movement of a

R joint he said,
" You are doing soinetiiing to inc." This occurred every time that any considerable

movement of a muscle was induced.

(b) Thermal stimuli.—He was insensitive to stimulation by water at 50° C, or by ice, over the

whole of the right leg and right half of the body so far as the level of the xiphisternum. The

ui:)per level of the thermo-an;x?sthesia was not sharply defined, and there was an area of skin

extending upwards for about an inch and a half over which sensibility to temperature was

diminished. The thermo-aniesthesia was limited exactly by the middle line. Over this area

I

stimulation witli the intermediate degrees of temperature likewise failed to evoke any response.
'

(c) Tactile Sensibility.
—There was profomid loss of sensibility to cotton wool over the whole

I

of the right leg and right half of the body, the up2)er limit extending to nearly the same level as

that of tlic analgesia and thermo-ana'sthesia.

On testing the two legs with von Frey's hairs, it was found that No. 8 (23 grm./mm.-) was

everywhere promptly appreciated and accurately localised over the whole of the left leg. No
contact \yith any of these hairs could be aijpreciated anywhere over the right leg as far as the

upper limit of the aniesthesia to stimulation with cotton wool.

Pressure steadily applied evoked no response over the whole of the right leg and of the lower

half of tlie trunk on the right side. Over the right thigh and over the lower part of the abdomen

on the right side, however, if the instrument by which pressure was made was moved sufficiently

vnolently to displace the muscles, the patient stated that he felt a slight sensation. If the whole

of the skin and subcutaneous tissues were picked up between the finger and thumb and violently

pinched, he never on any occasion gave any response. The sensation experienced by the patient

seemed to depend on the movement of the muscles.

{(l) Tactile localisation.—Localisation of touch was perfect over the whole of the left leg,

whether the patient was asked to name the point touched with his eyes closed, or whether he was

allowed to grope for the ])oint of contact. The maximum final error was in all cases under 2 cm.

(e) Compasses.—Over the right leg it was impossible to apply this test, owing to the fact that

the patient did not respond at all when touched with the compasses, in consequence of the loss

of tactile sensibility.

Over the left leg the results were as follows :
—

Outer side of left leg

(longitudinal) I

.^ cm.

1
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Altliou^li tlu' pationt I'Diilii not a|»i)iei'iati' linn, stcaililv applii'il iJicssuir, lie (.-xijorionci'il
a

sensation if liis nuiselcs were soizctl niul moved about. If the nniscles were made to contract

by ail electric current, lie appreciated the fact that they were being moved. Moreover, lie A\as

able to co-ordinate the movements of (he nniscles of the right leg quite as well as those of the

opix>site sound limb.

((j) Jucoguilio)! of a point and sense of size.—As might have been expected from the total loss

of painful and tactile sensibility, the patient was quite unable to distinguisli the liciul from the

point of a pin, or to discriminate between discs of various sizes when a|>iili(Ml to tlic skin of the

right leg.

(/() Tuning fork:
—All sensation of vibration was lost over the riglit leg, the riglit iliac crest,

and the right half of the abdomen. The vibrations were, however, ajipreciated over the lower ribs

and the costal margin on the right-side.

Cranial nerrej<.—The jiupils were equal and reacted well to light and accommodation. No

cranial nerve was affected.

Sphincters.
—There was no abnormality in micturition or defajcation.

Spine.
—No deformit3\

Case 2.—Charles B.

Fracture of the neural arch of the third cervical vertebrafrom a fall on to the head.

Loss of sensation to pain and temperature over the left half of the body. (Fig. 112.)

Sensation to aU forms of touch undisturbed.

Sense of passive position and movement, tactile discrimination and tactile localisation perfect.

Laminectomy, June 25, 1905.

After the operation the condition of sensation was unaltered, except that all sense ofpassive position

and movement was lost in the right arm and leg.

On April 11, 1904, Charles B., a man of 59, was thrown out of a dog-cart on to his head. He

thinks he lost consciousness, but is certain that such loss was momentary only, for he remembers

hing in the road, watching all that was going on around him, completely paralysed down the

right side. He was carried to bed and was able to move his toes upon the tenth day after the

accident. Power graduall}^ returned to the right leg, and in two months the right arm was so

far recovered that he was able to write.

From the moment of the accident he has been insensitive to heat and cold over the left half

of the body. From the left hip downwards he has suffered from a burning sensation, which

seems to lie deep below the surface and is always worse after a good meal. He has also suffered

greatly from cramp in the right leg.

Condition in May, 1905.

He was a spare, well-built man, looking fully his age. His vessels were not abnormally

thickened, and the heart and lungs showed no disease.

Motion.—He walked like a man with hemiplegia, lifting the right hip, and swinging the right

foot, so that the toes cleared the ground. He could stand steadily with his eyes closed even when

his feet were placed together. As he lay on a couch, there was very little loss of power in the

right foot or right knee, when the movements were made against resistance. He could dorsiflex

the right foot at the ankle, but the movement was somewhat slower than on the opposite side.

The grasp of the right hand was decidedly weaker than that of the left ; all movements at the

right wrist and elbow could be performed, though they were less strong than on the opposite

side. He could touch his nose with the forefinger of either hand, even when the eyes were closed,

and showed no signs of ataxy. The supraspinatus, the infraspinatus and deltoid muscles were

slightly wasted ; but it must be remembered that the right shoulder joint was fixed by adhesions.

The action of the deltoid was weak, but the biceps and supinator longus contracted strongly;
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none of the small muscles of the hand were wasted. All the muscles reacted perfectly to the

interrupted current, even those that appeared to be wasted.

Reflexes.
—The right knee-jerk was greatly exaggerated. Ankle clonus was easily obtained

from the right foot, and the right toe gave a characteristic extensor response on stimulation

of the sole. The right wrist-jerk was considerably in excess of the left. The left knee-jerk was

diminished. No anlde clonus could be obtained on this side, and the plantar reflex gave a

detinite flexor response.

Sensation.—^Hc complained of a sensation of burning in the buttock down the left leg, princi-

pally on its outer side. A similar sensation troubled him in the left arm, mainly situated in the

back of the hand.

Over the left half of the body, below the line marked in Fig. 112, all forms of painful stimula-

tion and all degrees of temperature failed to produce any sensation. The border of this abnormal

area seemed to be well-defined on the arm, but to\vards the periphery of the limb faded into parts

of normal sensibility.

Fig. 112.

To show the loss of sensation to painful and thermil stimiui in Case 2.

The lightest touch with cotton wool produced a sensation in every part of the body, and to

this stimulus there was no difference between its two halves. Pressure was everywhere appre-

ciated equally.

Cutaneous localisation was excellent to both light touch and deep pressure, and no difference

could be discovered in the accuracy of localisation on the two sides of the body.

He was able to recognise the position into which his limbs had been moved passively, and his

answers were quick and accurate, even for movements of the great toes.

The vibrations of the tuning fork were appreciated everywhere.

Over the left half of the body and left leg, the strongest interrujited current produced no

pain ; but he said that a strong current gave him exactly the same sensation as that produced

by holding a hot plate.

Sphinder.s.
—Micturition and defsecation had never been affected in any way. At first, he

was impotent without the jjower of erection, but in May had regauied his power, and emission

occurred, though more slowly than usual.

Cranial nerves.—The pupils were equal and reacted normally, dilating well to shade. The

o])tic disc showed no hypersemia and the fundus was normal. The face and tongue were not

affected.

Spine.
—The spine of the second cervical vertebrae had sunk in consequence of collapse of the

third cervical, and a radiograph showed this condition distinctly.
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Oil .lime ti. liH>."), lu- was sivii l>y Sir Virtor Horslov. wlio admitlcd liiiii Id llic Nalional

Hospital, Queen Stjuaie.

On tlime 2~> the lamina' of tlie s(>coii(I, tliiril. fcuntli ami liftli cerNical \rrtfl>ia' were freely

ex|Hisetl; the thiitl neural anli was found to liave Ihhmi fractured and pushed downwards. There

was. however, no evidenee of pressure on the spinal eord. Tiie third areh was removed and the

probe was passetl hi)th upwards and downwards, witlioul tlie discovery of further fracture or

pressure on the eord. Hut. in (udcr to make certain, t he lamina' of the fourl li vcrtdira' were cut.

throuiili. The eord was seen to be i)ulsating well and there was no sign of hiemorrhage within

the meml)ranes. The wound was then closed. The patient stood the o|)eration unusually well

and showeil little evidence of siiock.

He recovered jicrfeetly from the operation and ihc wound licalcd l)v liist intention, l-'or tiic

first fortnight he was eomjiletely free from ]>ain en- almormal sensations, but, at the end of that

time, the burning in the left side returned worse than before. At tlie same time he noticed that

the right arm seemed stiff and cramped.
In October, llX)o, he was again seen by one of us. He complained that

"
his right leg felt

exactly as if it was a cork leg," and that all the nniscles on this side
"

felt tight." He believed

that he had lost power both in the right arm and leg smce the operation.

Motio)!.—He still walked with a hemiplegic gait, and there was no obvious increase in the

loss of muscular power. But all movements in the right leg and right arm had become more

difficult m consequence of definite ataxy. He could no longer touch the tip of his nose with his

right forefinger, nor bring the two forefingers together when the eyes were closed. He could

not stand on his right foot with any certainty, and on closing his eyes fell at once.

There was no further wasting beyond that noticed in May.
Sensation.—Over the left half of the body and left leg all sensation of pain, of heat, and of

cold was abolished as before (Fig. 112). Light touch and ])ressurc were jierfectly appreciated
and localised with certamty. The sense of passive position and movement was excellent, and the

compass test gave normal results ; the vibration of the tuning fork could be everywhere recognised.

Over the right leg, the right half of the body and the right arm, cutaneous })ainful stimuli

were normally appreciated. Sensations of heat and cold were perfect. Sensibihty to light

touch and pressure was equal to that on the opposite side ; but a remarkable change had occurred

in the pam produced by increasing this stimulus. All down the right side and in the right leg,

pressure with the head of a pin produced a pamful sensation. There was no tenderness when the

point was dragged gently across the skin, or when it was picked up between the fingers. But,

as soon as the head of a pin was lightly pressed anywhere over the right half of the body, he

complained of pain. Deep tenderness was certainly present.

Moreover, he was no longer conscious of the position into which his thumb, index and middle

fingers of his right hand were placed passively. He also had considerable difficulty in recognising
the position of his wrist. No passive ifiovement of the toes of the right foot could be recognised,

and his answers were frequently inaccurate after movements of the right ankle. None of the

other physical signs were in any way altered.

Shortly afterwards he left England, and we have had no further opportunity of examining
him.

Case 3.—Grace G.

Sudden loss ofpower in the right leg on February 18, 1898, whilst sleeping.

The condition of motion and sensation has shown no material change since August, 1898, ivhen

she first came under our observation.

The right leg is spastic and paretic. The right knee-jerk is much exaggerated, ankle clonus is

obtained on the right side and the plantar reflex gives an extensor response. On the left side the

reflexes are normal, no ankle clonus is present and the plantar reflex gives a flexor response.

Complete loss of sensation to pain and temperature over the left lower extremity {Fig. 113).
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Allforms of tactile sensibility are perfect.

Sense of passive position and movement and tactile discrimination {compass test) are disturbed

n the right foot.

No other abnormal .sigiis are present in tlie nervous system.

Grace G., a married woman, aged 39, lay down to sleep as usual at 2 p.m. on the afternoon

of February 18, 1898; she was then in perfect health. On rising an hour later, she was seized

with pains round the body at the level of the umbilicus. She cried out foi- liclj) and was found

on her feet, holding the edge of the bed. She did not fall, but, when helped into bed, discovered

she had lost all power in the right leg. For the first seven days she suffered with pain down the

outer side of the right leg, which remained absolutely paralysed for three weeks. At no time was

there any loss of power in the left leg. ;

From the first, she was able to recognise when the paralysed right leg was pricked, but it was

not until four weeks after the onset that she discovered, on taking a bath, she was unable to

discriminate heat from cold when applied to the left leg. The paralysed limb has remained

throughout sensitive to these stimuli.

The complete paralysis of the right leg passed away gradually within the first two months ;

the leg became stiff and has remamed in the same condition until the present time. For eight

years the sensory condition of the left leg has remained unaltered.

The date of the attack coincided with the first day of a normal menstrual period. She is

usually regular at intervals of twenty-eight days ; the menstrual flow lasts for five days and is

not usually profu.se. Occasionally, however, since her marriage, she has gone two to three weeks

over her normal time, and then the flow has been more profuse than usual. Five months after

her marriage, she had an attack of what was thought to be jjeritonitis ; she suffered much pain

and was in bed for three weeks. During this time there was a constant discharge of blood from

the vagina. This was possibly a miscarriage; but at no time has she ever been certain that she

was jiregnant.

There is no history of venereal disease and nothing pointing to the probability of infection.

She first came under the observation of one of us in August, 1898, five months after the onset

of the paralysis. During the last eight years, she has been repeatedly examined ; and although

we have amplified the scope of our observations, her condition has remained unchanged. The

observations made in 1898 are in complete accord with those of the jiresent time.

Present Condition.

She is a tall, well-built woman, of unusual intelligence, not anaemic nor wasted, and, except
for the difficulty in walking, she says she is in perfect health.

Motion.—She walks with a stick, clraggmg the right leg, which she holds stiffly. She says

she dare not let the right knee go slack, or she would fall. This leg is rigid and spastic; but

the rigidity can be overcome by the exercise of steady pressure. At night she suffers from

involuntary
"
jumping

"
of this leg. The right foot is in a position of slight pes cavus, due

apparently to the extreme extensor response to all stimulation of the sole.

It is difficult to test the amount of voluntary power in this leg on account of its spasticity.

But lioth dorsiflexion and ])lantar extension are feebly performed at the ankle-joint and flexion

of the knee and hiji is weak. Extension of the knee and hip can be more perfectly carried out,

though less strongly, than with the left leg.

There is no profound wasting of either leg, but the right calf is one inch (2-5 cm.) smaller

thai) the left at its largest circumference.

The motor power of the left leg is unaltered, and the upper extremities are entirely unaffected.

The electrical reactions, even of the right leg, are everywhere normal.

Befle.ves.
—The right knee-jerk is greatly exaggerated and ankle clonus is easily obtained.

The right great toe gives an extreme extensor resjionse when the sole of the foot is stimulated.

On the left side the knee-jerk is brisk, but there is no ankle clonus. The great toe either doeo

not respond or occasionally gives a faint flexor response.
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Sensalion.—She complains th;\( tlio riglit lop nearly always sccins to hcv to be cold; Imii tlio

left leg is never hot nor is it cold even in tlic winter. W'lun she (oiuhcs the rigiit leg it always

apjH'ars to be coKlor than the left. But. apart fmni these symptoms, she is not troubled by any

pain or other abnormal sensation.

(it) Ix^ss of Painful Scii.'^ihilHif.
—The i>rick of a pin eauscil no pain over the whole of the left

leg and thigh as high as tlie level of the iliac crest. The boundary between sensitive and

in.scnsitivo parts was clearly ilelineil, following the line marked upon Fig. 1 ll{. So sharp was this

border that it made little or no dilTerence whether the ob.scrvations were made from tlio direction

of normal to abnormal skin or vice versa.

Fig. 113.

To show the loss of sensibility to painful and thermal stimulation in Case 3.

The border between the normal jjarts and those which were completely insensitive was unusually
well defined, corresponding to the caudal border of the eleventh thoracic segment.

The algometer gave the following readings, showing that the parts insensitive to a prick were

also insensitive to the pain of pressure.

Rifjhl [)iiotor loss].

Stemo-clavicular joint . . . . 3 (pain)

Palms . . . . . . . . 4 (pain)

Lower ribs . . . . . . . . 2 (pain)

Outer aspect of ileum close to ant.

sup. si)irie . . . . . . 3-5 (pain)

Front of thigh . . . . . . 4 (pahi)

Inner aspect of knee . . . . 5 (pain )

Shin . . . . . . . . . . 2 (pam)
Sole of foot . . . . . . . . 1-6 (pam)

Left [annlge.sic and thenno-anaisthclic].

3 (pain).

4 (pain).

2-5 (pain).

10 (pain).

14 (no pam).
15 (no pain).

11 (slightly uncomfortable).

12 ^
(micomfortable).

^ She complains of an uncomfortable tickling when the algometer is pressed on to the sole

of the left foot, which greatly disturbs the readings. Sometimes this condition makes it

impossible to test the sole of the left foot.
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The loss of sensation to the painful interrupted current corresponded exactly to the area

insensitive to prick. But she comphiins tiiat wlicn the current is applied to the left leg, which

is completely analgesic, an exaggerated tickling sensation is produced. This is disagreeable

land is associated with rapid withdrawal of the leg.

(6) Ilmt and cold.—Over the whole of the area on the left leg, shown in Fig. 113, she was

entirely insensitive to all degrees of temperature. Over the right leg all temperature stimuli

were correctly appreciated.

(c) Tactile seii.sibiliti/.
—Stimulation with cotton wool produced a normal sensation, which

was in no way different in the two legs. Pressure was everywhere correctly recognised, and even

over parts where the algometer produced no pain the increasing pressure was distmctly appreci-

ated. Wlien tested with von Frey's hairs, no difference could be discovered between the two

legs, but she was somewhat insensitive to this form of stimulation over both lower extremities.

'No. 5 [21 grm./mm.-] was as frequently appreciated over the left as over the right leg; but over

both legs she not infrequently failed to recognise this stimulus.

(e) Recognition ofa point and appreciation of differences in size.—Over the whole of the analgesic

leg she was able to tell the head from the point of a pin ; in twenty stimulations to the sole of

each foot, ten of which were made with the head and ten with the point, she did not give a

single incorrect answer. Her power of recognising the relative size of objects was tested with

three metal cylinders, 2 cm., -75 cm., and -2 cm. in diameter. In spite of the most varying

combinations, her answers were always correct over both legs.

(/) Tactile localisation.—Light touches and deep pressure were localised with, remarkable

accuracy, whatever method we adopted. Sometimes she was asked to name the point touched,

at others she was allowed to pomt to the spot with a cardboard rod. At^other times, we adopted
the method of touching the skin through a hole in a piece of paper, held a short distance above

the skin, and she attempted to mark the spot touched with a soft pencil. At no time were we
able to find the least cUfference between the two legs, and, when allowed to point, her accuracy
and quickness was remarkable, although her eyes remained closed.

[g) Recognition of passive position.
—At every joint in the left lower extremity (analgesic and

thermo-anjesthetic) her answers were remarkably quick and accurate. The position into which

the right knee and ankle had been placed was also well recognised, but she was greatly at fault

with regard to the position of the great toe on the right side. A comparison of the records of

twenty stimuli in each foot, arranged graphically, shows this difference in a very striking mamier,

even the answers that were correct in the right foot were more slowly given than on the left side.

Lcjt {analgesic and thermo-amesthetic).

Flexion I I. III. II. II. II.
Great Toe

Extension I ii. II. I. III. II.

Great Toe

Ankle

Ankle

Right {sfaiitic).

Flexion
|

II. X. IIIX. III.

Extension
|

XX. 1. XI. XXIXX.

Left.

Flexion
|

I. III. I. III. II.

Extension
[

II. 111. 1. Ilil.

Right.

Flexion
|

III. I. I. III. II.

Extension I I. III. II. III. I.

{h) Compass test.—Xo difference between the two legs could be discovered imtil the foot was

reached. Even over the feet the records, as she lay in bed, were almost ecpially good on the

two sides.
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l.rfl (iiiiiilgrsic itnil Ihcrwo-anrcM/ielic). Jiiijhl (spu^tic).

Sole of foot .
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In about three weeks he began to recover moveineiit in tlie light arm. Gradually power
came back in the left leg, so that by the end of January, 1902, he could walk

; and when seen by
us in February, 1902, he said power was returning to his left arm.

It is im])ossible to make any statement with regard to the condition of sensation after the

accident, as he confuses sensory with motor paralysis. The dominant/ facts in his mind concern

the paralysis, first of lioth arms and the left leg, later of the left arm and left leg, and finally the

condition which lie rails paralysis of thc leftarm only.

When he first came under our notice in February, 1902, two months after the accident, his

condition was as follows :
—

He walked like a hemiplegic, dragging the left foot. He could not grasj) with the left hand,
and the movements of the left wrist were weak. The intrinsic muscles of the left hand were
wasted. Dorsifiexion and i)lantar extension of the left ankle were feeble, and the left leg was

spastic .

Fig. 114.

Ti) show the border at which sensation to pain, heat and cold ceased in Case 4.

The left knee-jerk w'as greatly exaggerated; ankle clonus was obtained on the left side, and
the left plantar reflex gave an extensor response. The wrist-jerk and elbow-jerk were exaggerated
on the left side. All the reflexes in the right arm and leg were normal.

The sphincters were not affected, and there was no alteration in the reaction of the pupils
to light or to shade. The left paljiebral fissure was smaller and the left ear colder than on the

right side.

The whole of the right half of the body below the Ime on Fig. 114 was msensitive to pain, heat,
and cold ; as the condition of sensation has changed little in the last five years, we shall give the

further details later.

By July, 1902, he had considerably improved, and could walk without a stick.

Motor power steadily hicreased until the end of 1902. Since that time his condition has

remained stationary. He now keeps a small sweet-shoj), and feels in perfect health excej)t for

the difficulty in walking.

During the last five years he has been exammed repeatedly, and the following account, based
on his condition during the latter half of 190(>, includes some of the observations made throughout
the inevious period.

Present Condition.

He is a short, somewhat youthful looking man of moderate intelligence. He has never been

intemperate, and does not now take any alcohol.

Except for the defects in the nervous system he shows no symptorns or signs of disease.

Motion.—He w^alks like a man with hemiplegia, sweeping the left leg outwards to enable
VOL. II. 6
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tlio li'ft foot to I'U'ur tUv gioiiinl. Al tlic saiiu" tiiiu- tlic left Icji is kept iji^idly cxti-iwU'il. lie ciiu

stand sti'iulily with tho eyes ojhmi or shut, hut lias (hlliiulty in standing; on ritlit-r U'g aloiif.

The left leg is distinctly spastic. He lan slijjclitly cxtt-nd the toes liut cainiol dorsitlcx tlio

ankle; llexion of the toes nml plantar extension of the ankle are slowly aiul feebly j)erforined

against resistance. If given time he can flex and extend the knee; hut the movement is feeble

against resistance. Movements at the hip are l)etter performed, and, though slow, are powerful.

The left leg is not wasted.

The left haml is held witli the wrist a little Hexed and the lingers doubled into the |talni.

The lingers cannot be extended unless the wrist is fully Hexed, in conse(|uence of the shortening

of the llexor muscles. He .seems to have lost the power of straightening the lingers voluntarily,

but can grasp feebly. He can extend tiie wrist well until this movement is checked by the shorten-

ing of the flexor muscles, and can pronate and siipiiiatc the forearm.

The triceps acts extremely badly, if at all; when the arm is flexed and the patient is told to

extend it he moves tlie whole arm until it is jerked into the extended position. The biceps,

deltoiil anil supinator longus contract well, and the muscles of the left shoulder arc unalTectcd.

The interrosseous spaces of the left hand are hollowed and all its small muscles are somewhat

wasted. The left forearm is 1 cm. and the left arm l-o cm. smaller in circumference than the

right.

All the muscles of the left u{)pcr cxticmity, with the exception ot the triceps, react normally
to electrical stinmlation. The triceps reacts badly, if at all, to the strongest interrupted current,

antl. on closing the constant current, contracts more easily to the anode than to the kathode.

On the right half of the body every motor function has been perfectly normal since he first

came under observation, three months after the accident.

i?e//e,r£>'.
—The left knee-jerk is greatly increased; ankle clonus is obtaineti on the left side,

and the plantar reflex gives an extensor response.

On the right side the knee-jerk is normal, no ankle clonus can be obtained and the plantar

reflex is of the flexor type.

Wrist and elbow jerks are equal on the two sides.

Sensation.—He complains of no abnormal sensation and says that if he had not been tested

he would not have known that sensation was in any way defective.

(a) Sensibiliti/ to painful stimuli.—At the line marked on Fig. 114 a profound change occurs in

his sensibility to painful cutaneous stimuli, such as a prick or the painful interrujited current.

All sensibilitj' to pain is lost as soon as this line is passed, when travelling from normal to abnormal

parts ; at the same time, when passing from the analgesic area he becomes sensitive at this line.

Throughout the five years he has been under observation this border has always been well defined,

and Fig. 114 exactly corresponds with a photograph taken in November, 1902.

He is insensitive to the pain of deep pressure over the right half of the body as high as

the lower ribs, and the following readings in kilograms were obtained by means of the j)ressure

algometer.

Sole

Internal malleolus

Shin

Inner aspect of knee

Front of thigh . .

Outer part of ant. sup. spine of ilium

Lower ribs

Palm

Shoulder . .

Clavicle . .

Mastoid . .

Temple . . . . . . . . . . . . . . 1-5 (pain) . . 1-5 (pain).
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He was able to recognise tlie gradually increasing pressure everywhere over the analgesic area,

although it caused no pain.

(b) iSensibiliti/ to thermal stirmili.—Throughout the five years, he has been entirely insensitive

to all thermal stimuli over the right leg and right half of the body below the line on Fig. 1 14.

He has been carefully tested on many occasions with temperatures of 0° C, 20° C., 30° C,
40"^ C, and 50° C, and found to be insensitive to all degrees. The patch on the inner aspect of

the right arm can be jicrfectly defined with thermal stimuli.

(c) Tactile sensibility.
—Touches with cotton wool can be appreciated everywhere ; Init over

the sole of the right foot his answers are less certain to this stimulus than over the opposite sole.

This chfference becomes measurable when he is tested with von Frey's hairs. For over the left

sole and left shui he recognised No. 8 (23 grm./mm.') with ease, whilst over similar parts on the

right lower extremity this stimulus produced no sensation. This diminished tactile sensibility

appears in the defective compass records obtamed over the right sole.

Sensibility to deep pressure was nowhere ai^preciably cUfferent on the two sides of the body.

{(1) Compass test.—The records obtained to this test were everywhere perfect and equal on the

two sides except those obtained from the right sole. Here his answers were slower and some-

what less perfect, and he recognises that this is due to a diminution of tactile sensibility. He

says he cannot
"

feel the touch so well
"
over the right foot. We believe that this is an instance

where the compass records are disturbed by defective tactile sensibility rather than by a loss of

tactile discrimination.

Over the palm his answers are equally quick and accurate at 1-5 cm. But over the soles we

obtamed the following results.

Compasses applied transverselj' :
—

2 cm.

3 cm.

Right. Left.

1
I

10 R. 1
I

9 R. 1 W.
2

I

10 W. 2
I

9 R. 1 W.

1
I

8 R. 1 W. 1 no answer.
"

1
| 10^.

2
I

9 R. 1 no answer 2
\

10 R.

(answers given slowly). (answers quick).

At 4 cm. his answers were equally good over both soles.

When the right sole is tested the accuracy of his answers can be greatly improved by practice.

Thus he may fail on four or five occasions to answer at all during a series of twenty stimuli with

one or two points separated at a distance of 3 cm. But after further testing of the sole with the

points at different distances he sometimes gives a perfect series of answers at 3 cm.

(e) Passive position and movement can be perfectly appreciated on both sides of the body,

and there is no difference in the records obtained from the great toes, ankles, knees, hips, or any
joints of the upper extremities.

(/) Tactile localisation is equally good on the two halves of the body both to naming and

'-'roping.

(g) The vibrations of a tuning fork were equally well appreciated everywhere over the two

lialves of the body.

(h) Appreciation of differences in size.—Cylindrical rods were used with diameters of 2 cm.,

0-6 cm., and 0-2 cm. The difference in size could be ap[)reciated equally well over the two halves

of the body except the soles, which could not be tested with certainty.

Cranial nerves.—Taste and smell are unaffected. There has been no limitation of the visual

field in either eye, and disc and fundus have always been normal.

The pupils arc equal and react normally to light and to shade. The left pupil dilates well

to cocaine.

The movements of the face and tongue are normal.

Sphincters.
—Micturition and defsecation have never been affected in any way.

Spine.
—Xo gross abnormality is visible in the spine, but a radiograph shows that the fourth

neural arch has been fractured.
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Case 5.- A\ai.ti:i! M.

Mill/ IS. I'.KM. htj'tllliflicii/((i on lo a lira/) a/ hn'rh.'^. 1 iiunrdidlr /o.s'n of potn r in tlir rii/lil xrni.

ami ley. Sliorlh/ (ijtennirtl.t ilcj'crlin
si nsaliun was iliscucered in the left leij.

Seen by us in 190G.

fie Hvivs- then a charocterlstic instance of Brown-Skjuard parahjsis.

h'iyhl.

Wasting of muscles of hand.

SjHisticitj/ of urist and of leg.

Knee-jerks increased.

Ankle clonus.

E.vlensor plantar reflex.

No change in sensation.

h/l.

Xo pdralysis or muscular wasting.

Rejiexes normxil.

Loss of sensibility to pain, heat and cold.

2\tctile sensibility, tactile localisation, tactile •.

discrimination, sense of passive positioji and ff

movement unaffected.

Walter M., aged 40, a earpenter and joiner, fell iifteen feet on May 18, IIHM. He was working
on a scaffold, and. in attempting to cross an opening, supported himself by a wooden rail; this

broke, and he fell on to a rough heap of bricks. He did not lose consciousness, but was carried

by his fellow workmen to St. George's Hospital, where he lay three or four weeks.

He was much bruised, especially at the
"
bottom of the spine." The right arm was weak

and. to a less extent, he had also lost power in the right leg ; but at no time was he unable to move
both the leg and the arm. He was told by the house physician that over the left leg he did not

answer correctly to the prick of a pin, and to hot and cold tests. This surprised him, for he was

not conscious of any defective sensation in this leg.

On lea^^ng the hospital, he was able to walk misteadily. Gradually his gait improved, and

he could do a little work, but his neck seemed to want support. He suffered no pain, but when

he sat up or walked for a time, he felt an uncomfortable sensation in the region of the seventh

cervical spine, which occasionally became an ache.

He has had no abnormal sensations in the left leg, but when he takes a hot bath he always
tests the water first with his right foot lest he should burn himself. When he dips the left leg into

cold water, it produces numbness and not a sensation of cold.

He thinks the strength of the right arm and leg is still improving.
He has never had trouble with micturition or deffecation. Since the accident, he has had

no connection with his wife, and, although occasionally he may have an erection, there has been

no emission. Sexual desire is evident^ slight.

He has been married for nineteen years and his wife has had no miscarriages. Xo history,

could be obtained of venereal disease. He is a life-long teetotaler and non-smoker.

Condition in October, 1906.

He was an unusually intelligent man, self-educated to a high degree. Somewhat excital)li

in mamier and speech, he was absolutely trustworthy to control tests.

Motion.—He walked well, holding the right leg a little stiffly with a slight drag of the righ

foot. He could stand equally well with his eyes open or shut. The right leg was distinctly''

spastic, and he complained that it "jumped
"

at night occasionally. Neither leg showed an_^

signs of wasting, and the measurements were equal on the two sides.

The left hand was in every way normal, but the interossei and hypothenar muscles of the righ

hand were distinctly wasted, and in them could be seen fibrillary twitchings. Xot only wer

these muscles wasted, but the fingers were rigid ; the proximal phalanges were hyper-extendec
and the two distal phalanges slightly flexed. The thenar muscles were in a similar conditio:

much wasted compared with those of the other hand, and the thumb was adducted and flexed i

consequence of the spasticity. Every movement of the right thumb could be carried out, thoug

J
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feebly. The grasp of the right hand was 2 kilograms, that of the left 25 kilograms. All the small

muscles of the right hand were less excitable to the interrupted current than those of the left;

to the constant current they contracted sluggishly, and more easily on closure to the anode than

to tlie kathode. *

All movements of the right wrist could be carried out. but were distinctly spastic. Movements

of the elbow were normal and there was no spasticity.

The muscles of the post-axial half of the right forearm were somewhat wasted ; the difference

between the two forearms at a point 20 cm. above the lower end of the radius was 1-5 cm. (right

22 cm., left 2.'{-."> cm.).

All the muscles of the riglit forearm and arm reacted well to electrical stimulation.

On quiet respiration the right half of the chest moved distinctly less than the left; this

difference became more evident when the patient breathed deeply. Similarly, the movement of

the left was greater than that of the right half of the abdomen ; when told to contract the muscles

of his abdomen, the mid-ventral line was drawn over to the left.

Fig. 115.

To show the loss of sensation to pain, heat and cold in Case 5.

Reflexes.
—On the right side, the knee-jerk was greater than that on the left, and ankle clonus

was obtamed. The right plantar reflex was invariably of the extensor type, whilst flexion was

always obtained from the left foot. The right elbow-jerk was definitely brisker than that of the

left side.

Sensation.—{a) Sensibilili/ to jxtin.
—He was entirely insensitive to the prick of a pin over

the whole of the left half of the body as high as the level of the third rib, and over a small area

on the inner aspect of the left arm
( Fig. 115). The limits of this area were well defined in front and

on the arm
; they varied little according to whether the patient was tested from analgesic ])arts

towards those of normal sensibility or vice versa. Over the scapula the border ditfered by about

2 to 3 cm. according to the method of testing employed.
When tested \\ith the painful interrupted current, the analgesia was found to agree exactly

with that mapped out by means of the prick of a pin.

But, although he was entirely insensitive to the pam produced by the current, it caused violent

movements of withdrawal. He complained that the sensation, though in no way painful, was

extremely uncomfortable.

Squeezing the right testicle between the fingers caused the usual sickening sensation ; when
the left testicle was squeezed he appreciated the pressure, but no pain or discomfort was

produced.

i\
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Tlio ])aiii of prcivsuro was not a|)ititMiii(oil as liipli as llic

sidf. Tilt' alp)tnrf(M- uavo th(" fnllowinj^ leadings :

li'Nt'l (if (lie scvciitli rill on tlic left

Solf

Kxtornal inallrohis . .

Shin . .

(hitiM- aspi'it of kiu>i>

Front of lliigli

Outer surface of anterior superior iliac spine

Lower ribs . .

Over seventh rib in axilla . .

Inner aspect of arm

Clavicle

Palm

Klbow

.Shoulder

Temple

///;//// {.spaslir).

Pain at 4

Pain at :!

Pain at 4;")

I'aiu at 5

Pain at .1

Pain at .'5

Pain at I ">

Pain at 1-5

Pain at 1 -5

Pain at 1 -5

Pain at (i

Pain at 5

Pain at 3

Pain at 2

/.(// (inidhjcsir)'.

No pain at 15.

No pain at 10.

No pain at l.'J.

No ])ain at 12.

No ])ain at lo.

No ])ain at 12.

Xo pain at It).

•Slight i)ain at 7.

Pain at 7.

Pain at 1-5.

Pain at G.

Pain at 5.

Pain at 3.

Pain at 2.

(h) Thermal ^eihsihilili/.
—Any object brought into contact with the area on Fig. 1 1 o was usually

said to be warm, even if it were a tube containing ice. This made the testing of thermal sensi-

bility extremely difficult. But, by varying the stimulus and by emi^loying as a control a test-

tube at a temperature which seemed neither hot nor cold to the normal parts, we were able to assure

ourselves that neither heat nor cold were appreciated over the affected area. If a tube containing

ice was passed slowly down the chest from the left clavicle, it w^as called
" warm "

as soon as it

entered the area on Fig. 115. Similarly, water at 25° and at 45° and the neutral test-tube seemed

to him equally
" warm."

(c) Senmbility to light touch.—Stimulation with cotton wool was quickly and accurately appre-

ciated everywhere; no difference could be discovered between the two sides of the body.

Tested with von Frey's hairs we found that No. 5 (21 grm./mm.-) could be appreciated on

both palms and both soles. No. 8 (23 grm./mm.-) produced a sensation everywhere on the

abdomen, the front of the thighs and the back of both calves.

(d) Deep touch.—He recognised deep touches and was conscious of the gradual increase of

the pressure caused by the algometer, even when it failed to produce pam.

(e) Recognition of a jMint.
—The head of a pin could be correctly discriminated from the pomt

everywhere over the analgesic area.

(/) Appreciation of difference m size.—Tested by cylindrical metal rods with diameters of

2 cm., 0-75 cm. and 0-2 cm., he was equally accurate in his answers on both halves of the body.

(g) The vibrations of a tuning fork (128) were accurately appreciated everywhere. There

was no difference between the two halves of the body.

[h) The sense ofpassive position was perfect in both great toes, both ankles, both knees, and

at all the joints of both upper limbs.

{i) The compass test.—This was difficult to apply, owing to the violent reflex movements which

were produced when the two points were brought into contact with the skin over any part of the

analgesic and thermo-anaesthetic area, particularly over the sole of the left foot. This made it

impossible to determine the threshold with any accuracy on the left side. But, when the points

were applied carefully to the left sole and those answers only recorded that were unaccompanied

by a %'iolent reflex movement, we could not assure ourselves that there was any difference between

the response from the right or the left foot.

{j) Tactile localisation was iinusuaUy accurate, and we could find no difference between the

two sides of the body.
Cranial Nerves.—The pupils reacted well to light and to shade. The movements of the eyes,

face and tongue were perfectly performed.
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spine.—A radiogra|)li of the spine showed disorganisation of the sixtli and seventh cervica

vertebrae.

Case 0.—James M.

He injured his spine by diving into shulluw water in June, 1880. He did not lose consciousness

(it once, but was delirious for six weeks.

He graduaUij recovered power, and in three years reached his present condition. He came to the

London Hospital in December, 1906, for lead colic, and was found to be a cliaracteristic instance of
Brown-Sequard parahjs is.

Right. Lrft.
'

No motor disturbance. Wasting of small muscles oflmnd.

liejlexes normal. Slight spasticity of leg.

Loss of sensation to pain, heat and cold Knee-jerk exaggerated.

(Figs. \ 16 and in).
'

Ankle clonus.

Tactile sensibility perfect. Plantar reflex, extensor.

No change in sensation.

Passive position and movement perfectly

appreciated. Compass test gave perfect results.

James I\I., aged -tl, a jjainter, came to the London Hospital m December, 1906, corajilaiiiing

of an attacli of lead colic. He was discovered to have the symptoms of Bro'^vai-Sequard paralysis,

of which he gave the following history.

In Jmie, 1886, he was in the Army und was stationed at Aden. It was the custom of those

men who could swim to bathe in the evening from Steamer Point. So large were the waves that

it was i^ossible to dive into them with safety. But one evening in June when attemi^ting this

feat, he miscalculated his distance and, diving into shallow water, struck the sand with his head.

All power went from his limbs immediately, but he did not lose consciousness even for a moment.

He was swept back by the wave, but was brought to land and stretched out upon the sand. He
suffered no pain, but seemed as if swollen to four times his usual size. They carried him to

hospital and put him to bed; then he went quietly to sleep and chd not regain consciousness for

six weeks. He was told that he was delirious all the time. When he came to himself he found

that he had several bed-sores ; he could move his hands a little but no other limb.

Slowly, power returned to the right leg and both arms. It was six months before lie could

stand and then the left leg dragged.

He was sent to Netley and remained there until June 26, 1887, able to walk but dragging

the left leg.

After his discharge from the Army he found work, and in three years had I'eached exactly the

condition in which he first came under our notice.

He is a foreman painter and is in charge of the mixmg of the paint. Once or twice a year he

has suffered flom pains in the stomach, evidently slight attacks of lead colic ; he comes to the

hospital and rapidly recovers. It was on one of these visits that his condition was discovered

by Mr. Sherrcn, who transferred liim to us.

Condition in December, 1908.

He is an intelligent man, temperate in his habits and answers well to sensory tests. He thinks

there is nothing amiss with him, but was content to lie still in bed under observation as often as

he was wanted, provided arrangements were made for his men to contmue their work.

Motion.—He could stand with his eyes open and shut, and was in no way ataxic.

When he walked, the left leg was held a little stiffly, and he said he could not run,
"
because

the left leg would catch." So long as he walked slowly, the toe cleared the ground completely.
All the movements of botli lower extremities were strong against resistance and there was no

paralysis of anj' group of muscles.
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Hr sail! that the left leg oceasionallv
"

jiiin|u>(l

'

at ni<iht ;
this never happciUMl t(i tlic right

h'g.

The small imiseles uf the left hand were tlelinitely wasted; all the interosseous spaces were

hollowed and the hypothenar iininence was nnnatnrally small. The outer grouj) of thenar

inuseles, formetl by the opponens and ahduetor, was well (le\Tloped. hut the remaining muscles

of the thund> were wasted lompared with those of the oi>posite hand. He could strongly ahduct

and opjjose the thund>. and adduction and ilexion were possil)lc ; extension was perfect.

The grasp of the left hand was 2 kilograms, compared with a dynamometer reading of 25

kilograms from the right hand. This j)rofound difTerence in the two hands was ihikIik t-d by the

difficulty with which he grasped the instrument, in con.setpicme of the want of power to flex the

metaearjHi-phalangeal joints strongly; and yet. when he made this movement apart from the

dynamometer, it was carrieil out perfectly. The loss of grasj), when he attemj)ted to exert pressure

by flexing the fingers into the palm, seemed to be due to weakness of the interossei. The fingers

could not lie held out straight without falling out of alignment, and the interossei and lunihricales

Fig. 116.

To show the loss of sensation to prick in Case 6. The line marked with an arrow pointing upwards
corresponds to the border of the cutaneous analgesia discovered by testing from insensitive to sensitive

parts. The border marked with an arrow pointing downwards shows the limits of the sensibility to

pain when he was tested from normal to in.sensitive parts.

were acting feebly, if at all. All the long flexors and extensors acted well, and there was no loss

of power in the muscles of the elbow and shoulder.

The muscles of the right upper extremity reacted w^ell to both currents. The only changes in

electrical irritability were found in the small muscles of the left hand ; the interossei and the

abductor minimus digits did not respond to the interrupted or constant currents. The outer

thenar muscles reacted briskly and normally, but the inner group contracted poorly to both forms

of electrical stimulation.

Reflexes.
—Wrist- and elbow-jerks w^ere equal on the two sides. But the left knee-jerk w'as

much exaggerated. Ankle clonus was obtained and the plantar reflex on this side gave an

extensor response.

On the right side, the knee-jerk and plantar reflex were normal and no ankle clonus could be

obtained.

Sensation.—Except for the slight colic, wliich rapidly passed aw^ay, he complauied of no

abnormal sensations of any kind. But he found that, Avhen the weather grew cold, he lost the use

of his left hand, although in warm weather he could notice little difference between the two hands.

(a) Sensibility to pain.
—To all cutaneous painful stimuli, such as the prick of a pin, sensation

was lost over the area on the right half of the body shown in Fig. 116. The frontal boundary of
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this analgesia varied according to the inetliod of testing. 11 tlu^ .stiimilus travelled from parts

that were insensitive to those of normal sensibility, the analgesia extended up to the higher of the

two lines ; but, when the testing began over normal parts, he still responded to the painful

stimulus, imtil the second of the two lines was passed. This is a characteristic feature of areas

which arc ])artly insensitive only-

Another remarkable feature of this case was the maintenance of sensation to painful cutaneous

stinuili over a patch upon the right buttock and over the whole of the penis and scrotum.

The pain of excessive pressure was greatl}^ diminfshed over the right sole and right leg below

the knee. The algometer gave the following readings :
—

Ei<jht.

Sole . . . . . . . . . . . . .". Pain at 14

Liner aspect of leg

Outer aspect of leg

Calf

Knee

Front of thigh . .

Ischial tuberosity

Iliac crest

Sterno-clavicular joint .

Pain at 8

Pain at 15

No pain at 12

No pahi at L'i

Pain at 7

Pain at 8

Pain at 4

Pain at 2

Left.

Pain at 4.

Pain at 2-5.

Pain at 7.

Pain at 8.

Pain at 5.

Pain at G.

Pain at 5.

Pain at 4.

Pain at 2.

When a strong current was applied to the right or analgesic leg, he complained that it was

uncomfortable but not painful." Then the same current was applied quickly to the left calf

iMU. 117.

To show the extent of the loss of sensibility to thermal stimuli in Case (5.

and innnediately withdrawn on account of the pam ; but this stimulation had caused
"
cramp

"

in the left calf and he sat u[) in bed, rubbing his leg. Thus it is evident that the deep muscular

pain upon which
""

cramp
"
depends nuist have been abolished in the right leg. This agrees with

the results obtained witli the algometer.

(b) Thennal sensibility.
—He was insensitive to all degrees of cold over the area shown on

Fig. 1 17. The extent of anaesthesia to all degrees of heat almost exactly corres])onded with that

for cokl.

(c) Tactile sensibilifi/ was perfectly preserved ; cotton-wool was everywhere recognised, and

No. 5 (21 grm. mm.-) of von Frey's hairs produced a sensation of equal intensity over the great
toes and over the sole and dorsum of both feet.

((/) The vibrations of a inning fork (128) were perfectly appreciated everywhere.
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(i) Jiico<j>iition oj a joint, lit' i-tmld'ti-ll tin- (lilTtTciiic Ix'twccii the lioiul luxl (lie point of a

pill evoivwhore. In fact ho is so rlovi>r al (riling tin- lu-ad from tlu' point tliat it is sonictinics

ililHc-ult to work out tlio loss of i)aiiifiil fiitaiieous sensibility by moans of a |iin.

(/) Sense of jxtssive position and movement was oveiywlicro porfeot. His answors in iosj>onse

to inovomonts of oithor foot woio unusually quick and certain. So trustworthy was he tliat

throujihout the testing of tlio groat toes, ankles, knees, elbows, wrists, thumb, index and middle

lingers, he did not make a single mistake, although twenty movonuMits woie made at each joint

(320 stimulations).

{g) The compass test.—He gave perfect answers over tlu> palms at 2 cm. and over the forearms

at -4 cm. distance. When the eom])asses were a])plied longitudinally to tiie sole of tlic foot, his

answers were perfect at 4 cm., but were almost equally faulty at 3 cm.

R,gl„.i..m.
^-^-,. , ,,

Left.? cm.
g"] nR7l W.

Thus, there was certainly no ditTerence in the sensibility of the two soles to this test.

(h) Tactile localisation was e(iually good on the two halves of the body. \V^hen asked to name
the spot touched, he did so correctly in every case, even when the touch was produced with No. 8

(23 grm,/mm.-) of von Frey's hairs.

Tested by Spearman's method, the results were as follows : Six touches were given at each

spot and the numbers represent the average deviation of his six attempts to point to the spot
stimulated :

—
Right. Left.

Leg 20.. . . 2-9.

Dorsum of foot . . . . . . . . . . . . 4-2 . . . . 6-2.

The difference between the two sides was, we believe, within the experimental error.

Cranial Nerves.—The pupils reacted well, and there was no abnormality in the function of any
cranial nerve.

Spine.
—A radiograph showed no abnormality of any kind.

Sphincters.
—He could hold his water for half an hour, but it occasionally dribbled away a little

if he attempted to hold it too long. So long as he remained constipated, he could hold his motions,

but when they became loose, he lost all control.

Sexual.—He has no desire during the winter months ; sometimes during the summer he feels

desire, but has never had an erection or emission since his accident. After leaving the Army,
he married " for the sake of a home," and has no children.

Case 7.—Cyril Wilfred F.

August 14, 1905, he dived into sJiallow water and injured his spine. Sensation was affected in

the left leg, and, after the effects of shock had passed away, his right arm remained weal:.

Seen in November, 1905, there was no definite motor paresis, but the reflexes were brisker on the

right side tJian on the left. Sensibility to pain, to cold and to heat were lost to a different extent over

the left leg and left half of the body {Figs. 118, 119, and 120). No other sensory function was

disturbed. A radiograph showed changes in the body of the sixth cervical vertebra.

In 1906, observations were made on the beJmviour of the area on the trunk insensitive to heal, but

sensitive to cold, in order to elucidate the condition known as paradox cold.

Cyril Wilfred F., aged 26, of no occupation.

On August 14, 1905, whilst diving from the top of a bathing-machine, he slipped, pitching

head first into shallow water. He believes that the top of his head struck the sand. He floated

to the top, and chd not lose consciousness, but found he was unable to move his arms or his legs.

Power returned in all his limbs within half an hour, but he remained in bed for three weeks, suffering

from a good deal of pain in the neck. For nearly three months he could not use the right arm
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and, from the beginning, noticed that sensation was affected in the left leg, particularly to heat

and cold. At first the neck was stiff, and he suffered from pain, especially on movement, at a

level of about the seventh cervical vertebra.

Condition in November, 1905.

He came under our notice in November, 1905, exactly three months after the accident. His

condition then was as follows. He was a small, well-built, muscular man, and showed no signs

of any disease, except in the nervous system.

Motion.—He walked well, and could stand perfectly with his eyes closed. There was no sign

of paralysis, or sjjasticity in the legs. The grasp of the left hand was distinctly more powerful

than that of the right, but there was no wasting or paralysis in either upper limb. He could

touch his nose perfectly with either hand, even when his eyes were closed.

Reflexes.
—The right wrist-jerk was slightly brisker than the left, and the knee-jerk was dis-

tinctly more active on the right side than on the left. Xo ankle clonus was present on either

Fig. 118.

To show the loss of sensibility to cutaneous painful stimuli in Case 7.

side. \\'hen testuig for the plantar reflex, the left great toe gave a decided flexor response, but

the right remained stationary.

Sensation, {a) Sensibility to painful stimuli.—Sensation was profoundly affected over the

left lower extremity. Over the area shown in Fig. 118, he was entirely insensitive to the painful

aspect of a pin prick; but over the sole of the foot and over the back of the leg he was certainly

sensitive to pamful cutaneous stimuli. Li the direction of the trmik, and also towards the dorsum

of the foot, the boundaries of this area of complete cutaneous analgesia shaded gradually into

parts of normal sensibility.

(6) Thermal sensibiliti/.
—-Over the area in Fig. 1 19, he was insensitive to a test-tube containing

ice water, but the borders of this area were not rigidly defined, excepting over the outer side

of the thigh. Within these parts, he was also insensitive to all temperatures which caused a

sensation of coolness over the normal leg.

Temperatures of from 30° to 70° C. produced no sensation of heat over the area in Fig. 120.

But he complained that with a stimulus of above 50° C. pain was produced over all those parts

insensitive to heat, but sensitive to cutaneous painful stinuili. Thus, it was possible to map out

the area of cutaneous analgesia with a test-tube containing water at 60° C.

(c) Tactile sensibilitij was everywhere perfect, both to light and deep touch.

(d) The vibrations of a tuning fork were everywhere accurately appreciated.

(e) The sense of passive position and move>nent was nowhere disturbed.
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(/) To tlic conifiaiis test Ins answors wore iMjually good ov(>r both halves of his body.

(g) Ciitaueou.'i local l.ttilloti was equally pood over synonymous ])aiis of the body and liinl)s.

Spitie.
—A radiograph showed I'liauges in the l)ody of tlu> sixth eervical vertel)ra.

('(tiHlilioii ill OcIoIh r. l'.M)(i.

Exeejit lliat his general health inipioxcd, his eondition remained uneiianf^ed. i'.nl. at', some
additional ol)servations of interest were made in (lie ;niiiniin nl lltot;. especialK- lliosc relating to

paradox eoKi, we shall reca|)itidate shortly his condition at thai lime.

Motion.—He walked witii such ease that he asserted he was as well as ever, 'i'he prasps of

the two hands were of equal strength.

Beflexes.
—The right wrist-jerk was perha|)s slightly mori- actixe than the left, .md the knee-

jerk was certainly brisker on the right siile than the left. No ankle clonus could be obtained,

and whilst the left plantar retlex was certainK' liexnr in tvpe. the ii<rbt was indeleiininalile.

Fig. 119. Fig. 120.

To show the loss of sensation to col<l (Fiti. 119) and to heat (Fig. 120) in Case 7.

The area on Fig. 119 enclosed by a dotted line was sensitive to cold, but not to heat. It was here

that the observations were made on the production of paradox cold by temperatures of 45° C. and above.

Se7isation. (a) Sensibility to painful stimuli.—The loss of sensation to the prick of a pin and

to the painful interrupted current corresponded exactly to that on Fig. 118.

The algometer gave the following readings, showing how closely the decrease in sensibility

to the painful aspect of excessive pressure corresponded with the cutaneous analgesia (compare

Fig. 118 with the algometer readings).
Bighi [normal).

Pain at 2-5

Pain at 1-5

Pain at 4

Pain at 1-5

Pain at 2-5

Pain at 4-5

Pain at 3

Sole . .

Shin (inner aspect) . .

Calf

Front of knee

Popliteal space

Front of thigh

Ischial tuberosity . .

External to the anterior superior spine

of the ileum :
—

(a) Above the line of cutane- 1

ous analgesia J

(6) Below the line of cutane- 1

ous analgesia J

Palm of the hand . .

Lrft {sensory loss.)

Pain at 2-5.

Pain at 10.

Pain at 5.

Pain at 10.

Pain at 5.

Pain at 11.

Pain at 4-5.

Pam at 2-5

Pain at 2

Pain at 2-5

Pain at 2-5.

Pain at 5.

Pain at 2-5.
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(/>) Thermal sensibilitij.
—Some striking experiments were made to elucidate the phenomenon

known as "paradox cokl." Tlie area insensitive to all cold stimuli was of considerably less

extent than that insensitive to heat (Fig. 1 19 and Fig. 120). Thus, tlie whole of the abdomen and

lower part of the thorax on the left side enclosed by a dotted line on Fig. 119 was sensitive to

cold, but not to heat. So long as the stimulus was 40° C. or below, it produced no sensation

over this area insensitive to heat; it was called in every instance
"
a touch." But, as soon as

temperatures of over 45° C. were employed, the patient invariably said the stimulus was
"
cold."

If the temperature was raised to 55° C, he complained of
"
cold pain."

These observations show that, in this instance, the paradox cold obtained by the application
(if heat to an area insensitive to heat was due to stimulation of cold spots. Such spots reach

normally to temperatures above about 40° with the production of a sensation of coldness.

(c to g).
—Every other sensory quality was perfect, as was the case in 1905.

Case 8.—G. G. A.

In August, 1904, irhilst in India, he began to suffer from fever : this continued till November.

January 31, 1905, he was suddenly seized with violent pain in the neck, lost power in the left

arm and left leg, and became insensitive to pain, heat and cold over the right leg and right half of
the body.

WJten first seen in April, 1905, he was a characteristic instance of Brown-Seqaard paralysis.

Bight. Left.

No motor disturbance. Slight spasticity of left leg.

Slight wasting of left hand.

Knee-jerk normal. Knee-jerk greatly exaggerated.

No ankle clonus. Ankle clonus.

Plantar reflex flexor in type. Plantar reflex extensor in type.

Loss of sensibility to cutaneous painful Sensation perfect,

stimuli {Fig. V2\) and to cold {Fig. V22).

No loss to heat.

All otherforms of sensation perfect.

G. G. A., aged 45, a medical man, was in perfect health until August, 1904. He then began
to suffer from pyrexia; his temperature never rose above 100^ F. (37° C. ), but never remained

normal for long. He was in India at the time, and the condition was su2:)iwsed to be malarial,

but quinine was entirely without effect. The pyrexia continued until the middle of November,
when he thought he was well and resumed his usual duties.

On January 31, 1905, he was suddenly seized with violent pain slightly to the left of the spine
of the seventh cervical vertebra : it radiated down the back of the shoulder and uja the neck

and was worse at night than in the day. This pain increased rapidly for two weeks and his

temperature rose again, rising and falling each day as before.

Then the pain became easier, and he was able to sit up and play the banjo. Within two

days, liis left arm became paralysed, but the pain continued to decrease in severity. The paralysis

spread to the left leg, and at the same time the whole right half of the body as high as the niijple

became insensitive to pain, heat and cold.

At no time was the motor power of his right leg diminished, and he had no tliiliculty in passing
or in holding his water.

The right half of the face did not sweat.

About the middle of March, 1905, the paralysis began to pass away from the left arm. By
the middle of April, 1905, his temperature ceased to rise above 99° F. (37-2° C), and since that

date he has steadily improved.
At the age of 18 he had an attack of venereal disease under a long foreskin; this j)roduoed

phimosis, for which he was circumcised. Otherwise he was not treated and suffered no

consequences.
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Cividltiou ill Aiiril. liUt.").

W'luMi lio was lii'st s('(Mi l>y ono (if lis ill Api-il. IDO"). hcwas.i well Imill ;ii( ixc man, in a|)|i(\iianro

vouiiiriT than his ai;o.

Thci"0 wiMr no almormal signs in tlic lii-art, hini^s or aliddincn: tlic splcrii was not enlarged

and liis urine wa.s normal.

Mi)ti()ii.—He walkeil a little stiflly. in eonseciuence of slight spaslieify of the left leg, but could

stand lirnily on either leg and diil not fall when his eyes were elosed.

The grasp of the left luind was greater than tliat of the right. All the interossei of the left

hand were a little wasted, especially the liist. and tiie lingers were a little over-extended at the

metaearpo-phalangeal. and Hexed at the interphalangeal joints. The thenar muscles showed

slight signs only of wasting. All the muscles reacted perfectly to the interrupted and constant

currents.

Jiefle-res.
—The left knee-jerk was greatly increased ( omjiared with the right, and ankle clonus

was definitely present on the left side; no clonus could be obtained from tlie right ankle. On

Fig. 121.

To show the loss of sensibility to cutaneous painful stimuli in Case 8. The dotted area represents a
band of diminished sensibility.

the left side, the plantar reflex was of the extensor type, whilst that from the right foot gave a

flexor response.

Sensation.—He complained of no abnormal sensation, vmless the right leg was touched with

a cold object; for instance, when standing on a cold floor, he noticed a luke-warm sensation in

the right foot instead of the normal coldness.

(a) Sensibility to pain.
—He was completely insensitive to all cutaneous painful stimuli over

the area in Fig. 121. The frontal border was ill-defined, merging into parts of normal sensibility,

and the boundary of the analgesia differed according to whether testing was carried out from
normal to abnormal parts or vice versa.

The right testicle and right half of the penis and scrotum were insensitive to painful
stimuli.

(6) Thermal sensibilily.
—He showed a remarkable dissociation between sensibility to heat

and to cold. All temperatures between 35° C. and 55° C. could be appreciated ev^erywhere over

the right leg, and 35° C, 45° C, and 50° C. could be discriminated.

But, over the area marked on Fig. 122 he was entirely insensitive to all temperatures which

normally produced a sensation of coldness.

(c) Tactile sensibility in all its forms was perfect, whether the stimulus was cotton wool or a

deep touch.

-' t|
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(d) Recognition of a point.
—He could tell the head from the point of a pin everywhere over

the body and Hmbs.

(e) The sense of passive position and movement was everywhere perfectly preserved.

(/) Tactile localisation was equally good over both lower extremities.

Spine.
—He had great difficulty in turning his head to the left until a few weeks before he

was first seen. Even then he could not turn it rapidly. The radiograph gave results that were

imcertain, all that could be said was, that the shadow was somewhat more blurred on the left side

than on the right in the region of the transverse iirocesses of the fifth and sixth cervical vertebra?.

Sphincters.
—He has had no trouble with micturition and deftecation.

Condition in October, 1900

He greatly improved, and was last seen in October, 190G.

Motion.—The left leg no longer gave him trouble, and was not stifi or sjiastic ; he could run

ui)stairs
" two at a time."

Fig. 122.

To show thi! loss of sensibility to cold in Ciso 8.

Reflexes.
—The reflexes were exactly in the same condition as in April 1905.

Sensation, (a) Sensibility to pain.
—The area insensitive to prick had greatly decreased,

and, although over the back and front of the right thigh and over the sole of the foot the sensa-

tion was diminished, the only absolute loss of cutaneous painful sensibility lay over the leg

between the knee and the ankle.

This was associated with a dimmution in sensibility to the pain of pressure compared with

the left leg, as shown by the following algometer readings :—

Sole . .

Shin (inner aspect)

('alf . .

Knee . .

Popliteal space
Iliac crest

Buttocks

Lower ribs

Palm . .

Right {sensory loss).

Pain at 7-6-5 . .

Pain at 4

Pain at 5-6 . .

Pain at 10-7 . .

Pain at 3—4

Pain at 7-6 . .

Pain at 3-3

Pain at 1-5

Pain at 3-3 . .

Left (motor).

Pain at 2-2-5.

Paul at 1-5-2.

Pain at 3-3-5.

Pain at 4-3.

Pain at 2-5-2-5.

Pain at 3-3.

Pain at 2-5-2.

Pam at 1-5.

Pain at 3-3.
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These' roiulillgs .-ilmu no ;il>.'<i»liitf loss ol' sciisiliili(\ Id iIk' pain nl'

i)ii-.ssiiii', l)Ul all lliusr tVoiii

the right leg are uniforiiily somewliaf liijilu r ih.in lliose from similar parts of the left leg. Two
readings are given In show thr maiini-i- in wlmli the algometei' results \ai\ ulicii sensation is

not aholisluHJ.

(l>) Thtrinitl ,syh.s'/V>(7i7»/.— Ana'stliesia to eoUl was still ini'sent over the external as|HHt of the

right leg and ilorsum of the fool, hut no longer oeeupied the sole. Over this area of loss oi

sensation, water at SC^ C. and in-low was uiiilurmly called
"'

warm."'

[c to/).
—Every other sensory function was j)erfect.

Ca.se 9.—Joseph F.

-4 gUo'Sarcotna of the central (jrei/ matter of the sjylnal cord extendedfrom Ihc tiinliilla to l/ir scrcnth.

thoracic segment. Sltuatedfor the yrealcr part In the centre of the cord, il had iiirndrd a ml dcslrni/ed^

the left half in the region from the third to the .'^erenlh cervical .segments.

It was fan nd on his admission to the hospital that motion was lost in the left arm, but il was nut

until shortlif before his death that the right arm became paralysed.

Both k)iee-jerks n-ere increased ; ankle clonus n-as obtained on Imlh sides, and both plantar reflexes

gave an ej:tensor response.

For some time after admission, the local disturbance of sensation consisted of analgesia and

thermo-anaslhesia of the left upper extremity, with abolition of the sense of jiussice position and move-

ment and of tactile discrimination. Tactile sensibility ivas preserved. Shortly before death, tactile

sensibility was also lost in this arm.

The remote disturbance of sensation consisted throughout of loss of sensibility to pain, heat and

cold over the right leg, right luilf of the body and right arm and tiaml.

The sense of passive position was greatly diminished in the left fool, but perfect on the right

side.

Joseph F., aged 44, an actor and vocalist, was admitted to the London Hospital under the care

of Dr. Dawson on July G, 1905, and died on August 10.

Li November, 1904, he first noticed slight weakness and stiffness in the left arm with a tingling

seusation in the fingers of the left hand. Shortly afterwards his neck began to grow stiff.

Until February, 190o, he was able to play the piano with both hands, but the left arm grew

steadily weaker; slight weakness appeared in the right arm just before admission.

On two occasions within the fortnight before admission he passed urine involuntarily.

He had suffered from no previous illness, excejit an attack of venereal disease, accomi:)anied

by warts, but followed by no secondary consequences. He had never taken alcohol to excess.

Condition shortly after Admission

He was an intelligent man, interested, until shortly before his death, in his condition and

the testing of his sensation. His speech was unaffected, and he never suffered from fits or head-

ache.

Motion.—The left arm lay flaccid and motionless on the bed beside him. The small muscles

of the left hand were wasted, and the left arm was nearly 1-5 cm. smaller in diameter than the

right. Xo fibrillary twitchings were visible, and the muscles of the left arm and hand reacted

perfectly both to the interrupted and to the constant current.

The small muscles of the right hand were wasted and the grasp was weak; but all move-

ments of the thumb and fingers and of the rest of the upper extremity could be made without

difficulty.

Both legs were distinctly spastic but were not paralysed ; the muscles were flabby but not

wasted.

Reflexes.
—Both knee-jerks were increased, ankle clonus w^as obtained on both sides, and

both plantar reflexes gave an extensor resj)onse.

Sensation, (a) Sensibility to pain.
—He was insensitive to all cutaneous painful stimuli, such

as the prick of a pin or the interrupted current, over the whole of thfe right leg, right half of the



THE GROUPING OF AFFERENT IMPULSES 433

body and right arm (Fig. 123). On the opposite side, the analgesia occupied the left arm and left

half of the neck.

Excessive pressure produced no pain over either palm, but the amoimt of the pressure applied

was not measured with the algometer.

(6) Thermal sensibility.
—

Sensibility to heat and cold was abolished over the area shown in

black on Fig. 124. Over the right side of the neck it was greatly diminished, more so to heat

than to cold.

(c) Tactile sensibHity was unimpaired at this time; even cotton wool was appreciated over the

left arm and hand.

{d) Sense of passive position and movement.—He was unable to recognise the position of any

part of the left upper extremity, and was ignorant of even the grossest movements ; but in the

right hand and arm the sense of passive movement and position was perfect.

His power of recognising movements of the left great toe was defective, but from the ankle

and knee his answers were correct. On the right side he was maiformly accurate in his aj)preciation

of movements of the great toe, ankle and knee.

Fig. 123.

To show the loss of sensation to cutaneous

painful stimuli in Case 9.

Fig. 124.

To show the loss of sensation to heat and cold in

Case y.

(e) Compass test.—Tactile discrimination was perfect in the right hand, and he made two

mistakes only when the compass-points were separated to a cUstance of 1 cm. But over the

left hand the two points w'ere called one even when 5 cm. apart.

Left.

1
I
10 R.

Palm (applied transversely) 5 cm.
2 110 W.

cm.

1 cm.

1

Right.

10 R.

2

1
1
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Tlio extoiit of tho insensibility to pain, licat ami roM ri'iiiaincd as before.

Griidually eonijileto incontinence of urine and fioces came on and swallowing became dilliciill.

By August 9 the riglit ain> was corniilctfly |iaralyse(l, ami on tin- 101 h lie died suddenly.

Post-mortem Examination.

An autoi).><y was made on August. 11. Rigor mortis was jnesent. No abnoi nialil irs were foiuul

in tlie lungs, heart, liver, kidneys, or spleen.

The brain and spinal cord were removed together b}' sawing through the occipital bone.

The spine was found to be entirely unaiTected. Hut it was at once obvious that the spinal cord

was greatly enlarged in the cervical region, ami this increase in size extended up to tho bulb.

During the manipulations a considerable quantity of clear fluid escaped.

No changes were found in the cei'ebruui or ceiebelluni.

On microscopical examination a growth was found extending from the region of the olive to the

eighth thoracic segment, situated in the grey matter around the central canal. IJut, even at

levels as low as the third lumbar, the tissue around the central canal was abnormally extensive.

Throughout the cord, the growth lay in the grey matter forming at the first and second cervical

level a well-deflned round tumour in the centre of the spinal cord. But, at the third cervical

level, it had invaded and destroyed the whole of the left half of the spinal cord ; the right half

was much compressed. This destruction, more particularly of tlie left half of the cord, extended

to the level of the seventh cervical. Below this, the tumour again assumed a more central position

and could be clearly seen to the seventh thoracic level. Below this, some increase in the tissue

around the central canal alone marked the position occu])ied by the tiuiiour in higher segments.

When stained by the ^^'eigert-Pal method the whole of the crescentric portion representing the

displaced right half of the spinal cord took the stain well, and showed large numbers of

apparently normal fibres. In the dorsal region this stain showed profoimd degeneration of the

pyramidal tract in the left half of the cord; in the right half this tract took the blue stain well.

The growth consisted of cells with a large deeply-staining nucleus and a small amount of

protoplasm. Heidenhain's iron-luematoxylin method showed that many of these cells possessed

processes which interlaced. It was probably a glio-sarcoma starting in the tissue around the

central canal. Haemorrhage had taken place at several points within the growth.

Case 10.—James Y.

J2ili/, 1906, lie began to lose poicer in his legs, first in the left and then in his right ; at the same

time he ceased to he able to pass his tvater, and developed retention of urine tvith overflow.

Admitted to hospital with a high temperature and signs of bronchitis in both lungs.

He improved, and between August 10 and 15 complete examination was possible.

Absolute paralysis of motion was present beloiv the umbilicus.

There was much loss of sensation to painful aiid thermal stimuli over both lower extremities

(Fig. 125).

Sensibility to light touch was perfect except over the left foot.

He had lost all appreciation ofpassive position and movement in the lower limbs, and was unable

to discriminate two points separated to more than twice the normal distance.

Yet he could name the spot touched accurately, although ignorant of the position of his legs.

0)1 post-mortem examination, a metastatic growth secondary to a hypernephroma of the right kidney

was found in the left half of the spinal cord. This had caused hcemorrhage, ivhich extended widely

in the left half of the cord from the seventh thoracic to the second lumbar segment.

Profound acute degeneration wasfound in both jyosterior columns, in both lateral bundles of Gowers

and in both direct cerebellar tracts.

James Y., aged 61, was admitted to the London Hospital on July 23, 1906 (Dr. Schorstein).

For about a month he had complained of pains in the back, chiefly in the lower dorsal and

upper lumbar region. Three weeks before admission he began to lose power, first in the left

\
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and then in the right leg. At the same time he noticed that he was unable to pass water, and

yet as he stood it would run from him. Occasionally, during the three weeks before admission,

lie had lost control over his motions.

He was a file-cutter, but had never suffered from any form of lead poisoning. Xo history of

venereal disease could be obtained ; he had been married for thirty-four years and had five healthy

children. He denied all excess of alcohol, and had the appearance of a man of temperate habits.

Condition on Admission.

When first admitted in July, 1900, his temperature ranged between 100-2° F. and 102-4 F.

(37-8° C. and 39° C). He lay propped up in bed with flushed cheeks, breathing rapidly; the-

pulsc was 120 in the minute and regular. Both lungs were emphysematous and rales were widely

heard, but at first no signs of consolidation were discovered. The heart sounds were in no way

abnormal. The bladder was distended almost to the umbilicus, and the urine drawn off by

catheter was faintly acid and contained some mucus and urates. Over the sacrum was a large,

bed-sore.

Fig. 125.

To show the loss of sensation to cutaneous painful stimuli in Cue 10.

Progress.
—During the first fortnight his urine was drawn off regularly, and he rapidly improved

under treatment. The temperature gradually fell, so that from August 10 to August 15 it did

not rise above 99° F. (37-2° C). During this period he was so much better that careful observa-

tions could be made upon the condition of sensation; he became cheerful, interested in the

testing of sensation, and remarkably trustworthy in his answers, if precautions were taken that

he should not become exhausted.

But on August 1.5, the temperature began to rise and on the 10th he had a rigor. Further

rigors followed on the 18th; definite signs of pneumonia appeared in the right lung, and he died

on August 20.

Observations on the Condition of the Nervous System made between August 10 ami August 15.

The patient was intelligent and answered well to the control tests applied. At the time,

the following observations were made, his temperature was normal. He was bright and cheerful

with the hope that he was on the way to recovery.

Sensation.—He complained of no pain or abnormal sensations in the lower extremities, which

were alone the seat of gross sensory defects.

(a) Pain.—The prick of a pin was not appreciated over the area shown in Fig. 125. Below

the knees, the loss of sensation was absolute, merging gradually above into parts of normal
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sensibility. Ovor tlu* front i)f hotli lliiglis lio cduUI apitrociato tlic pain juiidiut'd by a jxick,

but sensation appeared to be iliniinished ; above tlie level of the groin it was entirely

unaiTeetiHl.

This distribution exactly agreed witli the analgesia to tiic painful interrupted current. Over

both lower oxtreniities below the level of the groin, sensation was somewhat diniinishcd, Iml

the only t'oinplctf loss of sensation to this stimulus corresponded to the i)arts nuuke<l on

Fig. liV).

The algometer showed that pain was produced wlun pressure reached the following amount,
measured in kilograms.

Jiiijlit.

Sole of foot 10 (dull i)a.in) . .

External malleolus . . . . 7

Inner aspect of tibia . . 5

Inner aspect of knee . . . . G

External to the anterior superior | p

spine of the ileum J

Head of metacarpal bone of thumb 5 (sharp pain). .

Left.

10 (dull pain).

7

5

6

G

5 (sharp pain).

(b) Ileal and cold.—-The parts insensitive to a temperature of 50° to 55° C. corresponded to the

blackened portions of Fig. 125; but the w'holc of the right thigh was also insensitive to water at

40° C.

The loss of sensation to temiJeratures between 0° and 25° C. corresponded on the left lower

extremity witli the anaesthesia to heat. On the right leg, the loss of sensation extended up to

the groin; over the right thigh, stimulation with ice-cold water was invariably said to be
"
hot."

'Thus a series of tests with silver tubes, containing water at different temperatures, gave the

following results : ice was called
'"

hot," a temperature neutral to the normal skin was called
"
a touch," 55° C. appeared to be hot, 40° C. was said to be

"
a touch." At the time these tests

were made, the temperature of the room was 24° C.

Here we tind an instance of the rule that, when one of the two qualities of thermal sensibility

is abolished, extreme degrees will be called by the name of the range of temperature which can

be appreciated. Sensibility to cold (0° to 25° C.) was abolished over the right thigh, although

50° C. could be appreciated; the application of ice-cold w^ater to this thigh invariably evoked

the statement that the stimulus was hot.

(c) Light touch.—-When first examined there seemed to be no part of either lower limb where

he could not appreciate a light touch with cotton wool. But, on August 1.3, he was somewhat

insensitive to this stimulus over the left foot below the level of the ankle ; elsewhere, however,

even on this date he showed no trace of diminished sensibility to cotton wool.

(d) Deep touch and pressure were everywhere appreciated, and he never failed to answer

correctly throughout the whole period he was under examination.

(e) Passive position and movement.—He was entirely unable to recognise the position into

which his lower limbs had been jjlaced passively, and was unconscious that they had been moved.

Extensive movements could be made at the ankles, knees and hips without his knowledge. If

his eyes were closed, the legs could be moved from the extended position in any direction and

the knees flexed through 40°, and he still imagined they lay stretched out before him on the bed.

When he was allowed to open his eyes, his expression of surprise amply testified to the greatness

of his error.

He was equally miable to recognise movements of the feet or legs produced by electrical

stimulation of the muscles of the lower limb.

The appreciation of passive position and movement was not disturbed in any part of the body,

except from the hips downwards.

(/) Compass test.—Over the palm of the left hand, which we used as a control, he gave perfect

answers when the compass points were separated by 1*5 cm. and applied longitudinally. But,

i



THE GROUPING OF AFFERENT IMPULSES 437

over the outer aspect of the left leg, he failed entirely at 15 cm., and over the front of the left

thigh when they were 20 cm. apart.

„^ . .w, 1 1- 1
I

XX. ID. DXD. IXO.
Outer aspect of left leg. lo cm.

.^-j-j ^r jTv TTd T
I

I
2 Riijht. 3 Doubtful. 4 Wronsr, and once no answer,

or ' ' • —
2

I

7 Jii^ht. 1 Doubtful. 2 Wrong.

Front of left thigh. 20 cm.

or

2
I

1. 11. 1. XD. DXXD.
1

I

2 Right. 2 Doubtful. 4 Wrong, and once no answer.

2T 4 Right. 3 Doubtful. 3 Wrong.
'

\

{g) Cutaneous localisation.—On several occasions we satisfied ourselves that he was able to

name the spot touched with accuracy; but one sitting was devoted to the following experiments.

(1) He was allowed to see the position of his limbs before they were touched. Then his eyes
were closed and he" was touched at similar spots on the two lower limbs, on the sole, the instep,

the dorsum of the foot and just below the knee. In every case he named correctly the part
touched.

(2) His eyes remained closed and his legs were moved so that he was unable to say in what

position they lay. Then he was touched on the sole, the dorsum of the foot, the calf and just

below the knee, first on the one limb and then on the other. In every instance his answers were

correct. In fact, no difference could be discovered in the ease with which he named the spot

touched when he knew how his legs were lying, and when he was totally ignorant of the position

into which they had been placed.

He was never mistaken in naming the side to which the limb belonged that had been

touched.

(3) His eyes were closed and the limbs were moved so that the left leg was flexed at the knee

and hijj, the right leg extended and abducted. Various points on the legs were touched and he

was asked to indicate the spot with a light cardboard rod. The rod struck the bed idly ; for so

great was the error he was unable even to touch the legs, and yet he continued throughout to

name correctly the spot touched.

(/i) Recognition of the point.
—He was able to distinguish the head from the point of a pin all

over both lower limbs, even over parts which were entirely insensitive to all painful stimuli.

Motion.—Below the level of the umbilicus he was comi^letely paralysed, and could make no

movements of the hips, knees, ankles or toes. The legs lay flaccid, neither wasted nor spastic,

all the muscles reacting normally to the interrupted and constant current.

Every other movement was perfectly performed and there was no wasting of the hands or

arms.

Reflexes.
—The knee-jerks were abolished, but ankle clonus was obtained on both sides.

Wrist and elbow-jerks were in every way normal.

The yjlantar reflexes gave an uncertain response.

Cranial nerves.—The pupils were equal and reacted to light and accommodation. Ocular

movements were perfect. There was no affection of the face and tongue.
No changes were found on ophthalmoscopic examination.

Sphincters.—^On admission to the hospital, his bladder was greatly distended and he never

regained the power of passing his water. It was drawn off twice daily by catheter.

The bowels were obstinately confined, but when opened by enemata he was unable to retaiix

his motions.

Post-mortem Examination {August 21).

The bod\- had been preserved in the cool chamber at a tem])crature just above freezing point.

Rigor mortis was i:)resent. Over the sacrum and buttocks was a large bed-sore which was present
on the patient's admission to the hospital.

The right lung was almost solid from septic broncho-pneumonia, and within it, at the extreme
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brtsc, was fi)Uiul ii small abscess-cavity of about the size of a waliiul. 'I'liis luiif^ was adhcieiit to

the ehost-wall except at the bivse; here there was a small collection of jiiis.

The left lung was widely adherent and contained ])atches of sej)tic hrom lio imcuinonia.

The larynx and trachea were healthy.

No abnormality was found in the pcrit'ardium or hi-art, l>ut the aorta was somewhat

atlieromatous.

No lluid was found in ttic abdominal cavity. The spleen was much enlarged and weighed

14.V ozs. (411 grms.); its substance was softened. No abnormal changes were found in llic liver,

which was not enlarged.

On removing the right kidney a large encapsulcd growth was seen adherent to and distorting

its upi>er surface. Tliis growth was about the size of a w^alnut, soft and of a light yellow colour.

On its inner aspect was seen the suprarenal capsule. Jn tlic lower part of the same kidney was

a secondary growth, enclosed in a capsule, and of the same yellow colour.

On microscopical examination, the tumour was found to be a hypernephroma formed of

columnar cells arranged in columns. Extensive haemorrhage separated these columns of cells.

Many of the cells contained brown granular material, apparently altered blood pigment.
The left kidnej' showed no gross abnormality.
No changes in the brain could be seen with the naked eye; it contamcd no secondary

growths.
Condition of the spinal cord.—The cord was removed and hardened in 5 per cent, formalin.

No growth or other abnormal changes were present in the membranes and no gross disease could

be discovered before the cord was incised. But, as soon as it was cut across at the level of entry

of each pair of roots, profound changes were at once visible, consisting firstly of htemorrliage

aromul a growth, and secondly- of obvious degeneration in the posterior columns, which were

whiter than the rest of the cord.

Distribution of the focal le-sion.—The first sign of a focal lesion was found at the level of the

seventh thoracic; here the base of the left posterior horn was occupied by an extravasation

of blood. On both sides, the vessels of the posterior and lateral columns in the neighbourhood of

this haemorrhage were dilated and unduly visible.

At the level of the eighth thoracic, this haemorrhage had spread so that it occupied the apex
of the triangle formed by the left posterior column, but did not encroach on the lateral

column.

At the ninth thoracic level, the haemorrhage was rather more extensiv^e, and for the first time

dark granules could be seen amongst the extravasated blood.

At the level of the tenth thoracic, the lesion had reached such proportions that the whole of

the left posterior horn and the greater part of the lateral column was destroyed. The external

portions of the lateral column stained well by the Weigert-Pal method, but the whole of the

blunt angle between the anterior and posterior horns was filled up with extravasated blood,

which had also completely destroyed the central portion of the posterior horn. The posterior

column was pressed upon and displaced, but took the Weigert stain well. Within the hoemorrhagic

area were two foci, which consisted of small cells containing pigment. In sections stained by
Van Gieson's method, the disease was seen to have invaded the whole of the grey matter on the

posterior and left lateral aspects of the central canal.

At the level of the twelfth thoracic, the haemorrhage had assumed the form of an oval ring,

•which entirely separated the base of the posterior horn and a portion of the left posterior column .

from the remainder of the spinal cord. Within this ring of extravasated blood lay fibres which

stained blue with the Weigert-Pal stain.

At the level of the first lumbar, the haemorrhage occupied about the same extent, but within

its limits the tissue was more i^rofoundly disintegrated.

At the level of the second lumbar, the haemorrhage had destroyed the whole of the left posterior

horn and a portion of the left posterior column. No definite signs of growth could be seen at

this level.
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From this point downwards, the cord showed no signs of a focal lesion.

Distribution of tJie systemic degeneration.
—At the level of the seventh thoracic staining by

Busch's modification of Marchi's osmic acid method showed degeneration in the whole extent

of the posterior columns on both sides. At this level, the extreme upper end of the focal

lesion could be seen as a haemorrhage in the left posterior horn. But in spite of the appar-

ently miilatcral position of the focal lesion, both posterior columns were profoimdly and equally

degenerated.

At the level of the fourth thoracic, the root-zones and greater part of the postero-external

columns were seen to be free from degeneration, which occupied mainly the postero-internal

columns on both sides; but the cornu-commissural tracts were degenerated.
At the level of the first thoracic, the degeneration did not extend into the postero-external

columns, but, with this exception, occupied the whole of the posterior columns. The cornu

commissural tracts were slightly degenerated only.

At the level of the fourth cervical, the degeneration occupied the postero-intemal columns

only, and mainly their dorsal portions ; the degeneration in the more ventral portions was much
less than in the lower segments. The cornu-commissural tract was not degenerated.

Above the level of the seventh thoracic, both lateral bundles of Gowers and the direct

cerebellar tract of both sides showed profound degeneration, slightly greater in the left

than in the right half of the cord. This degeneration extended throughout the cervical

region.

There was definite degeneration in the region of the spino-thalamicus of both sides, greater

on the side (right) opposed to the main focal lesion.

Some degenerated fibres were also seen on the ventral surface of the cord, especially in that

part traversed by the anterior roots.

Summary of Post-mortem Appearances.

The right lung was solid with septic broncho-pneumonia and a small abscess was found at

its extreme base.

The right kichiey was the seat of a malignant growth (hyiierneiihroma), characterised by
colunuiar cells and the presence of pigment due to extravasated blood.

Secondary growths were found in the kidney and in the spinal cord.

That in the spinal cord had caused haemorrhage which had extended beyond the limits of the

metastatic growth. This focal lesion extended from the seventh thoracic to the second lumbar

segment, occupying mainly the left posterior horn and the adjacent parts of the posterior and

lateral columns. At the level of the tenth thoracic, it reached its maximum extent, destroying

the whole of the left posterior horn and a greater portion of the left lateral column.

Acute ascending degeneration was found in both posterior columns.

Both lateral bundles of Gowers, the direct cerebellar tract and apparently the spino-

thalamicus, also showed signs of acute degeneration.

Case 11.—Chables H.

A case of unilateral syringomyelia, tvhich has been iinder observation from December, 1903.

Motion remains unaffected and he shows no ivasting of any group of muscles.

The reflexes are still normal. He suffersfrom arthropathy of the right shoulder, ivhich at one time

gave rise to intense deep tenderness over a part of the analgesic limb.

Sensation to pain, heat and cold teas at first lost over the whole of the right upper extremity and

the upper part of the chest on the right side. This loss of sensation gradually spread on to the face

and scalp. It has always been more extensive to heat and cold than to pain.

Tactile sensibility, the sense ofpiassive position, tactile discrimination and tactile localisation liave

never been in any way affected.
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I'liarli's H.. aged 30, tirst i-aiuc uihIit the cure of l^r. Jleutl at tlie LoikKjii Hospital ou

Dcocmber 7. 11H13.

Kiglit years piTviously lie was driving an omnibus; wisliiiis,' to descend fiom tlic Ixtx, lie

missed the strap and fell, striking his right shoulder violently, lie experienced "a feeling of

numbness " and eaine to the London Hospital, but no serious iiijuiy was discovered. Al the

end of a week he returned to work.

Some considerable time afterwards, he noticed tii.it iiis sliouidcr joint "clicked" \Vhcn ho

move<l his arm. although it was entirely painless.

But. about six months before his admission in 1!HI.'}. he began to sulTer pain whenever his

shoulder
"
clicked." The pain was situated not only in the shoulder, but also around the right

ear.

Shortly before admi-ssion, the right arm and shoulder began to swell and "became set";

when he i)laeed his hand into his jjocket, he could not remove it again.

He had had no other illness, and denied all venereal disease. He had been married nine years

and had two healthy children.

He has been under observation from December, 190."J, until the present time, and we have

reiieatedly examined liim together, and separately. We shall, therefore, give a summary of his

condition, noting under each separate heading any change that may have occurred in the condition

of the part, or fmiction, of which we are treating.

Physical Condition.

He is a splendidly built man with well-developed muscles. His heart and lungs are soimd

and he has shown no signs of visceral ilisease.

Throughout, he has been intelligent and miusually trustworthy to control tests. His answers

over normal parts have ahvays been quick and accurate.

Motion.—Throughout the last three years, motor power has never been affected, except from

the pain produced by moving the right arm. The grasjjs have remained equal and powerful,

and no muscles have showni signs of wasting.

He walks well and can stand perfectly with his eyes closed. The legs are neither .spastic,

paretic, nor wasted.

Reflexes.
—The knee-jerks and wrist-jerks have remained norma), and both plantar reflexes

have given a flexor response throughout. Xo ankle clonus was ever obtained.

Condition of the right shoulder joint.
—When he was admitted to the hospital in 1903, the

right shoulder joint was much swollen and evidently contained fluid. A ratUograph showed

that the head of the humerus had been eroded, so that its surface was concave instead of convex ;

there was also some excessive formation of bone around the trochanters and articular surface

of the scapula. The fluid threw a dark hazy shadow romid the joint. On February 8, 1904,

a small quantit}' of fluid was removed from the joint; it was of a j)inkisli yellow colour and

sterile on cultivation.

A considerable part of the swelling seemed to be due to muscular contraction, which varied

from time to time.

At first, the joint was excessively painful, especially when the arm was moved. But gradually
the pain subsided, and in September, 1906, movements produced no pain, although the joint

was still swollen and measured 7 cm. more in circumference than the left shoulder.

Sensation, (a) Symptomatic changes in sensation.—He has complained throughout of no

abnormal sensation, except of pain in connection with the right shoulder joint. This was

aggravated by movement and relieved by keeping the arm at rest; although i^articularly

severe during the hot summer of 1906, it had entirely disappeared by September of the same

year.

(6) Sensibility to pain.
—

(1) Analgesia.
—When first seen, he was insensitive to the pain of a

prick over the whole of the right upper limb, almost as high as the acromion. The cutaneous

analgesia extended over the scapula behind, and over the third rib and third interspace in front.
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This area has gradually increased under observation, and the extent of the cutaneous

analgesia at the end of 190G is represented on Fig. 126.

Throughout, the extent of the insensibility to the painful interrupted current has corresponded

exactly with that to the pain of a prick.

To show the loss of sensibility to pain in Case 11.

The area marked in black con-esponds to the cutaneous analgesia. At various points are placed
numbers corresponding to the pressure which caused pain. Thus 5-5 means that pain was caused by
an algometer pressure of 5-5 kilograms. But such a number as 20 = means that no pain could be

caused even by a pressure of 20 kilograms.

In 1906, his sensibility to the pain of pressure was measured with the algometer, and the

following readings were obtained :
—

Thenar eminence . .

Centre of palm
Ulnar palm over fifth metacarpal
Dorsum of hand :

—
Over second metacarpal
Over third metacarpal . .

Over fifth metacarpal

Anterior aspect of wrist . .

Forearm :
—

Flexor aspect

Extensor aspect

Arm :
—

Outer aspect

Iiuier aspect

Shoulder joint

Acromion . .

Sterno-clavicular joint

Mastoid ...

Temple
Iliac crest . .

Sole

Right.

Pain at 5-5 . .

Pain at 9

Pain at 5

Slight pain at 10

Just pauiful at 1 1

Pain at 8

Pain at 9

No pain at 20

No pain at 20

No pain at 15

No pain at 15

Deep hyperalgesia {v

Pain at 4

Pain at 2-5

Pain at 1-5

Pain at 1-5

Pain at 2

Pain at 2

de p. 442)

Left.

Pain at 4.

Pain at 4.

Pain at 4-5.

Pain at 3.

Pain at 2.

Pain at 3.

Pain at 2-5.

Pain at 5.

Pain at 5.

Pain at 3.

Pain at 3-5.

Pain at 2.

Pain at 2-5.

Pain at 1-5.

Pain at 1-5.

Pain at 1-5.

Pain at 2.

Pain at 2.
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The results of these observations have bei-ii transfencd (d V\<i. \'2Vk TIh" aiva iiiaiked in

black is that which was insensitive to all cufaneoiis ]i,iiiiliil sdniuli. ami llic minil)crs represent

the pressure in kilograms which caused jiain. it will lu- seen tliat over both llic extensor and

flexor aspect of the forearms and over the arm. pressure even uj) to 15 kiloj^rams produced no

pain. But no part of the hand was insensitive to this stinuilus, although greater pressure was

required to cause pain than over the normal hand.

(2) Deep Jii/perahjcsia.
—When first admitted in 1!)03, he sulTcred intcn.sely from pain in ami

around the right shoulder joint. But, in addition to this pain, he was found to be tender to

deep touch over an area which occupied, on the outer aspect of the arm, the whole of the region

of the deltoid to a point somewhat distal to the insertion of that nniscle. When touched with

the head of a pin, or when the skin was pinched between the finger and thunil), this area was

exquisitelj'^ tender, and by means of either of these manipula-

tions, its limits could be niap})cd out with considerable

accuracy.

There was no tenderness to light touches, but pain was

produced if the skin was tapped with cotton wool rolled into

a hard wisp.

Yet the whole of this area, as far as it lay over the arm,

was absolutely insensitive to the pain of a prick and to the

painful interrupted current.

These observations were made and repeatedly confirmed

during the first four months of 1904. Throughout the whole

of this i^eriod the shoulder joint was unusually painful.

A year later, in March, 1905, the joint was less painful

arid the area of tenderness less extensive. It then lay

entirely within the limits of the cutaneous analgesia. If

he was pricked within the limits of this tenderness, he

complained of an
"
acute sharp pain

"
which persisted for

about a minute after the stimulus had ceased. But, when

the skin over the same parts was gently lifted between the

finger and thumb, the prick of a pin over the lifted skm was

said to be a touch only ; as soon as it was released, the prick

was again said to cause pain. Any pressure over this area

caused an
"
aching feeling."

In September, 1906, the joint was still swollen but no longer

painful. All widesjiread hyperalgesia had disappeared. But,

when tested with the algometer, he complained that any pressure produced pam.
"
Something

seemed to shift in the joint which immediately caused pam"; yet the pressure was below

1 kilogram, and could not be registered on the instrument.

Here we were face to face with a true deep hyperalgesia, co-existing beneath an area of

complete cutaneous analgesia. The lightest pressure stimuli caused pain and the extent of the

hyperalgesia could be marked out on the skm. Yet the superficial layers of the skin were

analgesic to the prick of a pin when raised from the subcutaneous structures.

As the cutaneous analgesia gradually advanced up the neck, the joint became less painful and

the area of excessive tenderness disappeared.

(c) Thermal sensibility.
—When he was first seen, the loss of sensibility to cold had not

invaded the scalp, but occupied the right half of the neck only. Gradually, it assumed the form

shown on Fig. 128.

The extent of the loss to heat usually corresponded closely to that of the loss to cold. But

at times the two forms of sensibility were dissociated, as seen on Fig. 129, where the anissthesia to

heat exceeded that to cold. Over this dissociated area, he was carefully tested with temperatures

of 25° C, 27° C, 35° C, and 40° C. ; all were said to produce a sensation of touch only. None

Fig. 127.

To show the relation of the

deep hyperalgesia to the cutane-

ous analgesia iu Case 11. The
area of cutaneous analgesia is

coloured grej- and enclosed bj' a
broken fine ; the area hyperalgesic
even to the lightest pressure is

enclosed by a heavy black line.
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of these borders were at this time absolutely fixed, and the figures are given to illustrate the

complete dissociation between the sensibility to heat and to cold, occurring over a part so

sensitive to these stimuli as the forehead.

(d) Tactile sensihility.
—

Liglit touches were everywhere appreciated and there was no differ-

ence between the two ujjpcr limbs on careful testing with von Frey's hairs.

Fig. 128.

To show the loss of sensation to heat and cold in Case 11. The extent of the loss to heat on the face

was occasionally somewhat greater than that of the loss to cold {vide Fig. 129).

(e) Recognition of a poiyit.
—He could distinguish the head from the point of the pin every-

where over the analgesic area of the right upper limb.

(/) Appreciatio7i of the difference in size was tested by means of metal rods with diameters

of 2 cm., 0-5 cm., and 0-2 cm. His answers were equally accurate over both upper limbs.

(g) The vibrations ofa tuning fork (128) were appreciated everywhere equally on the two upper

Fig. 129.

The extent of the loss to licit in Case 11 usually coiTesponded closely to that of the loss to cold.

But at times the area insensible to heat exceeded in extent that insensitive to cold, as shown in

this Fig.

hmbs. He was extremclj* quick in answermg to a careful series of control experiments, which

consisted of suddenly and unexpectedly damping the vibrations.

The legs were in every way normal.

(h) The sense ofpassive position and movement was everywhere preserved, even for movements

of the grossly disorganised skMjMer jomt.

(t) The compass test.—^ThroiUlout, we have been unable to discover any difference in the

compass records obtained from the two uj^per limbs. His threshold (transverse) for the palms
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lie^i iK'twooii 1 iin. ami '2 rm. ; a( 2 rin. Iu> lias always aiisworiHl corrottly, and occasionally ho

has piviMi a iiorfoct sorios of answers at l.") cm. over both jialins; but at 1 cm. ho has uniformly
failed to a varying doprco.

(j) Tactile locali/^lion was equally good over both arms ami bulli legs.

Cranial uenes.—The jnipils were equal, and reacted well to light and accommodation. The

movements of the face, tongue, palate ami vocal cords were perfectly performed.

Sphincters.
—He had no trouble with the sphincters at any time.

Spine.
—A\n»en first scon, his s|)inc was straight ; but by April, l!t().">, a slight degree of scoliosis

had appeared, the concavity of the curve lying to the liglit, in the middle of the thoracic region.

Case 12.—Walter John H.

First examined in March, 1904. For eight years before this dale he had been unable to appre-
ciate heat and cold applied to the right hand, or to feel the pain of a suppurating finger. For one

year the right half of the face had sweated excessively ivhen he ate or drank.

At this time there were no changes of any kind pointing to disease of the nervous system, except the

loss of sensation to painful or thermal stimulation shown on Figs. 130 and 1.31. His condition

remained unchanged until September, 1905.

By August, 1906, the muscles of the right Imnd had become wasted and the Imnd had lost power.

The loss of sensatio7i had greatly increased, and had invaded the left hand {Figs. 132 and 133). Sensi-

bility to light touch and pressure, and the sense ofpassive position and movement, were unaffected.

Walter John H. was first examined in March, 1904. He was then 30 years of age and a

fishmonger by trade.

He complamed that for the last eight years or more he had noticed that the right arm was

different from the left; it seemed colder and there was a sensation of tightness in his fingers.

When he took a hot thing into liis right hand, he did not at once recognise it was hot. In 1903,

he poisoned the thumb of the right hand; it "gathered
" and suppurated, but he experienced

no throbbing or pain, as with other fingers under similar circumstances.

For the last twelve months, it happened that whenever he ate or even at times when he drank,

the whole right half of his face, forehead and head sweated profusely. He has been compelled
to use a handkerchief to prevent the sweat running off his face.

Otherwise, he complained of no abnormal symjitoms and said he was in the best of health.

He had suffered twice from gonorrhoea ten years before, but neither attack was followed by

any symptoms pomting to syphilis. He was married, and had two healthy children.

His father died at the age of 47 of dementia paralytica, and his mother is highly neurotic ;

she has had several attacks of hysteria in w^hich she has lost her speech. He has nine living

brothers and sisters, all of whom are healthy. Xo collateral history of neuroses could be

obtained.

From 1904 matil April, 1905, the signs and symptoms of his disease remained unchanged, and

we shall therefore give first the results of our examination in April, 1905.

Condition in April, 1905.

He was a largely built man, imduly corpulent for hifs age, but otherwise of healthy

appearance. His pulse was regular, of good tension, and the arterial wall was not thickened.

Heart and lungs were unaffected, and the urine was normal.

From the point of view of the nervous system, the only change was in sensation ; there was

no paralysis or wasting of muscles, no trophic changes in the skin or nails. His knee-jerks were

equal and normal, ankle clonus was not obtained, and both plantar reflexes gave a flexor response.

The pupils reacted to light and accommodation. Vision was good; hearing, taste and smell

were imaffected. Xo abnormalitj- was found in the movements of the face, the tongue, the

palate or the larjTix. Both sphmcters acted normally.
Sensation.—About 1896 he began to notice that w^henever he had a cough a stabbing pain
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struck him in the right shoulder blade over a point at the vertebral border of the spine of the

scapula. The centre of incidence of this pain gradually shifted upwards. At first it was situated

close to the sjiine of the scapula; then it moved to the back of the neck, thence to the parietal

region. From this pomt it moved forwards to the vertex, then to the temple, and in April, 1905,

was situated in the right eyeball. Each time he coughed he had a feeling as if he had been struck

a violent blow in the eye.

He comi)laincd of no abnormal sensations in the right arm and hand, except that in the winter

they cUd not suffer from the cold weather in the same way as the left.

Cutaneous painful stimuli were not appreciated when applied anywhere within the heavily

shaded area of Fig. 130. Over the parts dotted in this figure, a prick sometimes caused pam, but

was frequently said to be a touch only.

He was entirely insensitive to all degrees of heat and cold over the darkened parts of Fig. 131.

The border on the face and behind the ear was unusually detinite.

The stimuli of light touch, deep touch and pressure were everywhere appreciated and

accurately localised. He coukl tell the head from the point of a pin, even over parts that were

Fig. 130.

To show the loss of sensibility to cutaneous

])ainful stimuli in 1905.

Fig. 131.

To show the loss of sensation to heatand cold
in 1905.

completely analgesic. Li the same way, he was able to discriminate everywhere between contact

with a circular metal surface 1 cm. in diameter and a similar surface with a diameter of 2-5 cm.

There was no loss of the sense of passive position or movement. The vibrations of a tuning fork

(128) were everywhere recognised. The two points of the compasses gave the same resulc on

both the normal and abnormal hand : his answers were good, when the two points were separated

for a distance of 1 cm., and applied transversely.

Condition in 1906.

In August, 1906, his condition had undergone a remarkable change. During the i^revious

winter, he had noticed a gradual loss of power in the right arm, and the grip of the right hand

had become less powerful. The little finger became gradually abducted from its fellows, when

the hand was at rest. He also noticed involuntary twitchings in tlie muscles of the thumb and

of the forearm.

He stated that in September, 1905, he experienced a sudden acute pain in the left arm, and

smce then had suffered from cramj) in the left hand. These sj'miitoms were, he believed, the

same as those which preceded the loss of power in the right hand.
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J/o/ioH.—Thc tluMiar ami hypolliiMiar ciniuonccs ami the nmsi'los in (lie tir^t iiilciosseoua

space of the right haiul were delinitoly \vi\stcd. Fil)rillavv twitehings could be seen in the muscles

of the right thumb, and in those wliich arise from the external condyle of the hnmeius.

The grip of the right hand was weaker than that of the left, and he had ditliculty in ojuKwing

the thuml>. All the interosseous movements were well performed.

The small thumb-muscles reacted slowly to (he in(crrni)(cd cinrcnl, ami. when the right

abductor minimi digiti was stimulated, a certain number of librils only contracted, in contrast to

the normal reaction of the t^ynonymous muscles in the other hand. All the muscles reacted

well to the constant current, except the thenar group of the right hand, which reacted as easily

with the anode as with the kathode.

The muscles of the left hand and arm were entirely unaffected.

Sensation.—A remarkable increase had occurred in the extent of the loss of sensation to pain-

ful and thermal stimulation (as shown on Figs. 132 and l.'}3). The limits of the loss of sensation

to the j)ainful interrupted current corresponded exactly with those of the analgesia to prick.

Fig. 132. Fig. 133.

To show thie loss of sensation to cutaneous painful stiinuli (Fig. 132) and to heat and cold (Fig. 133) in

1906. Evidently the loss of sensation was extending in the left upper extremity-

Over the whole of the thermo-an£esthetic area on the right arm, he failed to recognise heat and

cold with any degree of temperature between melting ice and 60^ C. Over the left arm the results

were less definite, and he sometimes seemed to appreciate stimulation by the more extreme degrees

of heat and cold, where water at 40° or 20° C. produced no sensation. Evidently, the loss of

sensibility to heat and cold was here less complete than in the right arm.

The border on the face between parts that were sensitive and those that were insensitive to

thermal stimuli was remarkably constant and varied little, acoordihg to the direction in which

the tests were made. In 1905 the analgesia did not extend on to the face, as will be seen from

Fig. 130. But in 1906 the loss of sensation to painful stimuli spread until the residual sensi-

bility was identical to prick, to heat, and to cold. Moreover, the border so marked out corre-

sponded exactly with that determined by means of thermal stimuli nearly a year and a half

before. This border is shown on Fig. 102, p. 382.

The algometer gave the following readings, which showed that deep pressure caused no pain

over the whole of the right upper extremity. Over the left palm and flexor surface of the fore-

arm, pain was not produced at first until the pressure was raised considerably above the normal

threshold. But on repeating the experiment pain was produced by pressures no greater than

those which are painful on a normal hand.
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Palm of hand

Over first nietacarpo-iihalangeal joint

Lower end of radius

Flexor aspect of forearm . .

Elbow

Outer aspect of shoulder . .

Sterno-clavicular joint

Occiput

Temple
Over imrer aspect of sliin

Right.

Xo pain at 10

No pain at 10

No pain at 10

No pain at 15

No pain at 10

No pain at 15

No pain at 10

Pain at 1-5

Pain at 2

Pain at 3

Left.

Pain at 10-7-4.

Pain at 6.

Pain at G.

Pain at 10-7-5.

Pain at 5.

Pain at 5-3-5.

Pain at 1-5-1.

Pain at 1-5.

Pain at 2.

Pain at 3.

The vibrations of the tuning fork (128) were less clearly recognised over the whole of the right

arm from the elbow to the shoulder joint than over similar parts of the left side.

Stimulation with cotton wool and with pressure was everywhere appreciated, and the point
of contact accurately localised.

No. 5 of von Erey's hairs (21 grm. 'mm.-) produced a sensation of touch over both palms and the

tloxor aspect of both forearms.

The sense of passive movement and position was entirely unaffected, and there was no differ-

once in the sensibility to the compass test between the two upper limbs. Everywhere, over

both arms and both hands, he could tell the pomt from the head of a pin, even over parts that

were insensitive to a prick, and he could appreciate the difference in size between metal discs

of 2 cm., 1-4 cm., -75 cm., -2 cm. ; but he was somewhat less accurate on the right side than

the left.

Case 13.—Thomas B.

For three years, and probably longer, he had suffered from chronic disease of the spinal cord

[syringomyelin).

Analgesia and thermo-anassthesia existed over the areas in Fig. 134.

No other forms of sensation were affected.

The muscles of both hands, especially the right, were toasted.

The left elboio joint tvas disorganised.

The reflexes ivere unaffected.

Thomas B., aged 48, a labourer in a jam factory, came to the London Hospital on

November 18, 1905, complaining of a painful swelling of the left elbow.

He dated his illness from a fall on to his head three years before. But, for more than three

years, his hands had always
"

felt cold," even when he was sitting before a fire; and when he

went to bed, it was more than an hour before they became warm.

During the last two years before he came to the hospital, he had noticed wasting of the muscles

of his hands, first in the right and later in the left.

He had been in the Army, serving five years in Lidia ; there he had contracted syphilis, for

which he was treated for a month only. Otherwise, his health had been excellent. He had been

married for twenty-four years and his wife had liud thirteen cliildren.

Present Condition.

He has been under observation for o\er twelve months and his condition has changed little,

if at all. He is a short l)iit sturdily built man of fair intelligence. He was firm to control tests,

and, provided the experiments were not too complex, gave consistently accurate answers.

He was in every way normal, except for the following changes in the nervous system.

Motion.—The small nmsclcs of the right hand were much wasted, the thenar and hypothenar
eminences were flattened, and the thumb was extended, lying in the plane of the palm. All the

interossei showed signs of atrophy. The proximal phalanges of the fingers were hyper-extended
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at the inetaoariHi-pluilaii^oal jt)ints. and the twn tcrniiiial plialanges were llcxiil. Xo eoiitraclion

could be seen or felt whvu In- altciuptcil (o alximt or oppose tlic tlmiul) ; iiilerosscous inoviMiu-nts

were in»|)Ossil)U\ and he could not abdutt the index or little linger.

All inovenients of the wrist could be performed with ease, and the iorcarni muscles showed

no sijjns of wasting.

The left hand wa.s wasted, but to a less degree than the right, and the tluiiar crnincnce was

flattened.

He could carry out all movements with his left hand and could even ojipose and abduct his

thumb.

None of the nuiselcs of the left forearm were wasted, and all acted perfectly.

All the muscles of both upper extremities reacted well to the interrupted and to (he constant

current, excei>ting only the outer thenar group and the intcrossei of the right hand ; these nniscles

could not be made to react, even to a strong intcrnn)ted current. On stimulation with the

constant current, they reacted slightly, more easily to the cathode than to the anod(».

His gait was normal and he could stand steadily even witli his eyes closed.

Fig. 134.

To show the loss of sensation to cutaneous painful stimuli and tu heat in Ca^c 13.

sensation to cold is described in the text.

The loss of

The muscles of the legs showed no signs of wasting or spasticity.

Reflexes.
—The knee-jerks were in every way normal : no ankle clonus could be obtained and

the plantar reflex gave a flexor response on both sides.

Articular changes.
—The left elbow was much swollen and disorganised; creakmg could be

obtained on manipulation, and there was excess of fluid with much bony outgrowth around the

joint. A radiograph showed much destruction of the opposing surfaces of the elbow joint, with

the formation of many osteophytic masses.

He complained of no other joint in his body, but a radiograph of the right elbow also showed

slight bony changes.

Spinal column.—The spine showed a distinct lateral curve in the thoracic region with a

convexity to the right, and a second curve towards the left in the region of the lower thoracic

and lumbar spines.

Sensation.—He occasionally complained of pain in the left elbow, probably induced by the

nature of his work ; for, owing to the loss of power in the right hand, he was compelled to use

the left arm to raise heavy bags of sugar by means of a hand-wmch. At no time could we elicit

pain b}^ manipulation of this joint.

The curious sensations of coldness in the hands, so marked a feature during the winter, greatly
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iinprov^ed with tlie coming of summer. On an extremely hot day in September, 1900, these

sensations had entirely disapi^eared.

(ri) Sensibility to i^ainful stimuli.—He was entirely analgesic to the prick of a pin and to the

painful interrupted current over the area shown in Fig. 134 ; this was of somewhat greater extent

in the winter than in the summer. But the borders of the loss of sensation always merged gradually
into parts of normal sensibility.

The pain of deep pressure, as tested by the algometer, was completely lost over both upper
extremities and over the upper part of the trunk. Elsewhere, pain was produced as usual, as

will be seen from the following records. At each application he was able to recognise the gradually

increasing pressure ; but over the analgesic areas it caused no pain.

Right. Left.

No pain at 15.Palm of hand . . . . . . . . . . No pain at 15

Thenar eminence . . . . . . . . . . No pain at 15

Elbow . . . . . . . . . . . . No pain at 15

Shoulder . . . . . . . . . . . . No pain at 15

Sterno-clavicular joint . . . . . . . . No pain at 10

Mastoid process . . . . . . . . . . Pain at 3

Temple . . . . . . . . . . . . Pain at 2

Sole of foot . . . . . . . . . . Pain at 3

Inner aspect of tibia . . . . . . . . Pain at 3-5

Outer aspect of anterior superior iliac sj)ine . . Pam at 5

No pain at 15.

No pain at 15.

No pain at 15.

No pain at 10.

Pain at 3.

Pain at 2.

Pain at 4.

Pain at 3'o.

Pain at 5.

{b) Sensibility to thermal stimuli.—During the winter, the thermo -anaesthesia corresponded
almost completely with the extent of the cutaneous insensibility to pain ; but during the summer
of 1906, it was found that, although the msensibility to heat still corresponded with, the loss of

sensation to jjrick, the anaesthesia to ice was of somewhat smaller extent. A long series of experi-

ments were made at this time over the outer aspect of the arms, where he seemed to be sensitive

to ice, though insensitive to heat, and it was found that he was able to appreciate temperatures
from 0° to 27° C, calling them all cold; but above this temperature, he seemed to be miable to

appreciate certainly any thermal stimulus, calling 70° C.
"
a shade v/arm."

(c) Tactile sensibility.
—The palms of both hands were horny and insensitive; but, except over

the hairless parts of the hands, he was normally sensitive everjrwhere to stimulations with cotton

wool. Sensibility to pressure was nowhere distiu-bed.

(fZ) Recognition of a point and discrimination of difference in size.—He could distmguish

accurately the head from the pomt of a jjin all over the analgesic area. Neither caused

pain, but he described a prick as "like the point of a needle"; the head of the pin was

said to be
"
blunter."

To test his power of recognising differences in size, steel rods were used with diameters of

2 cm., 0-4 cm. and 0-2 cm. His answers were invariably correct even over both palms.

(e) Passive position and movement.—To this test his answers were remarkably quick and

accurate; even movements of the disorganised elbow were correctly appreciated.

When any muscle of one hand was thrown into action by stimulation with the interrupted

current, he recognised the movement, imitating it perfectly with the opposite hand. Similarly,
he could reproduce with the one upper extremity every movement produced in the other by
electrical stimulation.

{/) The compass test.—Over both palms the threshold to the compasses apphed transversely

lay between 2 and 3 cm. \Mien applied longitudinally, he gave a perfect series of answers at

2-5 cm.

{g) Tactile locahsation was nowhere affected, and we could Hnd no difference between the

two sides of the bodj\

Sphincters.
—Micturition and defaecation were unaffected.

VOL. II. I
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("ask 1 1. I'l.ORENCE R.

-1 ca.ic of syringomifella, imlchetl fri'iii 18i)!t to the present titnc [I'.IOLiJ.
Tlti: jirsi .s'ujits consisted

of ivasting of the small miisrles of the left hand trith disturbed sensibHiti/, which was transitori/ oiilij.

Cradnalli/, the muscular uxistiiKj increased, and in li)02 sensibiliti/ was again fouvd to be disturbed

in the left hand. This change pnujressed until, at the end of lOOti. the cutaneous insensibiliti/ l<> pain

uxis complete ereri/where and the ihernio-ano sthe^ia icas u'idcsj)read.

Xo other form of sensibiliti/ has been disturbed at any time.

The rejle.res and sphincters have remained unaffected.

Florence R. 1ms been iiiulci oIim rvat ion since October, I81)i), when she first came to the London

Hospital complaining of neuralgic pains in the oiiipital ic^^'itm utkI numbness in the left arm.

For several montlis she liad noticed a tendency to droj) tiiini!;s from her left hand but, until the

muscular atroj^hy was pointed out to her at the hospital, she Avas not aware that the hand was

wjvsted.

A stout, healthy looking woman of 24, she showed no abnormal signs except those pointing

to disease of the nervous system.

Fig. 135. Fig. 136.

Fig. 135 shows the disturbance of thermal sensibilitj- discovered in October, 1899. Sensation to

prick was unafiFected.

Fig. 136 shows the disturbance of sensibility to heat, to cold, and to prick, M-hich appeared in March,
1902. For the intervening two and a half years no definite loss of sensation could be discovered in spite
of the progressive muscular atrophy.

The small muscles of the left hand were wasted, especially the interossei. The hand had

begun to assume the
"
clawed

"
position, but the thumb lay in the normal position, and the thenar

muscles, though flabby, were not definitely wasted.

At this time the only other abnormal sign consisted of a diminished sensibility to heat and

cold over a small area on the forearm and hand (Fig. 135).

By January, 1900, the muscular atrophy in the left hand had greatly increased, and the

muscles of the left forearm showed signs of wastuig, but no sensory disturbance could be discovered.

In March, 1900, the interossei, thenar and liypothenar muscles of the left hand were much

wasted, and she could not oppose, abduct or adduct the thumb. The hand w^as
"
clawed," with

the fingers over-extended at the metacarpo-phalangeal and flexed at the phalangeal joints. At

this time the muscles of the right hand had begun to waste, more particularly the first dorsal

interosseous and the muscles of the thenar eminence. The only muscles of either extremity which

did not react normally to electrical stimulation were the interossei and the abductor and opponens

pollicis of the left hand ; none of these muscles responded to the interrupted current, but they

contracted slowly to making the constant current more readily with the anode than w^ith the

cathode.

Throughout the first two and a half years, no definite change could be discovered in sensation

except during October, 1899, when she first came to the hospital. But in March, 1902, after

another severe attack of neuralgic pains, distinct loss of sensation to heat and cold and to prick

was found over the area shown on Fig. 136. The muscular wasting had steadily progressed, not
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only in the left hand, but also in the small muscles of the right hand ; the left forearm had already
become affected.

In November, 1902, slie suffered greatly from pain up the back of her neck and in both shoulder

blades, and was so unwell she was compelled to give up her enijiloyment. The loss of sensation

advanced greatly in extent. Over the areas shown on Fig. 137, she was insensitive to stimulation

with all degrees of cold; the loss of sensation to heat was somewhat more extensive on the left

upper extremity, somewhat less extensive on the right. Sensibility to prick was nowhere lost,

Tig. 137. Fig. 138.

Fig. 137 shows the areas insensitive to cold in November, 1902.

Fig. 138 shows the areas insensitive to cold in Jime, 1903. The extent of the loss to heat and to

prick is given in the text.

but was undoubtedly diminished over the left hand. Every other form of sensation was perfectly

preserved.

The muscular wasting had made little or no progress, and the electrical reactions were identical

with those obtained in March, 1900.

By June, 1903, the loss of sensation had progressed greatly. The greater part of the left arm
and the whole of the right forearm and hand were insensitive to all degrees of cold (Fig. 138).

The extent of the loss of sensation to heat corresponded on the left arm with that to cold,

Fig. 139. Fig. 140.

Fig.

Fig.

139 shows the loss to sensation to cokl and to boat in November, 1903.

140 shows how little the loss of sensation had advanced by February, 1904.

but was less extensive over the right upper extremity. Analgesia to prick was almost confined to

the left half of the neck and left upper extremity, where it corresponded exactly with the area

on Fig. 138. Every other form of sensibility was perfectly preserved.

The muscular wasting had progressed very little, if at all, and the reflexes were unaffected.

The loss of sensation spread rapidly, and by November, 1903, had invaded the face and greater

part of the scalp on the left side. Over the whole left half of the body, the loss of sensation was

cotermmous to prick, to heat and to cold (Fig. 139). But on the right side, although the thermo-

ana'sthesia occupied a considerable portion of the right upper extremity, analgesia to prick was

fomid over the hand and part of the forearm only.
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The imisolos originally alTertcd hail iniitimud (o waste. Imt no tin iIut diics had liccii atlacUcd

since Maivh. 190:2. Tiu' liuMiar imi.sclcs and abductm niiiiimi digiti of tlic Icit liand did iu>( iract.

to tlio intcniiptod iiinrnt. hut a ro.si>oii.><o could he ohtainod from all I lie intcro.ssci in sj)itc of

their profound wa.sting. Kvory nuisi-le of the left liand reacted to (he lonstant current, even

the wasted strips which reprc^^ented the muscles of the thumh. In the right hand, normal

reactions were everywhere obtained.

From Novend)er, lOtKJ, to Febiuary, li)04, the loss of sensation did not extend on the left liaU'

of the body and head, but slight advance took i)lace over the right shoulder and neck.

During this period, advantage was taken of the stationary condition of the symptoms to work

out the extent of residual sensibility on the left half of the face (Fig. 104, p. 382). The border

between nornuvl and abnormal parts was found to differ little, whether the stimulus was a prick,

or test tube containing water at different tem]ieratures.

By February. 11)05, the loss of .sensation to all three stimuli had extended c'onsiderabiy on the

trunk, and the thermo-aiuesthesia exceeded somewhat the loss to prick, and was no longer bounded

by definite borders (Fig. 141).

Fig. 141. Fig. 142.

Fig. 141 shows the thermo-anaesthesia in March, 1905.

Fig. 142 shows the loss of .sensation to cold in September, 1900.

The muscular wasting was at tliis time profound in all the small muscles of both hands, but

greater in the left than the right. She could not make any movement with the small muscles of

the left thumb, and adduction and abduction of the fingers was impossible. All movements of

the right hand could be performed, but those requiring contraction of the intrinsic nniscles were

feeble. The only muscles which did not react to the mterrupted current were those of the left

thumb.

Conditionfrom May to September, 1906.

She was a short, red-cheeked woman, of healthy appearance, except for her wasted hands.

Her speech is unaffected and she has never suffered from fits or sudden attacks of weakness

in any limb.

Sensation.—She has suffered from much pam in the head, begmning in the left temple and

passing over the forehead and bridge of the nose. The pain then passed into the spine,

extending as low as the lumbar region.

Xot uncommonly she experienced a curious sensation in the left half of the face, exactly as

if it had been rubbed with menthol. Occasionally she has felt as if she had no left ear, and is

compelled to touch it to assure herself of its presence.

During the extremely hot weather she was comfortably cool.

{a) Sensibility to pain.
—The'cutaneous analgesia had advanced to such an extent, that there
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was no part of the body or face where she could appreciate the prick of a pin, or the painful aspect

of an interrupted current.

Over both upper extremities and over both thighs no pain could be produced by excessive

pressure, and the following records were obtained on the algometer :
—

Right.

Palm . . . . . . . . . . . . No j)ain at 20

No pain at 15

No pain at 15

No pain at 15

Slight pain at 5

Slight pain at 5

No pain at 20

Pain at 10

Pain at 9

No pain at 15

No pain at 15

No pain at 15

Left.

No pain at 20.

No pain at 15.

No pain at 15.

No pain at 15.

Slight pain at 5.

Sliglit pain at 5.

Paiii at 5.

Pain at 4.

Pain at 3.

No pain at 15.

No pain at 15.

No pain at 15.

Forearm . .

Arm
Shoulder . .

Sterno-clavicular joint . .

Temple . .

Sole

Outer malleolus

Inner aspect of shin

Knee

Thigh
Outer aspect of ant. sup. spine of ileum

{b) Thermal sensibility.
—She was insensitive to all degrees of cold stimulation over the areas

shown on Fig. 142. But, over the parts which remain midarkened on this figure, she did not

always respond, even to stimulation with ice. It was evident that the sensibility of these parts

varied with her general condition.

To heat, especially the more extreme degrees, she was more widely sensitive; but it is

extremely difficult to be certain how far this is based on a true appreciation of the nature of the

stimulus, on account of her tendency to call even neutral touches
" warm."

(c) Tactile sensibility.
—Stimulation with cotton wool was everywhere appreciated, and she

recognised No. 5 of von Frey's hairs over both palms.

((/) Recognition of a point.
—She could tell the head from the point of a pin everywhere, in

spite of the total cutaneous analgesia.

(e) The vibrations of a tuning fork were quickly recognised everywhere.

(/) Sense of passive position arid movement was everjrwhere perfectly preserved.

{g) Tactile discrimination.—Over both palms the compass records were perfect at 2 cm., when

the points were applied longitudinally.

(h) Tactile localisation was good everywhere ; a series of tests were made over the hands,

using No. 5 of von Frey's hairs as the stimulus, and she named the spot touched with remarkable

accuracj^

Motion.—The wasting and loss of power had not changed materially from the condition in

1905.

Reflexes.
—The knee-jerks were normal. No ankle clonus could be obtained and both plantar

reflexes gave a flexor response.

Sphincters.
—She had no trouble with micturition or defaecation.

Cranial Nerves.—The pupils were equal and reacted normally. Movements of the face and

tongue were well performed.
On ophthalmoscopic examination, disc and fundus were found to be normal.

Case 15.—George B.

A case of chronic intramedullary growth or syringomyelia.

When first seen by lis in October, 1906, ]ie complained ifutt sensation had been altered in his right

hand for seven years, and tJmt he Imd gradually lost the power of writing.

Profound loss of sensation was present over the right upper extremity. The loss of tactile

sensibility teas unilateral {Figs. 140 and 147), bid to painful and thermal stimuli the left upper

extremity teas also affected {Figs. 143, 144, and 145).
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The seii.'if of iHrnsive posilioii mis uh.siiit in llic Jiiigcis mid llninib of I lie rnjlil Innid. 'I'ncHle

localmitiou and tactile discriitiiiuition were itunffeetcd over parts which were sensiliir In loiicli.

Kuril/ signs of ufistiiuj and some weakness were present in llic rli/ld hmid. 'I'lic rigid hg hiided

to be sfHistic.

The right knecjrrk- was grcatlg increased, and the right plantar rrjlc.r garc an r.rfrnsnr rcfipnnsr.

liotatorij ni/stagnins iras jircsent in both ei/es irlicn he hxdiCil to llir right.

Ko other abnormal signs were found in the Irrrilnri/ (f Ihf cnniial nerves.

For some time he had had difficulti/ in jxissing inilir and in lidliliiig Ins ntnliniis when Iheij

were loose.

George B., aged 35, a invintcr. came to the London HosiJital in OctolxT, lOOG, for nuiiil)ness

nnd loss of jHiwor in the riglit hand.

Seven years before, he began to notice that the liaiui scenietl always cold. On many occasions

he burnt himself and knew nothing of it imtil he saw the burns on his right hand. He could

retain an oliject so long as he saw what he was holding, but often dropped it from his right hand,

ignorant that it was no longer in his grasp. The power of writing had gradually left him.

Two years liefore he came to the hosj>ital his riglit hand was poisoned by the bite of a mos({uito,

but the intlammation and even the incisions which became necessary on account of the swelling

were entirely painless.

For eighteen months he had noticed stiffness of the right hip with some "
numbness

"
of the

sole of the right foot, and this leg had "
jumped

"
at night.

He had noticed some difliculty in ])assing water for a considerable time before coming to the

hospital, and for ten months had lost all sexual desire.

A bonj- projection had been slowly growing at the distal end of the proximal ])halanx of the

right thumb.

He was temperate and denied infection with syi^hilis or gonorrhoea. He had been married

for ten j'ears ; liis ^\ife had never been pregnant.

Condition from October, 1906, to February, 1907.

He was a stout, heavily built man, somewhat slow of speech, but intelligent, and abls to

concentrate his attention during the testing of sensation.

Excejit for the symptoms and signs produced by the disease of the nervous system, he was

in every way normal.

Motion.—He walked on a somewhat broad base, but did not drag either foot, and could stand

well with the eyes closed. He could not stand on either foot alone. When he attempted to stand

on the left foot with the right raised, a few swaying movements preceded his fall, but when he

raised the left foot he fell instantly.

The right leg was held stiffly and, if he was examined after he had been walking about, all the

joints could be moved passively without midue effort. But the right leg was distinctly spastic

after he had been for some time in bed, especially at the end of a morning spent in sensory stimula-

tion whereby the leg had been frequently thrown into spasmodic contraction. The right leg was

not paralysed or wasted.

The condition of the left leg was in every way normal.

There was no wasting of either hand, but fibrillary twitching was noticed in the third and

fourth interosseous spaces. The grasp of the right hand was somewhat more feeble than that of

the left (right 16 kgm., left 23 kgm.), and the fingers were out of alignment, coming together

unsteadily. This was especially noticeable in the little and ring fingers; but every movement of

the right hand was possible. The extensors of the right wrist acted less powerfully than those

of the left forearm; every other movement of both upper extremities was well and equally

performed. All muscles, including those of the right hand, reacted normally to both forms of

electrical stimulation.

Reflexes.
—The right knee-jerk was greatly increased compared with the left. No ankle clonus
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could be obtainecl, but the right phintar retlex gave an extensor response. That on the left side

was of the normal flexor type.

Sensation, (a) Sensibility to painful stimuli.—The whole of the parts marked on Fig. 143 were

insensitive to cutaneous painful stimuli. Over the inner aspect of the right arm, sensation was

still present to prick and to the painful interrupted current, and the borders of this area in the

long axis of the arm were sha^'ply defined.

The condition of the left hand and forearm varied from day to day, but at the best sensibility

to cutaneous painful stimuli was gravely diminished, and on several occasions the greater part

of the hand was entirely analgesic.

Fig. 143.

To show the loss of sensation to cutaneous painful stimuli in Case 15. The patch of remaining
sensibility on the inner aspect of the right arm Avas worked out by testing from sensitive towards
insensitive parts.

The algometer gave the following

kilograms of many examinations.

Palm of the hand

Dorsum of the hand

Flexor and extensor aspects of

forearm

Olecranon

Shoulder joint

Clavicle

Angle of jaw

Temple

remarkable results, which are the average records in

Right.

Paul from 10 to 13

Pain at 7

Pain usually absent at

pressures below 13

Xo pain at 14

No pain at 13

Pain at 8

Pain at 3

Pain at 1-5

Left.

No paui with 15.

Pain at from 4 to 7.

Pain usually absent at

pressures below 13.

Pain at 6.

Pam at 0.

Pain at 3.

Pain at 2.

Pain at 1-5.

Over the remainder of the body there was no loss of sensibility to painful pressure, and the

algometer gave equal readings on the two lower extremities.

Sole . .

External malleolus

Shin

Inner aspect of knee

Front of thigh

Might.

Pain at 2

Pain at 2-5

Pain at 2

Pain at 4

Pain at 5

Left.

Pain at 2.

Pain at 2.

Pain at 2-5.

Pain at 4.

Pain at 5-5.
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It is evident from thesf locords that tlio loss; of sensibility to the painful as|ic(l of I lie |)ressute

was less extensive than that of the cutaneous analgesia. Moreover, the right liaml si ill remained

sensitive to i)ainful pressure though to a diminished degree, in s|>ite of the complete insensibility

of the whole forearm and liand to cutaneous painful stinnilation.

(6) Thermal sciu^ibilitif.
—He was insensitive to all degiees of licat over the whole of tlie liglit

upjwr extremity (Fig. 144). On the left side, the extent of the loss of sensation varied somewhat

from day to day. and merged gradually into parts of noi inal sensibility.

To cold the loss was less extensive and a small area remained sensitive on the iinicr aspect

of the right arm (Fig. 14.')). Over the left hand and forearm, the distribution of the an;esthcsia

varied somewliat. eorresjionding to the evident advance of the lesion on this side of the nervous

system.

(c) Tactile sensibiliti/ was abolished over the whole of the area shown on Fig. 146. The absolute

loss of sensation to pressure touch merged gradually on the neck into parts that were sensitive

Fig. U4. Fig. 145.

Fig. 144 shows the loss of sensation to heat in Case 15.

Fig. 145 shows the loss of sensation to cold in the same case. Here the patch of remaining sensibility
on the inner aspect of the right arm was worked out by testing from sensitive towards insensitive parts.

to this stimulus. But on the inner aspect of the forearm was a well-defined area of residual tactile

sensibility.

'\Mien cotton wool was used, the whole of the parts on Fig. 146 were found to be insensitive,

including the right half of the neck to the line marked on Fig. 148.

The condition of the right half of the neck between these two lines was instructive ; when tested

with von Frey's hairs, it was found that even No. 8 (23 grm. / mm.-) could not be recognised,

as soon as the border in the neighbourhood of the jaw was jjassed ; and yet over the left half

of the neck he imiformly responded to No. 2 (12 grm./mm.-). Tactile sensibility was sufficiently

diminished at the line marked on the face to prevent a response to such stimuli as cotton wool and

von Frey's hairs. But No. 8 of these hairs is a pressure stimulus, and with peripheral lesions can

be appreciated over parts of cutaneous in.sensibility. We concluded, therefore, that all forms

of tactile sensibility were diminished at the line marked on Fig. 148. At this border, cotton wool

and von Frey's hairs ceased to cause a sensation. The anaesthesia gradually deepened until

wdthin the dotted area even a pressure-touch frequently failed to evoke a response. Finally,

within the area marked black no tactile stimulus was appreciated.

(d) Recognition of a point.
—He could tell the head from the point of a pin everywhere except

over those parts of the right upper extremity insensitive to light touch. Over the area sensitive

to pressure but not to light touch, he was unable to distmguish the head from the point. But,
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wherever he was sensitive to light touch within the analgesic area, his power of distinguishing

tlie head from the point was perfectly preserved.

(e) Appreciation of differences in size could not be tested over the right upper extremity'. But

over the left hand and arm his answers were correct to rods of a diameter of 2 cm., 0-75 cm. and

0-2 cm.

(/) The vibrations of a tuning fork could not be appreciated anywhere over the right upper

extremity. I)ut over the left aim and hand he everywhere answered correctly.

Flu. UG. Fig. 147.

Fig. 146 shows the extent of the anaesthesia to cotton wool in Case 15.

Fig. 147 shows the parts insensitive to deep touch in the same case.

Fig. 148.

Fig. 148 shows the relation of the borders at whioh different tactile stimuli no longer caused
sensation. At the Une zuarked

"
light touch

"
the patient ceased to appreciate cotton wool and No. 8

of von Frey's hairs (23 grm. / mm.-). At the border of the dotted area pressure frequently failed to

evoke a response. Finally, over the black area no tactile stiaudus, even the firmest pressure, was

appreciated as a touch.

{g) Sense ofpassive position and movement.—He could not recognise any movement of the

fingers or thumb of the right hand, and was liable to drop anything he was holding unless his eyes
were fixed upon it. He entirely failed to appreciate any movement of the fingers produced \>\

electrical stimulation. Movements at the wrist were not recognised mitil they had exceeded

20°; at the right elbow, until they had exceeded 10°; but movements of the right shoulder

joint were readily recognised.
All movements of the left upper extremity and of the legs were readily appreciated.

{h) Compass test.—This test could not be applied to the right upper extremity, on account

of the loss of tactile sensibility. Elsewhere the records were normal.

The records obtained by testing the area on the right half of the neck insensitive to light touch
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but sensitive to pressui'e. sliow well tlit' i-lTtHt pruiliu'cd upon llic compass test by a genera

(bniiniition of tactile sensibility, pnubieed by an intra-URMhillary lesion.

.'{ ini.

10 em.

ItiijhI. h/t.

1
I

10 K. i
I

10 H.

2
I

4K. H W . 2
I

10 R.

1
I

10 R.

2
1

'> I*. I Doul.tiiil. I W.

(i) Tacfile localisation.—Wherever he was able to recognise a tou( h, wliethei- it were caused

by ]n-essure. eotton wool, or von Frey's liairs, lie invariably named the sj)ot aieurately. When
allowed to grope for the spot touched he was never more than 3 cm. away, and was lemarkably

quick and accurate, provided it lay over parts where tactile sensibility was preserved.

Cranial rierces.—The pupils were equal and reacted normally to light, to shade, and to accom-

modation. The eyes moved well in all directions, except that, when he looked to the right, a

bilateral rotatory nystagmus appeared; the rotation occurred m a tlirection opposite to jnove-

ment of the hands of a clock. No similar nystagmus was present wlien he looked to the left.

No abnormal condition was found on ophthalmoscopic examination. All movements of the face

and tongue were normally jicrformed and the palate moved well.

Spine.
—There was no lateral curve or other abnormality.

Sphincters.
—For some time he had noticed that he could not retain his motions when they

were loose and that he had some difficulty in starting micturition.

Case 16.—Robert Arthur H.

In June, 1902, Jie icoke to find the left hand and arm numb ; he noticed that over the nnmh parts

heat and cold produced a sensation different from tliat over the normal j^arts.

Nine months later his throat became affected.

Painless swelling of the left shoulder joint was present.

First seen March, 1904. His condition Jias advanced little since that date.

The motor affection consists ofparalysis of the left vocal cord and the left half of palate.

Reflexes.
—

Left knee-jerk exaggerated, left ankle clonus, left extensor plantar reflex.

Sensation.—Profound loss of sensibility to prick {Figs. 149 and 150), to thermal stimuli {Figs.

151 and 152), of allforms of tactile stimulation {Fig 153).

Appreciation ofpassive position and movement lost in the left arm and left leg below the knee.

Tactile discrimination lost in the left leg; cannot he tested in the left arm on account of the loss of

tactile sensibility.

Tactile localisation, {I) by naming, equally good in both legs, (2) by groping, profoundly changed
in the left leg ; normal in the right leg.

Robert Arthur H., aged 33, a general provision dealer, was first seen by us in Marcli, 1904,

and since then has been under observation from time to time.

He was apparently in perfect health until one morning in June, 1902, when he found on

rising that Ms left hand and arm were numb. At the same time he noticed that heat and cold

produced a different effect upon the sensation of this arm.

Nine months later, he began to suffer from choking sensations and his voice became affected.

About the same time he found that the left leg troubled him in walking; it seemed stiff and

awkward, although it
'"

could feel perfectly." He then began to suffer from sensations of

giddiness, and his eyesight became confused.

It was not until October 14, 1903, that the right hand was affected; it became red and

swollen, and he suffered from a violent shivering attack in which he vomited. This was said to

be due to a small poisoned wound for which the doctor bound up the hand with the fingers flexed

into the palm. So he remained for a month, and, when the bandages were taken oft", his fingers

had stiffened permanently.
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About nine months later, the left shoulder joint enlarged, but the swelling was accompanied

by no pain.

As a boy, he had had an attack of typhoid fever, and on several occasions had suffered from
"
influenza," most severely in 1890.

He has been a life-long teetotaler.

No history could be obtained of venereal disease, nor according to his account is it likely that

he could ever have been infected. He was married in 1899 and has one healthy child, born in

1 905. His wife has never miscarried.

Condition on Examination {November and December, 1906).-

In the following account we shall give the results of a scries of examinations, extending over

the last two months of 1900, alluding briefly when necessary to his condition on previous

occasions.

He is a medium-sized, strongly built man, of unusual intelligence. He answered well and did

not fail with the control tests used.

Cranial nerves.—A remarkable nystagmus was present, not only with movement in all direc-

tions, but also when he looked in front with his eyes directed towards a distant point. When

looking to the right or to the left, the nystagmus was purely horizontal and at no time was it truly

rotatory. Otherwise, the eyes moved well, and there was no ocular paralysis. He had perfect

muscular control of both eyelids. The face moved well both on emotional and voluntary excitation.

The tongue was protruded in a straight Hne, but the right half seemed to be smaller than the

left ; this appeared to be due to a greater contraction of the muscles of the right half of the tongue,

whilst the left half was flattened and flabby. The left half of the palate was paralysed, and on

laryngoscopic examination, the left cord was seen to lie in the cadaveric i)osition, completely

motionless. The right vocal cord moved well, passing across the middle line to meet the left

cord during phonation.
Motion.—There was no wasting of any muscle in the upper extremities, but the right hand

was held in a half clenched iwsition, and he was unable fully to extend the Angers in consequence

of changes in the joints. The subcutaneous tissues were somewhat swollen, and the fixation

of the fingers, combined with this swelling, accounted for the dift'erence in the grasp of the two

hands (right 8 kgm., left 17 kgm.).

But the grasp of the left hand was also defective, as shown by the low reading of the dynamo-

meter; this was probably due, not to muscular weakness, but to the profound sensory changes

in this hand.

For the left upper extremity was profoundly ataxic ; he could touch his nose clumsily when

his eyes were open, but as soon as they were closed, the difficulty became greatly increased. Even

when aUowed to look, he could scarcely bring the tips of the two forefingers together, and when

his eyes were closed, this movement became impossible.

There was no ataxy of the right arm or hand.

His gait was slightly unsteady, and on examination this was found to be due to the condition

of the left leg. He could stand with his feet together, but when his eyes were closed, swayed
and ultimately fell. In attempting to maintain his balance, the movements of the right foot

were more extensive than those of the left ; ultimately, he either fell towards the left, or thrust

out his left leg laterally to act as a prop. Asked to stand on the right leg only, he finally

succeeded; but at first he had difficulty in maintaining his balance, owing to the absence of

compensatory movements in the left leg, which was lifted. When he attempted to stand on the

left leg only, he at once fell. Under such conditions, there was a striking difference between

the violent balancing movements of the right foot and the complete quiescence of the left

foot.

The left leg was slightly spastic, but was not paretic; nor were the muscles wasted.

All the muscles of the upper and lower extremities reacted perfectly to the interrupted and

to the constant current.
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EeJJe.ie.'f.
—'Vhv Irfl knco-j«'ik was groatly cxajim'iati'd, and aiiUli' oluiiiis was obtained; the

left plantar rcHex gave an extensor response. On the right side the knee-jerk was obtained, but

there was no ankle elonus. and tlio ])lantar reflex was of the flexor tyj'e.

Seusadoft:—The loss of sensation was slightly less extensive in March, 1004, than in 190G.

But since the changes which have occnrred during tlie last two anil a half years consist solely of a

slight increase in the area atfected, aiul not in the disturbance of any further sensory quality,

we shall confine ourselves nuiinly to the present condition.

(a) Seusibilllif to painful stimuli.—He was insensitive to the prick of a pin over the whole of

the left upper extremity, .md o\cr tlie left li.ilf of (lie neck and scalp (Fig. 140). The frontal

Fig. 149.

Fig. 150.

_ Figs. 149 and 150 show the loss of sensation to cutaneous painful stimuli in Case 16. The frontal
border on the face (Fig. 150) was worked out by testing from sensitive towards insensitive parts. The
caudal border shown on Fig. 149 was also worked out by determining the extent of residual sensibihty
to prick.

border of the analgesia extended ou to the face, including the left ear and part of the left cheek;

the scalp was insensitive to a point a little in front of the vertical line jouiing the two ears

(Fig. 150).

The lower border of the analgesic area on the trunk was remarkably well defined ; it extended

round the trmik, crossing the sixth, seventh, and eighth ribs in the axilla to end at the level of

the sixth vertebral spine. A\Tien he was tested from parts of normal sensibility towards those

that were analgesic, sensation to the prick of a pin or to a painful interrupted current ceased

at the border on Fig. 149 ; from this, the border of returning sensibility scarcely differed by one

centimetre, when we tested from insensitive towards sensitive parts.

Sensibihty to a pin prick and to the painful interrujjted current was perfect elsewhere over

the body, except that it was somewhat diminished over the right forearm.
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Witli the algometer, it was found that sensibility to the pain of excessive pressure was lost

over the area insensitive to cutaneous painful stimuli. Over the right arm, the algometer gave
somewhat higher readings where cutaneous sensibility to pain was diminished.

Temple
Mastoid

Sterno-clavicular joint

Shoulder joint

Inner aspect of elbow

Outer aspect of elbow

Front of forearm

Back of forearm

Palm

Back of hand

Outer aspect of anterior superior spine

Front of thigh

Iimer aspect of knee

Shin

Sole of foot . .

of ileum

Right.

Pain at

Pain at

Pain at

Pain at

Pain at

Pain at

Pain at

Pain at 10

Pain at 9

Pain at

Pain at

Pain at

Pain at

Pain at 2-5

Pain at 3

Left.

Pain at 7.

No pain at 10.

No pain at 10.

No pain at 15.

No pain at 15.

No pain at 15.

No pain at 15.

No pain at 15.

Slight pain at 1.

Slight pain at 14.

Pain at 3.

Pam at 4.

Pain at 4.

Pain at 2.

Pain at 3'5.

Fig. 151. V\v.. 152.

Fig. 151 to .show the extent of the loss of sensation to cold, and Fig. 152 to show the loss to heat

in Case 16.

(6) Thermal sensibilitij.
—The area insensitive to all degrees of cold between 0' and 25° C, is

sho\vn on Fig. 151. The parts insensitive to all degrees of heat are marked on Fig. 152. These

two figures almost correspond with one another except on the face. But, in 1904, the loss to

cold considerably exceeded the loss to heat; the area insensitive to cold nearly corresponded

with that on Fig. 151, but the extent of the anaesthesia to heat more nearly agreed with the area

that is now insensitive to painful stimuli (Fig. 149). Thus, at this time the whole of the right

arm was sensitive to heat, but insensitive to cold.

(c) Tactile sensibilitij.
—Stimulation with cotton wool was not appreciated over the whole

of the left upper extremity, and the left half of the chest above the level of the nipple (Fig. 153).

Elsewhere over the body and limbs, this stimulus was perfectly appreciated.
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Firm pressure was not appiiH-iatcil over the saiiu" area ( l''i^'. 1").'$) as that insensitive to Hght
touch. This eoinplete abolition of taetile sensibiUty omt the left ii|i|icr cNdcmily \\as jjicsent

when he was first examined in Mareh, l!>()t.

((/) Passive ]><>silioii and nioveiticitf.- He stated tliat he was al)le to appreciate the movements

of tlie lingers of liis h>ft liand ; but when tliey were moved i)assively he never recognised tlio

ujovement, until tlie linger had travellcil through an angle of over C0°. He was entirely unable

to say into what position the fingers of the left hand had been placed. W'licii tin- Icff lliuinli was

tested, he answered as follows :
—

Floxion
I

1 K. W.
Extension

|

2 1\. S W .

Wlien allowed to look at the true position of his thumb, lie volimteeied that he thought it

was pointing in a dilferent direction.

At the left wrist joint, he appreciated flexion and extension when movement had been made

through an angle of 40^. He was. however, always correct in his appreciation of the position into

Fig. 153.

To show the loss of sensibihty to stimulation with cotton wool, with von Frey's hairs and with

pressure touch in Case 16.

which the hand had been placed by passive movements at the wrist, although his answers were

somewhat slow.

Passive position and movement at the left elbow and shoulder were quickly and accurately

appreciated ; he recognised passive movement through 5° only.

In the whole of the right upper extremity, passive position and movement were accurately

appreciated, and the chfference between the condition of the right (normal) and left (affected)

hands was most evident.

But it was in the lower extremities, where all other forms of sensibihty were perfect, that the

disturbed appreciation of passive position and movement was most striking. When his left

great toe was moved, his answers w'ere hesitating and very uncertain, but he quickly and

accurately recognised all movements of the right great toe.

Great Toe

Bight.

Extension 10 R.

Left.

Extension I 4 R. 6 W,
Flexion

|

10 R. Flexion
|

9 R. 1 W.

He could not recognise movements of the left ankle, until it had been moved through more

than 20°, whilst on the right side he answered correctly with movements of less than 5°.
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Ankle

Rifjht. Left.

Dorsiflexion ^10 R. Dorsiflcxion
|

3 R. 7 W.
Plantar extension I 10 R. Plantar extension I 6 R. 4 \V.

At the knees and hips his answers were equally accurate on the two sides.

At a later date the following similar results were obtained :
—

Great Toe

Right. Left.

Extension
|
10 R.

Flexion I 10 R.

Ankle

Right.

Dorsiflexion
|

10 R.

Plantar extension
|

10 R. Plantar extension
|

6 R. 4 W.

Extension



iigJil (noriiuil).
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He gradually recovered and, ivhen seen by us in May, 1906, showed some spasticity of the left leg,

associated with analgesia (ttid thert/io-ancesthesia of the right leg (Fig. 154).

Over this area, he teas sensitive to the tactile aspect of pressure, but excessive pressure produced
no pain.

All other /onus of sensibility were perfectly preserved.

Frank L., agprl 25, was admitted to the London Hospital on August 3, 1904, in consequence
of an accident when working on the Rotherliithe tunnek A skip of concrete fell, striking him in

the lower thoracic and njjpcr luinhar regions. He did not lose consciousness, but when pulled

from under the skip, his legs dropped as if the}^ were broken.

When admitted to the London Hos|)ital, a htematoma was present over the second, third and

fourth lumbar spines, and he was much bruised about the body. The knee-jerks and plantar
reflexes were absent, and both legs were comjaletely i^aralysed.

He did not seem to be improving, and on August 9, 1904, Mr. Rigby operated upon the spine.

He removed the lamina? of the first, second and third lumbar vertebrae. The dura mater was

opened, and the cauda equina was exposed. No signs of rujiture or bruising could be discovered

anywhere. The wound was sewn uj) again and healed by first intention.

Power considerably imjiroved in both legs, and he gained control to a great extent over

micturition. When first examined by us, he had reached the following condition.

Condition in May, 1900.

He was a largely- built, intelligent man.

Motion.—When walking, he dragged the left leg like a man with hemiplegia, raising his pelvis

with each step so that the left foot should clear the ground. He could stand on either leg, but

could not support himself on the left leg only for more than a few seconds.

This leg was stiff, especially below the knee, and he complained that he could not move it as

quickly and easily as the right. All movements at the left hip and knee were strongly performed,
but at the left ankle he moved slowly, although with considerable force. He could dorsiflex the

foot, and plantar extension was good.

All movements of the right leg were well performed and it was not stifif or spastic.

Beflexes.
—Both knee-jerks were exaggerated, the left more so than the right. Ankle clonus

was obtained on both sides and both plantar reflexes gave an extensor res])onse.

Spine.
—The scar of a well-healed wound extended from the eleventh thoracic to the fourth

lumbar spine.

A radiograph of the dorsal region of the spinal column showed no obvious signs of fracture

or other bonj' change.

Sphincters.
—He could pass his water normally ; but if he desired to micturate he was forced

to do so at once, or the urine ran from him.

Defiecation was not affected in May, 1900.

Sensation, (a) Tactile sensibility.
—He was sensitive everywhere to cotton wool, and no

difference in this respect could be discovered between the two legs. He recognised increasing

pressure equally over both lower limbs.

(6) Sensibility to pain.
—He was insensitive to all forms of cutaneous ])ainful stimulation over

the area shown in Fig. 154.

Deep 2Ji'essure caused no pain over the sole of the foot, nor over both aspects of the right leg.

But, over the front of the thigh, above the limits of the analgesia, pain was produced by a pressuie
of 5 kilograms on both sides.

Outer aspect of leg

Inner aspect of leg over tibia . .

Front of thigh above the limits of the

analgesia
VOL. II. K

Right.
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(f) Thermal seiisibiliti/ \vi\>^\oM fornlhk'jireos of heat aiul cold over tlic area iiiarUcd in I'l^. ['A.

The borders of tins loss of scnsnlioii were illdcliiicd.

((/) The vibrations of a tiniing-fork' (12S) \\c\v apincciatcd widi ((lual c.isc over liotli logs.

{e) The .^yhw of jmssive position and inoreineiit was pn'scivcd cxcivwIkmo.

Fig. 154.

To show the loss of sensation in Case 17.

The dark area represents the parts insensitive to cutaneous painful stimuli and also to the pain
of excessive pressure. It also corresponds to the extent of the thermo-anaesthesia.

{J")
The compass test.—The threshold over the outer aspect of the shins lay between -1 and

6 cm. when the compasses were applied longitudinally. We were unable to discover any difference

between the two legs in their sensibility to this test.

(g) Tactile localisation was everywhere good.

»



THE AUTOMATIC BLADDER, EXCESSIVE SWEATING
AND SOME OTHER REFLEX CONDITIONS IN
GROSS INJURIES OF THE SPINAL CORD

By henry head, M.D., F.R.S.

AND

GEORGE RIDDOCH, M.D.

Captain, Royal Army Medical Corps.

{Officer in charge of the Empire Hospital, Vincent Square.)

The War hcas afforded innumerable opportunities for investigating the

phenomena due to gross injiu-ies of the spinal cord, and much has already
been written on the clinical aspects of this subject. It was obviously impos-
sible for any one observer to cover so vast a ground, or to add anytiling to the

general stock of knowledge, without concentrated study of a hmited portion
of the field. Each one of us became interested in a special group of problems

worldng at first indejiendently, and, as it seemed, at manifestations wliich

had no bearing on one another. For nearly two years, Captain Riddoch had

paid sj^ecial attention to the phenomena which follow total transverse division

of the spinal cord, more especially to the condition of the reflexes, whilst

Dr. Head had set liimself to discover some explanation for the excessive

sweating, a well-known sequel to sjoinal cord injuries, of wliich two extreme

eases had come under his notice. But as soon as we both became interested

in measuring the functional capacity of the automatic bladder, we realised

that we were looldng at chfferent phases of the same general problem.
The following paper is an attempt to establish certain physiological prin-

ciples which have emerged from our several lines of research. We make
no attempt to give a complete clinical account of the condition of the bladder,

or of the various reflexes in cases of gross injury to the spinal cord, nor can

we deal with the signs or symjitoms of its total transverse division from the

diagnostic point of view. These are treated in Riddoch's systematic study

[96]. Our object in this paper is to state consecutively the pltysiological

l)rinciples which underlie the phenomena he describes and, if possible, to give
a general explanation for the remarkable behaviour of the distal end of the

severed spinal cord.

We were anxious not to hamper our exposition of these principles by
frequent digressions into the literature of the subject ;

and yet it was impossible
4G7
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to iu\i;IiTt tlu' wiiik ot tlu> ( 'aiiil)ii(l,m.' scIkuiI ot |ili\ sioloLiisls ou llic natiiir

of tlu' iiivolimtaiy mM'\(»iis system. \\lu(li toiius the Itasis of all our coiicci)-

tion>. .MoiToMT. all tlu' ('\]K'iinu-iital work ot serious importance on the

iunervatioii ot the Itladdcr lias been carried out liy Lanuley. Anderson, h^lliott

and ot luM' workers ot this school. .\ condmicd retros|)eet ol their results

ha.»< t lierefore l)i'en |»ut together hy hVarnsides
| L'll|.

On the other hand, the

liteiature of imi)ortauee, eonneeted with total transverse division of the s])inal

cord, i- dt>alt with l>y Hiddoch in his monograj)!! on this sid)jeet |!>()|.

Our sincere thanks are due to Dr. Batten. \h\ liuzzard, Dr. Collier and

Dr. (Juthrie for the extreme generosity with which they have permitted us,

not only to see \hc patients undcM- tluMr cai'c. l)ut also to jiuhlish our observations

upon thi'in.



CHAPTER I

THE AUTOMATIC BLADDER

When the sj^inal cord lias been so gravely injured that all j)ower of

voluntary micturition is abohshed, mine may be voided in several different

ways, depending largely on the general condition of the j)atient and on the

treatment he has undergone.
At first there is complete retention, and if no catheter is passed for several

days the bladder may become over-distended and the urine pass away
frecj^uently and in small quantities ; cystitis may occm" in a severe form and
the jJatient jDrobably dies before any signs of the complete act of automatic

mictmition can appear. Fortunately, however, this is an uncommon event

in the present day, noW' that the wounded are gathered in more quickly, and
a catheter is passed at the first casualty clearing station as a matter of

routine.

If cystitis has been set up and has been long continued, the bladder may
shrink and its musculatm^e be so damaged that it responds imperfectly to

the tension stimuli of injected fluid ; urine is passed at irregular intervals

and in small c^uantities corresjDonding to the diminished vesical capacity.

These, however, are not the cases with which we deal in this chapter; the

patients on whom our observations were made were the fortunate ones in

whom cystitis played comparatively little part and the wall of the bladder

retained both its sensibility to pressm-e and tonic activity.

The comj^lete act of automatic micturition, accompanied by the phenomena
of spreading reflexes, may never become established, owing not only to local

conditions, but to general septic poisoning. A foul bladder, pyelitis and

sloughing bed-sores may produce so grave a septicaemia that the spinal cord

never recovers from the primary condition of shock. It passes from the

first stage into a terminal toxic degeneration without reaching a state in

which it is capable of that form of widespread reflex activity that is the subject

of this paper. The muscular wall may be capable of responding to fluid

pressure, when a catheter is passed into the bladder, and some power of

evacuation may be present under these conditions
;
but involuntary automatic

micturition may never occur spontaneously and the patient is then dependent
to the end of his hfe on catheterisation for the passage of his urine.

If a catheter has been passed within about twenty-four hours of the injury

and the urine has not been allowed subsequently to accumulate in excessive

quantities, retention usually passes off, giving place first of all to occasional

4G9
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and lit fill cvacual it>ii. The larircr (luantity of iii'iiic Noidi^d in \\\v Iwcnly-
foiir hours ha^ lo lie wiihdrawii l)y cat Iictci-. l»ut a small amount is passed

inifonsciously a1 iri'i'^ular intciNals into the Itottlc After a few days in a

favonraMi^ case this iiives ]>hu'o to true aiiloinatic inid uiit ion. Some mine

ivniains behind afi(>r each aet of in\(iliintarv evaenaiion and tliis lias to bo

removed hy catheter onee or twice daily, ^roreover it is necessary, in most

cases, tliat some form of wash should be used, if the mucous membrane is to

rciiain its normal condition and comj)lete automatic activity is to be estab-

lished, l^'inally. catheterisation can be discontinued; urine accumulates in the

bladtler up to a volume ditTerent in each case, and of this a certain i)roportion

is voided imconsciously at each act of micturition. In many cases. some fluid

remains behind, but occasionally the bladder apjiears to be emptied entirely.

Such is the condition that we shall investigate in this chapter. We hope
to show that if the spinal cord recovers its functions after the first period

of shock produced by the injury, it may pass into a condition in which peri-

pheral extra-vesical stimuli not only produce an abnormally wide effect, but

may even influence automatic evacuation of the bladder.

In three of the cases reported by Riddoch (96), Avhere the spinal cord was

proved to have been completely divided, this automatic condition of the

bladder became established within the following periods from the date of the

wound. In No. 1 it dribbled on the twenty-second day and a considerable

quantity of the daily amount of urine was voided automatically by the twenty-
fifth day ;

No. 3 Avas passing m'ine automatically by the twenty-ninth day, and
No. 5 by the sixteenth day after the wound. If the spinal cord is less severely

injured, automatic micturition may be estabhshed within the first fortnight

after the patient has been wounded, provided the local and general conditions

are favom'able. In gross sacral injuries, however, especially in lesions of the

Cauda ecpiina, the appearance of involuntary micturition may be delayed
for several months, and yet finally become fully established.

§ 1.—The Activity of the Bladder-avall

In all attempts to measm-e the activity of an automatic bladder it is most

important to avoid any considerable pressm'e. No results of any value can

be obtained by raising the vessel containing the fluid to a height of several

feet above the bed. The contractile power of the miisculatm-e is easily over-

come and, if evacuation cannot occur at the moment when tension becomes

an effective stimulus, tonic contraction yields and the bladder accepts a

further addition to its contents. Thus many a bladder, washed out by the

customary method under considerable pressure, is thought to be passive
and the urine passed into the bottle dming the daj^ is attributed to dribbling,

although in reaUty the musculature is capable of expelhng a considerable

volume of fluid by automatic contraction.

Our observations on the functional capacity of the bladder in any par-
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ticular case were made as follows. If possible we determined how long a time

has elapsed since any urine has been voided automatically ;
a catheter was

then passed and the amount found in the bladder measured. This varies

greatly, but, as a rule, does not materially exceed the volume of fluid to which

the evacuating mechanism was found to respond experimentally. A burette

with a diameter of 4 cm. tapering to a narrow neck commanded by a glass

stopcock, ^^•as attached directly to the opening of the catheter. Into this

burette, ^\•llich was graduated in cubic centimetres, was passed 100 c.c. of

sterile shghtly warm fluid, and the tap was turned so that the fluid could run

through the catheter into the bladder. As soon as a back flow occm-red,

the bm'ette was rapidly detached from the catheter and the fluid expelled

allowed to pass into a flat dish held at a level just above the horizontal.

Diuing these manipulations the penis remained horizontal and the only

pressm-e of fluid was due to that in the short burette held vertically.

The following observations made on No. 1, 158 days after total division

of the spinal cord, will give some idea of the results we have obtained and

the procedure adopted. Before passing the catheter the glans penis was

carefully swabbed in the usual manner
;

this led to the immediate passage of

110 c.c. of mine, for in some cases tliis is a most effective method of stimulating

reflex evacuation. On passing the catheter 340 c.c. were then ckawn off.

The bladder having been emptied completely, fluid was poured into the

biu-ette and when 600 c.c, had entered, automatic contraction began; he

passed in all 595 c.c, and no more could be recovered by pressure on the

abdomen. Fluid was again allowed to run into the bladder and at 600 c.c

was again evacuated to the amount of 590 c.c. Throughout these observa-

tions his bladder was astonishingly active
;
from the beginning the column of

fluid in liis tube showed oscillations which, on asldng him to stop breathing,

proved to be of respiratory origin. But after about 400 to 500 c.c. had

entered the bladder, bigger oscillations began, wliich culminated at 600 c.c.

in a back flow; about 300 c.c. were passed at once, followed, after a pause, by
200 c.c. Then came another pause followed by the expulsion of a smaller

amount, and finally, when all activity had ceased, he had passed in all 590 c.c

He was throughout unconscious of any of om- manipulations or of the passage

of fluid to or from his bladder. Moreover, he was quite unable to influence

the evacuation in any way voluntarily, even tlii'ough the abdominal muscles.

At this time the urine was acid, shghtly cloudy and contained no albumen
;

there was no deposit of pus or mucus.

Another series of observations made on the same patient 266 days after

the injury, illustrates some of the reflex functions of the automatic spinal

cord, in as far as they influence the activity of the bladder. It will be noticed

that the capacity of the bladder was no longer so great as in the earHer stages,

probably owing to the natural tendency of these automatic bladders to shi-ink,

or to a febrile attack due to pyelitis from which he had suffered between the

two sets of observations.
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111 cdummhu'iu'O of 1 111' |u cliiniiiai V s\\ a Mmiil:, ot the i^lans pciiis Ik- passed
85 CM', of uriiu> and I'oo cc. wcic siil>st'(|iiciit ly drawn olT l)y catlicter, giving
a total aiiidiiiit of alxiiil I'S.") ci'. or liMliiido/.. St crilc lliiid was 1 lien allowed

to nm ill tliroiiMli the calluMcr and at Iso cc \\v Noidcd the total amount;
iiotiiiiiir I'ould lu' recovered by pressure. On a second ol>servation, evacuation

oceurred at iMo I'.c and auaiu he passed tlie whole amount. A third observa-

tiiMl irave 24(1 e.c as t he iMTeetive st imnliis and t he bladder once more emptied
itself eouipletely.

Thus it was obvious that fiom ISO to 240 cc. of fluid were rcfpiired to evoke

automatic evacuation tluouuh a catheter. We then allowed loo cc. ot fluid

to run into the bladder ami stimulated the sole of the foot. This produced
a characteristic flexor spasm, but the fluid was not ejected from the bladder.

r>ut on adding another 10 cc. (110 cc. in all) scratching the sole made the

stimulus effective and 10") cc. were evacuated by the contraction of the

vesical musculature. A second experiment was carried out by running in

ll.') e.c. of fluid; scratching the sole produced no effect on the bladder, but

on adding another 10 cc. (125 cc in all) evacuation occurred immediately the

flexor spasm was evoked. He passed 130 cc of fluid, an amount slightly in

excess of that run into the bladder.

These observations show- that an automatic bladder, which did not usually

respond to less than 180 cc of fluid, could be made to eject its contents at a

lower amount by evoldng a flexor spasm. A stimulus to the sole of the foot,

which should normally cause withdrawal of that limb only, increased the

automatic irritabihty of the bladder to such an extent that it responded to

a considerably smaller volume of fluid.

Close association between reflex evacuation and the other activities of the

spinal cord in tliis condition w-as Avell illustrated in the case of No. 2, in whom
the spinal cord had been completely divided at the level of the fourth thoracic

segment 218 days before the following observations were made. A catheter

w-as passed and 175 cc cli-awn off. When 250 cc of fluid had run into the

bladder, evacuation occurred and 135 cc were voided; on pressm^e over the

lower part of the abdomen a further 130 cc were recovered. But we noticed

that this pressure did not act purely mechanically ;
for as soon as the hand

was pressed upon the abdomen a flexor spasm was produced. A second observa-

tion was therefore made as follows : Fluid was allowed to run into the bladder

and at 290 cc it ejected 175 cc of its contents. The glans penis was gently

pinched and a fm-ther 57 cc were passed ; finally 70 cc were recovered by
pressure. In a thu'd experiment we stopped at 250 cc. just short of the

point at which we knew the bladder w'ould expel its contents
;
stimulation of

the glans at once started the flow and 140 cc w^ere ejected. Then a flexor

spasm was evoked by scratching the sole and an additional 50 cc were passed;

pressure produced the expulsion of another 90 cc The next observations

were carried out somew^hat differently : we inserted a certain volume of fluid,

evoked reflexes and determined to what extent we could faciUtate evacuation.
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Thus 100 c.c. were allowed to iim in and the penis was stimulated without

producing any return of fluid; but when 150 c.c. had entered the bladder,

stroking the glans caused evacuation of 30 c.c. We also found that when

the bladder contained 150 c.c. of fluid stimulating the sole of the foot at once

caused detrusor contraction.

This shows that after complete division of the spinal cord, an automatic

bladder which normally reacts to about 250 c.c. (" a 9-oz. bladder ") could be

made to exjiel its contents at a little over half that amount by evoldng a reflex

from the glans penis or from the sole of the foot. But in this case the expulsion

was not complete ;
some fluid always remained behind in the bladder after

the reflex had expended itself.

A similar condition was found in another case (No. 3) thirty-one days after

total transverse division of the spinal cord. He began to retm'n the fluid from

his l)ladder at 350 c.c, voiding 350 c.c; 5 c.c. were recovered by pressm*e

over the abdomen. On the next observation the bladder expelled its contents

at 375 c.c, and on this occasion the complete amount of fluid was discharged,

but 15 c.c. in addition were expelled by pressure, showing he must have

passed some urine into his bladder. This proved that evacuation now occurred

at from 350 to 375 c.c. j)i'ovided the stimulus lay entirely within the bladder

itself.

But if some additional reflex activity was evoked in the lower end of the

severed cord, this amount could be greatly reduced. Fluid was allowed to

run in through the catheter and the sole of the foot was stimulated. At

100 c.c. no change occurred; at 150 c.c. the fluid rose shghtly in the tube but

no evacuation took place, and another 50 c.c. were permitted to pass into the

bladder. At 200 c.c, however, scratching the sole of the foot produced a brisk

expulsion of 150 c.c. of fluid.

One of the most potent of these facilitating stimuli is deep breathing.

The influence of respiration on ejection of the bladder contents has been

thought to be purely passive; but we shall show that a single deep breath

may start an automatic discharge which leads to steady and complete evacua-

tion. This was particularly well illustrated by a series of observations made
on the above-mentioned patient sixty days after division of the spinal

cord.

He had not made water for four hours before our observations began,
and on passing the catheter 250 c.c. were drawn off. When fluid was allowed

to run in through the catheter tlu'ee observations gave the following results.

At 300 c.c. he j)assed 305 c.c, and a further 15 c.c. were recovered by pressure ;

at 395 c.c. he passed 390 c.c, and at 380 c.c he passed 380 c.c. During the

first observation it was obvious that the quantity voided distinctly exceeded

that injected, and a few cubic centimetres of urine must have been secreted

during the exjierimental period. We have usually found that when this

occurs the third observation, as in this instance, shows a more perfect accord

between the amount entering and that ejected from the bladder. Thus we
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can say tliai in this case tlu- Itladclcr fm|)li(Ml iisdf auluinatically llii'ough

a catheter when its contents reached about .'{SO c.o.

When the sole was sci-atchinl and a tlcxm- spasm induced i li\ ihinically,

the l)laddci cinpiicd itself eoni|)lctcl\ tui one occasion at 185 c.c. and on

anotlier at ISO c.c. I'.iit wlien he was asked to taUe otie deep breath as each

10 c.c. passed out of the l)urctte. the cohium of Muid rose a Httle ni (>() c.c.

and the Itladdei- emptied itself comj)letely at 80 c.c. A second observation

gave (i<> c.c. as tlu' point of liesitation and 70 c.c. as the amoimt at which

evacuation occurred. Tliis remarkable series of observations shows that a

bladder, wliich did not respond until its contents amounted to about 380 c.c,

could be made to evacuate itself eom])letely at frotn 7(i to 80 c.c. if the patient

drew a deep breath.

Tliis elYect of respiration was also seen in a series of observations made
on another patient, 277 days after injury to the spinal cord in the region of

the sixth dorsal segment. \\'hen the stimulus was solely due to pressure
within the bladder he responded at 220 c.c, voiding 180 c.c, at 180 c.c. voiding
140 c.c. and at 200 c.c. voiding 130 c.c. If, however, a flexor spasm was

evoked the response was facihtated and evacuation occurred at]^100 c.c A
deep breath was, however, so potent an adjuvant, that the bladder contracted

when 10 c.c. only had been allowed to enter, and the whole amount was ejected.

This cannot be pui'ely passive, for, before we awoke to the full significance
of tliis method of aiding automatic evacuation, we had tested him in this same

series at 70 c.c, when one deep breath caused him to void 50 c.c, at 50 c.c

and at 40 c.c. when tlie whole amomat was passed, and then finally at 10 c.c,

with the result detailed above.

In the cases we have described so far the lesion lay sufficiently high to

abolish all consciousness of anything that happened within the bladder and

m'inary tract. In No. 6, however, the spinal cord was injiu-ed at the level

of the fourth and fifth lumbar segments and the majority of the afferent fibres

of the thoracico-lumbar system w^ere still in connection with the nervous

system above the lesion. His bladder began to act automatically about four

months after the injury and, when he came under om^ care, he was passing
the whole of his urine unconsciously without the help of a catheter. This

man w^as astonishingly accm'ate in his account of the sensation produced

by fluid in his bladder, although he had no control over its ejection, or apprecia-

tion of its passage down the urethra. He knew with certainty when evacuation

was going to occur and said :

"
I have a pleasant desire to make w-ater, just

as I had when my bladder was full before I was hurt." Thus it is obvious that

the existence of perfect consciousness of tension within the bladder does not

of necessity influence automatic involuntary mictruition.

The amount of the spinal cord which lay below the lesion must, in this

case, have been extremely small
;
and yet w^e were able to show that con-

traction of the bladder could be facihtated by suitable reflexes. No response
could be obtained to scratching the sole of either foot, but we noticed that
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when he was pricked around the anal opening a definite reflex was evoked,

although these parts, suppHcd from the lower sacral segments, were entirely

insensitive. If fluid was allowed to run into his bladder through a catheter

evacuation occurred at a volume which varied considerably on different

occasions, but was never less than 75 c.c. But if the anal reflex was pro-

duced, evacuation invariably occurred when 10 c.c. only had entered the

bladder. Reflexes from above the level of the lesion, such as those evoked

by scratching the thighs or abdomen, had no effect on the activity of the

vesical musculature.

It must not, however, be supposed that this condition occm's only in cases

of total transverse division of the spinal cord. If the disturbance of function

is sufficiently severe and long-standing, and j^articularly if the general con-

dition of the patient is favom-able to recovery, the original retention may pass

into a period of automatic action indistinguishable from that found in cases

where the cord is completely divided anatomically.
Xo. 8 was particularly instructive from this point of view, because the

two lialves of the body were in a different condition and stimulation of the

two soles had a profoundly different effect upon the action of the automatic

bladder. He was hit in the left side of the neck on August 24, 1916. This

produced complete jDaralysis below the level of the fourth rib on both sides

with some weakness of the left hand and forearm. All sensation to prick,

heat and cold was absent over the right lower extremity and right half of the

body as high as the level of the nipple, but was not materially affected to the

left of the middle Hne. Spacial recognition and appreciation of the vibration

of a large tuning-fork were abolished on the right side up to the ihac crest

and on the left side almost up to the fourth rib. Tactile sensibility was not

materially affected. Knee-jerks and ankle-jerks were greatly increased,

and ankle clonus was present on both sides.

Tliis patient always Ivnew when his bladder was about to empty itself

and was conscious that it was being filled as soon as the contents reached

about two-thirds of that necessary to evoke automatic action. He had no

desire to mictm-ate, but experienced pleasure when the urine was passed or

when the bladder wash was automatically ejected. He could not, however,

control the action of the bladder in any way. Eight months after the injury
a series of measurements showed that the bladder ejected its contents at

between 70 c.c. and 115 c.c. (115, 70, 90, 100) and that in each case evacuation

was complete.
We then proceeded to test the effect on the activity of this automatic

bladder of evoking flexor spasms; but this case differed fundamentally from

those we have previously described, in that the two lower extremities were

in a different condition of sensibility. He could not recognise painful or

thermal stimuH over the right leg, whilst in the left these aspects of sensation

were not materially affected. On l)otl) sides knee- and ankle-jerks were

exaggerated, ankle clonus was present and the plantar reflexes gave an upward
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response and iK-xor jrrk. It. tlicu. tlu- riiilit (,iiiali.:;('sic) sole was st iiniilati'd

vesit-al contract ion oiiuiii-d at 150 cc and tlu" wliok' of this aTHount was

expelled. Tlui-s till' j)i'()duction of a llc.xoi' spasm so facililatod llic activity

(»f this hladdir that it was t'lialilcd to (>varuatc its contents at .'{(i e.c. instead

of at 7(1 I'.c.

When. howe\-ei'. the h-ft <ir sensitive sole was stimulated (hiring the steady
inflow of thiid. not liing hapjiened. in spite of t lie lie.xor spasms, until, at 70 cc.,

he said :

"

It will lire olT of itself in a minute." and l)ack came the lluid into

the tube. Flexor spi^snis evoked on the side where sensation was intact

could not influence or facilitate the action of the automatic bladder. Local

signature was present and the bladder was not affected by refl(^\es due to

extra-vesical stinudi.

The difiVreiu-e in retlex local siunature of the two lower extremities was

also evident in the flexor spasms themselves. For when the analgesic (right)

foot was scratched not only did the great toe move ^ipwards, but ankle, knee

and hip became flexed, the thigh was adducted and a strong contraction

occuiTed m the muscles of the right half of the abdomen. Moreover, a distinct

extensor reaction appeared in the opposite (left) leg; the great toe moved

downwards, the ankle became extended and a distinct contraction could be

seen and felt in the left quadriceps extensor.

Contrast this reaction with that which occurred when the sole of the foot

on the sensitive (left) side w^as scratched in the same way. A violent flexor

\\ithdrawal occurred; the great toe moved upwards and the inner ham-

strings contracted, but there was little or no movement of the abdomen and

no crossed extension could be seen or felt. The reflex movement was violent

and completely abnormal in form, but it was almost entirely confined to the

affected limb. Such a flexor spasm had maintained its local signature and

the energy evoked could not materially affect the activity of the bladder or

other functions of the spinal cord. On the other hand the reflex elicited

from the analgesic limb was unchecked, and not only spread widely, but also

facilitated the automatic evacuation of the bladder ;
the energy set free in

this
"
massive response

"
rendered effective a previously insufficient stimulus.

We have given instances of the mode of action of an automatic bladder

arising after total and partial division of the spinal cord. But this condition

may also appear when there is reason to believe that the cauda equina has

been destroyed. This we should have expected from the experimental observa-

tions of Goltz on a dog, in whom the whole lower end of the spinal cord had

been destroyed. There is, however, one fundamental difference between the

behaviour of an automatic bladder arising after a complete lesion of the cauda

equina and the condition wliich appears in favourable cases after total trans-

verse division of the spinal cord
;

reflexes cannot influence its activity in any

way and even those evoked by stimulating the fully sensitive abdomen or thighs

produce no effect.

For example, in Xo. 7, where the spinal roots from the second lumbar
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downwards were gravely injured, automatic micturition had begun within

tliirty-four days after the injury and we were able to make the following

observations. AMien 225 c.c. of fluid had run in through the catheter, he

evacuated 230 c.c.
; evidently a small quantity of urine had been passed

into the bladder during our manipulations. A second observation gave 220 c.c.

as the effective stimulus and he ejected this exact amount. Owing to the

injury to nerve roots, no cutaneous or deep reflexes could be evoked from

any part below the lesion. On scratching the abdominal wall evacuation

occurred at 220 c.c, as before, and with deep breathing he rejected the fluid

when 230 c.c. had passed into the bladder. The production of abdominal

reflexes from above the level of the lesion produced, as might have been

expected, no effect on vesical activity. In this case automatic involuntary
micturition had been established under conditions which precluded the exercise

of any reflex influence upon the expulsive activity of the bladder.

§ 2.—Behaviour of the Sphincter Mechanism

So far we have considered the behaviour of the bladder-wall only and

have eliminated the sphincter by making our observations with a catheter

in situ. But many of these patients pass all their urine automatically and,

in such a case, the act of micturition demands not only contraction of the

bladder-wall, but also relaxation of the internal sphincter. Both the sensi-

bility of the mucous membrane and the muscular contractions are sufficient

to generate the act of expulsion and, in addition, this reflex response of the

bladder is associated with the requisite inhibition of the tonic sphincter.

We have described the remarkable way in which any stimulus, capable
of evoking a reflex from the spinal cord below the lesion, may facilitate the

reaction of the bladder-wall. These extra-vesical stimuli can also influence

the moment at which the sphincter relaxes and so hurry automatic micturition.

But such observations are much more difficult technically to carry out

than those we have discussed in the earlier part of this chapter. The volume
at which the bladder-wall evacuates its contents must flrst be determined

through the catheter in the usual way. Then a smaller amount of fluid is

allowed to run into the bladder and the catheter removed
; various stimuli

are applied to the parts below the level of the lesion in the attempt to evoke
the complete act of automatic micturition

;
and in some cases this is found

to occur although the bladder contains a volume of fluid smaller than that

to which it would otherwise respond.
Thus forty-four weeks after complete division of the spinal cord in the

region of the sixth thoracic segment No. 1 was automatically emptying his

bladder through a catheter when its contents reached 490 c.c. But when
the sole of the foot was scratched evacuation occurred at 100 c.c, and with

deep breathing it began as soon as 25 c.c. only had passed into the bladder.

Now we laiew, from the clinical records, that this patient was passing
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;i full ([uantity ot iiriiu' daily intu ihv l)i)ltl(". It was obvious, tluTctorc, not

only that his hladdcr-wail could expel the lluid when it reached a certain

volume, but that the detrusor stinndus nnist hav^e been associated with

inhibition of tiie sphincter. WC had then to detei-niiue whether cxtra-vesical

stinndi could facilitate this conii)lete act ot evaeuatioii, when the catheter

was removed and tlu" sphincter allowed to have free play. We allowed 400 c.c.

of tluitl to run iti aiul the catheter was removed; deep breathing produced
no obvious result, but on scratching the thigh he passed 80 c.c. in a fine strong

stream. When, however, the bladder contained 200 c.c. no stimulus of any
kind led to micturition owing to the obstruction of the tonic spliincter.

In this instance the bladder expelled its contents with a catheter in situ

at 400 c.c. But even when the catheter was removed and the sphincter

came into action some fluid was voided at 400 c.c, if flexor spasms of the legs

were evoked by scratching the thigh. This shows that extra-vesical stimuli

can not only bring about premature contraction of the bladder-wall, but also

coincident relaxation of the sphincter. It is, however, obvious that, even

in tliis most favourable case, facilitation occurred much less readily when the

sphincter was in action than when we had to deal with the activity of the

bladder-wall only, and in many patients it is impossible, owing to technical

dithculties, to show that such facilitation occurs at all.

For instance, in No. 3, the bladder-wall evacuated its contents completely
at 290 c.c. with the catheter in situ. We succeeded in spite of the technical

difficulty in passing just short of 200 c.c. into the bladder and removing the

catheter without evoking expulsive efforts
;
then deep breathing, stimulating

the soles, and rubbing the belly all failed to evoke evacuation, although if the

catheter had been in place and the sphincter tln*owTi out of action, any one of

these stimuli would have caused liim to empty liis bladder at 150 c.c. Thus

in some cases it is impossible to prove whether or no such extra-vesical stimuli

facilitate relaxation of the spliincter, because of purely technical difficulties

in carrjang out the experiment ;
the bladder-wall ejects its contents through

the catheter before they have reached an amount capable of evoking the

complete act of automatic micturition, even under the facilitating influence

of mass-reflexes. And yet in many of these patients we know clinically that

grasping the lower extremities, lifting them from a bed to a chair and other

similar excitants of spasm will cause the bladder to be emptied, in some cases

completely.
If the sphincter has been injured or unduly irritated by the passage of a

catheter it may not relax at all in spite of powerful contractions of the bladder-

wall. This condition is a fruitful source of abnormal reflex activity in the

lower end of the spinal cord, wliich may be manifested in spasmodic move-

ments of the lower extremity, contracture of the abdominal wall and, in

some cases, an outburst of excessive sweating (No. 5).

But apart altogether from such irritation the early return of tone to the

sphincter mechanism compared with the later recovery of detrusor activity
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gives the sphincter a dominance that is overcome only under the most favour-

able conditions. We have given an example of complete automatic micturi-

tion, consisting not only of contraction of the bladder-wall, but of relaxation

of the sphincter, in a case where the sacral roots were destroyed. It is there-

fore certain that even under such conditions the urine may be passed auto-

matically ;
but it is no longer amenable to those reflex effects, due to activity

of the distal portion of the spinal cord, which form the main theme of tliis

paper.

§ 3.—Conditions wtiich influence the Functions of an Automatic
Bladder

(a) Influence of the nervous system.
—When once automatic micturition

has been established after injury to the spinal cord, evacuation of urine is

governed by three factors : the response to tension of the bladder-wall, the

relaxation of the tonic spliincter and the effect of extra-vesical reflexes.

Now there can be no doubt, from the experimental evidence, that the

act of micturition can occur when the bladder is entirely separated from the

central nervous system, or when the whole of the lower portion of the spinal
cord has been destroyed. We have given an instance where a patient wdth

destruction of the sacral nerve roots passed urine involuntarily and ejected
fluid run into the bladder through a catheter as soon as it reached a volume of

from 220 c.c. to 230 c.c. Under these conditions the spinal cord can exert

no influence on micturition
; involuntary expulsion takes place in consequence

of the activity of structures outside the central nervous system. Our observa-

tions tend to support the views of those experimental physiologists who have

shown in animals that the condition known as an automatic bladder may
arise independently of the spinal cord.

But we have been able to show that, even when the spinal cord is com-

pletely divided, afferent impulses reacliing the parts below the lesion may
have a profound effect on automatic evacuation of fluid by the bladder-wall,

and even, in some cases, on the complete act of involuntary micturition.

Scratcliing the sole of the foot, the groin, or the abdomen, swabbing the glans

penis and almost any manipulation capable of evoking reflex spasms, tend to

facilitate the automatic activity of the bladder. Under such conditions the

activity of the lower end of the spinal cord has obviously changed its char-

acter
;
the reflexes have lost their local signature and the energj' excited by

an afferent impulse from any one receptive held produces a profound general
modification of all its functions. A stimulus that would normally evoke

withdrawal of the foot tends also to facilitate automatic evacuation, and

conversely injection of fluid into the bladder may be associated with a flexor

spasm of the legs.

It has sometimes been taught that the form assumed bv automatic micturi-

tion depends on the situation of the injury to the spmal cord. This is not borne
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out l>y (lur ol)>fi-\ at idiis. (ii\fii that the li'sioii is sutliciciit ly sexcrc and the

(.•Diulitions l)t)th K)».'al and utiicial aic taV()ural)K'. the reaction ol the hladder-

wall to endo-vesioal tension will l»e t he same in principle w hatever the sit uat ion

ot the lesion. (M this we can Ite eei'tain l)eeause onr e\|)erienee is based on

measured observations. When, howcxcr. we are dealiiiii with the complete
ai't of iiwoluntai y niiet ui'it ion. wc art' loreed to rely to a greater extent on

clinical observation, and cannot state ,so deiinitely that the situation ot the

lesion in the spinal cord is entirely wit hunt eiTect. But we liave bi'oiight

forward instances where the s|)inal coid was injnred in the most various

situations between the seventh cervical and the twelfth tlioracic segment,
and yet tlie ]ihenoniena of automatic evacuation were identical in character.

In sonu' cases when the lesion is situated below the tenth thoracic or is

not sufKciently severe to destroy all sensibility, the ])atient may be conscious

of tension within his bladder and yet be unable to influence voluntarily auto-

matic evacuation. No. 6 was conscious that fluid was entering his bladder,

he Icnew the moment at which the wall contracted, and experienced both the

discomfort of distension and the pleasurable relief following the expulsion of

the fluid
;
and yet these sensations did not in any way modify the act of

involuntary evacuation.

(b) Influence of shock, fever, and other general states.—Long-continued

cystitis tends greatly to diminish the size of the bladder, and at any rate in

the earlier stages, to decrease the completeness with which it is evacuated.

But, apart from such local inflammatory conditions, the fact that it is acting

automatically seems to lead to a smaller capacity. This is not to be wondered

at, and it is in agreement with Elliott's experience in animals, where cystitis

is a rare event. For under normal conditions in man desire to micturate

may be resisted ; the bladder then resumes a new tonic position, and it is not

until the quantity of urine has reached a very large amount that pain of

necessity compels its expulsion. In the case, however, of the automatic

bladder, all voluntary control is lost, and, as soon as the endo-vesical tension

becomes a sufficient stimulus, expulsion occurs. But it must be remembered
that even in our experiments, made with the least possible pressure, there

appeared moments when the bladder hesitated on the brink of evacuation,

but finally accepted a further addition to its contents. If this happens when
the spliincter mechanism is thrown out of play, it is still more likely to occur

during the complete act of involuntary micturition, which demands not only
contraction of the bladder-wall, but coincident relaxation of the sphincter.

It must often happen that urine collects in the bladder to an amount sufficient

to excite muscular contractions, but inadequate to inhibit the sphincter ;
the

stimulus then dies away and the vesical tone yields to allow the assumption
of a larger volume. Here, however, comes in the value of that remarkable

facilitation, due to extra-vesical stimuli, of which we have so frequently spoken.
The patient has only to turn on his side or to have an access of reflex spasms,
for the contents of the bladder to become an effective stimulus to micturition ;
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and it is probably for this reason that, in favourable cases, the volume of

fluid to wliich the bladder-wall responds in our experiments corresponds

approximately to the amount at wliich involuntary micturition occurs. Tliis

can never be ascertained ^^ith certainty. For although it may be measured

by removing the bottle as soon as the patient has passed urine, there is no

means by wliich we can be certain that these measurements are typical. We
shall, therefore, confine ourselves to describing the effect of general conditions

such as shock, fever and toxic states on the volume of fluid to which the

bladder-wall reacts with the catheter in situ
;
for this is a measurable quantity

and can be determined with considerable accuracy.

Any severe febrile disturbance, whether it be due to a septic bed-sore or

to pyelitis, tends to diminish the volume to which the bladder-wall responds.

Provided, however, that cystitis is absent, or present to a small extent only,

evacuation may still be complete. The more severe the cystitis the greater

will be the difference between the amount of fluid run into the bladder and

that wliich is expelled in any one observation.

No. 1 is a good example of the effect of a febrile disturbance uncomplicated

by cystitis ;
158 days after he was wounded liis bladder responded to 600 c.c,

expelling from 590 to 595 c.c. spontaneously. At this time his urme was

acid and contained no pus or albumin. He then passed through a febrile

attack with rigors, apparently due to pyelitis. This passed away entkely
and did not recur. But on the 266th' dav after he was shot, measurements

showed that the capacity of his bladder had diminished
;
he now responded

to from 180 to 240 c.c, but still emptied liis bladder completely. Fifty days
later (306th day) the capacity had increased to 490 c.c, and during the next

week a series of measurements gave from 420 to 425 c.c. ; on both occasions

the bladder was emptied completely.
This is, however, an unusually favourable case

;
more commonly, repeated

febrile attacks, with or without cystitis, diminish the capacity of the automatic

bladder until it holds less than 150 c.c, and even this amount is incompletely
evacuated. .

Attacks of septicaemia, whatever their origin, greatly delay the establish-

ment of automatic micturition. Thus another patient arrived at the hospital

suffering from characteristic pyrexia, due to a foul bed-sore, and, although
the bladder-wall responded to between 270 and 280 c.c within forty-eight

days of the wound, no spontaneous involuntary micturition has yet occurred

after six months.

Now it is obvious that if a patient suffers both from cystitis and general

septicaemia, true automatic micturition may never become established.

Usually his bladder is washed out once or twice daily under a fluid pressure
of two or three feet or from a large syringe ;

no attempt is made to determine

whether his vesical musculature can respond or not, and he passes to his death

as a case of retention with atony. It is therefore of extreme practical import-
ance to discover in every case if the bladder is capable of reacting and expelling

VOL. II. L



i-s'j sTrniKs i\ \KrH()T.()(;Y

its contents; if so. it must bo waslu'd out with a suitable lotion under the

least possihk* pressure. As soon as the Ihiid Ijej^iii.s to rist' in ihi' tube it must
be allowed to eseape freely. In this way we ean not only treat the eystitis,

but at the same time encourage tlu- muscular response of the bladder, even

before the complete act of involuntary micturition has been established.

Apart. howi'\er. tiom the evil efTeet of toxaimic states on the automatic

blailder. all febrile conditions tend to diminish the responsive power of the

severed spinal cord. The distal end, separated to a greater or less extent

from t he iiithience of the higher centres, is peculiarly susceptible to the devitalis-

inji; influence of long-continued toxsemia.

This is strikingly evident in the behaviour of the reflexes. The receptive
field diminishes and at the same time a stronger stimulus is required to evoke

a response. At one period in the jirogi'css of the case it was perhaps possible

to produce a flexor spasm by scratching almost any part of the lower extremity ;

but after long-continued fever it may be diflficult to obtain a reflex even from

the sole of the foot. The knee-jerk may diminish, ankle clonus disappear and
even the so-called

"
spontaneous

"
spasms of the legs may become negligible.

In cases of partial lesions of the spinal cord any extensor activity that may
have existed is first eliminated ; then the flexor contractions decrease in severity
and frequency. All the signs point to progressive diminution of the tonic

activity of the distal end of the injured cord.

With tliis deterioration in function the facilitating influence of extra-

vesical reflexes disappears ;
a flexor response no longer makes it easier for the

automatic bladder to discharge its contents. The sphincter mechanism is

very little affected and passive dribbling of urine and faeces occurs just before

death only. Thus it is possible for a patient subject to prolonged febrile

attacks to pass through, in the terminal phase, a period of retention of urine,

owing to diminished detrusor activity associated with want of inhibition of

the sphincter.

Tliis do^A^l\vard progression mider the influence of toxaemia is the reverse

of the stages by which the lower end of the spinal cord regains its functions

diu-ing recovery from the shock of the original injury. From the first the

sphincters are httle affected ;
there is complete retention of urine and the

anus is not patulous ; knee-jerk, ankle jerk and ankle clonus are absent ;

the plantar reflex either cannot be obtained at all or consists of a downward
movement of the great toe. Then involuntary micturition appears and the

deep reflexes turn. The plantar reflex assumes the abnormal form, and the

field from which it can be obtained widens until it can be ehcited by scratching
almost any part of the lower extremity.

If the injury to the spinal cord has not been very severe, sensation and

voluntary power may retm-n and the phenomena of facihtation may never

appear. But if the cord is completely divided or very grossly injured, the

reappearance of tone, as shock passes aw^ay, may be accompanied by the

confhtions we have described as facihtation. All reflex activities have then
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lust llicir local signatiu-e. A flexor spasm of the leg can be excited by scratching
not only the sole of the foot, but almost any part below the lesion or even by
injecting fluid into the Ijladder or rectum. Any sufflcient stimulus to any
receptive surface is Hable to evoke a massive response, which overflows widely
into regions of the spinal cord normally associated with other reflexes. This

development of the spinal tone and the advent of a condition in which an

effective stimulus facihtates all reflex activities of the severed cord, are hindered

or rendered impossible by general toxic states. Then the phenomena associated,

with the first period of shock do not wear off, and the patient may die without

having presented any of those reactions which are of primaiy interest to us^

in this paper.
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excessive sweating

§ 1.—Descrh'tion uf t:ie Piiexomeno>; of Excessive Sweating

Excessive sweating usually a])pcars in its most striking form wlieu llio

lesion is situated in the lower cervical region. J^'t us choose a case where

sutticient time has elapsed since the injury for the deep reflexes to have become

exaggerated and for involuntary movements, of which the jiatient is uncon-

scious, to occm*, especially on manipulation. The period of shock has passed

and the patient's general condition is sufficiently good to i3ermit of the return

of reflex excitabiUty in the sjjinal cord below the lesion.

When the patient sweats excessively he usually does so intermittently;

there are periods in wliich the skin is no moister than it should be normally.

In such cases it is possible to make direct observations on the causes wliich

evoke the hj^peridrosis. These are remarkably various and we have foimd

that there is scarcely a stimulus, cutaneous, proprioceptive, or visceral, that

may not be follo^\•ed by an outburst of sweating over the area appropriate to

the lesion in each j^atient.

So long as the weather is cool and he is undisturbed, the sldn of the head

and neck may be moist to the normal degree but no more. If, however, the

hand is placed imder the bed-clothes and flexor spasms, which the patient

cannot appreciate, are evoked, either by scratching the sole of the foot or by

grasping the lower extremity, beads of sweat may appear on his forehead.

He knows notliing of the movement and stimulation of the feet can cause no

sensation ;
and yet it may be sufficient to evoke jDrofuse sweating limited to

an area which is constant in each case and is determined by the site of the

lesion and not l)y the situation of the stimulus.

Such patients usually require catheterisation and, in many cases, the

bladder must be washed out daily. These manipulations may be associated

with extreme sweating over the head and neck. Moreover, the patient recog-

nises that if the bladder is allowed to become too full and the passage of the

catheter is delayed, the sweating will certainly begin. In the same way, at

a time when the bladder is evacuatmg itself automatically, any obstruction

to the flow of urine starts the local sweating, and we have been able to evoke

it experimentally by the injection of fluid during our systematic observations

on the reflex capacity of the automatic bladder.

Any intestinal disturbance such as flatulence, and more particularly the

484
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manipulations for adminisleiing an enema, may start sweating in every way
identical with that described as arising spontaneously.

\A'hen fully developed, the sweating in such cases is incredibly profuse; a

dry sponge used to A\dpe the face and neck can be wi'ung out, as if it had been

dipped into water, and blankets and pillows are soaked through with the

moisture in a few minutes. So much fluid may be lost that the patient suffers

from thirst and the urine is diminished in amount.

The extent of the area occupied by the excessive sweating differs according
to the situation of the lesion

;
when the injury is in the lower cervical region

it occupies the whole head, neck and arms, extending to about the level of

the umj)ilicus, decreasing in amount from above downwards, and the legs

may remain chy. A lesion at the level of the third thoracic segment may
cause j)rofuse sweating over both arms, over the whole trimk from the second

rib down to the toes, with a maximum hypericb'osis in the upper dorsal region,

steadily cUminishing as we pass downwards towards the feet. The head and
neck do not particij^ate in the sweating.

If the lesion lies in the region of the sixth thoracic segment sw^eating may
occur from about the fifth rib downwards with some moisture of the palms
of the hands. Arms, neck, and head, however, remain miaffected.

With a lesion at the level of the eighth thoracic segment, sweating may
occm- from the ensiform down the thighs, diminishing greatly to the feet.

When the injmy is situated at about the ninth thoracic segment, the area

occupied by the hyperidi'osis corresponds almost exactly to that of the anal-

gesia, whilst at any point in the spinal cord below this the area of sweating
is less extensive than that of the loss of sensation. Thus in a case where the

left half of the spinal cord w'as completely divided at the level of the tenth

dorsal segment, excessive sweating extended on the left lower extremity up
to Poupart's hgament, but was never observed on the right leg. Here the

left-sided sweating could be i)articularly easily evoked by any abnormal

tension in the bladder. •

§ 2.—Conditions w^hicii excite it

We will now consider these definite causes for an outburst of excessive

sweating one by one.

(a) Reflex spasins.
—These can be studied in their simplest form when the

period of involuntary automatic action has been fully estabhshed after com-

plete division of the spinal cord. Thus, in the case of No. 1, wdiere the lesion

was situated in the mid-dorsal region, excessive sweating began forty-five

days after the injury. It occupied an area extencHng from about the fifth

rib downwards, with some moistening of the palms of the hands. If, when
the skin was dry, the sole of the foot was stimulated, as he lay quietly in bed,

a series of flexor spasms could be evoked
;
the toes became extended, the ankle

dorsiflexed and both knee and hip were vigorously bent. After two or three
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sucli spasms the sweatin.iZ lH\Lran and coiil imicd tor a (•onsidcM'al)^' time after

lie had Iuhmi left at rest .

Ill No. ."). the loioii. tliDiiuh se\t"re at the \v\v\ of the s(>\eiith eerxical

seuiiu'iil . was iiDl eoin|)le(e: hut the association hetwceii the sweating and

reflex spasms was most detinite. If a suitahle o|)|)()it unity was eliosen when

the skill \\a> in a noinial ((UKhtioii, it was only necessary to scratcli the solo

of the foot under tlie lied-ilot lies for the most profuse sweating; to break out,

oxt-r the whole of t iio head and neck in association with the flexor spasms.

These reflex ino\cmeiits could be evoked by stimulating almost any part of

the skin of the lower extremity or abdomen by ])ressm'e, as in turning or

moving him in Ited, or even bv liftinsx tiie bed-clothes. No matter how the

spasms were produced, they were associated with an intense outburst of

sweatine: over the head and neck.

Xo. 2 was another example of the close association between hyjieridrosis

and the existence of these spasmodic involuntary movements. The spinal

cord was completel}' divided in the region of the fourth thoracic segment, and

the sweating occmTed on the trunk from the level of the second or third rib

doA^iiwards to that of the ensiform and usually affected the greater part of

both upper extremities. Scratching almost any part of the lower extremity,

grasping the foot or the muscles of the thigh, even removing the bed-clothes

would start flexor spasms which were immediately followed by an outburst

of sweating.

We could quote many other examples of this association between spasmodic
movements and excessive sweating which may appear when the activity of

the spinal cord has reached this stage of functional recovery. Analysis shows

that in tliis condition the reflexes have lost their preponderant local signature;

scratching the sole of the foot leads, not to a simple withdi'awal, but to a

universal flexor spasm which may extend to the opposite leg and is usually

associated with a strong contraction of the abdominal muscles. Stimulation

of almost any part evokes a spasmodic
"
mass-reflex

" which remains more or

less identical in character whatever the stimulus and wherever it is applied.

It is the production of this undifferentiated
"
mass-reflex

" which in

suitable cases is associated with the appearance of excessive sweating, but the

reflex .spasms are one only of its many associated conditions.

(b) The activit)/ of the bladder.—It has long been known, at any rate to

intelUgent patients, that the condition of the bladder has a direct bearing on

the sweating. But it was not mitil we began our systematic measurements
of the capacity of the automatic bladder that the truth of this view could be

demonstrated mider experimental conditions.

For example, take the case of Xo. 2, where the spinal cord had been com-

pletely di^ided at the level of the fourth thoracic segment. A catheter w^as

passed and after the bladder had been emptied warm fluid was allowed to

enter slowly from the bm^ette. When 250 c.c. had passed into the bladder,

fluid began to return and he' evacuated in all 135 c.c.
;
a fiu'ther 130 c.c. was
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ejected ])y pressure on the abdomen. Two furtlier observations under the

same conditions showed that evacuation occm'red at 250 c.c. and 290 c.c.

He was entirely unconscious of any of these manipulations ;
but as soon

as we evoked automatic bladder action he began to sweat profusely from

the clavicles downwards, the head and neck remaining dry. The whole

extent of the arms sweated profusely; the trunk became wringing w^et from

the clavicles to the groin ; thighs, soles and the back of the legs were also

sweating heavily, but not so profusely as the arms, chest, abdomen and back.

Here we were able to induce the hyperidrosis exj^erimentally, over an area

corresponding to the ])arts below the lesion, by distending the bladder with

fluid.

No. 5 was another instance of this close association between vesical tension

and the onset of sweating. His lesion, though not mechanically a complete
division of the spinal cord, was an extremely grave one in the region of the

seventh cervical segment. By the time he reached the London Hospital,

three days after the accident, the mine, though acid, contained thick ropy

pus and several false passages had been made from which he bled when the

catheter w^as passed. He had absolute retention of urine and it was necessary
to pass a catheter every eight hours.

Shortly after liis admission we began to notice outbursts of the most

intense sweating, probably more profuse than in any other instance that has

come under om- observation. Sweat ran together into huge beads which rolled

off his face and neck, and moisture could be wrung out of a sponge, passed
over his skin, almost as if it had been diiDped into water. A towel used to dry
his face was wetted through in a few moments. Gradually it became apparent
that one of the most fruitful causes of these outbursts of sweating was a full

bladder. He would become gradually conscious of a
"
fuhiess

"
in the head

and of the increasing moisture of his face; by the time the house physician
arrived to relieve him, the paroxysm was fully develojJed ;

but the sweating
ceased as soon as the tension within the bladder was removed by the passage
of a catheter.

It must not, however, be supposed that the bladder was an inert bag. For

although no urine could be voided without the help of a catheter, w^e found

that with the catheter in situ vigorous evacuation occm'red when fluid was

allowed to rmi into the bladder. Thus forty-thi'ee days after the injmy fluid

was briskly ejected through the catheter when 300 c.c. had been slowly passed
into the bladder, and of this amount he succeeded in evacuating 150 c.c. On
a second observation he responded to 180 c.c, extruding 125 c.c. One hmidied

days after the accident a more extensive series of observations was carried

out. A time was chosen for passing the catheter when he was perfectly com-

fortable, and the sldn was in a condition of normal moistm-e
;
190 c.c. of mine

w^ere dra^\^l off. On poming fluid into the bladder the column began to oscillate

at 150 c.c.
;
at 200 c.c. automatic evacuation began and he passed 120 c.c.

A further 80 c.c. were recovered from the bladder by pressure on the abdominal
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wall. Tlic tirsl si^ns of swrat iiiu appcai'i'd on the foivlu'ad w lu-ii ")(» cc. had

ent(M'tMl the l>la(l(l(>r ami steadily iiictcascd up to cvaciiat ion. His la((' and

licc'k wtTc tlu'ii (Iriod and after some riiiiiiilcs the sweat ii)<j; had liically diiniii-

ishcd. Fhiiil was aiiaiii pouied into t lie l)la(Ulri- : t he ostillatioiis in t he coluinii

hoiraii at ")0 c.e.. and at t he same moment a fresh outl)urst of sweatint; oeevirrcd.

-\i 1 I'd cc. t lu> liladdei' eontraeted vehcTnently and extruded To cc.
;

a

further !•.") e.e. Mere recovered l>y pressure on the alidomeii, showing that

some uiini> must have entered the hladdei' in the meanwliile from the

kidneys.

Two further observations were made, after a sufficient pause dui'ing wliich

Jjis face and neck were carefully dried. He evacuated at 150 cc. and at

125 cc, passing 100 cc. and 05 cc respectively. On the first occasion the

sweating began when 100 cc had entered the bladder, whilst in the second

it started at 70 e.c One of the most striking features of this experimental
series was the May in wliich the steady inflow of fluid was checked and began
to oscillate at a definite point, showing that the bladder AA'as no longer a passive

receptacle, but was responding tonically to the stimulus of pressure. This

was the signal for the outburst of sweating.
He Mas able to recognise with extreme accuracy the moment at which

sweating first began. Thus, although he could not appreciate any of our

manipulations, he would call,
"
Now^ the sweating is begmning

"
;
and this

corresponded to the moment at which fluid no longer flowed freely into the

bladder. When fully developed, the hyperidrosis occupied the head, neck,

arms, and extended in an intense degree to the level of the ensiforra
;
to a

less degree it w^as found as low as the umbihcal line.

In tliis case other peripheral stimuli could be made to evoke an outburst

of sweating, but abnormal conditions of tension in the bladder were the most

frequent and potent cause of
"
spontaneous

"
hyperidrosis. The m^ethra

had been injm'ed before he came under om- care by imskilled catheterization ;

this had induced local irritation of the sphincter, which fell into spasm, and

did not relax when the automatic contractions of the bladder came on. Con-

sequently, Avhen a certain amomit of m-ine had collected, and the tension had

been raised sufficiently, the vesical musculature responded, but, as the sphincter
did not relax, no urine was passed. Then began a steadily increasing stream

of afferent impulses, which started the sw^eating. We foimd experimentally
that the bladder-wall responded to about 150 cc of fluid; had the sphincter

been miinjured, it might have relaxed at about this point, and mine would

then have been voided automaticall}'. But the irritabiHty of the sphincter
led to perpetually recurrent obstruction, with distension of the bladder, above

the amomit at wliich reflex evacuation should have occurred. This w^as why
the recm-rent attacks of hyperidi'osis could be infallibly reheved by passage
of a catheter. Finally, we tied a catheter into the bladder, and fixed a cork

into the orifice
;
the nurse could then allow the urine to flow whenever he

complamed of the sweating. This gave great rehef, the irritability of the
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spliincter gradually subsided, and he began to pass ui'ine automatically two

hundi'ed and eight days after the injury, and after the catheter had been in

position permanently for nearly eight weeks.

No. 8 was another example of the close connection between exaggerated

sweating and the condition of vesical tension. Here the lesion in the neigh-

bom-hood of the eighth cervical segment was functionally incomplete ;
he

was, in fact, an instance of modified BrowTi-Sequard paralysis, with some

diminution of powder in the left hand and total loss of sensibiUty to pain, heat

and cold over the right half of the body from the level of the fourth dorsal

segment dowiiw^ards. The want of appreciation of vibration was, however,

complete on both sides up to the level of the ihac crest, and on the left half

of the body extended to the fourth rib.

Tins patient was much more conscious of oiu* manipulations, and not only

recognised that fluid was passing into the bladder, but could tell when it was

about to empty itself. He knew that the urine was coming, and when it

passed experienced the normal pleasure, but he had no direct desire to mic-

turate. When, however, there was any difticulty or obstruction in the passage
of the water, sweating began at once. Thus it w^as not unusual for a plug of

muco-pus to obstruct the orifice, so that the flow was rendered more difficult,

and he would then begin to sweat profusely over the head and neck, the arms,

and upper part of the chest. During the fii'st three weeks this was confined

to the right side, but later it became almost equally profuse on both halves

of the head and neck.

Experimentally his bladder w-as found to respond to from 100 c.c. to 115 c.c,

and the whole amount was ejected automatically. So long as the catheter

was properly inserted, and the fluid could be evacuated freely, at the moment
when the bladder-wall began to contract, no sweating occurred

;
but as soon

as there was any obstruction, it began profusely over the whole head and

neck. After the bladder had been opened suprapubically, all excessive

sweating ceased, except when the box (" tortoise '*) shifted, or the free flow

of urme w^as checked by some mechanical defect. On one occasion the dramage
tube became blocked by a small calculus, and the hyperidrosis came on again
in a violent form to our profound bewilderment.

This patient also showed that the excessive sweatmg is not correlated

with that
'

thrill,"' or "
shiver," which normally accompanies evacuation of

a full bladder. In fact, this sensation seems to be evoked by the opposite

condition to that which caused sweatmg. He could tell Avitli remarkable

accuracy w^hen his bladder was about to empty itself during our experimental

observations, and contended that he
"
always knew by a nervous wave, which

seemed to start in his abdomen, and passed up to the head and down his arms
"

;

it Mas "
a sort of shiver,"' and it immediately preceded passage of urme

automatically into the bottle or evacuation of the fluid inserted through the

catheter. With this sensation he never sweated
;

it was always associated

with an easy passage and free outflow. Any obstruction destroyed this
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sensati(»n. ;uul iv})liU'('tl it l)y sweat iiiir. wliiili was accompanied by a (Icliiiitc

fccliim of (liscoint'ort.

((•) /nl(s(in(il conditions.-—The palicMif (Xo. 1). who lias been I liroiiu'ioiit

our classical c.\ani})lc of the c()ns(M|uciicc of a total transverse lesion of the

spinal lord, soon discovered that he was c-oniplclcly ijznorant of anylhinji; that

hapjiened within his gastrt)-intestinal canal holow the stoniacli. He fully

appreciated the passage of food down the oesophagus and. hi-ing a heavy eater,

recognised when his stomach was distended: hut beyond that })()int nothing
that hap{)encd alTcitcd his consciousness directly. A\'e observed, however,
that the injection of an enema was a potent cause of sweating. The lesion

was at the level of the si.xth dor.sal segment, and head, neck, shoulders and

arms, with the exception of the hands, always remained dry. But from the

level of about the fourth rib downwards and on the palms the sweating broke

out profusely when fluid was injected into liis lower bowel.

Like the bladder, the rectum evacuated its contents automatically. Drib-

bling of faeces \\as never known to occur. When an enema was given the

amoimt of fluid necessary to start an evacuation depended on the quantity
of fwcal matter already in the rectum

;
it varied from 50 to 250 c.c. (2 to

9 oz.). As soon as a sufficient quantity of fluid had been injected, the

sphmcter relaxed and fluid and fseces were voided together ;
sometimes

however, several small evacuations occurred but there was no constant dribble.

The rectal Avail contracted on its contents and expelled them vehemently.

Sweating rapidly ceased as soon as the rectum was acting freely.

No. 5 was another splendid example of the relation between intestinal

tension and hj'peridrosis ;
for not only was the sweating infallibly evoked

in profuse Cjuantity by an enema, but any collection of wind would also tend

to prcduce an outburst. In the earlier days, before the catheter was tied into

his bladder, he was peculiarly liable to periodic gastro-intestinal attacks

associated with nausea and the collection of intestinal flatus
;
the abdominal

muscles became rigid, flexor spasms increased m the legs and the sweatmg
became very severe. Anything that eased this flatulence or the advent of

the natural termination of the attack was associated with a diminution in

the sweatmg. But, whatever the reflex cause, the distribution of the hj^er-

idrosis was the same
;

it occupied the head, neck, arms and the trunk to the

umbilical level.

In the case of Xo. 8, where the clinical picture was that of a modified

BroAMi-Sequard paralysis, this relation between intestinal tension and exces-

sive sweating occurred only when evacuation was not completely free. He
was analgesic and thermo-ansesthetic over the right half of the body as high

as the nipple level, but was sensitive to pain and thermal stimuli over the left

half of the trunk. AMien an enema was given in my presence he said he could

feel the insertion of the nozzle of the sjTuige. Then after the first few ounces

of fluid were pumped in, he said :

"
I have a feeling as if the passage were being

.forced open;
"'

after receiving about 300 c.c. he said :

" I've got a nervous
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feeling which runs up the body down my arms into the back of my head and

over the front of the scalp : it also runs down the front and inner aspect of

both thighs more on the left (sensitive) side than on the right. This thrill

is not unpleasant, but as the injection goes on it becomes unpleasant, just as

it is unpleasant when you have to strain at stool." No sweating occurred

until this thrill became converted from a pleasant to an unpleasant sensation,

a condition exactly analogous to the similar phenomena produced by obstructed

evacuation of urme. The pleasant visceral thrill is not associated with a

stimulus to sweatmg ;
but obstruction, with its natural discomfort, evokes

hyperidrosis.

((/) Heat.—Changes in external temperature are liable to influence the

amount of this local hyperidrosis. Thus No. 1 sweated less when he was

sittmg up in a chair, and the act of putting him back to bed and wrapping
the blankets around him caused a profuse outburst of moisture over the whole

of the usual area. When he was lifted out of a warm bath sweat poured from

the lower half of the chest, abdomen and palms.
But as soon as the change in temperature is due to some general febrile

cause, such as septic infection from the bladder, kidne}', or a dirty bed-sore,

the sweatmg becomes general. It is true that in some instances the area

peculiar to each case is still found to be moister than the other parts of the

body ;
but the difference between the condition produced by a hot bath and

that which accompanies a febrile attack is most strikmg.
Thus in one patient, where the left half of the spinal cord was divided at

the level of the eleventh thoracic segment, the sweating occupied under normal

conditions the left lower extremity only. He suffered from a febrile rise of

temperature, and the sweatmg was universal, though more profuse over the

left leg. Similarly aspirm causes general sweatmg in these patients, although
at the time they may be free from fever.

§ 3.—Distribution of the Sweating and its Significance

It is now" universally recognised that the secretion of sweat is brought
about by the sympathetic system, and that the connector fibres, conveymg
these motor impulses to the sympathetic chain, pass from the central nervous

system by w'ay of the anterior roots. Langley [65] showed that all the fibres

capable of evoking sweating left the spinal cord between the second thoracic

and third lumbar roots, that is in the thoracico-lumbar outfiow, to which he

strictly confines the term sympathetic. This use of the Word has now become
so universal amongst physiologists that we shall adhere throughout this paper
to his nomenclature

;
whenever we speak of

"
sympathetic

"
w^e shall signify

some activity or structure pertammg to the thoracico-lumbar outflow.

It will be obvious that if a patient sweats excessively after an injury to

the spinal cord, the impulses on which the hyperidrosis depends must pass out

between the second thoracic and third lumbar segments. Now. in such a
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case as Xo. "> the lesion was situated in llie sixth anil scvontli cervical sej:;-

inents of tlu- spinal ior»l ami s\veatin<i; of t lie most |)i-ofuse character occupied
the wliole liead. ucciv and trunk as fardo^n as th<' luuhilica! level. 'The essential

cause of this ph(MU)nuMU)n must, therefore, havr lain in 1 h(> s])inal cord below

the injuiy.

We have also been altU' to demonstrate that this swcatinsi; can be evoked

by the most various afTereut impulses aiYeeting the s|)inal cord Ixlow the

lesion only. For scratching the soles of the Icct or iilling the bladder with

fluid are stimuli which can act solety on the distal parts of the divided cord.

It is thus obvious that, in tlie instance we have given, the cause of the

hyperidrosis must be sought below the lesion, oiid when we examine case by
case the area occupied by the excessive sweating in the light of our present

knowledge of the sympathetic system, we are driven to the same conclusion,

however im]>robable it may seem on superficial consideration. In the two

jiatients (Xo. :? and Xo. 3) w^here the cord was divided at the level of the fom-th

thoracic segment, the sweating was profuse over the upper extremities, the

post-axial behig moister than the pre-axial parts, and over the trmik from

just beloAv the clavicles to the thighs, or even to the toes; the head and neck

were entirely miaffected.

Xow Langley had sho^\ii that in the anterior extremity of the cat sweating
is determined by fibres which leave the spinal cord from the fourth to the

ninth thoracic roots. Thus the distribution of the hyperidrosis in our two

cases w^here the cord w'as divided at the fourth thoracic segment also points

to some cause below the lesion, in spite of the fact that sweating occupied the

upper extremities.

In Xo. 1, the patient \vith comj^lete transection of the spinal cord at the

level of the sixth thoracic segment, the sweating occupied an area from the

fifth rib doAMiwards, and to a less degree affected the palms of the hands.

Xow, of the seven thoracic roots which govern the upper extremity, three are

certainly at or above the lesion in this case; four are, however, below and

account for the moistm^e of the palms.
When the lesion Ues at about the eighth or ninth thoracic segment the

sweating corresponds almost exactly mth the analgesia ;
it no longer extends

far above the parts that are insensitive, as in the previous cases.

As soon, however, as the injury lies at a j^oint below about the ninth

thoracic segment, the hyperidrosis, should it occm-, does not extend as high
as the corresponding loss of sensation. Thus, in a case where the left half

of the spinal cord was divided at the level of the eleventh thoracic segment,
the sweating occupied the left leg and lay entirely below PoujDart's ligament,

whilst the analgesia extended to just below the umbihcus.

This, again, corresponds exactly with Langley 's results in the cat
;
for he

found that the posterior extremity was supphed from the eleventh, twelfth

and thirteenth thoracic, and first and second (slightly thii'd) lumbar roots.

Ovu- observations show that, in every case belonging to the group we have
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described in this paper, the excessive sweating must have been due to pro-

cesses occurring in the spinal cord below the lesion. For not only could it be

evoked by tlie most diverse stimuH to the lower Umbs, but also by changes
in tension witliin the bladder or lower part of the intestine. Moreover,

analysis of the distribution of the excessive sweating in each case shows that

it corresponds to some abnormal activity in parts of the central nervous

system below the injury. Here will be fomid the key to the final causation

of this curious condition.
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§ 1.—The " Mass-Reflex
"
and its X'akiuts Effects

(rt) Conditions under which it appears.
—UiuUm- normal conditions every

reHex sliows signs of the receptive field from Avhicli it originated. Not only

can we say that stimulation of a certain part Avill evoke a series of predeter-

mined and orderly movements, which Sherrington has called a
"
type reflex,"

hut the motor reaction may be modifled by the position of the stimulus within

the receptive field. Thus the sole of the foot forms the most favourable

situation for inducing the flexion reflex consisting, in its full form, of flexion

at the liip and knee and dorsiflexion of the foot. If, however, the outer aspect

of the sole is scratched the foot is somewhat everted, whilst stimulation of

the inner side leads to inversion ; and yet throughout the total movement of

the lower extremity remains true to type. This is no more than an example
dra^^^l from cUnical experience of Sherrington's experimental results on the

scratch reflex. For whatever part is stimulated within a certain saddle-shaped
area on the dog's back, the foot of the same side rises to perform the act of

scratching : and yet the actual direction of the thrust is determined by the

situation, within that area, of the spot that has been scratched. This gives

the peculiar pm'poseful character inherent in so many reflex movements.

Tliis tendency to modification in form according to the locality of the

stimidus has been called by Sherrington the
""

local sign
"

of a reflex. The

more accm'ately it is developed, the smaller will be the receptive field from

which one set of movements can be evoked and the more certainly will those

movements alone make their appearance. A discriminative and strictly

regulated response to stimulation points to a high level of neural activity,

and upward progress in the nervous system is shown in the replacement of

diffuse
"
mass-reflexes," endowed with fittle local signature, by a highly

organised and specific response. On the other hand, the tendency to answer

by a stereotyped and diffuse outbm'st of motor energy, to stimuli differing

widely in place and Idnd, is a sign that lower mechanisms are set free from

control.

This lower grade activity is manifest in all the phenomena we have gathered

together in this paper. Scratching almost any part of the lower extremity,

or even the abdomen, may evoke a characteristic flexor spasm. Some remains

of the old discriminative response may still be visible in the greater flexion

404



GROSS INJURIES OF THE SPINAL CORD 495

at the hip, when the groin is scratched, than if the sole of the foot is stimu-

lated; and there are other minor differences in the mass-reflex depending on

the situation of the stimulus. But these are of little account in comparison
with the stereotyped uniformity of the response, however widely the stimulus

may have differed in nature and situation.

Moreover, the energy evoked overflows into channels with which the reflex

manifestations are not associated normally. Stimulating the sole of the foot

aids evacuation of the bladder, and conversely injection of the bladder with

fluid evokes a flexor spasm. Such "
mass-reflexes

"
form an excellent answer

to noxious stimuli in lower organisms, but are useless for discriminative action.

The whole tendency of development in the central nervous system is in the

direction of restricting the diffusion of afferent impulses and controlling the

form and extent of their reflex reaction.

When the spinal cord has been completely divided, without widespread
destruction or septic infection, the lower end may, under favourable conditions,

regain its tonic influence and reflex excitability. As shock disappears its

various functions gradually return
;
but they now assume a form in which

the reflexes have lost, to a great extent, their local signature, and the reaction

is massive rather than specific. In order to study this condition experi-

mentally, we have used three indicators : we have noted the change in the

reflexes, more particularly from the lower extremity ;
we have measured the

effective reaction of the bladder, and, when possible, have induced a reflex

outburst of sweating by the application of various stimuli. All these methods
of research have revealed the same alteration of functional activity in the

separated end of the spinal cord. It will be well, therefore, to summarise

our results under each of these headings before passing to more theoretical

conclusions.

Shortly after the cord has been completely divided no plantar reflex may
be obtainable, or, in the earlier stages, the great toe may move downwards.

This form of response has been described by Gordon Holmes [53], and as it is

discussed by Riddoch [96] it need not detain us here. Somewhere about the

fourth week, in a favourable case, the great toe begins to move upwards when
the sole is scratched. About the same time, or even before, contraction of

the inner hamstrings can be felt. Step by step, as the condition of the lower

end of the spinal cord improves, the response comes to consist of a vigorous

flexion at the hip and knee, dorsiflexion of the foot, upward movement of the

great toe and splaying of the other toes of the stimulated foot. As time goes
on the rectus and other abdominal muscles participate and some crossed

movement, usually flexion, occurs.

Not only dees the reflex from the sole of the foot throw into action an

abnormally large group of muscles, but the receptive field from A\hicli the

reflex can be evoked is enormously extended
;

it can be produced by scratching

almost any part of the lower extremity, especially the groin, inner side of the

knee and outer aspect of the leg. JMoreover, the great tee can usually be
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made to mu\r ii])\\;ii'(l<.
and tlic imu>r liainstrin<j;s lo contract hy stinndatiiip;

the wall ol t he ahdonicii. and not inl'r(>(|Ucnt \y injection of Ihiid into t he I (ladder

or rectiun produces a characteristic llcxor spasm.
In the >anie way the alxlotninal icllcx nndergocs analogous ehangos. At

fir>t it may he possible to produce a local >cL;nienta] I'cllex only. 'Phis gradually

gives place to a vigorous general contraction of oiu' hall ol the al)donien, in

which the rectus takes })art, and to this may ho added all those i)henoiuena

in the lower extremity which otherwise follow seratehing of the sole of the

foot. At this stage it matters little whether the abdoir.en, groin, knee or sole

be stinudated; the response evoked is a "mass-reflex," or
"

flexor spasm,'

consisthig of a series of widespread museular eontraetions mainly, but not

entirely, on the same half of the body as the site of the stimulus. The super-

ficial reflexes have to a great extent lost their local signature; stimulation of

one part of the body no longer causes its appropriate movement, but calls up
nnicli the same response, whatever may be the receptive field.

This indiscriminate activity in the lower end of the severed cord is also

manifest in our measuren:ents of the functional capacity of the automatic

bladder. Provided there is little cystitis, pyelitis or general toxaemia, the

bladder-wall rapidly recovers the power of expelling its contents through a

catheter, when they have reached a certain amount. Tliis condition can be

reached in a bladder cut off from the central nervous system. But it is estab-

lished more quickly and perfectly if it remains in connection with the loAver

end of the severed spinal cord. Once in full activity, under such conditions,

the automatic bladder becomes a valuable index of the widespread effect of

any adequate stimulus, applied to the parts below the lesion. Scratching
the sole of the foot induced a bladder, which otherwise responded to 420 c.c,

to eject its contents at 160 c.c. The same facilitation may occur whatever

part of the body is stimulated, provided a flexor spasm is evoked, and, in some

cases, the abdomen may be as effective a receptive field as the sole of the foot.

Deep breathing has a profound effect upon the activity of the bladder-

wall. Of tliis we have given numerous instances
;
for example, No. 1 ejected

25 c.c. of fluid through the catheter under the influence of deep breathing,

although the usual unaided response did not occur until the contents of his

bladder had reached 420 c.c.

Pinching or otherwdse stimulating the glans penis may also cause premature
micturition, provided it does not produce erection. If, however, the penis

becomes turgid under these manipulations, the sphincter mechanism is not

relaxed and the bladder is not emptied.

Injection of fluid into the rectum, as during the administration of an

enema, will also cause involuntary micturition. At the same time such

distension of the lower bowel may evoke a characteristic flexor spasm.
When we examine the miderljdng causes of hyperidrosis in these cases of

spmal mjury, the facilitating influence of almost any afferent impulse, affecting

the lower portion of the cord, is strikingly evident.
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An outburst of sweating can be evoked by stimulating the sole of the

toot, or any part of the lower extremity capable of producing a flexor spasm.

Injection of fluid into the bladder is a most effective stimulus and sweating

is peculiarly liable to appear if the fluid has not free means of exit. Thus,

A\ hen the bladder was opened suprapubically m No. 8, all paroxysmal sweating

ceased, until the exit tube became blocked, when it reappeared as violently

as ever. In the same way the injection of fluid into the rectum frequently

evokes an outburst of sweating over the area customary to each particular

case.

Such are the conditions which may arise in the lower end of an injured

s])inal cord. In order that it may fall into this manner of reaction the lesion

must be gross, but need not be anatomically complete, and it is at first sight

puzzling to discover the factors w^hich determine its appearance. Some cases,

Avhere all sensation and power of voluntary movement are lost, do not show

this general diffusion of reflex energy to a degree sufficient to hurry evacuation

of the bladder, whilst others, with apparently less severe disturbance, show

all these phenomena of facilitation.

In the next subsection we shall describe the reflex reactions in cases where

the spinal cord was gravely injured, and yet no facilitation occurred, in the

hope of determining the factors which underlie the assumption of this

ondition.

(b) Conditions under ivJiich it does not ajyj^ear.
—Before any hypothesis can

be suggested, to explain why this overflow of reflex activity occurs in some

cases and not in others, although interference with the functions of the spinal

ord may appear, at first sight, to be eciually severe, it will be necessary to

ompare one by one the characteristic manifestations of the two groups of

cases. In those patients in whom we knew that the spinal cord was anato-

uiicallv divided, and also in those where we had reason to believe that all

conduction had been permanently abolished by the lesion, certain reactions

failed to make their appearance in the lower extremities, even after the period

of shock had passed away. Such are the cases which tend under favourable

onditions to exhibit diffuse reflex activity and excessive facilitation. On

I he other hand, all voluntary power may be abolished and the patient may
l)e insensitive to every form of stimulus below the level of the lesion

;
bladder

md rectum may be actmg automatically, and yet, if certain reflex responses

ire present, facilitation fails to appear in man, even under the most favourable

•onditions. (No. 4.)

The most important of these reflexes is primary extension of all the joints

)f the lower extremity, obtamed by stimulatmg the thigh, groms and abdominal

wall. Scratchmg, pinching, or rubbing any of these parts, to the right or

left of the middle Ime, produces this extensor movement in the lower extremity

.f the same side; in some cases the reflex movement is bilateral, but it is

ilways more extensive on the stimulated side. A condition, in the lower end

if the injured spmal cord, capable of producing such a reflex, h, in our experi-
VOL. II. M
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enco. iiK-i)iii|)alil>U' with tliat ditTiisc rcspoiisi.' ami t'xcc'.s.sivc lacilitalion of

visceral actiNity wliii'li t'onu ilu' (liriiu' (tt tliis j)a|)or.

Again. iK'iiiiaiUMil (.'xlonsm- rigidity d(ies not occur in man when I he s|)iiial

cord is completely divitlcd. W lienever extensor itioxcnicnls appeal- (hey are

a transitory reaction (o llexioii in the opposite linih. IJiit in cases of gross

injury to (he spinal cord, where all Nolnntary nio\-enient and sensation are

abolislu'd up to the pelvis and the bladder is acting automatically, one or

both legs not uncommonly fall into extensor spasm and may even remain

constantly in an extended })osition. Under such conditions evacuation of the

bladder cannot be facilitated by any extra-vesical stimulus in spite of the

severity of the s})inal injury.

Sherrington ([112| j). 67) described a rellex of the dogs hind limb which he

called the
'"

extensor thrust,"' obtained by mechanical stimulation of the sole.

This can be elicited in some cases of gross injury to the spinal cord by gently

pushing uj) (he front of the foot when the knee is resting passively in a position

of partial flexion
;
the extensors of the knee and the calf muscles can be seen

or felt to contract, and if a strong thrust is evoked the limb is momentarily

straightened and the foot plantar extended. This reflex is in no way allied

to an incomplete ankle clonus. For the extensor thrust, when fully developed,
is a single quick movement extending over two joints, while ankle clonus is

essentially a repeated movement due to action of the calf muscles only. We
believe that the true extensor thrust can rarely, if ever, be obtained in man
where the spinal cord is completely severed anatomically or even function-

allv. Moreover, the existence of such a reflex is associated with an absence

of excessive facilitation, however gross may be the loss of motion, of sensation

or of visceral control.

Another condition sometimes present in these cases is the phenomenon
of reflex stepping, described by Nothnagel in the frog, and systematically

explored by Sherrington ([112] p. 65). In man it takes the following form :

If one knee is placed passively into a slightly bent position and the foot is

sharply dorsiflexed the Icnee becomes actively straightened. This is the

extensor tlirust. It may be accompanied by flexion of the opposite loiee and

foot. This again may be followed by extension, and the legs may continue

for some time to move rhythmically, flexion on the one side being accompanied
bv the extension on the other and vice versa ;

in fact, the cord carries out

reflexly the movements of stepping. This is another of the phenomena which

appear to point to a condition of activity in the lower end of the injured spinal

cord incompatible with excessive facilitation of a visceral reflex from a somatic

receptive field.

When the cord has been completely divided and the general conditiors

are favourable for the establishment of a massive response, the receptive

field of the flexor spasm spreads w idely ;
not only are foot, knee, liip and

abdomen thrown into contraction, but this reflex can be evoked by scratching

almost any part below the umbilicus. But, when an extensor reflex can be
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obtained from the thigh as a primary response, this great widening of the

receptive field does not occur, however much the loss of motion and sensation

may point to functional division of tlie spinal cord. Scratching the groin,

or even the front of the thigh, will ])roduce a palpable contraction of the

quadriceps extensor of the same leg. This reflex has been able to maintain

itself against the invasion of its receptive field by the flexor response. Under
such circumstances evacuation of the bladder cannot be facilitated from without.

Another curious difference occasionally present between the two sets of

cases, grouped by these criteria, seems to be the patient's conception of the

position of his legs. Select two men with gross injury to the spinal cord at

. the same level. Both may be unable to recognise the actual posture and

movement, passive or spasmodic, of the lower extremities
;
and yet, if the

extensor phenomena we have indicated are present, the patient tends to

think his legs are lying straight out in front of him, whatever their actual

position. On the other hand, the man in whom the mass-reflex, flexor spasms
and facilitation are well developed usually says that his legs are flexed at the

knee and sometimes adds that his feet are drawn up to his hips.

§ 2.—The Physiological Significance of these Conditions

In cases of gross injury to the spinal cord anywhere in the dorsal region
we have shown that the presence or absence of sensation is not the deter-

mining cause of the subsequent development of a massive response. Con-

sciousness appears to play no essential part in determining whether it shall

appear or not
;
for the patient may be insensitive to all forms of stimulation,

however intense, and may be unable to appreciate the posture or movements
(jf his lower extremities, and yet all signs of diffusion and undue facilitation

may be absent. Reflex local signature is still maintained in spite of the

grossest interference with every aspect of sensation.

In the same way voluntary power may be lost, including control of the

l)ladder and rectum, without this condition necessarily making its appearance,
even though sensation is also completely abolished. The key to the problem

lies, we believe, in the significance of the extensor phenomena, which alone

of necessity distinguish the cases of gross lesion to the spinal cord, where

local signature is maintained, from those in which it is largely abolished.

Sherrington has showai that these extensor reflexes are associated with

the maintenance of postural tone and the act of standing and walking. But
he has also shown that the mechanism, on which they depend primarily,

consists of intraspinal (proprio-spinal) arcs
;
the activity of this system cannot

be immediately affected by stimulation of any one afferent root. The main-

tenance of postural tone demands an adjustment of the whole body and limbs.

Ai essential feature of locomotion is the alternation of two converse phases
of contraction and relaxation in the same muscle. This is beautifully seen

in the reflex stejoping of such a patient as No. 4; but it is equally ajiparent
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in t Ik- rxtoiisor t liriist . w liich can \)v nhtaiiu'd in all 1 lial liioiip ot fuycs to w liiili

lie bolongeil. Thv contraction of the juuscIcs of tho calf, which occurs wIkmi

the foot is pressed upwards, is followed in the same extremity by a dehiiitc

Hexion of the foot; tlic rcllex is in rcahty a l)ii)hasic moveiuent.

\\\' ha\'c i'\cry reason to beli('\c tVdni Shci rinutons experiments on animals

juid from \N'alshe's researches on man |I."U|, that the control of these move-

ments is situated somewhere in the midbrain and pons. It is closely associated

Mith impulses from the semicircular canals. This ultimate controllhig centre,

presiding over postural tone in the absence of consciousness, acts on the s])inal

centres and is responsible in nuin for the appearance of primary extensor

manifestations after injury to the spinal cord.

\\'e should like to suggest that it dees not act on the spinal centres for the

fore-liml) and hind-lindj independently, but that these proprio-spinal systems
tire linked uj) ultimately together. The functional state, induced by the

higher controlling centre, is not a movement of one limb, but a change of

j)osture of the body as a whole, requiring readjustment of every part of the

animal. In the class of case with which we are dealing, we do not see this

change elsewhere than in the lower extremities, because the parts above the

lesion are still under the control of the will, which prevents any such

purposeless manifestation.

But although the stimulus evoking these extensor phenomena has failed

entirely to reach consciousness it has acted on the mechanism for postural

tone
;
the sjniaptic resistance of the common path has been raised agamst

undue flexor activit3^ There is no longer a straight and uninterrupted road

from afferent receptor to flexor movements, but the synapse may be set

towards extension or flexion according to the situation and nature of the

stimulus. As at a junction on the railway, the pomts are locked, in many
cases automatically, according to the nature of the message received.

Such automatic regulation of the approach to the common efferent path
demands some difference in quality on the afferent side accordmg to the site

of the stimulus. This difference need not reach consciousness ;
the patient

may not recognise that an3i:hmg whatever has happened to his lower extremi-

ties, and yet the impulses generated by scratching the sole still differ from those

caused by scratching the thigh by the fundamental characteristics due to,

then- diverse locality. That is to say, they still mamtam their local sign, and

this gives to each reflex a form consonant with the local signature of the

impulses which evoked it.

We agree entirely with Walshe m his view that primary extensor activity

is not, in man, a function of the lower end of the transected sjoinal cord. The

human lower extremities are so exclusively used for maintainmg the upright

position and for locomotion that the dominant activity of their neuro-muscular

mechanism is the production of changes in postural tone. This rec^uires a

nice balance between flexion and extension and represents a high order of

central control.
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rncontrolled flexion, on the other hand, as far as the lower extremities

are concerned, still mamtains its close relation with impulses, which would

underlie pain or discomfort, if consciousness were present. The sole of the

foot, even in man, nuist still be protected from injuries by stones and thorns,

ami the response is an immediate withdrawal of the limb that has been hurt.

This is the essential flexor spasm, and it still retains many of the marks of its

origin ;
it is more easily evoked from the front of the sole, and the most

effective stimulus is a prick or a scratch. Such protective reflexes are the

oldest in the phylogenetic scale, and, wherever they still remain in the

human organism, betray their primitive origin. Although the movements they
evoke are normally strictly under the influence of higher control, the reflex

mechanism upon Avhich this influence acts belongs to the more lowly centres

in the nervous system.

AMien, therefore, shock passes away, after complete division of the spinal

cord, these lowly centres in the distal end recover their functions if the con-

ditions are favourable. But, in man, this recovery does not occur as a part
of the restitution of postural tone, but as an isolated capacity of responding
to noxious influences (Sherrmgton's

"
nociceptive reflexes "').

Now, intense pain or discomfort not only evokes a withdrawal of the lower

extremity, but also leads to definite visceral reflexes
;

urine is passed, the

rectum is emptied, and the sufferer sweats. Tliis is particularly evident in

fear, which plays upon the whole of this nociceptive reflex mechanism.

According to our view, the massive flexor response, which can be evoked

from almost any part below the lesion after complete transection of the spmal

cord, is not a part of the normal postural reflexes, but belongs to the ancient

nociceptive mechanism. It has in this form nothing to do with standing or

walking. Its nearest ally among the reflexes is not primary extension, but

evacuation of the bladder and rectum.

On the other hand, when primary extensor activity reappears in the distal

end of the spinal cord, flexion becomes controlled and modified as its direct

co-relative in postural tone. Flexion may still be evoked under suitable

excitation as a nociceptive response, but there is now a block on the reflex

synapses to viscera, such as the bladder and rectum. This raised synaptic

resistance may be overcome, as in normal life, if the stimulus is extremely

violent, or if an emotion such as fear supervenes. But under usual conditions

the calling up of a flexor reflex in one lower extremity is followed by an

extensor phase, and vice versa. Flexion in the presence of even automatic

extensor activity is linked up with postural tone. Flexion in the absence of

local signature and of postural tone reappears in the spinal cord as a noci-

ceptive manifestation only, closely associated with visceral reflexes, such as

evacuation of the bladder or rectum and excessive sweating.
The explanation \\e have put forward in this section is in the direct line

of thought from the views enunciated by Hughlings Jackson from 1864 onwards.

He laid down in many communications and in liis clinical teaching, that i:i
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U'sions of the ii('i-\tiMs systi-in ixisitivc syinptdiiis wvvv usually the icsult of

ivnioval of i-outiol. iioiinally cxcrcisod liy liiuluM' ovrr lower cciitii-s. When

sprakiiii: t>f rii:i(lit\ in licmiuli'L'ia \\c s;ns :

" Mv spoculalion is that the

rigitlity is due to uiiai\ta<2;onisi>(l iiitlucnct' of fho cerobclluin. 1 believe lliat

ill health ilie whole of the iiniMles of the body ai'c doulily innervated l)()th by
t he I'ci'eltruni and cerehclluin. 1 here hciuij; a co-ojid'al ion of anlaiioiiisin liel w ixl

the two tireat eentres. \\'hilst the eerebiuni innervates the muscles in tiie

order i^i tlu'ir action, from the most vohmtaiy movements (liml)s) to the;

most automatic (truid<), the cerehclluni innervates them in the o])j)ositc

order. . . . This is equivalent to saying that the cerebellum is the centre

for t'ontinuous movements and the cerebrum for changing movements.
' The nniscles which, on the above suggestion, are ehieflv innervated bv

the cerebellum are those which have the fewest dilfcrent, the most tonic, the

most confluent movements: the reverse for those which the cerebrum chief!}'

innervates. Thus in walking the cerebellum preserves the equilibrium of

the body, tends to stiffen all the muscles
;
the changing movements of walkhig

are the result of cerebral discharges overcoming in a particular and orderly

way the otherwise continuous cerebellar influence. This is what is meant

liy a co-operation of antagonism."
These views had little general influence on neurology until Sherrington's

remarkable series of experiments led to a coherent conception of the relation

of the innervation of flexors and extensors, particularly in the lower extremity.

He proved that in the decerebrate animal all those muscles which maintain

posture are in a condition of tone
;
these are mainly the extensors. But if

the spinal cord is divided, even in the upper cervical region, all the reflex

reactions which can be obtained are, flexor ; they do not lead to the assumption
of posture, but are phasic movements. Now since the one form of activity

is seen when all cerebral influence is removed by a lesion across the cerebral

peduncles, whilst after transection of the cord the primary reaction in the

stimulated limb is uniformly a flexor movement, it follows that the centre

governing postural tone in the hind legs of the dog must lie somew^here in

the midbrain or pons. On the other hand, the centre for the primary flexor

response must lie in the spinal cord.

Such conceptions of integration wdtliin the nervous system had a profound
effect on the younger English neurologists and led to the production of Walshe's

paper [131] on reflex phenomena in paralysis of the lower limbs in man. His

conclusions can be summarised as follows :
—

"
(1) The reflex movements of the low'er limbs in spastic paralysis are

almost entirely movements of flexion of the limbs
;
with flexion is included

dorsiflexion of foot and toes, more especially the hallux. These movements
occur as the well-known flexor spasms in certain cases of paraplegia. . . .

"
(2) The '

receptive field
"

of this reflex commonly includes the whole

limb, skin and deep structures. The form of stimulus most effective is that

having a nocuous or harmful character. . . .
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"
(3) Of this reflex flexion, dorsiflexion of the halhix is an integral and

inseparable part. . . .

"
(4) The physiological significance of the flexion reflex is that of a defen-

sive reflex and it has no relation to
'

spinal stepping/ . . .

(10) The conditions of paraplegia in flexion is an example of unantago-
nised flexor reflex action."'

Such are some of the conclusions drawn by Walshe from his study of the

effects of cerebral and spinal lesions in man. It \\ ill be seen how directly,

they are based on the views of Hughlings Jackson and Sherrington.
The hypothesis we have put forward in this section, to explain the

phenomena of excessive facilitation, follows directly on the work of our pre-

decessors. We hold that, so long as certain primary extensor reactions can

be evoked from the lower extremities, the flexion reflex retains its double

character. On the one hand it is a phase in change of posture and locomotion,
and on the other a defensive movement of withdrawal. It dees not matter

how gravely motion, sensation and visceral control may be disturbed provided
there is sufficient connection between the lower end of the spinal cord and the

higher centres to maintain postural tone. So long as extension can be obtained

as a primary reaction, energy dees not overflow into visceral channels when
moderate noxious stimuli are applied to the lower extremity, nor is it possible

to evoke flexor spasms by allowing fluid to run into the bladder (cf. Case

No. 9).

When, however, after shock has passed away, the lower end of the spinal

cord regams its activity uncontrolled by any influence above the lesion, the

only response is a nociceptive reflex. This takes the form of a vast outburst

of motor energy not confuied to the parts stimulated, overflowing into visceral

channels, a profound shrmkmg away of the animal from harmful stimulation.

Not only is the spread of this reflex activity gi'eater than under normal con-

ditions, but the receptive field from which it can be evoked is unlimited below

the lesion m favourable cases. This is the
"
mass-reflex," and we have

attempted to show that in it is revealed a primitive method of response which

cannot occur under normal conditions of higher neural control. All traces of

such primitive reaction have not been elimmated from the normal nervous

system, because withdrawal of the limbs and trunk with evacuation of bladder

and rectum may still occur under violent effective stimuli as with the emotion

of fear. But the sjaiaptic resistance against such an occurrence must be

extremely high in man.

It is an essential condition for the development of the mass-reflex in its

complete form with visceral facilitation that the reflexes should to a great

extent have lost their local sign. But so long as flexion can be evoked by

scratching the sole of the foot and extension by stimulating the thigh, it is

obvious that the site of the stimulus still determines the specific character of

the reflex response. Now we have shown that the absence of sensation does

not of necessity destroy this local signature ;
it is obvious that afferent
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impulses nuist rearh the >i>inal cdrd marlxcd l)y sonic cliai'.uicrist ic iiidii-ation

of tlu'ir place of oriiiin. l>ut it is in no way necessary that I licy sluaild alTect

consciousness. In the same way a total ahsence of \('limtary movement does

not necessarily lead to a massi\-e re-ponse and visceral facililalioii. In order

thai this mode of reai.'ti(tn may apjiear the mechanism for postural co-ordina-

tion of the trunk and limbs should liave undergone such gross injury that no

im]mlses can pass across the damaged region.

But if these proprio-spinal paths have been destroyed, or their functions

abolished, the mass-reflex may appear in its com])Iete form even though some

sensation and voluntary movement are still present below the level of the

lesion. Should this form of response follow stimulation of one lower extremity
and not of the other, facilitation of the detrusor activity of the bladder may
be evoked from the former limb only ;

in this case the overflow of reflex energy
on to the "sasceral system ajipears to be independent of the relative condition

of voluntary power in the two lower extremities [cf. Case No. 8].

In this discussion we have not yet mentioned the large body of French

research on the nature of the reflexes. For our attitude can only be under-

stood clearly by the close study of the development of English thought and

particularly of Sherrmgton's conceptions as set forth in the
"
Integrative

Action of the Nervous System."" We cannot, however, close this paper
without shoA\ing how Me stand in relation to the work of the French

authorities.

In 1898 Babinski described the
"
phenomene des orteils

"
or, as it is usually

called, the
"
extensor response." This he considered to be a thing apart from

limb flexion, which he called a movement of defence. The nature of the
"
extensor response

"
was wrapped in mystery but it was of the greatest

diagnostic value as a sign of pjTamidal affection.

Marie and Foix [79], on the other hand, insisted that when the spinal cord

was set free from control three groups of reflexes made their appearance as

the direct expression of spinal automatism. These are : (1) the
"
phenomene

des raccourcisseurs
"

[flexors]; (2) the "phenomene des allongeurs [exten-

sors]; and (3) the
"
reflexe d'allongement croise."" They pointed out that

the Babmski reflex of upward movement of the toes was a part of the flexor

phenomenon and had no connection with extension except by a confusion

of anatomical nomenclature. They say :

"
Cette activite propre de la

moelle . . . constitue lautomatisme medullaire, automatisme dont limpor-
tance s"exagere des que la moelle est

'

liberee
'

de Taction des centres ence-

phaliques. . . . Aussi losqu"une lesion sectionne plus ou moins completement
la continuite des neurones qui retient les centres encephaliques aux centres

medullaires, on assiste a la liberation de la moelle et on la voit developper une

activite propre demeuree latente chez le sujet normal . . . le tern.e auto-

matisme medullaire exprime lensemble des mouvements co-ordonnes dont la

moelle isolee est susceptible. . . ."" [78].

Now Sherrington had shown that, after shock had passed away, the spinal
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(log could stand to a certain extent
;
but the posture assumed was unstable.

In the same way some primary extensor manifestations could be obtained,

under favourable conditions, but there was nothing comparable to the extensor

rigidity of the decerebrate animal. This, however, applies to the dog ;
the

spinal monkey cannot stand and exhibits little or no extensor activity.

The higher development of man has evidently robbed the spinal cord of

still more of the functions with which it was originally endowed. Under the

most favourable conditions Me have discovered a vigorous activity in the

divided spinal cord. But all postural activity has disappeared and does

not return; "spinal man
""

cannot stand, and shows no primary extensor

activity.

Evidently Marie and Foix were dealing with a different group of cases from

those on which we have based the main argument in this paper. They
described many of the phenomena which occur when the spinal cord has been

grossly injured. But they attribute all these conditions, flexor or extensor,

"mass-reflex"' or response endowed with local signature, to automatic action

of the spinal cord.

We, however, believe that so long as local reflex signature is not destroyed,
and so long as primary postural reflexes can be obtained, the lower end of the

spinal cord has not been liberated from control of the parts above the lesion.

All voluntary motion and sensation may be destroyed and bladder and rectum

may be acting automatically, but excessive facilitation and the overflow of

reflex energy into visceral channels will be inhibited. Thus, although we in

no way under-estimate the value of these researches of Marie and Foix, the

very existence of many of the phenomena in which they are interested

precludes the appearance of those wliich form the theme of this paper.

Summary of Conclusions

The Automatic Bladder.

(1) When the spinal cord has been completely divided, the bladder may
begin to expel its contents automatically as early as twenty-five days after

the injury, under favourable conditions.

In unfavourable cases, where the patient suffers from chronic septicaemia,

due to a bed-sore, grave cystitis or pyelitis, automatic micturition may never

become established, however long the patient survives the injury.

(2) If a catheter is passed after automatic but involuntary micturition has

become established, and fluid is allowed to run into the bladder under the

least possible pressure, it will be expelled after a certain volume has entered.

This volume varies between about 100 and 600 c.c.

We wish, however, to insist that this expulsion of fluid through a catheter,

owing to the contraction of the muscles of the bladder-wall, can be evoked
at a time when the patient is unable to micturate automatically, that is

to say during tlie period of complete retention. This retention is due to
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s|)asiiu>ciii- roiilract idii i^{ the ^pliiiuii-r ir.ci-liaiiisiii. wliuli d(-c's not rrlax

although till' inu>cular wall ol tlu- Idadcicr is capahK" of vigorous contraction.

Later, however, under favourahle ueneral conditions, true automatic

niicturit ion may heeon'.e (>st ali|i>l!ed e\-en tliouiili the spinal cord is com-

pletely di\i(K'd. Whi-n the contents ot the Madder reach a (crtain amount,

its nmscuiar wall contracts, the s|)hincter relaxes and urine is j)assed

in\(iluntarily.

(3) The form assunietl hy the activity of such an autonuitic bladder is

entirely indejXMident of the site of the lesion in the spinal cord.

(4) If the spinal cord is gravely injured and even if it is completely divided

anywhere above the lumbar region, automatic evacuation and the complete
act of micturition may be facilitated by the most various afferent imjiulses

passing into the h)wer portion of the spinal cord.

When the sole of the foot, the thigh or the abdomen is scratched, a flexor

spasm may be evoked. If tliis is so, the bladder may empty itself when its

contents scarcely reach one half of the amount otherwise necessary to produce
a contraction of the muscular wall.

(5) After destruction of the lower lumbar and sacral roots, the bladder

may act automatically in an identical manner, except that it can no longer

be influenced reflexly by any afferent impulses.

(6) When the lesion is confined to the lower end of the spinal cord or to

the lower lumbar and sacral nerve roots, the patient may be conscious of

tension within his bladder, may recognise the occurrence of contractions in

its muscular wall, and may experience that pleasure which normally accom-

panies evacuation. But these sensations have no effect on the automatic

activity of the bladder.

(7) When the bladder is acting automatically, deep breathing may cause

the muscular wall to expel its contents before they have reached sufficient

volume to be otherwdse an effective stimulus.

In the same way, pressure on the abdominal wall not only tends to expel
the contents of the bladder mechanicallv, but also acts as a stimulus to

otherwise premature evacuation.

(8) When washing out a bladder, in order to treat the cystitis, so fre-

quenth^ present in patients with spinal lesions, it is most important to avoid

exercising undue tension on the bladder-wall. The fluid should be allowed

to run in under the smallest possible pressure ;
the vessel containing the wash

must not be raised, as is so commonly done, some feet above the bed, nor

must the bladder be injected from a svTinge. Such methods are positively

harmful
;
for the tone and contractile capacity of the vesical musculature

are overcom^e by such pressure, and the power of spontaneous evacuation

thereby diminished. In every case where an automatic bladder is to be

washed out for therapeutic purposes, the volume of fluid should be determined

at which evacuation occurs, and the bladder should always be allowed to

empt}' itself, as far as possible, in response to endovesical stimuli.

11
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Excessive Siveating.

(9) 111 most cases of hyperidrosis, associated with gross lesions of the

spinal cord, the outburst of sweating represents the activity of the nervous

system heloiv the lesion.

Thus, when the injury is situated in the lower cervical segments, the whole

head and neck may be covered with sweat, because all the fibres which produce

sweating leave the spinal cord in the thoracico-lumbar region. A lesion at

the level of the third thoracic segment caused excessive sweating over both

arms and over the trunk below the second rib
;
in a case where the injury lay

in the sixth thoracic segment, hyperidrosis extended from the fifth rib down-
wards ^^itll some moisture of the palms of the hands. When the injury was

situated at the ninth thoracic segment, the hyperidrosis corresponded almost

exactly with the extent of the analgesia, whilst below this segment the area

occupied by the sweating was smaller than that of the loss of sensation. In

some cases tliis sweating may be unilateral.

(10) In favourable cases paroxysmal sweating can be excited by almost

any stimulus which sends afferent impulses into the spinal cord below the

lesion. For instance :
—

{a) Scratching the sole of the foot, the abdomen or any part below the

level of the lesion, provided it evokes flexor spasms.

(b) Injection of fluid into the bladder. Inability to pass urine when the

bladder is full is one of the most frequent causes of
"
spontaneous

"'

hyper-
idrosis in these cases

; sweating ceases when a catheter is passed and the

endo-vesical is relieved.

(c) Injection of fluid into the lower bowel, as when administering an enema.

Be/lev Activity of fJie Spinal Cord below the Lesion.

(11) It is evident, therefore, that under certain conditions the spinal cord

below the level of the lesion may show signs of diffuse reflex activity. Scratch-

ing the sole of the foot may not only evoke a flexor spasm, but may cause

premature evacuation of the bladder and an outburst of excessive sweating.
This we have spoken of as a

"
mass-reflex."

When the spinal cord has assumed this form of activity, any stimulus

giving rise to impulses endowed with affective tone will evoke this diffuse

reaction. Not only can evacuation of the bladder and rectum be facilitated

by scratching the sole of the foot, but injecting fluid into either of these organs

may evoke characteristic flexor spasms.

(12) When the spinal cord reacts with this massive response, it is obvious

that the reflexes have, to a great extent, lost their local signature. Not only
is the answer the sam.e when diverse parts, such as the sole of the foot, the

bladder or the rectum are stimulated, but it matters little what part of the

skin is scratched provided it is supplied by the spinal cord below the lesion.

Scratching the abdomen or the sole of the foot may evoke the same reflex

response.
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(l;>) Sluuiki tlu- I.mmI >iMn ot the rcllcxcs li(> rclaiiicd to such a dcuicc^ that

primary iwtoiisioii laii In- I'Vukt'd l)y sc rat chiiitj; the lhiL:;h, though ilcxioii is

I'ausod by nofircitliM" stimuli to the sole of the toot, this clilTuse and massive

response fails to a])pear. Evacuation of t lu> hhuklcr cannot be facilitated

from t hi' limb which yields a jtriuiary extensor response to stimulation of the

thigh. We belie\i' that the presence of retlex stopping is another indieation

that the retli'xcs ha\-e not entirely lost their usual local signature.

(14) All voluntaiy uioNcinent, sensation and visceral control may be lost

below the level of the lesion, and yet excessive facilitation may not be present.

This nuiv be due to the following causes :
—

(a) The patient may suffer from continuous septicccmia or toxic absorption,

due to a foul bed-sore, cystitis, or pyelitis. The lower end of the spinal cord

has no chance to recover from the first period of shock cUie to the injury,

and reflex activity does not return to any material extent, however long the

patient may live.

(6) In spite of the severity of the injury, the centres above the level of

the lesion may still exercise sufficient control to prevent this widespread
reflex activity. The severity of the injury has not been sufficiently great to

prevent the neural mechanism for postural adaptation from influencing the

parts below the lesion, though voluntary motion, sensation, and visceral

control may be lost. This maintenance of postural activity is shown, in

man, by the existence of primary extensor reactions and the presence of local

signature in the reflexes which can be obtained from parts below the lesion.

SHORT ACCOUNT OF SOME ILLUSTRATIVE CASES ^

Case 1.—Total division of the spinal cord at the level of the sixth thoracic segment. Complete loss

of voluntarij power and sensation helow this level. Automatic micturition. Facilitation of detrusor

activity of the bladder bi/ any reflex activity beloiv the level of the lesion. Paroxysmal sweating, which

could be evoked by injecting the bladder or rectum, or by producing flexor spasms from parts below

the lesion.

Lieutenant -NI., aged 28, was woimded by a shrapnel bullet in the spine on August G, 1916.

On August 16 he was admitted to the Empire Hospital, under the care of Dr. Collier. Next

day (eleven days after injury) his condition was as follows :
—

Motion.—There was total flaccid paralysis below the level of the sixth rib. The muscles were

not wasted. There were no involuntary movements of the lower extremities.

Reflexes.
—

Arm-jerks were brisk and equal. All reflexes both superficial and deep were absent

below the lesion.

Sensation.—Complete loss below the level of the sixth rib. Above this a narrow area of over-

reaction coidd be mapi^ed out occupying mainly the fourth interspace. Vibrations of a tuning

fork could not be appreciated above the level of the ninth rib.

Sphincters.
—There was complete retention of urine. A catheter was passed every six hours,

^ Xos. 1, 2 and 3 correspond to the same numbers in Riddoch's paper [96]. No. 4 in tliis

paper corresponds to his No. 6.
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and the bladder was washed out with a sohitioii of cu^ol, 1 in 16,000, niglit and morning. The

anal sj^hincter was tonic.

Siceaiinrj was at this time absent over the trunk and lower extremities.

On August 28, 191G (twenty-two days after the injury) motion and sensation were in a similar

condition.

Reflexes.
—Knee- and ankle-jerks were absent. Abdominal reflexes absent. For the first

time on this date upward movement of the toes Avas noticed on scratching the sole of the foot.

Hamstring contraction had not been obtained previously on plantar stimulation ; but with the

first appearance of this uj^ward movement of the toes the hamstrings could be felt to tighten and

contraction also appeared in the anterior tibial grouji of muscles. The receptive field for this

reflex was limited, at this stage, to the soles of the feet and the threshold was lowest on the outer

side. Xo crossed response of any kind could be obtained.

Sphincters.
—Retention of urine was no longer complete. A small quantity of urine was passed

reflexly on one or two occasions.

Sweating.
—He had begun to sweat on the left side of the head and neck, left arm, and down

to the level of the third interspace. The skin of the right arm, right half of the face, and all the

trunk below the level of the fifth rib was dry.

By the twenty-fifth day after the injury slight periodic movements were noticed in both legs,

but not at the same time ; these consisted of upward movements of the great toes, tightening of

the tibialis anticus and of the hamstring tendons. On tajjping the right patellar tendon contraction

of the quadriceps muscle, chiefly in the vasti, occurred, and the slack tendon was seen to tighten

momentarily. Periodic micturition was more frequent and more urine was voided at a

time. •

On September 8 (thirty-three days after the injury) a shrapnel bullet was removed from the

body of the sixth dorsal vertebra. Opposite the bodies of the fifth and sixth dorsal vertebra^

the cord was completely divided and the ends were sej^arated by about 2'5 cm.

When he recovered from the immediate effects of the operation he rapidly assumed a condition

which Was, in the main, constant. This was interrui^ted in the early part of 1917 by an attack of

cystitis and pyelitis, which led to some weeks of fever. But apart from this period his condition

may be summarised as follows :
—

]\Iutio)i.

All voluntary motion was completely absiCnt below the level of the sixth rib. But involuntary

movements occurred with great frequency and were very active. All such spasms were invariably

of the flexor type ; the great toe moved upwards, the foot was dorsi flexed at the ankle, and both

knee and hip flexed vigorously. At the same time the thigh became adducted and the rectus

abdominis of the same half of the body fell into spasm. In some cases the involimtary movement

might begin in the muscles of the abdominal wall and spread rapidly to the lower extremity.

Sometimes the legs flexed alternately; more often, however, two or three flexion movements of

one leg occurred in quick succession before the other leg moved. On one day the right leg might
"
jump

"
more often than the left, and on the next the left be more active than the i^iglit.

From the forty-fifth day after the injury the extensors of the opposite limb to the one in flexor

spasm could be felt to contract; but at first this movement did not produce any effect upon the

position of the limb. By the 259th day, however, each flexor spasm in one leg was accompanied

by definite movement of the quadriceps cruris arid calf muscles of the other, so that the Umb would

shoot out extended in front of him as he sat in his chair. The flexors showed no signs of wasting,

but the extensors were certainly smaller than normal.

Wlicn the lower extremities were not in motion the tone of the physiological flexors was below

normal, but that of the extensors was relatively much less develo})ed. During contraction, how-

ever, the tone of the flexors was greatly raised, whilst the tone of the extensors of the limb was

greatly diminished. When the extensors were contracting the converse was true; a flexion

reflex was induced and the crossed extensors contracted; their tone was increased, but it was

nev^er so great as that of the contracting flexors.
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Knee- ami ankle jorks liei-aino greatly cxaggeratcil shortly after their reluiii. Ni) deluiitc

ankle clonus apiH-arctl, but on tlnusting up the foot a few brief jerks occurred. It was, however,

(litlieult to examine for ankle eloiuis satisfactoriiv dwiiiu to the llcxor spasm, so easily evoked by

touehing or holding the foot. This Hexion reflex coiikl !)(> obtained by stimulating any part of

the lower extremities. It.*; reflexogenous area extended froni the abdomen to the foot, although

the threshold was somewhat lower on the .sole than elsewhere. 1'hc most eflectivo stimulus was

one \\hiih would hav3 possessed som^ affective element, had the parts been sensitive; scratching

the abdonien or lower extremity and grasping the foot or muscles of the thigh would at once evoke

spasmodic flexion.

By no manii)uIation could we produce a primary extension in the slimulisted linih.

Stimulation of the glans penis, the external genitalia, the skin of the perineum, and for a short

distance downi the hiner aspect of the thighs produced a strong flexion reflex with contraction of

the abdominnl rectus and slow drawing uji of the testicles. This is a remarkable contrast to the

extension rcllex so commonly obtained in less complete lesions of the spinal cord.

When the outer part of the abdomen was scratched a slow local contraction might occur in

the external oblique, following the direction of the fibres of this muscle upwards and outwards.

This response was delayed and was never associated \\illi a crossed movement of the abdominal

waU.

But when the abdomen was briskly scratched over a wider area, or when the parts over the

rectus were stimulated, a vigorous contraction of o!ie or botii recti associated with a full flexor

spasm of the lower extremitj', including upward movement of the toes.

Sensation.

The loss of sensation to touch, pain and temperature remained complete below about the sixth

rib. Vibration of a tuning fork was not aispreciated below the level of tlie ninth lib. Deep

pressiu^e with the hand produced a vague discomfort over the epigastrium, and he seemed to be

aware of flatulent distension of his stomach.

He had no sensation of the movements of his lower extremities and usually thought of them as

flexed to a varying amount. Passive movsments were entirely unappreciated.

He had no abdominal sensations except from the epigastric region after food. He could not

recognise distension of his bladder and had no desire to pass urine, or relief when the bladder was

emptied.
Observations on the Bladder.

On January 11 (158 days after the injury) the following observations were made :
—

Two minutes before the catheter was inserted he passed automatically 110 c.c. of urine as soon

as the swab with antiseptic fluid was placed on the glans penis. The catheter drew off 340 c.c.

of urine.

On allowing a solution of eusol, 1 in 16,000, to run into the bladder he evacuated at 650 c.c,

passing in all 610 c.c. Xo more could be recovered by pressure. On a second occasion

he evacuated at 600 c.c, passing 595 c.c. Nothing was recovered by pressure. On a third

experiment he evacuated at just short of 600 c.c, passing .590 c.c.

Throughout these observations the column of fluid showed oscillations which, on asking liim

to stop breathing, proved to be respiratory. After about 400 to 500 c.c. of fluid had entered

the bladder a bigger oscillation began, which culminated in the backflow. About 300 c.c. were

evacuated at once; then came a pause followed by a further passage of 200 c.c, then another

pause, and so on.

Throughout these manipulations he was unconscious of fluid distending the bladder, of desire

to make water, or of the passage of fluid.

The urine was acid and free from pus or albumin.

On April 22 (259 days after the injury) the folIo\\ang series of observations was made : During
the month of February he had suffered from an attack of pyrexia with nausea and occasional

i
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vomiting, probably clue to an attack of cystitis, with some infection of the pelvis of the kidney.
This passed away and he returned to his previous condition of robust general health.

On passing a catheter 420 c.c. of urine were drawn off. A solution of eusol, 1 in 1(5,000, was
allowed to rmi into the bladder and evacuation occurred at 325 c.c; he passed 300 c.c. On

rubbing the glans penis 10 c.c. came away and an additional 10 c.c. were recovered by pressure
over the abdomen. Fluid was again allowed to rim in and evacuation occurred at 195 c.c, just
after he had taken a long breath. He passed 190 c.c. ; 5 c.c. were recovered byrul)l)ing the glans

penis, and 5 c.c. by pressure on the hypogastric region. At another experiment he em])tied his

Ijladder at 295 c.c, passing 300 c.c. ; a further 5 c.c. were obtained by rubbing the penis, and

nothing more by pressure.

It is obvious from a comparison of these observations with those made in January that the

capacity of the bladder had diminished. This was probably due to the febrile attack through
wliich he had recently passed. As before, respiratory oscillations were seen in the colunui of fluid

in the tube, which were distinct from the bigger oscillations that immediately preceded the

backflow.

When the catheter was passed along the urethra, considerable resistance was offered to its

passage as the point came against the sphincter. With gentle and steady jiressure this resistance

\aelded and the catheter entered the bladder. It was then held tightly by the sjohincter, as shown

by the force required to withdraw it.

On April 29 (26G days after the injury) another series of measurements was carried out. When
the penis was swabbed preparatory to passing the catheter 85 c.c. of urine were voided, and the

catheter then drew off a further 200 c.c No more urine could be recovered by rubbing the glans

or by pressure on the abdomen. Dilute eusol solution was allowed to run into the bladder and

backflow began at 180 c.c. ; he passed 180 c.c. and nothing more was recovered by rubbing the

glans or by pressure. Again the fluid was run in and evacuation began at 210 c.c. ; he passed the

full amount and nothing was recovered on pressure. A third observation was made and the fluid

returned at 240 c.c ; the whole 240 c.c were i^assed and nothing recovered on joressure.

The next observation was carried out as follows : 100 c.c were allowed to run into the bladder

and a flexion reflex was induced by scratching the left sole. A few bubbles came up through
the fluid in the tube and the column remained stationary for a few seconds, but no backflow

occurred. A similar result followed scratching the right sole. 10 c.c. of fluid were then added,

making in all 110 c.c. On scratching the right sole, strong flexion occurred and the bladder

evacuated 105 c.c. of fluid. This experiment was repeated and 115 c.c. allowed to rmi into the

bladder, and flexion was induced by scratching the sole ; the column of fluid remained stationary

for a time, but no backflow occurred. 10 c.c. were added, making in all 125 c.c, and the produc-

tion of a flexor spasm was at once accomiiaiiied by evacuation of the bladder ; 130 c.c. were passed.

These manipulations produced a profuse outburst of sweating over the trmik and limbs below

the level of the fourth rib.

Another series of observations was made on June 27 (325 days after the injury). A catheter

was passed and 190 c.c. of urme drawn off'. Fluid was then allowed to rmi in from the burette in

the usual way and evacuation occurred at 425 c.c. : he passed 420 c.c, and nothing was recovered

by pressure. Fluid was again run into the bladder and evacuation occurred at 420 c.c ; he jiassed

the whole amount, and nothing was lecovered by pressure.

The patient was now asked to breathe deeply from time to time durmg the entry of fluid into

his bladder. He evacuated when 58 c.c. only had entered, passing 60 c.c. in aU. He was told

to repeat this procedure, and this time he returned the fluid when 25 c.c only had entered, passing

30 c.c. m all.

When fluid was run in and flexion reflexes were evoked rhythmically from the right foot, every

spasm caused hesitation in the movement of the colunni after 50 c.c had entered the bladder;

but evacuation did not occur until 160 c.c had entered. He then passed the whole amount.

Thus it was obvious that the effective stimulus to the muscular wall of the bladder was a

volume of about 420 c.c. of fluid. But deep breathing so greatly facilitated evacuation that
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contmction occunod when from .1(» to fiO c.c. only had cnttMvd the bladder. Flexor spasiiis txokcd

from the solo of the foot cnuscd evacuation at l()(t c.c. WC were therefore anxious to ascertain

if such stinuili eould faeilitate autoniatie niieturilion wiicn the eathetcr was removed and a

measure<I quantity of lluid left in the Madder. AN'e knew that the ])atient Mas able to induce

micturition by scratching his thigh if he had not passed urine for .several hours. This was, Jiowever,

technieally an extremely diflieiilt experiment, for when 200 e.e. were left in the bladder and the

Ciitheter removed neither deep breathing nor .seratching the sole of (he iool led to automatic

micturition. When ;i.")0 c.c. were left in the bladder the very slight stinndu.s of removing the

catheter was usually .sutlicient to cause evacuation of the whole amount. But a few days befoie

we had succeeded in passing 400 c.c. into the bladder and removing the catheter without provoking

evacuation; then scratching the thigh caused a flexion reflex and SO c.c. were ]iassed in a lii c

strong stream. Thus wc were able to show, in spite of the technical difficulties of the exjieriment,

that a volume of fluid incapable of evoking the act of micturition could be converted into an

elTectivc stimulus on calling up a
"
mass -reflex

"'

by scratching the thigh. This exactly corresponded
with the patient's practical experience. Thus before he got uj) in the morning he would ask for

the bottle, scratch himself and empty his bladder. Snb.sequent manipulations, such as dressing

himself, could then be carried out without the discomfort of the involuntary passage of urine.

Sweating.

At first, as has been mentioned above, the parts below the lesion were dry, but he sweated

over the left side of the head and neck, left arm, and dowii to the level of the third interspace.

This steadily decreased as the weather grew cooler, and on September 20 (fortj^-five days after the

injury) the parts below the level of the lesion were noticed to be damp.

By October G (Gist day) sweating over the face, neck and shoulder had ceased, but sweating
below the level of the lesion was definite ; the palms of the hands, the trunk below the fourth

interspace and the legs were distinctly moist. By November 4 (90th day) this had become a

definite hyperidrosis and all abnormal sweating had ceased over parts that received their nerve

supjilj' from the spinal cord above the lesion.

By December 28 (144th day) it was noticed that the hyperidrosis was associated with the pas-

sage of a catheter and the subsequent manipulations for washing out the bladder. Administration

of an enema was also found to evoke an outburst of sweating over parts below the lesion.

During the month of February, 1917, he passed through a febrile attack due to urinary infec-

tion, and during this time the skm of the whole of the face, neck, body and limbs was damp in

the normal manner, and during the night he sweated freely, as is so commonly the case with iDyrexia

of this character. But he always sweated more profusely from the palms of the hands and from

the skin below the level of the lesion than from the rest of the bod}'.

With the disapiiearance of the fever the general sweating ceased, but the local reaction, repre-

senting the parts supphed from below the lesion, sw-eated more i^rofusely than ever.

Thus on April 22 (259 days after the injury) the following note was made : (a) La extent the

sweating occupied the palms of the hands, the skin of the trunk below the fourth rib, and the legs.

The arms have never been noticed to participate in this excessive sweating. (6) EffectiAe stimuli

for bringuig on sweatmg were : (1) Spasms of the legs ; the repeated induction of flexion reflexes

was accompanied by increased sweating over the usual area. (2) An enema, administered whilst

lying on his side, always evoked sweating. (3) Catheterisation. (4) Change of temperature;

thus, when he was lifted out of his bath sweat poured from the i)alms, lower half of the chest,

abdomen and legs. He also began to sweat profusely shortly after he was put to bed ; he sweated

less when up in a chair. It was as profuse as ever and the cUstribution had not changed. Then

head, neck, shoulders and arms, except the hands, were always perfectly dry. Xo change in

the puLse or pupils had ever been noticed to accompany the hyperidrosis.

Before we began our observations on April 29 (266th day) the skin of the body was examined

and found to be perfectly dry. The various experiments on the acti\ity of the bladder occupied

three-quarters of an hour; at the end of that time the skin was again exammed. The legs up to
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the thighs were pouring sweat and the skin of the trunk below the fourth rib, together with the

palms, was distinctly damiJ. The rest of the surface was dry as before. He declared he could

usually toll when sweating was about to begin by the onset of
"
drumming in the head or a feeling

of fat-hcadedness."

Case 2.—Complete anatomical division of the spinal cord at the level of thefourth thoracic segment.
Total loss of voluntary movement and sensation up to the level of the nipples. All involuntary move-

ments of the flexor type. Flexor
"
mass-reflex

"
evoked by nociceptive stimulation ofabdomen or lower

extremities. Automatic micturition. Expulsion of contents of the bladder through a catheter at from
250 to 290 c.c. Facilitation on producing a

"
mass-reflex

"
led to evacuation at 150 c.c. Paroxysmal

sweating, greatly increased by fllling the bladder with fluid.

Private H., aged 24, was womided in France on July ^1, 191G, and admitted in August to King
George Hospital, under the care of Dr. Buzzard.

On September 11 (fifty-two days after the injury) a shrapnel bullet was removed from the

theca. Tliis had comjiletely divided the spinal cord at the level of the third and fourth dorsal

vertebrae, and there was a gap of £-
in. (2 cm.) between the two ends.

A full account of this patient will be fomid in Riddoch's paper [96], and we shall therefore

confine tliis accomit to the observations made on February 24, 1917 (218 days after the injury),

Mhen we examined him together. His condition was then as follows :
—

Motion.—There was total paralysis of volmitary movement below the level of the nipples.

When not in spasm, the legs lay on the bed a little flexed at the knee and at the hip. The feet

pointed somewhat do^vriwards, but the left great toe looked somewhat upwards.
All invohmtary movements, evoked by stimulation, even by removmg the bed-clothes, were

flexions. There was no evidence of a crossed response accomijanying the flexor spasms.

Reflexes.
—The arm-jerks were brisk and normal. Knee- and ankle-jerks were greatly exagger-

ated, but no definite ankle clonus was obtained.

On scratching the sole of the foot a characteristic flexor spasm was evoked with an upward
movement of the great toe and splaying of the four outer toes. This reflex could also be pioduced

by scratching the imier aspect of the knee or the groin, more strongly from the left than from the

right lower extremity. This response was produced most easily by pricking and grasping the sole

or by squeezing the thigh. There was occasionally distinct bilateral flexion, but no crossed extensor

movement.

On dragging a pin across the abdomen it was possible to evoke a localised midulation rmining
from the rectus sheath outwards and upwards to the ribs. This movement was somewhat
micular and slow to appear; it was not part of a "mass-reflex," but seemed to follow the line

of the abdominal muscles at the level of the stimulus. Associated with this reflex there was no

movement of the toe or flexion at the knee.

Not infrequently, however, the abdommal reflex was of a different character. The rectus of

the stimulated half contracted, and that side of the abdomen was inilled in and rendered concave
as a whole. Whenever this form of reflex was evoked the great toe tended to move upwards and

there was a complete flexor reflex of the leg. The occui'rence of this form of response on one side

might be accomimnied by a contraction of the rectus and abdominal wall on the other half of the

abdomen.

Sensation.—There was total loss of sensation below a line at the level of the nipples.

Bladder.—He was passing all his urme involuntarily and unconsciously. The following obser-

vations were made : A catheter was passed and 175 c.c. were drawii oft'. The burette was attached

directly to the mouth of the catheter and normal sahne solution was allowed to run into the bladder.

At 250 c.c. evacuation occurred and he passed 135 c.c. ; a further 130 c.c. were passed after pressing
on the abdomen.

The same procedure was repeated and he evacuated at 290 c.c, passing 175 c.c. The glans penis
wa« then rubbed with a swab and he voided another 57 c.c. Pressure over the bladder caused the

passage of another 70 c.c.

VOL. II. 2f
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On the next oi-casioii ho ovariiatod iit 2')0 cc. pa.ssing 140 i.e. 'J'liis How was started by

accidentally nil>l)ing tlu> glans jH'nis. Stimulation of tlio solo caused the evacuation of another

54) CO., and pressure 90 c.c. Again 1(H) e.c. wore allowed to How into the hl.iddcr. Stimulation

of the gltuis caused no evacuation; hut when the amount hiul been made up to 150 e.c. and the

IH'iiis was strokeil lie jvissetl 'M) c.c. I'ressurc evacuated another 100 c.c. 150 c.c. were then

allowed to t\o\v into the bladder and the iloxiou rcilox evoked by scratching the sole of the foot.

The bladder was immediately cmjiticd.

Sweaiitig.
—We wore told that lu> sweated profusely from the second rib downwards, for a

varying distance, to about the ensiform level witli a maximum over tlie uj)i)cr thoiaiic region.

On the occa.sion of these observations this Wius a strictly accurate dcscrij)tion of the condition in

which we found him. When we started to till his bladder he was slightly moist over this area,

but as soou as his bladder began to expel its contents automatically he sweated profusely. The

head and neck remained drj% but from the clavicles dowTiwards all over the arms and chest

he became wringing wet. The sweating extended to the groins and the thighs, soles and back of

the legs, but not so profasely as over the arms, chest and abdomen. The pupils did not dilate and

the face was not flushed.

Case 3.—Complete division of the spinal cord at the level of the fourth thoracic segment. Total

loss ofvoluntary motion and sensation below the level of the fifth rib. Gradual development of increased

tendon reflexes but no definite ankle clonus. Characteristic
"
mass-refiex

"
obtainedfrom the abdomen

and lower extremities associated with facilitation of the detrusor activity of the bladder-wall.

Captain R, aged 29, was wounded on April 6, 1917, by a shrapnel bullet in the back.

He was admitted to the Empire Hospital on April 10, 1917, under the care of Dr. Buzzard.

On April 13, 1917 (seven days after the injury) his condition was as follows :
—

Motion.—Total flaccid paralysis below the fifth rib. No involmitary movements. The legs

were not wasted.

Refiexes.
—Arm-jerks were brisk and equal. Knee- and ankle-jerks were absent. A bulbo-

cavernous reflex could be obtained by pricking either side of the glans penis.

On scratching the sole a downward movement of the toes occmred with no palpable tightening

of the hamstring tendons.

Scratching the skin of the abdomen over the external oblique caused a localised movement

of this muscle. A sharper scratch applied over a larger area evoked a massive response in all the

muscles of the same half of the abdomen, including the rectus.

Sensation.—There was total loss of sensibility below the level of the fifth rib, with a broad area

of over-reaction to painful stimuli extending from the second thoracic segmental area on the arms

to the upper level of the loss of sensation.

Sphincters.
—Complete retention of urine and fasces.

Vasomotor and trophic.
—Xo excessive sweating. There was no bed-sore.

On April 20 (fourteen days after the injury) laminectomy was jjerformed, and a shrapnel

bullet was removed from within the dura at the level of the lamina of the fourth dorsal vertebra,

which was fractured. The spinal cord was completely chvided and the two ends were separated

by a gap of 1 cm.

On May 5 (twenty-nine days after the injury) his condition was as foUows :
—

Motion.—Involuntary movements were of rare occurrence, but consisted of upward movement
of the toes with contraction of the inner hamstrings ; this was not, however, suflBcient to flex the

knee. The legs were not appreciably wasted, but the tone of both flexors and extensors was below

normal. The abdominal recti frequently fell into spasm without an 3^ corresponding movement of

the lower extremities.

Reflexes.
—Tendon jerks : Some contraction of the left quadriceps could be evoked b^' tapping

the patellar tendon twenty-one days after the injury, but it was not sufficient to move the leg.

In the same way the left ankle-jerk could be obtained, but the right was absent. On the twenty-
third day both knee- and ankle-jerks were obviously present. On the twenty-ninth daj- three or
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four brief clonic movements of the calf muscles were obtained when the foot was jerked up sharply ;

there was no true ankle clonus.

Plantar reflex : The threshold value was high even on the sole, but scratching, pinching and

squeezing the foot evoked upward movements of the toes, shght dorsiflexion at the ankle, flexion

at the knee and hip and adduction of the thigh. There was no active after-extension and no crossed

flexor or extensor movement could be observed. The receptive field for this reflex extended from

the sole of the foot to just below the knee.

Abdominal reflex : A pin-prick over the external oblique still resulted in a delayed local

contraction. More vigorous stimulation, especially near the middle line, led to widespread
contraction of the abdominal muscles which was sometimes bilateral. Upward movement of

the toes and flexion at the knees sometimes accompanied this massive response evoked from the

abdomen.

Sensation was lost as before.

Bladder.—To-day (thirty days after the injury), the patient passed some urine, when his penis

was swabbed before passing the catheter. This was followed during the night by active involun-

tary micturition.

A solution of 1 in 16,000 eusol was allowed to run slowly into the bladder and hs evacuated

at 305 c.c, passing in all 320 c.c. On pressing the abdomen 80 c.c. more of fluid were voided. Two

days later, on May 7 (thirty-two days after the injury), these observations were continued. On

passing a catheter 230 c.c. of urine were drawn off. When fluid was allowed to run in slowly

he evacuated at 350 c.c, passing 350 c.c. ; pressure led to the voiding of 5 c.c. only. At a second

observation he evacuated at 375 c.c, passing 370 c.c. ; pressure brought away 15 c.c.

Fluid was then poured in to the amomit of 200 c.c, and the flexion reflex evoked by scratching

the sole of the right foot. He immediately evacuated 150 c.c, and 50 c.c in addition were re-

covered by pressure. Fluid to the amount of 100 c.c was run into the bladder, and a flexion

reflex evoked by squeezing the right foot. Fluid came back into the burette to a small amount

and then remained stationary; after a few seconds the burette began agam to empty itself into

the bladder. At 150 c.c. the flexion reflex was again evoked and again the fluid rose in the tube,

remained stationary for a time, and then again entered the bladder. The impulse was not strong

enough to cause complete evacuation even against this small pressure of fluid.

From this time onwards the involuntary flexor spasms increased, but we never saw any primary
extensor movement. Any crossed movement which might occur was flexor, and there was no
"
extensor thrust." The tendon reflexes increased, but no true ankle clonus was obtained. Stimu-

lation of the abdomen or almost any part of the lower extremities would evoke a characteristic

flexor spasm which caused prematm-e evacuation of the bladder. The following observations were

made on June 6 (sixty days after the injury) :
—

He had passed no urine for four hours ; on swabbing the penis no urme came away, but the penis

began to become erect. A catheter ch'ew off 250 c.c. of urine. Sterile warm water was allowed to

flow into the bladder, and at 300 c.c. he passed 305 c.c. Pressure led to the passage of a further

15 c.c, showing that he had passed some urine into the bladder during these manipulations. At
a second observation he evacuated at 395 c.c, passing 390 c.c. ; pressure brought away 5 c.c. only.

Again fluid was allowed to run into the bladder and was passed at 380 c.c. ; he voided the total

amoimt, no fluid being recovered on pressure. Then 100 c.c were run into the bladder and the

sole stimulated by scratching, without result on the flow of fluid. At 1G5 c.c. the colunm of fluid

began to hesitate with each flexor spasm and at 185 c.c. he evacuated, passing just under 190 c.c.

On pressing the abdomen 4 c.c. came away. This experiment was repeated, and at 170 c.c. the

column of fluid hesitated ; evacuation occurred at 180 c.c, and the whole amount was passed. Fluid

was now rmi into the bladder, and the patient was asked at each 10 c.c. to take a deep breath. At

60 c.c. the column moved up a httle; at 80 c.c. evacuation occurred, and the whole amomit was

passed. This experiment was repeated; at 60 c.c. the coliunn again rose a little, and at 70 c.c.

evacuation occurred with the passage of 75 c.c.
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of motion and .irn.stitioii lulow the sixth rib. Jiivohoitdty "steppage" iiiorcDioils. Crossed exlvn-

sio». JCxtoisor thrust in the sliinitlaled limb with bilateral extension reflexes.
"
Mass-reflex

"
absent.

Automatic evaluation of bladder and rectum. No facilitation.

Caphiiii 1'..' agod 30. ^^as woundi'd by a inacliino-gun Imllcl on Oi tolxi 2, 191(5.

On October II, l!>ll), ho came uikKt the care of Dr. I?;itt(-ii at (lie I'linpiro Hospital for OHiccrH.

A small entry wound wa.s fountl 4 cm. to tlic riglit of tlic fourth dorsal spine, and an exit wound
7 cm. to the left on the same level. He was com]>k'tt ly jiarai^-sed and liad lost sensation below

the sixth interspace. He was extremely ill with luemothorax, and no full examination could

be made until December 15 (seventy-four days after injury).

Motion.—There was com|ilete paralysis below the level of the sixth interspace. The muscles

were flabby and somewhat wasted. At intervals involuntary "stc])j)agc
" movements occurred

Ml both lower extremities ;
with flexion of one limb, extension occurred in the other, and vice versa.

ReflexeJi.
—The knee-jerks were brisl< aiul equal on the two sides. Ankle-jerks were less easily

obtained and there was no ankle clonus.

On scratching, pinching or squeezing either foot the toes moved upwards, dorsiflexion occurred

at the ankle, with llexion at the kjiee and hip. This was invariably accomjianied by crossed

extension. The threshold value of the stinuilus for this reflex was lowest over the outer jiart of

the sole.

Scratching the skin of the abdominal wall caused a contraction of the muscles on the same side,

but a bilateral response could be obtained by stimulating the middle line. No crossed reflex was

obtained by scratching the flank.

Cremasteric reflexes were evoked by scratching the inner aspect of the thigh.

Sensation.—AJl sensation was lost below the level of the sixth rib.

Sphincters.
—Bladder and rectum evacuated their contents automatically. Urine was voided

about every two hours, and from 50 c.c. to 120 c.c. were expelled on each occasion. The urine

was acid but contained albumin and some pus. Cultures grew Bacillus proteus profusely with a

few colonies of B. coli.

On March 6, 1917 (155 days after the injury), his condition was as follows :
—

Motion.—Total jiaralysis below" the level of the sixth rib was present as before. Involuntary

"steppage
" movements were of frequent occurrence. There were no Anolent flexor spasms.

Reflexes.
—Knee- and ankle-jerks were exaggerated and a i^oorly sustained ankle clonus was

present. Scratching the sole produced an upward movement of the toes, dorsiflexion of the foot

and flexion at knee and hip. At the same time the opposite leg became extended at the knee, the

foot was plantar extended and the toes moved dowTi. This crossed extension reflex was at once

overcome and transformed with flexion by the application of a nociceptive stimulus to the sole

of the extremity in which it had occurred. No crossed flexion reflex or bilateral flexion could be

evoked hj stimulating the perineum. The reflexogenous area for the flexion reflex extended from

the sole, which was the focal area of the field, to the junction of the ujiper and middle tliird of the

leg; the further from the sole the higher became the threshold before the stimulus was effective.

Light scratching of the thigh, groin and perinemn evoked an extension reflex ; the knee became

extended and foot and toes moved dowaiwards. From the lower part of the field the response

was almost entirely in the stimulated limb, whilst from the groin it tended to become bilateral.

From the perLnemn and external genitalia it w^as symmetrical on the two sides. Scratching the

skin of the flank caused a locaUsed contraction, and a similar strictly imilateral reflex could be

evoked from almost any part of the abdomen. Abdominal reflexes were not associated vdth any
movement of the feet or legs.

Sphincters.-
—The rectum was actmg automatically, and the spliincter ani was tonic. The

bladder was emptying itself automatically, and catheterisation had been stopped for three weeks.

Six days later (161 days after the injury), the following observations were made : Sterile warm

^ This is No. 6 of Riddoch's series [96].



GROSS INJURIES OF THE SPINAL CORD 517

Avater was allowed to run in, and at 170 c.c. the bladder contracted, evacuating 180 c.c. Fluid

was again allowed to flow in and was returned at 154 c.c. to the amount of 140 c.c. ; a further 42 c.c.

were recovered by pressui-e, shoAving he had j)assed urine in the meanwliile into the bladdei'. Again
the experiment was repeated and at 108 c.c. he evacuated the whole amount. Again 50 c.c. were

introduced, and the penis ])inched without result. In spite of repetition of this stimulus no facilita-

tion occurred, and he voided at 108 c.c. to the amomit of 140 c.c. ; 28 c.c. were recovei'ed by

pressure.

A further set of observations were made on July 25 (290 days after the injury) :
—

Bladder.—On cleansing the glans no evacuation occurred, but erection was produced. A
catheter drew off 280 c.c. of urine.

On passing fluid into the bladder it was held for some time at 280 c.c, and evacuation occurred

at 295 c.c. He voided 290 c.c. By pressing deeply on the abdomen about 7 c.c. were recovered.

On again passing fluid into the bladder a long delay occurred at 320 c.c, but evacuation did not

occur till 350 c.c. had been reached. He passed 330 c.c, and 20 c.c were recovered by pressure.

Fluid was now allowed to run in and the sole rhythmically scratched. Backflow occurred

at 275 c.c, and he passed 270 c.c. ; pressure recovered 10 c.c. This experiment was repeated, and

he evacuated at 285 c.c, passing 280 c.c. Fluid was now passed in, and the patient was told to

take a deep breath at intervals. He evacuated at 200 c.c, passing 230 c.c ; pressure recovered •

30 c.c. These observations show that in this case there was no facihtation of reflex evacuation.

Recfiun.—The sphincter ani was tonic and contracted as soon as the anal mucous membrane
was touched with the finger. As it was allowed to rest in the canal the muscle held it with

a slight steady tonic contraction. It was as if the sphincter had taken up a new posture to

accommodate the contents of the canal. Like the bladder the rectum evacuated its contents

automatically. Passive dribbling was unknown.

Case 5.—Fracture dislocation of tJiefifth and sixth cervical vertebne. Paralysis ofthe trunk and limbs

helow the level of the third rib and of most of the movements of both upper extremities. All involuntary

movements ivere primary flexor spasms, in ivhich the abdmninal rmiscles frequently participated.

There tvere no simultaneous bilateral extensor -movements. Knee-jerks and ankle-jerks were brisk

and ankle clonus could be obtained. There was no primary extensor thrust. A flexion reflex with

extension of the wrist was obtained by scratching the palms. The abdominal reflexes loere easily

obtained. Scratching any part of the lower extremity evoked a flexion reflex with upgoing toes. There

ivas complete loss of cutaneous sensibility below the level oftheflfth cervical segment. Vibration was

appreciated over the upper extremities, but was lost on the trunk below the level of the tliird rib. The

pupils dilated jjerfectly to shade. For many months there tvas complete retention of urine owing to

contraction of the sphincter, probably due to injury during catheterisation. During this time the

bladder-wall could e.rpel its contents actively through a catheter, when they reached a sufjicient volume.

Automatic micturition was flnally established. ProJ'use sweating over the head, neck, arms and

trunk to the umbilicus, occasionally, when severe, reaching to the knees. This could be excited (1)

by flexor spasms, (2) by tension within the bladder, (3) on injecting fluid into the rectum.

Air ]\[echanic H., aged 23, fractured his spine in the cervical region about midday on September
14, 1910, owing to the crash of an aeroplane. He was admitted to the London Hospital on

September 17, 1910, under the care of Dr. Head.

On admission he showed tf)tal flaccid paral}^sis of l)()1h upper extremities and of all the parts

below. Xo reflexes could be obtained even in the arms, and sensation was lost uji to the level of

the lower border of the fourth cervical segment. There was complete retention of urine, and by
llic time he reached the London Hospital it contained thick, ropy pus, though acid in reaction.

Several false passages had already been made by previous catheterisation, which greatly added to

our difficulties in relieving the tension in his bladder. He stated that a catheter was passed for

the iirst time on the evening of September 14, and then not until midday on the 10th ; it was

passed once on the boat coming across during the night of the IGth to 17th. A radiograph in

lateral view showed that the fifth cervical vertebra had gone forward on the sixth, which was
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extensively friU'tuieil. Tlieiv was palpalily siuiu- ili'lVtl in tlu- liltli ami sixlli cervical xcrlclua',

and, in conseqiionie. the spine of tlie seventli cervical seemed to be unduly jiniiiiiiiciil,
wilii an

iibnoinial hollow above it.

On October 10, 1910 (twenty-six days after the injury), his condition was in ( lie main unaltered.

Both arms were still in a condition of com|)lete ilaccid paralysis, but distinct llcxor spasms were

now producctl by uncovering his legs or by manipulations of his lower extremities. The right

jirm-jerk could just be obtained, but tiic left was absent . I iot li knee-jerks could be evoked without

reinforcement ami the aid^le-jerks were jne-sent. The abdominal reflexes were obtaintd in all

four segments, but the jilantars showed an interesting condition. On scratching the sole of either

foot with the legs lying passively c.xteiulcd on the bed in front of liim, the great toe either remained

stationary or moved slightly downwards ; the remaining toes closed uj) and flexed, but at the same

moment the inner hamstrings contracted and the knee was sharply flexed. ]f, however, the knee

was slightly bent passively and the sole was stroked with tlie point of a pin, the great toe moved

definitely upwards at the moment when the liamstrings contracted.

The upper limit of the loss of sensation extended on the left side as before to the lower border

of the fourth cervical segment, but on the right arm (he whole of the fifth cervical segmental area

was now sensitive to prick, heat and cold. The loss to touches with cotton wool corresponded

almost exactly with the limits of the analgesia. Vibration was not a])]ireciatcd on the trunk up
to the level of the third rib in front and the spine of the scapula behind; over the left upper

extremity it was lost to the elbow, over the right the loss of sensibility occupied the hand to the

wrist, but was also defective over the right forearm.

Retention of urine was absolute, and it was necessary to draw off his urine three times in the

twent\"-four hours. But the bladder was certainly not atonic ; for when 300 c.c. of the washing
fluid had entered he ejected it through the catheter, passing 150 c.c. In the same way the rectum

responded briskly to an enema.

About fifty days after the injury, or a little earlier, he began to be troubled with profuse sweat-

ing over the head, neck, arms and down to about the level of the third rib on the trunk. It

gi-aduallj'- became so profuse that it poured from his face and neck and soaked the blankets on

his bed. This hj-peridrosis was peculiarly Uable to be associated with a full ))ladder or with

intestinal distension.

Xo material change occurred in liis i^hysical condition during the next ten months, but we

gradually became more certain of the causes which miderlay the outbm-sts of excessive sweating
and were able to make repeated measured observations on the exprdsive activity of his bladder.

We shall therefore summarise his symptoms and physical signs under the headings of motion,

reflexes, sensation, of observations on the bladder, intestinal and rectal states, and excessive

sweating.

Motion.—There has been no return of voluntary power to the trunk or lower limbs, but the

motor condition improved somewhat in the upper extremities.

The arms usually lay slightly flexed at the elbow and three-quarters supinated ; the wrist was

strongly extended, the fingers somewhat flexed with the thumbs adducted and bent into the palm.

On the right side he could make all movements at the shoulder and could flex the elbow, but could

not extend it. Extension of the wrist was possible but not flexion. Beyond slight adduction

of the thumb, all volmitary movement was lost in the parts below the wrist. In the left upper

extremity the motor condition was identical except that slight flexion became possible in the

fingers.

Respiration w-as purely diaphragmatic ; the abdominal muscles were completely paralysed,

but frequently fell into spasm.
Xo volmitary movement was possible in either lower extremity, but frequent involuntary

contractions occurred in which the abdominal muscles particiiiated. Whenever the legs were

manipulated—as, for instance, by flexing the knee passively with the hand under his thigh
—the

limb fell into flexor spasm accompanied by typical crossed extension in the opposite extremity ;
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this, again, was followed by crossed flexion with extension in the limb originally stimulated by

passive movement. Primary extension and simultaneous bilateral extensor spasms never occurred.

There was no permanent rigidity.

Reflexes.
—On scratching tlic palms of the hands a characteristic reflex could be evoked ; the

fingers and thumb became flexed, the wrist was extended but no movement occurred at the elbow

or shoulder.

All the chief arm-jerks, except the triceps-jerk, were exaggerated.

The abdominal reflexes were easily obtained from all parts and the rectus and oblique muscles

participated in the movements evoked.

The knee-jerks consisted of a quick contraction with no tonic prolongation; the ankle-jerks

were of the same character and ankle clonus could be obtained in both legs. No extensor thrust

could be evoked at any time ; the primary response to manipulation of the foot was always flexion

at the knee.

On scratching the sole of the foot the first movement to ajipear, on the smallest effective stinni-

lation, was an upward movement of the great toe. A moderately strong stimulus evoked a full

flexion reflex, consisting of flexion at the hip and knee, adduction of the tliigh, dorsiflexion at the

ankle and upward movement of the great toe; the other toes "fanned." No crossed reflex

could be felt or seen.

A similar flexor spasm could be evoked by scratching or squeezing the thighs, and no extension,

unilateral or bilateral, was ever seen as a primary response to such stimuli.

Sensation.—Sensibility to prick, heat and cold was aboHshed up to the level of the second rib,

and over the greater part of both arms ; the hmits of the loss to light touch almost exactly corre-

sponded to the analgesia, but were slightly less extensive, especially on the outer asjiect of the

arms.

Vibration was not appreciated up to the same level on the trunk, but was recognised over both

upi^er extremities. All power of apiweciating passive movement and posture was lost in the lower

extremities.

Pupils, etc.—The pupils reacted perfectly to light and to accommodation, and dilated normally
to shade. The palpebral fissures were equal and of normal size. There were no signs of

sympathetic paralysis.

In the earher days, when the paroxysms of sweating were extremely frequent and often very

profuse, the pupils seemed to dilate in the attacks ; but at this time he was greatly distressed by
the headache and general discomfort with which they were associated. Later, when hyperidrosis

did not occur unless it was excited by some definite manipulation, we could not satisfy ourselves

that an induced attack of sweating was associated with definite enlargement of the jjupils.

Observations on the bladder.—He was admitted with complete retention of urme and the

catheter was passed every six hours. But it soon became evident that this rigid system was

unsatisfactory. The bladder would fill to the same amount more rapidly sometimes than at

others, and, as soon as its contents became an adequate stimulus, he would sweat profusely.

This excessive sweating was accompanied by a feehng of fulness and chscomfort in the head and

made him feel weak and ill. So great was his distress, that he would clamour for the catheter

to be passed more often; this was, however, difficult and inadvisable on account of the injuries

to the urethra present on his admission to the hosiiital. Einally, 153 days after the injury

(February 14, 1917), as the sphhicter showed no sign of relaxing, a catheter was tied into the

bladder. Whenever he complained of discomfort in the head or of excessive sweating, the

mouth of the catheter was set free and urine was allowed to pass. This was a brilliant success,

and in two days the sphincter had begun to relax, so that there was no difficulty in removing
the gum-elastic catheter and replacing it by one of india-rubber. From this time onwards he

began to improve in the most extraordinary manner; nausea, vomiting, abdominal distension

ceased, and excessive sweating became of much rarer occurrence. Various attempts were made
to get rid of the catheter, but the sphincter was liable to fall back into permanent tonic

contracture. Finally, 207 days after the injury (April 10, 1917), we were able to remove the
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catliotor iiItogotluM-. ami from tliis tinio ho piusscd liis miiir autoinalirally; (liat is to say, tlie

si)hinctor now paiticipatcd in llu- ooinplcte act of iiivdluiilaiy micturition.

But througliout tliis long poiiod of retention, before the establishment of automatic mic-

turition. MO were able to show, by rejieated observations, that the bladder-wall was capable of

expelhng its contents actively when they reacheil a certain volume. Thus, as earl}' as forty-

three days after the injury, we found that contraction occurred al alidul .'iOO c.c, and half this

amount was returned through the catheter in a stream of considerable strength.

On December 23. 1916 (100 days after the injury), we were able to make a more extended

."cries of observations. On passing the catheter 190 e.e. of urine were drawn ofT, acid in reaction

and containing mucus and a .small quantity of pus, but no blood. The warm lluid used for

Wivshing out the bladder Wiis then allowed to run in tiirou^h (he catheter. At 150 e.c. the

column began to oscillate, and at 200 c.c. he evacuated 120 c.c.; a further 80 c.c. were regained

by pressure on tlie abdomen. After 50 c.c. had ]iassed into the bladder sweating began, and

became excessive when the abdomen was ])ressetl to evacuate the remains of the fluid. He
wjis then dried and allowed to remain quiet until there was little or no excessive moisture of

the head and neck. Fluid was again passed into the bladder, and he began to return it at

120 c.c., pa.^sing 70 c.c. The next observation gave 1.50 c.c. as the effective volume, and he

evacuated llX) c.c; on another occasion he responded to 125 c.c, passing 05 c.c.

Throughout this series of observations we noticed that, at some definite volume batween

50 c.c. and 100 c.c, the fluid began to oscillate in the tube, showing that it was no longer

running into the bladder freely; these oscillations were not respiratory and evidently corres-

ix)nded to abortive waves of contraction. Their occurrence was the signal for the sweating
to begin.

During the time the catheter was tied into the bladder, we were able to make almost daily

measurements, and the power of the muscular wall to expel the whole of that volume, to which

it reacted, steadily increased. Thus 170 days after the injury (March 3, 1917) the following

observations were made : He reacted to 150 c.c, expelling 155 c.c, to 130 c.c. and to 100 c.c,

in each case emptying the bladder completely. We then ran in 50 c.c, and, on stimulating
the glans penis, the whole amount was evacuated. Again 50 c.c. were passed into the bladder

and the sole of the right foot was scratched ; a flexor jerk was evoked and he at once evacuated

38 c.c. Finally, as a control, fluid was allowed to run in and care was taken to cause no reflex

of any kind; he then evacuated at 100 c.c

Thus an automatic bladder, which responded to about 100 c.c, could be excited to con-

traction by half this volume if, at the same time, afferent impulses were thrown into the lowei

end of the spinal cord from either the sole of the foot or the jienis.

Sweating.
—In this case the sweating was increcUbly profuse; a sponge used to wipe the

face and neck could be wrung out as if it had been chpped into water, and blankets and jiillows

were soaked through in a few minutes. At times, so much fluid was lost that the patient
suffered from thirst and the urine was chminished in amomit.

The area occupied by the excessive sweating comprised the whole head and neck, both

upper extremities and the trimk to the level of the umbilicus; when the outburst was extremely
severe or prolonged the sweating might extend to the knees, but was steadily less profuse from

the ensiform level downwards. Legs and feet always remained absolutely dry.

In the earlier days, before we were able to relieve the tension in his bladder and before the

advent of automatic micturition, he w^as scarcely ever dry, and was subject to recurrent waves

of sweating. They were accompanied by much mental distress and by dilatation of the pupils ;

at the same time he complained of a painful fulness in the head, occupying the whole occipital

region and vertex. As soon as the bladder was reheved, or the bowels were emjitied by the

passage of faeces or flatus, this headache disappeared.
Later in the course of the case, when paroxysms of sweating did not occur unless induced by

some peripheral stimulation, we could study these phenomena more accurately. This sensation

of painful distension in the head was then found to be strictly related to the onset of sweating;
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it appeared with the hyperidrosis and disappeared shortly after reflex stimulation was removed,

as, for instance, when the bladder ejected its contents or flexor spasms subsided.

We have already described how closely the onset of sweating was associated with bladder

tension. Any stimulas which evoked flexor spasms was also a potent caasc of hyi^eridrosis.

If a suitable ojiiDortmiity was chosen when the skin was in a normal condition, it was only

necessary to scratch the sole of the foot under the bed-clothes for the most profuse sweating to

break out over the whole head and neck in association with the flexor spasms. The reflex

movements could be evoked by stimulating almost any part of the skin of the lower extremity,

by pressure, as in grasping the foot or placing the hand firmly on the abdomen and even by

lifting the bed-clothes. Xo matter how the spasms were produced, they were associated with

an outburst of sweating.

Another potent cause for hyperidrosis was abnormal intestinal tension; for not only was

the sweating intallibly evoked by an enema, but any collection of flatus also tended to produce
an outburst. In the earlier days, before the catheter was tied into his bladder, he was peculiarly

liable to periodic gastro-intestinal attacks associated with nausea and the collection of flatus;

the abdominal muscles became rigid, flexor spasms increased in the legs, and sweating became

very severe. Anything that eased tliis flatulence, or the passage of the enema wath its

accompanying relief of tension, was associated with a diminution of the sweating.

Some ten months after the accident, he had reached a concUtion in which sweating no longer

troubled him, because involuntary micturition occurred without effort, enemata were rarely

necessary and flexor spasms were seldom excited. But an attack of hyperidrosis could still be

evoked experimentally by injecting fluid into the bladder or rectum, or by repeated excitation

of a series of flexor spasms.

Case 6.—Gross injurij to ths loioer end of the spinal cord from the loiver lumbar segments down-

tvards {right fourth lumbar). All voluntary movement lost below the knees. Ankle-jerks obtained

but plantar reflexes absent. Automatic micturition accompanied by consciousness of a full bladder,

desire to make wafer and recognition that the bladder was contracting, but no appreciation of the

jxtssage of urine or power to influence tJie flow. Automatic contraction of the bladder-ivaU could be

facilitated by inducing the cutaneous anal reflex, but not by reflexes evoked from the thighs and

abdomen.

Pte. 31., aged 38, fell and gravely injured his spine on March 29, 1915. He was a marine,

and whilst passing between decks in the dark fell into the open hold of the ship in consequence

of the removal of some of the planks which covered the opening. At first he was completely

paralysed in both lower extremities, with profound loss of sensation. In this concfition he

arrived at Xetley in October, 1915, and was sent on to the London Hospital on iMarch G, 1917,

for investigation and treatment. His condition was as follows :
—

Motion.—All movements were perfect down to the level of the groins, and there was complete

paralysis in both legs below the knee. He could extend but could not flex the left knee, and

abduction of the thigh and flexion and extension of the left hip were possible. He could not,

however, flex or extend the right knee or hip; slight adduction was possible but not abduction.

The abdominal muscles acted well, but there is no doubt that the lower muscles of the back

were weak, especially on the right side, and he could not raise himself from his bed without the

use of his hands.

The muscles were much wasted below both knees and over both thighs, especially in the

lower half, particularly in the right tliigh. There was no spasticity or increase of tone in any

grouj) of muscles; involuntary movements were absent.

Reflexes.
—The knee-jerks could not be obtained, but an ankle-jerk was elicited on both

sides; that from the right was stronger than that from the left leg. There was no ankle

clonus. The abdominal reflexes were brisk and normal. Xo plantar reflex of any kind could be

obtained.

Sensation.—All sensibility to light, touch, prick, heat and cold was lost over the area shown
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in Fig. hV>. TJu- burcK'is nf tlio area iiist-iisitivi' to roltoii uduI diil mil. tliUcr inatcrially from

those of the loss of sensation to prick, heat and eolil.

He could not appreciate the })ain of pressuie with the algonieter (base 0'7;") cin. in diameter)

over either foot or over tlio anterior aspect of the right shin. Over the left shin (> kg. was

painful. Pressure was reooginsed as eontait over the rigjit foot at 15 kg., over tlie rij^ht sliin

at 10 kg.; whilst over the left foot lie was sensitive to 8 kg. and over the left shin to 2 kg.

He was insensitive to (he vibration of a tuning fork (C° = 128) over l)oth feet, and on tiio

riglit leg this insensibility extended to the knee. On the left side, though profoundly aliected,

he lould just ajipreeiate the vibration for a siiort distance below the knee.

The bladder.—When lirst injured he had complete retention of urine, but about four months

later he began to micturate automatically. Whilst in the London Hospital he passed urine

luieousciously at somewhat frequent- intervals; sometimes he had a feeling that he wanted to

make water and he then pressed with his abdominal muscles. Urine was voided in a definite

stream but he wjis unconscious of its passage.

Fio. 155.

To show the extent of the loss of sensation in Case G.

On May 11, 1917 (two years and forty-three days after the injury), the foUownig series of

experiments were carried out by us :
—

A catheter was passed and he had no sensation until it was pushed home into the bladder,

when he said: "I feel something"; 105 c.c. of clear acid urine, free from pus, were drawn off.

Warm sterile water was allowed to run into the bladder, and at 105 c.c. he called out :

" Now it

is coming"; at 107 c.c. he evacuated the total quantity and nothing could be expelled by

pressure. At the next observation he expelled the fluid at 98 c.c, and it returned in a vigorous

stream; he passed 96 c.c. in the first effort, followed by the remainder in a final spurt. At a

third observation the bladder voided its contents at 75 c.c, and again at 85 c.c.

He was astonishingly accurate in recognising when the return of fluid was about to take

place. He said :

"
I suddenly feel the pleasant desire to make water, just as you feel when the

bladder is full." Some sensation was produced by the point of a catheter when it reached the

bladder and he was conscious of vesical contraction. But he was insensitive to the actual

passage of the urine down the urethra and was entirely unable to control it in any way.
Xo plantar reflex could be obtained in this case, and the superficial reflexes obtainable from

above the level of the lesion had no effect on the volume of fluid which formed an effective

vesical stimulus. Thus when the left thigh was repeatedly scratched he evacuated through the

catheter at 98 c.c, passing 95 c.c, and when the abdominal reflex was evoked rhythmically,

first from one half and then from the other half of the abdomen, he evacuated at 70 c.c, passing
the whole amount.
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At this stage we did not lecognise the physiological signiiicance of the anal reflex, evoked

from the skin over the gluteal area. Some months later we repeated these observations on the

bladder and found that this reflex had a profound effect upon the activity of the bladder. At

that time he evacuated his bladder completely when 120 c.c. of fluid had run in through the

catheter. But if the anal reflex was evoked by scratching the analgesic skin of one or other

buttock, the bladder was emptied as soon as 10 c.c. only had entered. When the foreskin of

the penis was pricked evacuation occurred at 10 c.c, 15 c.c. and 25 c.c.

Sphincter ani.—When the point of the finger touched the anus the skin was felt to wrinkle

up and the resistance in front of the finger increased. This steady resistance was felt as long

as the finger was being pushed onwards; but when the finger was allowed to rest quietly in the

canal, the sphincter relaxed and held it with a light steady contraction. As the finger was

\\-ithdrawn the sphincter closed down tightly upon it.

Over an area romid the anus extending for 6 cm. in either direction the prick of a pin

produced a contraction of the sphincter although the skin was entirely insensitive to touch,

pain and thermal stimuuation.

Spine.
—A radiograph showed that there had been some injury to the body of the fifth

lumbar vertebra.

Case 7.—Destruction of the nerve-roots and conns medullaris from the first lumbar downwards

0)1 the left and the second lumbar on the right side. Total flaccid paralysis and loss of sensation

below these levels. Complete abolition of reflexes. Automatic micturition ; vesical contraction

excited at from 220 to 230 c.c. No facilitation by outside stimuli. Anal sphincter ionic. No
cutaneous peri-anal reflex.

Gimner P., aged 21, was womided on August 14, 1917, by the fragment of a large sheU which

burst behind him. He felt as if both legs had been suddenly loj)ped off. He spent that night
in a field ambulance, and was removed next day to No. 24 Casualty Clearing Station. A frag-

ment of metal had entered in the left lumbar region and was found adhermg to the pedicle of

the twelfth dorsal vertebra. This in turn had been driven across the theca. On August 17

the lamina of the left half of the twelfth dorsal vertebra was removed. The dura was torn at

this level and that portion of the pedicle which had been driven across the theca could be

removed in part only. (Captaiu Chisholm, R.A.M.C.)
He was admitted to the London Hospital, under the care of Dr. Head, on August 21, 1917.

He then showed a gaping granulating womid extending from the middle line at the level of the

twelfth dorsal spine outwards to the left loin. From this womid two sinuses ran downwards
and inwards for a considerable distance impinging on bone; one of them seemed to be in

connection with the spinal canal, and exuded thm jnis in considerable quantities.

Both lower extremities were in a condition of complete flaccid paralysis from the hips down-

wards, with total loss of sensation below the level of the first lumbar segment, and abolition

of all reflexes, superficial and deep.
It was not, however, until the middle of September, 1917, that he was in a suitable general

condition for complete examination, and the following observations were made between

September 17 and October 6.

Motion.—Both lower extremities below the Ifips were in a condition of complete flaccid

paralysis. He could make no movement at the left hip-joint, but could flex the right feebly.
All the muscles of both legs, including the glutei and the right iliac muscles, were wasted; they
showed a tendency to fall into lil)rillary contraction when stimulated in any way. There were

no involuntary movements.

Reflexes.
—All reflexes were normal above the level of the umbilicus. Below this level the

abdominal reflexes could be obtained, but were feeble compared with those^from the supra-
umbifical level.

Knee- and ankle-jerks ami ankle clonus were absent. No plantar reflexes could be obtained.

Sensation.—Sensibility to prick, heat and cold was lost up to the lower border of the twelfth
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thoracic segment on tlie loft side anil of the lirst lumbar on (he rij^ht. 'I'he loss to cotton wool

con-ei;i)oiulctl almost exactly to these limits. Pressure was not a])])reoiatctl almost up to the

groin on the loft siilc and as high as (he lower third of the rigid (high. All recognition of

vibration \va.s lost below the great trochanter in botli lower extremities, and passive movement
was not appreciated up to and inehuling both knee-joints. He was, however, sensible of move-

ment in the right hip-joint and to a much less extent in the left; here, however, the movement
liad to be of considerable range to be appreciated.

The bladder mechanism.—A catheter was lirst passed ten hours after he was wounded, and

from that time at varying intervals, about twice daily. On admission to the London Hosj)ital

he was passing lu'ine involuntarily, but catheterisation was carried out three times a day. The

urine was acid and contained no albinucn or i)us.

On September 17 (thirty-four days after the injury) the following observations were made :

The bladder Wiis emptied and 190 c.c. of urine withdrawn. When the waiin washing liuid was

idlowed to run in he evacuated at 22.') c.c, passing 230 c.c; nothing could be recovered by

pressure. The second time the bladder contracted at 220 c.c. and the whole was ejected. On

repeated deep breathing he evacuated at 230 c.c, and when the abdominal reflexes were evoked

ejection took place at 220 c.c. : in both cases he passed the exact amount run in from the

biu-ette. Xo reflexes could be evoked by scratching the soles, and this stimulus had no effect

on the acti\*ity of the bladder. Xo peri-anal reflex could be obtained.

Thus at the end of a month, at any rate, autonuitic micturition had been established and

contraction of the bladder-wall could not be influenced by stimuli from without.

Sphincter ani.—An enema was administered every night and he felt nothing until his

abdomen became micomfortable. He was not conscious of the return of fluid and faeces, except

by tlie feeling of relief from discomfort.

The anal sphincter was tight, but yielded to continuous pressure applied slowly, even without

the exercise of much force. On withdrawmg the finger a firm vigorous contraction occurred as

the volume in the rectum decreased; this ended on complete removal of the finger in a

permanent normal tonic contraction.

Xo anal reflex could be excited by stimulating the skin.

Case 8.—An instance of modified Brown-Sequard jMrah/sis due to a wound of the left side of

ilie neck injuring tlie spinal cord in the lower cervical region. Weakness and some loss of sensation

in the left arm and hand. Total loss of seyisation to pain, heat and cold, over the right Jialf of the

body from the nipple level downwards. Much over-reaction to uncomfortable stimuli oi-er the left

Jialf of the body during the first few montJis after the injury. Profound want of appreciation of the

vibrating tuning fork over the left Jmlf of the body from the level of the fifth rib doivnwards ; on the

right 1mlf this loss extended to just above the hip joint. No affection of light touch or 2Jressure over

the trunk or lower extremities. Voluntary movement rapidly returned in both lower extremities.

but was always better in the right than in the left. Flexion reflexes evoked from both lower limbs.

But from the right leg a flexor spasm of the massive type was evoked which facilitated the evacuation

of the bladder, whilst from the left the characteristic flexion reflex had no effect on vesical activity.

Primary extension could be produced reflexly in the left leg but not in the right. Tlie bladder acted

involuntarily and automatically, but the patient knew when fluid vms about to jmss. Excessive

sweating, mainly over the head and neck, which could be evoked by visceral afferent impulses affecting

the spinal cord below the lesion.

Lieutenant G., aged 24, was w'omided in the neck by a fragment of a high-explosive shell

on AugiLst 24, 1916. He lost power immediately in the left arm, and was paralysed from the

level of the nijiples do%rawards.

He was hit at 4.30 p.m., as he was moving along the trench to empty his bladder. Xo

catheter was passed until midday on August 25, nineteen and a half hours after the injury, but

he felt no distension. Retention of urine was complete, and a catheter was passed every twelve

hours until about a week after he was wounded, when the intervals were reduced to every six
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liouis. ill consequence of the discomfort associated with distension of the bladder. I'rine began
to iJciss in small quantities automatically about fifteen days after he was wounded, and within

the next two days catheterisation was stopped altogether.

The concUtion of this patient during the fortnight following his admission to the Empire

Hospital, under the care of Dr. Head, on September 24, l!)l(i (thirty-one days after the injury),

was as follows :
—

The wound consisted of a minute horizontal slit, 1 cm. in length, situated on the left side of

the neck, 11 cm. below the tip of the left mastoid process. It had closed, but was surrounded

by some staining from extravasated blood, Avhich subsequently developed into a huge yellow

bruise, occupying the whole of the left supra-clavicular fossa.

A radiograjjh showed no foreign body, and as there was no exit wound it is suggested that

the injury may have been due to a piece of aluminium.

2Iolion.^The right arm was in every way normal, but there was considerable loss of power
and want of co-ordination in the movements of the left upper extremity ; this was particularly

evident in the small muscles of the hand.

He was completely paralysed from the level of the fourth rib dowiiwards on both sides.

There was, however, a tendency to involuntary flexor movements in the left leg, and a tremor

of the left leg, which did not either flex or extend the limb.

Reflexes.
—At tliis stage there was no great difference between the jerks obtained from the

two upper extremities. The knee-jerks and ankle-jerks were absent, and ankle clonus could

not be obtained. No response was evoked when the right sole was scratched; but stimulation

of the left sole produced a distinct flexion and adduction of the left tliigh, with no movement

of the great toe.

Sensation.—Over the whole left half of the body and pre-axial half of the left arm he reacted

excessively, and complained bitterly when he was pricked. This made it extremely difficult to

discover to what extent sensation was lost over these parts; but it was certainly greatly

dimmished over the left leg below the knee and over all the sacral areas on the buttock and

back of the thigh. On the right half of the body sensation to prick, heat and cold was abolished

up to the nipple level.

Cotton wool and deep pressure were miiversally appreciated and well locahsed. The vibration

of a tuning-fork was not recognised over the whole of both lower extremities, and as high as

the iliac crests; at this stage we could not determme with certainty the loss on the thorax, but

this form of scnsibihty was not normal imtil the nipple level was passed on either side. Passive

movement could not be recognised in the lower extremities, except, perhaps, at the hip when

it was very extensive.

Pupils, etc.—The left pupil was smaller than the right and dilated less to shade. Moreover,

the left palpebral fissure was perhaps a little smaller than the right.

Urinary system.
—He had no voluntary control over jnicturition, but passed about 150 c.c.

at varying intervals, amounting in all to between 1700 and 2200 c.c. in twenty-four hours.

He could recognise the passage of urine, and knew when fluid was being injected mto his

bladder. When about 280 c.c. had entered he experienced
"
a nervous wave " which seemed

to start in the abdomen, pass up the body, do^vn the arms and into his head. This
"
sort of

shiver
"
preceded evacuation, whether he passed urine automatically or whether he was ejecting

fluid from his bladder through a catheter in the course of vesical lavage. He knew when he

was about to evacuate fluid and experienced that pleasure which normally accompanies the

passage of urine; l)ut he had no desire to micturate.

The urine was alkaline and contained a good deal of pus ; the amount of albumen corresponded

roughly to the quantity of pus.

Sweating.
—There was a good deal of sweating over ths right half of the head and neck; the

left half Avas almost dry.

The subsequent observations we made on this patient up to the end of July, 1917, will be

summarised under the following headings of Motion, Reflexes, Sensation, Urinary system.
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SutdtiiKj, viv. (Ml FobriKU} l."», I'.MT. liis hlmltk'r was Dpcind Miprapubically and tlio condition

of the urine greatly improved; but liio kidneys were infcct<Hl and lie died somewhat suddenly,
after a short jioriod of pyrexia, on August 21. 1017. The supra])ubic wound was allowed

to elo.-e on Ai>ril 1"), antl from that date the bladder was washed out through a catheter

only.

Motion,—Volimtary power slowly returned, ajipearing first in the right leg. By the eighty-

seventh day aft^r the injury (November 19, 191U) he could Ilex and extend the right knee; the

left knee could be extended, but not flexed voluntarily. lie could i)lan(ar extend the right foot,

but was unable to dorsilicx at either ankle. ^Vll invokmtary movcnients consisted of flexor

spasms, which adductcd the thighs; these were evoked by removing the bed-clothes or by any

manipulation of the lower extremities. Both limbs were somewhat wasted and flabby unless

they had been thrown info spasmodic flexion.

By the one hundred and seventy-fourth day the condition had somewhat changed. The left

upper extremity had wasted considerably, especially the intcrossei and thenar muscles. All

movements could be performed, but abduction of the fingers was weak and tremulous. The

left arm was mco-ordhiate and he used it little in his daily life.

He could voluntarily flex and extend the right hip and knee and strongly plantar extend the

right foot. But he could not dorsiflex it or make any movement of the toes. All the move*

ments of the left lower extremity were feeble. Dorsiflexion of the foot and movements of the

toe were impossible, but he could plantar extend, though less strongly than on the right side.

At the knee and at the hip flexion was feeble, but extension relatively strong. Involmitary
flexor movements occmred in both limbs, but were more frequent and more pronounced in the

right than in the left. If he straightened the left leg it fell into rigid extension; tliis did not

occur in the right leg.

Two himdied and eighty-six days after the injury (June 6, 1917) the condition was as follows :

The left arm was still wasted and inco-ordinate but was much more useful in daily life ; he could

not use it to change his j)osition in bed and to move objects on the bed-tray.

Volimtary power had greatly improved in the right leg. He could flex, extend, adduct and
abduct it at the hip; flexion and extension at the knee and plantar extension at the ankle,

together with doAvnward movements of the toes, were strongly performed. We were doubtful

if there was any true voluntary dorsiflexion or upward movement of the toes.

La the left lower extremity, extension, abduction and adduction of the hip were well per-

formed but flexion was weak. He could flex and extend the knee, but, whilst flexion was weaker

than in the right leg, extension was quite as strong. He could plantar extend but could not

dorsiflex the foot; both upward and do'miward movements of the toes were possible, but the

latter were the stronger. Apart from extension, volmitary movement was throughout weaker

in the left lower extremity than in the right.

All involuntary movements in the right leg were of the flexor type, with active extension as

a secondary phase. In the left leg a flexor spasm was the most common, but extension could

occur as a primary motor reaction.

Reflexes.
—Within fifty-two days after the injury, the left knee-jerk had appeared, though

the right was still absent. The ankle-jerks were not obtained and there was no ankle clonus.

The plantar reflex from the right foot was a slight do-miward movement of the toes with no

hamstring contraction, whilst that from the left sole caased distinct flexor contraction at the

knee but no movement of the foot or toes. Seven days later both knee-jerks were present, but

the other reflexes were exactly as described above.

Within eighty-seven days from the injury a great change had occurred. Both knee-jerks

were greatly exaggerated, the ankle-jerks were brisk, and ankle clonus was presezat on the right

side, but absent on the left. When the right sole was scratched the great toe moved upwards,
the other toes became separated and a true flexor spasm was evoked, which affected the

abdominal muscles. Scratching the left sole caused contraction of the inner hamstrings, but

the great toe remained stationary ; the abdominal muscles did not contract with the production
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of this reflex. No reflexes could be obtained by direct stimulation of the abdomen, except on

the right side above the umbilicus.

By the two hmidred and forty-lirst day after the injury the difference between the reflexes

from the two lower extremities had become accentuated; this period is imjjortant, because it

was on tliis day that the striking series of measurements were carried out on bladder capacity

which are detailed below. Scratcliuig the sole of the right or insensitive foot evoked a full

flexor spasm with upward movement of the toe and contraction of the right half of the

abdomen. This was accompanied by crossed extension in the left leg; the toe moved down-

wards, the foot was plantar-extended and the quadriceps contracted sufficiently to pifll up the

IJatella.

On the other hand, scratching the left sole led to a flexion reflex of the left leg unaccompanied
in most cases by any delinite abdominal contraction; any movement of the rectus abdominis

which occurred was feeble compared with that evoked by stimulating the right sole. The

flexion in the left lower extremity, produced by scratching the left foot, was associated with

slight but definite contraction of hamstrings m the opposite (right) Umb.

Thus stimulation of the analgesic foot (right) produced a full flexor spasm accompanied by

strong contraction of the abdominal muscles and associated with a crossed extensor reflex;

stimulation of the left foot, evoking painful sensations, produced flexion accompanied by little

or no abdominal contraction and associated with crossed flexion at the right knee. The first

of these reflex responses (from the right foot) was associated with facilitation of detrusor activity,

whilst the second (from the left foot) had no effect on the bladder.

Sensation.—The over-reaction to painful stimuU on the left half of the body gradually passed

away, and it became possible to determine more accurately the condition of sensibihty.

Over the inner border of the left forearm sensation was definitely duller than elsewhere,

both to pricking and light touch, but was nowhere lost completely.

The whole of the right half of the body and the right lower extremity below the level of the

nipple was insensitive to painful and thermal stimuli. Touches with cotton wool were every-

where appreciated and correctly localised. Vibration was not recognised, apart from the

contact of the tuning-fork, over any part of the right lower extremity; it was, however,

appreciated over the anterior superior spine and crest of the ihum. He also failed to recognise

passive movements in the right lower extremity below the hip-joint.

The left half of the body and left lower extremity were sensitive to fight touch, pricking,

heat and cold, except that sensibflity to prick was a little dulled on the outer aspect of the left

leg and dorsum of the foot. On the other hand, vibration was not appreciated from the level

of the fifth rib dowaiwards, and recogifition of passive movement was lost in the left lower

extremity.

Pupils, etc.—Within eighty days of the injury the pupils became equal and dilated well to

shade; the palpebral fissures were about equal in size.

Urinary system.
—He never regained volmitary control over micturition, although he was

conscious of distension of his bladder, knew when it was about to evacuate its contents, and

recognised that urme was passing.

On April 22, 1917 (241 days after the injury) the following measurements were made. He
felt the passage of the catheter, which withdrew 150 c.c. of urine. On allowing sterile warm

water to enter the bladder it contracted at the following volumes : (1) At 115 c.c, and he

passed 120 c.c; (2) at 70 c.c, passing the same amount; (3) at 90 c.c, passing 105 c.c. ; (4) at

100 c.c, passing the full quantity. Then, after 30 c.c had been permitted to run into the

bladder, the right (insensitive) sole was stimulated, and he immediately evacuated the whole

amomit; 30 c.c. were again allowed to run in, and the left (sensitive) sole was stimulated,

but no evacuation occurred, in spite of the appearance of a powerful flexion reflex. More

fluid was allowed to enter, and at 40 c.c, 50 c.c. and 60 c.c, the left sole was repeatedly scratched.

No effect whatever was produced on the activatj^ of the bladder-wall, and at 70 c.c. he called

out :

"
It will fire off by itself now !

" At that moment the fluid began to return, and he passed
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70 L-.c. in all. Thus, scratching tho sonsitivo foot had no cITitI <in the contract inn <it' the

autoiurttic hhuUlcr, wliilst stinnilal ion of tlic inscMisitiv? (liglit) foot greatly facilitated the

return of thiid lu-forc it reached onc-iiaif the volume that usually formed an adcciuatc

stimulus.

These observations were repeated on duly 2ti. 1!>I7 {IVMS (hvys after the injiny). witli the

following results: (I) When l.'Jo e.e. of sterile water had run in, he jiasscd 135 c.e. ; (2) at

160 c.e. he passed the full amount; (3) at MO c.c. he jiassed 145 c.c. When the riglit sole

was stinuilated during the inflowing of (he Huid, he evacuated at 70 c.c, passing the full

amount: hut, on stimulating the left foot in the same way, he did not evacuate until JOO c.c.

had run in, an amount to which he would have reacted \\itlu)ut evoking any somatic reilcx.

Deei» breathing caused evacuation at irom 30 to 80 c.c.

Sweating.
—
-During the tirst three weeks excessive sweating occurred on the riglit half o

the head and neck, but not on the left: gradually a similar hyi)cridrosis appeared to the

left of the middle line, and, finally, no definite difference could bo noticed between the two

sides.

Usually the sweating wa.s profuse over the head and neck, and died aw^ay rapidly towards

the ensiform level on the trunk; but when the nianij)ulations which evoked it were long con-

tinued it extended to the feet. The lower extremities and lower half of the trunk, however,

always sweated less profusely than the head and neck.

An outburst of sweating could be evoked most rapidly and most certainly from the bladder.

If the catheter was inserted ])roperly, and the bladder-wash could flow buck freely at the moment
of contracting, he did not sweat; but if for some reason, such as blocking of the catheter by a

plug of mucus, free return was hindered, he burst into intense sweating over the face and neck.

After the bladder had been opened suprapubically on February 15, 1917 (175 days after the

injury}, all excessive sweating ceased, except when the box (" tortoise ") shifted on the abdomen,

or the free flow of urine was checked by some mechanical defect. On one occasion the drainage

tube from the bladder, passing through the suprapubic womid, became blocked by a small

calculus, and hyperidrosis came on again in a violent form to our profound bewilderment.

Excessive sweatmg was not correlated with that "thrill" or "shiver" which normally

accompanies evacuation of a full bladder. In fact, this sensation seemed to be evoked by the

opposite condition to that which caused sweating. Before the operation he could tell with

remarkable accuracy when his bladder was about to empty itself, during our experimental

observations, and contended that he
"
always knew by a nervous wave, which seemed to start

in his abdomen, and passed up to the head and dowii liis arms "
; it was "

a sort of shiver," and

it immediately preceded passage of urme automatically or evacuation of the fluid inserted through
the catheter. With this sensation he never sw^eated; it was always associated with an easy

passage and free outflow. Any obstruction destroyed this sensation, and replaced it by sweating,

which was accompanied by a definite feeling of discomfort.

Sweating could also be evoked by the manipulations necessary to administer an enema.

When an enema was given in our presence, he could feel the insertion of the nozzle of the

syringe. Then after the first few ounces of fluid were pumped in, he said :

"
I have a feeling

as if the passage were being forced open." After recei^^ng about 300 c.c, he said :

"
I've got

a nervous feeUng which runs up the body, down my arms,, mto the back of my head and over

the front of the scalp; it also rmis down the front and inner aspect of both thighs, more on the

left (sensitive) side than on the right. Tliis thrill is not unpleasant, but as the injection goes

on it becomes impleasant, just as it is unpleasant when you have to strain on stool." No

sweating occurred until this thrill became converted from a pleasant to an unpleasant sensation.

The pleasant visceral
"

thrill
"

w^as not associated with a stimulus to sweating; but obstruction,

with its necessary discomfort, evoked hyperidrosis.

Whenever an outburst of sweating was produced, from whatever cause, the pulse tended to

become slower, more forcible, and somewhat irregular. We could not satisfy ourselves, however,,

that there was any certain coincident change in the pupils.
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The follo\\ing ease forms so good an example of the disappearance of

visceral facilitation Mith the advent of extensor j)lienomena, that we have

added it to this section whilst passing through the press (June 1919).

Case 9.—,4 case of fjross injiirij to the spi»(d cord in, the reyion of the J'ourth and fifth

thoracic vertebra'. Total paralysis of motion and sensation below the middle of the trunk. Flexor

mass-reflexes elicited from both, lower ertremities. No extensor 2)henomenn of any hind. Facili-

tation of bladder activity on stiiniilatiny the sole of either foot.

Laminectomy.—Thirty-four days afterwards extensor reflexes evoked. Three days later the

contraction of the bladder could no longer be facilitated from the soles of the feet.

Lieutenant W., aged 24, crashed in an aeroplane on Xoveniber i, 1918, when taking otT.

The under-carriage caught in another machine on the ground, and he was thrown out, stri Icing

his back as lie was shot from his seat.

He was not unconscious and knew he had injured his spine, because he "felt he had a head

and shoulders only."

In half an hour 1 e was admitted to a JMihtary General Hospital in this country. A catheter

was passed two houis afterwards and then twice daily until Christmas, 1918; from that date

it was passed once in the twenty-four hours. He received no other treatment.

On February 27, 1919, he was admitted to the R.A.F. Hospital, Bryanston Square, and I

was asked to see liim by ]\Ir. Warren Low.

The following observations were made during the first fortnight of March, 1919.

Tile upper extremities were in every way normtil. But the spine showed a definite angular
curvature backwards, with the summit formed by the fifth dorsal spine. A radiograph showed

signs of an old fracture of the fourth and fifth ribs on the right side close to their posterior

angles.

His general condition was extremely good and he remained free from fever throughout.

Reflexes.
—Both knee-jerks were obtained and the ankle-jerks were brisk. There was no

ankle clonus.

Scratching the soles of the feet caused a flexor spasm in the stimulated limb, associated with

ujnvard movement of the great toe. This reflex could be evoked not only from the sole and

outer side of the leg, but also from the thigh and less certainly from the abdomen. The abdomen,

however, participated in the mass-reflex.

All involuntary movements weie flexor; there were no extensor spasms, spontaneous or

evoked, and no crossed extension followed flexion in the opposite limb.

Motion.—He was completely j^aralysed below the ensiform level. There was some general

wasting of both legs, but it was not extreme.

Sensation.—He complained of pain and a
"
feeling of tightness

"
round the trunk from thc-

nipplcs to the ensiform level. At the extreme upper border of this girdle sensation was an area

more definite on the right than on the left half of the chest which was tender to the dragged

ixiiiit of a ])in. This marked out in a peifect form the tUstribution of the fourth thoracic zone

especially on the right side.

Sensation was completely abolished to pain, heat and cold below the level of the caudal border

of this tender zone. The loss to cotton wool extended from the ensiform cartilage downwards,
whilst sensibility to pressure was lost below the level of the umbilicus.

Both legs seemed to him shghtly flexed and sometimes one aj)[)eared to be crossed o\'er the

other. He had no power of recognising their tiuc ])osture and was totally insensitive to passive

movements of the lower extrennties.

Bladder.—Micturition was automatic and the following obser\ations were made on March 7,

1919 (126 days after the injury).

When we began our manipulations, the recei)tacle ])laccd in llic bed four hours before was

still empty. The catheter drew oft' .'JoO c.c. of urine, which was acid and contained a faint cloud
\0I.. II. O
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of allniiiuMi. Imt no pus. Ho was unaware of tlu- ilcansiiij; of tlu- glans penis or of tlie passage

of the eatheter. Xo priapism or turgeseenee m"ius evoked by these manipulations.

Wlun 2(M) e.e. of sterile fluid were passed into the bladder th? wall eoiitracted and evacuated

the full amount. On a seeond observation I he tlow began at 22.") e.e. and a'jfain he emptied his

bladder completely.

When the sole of the foot was gently seratehed he evaiualcd tli.> bladder eompletely, on the

first oeeasion at 95 e.e.. on the seeond at 7(i c.c. 'Phis latli-r observation was particularly

successful and showed considerable facilitation on evoking a mass-reliex.

On March 1."). 1!M9. he was transferred to tlu- l^rnpire ITospital for Officers under flie care

of Dr. Head.

On March 2<>. l!Mit. Mr. Wilfred Trotter ])erformed laminectomy. On removing the spines

the lamina? showed obvious signs of injury: the fouitli dorsal was telescoi)ed inti) llic liftii mid

the spinal canal was bent with a convexity to the right. The lamina of the fourth had been

driven under that of the lifth dorsal, and the lumen of the canal was reduced to extremely small

proiHjrtions, the narrowest part being at the juncture between these two vertebra^. Here there

was a tough fibrous band Oo cm. in breadth, evidently constricting the contents of the theca.

The spinal cord was biuUy crushed, but was not anatomically chscontinuous.

The jiatient made a jierfect recovery from the o})cration, and on Ajiril 7 a sjiecial examina-

tion showed that no extensor phenomena could be elicited by any form of stimulation from any

part of the lower extremities. A crossed flexion reflex was present and this affected the abdomen

on both sides.

But on April 30, 1919, thirtj^-four days after the operation (180 days after the injury), un-

doubted extensor spasms could be evoked by tajipiug the patellar tendon or by pinching up the

tissues of the thigh; a shght extensor thrust could be produced from the foot. The flexor reflex

obtained on one side was now accompanied by extension in the opposite limb.

Bladder.—On May 3, 1919, thirty-seven days after the operation, the following observations

were made upon the bladder.

The receptacle placed in the bed four hours before contained 200 c.c. of urine and the catheter

drew off 165 e.e. It was slightly acid and contained no pus.

When 160 c.c. of sterile fluid had entered the bladder, it emptied its contents completely.

On a second observation evacuation occurred at 130.

When the sole was scratched he evacuated at 132 c.c, passing 150 c.c. tinged with urine,

wliich had evidently entered the bladder during the observation. The next time the contents

were returned at 140 c.c. in spite of vigorous stimulation of the sole ; he passed this exact amount

and emptied his bladder completely.

All signs cf facilitation of vesical activity had ceased with the appearance of primary extensor

reflexes.
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SENSORY DISTURBANCES FROM CEREBRAL
LESIONS!

By PTENRY head, M.D, F.R.S.,

AND

GORDON HOLMES, M.D., C.M.G.,

Assistant I'Injsician to tJic National Hospital, Queen Square.

We must begin by craving the indulgence of our readers for the form in

which the following paper is cast. The nature of the sensory changes pro-
duced by lesions of the cerebral cortex and other parts of the brain has been

the theme of innumerable works by the acutest mtellects in medicine of the

last fifty years. Our research would have been impossible but for theu" labours,

and yet we can never acloiowledge what we owe to them. Many, whose views

have helped to make our work fruitful, are known to us tln'ough their publica-

tions, and to them we can repay our debt by referring at suitable points to

the similarity of our results to those of our predecessors.

Others have been our teachers and the masters for whom we have gladly
worked. To them our debt can never be repaid, for much of the identity in

outlook comes from personal intercourse and cannot be fixed by citation.

First amongst this group must always stand the name of Dr. Hughlings
Jackson.

This is a prelimmary communication in which we put forward a general
view of tlie mode of action on the afferent side of the nervous system. Any
such generalisation must not only contain much that is common to the

views of others, but also many things incompatible with the conceptions, even

of those Avith whom we are otherwise in harmony. Where possible, we shall

always acknowledge our concurrence with those who have preceded us, but

in the small space at our disposal we cannot enter into criticism of work Avith

which we are not in agreement. In many cases, although our theoretical

conclusions may coincide with those put forward by other workers, our experi-

mental results may differ fundamentalh^ In the same way, similar clinical

observations may lead us to other conclusions, but it will be impossible to

stop our exposition in order to discuss these differences.

We shall attempt to put forward in the foL'owing chapters a general con-

ception of the mechanism miderlying sensation, based upon a study of human

^ The substance of this work foniied the Croonian Lectures deUvered before the Royal
College of Physicians on June 13, 15, 20 and 27, 1911.
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boings ill whom (li-< ':is.\ arriil-.Mit or surga:il iiit •lici'.Mic,- has producrd sonic

stationary Usion. Ahmy of tlios.' piUicnls haxc (HHiipit'd our altcniion from

time to tinu' for niaiiv wars, and it will Ix- in»i)ossil)k' in this t-oininunication

to iiw'c a oonipleto history of all our cas?s. We have, however, addod

an ahhi'i'viated account i^i the physical sii^ns of certain [)atients, to which we
shall frc(|ucntly alhuh* for the s;ike of ilhistration.

Cases of dis.\\se may be studied from two aspects. More commonly, it is

our business as physicians to consider tiieir rehition to clinical types, and

to discuss tiu* diagnostic significance of certain signs and symptoms. But,

in this jiaper. disease is simply the means by wliich certain laws are demon-

strated and certain ])hysiological activities are laid bare. It is not the disease

which occupies our attention, but the opportunities it gives for analysing

the processes underlyhig sensation. We shall therefore begin by tracing

sensory im]iuls?s from the pomt where they enter the spinal cord, and follow

them to those centres where they form the basis of that psychical process we
call sensation.

For this investigation, exact laiowledge of the site of the lesion is less

important than a precise determmation in selected cases of the nature of the

sensory changes. We arf occupied in tliis research with certain forms of

sensorv loss and with certam dissociations of sensibility; our aim is to dis-

cover the groupmg of afferent impulses at different levels of the nervous system
and not to determine the regional diagnosis of organic lesions. The most

definite sensor}^ groupmg and dissociation are exhibited in cases where the

lesion is stationary and the patient otherwise in perfect health, whilst in

many instances where the lesion could be determined post-mortem the patient

was entirely unsuitable for sensory examination. It is only by the exact

study of these affections of sensation that we can obtain any knowledge of

the nature of cerebral activity and of the form in which impulses reach the

higher centres to underlie the production of sensation.

The material on wliich this research is based includes twenty-four patients

m whom the clinical symptoms justified us in assuming certain affections of

the optic thalamus. A second group consists of sixteen patients with limited

lesions of the surface of the brain, most of which resulted from successful

removal of a cerebral tumour or other cortical dissass. In them, the site of

the lesion was liiiown with more or less accuracy, and we have included

solely those in whom the disease was stationary, examined months or years
after operation. We have also observed the effects produced upon sensation

by acute destructive lesions and advancmg cerebral tumours
;
m this

way we have studied the effects of the condition called by von Monakow
"

diascliisis." Finally, we have employed the same methods to investigate

many instances of disease in the neighbourhood of the mternal capsule and

deeper parts of the brain.



CHAPTER I

the grouping of afferent impulses in the spinal cord and
brain-stem

§ 1.—The Spinal Cord

It is a matter of universal belief that man has been evolved from the

lower animals; and yet, when we deal with sensation and sensory processes,
we speak as if he were created ^ith peripheral end-organs, each capable of

reacting to one of the sensory qualities of human experience. The impulses

starting in these end-organs are supposed to pass unaltered to the brain,

there to set up that peculiar and unknown change which underlies a specific

sensation.

Spots were found on the skm sensitive to touch, to pam, to heat or to

cold only. With the discovery of these highly developed end-organs, the

doctrine of specific nerve-energy seemed to be proved m the strictest manner.

All other forms of sensory appreciation were supposed to be produced by
the psychical transformation of these primitive sensory elements, in associa-

tion M'ith an ill-defuied faculty called the
"
muscle-sense." Recognition of

the locality of a stimulus and the posture of the limbs were attributed to

"judgment" and "association."

But alongside the systematic investigation by von Frey and others of

the capabilities of these specific areas in the skin, the clmicians were discover-

mg the importance of
"
muscular sensibility."' Sherrington's demonstration

of afferent fibres in muscles and tendons placed the existence of the
"
muscle-

sense
"
beyond a doubt, and the use he made of these afferent impulses from

deep structures, in his theory of the proprioceptive system, necessitated a

complete exploration of the nature of deep sensibility.

By their experiment directed to this end. Rivers and Head showed

that beneath the skin, independent of all
'"
touch-" and

"
pam-spots," lies

an afferent system capable of a wide range of functions. Pressure, that in

ordinary life would be called a touch, can be appreciated and localised A\ith

considerable accuracy. Increase of pressure, especially on bones and tendons,

can cause pain. Moreover, it is from the impulses of this deep aft'erent system
that we gain our knowledge of the posture of the limbs and the power of

recognising passive movements.

Evidently, therefore, the peripheral mechanism of sensation is less simple

than was at first supposed. For there are two sets of end-organs that can
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ivsj)(.iul to tart i!o st imuli. and two iii(lf|)(iulcnt mcclia n isms tor t lie 'mil iat ion

of" pain. l-'iirt lu'V analysis showed tlial t he pi-i-iplicral appaialus in the skin,

by which \\«- hocoine conscious of the nature of oxtevnal stimuli, is highly

complex. No one sensory (|iiaHty is suhserxcd hy a single set of end-organs,

but (Very sj)i'citie sensation is the result of the combined activity of more

than one group. This is cxaclly the result that might liave ))een expected,

when we bi-ar in mind thai tlu> sti'ucturc of man is the protluct oi' a long

evolution.

r.ut it is equally obvious, from an evolutionary standj)oint, that these

diverse impidses could not |)ass uncombiiud to the highest ])hysiological

level, ^\'ithin tlu> sj)iiial cord, the opportunist grt)upiiig of the ])eriphery

gives j)lai'e to an arrangement according to quality (Head and Thomjison),

All impulses ea})able of generating ])ain become gr(<uped tcgcthcr in tlic same

path, and can bi> disturbed sinndtanec-usly by an appropriate lesion of the

spinal c( rd. In the same way, sensibility to heat or to cold may be lost

independently of one another, showing that all the impulses upon which they
are based have been sorted out into two functional groups, each of which

passes by a separate sj'stem in the spinal cord.

The most remarkable condition revealed by an intramedullary lesion is

the complete separation of the impulses underlying the appreciation of posture,

the discrimuiation of two points and their correlated faculties from those of

other sensory groups. All painful and thermal impulses, coming from the

periphery, undergo regrouping after entering the spinal cord, and, whether

they arise in the skm or in deeper structures, become arranged according to

functional similarity. Then, after a longer cr shorter course, they pass away
to the opposite side of the spinal cord.^

This process of filtration leaves all the impulses associated with postural

and spacial recognition to continue their course unaltered in the posterior

coluums ; they are the survivors of peripheral groups broken up by the pass-

ing away of certain components into secondary afferent systems. At any

pomt m the spinal cord, these columns transmit not only impulses from the

periphery which are on their way, after a longer or shorter passage, to regroup-

ing and transformation, but at the same time they form the path for impulses,

arismg both m the cutaneous and deep afferent systems, which undergo no

regroupmg until they reach the nuclei of the medulla oblongata.

Thus, a lesion confuied to one half of the spinal cord, even at its highest

segment, may mterfere M'ith the passage of sensory impulses, some of which

are travelling m secondary paths, whilst others are still within the primary
level of the nervous system. All impulses concerned with painful and thermal

sensations from distant parts, disturbed by such a lesion, will be travellmg
in secondary paths and have come from the opposite half of the body ; for,

'' Tactile impulses seem to rmi in two paths : one in the same half of the spinal cord to that

by which they entered, the other on the opposite side of the spinal cord (Petren [90, 92], Head
and Thompson [50]).
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after regrouping, they have passed across the spmal cord. But those impulses

underlying the appreciation of posture, the compass test, size, shape, form,

weight, consistence and vibration are affected on the same half of the

body as the lesion. They still remain in paths of the peripheral level and

have undergone no regrouping.
In such a case the parts on the side opposed to the lesion may be msensitive

to pain, heat and cold
;
but all the postural and spacial aspects of sensa-

tion are perfectly maintained. Yet, all power of recognising position, of

estimating size, shape, form and weight, or of discriminating the two compass

points, will be lost in the limbs which lie on the side of the lesion, although
tactile sensibility and localisation of the spot stimulated may be perfectly

preserved.
This remarkable arrangement enables us to analyse the nature of the

peripheral impulses upon wliich depend our power of postural and spacial

recognition. Obviously, even at the periphery, they must be independent
of touch and pressure. The power to distinguish two points applied simul-

taneously and to recognise size and shape requires as a preliminary the exist-

ence of sensations of touch ;
but the patient may be deprived of all such

powers of spacial recognition without any discoverable loss of tactile sensi-

bility. In the same way our power to appreciate the position of a limb, or

to estimate the weight of an object, is based upon impulses which, even

at the periphery, exist apart from those of touch and pressure called into

simultaneous being by the same external stimulus.

This long delay of the postural and spacial elements in reaching secondary

paths enables them to give off afferent impulses into the spinal and cerebellar

co-ordinating mechanisms, which lie in the same half of the spinal cord. The

impulses which pass away in this direction are never destined to enter con-

sciousness directly. They influence co-ordination, unconscious posture and

muscular tone, and, although arismg from the same afferent end-organs,

they never become the basis of a sensation.

Finally, the last survivors of these impulses from the periphery become

regrouped in the nuclei of the posterior columns and cross to the opposite

half of the medulla oblongata in secondary paths. So they pass to the optic

thalamus and thence to the cortex, to underlie those sensations upon A\'hich

are based the recognition of posture and spacial discrimination.

The following case is an example of the effects produced by a lesion situated

in one half of the spinal cord just below the point at which the postural and

spacial impulses become regrouped in the nuclei of the posterior columns.

Case 1.— Broiim-Sequard paralysis.

On the right
—

WeaJmess of arm and leg.

Reflexes exaggerated ; ankle clonus and extensor plantar rejicx.

Loss of painful sensibility over right cheek {Fig. loG), though touch, heat and cold ivere

unaffected.
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Oil the boiiif tni'l limbs, tnrlile, jxiiiifiil ami tlicniKil sciisihilili/ were, perfect ; hut in tin' riylil

linn and Icy, /xw/h/y'. piis.tire inovemeuls itml rUniilion of a tuning fori: could not he appre-

cialel within nornuil limits, the comiHifts lest wn/i defective, and he could not recognise size,

sha;)c, form, nri'jhl, or c insistence of ohjects in the right hdml. Localisation was not

njftcttd.

On the left-

Motion perfect.

Ilejlcre^ normal.

Loss of .tensalion to jmin. he it awl cold as in Fig. I.IG.

All (illur t'lirins of sensiliilili/, iiicluiling lociilis ilioii, perfprtlif preserved.

Fig. 156.

To show the loss of sensatit n in Case 1. The shaded area en the right half of the fac3 corresponds
to the parts over which sensibility was diminished or lost to prick. Over the left half of tlie tody
the dark parts were insensitive to priciv, heat and cold. Over the left arm and leg, pressures of 15 to

IS kg. on the pressure algometer produced no pain.

W. C.,^ a man, aged 34, was in perfect health until he was thro\Mi from his van in consequence

of a collision on May 30, 1908. He was concussed and did not regain consciousness until three

weeks after his accident, when he found he was unable to move his right arm and leg. Speech

was in no way affected and movements of his face were never impaired. Slowly he regained

^ We owe the opportunity of examining this man to the kindness of Dr. James Collier.
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]w\ver over tlie right arm and leg, and about two months after the accident he was able to walk.

From the first he knew lie could not recognise the position of the right arm, but was unconscious

of the loss^of painful and thermal sensibility on the left half of the body.
When we first examined him nearly two j^ears later (Febiuaiy, 1910), all movements of his

right arm could be performed within a normal range, but they were distmctly weaker than those

of the opposite side. The tone of the muscles of the right u])per extremity was increased, but

there were no organic contractures.

His gait showed a certain awkwardness, but he chd not drag the right foot. All movements

could te readily carried out, although his strength was slightly less in the right than in the left

lower extremity. The tone of the muscles of the right leg was not increased.

All reflexes on the left half of the body were normal, but the arm-, knee- and ankle-jerks on

the right side were much exaggerated and the plantar reflex gave an extensor response. Slight

clonus was obtained at the right ankle.

Ocular movements and the reactions of the pupil were m no way affected, and the face, tongue,

and jialate moved equally on the two sides. But on the right cheek and in the occipital region

sensation was disturbed (Fig. 156). Over the greater part of this area, the patient was insensitive

to a prick, but the borders were not sharply defined, mergmg gradually into parts of normal

sensibility. Over the occipital region 15 kg. of pressure, appUed with the algometer, produced
no pain, whereas on the left half of the skull he responded to 5 kg. Cotton wool was appreciated

everywhere ; but over the central parts of the area, on the right cheek and ear, the tickhng sensa-

tion, easily evoked from the left half of the face, was absent. The patient recognised the touch

of a hair of 21 grm. mm.- wdthin the affected area, and no chfference could be discovered between

the two halves of the face to measured tactile stimuh. Sensibility to heat and cold was not

disturbed, the comiiass points were readily chstinguished at 2"5 cm., and localisation was perfect.

Tliis loss of sensation on the right half of the head formed the local manifestation of a lesion

situated in the right half of the spinal cord. As m most Brown-Sequard paralyses, the remote

effects of this destruction appeared as a loss of sensation to painful and thermal stimuli on the

opposite (left) half of the body. Tliis loss was absolute to every form of pain and to all degrees

of temperature over the area shown in Fig. 156. Not only was the patient insensitive to prick,

but ]n-essures of from 15 to 18 kg. produced no j^ain over the left arm or leg. All forms of tactile

sensibility were, however, completely preserved. The comjoass points could be accurately chs-

tinguished and localisation was perfect. The position of all portions of the left arm and leg

was recogni.sed with ease, and passive movements were appreciated within normal limits.

When we turn to the conchtion of the right half of the body, that is, to the parts on the side

of the lesion, we find almost the exact converse. All sensibility to touch, pain and temjierature

was perfectly preserved, but the patient was unable to recognise the liosture of his right arm

and leg, and could neither name nor imitate correctly the position into which they had been

placed. Movements made passively were not recognised, until they exceeded from five to eight

times the normal range.

Thus, for instance, movements of the index finger on the right and left hands, which could

be appreciated subtended the following angles measured in degrees :
—

^
f Flexion

I 2| 2 U 2 2J

I,
Extea^ion

|

3

"

2A
'

U 2^
'

'2^

-p.
, , f Flexion

|

15 15 l~x 15a; 22a;

^^
\ Extensiiiir~lT7 TT SOx 27 28

But, although movements of the right index were appreciated, when the finger had been moved

through the number of degrees on this formula, the direction of movement was wrongly given
in those cases where an x is added to the figure.

The vibrations of a tuning-fork were appreciated badly or not at all over the right arm and

leg, in spite of the complete integrity of tactile and pressure sensibility, and the compass points
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were Hot perfectly ilistinnnislKHl oi\ tin- rij^lit palin, even at a distance of (i ciii. from one another.

On the K'ft pahn a perfect reading was obtained at 2 cm.

All i)ower of recognising size, shape and form in three dimensions was absent in the riglit

hand, in spite of the existence of jicrfect tactile sensibility. The jiower of estimating wcigiit

and the relative anionnt of pressure exertcil by two otherwise similar objects was lost on the

right hand. -Moreover, the patient was unable to recognise the dilTcrcnce between oven tiic

hnrilest and tlie softest of the objects used to test consistence, w iuii t hey were compressed between

the lingers and thumb of his right hand.

And yet, in spite of this sensory tlisturbance localisation was jierfcct in the limbs of the right

half of the body, anil the two points of the compasses, if applicil to the skin one after the other,

were perfectly appreciated on tlic two hands.

TJiis casp is an cxct'lliMit illiistralioti of llic ])rinci|)los laid down in this

section, and the retention of iniiseiihir })o\\t'r in t h(> rigiit liand enabled ns to

test the faeiilty of reeognisuig size, shape, form in three dimensions, weight
and consistence with an accuracy otherwise impossible.

In conclusion, we believe that at the extreme upper end of the spinal

cord, just beh)w the formation of the posterior column nuclei, afferent impulses

pass up\\ards in tluee mam divisions :
—

(1) The impulses underhdng sensations of pain, of heat and of cold are

travelling in secondary paths, in the opposite half of the spinal cord from

that by which they entered.

(2) Those impulses, upon wdiich depend postural recognition and spacial

discrimination still remain uncrossed in the posterior colunui. The}^ consist

of one group, arismg in the deep afferent system, upon which depends our

recognition of posture, passive movement, weight, consistence and vibration.

A second group arises in the end-organs of the skin and these impulses underlie

the discrimmation of two pomts applied simultaneously, and the allied

appreciation of size, shape and form in three dimensions.

(3) Contact sensibility evoked by touch and by pressure may remain

entirely undisturbed. Apparently it depends upon impulses which run in a

double path and it is therefore unaffected by a purely unilateral lesion

(Rothmann [98], Petren [90], Head and Thompson [50]). This group, formed

by the union of tactile impulses within the cord, carries with it the impulses
which underlie the power of recognising with accuracy the situation of the

stimulated spot, and localisation therefore remains unaffected.

§ 2.—The Brain-stem

The larger number of afftrent impulses traverse the spinal cord, grouped,

according to their sensory qualities, in paths that can be isolated by disease.

This enables us to analyse the nature of the groups formed, either by specific

selection at the first synaptic junction, or by gradual filtration away into

secondary tracts, of impulses arising originally in the same peripheral system.
But, in their further passage through the brain-stem to the optic thalamus,
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the impulses nin in paths which are anatomically more cLsely associated.

This makes any analysis of the grouping of afferent impulses in lliis region

unusually cliCHcult.

Impulses underlying sensations of pain, heat and cold seem alone to run

unaltered between tlu^ upper end of the spinal cord and the optic thalanuis.^

They receive the accession of the regrouped secondary impulses from the

face. A\ hich cross to join the specific paths for pain, for heat or for cold. These

paths are so situated that they can be interrupted without disturbance of any
other form of sensation on the body, and the analgesia and thermo-ansestliesia

so produced resemble in quality the loss to pain, heat and cold caused by a

lesion of the spinal cord.

Thus, when a lesion of the bidb interferes with sensations of pain, not only

may the skin be insensitive to prick, but the readings of the pressure algometer

may be raised on the analgesic side. In the same way, the affected area

on the body may be msensitive to all degrees of heat and to all stimuli capable
of evoking normally a sensation of cold.

It is, however, important to remember that although the uncomfortable

sensation produced by excessive pressure is greatly diminished, a lesion in

this situation does not usually abolish completely all painful pressure (Case 2,

Case 3). Thus it would seem that the grosser forms of pain and discomfort

may possibly find their way by another path, if the usual one is clcsed
; whereas,

an equivalent lesion in the spinal cord blocks all painful impulses whatever

their origin.

Not only can these three forms of sensibility be affected together, but

any one of them may escape or be affected alone. Thus von JVIonakow [82]

described loss of sensation to heat and colel without analgesia, and in the

case recorded by Mann [75] and later by Kutner and Kramer [63] sensibility

A\as lost to pain and to heat, whilst that to colel was unaffected (cf. also

Wallenberg [130] and Marburg [70]).

The following case shows that, with a lesion of the bulb, the opposite half

of the body may become analgesic and yet the threshold values of sensibility

to heat and cold may be eepuil on the two sides.

Case 2.—October, 190G, sudden onset of pain in the rigid lower jaw. Since Jane, 1907, he has

noticed loss of sensation on the left half of the body and right half of the face. First seen by «s June,

1909, and since then his condition Jms not cJuinged materially.

Motor power and reflexes unaffected.

Diplopia in all directions. Pupils unaffected. Optic neuritis in both eyes. Hearing diminished

in right ear.

Sensation on the face.
—Loss to j^rick with no loss to pressure-pain over the area in Fig. 157. No

^ This does not necessarily mean that tlie ini])ulses are carried by uninterrupted fibres. It

has been suggested by Long [70], Cajal [21], Kohnstamni [61], that the nuclei of the fornuitio

reticularis are intercalated in the course of the afferent conduction tracts. Such anatomical

relay would not interfere with the above physiological conclusions, as it does not necessarily

imply any regrouping of sensory impulses.
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other chtiiiije iu sciusation to iii^itsitreil sliituili. hut touch sconexl "less rivid," hml "

hutler,'' (iiid

colli
"

le^s cM," orer riijht thm le/'t li'ilfofllicface.

SensTthii on the body.
—The left luilf, except the perineum and scrotum, was insensible to prick

(Fiij. l.">7). Pressure-pain ums also diminished. Otherwise sensation was unaffected.

F. C. F., Hgcd 34. (This patient wjis first seen by us wlicii lie was in tiic National Hospital,

muler tlic care of Sir William Gowcrs, in .luno, litlK).
)

lie was a teetotaler, a mairied man, aiul

dctiietl all vonoival disease.

Fi?.. 157.

To show the loss of sensation in C ise 2. The ri^ht half of the face was analgesic to prick, but

pressure-pain wa* not lost. The left half of the body was insensitive to prick, and the readings of

the pressure algometer were unifonnly higher than over similar parts on the normal side.

In October, 1906, pain came on suddenly in the right lower jaw as he was sitting in the barber's

chair. He became pale and faint and "
felt queer

"
for the rest of the day. The pain continued

unaltered until ]May, 1907, when it grew more severe and reached its height in June of the same

year. In the following nine months it gradually diminished, but returned in April, 1909.

A sharp, stabbing headache in the occipital region first appeared in September, 1907. This

has slowly increased in severity. Vomiting began in July, 1907, and has continued on and off

ever since.

He has noticed some disturbance of sensation on the left half of the body and right half of

the fac? since June, 1907.

11

1^
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He has not been definitely gidd}', hut occasionally swaj's when walking on the pavement.
In June, 1909, motion was not ail'ccted/ and the reflexes did not dili'er materially on the

two halves of the body.
He complained of tUplopia in all directions, greater on looking upwards, when the images

were crossed ; with movements to the right or to the left they were uncrossed. The ])upils reacted

well and were central in ])osition. Movements of his jaw, face, palate and tongue were carried

out perfectly on both sides.

iSmell was not aifected, but the ammonia reflex was almost completely abolished from the

right nostril. Taste was lost on the right half of the outstretched tongue. Hearing was slightly

diminished in the right ear com])ared with the left; the tuning fork placed on. the forehead was

not heard on the right side. The fields of vision were normal and there was no colour loss ; but

optic neuritis was visible in both e,yes, more evident in the right. The discs were pale and the

cup filled up.

Sensation on theface.
—He complained of occasional spasms of pain in the right half of the face,

closely resembhng those of tic douloureux. No difference between the sensibihty of the two sides

could be discovered with cotton wool, von Frey's hairs, Graham -Brown's a?sthesiometer, or to

the compass test and vibration, but he complamed that all forms of touch were
"

less vivid
"

over the right than over the left half.

The whole of the area shown on Fig. L")?, together with the right half of tlie tongue, Avas,

however, insensitive to prick, though the algometer gave approximately equal readings on

the two sides.

Both heat and cold were appreciated on the two halves of the face, but although the thresholds

were the same, all heat seemed hotter over the affected half, while cold stimuli seemed colder

over the normal parts of the face.

Sensation on the body.
—Localisation, the compass records, the appreciation of size, shape,

form and weight, were equally good on the two halves of the body.

Cotton wool was recognised everywhere, and the same measured tactile stimulus was required

to produce a sensation of contact on the two halves of the body. There was no cUfference in the

threshold for the appreciation of roughness and the length of time durmg which vibration could

be recognised ; but both sensations of touch and vibration were more vivid on the normal than

on the left half of the body.

Heat and cold could be appreciated everywhere, but all degrees of warmth seemed hotter

over the affectei half of the body (left). Any cold stimulus, on the other hand, seemed colder

over normal parts.

The whole of the area (Fig. 157) shown on the left half of the body was insensitive to prick;

but it will be seen that a small area in the left perineum and the greater part of the penis and

scrotum of the same side responded to the prick of a pin. The left testicle was, however, entirely

insensitive to pressure, whereas the normally unjileasant sensation could be easily evoked from

that of the right side. The pressure of the algometer, necessary' to evoke pain, was considerably

higher on the left than on the right half of the body (Fig. 157), especially on the palms and on the

soles.

The ])osition of the limbs was recognised as well on the one side as on the other, and passive

movements of all the joints were perfectly appreciated. And yet in spite of perfect recognition

of posture and movement, there was distinct inco-ordination of the left hand. He knew that

the movement was not absolutely correct; thus, if asked to touch a spot on a sheet of paper

with his eyes closed, the left index finger deviated to a much greater extent than the right. But

so sure was he of the po.sition of the affected hand that he could place the normal forefinger

accurately upon the wandering left index without opening his eyes.

Thus this case showed (1) a local lesion affecting the sensation of the right

half of the face and neck
; (2) a remote disturbance of sensibility to pain over

^ For co-ordination vidz infra.
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tlio K-lt halt' of llu' holly with roiisiilt i'al)l(' raiNiiijj; ol' the al;j;(iimt( r ii athiij^s

over the analirt'sio area ; (M) with heal and roid the saim- 1 hrcshold was obtaiivod

on th(^ two halves of the Ixuly.

All rceiMit work has shown thai the paths for t ht- transmission of Ihe

iinpidses for })ain. lu at and cold run up in the nciuhlxinihood of t he nucleus

of the triui'ininal nrrxc. This close local association is part icnlarly \\cll

shown liy eases of ot'clusic u of the jxjstcrior inferior ccrchcllar artery

(Wallenlnru [12«»]. l^rc uir and .Marhurg |ll|. Spilh r |117|).

In addition to these welli<nowii facts, the following instance of tliis con-

dition also shows that ini})ulses unthrlying the ajipreciation of posture and

j)assive niov(Mn(-n1 haxc become separated from tJK so conceriu^l with spacial

discrimination. I'he comjiass test ga\'c idinlical results on the two halves

of the body, and size, shape and form in three dimensions could be appreciated

on both hands. And yet the amount of passive movement necessary to evoke

a sensation was tlu'ee to four times greater in the affected lingers. Evidently,
a change in grouping has taken place at the posterior colunm nuclei and the

impulses for spacial discrimination now tend to run apart from those of postural

recogniticn.

Case 3.—An instance of
"
occlusion of ihe posterior inferior cerebellar artery.''' Sudden onset

December 25, 1908. Seen by us first in Julij, 1909.

Horizontal and rotatory nystagmus, but diplopia had passed off. Left pupil did 7wt dilate fully

to shade. Left palpebral fissure smaller than right. Movement of left half of the palate defective,

but vocal cords and tongue moved tvell.

Gait unsteady : he tended to deviate to the left, but fell lo the right when his eyis were closed. No

paralysis.

Reflexes normal.

Sensation of the face.
—

Left half insensitive to j^rick, but sensitivz to pressure-pain {Fig. 158).

Tctctile and thermal thresholds were equal and normal on the two h%lves of the face, but all temperatures

seemed
"
duller

" on the left half

Sensation on the body.
—Loss to prick, to heat and to cold over the right half of the body, right arm

and right leg {Fig. 158). Sensibility to pressure-pain diminished over this area but not lost.

Diminished power of recognising posture and passive movement in right arm and right leg.

All other forms of sensation normal.

W. S., a man, aged 50, suddenly fell upon the floor just as he had finished breakfast on Christ-

mas morning, 1908. He was not unconscious but intensely giddy. On trying to rise he fell to

the right, helpless and unable to stand. Vomiting came on at once and was almost continuous

for thirty-six hours. He was put to bed, wliere he remained for eight weeks, compelled to lie

almost constantly on his left side.

From the beginning, he complained that the right half of the body "felt cold and iiuinh,"

although he could appreciate "the slightest touch
" and knew where his limbs lay in bed. He

could always move the right arm freely, but was unable to use it for taking food ; he said :

"
I

could hold a spoon in my right hand, but I could not be certain of putting it properly into my
mouth." In the same way he found some difficulty in directing the movements of the right leg.

When he left his bed, at the end of eight weeks, he staggered as if drunk and always felt as

if he was falling towards the right. But, on the other hand, when sitting in a chair he frequently
seemed to be drawn over to the left. This giddiness disappeared completely in seven months,
and he recovered sufficient control over the right arm to return to work in July, 1909.

Immediately after the stroke he saw double; the two images appeared side by side, and
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he believed that the one to the left was the false one. For a time the left upper eyelid
"'

drooped,"
and he found that the left eheek did not sweat and was colder when he touched it than the right.

From the beginning of his attack, he noticed that the left half of the face seemed numb, and

this has persisted unchanged up to the present time. All food ai:)peared to be very cold on the

left half of the mouth and he lost taste on the same half of the tongue. At first he found con-

siderable difficulty in swallowing; solid food seemed to stick in his throat. His voice became

Fig. 158.

To show the loss of sensation in Case 3. The left half of the face was insen-;itive to prick, but sensi-

bility to pressure-pain was unaltered. Over the darkened area on the right lialf of the body sensations
of heat, cold an'l pricking was abolished. Pressure-pain, though diminished, was not lost.

hoarse at the time of the stroke. He was never deaf, but since the attack has suffered from tinnitus

in the left ear,
*'

like a cricket whistHng."
We saw him first in July, 1909, owing to the kindness of Dr. Golla. He was an intelligent,

healthy-looking man with somewhat rigid arteries. The left eye was a little more sunken and

the palpebral fissure somewhat smaller than on the right side. He no longer saw double, and

all ocular movements were normal in range; but, on full lateral movements, shght horizontal

and rotatory nystagmus was visible, the rotation having an outward and downward direction.

The left pupil was slightly smaller than the right; it reacted well to light and on accommodation,
but did not dilate so rapidly and so fully as the right when shaded, or when the skin of the neck

and cheek was stimulated.

VOL. II. P
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The imiscK's of xUv j;i\v arti'd iiDrm.illy, iiiid volilional movcinonts of the faro wore oqual oi\

the two sides, but, when talking or sinihng, tlie left lialf moved more than tlic right.

The left lialf of (he palate wius less active and the uvula was drawn d(>(initely over to the right.

The vocal cords niovtHJ well and all dilliculty in swallow inix had passed away. Movcinents of

the tongue were perfect.

Taste and smell were not alVccted when we first saw him, hut the ammonia rellcx from the

left nostril was certaiidy greatly tliminished. Hearing and vision were normal.

He could walk without help, although lie was evidently careful and afraid of sturnhliiiii; no

difference could be discovered between the lower extremities, but he tended to keep the legs

abducted and to turn the toes a little outwards in walking. Moreover, when walking (quickly

he deviated to the left and constantly corrected himself voluntarily. ]3ut, as soon as his eyes

were closed and he was told to walk forwards, lie fell to the right in consequence of the defective

sense of position and movement in the right leg.

The strength of the movements and the tone of the muscles were almost equal in both arms

and no difference could be discovered between the two lower extremities. The movements of

the left arm were slightly inco-ordinate, whether the eyes were open or closed. Rapidly repeated

movements were equally well carried out with both upper extremities.

There was no material difference between the reflexes on the two halves of the body and

both plantars gave a flexor response.

Sensafion on tkefa^e.
—Both halves of the face responded equally well to cotton wool and von

Frey's hairs, but the left forehead, temple and cheek were insensitive to prick (Fig. 158) ; this area

merged gradually behind into parts of normal sensibiUty. Over the temples and malar bones

the pressure algometer gave the same readings on both sides (U and 2 kg.). The left cornea

was insensitive to a hair of 23 grm. mm.- and the left conjunctiva did not respond to 100 grni./mni.,^

whereas 8 grm./mm.^ produced a quick reflex and a sensation of sharpness on the right cornea.

From the normal conjunctiva 23 grm./mm.^ immediately evoked an uncomfortable sensation.

The threshold for the appreciation of heat and of cold was the same on the two sides, but the

patient complained that all temperatures produced a
"
duller

"
sensation on the left half of the

face. Both sides responded equally well to vibration and to the compass test.

Sensation on the body.
—All forms of tactile sensibility were perfectly preserved, vibration

was appreciated and locahsation was perfect on both sides. The compass records were equally

good from both hands and from the soles of both feet. Weight, size, shape and form were

accurately recognised.

SensibiUty to prick began to be defective at the line marked on Fig. 158. The loss of sensation

gradually deepened until on the right arm, trunk and leg it was complete. Over the whole of

this half of the body, the pressure necessary to cause pain was uniformly higher than over similar

parts on the other side, as showTi by the numbers on Fig. 158. Both testicles were sensitive, but

the sensation was mors uncomfortable from the left than from the right.

Over the same area on the right half of the body he was insensitive to all degrees of tempera-

ture and, although the borders of this loss of sensation corresponded to those of the analgesia,

they were more definite.

The i^ower of recognising posture was also certainly somewhat diminished in both the right

arm and the right leg. The existence of this loss was confirmed by measurement of the smallest

perceptible movement. Thus extension and flexion of the index finger of the left hand were

recognised with a movement of just over '2'^ ; whereas on the right hand the average flexion

necessary for recognition Avas 7^, whilst extension of over 8° was required to evoke a sensation

of movement.

This typical case of " occlusion of the posterior inferior cerebellar artery
"

showed :
—

(1) A sensory disturbance over the left haK of the face representing the

local lesion.



SENSORY DISTURBANCES 547

(2) Aricalgesia, with raising of the algometer readings, and complete loss

of sensation to heat and to cold over the right half of the bod}-.

(3) Diminished recognition of posture and passive rliovement in the right

arm and leg. but all spacial discrimination was perfect (compass test, appre-
ciaticm of size, shape, form).

(4) Slight cerebellar inco -ordination in the left arm and leg, which was
not increased by closing the eyes.

^Vhen all afferent impulses from the face have undergone regrouping and

passed, in secondary tracts, to the opposite half of the nervous system, the

various sensory paths are gathered closely together in preparation for their

ending in the optic thalamus. Every sensory path now lies withm the opposite
half to that by which the impulses entered the central nervous system.

From the analytical aspect, these mid-brain lesions can give little mforma-

tion as to the groupmg of the elements underlying sensation. But occa-

sionally, by watching the gradual disappearance of one form after another,

a hint may be gained with regard to the independence or association of any
two groups of impulses.

Moreover, the tendency we have already noticed for the grosser forms

of pain or discomfort to fuid a way to consciousness, although the more specific

forms of pain, heat or cold are blocked, becomes more evident the closer the

lesion lies to the optic thalamus. And yet it is probable that the impulses
wliich evoke these uncomfortable sensations are not conducted by a bilateral

path.
The following case, which w^e owe to the Idndness of the late Er! Beevor,

illustrates the concentration of paths just before their entry into the optic
thalamus. Incidentally it seems to show that the power of localising the

spot touched may be greatly affected at this level with but little loss of tactile

sensibility.

Case 4.—Tumour of the mid-brain and optic thalamus verified by post-mortem examination.

Five months before death the following signs were present :
—

Loss of power in the left arm and leg, with profound ataxy. Extensor response from left sole

with normal response from right.

Athetoid movements of left luind, together with a fine tremor ivhen the left arm was extended.

Eye-movements greatly restricted ; nystagmus in all directions ; fixed pupils.

The loss ofsensation was confined to the left ofthe middle line. Sensations ofprick were diminished

over hft arm and leg, but lost on the left palm only. Tactile sensibility was very little, if at all, affected

during the time he was under observation by us.

Localisation lost over left upper extremity. Compass test gravely affected over left arm and leg.

Appreciation of size and weight abolished in left hand.

T. B., aged 24, was admitted to the National Hospital on October 8, 1903, under the care

of the late Dr. Beevor, at the request of Dr. Judson Bury. After liis death on July 24, 1909, his

brain was described by Dr. Judson Bury [20].

In 1905 he began to see double and at the same time the lid of the right eye drooped. He
recovered entirely, but in September, 1907, his eyeUd drooped again and he became steadily
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worso. The Ifft
li'j^ bociime weak al)ouf .May. liXlS. and in .\u^u.st involiiiitarv inovviiiciif l)o<;an

in the loft arm. Abont tlir same time lii> notici'd dcafiioss in flic left car.

The folli)\vin^ account of his condition was coinpilfd from notes made liy one ot iis liclwt'cn

DoetMnher. liHKS. and the end of l"cl)ruaiy. liKIH.

Speech was not alYected anil he did not swlVci' frum headaclic of \(iiiiiling. >i'eithci |)ii|iil

reaetwl to lijjht or acconnnodation. and nystagnuis was present with every movement, of the

eyes that could still be eanietl out. 'i'lie right eye could be moved outAvards but in no other

direction ; in the left eye movement inwards and outward.s was still jjossible.

Vision in the right eye was
,''^.

in tho left [{; the lields were not diminished and both fundi

were normal. Hearing wa.s not materially affected eithei' to aerial or bone conduction. Taste

and smell were normal.

^lovements of the face. jaws, tongue and palate were 2)crfectly executed.

The arm-jerks were normal, i)ut the right knee-jerk was biisker than the left ; aid\le clonus

could not be obtained on either side. Tiie left plantar reflex gave an extensor response, whilst

that from the right foot was definitely flexor.

All movements of the left arm and leg were le.s.s powerful than those of the right, but there

•was no paralysis and no increase of tone. Both left arm and left leg were profoundly ataxic

and lie could not stand on the left leg alone even with his eyes open.
If his eyes were closed or when his attention was distracted from the limb, the fingers of the

left hand made characteristic athetoid movements, irregular slow extensions and flexions at the

phalangeal and metacarjiophalangeal joints. When the arm was extended a line tremor was

also present in the left hand.

Condition of sensation.—The power of recognising posture and passive movements of the left

leg and arm was lost; he could not even find the left elbow with his normal hand. Told to open
the fingers of his left hand when his eyes were closed, he made a series of irregular movements

which partly extended the phalanges but flexed the metacarpophalangeal joints. The order

to flex or to extend the fingers was followed by movements of this kind which led to no permanent
alteration in posture.

Directly he was allowed to open his eyes, all movements of the fingers were carried out with

aase, and, so long as he looked at the hand, posture was maintained to command. Vibration

was equally appreciated everywhere.

During the earher period of our examination, he certainly appreciated the contacts of a

test hair of 21 grm. mm.- all over the left uj^per extremity and on the left foot, showing that

tactile sensibihty could not have been gravely affected. But when cotton wool or a measured

hair were moved gradually from the right to the left half of the body, he said the stimulus became
"
lighter

"
to the abnormal side of the middle Line.

Tactile localisation was grossly affected over the whole left upper extremity, but on the lower

extremity he indicated and named correctly the spot that had been stimulated. Thus, the dis-

tm-bance of localisation was here out of proportion to the diminution of tactile sensibility.

Spacial discrimination (compass test) was gravely affected on the left upper and lower

extremities ; he was unable to recognise the two points when separated by 15 cm. on the left

forearm and 20 cm. on the left half of the abdomen. On the normal arm 5 cm. and on the right

half of the abdomen 8 cm. gave perfect readings.

AU power of recognising size was lost in the left hand, and he could not even discriminate

the head from the point of a jiin.

He could not recognise the difference in weight between 5 and 200 grm. in the left

palm.

Sensibihty to prick was diminished over the left arm and the left leg, but was nowhere absent

except in the left palm. All the algometer readings were a little higher on ths left than on the

right half of the bodj', especially on the left palm and sole.

Sensibility to heat was absent on the left half of the body and face, but cold could be appre-

ciated. The left leg, how'ever, w^as insensitive to all degrees of heat and cold. Thus on the
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upper extremity temperatures above 45° C. evoked a sensation of paradox-cold, whilst on the

leg they caused discomfort oiih'.

Post-mortem five months after these notes tvere made.—The brain was examined by Dr. Judson

Bury, who gave the following account of the condition [20]; "After being hardened in formahn

the brain was cut into trans\erse vertical sections, when it was seen that the tumour occupied

the position of the right optic thalamus and the corjwra quadrigemina. The whole of the optic

thalamas, with the exception of a thin layer on the outer side, was replaced by new growth which

extended beneath the floor of the ventricle into the left optic thalamus for a short distance. The

right internal capsule appeared to be normal, but no trace of the caudate nucleus could be chs-

covered. The corpora quadrigemina appeared to be entirely replaced by growth; the crura

and |)ons were also invaded. The right crus was considerably involved, so that a layer of the

crusta only J in. in thickness separated the growth from the basal surface of the brain. The

anterior portion of the pons was invaded for about l in. in depth on the right side and J in. on

the left side." Tiie tumour was a large round-celled sarcoma.

Here, then, is a case where a malignant growth affected the corpora quadri-

gemina and that portion of tlie mid-brain at a point where the paths for

.sensory impulses are converging to end in the thalamus. The clinical signs

indicate that this lesion started in the mid-brain, although at the time of

death the right optic thalamus was also destroyed.

During the course of the disease this case showed that :
—

In this situation the impulses underlying postural recognition, spacial

discrimination and localisation (spot-finding) may be dissociated from those

concerned with touch and pain. At one stage of his illness the patient was

therefore able to appreciate contact with von Freys hairs and cotton wool,

but could not localise the spot touched. Nor could he tell the head from

the point of a pin, or the relative size and weight of objects placed in his hand.

To sum up the conclusions of this section, we can say that the brain-stem

between the nuclei of the posterior columns and the final termination of all

sensory paths in the optic thalamus is the seat of the following changes :
—

(1) The impulses for pain, heat and cold continue to run up in separate

secondary paths on the opposite side of the nervous system to that by which

they entered. They receive accessions from the regrouped afferent impulses
from the nerves of the head and upper part of the neck.

Although these paths are frequently affected together, they are indepen-
dent of one another, and any one of the three qualities of sensation may be

dissociated from the others by disease.

(2) Lesions of the spinal cord tend to diminish simultaneously all forms

of painful sensibility, but with disease of the brain-stem the gross forms of

pain and discomfort may pass to consciousness, although the skm is analgesic.

This applies not only to ])ainful pressure, but to the discomfort produced by
excessive heat.

(3) The impulses concerned with postural recognition j)art company with

those for spacial discrimination at the posterior colunm nuclei. Up to this

point, they have travelled together in the same column of the spinal cord,

but as soon as they reach their first synaptic junction they separate. Above
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tlu'
|)(>iiit

w lu'ic llu>v (.'liter secondary paths, the power of ri'cotinisinp; posture
and |>a>-si\(> niovenient ean be aiTeeted iiidcixMidcnlly of llic discriniinatiou of

two j)oiiits and \\\v appreciation of size, shape and foiin in tiiree dimensions.

(•i) It would seem as if those elements which iniderlic tlie power of localising

the spot touched or pricked become separated oiT from their associated tactile

impulses before they have actually come to an end in the optic thalamus.

Tlu' long connection of localisation -with tlu- integrity of tactile sensibility is

here broken for the first time.

All these changes are pre])aratory to the great regrouping which takes

place in the optic thalamus, and forms tlie subject of I he following chapter.



CHAPTER II

sensory disturbances associated with certain lesions of the optic

thalamus

§ 1.—Introduction

Throughout this work it has been our aim to discover the nature of the

abnormal sensations evoked by disturbances at different levels of the nervous

system. So far our task has been a comparatively easy one on account of

the certainty with which the level of the lesion could be determined even

in life.

We know that all afferent fibres passmg upwards from the mid-bram end

in the optic thalamus. Here lie the synaptic junctions of those paths by which

impulses are carried onwards to the cortex
;
no path passes upwards without

undergoing a relay m some part of this organ. We shall now attempt to

discover the changes m the grouping of afferent impulses which occur after

they have terminated in the optic thalamus, and the part played by tliis

organ in sensation.

It is obvious that, if all afferent impulses undergo a relay in the optic

thalamus, a lesion at a point where they enter tliis organ may interrupt them

before they have undergone regrouping : they may be cut off before they
have reached the thalamic junction, and the loss of sensation would then

correspond to that produced by a lesion of the mid-brain, although the

disease might lie in the optic thalamus. On the other hand, sensory impulses

may reach the optic thalamus undisturbed and undergo characteristic changes
in grouping ;

but the fibres which conduct them from the thalamus to the

cortex may be hiterrupted by the lesion. Finally, smce lesions of the optic

thalamus are usually of vascular origin and tend to disturb anatomical areas

rather than functional paths, they not infrequently interfere both with the

impulses which enter the thalamus and with those \Ahich pass away from tliis

organ to the cortex.

Our business is to determine the nature of the sensory changes produced

by inten-uption of sensory impulses at various points in their course, and for

this purpose we must be able to recognise that a lesion is situated within the

optic thalamus. This we can do, largely owing to the work of Dejerine and

his pupils ;
for he pointed out first with Egger [24] and later with Roussy [25]

that lesions, which involve the optic thalamus, are often characterised by a

group of symptoms of whicli pain in the affected half of the body and other

551
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stMisDi'v dislurbaiU'os form nn intcirral |)arf. 'I'licsi' clinical symptonis and

signs have Ixhmi t'lirthci' clalxiratcd l)y Ixdiissy |!Ht| and lia\'c l)ccn crcctod hy
liini into a

'

syiuiiMnic t lialainiciuc. lie has shown (lial a K'sion of Ihc optic

thalanuis may jn'oduco the lollowiiiu chaiaetoristic changes :
—

(1) A persistent loss of snperiieial sensation of one half of the ])od\' and

faee. This loss to touch. ])ain and temperature is more or less deliiiitc. hut

the loss ot
'
di'cp

"'

sensibility is always more ])ronoiineed.

(2) Sligiit hemiataxy and a more or less complete astereognosis.

(3) Ac\ite pains on the same side, persistent, paroxysmal, often intolerable,

and vieldinsz to no analgesic treat niciil.

(4) Slight hemiplegia which ])roduces no contracture and rapidly passes

away.

(5) Choreic and athetotic movements in the limbs of the affected side.

He ]iointed out that the sensory loss and the pains are alone due to the

lesion of the optic thalamus, whilst the other symptoms are produced by
destruction of surrounding parts.

Roussy has now established the anatomical significance of this
"
syndrome

thalamique
"'

by five post-mortem examinations. Others have been reported
which show the truth of Dejerme's original generalisation (Long [71], Winkler

and van Londen [135]).

The following case exactly fits into Roussy's category :
—

Case 5.—Mrs. C. H., a woman, aged 51, was suddenly seized with pain on May 28, 1008,

which spread from the upper part of the chest over the left arm. Twenty minutes later the

arm became numb. She then lost consciousness for a few minutes, and, when she came to

herself, found she could not move the left arm and leg.

The hemiplegia rapidly passed away, and is now represented solely by the exaggerated
reflexes on the left half of the body. There is a tendency to ankle clonus in the left foot, and

the plantar reflex is of the extensor type. Both the left arm and the left leg are gravely ataxic,

and curious spontaneous movements are of constant occurrence in the left arm. They are

particularly liable to be started or aggravated by any stimulus which evokes the unpleasant

sensation and then continue apart from further excitation.

Ever since this "stroke," she has suffered from pains in the left half of the body, and an

imcomfortable sensation as if something were crawling mider her skin. These pains are intense

in the hip, the loin and under the left shoulder. They are said
"
to pump up and down the

side
" and the left arm and leg

"
feel as if they were bursting." Whenever there was cause

for visceral discomfort, such as the passage of a constipated motion, these pains became

particularly severe, and the heart is said to
"
throb

" and the stomach to
" work "

painfully,

but on the left side only.

SensibiUty to light touch and to temi^erature is diminished, but not completely lost over the

left half of the body. She is totally unable to distinguish the two points of the comiiasses when

separated to manj' times the normal distance, and localisation of both tactile and painful stimuli

is gravely defective. Discrimination of shape, weight, and consistence is impossible and she

cannot appreciate the nature or use of objects placed in her left hand. The power of recognising

relative size is affected, but it is possible to obtain a difference-threshold even on the affected side.

Painful or disagreeable stimuli, such as the prick of a pin, painful pressure and the extremes

of heat and cold, all produce more discomfort on the left (affected) than on the right half of the

body, and are liable to increase the permanent pains and tingling, of which she so greatly

!
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complains. And yet the strength of the jjiick necessary to inochice |);iin, iiiea.suicd with the

algesimeter, is the same on tlie two sides and tlie readings of the pressure algometer clifTer little

over normal and affected parts.

The recognition of posture and of i)assive movement is gravely affected in the left arm and

left leg, and active movements of both limbs are ataxic.

Here, then, we have an instance which exactly corresponds to Roussj^'s

description of the
"
syndrome thalamique," for not only were certain qualities

of sensation definitely diminished, but spontaneous and intractable pains were

present on the affected half of the body.
In the following case, where the site of the lesion was verified by autopsy

(X(;. G), the loss of sensation was extreme, but the patient suffered from the

same intense pams.

Case G.—A man, aged 49, was suddenly seized with right hemiplegia six months before he

came under observation. When he was first seen there was little paresis, and the reflexes,

though brisk, were not abnormal. (Speech was unaffected. He complained, however, of severe

aching cramp over the whole right half of the body, of y^ain and soreness in the right arm and a

crushed feeling in the right foot.

Sensibility both to light touch and to pressure was abolished, and he could not recognise

jjosture or passive movement on the right half of the body; all appreciation of weight was lost

in the right upjier extremity. He failed to recognise all degrees of temperature, but ice and

water at (JO'' C. produced intense discomfort, much greater on the affected than on the normal

side.

A stronger prick and greater pressure of the algometer were required to cause pain on the

affected parts, but, when once evoked, the pain was much less bearable and produced a stronger

reaction.

The only lesion, discovered at the autoi)sy, to which these symptoms could have been due

was a softening of the lateral zone of the optic thalamus.^

We have observed twenty-four more or less similar cases, with sufficient

symptoms and signs to justify us in diagnosing a lesion in the optic thalamus

such as Roussy has described. In some the loss of sensation was less than

that in Case 5 and in others it was even more profound than in Case 6.

The loss of sensation differs m no way from that produced by mterference

with sensory impulses, either as they enter the optic thalamus or as they

pass to the cortex by way of the internal capsule. But to these familiar

defects another factor may be added when the lesion destroys certain parts
of the optic thalamus. This fresh factor, which alone can be attributed to

the disturbed activity of this organ, is a tendency to react excessively to

unpleasant stimuli. The prick of a pin, painful pressure, excessive heat or

cold, all produce more distress than on llie normal half of the body, and tliis

is the essential feature m all the cases with A\hich we shall deal in this cha|3ter.

There are other cases, where the optic thalamus is destroyed, in wliich the

spontaneous pains and the characteristic over-response are absent ;
but a\ ith

these we are not concerned at present.

' For a fuller account of this case see Holmes & Head, Brain, 1911-12, vol. xxxiv, p. 255.
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§ 2.—TiiK ExtKssivE Response to Affective Stimuli, and the Behaviour
IN States of Emotion, of the Aunohmai. IFm.f of the Body

(A) The Response to Unpleasant Stininli.

(a) Prick.

\\\' have cited ^Ii's. H. (Case 5) as a characteristic instance of the
'"

syjuh'oiiie

thalaniique
'

described by Roussy, and avc shall now proceed to investigate

her behaviour to measured painful stimuli.

If a pin is lightly dragged across the face or trunk from the right to the

left half she exliibits intense discomfort when it passes the middle line
;
she

not only calls out that it hurts her more, but her face becomes contorted

\\'\X\\ pain. But she insists that, altlKnigh the stimulus is more painful, it is

"less plain" and "less sharp"" tlian over normal parts: the prick is less

distinct but it hurts her more.

This
'
hyiieralgesia."" or over -reaction, would seem to point to a lowered

tlu'eshold to the prick of a i)in. Bvit measured stimulation with the spring

algesimeter shows that, if an^ytliing, the tln^eshold is a little raised
;
she

never responds with certainty over the abnormal (left) half of the body to

a stimulus mIucIi can evoke a sensation of pricking on similar normal parts

to the right of the middle Ime. And yet, if a measured stimulus of the same

strength is applied to similar parts, more pain is evoked over the affected

than over the normal half of the body ;
the same stimulus, provided it is

sufficiently strong to cause pain, produces a more uncomfortable sensation

on the abnormal side.

This remarkable over-response to prick was present in twenty out of

twenty-two patients in whom the strength of the stimulus was carefully

measured. But in no instance was the threshold lower on the affected half

of the body; in thirteen cases it was identical on the two sides, and in nme
a decidedly stronger stimulus was necessary to produce a sensation of prick,

in spite of the greater discomfort experienced by the patient when pain had

once been evoked.

(6) Painful Pressure.

Throughout our Mork we have attempted in every case to measure the

amount of pressure which evoked pain. Cattell's algometer was applied to

similar parts on the two halves of the body, and the point was registered at

which the pressure became uncomfortable.

Now in the class of case with wliich we are concerned m this chapter,

pressure is peculiarly liable to produce greater distress and an increased

reaction on the affected side. Out of twenty-four patients every one responded
more violently to pauiful pressure, and all complained that the same pressure,
if it evoked discomfort, was more disagreeable on the abnormal than on the

normal half of the body.

Moreover, this pain did not develop gradually out of the painless sensation

of pressure as on the normal side, but seemed, over the affected parts, to

I
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develop ex})losively. Up to a certain point the patient remained unconcerned,

but suddenly, as the pressure increased, he would cry out and withdraw the

limb to which the instrument was applied ;
from the expression of his face,

he had obviously been more hurt than by the same pressure on the equivalent
normal part.

Tliis increased reaction is frequently, though not necessarily, associated

with a lowermg of the tlireshold; the same pressure may be required on both

sides to evoke pam, although the response on the affected half of the body
is excessive (six cases). In three cases, including the patient who came to

post-mortem examination, the threshold was actually higher on the side of the

greater reaction
;
the followmg readings were obtained, amongst others, from

the palm and sole, in this case :
—
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((•) /'J.rlranc^ of JJtcil and Cold.

AA'lunvvrr (liis ovcr-ir.U'tioii to paiiilul sliiiuili (>xists, the rosponso to the

more extreme deinves of h<\it and eoUl is usually ehaii<i;ecl. 'riiermal appre-

i'iatioM may be unaltered, may he diminished, or may he aetually lost, and

yel the diseomfort produeeel by rold aiul hoi water will be greater on tiie

atTeeted than on the nornud half of the body.
In 1 he case we have cited above (Case 5), thermal sensibility was diminished,

but the response was more intense on the affected side. All temperatures
between about 27^ C. and 40° C. Avere less cold or less hot over the affected

parts. But everA-tliing above about 47° C. and below about 26° C. was

thought to be hotter or colder than on the normal side. The more the tem-

perature of the stimulus sank below or rose above these limits, the more

uncomfortable it became on the affected half of the body, compared with

normal parts. AVe shall show later that there is in all probability no actual

increase in sensibility to heat and cold at these temperatures ;
the patient

translated the increased discomfort into terms of greater cold and heat.

All sensibility to heat and cold may be lost, and yet this over-reaction

may still occur on the affected side. But in such cases the stimulus must

be intense
; the heat applied must be above 50° C, and the cold required will

usually lie below 15° C, and sometimes even melting ice is necessary to evoke

this over-reaction. But when once a stimulus has been found capable of

producmg a response, the discomfort is excessive on the affected half of

the body.
In these extreme cases the discomfort may not be expressed in terms of

heat and cold. For instance, in Case 6, ice and temperatures above 55° C.

produced an intense reaction. The patient's face was contorted as if in pain,

and he cried out: "Oh, something has caught me"; "something is forcing

its way through me, it has got hold of me, it is pinching me."

To the most interesting group, however, belong those cases where an

excessive response was evoked on the affected side, m spite of a thermal

sensibility otherwise perfect. In Case 8, for instance, the threshold for the

appreciation of heat and cold was identical on the two halves of the body,
but whenever a stimulus produced any but the mildest sensation of cold,

it seemed "
colder

" and more unpleasant over the affected than over the

normal palm. A stimulus recognised as warm did not become "
hotter

"
on

the affected hand, until it was raised to between 40° and 45° C.

Thus, in conclusion, whenever a thermal stimulus can produce discomfort,

this vdW be greater on the affected than on the normal side. Should the

appreciation of heat and cold be sufficiently preserved, this discomfort will

be thought to imply a liigher or a lower grade of temperature in the stimulating

object; it will seem "hotter" or "colder" than the same temperature on

the normal side. If thermal sensibility is equally perfect on the two halves

of the body, the excessive response will begin as soon as the stimulus seems
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definitely cold. But it will not seem "
hotter

"
on the affected side, until

the temperature of the stimulus reaches about 45° C. or above.

(cl) Visceral Stimulation.

Discomfort in its purest form is produced by stimulation of the viscera,

and we therefore compared the condition of testicular sensibility on the two
sides in patients who showed this over-response to painful stimuli.

If care is taken not to pinch the scrotum, the characteristic testicular

sensation, a sickening discomfort, can be evoked with no other accompaniment
than a sensation of not unpleasant pressure. Many patients complained that

the discomfort was more hitense in the testicle of the affected side. Pressure,

sufficient to produce
"
a slight feeling

"
only on the normal side, caused a

widespread expression of discomfort and brisk cremasteric movements of the

testicle on the affected half of the body.

The glans penis is endowed with a peculiar form of sensibility which differs

normally from that of the skin in the absence of the more discrimmative

faculties (Rivers and Head p. 274). Heat and cold can be distinguished, but

the finer grades of temperature are not appreciated. A prick causes a more

widely spread sensation and is more unpleasant than over the rest of the

normal skin. In fact, the glans penis is an organ endowed chiefly with the

more affective elements of cutaneous sensibility, and it is therefore a peculiarly

appropriate field for examination in cases w^hich exhibit the over-reaction on

the abnormal side.

When the glans is pricked with such an instrument as the algesimeter,

the same strength of stimulus may be necessary to evoke pain on the two

halves of the organ ;
but the discomfort described by the patient and obvious

from his expression is greater on the abnormal than on the normal portion.

(e) Scraping, Roughness, Vibration.

All the stimuli, considered so far, contain for the normal person some

obvious element of pain or discomfort. But, m these cases of over-reaction

on the affected side, scraping the palm or the sole of the foot, moving a rough

object over the skin, or even rubbing the hairs, may evoke an unpleasant

sensation, unlike that from the normal half of the body.
The difference between the two sides is, as a rule, most evident when the

observer gently scrapes with his fingers the patient's palm. Tender normal

conditions tliis is not unpleasant ;
but on the affected side the patient may

cry out and attempt to withdraw Ms hand. His face is contorted with dis-

comfort. One patient complauied :

"
It is a horrid sensation, as if my hand

were covered with spikes and you were runnmg them in
;

it is not painful

but very unpleasant." Frequently this sensation spreads widely, running up
the arm or the leg, and is often started with peculiar ease from the sole of the

foot (Roussy [100], Cass 1). _

This excessive response to scraping is frequently a striking feature during
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examination with iho CIrahaIn-Hl^)^^n a'slhosionu'ti-r. This instrunient serves

to estiinal(> the a|>i)reciali()n of roughness by ni(>asiiring Ihe extent to which

a tooth nnist he |)rotrti(h'(l from a spherical sMilac(> in order that it may seem

''not smooth." We not mieommonly fonncl that tlu' "raking" sensation

produced by this instrument was greatly exaggerated on the alTectcd half of

the body. But in no case was the thresliold lowered. In some il was equal
on the two sich's. and in others a greater plot nision was required to evoke a

sensation; but in the large majority the discomfort produced was greater on

the alTected side. Oecasioiially, even the rubbing ol the smooth surface over

the affected parts caused an nnconifortabk' tingling. Mhicii confused the

patient and rendered measurement impossible. In one case the mstrument

produced no sensation of rouglmess, but the tingluig and discomfort were

intense.

Many of these patients complained that they could not be shaved on the

affected cheek because it seemed as if the razor was "
passing over a raAv

surface." Some objected to liavmg the hair cut on the affected half of the

head, because of the discomfort, and others complamed of the pam caused by
the attempt to cut their nails.

Occasionally even the -vibration of the tuning-fork may give rise to an

unpleasant sensation, wliich spreads widely over the affected half of the body

(Roussy [99], Case 1).

Thus, in cases Avhere the affected parts react more strongly to painful

stimuli, it may happen that even scraping with the fuigers, the application
of rough objects to the skm, shavmg, cutting the hair or nails, or even the

vibration of a tunmg fork may cause discomfort or produce a more unpleasant
sensation than on the normal side.

(/) Tickling.

"SATien the tips of the fuigers are gently moved over the palm or the sole,

or when the ears and other hair-clad parts are stimulated with cotton wool,

a tickling sensation can be produced in most normal persons. This is not

unpleasant, and in some people the movements of withdrawal w^hich result

are accompanied by smiles of amusement. But in those cases characterised

by an over-response to pamful stimuli tickling is usually unpleasant. Several

patients insisted that the sensation produced on the normal side was not

disagreeable, : whilst that from the abnormal parts w^as quite different and

unpleasant. In all such cases the reaction w^as greater on the affected half

of the body.

(B) The Response to Pleasurable Stimuli.

So far we have considered over-reaction of the affected half of the body
to stimuli which are in themselves unpleasant, or are capable under certain

conditions of evoking an unpleasant sensation. We w^ere anxious to discover

if sensations, normally accompanied by a pleasurable feeling-tone, also produced
a similar over-reaction.
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Unfortunately, the greater number of the methods applicable for the

measurement of sensibility either produce discomfort or, like the tests for

weight and for posture, evoke an entirely uidifferent sensation. But in the

milder degrees of heat we possess a measurable stimulus endowed with a

pleasant feeling-tone. In the majority of cases, however, which showed an

over-reaction to the uncomfortable aspect of a stimulus, sensation was at the

same time more or less gravely lost
;
and this loss was particularly liable to

fall upon that portion of the thermal scale which normally yields a sensation

of pleasant warmth
;

iu such cases this test is usually inapplicable.

On the other hand, in a few cases when thermal sensibility was abolished,

warmth applied over a sufficiently large surface evoked a feeling of pleasure.

Thus, one of our patients found a hot-water bottle pleasant and sootliing to

the affected foot, but did not recognise that it was warm until he touched it

with some normal part. In the same way, many patients found the warm
hand of the observer unusually pleasant on the abnormal side, although no

such manifestations of pleasure were produced when it was applied to normal

parts of the body. In one case, we were able to show that the patient could

not recognise any thermal stimulus as such, and yet over the affected half of

the chest large tubes contaming water at from 38° C. to 48° C. evoked mtense

pleasure. This was sho'WTi not only by the expression of her face, but by her

exclamations,
" Oh ! that's lovely, it's so soothmg, so very pleasant." Tem-

peratures of 50° C. and above, or of 18° C. and below, caused great discomfort

exactly as in most of these thalamic cases {vide p. 619).

Several of our patients, however, were able to appreciate heat as low as

34° C. on the affected half of the body. Here, whenever the sensation evoked

was one of pleasant warmth, the pleasure was obviously greater on the affected

side. In one case, a tube containing water at 38° C. applied to the normal

palm was said to be warm
;
but the patient cried out with pleasure when it

was placed m the affected hand. His face broke into smiles and he said :

"Oh! that's exquisite," or "That's real pleasant." Another patient said:
"

It seems warm on both hands, but it is more soothing, more pleasant on

the affected palm."
The following observations were made on an intelligent and highly educated

man. We determmed the threshold for the appreciation of heat on the two
hands. It was found to be the same, altliough both the pleasure given by
the lower degrees of heat and the discomfort produced by the higher degrees
were exaggerated on the affected palm. AA'e then attempted to discover at

what pomt unpleasant heat became converted into pleasant warmth. On the

affected hand a temperature of 50° C. was "
too hot,"

"
ver}'' unpleasant,"

whilst it was "
not so hot

"
on the normal palm; 48° C. was still

"
too hot,"

but 45° C. became "
real pleasant," although it was "

simply warm "
on the

other side. Thus in this case excessive pleasure was converted mto excessive

discomfort at about 46° C. This is the temperature at wliich, on introspection,

we are conscious that hot water gains a
"
sting

"
absent from the lower degrees.
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Colt! has lit) pl(>asural)lt> (Icinciil. al aiiv rate (lurinij; tin* grcatcM- |)art of

the vtMV in this couiitrv. As soon as a siMisation of cold is
))ro(!ii('('(l it is

said !(• l>t' loldt'v
"

and '' more miconifortahlc
""

on tlu> alTcclod half of I lie

boily. The thri'shoUl. or |)oint at wliich a stiiniihis is said to hcconic cohl.

generally lies st)nie\vliere l)et\ve(Mi 24' ('. and 27° C, and, as soon as the

sensation of eoldness is well (ic\-elo|)ed. this discomfort l)cgins. So far wo
have l)ccn unnl)lc to find any tiMupcraturc which pi'oduces a sensation of

pleasurable cold.

Thus, in coutlusion. we lind tliat in cases where the pleasurable aspect of

heat can he ai)preciated. the pleasure is jjccentuated on the affected side;

yet the tlu'eshold for the appreciation of heat is never lowered and may even

be raised on tlu^ side of the excessive reaction.

(C) The Behaviour of the Affected Half of the Body in. ^States of Emotion.

In the precedmg sections we have seen that the two halves of the body

respond differently to affective stimuli. But no one seems to have recognised
that states of emotion may evoke different manifestations on the two sides

;

not only can pleasant and painful stimuli produce a stronger reaction when

applied to the affected parts, but the two halves of the body may behave

differently to mental states of pleasure and discomfort.

Music is peculiarly liable to evoke a different reaction on the two halves

of the body. One of our patients was unable to go to his place of worship,
because he

"
could not stand the hymns on his affected side," and his son

noticed that during the singing his father constantly rubbed the affected hand.

Another patient (Case 11, p. G20) went to a memorial service on the death

of Ivuig Edward VII. As soon as the choir began to sing, a
"
horrid feeling

came on in the affected side, and the leg was screwed up and started to

shake." The characteristic, so-called choreiform, movements were a promi-
nent feature in this case, and whenever the unpleasant sensation was evoked

in the affected side these movements were accentuated. The singing of a

so-called comic song left her entirely cold, but " A che la niorte
"
produced

so violent an effect upon the abnormal half of the body that she was obliged

to leave the room. In this case indifferent sounds, such as the note of a

tuning-fork or sound of a bell, produced no abnormal effect, and closing the

ear of the affected side made no difference to the character or intensity of

the response.^

1
Occasionally, however, auditory stimuli produce an increa.sed reaction on the affected

side exactly in the same way as pain and extremes of temi^erature. Such a case was described

by Merle [80], and we have seen an instance of this condition (Case 12, \i. 622). This patient

complained that any continuous sound and all noises upset him. When a tuning fork was held
before either ear it evoked ob\'ious chscomfort and gradually became intolerable. At the same
time the spontaneous movements became extremely violent. It was difficult to be sure that
the fork placed before one ear was a more potent cause of discomfort and exaggerated movement
in the affected arm than when it was placed before the ear of the opposite side; but after testing
him on many occasions, we came to the conclusion that the effect was greater if the sound
affected the ear on the abnormal side of the body. There was, however, no (loul)t that he
dishked the sound more in this ear than in the normal one.

d
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A highly educated patient confessed that he had become more amorous

since the attack, which had rendered the right half of his body more respon-
sive to pleasant and unpleasant stimuli.

''
I crave to place my right hand

on the soft skin of a woman. It's my right hand that wants the consolation.

I seem to crave for sympath}' on my right side."' Finally he added,
"
My

right hand seems to be more artistic."'

Thus, not only does the abnormal half of the body respond more vigorously
to the affective element of a stimulus, but an over-reaction can also be evoked

by purely mental states. The manifestations of this increased susceptibility
to states of pleasure and pain are strictly unilateral and may lead to many
curious complications.

§ 3.—^The Loss of Sensation which may be associated with Lesions

OF THE Optic Thalamus

Associated with this over-reaction to painful stimuli, some loss of sensation

will always be manifest on the affected half of the body. In some cases, the

amount of this loss is so insignificant that, as it can be discovered by measure-

ment only, we can imagine the existence of the over-reaction without it.

But up to the present time we have not seen a patient in whom this excessive

response was not accompanied by some sensory loss. It may vary in amount
from a diminution so slight that it is scarcely recognisable, up to a destruction

of all forms of sensibility so severe that only the grossest stimuli can be

perceived.

The vehemence of the excessive response bears no relation to the extent

of the accompanying loss of sensation. Sometimes, severe discomfort may
be evoked by affective stimuli in cases where sensibility is grossly diminished

;

but many patients with but slight loss suffer great discomfort, for the existence

of a sensibility of approximately normal acuteness opens the way to the

reception of more impulses that can evoke an excessive response.

(«) The Appreciation of Posture and Passive Movement.

With lesions of the optic thalamus and neighbouring parts, the appreciation

of posture and passive movement suffers more frec[uently than any other

sensory quality. Sometimes, the ordinary rough tests reveal no obvious

defect, although measurement shows that the recognition of the position of

the hand, or the power of appreciating passive movement, is less accurate

on the affected side. Thus in one case passive movements of the normal

index were appreciated ^^'ithin a range of from 3° to 3*5° (flexion, average
3" 5°; extension, average 3°), whilst on the affected side, movement was not

recognised under from 1° to 8° (flexion, average 8°
; extension, average 7°).

At the opposite pole stand such cases as No. 6, a patient in whom the lesion

was determined post-mortem. This man was totally ignorant of the position

of his right arm and leg, and could not recognise passive movement as such

in the limbs of the affected side.

VOL. II. Q
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Betwoou these two extremes all grades of ditniiiished appreciation of

posture aiul of passive movement eould be discovered. These two functions

were always found to be affected together, except in two cases, where the

defect in the appreciation of passive movement was slight and lay close to

the limits of experimental error.

{b) Tactile Setisibilih/.

Here again we find the same extraordinary divergence in the amount
of the sensory loss. In five cases the tactile threshcjld, measured with

von Frey's liah's, was identical on the two hands
; but, in the majority,

some more or less grave deviation from the normal was discovered on the

affected side. Sometimes, the affected parts are entirely insensitive to the

tactile hairs and even considerable pressure may not be appreciated.

But frequently the loss of tactile sensibility is much less extreme and is

manifested simply by a raised threshold. Sometimes, the normal hand

responded with certainty to a hair of 21 grm./mm.^, whereas from 70 to 100

grm./mm.'^ was required on a similar part of the affected side to evoke a

perfect series of answers. The followmg records illustrate this condition.

Left (normal) Right (affected)

21 grm./m,ir I 1 1 I ! I I I I I I I I I I I

21 grm./mnr. lOOO I OOO I OOO I OOO
23 grm./mm^ lOIOIOIOlOIOIOiO
35 cjrm./mm^ IIIIIIIOIIOIIOI!

70 grm./mm' II I I I II I II I! I II I

23 grm./mm= .-. I IIOIIIOIIIOIIIO

21 grm./inm^ lOOO lO 1 O lOOOlOOO
21 grm./mm^- 11 1 1 II ! I I I 1 1 1 I I I

21 grm./mm.^
21 „

23 „

35

70 „

23 „

21 „

21 „

Occasionally, the consecutive contacts necessary for tliis test caused the

widespread tinglmg to which these patients are prone. This may make it

impossible to demonstrate the threshold conclusively. Increasmg the strength
of the stimulus increases the number of correct answers, but the persistent

tmgling confuses the patient and he frequently replies when he has not been

touched.

Left {normal).



i

SENSORY DISTURBANCES 563

Another difficulty that may prevent the demonstration of a tactile threshold,

by means of von Freys hairs or Avith graduated pressure, is the occurrence of

involuntary movements. Many of these patients show curious irregular move-

ments which may not always be present, but are liable to start again when
the affected side is stimulated. ^Movements arising involuntarily may be mis-

taken under these conditions for touches. The longer the testing is continued

the more accentuated these movements become, and demonstration of a

tln'eshold is then impossible.

To sum up, the tactile threshold may be normal on both sides in the cases

A\ith wliich we are dealing in this chapter ;
or it may be raised to a greater

or less extent, even up to complete abolition of sensibility to measured tactile

stimuli. Accessory sensations or the misinterpretation of involuntary move-
ments may confuse the records, but the loss of threshold and the irregular

response, so characteristic a consec^uence of cortical lesions, is not found as

the result of destruction at this level of the nervous system.

(c) Localisation.

The power of recognising the position of a stimulated spot was more or

less grossly affected in twelve out of twenty-four cases. This faculty may be

so profoundly disturbed that a touch on the hand is referred to the same
half of the face or trunk. More commonly, the patient complams that he

has no idea where he has been touched.
"

I feel you touch me, but I cant
tell where it is

;
the touch oozes all through my hand." Although the method

we have generally used forces lum to recognise that he has been touched

somewhere on the hand, the patient frequently gives up all attempts to

determine the spot, saymg,
"

I have no idea where you touched me."

In cases of graver loss of sensation, tactile sensibility is not infrequently
much diminished, but the inability to localise the stimulated spot is equally

great, even with a prick or with painful pressure, to which the patient is

acutely sensitive.

When all power of localisation is abolished and the posture of the linil)

cannot be recognised, sensations may be no longer referred to something
outside the body; they are thought to be due to some change within the

part rather than to an external stimulus. When the hand was scraped one

of our patients said,
"

It is as if something inside the arm were moved, not

like anj-thing touching me." Sometimes the Sensation was said to be "a
cramp inside my arm."

Wherever localisation is affected, the unpleasant sensation evoked by
painful stimuli may spread widely over affected parts. When, for instance,

the sole has been pressed with the algometer, the pain may occupy the whole

of the leg below the knee, and the patient does not recognise that the instru-

ment was applied to his foot. No matter what stimulus may have evoked

the unpleasant sensation, it spreads widely if the faculty of localisation is

destroyed. The power of recognising the position of the stimulated spot
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sonns to (.'Xri't an iiihil)il(>iy iiitluriUT i>ii the (list iil)iit imi ol this uneoiutorl-

al)lr stMisrttion. AppriH-iation (if the locality of tlu> site lioin whit'h the

sensation has been eNokcd tiMuls to eonline it lo the nciuhhoiirhood of that

spot, aiul around this it radiates to a limited exttiit.

{>!) Unit a)ul Cold.

Twenty two out of twenty-four patients w iio showed signs of a thalamic

lesion respontleil excessively to tiie nn|)l(asant aspect of heat and cold. In

nine of these cases the threshold for thermal stimuli was the same on tlic

two sides, and but for the over-response sensibility to heat and cold apjieared
to be mu-mal : the range of discrimination was identical on the two halves

of the body. This class is peculiarly interesting, for in them may appear the

remarkable over-response to pleasurable heat we have described on p. T);")!).

But. not infrequently, all appreciation of heat and cold is abolished and

ice and water at over 50° C. evoke nothing but discomfort. This sensation

is the same, whichever of the two extremes is used; the patient cannot tell

the difference and may not recognise the cause of the unpleasant sensation.

Occasionally, the insensibility is less profound and temperatures below

26° C. and above about 40° C. may evoke a response from the affected half

of the body. But this response may be the same for heat and cold
; water

above 40° C. and below 26° C. produces the same sensation and may therefore

be called indiscriminately hot or cold. For, if the patient loiows from the

experience on his normal side that thermal sensibility is under examination,
he concludes that this vivid sensation is caused by

"
something hot

"
or

"
somethmg cold." No such confusion between the extreme degrees of heat

and cold ever occurs when the patient is able to distinguish intermediate

degrees.

We have seen no reason so far to think that at this situation in the nervous

system the power of appreciating either heat or cold can be lost alone. The

few apparent exceptions were due to the adoption by the patient of the same

thermal nomenclature for the unpleasant reaction produced by certain tem-

peratures towards the t\vo ends of the scale, a confusion rendered possible by
the absence of thermal appreciation.

Sometimes the disturbance of sensibility to heat and cold is less severe
;

temperatures above 38° to 40° C. are recognised as warm and those below

about 26° to 28° C. as cold. Under such conditions any temperature that

can be appreciated is thought to be respectively
"
hotter

"
or

"
colder

"
on

the affected side, and yet there is no evidence that the supposed greater heat

or cold is due to anything but the increased affective reaction.

Throughout all these cases, where the loss of thermal sensibility was not

absolute, a threshold could always be determined. It might be the same on

the two sides, or it might be more or less raised on that half of the body which

showed an excessive response. But never did we fuid that remarkable loss

of threshold and inability to discriminate between two temperatures, both of
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which were recognised to be hot or to be cold, so characteristic a feature with

cortical lesions.

(e) The Compass Test.

In order that this test may be applied, the patient must of necessity be

able to recognise that he is being touched
;

tactile sensibility must not be

gravely diminished. But many of the patients, who reacted excessively to

painful stinndi on the abnormal side, were so insensitive to touch and pressure
that the contact of two points produced no sensation and the compass test

could not be employed.
Another disturbing element in these cases is the widespread unpleasant

tingling frequently evoked by a firm touch; this tingling is liable to distract

the patient's attention and confuse the records greatly.

Excludmg thes3 sources of error, a considerable number of cases still

remain in which the power of recognising the
"
two-ness

"
of the compass

points was disturbed although each touch evoked a sensation of contact.

But. by widening the compasses, a distance could usually be found at which

a perfect series of answers could be obtained, and the records improved each

time the distance of the two points from one another was increased. Thus
in such cases it is possible to obtain a true threshold.

In most of these cases, it is true, tactile sensibility, as measured by von

Frey"s hairs, showed a somewhat raised thre^shold. But the discrimination of

the compass points is not directly dependent on tactile sensibility, although
at this level of the nervous system they may rise and fall together. For, if

two sharp points are substituted for the blunt ends of the compasses, the

difficulty in recognising them is just as great, although each prick produces
a more profound effect over the abnormal half of the body.

Thus, in conclusion, we have found that the compass test could not be

applied in many of these patients, owing to the gross loss of tactile sensibility

or to the confusion produced by the abnormal tingling. But whenever the

measured tactile threshold was the same on the two halves of the body the

power of discriminating two points was unaffected ;
and yet the two faculties

are not directly dependent, for two pricks cannot be discriminated more easily

than the contact of two blunt points.

(/) 77/e Appreciation of Weight.

Throughout this research we have adopted three methods of testing the

appreciation of weight. A weight is placed in each palm and the patient by
moving them up and down "

weighs
" them and estimates which is the

heavier. Secondly, a weight is placed on some part of the fully supported

hand, removed, replaced rapidly by another weight of the same size, and the

patient chooses the heavier. Lastly, a weight is placed upon the hand and

further weights are added or subtracted. The patient replies whenever he

recognises that the weight has become heavier or lighter.

Now it is obvious that the last two methods depend mainly upon an
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ap})rt'c'iati(Mi of i\>lativt> ])r(>ssur<'. wlu-iwis tli(> lii'sl dcinauds a ]i()\\cr of

estimafiiiu lUoM-nu'iit and {\\v {oi\-v v\\\\)\oyvd in lilliim the weight.

At that jiart of the nervous systiMU witii whicii \\c> are uo\\ engaged this

ditTerenee eomes out in a riMuarkahU" manner. In some cases the only (hs-

coverable loss of sensation consisted in a diminished recognition of posture a'ul

passive movement, aiul eorrehited with tliis loss was an inability to distinguish

weights placed sinniltaneously on the unsupported hands
;
and yet the patient

may he able to recognise the relation between two weights, placed one after

the other on the affected hand when fiilly supported.

Conversely, any din\inution of tactile sensibility at once affects the power
of appreciatuig relative pressures, and so interferes first with the estimation

of weights applied consecutively, and later even with the ability to recognise

whether an object resting on the palm has become heavier or lighter. In

one case the tactile threshold was slightly raised, but all forms of postural

recognition were perfect : here estimation of consecutive weights and recog-

nition of the increase or diminution of a weight resting on the supported hand

were both somewhat affected. But appreciation of the relative heaviness of

two weights placed one in each unsupported palm was not disturbed.

Thus, at this situation in the nervous system the power of estimating the

relation between two weights depends on the integrity of both tactile and

postural impulses. The faculty, of estimating the relative weight of two

objects placed one hi each unsupported hand demands a correct appreciation

of posture and movement. But appreciation of two weights placed con-

secutively on the supported hand, and the power of recognising addition to,

or removal from, the weight of an object lying in the palm, require a normal

tactile sensibility.

{g) The Appreciatio7i of Size, Shape and Form in Three Dimensions.

No tests for the recognition of size, shape, or form can be applied unless

the patient is able to appreciate the contact of objects placed in his palm.

Li five of our cases this was impossible, owing to gross loss of tactile sensibility,

whereas, on the contrary, in six cases the lesions which produced an over-

response to painful stimuli had in no way affected the power of recognising

size, shape or form.

Between these two extremes lies a group in which all three forms of

recognition were more or less gravely defective. Although the defective

recognition of size, shape and form in three dimensions, which may accom-

pany the over-response to painful stimuli, appears at first sight to resemble

that due to cortical lesions, more careful examination shows that they may
differ fundamentally from one another. Ordmary clmical tests, employed in

the usual rough manner, are incapable of demonstrating tliis difference. But,

when a series of tests are carefully carried out, the patient is able, in most

cases, to recognise a difference in size, provided it is sufficiently large ;
a true

difference threshold can be obtained. He does not give up all attempts to
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estimate the relative size of the test-objects, saying, as in the case of a cortical

lesion,
'"

I have no idea," He may make mistakes in their relative size or

may believe that the two objects are equal, but retains an impression that

they possess a size to be compared. Ultimately, if the difference between
them is made sufficiently great, his answers grow increasingly more accurate.

For instance, in the following set of observations (Case 5), it will be seen

that the patient could appreciate a difference in two circular test-objects,

when the diameter differed by 2 cm., but not when the one exceeded the

other bv 1 cm. onlv. She could recognise a difference of 1*5 cm. when the

diameters were 3" 5 cm. and 2 cm., but not when they were 4 cm. and 2*5 cm.
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(A) Vihfdtion.

'V\\v loss of sensation must be ninisually uross before tlie vibrations of a

tuning fork eease to be api)reeiatecl. In three eases only was the alTeeted

half of the body insensitive to this stimulus, and in all of ihem most other

forms of sensation were gravely alTcctcd.

I'sually the vibrations of tlu> tuning fork are appreciated on both halves

of the l)ody. but the stinndus appears to last a shorter time on the abnormal

side. It the Inning fork is plaeed upon some point of the affected side and,

as soon as it can no longer be appreciated, is rapidly transferred to a

corresponding part on the normal half of the body, the patient continues to

recognise the vibration for a further period, which may even extend to fifteen

seconds. This shortened appreciation of the tuning fork is one of the most

characteristic features of the loss of sensation associated with the over-response
to painful stinnili. It occurred in fifteen of our cases, and was independent
of that unpleasant feeling-tone evoked by vibration, of which we have already

spoken.
At the same time the patient complains that the vibrations are

"
not so

plain
"
on the abnormal half of the body and in certain cases the fork seems to

be vibrating less rapidly on the affected side.

(/) Rougluiess.

In three cases only was the loss of sensation sufficiently gross to prevent
the appreciation of rouglmess produced by Graham-Brown's aesthesiometer.

This instrument with its graduated projection is peculiarly liable to cause an

unpleasant sensation, and occasionally confusion is produced because even

the smooth surface of the instrument may evoke a widespread tingling. But

in most cases it is easy to show that the threshold for the appreciation of

rouglmess as measured with this instrument is the same on the two halves of

the body.
{k) Summary of the Loss of Sensation.

We can now sum up the forms assumed by the loss of sensation which

may be found in these cases.

No sensory functions are so frequently affected as the appreciation of

posture and the recognition of passive movement. The amount of this loss

varies greatly from a scarcely measurable defect to complete want of recog-
nition of the posture of the limbs on the abnormal half of the body.

Tactile sensibility is frequently diminished
; but, excepting in a few cases

where all appreciation of contact was destroyed, a threshold could be obtamed.

It was always possible to show that increasing the strength of the stimulus

improved the proportion of right answers, unless the observations were con-

fused by the disagreeable tingling or other accessory sensations.

Localisation of the spot touched was defective in half the cases w^iere

sensation was sufficiently preserved to carry out accurate tests. This inability

to recognise the site of stimulation was equally great, whether the patient
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was pricked or touched. In cases where localisation was gravely affected,

the disagreeable sensation, so easily evoked, tended to spread widely on the

abnormal half of the body. A prick on the hand may cause an extremely

painful sensation in the cheek or side, and sometimes the patient simply

recognised the stimulus as a change \\ithin himself, and did not refer the

discomfort from wdiich he suffered to the action of any external agent.

Sensibility to heat and cold may show all degrees of change from total

loss to a slight increase of the neutral zone. Heat and cold are not dissociated
;

and if one form of sensation is lost, the other will be gravely disturbed. The

apparent exceptions arise from a misinterpretation of the sensation evoked

l)y high or low temperatures on the affected half of the body.
Not infrec[uently the compass test cannot be carried out because of the

gross loss of sensation and inabilitj' to recognise contact ;
but whenever this

method can be applied a threshold can be worked out, and widening the

distance between the points increases the accuracy of the answers.

The power of estimating the relation between two weights is frequently
disturbed on the abnormal half of the body. If the appreciation of posture
and movement is affected, the patient can no longer recognise the identity

or the difference of tw^o weights placed in the unsupported hands. But so

long as tactile sensibility is not diminished, he can still estimate the relation

between weights applied one after the other to the same spot, and can recog-
nise the increase or diminution in weight of an object already resting on

the hand.

The appreciation of relative size is often disturbed in these cases, but with

care it is usually possible to demonstrate a difference threshold. Shape and

form in three dimensions are frequently not recognisable on the affected

hand. But, if tactile sensibility is not grossly affected, the patient usually
retains an idea that the object possesses a form, and may obtain a considerable

percentage of right answers.

Vibration of the tuning fork was recognised by all but three of our patients.

In almost every case, however, the length of time during which it was appre-
ciated was shorter, and sometimes the rate of vibration was thought to be

slower on the affected half of the body.

Roughness, as tested with Graham-Brown's a^sthesiometer, was always

recognised, except in three cases where the loss of all forms of sensation was

extremely severe. Usually the threshold was the same on the two sides,

but it was occasionally raised on the affected hand.



CHAPTER III

SENSORY DISTURBANCES PRODUCED BY LESIONS OF THE CEREBRAL CORTEX

In describing the effect of a cortical lesion upon sensibility, we shall

proceed exactly as with lesions of other parts of the nervous system. Each
stinuilus Mill be considered in order and the nature of the response described.

Thus, for instance, we shall not speak of
"
deep sensibility

"
as preserved or

lost, but shall give the exact stimuli used and the form of response they
evoked. All such expressions as

"
cutaneous sensation

" and "
light touch

''

M ill be strictly avoided, and we shall deal as far as possible with measured

stimuli only.

§ 1.—Graduated Tactile Stimuli

{Von Frey's Hairs and Pressure- cesthesiometer.)

Lesions at lower levels of the nervous system produce, on the whole, forms

of altered sensibility A\hich react with remarkable constancy to graduated
stimuli. A touch of definite intensity, if sufficiently strong to evoke a sensa-

tion, will do so in a large proportion of instances
;
wliile some less intense

stimulus will cause no sensation of any kind. Somewhere between these two

we are justified in placing the threshold for tactile sensibility.

But the characteristic change produced by a cortical lesion consists essen-

tially in a Mant of constancy and uniformity of response to the same tactile

stimulus. Increasing the stimulus does not necessarily improve the patient's

answers and in many cases no tlu^eshold can be obtained. ^

On attempting to obtain a maximum tlireshold on the affected hand, we
meet with the same curious irregularity of response that has hampered all who
have attempted to use graduated stimuli in such cases

;
the patient seems to be

untrustworthy. At one time he responds to a hair of 21 grm./mm.^, at another

even 100 grm./mm.^ produces no effect. Not only are his answers apparently
incalculable, but not infrequently he responds, when he has not been touched.

This irregularity has led most observers to reject all graduated stimuli

and to adopt some other form of tactile stimulation, such as rubbing with the

finger or with cotton wool, to w^hich the answers are more uniform. But in

this irregular response to graduated tactile stimuli lies the key to the sensory
disturbance produced by lesions of the cerebral cortex.

We have modified the method of examination in the following manner so

as to bring out the true nature of this phenomenon : A hair is selected pro-
^

Tliroughout ths work we obtain a threshold by finding a stimulus of a strength just
sufficient to produce an overwhelming majority of right answers when applied in series. This

may be called the maximum threshold. We do not attempt to determine the smallest stimulus

which can be iierceived.

570
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ducing a stimulus just above the maximum tlireshold, to which the normal

hand reacts with constancy when it is applied sixteen times in the minute.

If the same hair is used in the same manner to a corresponding part of the

affected hand, the response is irregular and wanting in uniformity. Then

more powerful hairs are used, up to those exerting many times the pressure.

Still the response remains irregular ;
in fact, the answers may be less accurate

w'itli the more powerful stimulus than with the finer hairs. But further

stimulation with the hairs of lower grade does not of necessity materially

reduce the proportion of correct answers. The irregular response to the more

powerful hairs cannot therefore have been due to fatigue alone.

The following series illustrates the nature of this response. The observa-

tions began on the normal hand with sixteen touches from a hair of

21 grm./mm.2, to which the patient responded promptly in every case. Then
the affected hand was touched sixteen times wdth the same hair, and five of

these touches were appreciated. A stronger hair was chosen, and eight out

of sixteen contacts were appreciated. Step by step the strength of the stimulus

was increased, but even with 100 grm./mm.-, which exerts a pressure of

3' 5 grm., we obtained six responses only. We then decreased the strength
of the stimulus again and at the end of the series w'e obtamed a better set of

answers to the w-eakest hair than to the strongest hair previously employed.

Finally, on the normal hand all the touches with the lightest hair were promptly

recognised, showing that general fatigue played no part in the peculiar form

assumed by the response from the affected hand.

Normal hand (Right). Affected hand (Left).

21 yrm./mm-^ H I 1 1 1 1 I I 1 1 1 1 1 1 1

21 gnu. /mm' Jl IOOOOOOOOO I O I O
23 grm. /mm' .-„., ..; I O lOIOIIOOIOOlOl
35 grm. /mm' O I lOIOOlOOIOOlOO
1 grm. /mm

'
„_ llOIOOOOIOOOIOiO

23 grm. /mm' OIOOIOOOOOIOOIOO
21 grm. /mm' _ OOO lOO lO I O II O 110
21 grm./mm' I II 1 1 1 1 1 J I II 1 1 II

To show the record obtained when von Frey's hairs of various bending strains were appUed sixteen
times in the minute to similar ])arts of the normal and affected hands. A stroke represents a correct

answer, a nought that the patient did not respond.
This record can be translated into the followinir numl)ers :

—

21
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of a thii'sluiKi til \(iii P'rcy's hairs on the alTtctcd liantl. Vnv altlioiigli tlu'

hand reacteil to -i mm. luin.- (()3G gnu.) it Tailed to react in a I'oiisidrrablc

proportion of instances to 100 (irm./mm.- (3o grin.), further stinnilation with

21 grni. nun.- produced a larger proportion of right answers compared with

those evoked iinniediately hetore l)y l('i> iziin. lum.-

Such a result only permits us to say thai the i-aiige between the minimum
stinndus to n\ hich the patient responds and the maxinuim threshold extends

httween 21 grm. mm.- and something above 100 grm./mm.'- We cannot so

tar say that no threshold exists to measured tactile stimuli. Unfortunately
hairs above 100 grm./mm. "are liable to evoke a sensation of pricking on many
[)arts of the normal hand, and it is therefore impossible to employ them without

running the risk of introducing a disturbing sensation of pain.

But if a scries of gi-aduatcd pressures are allowed to act upon a stout bristle,

which does not bend, it is possible to produce greater tactile stimuli which

evoke no sensation of pricking. When this test was applied to the patient

who yielded the record on p. 571, we obtained the following results :
—

Normal hand (Right). Affected hand (Left).

0-2 gnu. I 1 1 1 I II I O II 1 1 M I

0-2 grm OlllOIOOlOO \ lOOOO
0-3 gnu O IOOOOOO III OO I OO
0-4 grm. -_..... - - -OO I OiOOOIiOIOOlOO
0-5 grm. _ __ _OII OO I OOOO lOOOOO
-75 grm „ _ _ lOOO I OOOOOOOO 1 1

1
•

grm._ „.... _ J lOOIOIOiOIOOOOO
1-5 grm _. lO I OO I O I II O i O ii O I OO
2-0 qrm.. O ! OOOOO I O I OO I OOO
4 •

[jrm. ! i I C O i I O OC 1 :
1 1 C I

5-0 grm. I i OOO I OO I OO [ I ! O I

1-0 grm. OO I OOOOO I OOOOO I O
0-2 grm. Il"ll||||||illi

The figures in the first column represent the weight in grammes acting on a constant surface of

U'19 mm. 2 As before, a stroke represents a correct answer, a nought signifies that the patient did not

repl\'. A dotted stroke represents a hallucination.

This record can be translated into the following numbers :
—

Xormal hand {Eight). Affected hand (Left).

0'2 grm. . . . . 1.5 out of 16 . . . .
—

0-2

0-3 „

0-4 ,

0-5 „

0-75 „

1-0 „

1-5 „

20 „

40 „

5-0 „

10 ,

0-2 ,, . . . . 16 out of 16

6 out of 16
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These observations show that, in this patient, a stronger tactile stimulus

[

did not of necessitj^ lead to a corresponding increase in the proportion of
'

right answers.

Even more striking evidence of the absence of a tactile threshold was
obtained in Case 15 with the pressure sesthesiometer, an instrument by which

measured weights may be brought to bear on a surface of 3 mm. in diameter.

Normal hand (Right).

Illllllllllllill

Affected hand (Left).

„.. OIOO lOOOOOOOOOOO
..oooooooooooooooo
OIIOIOOOOIOOOOOO

2 grm.

2 grm.

5 grm.

12 grm.

32 grm OOOOO 1 1 1 O I OOOO 1 1

2 grm. „_ oooooooooooooooo
7 grm. OOOIOO lOOOOOOOOO
12 grm OOO I O I OOOOOOOOOO
22(7/7)7. OIOOOOOOOOOOOOOO
32 grm „ „ OOOOO I OOOOOOOOOO
2 grm. OOO lOIOOIOIOIlOO
2 grm. I I ! I I I I 1 11 1 1 I I I I

A set of observations obtained in Case 15 to contacts witli the pressure pesthesiometer. In the first

coUunn is given the weight acting on a surface 3 mm. in diameter for each series of sixteen tactile

stimuli. The .symbols used to record the answers are the same as in previous figures. They can be
translated as follows :

—
Pressure-^esthesiometer

Normal hand.

2 grm.
2 „

5 „

12 „

32 „

2 „

7 ,.

12 „

22 „

32 „

2 „

2 „

16 out of 1(5

l(j out of lU

Affected hand
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a pressure of OSG grin. (21 grm. mm.-) nine out of sixteen touches were appre-
ciated.

Here, then, it is impossible to say tliat any tactile threshold can be obtained

in the sense usually giv^en to the term. A part that was sensitive to a hair

exerting a pressure of 0'3G grm. was not constantly sensitive to a pressure of

32 grm.
This uncertainty of response is not the only peculiarity met with in examin-

mg the atfected part with measured tactile stinudi. Fatigue is induced with

unusual facility, and a part that has responded in the characteristic manner to

one of the less powerful hairs maj^ cease altogether to respond to 101) grm./mm.-.
Tills is, however, an extreme reaction seldom, if ever, seen in uncomplicated
cortical cases.

Another disturbing factor m the response to graduated tactile stimuli is

the occurrence of hallucinations, or replies that are not the direct sequel to

a stimulus. We believe that tliis tendency to hallucinate is not due to any

general untiiistworthiness on the part of the patient, but is another aspect

of the irregular response characteristic of cortical loss. On one occasion

Hn. (Case 14) gave so many hallucinatory answers to graduated hair-stimula-

tion of the affected hand that all testmg became impossible. But in spite of

this
"
untrustworthiness

"
the answers obtamed from the normal hand and

from the soles of both feet were excellent, and on all these parts a perfect

threshold could be Avorked out.

!Many of our patients are highly intelligent ;
if they are asked to describe

their sensations at the time they are hallucmatmg, mtrospection leads them

to remarkably similar conclusions. They start by sajdng that a sensation

from the affected part differs from that evoked by the same stimulus on the

normal hand or foot. The hair seems to remain in contact with the skin,

and after a series of touches a continuous sensation is produced. Upon this

contmuous sensation each consecutive touch may or may not produce that

additional change recognised as a fresh contact. But at times the sensation

interpreted as another contact may arise without actual stimulation and

sometimes it may even recur several times.

These hallucinations are in fact the direct consequence of that persistence

of sensation, so frequently a feature of the changes produced by a cortical

lesion.

Frequently, however, tactile sensibility is less grossly affected by a cortical

lesion. The response may still be irregular and the sensation of contact may
persist ;

but with stronger stimuli the proportion of replies mcreases until,

perhaps, every contact may evoke an answer. Under such circumstances,

the affected part may exhibit unusual signs of fatigue, although general atten-

tion, shown by the response on the normal side, has undergone no diminution

(Case 14, p. 627). Moreover, the sensations of contact tend to per.sist and

hallucmations may break an otherwise perfect series of replies.

AATienever a tactile threshold can be obtained, sensibility as a whole is
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comparatively slightly affected. Xo form of sensory appreciation is com-

pletely lost and some approximation to a threshold can be discovered with

other graduated tests, such as the compasses.
The defects revealed by graduated tactile stimuli are less evident on testing

with a camels-hair brush or by moving a wisp of cotton wool backwards and

forwards over the affected part.^ If it happens to be endowed with hairs,

there may be no difference between the constancy of the patient's answers

from the two sides, but over hairless parts or after removal of the hairs the

replies to cotton wool stimulation are usually less certain and more irregular

than over similar normal areas. Moreover, the patient sometimes complains
that the touch of the cotton wool is

"
less plain

''
over the affected limb

; but

not mfrequently he says he can appreciate no difference. Changes that are

evident to tests with graduated hairs may be less manifest on stimulation with

cotton wool. This is due in part to the fact that movement of cotton wool

over hair-clad parts evokes a ticklmg sensation different m nature and origin

from the single contact of a measured tactile stimulus.

A\'e can sum up the conclusions to w'hich we have arrived as follows :
—

(1) A cortical lesion may reduce the accuracy of response, from the affected

part, to graduated tactile stimuli.

The form assumed by tliis defective sensibility differs from that produced

by lesions at other levels of the nervous system. For the affected part may
respond to the same graduated hair as the normal hand

;
but this response is

irregular and uncertain. Increasing the stimulus may lead to no corresponding

improvement, and even the strongest tactile hair may occasionally evoke less

certain answers than a hair of much smaller benduig stram. Moreover, a

touch with the unweighted sesthesiometer may be as effective at one moment
as the same mstrument weighted with 30 grm. at another. In such cases no

tactile tln"eshold can be any longer obtained.

(2) This irregularity of response is associated with persistence of the tactile

sensation and a tendency to hallucmations of touch.

Where the sensorj" defect is not sufficiently gross to abolish the threshold,

persistence, irregularity of response and a tendency to hallucinate may still

disturb the records.

(3) In all cases where tactile sensibility is affected, whether a tlu'eshold

can be obtained or not, fatigue is induced with unusual facility. Although
the patient may cease to respond to tactile stimuli over the affected part in

consequence of fatigue, his answers may remain as good as before from the

normal parts. The fatigue is local and not general.

^ Movement over the surface greatly increases the effect of any stimuhis such as cotton wool.

For, tirsth', the area affected is greater than if the cotton wool were simply brought into contact

with the skin. Secondly, the leverage of the hairs set in motion by dragging a wisp of cotton
wool or a brush across the ]Jart gieatly increases the stimulating effect. Finally, movement
across the surface is in itself a jiowerful stimulus, and, as we have shown when discussing the
results of lesions of the optic thalamus, may evoke a sensation although simple contact is not

aj)preciated.
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(4) With stationary rortiral lrsit)iis, luicoinplicatrtl l)y states ol sliock or

bv
"

diasi'hisis." svusihility to touches with cotton wool is never lost over

hair-elad parts. Over haiiK'ss parts stimulation with cotton wool may [)ro-

diice a sensatii>n which seems
"'

less plain to the patient, and his answers

ma\- show tlu> samc> iut-onstancy so evident when he is tested with graduated

tactile stimidi.

§ 2.—Measiki:i) I'mnfi'l Stimi^li

In all lesions of the sensory path below the ()i)tic thalamus, sonu' loss of

sensation to jiainful stimuli is of common occurrence. Hut we have not so far

discovered any disturbance of this form of sensibility as the consequence of a

stationary cortical lesion, except when the disease was of recent origin or

unless the patient had suffered shortly before from convulsions, or had been

subjected to other causes of shock.^

A prick is the only effective means of applying a measurable painful

stimulus to the skin. But all mechanical means for measuring the force

needed to evoke a sensation of pain, when a sharp point is thrust into the

skin, labour under the same disadvantage. Any sharp object, such as a

needle, produces first of all the recognition that the stimulus is pointed : further

pressure adds to this a sensation of pain. Now, it is almost impossible to

prevent the ordinary patient from saying that he is pricked whenever he

appreciates that the stimulus is a sharp point, and if he is told to wait until

he obtains a sensation of pain we run the risk of placing the threshold too high.

Usually the patient can discover no difference between two pricks of the

same force applied to similar portions on the two sides of the body, but occa-

sionally he states that the stimulus is
"
plainer

"
or

"
sharper

'"

on the normal

than on the abnormal part.

This difference in sensation is accompanied by no raising of the threshold

either to prick or to painful pressure. The readings obtained with the prick

algesimeter, or with the pressure algometer, are the same on the two sides.

Moreover, the patient shows no more signs of discomfort from the one side

than from the other, with the same stimulus.

We therefore believe that this want of
"
plainness

"
or

"
sharpness," of which

the patient may complam, is usually due to a want of distinct appreciation of

the pointed nature of the stimulus; that is to say, the want of
"
plainness

"

or
"
sharpness

"
is not due to a diminished sensibility to the painful aspect

of the prick, but is a discriminative loss equivalent to the want of recognition

of size and shape (cf. Case 15, p. 629).

The pressure algometer gives a measure of discomfort rather than pain.

To this coarse stimulus the affected part responds as readily as the normal,

and we have found none of that over-reaction so prominent a feature with

lesions of the optic thalamus.

Thus, pure cortical lesions usually cause no increase or decrease of sensibility

^ For a more complete statement on the question see ]). 708.
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to measured painful stimuli. But, if the cortical destruction is recent or

progressive, or if it produces convulsions, however slight, remarkable defects

may appear in painful sensibility. The threshold, not only to prick but to

painful pressure, may be considerably raised, and sometimes even coarse

pricking may fail to evoke a sensation with any certainty. In fact, we may
be face to face with a truly diminished sensibility to pamful stimuli closely

resembling the loss produced by interference with sensory impulses at a lower

level. These changes are due to shock, exhaustion, and to the state called

by Monakow "
diaschisis." They are due to a profound disturbance of func-

tion, extending back beyond the level of the sensory cortex and affecting even

the receptive mechanism in the optic thalamus.

In conclusion, a pure cortical lesion usually leads to no change in the tlu'eshold

to measurable painful or uncomfortable stimuli. Nor does the patient express

greater dislike to these stimuli on one side than on the other. A prick may
be said to be "

plainer
"

or
"
sharper

" on the normal than on the affected

side
;
but this is due to a defective appreciation of the pointed nature of the

stimulus and bears no direct relation to the pauifulness of the sensation evoked.

§ 3.—Temperature

]Many cortical lesions produce no change in the response to thermal stimuli,

provided those periods of shock, which follow an operation or an epileptiform

seizure, are strictlv avoided.

In other cases, however, we found definite changes in the sensibility of

the affected parts to heat and cold, although the lesion had remained quiescent

for many years (Case 15 and Case 16). In every case the nature of the dis-

turbance of sensation was similar and consisted essentially in an increase of the

range within which a thermal stimulus was thought to be neither hot nor cold.

Normally this neutral zone varies greatly under different conditions and in

different persons. It usually occupies from 2° to 5° C, but its position on the

scale sliifts with the external temperature. At any moment it can be raised

or lowered by warmmg or cooling the hand
; but, although the position on

the scale may be sliifted by adaptation, the interval in which a thermal stimulus

is thought to be neither hot nor cold is not materiallv altered.

Fortunately, in all our cases we were able to compare the behaviour of

the normal and the affected sides of the body under the same conditions and

with equal care. Now, wherever the appreciation of thermal stimuli was

affected by a cortical lesion, this neutral zone extended over a greater number

of degrees than on the normal hand. In one instance (Case 15) it lay between

29° C. and 31° C. for the normal hand, whilst on the affected hand all tem-

peratures between 27° C. and 36° C. seemed to be neither hot nor cold. In

another patient tliis neutral zone extended from 23° C. to 38° C. on the

affected side.

Not only is the range of the neutral zone increased, but the responses
VOL. II. R
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t'nun the alTri'trd haiul iwv slow ami iircuular coinpari'd with those ohtaiiicd

I'lMin iioniial pail^ iiiulcr similar ('(tiulitioiis. The ])aticiits i-omplaiiunl that

heat and cold, which they i-oidd nn-oLinise correctly, sihmiuhI "loss plain"
oviT (he al)iii>nnal than oxer similar normal parts; they were conscious that

oven tcniporatuivs whii-h they coulil aj)prooiato produced a dilTerent elToct

upon 1 he t wo sides.

Moreover. {\\v j)o\\('r of c(unparing two tl\ermal stimuli, applied either

together or in setpionco. may be diminished. Temperatures of 40"^ ( ". and 48^ C.

may he eorroetly a]ipreciatod throughout a long series of tests
; yet the patient

may he unable to say with any certainty which is the hotter. He is ])uzzled

bv the inconstant intensity of the sensation evoked bv the same tem])e]"ature

at dilYoront times. He may have no doubt that tubes containing melting ice

and water at 20^ C. are both cold, but he cannot tell, with any approach to

certainty, which of the two is the colder.

Here, as w ith the defects in tactile sensibility, it is the power of discrimina-

tion, the faculty of comparing two stimuli with one another, wliich is disturbed

by a cortical lesion. The only actual loss of sensation, therefore, falls upon
that part of the scale where thermal recognition habitually depends on some

previoiisly existing standard. In a normal person anything which alters this

standard, such as warming or cooling the hand, may even change the name

given to a particular temperature in the neighbourhood of this neutral zone
;

30° C. can seem at one time warm, at another cold, and on the third occasion

neutral. Cortical lesions therefore enlarge this neutral zone and all thermal

sensibility is abolished over that part of the scale where the appreciation of

heat and cold depends upon the relation to some pre-existent standard.

Shock or convulsive attacks may produce profound loss of sensibility,

correspondmg more nearly with the changes wliich follow lesions at lower

levels of the nervous system ;
but such gross sensory defects never result

from quiescent lesions confined to the cerebral cortex.

In conclusion, we find that the appreciation of heat and cold was not

affected m a considerable number of cases of cortical lesions. But whenever

thermal sensibility was disturbed the following changes were found :
—

(1) The neutral zone, within which the stimulus was said to be neither hot

nor cold, was considerably enlarged in comparison wdth that observed on

similar normal parts of the same patient.

(2) The patient complained that, although he recognised correctly the

nature of the stimulus, it seemed '"
less plain

"
than over normal parts. His

answers w'ere less constant and less certain
;
a temperature recognised without

difficulty at one time seemed doubtful at another.

(3) The power of discriminating the relative coolness of two cold stimuli,

or the relative warmth of two hot tubes may be diminished. Thus 20° C.

may be said to be the same as ice, although both are uniformly called cold,

and 40° C. may seem as Marm as, or even warmer than 48° C. The faculty
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of appreciating the relation to one another of two temperatures on the same
side of the scale is disturbed.

§ 4.—The Appreciation of Posture and of Passive Movement

Inability to recognise the position of the affected part in space is the most

frequent sensory defect produced by lesions of the cerebral cortex. In some

cases, this and the allied faculty of recognising passive movement may be the

only discoverable abnormalities. Whenever sensation is disturbed at all,

these two forms of spacial recognition will be certainly affected.

Since some disturbance of the power of recognising passive movement

always accompanies defective postural recognition, these two kindred faculties

Mill be dealt with together in this section.'O^

(a) Recognition of Posture.

In most cases of cortical disease, the usual rough method of testing

is amply sufficient to demonstrate defective appreciation of posture. The

patient's eyes are closed and the affected limb is placed in some position differ-

ent from that in which it lay at first. He is then told to touch some part of

it, such as the index finger, with his normal hand. At first he usually fails

to find the limb
;
when at last he strikes some part of it, he moves his indi-

cating hand down to find the fuiger he was asked to touch. Should the power
of localisation remain intact, he can ultimately grope his way to the exact

spot ; but, if localisation is also affected, although he may reach the hand, he

will probably be unable to find the finger.

80 gross is the defective recognition of posture in most cases that this

method amply suffices to demonstrate it in an unequivocal manner. Horsley

[16] has, however, introduced a useful means of measuring this deviation from

the normal.

The finger to be tested is applied to the one surface of a glass plate divided by
lines into measured squares, and with the free hand the patient seeks to indicate

on the other surface of the plate the position of the finger he is seeking. The
results of his attempts can be read off on the measured plate. Instead of

this glass plate we have used a piece of stiff cardboard. In the centre of

the one surface of tlus cardboard is a slight depression to receive the tip of the

index finger, and on the other a sheet of white paper can be fixed. \Mth the

normal hand the patient seeks to indicate the position of the affected finger,

which remains at rest in the depression, and the point upon which he ulti-

mately settles is marked on the paper. His indicating hand is then withdrawn

and he is asked to make another attempt. Each record of a series of observa-

tions made in this way can be measured and collated at leisure.

In every case where sensation was disturbed in any way, however slightly,

as the result of a cortical lesion, the records with Horsley's plate showed some

loss of postural appreciation in the affected hand. This method therefore

forms a delicate means of detecting sensory changes of cortical origin.
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Tims ill ('as\' II \\r (il)t;iiiu'(l the following rcsulls with llu- jilalc Imri/.inital

at tlio uinhilical \v\c\ : l'\)ur atlciupts only out of icn came Miliiiii 7 cm. of

the alTcdctl index. W'lu-ii I lie |)lat(> was held in the sagittal i)laiu', two

attempts to liiulthc index ot t he alTcctcd liand lell within I cm. of its position

and a circle with a ratlins of 8 cm. was rcqnired to cover the rv'inaining eight

points.

The deviations discovered ))y llovsli y's method, even in normal individnals,

are so ctmsidcrablc that it is necessary to have some standiird in each ])atient

with which to compare tlic records obtained from the affected parts. It

might be objected that most cortical lesions jn'oduce s;:) much paralysis that

the atTected hand cannot be used to point out the position of the normal fore-

iingcr. But. in spite of its paresis and defective sense of posture, the records

obtained when the affected hand sought the normal forefinger were uniformly
better than Avhen the patient attempted to pomt to the affected forefinger with

liis nornuil hand. That is to say, defective appreciation of the position of

the hand to be sought for has a more disturbing effect upon the records than

wealcness and loss of postural sense in the indicating hand.

Tliis is particularly well shoA\ii by the records from a patient in whom the

left hand was gi'avely paretic, and the ssnss of posture defective : and yet
all ten attempts with this hand to fuid the normal forefinger fell within 3 cm.

of its position, and five lay witliin a distance of 1 cm. But when he attempted
to point to the affected index AAith the normal hand he came once only ^\•itllin

a distance of 1 cm. and three attempts lay outside a radius of 3 cm. Thus

the normal hand soeking the affected forefinger made a worse record than the

abnormal hand attemptmg to fuid the normal index, whoss position was

Icnown.^

All these tests depend on knowledge of the position in space of the extremity
as a whole. To ^hat extent its separate segments are affected can only be

discovered by asking the patient to imitate, as exactly as possible with his

normal limb, the posture of the affected part. His eyes are closed and, whilst

lus attention is diverted by conversation, some part such as the index finger

is moved into the desired position. After an interval he is asked to place

liis normal index in the same position as the index of the opposite hand. By
this means we have been able to confh'm the statements of most recent waiters

that the gravest loss produced by a cortical lesion is usually found in the

extremity of the limb (Bergmark [6]).

(h) Recognition of Passive Movement.

The inability to recognise posture is always associated with diminished

appreciation of passive movements, in some casss so great that even complete

^ The most important postural impulses for the act of pointing are those from the shoulder

johit and, in these limited lesions of the cortex, the shoulder is usually less aifected than the

distal segments of the upper extremity. Thus, even a gravely paralysed limb can often be

guided more correctly in the desired chrection than the normal limb attempting to point to a

spot of which the position is imperfectly known.
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flexion and extension of a joint cannot be recognised. Here no measurement

is required ; the loss of appreciation is absolute. But whenever the loss is

less gross we agree with Petren and his fellow-workers that the smallest move-

ment which can be appreciated by the patient must be measured : such

measurement alone can demonstrate whether tliis faculty is or is not alTected.

Measurements alone can furnish us with the materials for determining the

relative extent to which the appreciation of passive movement is disturbed

at the various jomts of the affected limb, and in cases where the condition of

the patient is changing, they may form a useful record of the progress of tlie

disease.

But M'hen we attempt to measure the extent of the smallest appreciable

movement, two different phases of recognition must be distinguished. The

patient may say at once when he thinks a movement has occurred
;

tliis gives
the measure of the least perceptible movement. Or he may wait until he is

able to indicate its directio]i. As a rule m the normal limb, most patients
wait until they can recognise the direction of the movement before they say
that the joint has been moved

;
but the difference between the point at which

the movement is appreciated and that at which its direction is recognised is

normally small.

In the abnormal limb, however, this distance is greatly exaggerated and

movements may be perceived long before their direction can be recognised.

It is, therefore, important to record both the extent of the smallest movement

perceived and the range necessary to evoke recognition of its direction.

All these pomts are well showii in the records from a case where the lesion

produced slight sensory changes only ;
here the power of recognising passive

movements might have been said to be unaffected, had it not been for the

measurements. On the normal side the patient waited until he could recognise

the direction of the movement, and yet when the little fltiger was flexed or

extended was invariably correct with movements witliin 5°. On the abnormal

side he was never certain of the direction of the movement until it had exceeded

10°, although he frequently appreciated the occurrence of a movement of 5°.

All cortical lesions, which produce any change m sensibility, lessen the

power of appreciating passive movements and the laiowledge of their direction.

In every case this loss was associated with a concomitant disturbance of the

recognition of posture. Whenever sensibility was changed, however slightlj'",

these two allied functions were always affected. Diminished power of appre-

ciating the posture of some part of the limb, and of recognising passive move-

ments, are the most constant and most easilv demonstrable defects of sensation

produced by cortical lesions.

In all our cases the loss was greatest towards the distal portions of the

liml)
;

in this it corresponds exactly with the disturbance of the sense of

posture. Here we can only confirm the work of almost every previous
observer.

When attempting to measure the smallest appreciable movement we have
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l)i>fn stniclv with (ho tt'iulrm-y to iiu'oiistaiU answers when testing the alTcded

linihs. On the normal side mcst |)ati(>nls are reniarkahly constant and the

vahu's obtained often dn not \ary by one decree. Thus when the Mdrmal

elbow was Hexed or (>\tiMKh'tl in one case all the answers lay betwicn J'.') and

2*5''. Hut with movements at the atlected elbow the answers ranged betweeii

10° ami L'i2 .

Another striking ])henomenon in these cases is the oeeurrenee of hallncina-

tions of movement. Even though the limb remains at rest the patiint may
describe sensations of movenuMil which seem to him as clear as thoso evoked

by our manipulations.

In- conclusion, we tind. like most of our predecessors, that—
(1) Cortical lesions most frequently disturb the recognition of posture

and of passive movements. Whenever sensation is in any way affected in

consequence of a cortical lesion these two functions generally suffer.

(2) In all our cases the disturbance in the faculty of recognising posture
;ind passivq movements was greater towards the peripheral parts of the

affected limb.

(3) ^^'heJl a patient with unilateral disturbance of these faculties attempts
to point to some part of liis bod}", defective Iviiowledge of its position causes

greater error than Avant of recognition of posture and movement in the hand

with which he pomts.

(4) When testing the patient's power of appreciating passive movement,
the answers are frequenth' uncertain and hallucinations of movement may
occur. And yet the patient may be remarkably consistent and accurate when
normal parts are tested.

§ 5.—Localisation

By localisatio2i we miderstand the power of recognising correctly the spot
that has been stimulated, and it would seem, at first sight, that little difficulty

could arise in discovermg whether tliis faculty was affected or not
;
but a

good deal of confusion exists owing to tecluiical difficulties inherent in the

methods usually employed to investigate the power of localisation.

Of all the methods at present in use that of Henri is probabl}^ the most

suitable. Excellent and simple as we found this method, it labours under one

serious defect for clmical purposes. Some of our patients were liable to become
confused when asked to point out the spot stimulated on a diagram, picture,

or even on a photograph of the hand. We therefore adopted the followmg
modification, wliich we found to be a great improvement on the original Henri

method.

The hand to be tested, for example the left, is liidden from the patient's

sight with a screen. One of us standing behind places his omti left hand in a

similar position in full view of the patient, who indicates on this livmg model

the situation of the place where he believes he has been touched. A second

V
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observer marks on a life-sized diagram lli? ]K)sitioii of the stimulated spot
and the point indicated by the patient. This method we have employed
throngliout this work. It avoids both the technical difHicidties of spot-namhig
and the fallacies of the groping method, and is peculiarly useful in clinical

investigations.

The uncertainty and irregularity of response to tactile and pressure stimuli,

sa common a consequence of cortical lesions, is liable to lead to fallacious

results when testing the power of localisation. ^Ve usually, therefore, touch

the spot with some blunt instrument of neutral temperature, and continue

the touches until the patient saj's he appreciates the contact. He then indi-

cates on the hand of one of the observers the situation of the stimulated spot.

Were we concerned with a cutaneous sensory loss consequent on a lesion

of peripheral nerves tliis method would be fallacious, for such touches stimulate

the afferent mechanism of deep sensibility. But tactile impulses evoked from

the skm and those which pasi^ by way of the deep afferent system have united

into a single tactile group Ir ag before they reach the optic thalamus. We are,

therefore, justified in usi ig any form of tactile stimulus which the patient
can appreciate, in order co test liis power of localisation.

The power of recoo'.iising the position of a spot stimulated is comparatively
seldom affected as a consequence of pure cortical lesions, provided all periods
of shock are avoided. Most seizures, and all operations on the brain, are

followed by temporary loss of tliis function, grossly in excess of anything
found with stationary lesions of the cortex.

The methods we have employed enable us to discover whether the power
of localisation is intact or not, although the patient is entirely ignorant of the

position of the affected limb
;

it may be, even under these conditions, that

every part of the affected hand can be touched in succession without a single

mistaken answer. But, should localisation be affected, scarcely a smgle
stimulus is referred to its correct position and the patient frequently complains
that he has

'' no idea
""

where he has been touched.

Some observers (Russel and Horsley [101]) have stated that, when localisa-

tion is disturbed by lesions of the cortex, the position of the indicated spot

lies ui some constant relation to that of the point stimulated. Our failure to

discover any uniform tendency to erroneous localisation in one direction is

probably due to the method we have adopted, and particularly to the avoid-

ance of groping.
1 The dual and composite nature of the groping method is

^\ ell shown by the effect produced by moving the hand
;
movements of which

the patient is unconscious may cause a fundamental change m the direction

towards wliich he tends to localise, if he is allowed to grope for the spot touched.

Thus proximal can be converted into distal localisation by drawing the hand

^ If the power of localisation is tested in this way, the patient will usually tend to ])lace his

Hnger on a point proximal to the stinuilated s])ot. But this is due to defective recognition of the

position of the limb in space and to the consequent tendency for its distal segments to seem closer

to the trunk than is in reality the case. The same "shortening
"

is present in many cases of

phantom limbs following amputation.



r)84. sTLi)ii:s IN MaH()L()(;v

iioaivr the Inxly, and a prcpoiulrratiiiu UmuIoiu y to localise in a [)«)staxial

(liivftion can be eonverted into a pic axial direclioii hy tinning over the

hand. Supj)()se that, ^hen testing llic dorsum, the majority ol the pomts
inilit-ated lie towards the ulnar side ol the stinndaled spots; reverse the hand

aiul the largir inMnl)er will now lie to the radial side. 'J'hese apparently uicon-

sei|uent ri'sults depend u|)on the dual nature of the gro[)ing test and disappear

entindy with the nu>thods wc> have used.

Moreovt'r. by our methods we obtain records which caji be stutlied at

leisure, and the number of observations permanently recorded is sullicient to

indicate whetlier the errors in any dii'ection are due to chance or to a constant

displacement of locality.

W'l- cannot insist too strongly that, when localisation is defective from

lesions of the cortex, the stinudus is not usually localised in some false

direction, but the patient has a vague and uncertain idea amountmg in some

cases to complete ignorance of its position.^

In one case localisation was disturbed in the left hand in consequence of

removal of a portion of the cortex five years ago (Case 15). On the normal

hand, every touch was correctly localised, but on the abnormal hand, out of

thirty-three tactile stimuli six only were correctly placed. Eleven were

thought to be proximal and eight distal to the spot touched
;
six were localised

falsely over parts of the same level, and m two cases he said he had no idea of

the situation of the touch.

Thus the following records were recently obtained from a man in whom a

portion of the cortex had been removed from the left hemisphere in 1904

(Case 17). The localisation of fifty-six tactile stimuli on each hand could be

classified as follows :
—

Correct. Proximal. Distal. Same level.
^^
Don't know."

Normal hand (L.) ..43 4 2 7

Affected hand (R.) ..14 5 13 14 10

Erroneous localisation is not due to the uncertainty in tactile appreciation
so commonly produced by a cortical lesion

;
for it is equallj- manifest when

the stimulus that the patient is asked to localise is a prick about which he is

never in doubt. The followmg observations were made by asking one of our

patients with defective localisation to indicate the position of a series of

pricks :
—

Correct. Proximal. Distal. Same level.
"
Doti't know."

Xomialhand (R.) ..20
Abnormal hand (L.) . . 5 6 6 3

Defective localisation is not a necessary concomitant of the defective

recognition of posture so commonly produced by cortical lesions. In several

cases where the appreciation of position and passive movement was gravely

^ For a further discussion of this question see p. 69S.
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affected localisation was demonstrated to be perfect by every method except

that of groping for the stimulated spot.

For instance, in the case where a small portion of the cortex was removed

in 1908 the appreciation of position and passive movement was gravely affected

{Case 14), But from observations made on many occasions during the last

tliree years we were unable to find any difference between the power of

localisation on the two hands, provided the groping method was avoided.

He was equally correct whether we used the original or the modified Henri

method. He preferred, however, the latter
;

it seemed to liim easier and his

answers were more quick and certain.

Moreover, m these cases where the sense of position is gravely defective

but localisation is good, changing the position of the limb passively does not

diminish the accuracy with which the point of stimulation is indicated, pro-

vided the groping method is avoided. If a series of readings are taken in the

usual way, and, whilst the affected hand still remams screened from sight, its

position is changed, subsequent readings are no less accurate than the first

series. We can therefore state definitely that the power of -recognising the

position of the limbs can be gravely affected as a consequence of cortical

lesions without disturbmg the accuracy of localisation.

The faculty of localismg the stimulated spot as determined by all methods

except groping is less often affected by a cortical lesion than the power of

appreciating posture. In fact, we have not yet seen a case in wliicli localisation

was distvu'bed without a coincident loss in postural recognition.

The conclusions to which we have arrived in this section may be sununed

up as follows :
—

(1) The power of localising the stimulated spot is not infrequently pre-

served, although sensation may be otherwise disturbed as a consequence of

cortical lesions.

(2) Tills faculty is independent of the power of recognising the position of

the affected limb
; appreciation of posture may be lost, although localisation

is not in any way diminished.

(3) If the power of localisation is lost, the patient will be unable to

recognise not only the position of a spot touched, but also the position of
a prick.

(4) When localisation is defective in consequence of cerebral lesions, the

patient does not habitually localise in any particular direction, but ceases to

be certain where he has been touched or pricked.

§ 6.—The Co]\rpASS Test

Loss of the power to distinguish two points applied to the skin simul-

taneously is one of the most strikhig changes produced by cortical lesions.

It is not present in every case
;
the patient may have difficulty in recognising



tlie postui'i' of llu' alToi'ti'd limh. ami the appreciation of passive niovements

may he diminislu'd. yd the compass test may yield e(|iially L'ood results on

the t \\(t sides.

I>nt with the larger numl)er of cortical lesions the disciiminat ion of two

|>oints will be alTectcd. It may be, in the milder cases, tliat the threshold is

raised; to thes,» wo shall return later. ]\[ore commonly no threshold can be

()l)taim'd even by s.'parating the lind)s of the compasses to the widest extent

possible within the limits of the principal segments of the affected limb. If

a bad record is obtained when the points are 5 cm. apart, widening the distance

to 20 cu). may cause no material imjirovement. Decreasing the difficulty

of the ])roblem does not of necessity improve the accuracy of response;
determination of a threshold has become impossible.

Any defect hi tactile sensibility is liable to disturb the compass records.

When, therefore, we consider the peculiar changes described in the fii'st

section of this chapter, the loss in discrimination of two points might appear
at fu'st sight to be due to diminished tactile acuity. Tliis cannot, however,

be the cause of the defective compass records
;
for the inability to distinguish

two points applied sinuiltaneously is ecjually definite if each limb of the

compasses is armed with a needle and two pricks replace the two tactile

stimuli.

We have already seen that the recognition of a prick is never destroyed
in consequence of a cortical lesion, and sensibility to pain undergoes no changes

analogous to those of tactile sensibility. It is therefore obvious that the

power of recognismg
"
two-ness

"
is a separate function of sensation which

may be destroyed by a cortical lesion. Tliis loss is not dependent on the

changes m tactile sensibility, though the two defects are strictly analogous

phenomena.
The response to gi'aduated tactile stimuli is irregular and inicertain. The

patient responds mtermittently to a stimulus of low intensity, but increasing

the stimulus does not necessarily^ increase the proportion of right answers.

An exactly similar change is revealed by the compass test. All recognition

of the double nature of the stimulus mav be lost, and it does not matter

whether the two points are sharp or blunt. All estimation of a threshold

has become impossible, not because the patient is insensitive to the contact

of the two points but because the faculty of distinguisliing them has been

destroyed by the cortical lesion. This is exactly analogous to the impossibility
of obtaining a tactile threshold, and the two phenomena co-exist in most

cases.

Xot every cortical lesion produces so severe a loss of compass discrimination.

Although the recognition of posture is disturbed, the compass records may
remain equally good on the two sides

;
but as soon as tactile sensibility shows

any of the changes produced by a lesion of the cortex the power of distinguisliing

two points will also suffer.

Sometimes, in cases Avhere sensation is little disturbed, it is possible by
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widening the distance between the compass points to obtain a perfect record

over the affected part ;
a true threshold can then be discovered. But the

records tend to be confused by the same irregularity and uncertainty of

response so characteristic of the disturbed tactile sensibility in these cases of

cortical disease.

Weber's test consists in applying the two points strictly at the same

moment. We have already seen that, when this test is alTected by lesions

at lower levels of the nervous system, the patient can still recognise the

double nature of the stimulus if one point is applied to the skin even a

fraction of a second after the other. From their origin at the periphery,
the impulses which underlie the appreciation of two points applied succes-

siveh^, run separately from those by which w^e are able to recognise the

simultaneous application of the compasses.

But, in a certain proportion of cortical cases, it does not matter whether

Ithe compasses are applied simultaneously, or whether an interval is allowed

Ito elapse before the second point touches the skin. The power of recognising

^the double nature of the stimulus is lost, and no increase of the distance

l)etween the two points makes a constant or material difference to the

I

accurac}^ of the answers. If the interval is greatly prolonged between the

moments at which the first point and the second point touch the surface,

the patient generally answers
"
one

"
to each application. That is to say,

he fails to recognise with any certainty that two points are in contact with

his skin, although he perceives each touch separately. Evidently he has lost

that faculty by which "
two-ness

"
is recognised, and it does not matter

whether the points are applied simultaneously or successively.

Now, whenever successive application of the two points is recognised

localisation will be found to be intact. The power of appreciating two points

applied successively is in reality the faculty of localising two spots that have

l^een stimulated one after the other. It is independent of the power of

discriminating two stimuli which act upon the surface at the same moment.

This difference was clearly sliowai in a series of observations made in

I

Case 14. We found that the patient could not recognise two points separated

by 3 cm. applied transversely across the back of the hand or fhigers. Localisa-

tion was, however, perfect and he never failed to name correctly the finger

tliat had been touched. The compass points were then separated to a distance

of 2' 25 cm., and so applied that each point fell over the basal phalanx of a

separate finger. 8o long as the compasses were applied strictly simultaneously
he never said he had been touched on two fingers, but always selected one or

the other : he thouglit he had been stimulated with one point only. But as

soon as even a fraction of a second was allowed to elapse between the two

contacts he invariably recognised that he had been touched with two points

and named the two fingers correctly. The faculty of localisation was mtact,

and he was thereby enabled to appreciate the double contact, provided that

the two points did not touch the surface at the same moment.
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\\\> may (•(nu-lml»' from tho observations described in ihis section thai —
(1) A eortieal lesion may destroy the pmNcr of diseriminalin^ two comijass

]ioints. both when applied siimdtaneously and sueeessively.

If this is the I'ase. no threshold ean be obtained foi' eithei' form of the

test ; increasing the distance between the points does iujt euiistanlly imprc»ve

the aeenracy of the answers.

(2) This disturbance is not caused l)y changes in tactile appreciation; for

it can hv demonstrated equally well willi two painfid as with two tactile

stinudi.

(3) The condition of tactile sensibility and the accuracy of the sinndtaneous

compass test are closely associated
;
a disturbance of the tactile threshold is

usually accom}>anied by a raised threshold for the appreciation of two points

applied sinudtaneously.

(4) Should the poA\er be preserved of recognising two points when the

compasses are applied consecutivel}^, localisation Avill be found to be intact.

The patients appreciation of the two points when they are separated by an

interval of time is due to the recognition of the separate locality of the two

spots touched.

§ 7.—The Appreciation of Weight

Tills test has been too frequently neglected in clmical work, probably
because it demands considerable care on the part of the observer, and goodwill
in the patient. When carefully carried out no test is more satisfactory; for

the results can be expressed in a numerical relationship, and when the faculty

of recognising differences in weight is disturbed, the errors, compared with

those of the normal hand, are enormous.

There are several ways of conducting this test wliich are fully described

in the chapter on methods. But at the highest sensory level, the appre-
ciation of difference in weight depends mainly upon two faculties, ^^^len

a weight, placed upon the fully supported hand, is either increased or

diminished, the recognition of the change is based mamly on the pow'er of

appreciating differences in pressure. To estimate the relation between two

weights placed upon the hand one after the other requires not only an

appreciation of pressure, but the power of relating some consequence of the

fu'st weight with the immediate effect of the second weight. Lastly, when a

weight is placed at the same moment in each palm, and the patient is allowed

to
"
weigh

"
the two objects against one another, he relies mamly upon his

power of estimating movement and posture.

Cortical lesions usually diminish the accuracy of the answers to all tlu*ee

tests, and, if sensation is severely affected, all power of estimating weight may
be lost. Although the patient may still appreciate the contact of the weights
that are placed upon liis hand, he may be totally unable to recognise their

relation to one another, however the test may be apj)lied.

Occasional^, the sensation of sometliing in contact with the hand persists
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for many seconds after the removal of the weight. But althongh the patient
l)elieves that something still lies in his hand, he cannot estimate its weight
in relation to an object on the opposite palm. He says,

"
It is still there,

but it does not seem to have any weight."

Conversely, the following condition can be frequently observed. A weight
is placed in each hand and allowed to remain there. From time to time

the patient is asked to estimate the relation between the two weights. He
will almost certainly say that the one in the normal hand is heavier

;
but

gradually he begins to think that there is no weight in the abnormal hand,
and the sensations produced bj^ its removal may even be mistaken for the

re-application of the weight to the hand. He says,
" You have put the weight

on again."

In conclusion, we have found that—
(1) The power of estimating the relative weight of two objects of the

same size and shape is readily disturbed by cortical lesions.

(2) Though the patient may retain sensations of contact when the weight
is placed in his hand, all power of recognising the relative heaviness of the

object has disappeared.

(3) This faculty is equally disturbed in most cases, whether the weights
are placed on the supported or unsupported hand.

§ 8.—Appreciation of Size, >Shape and Form in Three Dimensions

To recognise size, shape and form demands that the relation between two

percepts should be correctlj^ appreciated. In the case of the tests for size,

we frankly ask our patients for the difference between two objects of the

same shape. When testing for shape and form, a relation is always implied
between the test-object and sometliing which the patient has experienced
before.

In most cases, when sensation is affected, appreciation of size, shape and

form in tliree dimensions is lost
;
the patient usually complains that he has

"
not the least idea

"
of the shape or relative size of the test-objects. Although

he insists that he
"
can feel them c|uite well," they convey no indication that

they possess size, shape or form. One of our patients recognised that the

cone had a point because in his manipulations he pressed it into his hand
;

but he had no idea that it possessed any shape.

Tills total abolition of the power to recognise size, shape and form makes

the defect peculiarly easy to discover even by the crudest tests. Thus it is

universally acknowledged that cortical lesions tend to destroy the power of

recognishig common objects, such as a loiife, scissors, or coin placed in the

hand, and our more accurately graded tests simply serve to confirm this

general consensus of opinion.

TMs defective recognition is not in any way due to the paralysis produced
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l»y tln' cortical dcstnuiioii : tor. in two cases \\licir the iiio\ciiiciit ot the

haiul was gravely atVcctcd. si/.c. sli;i|)c .iiid loiin were ixilcct ly rccojiniscd.

When a tcst-objcc-l is |ilacftl in the patient's liaiid it is of adxanlatie it he

can roll it Ix'twceii his lingers ;
hut where the laeulty ot recognising these

tests is maintained. e\en objects in three dimensions will he named correctly

if the patient "s lingers art' closed owv then) passively.

The correct ai)preciation of size, shape and form does not depend to any

great extent on the recognition of jxisture; for it was perfectly retain( d in

two cases, although postural recognition and the appreciation of passive
movement were gravely atTected.

But in most cases where the sense of posture was affected and we were

unable at the same time to obtain a tactile threshold, all recognition of size,

shape and form iu three dimensions was abolished. Not that such recog-
nition depends directly upon the state of tactile sensibility. The cond)ined

affection of the sense of posture and loss of the tactile threshold indicate

simi)ly tliat the defect produced by the lesion has reached a sufficient grade
to destroy the power of recognising similarity and difference. The appreciation

of size, shape and form, therefore, suffers like all tests which imply a relation.

§ 9.—Roughness and Texture

The power of appreciating roughness can be compared on the two halves

of the body by means of the Graham-BroAMi ajsthesiometer. In this instru-

ment one or more c^dinders are projected to a measurable extent from a

smooth metal surface
;
and the patient says whether the instrument is smooth

or rough when it is moved across some part, such as the hand.

Li no case of quiescent cortical lesion was there any appreciable difference

between the affected and normal parts. Not only could the patient expe-
rience no difference, but the extent to which the cylinder must be protruded
to evoke a sensation of rougluiess was the same for the two sides. This

stimulus is one which can be appreciated, notwithstanding grave loss of

sensibility produced by a cortical lesion.

But, in spite of this power to recognise the roughness or smoothness of

the surface of the sesthesiometer, all appreciation of texture may be lost.

This test demands not only the immediate recognition that the object is

rough or smooth, but the relation of that sensation to other percepts. Thus,

although he may know that one surface is rough and another is smooth, he

may be unable to name the substance by its texture. Cotton, silk and

stamped velvet are all one to the affected hand, although readily distinguished
on the normal side. When once this test has been applied the patients often

complain that they have lost all idea of texture, sajdng,
"

I can feel it, but

I have not the least idea what it is."

These two tests, both depending on the same sensory impulses, clearly
illustrate the nature of the loss of sensibility produced by cortical lesions.
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The one depends upon the immediate appreciation of a smooth or rough
stimuhis. The other demands the correct relation of one group of percepts
to another. The first is therefore maintained, \\l\ilst the second is destroyed

by any cortical lesion which produces a measurable disturbance of sensibility.

^ 10.—Vibration

At lower levels of the nervous system, a lesion frequently destroys all

2)0wer of appreciating the vibrations of a tuning fork. But we believe this

never occurs from a stationary cortical lesion.

Usually the patient can discover no difference in the sensations produced

by the fork on the two halves of his body. Occasionally, however, he says
it seems

"
plainer,"' or

''

stronger," on the normal than on the affected limb.

If this is the case the vibration will be appreciated for a shorter period over

the affected parts. The fork is set in motion and the patient is asked to

say when he can no longer appreciate the vibration. It is then rapidly trans-

ferred to a similar spot on the normal limb, and vibration may still be

recognised for as much as twenty seconds longer. If this defect were greatly

increased it is obvious that the jiow^er of recognising vibration would be

abolished ;
but tliis never occm^s from a pure cortical lesion. The vibration

of a tmiing fork seems to contain some sensory element which insures that

it is appreciated, even though the cortex is gravely affected. But the cortical

lesion chminishes the
'"

plainness
"

of the sensation and shortens its duration.

In some cases, the vibration of the tuning fork not only seems "
plainer,"

but is said to beat
"
faster

"
on the normal than on the affected limb. As

this depends entirely on introspection a few patients only have noticed it,

and we have avoided cpiestions which might suggest a chfference in aj^parent

rapidity on the two sides.



CHAPTEPv TV

ANALYSIS OF THE LOSS OF SENSATION TRODUCED BY LESIONS OF Till; oi-TIO

THALAMUS AND NEIGHBOURING PARTS

In u previous chapter we have described the various forms of sensation

whicli may be disturbed b}' lesions of the optic thalamus and of the parts in

its neighbom-hood. Test bv test ue followed the loss of sensation, and

slioNNcd that it varied in different cases within extreme limits. We shall

now attemjit to discover by analysis of these disturbances of sensation

Mhether the impulses which pass away from the optic thalamus differ in tlieir

grouping from those which enter this organ from the mid-brain.

Smce the optic thalamus is the terminal station for all secondary sensory

paths, a lesion situated A\it]iiii its limits might destroy the receptive structures

in Mliicli their impulses end; in such a case the loss of sensation would corre-

sjDOiid to that f)roduced by an equivalent lesion of the tracts of the mid-brain

by which these impulses are conducted to the optic thalamus.

On the other hand, the lesion might leave this receptive mechanism intact

but interfere with the paths that are streaming aw^ay to the cortex. In this

case the sensory defect would reveal W'hat elements of sensation pass to the

cortex after they have been regrouped in the thalamus.

In so complex a structure as the thalamus, containing a multitude of

incoming and outgoing paths, no lesion could destroy completely one set of

impulses only. But, although most cases show evidence of a diffuse dis-

tm-bance of sensory fimctions, some point more to i)artial interference with

the receptive mechanism, and some to destruction of the paths which run

from the thalamus to the cortex. We shall analyse these two groujDS

separately" in order to discover, if possible, the nature of the rearrangement
which takes place in the thalamus, and to determine the grouping of the

sensory impulses which pass aw'ay from this junction to the cortex.

As om' object in these chapters is to study the natm^e of the loss of

sensation, and not to erect clinical categories for diagnostic purposes, we shall

not deal with those cases where a widespread lesion of the optic thalamus

abohshes all sensation on one half of the body, and consequently no over-

response to affective stimuh is possible.

§ 1.—Disturbance of the Afferent Receptive Mechanism in the Optic

Thalamus

In certam cases, w^hich show' the over-reaction to affective stimuli and

other signs indicative of a lesion of the optic thalamus, the loss of sensation

592
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is extremely gross. Not only is sensibility for touch and temiDeraturo abolished,
but even the threshold for painful stimuli ma}^ be raised. Pain, once appre-
ciated, produces more discomfort on the affected half of the body; but in

order that this appreciation may occur, the stimulus must be more intense
than on the normal side. The strength of a prick, and the amount of pressure

required to produce pain, are greater over the affected parts, aUhough as

F. cortico-
ihalam.

Intercalated
cell

Dorsal coliiniii

sensory paths
"^^ Crossed secondary
,'' sensory paths

Fig. 159.

To represent diagrammatically the anatomical arrangement of the paths and centres concerned
in sensation. Two distinct patlis exist in the spinal cord ;

a crossed secondary path in the ventro-
hitcral cohimn which conveys impressions of pain, tcm.perature and touch, and a second uncrossed

path in the dorsal coUimn which also carries touch, and in which run impulses that underlie the sense
of position, the appreciation of movement, the discrimination of two points, and the recognition of

vibration, size, shape, form, weight and consistence. This second path decussates in the lower part
of the medulla oblongata, but runs separate from the first path at least as high as the pons. All these

secondary sensory fibres, now crossed, terminate in the ventrolateral region of the optic thalamus. The
impression-; they carry are regrouped here and, through intercalated neurones, are distributed along
two distinct paths; the one carries impressions to the cerebral cortex, the other, we assume, towards
the more mesial parts of the optic thalamus. The coi'tico-thalamic fibres which terminate in the
lateral nucleus of the optic thalamus, are also shown.

soon as jiain is produced the reaction is excessive. This loss of sensibility is

probably due to interference with painful imjDulses either in the receptive

portion of the optic thalamus, or as they still run in the secondary sensory

paths which end in this jimction.

This conclusion is supported l)v the extreme loss of other forms of sensation

which is foimd in cases where the pain-threshold is distinctly raised. ]\Iore-

over, instances have been recorded in the literature where the loss of sensation
VOL. II. s
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was (»t I he grossest kind and. altliouiili no atlrmpt was made to (letormiiic llio

tlireshoUl for various t\)rms of |)aiiitiil stimuli, wc liaxc little (l()iil)t. IVoiii their

likeness to cases uiuler our obscr\ at ioii. that the t hreshoUl must ha\c been

raised. Tliis was the lOiuLition in a ease described by Ibmssy. where autopsy
revealed a lesion in tlu- neiuiibourhood of the tcriniiuitiou of tlio lillet.

In one of the eases (Case 0) we have cited in ('ha|)ter II sensibility to

j)rick was gravely diminished, and the algometer readings were luiiformly

higher on the atTccted half of the body in spite of the profound over-reaction

to both stimuli. The ])atient was entirely insensitive to the thermal element

of heat and cold, ami showed no iliscomfort luitil ice, or water at 00° C, was

used: then, however, the response was excessive on the allccted half of the

body. Even sensibility to the tactile elements of joressure was gravely
alTected.

Autoi^sj' showed that the caudal portion of the lateral nucleus of the optic

thalamus close to the ending of the fillet was the seat of a lesion of vascular

origin. In this case a few impulses evoked by stimuli of high intensity could

pass the receptive junction of the optic thalamus and excite sensations of

pain and discomfort. Had the lesion caused a slightly graver interference

with these impulses the loss of sensation would have been absolute, and the

characteristic over-resf)onse to affective stimuli could not have made its

appearance. Roussy ([100], Case 2) has observed an instance of this condition

where the patient was insensitive to all stimuli, and the upper end of the

hllet within the optic thalamus was found to be involved in the lesion. In

such cases the forms assumed by the loss of sensation resemble those produced

by a mid-brain lesion
;
the threshold for touch, for pain, for heat and for

cold are much raised, and sensibihty to one or more of these stimuli may be

abohshed entirely.

We fceheve that in all cases which j^resent the
"
syndrome thalamique,"

accompanied by loss of sensation so gross that the threshold is raised to

affective stimuh, the receptive mechanism is affected; this seems to be

situated mainly in the caudal j^ortion of the lateral nucleus of the optic

thalamus.

§ 2.—Disturbance of Sensory Impulses as they pass from the Optic

Thalamus to the Cortex

Li certain cases which show characteristic signs of a lesion of the optic

thalamus, the threshold to prick is identical on the two halves of the body
and the readings of the pressure algometer may be actually lower on the

affected side. The loss of apj^reciation of i^osture and passive movement

may be severe, and the power of comparing two weights may be diminished,

but the remaming forms of sensibility are less grossly affected than in that

group of cases we have just considered in § 1 of this chapter.

Here we helieve that the receptive mechanism is not affected to any
material extent. The complete retention of painful sensibility shows that
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the impulses upon which it is based have been allowed to exert their full

influence on the central organ where they are transformed into sensation.

^Moreover, the sensory elements are dissociated in ways which arc unknown,
until tliis level is reached; both the nature of the loss of sensation and the

character of the sensibiUty which remains show that the afferent impulses

must have been interrupted after they have undergone a fresh regrouping
at the thalamic jmiction. An analysis of these forms of dissociated sensation

A\ill therefore show the groujjing of the impulses which pass away from the

optic thalamus to act upon the sensory cortex.

The first remarkable fact revealed by a study of these cases is that,

whenever a stimulus can be appreciated, a threshold can be obtained. The

tactile tlu'eshold may be raised, but increasing the strength of the measured

stimulus improves the accm'acy of the answers. In the same way it may be

necessary to employ a colder or a warmer tube to evoke a thermal sensation,

but, as a rule, a tlii'eshold can be obtained \vithout difficulty. Sensibility

to any one stimulus tends to be diminished rather than to be abohshed

completely.
^Vhen we tmii to the forms assumed by the loss of sensation we find that

in every case the recognition of posture and passive movement was more or

less gravely disturbed. Sometimes the loss was so slight that it could be

discovered by measm-ement only ;
but in every case a difference was demon-

strable between the two sides. Whenever this loss of appreciation of postm'e
and passive movement exceeded a scarcely perceptible amount, it was

accompanied by a diminished power of estimating the difference in weights

placed on the misupported hands.

Tactile sensibihty was frequently diminished in these cases, but was never

abohshed completely. Stronger hairs might be necessary to evoke an answer,
but ultimately a threshold could usually be obtained, and increasing the

stimulus led to an increase in the accuracy of the responses.

Aiy material raismg of the tactile threshold was accompanied by inabihty
to appreciate the relation of weights placed on the fully supj^orted hand one

after the other. Moreover, the patient could no longer recognise uith certainty
increase or decrease of a weight resting on the affected hand.

Not micommonly, the simultaneous compass test was also affected and a

threshold could not be obtained mitil the points had been separated to many
times the distance necessary on the normal side. Wherever this test was

defective, the power of recognising size and shape was diminished, showing
the probable association at this level of the nervous system of the impulses

upon which these various fmictions depend.
Localisation was less often disturbed in the cases at present under con-

sideration
;
but occasionally the patient had lost the power of indicating

correctly the position of the stimulated spot. Whenever localisation was

distm'bed, the power of recognising two compass points ap]5licd consecutively
was also affected.
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Thorinal soii^iliilit y was fiHMHiciit ly intact in this p;r()ii|) of cases. The

impulses uiulorlyiliu: heat and cold srfin ti) run toLictlicr in a distinci path,
w hii h not unt'inniniudy escapes when the sensory h)ss is of the type at picsent

luulor eonsideration. r>ut if tliennal M'nsil)ility is dislnilied. heat and cold

arc afTeeted togetlier, after ])assinu the tlialainic jiinetion.

\'il)ratii)n of a tuning fork eould always he a|)|)reeiated. hut in tlie majority
of eases in this group its ilui-ation apjieared to l)e shortened: if tlie \il>ration

of the fork seemed to have eeased on the afTeeted half of the body, it eoidd

still he apj>rei'iated for from five to twenty seconds longer on a similar

normal ])art.

Thus it would seem that sensory impulses travel from the optic thalamus

to the cortex in live groups.

(1) Those concerned with the recognition of posture and passive movement.

If these impulses are affected the power of discriminating weights on the

unsupported hand may also be diminished.

(2) Certain tactile elements; integrity of this group is necessary for the

discrimination of weights jjlaced on the fulh' supported hand.

(3) Those impulses which underlie the appreciation of two points applied

simultaneously (the compass test) : on this group also depends the recognition

of size and shape.

(4) Those which underlie the power of localising the situation of a

stimulated spot. Recognition of the double nature of tw^o points applied

consecutive^ also depends on this group of imjjulses.

(5) All thermal impulses are grouped together to underlie a scale of

sensations with heat at the one end and cold at the other. At the level with

which we are now dealing these impulses have abeady excited the affective

centre and are passing away to the cortex.



CHAPTER V

THEORETICAL CONCLUSIONS

So far we have described in detail the effects which may follow lesions

situated in different parts of the brain. In the present chapter we shall

attempt, by analysis of these results, to present a coherent account of the

mechanism of sensation.

We believe there are two masses of grey matter, or sensory centres, in

^\llich afferent imj)ulses end to evoke that psychical state called a sensation.

Gne of these is situated in the optic thalamus, whilst the other consists of a

considerable area of the cerebral cortex.

The anatomical structm-e known as the optic thalamus is an extremely com-

plex jDortion of the brain, and contains not only the terminal centre for certain

aspects of sensation, but plays a threefold part in the fate of sensory impulses :
—

(1) Firstly, it contains the termination of all secondary joaths ;
here

sensory impulses are groujDed afresh and redistributed in two directions, on

the one hand to the cortex cerebri, and on the other to the grey matter of

the optic thalamus itself {vide Chapter IV).

(2) Secondly, it contains a mass of grey matter, the essential organ of

the thalamus, which forms the centre for certain fmidamental elements of

sensation. It is complementary to the sensory cortex and exercises different

functions in the production of sensation.

(3) Lastly, the lateral part of the optic thalamus is the organ tlu'ough
which the cortex can influence the essential thalamic centre, controlling and

checking its activity. The excessive response to affective stimuU, so prominent
a feature of lesions in this situation, is not due to irritation but to removal
of cortical control.

Next, we shall consider the nature of the activity of the sensory cortex.

^^'e shall show that it is concerned more particularly with discrimination

and with the relation between two sensations, or between a sensation and
its representation. It is essentially the organ by which attention can be

concentrated on any part of the body.

Finally, we shall deal with the interaction of the cerebral cortex and the

centre in the optic thalamus during the production of sensation.

§ 1.—The Essential Activity of the Tilvlamic Centre

The most remarkable featm'e in that group of thalamic cases with which

we liave dealt in tliis work is not loss of sensation, but an excessive response
o97



."iiKS STUDIKS IN XKrK()L()i;V

to atTt'ctivc stimuli, 'l'lli^ ])(>si(i\c clYoct, an actual oxcrliiadiiii; of seiis;ation

witli fcoling-toiu'. was |)i-i>sont in all oiii- t wciily four cases of this class; and.

tliDUgli onipliasis has not been laid upon it as a chaiaeteristic feature, it lias

boon ol>scrv(.Hl by c>thors in cases w hcic tho existence of a lesion in the lateral

zone of the oj)tic tlialanius was eontirnicd by autopsy (Roussy |lt9, lOOj,

Edino:er [28]).

This excessive response may be accompanied by niucli or by little loss of

sensation, but the extent of this loss bears no relation to the amount of the

over-reaction to painful stimuli. It is only necessary that sufficient sensory

impulses, ca]>ablc of exciting discomfort, should still be able to reach con-

sciousness. If this is possible, the affected half of the body will respond
more profoundly than normal parts to all ]:)ainful stimuh, in spite of the gross
loss of sensation.

But the characteristic thalamic response does not consist in an excessive

reaction to painful stimuli only. In suitable cases we have sho^vn that the

response to jileasm'able stimuli, such as warmth, is also greater on the affected

side. Moreover, the manifestations of general mental states of j)leasure and
of discomfort may be more pronoimced on the abnormal half of the bod3^

The pains and imcomfortable "
j^artTesthesise

"
which occur in these cases have

been exjDlained by some observers as due to irritation. The lesion is supposed
to irritate some part of the sensory path in the region of the optic thalamus

and thus to produce pains and "
hyperalgesia." But this conventional

hypothesis is insufficient to explain the observed facts in the chnical course

of these cases. In the large majority of instances the lesion has proved to

be a haemorrhage or a softening. Now all vascular lesions of the nervous

system notoriously^ tend to produce the greatest disturbance of fmiction at

the time when they occur; the subsequent progress of the case always shows

a certain amomit of recovery. But in this group of thalamic cases the pains
and over-reaction come on, as a rule, dming the stage of recovery of fmiction,

frequently at a considerable period after the
"
stroke

"
has occmTed, and they

usuall}' last imaltered for 3'ears.

Moreover, we have pointed out that the response to i^leasm-able stimuli

is also increased in some of these cases, a condition incompatible with the

constant existence of an u'ritative lesion which evokes pain.

Further, we have not fomid this pecuHar over-response from lesions of

other parts of the sensory path,i and the extreme rarity of such cases in the

^
Spontaneoas pains associated with over-sen.sitiveness to prick or other stimuh have been

described as a consequence of lesions of the central nervous system at other parts of the sensory

path, but few of these cases will stand criticism. For example, in the case published by
Raymond and Rose [95] as a lesion of the j^ons varolii the authors themselves admit the

possibility of multiple le.sions, and the presence of choreic and athetoid movements points in all

probability to affection of the optic thalamus. Raymond and Fran^ais [94] recorded a pontine
ca.se in which pains and

""

hypertesthesia
""

to prick were present, but the position of the lesion

was not determined by autopsy. In Mann's case [75] there was merely persistent unilateral

pain, and Mami himself recognised that this was accompanied by
'"

hypsesthesia
'

and not In'
"
hj^peraesthesia," as in Edinger's case of thalamic disease, with which he contrasted it.
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literature compared with the overwhehning frequency of this over-response
^\ith the lesions of the optic thalamus, compels us to adopt some other

ex})lanation for its occiu-rence at this level of the nervous system.
Jt is obvious, therefore, that the attempt to ex[)lain this condition by a

hypothetical irritation fails entirely, and we must consider whether the clue

is not to be discovered in the removal of some control normally exerted by one

sensory centre upon another.^

Let us turn for a moment to the motor side of the nervous svstem, where

tlie effects produced by removal of control are more fully understood. It is

well lvno^^^l that a lesion of the motor region of the cerebral cortex, or of the

tracts which rmi from it to the spinal cord, produces not only loss of voluntary

movement, but also a positive effect in the increased tone and rigidity of the

affected limbs. This increase of tone, as Hughlings Jackson [57] pointed out

in the Croonian Lectures, is not the direct effect of the destructive lesion,

but is produced by the activity of subcortical centres released from control.

He laid do\\ii the law that no destructive lesion can produce a positive

effect directly. The activity of the cortex cerebri normally inhibits and
controls subcortical motor centres and the destructive lesion sets these

centres free to display their powers unchecked. Loss of vokmtary power
is consec^uently associated with tonic over-action and an increased reflex

discharge in response to afferent impulses.
We believe that an exactly similar condition is revealed on the sensory

side of the nervous system by cases of thalamic disease accomjDanied by
an excessive response to peripheral stimuli. We know that paths run, not

only from the optic thalamus to the cortex, but from the cortex to the

thalamus, and they have been show^l to terminate in its lateral zone, the

very region affected in cases that have exhibited the
"
syndrome thalamic|ue."

But, since these paths come from all parts of the cortex to impinge upon the

optic thalamus, the functions they exercise cannot be removed by partial

destruction of the cerebral hemispheres ;
cortical lesions produce no thalamic

over-response to affective stimuli. The only certain method of releasing the

optic thalamus from the influence exerted by the cortex is to destroy the

lateral nucleus in which the majority of these cortico-thalamic jDaths seem to

end. It is probable that a subcortical lesion so situated that it destroyed
all these paths just before they entered the thalamus might produce the
"
syndrome thalamicpie," although the substance of this organ remained

intact
;
but such lesions are rare compared ^^itll those which produce this

effect by destruction of part of the thalamus itself.

The only function which can be ascribed to these cortico-thalamic paths
is that through them the cortex controls, in some way, the activity of the

' The condition known as protopathic sensibility, arising from lesions of peripheral nerves,
is also characterised by an over-response to painful and to thermal cutaneous stinuili. This

over-response is due to the uncontrolled action, on normal sensory centres, of impulses capable
of exciting sensations heavily charged with feeling-tone.
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thalaiiuis. If tilis \ ii-w is t'orivrt , Ifsions wliiih iiitnrupt tlioc |)aths, but

leave iiitai't the main siihslanco of tlie optic tlialaimis, niiisl lead to a

pcrinaiHMil over-activity (tt tiinttioiis exercised by t liat oro;aii. Any afTcrent

impulses, which are cajnihle of exciting this paii of the l)rain, will act

on an uncontrolled centre and must, conseipicntly, evoke an excessive

ctTect .

All stimuli whicii pi'oduce an excessive effect, when the thalamus is freed

from cortical control, contain elements which can excite the essential centre

of this organ. Analysis of the over-response in these thalamic cases will,

theiefore. reveal what sensory ciualities are due to the activity of the optic

thalamus. Now we have shown that the nearer a sensation approaches i)ure

discomfort, the more certainly will the response be exaggerated on the

atlected half of the body. States of pleasure and stimuli, such as warmth,

capable of exciting pleasurable sensations, may also evoke excessive mani-

festations on the abnormal side. Since, therefore, affective states can be

increased when the thalamus is freed from cortical control, we may conclude

that the activity of the essential thalamic centre is mainly occupied with the

affective side of sensation.

This conclusion is strengthened by the fact that stationary cortical lesions,

however extensive, which cause no convulsions or other signs of irritation

and shock, produce little or no effect on sensibility to pain. Destruction of

the cortex alone does not usually disturb the threshold for the painful or

imcomfortable asj^ects of sensation.

Some stimuli, not commonly included amongst those which evoke i:)leasure

and discomfort, may produce an exaggerated response when the grey matter

of the optic thalamus is free to react miimiieded. Thus, cotton wool moving
over a hair-clad part may produce a

"
stronger

"
sensation on the abnormal

half of the body. Rougliness is another stimulus which appeals to the

essential thalamic centre and not uncommonly produces an exaggerated

response over affected parts. The vibration of a timing fork, apphed to the

surface of the body, also contams an element which may produce an excessive

effect and. in most cases, although the length of time dm-ing which the

vibrations are appreciated is materially shortened, the patient asserts that the

sensation is
"
stronger

"'

on the abnormal side.

But all these stimuh evoke sensations more or less alHed to tickUng
and scraping, and it is not surprising that the affective element should be

exaggerated. We beheve, however, that an appeal can be made to the

essential thalamic centre by stimuh which produce changes of internal state

other than those of pleasm-e and discomfort. A cortical lesion never abohshes

sensibihty to contact
; the response may be intermittent, irregular, and grossly

defective, but is never completely absent. A weight resting on the hand may
not be recognised, but at the moment it is j^laced on the sldn and, not

infrequently, when it is removed, or even gently touched, the patient says
that

"
something has happened." When the loss of sensation is extremely
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severe, and all sensory impulses passing to the cortex have been cut off, the

l)atient may be unable to recognise that the effect he experiences is produced

by an external object and may simi)ly reply that something is happening to

liim. These contact stimuli, whicli may produce this vague sensation of
'
something hai)i)ening

" mthin tlie body, evoke precise recognition that an

object is acting on its surface when the cortical paths are intact. Under

normal circumstances the thalamic element in contact sensibility rarely, if

ever, reaches consciousness, which is dominated by discriminative sensations

of touch, and it only becomes a conscious factor in sensation when the influence

of the cortex is removed.

Thus, we beheve that the essential organ of the optic thalamus is the

centre of consciousness for certain elements of sensation. It responds to all

stimuli capable of evoking either pleasure and discomfort, or consciousness

of a change in state. The feeling-tone of somatic or visceral sensation is the

product of thalamic activity, and the fact that a sensation is devoid of feeling-

tone shows that the impulses whicli underlie its production make no thalamic

appeal.

The fmictions of this organ are influenced by the coincident activitj'' of

the cortical centres, and this control is effected by means of paths from the

cortex to the thalamus which jDrobably end in its lateral nucleus. Injury in

this region sets free the thalamic centre from control and it can therefore

react without restraint to all stimuli capable of arousing affective states.

Since, however, most stimuli which act upon the body in daily life are noxious

and so contain a disagreeable element, most sensations experienced by the

patient A^ith a lesion of the optic thalamus are painful. This is particularly

the case when sensation is so gravely diminished that stimuli of great intensity

only can reach consciousness. The occurrence of spontaneous pains and the

])ainful paraesthesise of the affected half of the body, so constant a feature

of these cases, are due to the uncontrolled activity of this centre through
which painful stimuli evoke a disagreeable sensation.

§ 2.—The Nature of the Sensory Activity of the Cortex

In a previous chapter we have described the results produced by a cortical

lesion upon a series of measured sensory tests. Let us now analyse these

defects in the hope that thereby we may learn the part played by the cortex

in that response to an external stimulus we call a sensation.

We are not concerned here with the limits of the area on the surface of

the brain which are associated with a disturbance of sensibiUty ;
before it is

possible to talk of
"

cortical localisation
"
we must laiow what sensory qualities

are due to the activity of the cortex. Much of the doubt that still hangs
roimd the topography of

"
sensory centres

"
arises from this ignorance. Most

observers start with the assumption that impulses originate in peripheral

end-organs and pass unaltered to the cortex, there to underlie that psychical
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state \\c> (.all a ^oasatioii. Hut wt- lia\i' alix-ady seen that tlie im|)ulst's u|kiii

wliieh cloiieiul tlie
"
piimavv sensations'" of toueh, j)ain. heat and cold, are

highly eiiniplex and undergo nuuh regrouping liefore they arrixc at tin- linal

sensory eentres.

AtYeivnt inijiulses on tiieir way tVoni tlie |icri|ilK'ry to the cortex pay toll

first of all to the unconseious eo-ordinating met lianisms of the s|)inal coid

ami the eerehi-lluni. Then, aftei' lieing regrouped at the tiialaniic junction.

they aet upon two terminal eentres. One of these, the essential oi'gaii of the

optie thalamus, responds to all those elements whieh ean evoke conseiousness

of an internal ehange in state, more partieularly pleasure and discomfort.

Sensory imjmlses then jiass by way of the internal ea])sule to act upon the

cortex, andthese are the afferent materials out of which the cortex manufactures

the forms of sensation with which it is concerned.

We Iviiow the nature of these impulses as they travel through the capsule
to the cortex; it is revealed by those cases of thalamic and capsular disease

in which the loss of sensation is due to interference with paths which pass
from the optic thalamus to the sensory cortex.'

The dissociations of sensibility which can occur under such conditions

show that, after exciting the essential centre of the optic thalamus, sensory

impulses pass on in five main groups to be distributed to the cortex :—r

(1) Those which underlie postural recognition and the appreciation of

passive movement. Upon this group depends the secondary faculty of judging
the difference or identity of two weights placed on the unsui^ported hands.

(2) Impulses which underlie the recognition of tactile differences or the

power of appreciating those quaUties of touch other than contact and

rougliness. To tliis groujD we owe the faculty of recognising the increase

or diminution in weight of a test -object, and of distinguishing the difference

between two weights placed on the supported hand.

(3) Those upon which depend spacial discrimination (compass points

apphed simultaneous^) and its allied faculty, the recognition of size and shape.

(4) Those impulses which enable the I3atient to recognise the spot

stimulated (locahsation). They carry with them the i)ower of appreciating

the double natm^e of two jDoints applied to the sm-face one after the other.

(5) Thermal impulses. On this group depends the j^ossibility of recog-

nising those degrees of temperatm'e wliich necessitate a comj^arison with the

consecj^uences of some previous thermal sensation.

Such are the afferent materials out of which the cortex manufactures

those forms of sensation for which it is responsible. We have ah'eady studied

the natitre of this activity, as revealed by the effects of a cortical lesion.

Such a lesion tends, as we have seen, to produce peculiarities in the

response to sensory stimuli miknowii at any other situation in the nervous

system. The larger the area affected between the precentral fissm-e and the

occipital lobe, the more certainly \A-ill sensibihty show these characteristic

changes.
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The accuracy of response to measured tactile stimuli, whether von Frey's
hairs or graduated pressure, is greatly reduced. The answers are irregular
and uncertain, and increasing the stimulus does not of necessity lead to an

equivalent improvement in the proportion of accurate replies. Contact

sensibiht}' is not lost, and cotton wool may still be appreciated, although it

may seem "
less plain

"
than on the normal side. Tactile sensations tend to

persist and hallucinations may be present to an abnormal degree. Fatigue
is induced with unusual facility; this is not general but affects solely the

sensibility of the affected part, for the answ'ers from tlie normal side may
remain as good at the end as at the beginning of a series of observations.

The power of estimating the relative warmth or coldness of two stimuli

suffers when thermal ssnsibilit j^ is affected by a cortical lesion. That portion of

the scale can no longer be appreciated where the sensation evoked by a given

temperature normally depends on that to which the part of the body has been

previously adapted. This zone of relative heat and cold is abolished over the

affected parts, and temperatures that fall witliui it are said to be neutral. Even
when the warmth or coldness of the stimulus can be correctly appreciated, the

sensation seems "
less plain

"
over the affected limbs

;
the replies of the patient

are less constant and less certain, and a temperature recognised without difficulty

at one time seems doubtful at another. The power of discriminating the

relative coolness of two cold stimuli and the relative warmth of two hot tubes

is diminished, provided two temperatures are chosen which do not appeal

differently to the thalamic sensory centre. Thus even the faculty of appreciat-

ing the relative intensity of tw^o temperatures on the same side of the scale

is disturbed, although both may be named correctly.

But all these stimuli contain elements capable of rousmg the activity of the

essential thalamic centre. The tests for the recognition of posture, of passive

movement, spacial discrimination (compasses) and the locality of the stimulated

spot contain no such elements, and it is these aspects of sensation that suffer

most profoundly in consequence of a lesion of the sensory cortex. Postural

recognition and the appreciation of passive movements are usually grossly

affected. The powder of localising the stimulated spot is less frequently dis-

turbed, but may be abolished. These two faculties are independent of one

another and may be affected separately. Moreover, a disturbance of localisa-

tion caused by a lesion of the cortex is not due to coincident uncertaint}^ of

tactile sensibility, for it is equally demonstrable when the stimulus is a prick to

which the patient responds on every occasion.

A cortical lesion can destroy the powder of appreciating the double nature

of the compass points applied simultaneously to the skin
; increasing the

distance between them may not, under such circumstances, improve the

accuracy of the replies. This loss is in no way due to defects of tactile sensi-

bility, for it can be demonstrated w^hen the compasses are armed with tw^o

sharp pomts.
When dealmg with the arrangement of the sensory impulses which pass
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thiouuh tlu> intiM'ual i';ij)siiIo to l)o clistiihiited to the cort(>x. wo showed that

thr power ot rstimatiiiu woiglit, si/A\ shape aiul form in thrc'c (liineiisions

tlepeiuls on thi- inte>:rity of s(>veral sej)arate groups. Tlius the appreciation
of (lilYerenee hrtween two weiglits phieed in tlie unsupported liaud denuuids

perfeet postural recognition. 'I'he faculty of estimating weights placed con-

secutively on the supported hand de|)ends on tiie integrity of tactile sensibility.

Such (.lissociation is impossible with lesions of the cortex, for we arc no longer

tlealinu with a ilisturbance of sensory imi)ulses, but with the dillicultv of

recognising tiu' relation between two percepts. The patient generally gives

up all attem})ts at aj)])reciation. saying he has
" no idea

"'

of the shape, form, or

relative size and weight of the test-object.

The tests for the appreciation of rougliness and of texture demonstrate

clearly the part played by the cortex in sensation. With Graham-Brown's

jvsthesiometer the threshold is identical on both hands; in every casa the

amount of protrusion necessary to make the flat surface of the instrument

seem rough is the same on the two sides. In this test the patient has to deter-

mine solel}' whether the sensation is one of roughness or smoothness. But,

as soon as he is asked to correlate these sensations and combme them with

those of touch, as in the tests for the appreciation of texture, he fails entirely.

He complams that from the affected hand he can gain no idea of the relation

between the various stuffs passing under his fingers. One may seem rough,

another smooth, but the sensations do not enable him to recognise the material

he is handling.

Evidently, one of the faculties which we owe to cortical activity is the

power of relating one sensation to another, whether they arise simultaneously
or consecutively. Recognition of weight, size, shape, form and texture depends

entirely on this faculty. Such tests consequently reveal the grossest defects

whenever a cortical lesion produces any considerable influence upon sensibility.

A little consideration shows that loss of this faculty of relation is at the

bottom of the diminished appreciation of posture and passive movement,
which constantly forms one of the gravest defects produced by lesions of the

cortex. For it would be impossible to discover the position of any part of

the body, unless the immediate postural sensations were related to something
that had preceded them. A direct perception of posture, analogous to that

of roughness, is impossible ;
in every case the new position of the limb is

relative to some previous posture.

At any moment w^e can become conscious of the position of any part of

our bodies, and although such postural recognition
'

is not constantly in the

central field of attention, it always forms the measure against wliich we judge

subsequent change. This is peculiarly the case with the appreciation of

passive movement. Not uncommonly a patient with a cortical lesion can

recognise that some movement has occurred, but is entirely unable to discover

its direction or amplitude ; complete appreciation of passive movement is the

recognition of serial changes in a certain direction.
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Munk [86] and all those who have recognised the relative nature of the

appreciation of posture and passive movement have spoken of the cortex as

the repository of images of movement. This is, however, an unsatisfactory
term when we consider the actual effects produced by a cortical lesion

; for,

\Ahen we speak of a visual or of an auditory image, we mean something that

can be recalled into consciousness. If we compare the colour of one ribbon

\\ith that of another seen a few moments before, many of us can recall the image
of the first and compare it with that of the second. Both may be in the central

field of consciousness together.

^^'hen we sit immobile and imagine our fingers touching some object on

the table, many of us see, at once, the picture of an outstretched arm
;
the

only image in consciousness is a visual one. Now, in cases where all power of

recognising posture is lost this visual image remains unchanged, and it cannot

therefore be the standard to which we refer alterations in posture. Place

the patient's affected arm in front of him on the bed, allowing him to see the

position in which it lies
;

close his eyes, and in most cases he will see a mental

picture of his hand. Then change its position whilst his eyes remain closed

and he will continue to see a picture of the hand in its old position. Moreover,
if localisation is not affected, he will name correctly the spot stimulated but

will refer it to the position in which he visualises the hand. The visual image of

the limb remains intact, although the power of appreciating changes in position

is abolished.

It is evident, therefore, that the standard resulting from previous postures
and movements, to which immediate reference is made when a fresh position

is recognised, cannot be a visual image. The existence of a group of human

beings whose conscious life by day is devoid of all visual images would be

sufficient evidence of this fact apart even from the direct results of experi-
ment. Some such persons may possess true movement images. That is

to say, the assumption of an imagined posture may be accompanied by
re-presentations of movement equivalent to the pictures of those who visualise

strongly.

But in both cases the image, whether it be visual or motor, is not the

fundamental standard against wliich all postural changes are measured.

Every recognisable change enters into consciousness already charged with its

relation to something that has gone before, just as on a taximeter the distance

is presented to us already transformed into shillings and pence. So the final

product of the tests for the appreciation of posture or passive movement rises

into consciousness as a measured postural change.
For this combined standard, against which all subsequent changes of

posture are measured before they enter consciousness, we propose the word
"
schema." By means of perpetual alterations in position we are always

building up a postural model of ourselves which constantly changes. Every
new posture of movement is recorded on this plastic schema, and the activity

of the cortex brings every fresh group of sensations evoked by altered posture



coo SriDIKS IN NianoLocv

into relation wiih it. Inniu'tliatf jx stuial n-cognition follows as soon as the

relation is complete.
One of onr j)atifnts had lost his Kt'l leu some time hcfurc the appearance

of the cerebral lesion which dcst loycd the power ot recognising posture. After

the ani{)ntatit)n. as in so many similar cases, he exjierienced movements in

a jdiantom foot and leg. Bnt these ceased immediately on the occurrence of

the cerebral lesion; the stroke wliich abolished all recognition of posture

destroyed at the same time the phantom limb.

In the same way. recognition of the locality ol the sliniulatcds})ot demands

the reference to another
''
schema."' For a patient may be able to name

correctly, and indicate on a diagram or on another person's hand, the exact

position of the spot touched or pricked, and yet be ignorant of the position in

space of the linil) upon which it lies. This is well shown in I In. (Case 14),

who never faileil to localise the stimulated spot correctly, although he could

not tell the position of his hand. This faculty of localisation is evidently

associated with the existence of another schema or model of the surface of our

bodies Avhich also can be destroyed by a cortical lesion. The patient then

complains that he has no idea where he has been touched. He knows that a

contact has occurred, but he cannot tell where it has taken place on the surface

of the affected part.

It is to the existence of these
" schemata

"
that we owe the power of pro-

jecting our recognition of posture, movement and locality beyond the limits

of our own bodies to the end of some instrument held in the hand. Without

them we could not probe with a stick, nor use a spoon unless our eyes were

fixed upon the plate. An}i;liing wliich participates in the conscious movement
of our bodies is added to the model of ourselves and becomes part of these

schemata
;
a woman's power of localisation may extend to the feather in

her hat.

Thus, it is evident that among the various functions of cortical activity

which imply a relation, the act of comparison may be of different grades in

the liierarchy of consciousness. The appreciation of two weights placed at

the same time one in each hand is an example of the faculty of relating two

groups of presentations simultaneously in the focus of consciousness.

Recognition of posture and passive movement implies the combination of

every fresh group of sensations with postural schemata outside the central

field of attention. The change m consciousness wliich corresponds to this

combmation is immediate recognition of an altered position.

But such disturbance of the power of recognismg similarity and difference

will not account for all the abnormalities of sensation produced by a cortical

lesion. AMien the affected part is imder examination, the patient's replies

are uncertain and variable
;
hallucinations and persistence of sensation tend

to disturb the records. They show in an exaggerated form the errors that

may appear in a normal person who is inattentive. And yet, as soon as we
examine any unaffected part, the patient may come through the same series

I
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of tests without a mistake. On the left hand m Case 14, the records were on

one occasion so bad that we took a similar series of readings, not only from the

other hand, but also from both feet
;
those from the affected hand alone showed

the features which might have been attributed to inattention.

Moreover, in many cases increasing the strength of the tactile stiimdus

does not of necessity produce a corresponding improvement in the answers.

As good a record may be obtained with a hair exerting a pressure of 0'36 grm.
as with one of ten times the strength. In the same way as many correct

answers may be given to the contact of an instrument weighing 2 grm. as when
it exerts a pressure of 32 grm. on the same area.

Evidently a lesion of the cortex produces an effect upon sensation of a

different order from that found at any lower level of the nervous system. All

those defects, wliich may occur when a normal person is under examination

with psychoph3^sical tests, are present in a grossly exaggerated form. Those

defects, wliich we ordmarily attribute to want of attention, are raised to a

degree unknown in the normal human bemg. But the patient's power of

general attention has not been lowered in such cases as those we have cited

in these chapters. Records from the limbs of the sound side show that the

phenomena of defective attention are confined to the abnormal parts. A
portion only of the patient has, as it were, become untrustworth3^

We believe that the functional integrity of the cortex enables attention

to be concentrated upon those changes wliich are produced by the arrival of

afferent impulses. When this is disturbed, some impulses evoke a sensation,

but others, from lack of attention, do not affect consciousness. Attention

no longer moves freely over the sensory field to be focused successively on

fresh groups of sensory impressions. Sensations, once evoked, are not cut

short by the niovmg away of the focus of attention as when cortical activity
is perfect. Hence arise persistent sensations and hallucmations A^hich are so

prominent a feature after lesions of the cortex.

To sum up, we believe that the cerebral cortex is the organ by which we
are able to focus attention upon the changes evoked by sensory impulses. A
pure cortical lesion, which is not advancmg or causing periodic discharges, will

change the sensibility of the affected parts m such a way that the patient's

answers appear to be untrustworthy. Such diminished power of attention

makes the estimation of a threshold in many cases impossible. Uncertainty
of response destroys all power of comparmg one set of impressions with another

and so prevents discrimmation.

But, in addition to its function as an organ of local attention, the sensory
cortex is also the storehouse of past impressions. These may rise mto conscious-

ness as images, but more often, as in the case of spacial impressions, remain

outside central consciousness. Here they form organised models of ourselves

which may be termed ''
schemata." Such schemata modify the impressions

produced by incoming sensory impulses in such a way that the final sensations

of position, or of locality, rise into consciousness charged with a relation to
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soniethinii that lias happened hofore. Dcstniel ion ol' such
''

schemata
""

hy
a lesion ot the eortex renders iin})()ssihle all reeounitiou ol posture or ol the

locality ot a stimulated spot in the atfected part ot the hody.

S 3.—The Interrelation of the Optic Tualamfs axd the Cortex
IN' THE pROnrCTK^X OF SeXSATIOX

Tn daily lite all stimuli excite more or less both thalamic and cortical centres,

for most unselected sensations contain both affective and discriminative ele-

ments. But. amontist the tests we have employed in sensory analysis, some

appeal almost entirely to the one or other centre. The test for recognition ot

posture, as carried out by us, is purely discriminative
;

whilst the pain produced

by squeezing the testicle, or to a less degree by the pressure algometer, appeals
almost exclusively to the more affective centre.

Sensory impulses arriving at the optic thalamus are regrouped in such a

way that they can act upon both its essential centre and the sensory cortex.

The essential organ of the thalamus is excited to affective activity by certain

impulses, and refuses to react to those which underlie the purely discriminative

aspects of sensation. These pass on to influence the cortical centres, where

they are readily accepted. In a similar way, the primary centres of the cortex

cannot receive those components which underlie feeling-tone ;
in this direction

they are completely blocked.

It has long been recognised that sensations are endowed with feeling-tone to

different degrees. In those which underlie postural appreciation this quality

is entirely absent, whilst visceral sensations are, in some instances, little more

than a change in a general feeling-tone ;
one set of impulses appeals almost

exclusively to the cortical centre, the other to that of the optic thalamus.

All thermal stimuli, however, make a double appeal. Every sensation of heat

or cold is either comfortable or uncomfortable
;
the only entirely indifferent

temperature is one that is neither hot nor cold.

In the same way, most unselected tactile stimuli appeal both to the sensory
cortex and to the optic thalamus. For not only is a touch always related to,

and distinguished from, somethmg that has gone before it, but we have shown

that contact, especially of an object moving over hair-clad parts, is capable
of exciting thalamic activity. Vibrations of the tuning fork also make a

double appeal, for when the cortical paths are cut the amplitude of the vibration

must be greater in order that it may be appreciated ; on the other hand the

vibratory effect may be stronger on the abnormal side in those thalamic cases

where the affective response is excessive.

But these two centres of consciousness are not co-equal and independent.
Under normal conditions the activity of the thalamic centre, though of a

different nature, is dominated by that of the cortex. When we examine the

sensation normally produced by a prick, we recognise that the pain develops

slowly and lasts a considerable time after the stimulus has ceased. Moreover,

the same mtensity of stimulation will produce a different effect on the same
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spot oil different occasions. A long latent period, persistence, and want of

uniforniity are characteristic of all painful sensations. This is seen in an

exaggerated form in cases where the thalamic centre has been freed from control.

The response to prick is slow, but persists long after the stimulus has ceased.

Moreover, the reaction, when it occurs, tends to be explosive; it is as if a

spark had fired a magazine and the consequences were not commensurate with

the cause.

On the contrary, the sensations normally produced by moderate tactile

stimuli are characterised by a short latent period, and disappear almost imme-

diately on the cessation of the stimulus. A lesion of the sensory cortex disturbs

both these characters. Tactile sensations became uncertain and incalculable,

and no threshold can be obtained
; persistence and hallucinations mar the

uniformity of the records.

Now we have shown that the sensory cortex is the organ by which attention

can be concentrated on any part of the body that is stimulated. The focus

of attention is arrested by the changes produced by cortical activity at any one

spot. These are sorted out and brought into relation with other sensory

processes, past or present. Then the focus of attention sweeps on, attracted

by some other object.

All stimuli which appeal to the thalamic centre have a high threshold.

They must reach a high intensity before they can enter consciousness, but

once they have risen above the threshold they tend to produce a change of

excessive amount and duration, and this it is the business of the cortical

mechanism to control. The low intensity of the stimuli that can arouse the

sensor}^ cortex, and its quick reaction period, enable it to control the activity

of the cumbersome mechanism of the thalamic centre.

Our view of the sensory mechanism explains many of the facts already

recognised both by psj^chologists and clinicians. It enables us to understand

how integration can occur at all afferent levels of the nervous system, and

makes development possible even in the individual. The aim of human
evolution is the domination of feeling and instinct by discriminative mental

activities. This struggle on the highest [)lane of mental life is begun at the

lowest afferent level, and the issue becomes more clearly defined the nearer

sensory impulses approach the field of consciousness.

SHORT ACCOUNTS OF SOME ILLUSTRATIVE CASES

Case \.—Brown-Sequard paralysis (vide p. 537).

Case 2.—The consequences of a lesion of the brain-stein, (vide p. 541).

Case 3.—Occlusion of the posterior inferior cerebellar arlery (vide p. 544).

Case 4.—Tumour of the mid-brain and optic thalamus (vide p. 547).

Case 5.—Disease of the optic thalamus (vide p. 552).

Case 6.—Disease of the optic thalamus with autopsi/ (vitle ]i. 553).

Case 7.—An instance of the thalamic syndrome with scarcely any loss of sensation.

Rachel F., aged 60, was admitted into tlie National Hospital \inder the care of one of us [G. H.
)

in February, 11)10. She was a married woman and had enjoyed good health till September, 1908,

VOL. IT. T



CIO STUDIKS IN NKII1U)L()c;Y

when tlu' stiokt' lUTiiriod tliiit itnuluciMl her syrnptoins. W'liilc (Mij^agcd in lii-r liousowork, sho

sudilonly oxpiuionciHl a
"
poruliar drawn fooling

"
in hor lofl sliouklor and t lio lot'l side of her neck,

and thon foil to the Uoor, but did not lose consciousness. She iniincdiatcly lost the power of

moving her left limbs and foil as if tlioso limbs had disappeared, "as if I had lost thoni." She

soon disoovored that sho
'"

oould not fool
"
on these limbs or on this side of hor body.

After a jieriod of about live or six weeks she began to move tlio loft limbs again ; three months

after the stroke she was able to walk alone, and a little later she oould bring the left hand to her

mouth. Since then the affected limbs have become gradually stronger. About six months after

the attack she first noticed the irregular spontaneous movements of the left hand, which, though

very variable in intensity, have on the whole increased. A little later similar niovorncnls of the

left toes became noticeable.

The "
pecuUar dra\ni feeUng

""

thai ushered in the attack probably persisted for a few weeks;

on this point hvv memory is indefinite, but as sensation loturned she began to complain of an

impleasant numb feeling
" and of tingling and "

pins and needles
"

in the left hand and arm,
and of numbness in the left foot. About six months after the onset she began to have a sensation

as if
"
something were crawling luidor the skin

"
of the affected side, especially on her face, and

a ''scalding sensation in the left cheek, which is worse when the cheek is cold than when it's warm."

For about the same length of time she has suffered with dull aching pains in her left arm, and a
"
crampy pain

"
in the left leg.

Vision, hearing, smell and taste were, as far as she knows, unaffected by the attack, but the

left side of her mouth and tongue
"
have always felt dry," and food always seems rough and cold

on this side; even a cup of hot tea is unpleasantly cold to the left cheek.

Speech and SAvallowing were never affected; during the first few days of her illness she had

slight difficulty in holding her urine, but this soon passed off.

Condition in February, 1910.

She is a healthy-looking woman who appears much younger than her age. Her heart is slightly

bypertrophied, her arteries rigid, and her pulse-tension high.

She is fairly educated and intelligent ; her memory is excellent and her attention good.

Special senses.—SmeU, taste, and hearing are imaffected and equally acute on the two sides.

The visual fields are unrestricted and the optic discs are normal, but the retinal arteries appear
sclerosed.

Cranial nerves.—The functions of all the cranial nerves are unaffected; the pupils are equal
and react well to light and on accommodation. The corneal reflex is brisk on the right side, but

very much reduced or almost absent on the left.

Motor system.
—The right limbs are normal in every respect. The size and tone of the muscles

are equal in the two arms and the range of movement of the left is unrestricted, though this limb

is distinctly weaker than the right; the grasp of the right hand, measured with the dynamometer,
was 41 (an average of five readings), while on the left it was 23 only. She uses this limb readily

in coarse general movements, as in pointing, but owing to the spontaneous movements and ataxia

it is useless to her for finer actions. There are almost constantly irregvdar involuntary move-

ments of the left fingers and frequently, too, of the wrist; they often constitute a rhythmical

tremor, but are more usually irregular or even choreiform. The most common movement is

flexion and extension of the fingers at the basal joints, but flexion and extension of the wrist and

adduction and abduction of the fingers are also of frequent occurrence. These movements
increase on any attempt to use the limb, on strong volitional movements of the normal arm and

even on walkmg. They persist during the movement of the limb itself as a sort of intention-

tremor, but differ from an ordinary intention-tremor in that the amplitude of the oscillations is

greatest when the movement is begun and decreases towards its completion. She has very little

power of restraining the movements. ^ ^rldition to the tremor there is considerable ataxia of

the hmb.

The movements of the trunk and head are unaffected.



SENSORY DISTURBANCES 611

There is no wasting or alteration in tlie tone of tlie muscles of the left lower extremity, and
its mc)\'ements are slightly weaker only than the corresponding ones of the right. Spontaneous

movements, more or less similar to those described in the arm, occur in the left toes and at the

ankle, and the volitional movements of this limb arc poorly co-ordinated and tremulous. She

walks with .short shuffling steps, occasionally dragging the left toes along the gromid. Her gait

is more affected than might be expected from the relatively slight weakness of the leg.

Reflexes.
—All the tendon-jerks are brisker on the left than on the right side. The abdominal

reflexes cannot be obtained on either side. The right plantar reflex gives a flexor, but the right

an extensor response.

Spontaneous sensations.—She complains chiefly of a
"
scalding sensation

" and of burning pain
in lior left cheek. The left side of her mouth and this side of her tongue are dry, rough and sore,

and it seems to her as if this side of her palate were
"
covered with ulcers." All food, no matter

what its temperature may be, is mipleasantly cold to this side of her mouth. She also complains
of

'
aching pains

"
in the left shoulder and the left arm (there are no arthritic changes) which are

often so severe as to keep her awake, and of
"
crampy pain

"
in her left leg, especiallj^ behind the

knee. The left hand and foot are usually numb and the hand often tingles.

Tactile .'^ensihUitjj.
—She ap])reciates light cotton wool contacts equally well on the two .sides,

on both hairless and hair-clad parts, and can recognise no difference in the sensations evoked.

On testing with von Frey's hairs the same threshold is obtained on both hands and on the cheeks.

It was noticed, however, that after the left cheek had been tested she rubbed the spot on which

the contacts with the hairs had been made, and when asked why she did so said,
" You made it

itch and tingle
"

; this tingling persisted for some time after stimulation.

Roughness.-
—With Graham-Brown's instrument the same threshold for roughness was'obtained

on the two sides ; but when a stimulus above the threshold is employed it appears rougher on the

affected than the on somid side, and especially on the sole produces a more violent movement of

Wi Jidrawal.

Tickling.
—This can be evoked satisfactorily from the soles only. The left sole is very much

more tickUsh than the right, and stimulation by drawing the fingers across it produces a strong

\-igorous reaction and ra])id withdrawal of the limb, while on the right side this evokes scarcely

anj' emotional reaction. The tickhng of the left side is not, however, actually painful or

un])leasant.

Vibration.—There is a shortening of the period during which vibration can be appreciated on

the left hand compared with the right, and the vibrations of the fork appear
"
j^lainer

"
on the

normal side.

Sensibiliti/ to pain.
—No diminution of sensibility tq pricking can be detected on any part of

the left side, and with the spring algesimeter the threshold is fomid to be identical on corre-

sponding parts. Pricks that evoke pain, however, are invariably
"
sharper," more mipleasant

and "sting more" on the affected than on the normal side, and in many places, especially

on the palm and sole, produce a much greater reaction with an apparently imcontrollable

tendency to withdraw the part. On tcstmg with the algesimeter this i.s found to occur with

aiiy stimulus above the threshold. There is no evidence that the pain persists abnormally, or

that it radiates from the spot stimulated.

Pressure pain.
—As measured with the algometer the threshold is approximately the same

on the two sides, or in places, as on the sole, actually lower over affected parts.

Palm

Tibia

Sole

But painful pressure on the affected side evokes a much greater reaction and appears to the

patient
"
very much sorer

" and more painful. When such pain is produced in the right

^ole for instance, only a slight jerk of the leg occurs, while on the left sifle the foot is

Right {normal).
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(lorsiHexi'd xiolnitly aiul tin- U'g is tliiiwii u|i and Iut gi'iii'ial trspoiisc ilciiotfs iiit()lfral)lc

discomfort.

Thermal sensibility.
—All degiocs of tcin|)onvtuio can Ix- normally ,i|i|ii((ial((l on both sides

aiui tlu> thresholds are e(Hial ; hut extreme temperatures, as iee and IuIhs al)()\c .')."> ('., appear
to lier colder or hotter on the left side, and e\ol<e stroufjer reaetions.

Sense of position.
—There is slight loss in tiic left arm, espeeially at the distal joints, init non.-

can he demonstrated w ith ( ertainty in the le^.

Appreciation of pa.^s ire nioreinents.— By ordinary methods of (estinj^ (here seems to be very
little alteration in the alTeeteii arm, but by measuring the angle of movement necessary for its

aj)|)reeiation and the recognition of its direction a detinite defect is revealed. The following
records were obtained on moxing the index-linger at its basal joint :

—

„ , , ,.
Flexion I

2\ 2 2 2 2
i\. Index-finger .. ^—7 -.

,

—
^
—

^
"

t-:
—

r^ ^° Extension
|

2 2 1* 1^ 2

L. Index- finger
Flcxi.n 10 12 12 15 12

KxtensioM
,

7.1 10 (5 7 8

Localisation tested .m the hands is found to l)e equally accurate on the two sides.

Comjjasses.
—Tb'. threshold is approximately the same on the two sides, and she is equally

quick and decisive in her replies. A perfect series of readings can be obtained with 1'5 cm. on

the palms and with 2 cm. on the soles.

Appreciation of weight, tested by the different methods we employ, seems almost as accurate

on one side as on the other. She is less able to recognise alterations in weights lying on the left

than on the right hand, but the constant involuntary movements of the affected hand make
this test difficult.

Appreciation of size.—The same difference threshold is obtained for the two hands.

Appreciation of shape and form.—There is no material difference between the two hands to

these tests, though she is a little slower and less certain in recognising differences in shape on the

left than on the right.

Recognition of relative consistence.—She frequently fails to recognise the relative hardness of

two test-objects placed in the left hand, which she can easily distinguisli in the right

hand.

Recognition of texture.—With the left hand she fails to recognise the texture of many of the

test-stuffs we placed in it. Silk, for instance, is called cotton, velvet is described as woolly or

something rough, and cotton as a woollen material.

She has remained under observation as an out-patient at the National Hospital since these

notes were taken in an michanged state, excepting that she complains more of the pains in the

left side. The observations recorded above have been repeated and verified on many subsequent
occasions.

Case 8.—An instance of the thalamic syndrome where cutaneoiis sensibility was not diminished.

All pleasant or disagreeable stimuli, more particularly heat and cold, produced a profoundly greater

response on the affected half of the body.

George S., aged 64, was admitted into the National Hospital under the care of one of us (G. H.)

in September, 1910. He was well till the attack, that produced his symptoms, occurred in

February, 1909. While walking he noticed a numbness in his left cheek and his left hand, and

a few hours later a tingUng,
"
like pins and needles," spread over his left arm and from his shoulder

into his face ; it was particularly severe in the left side of his tongue. Later in the day the tingling

extended throughout his left side and into his left leg; then he had some difficulty in walking.

He was kept awake that night by a soreness and iminful tinghng in his left arm, which next

morning was present over his whole left side. He never lost the power of moving the affected

limbs, in fact their movements were scarcely limited, and there was not much diminution of
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sensation on tliis side :

"
I was able to feel everything, in fact too much so "; but objects he

touches have not felt natuial since the attack. The pains and uncomfortable sensations have

peisisted more or less unaltered fiotn their onset, but they have always been worse in either very
hot or very cold weather.

Hearing and vision were miaffected, but he has found that he cannot taste so well since his

illness; he noticed this loss of taste the day after the onset. He complains, too, that his mouth
has become very dry. During the past year he has occasionally had a slight tingling pain in

his right hand and a
"
tingling numbness "

in the right leg, but, unlike the paraesthesiaj on the

left side, these sensations are not constant.

r'oNDiTiox IX September, 1910.
'

He is a thin, spare man, but fairly well preserved for his age. His arteries are rigid and the

pulse tension high, but there is no other sign of visceral disease. He had been an engineer and
is fairly well educated ; his memory and attention are excellent.

Special senses.—Smell is unaffected. He cannot taste sugar or salt on either side of his tongue,
l)ut quinine can be appreciated equally on both sides. There has been for years considerable

middle-ear deafness on the left side, but there is no other demonstrable affection of hearing. Vision

is poor owing to commencing cataract, but the visual tielcLs are unrestricted.

Cranial nerves.—The functions of all are unaffected, except that the left corneal reflex is very
mucli diminished.

Motor sijsteni.
—The right limbs are unaffected. There is a slight general wasting of the small

muscles of the left hand, but otherwise the right and left limbs are equally developed. The tone

of the two sides is about equal, and there are no contractures. The left arm is slightly weaker

than the right, but this is largely due to the fact that strong muscular contractions give pain.

Its movements are also slower and more awkward. Involmitary movements do not occur.

Jiefcres.
—The tendon-jerks and the abdominal reflexes are ec£ual on the two sides, and both

plantar reflexes give deflnite flexor responses.

Spontmieous sensations.—He complains of a constant
"
soreness

"
of his left hand and his

left foot, and of similar pain in the left half of his tongue. The whole of the left side also
"

feels

cold," and anything that touches it seems unpleasantly cold to him. He always wears a glove on

this hand. The whole of this side is also tender; when he places his foot on the gi'ound, for

instance,
'"

it feels as if there were tintacks under the foot." He also complains of
"'

a painful

tingling" throughout this side, of a "gnawing pain
"

in the left temple, and occasionally "sharp

pains
"
shoot through the left limbs.

Tactile sensibility.
—

Light cotton wool contacts arc equally well appreciated on the right and

the left sides, and there is no obvious difference in reaction to this stimulus. The same threshold

can be obtained on the two sides with von Frey's hairs.

Roughness.
—The same threshold is obtained with Graham-Brown's instrument on the two

sides, and no over-reaction or expression of discomfort is evoked from either palm or sole.

Ticldimj and scrapiwj.
—There is no over-reaction to tickling, and he says there is very little

difference between the sensations evoked on the two sides. The left side of the body is, however,

more " tender
"
to scraping than the right.

Vibration is equally well appreciated on the two sides, and the fork evokes no unpleasant

sensations on either side.

SensibiUiij to pain.
—The left limbs and the whole of the left half of the body, including tliis

side of the face and tongue, are
"
more sensitive

"
to pricks than similar parts of the right side,

and the reaction thereto and the emotional expression are considerably greater. When a pin is

drawn across his chest from the right to the left side he immediately complains that it is more

])ainful to' the left of the middle line. As measured with the algesimeter there is no difference

in the threshold on the two sides.

Pressure-pain.
—The algometer produces intolerable pain on the left side, and a sudden and

violent reaction. As soon as pain is evoked he writhes and jumps; moreover, its effects persist
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longer than on the liglit side. Tlie thicshokl values, too, are ilistiiutly lower ou tlu- alTeded

side.

Right (normiil). l.i fl (offccied).

I'altn 7 7 7 . . r..l f) 4i

Seeoiul metacariial . . ."> 4 4 . . 2.i - 2

Sole 3 2.V 2i . . \l 2 \},

Thermal sensibility.
—There is no diininishcil ai)|)reciation of temperature over tlie alVected

half of the body, and the same thresholds for iieat and cold were obtained on the two sides. JJut

any tcinjK>ratin-e that is delinitcly cold to the left side causes an expression of discomfort and an

excessive reaction; a tube a few degrees below the threshold is "just cold" to the right hand,

but "very cold, very impleasant" to the left. Similarly, even 45° C, -wliich was described as

warm on the right hand, was "
too hot and uncomfortable

" on the left. When, however, milder

degrees of warmth, as 38"^ C, arc employed, or if tlie hands are ]ilaeed on a vessel containing

water at this temperature, he describes the sensation evoked in the ail'ected hand as
"
delighlfnl,"

or
"
more soothing and more pleasant than on the right." Further, he states that this gives

him not merely local pleasure, but
"
makes him feel happy all over," and this is clearly indicated

by his general reaction and expression.

The thresholds were aftenvards carefully determined for the two hands; 28° C. was neutral

to both, while 30° C. was "warm "
to the right and "nice and warm "

to the left. The hands

were then adapted to warmth, by being placed in a warm bath at 42° to 43° C. for two and a

half minutes, and were tested again to the same temperatures immediately on removal. Xow
28° C, which was previously neutral, was "

very cold, very unpleasant
"

to the left hand, and

30° C, which had been
"
nice and warm," was either neutral or

"
just cold." Thus, by adaptation,

the thresholds for heat and cold were easily shifted, and 28° C, which had been neutral, received

a feehng-tone of discomfort, while 30° C. lost its feehng-tone of pleasure and became neutral.

Sense of position and the appreciation of passive movement.—There is considerable loss of the

power of recognising the position of his left limbs, Avhich is greater at the distal joints; he is,

for mstance, unable to describe or to imitate with his right hand the positions into which his left

hand or fingers may be placed. The appreciation of passive movement is also affected ;
in order

that a movement of the left fingers can be recognised it is necessary that its range should be about

four times as great as that required on the right hand, and at the elbow the range of movement
must be three to four times as large as on the right side.

The power of localisation, the compass test, and the recognition of size, shape, form and consist-

ence are equal on both sides, and remarkably accurate.

Appreciation of weight.
—When the hands are supported the appreciation of weight is little

different on the two sides ; two weights placed consecutively on the same hand can be discrimin-

ated within about the same limits on the two sides. When, however, the hands are misupported,
he fails to recognise the difference between 50 grm. in the right hand and 200 grm. in the left.

These observations are rendered difficult by the tendency for the sensation of weight to die out

when the test-object is allowed to he for any time in the affected hand.

Thus it would seem that, in this case, the power of estimating weight on the misupported hand

was dissociated from the faculty of estimating relative pressures when the hands are fully

supported.

Case 9.—An instance of the thalamic syndromt where the thresholds to painful stitnuli were

identical on the two sides, and heat produced excessive pleasure on the affected half of the body.

Peter C, aged 59, was admitted to the Seamen's Hospital under the care of one of'us (G. H.)

in Jime, 1911. In December, 1909, he noticed he was unusually thirsty and that the amount

of urine he passed was greatly increased; his doctor told him it contained sugar, and put him on

a restricted diet.
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On March 20, 1910, he went to bed well, but woke in the early morning to find that his left

limbs were paralysed. He remained several weeks in bed, but was able to walk again in about

three months. Shortly before the stroke he found that his sight was affected and he could
"
scarcely see anything on the left side." There was no diplopia.

At first the left limbs were paralysed, but, as power returned, he noticed that he had difficulty

in controlling their movements; he cannot say exactly when the involuntary movements of the

left hand began. He thinks that the numbness, tingling and pains, from which he now suffers on

the left side, came on immediately after the attack, but the pain was certainly less in the earUer

stages than it is now.

Condition in June, 1910.
*

He is a somewhat old-looking man for his years, with degenerated arteries and a high-tension

pulse. His urine is of high specific gravity, greatly increased in amount, and contains much sugar
but no albumen. He is an intelligent, well-educated man, and had been an overseer in his work.

His memory is fair and attention good.

Special senses.—Smell, taste and hearing are unaffected, but there is complete left hemi-

anopsia, the blindness reaching up to within three degrees of the fixation point.

Cranial nerves.—The fmictions of the cranial nerves are miaffected, except that the corneal

reflex of the left side cannot be obtained.

Motor system.
—The right limbs are entirely unaffected. There is no rigidity of the left arm

and leg, and no loss of voluntary power, but all their movements are gravely ataxic. In addition

there are almost constant involuntary movements of the arm, which generally take the form of a

tremor, but at times are more irregular or choreiform.

Reflexes.
—The tendon-jerks are present and equal on the two sides, ankle clonus camiot be

obtained, and the plantar reflexes are of the flexor type.

Spontaneous sensations.—He complains of pain, tingling and numbness in the left half of the

body. The pain has the character of a dull aching,
"
as if bruised from a blow." The tingling

is mainly in the left hand and foot and is constantly present. He describes the nmubness as
"
a

sort of dead pain," which occupies the whole of the left half of his body, except the face, and is

much worse in cold weather.

Tactile sensibilitij.
—He fails to appreciate many contacts of cotton wool when it is rubbed

over the hairless jmrts of the affected side, such as the palm and the sole, but he almost always
succeeds in recognising this stimulus on hair-clad parts of the body. When asked to compare
the sensations evoked on the two sides, he says that the cotton wool is more cUstinct over the

normal palm and sole, but on hair-clad parts the sensations are
"
sharper and heavier

" on the

affected side. On testing with von Frey's hairs the threshold was found to be slightly raised

on the affected side; on the normal hand a hair of 21 grm./mm.^ was appreciated perfectly, wliile

on the opposite hand 35 grm./mm.^ was required to produce a sensation.

Roughness.—It is impossible to measure the power of appreciating roughness, for even the

smooth surface of Graham-Brown's instrument produces a sensation on the left side Avhich he

cannot distinguish from that of roughness ; but, when the instrument, set at the same degree of

roughness, is rubbed over the two hands, he says it seems rougher on the noimal, but more

unpleasant on the affected side.

Tickling and scraping.
—Gentle stinuilation of the normal sole with the pulps of the fingers

produces a tickling which is not mipleasant, but on the affected sole this stimulation is ths;igree-

abje and evokes an excessive reaction. Tliis difierence is still greater when the soles are

scraped.

Vibration.—The vibration of a tuning fork can be appreciated on the left side, but it is dis-

tinctly shortened as compared with the right side. It evokes no excessive reaction.

Pain.—There is no evidence of dinnnishcd sensibility to prick on the afi'ected side, and the

algesimeter gives identical threshold-values on the two halves of the body. But when two

l)ricks of equal value are compared on corresponding parts of the two sides he invariably says
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timt on tlir allVrtoil part "it luirts iiion' and is three tiiiu's as sore"; moreover tlie leaetioii

evoked is iiiueh lijreater tliai\ that from tlie normal side. He says, "I oim't stand it so well

on the left side: the prieks seem to stay there, they doiil
j^^o away wlieii yoii taUe away

tlie pin."

7Vt'.s>"Hr«'-/«n"H.
—As tested with the algometer tlie threshold-values are approximately tlie same

on the two halves of the boily. but the reaetion to this stinuilus is everywhere greater on the left

side than on the right.

Thermal seusibUitij.
—There is a slight reduction of sensibility to 1em|ierature on the left half

of the body. Thus temperatines between about 2o'' ('. and 40' ('. are not ajipreeiatod, whilst

tlie neutral zone on the normal side extends from 28" C. to 33' C; the extremes of temi)erature

produce more disagreeable sensations and a greater emotional reaction on the affected side. But

when large tubes containing water at 40° C, or slightly above, are a|)plied to tlie affected parts

of the body he says,
"
That's nice, it's much more pleasant than on the other sitle." Even when

warm hands are placed on his hands or on his feet, he says that the sensation is different on the

two sides; on the affected half of the body "it is more comfortable; it is a real pleasure; it

soothes me; it gives me tho feeling that it must do me good.'' At the same time his face lights

up with a definite expression of pleasure.

Siuse of posHlou.
—The knowledge of the jiosition of the distal joints of the left arm and leg

is defective, but there is less loss at the proximal joints.

Appreciation of passive movement is defective in the left hand as compared with the right;

the Hngers must be moved through ncMily ten times as great an angle as is necessary on the right

side before the movement can be appreciated. At the elbow the loss on the left side is considerably

less in proportion : he can appreciate a movement that is not more than three times as great as

that necessary on the normal side.

Compasses.
—The compass test is gravely affected on the abnormal half of the body: good

readings are not obtained even when the points are separated to o cm. on the palm, or to 15 cm.

on the forearm. He has no difficulty, however, in recognising the two points when applied

successively'.

Ijocalisation is perfect on both sides.

Appreciation of size is somewhat defective in the left luind : thus he failed in every case to

recognise the difference between objects with diameters of 3"5 and 4 cm., and of 2 and 2"5 cm.,

although he was uniformly correct on the normal side ; but as soon as the difference was increased

to that between diameters of 3 and 4 cm., or 2 and 3 cm., his answers from the affected hand

were uniformly correct. It is therefore possible to obtain a definite difference-threshold for the

appreciation of size.

Shape, form, texture and consistence are all badly appreciated when the tests are appHed to the

left hand.

Case 10.—An instance of the thalamic syndrome associated with complete loss of thermal sensi-

bility, although hot and cold stimuli produced pleasure and discomfort.

Margaret B., aged 65, was seen at the West End Hospital for Nervous Diseases in July, 1911 ;

through the kindness of Dr. Harry Campbell, to whom we are much indebted for the privilege of

making the following observations. Her past health had been good; she married at 28 years
of age, but has had no children.

Li October, 1910, she suddenly found she was unable to hold anything in the left hand, find

almost immediately fell to the floor unconscious. When she regained consciousness some hours

later she was unable to move her left limbs, and they, together ^\ith the left side of her trunk

and face, seemed numb : at first it seemed to her that she had completely lost her left arm. About
six weeks later some power of movement returned in the arm, and in two months she was able

to walk with a little assistance. Since then she has improved gradually; walking has been her

chief trouble, as owing to its tenderness she cannot place the left foot properly on the ground.
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The involuntary niovemeuts of tin' left aim Ix'gaii as the power of movement returned; slie is

aware of them only wlien slie sees them. About two or three weeks after the stroke the left-

sided pains first appeared, as a gnawing pain in the groin; they increased in intensity during the

first two or three montlis of lier illness.

Vision, hearing, smell and taste w'ere not att'ectcd, and she has not had any sphincter disturb-

ance or affection of speech. Since the attack, however, she has noticed that her mouth is

unnaturally dry.

Condition in July, 1911.

She is a rather thin, elderly woman who has lost much weight during her illness, which she

attributes to the pains that disturb her by day and night. She is intelligent, lijer memory is

ifair, and she is attentive when under examination.

Cranial nerves.—The functions of all the cranial nerves are normal : there is no difference

i between the voluntary or expressional movements of the two sides of the face, and the tongue
is protruded straight. The ])upils are equal, and react well to light and on accommodation.

The right corneal reflex is brisk, ))ut the left is absent.

Special senses.—Smell, taste, hearing and vision are normal, and the visual lields are not

restricted.

Motor system.
—The right limbs are unaffected.

The muscles of the left forearm and hand are slightly wasted, but the tone of the limb is

unaltered and there is no tendency to contracture. Movement is somewhat limited at the

I~

shoulder-joint by arthritic changes, but is otherwise unrestricted. Owing to the great loss of

sensation it is diflficult to estimate the actual strength of the limb, but there seems to be little,

if any, weakness; she is slow, however, in exerting power on this side, and her efforts are not

well sustained. All its movements are ataxic, and there is in addition considerable intention-

tremor. While the arm lies on the bed frequent irregular involuntary movements of its distal

segments occur. These generally take the form of a sudden extension of one or more fingers, or

an isolated movement at the wrist, but often a short series of oscillations (tremor) may be

observed. These involuntary movements can be excited or exaggerated by certain peripheral

stimuli, even if they do not reach consciousness.

There is no definite wasting of the left leg, and the tone of its muscles is normal ; there is no

j

rigidity or contracture, and the range of movement is normal. The power is almost as good
' as that of the right limb, but its movements are very ataxic. No involuntary movements have

been seen in the leg. She walks with short shuffling steps as though she were afraid to trust her

weight to the left limb.

Reflexes.
—The arm-jerks are equal and brisk on both sides. The knee- and ankle-jerks are

slightly greater on the left side, but clonus could not be obtained. The abdominal reflexes are

absent. The right plantar reflex is flexor, but stimulation of the left sole provokes such an

extensive and vigorous movement of the whole limb, and such dislike on the part of the patient,

that the exact nature of the response cannot be determined; however, no typical slow extension

of the great toe can be seen.

Spontaneous sensations.—She gives vivid descriptions of the ])ain and disagreeable sensations

she suffers on the left side.
""

There is a feeling as if boiling water were being poured down the

left arm from the shoulder to the elbow, and as if I had a band on the forearm which some one

was pulling so tight as to hurt me." There is also a sensation at the l)ack of the left shoulder
"
as if a log of wood were hanging from it." The hand is runnb and feels

'"

as if little pins were

sticking into the Angers."

There is also pain in the left eye,
"
a tight feeling in the face," and

'"
a feeling of fulness in

the left ear."
"

I can't lie on the left side of my head as it is so sore." Pain is always present
in the left side of her body, greatest above the iliac crest :

"
It feels as if you had your nails

dug into my side and you w'ere hanging with j'our whole weight on it," or
'"

as if rats were

always gnawing at my side." Her left thigh from the hip to the knee seems painfully tight,

and below the knee there is a constant gnawing pain, greatest in the heel and the sole of
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tlio foot. Slu> taiinot lio on tin- K-ft side ;is it is so tcM(U'r, and laiuiot hear aiiylliing colli to

toiuh it.

Tdclilt' snisihilH;/.- Slio fails to a|>|)nH'iato cotton wool contacts on tlic left hand and iin<;cis,

and on the hairless parts of the rest of the liinl>. if, however, a wisp of wool is rul)bed i)aclvwards

and forwards on tiic hair-clad jiarls. as ot\ the l)at'k of the foicarni, an luipleasaiit sensation is

evoked.
"
a curious tickling," which is unquestionably iiainful, or

"
a burning feeling, as if you

touched mo with sonietliinii very liot." Yet, over the same ])arts, she always fails to ai)prcciato

cotton wool when merely pressed on, no matter how lirmly. The condition is exactly similar

on the left leg, and yet a very intense reaction can be evoked by rubbing wool on the sole. She

can recognise most eontacts on the left side of the face unless they are slight, and also on tliis half

of her body. Rubbing a wisp of wool on the left chest provokes a strong reaction; she winces

and afterwards rubs the jwrt with her own hand, complaining that
"
you made it itch." When

a wisp of wool was rubbed to and fro on the lingers curious involuntary movements began,

yet she was conscious neither of the stimulation nor of the movements. This was repeatedly

verified.

Pressure-touch was tested with the pulp of a finger that had about the same surface tcmpera-

tiu-e as her ovn\ skin. She is unable to recognise liim iiressurc on the whole of the left arm and

leg; even when some part of these limbs is firmly grasped she appreciates nothing, provided the

pressure is not sufficiently- great to give discomfort. She is also insensitive to moderate pressure

on the left side of her face, and even the eyeball can be pressed firmly through the upper lid.

without arousing her consciousness.

Hoiighness.
—She has lost the ability of appreciating roughness on the left side. On testing

the palm with Graham-Brown's instrument it is found that, even when the surface is quite smooth,

it produces an unpleasant tingling sensation; but she cannot distinguish this sensation from that

evoked by the instrument when the cylinder is projected 10 degrees (0*5 mm.).

Tickling and scrajnng.
—She is naturally extremely tickUsh. Drawing the tips of the fingers

over the right sole tickles her greatly and evokes a strong reaction, but not an expression of dis-

comfort, while on the left sole the same stimulation is unbearable, and she says :

"
It's burning;,

it's as if you were tearing the skin off; it sends pins and needles up the leg as far as the knee."

The right palm can be easily tickled, but on the affected hand she camiot bear this stimulation ;

it evokes a strong reaction, gives a sensation
"
as if red-hot needles were being plunged into her,

and starts a pain that spreads up the arm as high as the elbow. A wisp of cotton wool rubbed

over the pinnaj is appreciated more distmctly on the right, but tickles more and evokes a stronger

reaction on the left. The same holds for the tw^o sides of the chest. Rubbing a wisp of wool

over the left nipple provokes an intense general reaction, but if her eyes are closed she has no idea

where she has been stimulated.

She is most intolerant to scraping with the finger-nails on the whole of the left side of her

body ; it starts a widely spreading and very unpleasant sensation of burnmg.
Vibration.—She is unable to appreciate even the strongest vibrations of the tuning fork

anywhere on the left limbs; there is considerable loss of apjireciation even over the left malar

bone as compared with the right.

Sensibility to pain.—When the left hand is pricked she replies at once :

"
Oh, that is ten times

worse than on the right; it sends a pain right up to my elbow."
" The prick is not at all the

same as on the right ; on the left it goes all over my hand, while on the other side it stays in the

one place." "It is horrible on the left; it is a dreadful burning pain." Every prick on the

affected hand provokes an intense reaction and the patient is most reluctant to submit to it.

There is apparently little or no persistence of the sensation evoked.

Similarly on the left side of the face, of the chest, and on the leg, pricking produces an intense

reaction and more pain and discomfort than on the right side, and the pain spreads widely from

the spot stimulated. She has asually little or no idea of the locality of the spot that is

pricked.

On testing with the algesiraeter it is found that the threshold for pain appears to be slightly



ifjhl {normal).



620 STIDIKS IN XKl HOLOCiV

artcc'ted side, Itiit slic .-('ciiis ti) Iwnc ;» very iin|ifTl't"cl Unow Icdj^c nl' I lie silual ion of |)aiiiful

i^tiim.li.

Afiprcciiillon of url(jlil is also coiiiijlfU-ly lost, wlu'tlu'r tt'sU'il on llic suiipoiti'd or iiiisii|)|)ort(.'d

hiuul. She cnnnot recognise niiy dilTerenoe between an einj)ty case weigliiM<:; T) gun. and (lie same

case containing ">(»() grni.

RfC(t<liillioii ofform is conn)letely abolished in tlie left hand.

t>\ving to the extreme tactile insensibility the cotnpa.t.'i lest could not be carried out, and it

Mas impossible to test i>>/cr, shape, or le.vhirc.

('n,^e 11.—An instance of the thalainir siindriune where states of emotion were manifested on the

offected half of the body />// increased inrohitituri/ movements mid disagreeable sensations.

Mrs. A. R., aged 52, lias been under the care of one of us (H. H.) for the past four years. In

VM)'2 she began to notice tremor of the right arm and the right leg. Three months later, whilst

talking at the telephone, she suddenly fell; she found she could not move the right lindjs, but

does not think she lost consciousness. She remained in bed a week. The loss of power passed
otT rapidly, but she then discovered she had lost control of the limbs of the right side, ])robably
in consequence of the loss of sensation; for from that time she found she was not aware of the

l>osition of the right limbs when she could not see them, as in the dark or when her leg was under-

neath the table. For a day or two after the stroke she had no
"
feeling

""

in the affected half of

the body. l)ut sensation returned rapidly and slic then began to suffer from pains throughout this

side. The involuntary movements w hich had existed before the stroke returned more vigorously
with the recovery of ])ower. S])eech was never affected, there was no diploi)ia. and the functions

of the sphincters were not disturbed.

CoxuiTiox IX 1910.

She is a healthy-looking, vmusually cultivated and intcUigcnt woman. The circulatory system
is unaffected, the vessels are not thickened, arterial tension is not raised, and the uiine does not

contain sugar or albumen.

Special senses.—Vision, smell, and taste are unaffected, but hearing is slightly diminished on

the right side.

Ordinary sounds, such as the note of a tuning fork or the sound of a bell, produce no abnormal

effect, but all music that is capable of stirring her emotions excites the unpleasant sensations in

the right half of the body. She has always been musical and, uji to the time of the stroke, enjoyed

good music intensely^; but since the attack all such music excites the uncomfortable sensations

in the I'ight half of the body and exaggerates the involmitary movements. The singing of a so-

called comic song leaves her cold, but serious music is so intolerable, owing to the sensations

it produces throughout the right side of her body% that she is obliged to leave the room.

Cranial nerves.—The functions of all the cranial nerves are unaffected; the pupils are equal

and react well to light and on accommodation.

Motor system.
—The left limbs are normal. The muscles of the right limbs are equal in size

to those of the left. The tone of the leg is slightly greater on the affected side, but there are no

contractures. All movements are possible, and their range is good, excepting those of the toes.

The strength of movements of the right lower extremity against resistance is somewhat less than

of the left, dorsiflexion of the foot being especially feeble. The grasp of the right hand is not quite

so strong as that of the left, but there is no paralysis or contracture of the limb. Constant

involuntary movements of the different segments of the right limbs are present, due apparently

to alternate contractions and relaxations of muscles and their antagonists. This tremor, whilst

it aft'ects any one segment of the limb, seems to be fairly regular in rate and amplitude, but it

frequently spreads from one part to another, or may affect several segments at the same time.

It is greatly increased by voluntary movement or by any^thing that leaves a segment of the limb

unsupported. She is unable to control this tremor voluntarily.

Befle.ves.
—The tendon-jerks are brisker on the right side than on the left but ankle clonus is
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not obtained. The plantar rellcx on the k'ft foot is of tlie liexor type; therein little doubt that

the reflex from the right sole is also normal, but any attem))t to elicit it from this foot produces
so violent a movement of withdrawal of the whole of the leg, and evokes so much discomfort,

that it is difficult to investigate.

Spontu))eous sensulioiis.—She complains of many tlitferent abnormal sensations in the right

half of the body. The right hand seems swollen and cramped, "as if I had been riding a pulling

horse," and the toes of the right foot feel as if they were eiuied up undeiiieath.
"' The foot seems

round and not flat on the ground." As a rule there is no spontaneous pain in the affected limbs as

long as she lies quietly in bed, but directly she is up and about a dull aching pain sets in over the

whole of the right half of the body. She also complains of a
"
cokl stinging feeling

"
in the right

hantl, and not infrequently in the right foot. She objects intensely to any one sitting to her

right side, for she then begins to suffer from the same disagreeable sensations in this half of her

body that are evoked by contact. When one of ns placed himself to her right without touching

her, she complained of a soreness all down the side,
" as if you were pulling a dressing from a

wound." This ceased entirely when the observer moved to her left. This phenomenon
seems to be not unconunon in this class of cases and we have met with it in two other

instances.

Tactile sensibility.
—She recognises cotton-wool contacts on both hairless and liair-clad ]iarts

of both halves of the body, but says there is a considerable difference between the sensations

evoked on the two sides :

" On the left it is quite distinct, but on the right it is as if you touched

me more lightly." A tlireshold is obtainable on the right hand with a hair of 70 grm./mm.-, whilst

on the left she had no difficulty in ajipreciating every contact with a hair of 14 grm.; nnn.- On
the affected side, however, the records of serial contacts tend to be confused by the persistence

of sensation.

Roughness.
—As measured by Graham-Brown's instrument, the same amount of protrusion

is required to produce a sensation of roughness on the two halves of the body, but when the same
stinnilus is compared over similar parts she says it is

"
harder and rougher on the left side, but

more uncomfortable and scratching on the right side."

Tickling and scraping.
—When a wisp of cotton wool is lightly brushed across the left ear she

smiles and says it is
'"

C{uite pleasant," but when the right ear is treated in the same maimer she

withdraws and raises her hand to brush the stinuilus away, saying it produces a
'"

harsh and very

unpleasant feeling which seems to open up the soreness of the side." When the left sole is stroked

with the pulp of the fingers she smiles and does not withdraw her foot, but on the right even

the slightest touch produces an intense reaction and she complains that the sensation is extremely

unpleasant.

Vibration is appreciated on both halves of the body, but is shortened, and the tmiing fork

appears to be beatmg more slowly on the affected limbs.

Sensibility to pain.
—Pricks are

"
not so distinct

"
t i the right as on the left half of the body,

and the threshold is slightly raised; but a much greater reaction is evoked from the whole of the

affected than from the normal side. A measured prick of tlie same strength
"

is not so sharp,

but is far more unpleasant on the right side than on the left."

Painful pressure.
—The reaction to the painful aspect of pressure is so intense on the right

side that it is scarcely possible to measure sensibility to this stimulus. Thus, on the normal

palm 5 kg. of pressure are necessary to evoke discomfort, whilst on the affected hand even half a

kilogramme produces an intolerable sensation.

Theritial sensibility.
—There is no defect of sensibility to temperature, and the thresholds for

heat and cold are identical on the two sides. Moreover, there is no exaggerated response to

extremes of heat and cold on the affected side.

Sense ofposition is gravely defective in the right limbs ; she fails to describe or imitate correctly

any position into which the right arm or leg may be placed.

Appreciation of passive movements is equally defective. She can, however, recognise a

passive movement and its direction if the range is sufficiently great, but no movement of
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the U|)|x*r limb is appreciated iintil it has reached at least live times tliat necessary on tlio

noriual siile.
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Localisdtion.—Ahnost as gooil results were obtained on tiie right as on liie normal iialf of the

body witli the usnal tests, but she is somewhat slower, and herself recognises that she was less

certain on the aflfeeted side.

Coi)ipa.sses.
—

Sensibility to this test is considerably affected on the riglit half of the body;
for instance, on the hand a record with the points G cm. apart is defective, wliilc 1*5 cm. gives a

ix^rfect reading on the left jxilm. She is, liowever, able to appreciate the two points when

ajiplied successively. This defect cannot be due to loss of tactile sensibility, for in two long

scries of observations she made the same number of errors with the blunt-pointed compasses as

when sharji ]ioints. which pricked her, were employed.

Appreciation of size is seriously defective, but she is able to appreciate the relative size of two

objects when thej' differ by something over twice the amomit necessary on the normal side.

Appreciation of shape andform.—Although she made no mistakes with our test-objects on the

normal side, she was frequently wrong on the affected hand ; she says,
"
I have an idea of the shape,

but I am not certain." She can recognise many common objects, such as a pencil, scissors, a

watch, a knife and a key.

Case 12.—An instance of the thalamic syndrome where all loud sounds produced great distress

and much increased the involuntary movements on tJie affected side.

Frederick W., aged 65, was admitted into the London Hospital under the care of one of us

(H. H.) in May, 1911. He was an engine-fitter, and was perfectly well until April 15, 1910. On
that day, as he knelt down to tie some heavy objects on to his barrow, he became dizzy and lost

consciousness. He remained imconscious for two or three days with comjilete left hemiplegia.

Movement of the left arm and leg gradually returned ; about a month after the stroke the involun-

tary movements appeared and from this time increased steadily in violence. Since he regained

consciousness he has constantly complained that noises were pecuHarly mipleasant to him, and

at the same time he foimd chat he could not hear so well wdth the left ear ; this seems to have

followed directly on the stroke. Vision was not affected and there was no diplopia at any time.

There was no disturbance of smell or taste.

The pains which are now so prominent a feature of his case came on about three or four wrecks

after the stroke, and have since then increased in severity.

Co^^)ITIO^- in ]May, 1911.

He is a worn-looking old man with thickened vessels and somewhat raised arterial tension.

Otherwise there is no visceral disease. The urine contains no albumen or sugar. He is fairly

intelligent, and as long as he is not exposed to noise is quiet and attentive.

There is no aphasia or apraxia, but when he is excited he shows a curious difficulty in expressing
what he wants to say. He stammers and can scarcely utter a word ; at the same time the left arm
is thrown into violent movement. If he is allowed to remain quiet for a time these movements
subside and he can then enunciate all his words perfectly.

Special senses.—Smell, taste and vision are unaffected. On the other hand, hearing shows the

following changes : If a tuning fork is held near either ear, whilst he is in an absolutely quiet

room, he listens for a few seconds calmly and then becomes more and more agitated; his face

shows obvious signs of discomfort and the involuntary movements of the affected arm become

greatly increased, or they may be started by the sound of the fork. It is difficult to be certain

\
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that the timing fork is a more potent cause of discomfort and exaggerated movement of the

affected arm when i^laced near the one or the other ear, but our impression after several examina-

tions is that it is easier to produce these effects from the left ear. Moreover, he is certain that he

<lislikcs the fork more ^vhcn it is approached to the left car than to the right. Music, of which

he used to be unusually fond, is now intensely disagreeable; even favourite tunes "now work

me up till I can't bear them," and excite the involuntary movements to great violence and

amplitude. On the day he travelled to London the noise of the railway was so intolerable to

him that he attempted to throw himself out of the train. No musical soimds are now capable

of giving him j^Ieasure.

On examination it is found that whispering and the watch are equally well heard in the two

ears, and there is no gross difference between the appreciation of the various tuning forks. The

right meatus is narrow and the left more so; the membranes are slightly grey and thickened, but

there is otherwise nothing abnormal. Thus, though there was a liistory of
"
deafness

"
after the

stroke, no loss of hearing can be now demonstrated in the left ear.

Cranial nerves.—The ocular movements are unaffected and the pupils react well. The right

corneal reflex is brisk, but the left is abohshed. The masseters contract equally. When the

patient is at rest the left half of the face is somewhat more contracted than the right, and the

nasolabial fold is deepened; the two sides move, however, equally in strong voluntary movement,
but in speech irregular overaction of the whole of the left half of the face occurs, including even

the muscles of the forehead. These irregular movements are particularly liable to appear under

all conditions that provoke or exaggerate those of the left arm. The movements of the palate

and tongue are unaffected, but occasionally spontaneous movements are seen in the left half

of the tongue.
Motor System.

—The ri'ght limbs are miaffected. The muscles of the left limbs are not wasted,

their tone is normal and there is no rigidity or contracture. The strength of the arm is excellent ;

any apparent weakness is due to the gross ataxia. As he lies quietly in bed the left hand and

forearm are usually in constant irregular movement; the movements resemble those of a child

that is fidgety, or of a man who is ill at ease when speaking. But, when he is excited by noises

or emotional causes, they increase and become almost fiail-like ; the arm swings around, dashes

against his bed or his body with astonishing violence, and the leg is similarly agitated, though
the amplitude of its movements is less. These movements disappear in sleep, and when he

wakes his limbs are at rest. In addition, all voluntary movements of these limbs are extremely

ataxic. His gait varies with the vehemence of the involuntary movements of the left leg; when

they are slight he can walk without difficulty in spite of the obvious ataxia of the leg, but when

the movements are excited they often become so violent as to prevent him walking.

Reflexes.
—All deep reflexes are brisk but equal on the two sides. Both ijlantars give flexor

responses, and the abdominal reflexes are equal on the .-wo sides.

Spontaneous sensations.—He complains of constant pains o\'er the whole of the left half of

the body, sometimes stationary in the neighbourhood of the great joints, sometimes shooting

through a Umb or over the whole side. They are liable to be evoked by peripheral stinmli that

cause discomfort. He also complains of a
" numbness " down the left half of the bodj-,

"
as if

it had been hurt and bandaged up." The left side and this half of the face seem to him to be

puffed and swoUen, and there is a
"
cold feeUng

"
round the left eye. If he lies on the left side

it seems as if he were "on a hard lump."
Tactile sensibility.

—There is complete loss of sensibility to contacts with cotton wool on the

left arm, left leg and tliis half of the trunk, but he occasionally responds to wool rubbed over the

left ear and forehead. Pressure-touch is also gravely diminished.

Roughness.—He a])preciates roughness, as tested with Graham-Brown's instrument, within

normal limits on the right half of the body, but even when the protrusion is five times this amount

he fails to recognise the scraping of the instrument on the left side. Under these conditions

he merely says,
"
Something is happening to me, but I don't know if you are doing anything."

Tickling and scraping.
—

Although cotton wool may not be appreciated over the left lower
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liinl), ;i wisp ri>|ii'al('(lly niMinl ii\cr the soli- i)ii)iiiii'cs ,i sciis;it inn n\
|i;iiiil'iil

"
1
iiijj;lin{:;

all n\>

the K'jl." W'lii'ii tlif |iiil|>s nf the lingers are jieiitiv drawn over llw liu'lil sole lie smiles hut

reinivins still, luit when the same stiinuliis is a|i|ili((i In llic Idl sole his lace shows ohxioiis dis-

eomfort ami he says.
'" Vou are tieklini; me. Iml it docs not seem any place in |)artieular; it

is a crawling feeling which affects me all up the side." When the left sole is scraped with the

tingei-nails he shows signs of distress and says,
""

1 don't know what you arc doing, hut it alTeets

nic all up the side." Both tiekling and seraping excite and exaggerate the imoluntary movements.

Vibrtition.—The apprceiation of viiuation is totally lost on the left limbs and on the left lialf

of the trunk, and no unpl.Msant sensations are provoked by the a|iplieation of tlie strongly

vibrating fork.

Seiisibilifi/ to pai».
—He generally fails to a|)preciate moderate single pricks on the left upper

limb, but when pricked more liimly, or several times in suceession, he reacts vigorously, describes

the sensation as "something burning," or "a sharp, fiery ])rick," and says it is mueli more

])ainful than on the opposite side. On the chest he replies more fre(piently to a single light prick,

and there is extreme over-reaction to the ])oint of a ])in when, being dragged from right to left, it

crosses the middle line. The tlueshold to piiek is evidently raised on the left side of the face

and on the left leg, but a series of pricks produce the same uneonifortalile burning sensations as

on the affected arm. Pricks on the left side are also
"
more uncomfortable becau.se they affect

me all over." He has no idea of the situation of the pricks; whether on the elbow or on the

back of the hand, they are equally referred to the palm. He also confuses a series of pricks on

the shin with the effect jiroduced by tickling the left sole with the pulp of the fingers; not only
does he confuse the locality of the .sensation, but he has no idea of the dilTerent nature of the

stimuli.

Measurements with the algesimeter also show that the threshold is greatly raised on the

whole left half of the body, excepting the left sole. Here the same strength of stimulus evokes

pain as on the right sole, but the reaction is invariably greater.

Pressure-pain.
—The jnessure necessary to evoke pain is uniformly higher over the left than

on the normal half of the body, but the pain evoked is excessive. Thus, over the normal sole

he complained of pain with a pressure of 3 kg., and at 5 kg. the signs of distress were considerable ;

but on the left sole no pain was produced until the pressure had reached at least 5 kg., and yet

he complained that this stimulus was much more uncomfortable on the left than on the right sole.

Thermal sensibility.
—All appreciation of temperature is abolished on the left half of the

body. Ice produces an luicomfortable sensation over the affected parts, which he describes

"as if something pricked me and made me jump," and the reaction is greater than from the

normal side. Xo temperature between 10° C. and 50° C. produces any reaction.

Sense of position and of passive movement.—He is totally unable to recognise the posture or

passive movements of the left limbs, and makes no attempt to say in what direction they are moved.

Localisation.—He has lost the power of recognising the locaUty of all stimuli, including

prick and painful pressure. He can generally recognise in which limb ])ain is evoked, but has

no idea what part of the limb the stimulus affects.

Compasses cannot be tested owing to the gross loss of tactile sensibility.

Appreciation of weight.
—He is miable to ajjpreciate weight in the left hand and cannot even

recognise the difference between 30 and 700 grm., whether the hand is sujjported or not.

The power of appreciating form is also abolished in the left hand.

Visceral sensibility.
—There is no doubt that the left testicle is less sensitive to pressure than

the right, but when pain is evoked by squeezing it strongly he says,
"
It feels sharpest on the

right, but I would rather you did not squeeze the left."

Case 13.—An instance of the thalamic syndrome tvhere the loss of sensation was extreme and the

thresholds for all painful stimuli, including the pressure-algometer, were greatly raised.

Thomas G., aged 43, was admitted to the National Hospital, under the care of Dr. Turner,

in August, 1910. On May 4, 1907, whilst at work,
"
a numbness

"
appeared in the right foot

\
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and gradually spread up the right half of the body. During the next half-hour he found his

right arm and leg became weak and liis speech was alTected. He was taken to a hospital and

remained there in bed for nearly seven weeks. Speech returned rapidly, and the loss of ])ower

in the limbs gradualty passed off. About eight months after this stroke the right limbs began

to shake : the involuntary movements have always been worse in the arm. The stroke produced
immediate loss of sensation in the right half of the body ; but the pains and the tingling did not

set in till some months later. The special senses were not affected by the stroke.

Condition in September, 1910

He is thin and prematurely aged; his radial vessels are thickened and tortuous, but the

pulse-tension is not raised. Urine is of low specific gravity and contains no albumen or sugar.

He is illiterate, but answers well to direct tests; although he becomes tired easily, his memory
is fair. There is now no evitlence of affection of speech, or of ajjraxia.

Special senses.—Smell, taste, hearing and vision are vmaft'ected.

Cranial nerves.—The functions of all the cranial nerves are normal, except that the right

corneal reflex is much diminished.

Motor system.
—The left limbs are unaffected. There is a general increase of tone in the

nuiscles of the right limbs and slight rigidity, but the range of movement is not restricted and there

are no contractures. The strength of all movements is remarkably good, and there is little

difference between that of the limbs of the two sides ; even isolated movements of the right fingers

can be easily performed, but more slowly and awkwardly than on the left side. All movements

of the right limbs are, however, very ataxic and accompanied by a definite intention tremor.

But in addition the limbs of the right side are the site of involuntary movements, wliich

usually take the form of a tremor that is irregular in both amplitude and rate. This tremor is

most evident in the distal segments of the limbs, but is present even at the shoulder and hip.

Occasionally, more irregular movements, which can be described as choreiform, also occur;

these are increased on any attem|)t at voluntary movement. He walks fairly well but holds

the right leg rigid, and its movements are ])oorly directed and co-ordinated.

Rejlexes.
—All the tendon-jerks are increased on the right side as compared with the left,

and ankle clonus can be obtained, but both plantar reflexes give flexor responses. The abdominal

and ciemasteric reflexes are obtained on the left side but abolished on the right.

Spontaneous sensations.—He complains of pains throughout the whole of the right half of

the body, which are not only constant but are subject to intense exacerbations wliich last from

three to four hours. These are ])articularly severe in the face and at the back of the eye. He

also suffers from
""

pins and needles
"

in tlie light hand and the right foot, which arise without

obvious cause. The right arm seems
" numb

""

as high as the elbow, and the right leg up to

the knee.

Tactile sensibiUlij.
—Over the whole of the right half of the body antl the right limbs there is

considerable diminution of tactile sensibility. Even when cotton w'ool is rubbed across the pait

his answers are irregular and he often fails entirely to appreciate the stimulus. Sensibility to

pressure-touch is also much diminished.

Tickling and scraping.
—On tickling the sole of the left foot a strong reaction is obtained, but

the sensation is not unpleasant; but from the right sole the sensation is distinctly unpleasant,
"
as if your nails were cUgging into my flesh," and the movements which constitute the reaction

are more extensive and violent than those which occur on the normal side. There is a similar

difference on gently tickhng the two palms. If these iJarts are scraped the difference is even more

pronounced.

Vibration.—He cannot appreciate vibration on the u])])ei' limb, and the sensation produced

by tlic timing fork is greatly diminished on the right half of the chest and the right leg and foot.

Ko unpleasant sensations are evoked by this stimulus.

Sensil)ilifi/ to pain.
—

Sensibility to prick is greatly diminished on the whole of the right half

of the l)ody; on the upi)er extremity he fails to appreciate many strong pricks. While 2 grm.,
VOL. 11. U
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as moiUsimHl \\ iili tho algcsinutcr. t-vokinl ;i sensation of |iriokiiig on tlic lilt li.ind, 22 gnn. was the

niiiiiinuin i)it\>surc that ooulil cvoko i)aiii on the right. MonoMr, lie .ilways asserts that a

]>in pritks him more, and is more ]iainful, on normal than almonnal parts, hut at the same time

the reaetioi\ evokeil is eonsitleralily greater fioni the al>nornial side. The un[)leasant sensations

spreail widely on the affected parts. On the leg, however. anIhk- the loss of sensation is less,

the j»ain and diseomfort, as well as the reaction, aie greater on tiic al)n(>iinal side.

Pn\'<sure-pnl)i.
—The readings of the pressure algometer are higher on the right half of the

body than on the left, exeept on the sole of the foot; here half the pressure required on the left

side i)roduees pain on the right, and he objects more strongly to it.

Thermal sensibility.
—On the whole of the left half of the body, excejit the face, sensibility to

temperatm-e is completely abolished. Ice, and water at 60° C, cannot be distinguished, but

both evoke painful or more imcomfortable sensations than on the normal half of the body.

Settse of jxy.^iilion and the oppreciafion of passive movement are completely abolished in the

right limbs; thus even a movement of 90° at the right elbow fails entirely to produce any
sensation.

Localisation, the compasses and the appreciation of size and shape cannot be tested owing to

the gross loss of sensibility.

He fails to recognise any of the ordinary test-objects iorform ; and on testing for the apprecia-

tion of tceight it is fomid that he cannot recognise even 200 grm. placed in the light hand.

Visceral sensibility.
—On compressing the testicles gently, not onlj' does he say that it is more

painful on the abnormal side (right), but the expression of diseomfort and the reaction are

excessive compared with that from the left.

Case l-l.—To illustrate the consequences of removing a small portion of the cortex in the region

corresponding to the motor centre for the arm and hand.

Reginald H. This is the patient from whom Sir Victor Horsley removed a portion of the

precentral gyrus in March, 1908, at the age of 14. He formed the basis of the Linacre Lecture

[54] in 1909. Omng to the kmdness of Sir Victor Horsley, to whom we are much indebted,

we have been able to examine this patient from time to time between April, 1908, and the present

date (1911). Our most complete observations were made between October, 1909, and October,

1910.

For the nature of the operation and the structure of the tissue removed we must refer to

Sir Victor Horsley's account; but, roughly speaking, the part removed contained the foci from

which movements of the left upper limb could be excited by electrical stimulation at the time

of the operation. It consisted of a portion of the precentral gyrus, 4^ cm. in vertical extent,

with its middle point somewhat above the genu of the fissure of Rolando. In tliis accovmt we
shall summarise his condition subsequent to October, 1909, for since that date the signs and

^ symptoms have showTi no material change.

He is an extremely intelligent youth, a good witness, and wiUingly submits to prolonged

examination.

Special senses.—Smell, taste, hearing and vision are unaffected.

Cranial nerves.—^Tlie functions of all the cranial nerves are carried out normally'; the move-

ments of the face are symmetrical and the tongue is protruded straight.

Motor system.
—The bulk of the muscles of the left forearm and hand is slightly less than

that of the right, and their tone is distinctly increased. The limb is rigid, but there are no

organic contractures. Voluntarj' power is considerablj' diminished in the left arm, more par-

ticularly in the fingers, but at the shoulder and elbow the movements are of fair strength and

good range. He walks normally and can even play lawn-tennis ; there is no difference between

the strength or the tone of the mnscles of the lower extremities.

Reflexes.
—The arm-jerks are exaggerated on the left side, but the knee- and ankle-jerks are

equal, and both plantar reflexes give flexor responses.
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Sponlaneous sensations.—He complains of no spontaneous sensations, except that when the

arm is cold it
"

feels mimb."

Normal hand (Right). Affected hand (Left).

2^cJrm./mm' I I I I I I I I i O I I I I I I

21 cjrm./mm' O I 1 1 1 1 1 1 I 1 1 1 O 1 1 1

23 grm./min^ II 1 1 I I I 1 1 1 1 I O 1 1 O
35 grm./mm' '.. 1 1 I I 1 1 I 1 1 M I 1 1 1 ! !

lOgrm./mm
=

^ 1 1 I I i I 1 1 i 1 1 1 I i 1 1

100 gim./mml 1 1 I 1 1 1 1 1 1 1 1 I 1 1 O I

23 grm. jmm = OlllllOIIOIIOOIil

35 g,m. /mm'' 1 1 1 I 1 1 1 1 1 i i 1 1 1 1 1 1 O
70 grm. Imm"' 1 1 1 I I 1 1 I 1 1 1 1 1 1 1 I

23 grm. /mm' OO I IIIIIOIIIIOIO

21 grm./mm^ II 1 1 1 I 1 1 1 1 1 1 1 I II

2^grm./mm"- I I I I I I I I I 1 1 1 1 1 I I

23(//m/m/)r II I II MM II mil,

3bgrm./mm"- 1 1 I I II 1 1 I 1 1 1 1 1 1 1

10 grm. /mm"- 1 1 1 1 1 11 II I 1 1 1 1 II

^00 grm./mm' 1 1 I I I I 1 1 I 1 1 I 1 1 ! I

To illustrate a set of records obtained in Case 14 when the hands were stimulated with von Prey's
hairs of dilferent strengths. On the affected side a threshold could be obtained, but the records were
disturbed by hallucinations and other irregularities. His answers from the normal laand were remarkably
con-tant.

Tactile sensibility.
—On the normal hand and on both feet a perfect series of answers can

be obtained with a hair of 21 grm./mm.^; but on the affected hand the answers are slower and
less constant, the sensation of contact tends to persist after the removal of the stimulus, and
hallucinations frequently disturb the records. It is possible, however, with care to obtain evidence
of a definite threshold.

HougJmess and vihration are appreciated equally on the two sides, and measurement gives
the same threshold for both on the two upper extremities.

Tickling and scraping are equally aijpreciated on the two hands and arms.

Sensibility to pain.
—Careful measurements with both the prick-algesimeter and the pressure

algometer fail to reveal any difference of threshold for pain on the two upper limbs, or elsewhere

on the bod}-. Further, the reaction of the two sides to painful stimuli is identical.

Thermal sensibility.
—There is no demonstrable alteration of sensibihty to temperature, and

the thresholds for heat and cold are identical on the two hands; thus, on one occasion the

neutral zone lay between 28° C. and 30° C. on both palms and the palmar aspects of the fingers.
There is no abnormal reaction on either side to the extreme degrees of temperature.

Sense ofposition.
—The power of recognising the position in space of the left arm, and especially

of its distal segments, is gravely defective. Thus, if it is placed in any position, when his eyes
are closed, he has difficulty in finding the index finger, and even if he succeeds in striking some
other portion of the hand, such as the middle linger, he cannot immediately discover the index

finger from its relative position. Examination with Horsley's ])late demonstrates this defect

very clearly. He visuahses strongly and obtains a clear mental picture of both hands. When
his eyes are closed this mental picture of his normal hand alters with movement of any part of

it; thus, if the index is flexed he sees the finger in its new position. But under the same con-

ditions no amount of passive movement alters the mental picture of the left hand; consequently
he refers any sensation evoked on the hand, after its situation has been altered, into its old
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position ill s|>iu'c. For iiistaiuo, lie was askt'tl to lay Ills hand dii the talilc; after liis eyes wore

closed tlio filuiw was tlcxi'd passivi-iy to a ri;;lil aii^ilc and when it liad Iti'cii suiiportcd in tliis

}>osition for soriio tiini- various stimuli were ai)i)lied to it. In his visual i)icture tiie iiaiul still

lay on the table, anil, when a.sked to point with his sound index finger to the spot stimulated,

it was in this direction he first attempted to lind it.

He lias a perfect knowledge of the jiosition of the various segments of tiie left lower extremity.

Appreciadon of passive viorenioil is gravely atTected at all joints of the left ui)|)cr extremity

below the elbow, but more particularly in the fingers of the left hand.

Index finger

Elbow

(
I'lexion

I

Xormnl [Right).

2 2 2 2

A(/>ckd(L(il).

1'.

t Extension
|

2 2 :?

I
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|
U I^

(^
Extension

|

u n
2 2 I U

4U+ 50+
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he double iicxture of the stimuhis without difficulty. This was well shown by a series of observa-

tions in wliifh the compass ])oints were so applied that each fell on adifYerent finger; when they
were applied simultaneously, for instance to the index and middle fingers, he never recognised

the double stimulus, or that he had been touched on two fingers ; but as soon as a fraction of a

second was allowed to elapse between the contact of the one point on the middle finger and the

other on the index, he at once recognised that he had been touched with two jjoints, and that

they had fallen on two fingers. This is true for all the fingers.

Appreciation of iveight is gravely disturbed on the left luunl, whether the limb is supported
or unsuijported; he cannot even recognise with certainty the addition or removal of weights,

such as 100 grm., to or from a weight of 15 grm. resting on the palm.
The power of ap])reciating size, shape, form in three di)nensions, consistence and texture is

lost in the left hand, and he complains that the test-objects do not seem to have shape or form.

On the normal hand his power of recognising these tests is remarkably good.

Case 15.—To illustrate the effect upon sensation produced hy removal of a portion of the cortex

in the right parietal region.

George JNI., aged 48, formerly a foreman on a railway, is at present an out-patient under

the care of one of us (G. H.) at the National Hospital. In August, 1905, he was admitted to

liospital under the care of the late Dr. Beevor with the symi)toms of an intracranial tumour.

In May of that year he first had* an attack of left-sided convulsions, which began in the hand

and later aft'ected the leg and this side of his face ; the convulsions were preceded by numbness

of the hand. This seizure was followed by others wliich seemed to have been exactly similar,

and to have recurred at cUminisliing intervals. He suffered from a little headache on the right

side of his head, but did not vomit.

On admission to hosiMtal slight optic neuritis was present m both eyes, but no other abnormal

signs could be found except a slight chminution of sensation on the left hand and forearm, affecting

chiefly the sense of position, with
'"

astereognosis." The reflexes at that time were normal.

As the optic neuritis increased, and some weakness of the left arm develoi^ed, he was operated on

by Sir Victor Horsley on October 31, 1905, and a large gumma attached to tlie tiura mater was

removed, with a part of tlie subjacent brain tissue to the dei^th of 2 cm., from over tlie rigiit

inferior jiarietal lobe; it probably involved the lower half of the postcentral gyrus and a part
of the supramarginal convolution, and at its inferior argle it extended frontalwards over the

fissure of Rolando. The tissue removed was almost circular and measured 6 cm. in diameter.

This description of the site of the operative lesion can be confirmed at the ])resent time by careful

measurements of the trephine opening in the skull.

l"or a time after the operation there was considerable weakness of the left arm, reacliing

complete paralysis in the hand, and much disturbance of sensation, especially of the sense of

position, in this limb. There was also complete left hemianopsia. The paralj^sis and the sensory
disturbances thnnnished considerably, and in the followmg description we shall summarise the

observations made on his state between October, 1910, and the present time.

Condition in 1910 to 1911

Since the operation he has suffered at rare intervals from slight left-sided epilo[)tiform con-

vulsions, for which he remains under treatment. In making the following observations we have

been careful to avoid periods in which there was a risk of confusion from postepileptic phenomena.
He is an intelligent man, and is now actively engaged in selling newsjmpers. His memory

and attention are good, and he submits wilhngly to protracted examination. Speech is not

affected, and there is no apraxia. SmeU, hearing, and taste are unaffected, and at jJrcsent the

visual fields are not contracted.

Cranial nerves.—The functions of the cranial nerves are unatTected, except thai the volitional

movements of the left angle of the mouth are a little slower and weaker than on the right, and
that the tongue is i)rotiuded slightly to the left.
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Motor sifslem.
—The right limbs air in t'vcrv ri'sjH'it unalTfcti'd. Tlu re is a slight general

wasting of tlie muscles of the left hand and forearm. Imt otherwise those of tli(> two sides are

equal in bulk. The tone of the musoles of the arm. ant! to a less extent of tliose of the leg, is

increased, and the rigidity of tlie limbs oilers a considerable resistance to passive movement;
there is also a tendency to contractures, especially in the arm, but the range of voluntary move-

ment is fair. The strength of all the arm-movements is diminished, but the leg is almost as strong

as its fellow; the movements are awkward and slow, but not definitely ataxic. No involuntary

movements occur. CJait is almost natural, but he drags the left foot when it is cold and numb.

Reflexes.
—The left arm-jerks are exaggerated, and the left knee-jerk is a little brisker than

the right Ankle clonus camiot be obtained, and both plantar reflexes give flexor responses.

Spontaneous sensations.—He complains of a numbness or
"
a slce])v feeling

"
in the left hand,

esix^cially in the fingers ; here it is constant but varies in intensity. There is also some numbness

of the left leg, chiefly over the foot. When he wakes at night he docs not know tlic j)()sition of

the left arm mitil he touches it or moves it about. He has no visual memory, and when he

closes his eyes he sees no mental picture of either hand.

Tactile sensibility.
—He cannot apprcciafc cotton wool touches with certainty on the hairless

parts of the left hand, and even on the hair-clad parts many stimuli evoke no response. This

diminution of sensibiUty grows less towards the proximal portions of the limb, but he states

that over the whole left upper extremity sensations of contact are
"
duller

"
than over similar

parts of the right side. On the right hand a hair of 21 grm./mm.- is obviously above the threshold,

and 23 grm. mm.'- gives perfect readings; but on the left hand his answers are irregular and

tend to be disturbed by hallucinations and persistence. Moreover, although he can appreciate
21 grm./mm.- on the affected hand, increasing the strength of the stimulus makes no constant

improvement in the proportion of correct answers.

Normal hand (Right). Affected hand (Left).

21 grm./mm"- 1 1 II 1 1 1 OOI lO I H I

23grm./mm' 1 1 II 1 1 lOI 1 1 1 1 I II

21 grm. jmm^' IIIIIIOOIOOIIOOO
23 grm. /mm^' IIOOIIOOIOOOIOIO
35 grm. /mm"- „ „ JOOOIOOOIOOOIOIO
70 grm./mmr _„ II lOIIOOIIIOIOOO
1 00 grm, /mm\ IIOOIIOOIIIOIIOO
21 grm. /mm^ O IIOIOOOOOIOIIIO
23 grm. /mm' IIIOIIIOIIIOIIIO
100 grm./mm"- I MO I I I I 1 1 1 I I 1 1 O

To show the results obtained when the affected hand is stimulated in a consecutive series with von

Brey's hairs of different strength.

Even the application of 32 grm. on a disc 3 mm.- could not evoke a perfect series of repHes,

although he was sensitive to the contact of the same instrument weighted with 2 grm. {vide

p. 573). Thus it is obvious that in this case a tactile threshold cannot be obtained to measurable

stimuh.

Roughness.
—The threshold obtained with Graham-Brown's instrument is identical on the

two hands, and there is no difference in the reactions evoked.

Tickling and scraping.
—There is no difference in reaction from the two sides, but he says

that cotton wool rubbed across the hair-clad parts of the left hand tickles slightly less than on

the right.

Vibration.—The tmiing fork is appreciated everywhere, but the sensation it evokes .eems

to him fainter on the affected than on the normal hand. Moreover, vibration can be appreciated

on the right hand for several seconds after it no longer causes a sensation on the left.
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SensihiUtjj io pain.—He can appreciate the prick of a pin everywhere on the affected side

of the bod}- but says,
"

It is not quite so sharj), and not so plain
"

as on the normal side. This

want of
"
plainness

"
on the left hand and forearm is associated with an apparent shght raising

of the threshold to measured pricks ; this is more probably due to an affection of the discriminative

rather than of the painful elements of the stimulus. There is no dilTcrencc in the affective reactions

from the two sides.

The readings of the pressure algometer are identical on the two halves of the body.
Thermal sensibility.

—To the ordinary clinical tests sensibility to heat and cold appears to

be unaffected, and there is no difference in the reactions from any pa it of the two sides of the

body. But more careful examination shows that the neutral zone is considerably enlarged
on the left hand; thus on one occasion it lay between 29° C. and 31° C. on the normal hand,
whilst on the affected hand all temperature between 27° C. and 36° C. seemed to be neither hot

nor cold. jSTot only is the range of the neutral zone increased, but the responses from the affected

hand, compared A\-ith those from normal parts, are slow and irregular. JMoreover, the power
of comparing two thermal stimuli applied either together or in sequence to the left hand is

diminished; for instance, although he can distinguish with certainty 40° C. and 50° C. on the

normal hand he is often unable to say which is the warmer to the left hand, although both

appear to him to be warm.

Se7ise of position.
—He is unable to recognise accurately the position in which his left hand

and arm may be i)laced, and the sense of posture is also gravely defective in the left lower

extremity.

The appreciation of passive movement.—Passive movement of the fingers and wrist caixnot be

appreciated even when they reach the extreme range possible without exerting tension on the

muscles. He can recognise movements of large range at the elbow, but they must make an angle
of at least 60° before he can recognise whether the joint is flexed and extended. Even at the

shoulder a large range of movement is required for aiipreciation.

Localisation.—When examined by naming, or by our modified Henri method, localisation

was found to be seriously affected on the left iq^per limb : out of fifty-three contacts on the

left hand, twelve only were correctly jjlaced, while on the normal hand he made no error in

forty-five tests. This defect is equally evident when pricks are substituted for tactile contacts,

and consequently it camiot be due to the disturbance of tactile sensibility.

Compasses.
—The power of recognising the two jioints in this test is completely abolished

on the left hand and forearm, whether they are applied s.multaneously or successive^. More-

over, the records are equally bad whether we use the ordinary blunt jjoints or replace them

by needles, so that every contact jaroduces a prick.
'

Thus, on the dorsum of the right forearm a perfect reading can be obtained with the points

separated to 4 cm., while on the affected forearm he fails to discriminate them when 20 cm. apart,

even when they are aj^plied with an appreciable interval between the two contacts.

Appreciation of weight.
—The power of appreciating weight, even on the normal hand, is not

acute. He can recognise the difference between 60 and 100 grm., but he is not uniformly correct

with 120 and 200 grm., when these weights are applied successively to the normal hand. But

in spite of the comparatively high threshold on the normal hand, the difference between the

two hands to this test is very striking; for instance, when 30 grm. was placed on the fully

supported left hand he recognised the contact, but not that the object had any weight, and e\en

when 600 grm. was added to it and then removed he simply said :

" You have moved the tiling

in my hand," and did not know that the weight had changed. When 00 grm. was placed in the

normal hand and he was asked to compare it with the same weight in the affected hand by

weighmg with the unsupported hand, he said :

"
There is a weight in the right hand only."

Appreciation of size, shape, form and consistence.—All these faculties are entirely abolished

on the left side. Moreover, he insists that in every case he can
"

feel
"

the test-objects jilaced

in his hand, but he
"
has no idea

"
of their size, their shajjc, their form, or their consistence.

Visceral sensihility, as tested by pressure on the testicles and examination of the sensibility

of the glans penis, is unaffected.
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Case 16.—To illitnlralc the seuftonj changes found tweutij-three years after an iiijiinj In tin- Irfl

cerebral hemisphere.

Arthur William T.. aged 42. is an oul-pationt uiuler Ihe caro of one of us ((I. IT.) at tlir National

Hospital. H(> was an oOiror in the nicn-hant sorvifc. Jn A[)ril, 1887, lu> fell down the hatch-

way of a ship, injuring his head, and lay unconsrious for three weeks. Wlien he regained con-

sciousness he was in a hos])ital in San Francisco; his riiilit lirniis weic j)araly.scd and he was

unable to si)eak. During the live months he remained in hosi)ital he regained some power in

the right limhs. On the voyage home to luigland he began to sulTer with convulsive attacks

which afVccted the right Iiand and the right side of his face. He was admitted to tlie National

Hospital umler the care of Dr. Ramskill in November, 1888. There was then slight weakness

of the right side of his face and considerable hemiplegic i)aresis and rigidity of the right lindts,

with contractures of the lingers of the right liand. The riglit knee-jerk was brisker than tlie

left, and right ankle clonus was obtained. While in hos])ital he had several localised iits, which

began either in the right thumb or in the lingers of the right hand; in .several the convulsions

"were limited to the liand, but in others the right side of the face was also affected.

On Ajiril '2. 1SS9. Sir Victor Horsley oiicratcd and found a fracture of the skull which ran

from before bai-kwards across the fissure pf Rolando. A large portion of the skull was removed,

fii-st over the region of the motor centres for the thumb and lingers, and then upwards to within

2J cm. of the middle line. The dura mater was adherent to the cortex and a subdural cyst was

found at the posterior part of the opening. After the cortical vessels had been ligatured a ])ortion

of the damaged cortex, about 5 cm. in diameter, was removed; this included, as far as could

be determined, the centres for the fingers and thumb.

CONDITIOX IX 1910

He still suffers, at rare intervals, from local fits in the right hand, which occasionally spread

more widely-. Our observations were made for the most jmrt in 1910, and we shall summarise

in this account his condition towards the end of that year. There is at present no asjihasia or

apraxia ; he is educated, fairly intelligent, and spends much of his time in playing chess matches.

Special senses.—Smell, taste, hearing and visual acuity are normal and the visual fields are

not restricted.

Cranial nerves.—There is slight weakness of the right side of the face in voluntary movement,
and the tongue deviates slightly to the right, but the functions of the cranial nerves are otherwise

normal.

Motor system.
—The right arm is smaller than the left and its muscles are firm and rigid;

the wrist and fingers are held in a permanently flexed position, and contractures limit the range

of passive movements at all joints. There is no power of movement of the fingers and hand,

excejit that the fingers can be slightly flexed as a whole. Pronation and supination are imjios-

sible, and flexion and extension of the elbow are restricted and feeble; he can carry out all the

movements, except rotation, of the right shoulder, but they are feeble and he cannot bring the

arm into a horizontal position. Voluntary movements of the right foot are also lost, but those

of the knee and hip are fair in range and power. There is considerable rigidity of the whole

Umb, but no contracture excej^t of the calf-muscles. He walks with a typical hemiplegic gait;

the right leg is advanced by circumduction and he tends to drag the foot.

Reflexes.
—AU the deep reflexes are exaggerated on the right side and ankle clonus can be

obtained ; the right plantar reflex gives an extensor response, and the abdominal reflex is much

diminished on this side.

Spontaneous sensations.—He is not a good subject for introspection, but he says he thinks

that the right arm and leg
"
go to sleep more easily than the left

'"

; when he wakes up at night

he is imable to find his right hand until he has groped for it. He has never experierced pain

or tingling in the affected side.

Tactile sensibility.
—When a wisp of cotton wool is rubbed across the affected hand he appreci-

ates most of the contacts, even on the palm, but he says that
''

the feeling is weaker
" on the
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right than on the left, and tliat
'"

it seems ]ilainer
" on the normal hand. There is no similar

difference between the two lower limljs, where he appreciates contacts as constantly on the

right as on the left. He has a high thieshold to von Frey's hairs on the normal hand, but on the

affected side no threshold can be obtained even to 100 grm./mm. To the weight-sesthesiometer

he gives a peifcct series of answers on tlie left hand with a pressure of 2 grm., but on the affected

•a threshold cannot be obtained even with a pressure of 32 grm., altliougli he responds to 2 grm.

Moreover, mcreasing the strength of the stimulus makes no ajiiircciable difference in the i)ropor-

tion of right answers; in fact, a better reading was obtained with 2 grnv. than subsequently
with 32 grm. With von Frey's hairs there is a great tendency to jiersistence and hallucinations,

but this is much less evident during testing with the wcight-a>stiiesiomcter.

Roughness.
—With Graiiam-Brown's inst rumen t the same threshold is obtained on the two hands.

Vibration is everywhere appreciated, but on the right hand he said
"

it felt weaker "
than

on the left, and the period during which it can be appreciated is considerably shortened.

Tickling and scrajnng.
—To tickhng and scraping there is no difference between the i)alms,

or the soles of the two feet.

Sensibility to jxtin.
—When repeatedly pricked in any one area with a jjin he says

"
it is

stronger on the left side than on the right, but it does not hurt me more." Occasionally, too,

he finds the prick
"
sharper

" on the left hand. There is, however, no chfference in thresholds

on the two sides to measured prick or to piessure-pam.
Thennal sensibHilij.

—^The paralysed liand is usually blue and cold and is, therefore, unsuitable

for the ffner testing of thermal sensibility; but in spite of this he is able to recognise cold up to

15^ C. and heat from 45° C. upwards. More satisfactory observations can be obtained from

tlie arm above the elbow. On the normal side the neutral zone lies between 27° C. and 32° C,
whereas on the affected side it extends from 25° C. to 38° C. He comi^lains that he can

''

feel

warmth and coldness quicker on the left side than on the right," and adds,
"
I have to wait a

minute to be sure on the bad side."

Sense of position.
—The power of recognising the sense of position of the right upper extremity

is lost; he has no idea where it lies in sjiace. There is also considerable loss in tlie right lower

extremity, es])ecially below the knee.

Appreciation of passive movement is also lost in the right fingers and wrist and is )nuch

diminished at the elbow; here a movement through an angle of even 60° was occasionally not

appreciated, and the smallest movement he was able to recognise exceeded 40". At the normal

elbow he is always able to recognise a movement of 3°, ^'id not iirfrequently indicates correctly

the direction of a movement that does not exceed 2°.

Localisation is remarkably accurate on the normal hand Ijut is gravely affected on the right.

When tested by the nrodified Henri method, he says to every contact, that he can feel it but has

no idea where it is.

Compasses.—Readings on the doi'sum of the hantl and on the fureaini showcil that the power
of discrimirrating two jjoints is completely lost on the affected side, whether the two contacts

are made simultaneously or successively.

Appreciation of loeight.
—He is comjjlettly unable to recognise the difference between two

weights in the supported or unsu])ported hand; thus if equal weights arc placed in the two

hands he is conscious of the weight on his left ])alm, but does not recognise that the object on his

right has any weight. Even when 500 grm. are placed in his affected liaiul he recogiiLses that

something is in contact with it, but does not appreciate that it is a weight.

The appreciation of size, shape, form in three dimensions, and the recognition of familiar objects,

are abolished in the right hand, although to all these tests he is accurate on the nornuil side.

Case 17.—To illustrate the application of our methods to a 2'x'dient with aphasia due to the

removal of a portion of the cortex in the left parietal region.

Edmund M., now aged 46, is at present an out-patient under the care of one of us (G. H.)

at the National Hospital. He was admitted to the hospital under the care of Sir William Gowers
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iti May. l!K>t. complaining of lioadachc, vomiting, lils, weakness of tlio right arm, and (iiniculty

i>f s|K'e(.'li. Tliosc symptoms began eleven months before admission. Jn most ol tlic lits he

lost eonseioiisness without loeal eonvulsions, but during the few weeks previous to admission

he had had seizures which began m itli twitching of the right lingers; after these sligliter attacks

s|)oech was particularly alTi-cted. Several of these occurred when In- was in hospital, but

eonvulsions were not ob.^icrvcd in any of them.

At that time he showed distinct signs of aphasia; the right upi)cr extremity was weak,

but though he dragged the rigiit foot no actual loss of niotor power could be demonstrated in

the right leg. The deep reflexes were biisker on the right than on the left half of the body, the

plantar rellexes gave flexor responses, and ankle clonus could not bo obtained. He complained
of numbness in the right hand, and on examination tactile sensibility was found to be sliglitly

defective over the right arm and leg; the j)ower of a])i)reciating the ])osition of right limbs was

also disturbed and touches were badly localised. He was able to recognise objects placed in his

right hand. Smell and taste were unaffected, hearing was poor in both ears, but bone ((in-

duction was better than aerial. Vision was fair (/L in both eyes), but there was slight ])criplicral

contraction of the right halves of the visual fields. There was intense oj^tic neuritis in both

eyes. On June 21, 1904, a large gumma was removed by Sir Victor Horsley from over the left

parietal lobe; it was firmly attached to the dura mater and measured about 6 by 10 cm. in

transverse chameter. Brain-tissue to a depth of about 2 cm. was removed with it. From the

description written at the time of the operation, and from subsequent measurements of the

trephine opening in the skull, the centre of the i^ortion removed lay over the supramarginal gyrus.

He recovered rapidly from the operation, but has since remained under treatment, as he is liable,

at rare intervals, to convulsive attacks affecting his right side.

CoxDinoN IX 1909 to 1911

The larger number of our observations have been made between June, 1909, and the present

time, and in the following account we will summarise his conchtion during this period. At

present he is unable to read or write, but he can carry out simple orders without mistakes ; he

occasionally fails, however, to comprehend more complex commands and longer sentences. He
talks readily and does not as a rule use wrong words. There is no ajiraxia.

Special senses.—Smell and taste appear unaffected. There is shght middle-ear deafness on

both sides, greater on the right than on the left. Vision is now good in both eyes, but there is

right homon\nuous hemianopsia.
Cranial nerves.—The functions of all the cranial nerves are normal, the pujiils are equal and

react well, and there is no asymmetry of the face at rest or in movement.

Motor system.
—The muscles are well developed in both right and left limbs, and there is no

rigidity. The grasps are equal when he can look at his hands, but if his eyes are closed the right

hand is clums,y and definitely less powerful. Although a right-handed man, he always uses his

left hand to tie a knot or to button his clothes. He walks well, but says the right leg tires

easily.

Reflexes.
—The tendon-jerks are brisk but equal on the two sides, there is no clonus, and both

plantar reflexes give flexor responses.

Spontaneous sensations.—He complams that his right hand seems "dull," as compared with

the left, but he cannot explain fully in what this difference consists. This
"
dulness

"
extends

over the whole right half of the body, but is less on the foot than elsewhere. He has no pain or

tingUng.

Tactile sensibility.
—He can appreciate cotton wool contacts over all hair-clad parts of both

sides of his body, but he says
"
the touches are plamer

" on the normal than on the affected

side. On the right palm he frequently fails to recognise such contacts as evoke constant xesponses

from similar parts of the left hand. To von Frey's hairs the tactile threshold is high even on

the normal hand; thus although he responds to 21 grm./jnm.- he cannot give a perfect series of

answers under 35 gnu./mm.- On the aiiected hand he also responds to 21 grm./mm.-, but even
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M'ith 100 grm./mm.- the series of answers is gravely defective. Moreover, increasing tiie strengtli

of the stimulus does not produce a corresponding improvement in his answers.

Roughness.
—As measured with Clraham-Brown's instrument, the threshold is found to be the

same on the two halves of the body.

Tickling (Did scraping.
—We can recognise no dilTcrcnco in the ctfect produced by tickling or

scraping on the two sides of the body.

Vibration seems to be eqixally well appreciated on the two hahes of the body, but we foimd

considerable difficulty in determining any finer difi^erences, as the relative lengtli of time during

which the fork can be appreciated.

Sensibility to pain.
—We can find no difference in the thresholds on the two sides to measured

prick or pressuie-pain.

Thermal sensibiliti/.—We are miable to find any gross differences between the appreciation

of temperature on the two sides of the body, and he seems to be able to recognise correctly the

relative hotness or coldness of two temperatures on the same side of the thermal scale. Owing
to his speech-defect, finer tests, as the deternnnation of the neutral zone, are difficult and

unsatisfactory.

Sense of position.
—He is miable to recognise accurately the jiosition in which the affected

arm is placed, and by Horsley's method the records obtained, when the noi'mal hand seeks the

affected index, are much worse than when he points with the affected hand to the normal fore-

finger. There is also defective appreciation of the position in space of the right lower limb.

Appreciation ofp)assive movement is gravely affected in the whole of the right upper extremity

and to a less degree in the right leg. It is chfficult to estimate the amomit of this defect, as the

patient frequently replies that a movement has occurred when none has been made.

Localisation is seriously affected on the right hand; this faculty was tested by various

methods, but all yielded the same results. As a rule he attempts to locahse the spot stimulated,

but often gives up at once, saying,
"
Yes, I feel it, but I have no idea where it is."' He frequently

moves the finger that is touched, but even then does not succeed in determining which it is.

Compasses.—The jwwer of discriminating the two points is gravely affected on the right

hand and arm. Thus a perfect reading can be obtained on the back of the normal hand with the

points separated to 3 cm., but on the right he is completely unable to distinguish them even

when they are 8 cm. apart. Moreover, this loss is equally distinct whether the points are applied

simultaneously or successively with an appreciable interval of time between the contacts.

The ]Mwer of estimating iveight, either on the supportec. or the unsupported hand, is com-

pletely lost on the right side.

The appreciation of size, shape, form in three dimensions, and the nature of connnon objects

placed in his right hand, are comjiletely lost, whereas in the left hand he is remarkably accurate

to all these tests.

Case 18.—To illustrate the application of our methods in a case of cerebral tuinour before and

after successful operation.

William S., aged 51, was admitted to the National Hospital on July 21, 1911, under the

care of Dr. Tooth, to whose kindness we are indebted for the opportunity of making the following
observations. He had had syphilis ten years previously, and his right eye was destroyed by an

accident five years ago. He had been otherwise well till May, 1911, when he began to suffer

with attacks of pam of short duration,
'"

like an electric shock," which always began in his left

foot, ascended this leg to the hip, then passed up the left side of his body to his shoulder, and
into his left arm and this side of his face. At first these attacks consisted in sensory phenomena
only, but from June 7 they were followed bj^ clonic spasms of the left limbs, always begiiming
in the foot, and jerking of his head to the left. His limbs Avere weak after each of these attacks

and remained permanently so from early in June. When he came under observation hearing
and vision were unaffectsd, but optic neuritis was commencing; the functions of the cranial
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nerves vere uiulistiirbeil and (he jiiipils reacted briskly. Tlie riglil lialf of llic Ixxly Mas normal
but tlie left limbs were weaker, the leg more so tlian the arm : tlicv were also slij;htly ri<,M(l and
all their inovemtMits awkward and clnmsy. The left dee|) rellexes were exaggerated, anklo

clonus was easily elieited on the Ictt >i(lr. and the |)laiitar reflex was of the extensor tyi3e.

Coxomox OF Sensation before Operation

The condition of his sensation was eaicfiilly investigated al the ciul of .Inly .uid in the beginning
of August, but as these observations are less valuable for om |nn |lo^(s than lliosc made after tlie

l)rogressive disease was removed, they will be recorded as eoneisely as jKjssiblc.

K<pi)>iltiiicoiig senmtioii.—He eoniplains only that liis left leg occasionally feels numli. and tiiat
"

I don't seem to have the proper feeling in the left arm or leg."

Tactile sensibilHi/.
—He appreciates all contacts of cotton wool on the liair-ilad parts of tiie

affected side, but says they are "less plain
"
than on (he normal; he misses many contacts on

hairless ]>arts. such as the p.alm. A definite threshokl cannot be demonstrated with von Frey's
hairs or with the i)ressure a\sthesiometer, even to a pressure of 35 grm., and fatigue can be induced

with unusual ease over the affected parts.

Hoiighiiess.
—The same thresholds are obtained on both sides with both Graham-Brown's

instrument and the sand-paper tests.

Tickliiuj and scraping evoke a
"
stronger sensation

"
on the normal than on the affected side.

Vibralion.—The tuning fork can be appreciated everywhere on the affected half of the body,
but the sensation is "less plain

'"

than over normal parts. Moreover, when the fork has ceased

to produce a sensation on the left half of the body it can be appreciated for at least five seconds

longer, if innnediatel^y transferred to the corresponding part of the normal side. The fork also

seems to beat faster on the normal side.

Sensibililt/ to pain.
—

Pin-pricks can be appreciated everywhere, but they appear
"
not quite

so sharp
"
on the affected half of the body. He does not react excessively from either side. The

threshold, as measured with the algesimeter, is identical on the two halves of the body, and the

readings of the jiressure algometer show no material difference.

Thermal sensibility is not disturbed on either side.

Se)ise of position is seriously affected in the left arm and leg, and all segments of these limbs

must be moved through considerable angles before passive movement can be appreciated.

Localisation is also much affected; when tested with tactile stimuli he frequently said, '"I

can feel it, but I can't be sure where it is."

Compasses.—This faculty is very much diminished. A threshold cannot be obtained on the

affected hand, even when the points are applied successively, though the normal palm gives a

perfect reading with the ]3oints 1 cm. aj^art.

Appreciation of iceight.
—He cannot recognise the difference between two weights i^laccd on

the hands, sujiiJorted or unsupported, nor the addition or removal of weights on the affected

palm.
The appreciation of size is disturbed on the affected hand, but not completely lost. He is.

unable to recognise the test-objects we generally employ to test the apiweciation of shape. He

can, however, recognise the three dimensional objects.

The appreciation of texture is also lost in the affected hand.

Operation

On August 30 Mr. Sargent operated, making a large osteoplastic flap in the right side of tlic

skull, which exposed the upper end of the central gyri. Evidence of disease was at once seen

in the postcentral g\'rus, and a horizontal incision was made into it at about the level of the

upper genu of the fissure of Rolando. Through this incision a large circumscribed, partly

encapsulated tumour, measuring 5"5 by 4-5 by 2" 75 cm., was removed. Mcroscopical examination

showed that it was a ghoma. It lay in the subcortical white matter near the surface, and

apparently not far from the mesial surface of the hemisphere. In its removal a considerable

l^ortion of the postcentral gyri above the level of the superior genu of Rolando was necessaiily
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destioycd, but as far as could be scon tlic operative lesion did not att'ect any part of tlie brain

in front of the central fissure.

He recovered quickly and satisfactorily from the operation, and his condition in October,

1911, was as follows.

CoxDiTiox One Month after Operation

The functions of the crcoual nerves and sjiecial senses are still unaffected.

Motor system.
—There is comparatively little loss of power in the left upper limb; the weakness

of grasp is due chiefly to the sensory disturbance. The movements of the limb are clumsy, but

their range is not restricted. The left leg is relatively weaker, but all its movements can be

executed with fair power through a normal range; it is, however, slightly rigid. He can walk

without assistance with a slightly hemiplegic gait, the left limb being advanced by circumduction.

Reflexes.
—All the deep reflexes are increased on the left side, but ankle clonus cannot be

obtained. When the left knee is extended the plantar reflex is of the extensor iy^c, but when

flexed midoubtedly flexor.

Spontaneous sensation.-—He complains of no numbness or tingling in the affected side, but

when the hand is touched "it does not feel the same" as the normal side. He generally

knows ^\lu're the arm lies, but when the left foot is under his chair he is less certain of its

position.

Tactile sensibility.
—He can appreciate all contacts of cotton wool when ruljljed across the

affected foot, on Ijoth hairless and hair-clad parts, but he always says that the sensation is
"

less

plain
" than on the normal foot. But if the cotton wool is simply brought into contact with

the skin without movement he fails to apx)reciate many contacts on the left side, although he

misses none on the normal foot. There is no demonstrable cUsturbance of sensibility to cotton

wool on the hand.

Examination with graduated hairs, or with similar methods, shows all the ])henomena we
have already described; fatigue is produced with unusual ease, the sensations })ersist, and

hallucinations chsturb the examination. A threshold can be, however, obtained on both the hand

and the foot, though increasing the strength of the stimulus does not always give a corresponding

increase in the proportion of correct answers.

Roughness.
—Xo difference can be cUscovered between the power of appreciating rougliness

on the two halves of the body, .and an identical threshold <\ \\ be obtained from tlic two hands

and the two feet.

Tickling and scraping.
—When the affected sole is tickled, he says

"
it is not so plain

"
as on

the normal side, and the reaction evoked is distinctly less.

Vibration of the tuning fork is appreciated everywhere; but on the affected hand and foot

it does not seem so plain as on the normal side. The shortened power of appreciating the tuning

fork is no longer so definite as before the operation, but he still insists that on the affected foot

it seems to be beating slower than on the normal side.

Sensibility to pain.
—There is no diminution of sensibility to prick on the affected lialf of the

body, and identical thresholds can be obtained on both sides.

Thermal sensibility.
—The thresholds for heat and cold are the same on the two hands; the

neutral zone lies between 27° C. and 30° C. But there is a cUstinct difference between the two

feet; thus, though the neutral zone on the right foot lies between 27° C. and 30° C, it extends

from 24° C. to 3.5° C. on the affected sole. He is generally able to recognise correctly the difference

between two temperatures on the same side of the scale, provided they tUffcr by 10° C.

Sense of position.
—There is considerable loss of the power of recognising the position of the

left lower extremity, and to a less degree in the distal segments of the upper limb.

Appreciation ofpassive movement is also defective in the left limbs. Movements of the normal

knee of from 1° to 2°, for instance, can be constantly appreciated, but on the affected side no

movement under 12° was apx^reciated, and on several occasions a range of 25° was necessary

for recognition.
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Localisation, as tested by tlie motlitied Henri method, is perfect on liotli tin- fool ami tlio

hand; in this respect he has improved prcatly since the operation.

Conipussis.— (>i\ tlio normal sole a good ivading was ohtaiiHMl wlun ihc imints were 2 cm.

apart, but on tiie alTeeted side a series of correct answers camiol he olitained even at l(t cni. The

ditTcrcnce is nuicii less between the two i)alms; on tiic noiinal liand iu' could disci iniiualc llic

two i>oints when 1 cm. apart, and he made no mistakes when they were scpaiated to 15 cm. on

the alTected jialm. He is now able, however, to appreciate the two points when they are a])plied

successively.

Appreciation of weight.
—The pDwcr of discrimiiiaiiuu weights placed on the imsupportcd

hand is obviously defective. There seems to be also a slight defect in the recognition of addition

to and removal of weights from the ])alm, but no delinite dill'crence can be demonstrated in the

jK)wer of discriminating two weights placed one after another on the fully supported hand; it

must be remembered, however, that the liand is now very little afifected, and that it is impossible

to test accurately the discrimination of weights on the foot.

The apprccidllou of size, shape and form.
—The appreciation of size alone can be tested on

the foot, and he is certainly slower and less certain in his answers from the aifected side ; fuither,

the difference between the test-objects must be considerably greater than is necessary on the

normal sole. On the left hand, where the disturbance of sensibility is much slighter, he can

ajipreciate size, shape, and three-dimensional form as well as on the imaffected side.

The power of recognising consistence and texture can be tested on the hands alone, and here

no definite ditYerence can be discovered between the two sides.



SENSATION AND THE CEREBRAL CORTEX
By henry head, M.D., F.R.S.

CHAPTER I

INTRODUCTION

We tend liabitually to speak of all varieties of general somatic sensibility

in terms of touch, pain, heat and cold
;

for these categories seem to accord best

with, what we gather from introspection. To these elementary sensations it

is customary to add a hypothetical
"
jomt-sense," and the whole complex is

supposed to be transformed by association and judgment into the mental

processes by which we become aware of the physical qualities in the world

around.

Moreover, according to the doctrine of specific nerve energy, as it is usually

held, each psycliical act of sensation is associated on the physical side with

certain distmct processes, which, starting in the peripheral end-organs, pass
unaltered to the cortex of the brain. Here, according to the usual sujDposition,

each specific form of nerve* energy evokes those changes which underlie its

pecuHar asjject of sensation.

Such a view of the physical mechanism and nature of sensory processes

was not unreasonable in an age ignorant of the gradual evolution of the human
nervous system. Man was thought to have been created perfect, armed with

apparatus to receive and conduct the special i^rocesses, which underhe each

fundamental sensory experience revealed to liim by introspection.

This conception of man as a created beuig has long passed a^^'ay, but the

manner of regarding sensation, to which it gave rise, still dominates psycho-

logical teacliing. Even the neurologist, mIio is in daily touch with the con-

sequences of lesions to the nervous system, tended, luitil recent ty, to speak
of sensory impulses as if they were invariably grouped into those subser\ing

touch, pain, heat and cold. This arose in the mam from two causes. His

almost complete preoccupation with structure rather than function compelled
him to consider the central nervous system as somctliuig stable, developed it is

true from that of lowher organisms, but fixed and unalterable in its action.

He did not recognise that all the processes of its functional evolution were still

evident in its physiological activities. Even now, the conception that a

stimulus may be effective or entirely inelfective, according to the conditions

which have preceded its application, has made httle impression on practical

Jiem'ology.
G39
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Preoccupation -with tlio scnsoi\v (.'iTfcls produced l>y lesions of llic spinal

cord also imliurd the clinician to accej^l the fiiiidanicntal division of afferent

impulses into those for touch, i^ain, heat and cold. For s])inal injiuies jiotori-

ousiy tiMul to disturb thesc> four modes of sensation independently of one

ant)ther. P>nt. as soon as disorders of sensation canu- to be studied more

closely, it was obvious that sonu'thing further was recpiired to ex])lain even so

sim]de a problem as the changes ])i()duced by a lesion at tiiis anatomical situation

in the nervous system. Four specific gioui)s, cori-cs])onding to touch, pain,

lu*at and cold, were obviously insufficient to contain all tiu' im])ulses oiiginated

at the j)eri]dierv by the impact of a stimulus. For it is now universally

acknowledged by those who iia\c had the oj)portunity of observing cases of

injury to the spinal cord, that all these forms of sensibility may be preserved,

and yet the patient be unable to recognise the spacial relationships of the

aflfected limb, or to appreciate movements carried out passively. Power to

recognise the posture of the affected limb, to discriminate the two compass

points appUed simultaneously and to appreciate the vibration of a tuning
fork may be distm-bed, although every other form of sensory activity is

perfect .

As soon as it was clear that these aspects of sensation depended on the

integrity of the posterior columns, it w^as thought imperative that they should

receive a name. Xotliing could have been more unfortunate for the progress

of Imowdedge than the names selected. CHnicians, seeldng for a sign that

would reveal the condition of the posterior columns, concentrated their atten-

tion on one or other of the groups of impulses passing upwards in this portion

of the spmal cord, obhvious of the general i^iinciples underlying their con-

duction. Hence the terms,
"

joint -sense,"
"
deep sensibihty,"

"
vibratory

sense," and "
stereognosis," which give a most inadequate view of the part

played in sensation by the posterior columns.

For the neurologist, who speaks of the
"
joint -sense

"
as dependent on these

columns, forgets that pain is a most important element of the sensations arising

from joints.
"
Deep sensibihty

"
is a sufficiently accurate name for those

impulses w^liich arise in subcutaneous structures, such as bones, joints and

tendons ;
but it can never be disturbed as a smgle group, except by a lesion

of the deep afferent fibres of the perij)heral nerve. The changes, w'liich result

from destruction of the posterior columns of the spinal cord, corresj)oncl to a

fraction only of such impulses.

On the other hand,
"
bathysesthesia

"
is, strictly speaking, of too special

a significance. It was invented to indicate the faculty cf recognising the

position of the hmbs in space and of appreciating the vibrations of a tunmg
fork, in as far as they were distui-bed by lesions of the spmal cord. But an

injury of the posterior columns may also destroy the power of appreciating the

size, shape and relative weight of objects placed in the affected hand; to tliis

loss of sensibility the inadequate name of
"
astereognosis

"
has been appUed.

For
"
stereognosis

"
signifies abihty to recognise the soUdity of objects by
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touch, and cannot by any stretch of terminology be made to inchide the power
of appreciating weight.

Any attempt to fit the sensory distm'bances, produced by injury of a nerve

trunk, into four jirimary categories of touch, pain, heat and cold, tends to

even worse confusion. For, when one of the larger nerves is divided, it may
be that pressure can be perfectly appreciated, though sensibility to lighter

contacts is abolished
;
and pressure may evoke pain in parts insensitive to a

prick or a burn. In the same wa3^ discrimination of two points may be

destroj^ed, though recognition of posture and passive movement is maintained

unimpaired. Moreover, as far as the peripheral mechanism is concerned,

sensibiUty to heat can be showii to be a complex process, involving the

simultaneous activity of several different end-organs.
As each new fact of sensory dissociation became established, the conception

of the part played by the nervous system became more confused and the nomen-

clature more chaotic. The psychologist, who Avas not in direct contact with

the facts, was content to explain the phenomena which underlie sensation as

divisible into four groups of specific impulses aided by a hypothetical
"
joint-

sense
"

; these, elaborated by the mental processes of association and judgment,
seemed all that was required. The attitude of the neurologist varied between

an uncritical agnosticism and a determination to square his observations on

injuries of j)eripheral nerves mth his conception of spinal dissociation.

Obviously, some Hnk was missing in the chain of reasoning wliich would

harmonise those forms of sensory loss presented by lesions of the spinal cord

A\ith the apparently impossible inductions of those who worked on the

peripheral nervous system. This was found in thv conception that afferent

impulses underwent regrouping on their way from the perij)heral end-organs
to their final termination in the highest receptive centres. Here was the

means by which peripheral impulses, with then* opportunist or develojDmental

grouping, could be recombined in accordance Avith their sensory qualities.

Each peripheral end-organ is a specific resonator attuned to some aspect
of physical vibration. It responds by j)roducing an afferent impulse stamped
with the characteristics peculiar to the organ in which it has arisen. Each

of these impulses acts in turn on a series of receptive mechanisms within the

central nervous system, which are themselves attuned to certain physiological

quahties ; here, those of like sensory disposition are gathered together, what-

ever their peripheral origin. Peripheral end-organs respond to physical changes
in their environment, whilst these endo-medullary receptors react specifically

to the welter of afferent impulses A^hich reaches the central nervous system.
In this way, afferent impulses of like sensory quahty become gathered

together in their passage tlu'ough the spinal cord and bram-stem. At the

termination of the fillet, their grouping so closely corresponds to the four

qualitative aspects of sensation, with the addition of certain spacial attributes,

that it would almost seem as if no further integration were necessarJ^

But it is in the subsequent fate of these regrouped aiTerent impulses that
VOL. II. X
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tlic I);uikrii|ttrv ot ilu' oldoi" comi'ptioiis of sensory activity is most evident.

It has loiiu luHii reeotjiiisi'd. that a ijross U'sioii ot t lie so-called
"
sensory cortex

"

does not aholisii any of the tour primary (lualities of sensation. An injury
of the spinal cord or hrain stem may produce compldc loss of sensibility to

pain, heat ov cold in the alTectcd parts; any one nunle of sensation may be

tlestroyed or i)ieserved independently of the others. But when \vc attempt to

investigate the elYects of a lesion of the cerebral cortex on sensation, tlic

problem seems insoluble; the patient appears to be untrustworthy, sometimes
lie apj)reeiates a touch, at others a strongei- stimulus ])asses um-ecognised. Heat
and cold are iuit confused, but the ])atient nuxy be uncertain wliether a warm

object is hotter or colder than one of an obviously different temperature,
which he had held in his hand a few minutes before. Inconsequent answers,

hallucinations, uncertainty dominate the records from the affected parts; he

cannot be said either to appreciate oi' not to appreciate tactile or thermal stinmli
;

and yet he may be remarkably trustworthy to every test appUed elsewhere.

The clue to this condition, so disconcerting to the views of the introspective

psychologist, is given l)y the behaviour of the optic thalamus. Until recently,

the part plaj^ed by tliis organ in sensation was unknown. But we now recog-
nise that it is the seat of those physiological processes which underlie crude

sensations of contact, pain, heat and cold, together with the feeling-tone they
evoke. The essential organ of the optic thalamus is the centre for the affective

aspect of sensation, wliilst discrimination and spacial projection are the product
of cortical activity.

Thus it is evident that, between the response of any peripheral end-organ to

a phj^sical stimulus and the final impact of the afferent impulse on the sensory
centres of the cortex and optic thalamus, he the levels of physiological activity.

At the one pole is the external miiverse, whilst at the other we reach the primary
mental states of sensation and feeling. Between them the diverse effects,

produced by a physical stimulus on the receptive mechanisms of the body, are

subjected to infinite modifications of wliich we can never be conscious under

normal conditions.

This conception of levels of activity mthin the nervous system was one

of the leading aspects of Hughlings Jackson's teaching. To liim a
"
level

"

was always one of fmiction rather than of structm'e ; w^hen he spoke of the
"
cerebellar level," he implied the peculiar influence which he attributed to

the action of the cerebellum on the motor apparatus. But the overwdielming

preoccupation of nem'ologists with anatomy has led them to adopt the con-

venient term
"
level

"
in an anatomical rather than in a physiological signifi-

cance. Throughout this paper, I shall use the word in its strictly functional

sense, unless it is preceded by the word ""

anatomical." For the activities of

any one
"
anatomical level

"
may be \A'idely different in the functional hierarchy.

Injury to the sensory cortex not only disturbs the pow^r of attention and
discrimination but also produces hyf)otonia. An even more remarkable

example is seen when the spinal cord is gravely injured at any one point, so as
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to destroy its lateral and posterior columns ; the anatomical level is given in

terms of segments, but the consec^uences from the point of view of afferent

impulses belong to at least two functional levels. Destruction of the posterior

columns has blocked peri])heral impulses running in their primary combinations ;

the lesion of the lateral columns, on the other hand, has interfered with impulses
of the secondary level, which have already undergone qualitative regrouping.

It is obvious, therefore, that, if we are to understand the sensory effects

produced by a lesion of any part of the nervous system, we must record the

reaction of the affected parts to each test in tiuTi, noting which stimulus is

capable of evoking its approj^riate sensation and which of them is not appre-

ciated, or induces an abnormal response. All general nomenclature must be

avoided and we must be careful not to speak in terms applicable to one sensory

level, when describing the changes which occur at another. Then only can

we say that, at this particular level, sensory impulses are grouped in such and
such a manner.

This has been our aim thi'oughout the series of researches on disturbances

of sensation in which I have collaborated during the last fifteen years. A
number of selected tests were systematically applied in cases of definite injury

to various parts of the nervous system, betw^een the periphery and the cerebral

cortex and the results interpreted in physiological terms.

The object of the following chapters is to demonstrate, by the same method

of dissociated sensibihty, the manner in which the cortex cerebri mocUfies

the afferent materials it receives, to produce those physiological states which

so closely underUe sensation.

But, in order that the nature of this activity may be clear, it will be neces-

sary to recapitulate the various changes to which afferent impulses are subjected

at cUfferent levels of the nervous system. None of these could be deduced by a

yriori reasoning. If I take into my hand a glass containing hot water, I receive

the impression of its size, shape, weight, temperature, roughness or smoothness ;

I also know that it causes me pleasure or discomfort according to the heat of

the water it contains. Each of these C|ualities, recognisable in my impressions of

the glass of water, have behind them many sensory impulses, which have been

modified and regrouped between their peripheral origin and central termination.

The actual afferent consequences j^roduced by the glass of hot water cannot

be deduced from any a priori reasons. All we can discover from introspection

is that the object is of a certain size, shape, temperature and consistence
; we

must for ever remain ignorant of the nature of the impulses which underlie

these sensory characters. But by observing the consequences produced by
interference at various Imown points in the nervous system, w^e find that f ome

impulses are intercepted, whilst others pass on to reach the highest receptive

centres and form the underlying basis of an abnormal sensation. V>y analysis

of such dissociations of sensibihty, due to lesions at different levels of the

nervous system, it is alone possible to unravel that vast mass of mechanical

dispositions, which lie normally outside the field of consciousness.



CHAPTEK II

the intkcikatlon of afferent impulses

§ 1.—The Peripheral Afferent System

Let us first of all consider the principles which emerge from the application
of this method to the peri[)heial nervous system.

If tlie whole skin and superficial structures are rendered insensitive over

an area of considerable size, without at the same time disturbing any of the

nerve fibres running from deeper parts, sensation is not abolished, but is

profoundly modified. The affected part still retains many sensory faculties

usually attributed to end-organs in the skin
;
and yet it is innervated solely

by the deep afferent system supplying the connective tissues, muscles, joints,

and tendons. The experiment on my arm showed that pressure and jarring

•contacts were cpiickly appreciated, and localised with remarkable accuracy.

^Roughness was recognised as jDerfectly as on the normal hand. Even contacts,

wliicli would usually have been called
"

light touches," evoked a sensation

provided they depressed the surface of the sldn
;
but grave deformations caused

b^' pulling the hairs passed entirely mmoticed. A large part of our normal

sensibiUty to touch depends on this deep system of afferent fibres, which was

allowed to remain intact in my experiment.
To these deep end-organs we also owe the power of responding to certain

aspects of pain. For, although the denervated area on the back of my fore-

arm and hand was completely insensitive to the pain of a prick and a burn,

the discomfort produced b}^ excessive pressui'e was even more pronounced
than over similar parts on the normal hand. Moreover, the cramjD caused by
repeated electrical stimulation of the muscles was at once appreciated as a

most unpleasant sensation. Evidently, then, pain as we know it in daily life

may be the result of two sets of impulses, one starting from the smface and
the other from the end-organs of the deep afferent system.

We have abeacly mentioned the accurac}^ with wliich the j^osition of the

spot touched can be localised, when a part is endowed with deep sensibiUty

only. Another faculty, wliich depends entirely on the integrity of tliis afferent

system, is the power of recognising movement and appreciating the position of

any part of the limb. Here, impulses from the surface of the body play httle

or no part ;
in all cases where this aspect of sensibihty was found to be dis-

turbed fi"om a lesion of peripheral nerves, we were able to prove that the deep
afferent fibres had been injured in some way by the lesion. Yet in S25ite of

GU
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the ease with which the spot touched can be locaUsed and posture appreciated,
the two points of the compasses cannot be discriminated, when they are appHcd
strictly simultaneously. Here we discover the first of those dissociations in

spacial recognition, so disconcerting to the conventional psychologist.

Evidently, the deep afferent system is adapted to react to all contact stimuli,

other than the hghtest touch or movement of the hairs. It is also the means

by A\hich we become aware of the situation of a stimulated point and of the

posture and movement of any part of the body or limbs. Again, it is the

channel for evoking all those forms of pain and discomfort, caused by undue

pressure, injury to the joints or abnormal muscular contraction.

So far the dissociation of function can be produced with ease and observed

without difficulty. But, when we attempt to analyse the functions of the

afferent mechanism which innervates the surface of the body, the problem is

less easy experimentally. We are obliged in most cases to fall back on the

process of regeneration to produce that dissociated sensibiUty, wliich reveals

the composite natiue of the cutaneous afferent system.
In the course of the experiment on my arm, we found that sensibility began

to return to the sldn a little over six weeks after the operation ;
witliin seven

months the back of the hand was sensitive to pain, to cold, to heat and to any
contact Avhich moA^ed the haks. But the sensation experienced was pecuHar
and quite unlike any reaction from normal parts; for, although less easily

evoked, it was unusually vivid. The pain of a prick was intolerable ;
cold was

said to be colder and a suitable warm stimulus produced a more actively

pleasant, effect than over the normal skin. In this stage of recovery a high
threshold was associated with a brisker response.

The sensation aroused within the affected area had certain other pecufiar

characteristics. It radiated widely and was not confined to the neighbourhood
of the stimulated spot. Portions of the affected area seemed to be linked up

together, so that stimulation of the one evoked a sensation of the same specific

quality referred to the other. Thus, brushing the hairs, pricking or the applica-

tion of heat or cold to the neighbourhood of the index-loiuckle caused a diffuse

outburst cff the approj)riate sensation over the dorsal aspect of the thumb.

Moreover, the response was massive, diffuse and bore little relation to the

measured strength of the stimulus, so long as it was effective.

It had long been Icnowii that certain minute spots in the normal sldn were

especially sensitive to heat, to cold, and to pain, although there was reason

to beUeve they were not the cause of all its sensory functions. We were able

to show that this pmictate system was responsible for the pecuhar mode of

reaction, present dming the first stage of recovery. This was particularly easy

in the case of thermal stimulation. For, whenever a part of the affected area

l)ecame sensitive to heat or to cold, one or more of these specific spots was

discovered within it. Thus, five months after the operation, we found that

a certain part of my thumb had become sensitive to cold; whenever the silver

test-tube containing iced water was brought into contact with the dorsal
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surfaoe of tlu> tiiM ]>halaiix. it cau-fd a Itrisk. ditVusc scMisalioii of cold. On

tostiiiii this part with ai ici'-cohl lod of not moir than 1 nun. in section, a

sinLdc spot \\a> lUscovcird. [o which tlie scMisihihty of the whole area was due.

No ]>art of the alToctcd skin on the hack of tlie hand reacted to heat until

nearly six and a half months aftei' the ojxTation. Then, for the lirst time, a

region in the neijihbourhood of the head of the lir.st metacarpal hoiie ies])onded

to the warm test-tuhe. Here a minute spot Avas fouiul. which subsequently

proved to he one of the most constant and active of all the heat-spots on my
hand.

These minute areas of specific sensibility can be discovered in the noiinal

sldn by suitable methods of examination
;
but they are not the only organs

responsible for its sensibility, as is the case during the first stage of recovery.

The skin between them is sensitive to touch and to temperature. This makes

it imiiossible to carry out. on the normal hand, many of the most illuminating

observations made, in my case, during the period when the skin was endowed

solely with this pmictate mechanism.

For sensibility to contact at this stage was due solely to the hairs
;

if they
were carefully shaved away, I no longer responded to cotton wool moved lightly

over the surface. Heat and cold could only be appreciated in parts, where

we were able to demonstrate the existence of minute areas with then* appro-

priate specific reaction. If, as was not infrequently the case, a portion of the

sldn, one or more centimetres square, was devoid of heat-spots, that j^art did

not respond to' temperatures betw^een 40° and 45° C, even if stimulation was

made with a flat -bottomed tube covering the whole of that area.

These heat- and cold-spots are scattered irregularly about the surface of

the body. Within an area of 5 cm. scpiare upon the back of my hand, we
discovered sixteen heat-spots during the first stage of recovery. These were

not increased in number as sensation became further restored
;
on the contrary,

some of them became more difficult to discover, owing to the way in which

their vivid reaction w^as controlled. The cold-spots within the same area in

my case numbered about sixty-eight in all, of which twenty-eight belonged to

the first grade in constancy and vividness of reaction
; they w^ere rarely, if

ever, missed m the records extending over more than four years. For it must

be remembered that one of the most striking characteristics of organs belonging
to tliis punctate system, even in the normal skin, is the profound influence of

general fatigue on their reaction. After a tiring day I could mark out those

of first grade only, and could obtain no reaction from many second-grade

spots, which were easily discovered after a night's rest.

The pain produced by a prick at various points within the affected area

varied greatly in severity and in the ease with ^^'hich it could be evoked. But

the pain-spots are so numerous within any one centimetre square that their

position cannot be determined with the certainty of those for heat and cold.

But all the organs of this punctate mechanism possess certain character-

istics in common. They regenerate with great rapidity after the peripheral
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nerve has been successfully united, and for many months the reaction of the

skin to contact, to pain, to heat and to cold shows that they alone are

responsible for any sensibility it may possess.

Each sensory spot reacts to effective stimulation in a strictly specific

manner. Thus, when a cold-spot is touched with a suitable metal rod

recently removed from iced water, the sensation is one of cold
;
but when the

same rod, heated to between 45° and 50° C, is brought into contact with

a cold-spot, the sensation evoked is equally one of cold. Ice and water

at 45° C. happen to be able to excite the cold-spots, and in both cases

the result on consciousness is the same, in spite of the physical difference

in the stimulus.

Another important and characteristic function of this punctate system of

cutaneous sensibility is the mode of its reaction. This can be tested most

accurately by experiments on the heat- and cold-spots. The response to a

stimulus capable of exciting one of these organs is not strictly graduated by
its intensity, but is arranged more nearly on the

"
all or nothing principle."

This reaction occurs over a limited range, the heat-spots responding to tem-

peratures above about 38° C, the cold-spots to those below about 26° C. Once

the stimulus is effective, it matters little how cold or how^ hot it may be
;

end-organs of this class indicate its quality, not its intensity.

A natural consequence of this mode of reaction is the overwhelming

importance of the extent of surface covered by the stimulus rather than its

intensity. For it is obvious that if one cold-spot can be excited to vigorous

activity by 20° C, a stimulus at the same temperature, sufficiently extensive

to cover many cold-spots, will seem to be far colder although in reality its

intensity is the same. Thus, whenever we are dealing with these primitive

end-organs, extensity is of greater sensory importance than intensity. This is

exquisitely shown by the following experiment, carried out repeatedly on my
hand, during the period when it was innervated solely by this punctate system
of end-organs. A group of cold-spots was carefully marked out and one of

them was stimulated with an ice-cold red which just covered it
;
the sensation

produced was one of cold. But, when a small flat-bottomed tube containing

water at 20° C, was placed over the whole group of spots, I thought it was

much colder than the iced rod. Time after time the more extended stimulus

of less intensity produced a greater sensory effect than the more intense

stimulus of less extent.

I have already pomted out, that one peculiarity of the reaction from any

part of the surface, innervated solely by this punctate system, is the diffuse-

ness and wide radiation of the sensation evoked. When any hair-clad part,

such as the back of the hand, is stroked with cotton wool an intense
"
tingling

"

aid "
itching

"
is produced over widely remote parts of the affected area.

This sensation disappears, when the skin is carefully shaved, and is due to

movement of the shaft of the hairs
;

it is not a function of the skin as a whole.

In the same Avay, any effective hot, cold or painful stimulus produces its
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specific sensjition, which is referred to the sMine I'tMuoti* parts of lh(> alTcctcd

area, irrespective of any (litTi>rei\ee in ([ualit y.

This piuietate alTercnt nieeiianism we havr called
"
protopat hie," on

aceoniit of its priniitivt> eharacteristies. These are shown in the eaiiy restorca-

tion to ai-tivity of its end-organs ai'tvr the nerve has been rennitid. Secondly,

each set i^\ end-organs responds in a strictly specific manner, as shown by tlic

ren\arkablc phenomenon ot
"

paradox cold
"

;
foi' it matters little to the cold-

spots whether the stinuilus is at 15° C, or 45° C, provided it is capable of

evoking a response. If so. the sensation is one of cold. A third primitive

character appears in the nature of the reaction. The end-organs of this system
tend to react on the

'

all or nothing
"

principle, and stimulation evokes a

response, not strictly graduated accordmg to its intensity. This explains the

predominant effect of the extent of the stimulus and the relatively small part

played by its intensity. Lastl}^ all sensations, Avhich arise from uncontrolled

protopathic activity, tend to radiate widely and to be referred into remote

parts, a condition incompatible with a high degree of spacial discrimination.

Superposed on this older mechanism is another cutaneous sj^stem of later

development and liigher functions, Avhich w-e have called
"
epicritic." When

a nerve trunk has been successfully united, heat-, cold- and pain-spots are

restored to full activity, many months before there are any signs of returning

epicritic sensibility. But, as soon as it begins to appear, the mode of reaction

changes. The diffused sensations, so characteristic of protopathic activity,

give place to a more strictly localised response ;
radiation no longer occurs

into remote parts of the affected area. At the same time, the power returns

of distinguishing two compass-points, applied simultaneously. This is

essentially an ability to recognise objects in two-dimensional space, and it is

this facultv which checks and controls the diffuse reaction, characteristic of

protopathic sensibility. For, if we are conscious of the extent of surface

covered by the stimulus, radiation into remote parts and wide diffusion become

impossible.

The "
all or nothing

'"

reaction of the heat- or cold-spots also gives place

to one graduated more closely according to the intensity of the stimulus.

At the same time, the affected part becomes sensitive to temperatures that lie

in the middle of the scale (27° to 38° C).
Another remarkable change, due to the restoration of epicritic sensibility,

is shown in the return of the power of adaptation to varying temperatures.
If. under normal conditions, the hand has previously been exposed for some

time to warmth, an object at a certain temperature, such as 29° C, may seem

to be "cool,"' wliilst conversely, if it has been adapted to cold, the same

stimulus may appear to be "' warm." So long as my hand remained in the

protopathic condition, no such adaptation was possible, and any effective

thermal stimulus was invariably thought to be hot or cold, irrespective of the

temperature to wliich it had been previously exposed (p. 292).

The activity of the epicritic system is essentially modulated according
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to the intensity and locality of the stimulus. It is concerned with the finer

degrees of tactile and thermal discrimination and in this way is opposed to,

and controls, the diffuse
"

all or nothing
"
reaction of protopathic sensibility.

It has been objected, that protopathic and epicritic sensibility are not the

outcome of the activity of two peripheral systems, but are stages in the

restoration of function of the divided nerve. In fact, many observers call the

former a state of
"
parsesthesia," and are satisfied that they have thereby

sufficiently explained its peculiar reactions. The improbability of such a view

is shown by the following observations made on my hand.

Throughout the protopathic stage of recovery, the vividness and extent

of the reaction became steadily greater with the gradual return of sensibility

to pain and the increasing number of heat- and cold-spots. But this massive

and radiating response was curtailed, or even abolished, at the height of its

development with the first signs of returning sensibility to light touch and to

minor degrees of heat. Had protopathic sensibility been but a half-way house

on the road to recovery, we should have expected its steady increase to be

associated with a simultaneous decrease in radiation and reference. But this

is not the case
;
the return of epicritic impulses diminishes protopathic activity,

as expressed in the sensations evoked by adequate stimulation of the end-

organs of tliis system.
How completely this is due to control by a separate and dominant system

over the activity of one or more primitive functions was shown by the behaviour

of my hand when cooled. Epicritic sensibility is liable to be affected by the

general action of external cold, especially before it has been completely
restored. At a time when almost the whole of the back of my hand had so

far recovered that referred sensations could no longer be produced, it was

rapidly cooled
;
radiation and reference returned as vividly as of old, and the

hand was thrown back for a time into a purely protopathic condition. The

newly recovered activity of the high-grade epicritic mechanism was disturbed

by the cold, and protopathic impulses, previously inhibited, now passed on

uncontrolled.

Tliis control can be exerted, even by epicritic impulses from the adjacent
normal skm, if normal and abnormal parts are stimulated simultaneously.

When a cold tube was placed so that it fell just within that part of the dorsum
of the hand which was in a purely protopathic condition, a vivid referred

sensation was always experienced in the thumb. But when the base of the

tube fell partly within this area and partly over the adjacent normal sldn,

reference to the thumb was abolished. The only sensation produced was one

of coldness around the spot on the back of the hand in contact with the tube.

Occasionally it happens by a fortunate chance that, after division of

cutaneous nerves, some part of the denervated area retains its epicritic

sensibility, though insensitive to prick and to heat and cold. With the return

of these aspects of sensation, pain-, heat- and cold-spots make their appear-

ance, but are accompanied by none of the usual radiation and reference into
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remoti' parts. For in tliis i-asc protopathic sonsihility is restored to a part

already aeti\fly epieritie : it therefore comes ItacU uikK r cdiititil Irom its first

restoration.

Some might object tliat siu-h dissociations are i)ui-ely ))at hological. the

product of extraordinary conditit)ns. in no way comparable to noiinal sensory

states. But in the ghms penis we lind an organ endowed with sensil)ility

to dee]i pressure, but otherwise reacting exactly in tlie ]iroto|)athic manner.

It is insensitive to light lontacts. insufficient to arouse sensations of pressure-

touch. It is endowed with })ain-spots and witli heat- and cold-spots which

react vividly to appropriate temperatures only. Tlie response is diffuse, and

the extent of the stimulus is of more importance than its intensity. Here,

then, is a normal organ endowed with an exactly similar sensory mechanism

to that which we believe exists as a ])rimitive afferent sj'^steni in the skin

(p. 1^74).

Such a form of sensi])ility is capable of an affective, rather than a discrimin-

ative, reply to external stimuli. It forms an admirable warning mechanism;
for it can give either a painful or a pleasurable answer, which admits of no

hesitation. Repulsion or attraction must follow as soon as a sensation of this

order is developed.
With the advent of the epicritic mechanism, the response is no longer

massive and diffuse, but strictly localised. This renders it easy of control,

and admits of choice in the motor response. The surface of the body can

also become adapted to stimuli to which it has been exposed for any length of

time
; thus, the same external physical condition no longer evokes of necessity

the same sensation, and the central nervous system ceases to react with the

same vigour to constant stimulation.

Here, in the dominance of a reaction based on intensity over one dependent

mainly on the extent of the stimulus, we see the elements of that struggle

between the discriminative and affective aspects of sensation, which forms so

important a factor in the activity' of the human mind.

§ 2.—Synthesis and Control of Afferent Impulses underlying

Sensations of Pain, Heat and Cold

All tlie incongruous impulses, generated hi the various peripheral end-

organs, can never affect consciousness at the same moment ;
some succeed in

forming the basis of sensation, whilst others are inhibited and would never be

recognised were it not for the facts of dissociated sensibility. During their

passage through the central nervous system, they sooner or later undergo

integration, carried out partly by combination into specific groups and partly

by selective inhibition. Of these two processes the former, as far as painful and

thermal sen.sibility are concerned, takes place at the fu'st synaptic junction in

the spinal cord.

As soon as the impulses arising in the deep system and in the two cutaneous
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mechanisms reach the spinal cord, they undergo regrouping. All those

capable of evoking pain, whether from the surface or from deeper structures,

are picked up by intramedullary receptors, which guard the entrance to the

secondarj^ tracts, devoted to conduction of this specific aspect of sensibility.

In the same way, the afferent consequences of all stimuli capable of evoking
a sensation of heat, whether of epicritic or protopathic origin, are gathered

together into special secondary tracts. An analogous synthesis occurs of

those impulses, arising from stimuli on the cold half of the thermal scale.

The underlining factors of these three primary modes of sensation are selected

and integrated, to pass on in separate tracts as high as the optic thalamus.

As soon as the first synaptic junction is passed, on the passage upwards of

afferent impulses, the characteristic features of protopathic and epicritic

sensibility disappear. A lesion of the spinal cord, which destroys sensibility to

pain, tends to abolish it, whatever may be the source of the impulses on which

it depends. In the same way with heat or with cold, each specific aspect of

sensation is disturbed, regardless of the system of end-organs in which the

physical changes arose. Moreover, sensibility to pain, to heat or to cold may
be affected independently of one another, a condition impossible as a conse-

quence of any lesion of the peripheral nervous system. We believe that these

intramedullary receptors may be compared to resonators placed in a concert

hall
; they pick up, and respond to, those impulses only to which they are

attuned, irrespective of the instrument that produced them.

The changes, which occur at the first synaptic junction, result in the sorting

of afferent impulses into specific sensory groups ;
those originated by similar

properties of an external stimulus are gathered together, although tliey may
have arisen in end-organs of different peripheral systems.

But such specific combination would in the end be useless without selective

inhibition. A temperature of 45° C. can stimulate the heat-, the cold- and the

pain-spots, and gross confusion would result, if such a stimulus were able to

evoke at the same moment sensations of pleasant warmth, ice-cold and pain.

The following experiment shows how complete may be this selective

inhibition. Take a metal rod with a blunt end measuring not more than 1 mm.
in diameter and cool it to 15° C. or below. On carefully exploring the back of

the hand, spots will be discovered where the rod produces a peculiarly vivid

sensation of cold. These are the cold-spots. Now heat the metal rod to 45° C.

and place the end so that it exactly covers one of the spots ;
if the experiment

is carefully carried out, you will experience a sensation of coldness as if the rod

had been dipped in cold water. This is the condition known as
"
paradox

cold." Take a fiat-bottomed metal tube, containing water at 45° C, of such

a size that it will cover many cold spots and the skin around them. Lay this

on the back of the hand and you will experience a pure sensation of heat
;

and yet we laiow that this temperature is capable of evoking a sensation of

cold, if it is applied to each of the cold-spots individually. Under normal

conditions, however, the effect produced by stimulating the cold-spots is
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cloniinalcd. Ix't'ovi* it can disturl) (•(insciiuisucss. hy tlu- (•(liiicidciit iiii|iulses,

(luf to the ai'tion ot the sinnc external |)hysii'al agent on the mechanism

whieii responds to heat.

The behaviour of the ghins penis forms another excellent illustration of

such inhibition. It i.s not uiiconunon to tind that tlie jiunctate end-organs

with whii'li it is endowed are not uniformly distributed; the tip of the glaiis

anuind the meatus may be devoid of heat-s)iots, but sensitive to cold and to

pain. In such a case we carried out the following remarkable experiment.
The end of the penis was clipped into a glass containing water at 40° C.

;
since

no heat-spots were present and this temperature has no effect upon the cold-

spots, the only sensation evoked was a peculiarly disagreeable pain. When,
however, the temperature of the water was raised to 45° C. pain w-as to a great

extent displaced by a vivid sensation of cold, due to stimulation of tlu> cold-

spots. An elevation of temperature, which might have been expected to evoke

greater discomfort, ceased to be strictly painful, because of the appearance of

the specific sensation of cold. But around the corona the penis is always
well furnished with heat-spots, in addition to those for cold and for pain ;

as soon, then, as the water at 45° C. covered the corona, without reaching the

foreskin, both cold and pain disappeared, giving place to an exquisitely pleasant
sensation of heat (p. 276).

The following observation made on my hand, during the later stages of

regeneration, shows the same phenomena from another aspect. The dorsal

portion of my thumb had so far recovered that contact with a large vessel

containing water at 40° C. produced a pleasant, well-localised sensation of

warmth. But, at the same time, the skin in the neighbourhood of the index

knuckle was in a condition of pure protopathic sensibility, and a cold tube

applied to this area evoked a diffuse and vivid outburst of cold referred to the

back of the thumb. It was, therefore, possible to stimulate the skin of the

thumb with heat, and, simultaneously, to evoke a sensation of cold referred

to the same area. As soon as this was brought about, all sensations of heat

and of cold ceased in the thumb and were replaced by pain. ^Vhen, however,
the cold tube was removed from the neighbourhood of the index knuckle, the

direct effect of the hot stimulus in contact with the thumb reasserted itself,

as pleasant warmth and the pain disappeared.
In none of these instances was the process of selective inhibition in any

way conscious. The sensation evoked was a definite one of heat, of cold or

of pain. The W'hole process takes place on the physiological level and would

have remained for ever incomprehensible, had it not been for the phenomena
of sensory dissociation.

Unlike the regrouping of afferent impulses, tliis selective inhibition does

not occur at the first synaptic junction. For, in cases where an intramedullary
lesion destroys all sensibility to heat without affectmg that to cold, a tempera-
ture of 45° C. applied to the anaesthetic parts may still evoke paradox cold (Case

7, p. 429). In the same way, if all sensibility to heat and cold is abolished in con-
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sequence of an intramedullary lesion, but the appreciation of painful stimuli is

unaffected, it is easy to show that temperatures between 40° C. and 45° C.

are capable of producing pain. Thus, a single physical stimulus, such as a

temperature of 45° C, may start changes in periplieral end-organs, which pass

up all the secondary tracts devoted specificall}' to the impulses of pain, of heat

and of cold. Final integration by selective inhibition must take place at a

level above the termination of these columns in the optic thalamus.

§ 3.—Tactile Sensibility and Localisation

Painful and thermal stimuli generate impulses that are more easily analysed

by the dissociation method than those due to contact of some external object
with the surface of the body. But tactile sensibility is equally the result of

incompatible impulses which never, under normal circumstances, affect

consciousness, until they have undergone combination and selective inhibition.

When any considerable area of the skm is rendered insensitive without

disturbance of deep sensibility, as was the case in the experiment on my hand,
that part of the body still responds to contact. Slight pressure on the abnormal

area can be appreciated and localised, whilst touches with cotton wool and
deformations of the surface, caused by pulling the hairs, remam completely

unperceived. Whether a sensation was or was not elicited, when a thick

camel-hair brush was applied to the dorsum of my hand, depended largely on

the way the brush was used. If applied suddenly and vertically to the skin,

so as to cause a jar, a slight tactile sensation was produced ; but, when the

pressure was made more gradually, it was not appreciated until the brush was

distinctly bent. In the same way, strokmg the part gently with a wisp of

long-fibred cotton wool w^as entirely unperceived ;
but cotton wool balled

together into a
"
swab," such as is used for sponging a wound, caused a sensa-

tion, if pressed upon the affected part. The more gradually contact was
established and the smaller the pressure applied, the less likely was it that a

sensation would result. All observations show, that parts endowed with deep

sensibilit}'' are especially sensitive to jarring impact.
Measurements revealed that, whereas the normal skin on the back of my

hand was sensitive to the contact of hairs of from 8 to 21 grm./mm.^ (1 to 5

grm./mm.), the part innervated by the deep system alone did not respond to

23 grm./mm.^ (8 grm./mm.).

Deep sensibility may, therefore, endow the body with a remarkable power
of respondmg to contacts so slight that, under ordinary conditions, they would

have been spoken of as
"
light touches."' This is no pathological state; for,

during the period when the skin of my hand was entirely insensitive, I

frequently found extreme difficulty in marking out the affected area bj^ means
of light pressure. When the back of my hand was stimulated by pressure with

the round head of a pin, no essential difference would be noticed between the

quality of the sensations on the normal and affected parts.
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Tliis powiT of ri'c'oiinising cdiiliu-t I'arrics with it icmaikahly accurate

localisation. Wlicii. hcloic any recovery had taken place, I was asked to

indii-ate \\\v spot toiu-hed. my answers wi're as aeiau'ate on the one hand as

on the otiier.

This t"aeult\' ot indicatintif tlie situation of a loueli ^\as not associated with

any power to discriminate two points applied sinuUtaneously to the skin, even

when separated to tlie greatest distance possihle over the ai^ected area on the

l)aek of my hand. l?ut two points applied successively were at once recog-

nised, even when they were not more than IT) cm. distant from one another.

Here then we lind a remarkable dissociation between the one- and the two-

dimensional aspects of spacial sensibilitj^ A single spot, or two spots touched

in succession, could be localised with normal accuracy, but the strictly simul-

taneous stimulation at two points on the surface of the body could not be

recognised as more than one contact.

^^'ith the return of protopathic sensibility^ this power of localisation is

profoundly disturbed. For one of the chief characteristics of the reaction of

this primitive cutaneous system is its diffuseness and tendency to cause sensa-

tions referred to remote parts. If, during this stage of recovery, cotton wool

was rubbed over a small hair-clad portion of the affected area a peculiar wide-

spread tinglmg was produced. This response had the same fundamental

features as that from the heat-, cold- and pain-spots. It was strictly confined

to the hairs and was absent from hairless parts, such as the radial aspect of the

thenar emmence. If all the hairs were carefully shaved, the protopathic area

became insensitive to cotton wool and all diffuse reaction to contact ceased.

Moreover, the remote sensation due to stimulating the hairs with cotton wool

was referred into exactly the same parts as the pain evoked by pulling them

individually, or by exciting the heat- and cold-spots of the same area.

So long as the affected portion of my hand was innervated by deep sensi-

bility only, the position of a touch was well localised, if sufficiently heavy to

be appreciated. With the first signs of returning protopatliic sensibility,

localisation became gravely disturbed, for there are but few stimuli of daily

life wliicli do not excite some other sensation beside those of contact. The

more nearly the stimulus consisted of pure tactile pressure, the easier was it

for me to indicate the spot to -which it was applied. But, when it was pro-

duced by rubbing the hair-clad parts firmly with a swab of cotton wool, or by
pressure \A'ith the end of a cold test-tube, the diffuse radiation was so great
that no correct localisation was possible. Here the return of sensibility was

actually associated with disturbance of a power already possessed by. the

affected parts.

With the first return of epicritic sensibilitj", reference occurs less frequently
and radiation is diminished. The affected parts become sensitive to touch,

even when the hairs are shaved, and measured tactile stimuli of 21 grm./mm.-
cr less are distmctly appreciated. During this stage of recovery it grows

increasingl}- possible to recognise the duality of tAvo spots touched at the same
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moment, and the compass test begins to show the existence of some tactile

discrimination.

All tactile impulses, whatever their peripheral origin, become ultimately

combined by the time they reach the upward termmation of the spinal cord.

But the course they follow differs from that of impulses arising from thermal

and painful stimuli, in that a double path is open to the tactile impressions of

each half of the body throughout the greater part of their intramedullary

course. In the larger number of cases of loss of sensation produced by a

lesion in the opposite half of the spinal cord, pain, heat and cold only are

affected. But, hi a few instances, this loss is accompanied by a defuiite dis-

turbance of tactile sensibility ;
such change is always associated with some

injury to the posterior columns on the side of the loss of sensation, accompanied

by more or less destruction of the antero -lateral aspect of the opposite half of

the spinal cord. For, in order that tactile sensibility may be affected from an

intramedullary lesion, it is necessary not only to injure the crossed secondary

paths, but also to disturb the conduction of the primary path for tactile im-

pulses in the posterior columns. For this reason, sensations of touch and

pressure are much less frequently affected in cases of Brown-Sequard paralysis

than those of pain, heat and cold.

If, however, tactile sensibility is either abolished, or even diminished, it is

affected as a whole. Impulses, originating from the surface and from the deep

parts, have been combined and all distinction is lost between those arising in

different peripheral systems. The lightest touch and the heaviest pressure,

short of discomfort, form the two ends of a graduated tactile scale. When-

ever it would seem as if some lesion of the spinal cord had destroyed sensation

to light touch, but left that to pressure unaffected, careful measurements will

show that the tactile loss is greater than could be accounted for by the aboli-

tion of cutaneous sensibility alone. Not only is light touch abolished, but the

lesser grades of pressure are also affected, and many stimuli, which would have

been sufficient to excite deep sensibility, fail to arouse appreciation.

It is probable that, in this synthesis of tactile impulses, the peculiar effect

produced by brusliing the hairs of my hand in the protopathic stage still

remains as the quality we recognise as
"
tingling

""

or
'"

itching." tSuch sensa-

tions, arising from the normal skin, closely resemble a modified and controlled

form of the widely diffused reaction, caused by brushing the hairs in tliis stage

of recovery. These impulses travel up the spinal cord in conjunction with

others of tactile origin. For, if all sensibility to pain, heat, and cold is destroyed

in consequence of an intramedullary lesion, but touch remains unaffected,

tmgling and itching can still be produced by stimulating the hairs, and the sole

can be tickled so as to evoke either pleasure or discomfort.

Throughout their whole course, within the limits of the spmal cord, tactile

impulses are associated with the power of localising the position of the spot

touched. All recognition of the posture of the limb in space may be lost, and

discrimination of two points may be impossible, but localisation will not be
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affected, unless tactile sensibility is disturbed. But. above the miclci n\' the

posterior eohuuus. tactile impulses tend to se|)ara1(' Irtmi those which underlie

the power of ajijireciat inu thi' situation of tiie stinudated spot. The Ion*:;

connection of topical localisation wilii the integrity of one or otlier form ot

tactile sensil>ilitv is then broken for the iirst tinu'.

5; 4.—Other Sr.vi ial xA.spects of Sensation

When the sensory supply of a part of the body consists of the deep afferent

system only, tiie patient can recognise its position in space, and can estimate

the direction and extent of passive movements as certainly as on the normal

side. Complete division of all cutaneous nerves to a finger in no way affects

the power of appreciating relationships in three-dimensional space.

The presence of deep sensibility only is sufficient also to endow the affected

area with remarkably accurate localisation, provided sufficient pressure is

used to induce a sensation of contact. But tactile discrimination is impossible ;

the patient cannot distinguish two points of the compasses, when separated

to the farthest distance within one segment of the limb.

Thus, the deep afferent system gives origin to all the impulses which are

concerned with three-dimensional recognition and to many of those responsible

for accurate localisation of the stimulated spot : but it plays no part in the

appreciation of tests in two-dimensional space. When we consider how closely

this aspect of sensation depends upon impulses from the surface of the body,
it is not difficult to understand the reason for this peculiar dissociation.

Tactile discrimination is closely bound up with the integrity of the epicritic

system. During the protopathic stage the reaction to contact is massive and

diffuse ;
it is impossible to indicate accurately the position of the stimulated

spot, and two points cannot be distinguished. Contacts with two points of

the compasses simultaneously, or with one point onl}^ are confused and the

sensory response bears no obvious relation to the single or double nature of

the stimulus.

One of the earliest signs of returnmg epicritic sensibility is the appearance
of tactile discrimination. At the same time, the reaction becomes less diffuse,

and sensations are no longer referred to remote parts of the affected area.

One of the most potent methods by which the presence of epicritic sensibility

controls the vehemence of protopatliic reactions depends on this recognition

of two-dimensional relationships. The widespread reaction is not only
inhibited by the impulses underlying tactile discrimination, but the ultimate

sensation is restricted approximately to the area stimulated. As soon as this

direct relation between the superficial extent of the stimulus and the sensor}'

reaction is established, it becomes possible to compare the relative intensity

of two external stimuli. A tube containing water at 20° C. is no longer thought
to be

"
colder

''
thar a metal rod of considerably smaller superficial area at

the temperature of ice ;
for this error of appreciation depends on the more
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massive reaction evoke I by the larger of the two stimuli, which renders impos-
sible any accurate comparison of their relative intensity. Epicritic sensibility

controls the diffuse
"

all or nothing
"

protopathic reaction in two ways. It

endows the afferent mechanism with the power of adaptation, so that its

response depends not only on the sensory quality of the stimulus, but also on

the previous experiences to which it has been recently exposed. Secondly,

it gives to the affected area the poAver to respond to relationsliips in two-

dimensional space, and probably in this way curbs that radiation and reference

into remote parts so characteristic of the protopathic response.

Tactile, painful and thermal impulses ultimately cross to the opposite

side in thek passage through the spinal cord, and as soon as they have passed
into secondary tracts show evidence of recombination. But those which

underlie spacial recognition in two and three dimensions do not cross, until

they reach the nuclei of the posterior columns at the upper end of the spinal

cord.

Experimentally, this is a most fortunate condition, for it enables us to

study the changes in sensation produced by the destruction of these spacial

elements, ui parts of the body otherwise of normal sensibility. An injury,

confuied to one half of the spinal cord, may cause loss of power to recognise

posture and passive movement, together with want of discrimination of the

compass pomts on the side of the lesion, \A'hilst every other disturbance of

sensibility it may produce will be found on the opposite half of the body. We
can therefore investigate the nature and consequences of tliis defective spacial

recognition, unhampered by any other concomitant sensory loss
; and, if the

lesion lies sufficiently high in the cervical region to affect the hand, we can

test its effect upon the appreciation of size, shape and weight.

Head and Holmes (p. 537) have described such a case of lesion of the

second cervical segment, the highest point that can possibly be affected witliin

the limits of the spinal cord. The patient was at first paralysed in the right
arm and leg ;

but this passed off, leaving him capable of every movement,

though somewhat weaker in the right hand than in the left. When he came
under observation two years later, the deep reflexes in the right arm and leg

were exaggerated and the right plantar gave an upward response. Motion

and reflexes were completely unaffected on the left half of the body, and it is

obvious that the lesion must have occupied the right half of the spinal cord

only.

As is usual in such cases, pain, heat and cold were not appreciated over

the whole of the opposite half of the body. All forms of tactile sensibility

were however completely preserved, the position of any part of the left upper
or lower extremity could be recognised with ease and passive movements
were appreciated witliin normal limit s. The compass pomts could be accurately

distinguished and topical localisation was perfect.

When, however, we turn to the condition on the right half of the body, the

side of the lesion, the condition was almost the exact opposite. Sensibility to

VOL. II. Y
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touch, pain, heat aiul cdld was pi-rtcrt ly juvsiTved, but tlic |)atioiit was iniahlc

to recognise tlic posture oi hi-- riuht arm and h'H. and conld neither luinie nor

imitate correi-tly the positions into w liich they had heen })hiced. The compass
])oints couUl not he distinguished on the right j)ahn. even at a distance of

() cm. from one another. .\ll i)o\\ir <il leeognising si/.e. sliape and form in

tiu'ce ilimensit)ns was hist in the right hand, in spite of the fac-t that tactile

sensibiHty was perfectly ])reserved. Wlien some common object, such as a

key, a coin, or a pencil, was ])laced in his right hand he was unable to say what
it was. He could not estimate weight, nor recognise the relative hardness or

softness of things held in the right hand.

In this case the power of appreciating relations in two- and in three-

dimensional space was grossl}' disturbed on the right half of the body, wliilst
"
spot -finding," or one-dimensional localisation, remauied unaffected. Within

the limits of the si)inal cord, this faculty is still luiked up with impulses under-

lying the qualitative aspects of sensation which fuially cross to the opposite
half of the spmal cord. But those responsible for postural recognition and
the discrimination of two contacts remain uncrossed in the posterior columns,

tln'oughout the ^^llole of their course within the spinal cord.

Now it is obvious that these columns consist mainly of projections from the

peripheral nervous system. No synaptic junction guards their entrance and
none of their exogenous fibres cross to the opposite side, as is the case with

every secondary sensory path. They are not specific tracts and, from the

functional aspect, do not belong to the intramedullary system. Every afferent

impulse, -which enters the spinal cord, travels for a longer or shorter distance

m the posterior colunnis. Somg, like those capable of exciting sensations of

pam, of heat or of cold, are rapidly combined and pass away into specific

tracts on the opposite half of the spinal cord and brain-stem
; they run, without

further interruption, to end in the receptive centre of the optic thalamus.

Others, like those concerned with sensations of contact, seem to follow a

double path. Tmally, however, of all the afferent impulses, wliich enter

some distant segment of the spmal cord, none remain in the posterior columns,

except those wliich underlie recognition of changes in two- and tln-ee-dimen-

sional space. At the extreme upward termmation of the spinal cord, these

pass into the posterior column nuclei and cross to the opposite half of the

nervous system. Up to this point, they have remained impulses of the

primary level, wliich happen to have formed more or less qualitative groups
in consequence of the gradual passing away of their peripheral companions ;

in the posterior column nuclei, however, they undergo their first re-grouping
and travel on m specific sensory tracts.

Above the posterior column nuclei, impulses underh'uig the appreciation

of posture and passive mvyvement become separated from those concerned

with tactile discrimination. These two aspects of spacial sensibility may be

completely dissociated. Head and Holmes (p. 546) described a case of a

lesion m the brain-stem where recognition of passive movement was disturbed
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ill tlic liaud of the opposite side, whilst the compass test gave identical results

on the two halves of the body; the appreciation of size, shape and form in

three dimensions was entirely unaffected.

All afferent impulses, which reach the optic thalamus, pass through the

receptive portion of this organ on their way to their final sensory centres.

But by the time they reach this junction in the nervous system, they have
become arranged into physiologically specific groups ; those associated with

sensations of touch, of pain, of heat and of cold run in specific tracts to

terminate in separate thalamic end-stations.

Such a mechanical arrangement is eminently comprehensible ;
for each of

lliese categories corresponds to some aspect of sensation, wliich can be dis-

covered by introspection. But our account of the arrangement and course of

the impulses, wliich are concerned with spacial recognition, must seem entirely

unreasonable to the a jj^iori psychologist. As soon, however, as our con-

clusions are looked at physiologically, all difficulty disappears ;
for the method

by which such impulses are integrated, on the physiological level, is admirably

adapted to ensure the part w4iich they must fuially ^Aaj in sensation.

Ai\ appreciation of the sensory aspect of movement in three-dimensional

space depends on impulses arising in the deep afferent system, whilst the

faculty of discriminating two or more points of contact on a flat surface is

associated with the integrity of end-organs in the skin. The fibres of these

two peripheral mechanisms are contmued centralwards in the posterior columns

of the spinal cord. These tracts are not, functionally, a portion of the central

nervous system, as far as their exogenous fibres are concerned, and the impulses

underlying spacial appreciation travel indei^endently along each of the central

projections of the \\\o peripheral mechanisms in which they arose. They
meet their fhst sensory synaptic junction in the cells of the posterior column
nuclei. Here an opportunist anatomical arrangement becomes converted

into a definite functional dissociation and, from tliis point on^\ards, each

group of impulses travels in a separate specific tract.

^leanwliile, however, the long association of
"
spot-fuiding

"
with contact

sensibility is also broken
; one-dimensional localisation becomes separated

from the power of recognising touch and pressure.
It is easy to see how this intimate connection, between the impulses under-

lying recognition of contact and of its point of impact, came about on the

primary level. They arise simultaneously from the action of almost every
external stimulus on the same two peripheral systems ;

the tactile aspect of

pressure, and the power of appreciating the spot to which it is applied, are a

function of the deep afferent mechanism, whilst recognition of the finer degrees
of touch and their accurate localisation depend on impulses from the epicritic

system on the surface of the body. Fhst of all, integration must ^^•eld the

physical substrata of these two aspects of contact sensibility and localisation

into one coherent physiological group. This occurs in the secondary paths of

the spinal cord and bram-stem. But, when we consider sensation from the
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psyeliical jH)iiit of view, its spacial relations are indivisible
; localisation forms

an inseiKirable jiart of our ajipreciation of space. The impulses upon A\hich it

depends must, therefore, become deiaduHl from those underlying sensations

of eontaet, in c>rder that they nu\y be combined into one coherent si)acial

group. Finally, all those impulses potentially capable of revealing spacial

relations impinsie upon the apjirojiriatc centre in the cortex of the brain, to

give birth to those processes which immediately underlie the sensory aspects
of space. This is an example of the rule, that the arrangement of the peri-

jiheral nervous system depends on structural and developmental conditions;

that of the intramedullary level is essentially functional or physiological,
\\hilst the tuial processes, A\hich underlie sensation, are grouped accordmg
to categories that can be discovered by mtrospection.

§ 5.—Sensory and Non-sensory Afferent Impulses

^"Mien a tract degenerates in a centripetal direction, it probably conducts

afferent impulses, but it is not, therefore, of necessity sensory in function.

Some afferent impulses are destined never to affect consciousness, wliilst others

may or maj^ not form the basis of a sensation, according to circumstances.

This distinction has not been sufhciently emphasised, but is the key to many
otherwise hiexplicable arrangements in the central nervous system.

Thus, the posterior columns of the spinal cord conduct, amongst other

impulses, those from the deep structures such as jomts, tendons and muscles
;

on these depends our ability to recognise the position of the body in space.

But, apart from this conscious -recognition of posture, it is of supreme impor-
tance that the great centres for the maintenance of posture and bodily tone

should receive afferent impressions from the joints. Impulses underlying

deep sensibilitj^ therefore, act upon the cerebellum and its allied centres,

and m so domg remain for ever outside consciousness.

The afferent stream from deep structures, passmg up the posterior column

of the spmal cord, can affect two termmal centres. One of these is the cortex,

with consequent recognition of posture and movement
;
the other, the cere-

bellar system, regulates and controls the postural and tonic aspects of mus-

cular activity A\ithout in any way excitmg consciousness directly. We know
that some part of our body has assumed a certam position, or that a definite

movement is takmg place under the influence of the will
;
but the preliminary

co-ordination of muscle-groups and shifting of tonic innervation, necessary

for such changes, are carried on, without the accompaniment of any conscious

process.

This is shown by the complete absence of sensory disturbance in uncom-

plicated lesions of one half of the cerebellum. Motion is gravely affected
;
the

patient is unable to make rapid rotatory movements, or to touch his nose

readily with the affected hand. He may titubate, or deviate grossly, when

attempting to walk round a table, and be unable to stand on the affected leg.
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even when his eyes remain open. And yet the closest examination fails to

reveal any want of recognition of posture, or passive movement, loss of vibratory

sensibility, or other analogous defect.

Holmes ([54] p. 512) has given a strildng example of the difference in this

respect, produced by lesions of the cerebellum and of the cerebral cortex, and

has incidentally exposed a fallacy in the deductions of other observers. He
showed that, if a patient with a unilateral lesion of the cerebellum was told to

compare two identical weights placed simultaneously one in each hand, the

weight on the affected side was thought to be the heavier. Even when they
differed from one another by one quarter (200 to 150 grm.), the lighter Aveight

might seem to be heavier on the same side as the lesion. But this defect is

not primarily one of sensation, for, if the same two weights were placed one

after another on the affected hand, they were uniformly estimated correctly.

AVlien the patient was compelled to compare one weight, supported by a limb

whose movements were inco-ordinate, with an identical or even heavier weight
on the normal hand, he tended to overestimate the one on the affected side.

But, if he was allowed to use the same defective mechanism to weigh both

objects, he was able to gauge their relation as accurately as on the normal

palm,
I can fully confirm these observations from experiments made upon a

patient under my care with injury to one half of the cerebellum. Equal

weights placed simultaneously in the two palms were invariably said to be

heavier on the affected side. It was not until the relation became that of

100 to 40 grm., that he thought the two weights were equal. But, if they
were placed one after the other on the affected palm, he had no difficulty in

givmg uniformly correct answers, even when they differed so little as 100 grm.
and 80 grm. Tliis was also the limit of his appreciation on the normal hand,
and many healthy persons cannot even reach tins standard of accuracy. The

following experiment shows how completely the original failure to estimate

weights, placed simultaneously on the two hands, was due to a disturbance

of movement in the affected limb. When the two hands were completely

supported and weights were placed one m each palm, he had no difficulty in

recognismg their identity, or the difference between 100 and 80 grm., pro-
vided he made no movement. That is to say, he could estimate correctly

the relative pressure of the two weights, provided the muscles were at complete
rest

;
but as soon as the hands were lifted, this perfect recognition was dis-

turbed by the inco-ordinate movements in the limb on the side of the lesion,

and he thought the weight on the affected hand was the heavier.

Tlu"oughout their passage witliin the posterior columns of the sj)inal cord,

impulses concerned with the regulation of posture and movement are given
off into direct cerebellar paths on the same side of the body. Tins is probably
a reason why such afferent products of deep sensibility remain imcrossed,

until they reach the nuclei of these columns at tlie termmation of the spinal
cord. By this time they have given off most of the impulses destined to
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inlliuMu-e unconscious postural ai-tivitics, and 1 he rcinaindcr become rccom-

l)inc(l and cross ra})idly into secondary tracts i»l the hraiii-slciu. to underlie

conscious recognition of postinv and niovenicnt.

Apart, liowever. from their unconscious clTcct in co-ordinal ini;" volunlary

movement, tlicso postiu'al aiTerents exercise a profound inlhienci' on the

character of spinal reflexes. When tlie cord has heen gravely injured

and the conditions are favourable to the return of activity in its severed

portion, the response to stimulation sometimes assumes a massive and

ditYuse character. The lower extremity becomes flexed, the abdoniiiial

muscles contract, bladder and rectum are thrown into activity and the patient

may sweat over those parts of his body, A\hich are innervated from below the

lesion. AA'hatever the position of the limbs or the site of the stimulus, the

answer is of the same character, widespread and uncontrolled. In order that

tliis mode of reaction may appear, the mechanism for postural co-ordination

must have undergone such gross injury, that no efferent impulses from the

mid-brain centres can pass tlirough the damaged region. Consciousness

appears to play no essential part in determining whether it shall appear or

not
;
for the patient may be insensitive to all forms of stimulation, however

intense, and may be unable to appreciate the posture and movements of the

lower extremities, and yet this massive response be absent.

It is to these unconscious postural and spacial impulses that we owe the

adaptation of spinal reflexes to the site of the stimulus and the position of the

limb. They act in man upon centres of the mid-brain and pons, and so control

the reflex motor activity of the cord tlu^ough proprio-spinal paths and centres.

So long as tliis mechanism is intact, the great postural centres can dominate

spinal reflexes. The answer to stimulation is endowed with local and postural

signature. Xot only the nature of the stimulus but its superficial extent and
the position of the limb determine the character of the motor response.

Li addition to these afferent impulses wliicli never reach consciousness,
there are a number of others which do not normally excite sensation. Thus,

many impulses from the viscera produce an appropriate reflex action, without

primarily affecting consciousness. When, in the course of some experiments
on visceral sensibility, I passed warm water into the gut through a colostomy

opening, the patient complained that he wanted to defsecate
;
a reflex peri-

stalsis was set up, of which he was conscious, although he failed completely
to recognise the stimulus by which it had been evoked. Most of the afferent

impulses from the stomach and intestines probably belong to this order.

But many impulses capable of forming the basis of a sensation are pre-

vented under normal conditions from reaching the highest centres
; or, if

their forward path is not completely barred, they pass on in a profoundly
modified form, in consequence of the concurrent activity of other sensory

end-organs. The utility of this arrangement is obvious, especially in the case

of those impulses which underlie discomfort or pain. Temperatures of from

40° to about 45° C. normally produce a pleasurable sensation of warmth; but.
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in the absence of the heat-spots and the epicritic thermal mechanism, such

temperatures cause pam, Tliis is well seen in the experiment on the glans

penis, where a temperature which was exquisitely disagreeable became pleasant

as soon as the warm water reached the area supplied with heat-spots.

It is obvious, therefore, that any temperature between 40° aijd 45° C. is an

effective stimulus to the pain-spots. Every time the hands are cUpped into

water between these degrees, innumerable impulses are evoked which are

potentially painful. But they are prevented from affecting consciousness

by the coincident excitation of the sensory heat-mechanism in the skin
;
for

a sensation of pleasant ^^•armtll is incompatible A\itli the co-existence of pain.

As the temperature rises, these potentially painful impulses increase in

strength, until they can no longer be mliibited
; they then form the basis of

a sensation of pain. Here, consciousness is not disturbed until impulses are

produced, not only in themselves of sufficient strength to evoke a sensation,

but able to overcome the inhibitory effect due to the activity of other specific

end-organs.
In a similar way, the return of epicritic sensibility reduces the amount

of pam caused by cutaneous stimuli, without at the same time raising the

tlireshold. Radiation and reference are uihibited and the pain produced by a

prick is restricted to the immediate neighbourhood of the spot stimulated. Tliis

diminution in extent reduces the amount of pain suffered by the patient,

although the measured threshold for painful sensations may be actually lower

than during the preceding protopathic stage.

Pam is the oldest defensive reaction, and potentially painful stimuli are

the basis of all primitive reflexes. It is therefore most important that poten-

tially painful impulses should be diminished in extent, or actually inliibited

in favour of those sensory impressions more capable of leading to discrimina-

tion. The mechanism underlying the production of pain m.ust however

remain in full physiological activity, so that it may play its part in defence of

the organism, when noxious stimuli reach a high grade of intensity.

Thus, we have been able to show that the existence of non-sensory afferent

impulses plays an important part in determining the mechanical co-ordination

of voluntary action and are also of paramount importance in the production
of spinal reflexes. Moreover, the evolution of the more discriminative func-

tions of sensibility is largely bound up with the control of afferent impulses,

which, if they affected consciousness, would evoke sensations of pain and

feelings of discomfort.

§ G.—Feeling-Tone and the Optic Thalamus

Anatomically, the optic thalamus is one of the most intricate regions of

the central nervous system ; and, since most pathological conditions in this

situation do not produce selective destruction, the clinical picture presented

by a thalamic lesion is usually extremely complex. But, b}'' a suitable choice
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of illustrative cases and by analysis of the sjnnptonis tlicy present, it is not

diflicult to discover the pari ])layed by this organ in sensation. For first of

all. it is an (Mid-station for all sensory atTerent impulses, Avhence they start on

two luaiii lines to eidininate in centres. mIucIi subserva^ two diaiuetrically

opposed aspects of sensation.

I shall not enter into the complexities of a case of thalauiic disease
;

these are fully dealt with by Head and Holmes (p. 551 to 569), where many illus-

trative examples are given. INIy business here is to show the fate of those

afferent impulses, ultimately destined to excite the activity of the cerebral

cortex and so endow sensation A\ith certam specific qualities, dependent for

their existence on this centre. But it is necessary fu'st to consider how the

optic thalannis infiuences the general §tream of impulses, which travel

onwards from its receptive end-station.

Above tliis junction in the nervous system, afferent impulses have the

opportunity of affecting two sensory centres : on the one hand, the essential

organ of the optic thalamus, distinct from its receptive mechanism, and on the

other the cerebral cortex. This essential organ of the thalamus is the centre

of
"
awareness

"
for certain aspects of sensation. It responds to all stimuli

capable of producmg sensations of a change in state. Thus, contact, especially

movement across the surface of the body, arouses in the patient's mind recog-

nition that something is happenmg, although he may be unable to appreciate
the quality or situation of the stimulus. The thalamic centre reacts to the

affective aspect of sensibiUty; when the patient exclaims, "Something is

happening to me, I am being hurt," instead of,
" You are sticking a pin into

me," he is emphasising the consequences of such thalamic appeal.
The essential organ of the optic thalamus is the centre for tliis aspect of

sensation and responds to all stimuli capable of evoldng either pleasure or

discomfort. The feeling-tone of somatic or visceral sensations is the product
of thalamic activity, and the greater the affective reaction to any stimulus

the more certain is its thalamic appeal. Conversely, the more entirely any

aspect of sensibility depends upon discrimination, as for instance the recog-

nition of spacial relations, the less does it call upon the activity of the optic
thalamus.

The sensory impulses evoked by a glass of hot water, held in my hand,
influence my consciousness through these two centres. Recognition of con-

tact, the sensation of heat and the pleasure or discomfort it gives me, according
to the degree of temperature, are the product of thalamic activity, whilst the

roundness, size and weight of the containmg vessel, together with my power
of appreciatmg the posture of the hand in which it lies, are the cortical aspect
of the resultant general sensation.

During the passage tlu^ough the secondary tracts of the central nervous

sj^stem, sensory impulses undergo integration into groups of similar physio-

logical significance. By the time they leave the receptive organ of the optic

thalamus, this recombination on functional Imes is complete, and, from this
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point onwards, sensory impulses travel in seven separable streams, each of

which may be interrupted independently of the other.

The groupmg at tliis level is still strictly physiological ;
each set of impulses

arising from a certain aspect of peripheral stimulation still carries with it,

not only the power of evoking a specific sensation, but also the capacity of ^
endowing it with the appropriate feeling-tone. From the thalamic junction

onwards, these physiological combinations have the opportunity of acting

on two terminal centres. They can excite the essential organ of the optic

thalamus, which is associated mainly with the affective side of sensation, or

the so-called
"
sensory cortex," the centre for its more discriminative aspects.

Each of these two end-stations reacts to the afferent quality to wliich it is

attuned, and refuses to respond to those with which it is not in harmony.
How this selective reaction works m practice will be evident, if we consider

in detail the constituents of each of these seven afferent streams.

(a) Tactile elements : This group contains all those impulses evoked by
every form of contact, superficial and deep ; they form a graduated scale

from the lightest touch to the heaviest pressure, and include the physiological
effects of moving rough objects across the surface, of stimulating the hairs, and
of all manipulations which cause tmglmg and itchmg.

Now it is obvious that these impulses must make a double appeal. Sudden
contact with some hard body, a rough object dragged across the skm, brusliing

the hairs and tickling stimuli are all sufficient to excite the thalamic centre
;

the sensations they evoke are heavily charged with feelmg-tone. But a fine

appreciation of the different degrees of tactile stimuli, or of the pressure of

various weights placed on the fully supported hand, makes an appeal to the

discriminative aspect of sensibility with which the optic thalamus has no

concern.

(b) Pamful elements : Here we fuid a condition the exact converse to that

just described for the tactile elements. . All painful or uncomfortable stimuli

appeal mainly to the thalamic centre and, slightly if at all, to that in the cortex.

But it is necessary at the outset to distinguish clearly between
"
discomfort

"

and "
pain." Pain is a distinct sensory quality equivalent to heat and cold,

and its intensity can be roughly graded according to the force expended in

stimulation. Discomfort, on the other hand, is that feelmg-tone wliich is

directly opposed to pleasure. It may accompany sensations not in them-

selves essentially painful, as for instance that produced b}^ tickling the sole

of the foot. The reaction produced by repeated prickmg contains both these

elements
;
for it evokes that sensor}^ quality knoAvn as pain, accompanied by

a disagreeable feeling-tone, which we have called discomfort. On the other

hand, excessive pressure, except when applied directly over some nerve trunk,

tends to excite more discomfort than pain, and makes a more exclusively

thalamic appeal.
The secondary tracts in the spinal cord, devoted to the pahiful aspects of

sensibility, conduct all impulses, capable of arousing pain or discomfort, in
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connection with injuries to the superlicial oi- (l(t'|) parts <»f" the body. Rut

(>vtMi hi'torc the lillrt actually lenninatcs in the optic 1 lialamiis. 1 he more

disagi'eeable stinuili. such as excessive pressure, can iiilluenc^e consciousness,

tiiouuh the afTected jiarts arc tc^tally insensitive to 1 he pain of ]iricking or

l)urninjj;. This is evidently the tirsi indication ot the ultimate action of all

painful and uncomfortable stinndi on the alTective centre in the optic thalannis.

Hut. although the appeal of all such aspects of sensibility is overwhehningly

thalamic, it must not be forgotten that pain can be roughly graded according
to the intensity of the stimulus

;
in so far, it is the product of cortical activity.

How small is this element in most disagreeable stimuli is shown by the extreme

difficulty in devising graduated painful tests, which are capable of giving

measurable results.

((') and {(I) Thermal elements (heat and cold) : The impidses underlying
sensations of heat and cold travel up to the spinal cord and bram-stem in

specific tracts, and still remain separable above the level of the thalamic junc-

tion. Each of these afferent groups can exert a profound influence, both on

the essential organ of the optic' thalamus and on the sensor}^ cortex. Cold

is almost iniiversally uncomfortable, but heat may excite either pleasure or

discomfort, according to the temperature of the stimulus
; feelmg-tone is

always an important characteristic of thermal sensations.

But, apart from the affective aspect, we believe that the optic thalamus

forms the physiological end-station for those activities which underlie the

qualitative appreciation of thermal stimuli. A patient, in whom the sensory
cortex has been th^o^vn out of action, may recognise heat and cold correctly,

although he is unable to appreciate the relation between two hot or cold objects.

Crude sensations of heat and of cold are functions of the activity of the essential

organ of the optic thalamus.

On the other hand, finer discrimination of thermal stimuli is a function of

the cortex. The normal human being can distinguish different degrees of

temperature with considerable accuracy, although they do not differ in quality
from one another. Both 35° C. and 42° C. are said to be

"
warm," when

applied to a sensitive part, such as the palm of the hand, but there can be no
doubt that the latter is the warmer. Tliis power of discriminating between
two stimuli of the same sensory quality becomes less accurate the nearer

they approach to the extremes of heat or of cold
; for, at the tw o ends of the

scale, the reaction tends to approximate to the
"

all or nothing
"

response,
so characteristic of the heat- and cold-spots.

Thus, the optic thalamus forms the physiological end-station for those

aspects of thermal sensibilitj^ concerned with feeling-tone and crude quali-

tative appreciation of heat and cold. The sensory cortex, on the other hand,
is responsible for the faculty of discriminating quantitative differences m
intensity.

(e), (/) and (g) Spacial elements : Above the level of the posterior column

nuclei, impulses concerned with the three aspects of spacial recognition run
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in three separate streams, apart from those associated,with sensations of touch

and pressure. There is no evidence to show that these groups make any
thalamic appeal. They are associated with purely discriminative processes,
such as the power of appreciating posture, recognition of two or more
simidtaneous contacts and localisation of the stimulated spot.

On the integrity of each of these afferent groups depends the faculty of

responding accurately to some more complex test. Thus, the group concerned

with relations in three-dimensional space is not only responsible for our recog-
nition of posture and passive movement, but also, at this level, endows us with
the poAver of estimating correctly the difference between two weights placed
on the unsupported hand one after the other. The act of

"
weighing

"
an

object in the palm is a function of this stream of impulses.
In the same way, appreciation of the relative size and shape of flat objects

depends on the same afferent group as the power of discriminating the two

points of the compasses applied simultaneously.

Thus, in conclusion, we have been able to show that afferent impulses

pass on from the receptive centre in the optic thalamus in seven separable
streams. Each of these acts upon one or both of the terminal physiological
centres. At the one pole stand the effects produced by painful stimuli,

which profoundly affect the essential organ of the optic thalamus, but have

little influence on cortical activity ;
at the other extreme we find the physio-

logical substrata of spacial recognition, which appeal exclusively to the

sensory cortex.

§ 7.—Discrimination and the Cortex Cerebri

The paths between the termination of the fillet in the optic thalamus and
the essential thalamic centre lie in the body of this organ and cannot be com-

pletely interrupted without producing some destruction of incoming sensory

impulses or injury to the centre itself. But the paths from the receptive end-

station in the optic thalamus to the cortex pass by way of the internal capsule
and the radiating fibres of the centrum ovale. These tracts are frequently

interrupted by disease, and it is therefore possible to determine the nature and

grouping of the sensory impulses, which they conduct to the cortical centres.

Lesions of these subcortical paths show that we are still dealing with

physiological processes destined to excite those central activities which underlie

the cortical aspects of sensation
;
the defects of sensibility are evidently due

to the fact that certain afferent elements fail to reach the intact centres of

the cortex.

We have described, in the previous section, the groups of afferent impulses
which pass away from the terminal receptive mechanism in the optic thalamus

to influence, on the one hand, its essential centre, and on the other the sensory
cortex. Subcortical lesions reveal the same streams, differing only in the

fact that they have shed all those elements capable of exciting thalamic

activity. Thus, as before, each of the three groups of spacial elements seems
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to run iiulcjH^iulrntly of the others, and can Ix- alTcctcHl separately. Moreover,
a loss oi power to recognise ])ostur(> and movement still carries mHIi it inability

to compare the weight of the two objects, placed successively on the unsup-

ported hand, aiul defective discrimination of the compass points is associated

with want of appreciation of relative siz(> and shajie in two dimensions.

At this level of the nervous system, an interlerence with tactile impulses
does not prevent the patient from recognisuig contact or roughness. JJut

it disturbs appreciation of the relative intensity of graduated tactile stimuli

and of increase or diminution in Mcights placed on the fully supported hand.

Any disturbance that may be present in thermal sensibility is shown by
defective recognition of the relation between temperatures of the same equality.

The patient can still distmguish heat and cold, but cannot be certain if one

warm object is warmer or cooler than another. At the same time, the neutral

portion of the scale, A\here the stimulus seems neither hot nor cold, may be

considerably enlarged. That is to say, any actual loss of sensation is found

amongst those temperatures, wdiich must be compared to be appreciated
and are most susceptible to sensory adaptation.

Such are the materials out of ^^llich the cortex manufactures those physio-

logical processes, wliich underlie certain specific aspects of sensation. When,
however, w-e examme the sensory effects produced by a lesion of the cortex,

we are no longer confronted with a gross physiological defect, but with what

appears to be a want of attention ;
the patient seems to be untrustworthy.

Sometimes he appreciates a touch, sometimes even a stronger stimulus fails

to evoke an answer
;
he knows that the object in contact with the affected

part is warm, but cannot tell whether it is hotter or colder than one he has

previously held in his hand. Sensation is not abolished, but his answers are

confused
;
and yet on further examination they are found to be unsatisfactory

only in so far as they concern the affected part. Elsew^here, he may give
results w^hich m accuracy are up to or even above the normal average.

Analysis of this apparent untrustworthmess of the affected part shows

that it depends upon three mam factors. First of all, the answ^ers given by
the patient are mconstant

;
at one moment he seems to appreciate a stimulus

of a certam intensitj^, at the next it remains entirely Avithout effect upon liis

consciousness. Thus, it may be necessary greatly to increase the stimulus

before a series of correct answers can be obtained, and not infrequently even

then no regular response can be evoked. In such a case, we cannot work out

a tlireshold, not because the patient never appreciates the stimulus, but because

at every intensity it sometimes causes a sensation and sometimes passes
unnoticed.

Secondly, a cortical lesion tends to destroy the power of appreciating the.

difference betw^een two objects which have certain basic sensory qualities in

common. Thus, the patient may no longer be able to tell w^hich of two weights
is the heavier, although they are of the same shape and cover an identical

surface. He may also lose the power of recognismg the relative size and form
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of objects and, although he can tell whether a fabric is rough or smooth, he

may no longer be able to distmguish flannel from silk.

Tliirdly, the cortex is responsible for the spacial aspects of sensation, and

one of the most frequent consequences of a lesion m tliis situation is inability

to recognise correctly the posture of the affected parts of the body ;
this is

often accompanied by a more or less defective discrimination of the compass

points and some want of power to determine the situation of the spot touched.

But these changes m sensibility are curiously uncertain. A varymg reaction

to constant stimuli, hallucmations, and wrong answers of all kinds mar the

measured records to an extent not usually present when the lesion lies at

lower levels of the nervous system.
The cortex is the repository of past impressions and these sensory dis-

positions profoundly modify the effect produced on the arrival of fresh impulses.

As far as the spacial aspect of sensibility is concerned, a disturbance of these

sensory dispositions would be responsible for just that uncertainty of recog-

nition of tlu'ee-, two- and one-dimensional relationsliips, which actually follows

a cortical lesion. For it would be impossible to discover the position of any

part of the body, unless the immediate postural impressions w^ere related to

sometliing that had preceded them. A direct perception of posture, analogous
to that of rouglmess, cannot occur

;
in ever}^ case, the new position of the

limb is related to some previous posture.

We have been able to show that the standard against wliich a change in

posture is estimated is not an image either visual or motor ;
it lies outside

consciousness. Every recognisable change m posture enters consciousness

already charged \vith its relation to sometliing wliich has gone before, and the

fuial product is directly perceived as a measured postural change. For this

combined standard, agamst wliich all subsequent changes hi posture are

estimated, before they enter consciousness, we have proposed the A\'ord
"
schema.'' Man perpetually builds up a model of liimself, which constantly

changes. Every new posture or movement is recorded on this plastic schema

and the activity of the cortex brings every fresh group of sensations evoked

by altered posture mto relation with it. Immediate postural recognition

follows as soon as this relation is complete. A cortical lesion tends to destroy
such schemata and so disturbs the certainty of spacial recognition.

Liconstant recognition, want of appreciation of intensity and inability to

relate and measure sensation are the consequences of a lesion in certain portions
of the cortex. Attention can no longer move with freedom and certainty over

the objects presented to it, so far as they arise in consciousness connected with

sensory processes from the affected parts of the bod}^ Obviously, then, the

consequences of a pure cortical lesion produce changes of wliich the mani-

festations are essentially psychical. We are above the level at which the

defects in sensibility are due to interference with afferent impulses and the

disturbances produced by a cortical lesion are manifested in defective attention

and discrimination.
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the method and an illustrative case

§ 1.—The Method

Such were the views we expressed on the activity of the cortex in the pro-

duction of sensation. We had determined the manner in wliich the affected

parts of the body reacted to a series of sensorj^ tests, and were anxious to demon-

strate the general afferent functions of the cortex, unhampered by an analysis

of dissociated sensibility or questions of anatomical localisation.

But it is obvious that our tests were empirical, and, though each was selected

to explore some special aspect of sensibility, we were not justified in correlating

the numerical results jdelded by one test with those of another. Even the three

methods we used for estimating defects in spacial recognition could not be

directly compared. Suppose, for example, that passive movements of less than

30° in extent were not appreciated, and the compass points could not be dis-

criminated until they were separated by a distance of 3 cm,
;
how can we say

wliich of these two aspects of spacial sensibility was disturbed to a greater

degree ? Both were obviously defective, but we cannot compare the relative

amount of the affection.

Still less can we correlate directly the numerical results of tests dej^ending

on sensory impulses of a different order, such as those underl}dng spacial recog-

nition or the appreciation of thermal differences. Yet before it is possible to

analyse the part played by the cortical centres in sensation, it is essential to

find some method of correlating the amount of sensory loss revealed by each

test in turn.

Now Holmes and I had already seen cases, such as those described by Russel

and Horsley [101], Avliere the condition of the hand was not uniform. Some

digits showed gross loss of sensation, others were normal or but slightly affected.

Not only might the severity of the loss differ over each finger, but its character

might not be the same even on neighbouring digits. When, for instance, the

little finger showed gross loss of recognition of passive movement, of tactile

discrimination and of localisation, it by no means followed that all these

functions were disturbed on the ring finger. It was obvious that such cases

give us the opportunity of determining the forms wliich sensory dissociation

might assume when caused by a lesion of the cortex, and thus, incidentally, of

grouping t he mam factors in its sensory activity.

For the more acute and severe the lesion, the wider will be the disturbance
670



SENSATION AND THE CEREBRAL CORTEX 671

of function it produces, as far, at any rate, as the sensory cortex is concerned.

This hiw hokls, not only for sensation in its entirety, but also for any one specific

aspect of sensibility; thus, in any particular case, one form may be disturbed

over both hand and foot, whilst some other sensory quality is affected on the

hand alone. Here we should be justified in saying that the more extensive loss

signified a graver affection of the corresponding aspect of sensation.

The truth of this law will be abundantly proved by the many examples of

sensory dissociation, wliich I shall consider more in detail later. But it is

obvious that, in the light of such an hj^pothesis, cases where the various digits

show different sensory dissociations become of fundamental scientific interest.

Suppose, for instance, that one of the spacial aspects of sgnsibility were affected

in four out of the five digits, whilst the power of appreciating graduated tactile

stimuli was disturbed in the little and ring fingers only, we are justified in

assuming that the lesion has produced a greater loss of spacial than of tactile

appreciation. By determining the number of digits, which are shown to be

affected to each sensory test, we are able to correlate the disturbance of the

various aspects of sensation.

Once tliis relation has been established, the actual results of measurement
can be roughly calibrated and compared. We may find that on one of the

digits every form of spacial recognition is grossly affected, but on the neigh-

bouring finger the three-, two-, and one-dimensional tests give different results.

Passive movement may not be recognised with certainty, however extensive

the range within normal limits, wliilst the two compass points can be accurately
discriminated if they are 3 cm. apart ;

"
spot-fuiding," however, is not measur-

ably disturbed, but the patient complains that it is more difficult to discover the

exact point of contact than over similar parts of the normal hand. Here,

then, on the same fuiger are three grades of loss. It is obvious that the three-

dimensional test is grossly affected, because no tln-eshold can be obtained.

Discrimmation of two points shows a smaller disturbance, for a tlu'eshold could

be determined, although it was raised considerably above the normal. On
the contrary, one-dimensional recognition was not measurably disturbed

;

but the patient knew by introspection that it was more difficult than over

unaffected parts.

In civilian practice these cases occur so infrequently that it was impossible
to investigate the problem systematically on these lines. But, as a consequence
of the war, every neurologist has come across patients with injuries of the skull

who have complamed that one part of the hand "feels different
"
from the

other. This may be a temporary phase on the road to recovery, or ma}^ remain

almost unaltered for many months or years. I believe that these cases give
the key to the part played by the cortex in the production of sensation, and
enable us to guess at the topographical localisation of the various sensory
activities which they reveal.

Twenty-one such cases have come under my observation, and I have

fortunately been able to work them out fully, in spite of the considerable
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expeiulituro of tinu> nocessarv in oacli instance io obtain a coinplotc set of

records.

§ 2.—An Illustrative Case

Tt A\ill be ^^•ell to begin ^^•itll an account of one of these cases, so that the

clinii-al [)henoniena they exhibit may bo clear before Ave pass on to a more
detaiknl examination of the sensory dissociation m each particular instance.

Case 17.—Private F. L., aged 29. On February 17, 1915, he was hit by a bullet which glanced
from a sandbag and struck the left side of his head. He Avalked to the dressing station and was

sent on to a field ambulance, arriving within three hours from the time of the wound. He suiTered

a good deal from jjain in the head but did not vomit or feel sick. The right arm was weak, and,

although he Icnew what he wanted to say, he had difficulty in finding words to express his meaning.

On February 19, he was operated upon by Captain Browne, who made the following notes :

*' Gunshot wound of head. Exit and entrance wounds over left motor area. Wounds joined up
and extended. Gutter fracture of outer table; much Assuring of inner table ; blood clot; dura

incised; clot under dma with extensive pulping of cerebrum. Right arm, motor paralysis.

Right facial paralj'sis and affection of speech. After operation, face and speech improved."

On ]March 3, he was transferred to London ; his conchtion was carefully worked out by Dr.

Fearnsides, who kindlj' arranged that I should see him. After some time spent at a convalescent

home, he came under my care at the London Hospital in July, 1915. The following account is

based upon records taken by myself during the first fortnight of that month.

At that time, four months after the wound, I found him an extremely intelligent, quiet York-

shircman, who had left school at 12 years of age in the sixth standard, and held a second class

Army certificate.

The wound had healed firmly and now consisted of a pulsating depressed scar covering a defect

in the bone of an irregular diamond shape. This was situated 15'5 cm. behind the nasion and I'o

cm. to the left of the middle line. The area of bony loss measured 8"5 cm. antero-posteriorly and

4 cm. across at the widest part. The nasion-inion measurement was 34-5 cm. and the inter-aural

line cut it 14'5 cm. behind the root of the nose (Fig. 176).

Speech was entirely unaffected. He had not suffered from any form of convulsion or seizure.

All headaches had disappeared several months before.

Vision was
j}
with either eye and the visual fields were normal. The discs showed no signs of

past or present change. Hearing, smell and taste were miaffected.

The pupils reacted normally. Ptosis, nystagmus and ocular paralysis were absent. The face,

tongue and palate moved well and equally.

The right wrist-jerk was sfightly greater than the left, but both were brisk. Kjiee-jerks, ankle-

jerks and i)lantar reflexes were absolutely normal. Both upper and the left lower abdominal

reflexes were brisk ; but that from the right iliac fossa was defective. Scratching the subumbifical

area on the right side produced a contraction above the level of the umbilicus only.

The only defects in motion were to be found in the right hand ; with this exception, even the

movements of the right upper extremity were performed powerfully against resistance and showed

no inco-ordination.

The grasp of the right hand was fairly strong, but clumsy and considerably weaker than that

of the left ; it did not relax materially when his eyes were closed. If his hands were held out in

front of him, the fingers were out of alignment and, when made to close his eyes, they fell into

irregular movements of flexion and extension. The contrast between the faUing away of the fingers

and the steadiness of the arm and forearm was exceedingly striking. Even with the eyes open he

could not flex or extend the thumb without coincident irregular movements occurring in the fingers,

and no isolated movements were possible in any of the digits of the right hand. Told to flex the

index finger, he bent it at once, but at the same time considerable flexion occurred in all the other

fingers and at the terminal joint of the thumb. When asked to straighten the right index, the
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thumb became extended together with the terminal joints of the middle, ring and little fingers,

although the metacarpo-phalangeal joints continued somewhat flexed. If, however, he was told to

open all his fingers, he did so rapidly, though the lingers remained out of alignment, owing to a

diverse amomit of flexion remaining at ths metacarpo-phalangeal joints. The amount to which

the fingers could be extended varied greatly from time to time, but the little finger was always
in the worst position.

These difficulties in movement were distinctly exaggerated when his eyes were closed. No gross

increase or decrease of tone could be discovered in the fingers or thumb of the right compared with

those of the left hand.

Sensation

His only complaint on the sensory side was that his right hand "
feels

numb "
;
when he woke at night he knew he had a right hand, but it seemed

stiff and dead.
, .

Measured Movement.—I^o sensory changes could be discovered to any of

the tests we use, either m the upper extremity above the wrist, or in the lower

limb. All deviations from the normal, found in this case, lay in the right hand
and were worked out finger by fuiger with the following result :

—
Measured Movement.
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111 t he ring and nuddlc lingcis t \\c records showed a less gross loss of sensa-

lion and in t lie index lingtM' 1 lie loss was so slight aslo he jusl |)erceptible only on

t he reetirds.

I'^rom K. iiuli'x linger to L. )- 12 sec. + 11 sec.

l-'roin 1-. iiicli\ liimcr to i\. + -^ **("("• + 8 sec.

There was no ditTerenee l>e( w een the answers obtained from 1 he two t hmiibs
;

evidently the right tlumil) was not affected to this test.

SintultancoKS co))ipaS{i test—
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On the right little finger the disturbance of sensibility was of a much grosser

character, as shown by the followmg record :
—

Right {affected). Left (normal).

21 grm./nim.- i i i i i i i i i i i i i i i i

21 gi in. 'mill.'- o i i o i i i (J i i :: -o o o i () o

23 grm./mm.'- o o i o i o i i -o i i :;
••

j
-i i i -i i

35 grm.y'miii.'- o i i i i i i
-

i i i

; ;
-i i i i i

-
i

70 grni. nun.- iiii — iii-iiiiii-iii

21 grm./mm.
- iii:-i::-oiii-oooi-oooo

21 grm./mm.- i i i i i i i i i i i i i i i i

(An
"

i

"
signifies that he responded to the contact of a tactile hair of a strength given in the

left hand column. An " o
"
records an absence of reply, whilst a dotted line represents an hallu-

cinatory answer. The horizontal lines correspond to pauses of 5 sec. or more, interpolated

either after a series of hallucinations, or in order to test the possibility that the jarevious answers

miglit have been hallucinatory.)

Here the tlireshold was raised to 70 grm./mm.^ With all lighter stimuli,

hallucinations and gross defects of response made their appearance.

Temperature.
—It is always extremely difficult in cases of cortical lesions

to obtain a trustworthy series of temperature records
;

for a large number of

observations are necessary, comparmg the behaviour of the two hands to the

same temperature. Tliis is impossible with a stupid patient and fatiguing
to one who is intelligent, if it forms part of a long examination. In tliis case,

therefore, I was satisfied with a careful exploration of the condition of the little

finger of the right hand comj)ared with that of the left.

For both hands the point at which he ceased to recognise the silver tube

as cold was 27° C, whilst the threshold for heat was 30° C, the external

temperature being 19° C. tlu?oughout these observations.

He made no mistakes in the relative warmth of silver tubes containing water

at 35° C. and 45° C. throughout a series of tests on both little fingers.

In fact, were it not that he said, "It is never so clear on the right little

finger as on the left," no abnormality could have been detected. Here there

was evidently a diminution of sensory acuity so slight that it could not be

measured, though it was evident to the patient liimself. Tliis I shall call an
"
introspective

"
difference.

Prick.—There was no difference between the two hands in the sensitiveness

to a measured prick, tested finger by finger, and introspectively the patient was

not aware of any abnormal sensations.

Weight.
—The best method for testing the power of recognising differences

in ^\•eight hi the five digits is to add and subtract leaden discs of the same surface

area, but of different thickness. The hand is laid palm upwards on a pilloAv, in

such a way that it is fully supported ;
a cork disc of negligible weight is laid on

the palmar aspect of the fijiger under examination. To this, progressively heavier

weights are added, and then removed until the cork alone remains on the finger.
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These weights are not added or removed in unbroken sequence, first up the scale

and then down, but u*regularly, and (he patient is asked to indicate when any

change occurs, lie is reqim'cd to say
" on

"
or

''
olT

"
only, or, if he prefers not

to do so, may answer
"
heavier

"
or

"
lighter." He is not allowed to raise the

finger from its basis on the ])illow so as to
*'

weigli
"
the test object.

This test a]>plied to the two little tingers gave the following rectords :

—

'eight mldcd or sublraclC'l.



CHAPTER IV

the forms assumed by disturbances of sensation due to lesions of

the cortex

§ 1.—Introductory

Before we pass on to consider the significance of this regional dissociation

of sensibility, it will be well to summarise the conclusions which can be drawn
from the case I have just described.

(1) Sensation as a whole may be affected by a cortical lesion to a different

degree in the various digits. In this instance, the thumb was normal; but

there was a steady deterioration in the sensory condition on passing towards

the post-axial border of the hand, culminating in gross loss over the little finger.

(2) A similar tendency to graduated loss of sensibility was shown in the

records of each individual test. Thus, the patient could appreciate passive

movement equally well on both thumbs ;
but a range of 5° to 10° was required

in the index fuiger, and gross loss was evident in the three other digits.

(3) Tests which appeal to fundamentally different aspects of sensation may
not be affected over the same number of digits. In the case already described,

appreciation of passive movement was defective in the index, middle, ring and
little fingers, whilst the tactile hairs, a most delicate test, revealed loss of

sensibility^ in the ring and little fingers only. This dissociation, as I shall show

later, can go so far that one form of sensibility may be grossly defective whilst

another may show little or no change.

(4) Even those tests wliich belong to the same sensory order may not be

affected over the same number of digits. Thus, measured movement, the

compass test and "
spot-finding," are all methods of exploring the spacial

aspects of sensation. But, in the example I have chosen, recognition of move-
ment was disturbed in four digits, tactile discrimination m tlnee, and topical
localisation in one onty.

Before we can draw any general conclusions from the detailed examination

of these cases of dissociation, it is necessary to consider the nature of the sensory
tests on which our results are based. None of them were invented as a special

means of explormg the defects produced by a lesion of the cortex, and the

majority excite to activity both the essential organ of the optic thalamus and
the cortical centres. If we call to mind the various aspects of sensation which

depend on the physiological activities of these two cerebral end-stations, we

recognise that, whereas the optic thalamus deals with crude awareness to

(577
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contact, heat, cold and i)aiii. the sensory cortex endows these basic I'uiicl ions

with spacial qnahlies, intensity and relativity.

When we pass in rcvii-w. according to tliis concc[)tion, the sensory tests

we hahitually ust\ it is evident that n^'ognit ioii of passive movement, discrimin-

ation of twi) eompass points and oiii' method of testing locahsation appeal to

those elements in cortical activity underlying recognition of relations in space.

Thus measurement of the angle through which any piut of the liml) must be

moved, in order that such change in posture may be appreciated, is an explora-

tion ill three-dimensional space. The power of discriminating two pomts of

the compasses, applied exactly at the same moment, reveals the capacity for

recognising two-dimensional space, whilst
''

spot-finding
""

is an exercise in

one-dimensional localisation.

Further analysis on these lines shows that our methods for examining

sensibility to touch, temperature and pain can be combined into another group
from the point of view of the sensory cortex. For, although the basic response

to all these tests is due to the activity of the optic thalamus, the power of

recognising differences of mtensity in the sensation evoked is a function of the

cortex. All the methods we use presuppose that an increase in strength of the

physical stimulus will result in a sensation of greater intensity, in some more or

less graduated proportion ;
on tliis principle depends the determination of

a thi'eshold, Avliich plays so important a part in all our sensory examinations.

But one of the signs of cortical disturbance is mability to obtain a threshold.

The answers are uncertain, even to stimuli of the same strength applied in an

exactly similar manner, and, although a response may be evoked, it is not of

necessity in proportion to the degree of stimulation.

Of the remainmg tests, weight is the only one applicable to the fingers which

can be strictly graduated. As I have applied this test, it makes an appeal to

another sensory faculty, the power of appreciating similarity and difference. At

first it might appear to be only another means of gauging the recognition of

intensity. But, if the methods of using the tactile hairs and graduated weights
are compared, we see that the measure of tactility is given by the bending strain

of the hair to which the patient responds ;
he is touched with one hair and gives

uncertam answers, whilst a stronger hair may evoke constant recognition of a

series of contacts. But, in testing with weights, one after another is placed on

the hand, and he is then asked to say when a difference occurs ;
sometimes the

load is made heavier by addition, sometimes lighter by subtraction. When
this test is carelessly carried out, the act of removing or replacing a weight may
arouse the patienfs awareness and he at once responds ;

but he cannot tell

with certainty whether the weight on his hand is lighter or heavier than it was

before he received the sensation of
'"

something happening." We are not

dealing with his capacity to appreciate a contact of a certain intensity, but

with his power of recognising difference.

Yet, even after we have grouped our tests according to the particular aspect

of cortical sensibility, which they reveal, it is necessary to remember that they
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differ greatly in the severity of the task they set to the patient, and in the

accuracy of the answers they demand. It is far more difficult to recognise a

mmute range of passive movement in one of the fingers than to indicate, within

necessarily wide limits, the situation of the spot stimulated. Similarly, a

series of perfect answers to the contact of graduated hairs requires a more

perfect reaction to differences in intensity than the crude comparison which is

alone possible with a series of pricks.

For the sake of simplicity let us then select from each group of tests the

one which gives the Avidest possible range of measured difference. The power of

recognising passive movement may be taken as the representative of the spacial

aspect of sensibility; m the same way, the tactile hairs form the best measure

for the faculty of appreciating graduated differences m intensity, whilst the

addition and subtraction of weights can be taken as an indication of the ability

to recognise similarity and difference in stimuli of the same sensory quality.

Case.
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nature of its functions was unkaowu. So long as investigators continued to

think of the sensory cortex as tlie seat of processes underlying (lie lull a})])recia-

tion i^i touili. pain, heat, anil cold, they were boinid to lind the clinical facts

inexplicable. But as soon as it was evident (hat (Tudc qualitative appreciation

of these modes of sensation was due to tlie activity of the optic thalanms, it

became possible to study the ]>henomena of sensory loss with some hope of

discoveruig the part played by the cortex. Once we had determined that the

physiological activity of the cortex was responsible for the recognition of spacial

relations, intensity and relativity, it became possible to group the physiological

processes wliich underlie sensation. But, before we can formulate any coherent

conception of these cortical activities, it will be necessary to examine in detail

the manner in w hich they are affected, as shown by the various tests belonging
to the same order of sensation.

.

§ 2.—ypACiAL Recognition

Some loss of power to recognise passive movements of the affected part

forms one of the most frequent consequences of injury to the sensory cortex.

In fact, it may be accepted for clmical purposes as a leading sign in the syndrome
of cortical disease. It is, however, only one of the methods of discovering

whether the spacial aspect of sensation is disturbed
;

the compass test and
"
spot -fhiding," as we have employed them, are also explorations in spacial

recognition.

But these three tests are not equally affected by a lesion of the cortex.

The most delicate of them and the most susceptible of change is the power of

appreciating a measured movement made passively. Next in order comes

discrimmation of the two compass pomts applied strictly simultaneously.^

Fmally, topical localisation or
"
spot-finding

"
is affected to the smallest degree

of all the three spacial tests
;
for not only is it scientifically less precise, but the

problem it presents to the patient is easier than with either of the other methods

of research.^

This graduated relation between the disturbance of sensibility revealed by
the tliree spacial tests, is evident from whatever point of view the records are

examined. Thus, if the injury is a slight one, the only loss may be in the

power of appreciating passive movement. A somewhat more severe disturbance

affects discrimination of the compass points, and finally
"
spot-fuiding

"
may

also be defective.

The same law is manifest if we judge, not by the frequency with wliich

^ The compass test cannot be used to measure the power of discriminatmg two contacts

in cases where tactile sensibility is grossly cUsturbed. It presupposes that the patient is capable
of recognising touches with some approach to uniformity. Throughout this chapter I have

carefully excluded this source of error, but have postponed its more detailed consideration to

p. 696.
2 Our method of testing the power of topical localisation also depends somewhat on the

condition of tactile sensibility. Tliis association has been fully investigated and described by
Graham Brown and Stewart [13], and is considered on p. 698.

\
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any one of these tln'ee aspects of spacial recognition is affected over a series of

cases, but by the number of digits which show disordered sensibility to each

test in turn. Tliree-dimensional loss (appreciation of measured movement)

occupies the largest number of fuigers, two-dimensional loss is found to extend

either to the same or to a smaller number of digits, and localisation is disturbed

over a still less extensive area.

I have summarised in the following table the records of twelve cases where

spacial recognition was not uniformly disturbed over the whole hand. The
numerals correspond to the number of digits found to be affected to each of

the tliree tests. It is at once obvious that the widest loss of sensibility is shown

by the range of passive movement necessary to excite appreciation, whilst the

power of discovering the position of the stimulated spot is least extensively
affected.

.Case.
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atYei'ti'd hand wrri' less prompt and the diiit't ion was not always indifatcd

correctly.

The compass test was atTcctcd over the rhig and little lingers only, hut over

the hitter the loss of discrinunation was absolute ^\hcn the points were 5 cm.

apart.

Tojjieal localisation was slightly disturbed on the ring finger and the patient

was less certain in his answers, but over the little finger the change was more

definite. Out of five observations he made two mistakes, and at the same time

complained that the test was more difficult than elsewhere over the hand.

Here, then, both the degree of sensory change and the extent of the loss,

measured by the number of digits affected, obeyed the law laid down at the

beginning of this section. The earliest disturbance of sensibility is revealed

by a test in three-dimensional recognition, whilst
"
spot-finding

"
is both last

and least affected.

So far, I have spoken of the extent to which recognition in space was dis-

turbed as if it was determined by measurement only. Tliis is, however, not

the case. For the first sign that any one of these varieties of spacial recognition

is affected is the statement of the patient himself, that the tests are less easy
on the abnormal digit. Even though the compass test may give a threshold

within normal limits, he is slower in his answers and finds greater difficulty in

making up his mmd as to whether he has been touched by one or two points. A
similar state of uncertainty may be the first sign that localisation is disturbed,

although finally he may indicate correctly the spot touched. In all these

instances, the change would be recorded as an "
introspective

"
one. With

intelligent patients, this introspective difference between similar parts of the

two hands is a most valuable indication that a change in sensibility exists, even

though it is too slight to become apparent bj^ our somewhat coarse methods of

measurement.

A more advanced affection is shown by a raising of the tlireshold
;

there

may be no difficulty in obtaining perfect appreciation of passive movement
and of the compass test, but the angle through which the affected part must be

moved may be five to ten times greater than normal, and the two points have

to be separated to a distance far in excess of that necessary on the unaffected

hand. In such cases correct recognition and discrimination are possible,

provided the task is made easier.

The next stage of dissolution is shown by the absence of a threshold
;
move-

ments to the extreme distance possible in any direction may not be recognised.

The records are marred by uncertainty, guessing and hallucinations. The

patient may describe movements, indicating their direction, although the part
has remamed rigidly in the same position ;

contact stimuli are particularly

liable to be translated into sensations of movement. In the same way, the

maximum separation of the compass points possible over the affected part
fails to lead to correct discrimination and the records may show uncertainty and

guessing, even when one point only has been applied to the skin. An analogous
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tendency appears when the power of localisation has been profoundly disturbed
;

the patient not only indicates erroneously the spot touched, but may give up all

attempt to determme its position, saying,
"

I have no idea where you are

touching me."

These various grades of defective recognition are well shown in the following

case (No. 2), where all the fuigers were in a different condition :
—
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in any such case, this aspect of sensation shows (he most extensive and also

the most intense changes.

Xext in order comes two-dimensional diserimination. as shown l)y the power
of recognising the two compass pomts applied sinndtaneously.

Localisation, ov the capacity to determine the position ot the stinndated

spot, is affected less often, less extensively, and to a smaller degree than any
of the other spacial tests.

Tills is an excellent example of the la\\-, laid down by Hughlings Jackson,

that the liigher and most specific aspect of any function is affected before the

lower. Sensory disturbances associated with lesions of the cerebral cortex are

psychical manifestations, rather than the result of mechanical interference

with conduction of afferent impulses. The physiological activities, wliich

directlj" underlie sensation, are struck in the centre of their production. We
have no longer to deal, as on lower levels, with loss of sensation caused by the

cuttmg off of afferent impulses from a normal receptive centre. All such

expressions as
"

joint-sense,"'
"
proprioceptive impulses,"

"
epicritic and deep

sensibility."' adequate terms at certain other sensory levels, cease entirely to

have validity \\hen we are considering the disturbances in spacial recognition
associated with a cortical lesion.

Such a lesion, when it interferes with spacial recognition, first disturbs that

function wliich is psychically most difficult, and then in order those of less

complexity. We are so near the psycliical act of sensation that w'e must now

classify disturbances of sensibility under categories w-e can recognise intro-

spectively, and we are not compelled to group them according to their local

origin, phylogenetic qualities, or physiological history, as was the case with

lesions at lower levels of the nervous system.

§ 3.—Intensity

Touch, pain, heat, and cold form a natural group with certam features in

common. Each of these aspects of sensation depends on the action of measur-

able physical stimuli
;
the impulses generated are specific and, on the physio-

logical levels of the nervous system, they are gathered together into separate
afferent streams, which can be interrupted independently of one another.

But a cortical lesion never completely abolishes sensibility to touch, pain,

heat, or cold. Even when the whole sensory cortex is thrown out of action,

contact, especially of an object moving over hair-clad parts, may produce
a definite tactile response. Under such conditions, contact-stimuli produce a

vague sensation of
"
something happening

"
within the body, without immediate

appreciation of variations in intensit^^ In the same way, heat and cold may
be correctly discriminated, although the patient cannot recognise differences

in the degree of thermal stimulation. The sensation evoked by a prick may
not seem so

'"

sharp
"
or so

"
clear

"
as over normal parts, but the discomfort

it produces may be greatly increased.
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The power of recognising contact, especially of a moving object, and appreci-
ation of the qualitative aspects of thermal and painful stimuli, are functions

of the optic thalamus
;
the activity of the cortex endows us with the capacity

to estimate the relative intensity of such stimuli. It is obvious, therefore, that

all these forms of sensibility must be affected in a similar way by a cortical

lesion. Their qualitative appreciation is already provided for elsewhere
;
but

the clarity and defuiiteness of the sensation and the stability of the response
to repeated stimuli are a function of cortical activity.

Now, from the cortical aspect our tests for measuring sensibility to touch,

temperature, and pain are not of equivalent value. The tactile hairs demand
a liigh degree of constancy and graduated response to stimulation

; this

test, therefore, shows the greatest change amongst the group we are now

considermg.

Appreciation of heat and cold, as we are forced to examine it clmically,

depends comparatively little on cortical activity. For, whilst it is easy to

say whether an object is hot or cold, it requires an mtelligent patient and

unusually favourable conditions to test the relation of two warm stimuli to

one anothe
',
or to determine the tlu"eshold for heat and cold with approximate

accuracy.

These difficulties are multiplied a hundredfold in the case of pam. A prick
is the only effective means of applying a measurable painful stimulus to the

skin, and any sharp object, such as a needle, produces first of all a recognition

that the stimulus is pointed ;
further pressure adds to this a sensation of pain.

It is almost impossible to prevent the patient from saying that he is pricked,

whenever he appreciates that the stimulus is a sharp point, and, if he is told to

wait until he obtains a distinct sensation of pain, we run the risk of placing the

threshold too liigh. In the vast majority of cortical disturbances, the threshold

for prick is the same on the two sides. But in rare instances it would seem as

if the threshold were raised somewhat over the affected parts, and the patient

complains that the
"
feelmg

"
is different. How far tliis is due to a profound

change, not uncommonly present, in the sensation produced by the point apart
from pain, and how far it may be caused by a slight raising of the pain-threshold,

is dealt wilh in Chapter VI (p. 708). Whatever the true significance of this

phenomenon, appreciation of a prick is affected less often than any other form

of sensation.

Whenever the power to appreciate touch, pain, heat, or cold is disturbed,

in consequence of a cortical lesion, measurements with liairs of graduated

strength invariably reveal some loss of tactile sensibility. Out of eleven

cases where one or more of these qualities of sensation showed some defect

on the hand, tactile appreciation was disturbed in all
;

five showed some

loss of thermal sensibility, whilst measured prick was defective in one case

only.

If these eleven cases are gathered together to form a table, it will be seen

that tactile sensibility is most often affected, but the loss is invariably greater
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in anuniiit ihaii thai of oithrr of the two other forms. Similarly the defects

shown Ity the thermal tests are greater than those which appear in t h(^ records

of lueasiiretl prick.

C:is,-.
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I can"t be certain that 1 am right, but it's easy enough on the normal

hand."

No. 2 was a splendid example of this degree of sensory affection. For, as

far as touch, temperature and pain were concerned, the little finger showed
a disturbance of sensibility which, though not apparent to our rough tests,

was obvious to the patient. He gave a perfect series of answers on the right

and left little fingers even with a hair of 14 grm./mm.^, but the response was
slower from the right than from the left. He said,

" The first two or three

touches were fairly clear
;
then it seemed to become more difficult and I

wasn't so certain. I was doing it with an effort on the affected hand

(right) instead of not thinking about it.'' With the same hair on the

two thumbs he said, "That is quite easy; there is no effort on either

side."

The threshold for the appreciation of heat and cold did not differ materially
on tlie t\AO little fingers ;

but he asserted that the impression he received was

not the same.
"
There is a difference in the left hand (normal) ;

it is immediate,

wliilst in the right it seems to change gradually. The ultimate sensation is

the same, but it is quicker in the left hand."

On testing this patient with measured pricks, it was difficult to be certain

whether the tlu'eshold was raised or not
;
but he never doubted for a moment

that he received a different impression from the two little fingers, wliilst the

sensation evoked from the two ring fingers by the same stimulus was identical.

If the algesimeter was set at 3'5 grm,, it was said to
"
prick

"
on both little

fingers; on the affected hand, however, it was "not so plain" as on the

normal one.

Here, then, is an instance where, as far as the intensity of tactile, thermal

and painful stimuli is concerned, no measurable abnormality could be dis-

covered : and yet, in every case, the patient was certam that the sensation

from the two hands was different.

When sensation is more gravely disturbed, the threshold rises over the

affected part ;
it may still be possible to obtain a perfect series of answers,

but a stronger stimulus is required. The normal hand may respond perfectly

to a hair of 14 grm./mm.-, whilst imperfect records may be obtained on a

similar part of the other hand, until we employ a hair of considerably greater

strength. In such cases, the patient is usually conscious that the sensation

evoked is different, and hallucinations are liable to appear, especially if the

testing has continued for an unduly long period. In the same way, although
crude recognition of lieat and cold may show no confusion, the patient may
not be ajble to appreciate heat below about 35° C, or cold above about 26° C,
whereas on normal parts tlie tlu-esholds are respectively about 30° C. and

28° C.

In many cases, a further stage is reached in sensory dissolution. No
threshold can then be obtained by increasing the stimulus \\ithin certain

limits. Normally a hair of 14 grm./mm. 2, or at any rate one of 21 grm./mm. 2,



G8S STiniKS IN XKrH()l.()(;Y

evokes a perfeet series of answers from the palmar aspects of the tips of the

fingers. \\'hen. l\()\\(>ver. we speak of the llireshold as uii()l)lainal)l(', we
mean lliat even a hair of UK) gi'iii.

mm.- does not necessarily or materially
increase the aeeuraey of the res})onse. It is not safe to employ hairs of

greater bending strain, as they are liable to produce a sensation of pricking ;

even those between 70 or SO grm. mm.- may occasionally siumu to prick, over

the tips of the fingers.

A\'ith the disappearanci' lA' a threshold, hallucinations irci^ucutly mar the

records ;
the patient responds a\ hen he has not been stimulated, and often

insists that the hair has not been removed, but still presses on the surface.

At other tinu\*<, it seems to him as if the hair was being dragged along the

skui, instead of being applied to one spot and then removed. This translation

of contact into a sensation of movement is one of the most striking consequences
of some disturbance in the sensory cortex.

Case 5 was an excellent example of such changes in the appreciation of

touch, heat, cold and pain.
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be obtained to touches of tliis order, for the number of correct answers with

a hair of 23 grm./nim.^ is the same as that to a hair of more than four times

the bending strain.

Right [affected).

21 grm./mm.-
21 grm./mm.2
23 grm./nim.-

35 grm./mm.'^

70 grm./nim.2

100 grm./mm.-
23 grm./mm.^
21 grm./mm.^

Left [normal). .

iiiiiiiiiiiiiii
oooooooooooooooo
iooiooioooooiioo
ioiioiooiooooioi
iiiiiiooiiiiiooo
ooiooiioooiioooo
ooooooooioiooooi

1111111111111111

This bald record, liowever, gives an incomplete idea of the sensory dis-

turbance. The patient said,
" On the left (normal) side I felt as if you were

putting on and taking off a fuie wire point. On the right hand, it was exactly
as if a mosquito drew its leg along the surface. I never felt a distinct pressing
on. Sometimes I felt it vaguely as if it was still there, and I wanted you to

press it and take it away again, so that I might be certain if it was there

or not."

On the affected index finger, he could not appreciate heat or cold with

certainty between about 26° C. and 40° C, whereas on a bright spring-like

day, the temperature of the room being 18° C, the indeterminate zone lay
between about 26° C. and 30° C. over the normal hand.

This extension of the indeterminate zone on the affected hand is one of

the characteristic features of thermal sensibility, when it is disturbed from a

lesion of the cortex. An even more striking defect is inability to distinguish

two stimuli of the same thermal cj^uality but of different intensity. I have

seldom examined a more complete example of the defect.

Index finger.
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feel it growing hotter, until it roaches a certain stage and llicn st()))s. Cold

diH's the saint" thinii. I uas balHed on the riuht liand : J don't know how to

describe it. Jt sonictijnes seemed ice-cold and soinctinics nothing at all; but

tlu're was never any ditTcrence between the two tubes." !!(> was first tested

witii the cold tubes on the alTccted hand, and as soon as the change was nuide

to tile normal hand, lie burst into laughtci'. saying,
"

I coukl not have believed

that the ditTcrence could be so great. Here I never had a moment's doubt;
the liist \\as just oil" tipid and the second was colder still, or vice versa as the

case might be."

To prick, the tlncshold was decidedly raised, and although 4 grm. was

sufficient on the normal iiulex linger to evoke the sensation of pricking, 8 grm.
or more was required on the right hand. ^Moreover, he said,

"
I feel it more

on the left hand : it is quite soft on the right."'

Thus, we can sum up the results reached in this section as follow^s :
—

(1) Sensibility to touch, heat, cold and pain is never abolished as the

result of a true cortical lesion, provided the period of shock has passed off

and ei)ileptiform attacks are absent.

(2) Sensibility may, hoAvever, be profoundly modified. This change shows

itself first in the patient "s introspective recognition that the sensation obtained

from the normal and affected parts is not similar. Next, this difference may
become manifest in a raised threshold. A still graver disturbance is shown

by inability to obtain a threshold within reasonable limits
;
such records are

liable to be disturbed by hallucinations and other irregularities of response.

At this stage of dissolution, the patient may not be able to appreciate with

certainty temperatures betw^een about 26° C. and 40° C, nor to discriminate

between two hot or two cold stimuli, easily recognisable on the normal

hand.

(3) Whenever the graduated tests for touch, heat, cold or prick demon-

strate that sensibility is changed, the tactile hairs always discover the gravest

disturbance, heat and cold are less and prick least affected. By this I mean,

not only that the loss is more intense over any one part, but also that it

extends to a larger number of digits on the hand.

(4) Tliis is probably due in part to the more delicate and complex appre-

ciation required by the test of the tactile hairs, compared with the crudity

of those we can apply clinically for heat, cold and especially for prick. But

it also depends on the relative extent to which these stimuli appeal to the

activity of the optic thalamus. A prick, as far as its painful element is

concerned, depends for recognition almost entirely on this organ, whilst the
"
pomtedness,"

"
clearness,""

"
sharpness

"
are the result of cortical activity.

On the other hand, the graduated hairs require for then appreciation a reaction

to different intensities
;
this reaction must be constant and correspond rela-

tively to the strength of stimulation. When once the maximum threshold

has been exceeded, the answers nnist be free from gross irregularities. All

these factors in contact sensibility depend on the sensory cortex and are
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therefore most disturbed in consequence of such lesions as I have dealt with

in this paper.

(5) All these changes in sensibility can be grouped together under the

heading of defective appreciation of intensity ; for, at bottom, they depend
on an inconstant reaction to graduated stimuli. This tends to produce that

characteristic confusion and want of dcfuiition, which are manifest throughout
the records of touch, pain, heat and cold in many cases of cortical injury.

§ 4.—Recognition of Similarity and Difference

Appreciation of the shape, relative size, and nature of common objects is

frequently disturbed in cases of cortical lesion, and has been erected into one

function under the name "
stereognosis." But this term is a bad one, because

it applies strictly to recognition of form only ;
it cannot possibly be made to

include the relative appreciation of weights, the most easily measurable

member of this group of tests. Nor can it comprise the many other means

of examming the patient "s power of recognising the similarity or difference of

two objects placed in the hand, all of which may be more or less simultaneously
affected by a lesion of the cerebral cortex.

When we were dealing with the consequences of destruction at subcortical

levels of the nervous system, the success or failure of all the tests of this

group depended on more than one stream of impulses; the patient might fail

if the test was carried out in one way, but make a good record by another

procedure. Thus, when the interference with conduction is subcortical, the

power of appreciating differences in weights depends on two separate streams

of afferent impulses, one concerned with tactile impressions, and the other

with recognition of passive movements. If the hand is fully supported^
addition and removal of weights can be correctly appreciated only when tactile

sensibility is perfect ; subcortically, this test is another method of discovering
whether touch is or is not affected. When, however, the hand moves freely

m space, and the patient is told to
"
weigh

"'

the objects placed upon the palm,
his power of estimating weight dej)ends on the integrity of spacial recognition.

It is, in fact, another indirect test for the appreciation of movement.

As soon, however, as we come to deal with disturbances of cortical origin,

we are face to face, not with an interference with conduction to an intact

centre, but AA'ith destruction of the acti\dties of that centre itself. The power
of estimating weights is now a primary, and not a secondary function

; and,

if it is disturbed by a cortical lesion, all aspects of the tests are more or less

affected.

The power of appreciating differences in weight is no longer linked up

directly with postural recognition, or with tactile sensibility. These functions

may be entirely dissociated. Thus, in No. 18, measured movement was in

no way defective, and tactile sensibility was disturbed to a scarcely perceptible

degree, and yet the power of appreciatmg differences of weight was gravely



092 STUDIKS IN NKUllOLOCJY

afTfctod. C()nvi>i\st.'ly. in Xo. i:?. tlu* ]inliont was able to diseriniinate dilTor-

ences in weight, and vol nH-ognit ion of niovcnicnt and tactile sensibility were

considerably disturl)ed.

Aizain. it may happen that perteet ap[)reeia( ion of graduated contacts is

accompanied by loss of power to estimate weight. In two cases (No. IG and

No. 21). where this condition was present over the \viiol(> of the affected hand,

it was associated with inability to recognise passive movement in all five

digits. At fii'st sight it might be supposed that the two lost functions were

bound \\\) together, were it not for another group i>f cases (Nos. 13, 19, 22),

where the records of measured movement showed the grossest defects, but the

relation between two weights could be correctly appreciated.

Thus it is evident that the power to recognise differences of weight is a

function of the cortex, independent of tactile sensibility, or of the appreciation

of measured movement and posture of the affected parts. At all levels of

the nervous system below the cortex, discrimmation of weights depends on

the manner in wliich the test is applied. If tactile sensibility is dimuiished,

the patient is no longer able to recognise the relation of two weights placed
on the hand when fully supported, whereas a proper appreciation of movement
is required for the due recognition of weights laid on a hand that is moving

freely in space. But, from the point of view of cortical activity, discrimination

of weight is a function independent of either postural or tactile recognition.

The faculty of recognising the shape of objects placed in the hand is a

closely allied function, as far as the sensory activities of the cortex are con-

cerned. But, whereas graduated weights can be applied to each separate

finger, it is impossible to use the tests for appreciating shape in this way.
Li order to prove that these tests fall into the same sensory group as those

for weight, from the point of view of cortical activitj^, we are compelled to

fall back upon cases where, at any rate, a considerable part of the palm is

affected as well as the digits. The patient is then allowed to roll the solid

objects of different shape between the fingers and the palm.

On running through the records of my series of cases, it is at once apparent

that recognition of form in three-dimensions rises and falls pari yassu with

the power of appreciating the relation of two weights ;
when the one aspect

of sensory discrimination is disturbed, the other is also affected. Thus, No. 18

had lost all power to recognise the shape of solid objects rolled between his

thumb, index, and palm, and could not recognise addition or subtraction of

weights, although appreciation of passive movement was not affected, and

the tactile threshold was but slightly raised. Conversely, in No. 14, recognition

of form and weight was perfect, although the power of appreciating measured

movement and the tactile hairs was obviously defective.

Tlu'oughout this research, I have used wooden figures cut to scale, and of

six different geometrical shapes. Their size was such that they could be

easily recognised in the normal hand, if the patient were sensitive and

intelligent, even when rolled over the palmar aspect of the fingers.
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It is unfortunatety impossible, clinically, to use several sets of solid figures
of different sizes in order to test appreciation of form

;
for the time required

to make so long a series of observations would be too great, and in most
cases they would end in confusion on the part of the patient ;

this must be
avoided even at the cost of reducing the measurable aspect of the test.

(Should this faculty of recognising the form of objects be diminished, but not

entirely lost, our method does not enable us to work out a thi'eshold, as was
the case with weights ;

the results are purely relative, and cannot be expressed

numerically. But when the disturbance is extreme, the patient not only says
he has no idea of the form of the geometrical figures we habitually use, but
he may also fail to recognise the shape and nature of common objects such

as a Icnife, coin, or pencil placed in liis hand. This is the well-known condition

usually called
"
astereognosis."

The power of recognising stuffs by their difference in texture also belongs

primarily to tliis group ;
it is closely associated with ability to appreciate

differences in weight and form. But this aspect of the test presupposes

perfect tactile sensibility. If touch is vague and uncertain, it is obvious
that the patient will not be able to recognise the characteristics of the stuff

beneath liis fingers as readily as with the normal hand, and so will fall into

mistakes that have notliing to do with the power of appreciating similarity
or difference. The relation of this test to those for the recognition of weight
and form can only be established in cases where tactile sensibility is

perfect.

Fortunately I have examined one such instance of this dissociation in an

extreme form (No. 16). Touch was nowhere disturbed, but the patient was
unable to distinguish velvet, silk, flannel or cotton anywhere over the affected

hand. He had also lost the power of recognising differences in weight, whether

the hand was supported or free to move, and had no idea of the shape even

of common objects placed in the palm. Thus, provided tactile sensibility is

normal, it is possible to show that the recognition of differences in weight,

form and texture is the expression of one aspect of cortical activity.

A strildng example of this law is seen in the case of No. 3, Avhere all the

digits were not in the same condition {vide table). Tactile sensibility^ was

everywhere normal, but the three tests, weight, form and texture, showed

considerable loss over the little, ring and middle fingers. Appreciation of

measured movement was disturbed to a greater or less extent over the mIioIc

hand.

Thumh
Index
Middle

Ring
Little

Weight. Texture.

Perfect ..

Defective
Gross loss

Perfect . .

Defective
Gross loss

Form.

Normal
,, ...

Complete loss

Tactile hairs.

Perfect

Measured movement.

Introspective (1^ perfectly)
AtIected{2°-3'^)

„ (2^-3=)

., (3=^ badly)
„ (not under 5°)
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The tests we liaxc considcn-d in this section show that th(> power of dis-

criniinalini: lUlTcrciu-cs in external o1>jch'1s, apart from the intensity or spaeial

attril)utes of the sensations they evoke, is a fundamental function. It is

not • seeondary to tlie due appreciation of some other sensory (piality, such

as touch or spaeial projection. This is strictly true of tlie discrimination of

weiiiht and form. l)ut full recognition of dilTerences of texture is only possible,

when tactile sensibilit}' is also unalTected.

All these tests, the weights, the different shapes in three dimensions and

stuffs of various textures, demand the same power of discrimination. Some
offer a more difficult task than others, but tliej^ do not stand to one another

in a graduated scale of difiticulty like the three tests for spaeial recognition,

or the tactile, thermal and painful stimuli we have employed in this work.

In cases where they can all be employed in consequence of the whole hand

bemg affected, they are usually found to fail together. Tests capable of

measurement, such as those for weight, obviously reveal a slighter degree of

change than those which consist in the recognition of certain fixed shapes

or textures; for, in this latter group, the patient has simply to ap])reciate

the nature of an object whose character cannot be varied.

In conclusion, there can be little doubt that the faculty of recognising
the similarity and differences of objects brought into contact with the body

depends upon one of the fundamental activities of the sensory cortex. It

can be disturbed apart from the power of appreciating spaeial relations and

independently of the reaction to stimuli of varied intensity, or it may be

preserved, when these two functions are grossly defective.

§ 5.—Analysis of the Tests which depend upon more than one of

these three cortical activities

So far, I have treated each of these sensory tests as if it made a specific

appeal to one of the three aspects of cortical activity. This is manifestly an

incomplete statement of the case. For, if the physiological workings of the

cortex endow^ sensibility wdth relations in space, intensity, and individual

character, it is obvious that these functions will be exercised on all afferent

materials presented to its action.

There are but few tests which do not depend in some way on the appre-
ciation of contact, and wherever tactility comes into action the question of

its spaeial relations, intensity or characteristics must of necessity arise. But,
in the preceding sections of this chapter, I have attempted so to select my
instances that the particular test in question shall give, as far as possible,
an uncomplicated answer. Thus, w^hen discussing spaeial sensibility, I have

chosen cases where the powder of appreciating graduated intensity w^as little

affected. In the same way, the capacity to recognise various stuffs by their

texture was treated as if the condition of tactile sensibility plaj^ed no part
in the test.
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It was necessary to adopt- this deliberately partial standpoint in order to

elucidate the nature of the sensory activity of the cortex. For it is obvious

that the simultaneous compass test depends on the integrity of tactile sensi-

bility ;
at lower levels of the nervous system it is often impossible to apply

this test, because the patient cannot appreciate any tactile stimulus, however

intense. Even with a less complete interference, the impression made by
contact may be so feeble that the patient does not receive the afferent materials

necessary for discrimination. Under such conditions the compass records

would show little more tlian the effect of the loss of touch. But we have

many better methods for measuring defects in tactile sensibility, and the

true value of the compass test lies in the fact that it is the best means at

our disposal for exploring two-dimensional discrimination.

By careful selection of cases it is possible to find specific instances where

each of the tests we have used exhibits the changes in one only of the cortical

activities on which it depends. But, from the point of view of the general

facts presented by cerebral lesions, such exclusion is wasteful and inconvenient.

It behoves us, therefore, to discover, if possible, some peculiar feature of the

records of each of these tests which will reveal the particular activity at fault.

In many cases two or even three of these activities may be defective
;
here

the records will show the profoundest changes, but they are useless for that

analysis upon which we are intent in the present section.

In a recent paper, Graham Brown and Stewart [13] put forward their views

on disturbances of localisation and discrimination in cases of cerebral lesions
;

their results were based on a long series of observations mainly on one patient,

but the conclusions to which they arrived are of the greatest interest. They
believe that a sensation of touch has three attributes—its character, indi-

viduality and position. Every sensory effect produced by a touch must evoke

a state different from that conditioned by all other tactile stimuli
;
this is its

"
character."' But each sensation of touch must resemble all those arising

from stimulation of the same spot, and this is what they call its
"
individuality."

But, apart from this individual similarity to others that have preceded it, a

touch has definite
"
position." The two authors then analyse along these

lines their experiments on topical localisation and discrimination of the

compass points.

My observations are not extensive enough, and the tests I have used are

relatively too coarse, to permit any criticism of their results, ^ly method of

attacking the problem differs from that by which they reached their results.

I have attempted, by ranging widely over a number of suitably selected cases,

to discover conditions where the various factors in cortical activitj^ were

dissociated; thus I have been able to observe the behaviour of the patient

under simultaneous application of the compass points, when other spacial

tests were affected, but tactile sensibilit}^ was perfect. Conversely, these

results were compared with the compass records obtained Mhen spacial recog-

nition was normal, but there was grave want of response to tests of graduated
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intensitv. Tii this w.iv. certain gonoral rules have emerged, wliieh 1 shall

proceed to consider more in detail under the headintr of each scjiarate test.

(a) The com jxiss test.—Tiiis test above all others is liable to be disturbed

bv ine(|ualities of tactile apju'cciation. It is essentially a measure of the

j)o\vcr of discriminating two })oints ajiijlicd sinudtaneously. If, however, the

two contacts evoke sensations of different and inconstant intensity, in spite

of the most careful applicatiim. the patient will have dillicidty in nud<ing up
his mind as to whether he has been touched with one or two points, and

yet from other tests it may be unlikely that the spacial aspect of sensation

is disturbed.

From the records of selected instances, M^here in the one case spacial recog-

nition was affected, but tactile sensibility was perfect, and in the other the

condition \\as reversed, I tliink it is possible to enunciate the following general

rule. So long as the power of reacting uniformly to touches of graduated

intensity is not impaired, defects in two-dimensional discrimination show

themselves in a tendency to speak of both single and double contacts with

the compass points as
"
one." Thus, according to the method we use for

recording the results of this test, errors will be plentiful in the lower line,

because many ''twos" are called "one," wliilst the upper line will be almost

clear, because there is an habitual tendency to call all contacts
"
one."

On the contrary, if the appreciation of tactile stimuli is inconstant, as

shown by the answers obtained to the tactile hairs, the compass records m ill

have a different appearance, provided spacial recognition is not affected.

Just as many errors may appear in the upper as in the lower line
;
one contact

is called
''

two," and two are said to be
"
one

"
with almost equal frequency.

]\Ioreover, a considerable increase in the distance between the points may
make little difference in the number and proportion of thes3 mistaken

answers.

Let us first of all consider the case where the appreciation of tactile

intensity w^as not disturbed. No. 3 is a good example of such a condition.

The left hand was alone affected and all five digits showed some want of

recognition of passive movement. Tactile sensibility was, however, remark-

ablj^ good; a hair of 21 grm./mm.^ gave perfect records over the palmar

aspect of all the terminal phalanges and the patient could discover no differ-

ence in the sensation evoked from the two hands. It was obvious, therefore,

that if discrimination of the compass points w'as defective the disturbance

must have been mainly due to want of spacial recognition in two dimensions.

The compass records were perfect over the thumb, index, and middle fuigers ;

but over both ring and little fingers every application, whether of one or two

points, was called
'"

one," even when they were separated by a distance of

5 cm. Moreover, the patient added.
"

I feel the pressure but I can"t be

certain that it is two. It doesn't feel like it does on the other fhigers."

The progressively increasing disturbance of the compass records over the

little, ring and middle fingers in No. 22 is another striking example of the
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loss of two-dimensional discrimination. All the digits reacted constantly to

a hair of 21 grm./mm.^, as on the normal hand; the only change on the

middle and ring fhigers was an introspective one, and even tliis abnormality
was absent from the little finger. Here the two hands reacted alike to a

hair of tliis bending strain. The records of the compass test worked out as

follows on the three fingers :
—

Little finger
—
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abovo (he pressure to which he reacled well oii lht> similar digit of the normal

hand.

Bearing in niiiid this ch'teetive reaction lo contacts and the complete
absence of any loss of spacial recognition, \hv following compass records form

a pronounced contrast to those given in detail above.

J' It limb—

In<h\v fhiijcr-

Middlc finger
—

i?i»«7 fin/fer-

1 oin. All ealicil
"
one"

1
I

6 Right. 4 Wrong
3 cm. :t r,T-i>7-,-v

1 I'in.

'^ cm.

1 cm.

3 cm.

1 cm.

2
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results cannot be expressed numerically. The patient is told that he will

be touched over the various digits between the joints and that he is to indicate

the exact spot on the hand of an assistant. The normal hand is first tested,

so that he may understand what is required of him. This also enables us

to judge of his natural aptitude and trustworthiness, before undertaking

exploration of the affected parts. Any answer that lies over the correct

phalanx is recorded as a successful response, and thus the margin of error

may be nearly a centimetre distal or proxinuil to the spot actually touched.

Then, too, in contrast with the long series of experiments of Graham
Brown and Stewart, I have as a rule made no more than six observations

on any one finger, a number utterly insufficient for any conclusion, except
that topical localisation was or was not affected. Each digit was then care-

fully re-tested for the appreciation of tw^o points applied consecutively, which

has been shown elsewhere to be a closely analogous function.

But, by selecting cases in w4iich the various sensory activities of the cortex

were dissociated, it has been possible to reach a definite conclusion. In this

I have been greatly aided by the patient's own account of his difficulties.

In No. 3, the reaction to graduated tactile stimuli w^as perfect, but the

three-dimensional aspect of sensation was disturbed in all five digits, reacliing

a maximum in the ring fhiger. I therefore chose the palmar aspect of the

four post-axial digits for a more extended series of observations on topical

localisation. A tactile stimulus was planted on each phalanx in irregular

order and the patient indicated on the hand of an assistant the position of

the spot touched. Twelve contacts were made, fu'st on the normal and then

on the affected side
;
this was repeated three times on each hand to the

number of seventy-two observations in all. Every touch on the normal

hand was correctly localised, but the answ^ers from the fuigers of the affected

side showed a defect increasing in the post-axial direction. Thus, wliilst all

nine stimuli were correctly localised over the left index, he made one mistake

over the middle, two over the ring and six over the little finger. Of these

six errors, one was placed on the wTong digit, three w'ere more or less distal,

and two w^ere proximal to the spot stimulated. Two out of three mistakes

on the middle and ring fingers consisted in choice of the ^\Tong digit.

This inability to decide which digit had been touched w^as strikingly

evident in No. 22. The maximum point of the sensory disturbance was the

middle finger, but hi the thumb, index, ring, and to a slighter degree the

little finger, he had difficulty in appreciating passive movement. Now, when-

ever he was asked to locahse a touch over the three middle digits, his answers

were slow and hesitating. He moved them backwards and forwards as if he

was playing the piano, and then indicated the spot on my assistant's hand
which he imagined I had touched on his own, lying hidden from liis sight.

He said,
"

I couldn't tell which of the tliree fingers it was accurately : but,

when I moved them, then I could tell." As a matter of fact, he was not

always accurate, even in his selection of the finger that had been touched.
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In another })alirnt (No. 19), there was some h)ss of appiccial ioii of passive

movement in all li\'e digits, reachinii; a maxinniin n\cv the liltic linger. The

taetih' tlnvshokl was jnst pereeptibly raised over the ring and little ilngers ;

but the defect was extremely slight, and would not have been measurable,

had lie not been unusually sensitive over similar normal ])arts. But his

power of localising a touch was t)bvionsly defective, liis answers w'ere slow,

and the tone of his voice gave a better idea of his state of doubt than the

actual records. He said.
"

I have difHuulty in making up m\' mind whether

you are touchuig me on the little or ring fuiger." Out of eight contacts,

two ^^ere wrongly placed, and, with two others, he said he did not know on

which finger they lay, though he finally chose correctly. When the compasses
were applied consecutively w ith the points separated by a distance of 0'5 cm.,

he gave one false and one doubtful answer out of ten double contacts on the

little fuiger; on the ring finger, he found "it was a great effort to decide

whether it was one or two,'" although he ultimately made no mistakes.

Thus it woidd seem that, wdien localisation is defective, because the spacial

element in contact sensibility is disturbed, the error takes the form of inability

to decide on' what finger, or on what part of it, the touch has fallen.

Tliis is a great contrast to the condition discovered in the thumb of No. 9.

I have chosen this digit, because here the power of recognising passive move-

ments was not affected, as it w^as in the index and middle fuigers. The tactile

tlireshold was raised, so that he did not give a perfect series of answers to

any hair under 100 grm./mm.^. He had no doubt which digit had been

touched; but he passed liis indicating finger up and dowai, saying,
"

It was

somewhere on the thumb, I can't say where." The thumb, the index or the

middle finger w^ere at once named correctly as the site of the stimulus, but

he indicated vaguely the situation of the contact by rubbing liis fuiger along

the assistant's hand, or in four out of eight observations brought it to rest

at some more proximal point. Some of these patients say,
" The spot seems to

be spread out, so that I can't exactly say what part of it you have touched."

Such a condition is in exact harmony with the change in contact sensi-

bility discovered by testing with the graduated hairs. Not only does the

touch seem to persist long after the hair has been removed, but it seems as

if "something was being dragged across the hand; as if a mosquito was

dragging its leg along, not in the least as if you were toucliiiig me at one

point only." This is the type of disturbance discovered when localisation is

disordered by a defective reaction of the part to contact stimuli. The touch

seems to be spread out, and may be translated into a sensation of movement
across the surface.

(c) Texture.—The power of recognising various stuffs by feeling them with

the fuigers is obviously dependent on the accuracy of tactile impressions.

But there is another aspect of this test, which demands the same faculty of

appreciating essential similarity and difference underhdng the recognition of

weight and form. This appeal to two sides of cortical activity can be demon-
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strated by choosing suitable cases of sensory dissociation. If tactile sensibility

is perfect, Avliilst the tests with various weights and shapes are manifestly

affected, the power of recognising stuffs by their texture will be disturbed

in one direction
;
another sort of defect is found where touch is impaired,

and AAcight and shape can be appreciated without fail.

No. 16 was a characteristic example of the first condition, the more striking

because the whole hand exhibited this form of dissociation. Here, then, was
none of that difficulty so often experienced M'hen some fi^igers are affected,

and others are not
;
the various stuffs could be frankly placed in his hands, and

he could handle them freely in the natural manner. The index and little

fuigers of the two hands responded to a hair of 14 grm./mm.^, and the palms
to one of 21 grm./mm.^, showing that tactile sensibility was in no way defec-

tive. He Avas allowed to take each of the following stuffs into liis affected

hand and to palpate it as he might desire. It was then transferred to the

normal hand. Flannel in the left (affected) hand was said to be
"
sometliing

rough," but was recognised at once on the other side. Silk was said to be
"
smooth, silkj'-,"' but was called silk in the normal hand; corded velvet and

cotton were thought to be
"
sometliing rough

" on the affected side, though

recognised as
"
corded stuff

" and "
cotton

"
over normal parts. When a

piece of corded velvet was placed in the two hands at the same time, he said :

"
They are quite different stuff. The piece in the right (normal) hand is

corded
;

it feels rougher and thicker. The piece in the left hand seems

smoother and more like calico : I don't think it is silk."

It was not, however, the smoothness and rouglmess that were not appre-

ciated, but the essential difference wliich enables us to give each textile

material its specific name. It was, in fact, an "
agnosia." Tliis view is

borne out by the character of his answers to the tests ior the recognition of

form and of common objects. In every case, with the wooden blocks in the

left (affected) hand, he said,
'"

I don't know," though they Mere perfectly

recognised on the normal side. He had no difficulty in naming correctly a

knife, penny, sixpence, and scissors in the right palm, but said,
"

I don't

know," when the same objects were placed in the left.

In No. 3, the perfect retention of tactile sensibility made it possible to

show lKn\' the loss of recognition of weights and textures runs parallel in the

three affected fingers.

Afldition and subtraction of weight. Texture.

Thnmh
Index
Middle

Ring

Little

Perfect. (No mistakes in 12 tests) ...

Perfect. (No niistai<es in 12 tests) ...

7 right and 5 defective answers

5 right and 7 defective answers

Gross loss. Inability to toll if there

was weight on the hand or not.

Perfect recognition.
Perfect recognition.
2 wrong out of 4. Velvet called
"
calico," cotton called

"
flannel."

3
"
don't know." Flannel named

correctly.
Gross loss. "Something rough; I

can't determine what it is," was his

answer to each of the 4 stufifs.
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Contrast \]\\^ pi-ogressive agnosia with the scries of answers gixcti by
Xo. 1."?. In this ease. ther(> was no tlillieulty in apjn'eeiating

'

t he relation

l)(.'tw(H'n w fights, but taetile sensibility was clistinetly afTcdcd in the same

tinners wiiere recognition of texture was disturbed.

Tactile hairs. Texture.

Thumb

Index

Middle

Ring

Pprfcct record with 21 grm./mm.- R.
ami L. Not quite perfect in cither

thumb with 14 <j;rm./mm.'-.
Perfect record with 14 grm./inni.- R.

and L.

Perfect record on the normal liand

witli 14 grm./mm.-; imperfect record

on alTected hand. AVith 21 urm.;mm.-
lic gave a perfect record K. and L.

but said it was "
clearer

"
on the

normal side.

Perfect record on the normal hand with
14 grm./mra.- Defective answers
on the right hand with all hairs

of less than 23 grm./mm.-. He said,
"

It doesn't feel like a sharp jjoint at

all. It is as if you were touching me
with your finger."

Perfect answers. No diflcrenco between
the two hands.

Perfect answers. No difference.

All answers correct, but he said,
"

It is

more difHcult on 11. (affected), because
it is not so sharp, it is duller."

None of his answers were quite correct.

He said,
"

I can tell it's a bit of cloth,
but can't tell if it is rough or smooth
in the R. hand so well as in the L."

Patients, in Avlioni the loss of recognition of texture belongs to this class

and is associated \\\\.\\ want of tactile sensibility, usuall}^ attempt to name
the stuff placed in their hands

;
but they frequently add some explanation

of the difficulty they recognise in determining the character of the material.

They say, for instance,
" That is cotton, I think, but I cant feel it so well

as in the other hand."'
"

I can always feel the silk, but it is with the rougher
materials that I have difficulty.""

I think, therefore, that we are justified in concluding that the test for

the recognition of various stuffs by their texture depends on two factors in

cortical activity : firstly, on the power of appreciating similarity and differ-

ence, and, secondly, on an orderly response to contacts of graduated intensity.

In the one case, the patient "s answer approximates more or less to,
"

I dont
know w^hat it is," wliilst in the other he has a greater tendency' to hesitate

and to be puzzled by the curious sensory differences in the two hands;

generally, however, he makes a guess, which would be recorded as a normal
answer were it not for the explanation with which it is so frequently qualified.
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SUBCORTICAL LESIONS

We have analysed elsewhere the effect produced by a subcortical lesion

on sensation (p. 594), and such conditions do not materially concern the

aims of the present paper. But it is obvious that many gunshot wounds
of the brain must injure, more or less severely, other parts than the cortex

;

some of the signs which appear, even in such carefully selected cases as those

I have chosen for my examples of cortical interference, may be due to disturb-

ance of deeper structures. It is necessary, therefore, to consider shortly

those differences in response to the various sensory tests which point to

subcortical interference with afferent impulses. Then only will it be possible

to determine, in any particular case, the extent to wliich the disturbance

of sensation is due to more superficial or deeper destruction.

The following general rule can be laid down from a study of undoubted

subcortical injuries, which have spared both the receptive and essential organs
of the optic thalamus. Whenever a stimulus can be appreciated, a threshold

can be obtained. For we are dealing with the results produced by interference

with incoming impulses, and not with destruction of their receptive centre.

The closer the lesion lies to the internal capsule, the more extensive is

usually the loss of sensation, and the more certainly does it tend to assume
a hemiplegic distribution. Face, arm and leg are all more or less affected,

although one part, such as the hand or foot, may be more gravely disordered

than the rest of that half of the bodj'. Thus, although we cannot attribute

such cases as I have described in this paper, in every instance, to uncom-

plicated cortical lesions, we can be certain that they are not due to injury of

the afferent fibres of the capsule.

Secondly, the loss of sensation is extremely severe, compared with that

caused by more superficial injuries. Stimulation with cotton wool can be

appreciated over hair-clad parts, but not over the palm of the liand, or the

sole of the foot
;
for it must be remembered that movement of the hairs

makes a potent thalamic appeal. Should either of these parts retain some

sensibility to measured tactile stimuli, there is none of that uncertainty seen

in cortical cases
;
the patient does not respond to contact of the lighter test-

hairs, and each increase in strength is associated with a progressively larger

number of correct answers.

Tlie loss of appreciation of posture and movement is often so severe, that

the patient not infrequently fails entirely to recognise the position into wliich

703
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the limb may have boon mnvod passiv(>ly. W'hon hv Avakos at night, he has

no idea whoro \o iiiul Iho alTodod parts, althouifli hv is still conscious of the

existence of his hand or liis loot. Slioukl the disturbance be less severe, the

threshold will be raised, but the range of movement required to excite a

response can be measured with greater accuracy than is the case with a

cortical lesion, 'riuis, from 15° to 20° may bo required before a movement
is appreciated, histead of 1° as on the normal side; but all the ten measure-

ments may fall between these limits, instead of ranging widely from 10° to 45°,

accompanied by errors of direction and hallucinations, as is so common with

injuries of the cortex.

The compass test usually suffers severely from the coincident disturbance

of spacial and tactile impulses. Even when the points are separated to the

widest extent possible Avitlnn one segment of the Umb, every application is

said to be
''

just a touch; they are all the same." Contact is appreciated,

but contains no element of
"
oneness

"'

or
"
tw'oness."

Topical locaUsation is gravely defective, as might have been expected from

the other aspects assumed by the sensory loss. Here I believe there is a

defuiite tendency to indicate the site of the stimulated spot, not only on wrong

digits, but proximally to its true situation. In one case, out of fourteen con-

tacts on various parts of the fingers and thumb, one only was correctly local-

ised; all the others w^ere referred too low upon the digits or to some spot on

the dorsum of the hand.

Ice and water at 50° C. can be appreciated without fail in uncomjolicated
cases of capsular injury, but, not uncommonly, are thought to be

"
colder

"

or
'
hotter

"
on the affected side. There is, however, no widespread over-

reaction so characteristic of lesions that have entu'ely freed the thalamic centre

fi'om cortical control. The loss of thermal sensibiUty is showTi by the want

of response to such temperatm"es as 24° C. and 38° C, and all that lie betw^een

them. Upper and lower hmits vary in each case, but it is the central portions

of the thermal scale that are affected.

The tlireshold for measured prick is not infrequently somew^hat raised;

even if it happens to be the same on the two sides, the stimulus is said to be
"
less sharp

"
or

"
blunter

"
over the affected than over normal parts.

All such faculties as the pow^er of appreciating weight, form, size and texture

are lost. The patient can tell when a weight has been added or removed

carelessly, so as to produce a jarrmg contact
;
but he cannot tell if the remaining

pile is hghter or heavier in consequence of the manipulation. He is also

conscious that some of the blocks, used in exploring his appreciation of form,

have sharp edges and some have none
;

but he is unable to recognise that

they have any shape. Occasionally he knows that some of the tests for textm'e

are rougher, and some are smoother, but he has no idea of their nature.

Here w-e see the effects of interrupting afferent impulses on their way to

the cortex after the pomt at w'hich they can influence the essential organ of

the optic thalamus. In such cases, there is almost always a coincident affec-
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tion of the pyramidal tract, usually accompanied, at any rate, in the later

stages, by some spastic rigidity.

Such a clinical picture differs profoundly from that of the cases on which

this paper has been based, both in the character and distribution of the loss

of sensation. But it helps us to understand the form assumed by the sensory

disturbance when subcortical tissues are affected by the injur}^, with or without

destruction of the grey matter on the surface.

Now it sometimes happens, that a gunshot wound of the skull strikes some

part of the brain, outside the primary motor and sensory centres and passes
backwards or forwards amongst subcortical structures. Provided the destruc-

tion of tissue is hmited, and the wound heals well without the formation of a

cerebral hernia, it may be possible for the sensory disturbances on the hand

to be unequally distributed over the various digits ; and yet the character of

the reaction to the various tests shows, that the cortical centres have not

been destroved. The character of the loss of sensation is still that which

we have learnt to associate with blocking of afferent impulses.

No. 6 was a sujjerb example of this condition. He was wounded on July 3,

1916, in the frontal region well in front of the motor area. I saw him first a

fortnight later; but it was in March, 1918, that I had the opportunity of

making the extensive series of observations on which are based the following

conclusions. At that time, the various digits of his right hand reacted to the

measured sensory tests in the following manner :
—
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of passive movement lay much closer to one another than is the case in pure
cortical lesions. It was possible to obtain a true threshold in each digit,

unhindered by those inconsequent irregularities and hallucinations of move-

ment which so frequently mar the records in most of the examples illustrating

this paper. Tlu'oughout the whole series of tifty observations on the various

digits, there was but one instance of wrongly named direction; whereas, in

cortical cases tliis is one of the most frecpient errors.

Perhaps the most striking difference between the reactions of this patient

and those we have noticed in cortical cases was exhibited by the tactile hairs.

Not only did the loss of sensibility increase digit by digit with strictly measur-

able increments, but in every case it was possible to obtain a tlu:eshold. Com-

pare such a record as that from the hidex,rhig, or little finger with those obtained

in No. 1" (p. 675). To the lighter hairs he made no response; then, as the

strength of the stimulus was increased, he began to appreciate the contact,

until, with some one of the hairs of suflficient bending strain, a complete series

of answers was obtamed. We had then passed the maximum threshold.

Even on the Uttle finger, where the response w^as imperfect to the strongest

hair that can justifiably be employed, we can trace the steady improvement
in the record with each increase of intensity.

Index finger
—
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fiiiger ;
then a greater defect was shown by a tendency to miss the removal

of a weight, ahhough he did not fail to recognise its addition to the i:)ile.

Finalh^ on the httle finger he did not respond to seven out of the twelve

additions and subtractions.

The appreciation of texture ran "pari passu with tactile sensibility, and all

the statements of the patient pointed to a strict relation between the two-

defects.

Recognition of form was, however, perfect in the thumb and index finger ;

it nowhere showed the gross loss that woidd have accompanied so considerable

a disturbance of the appreciation of weight, had the lesion been cortical.

One of the most striking features was the steadily rising threshold for

measured prick, on passing from the thumb towards the little finger. This,

phenomenon is dealt with in the next chapter.

Another significant aspect of this case, was the affection of the foot. Had^

the patient suffered from an uncomplicated cortical lesion producing the graded
loss of sensibility on the hand, it is unlikely that the lower extremity would

have suffered
;

or it would have formed the central focus of the disturbance

to which the condition of the hand Mas an insignificant accessory. The wide

extent of the affection of sensibility, eighteen months after the wound was,

healed, associated with the comparative slightness of the disturbance at any
one part of the field, point to an interference with afferent impulses on their

wav to the cortex, rather than the destruction of cortical centres.

These records prove that the permanent effect of a high subcortical lesion

on sensation is shown by straightforward raising of the threshold rather than

by u'regular, inconsequent, and uncertam responses. Impulses, wliich can

pass the block, give rise to normal sensations
;
the patient reacts to the graduated

intensity or changmg character of the stimulus, whatever its nature.

The closer a subcortical injury lies to the surface of the brain, the more

nearly does the character of the sensory loss approximate to that produced

by lesions of the grey matter. But the grouping of the disturbed sensibility

always tends to diverge more or less from the three categories : recognition
of spacial relations, reaction to graduated intensity, and appreciation of the

character of the stimulating object. For afferent impulses still remain grouped

according to their sensory quality, until they have been subjected to the

transforming activities of the cortex.

In each instance of a superficial lesion of the brain, we must analyse the

defects of sensation according to these criteria
;

a definite and orderly pro-

gression from complete insensibility to a clear supraliminal response points to

subcortical interference with afferent impulses. Irregular answers, inability

to come to a conclusion, hallucinations whether of contact or movement, show
that the disorder is due mainly to sensory centres. In many cases, the dis-

turbance of sensation shows both these characteristics, a high threshold and

irregular response ;
and there is little doubt that many gunshot wounds of the

brain produce their effects by destroying both cortical and subcortical tissues.
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tests wiik ii appeal to tiik cortex and to the optic thalamus

§ 1.—Measured Prick

Xo test is more diiricult to devise than a measurable })aiiitui stimulus.

Pressure is too eoarse, and is liable to harm the delicate structures of the skin.

Electrical methods are too uncertain and variable in their effect, changing with

conditions over which we have no control, such as the conductivity of the

superficial tissues. A prick is the only effective means of applying a measurable

painful stimulus.

There are, however, several reasons why it is far more untrustworthy and

uncertain in its effect than au}^ other measured test amongst those we have

habitiuilly employed. I pomted out above, when we w^ere considering the

phenomena of punctate sensibility, that the reaction of the pain-spots was

extremely variable. The fact that the stimulus, to be effective, must actually

puncture the skin makes a long series of observations impossible. After

systematic exploration with the point of a sharp needle, the surface structures

are injured. Tliis is not the case with heat- and cold-spots, provided suitable

temperatures are used in the examination.

A second difficulty arises from the fact tliat the first effect produced by

pricldng with a sharp needle is recognition of an acutely pointed object ;

further pressure adds to this a sensation of pain. It is almost impossible to

prevent the patient from saying he is pricked, whenever he appreciates that

the stimulus is a sharp point, and, if he is told to wait until he obtains a distinct

sensation of pain, we run the risk of placing the threshold too liigh.

Now tliis appreciation of the pointed nature of the stimulus is a discrimi-

native faculty which, on the lowest level, is associated with epicritic sensibility.

It is bound up with the processes underljdng recognition of the size and spacial

extent of objects ill contact with the surface, and is one of the most potent
factors in controlling the diffuse and radiating responses of the protopatliic

stage of recovery. Thus, from its inception at the periphery, the effect pro-

duced by a prick makes a double appeal. On the one hand, the pain it evokes

is a function of thalamic activity, whilst the discriminative aspect, the
"
sense

of a point," is the product of cortical centres.

This is evident in cases where the optic thalamus has been freed from

cortical control
; the tlu-eshold for the discomfort produced by pressure is

almost always lowered, under favourable conditions, on the affected side.

708
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But the threshold for prick is usually somewhat raised, in spite of the great

increase in the vividness of the reaction, once it is evoked. The strength of

the stimulus may have to be raised from three to eight grammes ; when, how-

ever, it is increased sufficiently to produce a sensation, the pain and general
reaction is enormously greater on the affected side. Evidently something has

been lost in acuteness of sensibility by the removal of the activity of the cortex.

Tliis is not onlj^ that
"
sense of the point," which has nothing to do even intro-

spectively with pain, but consists of a certain blunting to pain itself. The

threshold is raised even to the painful aspect of a prick, whilst it is lowered

to the more direct discomfort of excessive pressure.

Evidently, then, the sansory effect produced by a prick owes something
to the physiological activity of the cortex. But this is so small, compared
with the overwhelming part played by the optic thalamus, that it can only
show itself in the records when a large extent of the cortex is prevented from

exercising its sensory functions. This is most easily brought about in practice

by destruction of the fibres of the centrum ovale
;
for in this situation a com-

paratively small lesion can throw out of play, by undercutting, a large area

of the cortex. Thus we fuid, that subcortical lesions, with or without destruc-

tion of the superficial centres, are liable to be associated with a distinct raising

of the tlu'eshold to prick.

Pure cortical destruction, on the other hand, produces as a rule no true

raising of the threshold, unless it is much more extensive than that of the

examples cited in this research. It may produce change in the sensation to

prick, wliich the patient recognises on introspection; the two hands "feel

different."" He says it is
"
plainer,"

"
sharper," or

" more distinct
"

over

normal parts. Sometimes an intelligent patient A\ill add in explanation,
"

It

is more of a point
"'

on the unaffected side; or
" In the good hand it seems

like a little wire sticking into me, but in the bad hand it is like the point of a

blunt pencil." Sometimes the whole character of the stimulus is said to be

changed;
"

It tingles,"
"

It is like electricity."

Thus we can sum up as follows our present experience of the effect produced

by a cerebral injury upon sensations of pricking.

(1) A gross subcortical lesion tends to raise the tlireshold to measured

pricks distinctly, but not to an extreme degree.

(2) Injury to the cortex, uncomplicated by destruction of subcortical

tissues, does not tend to raise the threshold materially. But it may produce
a profound difference in the character of the sensation ;

this is due, in great

part, to disturbance of that aspect of discrimination sometimes called the
'
sense of a point."'

(3) Cortical activity, however, probably exercises a distinct influence even

over the appreciation of the relative intensity of successive pricks. But this

is so slight that it was not measurable in most of the cases of injury extending
over a comparatively small area which formed the basis of this research.
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i; 2.—VlBRATIOX

Disease or injury, at lowi-r levels ot the nervous system, irecjueutly destroys
all power of appreeiatiug the vibration of a tuning fork, liut so grave a loss

never occurs in consequence of a .stationary lesion of the cortex, unless it

happens to be associated with t'[)ileptiform attacks or other causes of shock.

This is not to be wondered at. when we consider that a large tuning fork,

beating strongly, is a stinuilus to two aspects of sensation. First of all it

pnuluees a series of jarring contacts, which appeal to the activity of the optic

thalanuis; and, as a matter of fact, vibration is appreciated in many cases

where the thalamic centre has been freed from cortical control, although the

character of the sensation is entirely altered. Secondly, the tuning fork

produces rapidly repeated movements of small range ;
these can be recog-

nised, provided the appreciation of passive movement is shown to be normal

by the usual method of measurement. Thus, in its two aspects, as repeated
crude contact stimuli and as a series of small passive movements, vibration

makes a double appeal and cannot fail to excite sensation of some kind, unless

the block lies in or below the termination of the fillet.

Almost all the cases, on which tliis research is based, showed some definite

shortening of the period during which vibration could be appreciated. Occa-

sionally, the patient volunteered the statement that it was "
plainer

"
or

"stronger" over normal than over abnormal parts; but usually he made
little comment on an}- introspective difference between the effect of this test

applied to the two hands.

A large tuning fork, beating 128 vibrations in the second, is brought into

contact with the terminal phalanx of one of the fingers, whilst the hand is

fully supported on a pillow. The patient is asked to say when the vibration

ceases
;
as soon as he indicates that it is no longer perceived, the fork is trans-

ferred to the corresponding portion of the other hand. Under normal conditions

the vibration usually becomes appreciable again for a time. The period between

the transference of the fork to the other hand and the moment when its beating
can no longer be recognised, is measured with a stop-watch. In healthy
individuals this may last from five up to fifteen seconds

;
but a few persons

allow the fork to run down so far on its first application that it has ceased

to beat before it is transferred. Both these modes of reaction are normal,

provided the measured periods are approximately equal from right to left and
from left to right. Thus it may happen that, in the one form of normal response,
the records read as follows for four observations :

—
Right to left . . . . +6 sec. + 4 sec.

Left to right .... +5 sec. + 4 sec.

or according to the other mode of reaction,

Right to left . . . . -f sec. • -f sec.

Left to right .... +0 sec. + sec.
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In neither instance was there any material difference between the two

hands.

But, whenever sensibility to this test is diminished in consequence of a

cortical or subcortical lesion, the period during wliich vibration is appreciated
A^ill be found to be sliortened to a greater or less extent on the affected side.

Transference from an abnormal part to a similar one on the other half of the

body is associated with a prolonged period of renewed appreciation ; but, on

the contrary, moving the fork from a normal to an affected part leads to no

further vibratory sensation.

The following records were obtained in No. 17 by this method.

Thumb—
From R. to L. . . . . +8 sec. + 9 sec.

From L. to R. . . . . +8 sec. . +7 sec.

/ ndex finger
—

From R. to L. . . . . + 12 sec. +11 sec.

From L. to R. . . . . +9 sec. + 8 sec.

M iddle fi tiger
—

From R. to L +10 sec. + 10 sec.

From L. to R. . . . . + G sec. + G sec.

Ring finger
—

From R. to L. . . . . +15 sec. +14 sec.

From L. to R. . . . . +3 sec. + 5 sec.

Little finger
—

From R. to L. . . . . + 15 sec. + 10 sec.

From L. to R. . . . . +0 sec. + sec.

These figures are typical of the answers obtained in the cases of cortical

affection dealt with in tliis paper. The thumb was obviously normal, but

the measurements from the index fuiger showed a slight shortening, when the

fork was transferred from the normal to the abnormal hand. Such small

differences lie witliin the limits of experimental variation ; they would have

been of no significance had not the readings from the middle finger shown the

same tendenc}^ in a higher degree. On the ring finger tliis difference was

greatly increased. Finally, over the little finger the defective sensibility to

vibration appeared in its extreme form, and it was not appreciated at all when

transferred from the normal to the affected hand.

Evidently the five digits wevQ not in the same condition. The thumb

was unaffected, but the disturbance steadily hicreased in a post-axial du'ection

and reached its maximum over the little finger. When we compare the extent

of tliis loss with that shown by the other means of sensory exploration, it is

found to correspond exactly with that revealed by measured movement. To

this test also the thumb was normal, the index was somewhat affected, and

the middle, ring and little fingers showed grave loss of sensibility ;
no other

method of examination revealed such extensive disturbance.

Throughout all these cases of cortical and subcortical injury, there is the
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same close correlation between the loss revealed l)y measured movement and

bv \ ibiat ion. not only in the numlx'V of digits alTected, but alsn in I lie gravity

of the disturbance, in the one instance (»t' my series, where in s|)ile of otlier

disorders of sensibility passive movements were perfectly appreciated, all the

digits of the aiTeeted iiand gave normal answers to vibration.

In the table on p. 713 1 have combined the records of a series of cases to

the two tests. The number of degrees re(piired for recognising the direction

of a passive movement are given in the npi)er line, whilst the shortened appre-

ciation of vibration on the affected hand is recorded in seconds below. It

will be seen how closely the extent of the loss, measured by the number of

digits, corresponds Avitli the two tests; at the same time they show a remark-

able agreement in the relative degree of the disturbance on any one finger.

Individual differences always occur, and it must be remembered that the two

sets of records are rarelj' made on the same day. For a set of observations

with the tuning fork must be made when the patient is fresh and free from

fatigue.

Both measured movement and vibration, as we have employed it, appeal

to the same aspect of cortical sensibility, but for practical purposes the former

is the better test
;
for it is capable of revealing those curious irregularities of

response, so characteristic of cortical affections, which appear in the form of

hallucinations of movement and positive errors in direction. Moreover, some

individuals do not give constant answers to the tuning fork, as we have applied

it, and this tendency may be aggravated in cases of injury to the brain. But,

on the other hand, many of the patients with Avhom I have had to deal in this

research responded surprisingly well. They were all young and not infrequently

looked upon this test as a game to be played to the full extent of their capacity ;

in such instances the records showed not only the graduated loss from finger

to fuiger, but remarkable relative constancy on different occasions. But it is

all important that the observations should be made alone, in a quiet room,

and at the beginning, rather than at the end, of a series of sensory observations.

From the periphery upwards, a normal response to the tuning fork test

has been shown to be associated with impulses arising in the deep afferent

system. So long as deep sensibility is intact, vibration can be appreciated;

but, during their passage tlirough the spinal cord, all impulses arising in sub-

cutaneous end-organs pass away into secondary tracts, with the exception of

those underhdng recognition of posture and movement and the vibration of a

tuning fork. A suitable lesion of the posterior columns can abolish all power
of responding to these tests.

But, above the point wdiere the fillet ends in the optic thalamus, no lesion

produces complete insensibility to vibration, except under conditions of neural

shock. We have no right, therefore, to speak of the projection of
"
deep

"

sensibility
"
on the cortex of the brain." Vibration of a tuning fork is affected

by a cortical or subcortical lesion, because it is one method of testing the same

faculty which underlies appreciation of passive movements. The power of
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recognising a series of minute and rapidly iH^jieated vibratory changes is a

function of tiie diseriniinat ixi- mechanism of the hrain.

From the ])fi'i|)hery to the cortex, vibration and jnissive movements evoke

sensation or are abolished together. So far I have explained this comcident

response to the two tests as a consequence of the basic similarity of the physio-

logical changes on which they depend. For in both of them sensation is evoked

by afferent impulses, caused by a series of mmute passive movements. But

closer consideration sIioms tliat there is a deeper cause for their fundamental

identity.

Both tests depend on the integrity of the deep aflfercnt system; but any

sensory loss due to a peripheral lesion is mixed up with disturbance of other

aspects of sensation, which also depend on subcutaneous end-organs. Injury
to the posterior columns of the spinal cord may, however, abolish all power
of recognising passive movement and vibration. Tactile sensibility is perfect ;

the patient can appreciate the lightest touch and frequently is able to recog-

nise that sometliuig is happening to that part of the body which is being
moved

;
but the tuning fork seems to him notliing more than a round flat

object pressed upon the skin, and all perception of movement is absent.

Now at first sight it is difficult to see why the repeated jarring contacts

of the vibratmg fork are not appreciated as a succession of touches, for tactile

sensibility is perfect. The manipulations used in testing appreciation of

passive movement evoke a series of stresses and varying tactile impressions
from joints, tendons and surrounding structures

;
but in order that these

may peld a sensation of movement they must be recognised as an orderly

sequence, tending in a certain direction. In the same way, vibration must

produce the impression of a series of minute contacts consecutive in time.

Passive movements of any part of the body not only lead to changes in

place, but also give the impression of duration in time
;
we can recognise by

introspection that they are taking place m a certain direction and that they

occupy a definite period ;
but the immediate result of such manipulations is

the conviction that the limb is being moved in space. On the other hand,
vibration is directly translated into its temporal aspect ;

it produces a series

of movements of small range, which give rise primarily to the perception of

a sequence in time. It is possible introspectively to recognise that the beating
fork jDroduces rapidly repeated contacts

;
but its dominant psycliical effect is

recognition of succession in time.

I should like to suggest that both these tests appeal to the same physio-

logical functions. Such a hypothesis is rendered probable bj^ considering the

significance of vibration in the life of such a vertebrate as the fish. The organs
of the lateral line, so important in the maintenance of posture, respond to vibra-

tions of the water around, and the creature is enabled thereby to maintain its

balance in a shiftmg medium. Here we see the close association between

vibration and spacial recognition. But the highest and most perfect of these

lateral Ime organs is the so-called
"
ear

"'

of a fish. This is the exact homo-
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logue of the internal ear of man, but obviously has nothing to do with hearing
m the human sense

;
for it is acUipted to pick up and respond to vibrations

in the water around. But, like one part of the internal ear in man, it is pecu-

liarly associated with posture. Thus, from a developmental point of view,

vibration and changes in posture are closely associated together, and I believe

that even in man they evoke the same afferent physiological consequence.
The two forms of movement produce a sensation of orderly sequence both

in space and time. But, when the part is moved in one direction passively,

the dominant sensation is one of succession in space ; when, however, the

stimulus is a series of vibrations, we obtain the impression of succession in

time. For other sensations tell us that the base of the tuning fork has remained

tlu'oughout on the same spot, covering exactly the same area
;

attention is

therefore concentrated on the time aspect of the stimulus rather than on the

nature of the minute changes in posture it produces.
The corresponding plwsiological processes, due to vibration and to passive

movement, are translated into a predominant recognition of an orderly series

of changes in space or in time, according to the concomitant impulses by M'hicli

they are attended. From the point of view of somatic sensation, recognition
of successive movements in time and in space are the psychical correlatives

of the same physiological functions.



CllAiTKR VII

HYPOTONIA

It is iU)l my intt'iition to altcinpt a systeinatiu account of the change's in

tone produced by lesions of the cortex
;
but I cannot close this paper without

describing that curious hypotonia which so frequently accompanies sensory
disturbances of cortical origin. This is the condition to which Gutlu-ie [42] has

ch'awn attention in liis paper
" On Muscular Atrophy and other Changes in

Nutrition associated with Lesions of the Sensory Cortex."

No. 23 was an excellent example, not only of this hypotonia, but of its

concomitant phenomena. No photograph can give any but a shadowy indica-

tion of the profound difference between his two hands (see p. 787). The

affected hand (left) resembled that of a woman, and was soft and rounded with

delicate fingers ;
the right hand was that of a man capable of hard manual

work. Its surfaces were squarely modelled, the palm broad and flat, and

the fingers had an appearance of shortness in relation to the hand as a whole.

The left hand, on the contrary, was rounded and soft
;

its lines were less deep.

The fingers seemed to be longer and tliinner than those on the normal side,

although by measurement they were actually a little shorter. This illusory

appearance was due to the smaller width of the left palm, wliich measured

8 cm., compared with 1) cm. on the right hand. The tips of the fingers were

spatulate on both hands, but less so on the left than on the right. The inter-

osseous spaces were not wasted
; they seemed, however, on the affected side

to be occupied by smaller and softer muscles. There was no obvious difference

in the skin of the two hands, no change in colour and no cyanosis. The patient

had done no manual work for four months, and both hands were wliite and

free from corns. The difference between them w^as immediately evident on

contact. In the act of shaking hands, the right grip was firm and well sus-

tained
;

I was conscious of the elastic pressure of the contracting muscles of

the palm and of the tension of the fuigers ;
I had the feeling that, if the patient

chose to increase his grasp, it might become painful. But when I gave my
left hand into his, it was like the impression received from the hand of a woman.

My fingers seemed to be in contact with sometliing soft and without resistance ;

the pressure was orderly, but gentle and harmless.

All the digits of the left hand could be bent back passively one by one to

an abnormal extent
;

even the thumb seemed to be hypotonic. But the

fuigers were not paralysed. Individual movements of each digit could be
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carried out. so long as the eyes were fixed upon them, and the tip of the thumb

was approximated without difficulty to that of each finger in turn. But the

movements were leisurely and without virility. So long as liis eyes were

open, the constituent parts of the affected hand remained in alignment with

one another, and the thumb did not droop when the limb was extended in front

of him.

But, as soon as the eyes were closed, the little fuiger dropped away from

its position, and all the digits tended to fall out of line when abducted. There

is nothing specifically diagnostic about this ataxy and defective attitude of the

hand
;

it occurs on closing the eyes whenever the power of recognising posture

is disturbed by a lesion of any suitable part of the central nervous system.

Before passing to consider in closer detail this hypotonia, which so com-

monly accompanies lesions of the sensory cortex, it is necessary to defuie

the condition with wliicli I intend more particularly to deal. Sensory changes
of cortical or subcortical origin are not of necessity associated with hypotonia.
In one case, the fuigers may be atonic, and in another tone is not diminished,

and yet spacial recognition is equally disturbed in both. The key to the

difference between the two groups lies in the presence or absence of coincident

affection of the motor mechanism. If the disordered sensation is associated

with inability to carry out individual movements of the fuigers, tone may be

normal, or is, at any rate, not diminished apart from gross paralysis. The

deep reflexes of the affected limb are usually somewhat increased. Both these

defects point to some primary disorder of the motor mechanism additional

to, and not consequent on, the disturbance of sensibility.

Now my principal interest in this paper is Avitli those cases where none

of these accessory motor or reflex signs were present, and yet hypotonia existed

in a distinctive form. For under such conditions the loss of tone is distributed

according to the gravity of the sensory loss.

But the hypotonia does not depend indifferently on all aspects of want

of sensibility, nor on the incidence of the maximum general disturbance; it

is associated peculiarly with defective appreciation of posture and passive

movement .

Tliis cannot be proved by such cases as No. 23. for the sensory defects

were too widely distributed over the affected hand. But in the case of Lieut. J.

[No. 15] the various aspects of sensation were disturbed independently in the

two feet, owing to a wound of the vertex. On the right side all spacial tests

were well recognised, but tactile appreciation was grossly affected. Here tone

was not disturbed. In the left foot, however, the spacial aspects of sensibilit,y

were measurably affected, and the great toe was profoundly hypotonic. It

could 1k» ])ushed backwards to such an extent that it came to form less than

a right angle with the line of the dorsum of the foot, \\hilst the right great
toe could not be brought up to subtend an angle of less than 120°. In this

case, sensation was disturbed on both feet in consequence of a cortical lesion,

but the hypotonia was on the side of the loss of spacial appreciation.
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Not only is tlu' tonic coiulitioii of tlu> liand as a \\h()k' depeii(leiit on the

state i>f spacial apprct-iation, but this is true lor each individual digit. T Ikivc

shoun that the dilferent parts of the hand may be in a very different sensory

condition ;
some lingers may he grossW aiTectiHl, whilst others exhibit no

change of any kmd.

The foUoAving table has been const) net (.'d to show the close association

between the condition of spacial sensibility and the tonic state of the various

parts of the hand. The most delicate indication of disturbed appreciation in

space is the poAver of recognismg passive movement. Tliis has been recorded

in degrees for each digit in turn and the condition of tone indicated below.

It is at once obvious how closely the two physiological states are associated

with one another
;
the fuigers, where the loss of spacial sensibility is profound,

are at the same time those which are hypotonic.

TABLE A

Hypotoxia Present

Case.
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long as his eyes were open ;
but as soon as they were closed, the two ulnar

digits fell away, whilst the thumb and index fingers remained as strictly in

position as those of the normal hand.

Now it will be seen from Table A that there was no loss of spacial appre-

ciation in the thumb and uidex, and a slight defect only in the middle finger ;

these digits were not hypotonic. But the sensory disturbance was considerable

in the ring fuiger and in the little it assumed gross proportions; both were

hypotonic, but the loss of tone was undoubtedly greater in the latter than in

the former, coinciding with the relative degree of loss of sensibility.

Tills straightforward relation between the loss of postural recognition and

diminished static tone can only exist if there is no primary motor defect or

disturbance of reflex excitability. Everyone is familiar with the conditions

present m a spastic hemiplegia of cortical or subcortical origin. Not only are

all the reflexes profoundly exaggerated, but the hand may be incapable even

of the coarsest movements. Here the tonic influence of lower centres has

been set free to pour uncontrolled into the affected limbs, and at the same

time all liigh-gi-ade voluntary power has been destroyed. Such cases show

the combmation of paralysis, due to destruction of the motor mechanism

of the cortex, combined with tonic overaction of lower centres. It is some-

times possible to overcome this spasticity m the hand by continuous gentle

pressure ;
the rigidity of the fingers yields, and they can then be bent backwards

to a degree impossible on the normal hand. Moreover, all the phalanges may
become over-extended at the interphalangeal joints, a condition spoken of as
"
saddle-backed fingers."'

But this want of tone, which so often underlies spastic rigidity of high
cerebral origin, is part of the paralysis. The whole cortical motor apparatus
is disordered

;
not only is voluntary power destroyed, but the tonic innerva-

tion upon wliich it is based is also diminished. Tliis motor paralysis affects

the hand more severely than any other part, because its movements occur

habitually under control of the will. Every aspect of voluntary motion is

affected; individual movements of the digits are no longer possible, and the

static tone wliich underlies the maintenance of posture is also destroyed. But

the clinical picture is complicated by the massive tonic influence of lower

centres. Spastic rigidity invades the limb, attacldng the larger joints to a

greater degree than those more habitually under control of the will.

Such conditions do not come directly witliin the purview of this research
;

but they form a necessary link in the comprehension of an apparently anomalous

group of cases. It sometimes happens that a gunshot injury of the surface

of the brain produces loss of recognition of posture and passive movement,
without obvious increase or decrease of tone in the fuigers. The lesion has

not been deep enough, or sufHciently extensive, to produce spastic rigidity.

Why then is the loss of spacial recognition not associated with hypotonia ?*

In all such cases individual movements of the various parts of the hand

are clumsy and are performed ^\•ith difficulty, even when the patient fixes
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his gaze on tho fingers. Tf lie is asked to ilii-ow oui Ixtlli liaiids in front of

him the digits are not in perfeet alignment, and the tluunh may drooj) abnor-

mally. This is usnally nun'e evident if he is made to abdnet his lingers and

then to bring them togi'ther again. Xot only is this movement badly per-

formed, but the posture linally assumed is obviously defeetivc. 'i'hronghout,

the patient has kept his eyes open and directed his gaze on to the alTected

hand.

Usually, in sueh ea.ses the deep reflexes do not gi\'e an identical response

in t he t wo upper extremities ;
the wrist -jerk is somewhat brisker on the affected

side and the elbow-jerk may be increased. But Ave are far from the condition

seen m spastic paralysis.

On Table B, I have brought together a set of cases where, at fir.«t sight,

we might have expected more or less hypotonia of the digits corresponding

to the graduated loss of spacial recognition. But, in every instance, individual

movements were chimsy and the fuigers out of alignjuent, even though the

eyes remained open. The cerebral injury had disordered the motor mechanism

of the cortex in addition to its afferent centres.

Defective motor control from the side of the cortex is also shown by the

tendency of the \ATist-jerk to be brisker on the affected side
;
but it must be

remembered that no deep reflex reveals the state of the various digits. The

wrist -jerk indicates the condition of the forearm rather than of the hand, and

not uncommonly the difference between these reflexes is very slight in this

class of case.

According to the view^ I have put forward, a lesion of the sensory cortex

can produce hj^otonia provided the motor acti\aty of the pyramidal system
is intact. If, however, the liighest grade of voluntary motion is disturbed,

the fingers either show no obvious change in tonic innervation, or, if the lesion

is more severe, fall into a condition of spastic rigidity or flaccid paralysis.

Should this hypothesis be correct, recovery of motor pow^er Avithout coin-

cident restoration of postural sensibility should lead to the gradual appearance
of liA^otonia in the affected fhigers. Tliis was actually the case in Xo. 3. He

figures on Table B in the fhst stage in which I saw liim
;
individual movement

of the various parts of the left hand could not be carried out, the fhigers were

out of alignment and the deep reflexes of the upper extremity were exaggerated.
At this time his fhigers w^ere not hypotonic. But as time went on the move-

ments of the digits improved, and eleven months after the injury he could

approximate the tip of the thumb to that of each fuiger in turn with the eyes

open, though more slowly than in the normal hand. Coincidently with this

return of movement the little and ring fuigers became definitely hypotonic ;

on the restoration of voluntary power static tone became defective. (See

Table A.)

Gross loss of appreciation of posture and passive movement, due to a

cerebral lesion, mav thus be associated with various states of tonic innervation.
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(1) Provided tlu'To is no direct iiilcM-fenMiec^ wil h 1 he highest motor functions

of tile eortex. hy|)otoiiia may l)e diicetly associated with want of s])acial

ai)prei'iat ion.

(2) Hut if. wiien the eyes remain oj)eii, intli\itlual jno\'ements are clumsy
and the lingers are out of alignment, and especiall}^ if the deep reflexes point

to some interference with the activity of the pyramidal system, no hypotonia

may be prestMit .

(3) Shoidd the lesion be suiticiently gross to set free 1 lie lower centres from

cortical control the limb may be spastic and the fingers rigidly contracted.

(4) Severe lesions of the cortex and subcortical tissues may cause a com-

plete flaccid paralysis, especially in the early stages. Here the fingers are

atonic because both voluntary movement and static tone are destroyed by
the injury. The phasic and tonic aspects of motion are paralysed.

This paral^i:ic loss of tone may in certain cases exist under cover of general

spasticity of the limbs. Once the coarse mflux of tone in the hand is over-

come by gentle and steady pressure, the fingers can be bent back to an abnormal

degree, and the terminal phalanges can be brought into a
"
saddle-backed

"

posture.

My business is with the first of these states of tonic innervation
;

for it

alone stands in direct relation to cortical disturbances of sensation. Paralytic

atonia and hypertonia deserve a treatise to themselves, and cannot be dealt

with within the limits of a paper devoted to the afferent mechanism of the

cortex.

All spacial aspects of sensation rise into consciousness influenced by the

consequences of some previous experience. For it would be impossible to

discover the position of any part of the body, unless the immediate postural

sensation was related to something that had preceded it. A direct perception

of posture, analogous to that of roughness or of pain, is impossible ; every
new position of the limb is relative to those wliich have preceded it.

The sensory cortex is the organ to which w^e o-vve the faculty of relating

one sensation to another either simultaneously or consecutively. Consequently
all spacial aspects of sensation suffer severely from a lesion of the cortex. Not

uncommonly a patient with a cortical lesion can recognise that some movement
has taken place, but is unable to discover its direction or amplitude ; complete

appreciation of spacial relationsliips is the recognition of serial changes in a

certain direction.

The cortex has been said to be the repository of
"
images of movement."

This is, how^ever, an unsatisfactory term when w^e consider the actual effects

produced by a cortical lesion
;
for when w^e speak of an image we mean some-

thing that can be recalled into consciousness under suitable conditions.

^Yhen w-e sit immobile and imagine our fingers touching some object on

the table, many of us see at once the mental picture of an outstretched arm
;

the only image in consciousness is a visual one. Now if we examine an intelli-

gent patient in whom the power of recognising posture or passive movement
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is gravely affected, this visual image may remain as vivid as ever. In such
cases it is possible to make the following instructive experiment. Place his

arm in front of him on the bed, allowing him to see the position in which it

lies
;
touch several spots in succession on the affected hand and ask him to

jioint to them with his finger, his eyes remaining open throughout. Then
(•1()S(> liis eyes and carefully remove the arm into some distant position, say
at right angles to the bed. If he is a strong visualiser he will tell you that

he can still see the picture of his arm and hand as vividly as before on the

bed in front of him. Now touch some point on the hand
;

if tactile localisation

is not too grossly disturbed, the patient will indicate a spot in the position
where that part of his hand originally lay on the bed. This phenomenon may
be called

"
exploration of the phantom hand." Here the visual image of the

limb remains intact, although the power of appreciating changes in position
is abolished.

It is evident therefore that the standard to which immediate reference is

made, when a fresh position is recognised, cannot be a visual image. The
existence of normal human beings, whose conscious life by day is devoid of

all visual images, would be sulhcient evidence of this fact, apart even from the

direct results of experiment in cases of cortical lesions. Some such persons

undoubtedly possess true movement images. That is to say, the assumption
of an imagined posture may be accompanied by re-presentation of movement,

equivalent to the pictures of those who visualise strongly.

But in both cases the image, whether it be visual or motor, is not the funda-

mental standard against which all postural changes are measured. Every

recognisable change enters into consciousness already charged with its relation

to something that has preceded it. Before the afferent processes caused by
movement of a joint can evoke a change in consciousness, they have already
been integrated and brought into relation wdth the previous physiological

dispositions, due to antecedent postural changes. Just as on a taximeter the

measured distance is presented to us already translated into sliillings and

pence, so the final product of spacial changes rises into consciousness as a

measured postural appreciation.

For this standard, against which all subsequent changes of postures are

measured before they enter consciousness, we have proposed the word
"
schema." By means of perpetual alterations in position we arc always

building up a model of ourselves, which constantly changes. Every new

posture or movement is registered on this plastic schema and the activity of

the cortex brings each fresh group of sensations evoked by altered posture

into relation wdth it. Immediate postural recognition occurs as soon as this

relation is complete.

Recognition of posture and movement is obviously a conscious process.

But the activities on which depend the existence and normal character of the

schemata lie for ever outside consciousness ; they are physiological processes

A\ith no direct psychical equivalent. The conduct and habilaments of the
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actor who appears before us on the stage are llu- result ot activities behind the

scenes of which \\t' nuist remain ignorant, so k)ng as we are only spectators

of the phiy.

The only constant and continuous record of the movements of our bodies

in space exists in the condititin of our schemata. These ])hysiological disposi-

tions of the cortex ensure that the inception of a voluntary movement will

find the }iart to be jnoved in a suitable attitude. For, unless postural imi)ulses

perpetually moditied these unconscious physiological activities consonantly

with every change in position, we might will a certain movement although

the limb was not in a suitable attitude to bring it into being. This is evident

ill every case of ataxy.

But in order that the part of the body to be moved may be ready to spring

off, like a runner, at the word of command, its static tone must be normal.

Should it be posed atonicallj^, the voluntary motor act has &st to gather in

slack before the limb begins to move. Normal posture and normal tone are

coincident terms.

It is obvious therefore that any lesion which disturbs postural schemata

will interfere with static tone. For, in order that a part of the body at rest

may retain a normal posture, afferent postural impulses must exert a constant

influence on the activity of the appropriate receptive centres of the cortex.

These are the repository of spacial schemata. The physiological changes

brought about by this stream of afferent impressions not only checks and

controls voluntary movement, but ensures that the static tone of the part

shall be adapted to maintain its position. Consciousness is in no way necessary

for such co-ordination ;
in fact the regulation of tonic innervation occurs

entirely on the physiological level. Any lesion, wliich tends to destroy

postural schemata, not only disorders voluntary movement, but under suitable

conditions may diminish static tone.

Li order that tliis disturbing effect may show itself in a permanent diminu-

tion of tone when the part is at rest, the pyramidal system must be intact.

For, if the motor mechanism of the cortex is directly affected, fuie regulation

of postural tone is no longer possible ;
the general tonic condition of the

part tends to be increased, as sho\^Ti by exaggeration of its deep reflexes. The

more profound the lesion the grosser becomes this spastic rigidity due to

the uncontrolled massive innervation from lower centres.

But the hypotonia, so closely associated with defective recognition of

posture and passive movement in the absence of any defect in the highest

motor apparatus, is in reality a false co-ordination. The receptive centres

of the cortex are badly informed of the position of the affected parts ;
at the

same time those physiological dispositions past and present, on which depend
the existence of spacial schemata, are disordered. Voluntary movement

is badly co-ordinated except when guided by vision. But tonic innervation

is a purely automatic process, not under the control of the will except

in so far as it is. the aftermath of a voluntary movement. Static tone
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consequently suffers and the affected fingers are more or less permanently

hypotonic.
I have laid stress tlu^oiighout on this twofold influence of a cortical lesion

on spacial recognition. A subcortical injury may also disturb recognition
of posture by cutting off, to a considerable extent, afferent impulses from the

receptive centres in the cortex. In such a case the thi'eshold is raised, but

it may be possible to obtain orderly and coherent responses if the intensity
of the stimulus is sufficiently increased. Thus it maybe necessary to move the

finger passively through an angle of 20° before appreciation occurs, but all

the answers will tend to lie round about this degree. If, however, the cortex

itself is destroyed it may be impossible to obtain a true movement threshold.

Not only is the range at which appreciation occurs widel}^ different, but

false answers and hallucinations mar the records. We are now dealing not

only with the disturbance of afferent impulses, but with the destruction of

the centre for those physiological processes which underlie the recognition of

posture and movement.

Tliis difference between the consequences of a pure subcortical lesion

and one wliicli involves the cortex is, I believe, also manifest in the condition

of static tone. The former leaves the permanent dispositions of the afferent

centres intact
;

the patient still possesses complete spacial schemata, but

incoming influences are defective. The internal organisation is intact, but

it is badly served with information from without. Now, static tone is auto-

matic
;

it is the product of a constant stream of influence exerted by the

simple existence of the physiological dispositions we have called schemata.

So long as they remain intact, tone will not be grossly diminished, apart from

the effects of a primary paralysis. Once, however, the inherent activities

of the afferent centres are destroj^ed by a cortical lesion, tone tends to be

diminished because of the loss of the constant automatic influence they
exert on the liighest efferent mechanism.

This is one of the reasons why a pure subcortical lesion, such as that in

No. 6 (p. 705), was not associated with hypotonia of the fingers. We might
at first sight have anticipated a graduated diminution of tone increasing

towards the post-axial aspect of the hand corresponding to the want of

recognition of passive movement. But all the signs pointed to an uncompli-

cated lesion of the centrum ovale as far as the post-central cortex was con-

cerned. A threshold could be obtained to all the sensory tests, although to

most of them it was raised considerably above the normal. The answers

were free from the gross irregularities and inconstancy so common when the

sensory cortex is itself affected. Here the normal condition of static tone

was due to the continued exercise of that co-ordinating influence, wliich

constantly flows from the highest afferent to the efferent centres.

Thus, it is evident that the so-called sensory cortex exercises by its very
existence a double effect upon motor activity. First of all it controls voluntar}^

movement ;
conscious appreciation of relations of the body in space go hand



726 STUDIKS IX NKUHOLOCiY

in hand with tlu> clToctor activities of the will. Iliil these ])hen()inena (^f

mind are basetl on })hvsi»)h)gieal processes which may be directly disturbed

by a cortical lesion. It is thesi' und(M"lyin!i; non-mental dispositions which

inthuMU'e postural tone. Thus, at this anatomical situation in tlie nervous

system, the vital ai'tivity ot the centre is expressed as presentations to con-

sciousness, concerned with the position of the body in space, and also as the

purely physiological condition of postural tone.



CHAPTER VIII

THE PRINCIPLES WHICH DETERMINE ANATOMICAL LOCALISATION OF

SENSORY FUNCTIONS IN THE CORTEX

No one now denies that sensation can be affected by a lesion of the cerebral

cortex, and the disputes, which raged over this question, can be relegated
to the past history of medicine. Moreover, it is certain that the

'"

excito-

motor
"
area, that portion which gives origin to the pjTamidal tract, is situated

almost entirely within the precentral convolution
;

it is not coterminous

with the so-called
"
sensory cortex." For, although the anterior and posterior

limits of the sensorj' centres are still undetermined, every one is now agreed

.that the post-central convolutions form the most effective focus, from wliicli

sensory changes can be evoked by a suitable injury to the brain.

But preoccupation with the practical problems of topograpliical localisation

blinded neurologists to the true nature of the functions, wliich are disturbed

by a cortical lesion. They assumed that all disorders of sensation would

fall into the categories of touch, pain, heat and cold, together with some
"
spacial

"'
or

"
muscle-sense

"
constituent, and were surprised to find that

researches on these lines ended in confusion.

Russel and Horsley ([101] p. 139) frankly stated in 1906 that
"
all observers

are agreed that isolated lesions of the Rolandic zone do not produce complete
tactile anaesthesia or analgesia (to these must be added temperature anaes-

thesia)
"

;
but they offered no solution of tliis apparently anomalous con-

clusion, and did not state definitely in what way sensibility was disturbed by
a lesion of the cortex.

Recently, however, some authorities on cortical topography have attempted
to avoid this difficulty by adopting a most disastrous nomenclature. Thus

V. Monakow speaks of disturbances of
"
deep, proprioceptive, protopathic

andepicritic sensibility
"

in connection with cortical lesions ([84] pp. 270-271).

Even so recently as 191G van Valkenburg [127] published a paper entitled,
"
Sensibilitatsspaltung nach dem Hinterstrangtypus in Folge von Herden

der Regio rolandica,"

Dejerine [23] in 1914 wrote as follows :

" Une autre question se pose depuis

quelque temps ;
on a constate dans plusieurs cas d'hemanesthesie cerebrale

une topographic speciale de I'anesthesie, qui se traduit sous forme de bandes

reproduisant plus ou moins exactement la distribution radiculaire spinale.

En presence de ces faits, on est amene a se demander s"il n'existe pas dans les

727
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centres corticaux scnsitifs nne systenmtisation radiculaii'e comparable a cello

qui existe pour les centres moteurs corticaux." Here, it is true, he did not

state that the nature of the h)ss of sensibility Cdrresponded to that caused

by injury of tlie ]i(isterior roots
;
he only asserted that the distribution of the

disturbance might follow a radicular type. But, as a matter of fact, the

anatomical form and the essential character of any loss of sensibility are

closely bound together ;
when it follows a peripheral, radicular, or spinal

distribution, the nature of the sensory change corresponds to the situation

at w hich it is produced. To suppose that a cortical lesion could be associated

with a sensory loss of radicular form is as absurd as to postulate a spinal

lesion with changes in sensation resembling those of an uhiar nerve paralysis.

I have attempted to show that sensory changes, produced by a lesion of

the cortex, must be considered in terms of the psychical act and not of the

physical stimulus. The function of the cortex in sensation is to endow it with

spacial relationships, with the power of responding in a graduated manner

to stimuli of different intensities, and A\ith those qualities by which we recognise

the similarity or difference of objects brought into contact with the bodJ^
It is these aspects of sensibility A^hich are disturbed by cortical injuries. The

anatomical lesion upsets the orderly sequence of physiological processes and

this defect of function is manifested in disorder of the psychical act of sensa-

tion. The terms in which this disturbance is manifested are categories of

the function itself
;
a sensory loss of cortical origin is not expressed in anatomical

or physiological terms, but in those of the most elementary processes of mind.

If the view I have put forward in this paper is correct all previous theories

of cortical localisation, as far as sensation is concerned, must be put aside.

The two condeptions are mutually antagonistic and cannot be combined ;

there is no via media. Unless this fundamental diversity of outlook is

recognised from the start, it Avill be impossible for the reader to grasp the

attitude I have assumed with regard to the topographical significance of sensory

disorders of cortical origin.

We may accept as a sufficiently well observed fact, that a lesion of the

post-central cortex can produce a profound effect on sensibility. But we
have no right to assume that those forms of sensation, which are disturbed,

are of necessity functions of the injured cortex. For any sudden injury of

the surface of the brain produces AAddely radiating shock effects within the

structures of the nervous system. Sometimes a blow on the head, or a cerebral

operation, may be followed by loss of sensation so severe that it is difficult

to believe the mid-brain has not been affected. The whole of one half of the

body may become insensitive to touch, pain, heat and cold
;
and yet the

rapidity with which this loss of sensation disappears shows that it was not

due to gross structural changes in the lower afferent centres.

An epileptiform attack is a potent cause of neural shock, and in the attempt
to determine the sensory function of the cortex, it is better, if possible, to
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reject those patients who suffer from any form of seizure or periodic disturbance

of consciousness. No demonstrative value can be laid on sensory changes
wliich follow directly on a Jacksonian convulsion.

Tliis ^^•idespread consequence of a cerebral injury or convulsive attack

has been called
"
diaschisis

"
by von Monakow ([83] p. 237). He believes

that the shock is so great that it passes backwards, over one or more synaptic

junctions, to affect the functions of anatomical systems remote from the

site of the injur^^ He adds :

" Es handelt sicli auch bei der Diascliisis im

wesentlichen um Herabsetzung oder Aufhebung der Anspruchsfaliigkeit . . .

der zentralen Elemente fiir Reize innerhalb eines bestimmten physiologisch

wohl definierten Erregungskreises ;
dieser Kreis f iillt indessen mit dem

gewohnlichen, von der Peripherie und vom Zentrum aus sich ausdehnenden

'physiologischen Innervationswege nicht zusammen."

Now, whatever we may tliink of this exclusively anatomical standpoint,

the widespread effect of a strictly local injury of the cortex is undoubted.

It is impossible to say, in the early days of a wound of the head, how much
of the loss of sensation is due to destruction at the site of the lesion and how
much to hradiation. The profoundness of the effect is even more discon-

certing than its wide extent. Not only is sensation disturbed over a larger

area of the body than might have been expected from the situation of the

injury, but the character of the loss differs fundamentally from that found

with a stationary lesion of the cortex. Slowly, day by day, sensation returns

to those parts of the body which do not correspond to the facus of disturbance.

At the same time, the nature of the sensory loss changes ;
it no longer consists

of a gross defect of tactile, painful and thermal sensibility, but, in favourable

cases, begins to assume the characters I have described in tliis paper.

All aspects of cerebral activity are liable to undergo similar profound and

extensive changes in consequence of trauma
;

these are particularly evident

in the phenomena wliich follow cerebral concussion. At first the patient

lies in flaccid unconsciousness, with shallow breathing, scarcely able to swallow

fluid placed in his mouth. Then the lower centres recover from the shock

and he becomes restless and even violent. As normal consciousness returns

he grows amenable to control and his conduct is no longer dominated by the

activities of the lower functional levels.

In the same way, on the sensory side, the gross effects produced by the

initial lesion, or by a subsequent operation, gradually pass away. If the

wound heals well and there are no epileptiform attacks, all the initial loss of

sensation may disappear. But, if the lesion lies over the post-central con-

volution, some defect of sensibility may remain for months or years in that

part of the body wliich corresponds to the focus of the lesion. This loss is

never completely hemiplegic, provided the cortex alone is injured ;
it occupies

a part only of the o])posite lialf of the body and may even be confined to a

few digits on the hand.

It is most instructive to ^^ atch the order in which the sensory loss gradually
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diniiiiislies. 'Plie oiitlyiiiii parts bocoine normal and sensibility is defective

in tliDse |)arts only, \\hieh i'onned the focus of Ihe previous disturbance. Tims

iu Xo. 2'\ llu> whole hand was alTeeted: in addition the records at the wrist,

t'lhow ami great toe originally showed some loss nf recognition of passive

nun-ement . These three joints became normal within six months of the

injury. During this recovery the sole of the foot regained its sensibility to

the tactile hairs, whii-h had been profoundly disturbed. Coincidently with

the gi'adual restriction of the affected area came a diminution in the severity

of the sensory loss on the various parts of the hand; the amount of tiic loss

to measured movement and to the tactile hairs became less, even over those

fingers which were most affected.

But A\ hen once the wound has firmly healed, particularly if the opening
in the skull is small and does not pulsate, it is remarkable how constant may
be the extent and character of the sensory changes. Such are the cases which

form ideal material for determining the part played by the cortex in sensation.

Much can, however, be learnt from less perfect examples, provided care is

taken to eliminate the effect of shock and other transitory consequences of

cerebral injury.

§ 1.—Representation of Parts of the Body

Many of the tests I have used are not applicable to any part but the hand
;

for instance, the pcwer of discriminating different weights and textile fabrics

can be explored over the feet in the rarest instances only. Even such a

universal test as the compass points does not yield equivalent results on the

hand and on the foot. For, on the palmar aspect of the tips of the fuigers,

the two points applied at the same moment can be recognised in many cases,

when they are separated by 0*5 cm.
;

whilst on the sole of the foot it is not

possible to depend on correct answ^ers at a smaller distance than about 2' 5

to 3 cm. Thus, if the pow'er of discrimination w^ere reduced to one half, good

readings might be obtained on the hand at 1 cm., but on the foot we should

be compelled to separate the two points to a distance of at least 5 to 6 cm.

Li the same w^ay the range of this test is greatly limited on the forearm, Avhere

it is impossible in a normal person to be certain of obtaining a complete series

of correct answers under about 4 cm. Over such parts the two points must

be separated so widely, before we can obtain even a normal threshold, that

the limits witliin wliich the test can be applied are rapidly exceeded, whenever

sensibility is affected to any considerable degree. Again, it must not be

forgotten that the sole of the foot is the ec^uivalent of the palm of the. hand

and not of the fingers. As w^e cannot use the compass test with any satis-

factory results on the toes, we are unable to explore the condition of the distal

segments of the lower extremity ;
the first evidence of changed sensibility

must be drawai from the penultimate parts of the limb.

Similar difficulties apply to all the other tests, and the results obtained
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from the feet are alwaj^s less distinctive and coarser than those from the

hand. As far as the face is concerned, most of them are quite inapplicable.
It is impossible to test the power of appreciating passive movement, or recog-
nition of weight, form and the situation of the stimulated spot. Fortunately,

however, in the voluntary movements of the face and tongue, we possess a

delicate measure of any loss of motor power that may be caused by the lesion.

By this means it is often possible to decide whether the main impact of the

injury has fallen on the centre for the face; if so, the sensory changes in the

liand may be due to its radiating effect and should ultimately disappear

slowly. If they are still present at the end of six months, they are probably
caused by some permanent destruction of cortical tissue affecting the arm-

centre, although the main incidence of the lesion has fallen on that for the

face.

In the same way, the sensory changes in the hand may be accessory to a

more severe disturbance of function in the foot. Passive movements may be

badly recognised in the great toe, at the ankle and even at the knee
; the

compass points may not be appreciated at 10 cm. on the sole, and no tln^eshold

obtained with the tactile hairs. Obviously, in such a case the sensory changes
are extremely gross and the cortical centre for the foot has been badly injured.

But the loss of sensation in the hand may occupy one or two digits only and
be of a more delicate character

;
the various forms of sensory activity may

be dissociated, one may be lost over the affected parts, wliilst another is entirely

unaffected. In such a case it is evident that the hand does not lie in the

central focus of the disturbance.

Thus, for all delicate exploration of the sensory faculties of the body, we
are throAvn back on to the hand. .Sometimes, in the cases I have used for

tliis research, the disturbance of sensation is the result of direct injury to that

part of the sensory cortex in wliich the hand is topograpliically represented ;

in other instances it is due to the outljnng effect of a lesion, that has fallen

either on to the centre for the leg or on to that for the face. Tliis makes any

precise determination of the limits of these centres extremely difficult, from

such material as I have brought forward in this paper.
But there can be little doubt that the higher the lesion on the central

convolutions the more certainly will the lower extremity be affected, whilst

the closer it lies to the Sylvian fissure the more defuiite will be the affection

of the face. Thus when an injury affects both the face and hand we should

expect it to lie lower on 1 lie surface of the hemisphere than when it disturbed

the functions of the hand and foot. This is actuallv the case.

It is now generally recognised that a lesion of the post-central convolution

is more likely to lead to definite and severe disturbances of sensation than

of any other part of the cortex. Here those physiological activities, which

underlie sensation, are concentrated more thickly than at any other part of

surface of the brain. The sensory condition of the hand or the foot is more

or less gravely disturbed, whenever the incidence of the injury falls upon this
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area. If the niicUlk* jn)rti()ii of the convolution is struck, and the destruction

of tissue is not severe, the hand alone may be aiTected
;
but the nearer the

lesion lies to the vertex, the more certainly will the foot participate in the

disturbance. If it happens to lie on the vertical aspect of the hemisphere,

any affection of the hand that may be present will almost certainly be less

severe than the loss of function in the lower extremity. Conversely, wdien

the injiuy falls upon the lower half of the post-central convolution, some
affection of the face and tongue is likely to accompany the loss of sensation

ill the hand. Evidently the sensory activities of the hand are more closely

represented in the middle of the convolution.

But it is possible to determine more in detail the topograpliical repre-

sentation of the hand u])()n the cortex. This research has been based upon
cases where the various fuigers were not all in the same sensory condition

;

sometimes the pre-axial, sometimes the post -axial digits were most severely
affected. Xow whenever the loss of sensation reaches its maximum over the

thumb and index finger, the face and tongue tend to be affected
;

if the lesion

lies in the left hemisphere, speech will also have been disturbed, to a greater or

less extent, at some time in the history of the patient. Tliis is shoA\ai by the

five cases in Table C where the impact of the wound lay mainly over the central

convolutions. If, however, the loss of sensation was greatest over the little

fuiger and its neighbouring digits, it is the foot which tends to show some

motor or sensory change. Out of seven such, cases, four showed some disturb-

ance of the lower extremity, although in most instances it was slight and
transient

;
but movements of the face and tongue w^ere normal in all and

speech had not been affected (Table D). I do not intend for a moment to

assert that, because the little finger shows the profoundest changes in sensi-

bility, the face and tongue cannot suffer
;
one of the commonest results of a

wound of the skull in the region of the central convolutions is to produce a

more or less transitory hemiplegia. But it is not with these cases that I am

dealmg at present ; my interest is centred in those w^here the various digits

were in a widely different sensory condition. These are the less severe cases.

It is among them that w^e tend to find tliis association between the pre-axial

parts of the hand and some affection of the face and tongue ; or, conversely,

a tendency for the functions of the foot to be disturbed, w^hen the main loss

of sensation lay over the little finger.

Moreover, even the rough verbal description of the locality of the injury,

given in the last column of the table, brings out the same point. For in

those cases w^here the maximum incidence of the loss of sensation lay over the

little finger, the lesion was usually situated higher on the post-central con-

volution than %yhen the thumb and index were most affected. Thus it is

evident that the pre-axial digits are more definitely represented in the lower

part of the centre for the hand, wliilst the post-axial portions lie topograpliical ly

higher on the surface of the hemisphere.
But it must not be supposed that the maximum loss of sensation fell



SENSATION AND THE CEREBRAL CORTEX 733

either over the thumb or over the little finger in every instance. Four of my
cases showed, preponderating affection of the little finger ;

in six the disturbance

reached its greatest intensity over the little and ring fingers ;
in one it was

more severe over the thumb and in three others over the thumb and index

finger ;
in one case the most intense sensory loss was found in the index and

in another it was greatest in the index and middle fuigers. Finally, in one

instance, it reached its maximum over the middle fuiger.

TABLE C
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cortex. Certain molov ami srnsorv functions ot Ilu> body arc more concen-

trated at some parts of the hemisphere tlian at others. Fti tlie same way,

tlie i)hysiological activities corresponding to lach sej)arale tligil are rchitively

more highly represented in a certain })ortion of the cortical centre for the hand.

Bnt axial lines are a concept it)n drawn from developmental anatomy; they

have no place in the functions of a limb free to move in space. From (lie

pouit of view of sensation, anatomical representation ceases as soon as the first

synaptic junction is passed. The body is not represented on the cortex as an

anatomical unity, but only in so far as it is capable of undergohig conscious

changes in function. Thus, all attempts to establish a local representation

of such purely anatomical factors as axial lines are based upon a false con-

ception of the nature of cortical activity, and of the significance of central

representation.

Russel and Horsley [101] were not content with speaking of topographical

localisation of the pre- and post-axial halves of the limb, but even postulated

the
"
representation in the cerebral pallium of the mid-axis of the upper

limb
""

(p. 149) : This conception they based on no more valid evidence

than sensory changes
"
in the two middle fingers of the hand." This, they

say, seemed to them "
such an obvious corollary to the pre-axial and post-

axial representation we have just discussed, that w'e bring forward the following

case as a good example of the clinical fact." This case showed nothing more,

however, than an
"
aura beginning in the third and fourth fingers of the left

hand, spreading to arm, face, trunk and leg of the same side," and seventy-

three days after removal of a large subcortical tumour, ansesthesia to cotton

wool on the dorsum of the hand with tactile localisation
"
tow^ards the

mid-axis."

Xo better example could be given of the difference between the older

methods of thought and the conceptions I have attempted to put forward in

this paper. Sensation is a psycliical act, and even the regional representation

of the processes on which it depends is based on functional habits, rather

than on phylogenetic development. Each digit is a unit and can be used

in an isolated act, either of motion or sensation
;

as such it is represented

topographically on the cortex.

The same rule applies to loss of sensation on the palm of the hand; the

distribution of the changes in sensibility bears no relation to axial lines, but

corresponds to the proximal extension of the affected digits. Many of the

tests I have applied to the fingers cannot be employed on the palm ;
but

the compasses, tactile hairs and weights can all be used over limited areas.

If, then, the palm is marked out by lines running from the four fuigers in the

direction of the fold of the wTist, whilst the greater part of the thenar eminence

is reserved for the thumb, it is found that the sensory condition of the inter-

vening portions closely resembles that of the digits to which they correspond.

This is particularly evident in such cases as Xo. 3, where the compass
test was distm'bed over the post-axial digits, but tactile sensibility was entirely



SENSATION AND THE CEREBRAL CORTEX 735

unaffected. Tliis dissociation both in the extent and quahty of the sensory

loss Mas equally manifest on the palm. Over the thenar eminence, and in a

line with the index fuiger, his answers to the compasses applied simultaneously

were perfect ;
but over the post-axial portion of the palm they were grossly

disturbed, even Avhen the t\\o points were separated by a distance of 5 cm.

At the same time, tactile sensibility was everywhere normal.

In No. tlie index and middle fuigers showed the most severe loss of

sensation, but the ring and little fingers were unaffected. On the pre-axial

side of a line, drawn vertically down the palm from the cleft between the

tluixl and fourth digits, he was unable to apj^reciate weights correctly, just as

on the corresponding fingers. But, on the ulnar half of the palm, sensation

was entirely unaffected to this test. In other cases the tactile hairs revealed

exactly analogous changes.

Thus, it would appear as if the loss of sensibility on the palm, produced

by a cortical lesion, corresponds roughly both in situation and quality with

that of the affected digits. There are no
"
axial

"
lines or borders ;

as the

sensory condition changes from finger to finger, so it alters both in quality

and intensity on passing from one part of the palm to another.

When sensation is disturbed over the whole of the hand, it may be defective

at the A\Tist, elbow, or even at the shoulder. Under these circumstances the

foot usually participates in the sensory loss. Tliis is particularly liable to

occur when we have reason to believe, from other signs and symptoms, that

subcortical tissues have been affected
;

in fact, the deeper the lesion the more

certainly wall the sensory loss assume a hemiplegic distribution.

Occasionally, however, both hand and foot may be normal to measured

tests, and yet some more proximal part of the upper or lower extremity may
show defuiite loss of sensibility. But these cases are rare. No. 8 is a par-

ticularly good example, because not only have we defuiite evidence that both

hand and foot were little, if at all, affected at an early stage in the progress

of the case, but I saw him for the first time six weeks after he was wounded
and could discover no gross changes, excej)t at the elbow and to a less degree
at the wrist. Kecognition of passive movement was profoundly disturbed

and the tactile hairs also revealed considerable sensory loss over the forearm.

No measurable defect could be discovered in the palm and digits ;
intro-

spectively, however, he found it more difficult to make up his mind with

certainty over the hand of the affected than of the sound limb. The lower

extremity was in every way normal. In this case the elbow evidently lay
in the focus of the cortical disturbance, and the wrist suffered to a less degree.

All experimental evidence points to the topographical representation of

the various movements of any one limb in different parts of the cortex (Sher-

rington and Griinbaum [113]). Of all the centres associated with the upper

extremity, that for the fingers and thumb lies lowest on the precentral con-

volution
; then follow in order those for the ^\'rist, elbow and shoulder. Between

the shoulder and the hip, lies the area devoted to movements of the trunk.
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Now. I lia\f aliiady shown that, troin a sensory point ol' view, a lesion

wliieh atTetts the thumb and little linger is liable to be accompanied by some

defect in speech or disordered inovemenl of the face and tongue. Thus of all

the centres devoted to the pliysiological activities underlying sensation in

the hanil. that for the thumb must lie lowest on the surface of the brain.

Conversely, the foot occasionally shows some loss of sensibility, when the

niaxinuim disturbance lies over the little fmger ;
tliis digit must therefore be

represented in the highest part of the cortical centre for the hand.

It fiillows, as a corollary to this conclusion, that, whenever the little finger

shows gross changes in sensibility, the wrist also tends to be affected. Should

the whole hand be mvolved, but the maximum loss lie over its post-axial

parts, not only the wrist, but the elbow and shoulder, may show some defective

recognition of posture and passive movements.

So far I have shown that the disturbance of sensation produced by a cortical

or subcortical lesion tends to follow a regional distribution corresponding to

the contiguity of the centres on the cortex. But it is the functions, rather

than the anatomical relationsliips, of any one part of the body that are repre-

sented. Consequently those portions, such as the hand, wliich are endowed

with the greatest powers of discriminative sensibility, are represented, and to

the highest degree, in the sensory cortex
;

for the fingers and thumb of man
are little more than stalked sense-organs. Next in order comes the sole of

the foot, wliich constantly exerts discriminative activity in walking. One of

my patients (No. 6), m whom the right foot was affected, said :

" When I

am in the dark, I always take my feeling from my left foot, whereas before

I always used to test the ground with my right. I have changed over

smce I was w^ounded."

Li consequence of tliis more exclusive representation, the hand and the

foot may suffer, although the sensory functions of the mtervening joints are

not measurably disturbed. In No. 20, for example, all the digits were affected,

but the grossest loss of sensibility was found hi the little and ring fingers ;

the wrist showed slight w^ant of recognition of passive movements, but the

elbow and shoulder were normal. In spite of the escape of these two joints,

the great toe was affected and the sole of the foot showed an introspective

difference to the tactile hairs. In a similar way it is possible for the great toe

and the sole to show sensory changes, and for the little fuiger to be aff'ected,

although passive movements are perfectly appreciated at the ankle.

Thus, although the cortical centres are arranged according to the relative

position of the different parts of the body, a lesion of a definite area does not,

of necessity, disturb sensation in this anatomical order
;
hand and foot may

suffer without obvious loss at the elbow and shoulder. The extent of cortical

representation depends on the degree to wliich function is developed. The

hand, with its five mobile digits, stands at the head of tliis functional liierarchy.

It is therefore most highly and most widely represented in the sensory cortex.

It is important to remember that even the regional representation of parts
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of the body, as revealed by a cortical lesion, is governed l)y the degree of

functional development rather than by purely anatomical considerations.

§ 2.—Representation of Sensory Functions

The part played by the cortex in sensation is concerned with those physio-

logical processes which underlie projection and discrimination. I have

attempted to show that these activities fall into tliree groups; they are

represented on the sensory side by appreciation of relationships in space,

by appropriate reactions to stimuli of different intensities, and by recognition
of the similarity and difference in test-objects of various weights and shapes.

We saw reason to believe that these three aspects of cortical activity were

not alwaj^s affected uniformly, or in any constant relation to one another.

In one case the spacial tests yielded normal results, in spite of considerable

defects in the remaining aspects of sensation
;

whilst in some instances the

tactile hairs, or in others the graduated weights, failed to show any abnormality.
These are, however, extreme examples, but they demonstrate that the

tlu'ee aspects of sensibility cannot be equally represented in all parts of the

sensory cortex. Even cases where the dissociation is less complete point in

the same direction
;

for it is not uncommon to find that one group of tests

shows a disturbance of sensibility in five digits, wliilst another group reveals

defects in one finger only.

These three faculties might have stood to one another in some such relation

of graduated complexity as that which we discovered for appreciation of tests

in three-, two-, and one-dimensional space. The cortex is the organ for

controlling and guiding voluntary movement, and recognition of the relations

of the body in space is one of its most important functions. It would not,

therefore, have been unreasonable to suppose that whatever the changes on

the afferent side produced b}^ a lesion of the cortex, this aspect of sensibility^

would suffer. To a certain extent tliis is true. But at the same time the

existence of one such case as No. 7, where the spacial tests gave normal results,

shows that the physiological processes underlying the tlu-ee forms of sensil)ility

can be completely dissociated by injury to different parts of the cortex. They
must then be based on processes which can be disturbed independently.

Moreover, if the tlu^ee functions stood in a graduated relation to one another

one aspect of sensation would always show a more severe and more extensive

disturbance than either of the others. But this is not the case
; sometimes

one group of tests, sometimes another, reveals a disturbance of greatest severity
and widest extent. If we take passive movement, the tactile hairs and

graduated weights as representative means for exploring the three sides of

cortical sensibility. Table E shows to A\hat extent they may be affected

independently of one another.

Such extreme dissociation shows that the maximum activity of all three

physiological processes cannot be situated witliin the same region of the
VOL. TI. 1) D
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sensory eortox. I-'acli oiu' must Ix' ropresiMilcd inoic
liii,rlily at soinc ])art

than at anotluT; in this way it may sometimes be more severely alTected than

its fi>ll(t\\s. ami at dthns may escajx- cntirt'ly. IJiit any attempt to demon-
strate the locality ot the centres tor the vai'ious aspects of sensibility is

hampered by the extreme dithculty of determinin<:; the incidence of the lesion.

One Avonnd extends deeply and prodnces Avidely radiating changes, l)oth

anatomical and physiological; another, less severe, in an identical situation,

may be foll(n\ed. after the iirst shock has passed away, by changes in sensation

Avhich reveal the functions at the site of the lesion. Xot only is it difficult

to gauge the extent and severity of the original injury, but we can rarely tell

how far the activity of the surgeon extended amongst the structures of the

brain itself. All cases are not of equal value, from the point of view of topo-

graphical localisation. Some showed evidence of severe destruction of tissue
;

they had been trephined, the dura was found to have been ruptured and

disintegi'ated brain was removed at the operation. In others the skull liad

not been opened and may not even have been fractured
;
and yet there were

obvious signs that the cortex had been structurally affected.

TABLE E.

Case.
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the cases where one function was gravely affected with those where it had

escaped entirely, we arrive at certain general conclusions.

Fu'st of all, we are justified in asserting that a lesion situated anywhere
witliin a certain area on the hemisphere will disturb somatic sensibility to a

greater or less extent
;

tliis is the so-called
'"

sensory cortex." It consists

of the pre- and post-central convolutions, the anterior part of the superior

parietal lobule and the angular gyri. Loss of sensation may show itself in the

hand even though the lesion lies low on the pre- or post-central convolutions

in a position associated with the centre of the face. Conversely, when it is

situated so liigli as to come Avithin the area usually assigned to the lower

extremity, the hand may.show characteristic sensory abnormalities. But,
whenever the main incidence of the lesion falls on those parts wliich contain

the centres for either the leg or the face, the character of the sensory loss

in the hand tends to be peculiar ;
one form or another of sensation may be

entirely unaffected or show comparatively slight alteration.

Injury anywhere witliin this
''

sensory area
"
on the hemisphere is liable

to cause some loss of appreciation of spacial relationship in the hand or in the

foot. But the further forward it lies within this region, the grosser and more

extensive is the disturbance shown by the spacial tests. Thus in Xo. 21,

where the whole hand and elbow showed want of recognition of passive move-

ments, the lesion lay over the middle of the precentral convolution
;

but

tactile sensibility was completely unaffected. If the middle of the post-central

convolution is struck by the injury the spacial aspects of sensibility are usually

profoundly diminished in the hand
;
but some other faculty is also disturbed

at the same time.

The power of recognising differences in weight and form is most severely

and most extensively affected by a lesion, which falls mainly over the post-

central convolution. But these tests can rarely be applied to the foot with

any satisfactory result ;
for this reason we are only justified in saying that,

if the lesion lies over the middle of the post-central convolution, the faculty

of appreciating similarity and difference in objects of various weights and

shapes, placed in the hand, will be more or less profoundly affected (No. 3,

No. 16, No. 20). Among the patients in whom this form of discrimination

was not disturbed the lesion was mainly pre-central in two (No. 13, No. 22) ;

in two other cases it lay in the supra-marginal region and the loss was extremely

slight (No. 10, No. 23). In all four instances the injury fell either mainly in

front of or behind the post-central convolution.

The most surprising conclusion is reached in those cases where the power
was impaired of responding appropriately to stimuli of graduated intensity.

The most frequent consequences of a lesion within the
"
sensory area

"
of the

cortex is some loss of recognition of spacial relationships and of similarity

and difference
;

this is the well-known group of s^miptoms sometimes called
"
astereognosis and atopognosis." It is notorious that in many cortical

cases tactile sensibility is not disturbed, even when we employ such fine tests
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as the gradual I'd liairs. But iu dllici- iuslaiu-cs lliis faculty is ])r()i'()uudly

alToc'ted: iu Xo. lo the loss oxt'ot'dcd that ot auy otlu-r t'oriu of scusibility,

aud hen- t lir Icsiou lay over the supra-iuarj^iual couvolutiou. Tlic power of

ri'spoudiuu adrquatcly to stiundi of graduated iiiteusity \\as diuiinished,

througliout uiy series of eases, w heuever the focus of thr injury lay over the

superior parietal lobule (Xo. 5), over the supra-marginal region (No. I<>)^ <>i'

over the foot of th(> post- and pre-central convolutions (No. 13 and No. IS).

It is noticeabU' in other instances that, Avhen the lesion was situated over

the lower part of the central convolutions, tactile sensibility tended to show

characteristic changes, even thougli dt her forms might also be in-ofoundly

disturbed. But the higher it lies on the hemisphere and the further forward

its situation, the less will be the affection of tactile sensibility. Thus it is

possible to construct a zone, running backwards along the foot of the pre- and

post-central convolutions, over the angular and supra-marginal gyri to the

superior parietal lobule. Any lesion which falls mainly within this area

will probably be associated with disturbance of tactile sensibility ;
if this is

severe and extensive, the patient may also be unable to distinguish various

degrees of warmth about which he has no doubt on the normal hand.

Thus, the three aspects of sensibilitj^, which are due to cortical activity,

are not all equally represented in different parts of the sensory cortex. The

spacial tests are most profoundlj^ affected, when the lesion affects the pre-

central convolution. The faculty of appreciating similarity and difference,

in objects of different shapes and weights, suffers most with an injury of the

post -central convolution
;
whilst the power of responding to the various degrees

of intensity of such stimuli as the graduated hairs or warm test-tubes is most

certainly diminished by a lesion of the parts behind the post-central convolution

and also its extreme foot. That is to say, the centre for the spacial elements

lies mainly in front, that for response to varying intensities behind, and that

for recognition of similarity and difference between them. At the same time

these roughly vertical areas fall somewhat obliquely, so that the representation

of the thumb is much farther forwards than that of the foot.



CHAPTER IX

general conclusions ^

§ 1.—The Significance of Dissociated Sensibility

We have been able to show, that between the impact of a physical stimulus

and the sensation it evokes, a multitude of changes occur, which do not normally
enter consciousness. These are essentially physiological and can only be

discovered by some form of dissociation.

The day of the a priori psychologist is over as far as sensation is concerned.

A man can no longer sit in liis study and spin out of himself the laws of psycho-

logy by a process of self-examination. For we have been able to show that,

at a level deeper than any he can reach by introspection, are prepared those

states, which condition the nature and characteristics of the ultimate sensation.

Appreciation of position in space, graduated response to stimuli of varying

intensity, and recognition of the similarity and difference of objects in contact

with the body, were all thought to be matters of
"
judgment." We have shoAvn

that the forms assumed by these aspects of sensation are ordered and pre-

destined on the physiological level, as the result of innumerable integrations,

wliich take place outside consciousness. These processes are not open to

conscious analysis ;
it is only the interplay of sensations that can be discovered

by introspection.

The psychologist, who attempts to discover a strict psychophysical

parallelism, ignores the central link of the problem. He assumes that the

nature and conditions of the physical stimulus can be brought into direct

relation with the psycliical act of sensation. Light can be analysed by the

spectroscope into certain constituents, and he attempts to establish a strict

correlation between these
"
primary colours

" and elementary visual sensations.

This fundamental error vitiates much of the work on the psychology of tlie

senses. It is only under artificial conditions, that the physiologist can foretell

exactly what reaction will follow a given physical stimulus
; previous occur-

rences in the tissue may entirely change the nature of the response. Adaptation,

biphasic activity, and facilitation form a normal part of the vital activity of the

nervous system ; they may intervene between a measured physical stimulus

^ It will be evident that most of the ideas expressed in this chapter are based upon the tlieories

of Hucflilings Jackson (especially [pi]) and the brilliant experiments of Sherrington [112], but I

have thought it better not to interrupt my exposition in order to attribute to their originators

conceptions, that form the basis of our present neurological knowledge.
741
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and the i)hysiologic'al eilect. and make it ini|)()ssil)lo to estal»lis1i a diiccl and

iinnii'diate correlation.

Tlierefore. between the inijiact of some physieal force on tlio tissues of the

body and the psyehital ait of sensation, are interposed reactions, wliieh. in

many eases, cainiot he jiredicted. ^Vhat wonder that those, who examined

the phenomena of the senses at fii'st hand, were dissatisfied with current

psychological teaching. The neurologists were driven back more and move

on to an examination of changes m structure. They found that, when certain

conducting paths were destroj^ed, sensation was disordered in a definite manner.

From tliis they justly concluded, that the affected paths carried certain sp?cific

impulses; and in this they were strictly within their rights. Out of this

examination of the loss of sensibility, caused by lesions of the spmal cord

and brain-stem, grcAv the dissociation method, wiiich is the basis of this

research.

But many \Aorkers on these lines failed to recognise the significance of

the method tliey employed. They discovered that dissociation occurred as a

consequence of injury to various tracts in the spinal cord; for instance,

sensibility to pam, to heat or to cold may be disturbed as an isolated mani-

festation of a lesion of the lateral columns. This is due to mterference with the

conduction of impulses, which have already undergone a certam amount of

qualitative mtegration. It is the most easily determined form of afferent

dissociation, and the results seemed to coincide closel}^ with the conceptions

usually held of the natural divisions of sensation.

Lesions of the spinal cord can abolish sensibility to pain, heat, and cold,

and any one of these Cjualities of sensation may be lost, although the others

remam more or less undisturbed. But this is not the case with lesions, either

of the peripheral nervous system, or of the cortex
; they produce changes

j

wliich cannot be classified strictly in this manner. There is a tendency,

therefore, to confine the term "
dissociation

"
to those cases, where sensibility

is lost to touch, to pain, to heat or to cold, either in an isolated form or in some

specific combination. Other sensory changes are spoken of as a
"
hj'po-

aesthesia
"

;
and the French include all modifications of sensibility, except

anaesthesia and hyper-sesthesia, in the term "
parsesthesia

"
([23] p. 785).

But under both these expressions lies the false assumption, that afferent

impulses are isolated specific reactions to four categories of sensory experience.
Let us then avoid the use of these question-begging terms, and in each case

determine the exact form assumed bj'- the abnormal response. The researches

summarised in this paper show, that the sensory elements revealed by dissocia-

tion differ according to the site of the lesion. Di^^sion of the peripheral

nerves, at anj^ rate in the limbs, reveals the specific characters of deep and

superficial sensibility. "VMiatever may be the phylogenetic significance of this

dissociation, it corresponds in man mainly to a difference in the situation of

end-organs andm the course of afferent fibres. Li the spinal cord this peripheral

groupmg has been broken up ;
dissociation reveals, on the one hand, cpiali-
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tatively distinct groups of impulses travelling in secondary paths, on the other

it may expose the primary spacial and discriminative elements of sensil)ility,

which travel up uncrossed in the posterior columns of the spmal cord.

At each anatomical situation in the central nervous sj'stem, dissociation

assumes forms appropriate to the functional combinations of afferent impulses

at that point. Finally a lesion of the cortex causes changes which can be

expressed in psychical terms only. The physiological substrata of sensation

are disturbed, and the defects appear as want of discrimination. This is

not a
"
hypo-sesthesia

"
or

"
par^esthesia," but a definite loss of power to

recognise spacial relationships, graduated intensity, and similarity or difference

in objects in contact with the body.

Aialysis of afferent impulses', on their passage through the central nervous

system, tells us notliing of their origin or final fate. If we wish to learn how

they arose, we must produce an analogous dissociation in the peripheral nervous

system ;
and their ultimate grouping can only be shown by breaking up those

complex physiological activities, Avhich directly underlie sensation. At either

end of the physiological chain, w^e are brought face to face with elementary

processes. At the periphery, we see how a measurable physical stimulus is

transformed into various physiological reactions. At the other end we can

observe the ultimate condition of these impulses, in the act of subserving

sensation, after they have undergone integration and selection.

Xow the grouping of afferent impulses, on their way from the periphery to

the liighest phj^siological centres, is of considerable theoretical interest and

profound diagnostic importance. But it reveals little or notliing of the reactions

of the sensitive tissues to the impact of physical forces, or of the physiological

basis of sensation. Consequently, whilst the practical neurologist tends to

concentrate his attention on the mode of conduction, the physiologist and

psychologist are interested primarily in the conditions at the two ends of the

physiological chain.

It is therefore important that we should appreciate clearly the significance

of the facts of dissociated sensibility, ^^'e have laid down that the superficial

structures of the body are innervated by two mechanisms, one of w^iich we say

exhibits more primitive characters than the other. Removal of epicritic

sensibility exposes the activity of the protopathic system in its full nakedness.

In the same way, when removal of the influence of the cortex cerebri sets

free the optic thalamus from control, sensation assumes an overwhelmingly
" thalamic

"
character.

In each case a lower, more primitive organisation, is permanently kept
under control by the activity of a Ingher afferent system. But removal of

this dominant mechanism does not reveal the functions of the phylogenetically

older organs in all their primary simplicity. The original thalamencephalon
contained elements, not only of the human optic thalamus, but also, in a crude

form, of certain physiological processes, now entirely relegated to the cerebral

cortex. Even the specific activity of tins original thalamus was incomparably
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less hiiihly devt'ldptnl than the dissociated thalamic functions of man. A
lesion, ^^hil•h sets frei- the luimaii (iplie thahunus, produces a hijfhly specialised

series of phenomena, which have never existed in this form in phylogenetic

history. For a sensory reaction is the product ot 1 h(> activity of two great

rece})tive centres; as \\-(> ascend the biological scaU-, each of these two physio-

logical organs takes oNcr inoi'e exclusively tlie initiation of certain aspects of

sensation.

The setting free of a ])rimitive activity from higher control rexcals a con-

dition, which is a part of the complete act and does not reproduce an ancient

mechanism in its original form. This is evident in such a reaction as the
"
mass-reflex," which may make its appearance, under favourable conditions,

when the human si)inal cord has been completely divided. On pricking

almost any part below the lesion, the movements evoked consist of flexion of

the lower extremity at all joints, accompanied by an upward movement of the

gi'eat toe. Xo prinuiry extension occurs under such conditions, but the reaction

is always a defensive withdrawal of the part from stimulation. But this is not

the only effect
;
the bladder and rectum are excited to evacuate their contents

prematurely, and a profuse outburst of sweating may be evoked by pricking

the sole of the foot. Local signature has been abolished, and the response has

assumed a massive and primitive character. Normally, this old protective

reaction is dominated by centres in the mid-brain
;

its flexor movements are

employed as an element in the assumption of posture, and the overflow of energy

into the visceral system is inhibited from above. When tliis control is cut off,

by division of the spinal cord, flexion occurs alone ;
but it now appears in its

primitive form, as a massive reflex response, accompanied by visceral activity.

Tliis reaction is more perfectlj^ and specifically flexor, than that A\hich occurs

in the dog under similar circumstances. For, in the lower animals, the special-

isation of function is less complete, and, when dissociation occurs, the separated

spinal cord still retains certain functions, which in man have mostly been

assumed by higher centres. No flexor response is so free from postural

characters, as that obtained from the human spinal centres, after complete

division of the cord. In the same way, the reactions of the optic thalamus

in man, freed from cortical control, are an almost perfect expression of the

non-discriminative aspects of sensation.

In this way many lower activities are retained n a controlled form and are

not abolished m the course of evolution, because they may be required, at some

time or another, for their primitive purpose. Under abnormal conditions

painful impulses of visceral origin can break tlirough the normal resistance

against them and appear in consciousness as a sensation. If so, the distribution

of the areas of tenderness represents an old segmental arrangement of the central

nervous system, and the reflexes, especially of the abdomen, take on a pro-

tective character. This is also the case with the curious diffuse sensation,

which alone represents superficial tactile sensibility over protopathic parts.

It is normally dominated by more discriminative aspects of touch, but is not
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abolished
; for, under suitable conditions, even in normal life, it may appear

as a ditfuse and intolerable itching.

Pain is the oldest defensive reaction, and potentially painful stimuli are

the basis of all primitive reflexes. It is, therefore, of importance for higher

development, that these impulses should be rendered less effective in favour of

those impressions which can lead to a more discriminative response. But,

although they are controlled and even abolished, the mechanism underhang
the production of pain must remain in fidl physiological activity, ready to

play its part, should occasion arise, in the defence of the body against noxious

influences.

The functions of the central nervous system are not a palimpsest \\here a

new text is written over an earlier manuscript partly erased. The more

primitive activities have been profoundly modified by the advent of the new

centres, wliich utilise some of the faculties originally possessed by the older

mechanism. In many cases the higher function could not be exercised without

the existence of those lower powers which it dominates and controls. Postural

reflexes, strictly adapted to conditions of space and time, could not occur

without the outburst of energy which occurs in lower spinal centres on peripheral

stimulation. The afferent impulses, wliich pour into the cerebellar system from

the limbs, can only manifest their existence through the lower motor activities

the}^ co-ordinate. In the same way, the part played by the sensory cortex is

based upon the activities of the optic thalamus
;
without crude sensations of

heat and cold, discrimination would be impossible, and the finer thermal

relations could not be appreciated.
When dissociation occurs, either on the reflex or psychical level, the mani-

festations represent that portion of the complete function which still remains

active. If the factor, which has been eliminated, exercised some control over

that which remains, primitive characters may appear which are not manifest

under normal conditions. Should the function lost belong to the same level

as that wliich remains, the loss of the one does not materially affect the other.

But, when one of them is higher in the functional hierarchy than the other, the

removal of the dominant influence sets free the lower activities to manifest

themselves unchecked.

§ 2.—Integration

Between the impact of a ])hysical stimulus on the peripheral end-organs

of the nervous system, and the simplest changes it evokes in consciousness, lie

the various phases of physiological activit^^ The diverse effects produced on

the livmg organism by a stimulus are sorted, combined and inliibited in their

passage through the central nervous system, and the ultimate results finally

act upon their appropriate centres. This process of integration takes place

apart from any direct participation of consciousness ; and, by the time afferent

impulses reach one of those centres, where they can form the underlying basis

of sensation, they have been profoundly modified. Such integration is the
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essential task of the central nervons system : it is carried onl hy llic exercise

of certain functional activities, \\liich 1 shall now consider from t heir t heorct ical

aspect.

We are accustomed to thiniv ot t hi' external stimuli we employ in scientilic

investigation, as if they were simple physical conditions: thus we speak of

the effects produced by
"

a temperature of 45° C." l>ut in reality the stinndus

is always an external olijeet. which evokes a nndtitude of physiological reac-

tions ; it is not only warm, hut has certain tactile values, and a definite size,

shape and texture. From the physiological point of view, a simple stinndus

is an abstraction and an external object is a group of functional events.

Each aspect n\' the complex stimuli of daily life acts on one or more peri-

pheral end-organs ;
in this way, the physiological response is rendered more or

less specific at its inception. From the fii'st impact of a hot or cold object on

the skin, the presence of the heat- and cold-spots ensures that, under normal

conditions, the reaction will be specific. Any temperature, Avliich excites the

cold-spots, generates a set of afferent impulses capable of evoking a sensation

of cold. Whatever their ultimate fate, they are stamped from the beginning
with a certain cliaracter, for they are capable of exciting the activity of those

termmal physiological centres which subserve thermal sensibility.

So far, the conception we have put forward corresponds to the original

doctrine of specific nerve energy. The older investigators believed that an

impulse, once started in specific end-organs, travelled unchanged to the highest

receptive centres, to evoke a response corresponding in quality and degree to

the sensory attributes of the physical stimulus. Such a theory ignores the

fact that a temperature of 45° C. is an effective stimulus to the heat-, the cold-,

and the pain-spots, and yet, under normal conditions, produces a sensation of

pleasant warmth only. In such a case, a defuiite physical condition excites

three separate groups of end-organs. The impulses evoked are specific in

quality ;
excitation of the cold-spots produces a sensation of cold, although

the stimulus is a temperature of 45° C, and even 40° C. can evoke pain in the

absence of the dominant thermal mechanism.

The simplest physical condition acting on the peripheral nervous system

may produce afferent impulses which are incompatible from the point of view

of sensation. But the stimuli of daily life are not simple ; they are extremely

complex, and give rise to a multitude of diverse impressions. These must be

sorted and regrouped ;
some are facilitated, others are repressed before the

final sum is presented to consciousness. Many afferent impulses remain on the

physiological level and never form the basis of a sensation
; they are destined to

control reflex activity, or to co-ordinate movements of the body and limbs.

Such integration is the task of the central nervous system, and it is carried

out by means of a series of receptors, which guard certain synaptic junctions

on the centripetal paths. These are in reality end-organs, exposed to the

influence of the complex mass of afferent impulses generated in the peripheral

nervous system by the impact of an external stimulus. They are not influenced
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directly by the forces of the world around ; they react to the diverse physio-

logical conditions produced by the action of physical stimuli on the receptive

mechanism at the periphery. Like resonators placed in a concert hall, each

group picks up those equalities to which it is attuned, and refuses those Avith

Avhich it is not in harmony. Tliis process is repeated tlu^oughout the central

nervous system, until the final products of integration come to act on two

terminal physiological centres, the cortex and the optic thalamus. Here they
excite those conditions which underlie the more discriminative or more affective

aspects of sensations.

But Ave must not forget that the larger number of afferent impulses, arising

in peripheral end-organs, do not traverse the whole length of the central nervous

system. Their essential task is to excite and co-ordinate reflex action without

of necessity giving rise to sensation, and the earlier phases of integration are

undoubtedly adapted to tliis end. Sensation, in the strict sense of the term,

demands the existence of consciousness and is, therefore, a late development in

phylogenetic liistory. On the other hand, reflex adaptation is one of the

earliest manifestations of multicellular existence, and the central nervous

system is pre-eminenth^ an organisation for controlling reflex activities.

Such co-ordination could not occur, if there was no qualitative selection

of afferent impulses at the receptive junctions of the various reflex arcs. The
main function of intramedullary receptors is to lower the excitability of the

reflex arc for one kind of stimulation, and to heighten it for all others. Tliis

ensures a selective response to the complex results of peripheral excitation,

and at the same time precludes many afferent impulses from influencing

consciousness. Thus, for example, visceral insensibility is a function of the

specific reaction of receptors, and not the consec^uence of an absence of afferent

impulses.

Each specific group of end-organs, Mitliin the central nervous SA'stem,

AA'orks on the same principles ;
it accepts those elements of a massive reaction

which can excite it to activit}', and rejects those to which it cannot respond.
At the same time there is evidence to show, that the synaptic junctions are

subject to those refractory states and phases of heightened receptivity

characteristic of all neural action.

These tlu-ee processes, selection of certain impulses, rejection of others,

together AA'ith biphasic states of the receptive mechanism, are sufficient to

produce coherent reactions on reflex levels. The movements evoked by a>

stimulus bear a strict relation to its quality and intensity ; they are also

influenced by the conditions to which the reflex arc has been previously exposed.

Thus, pricking and pressure, applied to the sole of the foot, produce different

responses ;
and the nature of the antecedent reflexes is of fundamental import-

ance in determining the form of the reaction to stimuli of the same quality and

strength.

At tliis level of neural activity, all functions are simple, but at the same time

highly organised. The response is rigidly pre-determuied withui certain
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limits; there is little choice, and the ansuiT is iihysiolofjjieally inevitable. In

strict aceordane.e witii such an arrangement. \\(> find that the (ii'st sorlintf of

aiVeri-nt impulses \\itliin the si)inal cord is ci)ncerned mainly with their redis-

tribution aec-ording to (inaHty. Those caj^able of exciting pain are gathered

together, whatever their j)eripheral origin, and all those wliich can evoke

sensations of heat are combined into a specific group.
After these multitudinous impulses have carried owl their reflex and

co-ordinating functions, the remainder are destined to act upon those centres

which underlie sensation. Here the rigitlity of response, so characteristic of

reflex activity, would be disastrous. The limited freedom of the lower levels

nuist be expanded, so that the physiological reaction may become less inevitable

and uKU'e elastic; for we are dealing A\itli impulses which are capal^le, under

favourable conditions, of exciting consciousness. But the sensations to which

they would naturally give rise are incompatible, and cannot exist simultane-

ously. Thus 45^ C. is capable of producing sensations of heat, of cold, or of

pain. If they could all coexist in consciousness, mental activity Avould be

chaotic and discrimination impossible. The struggle between these various

impidses takes place, therefore, on the physiological level, and the victor alone

appears in consciousness as a sensation.

The simplest sensory act is the result, not only of prolonged qualitative

integration, but of a constant struggle for physiological dominance. In the

example I have just cited the answer is under normal conditions inevitable.

But there are many cases, especially witliin the visceral field, w'here no general

rule can be laid down
;
the response depends on the patient's idiosyncrasy or

general resistance. Tliis may be naturally low to certain afferent impressions

and liigh to others. Moreover, his usual reaction may become changed in

consec^uence of some functional alteration in the activity of the central nervous

sj'stem ; impulses may then excite sensation, which would normally have

remamed outside consciousness in its wddest sense.

On the loAvest levels of reflex activity, an impulse that is inliibited and

rendered non-effective is to a great extent abolished. It may perhaps exert

some mfluence in determining the future behaviour of the receptive synapse ;

but it is not manifested in any direct and immediate change. But on the

higher physiological planes, impulses, which are precluded from exciting

sensation, are not wiped out
; they may produce a profound and manifest

effect, although they cannot excite consciousness. The postural impulses,

ascending in the posterior columns, normally affect two terminal centres.

They 'reach the cortex and evoke sensations of the position of various parts

of the body in space, and at the same time pass to the cerebellum to aid in the

co-ordination of voluntary movement. But if they are prevented from reaclmig

the cortex, the patient may be entirely ignorant of the position of his affected

limbs, and yet the motions of these parts are perfectly co-orchnated. The

sensory aspect of these impulses has been abolished, but their unconscious

activity remains unimpaired.
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The closer ^\e come to those centres, which dii'ectly underlie sensation,

the more evident is it that impulses, which fail to excite consciousness, do not

of necessity cease to exert any physiological influence. They may be repressed

by their successful rivals, but they are not therefore abolished. At any
moment they may manifest their existence if the dominant influence is removed.

In the absence of the afferent heat mechanism on the periphery, 45° C. produces
a sensation of cold; if in addition the skin is devoid of cold-spots, the same
stimulus evokes pain. Under normal conditions, there is notlring to prevent
this temperature from seeming cold, except the prepotent activity of the impulses
which are capable of exciting a sensation of heat . In the same way this stimulus

produces impulses that can cause pain ;
biit tlies3 are dominated by that feeling

of pleasure usually associated with warmth of tliis degree. If, however, for

some reason, no coincident thermal impulses reach the physiological centres,

or if the patients resistance to painful impressions is low, 45° C. may cause pain
with its customary disagreeable feeling -tone. There is no inherent structural

block on the passage of these painful impulses. Temperatures as low as 40° C.

undoubtedly stimulate the pain-spots ;
but the impulses so produced fail to

excite consciousness, because they are repressed by the other sensory effects

evoked by the same external stimulus. This is even more evident on the

psychical plane, when we are dealing with the interplay of two or more liighly

organised sensations, or other fully developed mental processes.

Sherrington has firmly established the influence of previous occurrences in

a reflex arc on the nature of its immediate response. This action of the past,

in the event of the moment, is even more evident when the afferent impulse

excites, not a reflex, but a sensation. The phenomena of adaptation owe their

existence to this factor. Thus, under favourable conditions, a temperature of

30° C. not uncommonly seems neutral to the normal hand. If, however, it has

been soaked in hot water for some time, a tube at 30° C. may appear to be cold.

Conversely, if the hand has been adapted to cold water, the same temperature,
that seemed at one time neutral and at another cold, is now thought to be

warm. The external stimulus is identical, but the reaction is fundamentally

changed, owing to the diverse dispositions created by occurrences in the past.

The effective influence of the past on the reaction of the moment is even

more evident in the recognition of spacial relationships. These sensations

enter consciousness already measured against a postural standard, built up
out of previous movements, and subject to constant change. The dispositions

on which this standard depends exist on the physiological level, and a normal

sensation of posture is based on activities that are integrated outside

consciousness.

From the lowest co-ordinated reflexes to the psychical processes of sensa-

tion, discrimination, and feeling, the part played by the activity of the central

nervous system is the same. It ensures that impulses of similar quality facili-

tate one another. Conversely, if two incompatible impulses are excited

together, one is allowed to pass, wliilst the other is rejected during one of the
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many intotrrations, eitlu'V at a law <n" liiuh level of ruiutional actix it y. 'i'hirdly,

the vital ]>r()Cosses of the iierxdus system are ri>si)oiisible tor the ])heiiomena

of adaptation. No stimulus, iiowever mechanically unvaried, can evoke a

constant respon.se, because the very existence of the imp\dses it produces

changes the disposition of the reacting centre.

The etTeet of these tkree sinii)le processes is evident at every level of neural

function, from the lowest to the highest. If we trace a group of afTi'rent

impulses from their origin t(^ the final sensations they excite, we find at each

stage that the response is given in terms of the function exercised at each

particular level. Thus the effect produced by a set of postural afferents is

fii'st manifested in the spacial co-ordination of reflexes. Higlier in the nervous

system their influence is seen in the control of posture and regulation of tone.

Finally they evoke recognition of the position and movement of the body in

tlu'ee-dimensional space. But, whether the product of their activity be

physiological or psychical, the same three fundamental processes are evident.

If. then, a receptive centre is tlu'OA^Ti out of activity by some mechanical

injury, the loss of function will be expressed negatively in terms of that level.

But the positive manifestations will represent the various influences that can

still be exerted by the blocked impulses. Those that can no longer express

themselves psychically as a sensation can still exert their action on co-ordination

and the reflexes.

The same physiological processes underlie the afferent integration of a

reflex and the co-ordination of two sensations or even of two concepts. But,

in each instance, the product of these vital functions is given in the terms of

the level at wliicli the impulses exert their influence
;

in the one case it is

expressed reflexly, in the other it is manifested in some psychical act, such as

sensation.

§ 3.—Projected Sensations

In the less liighly developed forms of animal life the bod}^ is composed of

many segments, each of wliich retains a considerable degree of autonomy.

With the process of evolution the headward parts become increasingly dominant ;

they contain what Sherrington calls the
"
distance receptors," organs, such as

the eye, associated peculiarly with projected sensations.

As far as somatic sensibility is concerned, it is the body and limbs which

contain the
"
distance receptors

"'

;
but the cerebral cortex forms the highest

physiological centre for all but the simplest projectional aspects of sensation.

When the influence of the cortex is removed, and the optic thalamus exerts

its activity uncontrolled, the patient may cease to associate his sensory experi-

ences with any external agency. He complains that he is being hurt, or that

something is happening to liim, but fails to recognise that he is being pricked

with a phi. Removal of the cortical factors in sensation has reduced to elemen-

tary proportions the power of projection, as we know it in the intact human

being. It is no longer possible to recognise the size, shape, weight, and spacial
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relations of an external object, nor, indeed, to appreciate the relative intensity

of the stinudating action it excites.

All these aspects of sensation are said to be projected ;
we attribute them

to something inherent in the external object. The affective consequences of

a stimulus betray its relation to ourselves
;
it is pleasant or unpleasant, salutary

or harmfid. But the projected sensations reveal to us the world without.

They are responsible for recognition of our relations in space ;
to them we owe

conscious appreciation of degrees of sensory intensity and the power to appraise
the similarity or difference of external objects.

These factors in sensation do not depend primarily on
'"

judgment
"

or
"
association

"
; for, on the physiological level, afferent impulses possess

projectional characteristics. The same class of impressions \\liich underlie

discriminative sensibility can be discovered at work controlling and regulating

purely unconscious actions. Analysis of the reflexes, even in man, shows that

the character of the response depends not only on the quality, but on the

position of the stimulated spot ; scratching the sole of the foot is followed by a

different movement from that caused by stimulating the skin of the thigh.

Study of the reflexes at higher functional levels shows that they are goveriied

by remarkably complex projectional relations. So purposeful and varied is

the response that it is difficult to believe the movement is not controlled by
the will

;
and yet the patient may be ignorant that anj^tliing has happened to

him. The movement is not only adjusted to the locality of the excitation and

the position of the limb, but depends on the intensity and character of the

stimulus. The nature of the response is determined, not so much by the

absolute intensity and quality of the stimulus as by the relation it bears to

those which have preceded it in time, or are in action simultaneously ;
the

capacity of a stimulus to evoke a particular reaction depends on its relations in

the past or in the present. Thus, on the reflex level, afferent impulses can be

shown to be adapted to spacial conditions and to the intensity and relative

character of the stimulus, although the whole procedure remains outside

consciousness. If, however, they succeed in reaching the highest receptive

centres, they endow sensation with spacial attributes, relative intensity, and

individual character.

Evidently, therefore, the impressions produced on a sentient surface by
an external stimulus are endowed with certain sensory potentialities from their

origin as physiological reactions. The immediate consequence of the impact
of some physical force is the production of an incoherent mass of afferent

impressions, which must undergo integration before they can exercise any
useful function. Tliis is true not only for their cpialitative, but also for their

projectional characters.

The simplest projected aspect of sensation is sho^^n in the po^er to localise

the site of the stinndated spot on the surface of the body. But observations

on nu' hand showed that the faculty was the product of a struggle between

various different impulses ^^ith diverse sensory potentialities. During the
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earliiM- stages of thr rxpnimt'iil . w lun the smtacc was iMitii^'ly insciisilivc, all

sensations were clur to cxeitation of the end-organs of the dee}) alTerent system
whieh hail not been alTeeted by the lesion. At this time any taetile stimulus,

api)lied w ith sullieient foree to exeite a sensation, was loealised with remaikablo

aeeuraev. ll t hr baek of my h.iiul was ])ressod willi sonif hard objeet. such as

a ]HMU'il. 1 was aide to iudieate the spot withoul (linicuHy. \U\i wilh 1 ho

return of protopathio sensibility to the surface, a struggle arose between the

ditYerent forms of projection characteristic of the two dilTerent systems. Any
stinudus capable of evoking a cutaneous response aroused a widespread sensa-

tion. referred to some remote ])art of the affected area. Brushing the back of

the hand w ith cotton wool, in the neighbourhood of the index knuckle, produced
a tingling over the whole dorsal aspect of the thumb. Not only was the sensa-

tit>n localised hi a part distant from the pohit of excitation, but it seemed to

be spread over an extensive area
;

this bore little direct relation to the size of

the stinndatcd surface. This erroneous localisation was not fortuitous, but

remained the same Avhatever the stimulus employed, provided it \\'as effective
;

heat, cold, and pricldiig, applied in the neighbourhood of my index loiuckle,

all evoked diffuse sensations on the back of the thumb.

If, however, the stimulating object was capable of arousing a sensory reaction

in both tlie protopathic and deep afferent systems, a struggle occurred between

the two forms of projection. Suppose, for example, that a tube containing
ice-water was applied to the affected area

;
excitation of the cold-spots produced

a massive, diffuse sensation in some remote part of my hand or arm. But, if

the pressure was sufficient to excite the deep system of end-organs, I showed a

tendency to localise the stimulus in the neighbourhood of the spot where it

was applied. The ultimate results depended to a great extent on the relative

strength of the two sensations; the dominant reaction tended to determine

my localisation of the site of the stimulated spot.

At first sight it is difficult to understand the significance of this double

method of projection ; but, in the diffuse response of the protopathic system,
w-e find the remains of an old protective reaction, intended to preserve the

part from injury. A reaction of this kind is admirably fitted to defend the

animal from noxius influences
;

it produces movements of withdrawal, which

permit of no choice. It is essentially segmental, and is seen in its most perfect
form m the distribution of referred pain and tenderness due to visceral disease.

The internal organs are supplied from the protopathic system ; there is no

controlUng epicritic mechanism. Any stimulus capable of exciting pain produce
a segmental response ; the sensation radiates widely and is referred to remote

parts, including the surface of the body. Whenever the site of the stimulated

spot can be correctly indicated in visceral disease, tliis is due to the coincident

excitation of end-organs of the deep afferent system, present in the coverings
and tissues of the viscera.

With the higher development of function in the central nervous system these

segmental responses are replaced by massive reactions of withdi'awal affectmg
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the body as a whole. Local defensive retraction is replaced by movements
of the whole animal. The mass-reflex, which occurs in certain favourable

cases after total division of the spinal cord, is an example of such a method of

response. The lightest stimulation of the sole of the foot may still evoke some
small adapted movement

;
but a vigorous scratch, or a series of pricks, causes

a violent flexion of the lower extremity at all joints and contractions of the

abdominal muscles. This may be associated with increased activity of the

bladder and rectum and an outburst of sweating in the parts supplied from

the cord below the lesion. All local adaptation to the site or nature of the

stimulus is swept away in a violent and indiscriminate outburst of energy in

centres cut off from higher control.

Both the segmental and the massive response are means of defence and lead

to withdrawal of the part from noxious influences. But they hamper voluntary
action by the uncontrolled movements they evoke, and tend to prevent escape

by fixmg the bodj^ in a position unfavourable for flight. The animal crawls

into a hole to die or to recover, Avhilst man becomes fixed to his bed. It is

necessary, therefore, that these modes of reaction should be brought under

control of centres wliich allow of choice and determine movements of the

complete animal. The chief of these centres is the cerebral cortex w^hich, as

we have shown, is devoted to the more liighly projected aspects of sensation.

It is by means of sensory projection that the affective reactions can be controlled.

When we attempt to climb through barbed wire, we are forced to respond not

only to the pain but to the position of the wire. The pain produced by pricking

a protopathic hand is all-compelling ;
it is impossible not to make a movement

of withdrawal. But under normal conditions tliis ungovernable reaction is

controlled by the existence of those forms of sensibilitj^ which underlie recogni-

tion of relations in space. This enables us to choose whether the hand shall

be removed or not.

Thus, in their projectional characteristics, the defensive reactions in man
still show evidence of stages in their functional development. The lowest

form of response is segmental, seen in the case of referred pain and tenderness

of visceral origin. Higher in the scale stands the mass-reflex, wtiich may make
its appearance after injiu'}^ of the spinal cord. The situation of the stimulus

does not determine the distribution of the response ;
local signature is abolished,

and the outburst of energy overflows into channels that would be blocked

under normal conditions. This inevitable and diffuse reaction is in turn

brought under control b}- those centres wliich are concerned with postural

adaptation. They determine whether a stimulus shall be followed by with-

drawal of the affected part or by locomotion of the animal as a whole. Thus,

it is essentially the spacial elements in sensory impressions which have led to

the transformation of an inevitable segmental reaction into a discriminative

response of the complete organism.
It is possible to recognise the qualitative aspects of a sensation without

attributing them to an external stimulus; such reactions are related to our-

VOL. T[. E E
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selves, and do not of necessity I'eveal the eliavaeter of the stimulating object

as a constituent of lUc world around. Alfective states associated with these

sensory qualities are diseontiniuuis : for ]>leasure and discomfort can no more

form parts of a sensory continuum than pain. li(>at. and eold. They appear
ami disappear in consciousness, tt»ning the si'nsation in a distinctive maimer,
withont forming a connective factor in the activities of the mind.

On the other hand, the projected aspects of sensation are not related to

ourselves, but to external objects. In fact, an
"

object
"
might be defined as

a complex of projected responses; it is said to have characters, such as size,

shape, weight, and position in space, which distinguish it from all others. The

recognition of such features, however, depends on ])hysiological activities, the

product of certain definite centres in the cortex. If these processes are unable

to infiuence consciousness, the
"
object

"
disappears, although its affective

and C|ualitative aspects still produce their appropriate sensory reactions.

These physiological responses, which are closely bound up with the activities

of the sensory cortex, are characterised by a strict dependence on past events.

All projected sensations leave behind them certain physiological dispositions ;

for instance, the existence of the schemata ensures that a movement, occurring
at one moment, is measured against the consequences of those which have

preceded it. This is not a psychical act, but occurs on the physiological level;

every recognisable change in posture enters consciousness already charged with

its relation to sometliing which has gone before, and the final product is directly

perceived as a measured postural change. This is the case with all the higher

projectional aspects of sensation
; they form a continuous series of dispositions,

determined by previous events of a like order. The unit of consciousness, as

far as these factors in sensation are concerned, is not a moment of time, but a
"
happening." This consists of a group of occurrences belonging to profoundly

different orders in the psycho-physiological hierarchy. For example, a volun-

tary movement of the hand to the face depends on simultaneous changes in

at least tliree sets of serial activities. We must become conscious of the part
of the face which is the goal of the intended movement. But the complete
motor act cannot occur without the participation of perfect postural schemata

;

it also demands the existence of an appropriate state of active muscular tone.

All these three factors are products of the immediate past, active at the moment
when the movement is willed, and may be affected by injury to the sensory
cortex.

The sensory activities of the cortex are not only responsible for projection
in space, but also ensure recognition of seciuence in time. For this would be

impossible if a sensory impression had no necessary beginning or termination.

One of the commonest defects produced by a cortical injury is this want of

temporal definition; a stimulus, rhythmically repeated,
'"

seems to be there

all the time." The patient cannot appreciate the moment at which it is applied
or removed. There is no complete recognition of an extended sequence of

events.



SENSATION AND THE CEREBRAL CORTEX 755

Tims, it is the projected elements in sensation to which we owe our con-

ceptions both of coherence in space and in time. I have attempted to show

that these factors are not essentially due to judgment or conscious association,

but depend to a great extent on physiological activities and dispositions.

When these are permitted to excite consciousness, they appear as an ordered

sensation, related to other events in the external world and extended serially

in time.

Summary :

The Method.

(1) All the tests we have used in our previous work on disturbances of

sensation were chosen because they gave measurable results. But the numerical

answers yielded by the one could not be directly correlated even with those of

another closely related test.

(2) A lesion of the central convolutions sometimes produces loss of sensation

in the hand which is not distributed uniformly over all the digits. Some of

them may be grossly affected, others may show little or no sensory disturbance.

(3) The first sign that sensation is affected in consequence of a cortical

lesion is the statement of the patient himself, that the tests are less easy on

the abnormal digits. This is spoken of throughout this paper as an "
intro-

spective
"
change.

A more advanced disturbance is shoAvn by a raising of the threshold. Perfect

answers can be obtained if the task is made easier.

The next stage is shown by the absence of a threshold
; increasing the

strength of the stimulus does not of necessity produce a perfect series of

responses.

(4) In such cases the test wliich reveals the most severe loss of sensibility

\\ill be affected over the largest number of digits.

(5) In any group of tests, wliich appeal to the same aspect of sensation,

the one which offers the hardest task suffers most severely.

Thus, amongst the methods for examining the power of spacial recognition,

a test in three dimensions is more affected than one requiring discrimination

of two points or simply localisation of the stimulated spot.

(0) Thus we are able to correlate these empirical tests and divide the loss

of sensibility they reveal into qualitative groups by noting the number of

digits affected and the nature of the sensory disturbance on each finger.

The Results obtained from the Study of such Sensory Dissociation.

(7) This method of investigation showed that the sensory activity of

the cortex could be divided into three categories. It is not associated with

crude recognition of touch, pain, heat and cold, but endows sensation with

three discriminative faculties.

These are : (a) recognition of spacial relations ; (b) a graduated response
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to stimuli (if (lilTtToiit InttMisily; {<•) i\]'>]wcc\a\'um of sii>iilai-it y and dilTercnce
in external ohjcct-s. biouglu into contai't with the surface ol' the body.

Those three aspects of sensation can l»e distin-hed inde|)endentiy t)f one

another in eons'jquence of a cortical lesion.

SparinJ rccnrjniiion.

(8) Some loss of power to recognise passive movements of the affected part
forms one of the most frequent consequences of injury to the si'nsrn"}^ corte.x.

In fact, it may be accepted for clinical purposes as a leading sign in the syndrome
of cortical disease. This test is a means of investigating the appreciation of

spacial relationships in three dimensions
;
the compass test and "

spot-finding
"

(topical localisation), as we have employed them, are explorations in two- and

one-dimensional recognition.

A\'henever the spacial aspects of sensation are disturbed by a lesion of the

cortex, the appreciation of passive movements is most extensively and most

gravely affected. Discrimination of two compass points is less severely
disturbed and the loss of sensation occupies a smaller number of digits. Lastly,
localisation carried out strictly according to our method shows the smallest

loss of any of the tliree tests. ^
(Table on p. 081.)

Inteyisity.

(9) From the cortical aspect the tests we use for measuring sensibility to

touch, to temperature and to pain are not of equivalent value. The tactile hairs

demand a high degree of constancy and a strictly graduated response to stimu-

lation. Appreciation of heat and cold, as \ve are forced in most cases to examine

it clmically, depends comparatively little on cortical activity ;
for whilst it is

easy to say A^iiether an object is hot or cold, it requires an intelligent patient

and favourable conditions to test the relation of two warm stimuli to one

another or to determine the thresholds for heat and cold with approximate

accuracy. Similar difficulties occur, to an even greater degree, with all

measurable tests for painful stimulation.

At the same time these tlu'ee qualities of sensation are dependent on the

physiological activities of the cortex and optic thalamus to a profoundly
different degree. Correct appreciation of the tactile hairs demands a high

grade of cortical function, whilst a prick appeals almost entirely to the optic

thalamus.

Consequently, the tactile hairs show the greatest and most extensive

loss as the result of a cortical lesion. Appreciation of thermal stimuli suffers

to a less degree and over a s nailer number of digits, wliilst sensibility to

measured prick is rarely affected. (Tables on p. 686.)

Recognition of similarity and difference.

(10) The tests which come under this category are those for appreciation of

size, shape, weight and texture, apart from their purely tactile qualities.

^ This statement presupposes that the patient is able to recognise touches with some approach
to uniform'ty. The eflfect of want of tactile ajpreciation on these tests is dealt with on p. 698.
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As far as the cortex is concerned, these aspects of sensory discrimination

tend to be disturbed altogether. On subcortical levels, each of them depends
on more than one stream of afferent impulses. But as soon as we have to

deal \\ith loss of sensibility of cortical origin, we are face to face with destruction

of the activities of the centre itself and not with disorders of conduction.

All these tests, the weights, the different shapes and stuffs of various

textures, demand the same power of discrimination and are found to fail

together. Tests capable of measurement, such as those for the appreciation
of weight, will obviously reveal a slighter degree of change than those wliich

consist in recognition of certain fixed shapes and textures.

The faculty of recognising the similarity and difference in objects brought
into contact with the body depends upon one of the fundamental functions

of the sensory cortex. It can be disturbed apart from the power to appreciate

spacial relations and mdependently of the graduated relation to stimuli of

different intensity ;
it may also be preserved in spite of gross defects in these

functions.

Tests which depend on more than one of the fundamental functions of the

sensory cortex. -.

(11) (a) The simultaneous compass test demands that a series of contacts

can be appreciated with some reference to the intensity of the stimulus. But,

granting that tactile sensibility is not affected, the compass points are a method

of testing recognition of relations in two-dimensional space. A cortical lesion

not uncommonly disturbs both aspects of sensibility, and it is important to deter-

mine how each form of sensory loss affects the records of the compass points.

When this test is disturbed in consequence of defects of tactile appreciation,

the answers are confused and errors appear, not only in the recognition of two

l)oints, but also when the patient has been touched with one point only (p. 690).

If, however, tactile sensibility is not affected, the patient is unable to dis-

tinguish single and double contacts and shows a tendency to call them all
•'

one
"

(p. 697).

(6) Topical localisation (or
"
spot-finding '"), as carried out by our method,

depends on the due appreciation of relative mtensity and is also one aspect
of spacial recognition.

Observations in selected cases seem to show that a defective response to

contact stimuli appears on the records as a diffuse localisation. The patient

may pass his indicating fuiger up and down the assistant's fuiger, saying,
" The spot seems spread out so that I can't exactly say what part of it you
have touched "

(p. 700).

When, however, contacts are appreciated perfectly but recognition of

spacial relations is- disturbed, the loss of localisation may take another form.

Tile patient is unable to decide which digit has been touched ;
he complains,

"
I have difficulty in making up my mind." The error takes the form of

inability to determine on wliich fuiger or on what part of it the touch has

fallen (p. 699).
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((') Tlu' j)i>\v(M' of recognising various sluiTs l)y tVeling llicin with the lingers

is ol)viousl\- (lci)t'iulriil on tlic acruracy of tactili' impressions. But lliere is.

ani>tlu'r aspeet ot llii> tt•-^t wliicli (IcMnand-^ tlie essential faculty of ap))reeialing

similarity and ditTfifnii'.

By ehoosing suitable eases tins ajipcal to two sitle.s of cortical activity

can l)e demonstrated. Wlien the orderly response to contact of graduated

intensity is disturbed, the i)atient liesitatcs and is puzzled by the curious

sensory differences in his two hands; he may, however, name the stuffs more

or less correctly (p. 702). If the power of appreciating similarity and difference

is alone affected, his answer approximates more or less to
"

I don't know what it

is," and he cannot name correct!}^ the various textile substances (p. 701).

Tests irJiirJ/ appeal to centres hi the cortex and i» the optic thalamus.

(12) (a) Measured prick.
—The sensory effect produced, by a prick owes some-

thing to the physiological activity of the cortex
;
but this is small compared

with the overwhelming part played by the optic thalamus.

A cortical lesion produces no true raising of the threshold to prick unless

it is extensive or is associated with subcortical destruction. It may, however,

induce a change in the sensation produced by pricking, wliich is recognised by
the patient. The two hands "

feel different
"

;
it is

"
plainer,"

"
sharper,"

" more distmct," over the normal than over the affected digits. Sometimes

the whole character of the sensation is said to be changed, and seems to
"
tingle

"

or to resemble
"
electricity."

{b) Vibration {tuning-jork test).
—Disease or injury at lower levels of the

nervous system may destroy all power of appreciating vibration. But so

grave a loss never occurs in consequence of a stationary lesion of the cortex

unless it happens to be associated with epileptiform attacks or other causes

of shock
;
for vibration appeals both to the optic thalamus and to the

cortex, although the latter element is the more important in the ultimate

sensation.

A tuning fork, beating 128 vibrations in the second, is almost always

appreciated for a shorter period over the parts affected by a lesion of the

sensory cortex. Tliis loss of appreciation runs pari passu with the want of

recognition of passive movement (Table, p. 713). From the peripheral end-

organs to the cortical centres both tests appeal to the same physiological

functions.

Subcortical Lesions.

(13) The nearer the lesion lies to the internal capsule, the more extensive

is usually the loss of sensation, and the more certainly does it tend to assume a

hemiplegic distribution. ^Moreover, the sensory disturbance is extremely gross

compared with that due to more superficial lesions (p. 703).

The closer a subcortical injury lies to the surface of the brain, the more

nearly does the character of the sensory disturbance approximate to that

produced by lesions of the grey matter. But the grouping of the dissociated

sensibility does not correspond to the three cortical categories, recognition of
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spacial relations, of graduated intensity and of the similarity or differences

(it the stimulating object. The loss of sensation still reveals the arrangement
of afferent impulses before they have been subjected to integration by the

sensory cortex (p. 7(15).

Hypotonia.

(14) An uncomplicated lesion of the sensory cortex may produce hypotonia.
This is closely associated in distribution and degree with the want of recognition
of posture and passive movement (Tables on pp. 718 and 721). Both defects

are due to a disturbance of those physiological dispositions in the cortical

centres wliich have been called schemata.

(15) This is a completely different condition from paralytic hypotonia,
wliich is associated with gross loss of voluntary motor power (p. 719),

Anatomical Localisation of these Sensory Functions.

(16) Loss of sensation of the cortical type may be produced by a lesion

of the pre- and post-central convolutions, the anterior part of the superior

parietal lobule, and the angular gyri. These portions of the hemisphere contain

the sensory centres.

(17) The form assumed by a cortical loss of sensation is not expressed in

anatomical or physiological terms, but in those of the most elementary processes

of mind. The anatomical lesion upsets the orderly sequence of physiological

processes, and this defect of function is manifested in disturbance of the psycliical

act of sensation..

(18) Changes in sensibility of cortical origin on the upper extremity do

not follow the distribution of axial or radicular lines. Each digit is a unit,

which can be used in an isolated act either of motion or sensation
;

as such it

is represented topograpliically on the cortex. The same rule applies to the

palm of the hand, where the changes in sensibility correspond to the proximal
extension of the affected digits. The elbow and shoulder are separately

represented, because each of these joints is an important centre of the postural

activities of the upper extremity,

(19) It is the functions, rather than the anatomical relations, of any one

part of the body that are represented. Consequently those portions, such as

the hand, which are endowed with the highest powers of discrimmative

sensibility, are most exclusively represented. Next in order comes the sole

of the foot, which constantly exerts a discriminative action in walking.

Hence a cortical lesion may disturb the sensibility of the hand and foot

witliout of necessity affecting the elbow, shoulder or knee.

(20) If the loss of sensation is greatest over the little finger and its neigh-

bouring digits, the foot tends to show some sensory or motor disturbance.

But \\ hen the loss of sensation reaches its maximum over the thumb and index

finger, the face and tongue are liable to be affected
;

if the lesion lies in the

left hemisphere, speech will probably have been disturbed, to a greater or less

extent, at some time in the history of the case (Tables on p. 733).

(21) The three aspects of sensibility, due to the activity of the cortex, are
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not clisturl)i'tl uiiitonuly in cwry instaiu'i' of a lesion to tlic surtacc ol tlir

heniispluTo. In certain rare cases complete dissociation may oi-i'ur ('ral)le on

p. 73S).

(22) This shows that tlu- thice tunthnnental tnnctions of the sensory cortex

an- not represented to an e(|nal degree in all parts of its extent.

(a) Injnrv anywhere witliin the sensory area on Ihc li(inisj)liere is Iial)le to

cause some loss of appreciation of spacial relationships in the hand or in the

foot. Bnt the farther foi"\\ar(l it lies within this region, the grosser and more

extensive is the disturbance shown by the spacial tests.

(h) Tlu^ po^^•er of recognising differences in weight and shape is most severely

and most extensively affected by a lesion which falls over the post-central

convolution.

((•) Those tests which depend mainly on due recognition of stinuili of

graduated intensity are more likely to be disturbed, when the injury falls upon
the posterior and inferior portions of the sensory area. Any lesion lying mainly
witliin a zone aaIucIi occupies the foot of the pre- and post-central convolutions,

the angular and supra-marginal gyri and the superior parietal lobule, is liable

to be associated Mith disturbances of tactile sensibility. If tliis is severe and

extensive, the patient may be unable to distinguish various degrees of warmth
about wliich he has no doubt on the normal hand.

Theoretical Conclusions.

(23) The sensory disturbance produced by a cortical lesion is not a parses-

thesia or a hyposesthesia, but a definite loss of power to appreciate one or more

of the three aspects of sensation, which depend on the physiological activity

of the cortex.

(24) Analysis of afferent impulses, on their passage tlu-ough the central

nervous system, tells us nothing of their origin or final fate. If we wish to

learn how they arose, we must produce an analogous dissociation in the peri-

pheral nervous system ;
and their ultimate grouping can only be shown by

brealdng up those complex physiological activities wliich directly underlie

sensation. At either end of the chain we are brought face to face with ele-

mentary physico-physiological and psycho-physiological processes respectively.

(25) If the functions of a lower, more primitive organisation are kept under

control by the activity of a higher afferent system, the removal of tliis dominant

mechanism does not exliibit the vital processes of the phylogenetically older

organs in all their primitive simplicity. The setting free of a primitive activity

from higher control reveals a condition w'liich is part of the complete act.

Thus, the reactions of the human optic thalamus, freed from the restraining

influence of the cortex, are an almost perfect expression of the non-discriminative

aspects of sensation.

(2G) When dissociation occurs, either on the physiological or psycliical

level, the manifestations represent that portion of the complete function

which still remains active.
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Should tlie function lost belong to the same level as that which remains,

the loss of the one does not materially affect the other {e.g. dissociation

of the various aspects of cortical sensibihty). If, however, the- factor which

has been ehminated exercised some control over that which remains, primitive
characters may appear that are not manifest under normal conditions {e.g.

the thalamic syndi'ome).

(27) The simplest physical stimulus, acting on the peripheral nervous system,

may produce afferent imjjulses which are incompatible from the point of

view of sensation. These are sorted and re-grouped; some are facihtated,

others are repressed, before the final sum is presented to consciousness. Many
afferent impulses remain on the physiological level and never form the basis

of a sensation
; they are destined to control reflex activity or to co-ordinate

movements of the body and hmbs.

(28) The simplest sensory act is the result, not only of prolonged quahta-
tive integration, but of a constant struggle for functional dominance. On
the higher physiological planes, impulses which are precluded from exciting

sensation are not wij)ed out ; they may j)roduce a profound and manifest

effect, although they cannot excite consciousness.

The closer we come to those centres which dii'ectly underhe sensation, the

more evident is it that impulses, which fail to excite consciousness, do not of

necessity cease to exert any ph3^'^iological influence. They may be repressed

by theu' successful rivals, but they are not therefore abohshed.

(29) Similar physiological processes underhe the afferent integration of a

reflex and the co-ordination of two sensations or even of two concepts. But,
in each Distance, the product of these vital functions is given in terms of the

level at wliich the impulses exert their influence ;
in the one case it is expressed

reflexly, in the other it is manifested in some psychical act, such as sensation.

SHORT ACCOUNT OF SOME ILLUSTRATIVE CASES

This portion of the paper consists of two parts. In the fii'st I have given
a short account of a series of illustrative cases [Nos. 2, 3, 5, 6, 8, 15, 18, 19,

and 2,3].

In the second part I have described as far as possible the situation and nature

of the lesion in each case. Professor Elliot Smith has kindly localised approxi-

mately the site of the injurj' on the surface of the hemisphere from the data

given to him. I am fully aware ho^^' difificult it is to judge of the position of

a cerebral lesion from a wound on the surface of the skull, but reproduce figs. 3

to 23 with a full consciousness of the imcertainty of such localisation.

(A) Short Account of a Series of Illustrative Cases

Case 2.—An example qfinjurij to the cortex without penetration ofthe skiiU. Wounded January 2^^,

1910, b]i thefragment of a shell in (he anterior part of the left parietal region. Not trephined. Radio-

graph shou-ed injury to outer but none to inner table of the skull. Examined in the third and fourth
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weeks after the wound, liiijht upper extremitij ouli/ (iffvrlrd. fi'nisp of rif/lil hand diitiinished.

Individual morciniuts of the JiiKjcn-^ were defeelire. Wrilimj chuiKjiil. No hiipotmild. It'Kjhl ivrisl-

jerk increased. Other refe.re.<i nnnnal. Sen.'inliou tno.'^l .serereh/ affected <>n r l/n lillli jitxji r, nipidh/

improving touxinl.i the pr?-a.rint parts of the hand. Passive nwvetnen I hudli/ /i/ipncinltil nnr J'our

digits, the com pa.'^.s
test over one ; locniisation not affected. The tactile hairs, Iheniial lesl.s and jnich'

showed introspective changes only, confined to the little Jinger. Weights and the lecture of various

fabrics were not perfectUj recognised over the little Jinger. He greatlij improved, and a set of observa-

tions made ninet;/-four dai/s after the wound showed changes in the little finger only.

LitnitciKiiit I". W. Vt.. npod '^\.

On .Jaiuiuiy 2t), 1!U(), lie was liit hy the fragment of a slicll wliicli l)urst in tlic air. He fell,

but does not tliink he lost consciousness. The right aim dangled loosely and was all pins and

needles
"

; he could, however, move it at the shoulder. He walked to the dressing station and,

after a night spent in the field ainbulanee, was sent to the base next day. On rcbrnary .'j he was

admittetl to the Em])ire Hosjjital fur Olhcers, under my care. He thought his arm had rapidly

improved uj) to January 31, but since that time its condition had remained stationary. Neither

face nor leg had been affected at any time.

On admission, the wound consisted of a stellate bruised tear in the scalp about 2-5 cm. in

length, wliieh healed ra])idly. The centre of this cut was situated 19 cm. from the nasion and 5 cm.

to the left of the middle line. The total nasion-inion hne measured 34 cm. A radiograph showed

injury to the outer. Init none to the inner table of the skull.

The following observations were made in February, 1916, during the third and fourth weeks

after the ivound.

He was a most intelligent man, an engineer by profession, and his introspective exjjeriences

were miusually definite and well expressed. The examination interested him and he showed no

general fatigue. The effects of local fatigue were obvious in the readings from the affected parts,

but elsewhere his answers remained remarkably constant from day to day.

Speech was normal. There was some lieadache at first, but it rapidly cUsappeared. There

was no nausea or vomiting, even when he was first hit. He had not suffered from convulsions

or seizures.

Vision was unaffected, and tlie discs showed no change of any kind. The pupils reacted

normally, ocular movements were well performed and there was no nystagmus.

Face, tongue and palate were unaffected.

Reflexes.
—The only abnormaUty in the superficial or deep reflexes was showii by a definite

increase of the right wrist-jerk compared with the left.

Motion.—The grasp of the right hand was certainly somewhat affected; for, although he

was by nature right-handed, the grasps were equal. Individual movements of the digits of the

right hand were less quick than those of the left, and he said,
'"
All the fingers come forward and

I have to pick out with the thumb the one I want to touch." This exactly expressed the conch tion

observed. The greatest clumsiness occurred, when he attempted to approximate the tip of the

thumb to that of the little finger. When he held out his hands in front of him, there was shght

difference only in the ahgnment of the fingers. But when his eyes were closed the little finger

became abducted and fell away, and the inco-ordination of the individual movements of the

other digits was greatly increased.

There was no wasting and no change in tone.

All the movements of the right elbow and shoulder were strongl}' performed against resistance,

but he was somewhat clumsy when he attemjited to touch his nose rapidty with liis right fore-

finger. This was not increased by closing his eyes.

He could still throw with remarkable accuracy, but his writing was somewhat affected; this

was particularly evident in the curves of such letters as B, M, N, and W. He found it easier to

write with a pencil than with a jien, for the nib seemed to catch in the paper.

The lower extremities were in every way normal and the right leg had never been affected.
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Sensation (between February 9 and February 24, lOKi).

He said he was in every w^ay normal cxcejit in the right hand, where his little finger and corre-

sponding jiarts of the palm and dorsal surface "felt stiff." At first this
"
feeling

"
occupied the

ulnar aspect of the forearm to the elbow; but this had to a great extent passed away.
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Weig/il.
—When vaiio»is wi'ights of between I'O anil KXt grin., covering exact ly the same snifaee,

wore added and renioveil. he gave (piiek and peifeet answers on all hut the little hnger of the right

hand. Here 1 was forced to wait longer and he resjionded with much less certainty. He said,
'

I've more dillicnlty with the little linger. The changes in weiglit aic not so pronounced, and

1 was not so absolut<»ly sure that I was right a.s on the other fingers."

This dilVerence came out even nioie clearly, when he was permitted to lift the linger on which

a weight had been ])lacetl. When askcil to compaie SO anil lUO grm. he made no mistakes any-

where except on the little finger of the right hand; here out of six tests he failed in three and

was not i)erfeet in his answers when comparing 70 and l()(» lmih. He said,
"" On the light little

finger it is moie of a strain ; nidcss 1 pick it up at once i cant get it at all. It seems to merge

into a confusetl feeling."

Texture.—For this test on the right hand lie invariably used the thundj and ijidcx finger,

and when forced to use the little finger he said he judged by the sensation of the thundj alone.

When the various fabrics were rubbed across the digits, he complained that they
"

folt different

on the right little linger." Here he recognised silk and cotton, but was uncertain about flannel

and ribbed velvet, except that he said flannel was "rougher." When each fabric was rubbed

over one little finger and then over the other, he failed to recognise that the ribbed velvet was

the same substance on the right as on the left hand; the same error occurred with silk.

He was examined again on April 30, 1916, ninety-four days after the wound. He still noticed

the same difficulty m writing, but found no difference when playing golf.

The arm-jerks were now equal. The grasp of the right hand had greatly improved, but

isolated movements of the little finger were still clums^^ When lie held his hands out in front

of liini, the various parts were in jierfect ahgnment, and the little finger no longer fell away
when the eyes were closed. There was no hypotonia.

Sensation had improved greatly. All the digits of the right hand gave perfect readings with

1° of passive movement, except the right little finger, Avhere from 1-5° to 2° were required. To the

compass test he had no difficulty at 0"75 cm. on all the digits, except the little finger; here he failed

at this cUstance, but gave a perfect series at 1 cm. He said, however,
" On the right little finger

I stiU have the feeling of an echo. It is harder for me to tell whether there are two points,

but directly you put them further apart I am certain." Localisation was perfect. He could

appreciate a tactile hair of 14 grm. mm.- on his right little finger, but said the sensation was
'
duller and fainter, less clear

"
than on the normal hand. Weights and texture were now perfectl}'

appreciated.

Case 3.—An instance of dissociation of sensory functions due to a cortical iyijury. Wounded

June 7, 1917, by a rifle bullet. Trephined over the right Rolandic area June 8, wlien "a large piece

of bone and extradural clot were removed.'' Admitted under my care July 7, 1917, ivith an unhealed

wound in the right parietal regi on. At that time the lower part of the left halfof the fa-ce moved poorly

ami the tongue was protruded to the left. Left arm-jerks were exaggerated. Left loiver abdominal

reflex defective. Left Jiand affected; individual movements impossible. Movements of left wrist

and elbow less powerful than those of right. Xo hypotonia at this stage. Sensation showed from the

flrst profound dissociation. The spacial aspects icere not normally appreciated, and the power of

recognising similarity and difference was diminished, but he reacted perfectly to graduated tactile and

thermal stimuli. He remained under observation and was examinedfrom time to time. A series of

records, made during the 10th and 12th months after the wound, showed, that hypotonia had gradually

appeared in tlwse fingers in which the loss of recognition of posture and passive movement was most

severe. This hypotonia accompanied the return of motor pcnver and recovery of the reflexes. Sensa-

tion showed the same fundamental dissociation as before. This made it possible to v!ork out theform
assumed by the loss of appreciation ofiveight and texture, in the absence ofchanges in tactile sensibility.

It also showed the nature of defects in the records of the compass test, ivhen spacial relationships are

disturbed, but touch is not affected.
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Bombardier J. ^\'. B., aged 20.

On June 7, 1917, he was hit by a sniper's bullet, which penetrated his helmet. He remembers

a singing in his head and a feeling as if two hammers met ; then he dro])ped. He noticed that his

left arm was weak, but after about twenty minutes lie could walk with help, though his left leg

was distinctl^y affected at first. After his wound was dressed, he walked about 5 kilometres to

the motor ambulance. He arrived at Boulogne on June 8, and was treiihined over the Rolandic

area-. The field card states that
"
a large piece of skull and extradural clot

"
were removed.

He was admitted to the London Hospital on Jul}' 7, 1917, with a deep lanceolate wound, situated

from 17'5 to 19 cm. back from the nasion, and from 4 to 8 cm. to the right of the middle line.

The total nasion-inion line measured 35 cm. The womid had a granulatuig base, which pulsated

heavily. Cultures grew Staphylococcus albus only.

Condition in July, 1917, Forty Days after the Wound.

The importance of this case lies in the condition, which was present many months after the

womid had healed ; but I shall summarise first of all the observations made shortly after his first

adiuission to hospital.

His mental state was excellent and speech had not been affected at any time.

Vision was perfect, the fields were not restricted and the discs were normal.

The })upils reacted normally, movements of the eyes were well jjerformed and there was no

nystagmus.
The lower part of the left half of his face did not move so well as the right, and the tongue

was protruded a little to the left.

BeJIexes.
—The left wrist-jerk and triceps-jerk were distinctly exaggerated, but the knee-

and ankle-jerks were equal and there was no ankle clonus. The plantar reflexes were normal.

A reflex could be obtained from all four areas of the abdomen ; but, whereas those from the right

upper and lower segments were quick and vigorous, the reflex from the left lower quadrant was

obtained with difficulty and was of small range.

Motion.—The grasp of the left hand was profoundly diminished and registered on the dynamo -

jneter 5, compared with 58, the force exerted by his right hand. He could not carry out individual

movements with the fingers of the left hand; they tended to remain passive or to be flexed in a

bimcli, whilst the thumb moved across to be apiHoximated to the tij) of each finger in turn.

Movements of the left wrist were feeble and thof e of the elbow were not so strong as oir the other

side. The shoulder was not affected.

The fuigers of the left hand were not in alignment, when the hands were held out in front of

him; the wrist became flexed and the whole arm swayed unsteadily. As soon as the ej'cs were

closed the hand dropjjed and the fingers became irregularly flexed. Even with the eyes open, on

attemjjting to touch his nose, the movements of the left hand were inco-ordinate and unsteady,
and when they were closed the ataxy was pronounced.

There was no obvious spasticity and no hypotonia.

The left forearm and hand were distinctly wasted; this was most visible in the interossei and

was less evident in the nuiscles of the thumb. The arm and shoulder muscles were not affected.

In the left lower extremity there was no gross lots of power and no wasting; but the move-

ments were not quite so accurate as these of the right leg. He could, however, stand equally well

on either foot with the eyes closed.

Sensation.—The outstanding feature of the sensory disturbance was the considerable want

of recognition of measured movement in all the digits and tho wrist, together with great loss of

discrimination of weights in the little and ring fingers, in .spite of jierfect sensibilit}- to touch.

This is a case where the various sensory activities of the cortex were dissociated from an early

stage.

I shall, therefoi'e, pass over his condition during the intermediate period in order to lay stress

on the observations made during March, Ajml and May, 1918, ten to twelve months after the wound.
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'riu> scar was linn and did not pulsate. He had hocn discliartr(>d fmiii tlic Army .iiid was at

work, rarely sulVoring from hoailacho except when tired.

He wa*! remarkably bright and intelligent, handing himself over willingly for examination.

His answers were given without liesitation; he made no att<>mpt to interpret his sensations and

wa« not introsi)ective.

BefleJ-'es.
—(Jreat improvement liad taken place and the two elbow-jerks were almost of equal

strength; there was no liilTerence between the triceps-jerks. The abdominal reflexes were equally

brisk on the two sides in all the areas.

Motion.—The grasp of the left hand had ^'reatly irnprovcd .iiul individual iiiDvements could

now be carried out by each linger in turn. They weie, howe\er, slower and less perfect than

those of the right hanil. which were cjuick and precise. The various digits were in good ahgn-

nient, when he held his hands out in front of him, but they fell away when he closed his eyes

and the movements of the fingers of the left hand became distinctly ataxic.

The little and ring fingers of the left hand, and to a less degree the middle finger, were now

definitely hypotonic, whilst the index and thumb were normal.

There was no wasting; but the ulnar half of the left hand was soft and toneless to the touch,

compared with similar parts of the right.

Sensation.—He was at work but had no necessity to use his left hand except for lifting. He
could pick uj) oljjects with the forefinger and thumb but complained that he was clumsy with the

middle, ring and little fuigers.
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sioii of 1^ to 2°. Both ring and little fingers were grossly affected; he did not appreciate a

movement of less than 20° to 30° and in many instances its direction was wrongly incUcated.

The compass test gave normal readings over tlic thuml). index and middle fingers of the affected

hand, but over both ring and little fingers contact with two points was invariably called
"
one,"

even when they were separated to a distance of 5 cm. He said,
"

I feel tlie pressure quite well,

but it all feels the same. It is not like the other fingers."

Localisation had throughout remained miatfected on the tliunib. In view of the normal state

of tactile sensibility, I chose the palmar aspect of the four post-axial digits for a more extended

series of observations than usual on to^ucal localisation. Twelve contacts were made, first on the

normal and then on the affected side; this was repeated three times on each hand to the number
of seventy-two in all. iCvery toucli on the normal hand was correctly locaUsed, but the answers

from the fingers of the affected side showed a disturbance increasing in a post-axial (hrection.

Thus, whilst all nine stimuli were correctly localised over both the left index and middle fingers,

he made two mistakes over the ring, and six over the little finger. Of these six errors one was

placed on the wrong digit, three were more or less distal, and two were proximal to the spot
stimulated. Both the mistakes on the ring finger consisted in choice of the Avrong digit.

All the digits of the affected hand gave perfect records to the tactile hairs, even with

14 grm. mm.-, the smallest strength of stimulus to which he responded constantly on the normal

fingers. There was no introspective difference between the two hands. Thermal sensibility was

equally good on both sides and prick was not affected. The whole of this aspect of cortical

activity remained throughout untouched by the destructive effects of the lesion.

But the appreciation of relative weights, form and texture was gravely affected in the little,

ring and to a less degree in the middle fingers of the left hand. In view of the perfect reaction

to varying intensities of stimulation, this was a most instructive dissociation.

Weight.
—Tliis case also illustrated the rule that with a cortical lesion inabifity to discriminate

weights is independent of the manner in which they are applied. If the hand was carefully sup-

ported, and weights were added or subtracted on each chgit in turn, he failed to recognise the

direction in which the load had been altered in spite of jserfect tactile sensibihty. He was also

unable to recognise the difference between two weights placed one after the other on the affected

fingers, even when he was permitted to move them and to
"
weigh

"
each test-object in turn.

Thus, with the method of addition and subtraction, the thumb and index gave normal

readings ; on the left middle finger he cUd not reply to five of the twelve changes in weight, on the

ring finger he did not answer on six occasions and thought all the weights had been removed,
when one of 20 grm. still remained on the hand. On the little finger he failed to appreciate ten

out of twelve changes and asserted that there was no weight when 140 grm. still remained on

the hand. He also experienced hallucinatory changes of weight, describing addition and removal,

when the pile remained untouched. He statetl,
'" The only ones that seem to me bad are the

middle, ring and little fingers; the little finger is the worst. The first (index) is all right."

The following observations were made on his power of comparing two weights by
"
weighing

"

tliem; they were placed one upon another, in irregular sequence, on the palmar aspect of the

terminal phalanx of the little and ring fingers and of the middle and index fingers. Two digits

were chosen so that the movements should not displace the weight, as would have been the case if

one finger only had been selected. On the normal hand, and with the left index and nnddle

finger he recognised the difference between 80 and 100 grm. on every occasion. But with the left

little and ring fingers he could not even aj)])reciate a difference of 100 and 20 grm. All his answers

took the form of
"

I can't tell, I don't know," or some similar expression of ignorance.

An unusually extensive series of observations were made on his power of recognising form,

when solid test-objects were rolled over the palmar aspect of each digit in turn ; for on the normal

hand he was particvdarly good in recoginsing the shape of the solid blocks cut to scale. On the

left thumb and index he made Jio mistakes, on the middle he was a httle uncertain, but on the

ring and little fingers his ansAvers were gravely defective. Thus on the latter he said, "Every-

thing feels afike; except that they scratch or hang on to the flesh; I cannot tell they have any
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sliaiK' at all."" IVrainiil, ovoid aiul cube \V(M-c all said to be
"

s(iiiai('."" wliilsl a cvliiidcr irul i(nu'

weiv oalk'il
"

rouiul
""

and a si>1umo was not let'ognisod at all.

The powoi" of appiociatiiig dilTerciicos in texture was gravely affectcil in titc lilllc and liiiij; and,

to a le.<w< degree, iu tlie middle lingers of Ihc Iffl hand. TIh' rililird xcUct, sill<, cniton and llann"!

were named eorreetly over all the digits of the noinial hand and over the left tlunnb and index.

But on the miildle linger velvet was ealled "silk,"" llannel was thought to be "cotton." whilst

silk and cotton were named eorreetly. Over the little and ring lingers he either said the fabric

was
'
rough

""

or confessed lie did not know.
"
Kverything .seems rough on these lingers and I

tind it difiieult to tell on the middle linger. The first linger and thumb are all right."

But in spite of this profounil disturbance, his power of appreciating roughness, measured with

the (uaham l?rown apparatus, was identical on the digits of the two hands.

Case 5.—To illustrate the introspective aspects of the seusori/ loss of cortical origin. WhiukIciI

June 6, 19U), bi/ a rifle bullet. A radiograph showed injury to the aider plate of the skull in the left

parietal region, but none to the inner surface. He was not trephined. Admitted to the Empire

Hospital December 4, 1910. The wound was represented by a fully-healed scar, 3 cm. in length, in

the left parietai region, 23 cm. from the nasion and 5 cm. from the middle line. The importance of this

case lay in the patient's remarkable power of describing his sensations over ahnornial parts. Indivi-

dual movements of the right hand were good with the eyes open, but clumsy when they were closed.

The right thumb and index finger were hypotonic. In the rightfoot he had lost to a. certain extent the

extraordinary poicers of moving his toes ivhich he still possessed on the normal side. Otherwise it

would not luxve been possible to discover any affection of motor power in the lower extremity. The

reflexes were normal. Sensation was most severely affected in the thumb and index finger of the right

hand. In the little finger many aspects of sensation showed introspective clmnges only. The tactile

hairs, thermal tests and prick showed the severest and-most extensive loss. Sensory changes, similar

in quality, but somewhat less severe, were x>resent in the right foot.

2nd Lieutenant R. S. C, aged 28.

In the early hours of June 6, 19 IG, he was hit by a sniper's bullet. He was not wearing a

helmet. He spun round and felt as if some one had stuck a boathook into his head, pulling

him backwards. Apparently he fell, but did not lose his senses, and after his wound was dressed

he went back to his machine-gim. But "
everything seemed so slow; I seemed to have lost touch

with my men. I was tliinking very slowdy." He had a \'iolent headache and felt sick, but did

not vomit.

He stopped one day in the Field Ambulance and on Jmie 7 reached the Casualty Clearing

Station. Here a piece of the casing of a bullet was removed from the scalp. A radiograph showed

injury to the outer surface of the skull, but none to its inner aspect. He was not trephined.

The womid healed, and he was discharged on June 24 from the 3rd London General Hospital,

with a scab still present on the site of the injury. He could not sleep and the noise of the gramo-

phones made him feel .sick. The next four months he spent in the country, in a most unsatisfac-

tory condition physically. He was easily fatigued and fell into violent rages; when they came

on, whether by day or by night, he would leave the house and walk up and down in the garden

for hours.

Dm'ing the first week of November, 1916, he was sent back to light duty. The headache

returned and the attacks of "violent feehngs
"
became more pronounced; they were followed

by depression and suicidal ideas. He acted as assistant adjutant, working from 9 a.m. till 7 p.m.

He rapidly became so ill that he was sent to see me by liis senior medical officer, on Xovendjer 30,

1916, and was admitted to the Empire Hospital for Officers on December 4. Here he rapidly

improved, and the following account is based on observations made during January, 1917, seven

months after the injury.

The wound was then represented by a fully healed scar, 3 cm. in length, in the left parietal

region. The anterior limit was 23 cm. from the nasion and 5 cm. from the middle line of the skull.
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The total nasion-inion line iiicasutod 35 cm. A radiograph showed that the outer phitc of the

skull had been damaged in tlie region of the injury, but the inner plate seemed to be intact.

There was no evidence of a foreign body or dead bone witliin the cranial ca^nty.

He was a highly educated man of unusual intelligence. His answers to measured tests were

far above the average, especially from the introspective point of view. He tended, however, to

interpret liis sensations, and this made him slow to reply when an affected part was being tested.

He gave himself over most willingly to my examination because, in spite of his repeated com-

plaints, no one had examined into the condition of his right hand. The fact that he had never

been examined, even superficialh^ from a neurological point of view, was one of the most potent
causes of his anger and misery. His power of attention was good, but he became tired easily, and

care had to be taken to make the examination in short s])clls, selecting days when headache was

absent and he had slept well. Sleeji soon improved, and he ceased to dream mipleasantly. His

memory was not good on admission, but became much stronger with rest and quiet. There were

no hallucinations or tielusions at any time. At first he was irritable, but tliis passed away and he

became particularly easy to deal with.

On admission he had a stutter which slowly disappeared; this was a purely psychical manifes-

tation, and speech was not otherwise affected. He had had no seizures or convulsions. The

headache was at times severe and was of the same character throughout; it was "like a tooth-

ache," mainly on the left half of the head. All nausea had disappeared for some months before

admission.

Tlie discs were unaffected. The pupils reacted normally. All movements of the eyes, face,

and tongue were carried out well.

Reflexes.
—All reflexes, superficial and deep, were equal on the two sides and were normal in

character.

Motion.—The grasp of the right hand was certainly less powerful than that of the left, but

there was no paralysis. LicUvidual movements of the fuigers could be carried out easily so long

as liis eyes were open, but became very clumsy when they w"ere clcsed. He could not write so

easily as before he was wounded, especially if he was tired, and his handwriting had changed
somewhat ii\ character. He could still play the piano, but his right hand '" was not so good as

it might be."

The right thumb and index finger were definitely hypotonic; the condition of the middle

and ring fingers was more doubtful, but the tone of the little finger was certainly not chminished.

There was no wasting of the hand.

The wi'ist, elbow, and shoulder were unaffected.

Had he been brought up under ordinary conditions, there would have been no evidence that

the movements of the right lower extremity were in any way affected. But as a child he had

lived on a sandy beach in China and his father had not permitted him to wear boots. His agility

with the toes of the normal foot was remarkable; he could cross the great toe over the second,

could spread the toes and bring them together again, just as we can adduct or abduct our fingers.

He had no difficulty in picking up a penny from the bed with his foot. But, with the right foot,

he could no longer cross the toes, though he could abduct or adduct them, less perfectly than

Avith the other foot. Lidividual movements of the right great toe were still possible, but were

slower and less accurate than those of the left. There was no gross hypotonia, but it seemed to

me as if the right great toe could be passively extended to a greater degree than the left, and he

said,
"
I think the great toe of the right foot is slack like the first linger (index) of the right

hand."

Apart from this loss of special aptitude in the foot, there was no want of power anywhere in

the right lower extremity.

His gait was normal and he could stand well on either foot with the eyes open; but when they

wcie closed he said,
"
I don't tiust myself so much on the right ; I have to plant it more defuiitely

befoie I begin; wheieas I don't mind how I put the left foot before I close my eyes."

Sensalion.—He complained mainly of the index finger of the right hand and said,
"

If I wanted
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to feel for a pin I should use (lie lirst finger of tlic k-fl, liaiul, hut with tlie right T siiould use the

niicKUe linger, because the liret finger felt as if there was a corn on it."
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over all five digits, whilst on the spacial side even measured movement showed no defect in the

httle finger. jNIoreovcr, his own statements with regard to his tactile and thermal sensations

throw considerable light on the nature of tlie changes caused by a cortical lesion.

Tactile hairs.—The thumb and index hnger were i)rofoundIy affected to this test. No threshold

could be obtained, and on first testmg with a hair of 23 grm./nun.^ he gave as many correct

answers as to a series of subsequent contacts with one of 100 grm./mm.^ [vide p. 689). The patient
said :

" On the left (normal) side I felt as if you were putting on and taking off a fine wire point.
On the right hand it was exactly as if a mosquito drew its leg along the surface. I never felt a

distinct i^ressing on. vSometimes I felt it vaguely as if it was still there, and T. wanted you to

press it and take it away again, so that I might be certain if it was there or not."

On the middle and ring fingers a threshold was obtained mth a hair of 23 gnii./mm.^ but his

answers were slow and he said that he had difficulty in making up his mind. On the little finger

the record with 21 grm./mm.^ was defective, but he gave perfect replies vnih 23 grm./nim."-

There was, however, a profound introspective difference between the two Httle fingers :

"
Some-

times it seems dead and sometimes it is hke the brushing of a fly's wing." Throughout these

tests, he complained that the serial contacts with the tactile hairs, over affected parts only, set

him "
on edge."

"
I feel that, if you went on long, I should become like I am when I am worked

up; I seem to want a reUef somewhere."

Thermal tests.—The sensibihty of the index finger was profoundly affected to all the tests

for appreciation of temperature. He could not discriminate heat or cold with certainty between

about 26° C. and 40° C, whereas on a bright siiring-like day, the temperature of the room being
18° C, the indeterminate zone lay between about 26° C. and 30° C, over the normal index finger.

But an even more striking defect was sho\vn by his inabifity to distinguish two stimuH of the

same thermal quality, but of different intensity. So gross was this change that he was imable

to discriminate 35° C. and 40° C, 35° C. and 45° C, and even 20° and 25° C. {vide p. 089).

AVhen tested with the warm and cold tubes he said :

"
There is a great difference between the

two fingers; the right never changes its mind, whereas with the left (normal) the temperature
seems to grow upon it; with heat I feel it growing hotter until it reaches a certain stage and

then stops. Cold does the same thing. I was baffled on the right hand ; I don't know how to

describe it. It sometimes seems ice-cold and sometimes notliing at ah; but there was never

any difference between the two tubes." The cold tubes were flrst ai:)plied to the affected hand;
as soon as the change was made to the normal hand he burst into laughter, saying :

"
I could

not have beUeved that the difference could be so great. Here I never have a moment's

doubt; the first was just off tepid and the second was colder still, or vice versa, as the c£ise

might be."

Over the uuddle and ring lingers the disturbance of thermal sensibility was less severe. He
could not discriminate 35° and 40° C. on the affected hand, but there was no such profound

difference, between the thresholds as on the index finger.

Over the httle finger he gave correct answers in every case, when 35° C. and 40° C. were com-

pared, but said that the sensation from the affected hand was "chffercnt; on the right hand

(affected) it has a dryer feehng, wliilst on the normal one it is more liquid." He added :

"'

It

does not change on the right as it does on the left (normal) ; on the left it leaves a definite feehng,

which I can think about, a sort of glow, which I feel going off."

Prick.—He complained that a prick did not seem normal on any of the digits of the right

hand. The threshold was distinctly raised (4 grm. left, 8 grm. right) on the index, middle and

ring fingers. On the right httle finger it was 4 grm., the same as on the normal hand, but he

said he
"

felt it more on the left; it seemed softer on the bad hand."

Weight.
—Over the thumb and index finger the addition and subtraction of weights was not

appreciated; he either failed to reply or his answers were confused. He complained, '"Some-

times it feels as if you were rolling my finger round, not as if you were putting things on and

taking them off."

Over the middle and ring fhigers the loss of sensibihty was less pronounced. Li a sequence
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of twelve rliaiifres in ueiglit he failed to answer li\i' tiiiu's on tlie middle and tinei' times ()n the

ring lingiM-; lait tlieie was no confusion.

Over the httle linger the sensation wa« also nieasmably alTeetod aiul he said :

"
1 eould dis-

tingnisli when you were putting on and taking olT the heavier weigiits; l)ut. there were times

when 1 eould not tell what you were doing, it seemeil as if you were only toueliing me."

Tciiure.—He Avas unable to distinguish iilil)cd velvet, silU and llanuel over tlie thundj,

index, middle and ring lingers. Over tlie tirst three digits the loss was absolute and he said he

had
'
no idea

"
what I was rubbing over his fingers. On the ring finger he eould not determine

whieh of the three fabries lie was feeling, but they seemed dill'ercnt from one another; at the

same time they all produeed a different sensation from anything he experienced on the normal

hand. On the affected little finger all three fabrics were named correctly, l)u1, he said tlieic was
'
a decided difference between the two hands."

" When you jnit the silk on to the left (normal)

little linger it comes down softly and I feel it at once. On the right hand it might be anything,

until 1 worked at it to get the definite silk feeling, or until j'ou rubbed it in. With the ribbed

velvet, I recognised at once on the right (affected) little finger, that it was a heavier, warmer

material; but 1 eould not make out what it was until 1 thought about it."

Sensation was distinctly affected on the right lower extremity, though to a less degree than

on the hand.

Measured movement.—At the normal great toe, ankle and knee, he responded perfectly with

passive movements of 1°. But, on the affected side, he required a range of from 3° to 6°, and

from 3^ to 5° at the great toe and ankle respectively before an answer was evoked. At the

knee he appreciated a movement of from 1° to 2°, but he was somewhat slower than on the

normal side.

Compass test.—On the normal sole he gave a perfect set of readings at 3 cm., whilst on the

right foot he was equally confused at 3, 4, 6 and 10 cm. This confusion was evidently in part

due to irregular tactile responses, for he comp)lained :

" On the right foot some touches are much

duller, some much more lively. Even when they seem two, the two points are quite different

in feehng."

Tactile hairs.—On the normal sole he reacted perfectly to a hair of 23 grm. mm.-, and to 13

out of 16 consecutive contacts with one of 21 grm. mm.- But on the right sole no threshold

could be obtained, even with 100 grm. mm.- Dining the testing on the affected foot he said :

"
It seems as if it was on all the time. It's just the difference between a point and a straight

Line ; on the good foot, it has position but no magnitude, on the other one (right) it has magnitude
without position. I feel j^ou must press on the part or I could not bear it. It sets me on edge,

just as your teeth feel when a knife is scraped on a plate."

Thermal.—The feet are not usually a favourable field for observations on thermal sensibility,.

especially in the winter, and this case was no exception to the rule. However, he was certain

that the sensation he obtained from the two feet was not identical with the same hot or cold

stimulus, and he was unable to distinguish 35° and 45° C. on the right sole : they seemed to him the

same throughout a series of observations, although they were easily recognised and named

correctly when apphed to the left sole.

A further set of observations were made in June, 1917, exactly twelve months after the injury,

and \ielded results which did not differ materially from those detailed above.

Case 6.—An example of the effects of a subcortical injnrij. Wounded July 3, 1916, by a shell

fragment in the left frontal region. Trephined July 4. Came under my care July 17. The obser-

vations recorded below were made during March, 1918, twenty months after he was injured. The

wound lay in front of the Rolandic area, but hcul jiroduced subcortical changes in motion and sensa-

tion. These affected the right hand and foot. Isolated movements of the fingers were good tcHh the

eyes open. No hypotonia. Movements of the toes and dorsiflexion at the ankle were less perfectly

performed right than left. Right abdominal reflex diminished ; other reflexes normal. Sensation was
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affected in the right hand, and the loss lay mainly over the jwst-axial parts. The records showed

the raised threshold and the absence of irregular answers and hallucinations, characteristic of a

subcoiiical lesion.

Captain n. D. D. C, aged 41.

On July 3, 191G, he was hit in the frontal region by a fragment of a high-explosive shell, which

penetrated his helmet. He became unconscious for a few minutes, and then went on with his

work. Shortly afterwards he
"
fainted," but crawled back to the dressing station. The wound

was thought to have injured the scalp only, and he was passed on rapidly to Boulogne. Here

he was operated on at 7 a.m. on July 4. On July 17 he was evacuated to England, and was for

a short time in the Empire Hos])ital for Officers.

The wound healed before the end of July. It consisted- of a surgical ilap in the frontal region,

bounded by a semi-lunar incision posteriorly, which extended further to the left than to the

right of the middle line. Tliis covered an irregular trephine opening in the skull, which began
6*5 cm. from the nasion and extended backwards for .5-5 cm. This opening, which was roughly

triangular with the apex posteriorly, extended 2*5 cm. to the left and r25 cm. to the right of

the middle line. It pulsated heavily, especially when he put his head down. The total distance

along the nasion-inion line was 34 cm.

He returned to work in March, 1917, but happened to come under my care again in March,

1918, twenty months after the date of the wound. He was then in an excellent condition for

detailed examination, and the following observations were made between March G and April 3,

1918.

The site of the wound now consisted of a deeply depressed area over the opening in the skull

which bulged when he coughed, or when he put his head down towards the ground.

His mental state was extremely good; he was a highly intelligent soldier, who had become

tired in consequence of too much irritating routine under an unsympathetic commanding officer.

Headaches were at first troublesome, but rapidly improved under quiet and rest. He had not

suffered from convulsions or seizures of any kind.

Vision was good, and the discs showed no signs of having been affected at any time. The

pupils reacted well, ocular movements were normal, and there was no nystagmus.
The movements of the face, tongue and palate were carried out perfectly.

Beflexes.
—All the deep reflexes, both of the uj^per and lower extremity, were equal on the

two halves of the body. The plantar reflexes were brisk and the great toes gave a dowiiward

response. The only reflex abnormality was distinct diminution of the response from the right

half of the abdomen; in both the ujjper and lower segments the movement was slow, of small

extent, and confined to the neighbourhood of the stimulated spot, whereas on the left side a

scratch either above or below the umbiHcus tended to produce a brisk movement of the whole

abdomen.

Motion.—Isolated movements of the fingers and thumb of the affected hand were well per-

formed so long as his eyes were open, but when they were closed the right little, ring and middle

fingers moved clumsily and even the index did not move as accurately as the left. He com-

plained that the
"

little and ring fingers are the worst, the middle finger is somewhat better,

but even the first finger is a little difficult." The grasp of the right hand was obviously less

than that of the left, and movements of the right wrist were also slightly weaker, but those of

the elbows and shoulders were equally strong on the two sides. He used to be a strongly right-

handed man, but was now using the left hand for picking up small objects or for turning the

handle of a door. There was no wasting and no hypotonia.

Under normal conditions he walked well; but the right foot easily became tired, and, when

this happened, he noticed that he did not
"
clear things

" on the ground so easily as with the

normal foot. When he got out of bed at night, or was walking in the dark he always used his

left foot to
"
feel the ground."

He could make all movements with the right lower extremity; but flexion and extension of
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the toes wore somewhat slower, and dDrsiHexioii and |il,intar txtcnsidii ul llir foot less stninj^ly

perforn'.od on tiic rifjrlil than on llio loft siiio.

Willi the eyes ojion ho ooulil stand on oithor IodI, but sla<.'gcrocl w lu'u ho altoiniilcd to balance

lumsolf on the right witli his eyes closed. In testing his co-ordination, the right foot was cer-

tainly clumsier than tho loft: wIkmi his oyos wore closed, in- had disliiictly more diniculty in

finding the right great toe with the loft heel than vice versa.

There wa.s no spasticity and no hypotonia.

Seufidlion (hotwoon Marvli !> ami March 30, 1918, tirrnh/ inonllis after the wound).

He complained that
"
the three fingers (little, ring, middle) of (he right hand seem as if thoy

were alwaj's going to sleep. I have to move them about to make them come to again. When
I wake at night I sometimes feel as if I hadn't got these three fingers, and the whole of that part

of the hand seems to disappear, too."

I have placed on the following table the results obtained with the ten tests. They arc so

clear and dolinito that I shall oidy comment shortly on each sot in linn.
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of the sensory cortex. The lighter hairs were not appreciated at all, and each succeeding increase

in the strength of the stimulus gave a corresponding increase in the number of rejjlies. The
little finger was the onl}^ digit where a threshold was not ultimately obtained. There were no

hallucinations or gross iri-egularities of response (p. 706).

Thermal tests.—When two silver test-tubes, containing water at 35" C. and at 43° C, were

applied in irregular sequence to the palmar aspect of the terminal phalanges of the normal hand,

he answered quickly and correctly in every case. On the right thumb and index finger he made
no mistakes; he said that it was less easy over the right index than over the left. Over the

middle finger he twice thought that the tubes were of the same temperature, whilst on the ring

finger three out of four applications were thought to be the same. On the right Uttle finger he

failed altogether to recognise that the tubes were of a different temperature.
AVhen 40° C. was apphed to each chgit of the two hands in turn, he noticed no difference

between the sensation in the two thumbs ; but it seemed
"
easier

" on the normal index, and over

the left middle, ring and little fingers the same tube seemed
"
hotter

"
than on the affected hand.

Prick.—To this test there was a distuict raising of the threshold over the middle, ring and

little fingers of the right hand.

Weight.
—This test was carried out Ijy adchng and subtracting weight on each digit in tm'n.

From the thumbs he gave perfect answers, but on the right index he twice failed to reply, when
a weight was removed. Tliis is one of the earliest signs by which a disturbance of this asj)cct

of sensibility is revealed in cases of cerebral lesion. Over the right middle finger he made no

actual mistake, but was much slower even than over the index, and comi:)lained that he fomid

the test
" much more difficult

" on the right hand than on the left. The ring and httle fingers

were more obviously affected, and here he failed five and eight times respectively out of twelve

tests on each digit.

Form.—It was very difficult to be certain of the results of tliis test when the sphere, cylinder,

pjTamid, cube, cone, and ovoid were rolled over each finger in turn ; but he was obviously much
slower in his answers from the Uttle and ring finger of the right hand. With the middle finger

he made no mistakes, but fomid it easier to be certain on the left than on the right hand. There

was no definite chfference between the thumb and index fingers on the two sides.

Texture.—Velvet, silk, cotton, and flannel were named in every case correctly, when rubbed

over the normal digits. On the right hand, however, even the thumb seemed to him to be

affected, although the only mistakes were found when the tests were apphed to the ring and

little fingers. Here he either said he "did not know" or spoke of the rouglmess or smootliness

only of each textile fabric.

Case 8.—This case is cited as an example of disturbed sensibility at the elbow, and to a less

degree at the ivrist, without obvious affection of the Imnd or slwulder. Wounded in the left side of

the head on December 21, 1915, by shraimel, he was trephined within a few hours of the injury

over the middle, pre- and post-central convolutions. From the first the cJutnges in motion and

sensation lay in the neighbourJiood of the elbow and wrist. The Jtand was slightly affected at first,

but had recovered entirely six weeks after the injury.

Lieutenant L. A. D., aged 20.

He was woimded on December 21, 1915, by shrapnel, at Gape Helles. He dropped, and was

miconscious for a few seconds only.

On January 5, 19 10, he was seen by Sir James Purves-Stewart, who kindly sent me the

following account :

"
The jjatient immediately lost power m the right upper limb. Within an

hour or two he was operated upon at the 17th Stationary Hospital, where a trephine opening

was made; the anterior edge was J in. behind the Rolaudic fissure at a pomt 2| in. from the

middle fine, measured along the fissure. The scalp wound has completely healed. Within a

couple of days the right upper limb began to recover and has since improved steadily. There

has been occasional left-sided headache. Xo vomitmg.
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"His condition on January 5, 1916, was as follows: S|k>ocIi and artii-ulation wore normal.

Visual liclds wore norma! and liioro was no lioniianopsia. Pupils anil cranial nerves normal.

Optie discs not alTeeted. 'I'o the liL:lit(>st cotton-wool touches and to ])in-pricks tliere was no

loss of sensation in tlii' face trunk, or liinlis. hut light touches and pricks on the liiiliti forcai'ni

and hand produce a mikl sensation of superadded tickling. iSiniilarly with a vibrating,' tuning

fork. The joint-sense was normal at all joints. Compass test normal on lioth hands (right

2 cm., left li em.). Stereognosis ])erfect with both hands and feet.

"Right upper limb slightly feebler than the left, especiailj' the hand and lingers, flight

luisteadiness of right upper liriil> with linger nose test. Some chiiusiness in buttoning his clothes

with his right hand and in using a knife at meals.
'
Kight wrist-jerk and right knee-jerk brisker than left. Ankle-jerks equal. .Plantar reflexes

ilexor; abdominals brisk and ecjual."

He first came mider my care on Fehruarij ], 191G, six weeks after the injury. The wound

was firmly healed and consisted of a round opening in the skull, which pulsated strongly. It

extended from 14'5 to 18 em. behind the nasion. The npi)er border was 4 cm. and the lower

border 7 cm. to the left of the middle line. The opening was 3"5 cm. in length and .'} cin. in

breadth vertically. The total distance between the nasion and inion was 34 cm.

He was highly intelligent and an excellent subject for examination. He did not suffer from

headaches; speech was normal and he had had no convulsions or seizures.

Vision was perfect and the discs showed no signs of past or ])rcscnt changes. The pu})ils

reacted normally, ocular movements were well performed and face and tongue were

unaffected.

Reflexes.
—The right wrist-jerk was brisker than the left, but otherwise the reflexes were

normal and equal. The abdominals were active on all four segments, and the toes went downwards

when the soles were scratched.

Motion.—There was no paralysis of any part of the hand and both grasps were strong; but

his writing had changed. He used to write quickly a somewhat rounded hand; now the letters

had become pointed and jerky, like those of an old man. This he thought was due to the

condition of the -ftTist and not to any fault in the fingers. When he held out his hands in front

of him, the fingers were in alignment and individual movements were perfect. There was no

inco-ordination with the eyes open, but when they were closed the movements of the limb as a

whole were slightly ataxic. The fingers were neither hypotonic nor spastic, and the tone of the

arm was not obviously increased apart from the exaggeration of the right wrist-jerk.

His gait was normal and the lower extremity was not in any way affected.

Sensation.—He complained that the right elbow "felt odd and heavy" compared with the

left. The hand seemed to him perfectly normal.

Measured movement.—I could find no loss of appreciation of passive movement anjrw^here

except in the right elbow and wrist joint. In all the digits and at the shoulder joint, he

responded perfectly to an excursion of 1°. But at the right wrist joint it was necessary for

a movement to reach 3° to 4° before it was appreciated. At the right elbow joint he showed

all those deviations from normal so characteristic of a cortical lesion; not only was the threshold

raised to between 7° and 10°, but hallucinations of movement frequently disturbed the records.

This never occurred on the normal side, where he ajipreciated a movement of 1° or less with

extreme accuracy.

Vibration.-—The tmiing fork showed no abnormaUty over the digits on the radial aspect of

the WTist. But there was profound shortening of from ten to twelve seconds over the right

elbow jomt. This was appreciable to me; for he called out that the fork had stopjoed beating
on the right elbow long before it ceased to be perceptible to \ny fingers. This was not the case

when it was placed on the left elbow. The shoulder joint gave equal readings on the two

sides.

Compass test.—The fingers and palm yielded equally good records on the two sides, when
the points were sejiarated to 1 cm. Over the normal (left) forearm he did not give a perfect
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series of answers until they were 4 cm. ajmrt; 3 cm. was distinctly below the maximum threshold.

But on the right forearm he showed complete want of discrimination and confusion between one

and two points even at 10 cm. The two soles gave a perfect series of answers at 3 cm.

Localisation was not affected on the hands; but he seemed to be more uncertain in the

neighbourhood of the right than of the left elbow. This proved to be the case at a subsequent
more detailed examiiuition.

Tactile hairs.— Over the lingers and the jjalm of the hand he reacted perfectly to a hair of

21 grm./mm.2, but tactile sensibility was obviously affected over the flexor aspect of the forearm.

On the normal side the response to 21 grm./mm.- was not quite certain and it required a hair

of 23 grm. nim." before he gave a perfect series of answers. But, over a similar part of the right

forearm, even 35 grm. mm.- failed to evoke a sensation with every contact. He said
"
the left

is easier and I can be more certain on the left arm."

The soles gave perfect records with 21 grm./mm.-.
Thermal tests.—The hand was unaffected, and I could find no certain change of sensibihty

over the forearm in the neighboin-hood of the flexure of the elbow. But he said,
"

It takes some

time over the right elbow before I recognise that there is anything there at all. When I have

recognised it, I begin to feel the temperature."
Prick.—I could find no difference in sensibility to prick between the two upper extremities.

Weight.
—There was no difference between the two hands in the power of discriminating

weights.

This patient was examined on several subsequent occasions and all the observations pointed

to affection at the right elbow without disturbance of the hand or shoulders. I shall jiass on,

however, to his condition in June, 1918, two years and six months after the injury.

He was in excellent physical condition and had had no convulsions or seizure. From time

to time, about once a month, he suffered from headache, always connected with some increase

of pulsation in the scar. Running upstairs or excessive heat would bring on the headache,

which passed off when he lay down.

The scar was firm, tough and somewhat depressed; it did not i)ulsate as he sat upright in

a chair.

Reflexes.
—All the reflexes were normal and equal except the elbow- and wrist-jerk, which

were distinctly greater on the right than on the left side.

Motion.—The grasps were equal, but his handwriting still showed the same changes, though
to a less degree than before. He used to be a good lawn-temiis player, but was now "

terribly

bad "; ''I hit the ball on the wood and sometimes miss it altogether." Golf has not suffered

nearly so much.

He is a strongly right-handed man, and, although there is no obvious paresis of the right

arm against resistance, the force exerted is not greater than that of the left, when bending or

straightening the elbow. He is using his left arm more and more because he finds the right arm

clumsy. When he held his arms out in front of him, the fingers were in perfect alignment and

did not fall awaj' on closing his eyes; but the arm swayed somewhat and was less steady than

the left. He could touch his nose perfectly with the right forefinger when his eyes were open ;

as soon, however, as they were closed, he became uncertain in aim and struck some part of liis

cheek or hit his nose too hard. There was no obvious change in tone.

Sensation.—He complained that "the feehng in the right elbow is very peculiar; I do not

feel when people knock up against me in a crowd as I do with the left arm. I get a sensation

of some sort, but it is not a normal sensation. It would be more accurate to say that some one

could bump up against me, and I could not tell what it was that touched me."

Measured movement.—The index and little fingers, wrist and shoulder responded perfectly

to 1° of passive movement. The right elbow required from 1-5° to 3°, and he said,
"

It feels

quite different in this elbow."

Compass /es/.—Perfect readings were obtained witii a distance of 1 cm. over the index and
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little fingers and palm of the right hand. Over tlie right forearm the threshold Avas cm.,

whilst over a .similar part on the left side he gave a jterfeet series of answers at 4 cm.

Localisation wa.s eepially good over the two hantls, but was alTected on the flexor surface of

the right forearnj in the neighbourhood of the elbow joint. A series of observations were made

in which he indicated the spot touched o!i the arm of an assistant. Out of ten contacts he made

two distinct errors on the normal (left) forearm, whilst on the allected limb one only of the

stimuli, over ajiproximately similar spots, was accurately localised. Three contacts in the

neighbourhood of the right wrist were indicated correctlj*.

Tatiile hairs.—The fingers and palm of the right hand gave perfect readings with 21 grm./mni.-;
this hair wjis also appreciated over the flexor aspect of the normal elbow. But over a similar

part of the right arm 35 grm. 'mm.- was necessary before he responded to every contact.

The ditVerence between the two Umbs was evident, when a record was taken with a hair of

21 grm. mm.- in the following manner : First a few contacts were made on the normal, and

then a similar number on the affected arm, changing from side to side vmtil sixteen stimuli had

been apjihed to each in turn. The following results were obtained :
—

Left elbow .. 1.1. 1.1. 1.1.1.1.1.1. 1. 1.1. 1. 1.1.

Right elbow . . o.l.l.l. o.l.o.o.l.l. l.l.o.o.l.o.

At the end of these observations he said :

"
Here again the principal difference is that I am

not so certain on the right arm."

Weight, form and texture were all perfectly appreciated on the right hand.

Case 15.—Wounded Augjist 20, 1916, over the vertex in the parietal region. The loound extended

slightly more to the right than to the left of the middle line, litis case is remarkable because the three

aspects of cortical sensibility were dissociated ; spacial recognition was disturbed in the left foot

and ankle, tactile and thermal discrimination were defective in the right foot, whilst the power of

appreciating similarity and dijference was not affected on either side. The reflexes were normal

and individual movements were carried out equally well in both feet. The left great toe was definitely

hypotonic.

Lieutenant E. D. J., aged 22.

He was wounded on August 20, 1916, with a piece of shell-casing which perforated his

helmet. He fell and became unconscious for a few seconds. Two hours later he vomited.

He had very little headache at the time. From the first the left leg "felt odd "; he wanted

to step over a man in the trench and stepped on to him. Ko operation was performed at any

of the hospitals through which he passed before he came under my care.

He was admitted to the London Hospital on September 2, 1916, without a note of any kind.

The wound consisted of a linear cut across the middle line of the scalp, with a suppurating

sinus leading down to an extensive area of bare bone. The anterior border of this opening lay

21 cm., and the posterior border 22 cm., from the root of the nose. It extended 1 cm. to the

right and 2 cm. to the left of the middle Une. The total nasion-inion measurement was 34 cm.

A radiograph showed flaking of the inner table of the skull and a small fragment of metal superficial

to the bone.

The following observations were made between September 2 and 20, 1916.

He was an inteUigent man, who had been an accountant in civil life. He suffered from little

or no headache, and had had no convulsions or seizures of any kind. Speech was normal.

He was slightly myopic, but on correction his vision was §. The visual fields were normal.

Pupils, movements of the ej'es and those of the face and tongue were unaffected.

AM the reflexes were normal, both superficial and deep.

Motion.—The upper extremities were entirely unaffected.

He could walk well and his gait was not obvioasly changed, though he complained that the

left foot was still clvunsy; for iastance, he found it impossible to put on his slippers if he was

standing up.
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There was no paralysis, and all movements of the toes could be carried out as well on the

one foot as on the other.

iSo long as his eyes were open, he could stand \\ell on either foot and there was no obvious

inco-ordination. But on closing his eyes he was distinctly more unsteady on the left than on

the right foot and movements of this leg were somewhat ataxic.

The most striking difference between the two feet was the hypotonic condition of the left

great toe. Thus, when pushed up, it could be extended passive^ .so as to subtend less than a

right angle with the line of the dorsum of the foot. The mobihty of the right great toe was

noticeably less; it could be pushed up to form an angle of about 120° only.

There was no obvious wasting in either lower extremity.

Sensation.—The two feet seemed to him quite different. The left was
"
clumsy

" and there

was a "fat feeUng under the toes." But this foot was "
quicker in lacking up a cold feehng

"

than the right.

The two hands were normal to all the tests for sensation.

Measured movement gave the following results :
—

Right. Left.

Great toe . . . . 1" to 2° . . . . 3° to 5°

Ankle .... 1° .... 2° to 3°

Knee . . . . 1° .. . . 1°.

Vibration.—When the tuning fork was placed over the ball of the great toe, there was a

shortening of from 7 to 10 seconds against the left foot ; but over the inner malleolus there was

no definite difference. This supports the results of examination by means of passive movement.

Compass test.—The records obtained with this test were of great interest ; for they showed

the difference in tlie records due to want of two-dimensional discrimination and to miequal

tactile appreciation. I give here the actual readings, where a stroke represents a correct and

a cross a WTong answer. These have been translated into numbers on p. 698.

Right sole {tactile loss). Left sole {spacial loss).

\\ u
ix[

ixixx 1
1

nil mil 1

•^""-
2| 1 Ixxl Txl^x"^

^'^^^-
2

I

ixxl llxxi I

1
1

xxxi ixii w jy m 111 nu
^ "

2^1 Ixxx 1x1 ixT^ "
2 1 fi \\ IxU 11

6

10

JJ Ixxl Illlxl

2
I

xlxx llxxxl

I
'

11 111 1 11 11

HI I 1 111 ir

Localisation was imusually good on both feet and I could discover no difference between

them; l)ut it must be remembered that our method of testing localisation, applied to the feet,

can reveal coarse changes only.

Tactile hairs.—The contrast between the condition of the two soles to this test was striking.

Right sole (affected). Left sole (unaffected).

21 grm./mm.- looloooooUooooo

23 grm./mm.- olololllUoooo : :
—ol : :

35 grm/mm.'- Uolloloooololll

70 grm./mm.- lololloloolooolo

100 grm./mm.- oloooollolololU

21 grm./mm.- loooolooloololol

21 grm./mm.- —
. llollol lllololll

23 grm./mm.- — 1111111 UlIlllU
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He complained that on the right sole he hail great dillu ulty in knowing when tin- hair was

put on or taken ofT; "It sconiod like a feather nil)l)ed oxer 1 he loof." On the left sole the

sensation was normal.

Thermal test.—I could not tiiid any delinitc dilTerence between the (lircsholils foi In at and

cold, but at this time 1 carried out no comparative observations on the sole {vide infra). The

determination of thermal thresholds on the foot is extremely diflieult, and often yields unsatis-

factory results uidess the greatest precautions arc taken to prevent exposure. In some i)atient8

the feet are naturally cold, even in bed.

Prick.—The threshold for i)rick was the same on two soles (3 grni.).

Form.—He could recognise all these tests when he was allowed to roll them under his feet

against the groimd.

On September 21, IDUi. .Mr Walton trephined over the area of the Avound and removed an

irregular piece of the inner table of the skull ; it lay loose on the dura, which was not perforated.

The longitudinal .sinus was directly to the right of the situation in which lay the loose fragments.

Some pieces of metal Avere removed from the neighbourhood of the outer table. The wound

finally healed on November 18, 191G.

I was able on several occasions to confirm the existence of the remarkable dissociation of

sensibility given in detail above; but it will be sufficient to add a short account of observations

made during the laM week of February, 1917, six months after the injury.

His general condition was excellent. His memory and attention were good, and he was

able to read with interest, and remember what he had read. He was entirely free from headache,

and had had no eon\Tilsions or seizures of any kind.

The reflexes were in every way normal and equal.

Motion.—-^lovements of the toes were as well executed on the one side as on the other, and

the onl}' abnormal condition was some hypotonia of the left great toe. Tliis was, however,

considerably less than at the first examination. He could walk seven miles, but after about five

miles noticed that his left foot became tired and dragged.
Sensation.—He still had "a curious abnormal feeling"' in the left foot, especially "over the

toes and pads, where the front of the foot touches the ground."
Measured movement.—He answered quickly and accurately to passive movement of 1° in

the right great toe ; on the left side he required a range of 2°, and was slow in his repUes. The

left ankle was now normal, and he responded to movements of 1°.

Compass test.—On the right sole he still complained that
"
a touch seemed to linger, and

it is cUfiicuIt to find out if it is the one you put on last or the two jDoints together." He gave

an almost accurate reading, however, at 6 cm.

On the left sole he responded with a perfect series at 3 cm., the smallest distance that can

safely be applied in cUnical examination.

Localisation was equally good on the two feet; he made no mistakes on either side.

The tactile hairs revealed exactly the same changes as before. He complained : "I seem to

be longer in feeling it on the right foot. My difficulty' w'as the uncertainty of contact."

On the right sole a good reading was obtained with 70 grm./mm.^, marred, however, by a

tendency- to hallucinations; all hairs of lower bending strain showed obvious defects of sensi-

bihty. On the left sole the condition was exactly as before; 23 grm.;mm." was perfectly appreci-

ated, whilst with 21 grm./mm.- he did not recognise all the sixteen stimuli. He was certain

that, as far as this test was concerned, the left foot was normal.

Thermal tests.—I devoted one sittmg to a series of observations on thermal sensibiHty. I

could find no definite change in the thresholds for heat and cold, but the foot is so misatisfactory

a situation for tests of tliis kind, and his answers were so much slower from the right than from

the left sole, that I carried out a series of comparative observations. He had no difficulty in

recognising the relative warmth of two silver tubes at 35° and 44° C. on the left sole ;
but on

the right, out of seven observations, he was wrong four times, once doubtful and t^nice correct
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in liis answers. Xot only was he sloAver, but said, "I fool uncertain in the light foot; it takes

nic longer to grip it."

Prick.— [ could find no difference in the threshold on the two .soles.

Weight.
—On a ])revious occasion a careful series of observations had l)con made by adding

and subtracting weights, placed on the dorsal aspect of the basal phalanx of the great toe; the

soles rested flat on the bed and were fully sujijiortcd. He was remarkably accurate in his replies

when the test was carried out in this uiamier, and 1 could find no difference between the aptitude
of the two feet.

Forin.—He had no difficulty in recognising the various test-objects when he was allowed

to roll them under cither foot. He could cUscover no difference in the sensations from the two

soles.

Case 18.—This case is a retnurLuble ccaiiiple uj' dissociated sensibilitij due to a lesion of the cortex.

The tactile Imirs showed distinct sensory loss over the thumb, index and middle fingers, although the

2)ower of appreciating passive movement and vibration was perfectly preserved. The compass test

was defective in consequence of the loss of tactile sensibility. Individual movements of the three ])re-

axial digits were clumsy. There was no hypotonia.

Colonel I\I., aged 4G.

On October 4, 1914, he was hit in the right parietal region by a rifle bullet. It must have

been a glancing blow, for the bullet was foimd beside him.

He was admitted to the Allied Forces' Base Hospital, and Mr. Whitehall Cole kindly furnished

the following report :
—

' The patient was fully conscious on admission, but showed definite signs of cerebral irrita-

bility. He was hemiplegic, chiefly in the left arm and face ; the leg was slightly affected only.

At the operation on October 23, definite cerebral substance could be seen to protrude through
the scalp. Several small fragments of bone lay loose in the womid. The dura showed a small

lacerated womid from which there was slight exudation of cerebral substance. All loose frag-

ments of bone were removed and the osseous ojiening was slightly enlarged sufficiently to ascertam

that no depressed bone remained. The womid was closed except for a gauze drain jiasscd down
to the dura.

"Kecovery was steady and uneventful. The leg cleared up rapidly. The face began to

improve after the operation and progressed steacUly. The arm made very little i^rogress until

the last week or ten days of his stay, when his grip became stronger. There was no rcttmi of

movement at the elbow and Avrist."

The leg recovered completely and his general condition became normal ;
but the thumb and

index finger of the left hand showed no improvement.
On June 23, 1915, he had an epileptiform attack associated with an abnormal "feehng" in

the left arm, followed by a short period of imconsciousness.

On June 28, 1915, he was admitte'd to the Palace Green Hospital for Officers under my care.

I'he following observations were made between July 14 and July 20, 1915, 283 to 289 days

after the injury.

The womid was perfectly healed; it was represented by a small opening in the skull 2 cm.

horizontally and 1*5 cm. vertically in the right temporal region. The anterior border of this

trepliined area corresponded with a point 15 cm. back from the nasion and 10 cm. to the right

of the middle Une. The total nasion-inion Line was 35'5 cm. in length. The opening was depressed

and did not pulsate. A radiograph showed no abnormality beyond the opening in the bone.

He was an unusually intelligent man of intellectual tastes and an excellent subject for

examination.

Speech was normal. He suffered from no attacks or seizures beyond the one already described.

He was free from headache, nausea or vomiting.

Pupils and ocular movements were normal.
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There wjis slight weakness of tlu> lower iMniioii ot the Icl't lialf of llu- face and (he lunguc

tended to turn to the U^ft on ])!o(nision.

licHexes.—The left ann-jerks were brisker than those from the right u])per extremity. Tiie

U^ft knee-jerk wjus shghtly more active than tlie right. The ])lantar reflexes were normal, hut

the response from the left lower segment of the abdomen was undoubtedly sluggish compared

with that from the right.

Mutton.—When he held both arms in front of him, the digits of the left hand Avere not in

ahgnnient. On attempting to abduct them they fell into great disorder. Isolated and individual

movements of the lingers and thumb were badly executed ; they were slow, clumsy, and ineffective.

All movements of the wrist and elbow were strongly performed against resistance.

When the hands were held out and the eyes were closed, the left wrist became slowly flexed

and the lingers fell out of jilace. There was deflnite ataxy, when he attempted to bring his left

forefinger to his nose.

No hypotonia and no tonic rigidity could be discovered in any part of the left upper extremity.

There was no wtisting of the hand or arm.

The left lower extremity was in cM-ry way normal.

Sensation.—
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hand to do up his boot-laces.
"

I have no grip between the thumb and first finger, and have

to hold my fork between the middle and ring fingers."

He could abduct, extend and flex the thumb, but the movements were clumsy and were

nearly always associated with motion in some other digit. The same want of co-ordinate

sequence was seen in movements of the index and middle, but not in those of the ring and little

fingers.

'inhere is no increase or decrease of tone and no wasting.

Sensation.—
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from the parietal eminence forwards almost into tlie frontal region of llu' si alp. .\t tlic ])ostcrior

end of this line was a gutter in the hone. This Ijogan i)i)sti>rioily iM •."> cin. IVoin tlic nasion; in

front it eeased IT'.'i em. from tliat point. It lay from i to I") cin. to llic left nf the niiddle line.

His head was unusually long, and tlie total nasion inimi line measured .'{(l cm. The scar was not

pulsating, and the total extent of loss of bone measured not more than I em. loiiijiitudinally and

from 1 to To transversely.

The following observations Avere made between Jlairli JO and 24, \\)\S, from. 94 to lOS ilai/s

after the injury.

His mental condition was excellent and he was an accmate and most willing observer.

He wtvs entirely free from headache, and had not suifered from convulsive attacks or .seizures

of any kind.

Tlie pupils were normal. Movements of the cj'cs, face and tongue were perfect.

All the rejlej:es of both npjier and lower extremities were norm<al, and equal on the two sides.

Motion.—The grasp of the right hand was distinctly weaker than thai of the left, l)uf all

individual movements of the fingers could be performed perfectly with the eyes open; when

they were closed the tiji of the right thumb was not approximated to tlial of middle, ring or little

finger with the same precision as in the left hand.

All movements of the right w^rist, elbow and shoulder were extremely powerful.

If the hands were held steadily in front of liim there was no want of alignment of the fingers

even when his eyes were closed.

There was distinct hyi)otonia of the little and ring hngers of the right hand. The other

digits seemed to be normal. There was no wasting. The right lower extremity was in every way
normal.

Sensation.—He said, '"I can use the thumb and first finger; the trouble is mostly in the

three other fingers. It is a slight stiffness or numbness, as if I had a tight glove on." He could

not play the piano with the right hand :

'"

The lingers w^on't get on to the right notes." He was

able to button his clothes, but found it somewhat chfficult with the right hand.
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Vibration.—Thin te^t corroborated the results obtained by passive movement.

(.'ompass test.—There was gross loss over the little finger, when the points were 3 cm. apart ;

but over the ring finger a threshold could be obtained at this distance. The change in the middle

finger was introspective only; he found it harder to make up his mind, although his replies

were correct. The index and thumb were not affected.

Localisation.—He made one definite error only, which consisted in localising a touch over

the basal phalanx of the little finger on th.^ same j)halanx of the ring finger. But in this case

the slowness of an.swering over the little and ring fingers compared with his quickness over the

other digits gave a better idea of the disturbance of localisation than the records. He himself

said,
"
I have difficulty in making nj) my mind; when you touch me on the ring finger I cannot

be certain whether you are touching me on the ring or jniddle finger." But he finally succeeded

in choosing the correct phalanx and the right digit, except once on the little finger.

Tactile hairs.—With a 14 grm. /mm." hair he said there was no difference between the sensation

on the thumb and index fingers of the two hands. On the middle finger the threshold was raised

to 21 grm. nun.', and he said it was "clearer" on the left than on the right hand. When a

hair of 21 grm. mm. ^ was apjjUed in the usual way to the ring finger he not only failed to recognise

the contact eight times out of sixteen, but said,
"
It doesn't seem like a sharp point at all; it

is as if you were touching me with your finger." The condition was similar over the Httle finger

of the right hand.

Thermal.—When two silver tubes contauung water at 20^ C, and at 40° C, were applied

to the httle and ring fingers of the two hands in varying order, he did not fail to name them

correctly, but said that 20° C. was
"
colder

" and 40° C.
" warmer

"
on the normal than on the

abnormal digits.

Two tubes containing water at 35° and 43° C. were correctly recognised over the thumb
and index finger of the right hand. Over the middle finger his repHes were also accurate, but

he complained that it was " much easier
" on the normal than on the affected hand. Over the

right ring finger his answers were slow, and he made one mistake in four observations. Over

the right little finger he could detect no difference between the two tubes, but named them

correctly on the little finger of the normal hand.

The threshold was raised on the right little finger both for lieat and for cold. For cold it

was about 25° C. on the right and 27° C. on the left hand, whilst for heat it was about 36° C. on

the right, and 29° to 30° C. on the normal side. Thus, the changes consisted in a considerable

enlargement of the neutral zone. A similar condition, to a less degree, was present over the right

ring finger; but on the middle fingers the thresholds were identical.

Prick.—Unfortunately, the threshold over the tips of the normal fingers was rather high

to this test, and he did not recogifise the painful element in the prick mider about 8 grm. on our

algesimeter. But, although there was no difference between the thumb, index and nnddlc fingers

of the two hands some loss of sensibility was present in the ring and httle fingers on the right

side. This came out particularly well when the instrument was set at 8 grm. and a series of

pricks were ma.de over the right and left little and ring fingers; they were said to "prick" on

the left, but to be "blunt" on the right hand.

Weight and Form.—The striking feature of this case was his ])erfect sensibiUty to these tests.

He was not conscious of any difference between the two hands, even over the little and ring

fingers.

Texture.— Over the thumb and index finger there was no dift'erence between the two hands.

Over the right middle finger the four textile objects were named correctly, but he complained

that he had some difficulty in being certain,
"
because they were not so sharp

"
on the right

hand. Over the ring finger he made several mistakes, and said,
"

1 can tell it's a bit of cloth, but

I can't feel if it is rough or smooth so well on the right hand." On the right little finger he said

it was "
very difficult to tell what kind of thing it was," but named two out of the four stuffs

correctly. Evidently this is one of the cases where the accuracy of this test suffers through
defects of tactile sen.sibihty.

VOL. n. G G
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Ctise 2:1— .-1/1 example of a combined cortical and subcortiml injnri/. Wounded November 14,

1917, bif a rijlc bullet in the right fkirictal rrjjion. Cerebral abscess craciialcd on December 8. The
wound had healed before he u-a^ admilled to the Jxindon llospilal on February 0, 1918. Tlie main

feature of the case was the hijpotonic condition of the left liand, associated loith a peculiar cJuuige j»

its contours and general appearance. The maximum loss of sensation lay over the index and middle

fingers.

Private .1. II. W., aged 22.

Ou Noveiuber H, 1917, he was hit by a rifle bullet, w hie Ii penetrated liis helmet. He dropixjcl

ami beeaine uiieonscious for a few iniiuik-s, I)ii( was Micii able to walk about 200 yards to a dug-

FiG. 160.

out. He reached the Base Hospital about nine hours later, and the wound was excised and

sutured at once. Vision and speech were not affected, and he suffered httle from headache

during the first twenty-four hours. But the headache then became very severe, and by December 4

he had begun to vomit. Four days later the note on the field card said :

"
Going wrong. Cere-

bral abscess. Headache and vomiting. Weakness of left face and arm. Slow pulse ; subnormal
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tenniorature." On December 8 he was operated upon, and a very small fissured fracture exposed.
When the bone was removed, pus welled up through a hole in the dura mater. A small tube

A^'as inserted, and the flow of pus became i^rofuse. From this time liis progress towards recovery
w as miinterrujjted.

He was admitted to the London Hospital on February 6, 1918, eighty-four days after the injury

and sixty-four days after evacuation of the cerebral abscess.

All tlio wounds were healed, and the trephined area was somewhat depressed. The site of

the original injury was represented by an almost horizontal scar, 8 cm. in length, in the right

parietal region (Fig. 100). This was bisected by a short transverse cut, apparently the result of

the first operation. The central portion of tlie wound, which lay directly over tlie trephined

Fig. 161.—To show the condition of the ri^ht and left hands in No. 23.

•area, was 18'5 cm. along the nasion-niion line and 9 cm. to the right. His head was remarkably

big, measuring 37 cm. from the root of the nose to the level of the external occipital protuberance.

The trephined area was 5 cm. in length and 4 cm. in breadth, and of an oval shape; measured

along the nasion-inion line, the anterior border of the opening was 17 cm. and the posterior 22 cm.

It i)ulsated heavily.

His mental state was remarkably good, sjjeech was imaffected, and he had Uttle or no head-

ache so long as he was kept in bed. The headache became somewhat severe after he was allowed

to get up, and he would suffer from a severe attack every two or three days. There was no nausea

or vomiting, and he did not suffer from convulsions or seizures.

The discs, pupils, and ocular movements were in every way normal. Movements of the face,

i;ongue, and palate were unaffected.

All the rellexes were equal and normal on the two sides.

Motion.—The grasp of the left hand was somewhat weaker than that of the right in the rela-
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tioii of 30 to 50, but all iiuliviilual luovoinents foulcl be carried out by eaeli digit in liim .so long
as tlio eyes wvjv open. When tliey were closed, liowevei'. indi\i(lui»l niovemeiils became clumsy :

he sueceedixl in approximating the (iiumb to each linger by holding the lingers together in a

flexed ix>sition and bringing the thuinl) into contact with the tip of each in turn. Moreover, the

thumb slid olf one finger to a.ssumc its jxjsition on the next, and the rhythm ol' llic riiov ciiicni

was defective. Wlieii the hantls were held out in front of liim, the lingers were in alignment,

but. on closing the eyes, the little linger drooped; the other digits were abducted and adducted

irregvdarly, and were no longer under perfect control, lie could bring his linger to his nose

IKM-feetly with his eyes open ; but \\ hen they were closed it was liable to strike the cheek, or to

arrive clumsily on tiie spot at which he was aiming.

There was no gro.-^s wasting, but the dilTerence between the two hands was jirofound (Fig. 1(11).

The left hanil resembled that of a Avoman, and was soft and rounded with delicate lingers; the

right wa« that of a man ea])able of hard manual work. Its surfaces were squarelj' modelled,

the palm broa<l and flat, and the fingers had an appearance of shortness in relation to the hand

as a whole. The left hand, on the contrary, w.as rounded and soft; its lines were less deep. The

fingers seemed to be longer and thinner than those on the normal side, although by measurement

they were actually a little shorter. This illusory api^earance was due to the smaller width of the

left palm, which measured 8 cm. compared with 9 cm. on the right hand. The tips of the fingers

were spatulate on both hands, but less so on the left than on the right. The interosseous spaces

were not wasted ; they seemed, however', on the affected side to be occu])ied by smaller and

softer muscles. The patient had done no manual work for nearly four months, when the i)hoto-

graphs were taken, and both hands were white and free from corns. The difference between them

was immediatelj' evident on contact. In the act of shaking hands, the right grip was firm and

well sustained. I W'as conscious of the elastic pressure of the contracting muscles of the palm
and of the tension of the fingers ; I had the feeling that if the patient chose to increase his grasp

it might become painful. But when I gave my left hand into his, it was like the impression

received from the hand of a woman. My fingers seemed to be in contact with something .soft,

and without resistance ; the pressure was orderly, but gentle and harmless.

All the digits of the left hand could be bent back passively one by one to an abnormal extent;

even the thumb seeined to be hypotonic.
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Thei"e was no paralysis of the lower extremities, and nioveiueiits of the left liij) and knee

could be carried out strongly against resistance; but dorsifiexion, and to a less degree plantar

extension, of the left foot were not so forcible as on the right side. All movements of the toes

were possible. He could walk well and could stand on the right foot, both with his eyes open
and shut; on the left foot he could stand unsteadily but fell when his eyes were closed. I could

find no delinite signs of hypotonia in the left foot. There was no spasticity.

Sensation (between Februarij 11 and March 10, 1918, 89 to 116 days after the injury).

He complained that the left hand ""

felt numb," and this abnormal sensation was worse over

the palm and forefingers than over the thumb and thenar eminence. When he woke at night
it seemed to him as if he had lost the index and middle fingers;

"
this i)art of the hand seemed

gone altogether."' He did not recognise any abnormality in the left lower extremity.

The results obtained were the usual sensory tests at this time, as shown in the following-

table :
—

He was sent to a convalescent home, and, on his return, the following observations were made
between May and 12, 1918 (173 to 179 days after the injury).

His headache had almost entirely ceased ; he had given up smoking, and, with the disappear-

ance of the chronic cough, the most potent cause of his headach.3 was removed.

Motion.—Individual movements of the left hand could be carried out so long as his eyes

were open, but, when they were closed, the fingers became somewhat ataxic, especially the index

and middle. These two digits were still hypotonic, but the thumb, ring and middle fingers could

also be bent back to a somewhat greater extent than similar parts of the right hand.
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conclusions can bo drawn, and Trofossor l-llliot Smitli lias kindly attcniplcd

to localise the main incidence of the lesion in caeh ot luy cases. My sincerest

tlianks are due to him for the tnmble he has tak(Mi and the encomauenient he

has given me in this matter.

Case 1.—Lieutenant A. A., aged 20. Wounded October 8, 1915, by a fragment of a
liigli

explosive shell. He was not wearing a helmet.

Fig. 162 (Case No. 1).

Fig. 163 (Case 2).

He was admitted to the Empire Hospital for Officers on December 22, 1915, with the follow-

ing note :

'"

Operation on October 9, 1915, by Major Austen. Depressed bone removed. A large

fracture passed forwards towards the right eye. Dura mater opened widely and 2 to 3 oz. of

subdural blood and brain matter escaped.

'"The brain at first formed a slight hernia, about the size of half-a-cro\v^^ ; but, after about

fourteen days, it sank away and left a hollow below the level of the bone."

The opening in the skull extended from 15 to 17 cm. back from the nasion and 10 cm. to the

right of the middle hne. The total nasion-inion Line measured 34 cm. (Fig. 162).
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Tlic wound healed completely at the beginning of April, 11)10.

My observations were made at various times between January 2 and July 22, 19 10.

Case 2.—Lieutenant F. W. B., aged 31. Fully reported on p. 761 (Fig. 163).

Case 3.—Bombardier J. W. B., aged 20. Fully reported on p. 764 (Fig. 104).

Case 4.—Private F. B., aged 18. Woiuided January 7, 1916, by a shrapnel bullet. No helmet.

The note which came with him said :

"
Compound fracture of the skull. On Januarys, 1916,

the edges of the long ragged scalp wound were excised. Usual trephine operation to enlarge

Fig. 164 (Case 3).

Fig. 165 (Case 4).

opening and remove depressed bone. Brain substance was oozing through. Blood-clot and

brain washed away with a gentle stream of eusol.
" Had hernia cerebri, which disappeared under eusol dressings. At first there was complete

paralysis of the left arm and leg. Now recovered as to coarse movements ; line movements still

lack co-ordination. The ulnar fingers show most impairment."
He was admitted to the London Hospital on April 4, 1916. The wound was healed and

consisted of a crescentic scar on the right side of the head, extending from the anterior temporal

to the posterior limit of the parietal region. The greater part of this was a scalp injury only;

but in the centre of the wound the bone had been removed over an area 3 cm. in length horizontally

and r2 cm. in breadth. Here the scar pulsated.
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This area of icmoveil bone cxtoiulod from J8 vm. to 21 (.111. hiuk from the nasioii. Its upjicr

limit was i'.\a(.-tiy o cm. from (lie midiik- line. Tlu' total nasion-iiiion IIik" moasurcd 'M cm. (Fig. !(».")).

My observations were made between Maj- and July -.'i. IHltl.

Cose 5.—2nd Lieutenant R. S. C. aged 28. Fully leported on p. 708 (Fig. 106).

Case 7.— Lieutenant H. J. C, aged .'50. Wountlcil July 17, lOlf), by a rifle bullet. No heliiiot.

He was admitted to the Empire Hospital for OlUcers on Uctober 27, I'JIo. No note.s of any
kind.

On July IS. li)15. some operation was performed, .iiul lie said ho was trephined.

Fig. 166 (Case 5).

Fig. 167 (Case 7).

\A'hen he entered the Empire Hospital there was a long irregular scar on the left side of the

head; in the centre was a minute granulating area, which was situated over the small trephine

opening in the skull. This opening was oval in shape and measured about 2'5 cm. by 1"5 cm.

in the two diameters. It was situated 18 cm. back from the nasion and 2 cm. from the middle

line. The nasion-inion line measured 35'5 cm. (Fig. 167).

On November 10, 1915 Mr. Walton removed two small pieces of bone, which lay in the brain

substance about To cm. from the surface, but entirely closed off. The dura was intact except

for the sinus.

The wound healed on December 23, 1915.



SENSATION AND THE CEREBRAL CORTEX 793

Exactly a year later the wound was found to be covered with a minute crust, and on Novem-

ber 18, 19] 0, Mr. Walton removed three small pieces of bone from the fibrous tissue on the surface

of the brain. The wound healed finally November 29, 1916.

Li this case the foot was most severely affected, and the injury had jiroduced a definite right

hemiplegia. Not only did the right plantar give an uj)ward response, but the left was at first

also abnormal in the direction of the movement.

Fig. 168 (Case 8).

(V

Fig. 169 (Case 10).

The little finger showed more severe sensorj^ changes than any other part of the hand.

Case 8.—Lieutenant L. A. D., aged 20. Fully reported on p. 775 (Fig. 168).

Case 10.—Private C. H. E., aged 23.

Wounded at 6 p.m. on March 2, 1917, by a rifle bullet. He was wearing a helmet.

He says he was placed on the operating table in the early hours of March 3, 1917. No notes

of any kind.

On March G, 1917, he arrived at Rouen. The notes are as follows :

" No notes, but trephine

ojiening in the right parietal region. Small entrance wound, apparently not touched, in centre

of flap. Large fluctuating hernia under flap, presumably large decompression."
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He was admitted to llie Loiulon Hospital on -Maicli l.j, 11)17. The incision and entrance

woiiiul IkmI healed.

The scar of entry was situated from 18 to 20 cm. back from tlie nasion and 11 cm. to the

right of the middle line. It mc;isurod 2 cm. in length horizontally and 0'75 cm. in breadth.

Beneath it lay an irregular opening in tlip bono al),)nt i't cm. l)y '2~y cm. The nasion-inion lino

nicjvsured 35 em. (Fig. Hi!')-

Casi 11.—Lieutenant J. P. S., aged 29.

Wounde<l on May 3, 1918, by a rifle bullet. He was wearing a helmet.

Fig. 170 (Case 11)

Fig. 171 (Case 12).

On ilay 4 the woimd was excised, but he was not trephined.

Xo further operation.

Admitted to the London Hospital May 9, and was transferred to my care June 26, 1918.

The scar was an irregular incision in the left parietal region 8*5 cm. in length. It reached

in front to within 14"5 cm. of the nasion, and posteriorly to 23 cm. back from the same point.

The scar was throughout 8 cm. from the middle line. The bullet had evidently travelled from

behind forwards. The total nasion-inion line measured 35 cm. (Fig. 170).

A radiograph showed no fracture of the skull.

This was a case of injury to the cortex without penetration of the skull.
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The condition of the right hand was in every way characteristic. The maximum affection

lay over the tluimb and index finger. The index finger was definitely hypotonic.
Case 12.—Captain H. N. F., aged 22.

Womided March 12, 1915, by a rifle bullet. No helmet.

He was operated upon by Mr. Robert Milne on March 15, 1915. The skull was fractured

and a small irregular trepliine opening was made. The wound healed entirely in ten weeks.

All headaches disappeared by the middle of April.

Fig. 172 (Case 13).

Fig. 173 (Case 14).

The leg had never been affected and two months after he was womided the hand and arm
had reached the condition in wliich I saw him.

He was brought to me by Mr. Milne in June, 19 IG, fifteen months after the injury. The wound
was represented by a well-healed, somewhat depressed scar, which did not pulsate mJess he lowered

his head ; there was no pulsation in the erect position.

The opening in the bone was iiregularly rhomboidal, 3 cm. in diameter from opposite angles.

It was situated from 2F5 to 23"5 cm. back from the nasion, and the superior angle was 2 cm. from

the middle line. The total nasion-inion line measured 35 cm. (Fig. 171).

My observations were made between June 12 and Jmie 25, 19 IG.
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Case 13. Lioutonant (J. O. 11., ;i;j;<il
iM.

Wouniird -May 20, HUT. by a fraguu-nl of high-i.'-\])l()sivo slull. lie was wearing a liciiuc't.

At n p.m., May 20,
"

tiio gai)iiig wound wji,«i exciscil. Depressed fragments removed. Dura

01H.U1, diseoioured and leiise. Opened by a linear imision. Blood-clot ami iu|i|iniil brain

expressed."

On May 2S. the note states,
"
Patient liad motor aphasia and some siigiit impairment of the

right hand."

When admitted to the London Ho.spital on -lune 14, there was a large area on tlic hit iialf (jI

the scalp covered with a network of healed jilastic flaps. At a point in the centre of this labyrinth

the skin was somewhat depressed and pnlsatcd heavily. The site of tlie original wound could l)e

seen, and it la}' over a small irregular trei)hinc o]iening. Tliis was situated IG cm. back from the

nasion, and 5 cm. to thi left of the middle line. It was roughly oval, 3 by 2 cm. in diameter. He
had a tall head with a short posterior portion, and flic total nasion-inion line measured 3i cm.

(Fig. 172).

( 'ti^e 14.—Lieutenant E. C. H., aged 2!).

Wounded at about 4.30 p.m. on October 1, lilKi, by a rifle bullet. He was wearing a helmet.

Fig. 174 (Case 15)

The right hand was affected, and the right side of the face was numb. The leg was not affected

at any time.

He was operated upon the same day, but was told
"
Nothing was found in the wound, which

had not touched the bone."

He was admitted to the London Hospital on October 6, 1916, with a healed longitudinal scar

of a surgical incision in the temporal and parietal region. There was no defect of bone. The

anterior end of this scar was 135 cm. back from the nasion, the posterior end 23 cm. It lay as a

straight line, somewhat obliquely to the midcUe line of the scalp : the anterior end was 6 cm., the

posterior 9 cm. to the left. Its total length was 9-5 cm. The nasion-inion line measured 35 cm.

<Fig. 173).

The maximiun affection of sensibility was found in the thumb and index finger. The index

finger was somewhat hypotonic. Speech was affected at first. The lower extremity was in every

way normal.

Case 15.—Lieutenant E. D. J., aged 22. Fully reported on p. 778 (Fig. 174).

Case 16.—Private W. J., aged 38.

Wounded February 23, 1917, jprobably by a shell fragment. He was sniping behind a steel

plate when it was hit.

The interchange of information card sent out by the MecUcal Research Committee stated :
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"
Date of wound February 23. Could be roused to answer questions. Headache, vomiting, jmin

iu eyes. Paresis and para^sthesia of left arm. Operation under local anaesthesia. Linear fracture

of right parietal. Inner table fractured. Small laceration of dura. Active bleeding from vessel

in dura. Bleeding controlled. Salt cigarette drain."

"March 17, 1917, para>sthesia all gone. Still paresis of fingers. Headache much better."

He was admitted to the London Hospital on March 22, 1917. There was a deep, pitted wound
in the right parietal region, roughly triangular in shape. No formal operation had been carried

out and the loss of bone was extremely small. It measured about 3 cm. by 1 cm., and was situated

Fig. 175 (Case IH).

Fiu. 170 (Case 17).

from 18 to 20 cm. back from the nasion and 5 cm. to the right of the middle line. The total

nasion-inion line measured 35 cm. (Fig. 175).

The woimd healed by May 8, 1917.

My observations were made betw^een April 27, and June 4, 1917.

The remarkable condition in this case was the widespread sensory distuibance of the whole

of the left hand ; but tactile, thermal and painful sensibility were entirely unaffected. The loss

of sensation to the tests for weight and form was particularly gross.

Case 17.—Private F. L., aged 29. Fully reported on p. 072 (Fig. 176).
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Ca.se 18.—Colonel M., agtul 40. J-'ully n-portod on p. 7S1 (Fijr. 177).

Case 19.—2i)d Lieut. D. P., aged 23. Fully iviMJVtrd on
]>.

7S:$ (Kig. 178).

Case 20.—Private J. G. S., aged 21.

Wounded on July IS, 1917, by i\ fragment of a high-exiilosivc shell. He was wearing a luliiu't.

OjK-rated n[Xin at 11 a.ni. the same day. "Fracture of the skull, l^ura not penetrated.

Woimd excised. Ljvrge fracture. All loose fragments of inner and outer table removed and bone

ehipiH^l round evenly. No gross injury to dura."

Fig. 177 (Case 18).

Fig. 178 (Case 19).

July 24, 1917, arrived at the base by barge.
" Had convulsions. Slow pulse. Motor aphasia.

No optic neutiris. Slow cerebration. At 9 p.m. wound exijlored and a quantity of serum evacu-

ated. Conviilsions at 11 p.m. Lost use of right arm and leg."
"
July 26, more fluid evacuated."

"
July 27, use of shoulder, elbow and wrist recovered in this order. Use of leg returned, toes

last. Abdominal reflex retiuned. Motor aphasia has cleared up."
When admitted to the London Hospital on August 8, 1917, with a scar in the left parietal
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region, which was healed except lor a small sinus discharging clear fluid. Tiiis healed entirely on

August 17.

There was an irregularly oval opening in the bone 4"25 cm. in largest diameter. It was situated

20 cm. back from the nasion and was 5 cm. to the left of the middle line. A radiograpli showed
a definite removal of bone with smooth edges. The total nasion-inion line measured 34 cm.

(Fig. 179).
•

All the digits were affected, but the grossest loss was in the Httle, ring, and middle fingers.

Case 21.—Private J. H. T., aged 24.

Fig. 179 (Case 20).

Fig. 180 (Case 21).

Wounded on June 16, 1915, by shrapnel. No helmets at this time.

He was admitted to the London Hospital on July 8, 1915, with no notes of any kind. A large

flap had evident^ been turned down and in the centre the site of the original wound was ob\aous

as a ragged hole. This was from 15 to 18 cm, back from the nasion and S cm. to the right of the

middle line. The patch was 3 by 2 cm. and was pulsating. The total nasion-inion line measured

3-45 cm. (Fig. 180).

Case 22.—Corporal H. U., aged 29.

Wounded September 25, 1917, by shrapnel. No helmets at this time.
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'I'lio same tlav a ]iicce of shrll ra^inj; and a slirapnd bullet, were oxt rafted.

The wound healed in the early ])art. of l)eeend)or, JDl").

Ho came under my caro on May 15, 191 G.

There Wiu> an irregular rectangular rciiuiNa! of bone 4 by I "> cm. in the right parietal regimi.

It extendeil from ll> to ~0 cm. l)ack from the nasion. 'Phc antcrioi- edf^i' was 4'r) cm. and the

Fig. 181 (Case 22).

Fig. 182 (Case 23).

posterior edge 8 cm. to the right of the middle line. It was thus placed somewhat obliquely and

pulsated in the centre. The total nasion-inion measured 34 cm. (Fig. 181).

In this case the index finger showed the grossest sensory changes.

Case 23.—Private J. H. W., aged 22.

Fully reported on p. 786 (Fig. 182).



EPILOGUE

In the course of this work we have traced the physiological processes

produced by various physical stimuli fro pi their origin at the j)eriphery of

the nervous system to the moment when they excite sensation. We have

shown that they are subjected to far-reaching changes during their passage
t hrougli this zone of physiolcgical activity, which in many cases give the key
to the evolution of function in the nervous system. Our observations have

l)oth a practical and a theoretical bearing ; thus, for example, the discovery
of tlie nature of protopathic sensibility and of the significance of the mass-

reflex are some aid to chnical diagnosis. This practical aspect^of our researches

we can safely entrust to our neurological cclleagues with the certainty that

they AAill ^^pt whatever they find to be of use in practice.

But before closing this book I should hke to call attention to the wider

theoretical bearing of our work. It is essentially a study in function by chnical

methods in man. Physiolcgical processes have been investigated, not by
anatomical or post-mortem examination, but by careful correlation of functional

-states revealed by dissociation.

Interest in the functions of the nervous system, as revealed by disease, is

steadily growing. The English school has always been essentially physio
-

l( gical, from the days of Marshall Hall onwards; but this growing attention

to function is mainly due to the teaching of Hughlings Jackson. He sprang
from the physiologists of the middle of the last century, and was deej)ly

imbued with the principle of evolution, not only of structure, but of function.

But his contemj)oraries became increasingly ol)sessed with the study of

anatomical and topographical details. As years passed by, the teaching of

the day moved away from Jackson's conception of an evolution of function,

still demonstrable in the activities of the nervous system. Finally, his doc-

trines were scarcely comprehensible to those of us who were brought into

( laily contact with him in the wards, seduced as we were by the glib generalities

nf more popular teachers. But, when we came to think for ourselves, we
found that his concej^tion cf a fungliiioal hierarchy, in which one form of

activity was dominated by another, standing higher in the evolutionary scale,

explained much that was otherwise inexplicable in the phenomena of nervous

ilisease. This swing back to the physiolcgical aspect Avas quickened by the

exquisite researches of Sherringtcn, and the issue of his Integralive Action of

Ihe Nervous Sydem, in J 1)06, marks an epoch in the progress of nem-olcgy.
VOL. ir. 801 H 11
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Wv then l)Ci:;ni to ap|)rociato, dial tlu> cxistonco of the coiitral nervous

system \\as ihie tn the iu>eessity oi pi-oduciiiii; coherent action in a phiriseg-

niental organism. Out of tlie primitive jnaterials at lier disposal, Nature

was forced io develop a mechanism cajjable of integrating the physiological

forces evoked by relations with thi' external wculd. As the animal rose in the

evolutionary scale, the functions required of the nervous syS^m bel'^nio more

and more complex, and oi\t of tlu> anatomical structures of a lower organism

had to he developed a machinery capable of exercising these liigher activities.

'J'iiis was (inly possible by integrating the crude ])hysiological processes

excited by ext^^rnarstimulation, or arising in response to the action of internal

forces. A priclc excites a universal tendency to withdraw the part exposed to

stinudation : it can also evoke a highly organised movement, such as the

scratch-reflex, capable of removing the noxious object.

But such retlexes are preordained and admit of no choice. It became

necessary, therefore, to develojD a controlling mechanism that would permit

the animal, either to attack the stimulus locally, or to evade its action by

llight. Finally, with the develqjpment^f the neo-pallium was given the power
of v^luntai-y choice; the reaction was no^ longer unconscious, but could be

preceded by a definite act of discrimination.

This adaptation to a clearly determined end demands a multitude of

adjustments, and such integration is the business of the central nervous system.

It can only be carried out by utilising, in a modified form, functions originaliy

developed for a somew^hat different purpose. Thus, the withdrawal movement,

wliich forms the basic reaction to pricking the sole of the foot, is controlled by

higher centres in the mid-brain and forms the flexor aspect of the stepping

reflex. Flexion may still occur as a defensive reaction, but it is regulated in

such a way that energj^ does not overflow into visceral channels. When this

liigher influence is temaved, as, for example, by certain injuries to the spinal

cord, the low^er reflex may become manifest in its immitive form as a jiur©

movement of withdrawal, accompanied by evacuation of the bladder and

rectum.

Structm-e is anchored in the past and may express, in its anatomical

arrangements, functions which have been transmuted. Many of them have

been carried up to centres of more recent origin, whilst others are exercised

normallv, in a refined form, under the control of those higher in the evolutionary

scale. But notiling remains in its old form, unless it is of utiUty to the organism

under some possible conjunction of cncumstances.

Thus the afferent impulses from the viscera do not normally enter con-

sciousness. The eupeptic knows nothing of the processes of digestion, beyond

a certain gentle sense of well-being. But, under abnormal conditions, afferent^

impressions fi'om the internal organs are capable of arousing j)ain and dis:;

comfort. When this occurs, one form of tliis sensory distm'bance is referred

to the superficial structm-es of the body and is associated -with areas of tender-

ness, corresponding to a segmental arrangement of the central nervous system.
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This is not a
"
hyperoesthesia," but a tendency to react more violently to any

stimulus capable of evolving discomfort. The threshold is not materially

lowered, but the vehemence of the response is greatly increased.

NoAV this over-reaction is associated with reflexes, which still reveal their

old defensive character. As an answer to visceral pain, the abdominal muscles

become tonically contracted, and the leg is drawn up on the affected side.

The sufferer is forced to creep into some sheltered place, and to lie_curled up,
till he either dies or recovers. All capacity to move as a whole is abohshed ;

the reactions of the part affected now dominate the activity of the complete
animal. Visceral reflexes, of this order, are antagonistic to general movements,
and this is expressed, not only in muscular immobility, but in the mental

attitude which accompanies visceral pain.

Pain is the oldest defensive reaction, and potentially painful stimuli are

the basis of all primitive reflexes. It is therefore of importance for liigher

development, that these impulses should be rendered less effective in favour

of those impressions which lead to a more general and discriminative response.

But, although they are controlled and even abolished, the mechanism under-

lying the production of pain niustremain in full physiological activity, ready
to play its part should occasion arise, in the defence of the body against noxious

influences.

The functions of the central nervous system are not a palimpsest, where

a new text is \\Titten over an earlier manuscript, partly erased. The more

primitive activities have been jDrofoundly modified by the advent of the new

centres, which utilise some of the faculties originally possessed by the older

mechanism. In many cases the higher function could not be exercised, with-

out the existence of these lower powers which it dominates and controls.

When, however, the higher mechanism is thrown out of action the functions

of the lower centres are free to exhibit their activity unchecked. Jackson

insisted that the manifestations, due to a lesion of the central nervous system,

must be considered from a negative and a positive aspect. Injury to the

pyramidal system was shown, negatively, in the loss of the finer voluntary

movements; but the activity of the lower centres, released from control,

was evident in the spastic rigidity of the paralysed j^arts. In the same way,

removal of the control, normally exercised by the cortex over the activity of

the optic thalamus, leads to the remarkable condition known as thalamic

over-reaction ;
all stimuli capable of evoking discomfort, and in some cases

even pleasmable excitation, cause an exaggerated response on the affected

half of the body. This is not due to
"
irritation

"
;

it is duetto release. It is

the dii-ect consequence of loss of that control normally exercised by the cortex

over the activities of the optic thalamus. Once this control is removed by

disease, the lower centre reacts unchecked to any stimulus capable of exciting

a response.

It has been the custom to call upon a hypothetical
''
irritation

"
to explain

all such positive manifestations of nervous energy. The violent flexor spasms
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anil tlu> outbursts of excessive sweating, which occur when the spinal cord is

injured, have been attributed to this cause, Tn reality. th(>v arc the (>\])rcs-

.^ion of a ditTuse and massive* response to stinuili, appMed to parts below the

level of tlu' U'siou : they are manifestations of a. primitive mode of reaction,

ihie to romoxal of contrt)! from above. Involuntary movements in hemi-

plegia, automatic acts following an epileptic attack, the emotional utterances

in aphasia, are all examples of the same j)lK'nonu'iion. The condition of

sensibiUty, during the prot(.pathic stage of recovery from a i)eiii)heral nerve

lesion, is another instance of a |)rimiti\t' mode of reaction, released from

control by the tardy restoration of the ei)icritic mechanism. Normally the

massive
""

all or nothing
"

response of the more primitive system is held in

check by the localised and discriminative sensations, due to excitation of the

epicritic end-organs. But, \\hen the one set of afferent impulses is peiniitted

to plaj" on the ultimate sensory centres unchecked by those arising in the

higher mechanism, the response becomes massive and ditTuse, and extensity

becomes of greater import than intensity.

Had we applied Jackson's ]a\y, that the functions of the nervous system
are integrated on evolutionary principles, neurology would not have made so

many excm'sions into the wilderness. He taught us that a lesion of the cere-

bral cortex caused disorder of movement, not paralysis of the muscles. This

lesson, however, was not aj)plied to the other functions of the cortex. Much
time was wasted on topographical locahsation of various sensory centres^

before the natm^e had been determined of the functions exercised by the

cortex. XoW' we know that, as far as somatic sensibility is concerned, the

cortex is responsible for the appreciation of spacial relations, for the power of

responding to different intensities of stimulation, and for the eaj)acity to

recognise similarity and difference in external objects, brought into contact

with the body. The cortical centres are not concerned with the crude

appreciation of touch, pain, heat and cold.

Such principles are not only of theoretical importance ; they are perpetually

thrust before the neurologist in his daily work. Clinical diagnosis is a by-

product of scientific investigation. It is impossible to expose every patient

to laborious scientific examination, ncr would it serve any useful purpose to

do so; but the simple tests, emj)loyed in the wards, are valiicli-s until they

have been calibrated by more elaborate investigations. The man who says

he can obtain all the information he w^ants, in cases of injuiy to peripheral

nerves, by means of a pin and a piece of cotton wool, depends on some one

else to teach him the significance of these empirical tests. They have no

scientific value, until the data they yield are correlated with results, reached

by methods capable of measurement.

The charm of neurology, above all other branches of practical medicine, lies

in the way it forces us into daily contact with principles. A knowledge of the

structure and functions of the nervous system is necessary to explain the simplest

phenomena of disease, and this can be only attained by thinldng scientifically.
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Let us, then, consider some of the leading principles which have emerged
from our researches.

(1) When any level ^ of activity is attacked, tlic most complex functions,

and those which have appeared most recently, are the first to suffer
; they are

also cUstm'bed to a greater degree, and to a wider extent, than those which

are simpler or more inevitable in their expression.

An excellent example of this rule is seen in the effect of a lesion of the

sensor}^ cortex on the appreciation of the spacial aspects of an external stimulus.

Tests, which demand recognition of movement in thi'ce dimensions, are more

gravely affected than such a comparatively simple one as localising the posi-

tion of the stimulated spot; for, with the precautions we habitually adopt,
this is an exjiloration in one dimensional space. Division of the spacial aspects
of sensation according to one, two and tlu-ee dimensions is obviously arbitrary ;

but the tests we apph'^ become more or less complex and difficult according as

they demand recognition of relations in space of three, two or one dimensions.

Consequently, the records obtained by measming the extent of passive move-

ment, which can be appreciated in the affected limb, are more gravely and

extensively affected, than those yielded by our method of testing localisation.

(2) The negative manifestations of a lesion appear in terms of the affected

level.

Thus when the sensory cortex is injured the change in sensation is not

shown as a loss to touch, pain, heat or cold, but as inability to recognise

spacial relations, relative intensity or similarity and difference in the various

test objects. An}^ one of these factors may suffer or may escape indepen-

dently of the others
;
for they are all functions of the same level and stand to

one another in no hierarchical relation.

So, A^ith disturbances of si)eech of cortical origin, the consec[uences are

manifested in term;? of defective speech. They do not appear as an affection

of some totall}^ different function, such as visual and auditory images. In

the same way morbid conditions at the reflex level appear as changes in the

reflexes, and a disturbance of cerebellar activities is seen in inco-ordinate

movement.

(3) A negative lesion produces positive effects b}^ releasing activities,

ncrmally held under control by the functions of the affected level.

Every study in this book contains illustrations of this law, first enunciated

by Hughlings Jackson. The phenomena of the mass-reflex after injury to

the spinal cord and of spastic rigidity in hemiplegia are examples on the

motor side. Protoj^athic sensibility and thalamic over-reaction are due to

similar conditions amongst afferent activities. Vov with tlie release of the

essential centre of the optic thalamus from control, all sensory impulses capable
^ The word "level" is emploj^ed throughout in a strictly functional sense. Any one anitomical

organ of the central nerv'ous system may exercise functions of more than one piiysiologic;il level.

Thus the optic thalamus contains, not only the termination of the fillet, but also the centre for the
atlcetive aspects of sensation. For the same reason, a lesion of the post-central cortex not only
produces loss of certain sensory faculties, but may aho came hj-potonia in the affected parts
of the body.
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of exciting aiToctivo rtwetions cxort-ise a iircpomlcratiiig inlliuiuc. Sensation

becomes (n-erloaded with fccling-tone and |)lea!suro or discomfort aio evoked

to an abnormal degree, in liiis case tlie ]ihysiological activity of the cortex

possesses a direct controlling elTect on that of the optic thalamus, so that

simjile disconneition of tiie two organs leaves the latter free to exercise its

functions unchecked.

(4) The fuuctioiis of the central nervous system have been slowlj' evolved

by a contiuuous process of development. The methods, by which this gradual

progress from lower to higher etlicicncy has been reached, are still manifest

in the phenomena of its normal activity.

Altluuigh kicalisation of the stimidatecl spot is the simplest spacial aspect

of sensation, observation has shown that it is the product of a struggle between

various impulses with diverse sensory potentialities. Dming the protopathic

stage of recovery of sensation, after division of the nerves to a considerable

area of the skin, any stimulus cajDable of arousing a sensation is localised at

a distance from its point of application. If care is taken to avoid pressure

and the hairs are gently stroked, a widespread tingling may be evoked which

seems to lie over some remote area. In the same way a drop of ether causes

an extensive sensation of cold, and an interrupted cuiTcnt one of pain in the

same parts of the limb. . This erroneous localisation is not fortuitous ;
it

remains the same,^ whenever the stimulus is effective, provided it does not

evoke sensations of pressm^e.

But, ^^•ith the return of the higher forms of sensibility to the gkin, this

diffuse radiation ceases, and is replaced by that form of cutaneous localisation

with which we are normally familiar. The older extensive response gives

place to one more consonant with discrimination.

This is not surprising, when we consider that the sensory mechanism of

man has been evolved from that of lower organisms. The primitive method

of response produces movements of mthdi'aw^al which permit of no choice

and are admu-ably fitted to defend the animal from noxious influences.

But, vrith. the higher development of function in the nervous system, these

impulsive reactions are replaced by sensory activities, which permit of dis-

crimination and choice. The response ceases to be diffuse, and becomes

confined to the neighbourhood of the stimulated spot ;
it no longer, has the

"all or nothing
"

character of the primitive sensation, but comes to bear

some relation to the intensity of the stimulus. Two or more spots can be

discriminated, and recognition of the relative size and shape of the external

object follows as a necessary corollary. The character of the sensory iDrojec-

tion has changed. Imj)ulses from the sm^face of the body are no longer

concerned ^\dth producing an indiscriminate reaction of repulsion or attraction,

but reveal the position and relative characteristics of objects in contact with

the skin.

Thus the lowest reflexes give the most definite response ;
there is little or

no choice, the answer is inevitable. Thej'' are, as Jackson expressed it, highly
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organised. But furtlier development of the needs of the animal demanded a

reaction that was less fixed; some variation must be permitted. This led

finally to tlie clomination of many reflex manifestations by consciousness.

What at lower levels ai:)peared a variable response, became, with the progress
of ^yohition, voluntary control.

(5) Integration of function within the nervous system is based on a struggle

for cxj)ression between many potentially different physiological activities.

It must not be forgotten that sensation, as known to the normal individual,

is the result of innumerable changes, which have been integrated on the

physiological level. The diyerse effects produced on the living organism by
a stimulus are sorted, combined or inhibited on their passage through the

central nervous system, and the ultimate results of the integration finally

act on the appropriate receptive centres. The most elementary sensation is

based on innumerable physiological changes.
Let us consider the following example, drawn from the afferent side. A

metal test-tube, containing water at 45° C, normally evokes a sensation of

pleasant heat. But it is easy to show that this temperatm^e, suitably applied,

stimulates the cold-spots and then appears to be cold. If, by chance, both

the end-organs for the reception of heat and cold are absent, pain is produced.

Thus the same temperature is capable of exciting heat, cold and pain ;
and yet

under normal circumstances it evokes a sensation of pleasant warmth. Evi-

dently, the incompatible impulses, due to stimulation of the cold- and pain-

spots, are prevented from reaching consciousness.

Such integration occurs at several stages, dming the passage of afferent

impressions through the central nervous system. Those, alike in their quah-

tative potentialities, are gathered together, whatever may have been their

origin at the periphery. Thus all impulses capable of arousing pain come

together in the spinal ccrd. In the same way, there are separable paths for

those associated with sensations of heat and cold. Finally, on higher physio-

logical levels is fought out the struggle for final dominance, and, of the warring

impulses, one group only excites a conscious resj)onse.

The processes by which this integration is rendered j)ossible are three in

number, i^ First of all, those irnpulses potentially of a like sensory quahty are

gathered icgether. Secondly^ all impulses capable of exciting sensations of

a diiferent quality are rejected by the receptors, which guard each functional

level. The third method is manifested in the phenomena of adaptation.

Water at 30° C. may appear under suitable external conditions to be neither

hot nor cold. But, when the hand has been previously soaked in water at

45° C. for some time, a temperature of 30° C. will seem to be cold. Conversely

adaptation to water at 15° C. converts 30° C. into a warm stimulus. This

power of adaptation to the conditions of the environment, and consequent

shifting of the neutral point, is one of the most important factors in the mechanics

of integration. No stimulus acting over a long period can remain continuously

at the same level of efficiency; it leads to a state increasingly favoinable to
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the appoaraiUH' df tlu^ opposid^ pliasc^ of activity. This is tli(> (\ssoiilial cuii-

dition uiulcM'lyiuij; tlio IcMuk'ncy (o l)ij)ha.sii' reaction so cluiractcristic of tho

(.•rntial iKMVoiis system.
'I'lu'-r thirr |)i-ocosses, aec'oi)taiU'0 by similarity, rejoftioii by diffci'oncc,

and luphasic dispositions, form tho main features of the ])hysiolugical functions

ol the eentral nervous system. They are factors wliicli lead to integration,

Avhether \\e are dealing Avith reflexes or with such i:)sycbical acts as sensations.

They are interposed between the vital consequences, produced by the

impact of a i)hysical stinndus on ])eripheral end-organs, and the final processes

of consciousness. \\'e have no right to speak of psycho-ijhysical pai'allelism ;

we ought rather to consider on the one hand physiologico^-physical responses,

and on the other psycho-physiological relations.

Thus, between the impact of a 2:)hysical stimulus on the surface of the

body and the movement or sensation it evokes, lie the innumei'able reactions

of the phy.siclcgical level. Here the fcrm assumed by the conscious response
is prepai-ed to a degree scarcely suspected until recently. Many of the im[)res-

sions produced by a single external stimulus are incompatible with one another,

and some of them must give way in the conflict. But the residt of the struggle

is not fixed or preordained ;
it may be reversed by some previous occurrence,

which has changed the disposition of the central nervous system. The fOTm

assumed by a reflex may be determined by the character of the movement
Mhich preceded it, and the phenomena of sensory adaptation depend upon
the active influence of the past in present events.

^Moreover, the general resistance of the central nervous system to certain

impulses varies greatly at ditfereiTt times and in different persons. This is

particular!}^ evident in the case of pain. We are all subjected to innumerable

painful impi-essions, wliich under normal conditions never reach conscious-

ness
;
but if the resistance, either local or general, is lowered, these impulses

may underhe definite sen.sations of pain.

From a study of the reflexes and the fapts of dissociation, it woidd seem

that sei;sation, in. its primitive form, must have been a vague undifferentiated

state, aroused by afferent impulses whose primary purpose was the production
of impulsive reactions. Any spacial elements, inherent in such imjjulses,

were intended to guide and control these automatic movements. This crude

method of response was refined, not only by improvement in the functions of

the original sense-organs, but also by the develoj)ment of further sensory

mechanisms capable of more discriminative activity.

These sense-organs, belonging to various stages of development, are still

active, even in man. Thek co-existence leads to the production of incoherent

and incompatible impulses, which must be integrated before they can form

the basis of a sensation. This is the task of the central nervous system. Some
of the more primitive modes of reaction are repressed, others are utihsecLto

a greater or less extent in the production of more liighly developed responses.
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This cd-prclination is carried out tliroiigh the steadily increasing control exer-

cised by higher and more recently developed centres over those on a lower

evolutionary level.

Primitive sensation was probably a condition of
"
awareness," endowed

with but slight qualitative or discriminative characters. Out of this undif-

ferentiated state have been evolved the highly develojied sensory functions of

man. This gradual^ growth of the sensory faculties w^as associated with

increased specialisation of the physiological processes upon Avhioh they ulti-

mately depended. Finally, each of the two great receptive centres became

almost exclusively occupied with the underlying basis of either the qualitative

or projectional aspect of sensation.

But, although the physiological elements of spacial discrimination can be

affected apart from those concerned with the qualities of sensation, they
demand the existence of some land of afferent basis, in order that they may be

able to exercise their functions. In the same way, the power to respond

adequately to stimuli of different intensities can be destroyed, \Aitliout affecting

qualitative sensibility ;
but abohtion of all awareness to stimulation leaves

nothing on wliich the jiower of responding to relative intensity can act. Sqnie

physiological activity must always occur in the lower centre, before the higher
one can exhibit its discriminative and projectional functions.

With the liigh development of his cerebral cortex, man i squires a cumu-

lative knowledge of the world around. He examines hirr elf and, out of

what he finds by introspection and physical measm'emer , constructs liis

conceptions of Time, Space, and iMaterial. But, ultimately, the fabric of his

philosopliy depends on the nature of physiological reactions produced by the

impact of physical stimuli on his sense-organs. These have been formed out

of the lowUest materials, and the human nervous system is engaged in a per-

petual struggle to integrate and control these incoherent responses, so that

they may endow consciousness \\ith discriminative sensations of Quality,

Space, and Time.



APPENDIX

SOME CRITICISMS OF OUR WORK

TiiRorciiouT these Studies in Xeurology our aim has been to give a coherent

account of the phenomena excited by a physical stimulus and to follow them

Avitliin the nervous sj^stem to the physiological centres, where they under-

lie sensation. In the course of this work we have described several conditions

new to physiology and medicine, and these we tried to explain by certain

fresh conceptions -vnth regard to the action of the nervous system.
It is to our views of the functions of the peripheral nerves that the most

serious criticism has been directed, and it is impossible to close this book

without considering the experiments of Trotter and Davies and of Boiing,

together Mith the critical objections of von Frey. We felt that it would be

less confusing to the reader, and juster to these observers, if we considered

their work together at the end of the book, rather than by the addition of

foot-notes to the original text.

When we began oiu' researches, peripheral sensibiUty was universally

supposed to be due to the activity of fom* groups of end-organs, those for

touch, pain, heat and cold, corresponding to the fom' quaUties of somatic

sensation. This view was rooted in the pre-evolutionary period of physiology,

when man was thought to be created fuU}^ armed to respond specifically to

the various quahties of sensory experience. But we attempted to explain

the extraordinary facts, which follow division and restoration in a peripheral

nerve, by the conception of functional evolution. \y

The physiologist showed a natm-al repulsion fi'om deserting the easy

explanation of one end-organ for each of the main sensory qualities, in favom'

of a theory which seemed to comjjlicate the problem unnecessarily.^ INIoreover,

the older hj^pothesis apj)eared to coincide so exactly with the experiences

of the clinician, when dealing with lesions in the spinal cord, that the views

we expressed seemed to stand self-condemned. He failed to recognise that

this simple solution neither explained the facts of dissociation at the
j)eripliery,^'

nor in the highest receptive centres. '^

Both the phj^siologist and the clinician were set against our vicAVS, not

only because they were based on a ne^v principle, but because they dis-

tm-bed the simpUcity of the traditional explanation. Tliis has led to an

unfortunate blindness to the existence of problems w liich must be faced hy

any worker in the sensory field. Disputes as to the value of our theoretical

810
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views have obscured recognition of tlie facts. Trotter and Davies carried

out a large number of observations on nerves divided in themselves. They
criticised our views and threw doubt on some of om' statements

;
but in the

main the}' confirmed the physiological problems, offered for solution by the

destruction and recovery of function in peripheral nerves.

I shall, therefore, begin tliis account of the criticisms on oiu- work by showing
in how^ far the experimental results of our critics agree with oiu" own. I shall

then deal with the points in which their observations chrectly contradict

the statements made by us. After marshalling the facts, I shall attempt
to summarise their criticism of om" views and give 'a short account of tlic

hypotheses by which they explain the experimental facts, wliicli are new and

of fundamental importance both to physiology and cUnical medicine.

[124] EXPERIMENTAL STUDIES IN THE INNERVATION OF THE SKIN.

By Wilfred Trotter and H. Morriston Davies. [Journal of Physiology,

1909, vol. xxxviii, pp. 134-246.]

[125] THE PECULIARITIES OF SENSIBILITY FOUND IN CUTANEOUS
AREAS SUPPLIED BY REGENERATING NERVES. By Wilfred Trotter
and H. Morriston Davies. {Journal fiir Psychologic und Neurologic, 1913,

Bd. 20, S. 102 E-150 E.]

These observers separate the phenomena, followdng nerve division, into

those which appear before regeneration can have occmTed and those which

are due to recovery of function.\/ I shall, therefore, begin this account of

their observations with the condition of the affected area some ten to foiu'teen

days after division of the nerve.

We were able to show that when the skin was rendered entirely insensitive,

the deeper parts resjDoncled to contacts that would commonly have been called
'
hght touches." Thus it was evident that there were two mechanisms for

the production of sensations of
"
contact," one of wdiich was situated in the

skin and the other in the cleei^er structures. With this statement Trotter

and Davies are in complete agreement. They say ([124], p. 203),
" At the

beginning of his paper, Head shows that it is of cardinal importance to recognise

that not only the skin, but the deeper structiures also are sensitive to contacts, v
so that in testing the sensibility of the sldn it is essential to kno^\' A\liether

the impression to which the subject is responding is coming from superficial

or deeper parts. All the work we have done tends to confirm the importance
of this view and to show that the investigation of the problems of sensation v

in the abnormal is not possible without the recognition of it. To make sure

that he is obtaining resi:)onses to impressions of purely cutaneous origin,

Head uses one of what we have called the minimal pressure methods, that

is to say, he makes use of a stimulus which is supposed to be too hght to stimu-

late the subcutaneous structures. . . . We are able to confirm most thoroughly
his statement that such a method, for example, that of cotton wool or the
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canu'l's-liair bnisli, nivos an oxtrcmoly (U'liiiite outlino whicli is very easily
<»l>taiiuMl and rcinarl^aMy c-oiislaiit. It docs inoroovor. on the whole, corre-

spond fairly closely with lh(> otitliiH" of Ihc ai-ca which Ihcsulijccl disliiiiruisiies

as disliiutly luimh.

As a matter of fact wc calil)rated th(> rouL'ii empirical stimuli siudi as

cotton woo] a<iainst von l"'i'cy
s hairs and were ahle to show that jmits of the

arm and hand, endowed with deep sensibility only, did not respond to hairs

exerting less pressure tiian 23 grm./nim.- (8 grm./nim. tension); some areas,

such as the dorsum of the hand, required an even stronger stimulus.

Trotter and Davies ([124], p. 103) also found " no evidence that sensibility

to heavy i)ressure and to vibration is in any wa,y affected by loss of sensibility

confined to the skin."

Thus thev confirm the crude fact that, when the sldn is rendered com-

]ilctcly insensitive by section of a purely cutaneous nerve, the patient still

responds to contact, pressure and vibration. At the same time they agiee
that the denervated area is insensitive to prick, heat and cold.

A superficial reader might suppose that their observations on the condition

of the intermediate zone were in fundamental disagreement with the state-

ments made by us. It is true that they object to our theoretical explanation
and set up an hypothesis of then- own ;

but the facts they observed correspond

remarkably with those we have described.

This intermecUate zone
"
does not appear after tUvision of everj^ nerve;

but after section of certain trunks, such as the median or the ulnar, the area

insensitive to prick is smaller than that of the anaesthesia to fight touch.

There is an intermediate zone between the borders of loss to touch and to

prick. Tliis is not only sensitive to painful and thermal stimuli, but shows

certain remarkable pecufiarities in its mode of reaction.

Here we are in comj^lete agreement ;
but in reacUng the first paper of

Trotter and Davies [124J it is important to remember their attitude to

what we have called
"
over-reaction." We recognised that parts which

responded more vividly to pain, heat and cold might have a high tlu'cshold

to the very stimuli which produced this apparentl}^
"
intense

"
reaction.

We fixed om- attention on the tlireshold value necessary to evoke a response

and, if it was raised, spoke of the part as one of diminished sensibihty, in

spite of the vividness of the sensation. Trotter and Davies, attracted by
this excessive reaction, spoke of a

"
hyperalgesia," although then own measm'e-

ments showed that they were frequently face to face with a raised threshold.
" We came to the problem

"
they say, ([124], p. 167),

"
in the full exj)ectation

of finding a central area of analgesia separated from the smTounding region
of normal sensibility by a zone of hyperalgesia, and tliis, in fact, is what in

a general way we found. We could not, however, fail to be struck with the

anomalous character of the production of an increased sensibility by what

appeared to be a pm-ely destructive lesion. ... It was at any rate essential,

before we could accept the occmrence of a true hyperalgesia, that we should
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secure a means of applying constant or graduated stimuli. For this purpose
we invented the algometer ah'eady described. Investigation of the alTected

area with this instrument did undoubtedly show that we had been accepting
an exaggerated estimate of the extent of the increased sensibility to pain ;

certain spots which with the free hand use of the needle had yielded abnormally

unpleasant sensations of pain, had proved to be inexcitable by a stimulus

fully capable of producing a distinct prick on many spots in the normal skin."

Thus they confirm our statement that the intermediate zone is an area

of low^ered sensibility (raised threshold) from which the response may be

peculiarly vivid, or, as they say,
" intense."

This condition is developed as a rule wdthin the first fortnight after nerve

section, provided the extent of the area insensitive to the lighter tactile stimuli

exceeds that of the absolute analgesia to prick. Trotter and Davies say,
"
Betw'een the tenth and tAvelfth daj^s, however, and as a rule rather suddenly,

a very distinct hyperalgesia became evident. . . . It always lay in part outside

the area of anaesthesia to the brush, extended usually up to the wound, but

never above it, and might often crojD up in patches in the middle of regions-

which were otherwise j^rofoundly analgesic
"

([124] p. 168).
" About the

eleventh day after the operation the subject notices that the affected area

of sldn has begun to attract his attention once more tlii'ough an unpleasant ^
quality in the sensations produced by accidental touches. Tliis increase

of sensitiveness is c^uite distinct when the part is rubbed with the finger, and
tends to form a broad band surrounding the analgesic part and roughly

corresponding ^^ith what we have called the zone of transitional tactile

hypoa?sthesia
"

([124] p. 169).
" The recognition of the fact that touch is a sensation sui generis opens

up the intermediate zone to investigation. Before referring to the results

of such examination, a few" words are necessary to define precisely the nature

of this zone. According to the statement of Head, the area inside the cotton

wool fine is sensitive to painful stimuli in its outer parts and analgesic only
in its central parts, so that outfining the affected area according to sensibility

to pin-pricks gives a very different result from outlining the area according lX
to sensibility to cotton wool. This observation we have been able to confirm

in the area of each of the seven nerves w-e have cut
"

([124], p. 204).

Our contention that the intermediate zone w^as insensitive to temperatures
in the middle of the thermal scale is also confirmed ([124], p. 206).

"' The
statement of Head, that in the intermediate zone there is anaesthesia to tem-

l)cratures between 20° and 40° C. and sensibihty to temperatures outside

this range, we can in a general w'ay confirm ... on the w'liole we may
say that the range of temperatures which cannot be felt is about fifteen to

twenty degrees centigrade, and fies in that i:)art of the thermometric scale

which contains w'hat have been called by Head "

intermediate
'

temperatures

(22° to 40° C). The second character of this thermo- hypo aesthetic zone is

that, as has been pointed out by Head, it is sensitive to temperatures higher
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and lower than tlii-^o
"

intcrini'diatc*
'

1cm|i('ialiuTs
""

(j 124], ]). Itif)). 'IVoltcr

and I^avios i)iit forward the suggoslion thai this is duo to a genei-al diniiinitioii

in the thermal sensibility, and add later ([124], p. 207),
" Wc should like to call

attention to tlu> fact that the view i'.\j)rcsscd here does not in any way conliict

with the aetual ohservations reported in Heads Avork. for he says there merely

that the intermediate zone is sensitive to extremes of temperatm*e, l)ut he

does not say that this sensibility is of normal acuteness." Actually, we stated

that it was usually j)rofoundly diminished.

Thus they conlirm the fact that division of a^ i)eri])heral nerve may be

followed by an area of complete loss of cutaneous sensibility surrounded by
an intermediate zone, sensitive to pain, heat and cold. Shortly after nerve

section
"'

hyperalgesia
"
may appear.

'" The characters of it point to its

being a compUcation due to the presence of an irritative change rather than

to its being due to any land of sensory loss
"

([124], p. 23G).

Here wc have the difference between our views expressed in a succinct

form. To Trotter and Davies the vivid reaction of areas, demonstrably

hyposensitive to pain, heat and cold, is produced by
"
irritative changes

"
;

to us these phenomena are due to release of a more primitive mechanism from

control. AMien the higher, more discriminative aspects of sensation are

removed from the sldn over a wider area than sensibihty to pain, heat and

cold, impulses generated from the intermediate zone jjass on to the highest

receptive centres, uncontrolled by the simultaneous activity of their normal

companions. This condition is not estabUshed immediately on nerve section,

but is in full activity long before any regeneration can possibly have occurred.

Such delay is in harmony with the effect of acute lesions in other parts

of the nervous system. Abnormally vivid responses, associated with loss

of sensibihty, gradually appear as the immediate consequences of the injm'y

pass away, but once estabUshed may last indefinitely. We have seen cases

where a nerve trunk was proved by operative exploration to have been divided

for years, and yet the intermediate zone yielded abnormally vivid responses

to pain, heat and cold, though demonstrably
"
hypoa:\sthetic

"
to such stimuli.

This alone would render the theory of
"
irritation

"
improbable.

The descrif)tion given by Trotter and Davies of the phenomena of recovering

sensation agrees even more closely with our observations. They insist on

the importance of
"
intensification

" and "
reference," tw^o facts which cannot

be reconciled with any theory commonly held by physiologists and cUnicians.
" However great may be the differences between the observations of Head and

of ourselves^and we have shown they are considerable—the fact is estabhshed

by both series of investigations that dm'ing recovery after section of a cutaneous

nerve, the affected area show^s very remarkable peculiarities of sensibihty.

These pecuharities can, as w'e have show^n, be narrowed down to the phenomena
of intensification and peripheral reference. In addition to their chrectly

practical importance, intensification and peripheral reference are matters

of great theoretical interest. To the subject of them they present a series
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of sensations entirch' new and entirely outside his previous sensory experience,

a.nd yet they are sm-prisingl}^ definite and unmistakable. No one who has

not experienced them can appreciate the intense vividness with wliich they

present themselves to the subject ;
and the investigator with no dii'ect know-

ledge of them is hkely even to be wearied by the importance their brilhance

makes them assume in the subject's mind" ([125], p. 121). This exactly

expresses our feeHng on the matter. To discuss critically protoj)athic sensi-

l)ihty, mthout having experienced this remarkable condition, is as futile as to

dogmatise on the experiences of aerial flight without ever leaving the ground.

By
"
intensification

"
Trotter and Davies signify

"
that qualitative change

in the sensations eUcited from a recovering area which makes them abnormalty
vivid. . . . Intensification frequently accompanies defects in sensory acuity,

. . . For example, in the early stages of recovery, when the tlireshold for pain
is still liigh, it would obviously be incorrect to describe the area as hyperalgesic,

however unpleasant the sensations elicited might be. On the other hand,

when the |)ain tln-eshold has come down to the normal and a stimulus which

just produces pain in the normal skin produces a much more intense pain
on the abnormal, the latter might fairly be described as hyperalgesic. In

our earher contribution we did in fact describe it as such, but we now tliink

that the use of the term hyperalgesia is better avoided in this connection,

because it is accurate only chmng a certain period of recovery
"

([125], p, 127).

This
"
intensification

"
occurs with touch, pain, heat and cold provided

the stimulus is capable of evoldng a sensation. Thus they fully confirm the

existence of that remarkable condition, in which the thi'eshold to the stimulus

may be raised, but the sensory experience be more vivid. For tliis state

no physiologist or clinician has attempted to give an adequate explanation.
With regard to

"
reference," the second fundamental pecuUarity of what

we have called j)rotopathic sensibiUty, Trotter and Davies confirm our observa-

tions detailed on pages 297 to 305.
" We use the term perijiheral reference,"

they say, "to indicate the peculiarity of recovermg areas whereby sensations,

instead of, or in addition to, being felt at the place stimulated, are felt in the

distal part of the affected area
"

([125], p. 127). At first they thought that
"
reference

"
always occurred in a distal dii'ection and that it was not evoked

with heat
;
but later they recognised that the sensation might be referred to

proximal portions of the area affected. In the case of my hand, there was also

cross-reference between the index knuckle and the dorsal asj)ect of the thumb

(p. 302). Moreover, they found that
"
with the use of a large stimulating

surface heat sensations are found to behave as regards reference as do cold,

touch and pain
"

([125], p. 128).

Thus with regard to the sensory condition of the intermediate zone,

a^nd of an area of recovering function, our observations are in substantial

agreement. The one fundamental contradiction concerns sensibiUty to the

compass test. Trotter and Davies agree that there is
"
a definite reduction

of the discriminating capacity
"
in the intermediate region, but they discovered
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no specific loss of tlic (•;i|);uity (o (lisciiinliuitc Iwo points, llial is to say,
that wherever the coin})ass 'can l)i' felt, some power of a])j)i'eciating the (Us-

tinetness of the two contacts remains
""

(|1l'4|. p. Mil). VVe, on the other

hand, found tiiat, over an ari>a su))ph(Ml with deej) sensibility only, contact

(d' the eonipasses was ap|)recia.te(l. hut tlie two poiids were not discriminated,

when apphed strictly sinniltaneously. We haA'e repeatedly eonlirmed this

ohsi'ivation when sonu^ accidental lesion lunl jcndercd the sUin totally insensi-

tive, and it is beautifully illustrated by cases where the whole hand has re-

covered its sensibiUty to jjrick, but not to cotton wool or to a hair of 5grm./mm.
In spite of tlu> recovery of sensation, the power of discriminating two points

aj^phed simultaneously remains as defective as it was over the intermediate

zone, although the whole of one half of the hand may have become available

for testing (cf. ]).
1.-)()). We can only suggest, therefore, that the contra-

diction between the results obtained by Trotter and Davies and by om'selves

nnist rest on some diversity of method.

On the other hand, Ave believe that the contradiction between oiu'

statements, as to the return of tactile sensibility, dej)ends on a diverse inter-

pretation of our observations, and not on a contradiction of fact. Trotter

and Davies believe that sensations of touch and of pressure differ so profoundly
that they can be discriminated in every case subjectively. They dejDcnd
on this subjective difference to determine whether a given test-hair evokes

a sensation of touch or pressm'e, and confidently employ, for tactile purposes,
hairs capable of evoldng deep sensibihty. We, on the other hand, have

restricted ourselves to hairs with a tension of at most 8 grm./mm., because

we found that those exerting a greater force stimulated subcutaneous end-

organs. It must not be forgotten that most parts of the normal hand and
forearm respond to contacts with hairs of from 2 to 5 grm./mm., and on the

palm any area sensitive to cotton wool reacts with certainty to a hair of

5 grm./mm. or less.

Now it is true that sensation might be so greatly diminished that the

subject did not respond to any of these tactile hairs, although he w^as not

completely insensitive to touch. This is the contention of Trotter and Davies.

But we have not found that the sensations of touch and pressure are sufficiently

different to justify the use of stimuli, demonstrably capable of exciting deep

sensibility. This is certainly the case with many of the bans used by Trotter

and Davies as tests for touch. Thus they state ([124], p. 161),
" The various

grades of hypoaesthesia may be convenient^ classified into three groups

accorchng to the pressures which are necessary to elicit a sensation of touch.

The first grade, which w^e call minimal hyposesthesia, is scarcely distinguishable

from normal sensibility. It will correspond to hairs of pressures varying
between 70 and 400 miUigrammes, according to the natural sensitiveness

of the part. . . . The second grade w^e call that of transitional hyjDosesthesia ;

such a zone will respond to bans of pressures between 500 and 1200 milh-

grammes. The thnd grade, that of maximal hypoaesthesia, responds to
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pressures between 1700 and 4000 milligrammes. Corresponding with these

grades of hypo?esthesia the groups of hairs to which they respond may be

referred to as light, medium and heavy respectively." Now we have shown
that all these

"
heavy

"
hairs and many of the

" medium "
ones are capable

of evoking a response in areas which have been completely deprived of

cutaneous sensibihty. Under such circumstances it is scarcely safe to assume
that the sensations produced are not due to the action of pressm'e upon deeper

parts.

All the areas denervated by Trotter and Davies were covered with hairs,

and we beheve that this is a second cause for the difference in our views with

regard to the return of sensibility to touch. We are fully in accord that some
form of sensation can be evoked from the hairs eighty to ninety daj^s after

the operation. In our experiment a few hairs reacted to pulhng on the eighty-
sixth day; Trotter and Davies add, "This corresponds closely to what we
om'selves found in regard to the first appearance of tactile sensation in response
to gross stimulation of the recovering area. Such stimulation, for examj^le,

yielded tactile sensations in two of our areas at eighty-two and ninety days

respectively after nerve section" ([125], p. 113).

The reaction obtained by brushing the hairs, during this stage of recovery,
has exactly the same vividness, and is referred into the same remote parts
of the affected area, as the other quaUties of sensation evoked by any effective

stimulus. Trotter and Davies contend that these sensations are due to normal

tactile sensibility in a
"
hypo aesthetic

"
form. They agree that the affected area

in this stage of recovery loses its sensibihty to cotton wool after shaving and

to von Frey's hairs of less than
"
360 milligrammes

"
(corresponding probably

to our hair of 5 grm./mm.) ;
but they point out that they can obtain a response

A\ith hairs exerting higher pressures. They hold that our measured tactile

stimuh are incapable of revealing hypoaesthesia, whilst we suggest that the

response they obtain over carefully shaved parts with their heavier hairs

is due to deep sensibihty, which was manifestly not affected by any of our

experimental lesions.

On the other hand, the pecuhar vivid referred sensation, produced by

stimidating the hair-clad sm-face of an area of recovering sensibihty, seems

to us utterly unhke a normal tactile response. It corresponds more closely

to tickhng or itcliing, and does not occur over parts of the affected area

devoid of hair (p. 273). We beheve that this is not simply a manifestation

of tactile
"
hypoffisthesia," but is the result of the unrestrained activity of

end-organs residing in the roots of the hairs
;
it has a high threshold and after

shaving, the affected area becomes insensitive to cotton wool and to normal

cutaneous tactile stimuh. In our view, the pecuhar response evoked from

the hairs is closely analogous to the other sensations, pain, heat and cold,

that can be aroused from the same area : 'all show "
intensification

"
and are

referred into identical parts of the hmb. Moreover, this abnormally vivid

response may be excited from areas that are still measurably
"
hypoa?stlietic."

VOL. Tl. II
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But aj)art fiDiii those (litlVrcnces of interpiotation, we are agreed in our

observations on the time and manner oi retiu'n of contact sensibility to haii-

chid parts : we are al one in our deseiiption of the vividness of the response

(' intiMisilieation "") and of the peeuhar reference of the diituse sensation

into remote portions of the affected area. These facts arc entirely incom

patible with any of the orthodox views oji the mechanism of peripheral

sensation, and we thinlc that the attempt made by Trotter and Davies to

exjilain them is scarcely adequate to the importance of the problem. They
contend ([125], p. 149) that these manifestations nnist not be looked upon
as stages in the advancing process of regeneration, but must be considered;!

as accessory and accidental phenomena in the actual restoration of function
;!

they probably depend on an abnormal irritability of regenerating nerve

fibres.

Many of om" observations are entirely inexpUcable on such an hypothesis.
For instance, we found that, when the phenomena of over-reaction and refer-

ence had ceased during the process of recovery, they could be brought back

temporarily by cooling the hand. We also showed that the characteristic

tendency to localise the sensation in some remote area might be inhibited

by simultaneous stimulation of adjacent normal parts. If the base of a

cold tube was placed just within the affected area on the back of my hand,

cold was referred to the thumb, whilst, if the stimulus lay partly on the normal

side of the border, the sensation was localised correctly. Our observations

on the comparative want of adaptability to heat and cold in areas of recovering

function (p. 292) find no solution in such an hypothesis. There are many
other phenomena described in the previous pages which we believe can only
be explained as manifestations of release from control of a mechanism

ofj

inferior, but specific sensory aptitudes.

Throughout this criticism we have been able to touch on the more important

points only in the work of Trotter and Davies; but we have attempted to

show that, under a completely different interpretation of the experimental

results, lies a remarkable agreement concerning the facts observed. These

manifestations, on which we are agreed, are a formidable problem for the

orthodox exponent of somatic sensibility. Trotter and Davies prefer to

embark on no comprehensive theoretical explanation, but insist on the remark-

able character of the phenomena. We, on the other hand, have attempted
to bring them into connection ^^ith the facts of dissociated sensibility in other

parts of the nervous system.

[39] THE DISTRIBUTION OF AFFERENT NERVES IN THE SKIN. Max
VON Fkey. [Journal of the American Medical Association. Sept. J, 1906,

vol. xlvii, pp. 645-648.]

[39a]
" PHYSIOLOGIE DER SINNESORGANE DER MENSCHLICHEN HAUT,"

I. DER TEMPERATURSINN. Max von Fbey. [Ergebnisse der Physiologic,

19x0, Bd. 9, S. 351-368.]
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[396]
" PHYSIOLOGIE DER SINNESORGANE DER MENSCHLICHEN HAUT,"

II. DER DRUCKSINN. Max von Frey [Ergebnisse tier Fhysiologie, 1913,
Bd. 13, S. 98-124.]

The fii'st of these papers, a short adch'ess deUvercd before the American.

Medical Association in 1906, contains some general criticisms of our views,

based on our two first communications. But the detailed description of

our experiment had not yet appeared, and I suggested to Professor von Frey^
from whom I had received many kindnesses, that he should examine my hand
at leism'e by his own methods. In April 1908 I therefore spent a week at

Wih^zbm-g and submitted to a long series of tests in the physiological laboratory.
The records made at that time confirm certain of our statements in so

remarkable a manner, that I shall deal with them fu'st before considering
von Prey's two later papers, which contain purel}'' literary criticism of our

work.

During these sittings his observations were confined to the back of my
hand, Mhich was marked out into centimetre squares as on p. 300. At that

time the thumb and a considerable portion of radial aspect of the dorsal

surface had become sensitive to a hair of 5 grm./mm. tension and to cotton

wool after shaving ;
but the sldn adjoining the ulnar border of the affected

area was still in a purely protopathic condition {vide Fig. 62). Sensations

evoked from this part of the hand by superficial stimuh were locaUsed in

the thumb, a most fortunate condition for the study of the phenomena ot

leference.

Professor von Prey's examination proved that this area was insensitive to

i) grm./mm. (21 grm./mm.^); but 8 grm./mm. (23 grm./mm.-) was appreciated
in several places as a "

weak, diffuse, well-locaUsed, but not punctate pressure."

Brushing the skin, or contact with its bans, caused a vivid tinghng referred

to the thumb. Evidently the tlueshold for contact stimuh was liigh, and
this portion of the dorsal surface was insensitive to all those measured hairs

relied upon by von Frey to test superficial touch.

The conflict between the locaUsation of pressure and of referred pain
was beautifully shown by some experiments with the heavier test-hairs

;

110 grm./mm.
2 was painless on both sides and evoked a well-locahsed sensation

of pressure over the affected area. But 120 grm./mm.- caused pain on both

hands; on the protopathic portion it was " more intense," and was locahsed

definitely over a widely diffused area on the thumb. In tliis case reference

dominated locahsation at the site of impact. When, however, the stimulus

was increased to 200 grm./mm.-, I experienced a definite sensation of pressure,

localised correctly at the jooint of contact, and, at the same time, a widespread

stabbing pain in the thumb.

Graduated thermal stimuli showed that the protoj)athic area did not

respond to temperatures above 25° C. on the lower half of the scale, whilst

27° C. seemed definitely cold over the normal half of the dorsal surface. After

tlie whole hand had been adapted for five minutes to water at 45° C, 28° C.
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was distinctly cold to (lie ulnar side ol' llic liordcr. whilst the t liicslidld nvrv

the ahnonnal ai-ca remained imallcrcd (I'lT) (".). A similar set of experiments
were made ini another day with tcin|teraturcs on the wai-m side of the scale.

Th(^ threshold ovci- both lialves of the hand was about 40 C: but after it

had l)een soaketl in water at llO' (". for live minutes, 'MV C. was deliniteiy
w aim over tlie noi-mal parts, whilst the protopathie |)ortion still did not respond
to a temperature below 40' ( ". 'I'his shows that protopathie paits are less

capable of adaptation tlian the normal skin.

These observations conlirmed oiu' statement that the threshold lor tactile

stimuli may be considerably raised over a recovering area and yet the sensation

evoked be abnormally vivid. In the same way, the protopathie- parts failed

to respond to temperatures to which the normal skin was sensitive, and thermal

adaptation was defective; and yet they reacted "more intensely" to any

degree of heat or cold capable of exciting sensation. Finally, these experi-

ments furnished a good example of a conflict in locaHsation between sensations

of pressm*e and referred pain.

With this experience beliind him, it is difficult to account for the complete
failure of von Frey to grasp the problems presented by nerve section and

recovery. In his first contribution to the Ergehnisse der Physiologie (1910),

deaUng with thermal sensibility, one page only is devoted to the experiments
of Trotter and Davies and of ourselves. He does not even mention the fact

that, before recovery can have begun, an abnormally vivid sensation may be

evoked from parts with a raised tlii-eshold to the same stimulus. Of referred

sensations he says,
" Es handelt sich anscheinend um eineabnorme Erregbarkeit

der Nervenfasern durch thermische Reize." (" We have to deal apparently
^^•ith an abnormal irritabiUty of the nerve fibres to thermal stimidi "). All

the other phenomena of recovery are dismissed with the bewildered comment,
Auch sonst berichten Head, so wie Trotter and Davies iiber eine Reihe

merkwiirdiger Erscheinungen, deren weitere Aufhellung sehr zu begriissen
ware

"
([39a], p. 358). (" Head, as well as Trotter and Davies, also describe

a series of remarkable phenomena, of which a further elucidation is much
to be desu"ed *').

He is obsessed with the old idea that man is endowed with specific sense

organs capable of resj)onding fully to each known sensory experience.
" Most

physiologists agree," he says ([39], p. 2),
"
that the sensory functions of the

skin are based on fom" fundamental quaUties mechating sensations of warmth,
cold, touch and pain. Careful investigations have placed it beyond a doubt
that corresponcUng to these functions the nerve supply to the skin must be

a fom'-fold one." Xo beUever in evolution would grant this postulate, nor

do the
'
careful investigations

"
bear out his contention. Von Frey liimself

showed that an area on my hand, innervated by heat-spots and capable of

an abnormally vivid response, was insensitive to temperatures between 25°

and 40^ C. Moreover, in his account of the glans penis ([34], p. 175), he

spoke of the corona and neck of this organ as the most sensitive parts of the
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body to temperature, although they do not respond to heat and cold between
26° and 37^ C. Here again a high threshold to thermal stimulation is asso-

ciated with an abnormally vivid sensory response. According to the view

of von Freyand to the orthodox psychologists, such parts are either
"
hyper-

sesthetic,"' as judged by the vividness of the sensation, or
"
hypoa3sthetic

"

because the threshold. is raised. Directly it is conceded that they can be both

at the same time, the whole a priori structure falls to the ground and some
other explanation must be found to account for the phenomena.

The second contribution to the Ergebnisse (1915) deals with the
''

Druck-

sinn," or
"
sense of deformation, by which consciousness becomes aware

of the position, weight, size, form, surface characters and state of movement
(if objects which press upon the skin at rest

'"

([396], p. 99, translated). Our
demonstration of a form of subcutaneous sensibility, capable of producing
\\ell-locaHsed sensations of contact and of pain, fell with disruptive effect on to

tliis preconceived idea of a
"
sense of pressure." Von Frey makes no attempt

to face the problem squarely ;
he talks of wide-spreading deformation of the

sldn and the picldng up of the stimulus by adjoining normal parts. He makes
no mention of the fact that during the period when the affected areas of

my arm and hand were innervated from the deep afferent system only, pulhng
the hairs caused no sensation of any kind. Deformation outwards produced
no effect, Avhilst pressures, so light that they would ordinarity have been called

touches," were apjDreciated and well locaUsed. Then, again, he does not

even mention the problem of the existence of deep pain, independent of any
'
pain-spots

"
or other mechanism in the skin.

The phenomena of reference into remote parts is treated as folloAvs :

"
Sehr

Ijemerkenswert sind die Beobachtungen wahrend des lang ausgedehnten
Zeitraumes der Restitution. Hier treten die Erscheinungen austrahlender

Erregung (Radiation) und falscher LokaUsation (Reference) in den Vorder-

grund. Die erstere \^ird von v. Frey und ebenso von Langley aufgefasst

als Ausdruck zentraler Veranderungen in Folge des operativen Eingriffs.

Die falsche LokaUsation dtirfte ihre einiachste Elklarung in der Annahme

finden, dass die aus dem zentralen Stumpf des durchschnittenen Xerven

ausgewachsenen Achsenzylinder falsche Wege einschagen
"

([396], p. 119-120).

(' The observations made during the long-drawn-out period of recovery are

most worthy of attention. Here the phenomena of radiation and reference

come into the foreground. The former is explained by von Frey and also by

Langley as an expression of central changes due to the operation. Erroneous

localisation is probably explained most simply by the assumption that axis

cylinders growing out of the central stump of the divided nerve follow false

paths.") Here the puzzled physiologist invokes hjqwthetical changes in

structm'e to elucidate what is in reahty a superb problem in disordered fmiction.

Xo wandering axis cvhnders which have lost their wav can form an adequate

explanation of the phenomena of systematic cross-reference of all qualities

of sensation into remote parts.
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[9] CI TANKOrs SKNSATIOX Al-TKIJ M:U\ lvl)l\ISl()N II.v Kdwin (J.

lioKlNi:. {Qiiartcrlj/ Jounuil of K.rixrimenial rinjsioloqn, lillti, vol. x, No. 1,

pp. 1- •)-).]

\\ (.> (Icstroyi'd the siMisil)ility of the skin over llic <^r{>;iU'j' ])nrt of the preaxial

lialf of tlio foroarin and back of the hand, and Trottci' and Davies (hvidcd

seven nerve branches without ill etTeets. In the face of tliese experinicnts,

it is ththi ult lo understand why IJoring selected for section a small nerve

twig, \\ hirh could only proihice an area of defective sensibility measuring
no morc> than i'^'l i in. in maximum length and TO cm. at its broadest part.

Had lu' divided both branches of the internal cutaneous nerve abo\c

the elbow, together with the fibres of the lesser internal cutaneous so as to

'eliminate this som'ce of proximal overlapping, he might have obtained an

Area of sufficient size to exhibit the phenomena of sensory loss and recovery.

Even then he would not have had the advantage of working on the hand,

-which derives its postaxial supply mainly from the ulnar nerve. J3ut by

dividing the anterior branch of the internal cutaneous alone, he produced
a condition most disadvantageous to the success of his experiment. Fo)-,

on either side of the axial Hne of the forearm, the overlapping of the various

cutaneous branches is so great, that the analgesia due to the destruction

of any one of them is incomparably smaller than the distribution of its nerve

fibres. No part of this area could have shown even an approximately definite

border, for it is overlapped in every direction by other branches arising from

the same main trunks or roots. So great was the accessory nerve supply in

Boring's experiment that, on the thirteenth day after the operation, no part

of the area was completel}^ analgesic over an extent of 2 cm. in both directions.

From the beginning, his observations were confused by the preservation of

normal sensibiUty to prick in the middle of parts Avhere sensation was recovering.

But, in spite of this almost Avilful neglect of the conditions necessary for

the success of such an experiment. Boring w-as able to confirm some of the

phenomena described by Trotter and Davies and om'selves.

First of all, he found (p. 95) that
"
deep sensibihty to pressm-e and pain

was not altered
" and locahsation to pressure remained unaffected. Thus

all the observers who have actually produced cutaneous insensibiUty in

themselves, unite in rejecting von Frey's a priori objections.

It was obvious from the natm-e of Boring"s experiment that he could

not have produced that
"
intermechate

"
zone which so commonly follows

division of trunks such as the median or ulnar nerves. He therefore contents

himself with assuring us there was no such area, confirming the confident

anticipations of all who have w^orked with more than one divided nerve.

When describing the phenomena of recovery, he insists that
" warmth

and cold passed from hypoa^sthesia to hj^persesthesia and hence toAvards

normal "
(p. 73), and

"
in hmited scattered regions pain also showed a tendency

toward hypersesthesia as measured by the intensity of the sensation though

not as measured by its tlu-eshold
"

(p, 73). Thus he confii-ms the existence
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of that remarkable condition, where a part, manifestly defective in sensibility

to stimulation as measured by the raised threshold, reacts with a
" more

intense
"

sensation than normal portions of the skin.
'' We have used the

word '

hypera^sthesia,'
"

he says (p. 92),
"
to denote an abnormal intensity

of sensory response. Head has maintained—and we have partly confirmed

the facts—that this hypersesthesia is not associated with a lowering of the

threshold. There is no evidence that the threshold is ever less than normal."

We can only regard him as fortunate in being able to see so much of the truth

through the medium of his miniature experiment.
He also confirms the peculiar sensation, or

"
flutter," produced by contact

with the hairs during the stages of recovery.
"

It now appeared that arousal

of this complex was related to stimidation of the hairs. The lifting or the

bending of a single hau- would bring it out
"

(p. 33).

This
"
flutter

"
was referred to remote parts, or was diffusely localised,

like pain, heat and cold, during the process of recovery. But the area of

sensory loss in Boring's experiment was too small to permit of anything more

than the demonstration of the fact.

Much is made of the long preparation, extending over more than a year,

to which he submitted himself before the operation. But when exposed
to the astonishing experiences, which follow excitation of an area of recovering

sensibility, he is completely baffled. Although
"

it is doubtful whether

Head, Trotter and Davies were possessed of the introspective training which

in the psychological laboratory would be considered adequate to their problem
"

(p. 2), it is inconceivable that any of these observers could have 'v\Titten the

follo^ving description of the effects produced by cold stimulation (p. 52) :

"
Tliis

'

protopathic
"

complex is unique. It is a good fusion, and it would

probably be taken as simple (not complex) if an especial effort were not made
to analyse it. As a complex it is without doubt something new in my experi-

ence. Description of it is distressingly baffling," and (p. 53),
"

Tliis
'

proto-

pathic
'

cold resembles cold on the glans jDcnis ;
but the glans cold is more

like cold, is less stingy (hence less burning) and is not quite so complex (e, g.

it has no pressury puckers)." We have cited this passage more for what it

reveals than as an adequate description of an entirely new sensory experience.

Boring believes that the
"
greater intensity

"
of

"
unpleasant quality

"

in ])rotopathic cold is jiain ;
this no one would doubt, since he uses 2° C. as

his cold stimulus : but he does not explain how protopathic warmth is asso-

ciated with excessive pleasure. Piuictuate stimulation of an active heat-spot

in an area of recovering sensibility with a temperature between 38° and 42^ C.

may evoke, not only a vivid sensation of warmth radiating widely and referred

into some remote part, but also extreme pleasiu'e. If the temperature is

raised to between 45° and 55° C. this is replaced by pain, ranging from a
"-'

stinging
"

to a
"
burning feeling." We do not think that these facts are

made clearer by the following statement (p. 53) :

"" The cold stimulus is adequate

to pain as well as to cold, just as we have seen a hot stimulus may also be.
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The proMoiii fov pain is one tliinu, the proMcin for cold is anotlu'r: and Ihcic

is no I'vidiMU'C (hat this ])rol)UMn cxlciids hcyond (he (•\|)Iainin^ of a Iiypcr-

.Tstljosia in \hv oi'^an and a lii<j;li intensity of sensation. It is not a (jualitative

])rol)kMn.

Thus, as far as the phenomena are eonccrned, l!orin<:; eonlirnis our state-

ments with regard to deep seni^^ihiUty ; he allows that sensations to pain, heat

and eokl pass thi-ough a stage of
"

hypei-a^sthesia
"
on their way to recovery.

He also observed reference and douhU' idealisation. Uiit he denies that
'
new ([ualities of sensation were experiewced at any tinu\ IMany unique

experiences were found to be merely unusual combinations of familiar ([ualities."

Passing from observation to theor^^ P>oring sums up his criticism and

conclusions as follows (p. !).">) :

" The hypothesis of Head and others, which

assumes that cutaneous sensibiUty may l)e divided into
'

protopathic
'

and
'

epicritic
'

groups, is open to criticism : (a) because it is inconsistent to its

evolutionary aspect witli tlie hypothesis of development of other modes of

sensation
; {b) because it cannot replace other hypotheses of cutaneous sensi-

biUty, since it is appHcable only to a particular group of facts
; (c) because it

is not suflficiently thoroughgoing to constitute a true theoretical formulation
;

and (f/) because it indicates generahties which admit (,f exceptions or are

of doubtful status."

He then proceeds to formulate his views as follows :

" A more satisfactory

theory is one which assumes that single sensory spots are innervated by more

than one nerve fibre, that the multiple innervation is projected upon the

central nervous system as multiple excitations, which depend for their degree

upon their relative strengths, theii- separations in the region of projection,

and a hmitation of the available amount of central energy. Under these

conditions, multiple innervation may be effective as summation or as inhibition

of the excitations involved. The division of inhibiting fibres may result

in hyperaesthesia or in abnormal locahsation
;
the gradual appearance of

these forms of abnormality is due to the gradual effect of practice in the

assumption of vicarious function." Such an invocation of purely imaginary
anatomical conditions sounds oddly from the mouth of a psychologist ;

but

I have quoted this summary to show the grounds upon which Boring rejects

our conclusions and the theory he proposes to erect in their place.

Conclusion

In the preceding sections of this Appendix an attempt has been made to

present the attitude of our principal critics, as far as jDOSsible in the words of

the authors themselves. I have attempted to correlate their observations

with our owii, and to illuminate the causes which have led us to diverse con-

clusions. Before closing this portion of the work, I should like to put forward

our views concerning certain of these problems in peripheral sensibility, so far

as they can be deduced from the facts on which we are all agreed.
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(1) Deep Sensibility.

All those who have actually experimented with lesions of the larger nerve

ti'unks are united as to the main facts of deep sensibility. It is unaffected by
destruction of a purely cutaneous nerve, and is dependent on afferent fibres,

which run with the muscular, articular, and subcutaneous branches. It endows

the part with the power of responding to tactile and painful pressure, and

vibratory sensations are not appreciably affected. Contact of any stimulus

capable of evoking sensation is well localised, and posture and passive move-

ments can be recognised without cHfficulty. But the denervated area is insensi-

tive to cutaneous painful stimuli and to all degrees of heat and cold
;
even

extreme heat is incapable of producing pain or discomfort. Recognition of

these sensory potentialities on the part of subcutaneous structures destroys at

a blow the a priori conception, that peripheral sensibility is due solely to a four-

fold specific mechanism. The existence of both cutaneous and subcutaneous

end-organs which respond to contact and to painful stimvilation, necessitates

integration of these various impulses in the central nervous system, and a
"
simple

"
specific sensation is the result of synthesis and recombination.

(2) The Character of the Sensory Borders produced by Division of

Cutaneous Nerves.

Considerable misunderstanding has arisen as to the nature of the borders

which bound areas of defective sensibility. As a rule there is so much over-

lapping between the various twigs of a peripheral nerve, that division of any one

of them could not be expected to produce more than an ill-defined sensory

loss
;
the defective areas merge gradually into parts of normal sensibility.

But under certain conditions the threshold between the two portions of the

skin changes so sharply, and the difference is so profound that a distinct border

can be marked out with all forms of cutaneous stimuli. This is particularly

liable to occur, when the territory supplied by one group of nerves adjoins that

of branches arising from a different set of posterior roots. Thus, the border

on the flexor aspect of my forearm could be defined with ease, and was almost

exactly coterminous to touch, prick, heat and cold. For the affected half of

the flexor aspect of the forearm is supplied by preaxial branches arising mainly
from the fifth and sixth cervical roots, whilst the normal postaxial portion is

innervated by branches of the internal cutaneous nerves, which originate mainly
from the eighth cervical and first thoracic. Such nerve groups have little in

common, and do not overlap to any considerable extent.

But the conditions are entirely different when the injured and intact branches

belong to the same complex. Thus the defective area on the back of my fore-

arm, due to division of the external cutaneous branches, merged gradually

into parts of normal sensibility, owing to the fact that we had not destroyed

the long branch of the musculo-spiral nerve, which also belongs to the preaxial

group, A similar
"

soft
"
border to all forms of cutaneous stimulation appears
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on the postaxial half of tho hand, whiMi the iilnai* nerve lias been divided, but

its dt)rsal brani-h remains inlatl. rndef siuh conditions destnietion of a

single bi'aneh eaimot ])i'odiK'e an aiva of senstny loss with \\(>ll-delined boi'derfi.

The overla])pinu: between nei'ves of similar origin is too gii-al to ])ej'mit of any-

thing but an indelinite boundary, if one is divided and another is left. JUit

where two tiunks or nerve-groups of dilTerent origin meet one another, destruc-

tion of the w hoii- of one eom})lex produces a border easy to define by any form

of purely cutaneous stimulation.

(3) The Relative Distribution of the Cutaneous Loss of Sensibility to Touch

and to Pain iroduced by Lesions of the Peripheral Nervous System.

In any one peripheral nerve the fibres which supply the skin with the finer

degrees of tactile sensibility do not, as a lule, overlap to the same extent as

those for })ain. This is particularly the case at the termination of the limbs.

Thus after division of either the ulnar or the median nerve, it is easy to define

the boundary on the palm between normal parts, which respond to test-

hairs of from 1 to 3 grm./mm., and the atiected area where 5 grm./mm.
cannot be recognised. As far as such light tactile stimuli are concerned, the

supply of the two nerves overlaps to a small extent only, and the threshold

falls rapidly on passing from the anaesthetic area to the normal half of the

hand.

But the fibres which endow the skin with sensibiUty to prick, usually over-

lap to a much greater extent, and the majority of analgesic areas, due to division

of a peripheral nerve, merge gradually into normal parts. Thus, within the

borders of the sensory loss, it is not uncommon to find an intermediate zone,

which is more or less sensitive to prick, but not to the tactile hairs or to cotton

wool.

To this rule there are certain rare exceptions, even with lesions of the peri-

pheral nerves. For example, division of the whole of the radial and external

cutaneous nerves is liable to produce a small triangular area at the wrist, Avhich

is entirely insensitive to prick, but responds to the lighter forms of tactile

stimuli.

When, however, the loss of sensation is due to division of the posterior

roots, this condition, far from being exceptional, tends to be a common form

of sensory dissociation, especially in the upper extremity. The analgesia to

prick is usually more extensive than the loss of sensibility to the lightest tactile

stimuli. Thus, when the lesion lies on the peripheral side of the bracliial

plexus, the cutaneous tactile loss tends to exceed in extent the analgesia to

prick, whilst, w'hen several posterior roots are divided, the reverse is the

case.

Now these two forms of dissociated sensibility differ fundamentally from

one another, not only in the specific quality of the residual sensation, but in

the general behaviour of the affected parts to stimulation. When the loss of

sensibility to prick exceeds in extent the tactile anaesthesia, the intermediate
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area responds to light contacts, with a sensation accurately localised and

graduated according to the relative force exerted by the test-haii s. If con-

versely the want of response to such tactile stimuli is more extensive than the

complete analgesia to prick, sensations evoked from the intermediate zone

seem to be abnormally painful, and are widely diffused although the skin is

demonstrably
"
hyposesthetic."

Thus, an area insensitive to prick, but responding to light contacts, shows

no abnormality, as far as these two stimuli are concerned, beyond the negative

phenomenon of analgesia. When, however, the skin is deprived of its lighter

tactile sensibility, but remains sensitive even in a diminished degree to prick,

the response is not only painful, but is more diffuse and badly localised.

(4) Over-reaction.

This abnormally vivid response of demonstrably
"
hypoa^sthetic

"
parts is

a new and indisputable fact which demands explanation. Although the

sensory reaction is excessive, the strength of the stimulus required to evoke

it is never less, and is frequently greater, than that necessary over the normal

skin. It tends to occur whenever a peripheral lesion produces a more extensive

cutaneous loss to touch than to prick, and is peculiarly evident during one

stage of returning sensibility. During this period of recovery we are all agreed
that this

"
intensification

"
occurs with prick, with heat and with cold. Thus,

during the restoration of function, the affected area may gradually pass from

a condition of gross loss of cutaneous sensibility, to one in which the response
is more vivid, although the threshold is still raised to each specific stimulus.

This excessive reaction increases steadily up to a certain point with returning
function ; it then diminishes rapidly as the nerve resumes its normal sensory

activity. But for many years after successful union of a divided peripheral

trunk, a prick or thermal stimulus may tend to evoke a more vivid response
from the affected area.

This excessive response to painful stimuli is not due to incomplete restora-

tion of the peripheral mechanism responsible for this specific aspect of cutaneous

sensibility. For with the gradual recovery of function, the threshold to prick

may return to normal; and yet this only increases. the vividness of the over-

reaction and reference into remote parts. But, as soon as the finer degrees

of contact sensibility show signs of restoration, this abnormal response dimin-

ishes, and may finally disappear altogether.

According to our view, this damping down of the over-response during the

last stage of recovery is due to restoration of the more discriminative aspects

of sensibility. Both the vehemence and wide extent of the reaction are con-

trolled by the production of more delicate tactile sensations, which correspond

to the relative intensity of the stimulus and are localised in the neighbourhood
of the stimulated spot. Our hypothesis is essentially physiological ;

it is the

impulses generated in one system that are controlled by the simultaneous

activity of the other
;
Trotter and Davies believe that the progress of recovery
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is associatoil with
""

iiiitation." wliiili siiltsidcs as tlir normal struct m(> ot the

nervo is resturod.

But if the ovrr-iTspoiisc wcrr ^\uv to stiiu-t iiral chaiim-s, iiihrrciit in the ac;t

i)f rocovorv. it is dilliriilt to st>e why thoy (h) not always occur when nerve

fihres eoiiduetinrr painful ini])ulses undergo regeneration. The return of |)ainful

sensihility to an area of the skin, that retains its jKnver of resj)onding to light,

touches, is not associated with any such
"

intensification."' This was pecu-

liarly evident within the triangular area on my wrist, and we watched it in

other cases under similar conditions, if over-response were characteristic

of structural recoveiv in the
"

pain-fi])res," it should be independent of

the presence or absence of other sensory activities; but this is not the

case.

Moreover, it is im]ioitant to remember that the over-reacting parts arc

limited to areas which have lost the more discriminative aspects of tactile sensi-

bility. We know that the cutaneous pain-fibres of the ulnar nerve extend into

the
" median area

" on the radial half of the palm ;
in a similar manner a portion

of the so-called
"
ulnar area

"
is innervated by fibres from the median nerve.

But the extent of the protopathic over-reaction, which may follow division and

reunion of a peripheral nerve, is strictly limited by the borders of the tactile

loss; it does not spread over on to those parts of the palm, which we know
to be supplied with pain-fibres from the injured trunk.

When, however, the excessive reaction to prick is really due to irritation,

as in certain cases of
"
causalgia," the extent of the cutaneous tenderness

is not limited by the loss of tactile sensibility, but spreads across the

palm on to all those portions innervated with pain-fibres from the injured

nerve.

We therefore explain the peculiar method of response we have called
"
protopathic

"
as due to release of painful impressions from the control nor-

mally exercised over them by the more cUscriminative aspects of tactile sensi-

bility. In consequence of the absence of these higher impulses an area with a

demonstrably raised threshold to prick, to heat, and to cold is capable of evoking
a more vivid sensation than normal. Such an hypothesis alone can explain

why such over-reaction should be limited to the parts devoid of the more

discriminative forms of tactile sensibiUty.

(5) Referred Sensations.

Another fundamental peculiarity of protopathic sensibility is the tendency

to refer any sensation evoked to some remote part of the affected area. This

is not simply an erroneous localisation of the stimulated spot, but depends on

a radical change in the mode of response. Under normal concUtions, a stimulus

is localised with more or less accuracy, in the neighbourhood of the point to

which it has been applied. But, when the skin is in a protopathic condition,

a strictly local stimulus in one part may be followed by a widespread sensory

disturbance in some remote portion of the affected area. Thus pricking or
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effective therijial stimulation of a certain portion of the flexor surface of my
forearm was followed by a radiating sensation of pain, heat, or cold, over the

region of the first metacarpal. Any one of these stimuli applied to the dorsal

aspect of the thumb produced a diffuse but specific sensation around the region
of the index knuckle

; conversely, when this area on the back of the hand was

excited, the effect was referred to the thumb.

But whenever this abnormal form of localisation appears after injury to a

peripheral nerve, the referred sensation always lies within the affected area,

and is limited to parts that no longer respond to the lighter contact s imuli.

It does not accompany returning sensibility to prick, if the skin has remained

throughout sensitive to light touch. Thus, this peculiar phenomenon was not

present at any time ^\ithin the triangular area in the neighbourhood of my
wrist; here, localisation remained normal throughout recover}^ of sensibility

to prick.

Attempts have been made to explain reference into remote jjarts by sup-

posing that it is due to a diffuse outgrowth of nerve fibres, which make abnormal

connections. If this were the case, it is difficult to understand why this peculiar

condition should be limited to parts insensitive to the lighter tactile stimuli.

It should occur wherever the skin is supplied even in part with regenerating
fibres responsible for sensibility to prick, heat and cold. But this is notoriously
not the fact. For example, during recovery of the median and ulnar nerve

after complete division, the distribution of this sensory condition coincides

strictly with the extent of the anaesthesia to cotton wool, and to the finer test-

hairs. It is not found to the normal side of the border of the palm, although
we know that fibres of the injured nerve, responsible for cutaneous sensibility

to prick, heat and cold, considerably overlap this boundary.

Moreover, reference increases greatly in vividness up to a certain point

during the process of recovery ; then, with the further return of sensation,

it diminishes rapidly and may finally disappear entirely. The response ceases

to be diffuse and becomes confined to the neighbourhood of the stimulated spot.

This change coincides with the reappearance of the finer and more discriminative

forms of sensibility, and we suggest that it is the restoration of these afferent

impulses which inhibits the diffuse reference of the protopathic stage of recovery.

(G) Extensity and Intensity.

No one can any longer doubt that division of a peripheral nerve may be

followed by a condition in which the threshold is raised to all cutaneous stimuli,

but the response is more vivid and of greater extent. This is a new fact in the

physiology of the senses. Careful experiments show that this want of corre-

spondence between the strength of the stimulus and the sensation it evokes

is due to the explosive response of the end-organs of the skin
;
the intensity of

the stimulus is of comparatively little importance, provided it is effective. But,

on the other hand, an increase in the extent of the area excited, has a profound
effect on the vividness and massive value of the sensation. If, for example,



880 ArPKNDIX

five cold-spots arc exposed to 20° C, the effect produced is said ^o be "
colder

"

than when one active cold-spot is stinuilated -with ice.

A response of this character is admirably ada])ted to evoke a protective

reaction, but it is obviously insullieient for sensory discrimination. Conse-

quently it tends to (lisa})])ear with tiie return of the higher all'ercnt functions

to the skin, and the extent of the stimulus ceases to be of greater importance
tiian its intensity, so long as it remains mthin moderate limits.

\\ I' believe that the skin is furnished Avith specific end-organs for pain, heat,

cold, and certain crude forms of contact, which belong to a more primitive

sensory apparatus. The function of this system is to evoke a massive response
followed cither by repulsion or attraction. This reaction is impulsive rather

than discriminative, and the extent of the stimulus is of greater sensory

importance than its actual intensity.

But higher development of
"
awareness

" demanded a more discriminate

reply to stimulation, and extensive referred sensations were replaced by those

more detinitely associated with the position and intensity of the stimu-

lus. These allowed no choice, and the animal was no longer compelled to act

impulsively.
At a time Avhen an area of recovering sensibility reaches its acme of vivid

response (" intensification ") it is devoid of the finer discriminative faculties.

With their return the impulsive reaction is controlled, and the sensory response
becomes more closely related to the site and relative intensity of the stimulus

;

finally cutaneous sensibility may re-assume its normal character.

Any theory that may be adopted with regard to the nature of peripheral

sensibility, consonant with the experimental facts, demands, as a corollary, the

integi'ation of afferent impulses. Impulses of similar quality originating in

different structures must be brought together before they can subserve a specific

sensation ; impressions produced by contact on the skin and on the subcutaneous

tissues are regrouped within the spinal cord, and those capable of evoking

pain become united to pass on in a single tract. After the tactile, painful and
thermal elements of peripheral sensibility have been filtered off into secondary

tracts, certain spacial impulses still continue to be conducted by the long fibres

of the posterior columns of the spinal cord, which in this way come to form

almost specific paths. One of the principal functions of the spinal cord is

to unite impulses with similar sensory potentiaUties, whatever their peripheral

origin, so that finally the afferent tracts become approximately specific paths.
This qualitative regrouping is not the only influence exerted by the central

nervous System on sensorj^ impulses. The activity of one centre is controlled

and modified by that of another
;
for example, the widespread explosive response

of the optic thalamus, to stimuli capable of exciting pleasure or discomfort

in any form, is regulated by the discriminative activity of the cortex.

Our critics explain the final disappearance of the over-reaction and referred

sensations, which accompany recovery of function in a peripheral nerve, by
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structural changes in the nerve-fibres conveying painful and thermal impressions.

We, on the other hand, have attempted to show that the cessation of these

remarkable reactions coincides with the reappearance of the more discriminative

aspects of sensation.

This conception agrees with the facts exhibited by the mutual relations of

higher centres. When the optic thalamus is released from the discriminative

control of the cortex all potentially affective stimuli produce an exaggerated

response ;
not only does the abnormal half of the body react more vividly to

pain, but warmth may be unusually pleasant. Even with normal centres

the response to any painful or thermal stimulus may be increased, if the num-
ber of impulses making a thalamic appeal is excessive compared with those

subserving the more discriminative aspects of sensibility. This is the case with

any part of the surface in a protopathic condition. Consequently the response
resembles in its vividness and explosive character thalamic over-action. Not

only are painful impressions exaggerated, but the pleasure evoked from the

heat-spots by suitable thermal stimulation is peculiarly intense. But with

the return to the skin of the more discriminative elements of peripheral sensi-

bility, the balance tends to be redressed and the response becomes more nearly
related to the intensity and spacial conditions of the stimulus.

Our conception of the mechanism of som.atic sensibility is fundamentally

opposed to all previous psychological and physiological teaching. We believe

that the physical forces of the external universe produce within us a number
of impressions, which are in many cases incompatible with one another from the

sensory point of view. These are sorted, combined and controlled within the

central nervous system until they are sufficiently integrated to underlie sensa-

tion
;
the final product is simpler than its constituent elements. There are no

basic physiological activities corresponding to "piimary sensations." The

afferent impressions produced by the action of an external stimulus are highly

complex, and are subjected to the integrative action of the central nervous

system, before they can become fitted to subserve sensation. Qualities such as

pain, heat and cold, are abstracted from the psychical response and spoken of

as
"
primarj^ sensations

"
;
but they have no exact physiological equivalent

in the vital reactions of the peripheral mechanism. A "
primary sensation

"

is an abstraction. Afferent physiological processes are most complex at their

origin; they become continuously more specific and simpler as they are sub-

jected to the modifying influence of the central nervous system.

Primitive sensation wa^ probably a condition of
" awareness

" endowed

with but slight qualitative or discriminative characters. Out of this undiffer-

entiated state have been evolved the highly developed sensory functions of

man by increased specialisation of the phj'siological activities on which they

depend. Our aim has been to study the effects produced by dissociating these

processes at various levels of the nervous system, in the hope of obtaining some

insight into the lines along which they have developed to form one aspect of

human sensibility.
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Tliis conception has the advantage of explaining funetit)iial states by a

pliysiologieal hypotliesis. It indii-ates a method hy w hieh the highly developed

sensory aeti\ities of man may he evolved from more primitive states, and by

invoking the control. I'xi'reised by discriminative responses, over those of a

more impnlsive character, it shows the way a^Iong wliicli man has developed and
indicates the path oi his individual progress.
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ABDOMINAL cavity, localisation of heat and
cold in, Gi

Abdominal reflex, in spinal cord lesions, 496

^sthesiometer, a]>])rcciation of louahness
tested by, 2:}, 249

characteristics and use of, 18

testing by, in cerebral lesions, 558, 570
Esthetic pleasure,

"
thrill

" and erection of

hairs following, 291

Affective stimuli, glans penis and, 275-277
hair sensibility and, 273

protoi)athic sensibility to, 258-261

sensibility to, 307, 405
thalamic over-reaction to, 554-561, 597-

601, 663-667
Afferent fibres, deep sensibility in relation to,

138, 196. 200
destruction of cutaneous nerves without

injury to deep, 190
distribution of, 196, 200
in perii^heral nerves, new conception of the

nature of, 65
nature of sensibility subserved by, to

muscles and other deep structures,
246

three systems of, 196, 200, 336
Afferent impulses, and theory of intramedul-

lary specific receptors, 404
automatic micturition in relation to, 479

changes at different levels of nervous

system, 644 699
clinical division of, into those of touch,

pain, heat, and cold, 639, 640, 727,
810

concerned with recognition of position and

passive movement, 388, 403, 660-663
concerned with sensations of pain, heat,

and cold, synthesis and control of,

650
concerned with spacial aspects of sensa-

tion : their passage through the

spinal cord, 388
concerned with tactile discrimination, 390,

392
co-ordination of reflex action by, 747

deep sensibility in relation to, 246, 334,
336

delayed crossing of tiie secondary or intra-

medullary level, significance of, 402
excessive sweating and, 488, 492
fate of, 398-406, 537, 741-750
for heat, cold, and pain, passage up spinal

cord, 353, 355

Afferent impulses, grouping of, 641, 743,807,830
general conclusions on, 398
in the brain stem, 540, 549
in tile optic thalamus, 551, 592
in the si:)inal cord, 333, 535, 540, 748

phvsiological method of investigating,
399

in posterior columns of spinal cord, sig-
nificance of, 400-406

in spinal cord lesions, summary of observa-
tions on, 396

integration of, 324-329, 644, 650, 664, 745-
750, 807, 830, 831

interrelation of, in their passage up spinal
cord, 349, 398

pain, heat, and cold, 353-355

non-sensory, theoretical considerations, 327-

329, C60-0(i3

of secondary level undergoing further re-

combination at third sensory level,

405

passage from the optic thalamus, 594-5C6,
663-667

passage from the periphciv to highest
centres, 324, 802, 830

passage from the spinal cord, in three main
divisions, 540, 641

passage through brain stem, 549

passage to the optic thalamus, 540, 541,

547, 651, 659

passage up the spinal cord, 325, 396, 651,

658

paths of, 536, 540, 547, 551

diagrammatic representation of, 593

phvsiological method of investigating,
399

projectional characteristics of, 750-753
recombination after ci-ossing spinal cord,

397, 3!t9, 400, 404, 405, 406
selective inhibition of, 651, 652, 665, 830

sensory and non-sensorv, 403, ()60

spaciai elements of, 254, 296-305, 389-397,

6."3-660, 680-684, 750-755
subcortical lesions interfering with, 703

visceral, 64. 802

Afferent receptive mechanism in optic thalamus,
(listurl)ance of, 592

Afferent segmentation, earlier writers on, 375

within the spinal cord, 376-387

Afferent system, analvsis of, 644-669

deep, 246-256
from a new asj'iect, 55

peripheral, 644

839



SK) IXDKX

Alsresimeter. rli.iiactonstii's and usi^ of, 1!'. ilaS

piotopathio resjionsc (o, 258-201, 827

response of glans penis to, 275

Al^ometer. iIiaiaotiMistics and nsc of, 20. VA

ill ci'H'l*™! li'sions, .")7(), 708
in lesions of (he brain stem, o-i'A

in lesions of (he o])(ie (liahunus, 5ii-i

in lesions of tiie spinal eord, ;U4, 354. .'{50,

:{0!t 372, 5:5;>

measurenient-s in jiressure of deep scnsiliilit v

only, 249

Anibisiuity of terms, 0. 040, 742

Anal reHex. im ivasini; activity of bladder, 475

Analgesia, and residual sensibility, 7

Anatomical level, use of the trim, ()12

Anatomical localisation olt sensory functions in

the cortex, 7.30 740

lirinriples determinin>;, 727

Ankle clonus, febrile conditions affecting, 482
in eases of Brown-8^quard paralysis, 351,

359
see nlfso Reflexes.

Aortic disease, area of superficial tenderness
in. 379, 380

Aphasia, ease illustratiiii!; method of testing
sensation in, 633-035

Arm, appearance following division of radial

and external cutaneous nerves {illusts.),

227-239
cutaneous analgesia following division of

radial and external cutaneous nerves,
227-237

deep sensibility remaining after radial and
external cutaneous division, 240-257

epicritic sensibility, loss of following radia!

and external cutaneous division, 278-
287

excessive sweating of, in spinal lesions, 492
case illustrating, 514, 520

goose-skin condition of, 290
loss of sensibility from division of posterior

roots, 122-125

protopathic innervation of, 199, 825-826

splinting of, retarding growth of the nails

177, 182

trophic, A-asomotor, and pilomotor changes
following division of nerves of, 288-
291

see also Forearm.
Articular movement, passive, in spinal cord

lesions, 389, 400
see al^-o Joints; Passive mov'eraents.

Astereognosis, inaccuracj^ of term, 040, 091

Athetoid movements, in case of tumour of mid-
brain and optic thalamus, 547

optic thalamus lesions causing, 552

Auditory stimuli, affecting sensation in thalamic

lesions, 500
case illustrating, 022

Automatic bladder, 409-483, 50.5-500

activity of, anal reflex increasing, 475

deep breathing stimulating, 473, 474,
496

factors governing, 479

Automatic bladder, how measured, 170, 500

acti\ity of distal end of spinal eord in

relation to, 496

activity of the wall of, 470
behaviour of si)hincter ineclianisni in, 477,

50()

eases illnstratinu, 508, 513, 514, 510, 517,

521, 523, ,524. 529
eauda e(]uina lesion causing, .523

excessive sweating in relation to, 484, 487-
489

eases illustrating, 512, 514, 520, 528
functions of, conditions inlluencing, 479,

490
how washed out, 500

independent of the spinal cord, 479
influence of the nervous sj'^stem on, 479
onset of, 470, 500

shock,fever, and general states affecting, 480
situation of spinal lesion in relation to, 479,

480
stimulus to sole of foot increasing irrita-

bility of, 472, 475, 490

summary of conclusions on, 505
transverse division of cord in relation to,

479

Awareness, for certain aspects of sensation
a function of the optic thalamus, 600

primitive sensation probably a condition

of, 809, 830, 831

Babinski, on the extensor response, 504

Bathysesthesia, avoidance of the term, 5, 640

Bayliss, W. M., on excitation of antidromal
fibres in divided nerves, 377

Bladder, activity of, causing excessive sweating,
486-489

causing excessive sweating, cases illus-

trating, 512, 514, 520, 528
stimulation of glans penis increasing,

471, 472, 496

automatic, see Automatic bladder,

functional caj^acity of, 470
influence of shock, fever, and general states

on, 480
obstruction of, causing excessive sweatinsr,

489
stimulus to sole of foot increasing auto-

matic irritability of, 472, 475, 476, 490
thrill or shiver accompanying evacuation of,

489
wall of, activity of, 470

influence of afferent impulses on, 479

premature contraction by extra-vesical

stimuli, 472-477

washing out of, 506

Blisters, following nerve injuries, 165-171

following median nerve division, case

illustrating, 204

Blix, M., on distiibution of heat and cold sjwts,
312-313

on impulses imderlying heat and cold, 324

Borders of dissociated sensibility, 257, 825
see also Dissociated sensibility.
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Boring, E. G., criticisms by, on the work of tlio

{irc'scnt aiitliors, 822-821

Bowlby, on reaction to electrical stiimili ioi-

lowing nerve division, 185

Brachial plexus, fracture of surgical neck of

humerus causing rupture of cords of,

ease illustrating, 116

injuries to, 115 121

inner cord injury, case illustrating, 1 15

profound loss of sensation pioduccd by
dishjcation of slioulder, IIG

Brain lesions, scheme of examination in, 46
see also Cerebral ; Cortical

; Optic thala-

mus ; iSubcortical.

Brain-stem, 540-550

grouping of afferent impulses in, 549
lesion of, cases illustrating sensory dis-

turbances due to, 541, 544, 547

Brown, T. Graham and Stewart, R. M., 695

Brown-Ssquard, E. on lesions of spinal cord,
349

use of compass test by, 391

Brown-S6quard paralysis, 349-353
case with lesion just below point of re-

grouping of postural and spacial

impulses, 537
cases illustrating, 406, 410, 412, 416, 420,

423, 426, 429, 524, 537
characteristics and symptoms of, 349, 352
excessive sweating associated with auto-

matic bladder in case of, 489, 524
from injury to cervical spine, case illus-

trating, 524
insensitiveness to pain in, 369
loss of motion in, 350
loss of sensation at level of the lesion, 364
reflexes in, 351
relation between power of discriminating

two points and other forms of sensi-

bility in, 350-351, 361
retention of sensation over sacral areas in,

386, 423, 426
sense of passive position and movement in,

351, 358-363

sensibility to pain, heat and cold in, 353-355

sensibility to touch and pressure in, 356,
372

table of cases illustrating, 350-351

Camel's hair brush, testing of light touch bv,
17

Catheterisation, in spinal cord injuries, 469, 506
CattelPs algometer, 20

Cauda equina, automatic micturition following
lesion of, 476, 523

Causalgia, 160, 172
eases illustiating, 210, 219, 221

Cerebellar artery, occlusion of, case illustrating

sensory changes due to, 544—546

Cerebellum, afferent centre for higher reflexes,
404

centre for continuous movements, 502
estimation of weights affected by lesions

of, 061

Cerebral concussion, changes following, 729
Cerebral lesions, appieciation of heat and cold

in, metiiods of testing, 22, 50

appreciation of pin prick in, 49, 576, 708-
709

ajipreciation of posture and passive move-
ment in, 31, 50, 561, 602-608, 680-684

a])preciation of size, weitiht and form in,

32-34, 51, 565-567, 604, 691 694

appreciation of vibration and roughness in,

50, 568, 600, 710
common defects produced by, 48-51

compass test in, 565, 603, 680, 696-698
diaschisis and, 729
emotional states in relation to, 560

cases illustrating, 620, 622
excessive response to affective stimuli of

abnormal half of body in, 554-560,
597 601, ()()3 667

graduated weight tests in, 51, 565, 588.
691

localisation in, 25, 50, 563, 602, 680-684,
698-700, 805

lojalisation (anatomical) of. 727-740

response to heat and cold in, 22, 50, 556,
559, 564, 577, 595, 602-603, 684-691,
704

response to painful stimuli in, 49, 554, 576,
684-691, 706, 708-709

response to pleasurable stimuli in, 558, 600
cases illustrating, 612, 614, 616

response to scraping and roughness 'n, 557,
568, 590, 600,'604

response to tickling in, 558, 600

response to vibration in, 557, 568, 591, 600,
710-715

response to visceral stimulation in, 557
scheme of examination with, 46
tactile sensibilitv in, 562, 570-576, 602,

684-691
tests in, 49

difficulties of, 48
see also Cortical ; Optic thalamus ;

Subcortical.

Cerebral tumours, application of authors'

methods in case of, before and after

successful operation, 635

Cervical spinal cord, division oi, condition due
to, 432

see also Brown-tSequard pai-alysis.
lamellar arrangenunit of sensorv impulses

in, 386

Cervical spine lesions, areas of excessive

sweating due to. 4S5
cases illustrating, 410, 416, 423. 426, 517,

524, 537

Cervical sympathetic, partial paralysis of, 116

Charcot's joint, sensory disturbance associated

with. 371

Choreic movements, optic thalamus lesions

causing, 552, 560

Circumflex nerve, and ulnar and internal

cutaneous, fracture of neck of scapula
with injury to, 1 19
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Cold, ndaptatit)!! of alTintrd a ions to, 292-295

atTootiiiii iTturn of rpitritii- sensibility,
^^•2^J-'^21

and beat, dissoeiated sensil)ility following

spinal cord lesions. 'M'2. 'V\'.\

ajiplication to beat spots, 271

areas byimsensitive to. cause of, S14

degrees of. for testing jnnposes. 21, 267

deep sensibility in relation to, 256

epieritie sensibility and. 280
external eold. efTeet on sensil)ility of. 304

glans penis and. 275

impulses subserving, jiassage tbrougb biain-

steni, 549

passage to eortex, 595

passage to optic thalamus, 541, 547

passage vip spinal cord, 353-355, 401,
536

intermediate degrees of, 813
loss and return of sensibility to, in experi-

mental division of radial and external

cutaneous nerves. 226-240
mechanism of sensibility to, on what

dependent, 313, 320, 650-653
nature of disturbances of sensibility to,

in spinal eord lesions. 367
"
paradox cold," 44, 270, 271, 651

protopathic scnsibilitv in relation to, 192-

193, 261-272

sensibility to, 5, 10, 144-147, 353-355, 367-

369, 556, 564, 577-579, 603, 647, 651,

675, 684-691, 813

deep sensibility and, 256

following radial and external cutaneous
nerve division, 261-272, 280-283, 286

in cerebral lesions, 50. 556, 559, 564,

577, 578, 603, 684-690
in optic thalamus lesions, 564, 569,

603
in spinal cord lesions, 43, 342-344, 351,

353, 355, 367, 368, 400, 651
in subcoi'tical lesions, 704

intensity of, 308, 309
recovery following nerve di^nsion, 147,

240, 261

testing of, 21, 39, 43, 50

sensory changes due to external, 304
SNTithesis and control of afferent impulses

underKang, 650
see also Paradox cold.

Cold-spots, 5, 10, 261-272, 276, 645-650
and heat spots, relative frequency of,

261-270, 312-316
characteristics and distribution of, 58,

59, 266-272, 646

degrees of temperature causing reaction of,

294, 307, 315

early writers on nature of, 312
ether in discovery of, 264

following experimental division of radial

and externa] cutaneous nerves, 236,
240, 261-272

pain spots comjmred with, 316-319

phenomena of, 313-316, 645-650

Cold-spots, ic.u tiiiii to degrees of heat, 10, 270
response to electrical stiiiiubis. 271

retiiiii of sensil)ilit\- and, 262 272

sjjeeilie natui-e of response to stimulation,
315

temperature for testing, 268
tests for. 22

Idueli spots comi)are(l with. 320, 322

Compass test, 26-29, .50. 148-155, 254, 283-285,
317. 351, 3!U) 392, 565, 585-588, 680-
684, 696-()98, 815-816

deep sensibility and, 254

divergent views on, 815-816
factors disturbing, 696 698
how carried out, 26. 14S-155
in lirown-S6quard j)aralvsis, 351, 361-363
in cortical lesions, 50, 585-588, 603, 674,

680-684 69()-698

analysis of, 696-698
in optic thalamus lesions, 565
in spinal cord lesions, 45, 347, 351, 361-

363, 373, 390-392
in subcortical lesions, 704
mental fatigue influencing records of, 154

method of recording, 27, 148-149

recovery of sensibility to, 150-155

response to, following radial and external

cutaneous division, 283, 305
somnolence influencing, 28
sec also >Spacial discrimination.

Contact, two mechanisms for production of

sensations of, 811

Coolness, production of sensation of, 336

Cotton wool, diagnostic use of, 15, 37, 49

sensibility to, 15, 37, 49, 155-159, 232-241,
272-274, 278-279, 570, 813

sensitiveness and insensitiveness to, after

experimental division of radial and
external cutaneous nerves. 226-240,.

272, 278, 309
tests with, 15-17, 37, 49

Cortex, activity, sensor}^, of, 601-609, 667-669,

677-702, 608-715, 737-740, 754, 755-

758, 760-761
anatomical localisation of sensory functions

in, principles determining, 727-740
and optic thalamus, functions compared,

597-609, 663-669, 677-680, 803, 805
inteirelation in production of sensation,

608
control exercised over the activity of optic

thalamus by, 803, 805
destruction of paths from thalamus tO;

594-596
discrimination and, 601-608, 667-669, 749-

755
function of, 601-609, 667-669, 716-726,

737-740, 750-755, 804
influence on optic thalamus, 599, 608
influence on postural recognition and

movement, 716-726
lesions of, see Cortical lesions,

optic thalamus in relation to, 597, 599, 601

608-609. 743
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Cortex, ])atli.s from receptive end-station in

optic thalamus to, 594~-r)96, 6(57

power of localisation and, 582-585, 669,
680-684, 698-701

power of reeognisinp; postnre and movement
in relation to, 579-582, 601-608, 669,

680-684, 716-726

projected sensations and, 750-753
removal of portion of, case illustrating,

633-635
in region corresponding to motor centre

for arm and hand, case illustrating,
626 629

"schema"' and "schemata "
of movement

and the, 605-608, 669, 722, 726
sensations of heat and cold in relation to,

577-579, 602, 668, 675, 684-691

sensory imjiulses passing from optic thala-

mus to, 594
tactile sensibilitv and, 570-576, 602, 603,

668. 674, 684-691, 739-740

topographical localisation of sensory ac-

tivities of, 727-740, 759
Cortical lesions, analysis of loss of sensation

produced by, 601, 667-669, 677-680,
755-758

anatomical localisation in, 727-740, 759
and lesions of cerebellum, difference

between, 661
and subcortical, combined, case illustrating,

786

appreciation of ]mssive movement in, 580,

582, 604-605, 669, 680-684, 712, 718,
721

appreciation of posture in, 579, 582, 604-

605, 669, 677, 679

appreciation of texture in, 590, 604 693,
700-702

appreciation of size, shape, and form in

three dimensions in, 589, 604, 691-
694, 756

appreciation of texture in, 693. 700-702

analysis of the test, 698-702

appreciation of vibration in, 591, 710 715

appreciation of w^cight in, 588, 604. 678,
691-694

appreciation of weight in, site of lesion

producing greatest disturbance of,

739
cases illustrating changes in sensation due

to, 67:i-676, 761-785
compass test in, 585-588. 603, 680-684, 757

analysis of, 696-698
defective appreciation of intensity in,

684-690

diagrams illustrating position of lesion in,

789-800
diaschisis and, 576, 577, 729
dissociated sensibilitv in, significance of,

741-745

epilepsy in relation to, 728
examination of cases of, 670, 677
face and tongue in, disordered movement of,

731-733, 736

Cortical lesions, forms assumed by disturbances
of sensation due to, 677-680

graduated tactile stimuli in, 570-576, 684-
691

gunshot wounds, 761-772, 775-785
hair test in. 16, 570-576, 684r-691
hallucinations during sensory testing in,

574, 688
hallucinations of movement in, 582
heat and cold tests ii<, 22, 50, 577, 675,

684-691

hypotonia in, 716-726, 754, 759

intensity of stimuli in, 684r-691

summary of, 756
localisation (spot finding) in, 582-585, 602,

606, 680-684, 698-700, 750-755, 805,
80(5

of the various forms of sensory activity
in, 698-700

localisation (anatomical) of, 727-740, 759-
760

early writers on, 727-730
measured tactile stimuli test in, 570-576,

674, 684-691
motor paralysis, hypotonia and spastic

rigidity in. 59*9, 716-726
nature of disturbance of sensation due to,

805

paths and centres concerned in, 594-596,
601, 667, 730-740

diagrammatic representation of, 593

position of, in cases cited, 789-800

response to measured painful stimuli in,

576, 708

response to heat and cold in. 577, 603, 684-
691

response to tactile stimuli in, 16, 570-576,
603, 609, 668, 674, 684-691

return of sensation following, 729
sensibilitv to heat and cold in, 577-578,

675, 684-691, 740

sensibility to pain in, 576, 684-691, 708-709
sensibilitv to touch in, examination of,

57(>^575, 684-691

sensory disturbances due to, 570 591, 601-
608. 667-669, 677-702, 708-715, 727-
730

sensory disturbances due to, cases illus-

trating, 626 638, 672-676, 761-772,-
775-785

conclusions on, 755-761

early writers on, 727-730
smnmaiv of, 755-761

sjjacial discrimination in, 585-588, 601^

608, 674, (580-684, 696-700, 739

sinnmary of, 756
twofold influence on, 696-700

spasticity with, 716-726, 803, 805

speech defects in, 732, 736, 805
static tone in, 724, 725

tests in, 4(5-51

depending on more than one funda-

mental function, 694-702, 708-715

texture, appreciation of, with, 700-702
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Cortical lesions, thooieticnl conclusiuns, GOl-

(iO'.l, 7r)«)-7Gl

thiMinal tests in (sec Heat and Cold),

liiiung fork test in. 07.'?. 710, 71;"), 758
s,'i- (//,s'o Subeortieal lesions.

Crossing olf impulses in the spinal cord, 400-403,
406

siunitleanee o[ delay in, 402
Cutaneous sensibility, deep sensibility and,

nietluids of elieitini: impressions coni-

parid. Sll, SlL'

V. Frey on, 810-821
functions of, (544- 0.30

loss of, following
division of median nerve, 75-78
division of median and ulnar nerves,

78-79
division of nerves of forearm, 106-114.

226-230
division of nerves of leg, 126-133
division of posterior roots, 122-125
division of ulnar nerve, ()8-74

injur}- to brachial plexus, 115-121
lesions of the brain-stem, 540-550
lesions of the cortex cerebri, 684-691,

694-702, 750. 757
lesions of the optic thalamus, 561-509,

592-594, 003-667
lesions of the spinal cord, 349-358, 361-

303, 307-372
recovery of, after nerve division, 81-87,

240-241, 258-274, 278-287 814-818,
827-830

simultaneous return of, following incom-

plete nerve lesions, 99-105
Cutaneous sensations, visualisation of, 243, 296

Cystitis, following spinal cord injuries, 469, 506
influence on automatic micturition, 480, 481

Davies, Morriston. see Trotter and Davies.

Deep breathing, influencing evacuation of

bladder, 473, 477, 478, 496

Deep sensibility, accidental division of radial

and external cutaneous nerves illus-

trating characteristics of, case illus-

trating, 217
afferent fibres supplying, 138, 196, 200
afferent impulses in relation to, 246-256. 644
afferent mechanism and, 334, 336, 811-812
after experimental division of radial and

external cutaneous nerves, 246-256

appUcation and use of the term, 5, 640

appreciation of painful pressure by parts
endowed with, 249

appreciation of roughness by parts endowed
with, 248

appreciation of size and shape in relation

to, 255

appreciation of temperature with, 256

characteristics, 63, 137-143, 246-256, 296-
297, 811-812, 825

compass test and, 254, 815-816
definition and nature of, 246-256

glans penis and, 276

Deep sensibility, impulses associated with, |)as-

.sage up spinal cord. 101) 104, 05(1-

000, 750-75;-)

intensity of painful pressure in iclalion to,

249-250
localisation and, 250, 296
nuiscular inoxcinent and, 250
nature and disliibutiou of, 137 -143j 246-

256, 337

l)ainfid pressure and, 249

])lunomena of, 137-143, 246-256, 653, 825

roughness and, 248

spaeial discrimination and. 254, 296
tactile pressure and, 247-248
tests of, i:!S

Deep touch, sensibility and insensibility to,

following spinal cord lesion, 344, 35()-

35S, 372 373, 389
Defensive reactions, 752-753, 802, 803

Dejerine, on cortical localisation, 727
on symptoms of thalamic lesions, 551

Desquamation and nerve injuries, 16.5, 288

Diaschisis, cortical lesions and, 576, 729

Digits, see Fingers.
Discomfort, jiain and, distinction between, 405-

400, 570, 065, 708-709

Discrimination, see Spaeial discrimination.

Dissociated sensibility, 8-9, 190-200, 285-287,

325-327, 354-355, 3L6-397, 530-537,
741-745

})orders of, 257, 825
cerebral cortex and, 677-080, 737-740, 755-

758

following spinal cord lesions, 342-344, 345,
353-363

general conclusions on, 741-745
in mid-brain lesions, 549
to heat and cold in spinal lesions, 342, 343

Distance receptors, 750

Donaldson, on distribution of heat and cold

spots, 313 314

Druckpunkte, see Touch spots.

Dry skin, following nerve division, 168, 228, 288

Electric current, reaction to, following nerve

division, 184-188

resjionse of heat and cold spots to, 271

Emery-paper test, for sensation of roughness, 23

Emotional states, cerebral lesions in relation to,

500, 000
case illustrating, 020

End-organs, integration in relation to, 746 747

of Pacini, 64, 65

qualitative selection by, 745-747

response to physical changes, 641, 808

Enemas, excessive sweating during administra-

tion of, 490

Epicritic sensibility, 60, 65

afferent mechanism and, 193-201, 278-287,

334, 337, 390-397, 400

application of the term, 194, 324

changes due to restoration of, 308, 648

characteristics and function of, 60, 65, 194,

278-287, 648
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Epicritic sensibility, cold affecting, 326, .327

comi)a.ss records of, 28.3-285, 286
distribution of, lit7-201

intensity in relation to, 310, 648, 6.56

localisation and, .3()3-30;5

loss of, 198, 199

nature of sensations abolished bv, 278-
285, 337

on Avhat dependent, 61, 65, 196-201, 336

j)henoniena of, 278 287, .305, 648

pilomotor reflex and, 290

protopathic reactions controlled hv. 304,
32(). 649, 656

radiating and refei'red sensation and, .303-

305, 328
return of, 284, 654, 656

following incomplete division of tnedian
'and ulnar nerves, 98, 101, 103, 105

spacial discrimination and, 284, 303, 305
tactile sensibility and, 278
thermal records of, 280
see al,^o ( 'old ; Heat ; Touch, etc.

Equilibrium, afferent impulses and, 403, 6()0

Ether, in discovery of cold sjiots, 264

Examination, methods of, 12-34
clinical apjilication of, 35-51
cerebral lesions, 46-51

peripheral nerve lesions, 36-39

.spuial cord lesions, 39-46
see also Tests.

Excessive sweating, 484-493, 496, 507
activity of distal end of spinal coid in

relation to, 496, 497
afferent impulses and, 9, 488
animal experiments, results of, 492
areas of, compared with areas of loss of

sensation, 485
extent of, governed by situation of

lesion, 485, 492
automatic bladder and, 484, 486-490

cases illustrating, 512, 514, 520, 528
causal mechanism of, 484, 491, 803-804
conditions which excite it, 485, 497, 507
distribution of, and its significance, 491-

493
enemas influencing, 490
heat influencing, 491
intestinal conditions causing, 490
reflex spasms causing, 485-486, 507
relief of, 488
site of spinal lesion influencing, 492

sunmiary of conclusions on, 507

Experiments, nature of cases selected for, 6

results of, terms in which recorded, 5, 6

.see al.no Tests ; Examination.

Extensity and intensity, phenomena of, 306-
31 I, 645-050, 829

Extensor reflexes, higher centres controDing,
500

in spinal cord lesions, 497-505

physiological significance of, 498, 499,
507

postural tone and, 499 500
stimuli evoking, 497-499

Extensor rigidity, spinal coid lesions in relation

to, 498, .500

Extensor thrust, 498, 500, 516
External cutaneous nerve, 110-114, 215, 217

hyperalgesia over area of forearm produced
by injury to. 111

injury to anterior division of, causing
hyperalgesia without loss of sensation,
164

External object, definition of, 754
External popliteal nerve, division of, cases

illustrating, 128-131
area of epicritic loss following, 200
area of loss of sensation produced by,

63, 128
innervation by, deduced from residual

sensibility, 134. 136
return of voluntary power after injury or

division of, 188

External saphenous nerve, innervation bv, 134,
1.36

Face, disordered movement of, in cortical

lesions, 731-73.3, 736
overaction of, 554

regroujiing of afferent impulses from, 547

sensory disturbance of,

from bulbar lesion, 541-544
from cerebral lesions, 732-733
from occlusion of cerebellar artery, 544-

547
from spinal cord lesion, 538-540

Facilitation, visceral, in spinal cord lesions,

472-477, 494-497
cases illustrating, 508, 513, 514, 517, 521,

524, 529

Fatigue, liigher forms of sensibility susceptible
to influence of, 154

thermal sensibility in relation to, 268

Feeling tone, and the optic thalamus, 597-601,
663-667

Fever, effect on responsive power of severed

spinal cord, 482

influencing automatic bladder, 480
reflexes affected by, 482

Fingers, abduction of, false, 184

bhsters and ulcers following nerve injuries,
166-171

cases illustrating, 204, 205, 218

deep sensibilit}^ of, 138, 139

glossy, 172, 173

hvpotonia of, in cortical lesions, 716-722,
759

localisation (anatomical) on cortex, 732-733

sensory changes with cortical lesions,

compass test, 696-698

intensity, 684-691

similarit}' and difference, 691-694

spacial, 680-684
texture, 700-701

topical localisation, 698-702

vibration, 711-713

sensory changes with subcortical lesions,

717
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FiQ$!ers, sensory chnnpos. followinij; nicilian

lUTvi' iHvisiDM, 7.") 7S, IIJS

followiui; ulnar iumvo division. (>S 74, 7S

tro])liic fiianuii's followinji nrrvi* di vision,

l(i() 174. 204. •_>()."). -JIS

vohnitarv tr'rU action of inuscios of, 1S4

sec also Nails.

Flatulence, causing excessive sweating, 4S4, 4!H)

Flexor spasms, in s|iinal cord lesions. 4!)(), .")()((-

.)(».".

Poot, nerve supply of, 12() i;{()

sensory disturbances in cortical lesions, 732,

735, 730
sole of, tlcxor spasms evoked by scratching,

in spinal cord injuries, 472, 47 i3, 47(3,

485, 494-197, 507-508
icflcx phenomena of stimulation of, 494-

497, 507-508
stinuilation of, inllucncing sphincter
mechanism, 477

stimulation of, increasing automatic

irritability of bladder, 472-477, 496
see aho Plantar reflex.

Forearm, hyperalgesia over, 111, 162, 212-213

injury to, Volkmann's contracture follow-

ing, case illustrating, 206
loss and return of sensation, following

experimental division of radial and
external cutaneous nerves, 228-240

nerve supplv of, 62, 106-114, 141, 197-198,
825-826

pre-axial half of, innervation of, 108-114

post-axial half of, 107-108
referred sensation in, 302

Porehead, excessive sweating of, in association

with automatic bladder, 488

Form, apjireciation of, how tested, 33
in cortical lesions, 589, 604, 691-694
in optic thalamus lesions, 566, 569
in spinal cord lesions, 537-540
in subcortical lesions, 602, 604, 667, 706

Porster, on tactile localisation, 392

Fractures, growth of nails retarded during, 176
V. Frey, criticisms by, on the work of the

present authors, 819-821
doctrine of punctate sensibility, 312, 314,

316-323
hair test, 15-17, 273, 278, 285, 319-322,

570-575, 684-690, 81(), 819

following division of radial and external

cutaneous nerves, 230, 237, 240

response to, of parts endowed with

deep sensibility, 248, 812
sensibiUtv to in cortical lesions, 570-576,

684-691
on cause of protopathic sensibilitv, 328,

820
on cutaneous sensibility, 58, 820
on heat and cold spots, 314, 316
on pain spots, 316, 317
on pressure sense, 821
on referred sensations, 820, 821
on thermal sensibility, 820
on touch spots, 319, 321

V. Frey, on s(Misil)ilit v of the glans penis, 274-
27<). 30S

Gastro-intestinal conditions, in spinal cord
lesions, excessive sweating in I'elation

to. 4!I0

Glans penis, sensibilitv of, 8, 274 277, 308, 315,

325, 557, 650, 652, 820, 82.3

illustrating inlii!)ition of ini|)iilses, 325,
(152

swabbing of, stimulating reflex evacuation,
471, 472, 496

Glio-sarcoma, spinal, sensory changes due to,

364, 365
case illustrating, 432

Glossy skin, 160, 172, 173

characteristics and significance of, 172, 173

growth of nails in relation to, 183

Goldscheider, on heat and cold spots, 314, 315

Goose-skin, 27, 290

Graham-Brown sesthesiometer, 23

appreciation of roughness measured by,
558, 568, 569, 590

Hair-clad parts, examination of, for sensation,

15, 37

in cerebral lesions, 49
in peripheral nerve lesions, 272-274,

817
return of sensibility to, 272-274, 817

Hairs, changes in, following nerve division, 168

erection of, 288, 290

pain and touch spots in relation to, 317,
321

sensibility of, 59, 156-159, 193, 272-274,
278, 816-817

protopathic sensibility in relation to,

192, 272-274
stimulation of, 156-159, 816-817

protopathic sensibility in relation to,

193, 272-274
touch spots associated with roots of, 319-

321
Hair test, 15-17, 37, 810-817, 819

sensibility to, 819

divergent views on, 816

following radial and external cutaneous

division, 248, 273, 279
in cortical lesions, 570-576, 685-691
in thalamic lesions, 562

Hamilton, glossy skin first described by, 172

Hamstrings, contraction in the mass reflex,

495, 496, 501, 502

Hallucinations, of movement, in cortical

lesions, 582

tactile, in cortical lesions, 574, 688

Hand, adaptation of parts to heat and cold

following radial and external cuta-

neous division, 292-295
bUsters and ulcers following nerve injuries,

170, 171

causalgia of, 160

changes in nails following injuries to, 175,

178, 182
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Hand, doop soiisi})ilitv of, \'A~W.i, 246-250,
i'9(), (340, (i44-645

following radial and external cutaneous

division, 24(5-25(5

division of nerves of, recovery of sensation

f<)llo\vin!.^Sl. 144 147, 151, 191, 230-
241

effect of surj^ical division of ulnar at elbow

on, 207

epiciitic innervation of, 107, 198

epicritic sensibility following radial and
external cutaneous division, 278-287

extent to which innervated by median
nerve, 114

hairs of dorsal surface of, sensibility of, 156

hypotonia of, in cortical lesions, 717-718

improvement in sensation recorded by
compass test, 15.3

incomplete division of nerves of, recovery
of sensation after, 99-105 .

innervation of the back of, 112

localisation and spacial discrimination fol-

lowing radial and external cutaneous

division, 296-305
localisation tests in cortical lesions, 582-585,

680-684, 698-700
in cases of syringo-myelia, 364-374

median nerve innervation of, 76-78
muscular paralysis affecting growth of nails,

178, 182
'

following complete ulnar division, 185,

186

following complete median division,

184, 185, 189

nerve supply of, 61, 62, 68-80, 109-114

overlapping of median and ulnar nerves

in, 197, 198

phantom, in cerebral lesions, 605, 722-723

punctate sensibility of the, 312-323
referred sensation of, investigation of, 300,

301

sensory changes, following division of

both median and ulnar nerves, 56, 78-
80

following division of median and ulnai-

nerves and tendons, 142

following median nerve division, 66,

75-78, 80

following division of radial and extci'nal

cutaneous nerves (illus.), 227-239

following division of ulnar nerve, 68-74,
78-80

in cortical lesions, 570-573, 584, 680-

702, 732-736
cases illustrating, 626, 629, 632,

633, 673-676, 761, 764, 768, 781,
783

in optic thalamus lesions, 555-559, 561-
569

in subcortical lesions, 705-707
in syringomyelia, 341, 364-374

splinting of, retarding growth of the nails,

176, 177, 182

sweating of, due to spinal lesions, 485, 492

Hand, tro])hic, vasomotor, and pilomotor
changes following radial and external
cutaneous division, 288-291

variation in extent of area supplied by
median nerve, 76-78

variation in extent of area supplied l)y
ulnar nerve, 70-73

see also Fingers ; Palm.

Head, distribution of sensory disturbances in,

from .segmental lesions, .382-384

excessive sweating of, in cervical spinal
lesions, 485, 486, 489

cases illustrating, 520, 528

Heat, adaptation of affected areas to, 292-295,
614

and cold, dissociated sensibility following
spinal cord lesions, 342-344, 353-355

deep sensibility in relation to, 256

degrees to which intermediate zone is

sensitive and insensitive, 813, 814

degrees of, for testing thermal sensibility,268
diminished sensibility to, following

—•

cortical le-ions, 577-579, 684 691, 740

optic thalamus lesions, 564. 666

perijiheral nerve lesions, 142-147, 226,

64(5-()48, 813, 819

spinal cord lesions, 342-344, 351, 3.53-

358, 367-369
subcortical lesions, 704-707

epicritic sensibility and, 280-283
extreme degrees of, 21, 145, 146

glans penis and sensibility to, 275-277

impulses imderlying passage through brain

stem, 544, .547, 549

impulses undeilving passage to optic thala-

mus, 549, 666

impulses underlving, passage up spinal cord,
35.3-355

intermediate degrees of, 22, 144-147, 280-

283, 813, 814
loss and return of sensibility to, in experi-

mental division of radial and external

cutaneous nerves, 226-240
loss of sensibility to, following periplieral

nerve lesioiis, 142-147

following spinal cord lesions, .342-344,

353-355, 3<)9

in Brown-Sequard jiaralysis, 351

mechanism of, sensibility to, on what depen-
dent, 312 316, 399, 650 (553

protopathic sensibility and, 192-194, 261-
272

reaction of cold-spots to degrees of, 270-271

recovery of sensibility to, following nerve

division, 147, 234-233, 2(52-266

sensibility to, 5, 10, 21-23, .39, 43-44,

.5()," 144 147, 261-272, 280-283, 313-

316, .353-3.")5, 367-3(59, 399, 598, 651-

6.53, (589, 704, 707, 807, 813-814

deep sensibility in relation to, 256

during recovery from nerve division.

81 87, 14.5-147

following experimental nerve division,

261-272, 280-283
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Heat, following iiuompleto niMvo division, 'JO

in c-orobral k'sions, 50, 556, 559, 564, 577,
.".!>(), 666

in corliiiil U-sions, 577-579, 60!i, 684-691
conclusions on. 756

tests foi-. 675, 689, 771
in

i>j)tii'
llialannis lesions, 556, 564, 569,

ti(l(». (io:{

in sjiinal (.orcl lesions, 4.'?. ."^42 .'547, 353-
355. 367. 399. 400, 401, 651

table illustrating. 351

in subcortical lesions, 704, 707

intensity of, 306-311
of glans penis, 275

phenomena of, 746, 748

}>rotopathic sensibility and. 261-272

shifting of threshold of sensibility to, 292-295

synthesis and control of afferent impulses

tmderlving, 650-653
tests bv. 21-23, 37, 39, 43. 50

Heat spots". 22-23, 262-272, 312-316
and cold spots, relative frequency of, 313-

314

appearance of, following experimental nerve

division, 262-272

application of cold to, 271

characteristics, 58, 59, 646-650

degrees of temperature causing reaction

of, 294

early writers on tbe nature of, 312-314

pain spots compared with, 316-319

response to electrical stimulus, 271

specific nature of response to stimulation, 315

temperatures for testing, 22-23, 268
touch spots compared with, 320, 322

Hemiplegia, optic thalamus lesions causing,
552, 615, 616, 620, 622, 625

rigiditj' in, to w hat due, 502, 805
see also Optic thalamus lesions; Cerebral

lesions; Brown-Sequard paralysis.
Henri's localisation test, 25, 250-254, 582

Herpes zoster, areas of eruption of, 375, 377,

380, 386
areas marked out by, and hyperalgesic

zones of \nsceral disease, 378
distribution of, intramedullary segmenta-

tion in relation to, 381

Higher centres, control over the activity of

lower centres by, 743, 802, 803, 809

controlling extensor phenomena, 500

passage of impulses to, 317, 325, 327

prevention of impulses from reaching, 328
see also Brain ; Cortex, etc.

Holmes, Gordon, instrument for determining
extent of movement appreciated, 31

modification of carpenter's compasses for

testing, 26
on cerebellar lesions and appreciation of

weights, 661

Horsley, method of measuring defects in sense

of position, 30, 579, 580

Humerus, fracture of surgical neck of, causing

rupture of cords of brachial plexus,
case illustrating, 116

Hyperesthesia, ai)i)liiation of tlu' Icim, 8 9,
5-)4 560, 742, 827-828

Hyperalgesia. 160 164

and causalgia, 160. 210-214
and tenderness, dilTerencc between, 3(1

glossy skin a('('om])anying. 172. 173

growth (jf tiic nails in iciatioii to. 183

in thalamit- lesions, 59H

injury to median nerve causing. I()2

irritation of ulnar nerve producing, 161

segmentation as revealed by, 376
w ithout loss of highei' forms of sensation, 164

widespread, from bullet wound of ulnar

nerve in forearm, cases illustiating,

210, 212
sec also Pain; Painful stimuli, etc.

Hyperidrosis, see Excessive sweating.
Hyposesthesia, 8-9, 812-814, 817, 827, 829

intermediate, zone of, 813, 814

Hypotonia, associated with defective recogni-
tion of posture and passive movement,
720, 724

cortical injury producing, 716-726, 759

non-sensory afferent impulses and, 403,
660-662

Hysterical conditions, and cerebral lesions,

recognition of posture in, 51

Images oii movement, (iOS, 722

Immobilisation, of hand, growth of nails

ictanled by, 176-179, 182

Inhibition, of peripheral impulses, 325-326
selective, 651-653

Integration of afferent impulses, 324-329, 644-

669, 745-750, 807, 830-831
final products of, acting on cortex and

optic thalamus, 747

general conclusions on, 745-750
see also Afferent impulses.

Intensity, 306-311, 684 691
defective appreciation of—

in cortical lesions, 684-691
in peripheral nerve lesions, 306-311,

829-830

graduated, response to, in cortical lesions,

684-691, 739, 740, 756
of painful stimuh, 307, 708-709, 829-830

protopathic sensibility in relation to, 258-

261, 306-312, 812-815, 819, 829-830
Intermediate zone, 36-37, 70-80, 81-83, 257-

258, 812-814, 826-828

sensibility of, 190-193, 812-814
Intermediate temperatures, 22, 50, 145-147.

280-283, 342-344
and cortical lesions, .50, 577-579, 675, 689-

690
and opt-c thalamus lesions. 556, 559-560,

564
and peripheral nerve lesions, 145-147, 280-

283, 813, 819
and spinal cord lesions, 342-344, 367

Internal cutaneous nerve, and ulnar, area of

loss of sensation produced by exci-

sion, 107
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Internal cutaneous nerve, bullet wound of

fiircarMi causing liyperalgosia over
distribution of, case illustrating, 212

circumflex, and ulnar, fracture of neck of

scapula with injury to, 119
effects of injury to, 108
excision of portion of, after previous

resection of the ulnar, ease illustrat-

ing, 107

origin and distribution of, 107, 108, 825

overlapping of branches of, 108, 822
Internal organs, disease of, transmission of

iin|>ulses to s])inal cord in, ,'370

l^rotopatliic supply of, G4, 65

sensibility of. :5l>s1 :}2'.»

Internal popliteal nerve, division of, area of

loss of sensibility ])rodueed by, ]34— 135

Internal saphenous nerve, extent of area sup-
])lied by, 134

Intestinal conditions, in spinal lesions causing
—-

evacuation of the bladder. 49(3

excessive sweating, 490, 497, 507
flexor spasms (*' mass-reflex "), 496, 507

Intestines, sensibility of, 63-65. 329, 662, 747

Intramedullary lesions, xc- Spinal cord lesions.

Intramedullary specific receptors, theory of, 404

Irritation, and release from control, difference

between, 8-9. 598-601, 743-745, 814,
827-828

of peripheral nerves, cases of, 160-164

Itching, 15, 647

Jackson, Hughlings, on increased tone and

rigidity of affected limbs in cortical

lesions, 599
on levels of activity within the nervous

system, 642
on negative and positive asjiects of lesions

of the nervous system, 8, 803, 805
Joint sense, adoption of the term, 5, 639, 640-

641

Joints, afferent impulses concerned with move-
ment and position of, 404. 640. 656-
6()0. 662. 712-715

loss of recogaito:i of movement and posi-
tion of,

hypotonia and, 717-725
vibration and. 710-715
with brain-stem lesions, 546, 547. 549
with cerebellar lesions, 661
with cortical lesions. 50. 578-582, 604-

60(). 6(i9, 680-684. 756
with o2)tic thahimus lesions. 5(51

with peripheral nerve lesions, 38. 142, 25()

ndth spinal cord legions. 44. 345-347,
358-361. 388 390, 403-404. 539-540

with subcortical lesions, 59(), 602, 667-
668, 703, 705, 707

posterior columns conducting impulses
from, 4(l3-4<»4. 660. (;(i2

see also Passive movement
;
Position.

Knee jerk, febrile conditions affecting, 482
in cases of lirown-Seipiard paralysis, 351

VOL. II.

Knee jerk, see also Reflexes.

Kocher, on areas of loss of sensaliunin spinal
lesions, 376

Laehr, on loss of sensation in svringomvelia,
376, 382

Lamellar arrangement oi sensory impulses in

lesions of cervical spinal cord, 386,
387

Langley, on fibres capable of evoking sweating,
65, 491-493

Leg, nerve supply of, 126-136
deduced from residual sensibility, 133

primary extension of joints in s^^inal cord

injuries, 497, 498
uncontrolled flexion of, in spinal cord

injuries, 501

Letievant's theory oJ supplementary sensation,
189

Levels of activity, 642, 751, 805
functional and anatomical, 642
see also Phvsiological level.

Light touch, 15-18, 816
and ])rick, intermediate zone between, 36,

55-56, 71. 73, 77, 79, 81. 83-87, 812-
818, 826-828

changes in sensibility to, following spinal
cord lesion, 344. 356, 372-373

dissociated sensibility to, and to compass
test in sj^inal cord lesion, 347

examination and test for, 15-18
von Frey's test for, 15, 16

impulses for, passage up the spinal cord,

356-358, 400-402

phenomena of, during recovery after nerve-

division, 81-87, 278-279^. 283
return of sensation to, protopathic sensi-

bility and, 193, 270, 653-656

sensibility to, 15-18

following incomplete nerve-division, 99

following median nerve-division, 75,

77, 89

following ulnar nerve-division, 56, 68-

73, 94-95

growth of the nails in, no relation to,

181

in Brown-Scquard paralysis, 344
in spinal cord lesions, 344, 356-358, 372,

401
recovery of, following nerve-division,

147. 151, 278-279

sensibility and insensibility to—
compass test in relation to, 337, 656-

660
with brain-stem lesions, 550
witli cortical lesions. 586. 69(5-698

with peripheral nerve lesions, 149-

155, 193. 283-286, 303, 305
with spinal cord lesions. 347-348. 361-

3()3. 3!»0. 392. 396. 540
with subcortical lesions, oiio, 5 6, 707

localisation in relation to, 337. 653-656
with brain-stem lesions. 550
wilii cortical lesions, 583, 698-700

LL



cSoO INDEX

LiRht touch, sensibility »iul iiisonsibility to,

lofiili.-atitm in rolalion to. witli jRM-i-

])heral nerve Ic<ions, 278- 2T!>. '.]()',) 'M)'t

M-itli spinal cord lesions, 3!»2 31)"). ;5!»7.

540
witli siilxortioal lesions, 5(33, 7(>7

textuic in relation to—
with cortical lesions, 590. 702
with spinal eord lesions. 540
with snbeortioal lesions. 707

Line of change, 3(>, 37, 5(1. 0!). 73. 75. 151. 827
ease^ illnst rating. 84. 85, 00, 02. 04, 90,

102. 104. 120. 202, 204. 205, 209
Local sign of a reflex, 476, 479, 483, 494, 499,

50 1. ,".(i:>

Localisation, i Anatomical)—
of sensory functions in tlic cortex,

727-740", 759 7(H)

Localisation (of Contact), 25-26, 653-656, 751-
752

conflicting. 654, 751-752. 819

deep sensibility and, 250-254, 296 297, 653

epicritic sensibility and, 303-305, 654

protopathic sensibility and, 297-303, 654
tactile, fee Tactile localisation,

tests for, 25-26. 45, 50

topical, see Topical localisation.

with brain-stem lesions, 549, 550, 056
with cortical lesions, 582-585, 680-684,

()98-700

with optic thalamus lesions, 563, 600
with peripheial nerve lesions, 290-305,

814-815. 828-829
with sijinal cord lesions, 392-395, 540,

655
with subcortical lesions, 596, 707

in cortical lesions, see Cortical lesions.

Lower centres, higher centres controlling
activity of, 598-601, 008-609, 743-

745, 802-809

McDougall's method of recordmg compass test,

26, 148

Marie and Foix on reflex activity in spinal
lesions, 504, 505

Mass reflex, 47(3-479, 494-497, 503-504, 507,

804, 805
cases illustrating, 508, 513, 514, 517, 524,

5.9
conditions under which it appears, 494-497
conditions under which it does not appear,

497-499
excessive sweating and, 485, 491, 507
its various effects, 494, 496, 507

physiological significance of, 499-505, 744

Massage, and growth of nails, 177-178, 182

Median -nerve, distribution of, 61-62, 76-78,
138-139, 198-199

deep sensibility and the, 138-139

epicritic fc:ensib:lity and the, 62, 98, 151-
198

protopathic f-ensibility and the, 62, 98,

150, 198-199
division of, 55-56, 75-78, 138-140

Median nerve, division of, cases ilhist rat int,'. 77,
110 !M, I3S, i:{!». 152, 201. 202. 204

growth of nails after injiiiy to the, 179-181

hyjHMalgosia after injury of. 102-1(34

implication in scar tissue, 200
intiammation, se])(ic, retarding recovery

after division, 202
muscular ])aralvsis after division or injury

of, 1S4 187, 189

Overlapi)iiig of, with su{)i)lv of ulnar nerve,
36 37, 01 02, 101 1()"4, 197-199, 826-
828

with sui)p]v of other nerves, 110-111,
113 114, "218 221

recoverv of sensation, after division of (he,

84-87, 88-92, 98, 150-152, 154, 201-
204

after partial injury to the, 100-101, 203,

205, 206
simultaneous return of both forms of

cutaneous sensibility after injury to

the, 100 101, 203, 2()5, 20()

tendons and deep tibres of the, 138-140,
214

theoretical conclusions drawn from injury
to the. 9, (32, 191-198, 82(5-828

trophic changes after division of the, 166,
172

Median and ulnar nerves—
division of, 78-80, 140, 142

cases illustrating, 90-97, 140, 142,214

growth of nails after, 179

recovery of motor power after, 186

recovery of sensibility after, 90-98

trophic changes following, 168-169
with and without injury to tendons,

140, 214

partial injury to, 104-105
Medulla oblongata, sensory disturbances follow-

ing lemons of, 348. 382-384, 541,^544
cates illustrating, 432, 439, 450, 453,

458, 541, 544
see also Spinal cord lesions.

Mental fatigue, higher forms of sensibility

susceptible to influence of, 154

Micturition, automatic, see Automatic bladder,

delayed, excessive sweating associated with,
489

febrile states affecting, 480-483
effect of cj'stitis on, 481
influence of nervous system on, 479-480
influence of shock, fever, and general states

on, 480-483

Mid-brain, lesions of, 547
dissociated sensibility in, 549

passage of impulses to optic thalamus from,

551, 592
scheme of examination in lesions of, 39-41
tumour of, loss of sensation due to, case

illustrating, 547
see also Cerebral lesions,

V. Monakow, on diaschisis, 729
on sensory disturbances in cortical lesions,

727'
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Motor disturbances, clue to spinal lesions, local

scnsorv cfYects on same side as, 364,

remote sensory etTects on opposite s'dc to,

348-363'
in Drown-Seqiiard pai'aJysis, 350-351

Motor nerves, a IToiont fibres and, 196, 200
Movement—

hallucinations of, in cortical lesions, 582,

682, 776
"
images of,"" 605, 669. 722-723

loss of, causing diminished growth of the

nails, 172-182
on the skin, perception of, following nervc-

di\ision, 255

passive, see Passive movements,

voluntary, see Voluntary movement.
Miiller, J., on specitic afferent impulses, 324

Muscle sense, avoidance of the term, 5, 535,
641

Muscles, condition following median and ulnar

nerve-division, tables illustrating, 91,

93, 95, 97

deep sensibilitv in relation to nerves to,

1.38, 143,"389
of the hand, paralvsis and other changes

in, 184-187

posterior columns conducting impulses
from, 660

voluntary action of, errors in tests for, 184,

189
Muscular paralysis, reaction to interrupted

current during, 185, 188

retarding growth of the nails, 178, 182, 183

Muscular power, date of return of, following
nerve-division, 184-188

effects of incomplete division on, 188

suppuration of wounds in relation to return

of, 186

Muscular tone, afferent impulses influencing,
327. 403. 716-726

Musculo-spiral nerve, division of, condition of

sensibility after, 109, 215

median, and internal cutaneous, bullet

wound, 221

return of voluntary power following second-

ary suture of, 188, 215
ulnar nerve and, bullet wound, 219, 221

Music, emotional disturbances due to, in optic
thalamus lesions, 560

Nails, changes in. associated with nerve in-

juries, J 66, 168, 175-183

growth of, factors retarding, 175-183

following nerve-division, 178-183, 289

glossy skin in relation to, 173, 183

hyperalgesia in relation to, 173, 183

massage and, 177, 182

methods for registering, 175

muscular paralvsis retarding, 178, 182,

183
seasonal influence on, 179

sensibilitv, superficial, in relation to,

181

Negative and positive effects of lesions of

nervous system, 8, 608-60!), 803, 805,

827-828, 83 1

Nerve fibres, overlapping of, 36-37, 61-63, 85-

86, 108, lO:), 113-114, 125, 133-136,

285-287, 825, 826, 828

regenei-ation following suture, 195, 200,
201

subserving protopathic and epicritic sensi-

bility, 61, 65
see also Afferent fibres.

Nerve groups, overlapping of, 825, 826
Nerve injuries, changes in the nails associated

with, 175-183

changes in the skin associated with, 165-174

general scheme of examination in, 35

h^'peralgesia associated with, 160-164

negative and ])Ositivc as])cets of, 8

relative distribution of cutaneous loss of

sensibility to touch and pain in, 826
Nerve roots, posterior, distribution of, 122-125,

199. 375

protopathic and epicritic sensibility and,
125, 199

Nerve supply, of forearm, 106-114, 115-121,
122-125

of leg, 126-136
of palm of the hand, 68-80
of sole of foot, 126-128

Nerves, peripheral, criticisms of the authors'

views of the function of, 810 -824

overlapping of, 197-200, 825, 826

sensory mechanism of, 63, 324-327, 337,
644-650

Nociceptive reflexes, 501, .503, .508, 745

Non-sensory afferent impulses, theoretical con-

siderations, 327-329, 660-665

Nothnagel, reflex stepping in the frog described

by, 498

Numbness, general significance of the term, 14

Optic thalamus, activity of, 551-561, 562-601,
608-609, 663-667, 708

centre of
'"

awai'eness
"

of certain aspects of

sensafon, ()(!4, 677, 708, 809
concentration of sensory paths before entry

into, 547, 549
case illustrating, 547-549

control exercised by the cortex over the

activity of, 597-601, 608-609, 663-

667, 708-709, 74.3-745, 803, 806
cortex in relation to, 597, 599, 608, 743

inter-relation in production of sensa-

tion, 608-609, ()()4, 708 -709

distvnbance of afferent receptive mechan-
ism in, .592-594

disturbance of sensory impulses passing to

the cortex from, 594-596
essential activity of, .597-601

feeling tone and, 642, 663
final ])r()ducts of integration acting on,

747

functions of, 592-594, 597-601, 608-609,
642. 664
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Optic thalamus, trroujiina of aflVrcnt iinixilscs

in. .").") I. r)!»L\ .")!!()

over roait ion. T).")!'. ,">.">;{, 554-aGl, oi)? <>"!.

()OS-()0;t. 80:5. so.")

passa>it' of iminilsi's from tl;c receptive

jmut'oM of tlio. groiij)in>x of. .^itj .")!t4,

(304 ()()7

passage of iinjuilses to llie rei-eptixe junc-
t'oii of (lie. .")47. r)40- ").")(), ().")<)

pas.sage i>f im])ulsi>s to the I'oitcx from.

5i)4-o!U». (U)2, 7(>:^7(^4

paths ami centres in, diagrammatic rcjiro-

seiitation of. 55)1}

release from contiol of cortex, oili-oGl,

55(7 GO 1, SO.')

sensory fiuietioiis of, 592-594, 597-601,
GOS (?(W. G42. GG4

softening of lateral /one of, ca.^e illustrat-

ing symptoms, 553
struct HIT of. 597
see (iL^o 'rhalamie syndrome.

Optic thalamus lesions, analysis of loss of

sensation protluced by, 592

appreciation of heat and cold in, 564,
569. 603

appreciation of jiosture and passive move-
ment in, 561, 566, 569, 602-605, 712

appreciation of roughness in, 568, 569, 604

appreciation of size, shape and form in

three dimensions, 566, 567, 604

appreciation of vibration in, 568, 569, 600

appreciation of weight in, 565, 569, 604

behaviour of affected half of the body in

states of emotion, 560
cases' illustrating, 5c2, 553, 609, 612, 614,

"616, 620, 622, 624

compass test in, 565, 569, 603

diagnosis and symptoms of, 551, 552, 553

excessive response to affective stimuli of

abnormal half of the body in, 554-
561

general nature of, 551

localisation 'ndth, 563, 568
loss of sensation which may be associated

with, 561-569
mechanism of sensation in, 597-601
over-activity and over-response in, 597-601,

803, 812

pains and parsesthesia? in, 554-560, 598

response to extremes of heat and cold in,

556, 559, 564

response to painful stimuli in, 554, 598, 708

response to pleasurable stimuli in, 558, 564,

598, 600

response to scraping, roughness, and vibra-

tion in, 557, 568, 600, 604

response to tickling in, 558, 600

response to visceral stimulation in, 557

sensory disturbances due to musical and

auditory stimuli in, 560

summary of loss of sensation in, 568
tactile sensibilit}- in, 562, 568, 602
tests in, 46-48
vibration test in, 558, 568, 710

Overlapping ot nerves. 197 2()0, 825, 82G

Over-reaction, disa jjpca ranee of. accompanying
recovery of funci ion. 1!I3 194. .306-

311. 327, 827 S2S. 8.30

]ihciioiucna of, with Ics'oms of jieriplu'ial
nerves. 812, 827

see ])rolopath c .-ensib lily,

thalamic, 554-561, 597-(ioi, 80.3, 805

Pacini, cnd-oruans of, 64

.tlVcrcnt fit)rcs in connection with, 64, 65

Pafcet, J., on significance of glossy lingers, 172

Pain, a defensive reaction, 501, .507. ()()3. 745

lirown-SiMjuard ])aralysis and ii..' cisibilily

to, 351. .353. 3.")."), 527 .')40

cortical activity and. 608-609, 708 7(i9

deep scnsil)ility and, 143. 349 350
discomfoit and, distinction bclwccn, 405-

406, 600, 665
extension of f-ensation ai:d, 259 261. 305,

311.648.829-830
glossy skin in relation to, 172, 173

impulses subserving, grouping of

in brain-stem, 549
in optic thalamus, 6()3-G67

in i)eripheral nerves, ()3, 189-201
in s])inal cord, 338-341

insensitiveness to, following division of

the brachial plexus, 115-121
the nerves of the arm, 106-1 14

the nerves of the hand, 68-80
the nerves of the leg, 126-136
the posterior rcots, 122-125
with brain stem lesions, 540-550
with cortical lesions, 49, 570-591, 677-

702, 708-709
with optic thalamus lesions, 561-569,

592-594
with peripheral nerve lesions, 36-38
with spinal cord lesions, 41-43, 338-

341, 351. 353-3.55. 368-372
W'ith subcortical lesions, 594-596

intensity of, 18-20, 259-261, 306-311, 648,

812, 829-830

intramedullary segmentation,
see segmentation intramedullary

methods of examining .sensibility to, 18-19,

19-20

oiitic thalamus in relation to, 554-555,
663-667

over-reaction to,

with optic thalamus lesions, 554-555
with peripheral nerve lesions, 9, 81-83,

306, 311. 812-815, 818, 827-829

pressure, 19-20, 143, 249-2.50

protopathic, sensibility and, 259-261, 275-

276. 316-319, 3.36. 648-649
referred sensations of, 302, 811, 828-829

skin, changes in, associated with

excessive sensibility to, 160-163, 172-174

insensibility to, 165-172

spontaneous and intractable in optic
thalamus disease, 552-553

nerve injuries, in peripheral, IGO, 162
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Pain, synthesis and control of afferent impulses
underlying, 650-653

temperature and, dissociated sensibility to,

353-355
tests for sensibility to—

superficial, 18-19

pressure, 19-20
thalamic activity and, 554-555, 597-601,

664, 665
threshold for, 18-20, 258-259, 30(5. 311,

322, 708-709
how determined, 18-20

touch and, relative distribution of cutane-

ous loss of sensibility to, in nerve

lesions, 826

trophic changes a'^sociated with insensibility

to, 165-171

visceral, 63-64, 329, 744, 803
defensive reactions and, 803

see rtUo Hyperalgesia; Prick; Referred

])ain.

Pain-spots, 260-261, 313. 316-319, 321

following division of radial and external

cutaneous nerves. 258-£61
hairs in relation to, 321

phenomena of, 260, 316-319

recovery of sensation and, 258-260

temi)crature necessary for stimulating, 663
touch sjjots compared with, 320, 321, 322

Painful pressure, appreciation of, by parts
endowed with deep sensibility, 249-
250

appreciation of, following nerve division,

143, 249
method of examining, 19-20

response to, in optic thalamus lesions, 554-
555

Painful stimuli, in cortical lesions, 576, 598,

684-688, 690, 708-709
in optic thalamus lesions, 554-555, 593-594,

597-598
in protopathic states, 25S-261, 306, 310,

316-319, 649, 814-815, 827
in subcortical lesions, 704, 706, 707
increased response to, 258-261, 306-309,

554-555, 593-594, 597-598, 665, 812-

813, 814-815

intensity of, 307-311
resistance of central nervous system to,

649, 662-663, 807-809, 827-832
return of sensibility to,

after complete nerve division, 81-98,

191, 230-236
after incomplete nerve division, 99-105

Palm, cortical loss of sensibility on the, 734,
735

deep sensibility of, 138-142

epicritic sensibility of, 71, 73, 77, 79, 197-

198
loss of sensation over the,

with lesions of the median nerve, 55-

56, 75-78, 80, 138, 194

with lesions of the ulnar r.erve, 56, 68-

74, 80, 194

Palm, loss of sensation over the, with lesions of
the ulnar and medan nerve:., 78-80

nerve supply of, 139, 194. 197
over-reaction of, in optic thalamus lesions,

555, 557. 558, -559

protopathic sensibility of, 191-192, 194,
198-199

recovery of sensation after division of the
nerves of, 81-98

sensory changes, following median nerve
division, 75-78, 80, 138

following ulnar nerve division, 68-74,
80, 139. 141

sweating of the, in spinal cord lesions, 485,
492, 512

Palmaris longus, division of, 142

Paradox-cold, 44, 270, 325, 648, 651, 807
"
Pargesthesia," application of the term, 742
of thalamic lesions, 598

protopathic sensibility as a state of, 649
Paraplegia, in extension, 497-499, 500

case illustrating, 516
in flexion, 494-497, 501-503

case illustrating, 513
in flexion, changing to extension after

operation, case illustrating, 529
Paroxysmal sweating, see Excessive sweating.
Passive movements, appreciation of, how

measured, 30-32, 44-45, 51

hypotonia associated with defective recog-
nition of, 718-724

impulses concerned with, 656-663
in Brown-Sequarrl paralysis, 350-351
in cortical lesions, 580-582, 604-606, 677-

684, 712-715, 722
in lesions of optic thalamus, 561, 569, 595
in lesions of spinal coid, 44, 345-347, 351,

358-361, 388-390

passage through brain stem, 544, 549-550
instrument for measniing, 31

loss of sense of, liyjjotonia associated with,
in cerebral lesions, 717-724

in presence of power of tactile local-

isation, 393 395

path through the spinal cord of impulses
subserving, 388-390, 403-404

vibration and atfection of, 712-715

Penis, sensibility of, 274-277. 308, 315, 321,
325, 557, 650, 652, 820

Periosteum, deep sensibility in relation to, 138

Peripheral nerve lesions, see Nerve injuries.

Peripheral nerves, sre Nerves.

Peripheral sensibility, early views on the nature

of, 810, 820
translation into terms of touch, pain, heat,

and cold. 810, 820
see also iScnsibility ; .Sensation.

Petren, on sensibility to pain, heat, cold and

pressure in spinal lesions, 353, 356
Phantom hand, exploration of, in cerebral

lesions, 605, 723

Phantom leg, after amputation, disappear-
ance of, with cortical lesion, 606

in paraplegia, 42, 499
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Physiological levels, S. it. :{2-), a%-:W7, rM\
(H»S, Sttf). SOT. SOS

jirojoctional cliaracteristics ui alTiMont im-

pulses on various, 751-754
rotlox activity of aiToivnt impulses on

various, .'{27, 751-7r)4

Pilomotor reflex, 289-201
on ( variation of tlio Waddor, ."'>2S

, inteiincdiato zone

56, 58, 69-70, 190,
Pin-prick, and liuht touv

between, 36-37,

812-814, 826

insensibility to, in experimental di\nsion of

radial and external cutaneous nerves,
226 237

key to the thalamic s>aidrome, 49
over-sensitiveness to—-

witli optic thalamus lesions, 49, 554
Avitli periplieral nerve lesions—-

l)rotopathic. 36-37, 56, 82-83, 191-
19: )S-261, 306

true hyperalgesia, 161-164
recoverv of sensibilitv to, following nerve

division, 81-87, 260, 317

sensibiHtv to, after incomplete nerve divi-

sion, 99-105

following median nerve division, 75-78

following radial and internal cutane-

ous division, 258

following ulnar nerve division, 68-74
in cortical lesions, 576, 708-709
in optic thalamus lesions, 554
in protopathic conditions, 258, 306

threshold for, 18-19
see also Hyperalgesia.

Pleasurable stimuli, response to, in optic
thalamus lesions, 558-560, 564, 598,

600
in peripheral nerve lesions, 306, 831

Poliomyelitis, anterior, growth of nails retarded

by, 178

Popliteal nerves, see External popliteal ; Internal

popliteal.

Position, hypotonia associated with defective

recognition of, 724

impulses underl^ang, 656-660

passage through brain stem, 549

passage through spinal cord, 388-390^

403, 544

power of appreciating
—-

analysis of impulses underlying, 656-
660

compass test and, 254, 256, 362-363
nonsensorv afferent impulses and, 660-

663
tactile localisation and, 347, 360, 394
with brain-stem lesions. 549
with cortical lesions, 579. 582, 604-606,

680-684, 723-724
with optic thalamus lesions, 561, 566,

569
with peripheral nerve lesions, 38, 141-

143
with spinal cord lesions, 345, 350-351,

358-362

Position, ]»>\\(T of a|)pri'c!atiiig, with subcor-

tit'al injuries, 602, 703-707, 725
tests for, 3t), 38, 44, 50
see also Postural tone.

Posterior tibial nerve, distribution of, 127. 136

dixision of. area of iiiscnsil)ilitv produced
by, 126-127

case illustrating, 126

Postural schemata, we Schema.
Postural tone, extensor leflexes associated with

maintenance, 499, 500
maintenance of, in spinal cord lesions, 499,

500

recovery of, 501

Pressure, sensibility to—
V. Frey on. 821

tests for, 17-18, 19-20
Trotter and Davies on, 811-812, 816
with brain-stem lesions. 549

cases illustrating. 541, .544

with cortical lesions, 572-574
with optic thalamus lesions, 554, 555

with peiipheral nerve leiions, 38, 137-

143, 247-250
with spinal cord lesions, 43, 344, 350-

351, 356 358. 371-3/3

Prassure-aesthesiometer, characteristics and use

of. 18

testing bv, in cortical lesions, 570-575

Pressure algometer, 19-20, 249-250, 554-555,
576

Pressure pain, see Painful pressure.
Pressure sense, views on, 81 1. 821

Pressure touch, how tested, 17-18

Prick, see Pin-prick.

Primary sensations, nature of, 831

Primary suture, return of muscular power fol-

lowini!;. 185-188

Primitive sensation, 809, 810, 831

development of, 743, 802, 810, 831

Projected sensations, 750-755
localisation on cortex of processes under-

lying, 737-740
reflexes and, 751-753

Proprio-spinal systems 499, 500, 504

Protective reflexes, 501

Protopathic impulses, activity of, diminished

and controlled, 193, 278-283, 303-

.305, 308-309, 325-328, 649. 651-652,

662-663
afferent system and. 63, 65. 324-329, 645-

649
•

regrouped in the spinal cord, 63, 324r-325,

336-344. 399, 401, 404. 406, 586,

650-652, 830

Protopathic response, cliaracter of. 58-60, 191-

193, 258-277. 292-295, 311, 315-319,

650

extensity of. 310. 315. 647, 829

intensity of. 270, 306-311, 650. 829

localisation and reference of. 273, 297-303,

654. 828
over reaction of, 36, 56, 82, 192, 259, 269,

827
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Protopathic response,
"
tingling

"
or "itching

"

and. 27--27'i, 655

to hair stimulation. 156-157, 272-274
to lieat and cold, 144^147, 261-273, 292-

295, 315
to pain. 258-261. 662-663
vividness of, 306-309. 315, 326, 647

diminished with return of higher forms
of sensibility, 306-307, 315, 326, 647

Weber's law and. 311

Protopathic sensibility, 58-60, 63, 191-193,
258-277, 311, 322-323, 645-648, 650

adaptation to heat and cold of ])arts in a

condition of, 292-295
after experimental division of radial and

external cutaneous nerves, 257-274

application of the term, 60, 194, 324, 649
dissociated loss of—

aiU'V division of posterior roots, 122-
125

after experimental nerve division (" tri-

angle "), 285-287, 320, 649
after injury of peripheral nerves, 112-

113

glans penis and, 276, 308, 325, 650

growth of nails and, 175-183
hair stimulation and, 156-157, 272-274,

647, 659
heat- and cold-spots and, 58-59, 313-316.

645-647
localisation and. 297-303. 328, 751-752
"
paradox-cold

"
and, 270. 271

pain-spots and, 59, 316-319, 645-647

pilomotor reflex and. 289-291

restoration of. after complete nerve division.

58, 81-98. 144-147, 195, 230-237,
318, 648

after incomplete nerve division. 99-105
sole of foot, return of. to, 126-127
threshold of, 309, 317, 318-319, 322

trophic changes and, 165-173, 235, 289
to contact, 236, 273. 646
to heat and to cold, 144-147. 261-273, 292-

295. 645-648
to pain, 258-261. 645, 646
variaticn in the loss of, after division of—

the median nerve, 77
the ulnar nerve, 71-73
the ulnar and median nerves, 79

viscera and. 63. 65. 329

Protopathic system, afferent mechanism and
tiie. 63, 65. 190-201, 333-337, 743

nature and function of. 190-193. 319,-321-
323, 333-335, 337

overlapping of fibres of, 198-199

regeneration of, 61. 195

under vmfavourable circumstances for

nerve union, 195-196
visceral sup])ly from. 63. 65. 329

Psycho-physical parallelism, 808

Psycho-physiological relations, 808
Punctate sensibUity, 58-59, 261-272. 286, 312-

323, 645-650
heat- and cold-spots, 286, 313

Punctate sensibility, pain-spots, 316-319

touch-spots, 319-322
tests for, 22-23
see also Heat-spots; Cold-spots; Pain-

spots, etc.

Pyrexia, affecting automatic micturition, 481-
482

Radial nerve, distribution of, 109-111
division of, at origin from musculo-spiral.

109, 215
at the wrist, 110, 215-217
with median and external cutaneous

nerves, 218
external cutaneous and, accidental division

of, 112-113, 217

experimental division of, 112, 240

Radiating sensation, 60, 83-85, 191, 297-305,
647. 806

and referred sensation, difference between,
193, 297, 301

definition of, 297
liair stimulation and, 273

punctate sensibility and, 260, 269, 322

return of epicritic sensibility inhibiting,

83-85, 278, 280, 282, 303-305

Receptors, intramedullary theory of, 404, 745-
747

Rectum, automatic evacuatitm of, 490

injection of fluid into, causing involuntary
micturition, 496

causing sweating, 485, 490, 497

Reference, see Referred sensation.

Referred sensation, 60, 81, 191-193, 297-305,

322, 645
and radiation, difference between, 193, 207,

301

conflict between localised pressure and, 297-

298, 751-752, 819

definition of, 297. 815
V. Frey on. 819, 821

hairs and, 273, 817
heat and cold and, 262, 297-303, 308, 315

inhibiting effect of epicritic impulses, 83-

85. 278. 279. 280, 282, 303-305, 320,

326-327, 647-650. 830

painful stimuli and, 260. 297-303, 317

theory of, 308-311, 326-327, 647-650, 828-

"829, 830

Trotter and Davies on, 815, 817, 818

viscera and, 64, 329

Reflex spasms, 494—505
associated with evacuation of bladder,

472-477, 478, 496

evacuation of rectum, 496

excessive sweating, 485—486

extensor, 497-499. 500

licxor, 483, 487, 496, 501, 502-503

Reflex stepping, see stepping reflex.

Reflexes, abdominal. 496

anal, 521

Brown-fSequard paralysis and, 351

choice and, 802

control of, 500, 502, 504, 508, 802
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Reflexes, ilcfciisive character of certain. 501,

olKJ. 745, 752. SU2-SU3
extensor thrust, 498
facilitating', evaenation of hladder, 471-

47!t. 4Stt. 4!Hi. 5tll)

evacuation of ivctinn, 496, 507

swcatinu. 485—4SG, 507
febrile conilitions and, 482, 508
from i)ahn of hand, 517
in cerebral lesions, tone and condition of.

719-721
in spinal cord lesions. 472—477, 478, 479-

48:5. 485-i8t», 494-505
cases illustrating. 508-530
extensor. 497-499. 502-503, 508

llexor. 494-497, 502
in the cervical region, cases illustrating,

517-521, 524-528
in the lumbar I'cgion, case illustrating,

521
in the sacral region, case illustrating,

523-524
in the tlioracie region, cases illustrating,

508-515.529
local signature of, 476, 494, 500, 503, 507,

751

"mass," 494^97, 501, 503, 507, 744, 752-
753

muscular tone and. 482^83
"nociceptive," 501, 503

pilomotor, 289-291

plantar, 495

postural. 500-501

postural afferent impulses and spinal, 622

receptive field of. 494-4:99
"
scratch," 494, 495, 802

segmental, 495. 752-753

stepping. 499. 503, 802, 804
case illustrating, 516

toxaemia and, 482, 508
"
type,'^ 494

see also Ankle clonus ; Knee jerk ; Plantar

reflex, etc.

Release from control, irritation and. difference

between, 9, 597-601, 743-744, 805-
806

Representation of parts of the bodv in the

cortex, 730-737
of sensorv functions in the cortex, 737-740

Residual sensibility, 7, 114, 133-136
and intramedullary disease, 377, 378-386

herpes zoster and, 381
nerve supplj^ of the leg deduced from, 133-

136
method of application with peripheral nerve

lesions, 114, 133-136
with spinal cord lesions, 377-386

Respiration, influence of, on ejection of bladder

c(mtents, 473, 474, 496

Rivers, W. H. R., algesimeter constructed by,
258

modification of Catell's algometer by, 20

Root pains, spontaneous, 41

see also Xerve roots.

RouRhness, ap|)reeiatiun of, by parts endowed
witli deep sensibility, 248

in cortical lesions, 590, 604
in o|)tie thalanuis lesions, 557, 568, 569,

in peripheral nerve lesicms, 57, 248
tests fi)r a])i)reciation of, 23

Roussy, on changes due to optic thalamus
lesions, 552

syndronii' thalaniique of, 552, 553

Russel and Horsley, on cortical localisation, 734

Sacral areas, retention of sensation over, in

spinal cord disease, 386
Sacral nerve roots, automatic micturition after

coniiik'te destruction of, 523

Sacral plexus, loss of sensation due to destruc-

tion of, 338

Scalp, testing of, for sensibility to heat and

cold, 21

Schema, 605-608, 669, 754

hypotonia and postural, 722-726
tlicoretical considerations, 754

Sciatic nerve, injury to branches of the, 126,

130

injury to the great, 131, 132, 133, 223-224,
338-339

injury to the small, 223-224

supply of deduced from residual sensibility,
133-136

in relation to internal saphenous nerve,
134

Sciatic plexus, division of, sensory changes due

to, 223, 338

Scraping, response to, in cortical lesions, 590,
600

in optic thalamus lesions, 557-558, 600

tests for sensation of, 24

Scratch reflex, i)lienomena (>f. 494. 495

Seasonal phenomena of sensory changes, 145,

146, 304

Secondary suture, period of return of voluntary

power following, 187-188

Segmentation (afferent), intramedullary, at

level of lesion, 378-384

remote, 384-386
methods of investigating, 376, 378

si.gnificance of, 744, 752

Sensation, cortex cerebri and, 570-591, 601-

609, 667-669
cortical localisation of processes under-

lying, 727-740

hypotheses concerning, 9-10, 741, 810, 820

incoherent impulses underlying, 324-327,
806-808

integration of impulses underlying, 650-

653, 745-750, 807-808. 830-832

intensity of, 306-311, 684-691

method of examining for, 12-34, 670-671

optic thalamus and, 554-569, 592-601,
663-667

physiological processes underlying, 643,

743. 745-750

pleasurable, 558-560, 664-666
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Sensation,
"
primary," 831

primitive; nature of, 809, 830, 831

recovery of, following complete division

of peripheral nerves, 81-98

following incomplete division of peri-

pheral nerves, 99-105

referred, 297-305. 815. 818. 821. 828-829

similarity and dillerence of, 691-694, 700-
702

spacial and j)rojected aspects of, 148-155,

250-254, 283-285, 296-305, 345-348,

358-363, 388-397, 579-588, 656-660,

680-684, 750-755. 806. 819

terms in use for, 5-6, 639-640
tests for. see Methods of l^'xamining for.

theoretical consideration of the mechanism
of, 63-65. 189-201. 322-329, 398-406,
608-609. 639-669, 825-832

see also Sensibilitj'.

im])leasant, 554^558, 664-666

vibratory. 568, 710-715

visceral, 64, 329, 557
vividness and massive value of, 59-60, 82-

87, 192-194, 258-277, 306-311, 554r-

561, 598-601, 663-667, 812-815, 827,
829-832

Sensibilite supleee, 189

Sensibility, conditions favourable and un-

favourable for examining, 12-14, 145,

146, 154

deep, 57, 63, 137-143, 190, 296-297, 337,

644, 811. 825

dissociated, 257-258, 741-745
of the glans penis, 274-277
of the triangle following experimental

nerve division, 285-287, 828, 829

witli lesions of posterior roots, 122-125

hair, 156-159, 272-274, 647, 817

epicritic, 60, 63, 190-201, 278-287, 303-

305, 321-323, 337, 648-650

protopathic, 60, 63, 190-201, 256-277, 297-

303, 321-323, 337. 645-648

punctate, 58-59, 262-272, 312-323, 645-
647

to compass test, with brain-stem lesions,

549
with cortical lesions, 585-588, 667-669,

680-684, 696-698
with optic thalamus lesions, 565
with peripheral nerve lesions, 140, 148-

155, 254. 304-305, 656, 815
with spinal cord lesions, 347-348, 361-

363, 390-392
with subcortical lesions, 594^596, 703-

707
to heat and cold, with brain-stem lesions,

549
with cortical lesions, 577-579, 684r-691

with optic thalamus lesions, 556, 559-

560, 564
with peripheral nerve lesions, 68-80,

106-114, 126-136, 144-147, 256, 261-

283, 292-295, 313-316, 650-653, 813,
819

Sensibility, to heat and cold, with spinal cord
lesions. 342-344, 350-351, 353-355,
367-369, 540

with subcortical lesions, 594-596, 703-
707

to locality of stimulus, with brain-stem

lesicms, 550
witli cortical lesions, 582-585, 680-684,

698-700
witii optic thalamus lesions, 563
witli peripheral nerve lesions, 250-254,

653-656. 819
with spinal cord lesions, 392-395
with subcortical lesions. 594-596, 703-

707
to pain, with brain-stem lesions, 549

with cortical lesions, 576-577, 684r-691,
708-709

with optic thalamus lesions, 554^555,
664-666

with ]ieri])heral nerve lesions, 68-80,

106-114, 126-136, 249-250, 258-261,
316-319, 650-653, 812, 826

with spinal cord lesion?, 338-341, 350-

351, 353-355, 369-372, 540
with subcortical lesions, 594-596, 703-

707
to posture and passive movement, with

brain-stem lesions, 549
with cortical lesions, 579-582, 680-684,

738-740
with optic thalamus lesions, 561

with peripheral nerve lesions, 138-142,

256, 656-660
with spinal cord lesions, 345-347, 358-

361, 373-374, 388-390, 403

witli subcortical lesions, 594-596, 703-

707
to pressure, with brain-stem lesions, 549

with optic thalamus lesions, 554-555
with peri])heral nerve lesions, 137-143,

190, 247-248, 278-279. 816-817

with si)inal cord lesions, 344, 350-351,

356-358, 372-373
to roughness, 248-249. 557, 568, 590

to shape and form, 538, 566-567, 589, 691-

694
to size, 255. 538. 566-567, 589, 691-694

to texture, 590. 691-694, 700-702

to tickling and scraping, 557, 558

to touch, with brain-stem lesions, 550

v.nth cortical lesions, 570-576, 684-691,
738-740

with optic thalamus lesions, 562

with fieri plieral nerve lesions, 68-80,

106-114, 126-136, 319-321, 653-656,
826

with spinal cord lesions, 344, 350-351,

356-358, 372-373, 540

with subcortical lesions, 594-596, 703-

707
to vibration, 141, 142, 538, 557, 568, 591,

710-715
to weight, with brain-stem lesions, 549
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Sensibility, tci weight, witli cortical lesions,

r)SS-r)SO. ()!)i-fi94. 7:w-74()

witli optic (Imliumis iosions, 565

with spinal cord lesions, 537. 538
with suboortical lesions, 594—596, 703-

707
visctM-al. 63 05. 3l'S. 32!), 557, 744

Sensory borders produced by division of cutane-

ous nerves, eharactor of, 812-813,
822. S25

Sensory cortex, see Cortex; Cortical lesions.

Sensory hinctions, representation of, in cerebral

t'ortfx. 737-740

Sensory impulses, at the thalamic junction,
592-594. 664-665

cortox cerebri and, 603-609
disturbance of, as thev pass from the optic

thalannis to tlie "cortex. 504-596. 602

integration of. 324r-327, 398-403, 405-406,

644r-650, 745-750
interrelation of, in their pa,ssage through

the spinal cord, .347-363

non-sensory and, 327-329, 660-663

spacial aspects of sensation and, 388-397,
403^04. 656-660, 750-755

specific receptors and, 404

synthesis and control of, 650-653

Sensory testing, .see Tests.

Septicaemia, aflEecting automatic micturition,
481

complicating spinal cord injuries, 469, 480-
482

Shape, appreciation of, deep sensibility and, 255
how tested, 33
in cortical lesions, 589, 604, 691-694

conclusions on, 756-757
in optic thalamus lesions, 566, 569

Sherrington, afferent fibres in muscles and
tendons demonstrated bv, 57, 226,

246, 535
on distribution of posterior roots, 375
on extensor reflexes, 498, 499, 500, 502, 504
on extensor thrust, 498
on the integrative action of the nervous

system. 741. 801

on overlapping in median and ulnar nerves,
198

on residual sensibility, 7

reflex response determined by previous
events, 749

reflex stepping investigated by, 498

Shiver, associated with evacuation of full

bladder, 489

Shock, influencing automatic bladder, 480

Size, appreciation of, deep sensibilitj' and, 255
liow tested, 33
in cortical lesions, 589, 691-694

conclusions on, 756
in optic thalamus lesions, 566

Skin, changes in, accompanving hyperalgesia,
165, 172-174

associated with insensibility to pain, 171

associated with nerve injuries, 165-174

causalgia and, 172-174

Skin, defective elasticity of, 170

drvness of. 168
"

following nerve division, 228, 288, 289

cold-spots in, see Cold-spots; Punctate

sensibility,

glossy, characteristics and significance of,

'160,172-174

heat-spots in, .sec Heat-spots; Punctate

sensibility,

perception of movement on, follo\ving nerve-

divnsion, 255

tropic chansres following nerve -division,
165-174, 221, 288-289

see also Sen.sibility ; Cutaneous sensibility,
etc.

Sole, see Foot.

Sores, production of, 166-169, 171, 289

protopathic sensibility in relation to, 60

Spacial discrimination, 26-29, 60, 63, 65, 148-

155, 656-660

deep sensibility and, 140. 149, 254

epicritic sensibility and, 151, 283-285, 304-

305, 656

protopathic sensibility and, 150

with brain-stem lesions, 549

with cortical lesions, 585-588, 667-669,
680-684, 696-698

with optic thalamus lesions, 565

with peripheral nerve lesions, 140, 148-155,

254, .304^305, 656, 815

with spinal cord lesions, 347-348, 361-363,
390-392

with subcortical lesions, 594-596, 703-707
see also Compass test.

Spearman, on tactile localisation, 393

Speech disturbances, due to removal of portion
of cortex, case illustrating, 633-635

in cortical lesions, 732-733, 736. 805

Sphincter mechanism, behaviour of, in spinal
cord lesions, 477-^79, 506

febrile states affecting. 482
relaxation of, excessive sweating in relation

to, 489
see also Automatic bladder ;

Bladder.

Spinal cord, division of, complete, 508-513,
513-514 514—515

incomplete', 516-517, .524-528, 529-530
one half of. 349-353, 537-540
.9ee BrowTi-Sequard paralysis,

grouping of afferent impulses within. 325,

338-339, 396-397, 398-406. 535-540,

641-651, 658
heat and cold. 342-344, 353-355

localisation of spot touched, 392-396

pain, 338-341, 353-35^
posture and passive movement, 345-

347, 358-361. 388-390, 403

pressure, 344r-345, 356-358

sensory and non-sensory. 403, 660-663

spacial aspects (summary), 396-397

spacial discrimination (compass test),

347-348, 361-363, 390-392

touch, 344-345, 356-358

growths ^^ithin, 432-434. 4.34-439
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Spinal cord, see also Syringomyelia,
hajmorrliage intci, 412—416
influence of, on action of automatic bladder,

479-480
see also Automatic Bladder,

influence of, on sweating, 4!)1—493

see alsj Excessive Sweating.
" mass reflex

"
and, conditions under wliich

it appears, 494-497
conditions under wliich it does not

appear, 497-499

significance of, 499-505
see also

" Mass Reflex
"

; Automatic
Bladder; Excessiv'e Sweating,

posterior columns of, 400-4()2

acute destruction of, case illustrating,
434r-439

delayed crossing of impulses in the,

402-403

segmentation (afferent) witliin, 378-386
shock, fever, etc., influence on the, 480-

483

sweating and levels in tlie, 485, 491-493

theory of specific receiptors, 404, 641

Spinal cord lesions, automatic bladder in, 469-
470. 479^83. 505-506

wall of, 470-477

sphincter of, 477-479
see also Automatic Bladder,

bladder-sensations in, 489, 501, 522, 525
due to hamorrhage, 412-416

new growths, 432-434. 434-439

syringomyelia, 439-444, 444-447, 447-

449, 450^53, 45.3^58, 458-464
excessive sweating in, 485—493, 507

see also Excessive Sweating,

involuntary movements in, extensor, 497-
499. 499-50i, 508

flexor, 494^97, 501-503. 507
reflexes in. 350-351. 507-508

abdominal, 496, 510, 513, 514, 515, 516,
519. 529

anal, 523, 524

bulbocavernosus, 514

deep reflexes below injury, 509. 510.

513, 514, 516, 519, 521, 523, 525, 526,
529

extensor. 497-500. 504-505, 508
"
extensor thrust," 498. 500

flexor, 494^97, 499-501, 503-504, 507

palmar, 519

plantar. 494-497, 507, 509, 510, 513.

515, 516, 519, 521, 523, 525, 526-527,
529

see Q,lsi Facilitation,

".stepping." 498, 499, .502. 516
scheme of examination, 39-46

sensory effects of. local, 365-374

remote, 349-363

septicasmia complicating, 480—483
situated in the cervical region, cases of,

410-412, 416-419, 420-423, 423-426.

426^29. 429^32, 517-521, 524r-528,
537-540

Spinal cord lesions, situated in the cervical

region, lamellar arrangement of sen-

sory loss, 386-387
lumbar region, cases of, 464-^66, 521-523
sacral and conus region, case of, 523-

524
thoracic region, cases of, 412-416, 508-

513, 513-514, 514-515, 529-530
traumatic, due to gun-shot injuries, cases

of. 508-521, 52:i-530

due to spinal column injuries, cases of,

410^12, 416-419, 420-423, 521-523,
537-540

from diving into shallow water, cases of,

423-426, 426^29
incomplete transverse, cases of, 516-

517, 524-528, 529-530
total transverse, cases of, 508-513, 513-

514, 514-515

unilateral, 349-353
cases of, 350-351, 537-540

see also Bro\\n-Sequard paralysis
visceral sensations in, 42. 510, 522, 528

Splinting, defective, sensory changes due to,

153

retarding growtli of the nails, 176-178, 180,
182

Spot-fi.nding, see Topical localisation.

Standing, maintenance of the act of, in spinal
cord lesions, 499, 500

Static tone, in cortical and subcortical lesions,

716-726, 759

Stepping reflex, 498, 499, 501, 503, 802
case illustrating, 516-517

Stereognosis, avoidance and limitations of the

term, 5, 640, 691

Stimuli, relation between extensitv of, and

sensation, 309-310, 648-649, 829
relation between intensity of, and sensa-

tion, 306-311
"

all or nothing
"

response, 310, 647-
648

glans penis and, 275-277, 308
hairs and, 274, 309
in cortical lesions, 570-576, 603, 607,

668,684-691, 756
Weber's law of, 311

with heat and cold, 269-270, 307-311,
647

with pain, 258-261, 309
f-ee rtlsn Painful stinmli.

Subcortical lesions, 703-707, 758

chances in sensation produced by, 594^596,
^703-707

case illustrating, 772-775
static tone in. 719. 722, 724, 725

Supplementary sensation, theory of, 189

Suppuration, retarding recovery after nerve-

division. 83, 89, 186, 202

Suture, cpicritic and protopathic sersibibty,
return of. after, 61, 81-98, 195, 200-
201

primary, see Primary suture,

secondary, see Secondary suture.
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Sweating, condition of. followlns; pcriplioral
nerve lesions. 65. 108-16!), 288-:289

see rr'tSi Excessive swentini^.

Sympathetic system, excess! \i> sweatiiiLr in

r.'latii.ii t... 4!)l-4<t;5

Syndrome thalamique, sec 'Plialaniie symlronie.
Syringomyelia, eases of, 4:}!l-4r)8

loss of sensibility in, to heat and cokl, 367-
369

to pain. 369-372
to touch and pressure, 372-373

segmental nature of the disturbance in, 378-
384

Tactile discrimination, 656-660

epicritie sensibility anil, 60. 283-287, 305
in cortical lesions, 696-698
in spinal cord lesions, 347-348

passage througii tlie spinal cord of im-

pulses concerned w ith. 390-392, 400-
401

return of sensibility in peripheral nerve
lesions and, 148-155, 283-285

use of -the term, 388
see also Compass Test.

Tactile hairs, 15-18
see also Hair test.

Tactile impulses, and discomfort in spinal
cord lesions, 405-406

grouping of, in brain-stem, 550
in optic thalamus, 405, 596, 665
in peripheral nerves and spinal cord

compared, 324-325, 344-345, 399
in spinal cord, 356-358, 372-373, 399,

400-401, 536, 540
localisation and, 653-656

Tactile localisation, 392-395. 653-656

groping test in, 26, 393-395
in lesions of brain -stem, 550

cortex, 582-585, 680-684, 698-700

peripheral nerves, 296-305

optic thalamus, 563-564, 568

spinal cord, 392-395, 397
in relation to, recognition of posture and

passive movement. 394-395, 656-660
tactile discrimination, 394—395, 656-

660
tactile sensibility, 653-656

methods of testing patient's power of, 25-
26, 393, 674

use of the term, 388
Tactile sensibility, 653-656

compass test and, 397, 696-698
cortical localisation of, 739-740, 756

deep, 57, 137-147, 247-248, 337

epicritie. 60. 278-279, 285, 337
hairs and, 156-159, 272-274, 817
in lesions of the brain -stem, 549-550

cortex, 570-575, 684-691

optic thalamus, 562-563

peripheral nerves, 190-201, 247-248,
278-279, 285

spinal cord, 334, 356-358, 372-373, 400-
402, 540

Tactile sensibility, in lesions of the subcortical
structures. ()02-603. 704-707

localisation and. 397, 653-656. 698-700

protopathij:;, 59, 272-279
relation of, to ajipreciation of ])osture and

])assive movement in i)osteri()r column
lesions. 389. 397

in jiresenee or absence of deep sensi-

bility. 137-142, 247-248
tests for, 1.5- 18. 37. 49
texture and, 700-702

touch-spots and, 319-323
Trotter and Davies on. 813. 816-818

see also Light touch ; Pressure touch.

Temperature, ^•cc Cold ; Heat.

Temperature spots, see Cold-spots ; Heat-spots.
Tenderness, and hyperalgesia, dilference be-

tween, 36

Tendons, deep sensibility in relation to, 138-
143

posterior columns conducting impulses
from. 388-390. 400, 658, 660

Terminology, 5-6. 14, 638-643, 691, 742-743
and anatomical localisation of sensory

functions in the cortex, 727-728, 734
Testicular sensibility, in optic thalamus lesions,

557

Tests, 1-7, 12-34
clinical application of, 35-51
conditions favourable and unfavourable for

external, 27, 49, 145-146, 209
in patient, 12-13, 27, 28-29, 154, 242-

245

fallacious, 37, 38, 39, 42, 43, 45
for appreciation of compasses, 26-29, 254,

696-698
form in three dimensions, 33-34

hair-stimulation, painful, 157, 272

tacrile, 156-159. 272
beat and cold, 21-23, 39, 43, 268

see also Heat ; Cold,

locality of contact, 25-26, 698-700

pain, pin-prick, 18-19, 38, 42. 708-709

pressure, 19-20, 249-250

passive movement, 30-32

posture, 30, 44

pressure, painful, 19-20, 371

tpctile, 17-18, 38

roughness, 23

shajje, 33

size, 33
successive application of compass -points

29

texture, 34. 700-702

tickling and scraping, 24

touch, 15-17
vibration. 24-25. 38-39, 710-715

\veight, 32-33
in brain-stem lesions. 39-46
in corrical lesions, 46-51. 673-676, 677-680
in hysteria, 39, 51

in optic thalamus lesions, 46-51
in peripheral nerve lesions, 35-39
in spinal cord lesions, 39—46
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Tests, in subcortical lesions, 703-704
over luiir-elad parts, importance of shavinL',

37, lo8

Texture, appreciation of, 604, 693-694, 700-
702

in cortical lesions, 590, 604, 700-702
in subcortical lesions, 706
tests for, 34

Thalamencephalon, original, nature and cliar-

actcrisiics of, 743

Thalamic syndrome, 49, 551-553, 597-601
cases illustrating, with classical signs and

symptoms, 552-553
involuntary movements associated with,

552, "610, 615, 617, 620, 623, 625

pleasurable stimuli exaggerated with, 558-
560

post-mortem examination in a case of,

553
with complete loss of thermal sensibility,

616-620
with cutaneous sensibility undiminished,

case illustrating, 612-614
witli extreme loss of sensation and greatly

raised thresholds for all painful

stimuli, 624-626
with lieat producing excessive pleasure on

affected half of body, 614-616
with loud sounds producing great distress,

622-624
with scarcely any loss of sensation, 609-

612
with states of emotion manifested on

affected half of the body, by increased

involuntary movements, 620-622
with thresholds to painful stimuli identical

on the two sides, 614^616
see also Optic thalamus lesions.

Thalamus, -ee Optic thalamus.

Thermal anaesthesia, avoidance of the term, 5

me als) Heat ; Cold.

Thermal sensibility, -see Heat ; Cold.

Thermal tests, 21-23, 43-44, 50, 145-146, 268
difficulties of, 39. 43-44, 125, 145-146, 263,

268, 286, 367

Thorburn, on loss of sensation in spinal lesions,

376

Thrill, associated with evacuation of full

bladder, 489

Thumb, innervation of the back of, 112

muscles of, 184

sensory changes due to radial nerve-division,
110

sensory changes due to median and ulnar

nerve division, 75-77, 78-80, 114

sensory changes due to experimental divi-

sion of radial and external cutaneous

nerves, 226-240
true and false abduction of, 184

Thunberg, on cutaneous sensibility, 316

Tickling, pleasural)le, 15

methods of producing sensation of, 24

response to, in optic thalamus lesions, 558,
600

Toes, innervation of, 136

sensory cluinges due to division of pr sterior
tibial nerve, 127

Tone, static, in cortical and subcortical lesions,
716-726

so also Hy|)otonia; Postural tone.

Tongue, disordered movement of, in cortical

lesions, 731-733, 736

Topical localisation (spot-finding), 2.5-26. 393,
t)5:5-()5()

analysis of the test in cortical lesions, 695,
698

in brain-stem lesions, 550
in cortical lesions, 582-585, 680-684, 698-

700
in optic thalamus lesions, 563-569
in peri])heral nerve lesions, 296-305
in spinal cord lesions, 361, 392-395, 590
in subcortical lesions, 602. 703-707
see also Tactile localisation.

Topognosis, avoidance of the term, 6

Touch, 536 Tactile ; Light touch ; Touch-spots,
etc.

Touch-spots, 319-322
hairs in relation to, 320

pain, iieat- and cold-spots comjjared witii,

321-323
Toxaemic states, e fleet on automatic micturi-

tion. 480-483

Triangular, area on wrist following division of

external cutaneous and radial nerves,

sensibility of, 285-287, 327, 828, 829

Trophic changes, accompanying nerve injuries.
165-174

bullet wound of musculo-spiral, median,
and internal cutaneous nerves caus-

ing, 221

following accidental nerve injuries, cases

illustrating, 166-169. 202, 204. 205,
218, 221

following experimental nerve division. 288-
289

protopathic sensibility and, 168-171, 289

Trotter and Davies, criticisms by, on the work
of tlie present authors. 811-818

on intensification, 815, 817, 818
on nature of the intermediate zone. 813,

815
on phenomena of recovering sensation. 814
on sensations of touch and pressure, 813,

816—818

Tuning-fork test, 24-25. 38-39, 45. 67.3-674,
710-715

appreciation of passive movement and,
710-715

hj^steria and, 38-39
in cortical lesions, 591, 673-674, 710-717
in optic thalamus lesions, 568-569, 600,

710
in peripheral nerve lesions, 38, 141-143
in spinal cord injuries, 45, 537, 540

posterior columns of the spinal cord and,

45, 540, 714

Type reflex, 494
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Ulcers, fullowin,'; lu'ivo ilivisioii. I('.")-171

ctiscs illustratinir, 1(50 -10'). 202. 2t»4.

205, 218. 221

protopatliic .soiisibililv in ivlntioii tc (K>.

2S'J

Ulnar nerve, ilistributimi nf, GS-74. I'JT-lUi)

di'f|) si'iisibility ami. 141-142

I'pirritif siMisibility ami. 71. 7."?. I!l7-l!t8

prottiputliio sensibility and. 71. 7^^. li*S-

199
division of, complete, witli dorsal biajich.

68-73
cases illustratinL'. 1")(). 207, 208

without tloival biancli. 73-74
case illustrating:. 209

nuiscular paralysis after. 18i)-187

ix-covery of sensibility after, complete,
92-96. 98

incomplete. 100-10")

growth of nails after injury to. 181-182

lij'peralcesia, revealing full supply of, 160-
162. 173

cases illustrating, 210-212, 212-214
see (lis >

"
Causalgia.''

overlapping of, with supply of median

nerve, 197-199
with supply of other nei'ves, 197

simultaneous return of sensibility after

injury to, 102-105
cases illustrating. 100-102, 209

theoretical conclusions on supply of, 189

trophic changes associated with injury to,

166-167
see Median and Ulnar nerves.

Urine, automatic evacuation of, 470-479, 505-
506

tee also Automatic bladder,

retention of. excessive sweating in relation

to, 486-490

Vasomotor changes, following nerve-division,
172 174, 288

Vesical tension, association with excessive

sweating, 486 490
Vibration test, see Timing-fork test.

Viscera, sensibility of, 63-65, 328-329, 662,
744

Visceral disease, hyperalgesia zones of, in rela-

tion to herpes zoster areas, 378- 384

Visceral facilitation, in si)iiial cord lesions, 472-
477. 494 -497, 503-504, 744

Visceral insensibility, cause of, 747
Visceral pain, 744

dclVnsivc reactions and, 803

Visceral sensations, in optic tlialanms lesions,
557

in spinal conl injuries. 42

feeling tone of, the product of thalamic

activity, 601, 664

Visualisation by the patient, 605. 722-723
clTcct on i-xaininatioM and tests, 243-244,

296 297

Voluntary movement, jx'riod of return of,

folldwiu'j; ucrve-divisitm, 185-188

Volkmann, <>ii tactile localisation, 392

Volkmann's contracture, case illustrating, 206

Walking, cerebellum preserving equilibrium
during, 502, 547

maintenance of the act of, in spinal cord

lesions, 499, 500

Walshe, on extensor activity, 500

on reflex phenomena in paralysis of lower

limbs, 502-503

Weather, influence on sensibility to heat and
cold, 145, 146, 304

Weber, on tlie compass test, 390, 392

Weber's law, validity of, 311

Weight, appreciation of, impulses underlying,
661, 667, 668

in brain-stem lesions, 548

in cortical lesions, 588-589. 691-694
in optic thalamus lesions, 565-566

in spinal cord lesions, 540

in subcortical lesions, 602, 706,

influence of cerebellum on, 661

localisation (anatomical) in cortex of, pro-
cesses underlying, 739

tests for, 32-33, 565, 675, 678

Weir-Mitchell, on "
Causalgia." 160

on condition of skin following nerve

injuries, 172-174
on method of registering growth of nails,

175

Wichmann, on loss of sensation in intra-

medullary disease, 376

Wrist-jerk, in cortical lesions and relation to

hypotonia, 720-722
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