DEC. 4, 1915)

©  SPINAL INJURIES OF WARFARE.

Tak Brrriek
MzpicaL JouawaL

835

- @be Goulstonian Lectures
SPINAL INJURIES OF WARFARE.

DELIVERED BEFORE THE RoYAL COLLEGE oF PHYSICIANS
oF Loxbox.

By GORDON HOLMES, M.D., I.R.C.P.,

ASSISTANT PHYSICIAN TO CHARING Cross HOSPITAL, ANXD NATIONAL
HOSPITAL FOR PARALYSED AND EPILEPTIC, QUEEN SQUARE;

LIEUTENANT-COLONEL (TEMPORARY) R.AM.C,

II. TIIE CLINICAL SYMPTOMS OF GUNSHOT
' . INJURIES OF THE SPINE. ;
Durisa the past thirteen months we have been able to
observe sevéral hundred cases of spinal injury, and at
present have clinical notes on over 300; these will form
the basis of the remarks and conclusions which will be
put forward in the next two lectures.

But cven this material is so large and the variety of
symptoms is so great that it will be necessary to select
only the most striking and special symptoms for considera-
tion. We have found every segment of the cord from the
second cervical to the conus affected, but in the cases that
have reached the base hospitals the injury has been most
common in the middle and lower dorsal segments and in
the cervical enlargement; the fourth, the fifth, or: sixth
cervical segment was damaged, for instance, in 51 cases,
whilc in 65 the lesion lay between the sixth and ninth
dorsal segments. It is not proposed to deal at present with
injuries of the cauda equina, of which a large number came
under observation. )

LEven an ordinary transverse lesion of a dorsal segment
produced directly or indirectly by a bullet, piece of
shrapuel or shell casing, presents striking symptoms.

‘When the patient is seen a day or two after the infliction
of the wound, there is usually complete flaccid paralysis of
the lower limbs and of the trunk muscles to a level varying
with that of the lesion, sensory loss to the corresponding
level, absence of all reflexes in the lower limbs, except,
perhaps, of the flexor witlidrawal reflex in incomplete
lesious, and vetention of urine.

Locarization of tue Lesiox. )

The segmental level of the lesion can be usually rccog-
nized as accurately by the extent of the motor paralysis
as by the upper border of the sensory disturbance; and
since the evidence it gives is less equivocal and as easily
interpreted in both military and civil practice, some
emphasis may be laid on its importance. The segmental
innervation of most of the muscles of the upper and lower
limbs is now known, and this knowledge has been applied
in clinical worls. = A paralysis of all the movements of
the wrist and fingers as well'as of the triceps while the
biceps remains strong or only slightly weakened is usually,
for instance, taken as an indication-of a lesion in the
scventh cervical segment, but hitherto little attention has
been given to the evidence of the level afforded -by the
f)alsy of the trunk muscles. When, however, one of the
ower six dorsal segments is involved, the part and the
extent ‘of the muscles of the anterior abdominal wall
which are paralysed form an easy and certain guide to the
segment in which the lesion lies. If, for instance, the
eleventh is involved the whoie rectus abdominis contracts
when thie patient raises his head, attempts tosit up, or
coughs, but the iliac regions bulge owing to paralysis of
the lower portion of the obliqui abdominis, and their
failure to contract can be easily recognized by the
observer's  fingers. Similarly if the ninth segment ig
injured, it is obvious to the finger that the recti abdominis
downwards from about 1 in. above the umbilicus do not
contract, but are, in fact, passively stretched by the ten-
sion produced on them by the shértening of the upper
segments. Owing to the same fact the umbilicus, as
Beevor first pointed out, rises towards the xiphoid. The
state of the intercostals is an equally reliable guide to the
Icvel of the injury, and permits a local diagnosis in the
upper as well . as in the lower dorsal segments. If the
fingers atve firmly placed in series on the intercostal spaces
the unaffected muscles are felt contracting on each deep
inspiration, and form a firm shallow floor to the space,
while in paralysed spaces no contraction can be felt, and

“on. deep - inspiration the finger sinks deeper between the
-ribs; in lean subjects thiz may be, in fact, visible to the-
eye. - As the ‘intercostal muscles have only unisegmental
innervation, and as each receives its nerve supply from the
correspondingly numbered dorsal root, the highest space
which ig paralysed indicates the level of the spinal injury.

The upper limit of disturbance of sensation is the means
most. commonly used in civil practice to dctermine the
segmental level of the spinal lesion, and if proper care is
taken the evidence it gives is reliable, but, as we shall see
later, in incomplete lesions, and more especially in those
which are wholly or chiefly unilateral, errors may easily
occur, and an exact local diagnosis may not be always
possible from even an accurate sensory chart; this is due
to the obligne course of the decussating sensory fibres in
the cord. In a complete or very severe lesion, light con-
tacts are usually felt a short distance below the limit of
complete analgesia, but there is frequently some dis-
turbance in tactile sensibility above the level of the latter.
The appreciation of moderatec temperature is often lost
slightly higher than that of painful stimuli. '

The disturbance in the appreciation of vibration may
be also a valuable indication of the level of the injary,
especially in incompletc cases in which the dorsal columns
only are damaged and sensibility to touch and pain is
unaffected, since thc vibrations of a heavy tuning-fork
cannot then be recognized below the corresponding seg-
mental area. This can be determined by drawing tlic base
of the vibrating fork nupwards over the soft parts. This
method is particularly valuable on the trunk when the
state of the other elements of sensation conducted throngh
the dorsal columns cannot be investigated; the basc of
the fork may be simply drawn over the anterior abdominal
wall till the level is reachied at which the patient feels the
vibrations, but, ag the thorax can act as a sounding box
and transmit the vibration widely over it, it is necessary
to apply the fork here only to folds of skin raised gently
between the observer’s fingers and thumb.

‘When one cf the lower abdominai segments is involved,
the level of the lesion may be also accurately determined
by observing the segment below which the abdominal
cutaneous reflexes cannot be obtained. -

It must be remembered, however, that the lesions pro-
duced directly or indirectly in the spinal cora by a gunshot
wound are often very extensive, and that a clinical exami-
nation can, as a rule, indicate only their oral limit,

ReFLEXES AND Rerrex Toxr.

* In all gcverc lesions the lower limbs are found flaceid at
least as early as one day after the infliction of the wound,
and within threc or four days their muscles become tone-
less and flabby; if the lesion is complete or almost so they
remain flaccid and waste gradunally; later the atrophied
muscles, especially those of the calf and the flexors of the
toes, undergo fibrous contracture. In less severc cases
the muscles regain tone and the limbs become slightly
rigid, generally within fourteen to twenty days. In-one
case, however, we observed slight rigidity in a limb five
days after the wound was inflicted, but in another spas-
ticity appeared only after eighty-four days. In slight
cases there may be no abvious defect of muscle tone, or,
if diminished, as it frequently is at first, it rapidly
recovers. :

In those casges in which some rigidity develops carly
reflex spasms of the legs of the flexor type are apt to
occur; they are, as a rule, seen only a few days after the
limbs have become somewhat spastic, but we have
observed them occasionally as early as. the  sixth to
tenth day, when the tonc of the muscles was not yet
exaggerated. : '

In one interesting group in which pains due to higher
spinal lesions occur in the legs, these limbs are oftcn held
stiff and rigid, but careful examination shows that there
is no true spasticity, and reflex spasms do not occur; in
these cases the spinal lesion is not severe, and voluntary
‘movement is either not lost or has recovered rapidly.

The state of the reflexes in the affected parts presents
interesting problems. Except when the spinal lesion is
slight the knee and ankle jerks arc almost invariably lost
at first, and in severer cases vemain absent during the
period in whicly we have been able to observe them—that
is, in some-instances, for ay long as six to ten weeks. The-
teaching of Dr. Charlton Bastian that tiiese veflexes avo
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permanently abolished in total transverse lesions of the
cord is generally accepted now, and our éxperience seems
to confirm it, though in one casc in which a fragment of
shell-casing lacerated the cord in the lower part of the
Tourth dorsal segment and passed downwards through the
next three lower segments, apparently destroying them
completely, feeble knee-jerks could be obtained from the
fifteenth day onwards; whether or not therc was a total
transverse lesion has not yet been detcrmined by micro-
scopical examination.

In less severe injuries the knee-jerks veturn, but gener-
ally not earlier than within two or three wecks; the re-
appearance of the ankle-jerks is always later than of the
knee-jerks, but occasionally ankle-clonus could be obtained
while the knee-jerks were still absent or much depressed.
In a few cases in which paraplegia in flexion devcloped
after the return of the knee-jerks we saw these again
disappear as the flexion rigidity increased. In lesions of
the upper four cervical segments the arm-jerks are usually
lost at first, independently of the severity of the injury,
and seem to recover less early than the knee-jerks.

Not only are both knee and ankle jerks absent for a
considerable time in transverse spinal injuries, but with
unilateral lesions of the cervical or dorsal segments neither

‘can usually be obtained in the paretic leg for some days,
or they are at least much diminished on this side com-
pared with the normal. The paretic leg is also usually
flaccid. In these cases, however, the reflexes return
earlier than in transverse lesions of .the same degree of
severity, but usually not till at least ten to twelve days
after the infliction of the wound; in one patient with a
unilateral cervical lesion we could elicit only a very feeble
reflex after thirty-five days, and it was almost two months
after the injury that the jerks of the homolateral limb
were as brisk as normal.

- On turning to the superficial reflexes we find the abdo-
minal and cremasteric more easily abolished than the
tendon-jerks ; in fact, when the lesion lies above the
mid-dorsal level, both remain permanently absent as
long as there is any obvious motor weakness of the
lower limbs.

In spinal injuries above the lumbo-sacral enlargement
we would expect, on stimulating the sole, to obtain con-
stantly the abnormal type of plantar response originally
described by Babinski. When the lesion is complete or
particularly severe, however, no movement of the toes
may result, and there may be no reflex contraction of the
hamstrings or of other muscles; and this holds not merely
for the first few days when extensive functional disturb-
ances might be attributed to *shock,” but the condition
may persist for several weeks at least.

-In some cases, however, probably when the transverse
lesion is not total, stimulation of the sole produces only
a simple flexion of the great toe, often associated with
slight flexion and adduction of the smaller toes; this
flexion of the great toe can be produced when the outer
border of the sole only is stimulated, and conscqu ntly it
cannot be attributed: to direct mechanical irr tation or
stretching of the small flexor muscles of the sole. The
movement differs from the normal flexor response in that
it is slower and smaller in range, and in that it is chiefly
a flexion at the metatarso-phalangeal joint. Occasionally
the only effect is contraction of the inner hamstrings, but
as a rule thig is associated with slight flexion of the toes.

In less severe injuries stimulation of the sole still
evokes flexion of the great toe with contraction of the
hamstrings, while, if the lesion is still less serious, a with-
drawal reflex of the whole limb, in which the hamstrings,
tensor fasciae, flexors of the hip, and the dorsiflexors of
the ankle are concerned, may be obtained, but still with
flexion of the great toe. In many cases, however, an
extensor response can be elicited from the sole, but clinical
experience and post-mortem cxaminations tend to show
that during the first week or ten days at least Babinski’s
sign occurs only with transverse lesions, which are not
complete. We have repeatedly seen a flexor movement of
the toes give place to an extensor between the seventh
and the twentieth day after the injury, and in certain
cases this has been a precursor to improvement. Even in
one case in which a unilateral lesion of the fifth cervical
segment produced a flaccid paralysis of the limbs of the
same side the plantar reflex was absent, or only a slight
slow flexion of the great toe could be-obtained during the

first two weels, after which it gave way to a pure extensor
response. o S :
SPINAL SHOCK. .

This state of the reflexes, riore especially the abolition
of the tendon-jerks and the absence of Babinski’s sign, in
severe but not necessarily complete anatomical lesions
raises many points of interest. Iven if we accept Dr.
Bastian’s doctrine, we must be surprised to find the
tendon-jerks absent, for a time at least, in such a large
proportion of incomplete injuries. This differs from what
we find in ordinary civil cxpericnee, except in cases of
fracture dislocation of the vertebral column, and in this
condition the medullary injury resembles that produced by
gunshot wounds of the spine. The nature of the lesion
cannot, however, explain it, and ag the reflexes disappear
even when the highest spinal segments are injured their
absence cannot be attributed to the distant disturbances
that have been described in the first lecture. The most
obvious common factor is the sudden severance of a portion
of the cord from the influence of more orally situated
centres. by an abrupt section or by a physiological block.:
This produces the condition which is generally known as
“gpinal shock.” It is vecognized in the experimental
laboratory, as high trans-section even in the frog leaves all
four limbs flaccid and inactive to stimuli for half an hour
or 80, and the higher the animal stands in the scale the
move pronounced and persistent are the symptoms of
shock. In man, in whom the spinal mechanism is most
subordinated to the higher centres, the effects of shock are
naturally most pronounced, and the caudal portion of the
cord is least capable of acting alone as an cffective central
organ. Our observations, therefore, only extend and
confirm the experiences of physiologists, and show that
the sudden isolation of a portion of the cord from the
rest of the central nervous system leaves it incapable,
for a time at least, of subserving even the simplest
reflex.

The unilateral absence .or depression of the tendon-jerks
in cases of unilateral lesion is interesting, as it shows that
their abolition is not due to a state of general shock, or to
a sudden gross traumatic injury of the cord, but that it
must be attributed to an interruption of impulses that
descend through the homolateral half of the cord, which
produces a functional depression on this side only.

We have not yet had the opportunity of determining
whether, in cases in which the structural lesion is not
complete, the absent reflexes. eventually return, at what
date they reappear, and with what other symptoms of
recovery their reappearance is associated. We have, how-
ever, seen the knee and ankle jerks absent during the first
and second week in cases which have recovered sufficiently
to stand, and absent for longer periods in patients who
later regained some power of movement while under
observation.

The inability to elicit reflex movements from the sole in
cases of complete transverse lesions must be also attributed
to the functional depression, either temporary or per-
manent, of the isolated segments of the cord. It has been
pointed out that in less severe cases only flexion of the
toes, or this associated with contraction of'the hamstrings,
is obtained, and that only in less severe or longer standing
injuries can the complete flexion reflex be evoked. This
we might expect, for when the activities of the isolated
portion of the cord are depressed by shock the relatively
complex mechanisms of commissural and intersegmental
association naturally suffer more than the simpler and
more rudimentary unisegmental functions. - And as the
sole, from which the reflex is' most easily evoked, lies
within the sensory distribution of the first sacral root, and
the flexors of the toes and the hamstrings are innervated
chiefly by-the ventral root of the same segment, the con-
traction of these muscles on stimulation of the sole can be
regarded as a unisegmental reflex; additional segments
would be concerned in flexion of the hip and knee and the
contraction of the tensor fasciae femoris and adductors,
which are included in the full flexion reflex. Further, in
these cases the receptive field of the reflex is much
narrowed, and is in fact almost invariably limited to the
sole, where the threshold of effective stimulation is
normally lowest. o

It might be expected that the effects of shock on the
lumbo-sacral enlargement would be more pronounced the
lower the lesion lay in the cord, but we find little to
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support this view; the lower limbs have been as flaccid
and toneless in cases of high cervical injury as when the
lower dorsal segments were damaged, and when the
lesions haye been probably of equnal severity therec has
been no evidence of less shiock or of earlier recovery when
it lay high rather than low in the cord. This would
support the conclusion drawn from the observation of
unilateral. lesions that shock is not a direct mechanical
disturbance of functional activity, bnt that its effects
depend on the interruption of the neuronic impulses that
normally flow continuously from the higher to the lower
levels of the central nervous system. - )

Sherrington has pointed out that the effects of spinal
shock are seen in experimental animals only in the aboral
divection, and it is obvious that in man they are limited to
segments distal to the lesion, -as in cven the radest
transverse lesion no symptoms are found above its level
which are attributable to shock,

¢ AuToMATIC” MOVEMENTS,

But, though the shock effect of these scvere spinal
traumata almost invariably abolishes or depresses seviously
tho functions of the isolated segments, in a group of
four cases in which the lowest dorsal or highest lumbar seg-
ments wére involved, “ antomatic ” movements, such as are
observed in cerfain spinal animals, occurred, and their
occurrencc can be interpreted only as the rosulli of a
reflex over-activity of the isolated segments. In one of
these cases the lesion involved the first and the upper
part of the sécond lumbar segment ; in another it extended
from the lower part of the twelfth dorsal to the middle of
the second lumbar segment; in a third it reached as high
ag thé eleventh dorsal segment and probably cxtended
‘somo distance downwards, while in the fourth it was
probably limited to the third lumbar scgment. In these
cases the lesions were sovere or total, and as ‘the
involuntary movements were identical or very similar
in all four, their nature can be best conveyed by
describing one casc in detail,

; CASE IT,

Pte. D., 7687, who was first seen on January 6th, 1915, was
wounded two days previously by shrapnel while crouching. He
tell back and lost power in both legs at once and had since

,vetention of urine. There was a small dry scabbed wound
one inch to the left of the tenth dorsal spine.

His legs were flaccid and no voluntary movements of them
were possible, but their muscles were not quite toneless. The
trunk muscles were unaffected. Sensation was completely lost
to the level of Ponpart's ligament on the right side and to a
slightly lower level—that is, to the lower margin of the first
lumbar root area—on the left. His knee and ankle jerks were
a_bsent; an indefinite extensor responsc was obtained on the
right side, but only flexion of the great toe on the left. (In the
other three cases only flexion of the toes could be elicited.)

There were constant involunta.r{ rhytbmical movements of
hoth lower limbs, which apparently occurred apart from any
peripheral stimulation. At first they occurred every four to
seven seconds, but their rate later became somewhat slower.
They consisted in alternate but not quite regular rhythmical
flexion of the knees, with dorsiflexion of the feet, extension of
the great toes, and slight flexion and outward rotation at the
hips, followed by active cxtension of all segments of the limb.
They were usually niove marked in the right than in the left
limb and were often grouped-—that is, the movements of left
succeeded -those of -the right almost immediately, They were
not influenced by the position of his limbs, and occurred equally
whether these were flexed or straightened out, and whether he
lay on his back or side. Stroking or pricking either sole pro-
duced a fairly brisk withdrawal reflex; it did not interrupt the
sequence of the movements, however, but delayed them when
the sole of the limb in which they were next due to appear was
stimulated ; stimulation of the sole of the limb in which the
movements had just occurred had no effect. On the other
hand, striking the great toe with a percussion hammer imme-
diately excited the movements, but only when they had last
occurred in the opposite limb—in fact, in each limb the move-
ments were followed by a refractory phase, during which they
could not be again obtained till they had occurred in the
opposite limb; their sequence could not be altered by any
metlrod that was tried, but their rhythm was accelerated for
& time by pricking the inner sides of ths thighs or the
perineam.

Percussion of the patellar ligament did not give a knee-jerk,
btuig was followed immediately by contraction of the ham-
strings. S

Four days after the infliction of the wound Licutenant-
Colonel Sargent performed & laminectomy. It was noted that
the movements of the legs ceased when the chloroform
anacsthesia became sufficiently deep to arrest consciousness.

The left side of the eleventh dorsal arch was found fractured,
and a small sharp-edged fragment of the articular cartilage,

which measured 1 by 0.5 cm., had penetrated the dura and
lacerated the cord at the level of the upper margin of the
eleventh dorsal vertebra. )

The g:tient recovered rapidly from the operation, but died
fifteen days after receiving the wound. The rhythmical move-
ments and his other symptoms persisted unaltered till death.

On post-mortem examination a laceration was found on the
left side of the dorsal surface of the cord in the upper part of
the second lumbar segment, and a piece of shell casing, which
measured 3 by 4 by 7 mm., was removed from its right side at
this level ; it had passed through and destroyed the dorsal half
of the cord, but a part of its ventral surface seemed little
injured. On microscopical examination the dorsal columns
were found destroyed in-the lower part of the first and the
upper part of the second lumbar segment, as well as the dorsat

art of the left lateral column, The right lateral column was
ess extensively injured, but was softened ; the ventral columns
were not directly affected. There were practically no patho-
logical changes in either the grey or the white matter below
the second or above the first lumbar segment.

In another of the cases in which, a post-mortem examina-
tion was made, it was also only the ventral columns that
had escaped total destruction in the lower part of the
twelfth dorsal and the upper two lumbar segments. )

These alternate flexion and extension movements of the
lower limbs obviously represent the rudiments of the lower
physiological mechanism of gait, and are very similar to
the “ mark time” or progressive movements seen in the
“spinal ” dog; their nature must be the same as these
reflex movements which Sherrington has described in the
spinal animal.

- It is intcresting, however, that we have ®seen such
involuntary reflex movements only when the lesion
involved the upper lumbar segments of the cord, and that
they occurred in a considerable proportion of all serious
injuries at this level. In the only two cases in which the
spinal cord has been examined there was exceptionally
little distant disturbance, and the lower lumbar and the
sacral segments were in both almost intact. It is also
surprising that they should occur at least as early as the
second day. Further observations will be necessary to
determine the significance of the absence of dirceé struc-
tural damage in the ventral columns in the two cases wh'ch
came to autopsy.

We have not observed any *automatic” movements of
the limbs when the higher cervical segments were injured ;
in fact, these are always then flaccid and toneless, and
their muscles usually wasted early. We have, however,
obtained a reflex—which, as far as we know, has not been
yet described—in cases in which the lesion lay in or above
the fifth cervical segment, and produced paralysis of the
upper limbs, Pricking; pinching, or firm stroking on the
inncr side of the arm then evoked, generally after a short
latent period, a sudden and strong inward rotation and
adduction of the arm on the same side, the inwar1 rota-
tion being apparently the prime and chief movement. We
obtained this reflex in most of the cases of severe cervical
lesions in which we examined for it, provided there was not
an atrophic palsy of the arm,

CERVICAL SOFTENING. *

Injuvies in different portions of the cord naturally
produce clinical symptoms differing not only in the extent,
but also in nature of the paralysis. Onec of the most
striking types is that which resnlts from an incomplete
lesion of the cervical enlargement. Since haemorrhages
and sccondary changes undoubtedly -occur as a resnlt of.
concussion more readily in this than in any other region
of the cord, and since they are more liable to damage the
grey than the white matter, the arms are frequently
seriously paralysed, though therve is fair or unaffected
power of movement in the lower limbs. Not infrequently
the paralysis, especially that of the arms, develops somo
time after tho infliction of the wound, but, on the other
hand, it is not uncommon to mcet patients with gunshot
wounds of the neck in whom all four limbs were at first
paralysed, who had regained power within a week or so,
the arms recovering almost invariably later than the légs.

The following case illustrates the chief clinical features
of such an injury,

CASE III.

Lance-Corporal G., 11060, was wounded by fragments of a
high explosive shell on Scptember 15th, 1914. He found imme-
diately that he had no power of movement in his right arm,
but the left was unaffected ; he was able to pick up his tobacco
‘pouch with it and put it in his pocket. He walked thirty yards

-or £0, stumbling and faint though his legs seemed quite strong,

till he reached shelter, There ke lost consciousness, and on
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regaining it, twenty-four hours later, found both upper limbs
completely paralysed and both legs weak. He had no sphincter
trouble, and neither delay o difficulty in passing urine.

He was first seen by us five weeks later. Then there were
three small scais on the right side of his peck opposite the
spines of the third, fourth, and fifth vertebrae, and an z-ray
examination revealed a fragment of shell casing at the level of
the body of the seventh cervical vertebra.

Both arms were wasted, the left more than the right, and the
only movement possible in the latter was feeble adduction at
the shoulder. ractically no movement at the left shoulder
or elbow was possible, and flexion of the wrist and of the
fingers was very feeble, but the power of extension, adduction,
and abduction of the fingers was fair. The trunk movements,
as well as those of the right leg, were unaffected, but the left
lower limb was somewhat rigid, and its distal movements were
slightly feebler than those of the right. He was able to stand
and walk easily, and his gait was almost normal.

The right arm-jerks were absent; the left knee and ankle
jerks were increased, and stimulation of the left sole gave
an extensor response. There was slight loss in the apprecia-
tion of pain and light tactile contacts on the left side up ¢o the

. upper margin of the fourth cervical root area, and complete
«loss of recognition of posture, passive movement, form, and the
compass points in the left arm. The knowledge of position
and the discrimination of compass points were only diminished
in theleft lower limb and unimpaired in the right. )

In this case & secondary haemorrhage or softening had
obviously occurred in the cervical enlargement as a result
of comcussion, and the greater affection of the grey
than of the white matter had produced an atrophic
palsy of the upper limbs, which is probably permanent,
while' the weakness of his lower limbs had gradually
diminished. o

Lesions of certain regions of the cord also produce
special local symptoms. We have, for instance, repeatedly
seen unilateral paralysis of the diaphragm, and in two
cases at least bilateral palsy, due to lesions at the level of
the fourth or fifth cervical segment; unilateral palsy of
the diaphragm also occurred in two cases in which the
main lesion was to the second cervical segment, but it was
not observed in any patient in whom it lay lower than the
fifth. The occurrence of nystagmus has also been de-
scribed as a result of lesions in the higher cervical region,
but we have observed it in only 3 of the 63 cases in which
the cervical segments were injured, in lesions of the sccond,
fifth, and seventh segments. It was slight and ill-sus-
tained in all three, and disappcared rapidly, save in one
patient, in whom it persisted at least fifteen days; but as
in this case the exit wound was in the neighbourhood of
the tip of the mastoid labyrinthine concussion cannot be
here cxcluded. :

PaLsy oF THE CERVICAL SYMPATHETIC.

Disturbances of the functions of the cervical sympathetic
occurred with lesions of all segments between the second
cervical and the second dorsal included; they are referred
to in our notes on 36 cases, and in the great majority at
least of these injury of the sympathetic fibres in the neck
eould be excluded. The most common and prominent
symptom was miosis, or, in unilateral lesions, inequality
of the pupils, the smaller being on the side of the lesion,
And this, as_a rule, failed to dilate, or dilated less rapidly
and less completely on shading the eyes. A narrowing of
the palpebral fissures in one or both eyes and some
enophthalmos was also pronounced in most of the cases.
Ptosis was also frequently observed, especially with
lesions of the lower cervical and the first doisal
segments. ) :

Disturbances in sweating on-the affected side were also
present in most of the cases; as a rule, the skin of the
face, neck, and shoulders, as well as the hair of the head
on the side of the spinal injury, was merely drier and less
greasy than on the opposite side; but during the warm
weather of the late summer, or in any condition that
induced sweating, there was a very obvious difference, for
the skin of the face, neck, and shounlder to the level of the
second rib remained dry on the one side, while it was
moist and covered with beads of 3weat on the other. In
cortain unilateral lesions, too, a diminution of tear secre-
tion was observed on the affected side, the eye being
obviously drier and presenting a more staring and glassy
af)pearame than the normal; a few patients even com-
plained of this eye being “ stuck "’ or difficult to open in the
morning owing to the lids being adhervent as a result of
the drying of the undiluted conjunctival secretion.

Detinite vasomotor disturbances associated with para-
lysis of the cervical sympathetic were less common, but

in several cases the face was more flushed and highly
coloured on the affected side, especially after shaving.

It is known that the cilio-spinal centre lies in the lowest
cervical and first dorsal segments, while the spinal centre
of the other components of the cervical sympathetic is
found in the two upper dorsal segments, and that these
are influenced or controlled by efferent bulbar fibres which
descend uncrossext through the cervical cord. It must be
to disturbance of the latter that the symptoms just de-
scribed are due when the lesion lies above the eighth
cervical segment, while the spinal centres themselves are
injured when the lesion lies below this. It is an interest-
ing question if the symptoms due to lesions in these two
sites differ. 'We have not, however, observed any essential
or obvious difference, though both the ocular and secretory
disturbances seemed to be on the whole more prominent
and permanent when the spinal sympathetic centres weve
damaged than when the bulbar efferent fibres were in-
volved; in fact, in the latter case the symptoms usunally
subsided quickly, and often disappeared under observation.

Symptoms of irritation of the cervical sympathetic did
not occur in any case in which the spinal cord only was
injured, ‘

HYPOTHERMIA,

One of the most interesting types we have observed was
due to injury of the lower. part of the cervical enlarge-
ment, and was eharacterized by subnormal. temperature,

‘slow pulse, low blood pressure, and scanty secretion of

urine. All the 10 patients in whom these symptoms
occurred died within eight days after the infliction of
the wound, and in all the lesion lay in approximately the
same region.

On admission to a base hospital, generally one or two
days after the injury, the most striking feature was the
cold, collapsed condition of the patient., The skin was
generally dry and remarkably cold even to touch, and it
was noted in some that the superficial temperature on
exposed parts, as the face or hands, was apparently no
lower than that of covered

parts. When the tempera- ) =
ture was very low, a toueh
reminded one forcibly of the PM[ANMIPM

coldness of death—this was 2l 1iA5Tolz
especially so in a man seen
at a casualty clcaring station

soon after he received tho  |1% D
wound. The skin was also  |/05] Ji]
enerally cyanosed, and the - - |/ IR
%ace of a curious slate |/ -]
colour. The temperature /o7 |
varied in different cases,and |, ]
as unfortunately a special 100] |
thermometer to register it 04 ]

was not always available,
in four of the ten cases we !
can only say that it was qr
lower than could be regis-

L

tered in a ‘clinical ther- 95"
mometer (that is, 36° C. = P
95> F.). In one of the other -

six it sank to78.8° F. (26°C.) ;
in the rectum, and did not g
rise above 80° F. duringthe  [9L 4]
twenty-four honrs he lived |99 ]
under observation, but in $9° .
most of those in which 88"
accurate observations were ye
made the lowest recorded % |
lay between 80° and 84° F. §5° -
In a few it rose suddenly |

before decath to above the | 84 q .
normal, and in one case $3°
which has been already re- 820 [

corded by Lieutenants [Jg-| A\ ’ .
Oliver and Winfield,' ac- |

tually rose from 80.4° to
105.6° F., that is, 25° F., in
twenty-six hours (Fig. 2);
in others it remained low till the patient ceased to live
In one case the patient lived at least three days with
a temperature not rising above 90° I, and in two it
did not oxceed 85> F. for twenty-four hours, but as
these cases usually did. not come under our cbservation

Fig. 2.—D, Death.
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1.111 the tlmd dary, 1!; is. probable that - life could be'

maintained even longer with this low téniperature. -

The temperature was always taken in both the mout;h"‘.

and axilla, and in d féw instances in the rectum too; the
thermomeéter in the mouth cencmlly registered shght]y
Jigher than in the axilla, but, exccpt in one-case in which
it was a few degrees highev; the rectal temperature was
approximately equal to that in thé mouth,

In all cases, too, the pulsé-rate was very slow, while the
tempela.turc 1emamed Tow, and - it- increased in fleguency

as this rose; in one case if was enly 22 per ‘minute, and in.

the others ranged betweeh 30 and 50 per minute till the
temperature apploached normal limit<. -In one patient it

was 32" when the femperifure. ir the mouth was 80.6" .,
and rosé to 102 Wlien this reached 98, 8°1." The pulse was,
also” very soft and of Iow fension wlhilc the temperaturc.
reinained doivn ; tinfor hunatel'\ sprgmomanometrlc ob-.
servations were possible in onl) three cases, and in these,

the préssive registered 56,72, and 73'nim. of mercury.

As the intercostal muscles were- paralysed in cvery caﬁfo,“
respivation was wholly dlaplnavmatxc, but its rate was.

appw\mmtely normal, except in one in which it was onl ¥
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9 per minute, while the temperature remained under 80°F.

It must be, however, remembered that when the respira- .

tory movements are much restricted their rate is usually
increased, and consequently. w‘e may assume a relative
slowing of respiration.

The fourth special svmptom was the %mall amount of
uunc passed. In one man who lived forty-eight hours no
urinc was secreted ; another secreted only 20 oz. in three
days; athird plobably only 8 oz. in four days ; while from a
fourth (Fig. 3), whose temperature varied between 87°F. and
105 ¥. and his pulse-rate between 40 and 104, only-20-te
25 oz. could be drawn off durving the first tluce days, but
the daily amount increased to 50 to 60 oz. for the last two
days, when his temperatare vanged between -100°F. and
105" F. The amount of urea was estimated in two cases
in which very listle urine was gecreted, and ifs percentage
was approximately normal,

The mental state of these patients was another interest-

ing feature: when the temperature was. very low, or .at |.

leasﬁ below 85° F., they were stuporosc or extremely
lothalgm. but, vuth the exception of onc case, they could
be roused, and then appeared quitc intclligent sud
answered questions lablonally though ~ they always
tended to drift quickly again into a lethargic and
apathetic state, unconcerned with their condition and
immediate wants. As their tempervature rose this mental
lethargy quickly passed off, and they became bright and

fully conscious. of their serions condition—in fact, their.

mental state varied divectly with their temperature. . .

The general appearance of these patients. with low.

temperature, slow pulse-vate, ‘stupor. .or mental lethargy,

SPL\AL I\J UPILS OI‘

- death.
'haemouhagcq with oedema and.foci of nccroaspl‘m ‘the

: hot-water

WAl I‘ARE.-‘ v
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and low metabohc eschfmgc, as- mdlca.ted by the sma.ll
-amount of nrine of normal constitution seereted, remindedd.
one strongly of an ‘animal in hibernation, and as in the;
hlbernatmo animal the pulse-rate and amotint- 6f urine’

- secreted mmeasu] and the- stupor” pas&d off ay the,

temperature rose to normal limits,

Post-mortem examinations werce obtained i fii nine of the,
ten cases; in two, the chief injury was to the sixth cevvical,
segment, in two .to. the seventl, in onc’ the geventh and.
exght-h cer v1carseﬂments were damaged and in fhe remain-
ing four the eighth cervical and the first dorsal, In fourof
these' cords there, were “practicallf _conplete transverse
lesions; in the, others the 1njyry seemed to be’ onIy partial,
but except in one of these a microscopical exzmnna,tlon has
not yet been. made. TFurther, from the clinical signs a
complete transverse lesion would not be dmgnosed in at
least thrce of these cases—in fact, one was able to movq
both legs from. the time he came ‘under observation till:his,
. In"his cord Thicroscopical cxamination Levetded

seventh and the upper part of the.cightli cervical segients,’
small haemorrhages and swollén axj$ cylinders.aboye the,

“lesion as high as the’ fourth, and a cylindrical cavity

descending through. the doxsal columns flpm the first tu
the third (lmswl segment

. A condition similar to that ‘xbovc dcseubod has ‘been’
repeatedly. ploduced -in” animaks by settion of the cervical

| cord’; this ig, in fact, followed by a fdll in, tnmpmatmp and’
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“blood pressure, a slowing of the pulse and of respivation,

diminished secvetion of urine, and death within a few
days. And the same symptoms have been observed in

‘man when the cervical ¢cord has been injured by a fracturc

or dislocation of the neck. Parkin,® for instance, records
a case of destruction of the fifth to the seventh cervical
segments, in which the temperature fell as low as 78° F.
and the pulse-rate to 26-37 per minute;. and. Nieden?3
another case of dislocation of the first dorsal vertebra, in
which the temperature gradually fe to ‘80.6° I. before

"death on the elevénth day, and the pulse-rate sank te-

30 per minute. The blood pressure was evidently very low:-
in both of these. cases, as the pulse was - deacubed a8-
hardly perceptible. -

On the other hand, we have secn sevexal cases of com-.
plete or very severe injury between the fifth cervical and.
the first dorsal segment in which these symptoms wore
not present.

‘We have some cvidence that these patxents do react.
to some extent as-cold-blcoded-ariimals, -and that their
temperature may vary with the external temperature; im .
one patient, for instance, the temperature rose from -84.2°
to 95 F. (Fig.4) when he was placed on a.hot-water bed and
packed. around with hot-water bottles, and another from
86" te 105.6° F.,. when he was brought into a room .heated
to 70° F. and also surrounded by warm, bedclothes and .
bottles. This interpretation. of -the latter
observation is not, however, beyond doubt, as a fmal rise

- of temperature occurred in other patients.

In another case an injection of pituitrin bmuoht the

temperature for a few hours almost up to nouna.l .and. .
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increased- the pulse and vespiratory rates, while at the
same time the patient, who had been very dull and
lethargic, became temporarily bright and intelligent.

The interpretation of these observations cannot be
attempted here; they might be taken as evidence of the
existence of a’heat regulating centre in the lower part of
the cervical enlargement, as Dr. Hale White has assumed,
or, on the other hand, the fall of temperature might be
attributed to diminished heat production consequent on
muscular inactivity; a similar fall occurs in curarized
animals. Probably the most important factors are deficient
thermogenesis and a visceral vasomotor palsy produced
by shock in the sympathetic system. Captain Shorten,!
however, in a short comment on the case published by
Lieutenants Oliver and Winfield, suggested that the
symptoms may be duc to the interruption of descending
fibrves in the cord which control and regulate the activity
of the adrenals, and Professor Harvey Cushing, who kindly
saw one of our cases, had suggested previously to us that
a cervical sympathetic palsy may disturb the functions of
the pituitary and that this may interfere with the corre-
lated activity of the supravenals. If Captain Shorten’s
bypothesis is correct we could expect to find hypothermia
and its associated symptoms more commonly in cervical
and bulbar lesions, and its absence after section of the
cervical sympathetics argues against Dr. Harvey Cushing’s
suggestion. The adrenals appeared normal to the naked
eye 1n one of our cases.

CErvican PyrexiA.

Benjamin Brodie, Chossat, and others have described a
rise of temperature in animals after injury of the cervical
cord, and Sir Jonathan Hutchinson,® Sir Hermann Weber,’
and numerous other clinical observers have observed
pyrexia with similar injuries in man. As in most of our
patients there were septic wounds associated with the
spinal lesion, and as in several cystitis coexisted, particular
care is necessary in interpreting our observations on this
point, but some are unequivocal. In ome patient, for
instance, with symptoms of a partial lesion in the fourth
cervical segment and a small clean entry wound of a rifle
bullet just below the tip of the right mastoid, in which
there were no signs of infection, the temperature on
several occasions rosc to 104" F. and quickly fell again to

injury lies in the middle of the dorsal cord, especially
between the fifth and eighth dorsal segments. From one
patient with a total transverse lesion between the seventh
and eighth dorsal segments an average of 1450z. was
drawn off by catheter during the first six days he was
under observation, even 2150z. in one day. During the:
next six days and till death the average daily amount
secreted was 90 oz. In another patient with a severe
lesion of the fifth dorsal segment the average amount
drawn off during the first eighteen days was 80 oz.; and in
a third, who had sustained a complete destruction of the
eighth dorsal segment, the daily average during the first
three weeks was 125 oz., but fell during the next three
weeks to a daily average of 66 0z. In fact, in the majority
of patients with' injuries to this region of the cord in
.whom observations were made, an excessive amount of
urine was secreted. Unfortunately, we have not yet
obtained a complete analysis of the urine when it is in
great excess.

This polyuria is probably due to paralysis of the sym-
pathetic fibres, and especially of the vaso-constrictors, to
the kidney. Claude Bernard and Sir John Rose Bradford,
it will be remembered, produced it by section of the
splanchnics and of the lower dorsal roots.

PULSE-RATE.

While a slow pulse-rate has been one of the character-
istic symptoms of severe lesions of the lower part of the
cervical enlargement, a marked and persistent acceleration
of its rate was often present in partial lesions of this
region, especially when the upper two dorsal segments
were involved. In one case of partial destruction of the
second dorsal segment, for instance, it rarely fell below
100 per minute and was frequently 120, and this inde-
pendently of any rise of temperature or other obvious
cause. In another severe injury of the same'segment it
ranged between 72 and 140 per minute, and in a third it
never fell below 120 per minute. But the most striking
alterations are perhaps seen with partial injuries of the
four lower cervical segments in which the patient secems
in perfect health apart from his spinal injury. In one
such patient, who remained three months under observa-
tion with an originally slight injury of the fourth cervical
segment which later progressed, the pulse-rate constantly

lay between

normal (Fig. 5). In this and in other patients the pyrexia
was not associated with any signs of illness or discomfort,
and the pulse-rate did not vary as the temperature rose.
In several other patients with partial or unilateral lesions
between the third and sixth cervical segments, whom we
were able to keep under observation for several weeks,
the temperature was frequently above normal, and
often reached 102° F, to 103" F. without any apparent
cause.

Another interesting observation was persistent shivering
of the shoulders, nock, and face without any rise of tem-
perature or disturbance of the pulse-rate, and withot any
subjective feeling of coldness associated with lesions of
the lowest cervical and upper three dorsal segments. This
occurred only in severe injuries of this region, and persisted
over several days. ’

Poryrria.
We have described diminished secretion of urine with
lesions of the lower part of the cervical enlargement, but
the daily quantity is frequently much increased when the

T - 100 and 120,
picsi. /4 |19 [/6 177176119 Do 127 22 |23 R4 25 (6 127128129 130137 132133 54 35 |3¢ |37138 139 |4 0147142 and only
1o4°]. = e FoR e R o e : occasionally
103" , : il ' | in the latter
: i ; _part of this
102° period fell
to per

101° . ‘ R | ; minute, and
- uncompli-

ope 1\.1 )\v \] \/\\ J alf- . cated case
d —t T of injury to

08° v T thefifth cer-
or |-1] vical seg.
: ment the

Fig. 5. rate varied

between 96

and 130 per minute. It was always regular, however, in
these cases and of good volume and fair tension. -

VOoMITING, )

‘When the mid-dorsal region is severely injured the ab-
domen is frequently tense and blown out and the patient
presents the symptoms of paralytic distension of the in-
testines. But a more striking symptom which is some-.
time associated with it, but which often occurs without
any objective symptoms of abdominal disturbance, is
vomiting. In the larger proportion of the cases in which
it was observed the lesion lday in the sixth, seventh, or
eighth dorsal segment.

It was often so persistent that it threatened life, as in
severe cases no nourishment could be kept down. In
several instances it set in within a few hours of infliction
of the wound, and in many severe cases persisted till
death or as long as we had the patients under observation.
It was generally forcible and projectile, and was apparently
_associated with much discomfort, but with little nausea,
though a few patients complained of the feeling of sickness.
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In mild cases it-occurred only some time affer taking food, 1
‘and this.alone might be brought up in a half-digested state, -
but when severer it was more or less -constant-snd mucous
stuff occasionally coloured with bile,and in a few instances
‘blood-stained, was ejected. In some of our notes the
similarity to the vomiting of a tabetic crisis is remarked on.

As in the large majority of cases in which this type of"
vomiting occarred the lesion lay in the region of the
‘sympathetic outflow to the stomach it might be atiributed
to irritation. or-distarbance of the function of these fibres.
-And there is much-evidence that this is its cause. . Almost
without exception these patients complained of girdle pains
around the body, or on one or other side, between the level
of the xiphoid and umbilicus, and of -great tenderness to.
light contact, rubbing and other stimuli in the region in
which the referred pain and tendérness associated with
gastric disease occurs. Further, in several there was a
persistent local contraction of a portion of the abdominal
muscles between the xiphoid and the umbilicus corre--
sponding to the cutaneous hyperaesthesia, which increased
and produced pain when this area of skin was stimulated.
In fact, thefirm resistance and terderness of this area to
touch occasionally gave rise to the suspicion of a large
intra-abdominal lesion. In a few patients the intercostals
innervated by the same dorsal roots were also in contrac-
tion, and everted the ribs to which these were attached.

Vomiting occasionally occurred after injury to other
regions of the cord, too, but in most of these cases it was
agsociated with and probably due to intestinal paralysis, to
severe septic infection, or to the cystitis or pyelonephritis
which occur so frequently with spinal lesions.” In a few
cases of cervical imjury, however, it was a prominent
‘symptom, and could not be attributed to any of these
causes,

When severe and frequent, such vomiting naturally
cxhausted the patient and induced emaciation. Great
loss of flesh also occurs, as might be expected, in severe
cases which run a downward course, but it is an in-
teresting fact that it was seen also in patients with <
relatively slight injuries of the cervical enlargement who
took food well and even liad excessive appetites. We have
observed several patients, for instance, with unilateral
lesions of this region producing the Brown-Séquard
syndrome, but apparently not affecting their general
health, in whom there was extreme emaciation. In some
of these the pulse-rate was increased, and there was slight
pyrexia, but otherwise the visceral functions seemed
unaffected. -

PRIAPISM, :

Numerous other symptoms occurred as a result of spinal
lesions, to which time will not permit reference here.
Priapism has been frequently described, especially with
lesions in the cervical region, but we have observed it in
only a small proportion of our cases, and it seemed to
occur relatively as frequently with lesions of the dorsal
asg of the higher segmemts. It was usually merely a soft
turgescence of the penis. If, as is assumed, it is merely
due to vascular engorgement, it is interesting to note that
it occurred in two of our patients with low temperature,
low blood pressure, and a slow pulse-rate; it was present
“in one man when the blood pressure was only 73 mm. of
mercury.

: TroPHIC DISTURBANCES,

Various trophic disturbances were common in the
severer cases, especially bullae and blisters in those parts
of the paralysed regions which were subjected to any
pressure. Irregular patches of red or strawberry-coloured
discoloration, which were scarcely modified by pressure
and disappeared slowly leaving a slight mottling of the
skin, also occurred frequently in the same parts. Joint
changes were not common in the early stages, though
there was occasionally effusion with the knees or ankles
when the legs were completely paralysed, and in a few
patients we observed early arthritic affection of the fingers
and wrist when the cervical cord was damaged.

HrrpES,
Herpes occurred in nine cases, either immediately above
-or at the upper margin of the sensory logs. It developed
between the third and the fifteenth day, and in three
instances recurred in the same area. It usually first
appeared as a zone of diffuse erythema with small papules

-E. H.,, aged 16

which later became vesicular or pustular, generally in a

region in which ‘there was -either pain or.tenderness. If
usually lasted seven to fourteen: days and disappeared,
leaving some desquamation and brownish discoloration of
the skin. Such larger vesicles ‘as are seen in idiopathic
‘herpés were not observed, and in onc case there were only

-papules and -vesicles without any erythema of the skin,

In two cases in whieh post-mortem examinations were
.obtained the corresponding- spinal ganglia were found
‘bruised by .displaced fragments-of the vertebral column,

-and the clinical symptems or .the course of the missile
-maade it probable that a ganglion was damaged in the

other cases too; its pathology is consequently allied to
that described for idiopathic %crpes by Bérensprung, and
confirmed by Drs. Head and Campbell.

The state of sensation in the herpetic zone was variable;
in some cases there was only excessive tenderness to
contact, rubbing, cold, and other stimuli, associated with
sponjaneous pain; in other there were the symptoms of a
root-lesion, that is, a band of insensitiveness to pin-prick
and to moderate degrees of temperature, with loss or
diminution of tactility within it. In those cases in which
there was definite sensory loss it was found that this was
not coterminous or did not correspond with the area of the
eruption; Sherrington has shown that the dermatomeres
are not superimposed in the myomeres, and it is obvious,
too, that the peripheral distribution of the radicular fibres,
which, when injured, are concerned in the production of
herpes, do not coincide accurately with either. .
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CONGENITAL ABSENCE OI' RADIL

THE publication in the JoursaL of September 11th, by
Major Mansel Sympson, of a case of congenital dislocation
of the right foot with almost complete absence of the fibula
tempts me to put
forward a some- - \
what similar case,
in which, however,
both upper limbs
are affected.

"The patient,

years, an inmate
of Dr. Barnardo's-
Homes, is.an in-
telligent child
whose father, how-
ever, is insane and
an epileptic.

Both hands are
dislocated to the
ulnar side, and are !
at right angles to
the forearms; the
radiograms—a
drawing from one
of which is repro-
duced—show that
there is complete abscnce of both radii. The radiographs
were taken by Dr. G. Gushue-Taylor in November, 1910,

In spite of her deformity she can write distinctly, and is
being taught to do various kinds of embroidery, which she
does very well.

James A, MiLNE, M.D.Lond.,

-London, E. M.R.C.S., D.P.H.

“ CHLORINE WATER ” AS A DRESSING,
Ix the JournaL of May 8th I published an article on the
¢ Sterilization of Water by Chlorine.” It occurred to me
over two years ggo, when working at this subject, that in
addition to using my method for water purification, one
might also use the “chlorine water” thus prepared as
an antiseptic lotion. By doing this one would have on



