
l)xc.4, 1935] SPINAL INJURI

' W1 1aut5ti1iafl. 'ectur's'
ON

SPINN-ALJ INJU ItIES. OF AVARFAR.E.
DELIVERED BEFORE THE ROYAL COLLEGIE OF PIrYSICIANS

OF LONDON.

By GOlRDON HOLMES, M.D., F.R.C.P.,
.\kSISTANT PHYSIMIAN TO CHARING Cross HOSPITAL, AND NATIONAL

H-O0SPITATL ro0t PARALYSED AND EPILEPTIC, QUE,EN SQUA-E;
LILUTENANT-COLONETL (TLEMPORAStY) R.A.M.C.

II. TILE CLINICAL SYMPTOMIS OF GUINSHOT
INJURIES OF THE SPINE.

DURING-; the past tlhirteenu months we hiave been able to
observe seivral lhtunidred cases of spinal injury, and at
present hlave clinical notes on over 300; these wvill form
the basis of the remarks anad conclusions whichll will be
put for%vard in the naext two lectures.
But even this naterial i's so large and the variety of

symptoms is so great that it will be niecessary to select
only the most striling and special symptomus for considera-
tion. We ave founId ever'y segment of tlhc colrl from the
secolnd cervical to tile conus affectect, biut in the cases that
lhave reaclied the base hospitals tlle injury lhas been most
comimiion ill tlhe iiddle anid lower dorsal segutents and in
tlec cervical enilargement; the fourth, the fiftl, or sixth
2eivical segmnent was (lamaged, for instance, in 51 cases,
wlhile in 65 the lesion lay between the sixtlh and ninth
dorsal segments. It is not proposed to deal at present with
injtiries of tllc caudaequina, of wlhieh a large number came
under observation.
Even an ordinary transverse lesion of a dorsal segment

produced diriectly or indirectly by a bullet, piece of
shrapnel or shell casing, presents strikiing syimuptonms.

Whlienl the patient is seen a day or two after the infliction
of tile wound, there is usually complete flaccicl paralysis of
the lower limbs and of thle trunk muscles to a level varying
witlh that of the lesion, sensorv loss to the corr-esponding
level, absence of all reflexes in the lover limbs, except,
perhaps, of the flexor wvithdrawval reflex in incomplete
lesious, anld retentioln of urine.

LOCALIZATION- OF TILE LESION.
'Tle seguental level of the lesion can be uisually recogf-

nized( as ac curately by the extent of thte motor paralysis
. ys the upper border of the sensory disturbanice; and
sinceitlc evidence it gives is less equivocal and as easily
interpreted in both military and civil practice, some
emilplhasis 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
ill clinical worl4. A paralysis. of all the mnovements of
thle wrist and fingers as well'as of the triceps while the
biceps remains strong or only sliglhtly weakened is uisually,
Lou instance, talken as an indication of a lesion in tlhe
;oventlh cervical segment, but hiitlherto little attention has
been given to the evidence of tlhe level afforded by the
palsy of tlhe trunk muscles. When, ho;wever, one of tlle
lower six dorsal segments is involved, tllc part and the
extent of tlle muscles of the aniterior abdorninal wall
whill a'c paralysed formu an casv and certaiin guide to the
segment in which the lesion lies. If, for instanice, the
eleventlh is involved the whole reetus abdominiis contracts
wlentlhe patient raises hiis head, attempts to sit up, or
coughs, but the iliac regions bulge owin,g to paralysis of
theo lowe'r portion of tile obliqui abdominis, and their
failture to contract can be easily recognized by the
observer's fingers. Similarly if tlhe nintlh segment is
injured, it is obvious to the finger that tlhe recti 1tbdominis
downwards from about 1 in. above the unmbilicus do not
contract, -but are, in fact, passively stretched by the ten-
sion prodtuced- on thlem by lthe shortening of tlhe upper
segments. Owing to tlle sam-ie fact the uimbilicus, as
Beevor first pointed out, rises towards the xipboid. The

state of tlie inter'ostals is an equally reliable guide to the

level of the injury, and permits a local diagnosis in the
upper- as well.as in the lower dorsal segments. If the
fingers are firmly placed inseries on tlhe intercostal spaces
the unaffected mnuscles are felt contracting on each deep
inspiration, and form a firm shallow floor to tlle space,
whbile in paralysed'spaces no contraction can be felt, and
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on deep inspiration the finger sinks deeper between the
ribs; in lean subjects this 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 is 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 determine the
segmental level of the spinal lesion, and if proper care is
taken the evidence it gives is reliable, but, as we slhall see
later, in incomplete lesions, and more especially in those
which are wholly or clhiefly unilateral, errors may easily
occLr, and an exact local diagnosis may not be always
possible from even an accurate sensory chart; this is due
to the oblique course of the decussating sensory fibres in
the cord. In a complete or very severe lesion, liglht 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 thle latter.
The appreciation of moderate temperattire is often lost
slightly liglher tlhaln that of painful stimuli.
The clisturbance in the appreciation of vibration may

be also a valuable indication of the level of thle inijury,
especially in incoinpletc cases in whlich the dorsal columns
only are damagedl and sensibility to touch and pain is
unaffected, since thc vibratiols of a lhcavy tuning-fork
cannot then be recogniized below the corresponding seg-
mental area. This can be determined by drawing theo base
of the vibratincg fork upwards over the soft parts. Thiis
methocl is particularly valuable ou the trunlk wlhen tlhe
state of the other elenments of sensation conducted tlhrouglh
the dorsal columnis cannot be investigated; the base of
the fork may be simply drawn over the anterior abclominal
wall till the level. is reaclhed at which the patient feels the
vibrations, but, as tlle tlhorax can act as a sounding box
and transnmit tle vibration widely over it, it is necessa-y
to apply the forlk lhere onily to folds of skin raisedl gently
between the observer's fingers and th-ium:b.
When one of the lower abdominal segments is; involved,

the level of the lesion mnay be also accuirately determnined
by observing the segmenlt below whlich the abdominal
cutaneotus reflexes cannot be obtained.

It rnust be rememubered. lhowever, that the lesions pro-
duced directly or indirectly in thle spinal cord bv a guLnshot
wotund are often very extensive, and that a clinical exami-
nation can, as a rule, indicate only their oral limit.

REFLEXES ANI) IREF.LEX ToNE;.
In all sCevCre lesions tllc lower limbs are found flaccid at

least as early as one day after the infliction of the wound,
and witllin tlhree or four days their muscles become tone-
less and flabby; if the lesion is complete or almost so they
remain flaccid and waste gradually; later the atrophied
muscles, especially tlose of the calf and the flexors of the
toes, undergo fibrou.s contracture. In less severe cases
the muscles regaini tone and the limbs becomc sliglhtly
rigid, generally within fourteen to twenty days. In -one
case, however, we observed slighlt rigidity in a limb five
days after the wounl wvas inflicted, but in another spas-
ticity appeared only after eighty-four days. In sliglht
eases tlere may be no obvious defect of muscle tone, or,
if diminished, as it frequently is at first, it rapidly
recovers.

In those cases inl whicl some rigidity develops early
reflex spasms of thle legs of the flexor type are apt to
occur; they are, as a rule, seen only a few days after the
limbs lhave beconme somewvhat spastic, but we lhave
observed them occasionally as early as. the sixtll to
tenth day, when the tone of the mtlscles was not yet
exaggerated.
In one interesting group in which pains due to highler

spinal lesions occur in the legs, these litnbs are often held
stiff and rigid, but careful examination shows that tthere
is no trute spasticity, and reflex spasms do not occur; in
these cases the spinal lesion is not severe, and ;voluntary
movement is eitlher not lost or has recovered rapidly.
The state of the reflexes in the affected parts presents

interesting problems. Except when tlhe spinal lesion is
slight the knee and 'ankle jerks are almost invariably lost
at first, and in severer cases remain absent during the
period in whiclh we have been able to observe them-that
is, in sone instances, for as long as six to ten weeks. Th-le
teacbing of Dr. Charlton Bastian that these reflexes aro
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lperm-anently abolished in total transverse lesions of the
cord is generally accepted now, and our' experience seenms
to confirm it, tlhouglh in one case in' which a fragmuent of
shlell-casing lacerated the cord in the lower part of the
fourtlh dorsal segmnent and passed dlownwards through1 the
next three lower segments, apparently destroyina them
completely, feeble knee-jerks cotuld be obtained fromn the
fifteenth day onwards; wlhetlher or not tlhere was a total
transverse lesion has not yet becn determined by miiicro-
ficopical examination.

In less severe injuries the knee-jerks return, but gener-
ally not earlier than witlhin two or tllhce weeks; the re-
appearance of tlle ankle-jerks is always later tlhani of the
Inuee-jerks, but occasionally ankle-clonus could be obtained
while the knee-jerks were still absent or mliuch dlepressed.
In a few cases in whichl paraplegia in flexion developed
after the return of the lknee-jerls we sawY these again
disappear as the flexion rigidity increased. In lesions of
the uipper four cervical segments the arm-jerlis are usually
lost at first, iudependently of the severity of the injulry,
and seem to recover less early thlani the knee-jelrks.
Not only are botlh knee and anlile jerks absent for a

considerable timue in transverse spinal inljuries, but with
unilateral lesions of the cervical or dorsal segments neitler
can usually be obtained in the paretic leg for somo days,
or they are at least muclh dimiiinislhed on this side com-
pared witlh the lnormual. Tlhe par-etic leg is also usually
flaccid. In these cases, lhowever, the reflexes return
earlier than in transverse lesions of the same dlegree of
severity, but usually not till at least ten to twelve clays
{after the infliction of the wouind; in one patient witlh a
unilateral cervical lesion we could elicit only a very feeble
reflex after thirty-five days, and it was almnost two montlhs
after the injury t-hat tlhe jerks of the lhomolateral limb
were as brisk as normal.
On turning to the superficial reflexes we find the abdo-

minal and cremasteric m-lore easily abolislhed tlhaln tlhe
tendon-jerks; in fact, wlhen the lesion lies above the
mid-dorsal level, botlh remain permanently abscent as
long as there is any obvious miotor weakness of tlle
lower limbs.

In spinal injuries above tlhe lumbo-sacral enlargement
we would expect, on stimulating the sole, to obtaiii coii-
stantly the abnormal type of plantar responise originally
described by Babinski. Wlhen the lesion is complete or
particularly severe, however, no movemeent of the toes
way result, and there miay be no reflex contraction of the
hamstrings or of otlher muscles; and this holds not merely
for the first few days wlhen extenisive functional disturb-
ances miglht be attributed to " slhock," but tlle condition
miay persist for several weeks at least.

In some cases, however, probably wlhen the transverse
lesion is not total, stimiulation of the sole produces onily
a simple flexion of the great toe, often associated witl
slight flexion and adductioln of the smaller toes; tllis
flexion of the great toe can be produced wlhen the outer
border of the sole only is stimnulated, and cons(qu 'ntly it
cannot be attributed* to direct miiechianical irr tation or
stretching of the small flexor mnuscles of the sole. Thle
movement differs from tlle normual flexor response in tlhat
it is slower and smaller in range, alnd in that it is chiefly
a flexion at the imetatarso-pllalaigeal joint. Occasionally
the only effect is contractioln of tlhe imner lhamstrings, but
as a rule this is associated witlh sliglht flexion of tlje toes.

In less severe injuries stimulation of tlle sole still
e,vokes flexion of the great toe with contraction of the
lhamstrings, wlhile, if the lesion is still less serious, a witlh-
4irawal reflex of the wlhole limlib, in wlichl the hamustrings,
tensor fasciae, tfexors of tllhc hip, and the dorsiflexors of
tlle ankle are concerned, miiay be obtained, but still witi
filexion of the great toe. In many cases, however, an
extensor response can be elicited from the sole, but clinical
experience and post-viortent examinations tend to show
that duriDg the first week or ten days at least Babinski's
sign occurs only witlh transverse lesionis, wlvichl are not
comnplete. We have repeatedly seen a flexor moveniient of
the toes give place to an extensor between the seventl
and tlle twentietlh day after tlle injury, and in certain
cases this has been a precursor to inmprovemeent. Even in
one case in whichi a unilateral lesion of tlle fiftlh cervical
segment produced a flaccid paralysis of the limbs of tlle
same side the plantar reflex was absent, or only a sliglt
slow flexion of tlle great toe could be obtained during the
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first two weelks, after wllich it gave way to a pure extensor
response.

SPINAL SHOCK.
This state of tlhe reflexes, miore especially the abolition

of the tenldoni-jerks andl the absence of Babiuski's sign, in
severe but not necessarily conmplete aniatomical lesions
raises many points of interest. lEven if we accept J)r.
Bastian's doctrine, weo miiust be stirprised to find the,
tendon-jerks absenit, for a time at least, in suell a larlge
L)roportion of incomDplete iinjuries. This differs from wlhat
we find in ordinary civil experience, except in cases of
fracture dislocation of tljc vertebral columiin, and in tlhis
conldition tlle ineduillary inajury- resembles tlhat produced by
guinslhot wounds of the spine. The nature of the lesion
cannot, hlowever, explain it, and as the reflexes disappear
even wh*en the hiighiest spinal segments are injured their
absence cainnot be attribtuted to the distant disturbances
that have been described in tlle first lecture. Thle mlost
obvious common factor is the sudden severance of a portion
of thle cord fromn the influence of miiore orallv situated
ceiitres -by an abrupt section or by a plhysiological block.
This produces tlle condition wlichl is gene,rally knowni as
"spinal sliock." It is recognizedl in tlle experimelntal
laboratory, as hiiglh trans-section eveni in the frog leaves all
four limbs flaccid and inactive to stimuli for lhalf an lhour
or so, and the hlighler the aniimal stands in the scale tlhe
more proniounced and persistent aro the symptomiis of
slhock. In mllan, in whom tlec spinal mecllanism is most
subordiniated to the higlier centres, tlle effects of shock are
naturally mlost pronounced, anid tlhe caudal portion of the
cord is least capable of acting alone as an effective central
organ. Our observations, tlherefore, onily extend alnd
confirm tlle experiences of pllysiologists, and slhow that
tlle sudden isolation of a portioni of tlhe cord from tIme
rest of tlle central nervous system leaves it incapable,
for a time at least, of subserving even the simplest
reflex.

Tlle unilateral absenlce or depression of the tendon-jerls
in cases of unilateral lesion is interestinig, as it slhows that
their abolition is not due to a state of general shock, or to
a sudden gross traumlatic injury of the cord, but that it
must be attributed to an interruption of impulses that
descend througll tle lhomiiolateral lhalf of the cord, which
produces a functionaal depression on this side only.
We lhave not yet had the opportunity of determiniing,

whether, in cases in wlhiclh tlhe structural lesion is not
complete, tlle abseint reflexes. eventually return, at whlat
date they reappear, and witlh what otlher symptoms of
recovery tlleir reappearance is associated. We lhave, hlow-
ever, seen the knee and ankle jerks absent during tlle first
and second week in cases whliclh have recovered sufficiently
to stand, and absent for longer periods in patients wlho
later regained som-ie power of m-ovement while under
observation.
The inability to elicit reflex movemiients from the sole in

cases of complete transverse lesions muUst be also attributed
to tIme functional depression, eitlher temporary or per-
manent, of the isolated segments of the cord. It lhas been
pointed out tllat in less severe cases only flexion of tlle
toes, or tllis associated with contraction of tlhe hamstrings,
is obtained, and that only in less severe or longer standing
injuries can the complete flexion reflex be evoked. This
we miglht expect, for whlen the activities of the isolated
portion of the cord are depressed by slhock the relatively
complex meclhanismis of commissural anid interseagmental
association naturally suffer more tlhali tlle simpler and
nlioro rudimentary unisegmental functions. And as the
sole, from wlhich tlle reflex is most easily evoked, lies
witlhin the sensory distribution of the first sacral root, and
the flexors of tlle toes and the lhamstrings are innervated
chiefly by-tlhe ventral root of the same segment, the con-
traction of these muscles on stimulation-of the sole can be
regarded as a unisegmental reflex; additionaal segments
would be concerned in flexion of the hip and knee and tho
contraction of tlle tensor fasciae femoris and adductors,
wlichl 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.

It miglht be expected that the effects of s-hock on the
lumbo-sacral enlargement would be more pronounced the
lower the lesion hay in the cord, but -ve find little to
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s9upport this view; the lower limbs bi
and toneless in cases of hiigh cervical in
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*AUTOIxATIC " MOYEMENTS.
But, though the shock effect of these severe spinal

traumata aliost invariably abolishes or depresses seiotusly
tlho functions of the isolated segmncuts, in a group of
fouir cases in whiclh the lowest dorsal or hiahest lumbar seg-
miients were involved, " automatic "movements, such as are
observed in certain spinal animals, occurred, andI their
occurrence can be interpreted only as the result of a

roflex over.activity of the isolated segments. Il one of
theese cases' the lesion involved thc first and the upper
part of the second lumbar segment; in anothier it e.xtended
from the lower part of the twelfth dorsal to tlhe middle of
tllc second lumbar segment; in a thAird it reached as high
as the eleventlh dorsal segipcnt and 'probably extended
sol-lo distance downwards, while in the fonrth it was
probably limitedt to tlhc tlhird lumbar segnment. In tllese
cases the lesions 'were severe or total, and as ithe

involiuntary movements were identical or very similar
in all four, their nature can be best conveyed by
describing one case in detail.

CkSE I'T.
Pte. D., 7687, who was first seen oii January 6th, 1915, was

wounded two days previously l.) shrapnel while crouching. He
fell back. and lost power in both legs at once and had since
retention of urine. There was a snall dry scabbed wound

o'le inch to the left of the tenth dorsal spine.
His'legs were flaccid and nio voluntary mov-ementts of them

were possible, but their muscles were not quite tonieless. The
truinkl muLscles wvere unaffected. Senisation was completely lost
to the level of Poupart's ligament on the right side andl to a
sliglhtly lower level-that is, to the lower margin of the first
lumbar root area-on the left. His knee and ankle jerlks were
absent; an inidefinite extensor response was obtaiiied on the
ight side, but only flexion of the great toe on the left. (In the

othier three cases only flexion of the toes could be elicited.)
There were constant involuntary rhythmical movements of

both lower limbs, which apparently occurred apart from any
peripheral etimulation. At first they occurred every four to
seven seconds, but their rate later became somewhat slower.
They consisted in alternate buit not quiite regular rhythlmical
Ilexiou of the knees, with dorsiflexion of the feet, extension of
the great toes, and slight flexion and( outward rotationi at the
hips, followed by active extension of all segments of the limb.
They were usually m-tore marked in the right than in thie left
limb and were often grouped- that is, the mnovements of left
succeeded those of the right almnost imlmediately. Tihey were
not influenced by the positioI of his limbs, and occurred equally
whether these were flexcd or straightened out, and whether he
lay on his backzor side. Stroliing or pricking either sole pro-
duced fairly brisk- withdrawal reflex; it did not interruipt the
seijuence 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 whiclh 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-
inents 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 niot be altered by any
method that was tried, but their rhvthm was accelerated for

time by pricking the inner sides of ths thighs or the
perineuim .

Percussion of the patellar ligament did not give a knee-jerk,
lut was followed immediately by contraction of the ham-
string;s.
Fiour days after the inflictioni of the wouind(iUctutenant-

Coloinet Sargent performed a laminectomy. It was noted that
the moveements of the legs ceased when the chloroform
anaestheis became sufficiently deep to arrest consciousness.
The left side of the eleventh dorsal arch was found fractured,

andl a small sharp-edgedI fragmnent of the articullar cartilage.
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which measured 1,by 0.5 cm., had penetrated the dura anid
lacerated the cord at the level of the upper margin of the
eleventh dorsal vertebra.
The patient recovered rapidly from the operation, 'but died

fifteen days after receiving the wound. The rhythmical nmove-
ments and his other symptoms persisted unaltered till death.
On post-miortem 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, whici-I
measured 3by 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 dorsal
part of the left lateral colunmn. 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 belowM
the second or above the first lumbar segment.
In another of the cases in which a post-mtior-temi examina-

tion was made, it was also only the ventral columns that
had escaped total destruction in tlle 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 mechlnism of gait, and are very similar to
the "mark timie " or progressive movements seen in the
"spinal " dog; their nature rmust be the same as these
reflex movemtents whicll Sherrington has described in the
spinal animal.

- It is interesting, however, that we have seen sticlI
involuntary reflex movements only wlhen the lesion
involved tlhe upper lumbar segments of the cord, and tlat
they occnrred 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 almiost 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 direoct struc-
tural damage in the ventral columus in the two cases wWch
came to autopsy.

WV,e have not observed any "automatic " movements of
the limbs when the higher cervical segments welr 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 wlich the lesion lay in. or above
the fifth cervical seg¢ment, and produced paralysis of the
upper limbs. Pricking, pinching, or firm stroking on tOh,
inner side of the arm then evoked, generally after a slhort-
latent period, a sudden and strong inward rotation and
adduction of the arm on the same side, the inm ar I 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 atroplic palsy of the arm.

CERlvCAL SOFTENING.
Injuries in different portions of tlhe cord natueally

produce clinical symptoms differing not onily in the extent,
but also in nature of the para-lysis. One of the most
striking types is that which results from an incomplete
lesion of the cervical enlargement. Since haemorrhlages
and secondary changes undoubtedly occuIr as a resuilt of
concussion more readily in this than in any other region
of the cord, and since they are more liable to damage tlhe
grey than the whit matter, the arms are frequently
seriously paralysed, though tlelre is fair or unaffected
power of movement in the lower limbs. Not infrequently
the paralysis, especinly that of the arms, develops some
time after the infliction of the wound, but, on the other
hand, it is not uncommon to meet patients with gunsliot
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 invariablv later than the l1gs.
The following case illustrates the chief clinical feattures

of suclh an injury. CASSE II.
Lance-Corporal G., 11060, was wounded by fragments of a

high explosive shell on September 15th, 1914. He found imme-
diately that he had no power of movement in his right arm,
but the left was tnaffected; -he was able to pick 111u his tobacco
poucl with it and put it in his pocket. He walkedthirty yards
1or so, stumbling -and faint though his legs seemed quite strong,
till lhe reached shelter. Therc he lost consciousness, and on
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regaining it, twenty-four hiours later, found both upper limbs
completely paralysed and both legs weak. He had no sphincter
trouble, and neither delay otaidfficulty in passing urine.
He was first seen by us five weeks later. Then there were

three small scars on the right side of his neck opposite the
spinies of the third, fourth, and fifth vertebrae, aind an x-ray
examinationi revealed a fragment of shell casing at the level of
the body of the sevenith cernical vertebra.
Both arms were wasted, the left more than the right, and the

onily movement possible in the latter was feeble adduction at
the shoulder. Practically no movement at the left shoulder
,or elbow was possible, and flexioni of the wrist and of the
finigers was very feeble, but the power of extension, adduction,
anid 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 rigidl, and its distal movements were
slightly feebler than those of the right. He was able to stand
and walk easily, aid his gait was almost normal.
The right arm-jerks were absent; the left knee and ankle

Jerks were increased, and stimulationi of the left sole gave
ani extensor response. There was slight loss in the apprecia-
tion of pain and light tactile contacts on the left side up to 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 tle left lower limb and unimpaired in the right.

In this case a secondary havmorrh&age or softening had
obviously occurred in tlle cervical enilargement as a result
of concussion, and tlle greater affection of the grey
tlhan of the 'white matter had produced an atrophic
palsy of tlhe upper limbs, wlhiclh is probably permanent,
wlhile' the weakness of his lower limbs had gradually
diminished.

Lesions of certain regions of the cord also produce
special local symptoms. We lhave, for instance, repeatedly
seen unilateral paralysis of tlhe diaphragm, and in two
eases at least bilateral palsy, due to lesions at the level of
the fourthi or fiftlh cervical segment; unilateral palsy of
tlle diaphragm also occurred in two cases in wlicll 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 nystaginus lhas also been de-
scribed as a resuilt of lesions in tle higber cervical region,
but we have observed it in only 3 of the 63 cases in whicl
the cervical segm:lents were injured, in lesions of 'the second,
fifth, and seventlh segments. It was sliglht anid ill-sus-
tained in all three, and disappeared rapidly, save in one
patient, in wlvom it persisted at least fifteen days; but as
in this case the exit wound was in the neighbourhood of
the tip of the mastoid labyrintliine concussion cannot be
here excluded.

PALSI' OF TILE CERIVICAL SYM.PATHETIC.
Disturbances of the functions of the cervical sympathetic

occurred with lesions of all segments between tlle 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
couild be excluded. The most comimon and prominent
symptom was miosis, or, in iunilateral lesions, inequality
of the pupils, thle 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
enophtlhalmos was also pronotunced in most of the cases.
Ptosis was also frequently observed, especially with
lesions of the lower cervical and the first dorsal
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 lhair of the head
on the side of the spinal injury, was merelv drier and less
greasy than on the opposite side; but during the warm
weather of the lato summer, or in any condition that
induced sweating, there was a very obvious difference, for
tlle skin of the face, necl, and slhotilder to the level of the
second rib remained dry on tle one side, wlhile it was
Imoist and covered witlh beads of sweat on the otlher. In
cortain unilateral lesions, too, a dimiiinution of tear secre-
twon was observed on the affected side, the eye being
obviously drier and presenting a more staring and glassy
appearance than the normal; a few patients even com-
p ained of this eye being " stuck " or difficult to open in the
morning owing to the lids being adhllerent as a result of
the drying of the undiluted conjunctival secretion.

Definite vasomotor disturbances associated with para-
lysis of the cervical sympatlhetic were less common, but

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

It is known tllat the cilio-spinal centre lies in the lowest
cervical and first dorsal segments, whlile the spinal centro
of the otlher components of the cervical sympathetic is
found in the two upper dorsal segments, and that tlhcse
are influenced or controlled by efferent bulbar fibres wlichl
descend uncrossetl througlh the cervical cord. It must be
to disturbance of the latter that the symptoms just de-
scribed are due whien the lesion lies above the eiglhtlh
cervical segment, while thle spinal centres tlhemselves are
injured when the lesion lies below tllis. 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 botlh the ocular and secretory
disturbances seemed to be on the wlhole more prominent
and permanent wlhen the spinal sympatlhetic centres were
damaged than when the bulbar efferent fibres were in-
volved; in fact, in the latter case the symptoms usually
subsided quickly, and often disappeared under observation.
Symptoms of irritation of the cervical sympatlhetic did

not occur in any case in which the spinaal 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 characterized 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
thie 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- 6 Y--
ture was very low, a touclh
reminded one forcibly of tlhe _ *.X fvhf
coldness of death-this was 1 4 Xo
especially so in a man seen
at a casualty clearing station
soon after he received the _ I
wound. The skin was also
generally cyanosed, and the /O4
face of a curious slate L
colour. The temperature ,4.__
varied in different cases, and
as unfortunately a special l .
thermometer to register it
was not alwvays available, l-
in four of the ten cases we
can only say that it was __|_
lower than could be regis- _ .
tered in a clinical tlher- '
mometer (tlhat is, 36' C. = q __ J
951 F.). In one of the other
six it sank to 78.8 F. i26° C.) r ._____
in the rectum, and did not
rise above 800 F. duringtlhe
twenty-four honrs he lived U
under observation, but in iy
most of those in wlliCh sr-L
accurate observations were rv _
made the lowest recorded '
lay between 800 and 840 F.
In a few it rose suddenly
beforo deathi to above the
normal, and in one case
which has been already re- fir
corded by Lieutenants /_
Oliver and Winfield,' ac- 8_
tually rose from 80.4° to
105.6° F., that is, 250 F., in Fig. 2.-D, Death.
twenty-six hours (Fig. 2);
in othiers it remained low till the patient ceased to live
In one case tlle patient lived at Jeast tlhree days with
a temperatture not rising above 900 F., anid in two it
dAid not exceed 853 F. for twenty-fotur lhours, but as
these cases u3sually did not come under our observation
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t"i the thlirdi day, it is pr.obable that life 'Could- be- and. low, ietabolic-
mlainttained even l6nger -with -this low- tnipera&ture. -amounlt of ur11ine of ni
The temperature was always' taken-in' b'oth the mo'uthi -one strongly of an-

and axilla, and in''aItw instances. in' the rectum too;. thle biber-nitingo ahimtial'
thermomieter in the mouith- generally reistered slightly seCcretedicrese
. ii-ghe' than i'n -the ikiliat, bUt.: except- in- 6one-case in w' hichi temperiature ro'se to i
i-t w-as a few-degrees hiIgher, thie rectail temperatur'e wias POWt- 2orteni exam
approxiimately eciqual to thlat in tIhe mjouth. ten cases; in t-wo, the

In all cases, too, the pulSC-rate wias very.,slow, whiile thle seomnent, in two, to. t
tenmpcrdture remTainedlow,-~ and -it. inci-eiascid in frequenicy eighth cervicarseam1n
4s. this-'ro'se;_ in onc case it "Was only,22 per m-iinutcie,and in, ing fouir the eighit-, c
th.e o0tller-s- ranged betweein~ 30' a-nd 50 per miinute till thi& these 'Cords there, n
temperatre apprdehed nrmal iis In one pat"'nt -it lesions ; in thie othei,-s

was 32' when' the temp~eifail& iith -Lohtth was $0.6& F.,htecp noeo
and rose to 102 `vilcn this i-e'ahe988F Te puse wa ot yet been ade
alIso' v"e"ry soft and'of low' tenisioni while the1 temiipei-at'ure. com-iplete transverse
elciiainei dovn inotiael.shgomano6iietrie- ob least tlfre' of thes
servations w%ere possible in only thlreQ cases, and in tlies'e' hothi legcs from: the tit
the- iir6ssshr'e' r-eg!isteie,d '562,72, and- 73'uilm. of m'ercury.. death. In his -cord

As.the- intercostal muscles wYere-paralysed finevery casice; haeimorrhiagcs withi.
rcs-piration' w.Nas -Whollv 'diaphragminatie, hut its rate was sevenithi and thieuppei
approximately normal, except in onie in whichi it wvas only siima1 hatcuuorrhages

Fig.,. ' Death.

9 per m-inute, while thle tempejature remnahied under 80 .F.P
It muLst be, however, rem'embered that when. the respira-
tory miovemients are muchl restr'icted their rate is usuially
increased, and con'sequtently. -fe may assumie a relative
slowing, of respiration.

Tefourth special symptom- was- the small amount of
urine passed. In one mlan who'lived forty-eigyht hiours no
urine was secreted: a~nother. secretedi only. 20.oz. in three
days; a thbird probably only 8 oz. ini four days ; whNIile from af
fourth (Fig. 3), whiose temperature varied between 870'.F. and
105" F. and his pulse-rate between 40 anud 104, onily -20 -to
25 oz. could be drawn -off during, the first thiree days, but
the daily a'mount'increased to 50 to 160 o-7'. for thec last two,
days, whien his temperature ranged between.100c F.- and
105" F. The timount of uirea was estimated -in two eases
in which very Iiturine was secreted, and its percentage
w%~as approximately norm-al.
The mental state of these patients was another interest.

inig feature: whien the tem-peratuLre was, very low, or at
least below 85' F., they were stuiporose or extremely
lethargie, but, withi thle exception of one case, they could
be roused, and then appeared quiite- intelligent amid
answered questions rationally, thouigh thley always
tended to drift quickly agraini into a lethiargic and
apathetic state, unconcerned withi their condition and
fiimmediate -wants. As their temperatuire rose thlis mental.
letliargy quitckly passed off, and they became bright and,
fuilly conscious-. of their serious eondition-.-in fact, thei'r
mental -state varied, directly withi their temperature.
The general appearance of these patients withl low,

temperature, slow pulse-rate, -stupor .or mental-lethargy.,

lesoion ais ligli as ti
d(lcseicling through~-
the thirld dorsal -segmIl

A. coKi~tion smil
re6eatedl tl ceduc
eubid: this is, ill fact.

IMEDICAt. JOWuwi& 1

ecxchiange, as- indicated' by, the small-
tormali constitution ~ecrete6d, reminded'
'auimalI in hi'bernationi, anud 'as in the

'tbc pu-l'se-rate and aemoumint. 61 utcinoe
aind thie stnpoVq passted off as tile
noruma limits.
ii1ation's were obta'in'e'd i niine' o-f thie

chi'~'f injury Wvas to the siutl evc
Ihe sciventh',' in' o-ne` the' se'ven'th and.
eilts weredaae,an inte remain-
.riilcal'anid the fir'st dorsgAlI. 'In four"Of
Vere" praeticallj" eomlt t iranusve.r'se

theunjui-~Yse edo, be only partial,
thesc imic;roscopical e-xi-nunina'tion has-
Further,- from the. clinical signs at

le'sion would not be diagynosedI in at
,esi-in faet, onle wa%--.Ile to iuove

[ice lie- cam&'under,ob-servationtliis
miciirosco-pical eumainrvae
oedemaI an fcofnecrosis. inV4tlie.

Lr part of th-em gIAit eruvwa 4ets
and .-w ollien ;ak,ci cylinders u~bo~c thie
mleour:tlm.-aild1 a, cylincdrical cavity
the dou,lal columns, fr mn thec fAIrSt to,
ct. c-bdIt- ta thai above(Cdecrbe hs 'been'

.inai-all1DN"by 'set'tion of the cervical
f3lIIo I-" d by a fttIIl iit teillpcratiuea'nd

.Fig. 4. -D, Deatli.

blood pressure, a slowing of thec puilse andl of respiration,
dim-ini'shed secretion 'of uLrine, and deathi withi-n a few
days. And the sa'me symptoms have been observed'in
man wh-en thel cervical oord hlas been injutred by a fractturo
or dislocation of the neck. Parkin,-' for instance, records
a case of destruction of, the fifthi to the seventh cervivil
segments, in whichl thle temnperature fell, as low -as, 780 F.
and the pulse-rate to 26-37 per mrinujte_;. -and. Niedeii-1
anothier case of dislocation of the first dorsal -ver-tebra., in
whiceh thle temperatuire' griaduially'fell to ;80.60 F. beforeo
deatli on the, lev6nth day; and thje pulse-:rate siank to.
30 per mninute. The blood pressuire was evidently very- low.
in, both -of these ,cases,. as, the pulse was d~escribed :a.-
hiardly -perceptible.

Onti'lie other hand, wpi -have- seen several cases of c=n..
plete or very severe injury,between the fifthi cervi'cal and.
the firsgt dorsal segment in which these symptomns woi-e:
not pres-ent. -ta
-We hiave'some evidence thtthese patients do react,

to some extent as -cold-blooded -aziimalg, and that thteir
temperatuire may vary with the external temperatured -in.
one patient, for, instance, the temperaturiie rose from -84.2"
to 95 ~F. (Fig. 4)wh,en he wva.s placeodon a:het-water be-d:and
packed. aroundl with- hot-w.ater bottles, and another from
861 to 105.60 F.,;when,he was broughit into: a room heatedc
to 70'7 F.' and als'o suirrounded hiy warm, bedclothes -andl
hot-water bottles. This interpretationi, of -the latter
observation is not, however, beyonid doubt, as a final rise
of tempet~atuite occurred in other patiefhts.'

-In anothier ea-se a9n inkicction of- pitulitrin. broughlt the
temperature. fo-.a. few_ houirs almiost ulp to -normal, -~andl.

T I I I
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increased the pulse ailLi respiratory rates, while at the
same timie the patient, who lhad been very dull andt
letlhargic, became temporarily brighlt and intelligent.
The interpretation of these observations cannot be

attempted lhere; they miiight be talien as evidence of the
existence.of a'lieat regulating centre in the lower part of
the cervical enlargemnent, as Dr. Hale, Wllite lhas assumed,
or, on the othier hand, the fall of temperature miglht be
attributed to dimilnislhed hleat production consequienit on
muscular inactivity; a similar fall occulrs in curarized
animals. Probably thei-most imuportant factors are deticient
thermogenesis and a visceral vasomotor palsv produced
by shock in the sympathetic system. Captain Shiorten,4
however, in a slhort cornment on the case publislhed by
Lieutenants Oliver andl Winfield, suggested that the
symptoms may be dte to tle interruption of descending
fibres in tlle cord vwhich control and regulate the activity
of the adrenals, and Professor Harvey Cuslhing, wlho kindly
saw one of our cases, lhad suggested previously to us tllat
a cervical sympathietic palsv may disturb the fuinctions of
the pituitary and that tllis may interfere witlh the corre-
lated activity of the suprarenals. If Captain Shorten's
bypothesis is correct we coLuld expect to finid hlypotherniia
and its associatecl symuptoms more commonly in cervical
and bulbar lesions, and its absence after section of tlle
cervical sympathetics argues against Dr. Harvey CuLslling's
suggestion. The adrenals appeare;d normal to the naked
eye in olne of our cases.

CrERVICAL PYREXIA.
Benjamini B-oclie, Chlossat, anad otlhers lhave described a

rise of temlperature in animals after injury of the cervical
cord, and Sir Jonatlhan Hutchinson,5 Sir Hermann Weber,"
and iumeroLius otlher clinical observers have observed
pyrexia with similar injjuries in man. As in most of our
patients there were septic wounds associated witlh the
spinal lesion, and as in several cystitis coexisted, particular
care is necessary in interpreting our observations on this
point, but some are unequiivocal. In one patient, for
instance, witlh symnptoms of a partial lesion in the fouirtlh
cervical segment and a smiiall clean entry wound of a rifle
bullet just below the tip of the right miiastoid, in wlich
there were no signis of infection, the temllperatuLre on
several occasions rose to 104 F. and quickly fell again to

Fig. 5.

normal (Fig. 5). In this and in otlher patients the pyrexia
was not associated with any signs of illness or discomifort,
and the pulse-rate didl not vary as the temperature rose.
In several otlher patients w,ith partial or unilateral lesions
between the third and sixtll cervical segments, whomln we
were able to keep under observation for several weeks,
the temperature' was frequently above normal, and
often reached 102° F. to 1030 F. without any apparent
cause.

Anotlier initerestina observation was persistent sllivering
of the shoulders, neck, andl face without any rise of teni-
perature or disturbance of the pulse-rate, and withoitt aniy
subjective feeling of coldness associated witlh lesions of
the lowest cervical and uipper three dorsal segments. This
occurred only in severe inijuries of this regton, and persisted
over several days.

POLYUiRIA.
'We lhave describe(d dliminished secretion of uirine witl

lesions of the lower part of the cervical enlargement, but
the daily quantity is frequLelntly much increased when the

injtry lies in the miiiddle of the dorsal cord, especially
between the fifth and eighth dorsal segments. From-i one
patient with a total transverse lesion between the seventl
and eighth dorsal segments an average of 145oz. was
drawn off by catheter during the first six days he was
uinder observation, even 215 oz. in one day. During the
next six days ancd till death the average daily amount
secreted was 90 oz. In another patient witlh a severe
lesion of the fiftlh dorsal segment the average amount
drawn off during the first eighteen days was 80 oz.; and in
a third, who h'ad sustained a complete destruction of the
eighth dorsal segment, the daily average durinig the first
three weeks was 125 oz., but fell during the niext tliree
weeks to a dailv average of 66 oz. In fact, in the majoritv
of patienits witli injuiries to this region of the cord ii
wlhomii observationis were mlade, an excessive amount of
urine was secreted. Unfortunately, we have not yet
obtained a complete analysis of tlle uirine when it is in
great excess.
This polyuLria is probably duLe to paralysis of the symi

patlhetic fibres, and especially of the vaso- constrictors, to
the kidney. Claude Bernard and Sir Jolhn Rose Bradforl,
it will be remembered, produced it by section of the
splanclinics and of tlle lower dorsal roots.

PULSE-RATE.
While a slow pulse-rate has been one of the character-

istic symptoms of severe lesions of tlle lower part of tlhe
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 segmients
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 otlher obvious
cause. In anotlher severe injury of the same'segmient 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 perlhaps seen witlh partial injuries of tlle
four lower cervical segments in wllich the patient seems
in perfect healtlh apart from hIis spinal injury: In one
suclh patient, vwho remained three montlhs under observa-
tion witlh an originally slighlt injury of tlle fourth cervical
segment wllich later progressed, the pulse-rate constantly

lay between
/ 100 and 120,

d01301 .33 43s 1338 139 1,401 and only
occasionally

.. .... .... .. ... ...... ........

n the latterpart of this
.. ......... ......... eriod fell

...... ...... ... Z 1 t -minute, and

1 t',..V.ff ....8 X!\1 ../.' . r in a sitililart'Ln compl i-
cated case

_ . _ l _ _ 7 _.. of injury to
the fifthi cer-

......t -' ical
............. vica seg--nent the

rate varied
between 96

and 130 per miiinute. It was always regular, holwever, in
these cases and of good volume and fair tension.

| VOMIITIN'G.
When the mid-dorsal region is severely injured the ab-

domen is frequently tense and blown out and the patient
presents the symnptoms of paralytic distension of the in-
testines. But a more striking symnptom 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 lay in the sixth, seventh, or
eightlh dorsal segment.

It was often so persistent that it tlhreatened life, as in
severe cases no nourishuient could be kept down. In
several instances it set in witllin 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 withl mucll discomfort, but witlh little nausea,
thouglh a few patients complained of the feeling of sickness.
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In mild- cases it-ooRrred only some-time after taking-food,
andltisalone might be-brought up ita a lalf-digested state,
'but when severer it was more or less constant and mucous
stuff occasionally coloured with bile, and in a few instances
blood-stained, was ejected. In some of our notes the
similaritv to the vomiting of a tabetic crisis is remarked on.
As in the large majority of cases in which this type of

vomiting occurred the lesion lay in the region of the
sympathetic outflow -to the stomach it might b&attributed
to irritaton- or-Aisturbance of .theJunction of -theseAkes.
-Andthere is M-Uchevidence ththis isits cuse. Almost
without exception these patients complained of girdle pains
around the body, or on one or other side, between the level
of the Yiphoid and umbilicus, and of great tenderness to.,
*light contact, rubbing and other stimuli in the region in
wlhich the referred pain and tenderness associated with
gastric disease occurs. Furtlher, in several tlere was a
persistent local contraction of a portion of the abdominal
muscles between the xiphoid and tlle umbilicus corre--
sponding to the cuttaneous hyperaesthesia, which increased
and produced pain wlhen this area of skin was stimulated.
In fact, the irm resistance and tenderness 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 wlhich these were attached.
Vomiting occasionally occurred after injury to other

regions of the cord, too, but in most of these cases it was
associated 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 injury, however, it was a prominent
'symptom, and could not be attributed to any of these
causes.
WIhen severe and frequent, such vomiting naturally

exhausted tlle patient and induced emaciation. Great
,loss of flesh also occurs, as miglht 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 sliglht injuries of the cervical enlargement who
took food well and even had excessive appetites. We have
observed several patients, for instance, with unilateral
lesions of this region producing tlhe Brown.-S64uard
svydrome, but apparently not affecting their general
liealth, 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 wlhich time will not permit reference here.
Priapism hias 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
as of the hiigher segments. -It was usually merely a soft
turgescence of the penis. If, as is asstumed, 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 bullac and blisters in those parts
of the paralysed regions wlhich were subjected to any
pressure. Irregular patclles of red or strawberry-coloured
discoloration, whiclh 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 artlhritic affection of thle fingers
and wrist when the cervical cord was damaged.

HERPES.
Herpes occurred in nine cases, either immediately above

or at the upper margin of thle sensory loss. It developed
between thle third and the fifteenth day, and in three
instances recurred in the same area. It usually first
appeared as a zone of diffuse erythema wvithl small papules
which later became vesicular or pustular, generallyr in a

region in which there -was either pain or . tenderness. It
usually lasted seven to fourteen, days and disappeared,
leaving some desquamation and brownish discoloration of
the skin. Suclh larger vesicles as are seen in idiopathic
herpes were not observed, and in olne case there were only
.fpapules and vesicles-without any erythema of the skin.
In two cases in which post-morfeta examinations were
obtained the correspding- spinal ganglia were found
bruised bydispIaeed-e fragments -.of the vertebral column,
-and the climl syptms-or. the course of tlle missile
made it.pi'bble that a ganglion was damaged in the
other cases too; its pathology is consequently allied to
that described for idiopatlhic herpes by Bdrensprung, 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
spQD±aaeous pain; in otlher 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 witlhin it. In those cases in whlich
there was definite sensory loss it was found that tllis was
not coterminous or did not correspond with the area of the
eruption; Slherrington lhas shown that the dermatomeres
are not superimposed in tlle myomeres, and it is obvious,
too, that the peripheral-distribution of the radicular fibres,
which, wlhen injured, are concerned in the production of
herpes, do not coincide accurately with eitlher.

REFERENCES.1 Oliver and Winfield, BRITISH MEDICAL JOURNAL, 1915, vol.i, p. 247.
2 Parkin, GuY's Hospital Reports, 1891, vol. xlviii, p. 107. X Nioden,
Trans. Clit. Soc. Lonidont, 1873, vol. vi, p. 75. 4 Shorten, BnITIsM
MEDICAL JOURNAL, 1915. vol. i. p. 801. 5 Hutchinson, Lancet, 1872,
vol. i, p. 714. 6 Weber, Traits. Clin. Soc. London, 1868, vol. i. P. 163.

MEDICAL, SURGICAL, OBSTETRICAL.
CONGENITAL ABSENCE OF RADII.

THE publication in the JOURNAL Of September lltlh, by
Major Mansel Sympson, of a case of congenital dislocation
of tle riglht 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.
'Tlhe patient,
E. H., aged 16
years, an inmate
of Dr. Barnardo's^
Homes, is8 an in-
telligent child
whose father, how-
ever, is insane and
an epileptic. -.
Bothihands are

dislocated to the
ulnar side, andtare
at right angles to
the forearms; the
radiograms-a
drawing from one
of which is repro-
duced-show th1at
there is complete absence of botlh 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 taughtt to do various kinds of embroidery, which shie
does very well.

JA3IEs A. MILNE, M.D.Lond.,
-London, E. M.R.C.S., D,P.H,

" CHLORINE WATER " AS A DRESSING.
IN the JOURNAL of May 8th I puLblished an article on the
" Sterilization of Water by Chlorine." It occurred to me
over two years Ego, when working at this subject, that in
addition to using by method for water purification, one
might also use the "'chlorine water " thus prepared as
an antiseptic lotion. By doing this one would have on


