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INTRODUCTION .




When a Jjundoxy wmember of the steflf of the
Professorial Surgical Unit in the Royal Infirmary, Glasgow
in 295%, I was able to observe ftwe casaes of traumoatic
guadriplegiz. Neither patlent was completely paralysed.
Oﬁe wag discharged aftér a littie more ﬁhan a vear so0
incapacitated by spasms aund pailns that he vremained alwmost
completely bed~ridden thereoaftor. The other dled afbey
twe years in tho ward with sevore pPUrossulre sores, urinary
infection and advanced paraplegla-in-flexion. Hoth
patients had beon nursed consclentiousiy and competonitly,
voth had recalved phyasiothorapy, and neurosurglceal,
avthopacdic and urelogical adwvice had been sought and
followaed,. X could not weeoncile the outcome of these
cagses with reforences in publications and text~books to
revolutionery changes which bhad taken place in the

troatment of spinal coxd injurios and decided to investipate



the matior. My original intenition was to find osuti
how cases of spinal cord injury fared in other hospltal
units in Glasgow,. In the course of wy investigations
I vecame fascivated by the problems of the condition
amil thie oxtent to which they tranggressed nearly ail
the apeclalised compaviments into which hospital
pracitice Is Adlvided.

The first paxrt of this thesils ds a clindigal review
of fifty-two cases of spinal cord Injury treatod in itho
Glasgov avoea with several observations, sowe of which
are ovriginal,

In my reading I Tound out thatl descripticns of
the pathology of thoe injured cord tended to be derivativo,.
In the course of o year spent in the Meyo (linde;, U.tehe
I studied micvoseoople specimens of over one hundrod
injured spilual covds, wy atitention belng focused
vartlocularly on the appearances of axons. The second
part of the thesis presents material from o small number
of these, cach one seolected to show typicsl appeazrances
¥ arons at differvent times aftér injury. in additlon,
hisboelogleal material from twvo of the cases in the
clinical roview who came to pest-mortem le presonted.

The thivrd and last part of the theses is the
presentation of an expeorimental study upon the spinal

cord made in the course of my stay at the Maye Clindc.
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1. JUTRODUCTEON o ADPLIED PUYSIOLOGCY OF THE SPINAL CORD

a) Spinal Shock and Refiex Behaviour

When the spinal cord is transocted, thore ls & tobal
suppression of fvanction in those segmonts of the cord
below the level of transectiow. This state is Enown as
spinal shoock, o name eriginally coined by Marshall Hall
in 18435, in lover animals the effect of spinal shock
passas awvay quickly, the veflexes in thoe affected limba
reappear and become licreased, avd the paralysis which
was flaccid during the shecked pewviod boecomes spastie
axd 0f the uppexr mobtory neurone bypes Shermingben (1906)
concluded that spinal shoeck was produced by the zrupture
of cerxtain caudally runnling paths and the state of
exaggerated reflex activity due to release frouwm huighewy
gentives normnally exeréing an dnhibiltory effect on the
spinal cord.

The "yeleoase'! $heory forms the Toundation of modern:
teaching {(Liddell 1934, Pulton 1943, Magoum 1950).
"Understanding of the significance of overeall gpinal
integrative patierns in governing posture has advanced
very little since Sherrington" (Hunt and Pexl, 1960).

At different times many conflicting views have been

put forwverd te aceount for the neuwrclogical changes
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Following spinal cerd injuwy. koss (1881} atitributed
ingreased zreoflex acetilvity vo diminished cexebirral
Anfivence. Bastion (1890) held that the chronile veflex
state was one of lessened metivity. Colliewr (1904)
regarded the reappeavance of deep refloexes as a sign of
rogavery ok rogeneiration of conducting vlemento. Spinal
shoelt 1a desoribed in OGppenheim's Textbook of Nourclogy
{1900) in terme whieh we would regard today as
deseriptive of surglceal shoek or perdpheral cireunlatory
failure. In move rocend times Secarfi and Poole (19h6)
and MoeCaridy (i?ﬁ&) kave attributed the increased reflex
state to hyper-ivreitabillty of the distal cord stanp.

The main stream of clindecal work supports the release
theoyy of Shevryringdoi, One of the eéwlies% sorroborative
studies in the human wvag the deteailed veport of bthoir
pavaplogic cases by Head and Riddoeh (1917, L918) during
the Filrvst World HWaw. They found thsait spinal sheck lasted
several weels and movged gradually inte the siate of
incroased veflox acvivity. The first reflexes to appeawr
wore primitive gendital reflozmes, nomely the bulboe
cavernosus and anal reflexzesy; these reflexes could be
elicited within a Fow hours of injury and in some cases
ware nevey lLosb. The found in assecintion with lnereased

reflex agtivity the occurvence of masms Fflenion movements



of an ivoveluntary nature to which they gave . the name
tuseas reflexos.? The masns movemenits were alilolted by
vory minoer stimuall such as lightily brushing the bede
olothes agaiunst the paraplegle Limb, or by auvtomnomie
atimunil such as distension of the bladder. Mass
reflexes often ineluded spontsnceus avtonomic activity

such ag evaouation of the bladder, swenting ond rises

in blood prossura. Dauring the spasm the petient ofton
coutplained o pain. Voarying sceverity of mass movement

ocoocuryod vanging Orom incapacitrting spasm o ocvasional
dnvolontary twiteches of one or more muacles. I completo
paraplegla spasms were Tlexer as a rule and in incomplete
paraplegia, extensor. Head awnd Riddoeh also made the
observation that the occcurrence of febrile dllness in the
patieny, either from nyinary gepsis o plressuvre sores,
delayed the appenrance of mass reflexesn and cauvsed thom

to revert towards the flaccid state of spinal shoole,

Most of these observations have now been gonfivmed by
BMANRY SOURGQD. Toxt~booke of neurclogy by ominent nuthors
(Fulton 1949, Walshe 1958 and Brain 1962) repoat the view
that complete paraplepgia vesulis in a predominance of
FTiexor epasm and wltimately the clindical pieture of

paraplegia-in~iloxion and incompleve paraplogin extensar



gpasin and paraplegiamin—ﬁﬁteﬂsiou. This pattern is
explained by the fact that convinulty with the highew
contres resvlis In dominence of the antlegraviity

muaelea while severance of the cord from all higher
conntrol proeduces o moare primitive type of roflex
bohaviouy which is characterigsed by its flexor nature.

A second impetus o the study of the spinal cord injurdes
wae provided by the Sccond Yorld ¥ar (Davison, 1943,
1960, Munyo, 1943, 1952, Grant 1945, CGubbtwaun 19486, 1947,
19489, 1953, 19354, Vreewan 19%9, Dowvs 1051, Mayfield 1953,
Searff 19060) and by the Xorean VWaw (Wanamaker 1954).

one dmportant situdy {Huhn and Macht, 1949} confirmed
Head aud Riddoch's descripbion, with one er two
modiflcatlons. The type of reflex pattern, flexor o
extensor, wvas not detemrnined by the degree of compleiteness
of the coxrd injury but by the length of time thet had
elapsed since injury, Following spinal shock, which
those autbhors Found lasted one to sixn weeks, there
oceurred a stage of mindimal vreflex ameotivity lasting fox
several weeks oxr months; this was followed by a sbtage of
alternating flexor and extenser spasm up to about a yoar
afber dnjury, anpd fipally there emergoed a stage whon
extonsor spasm predominatod which lasted indafinitolye.

Five casosn were descvibed in wbich the injury
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was uwaquestionably sustained at ecorvieal coird level,
but the wvesulbtant paraplegla was of lower mobtor neurons
BYDRCe Thoy were unable to coniirm that febrile Lllness
in the pabtlent suppressed the ocoourrene® of mass reflex
ACGHRVICY o

It ds often assumed that 1f there s no recovery of
voluntary novement in conplete pavaplegis within the
firot 28 hours of inmjury physiologlcal transection of
the cord has oceurred and no reacovery ocan boe expocied
(Holdﬁwnrﬁh 1958, Naffuiger 1938)0 This view has hoon
challenged, alil cascos of trouvmatic parapleglo belng
povantially vecoverable for at least several months after
LRJULY 8 {Seart? LO60). It is »oare {Tor sunatomical
sranseccion of the coxrd o occcuwy in cleosed injurlos
(Fatferson 1L027). 4 towmpersry suppression of spinsl
cord Tomction may xesult from less sevore injvry to the
sovd which ls followed within a Tew minuntes ox hours by
a complete return o nornal. This is kunown as spinal
concussion {(Davison 1943,

L component of spinal injury may be damage to the
nerve rogt. This assumos signifileance ot the level of

the luwbodorsal junction where, owing to the obliguity

W
iy

of the veotls only the saneral segmentg the ecoxrd may be

affected dlun the preseunce of a totally parppleogie lower



w8-

limb. ‘The problem of differentiating root injury from
cord injury in the eairly stages of spinal shock has been
examined by Holdsworth (1954, 1956), the early emergence
of ancegenital reflexes distinguishing a cord injury
from a root injury in the absence of any recovery of
motor or sensory function.

(b) Regeneration of the Spinal Cord.

It is widely accepted ithat regeneration in the human
cord does not cccur {Cajal, 1928, Cushing, 1905, Thompson,
1923, Clark, 1943, Naffziger, 1938). Regeneration has
beon shown to occur in fish (Koppandi, 1924, Sperry, 1948),
amphibians (Spallanzani, 1768, Piatt, 1955%) and reptiles,
Kamrin and Singer, 1955). The failure to regenerate in
higher species is attributed not to lock 6f intrinsic
growth potential in nervous tilssue, but to thoe absence
of a favourable enviromment for growth (Gajal, 1928).
Prazier (1918) cuggested that the missing growth factor
in tho central neiyvous system was the absence of Schwann
cells. It has been shown (Duel and Ballance, 1932)
that growth in peripheral nerveé was under the influence
of nourotropic influences arising in the distal,
degenerate portion of the nerve. Weiss (1934) presented
evidence which strongly challenged the theory of neuro=
tropic influences, and Beatley and Hill (1936) showed that

degenerate peripheral nerve had no enhanced neuretropic
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pover.  Ln an imporéant contribution to éh@ subjoeet,
Sugar and Gerard (1940) found anatomical and olectro=
paysiclogical evidence of regeneration in the spinal
cord of voung »ats. Thoy showed that the presceace of
red coll oxtravasaviom and phageocyitosis prevontsod
regeneration, that tronsplanted muscle and peripheral
neyve promoted regeneration by facllitating ovientation,
and that signs of grey matier wregenervation were nover scen,
They challanged Cajalls conelusions about degeneration snd
regeneration in the nervonrs system on the pgrounds that
most of hils gpinal coxd sransections werve perfovimed below
the lovel of the large Lumbax intevsegmental avbtery, and
were thorefore prejudiced By ischacwmilia of the distal ssump.
The nevyoitroplie theory was revived by the finding (Shapir@
and Worren, 1949, Dueker, 1948) that axons within the
central norvous sysiem gyrow into transplanted tusours in
rabbit oya. Lovi-Montaleind (1953, 1956) demonstzabed
neunrorogenerative properties Tor axtract of wouse savcoma
and snake vonos, apd oxtracted an active principle which
was a piroteln fraction devived from miocyvoesomes and hobaved
as a humeral agente. 4 feature of Leovi-Momtaloinila
regeneration was hyperplasia, and Ancreased differentiation
of NeUuoINeS . It was concluded that she appearances were

not sinply cuplicable by a hastening of novrmal growsh, bud
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what "hithorto unlktunown mechanisms ave Ln operation.”
(LovieMontaleind, 1953). VWindle (1950} presonbed
experlmenval evidence that & pyrogen d@fivad TEom
bacterdial polysacdharide possessed neugoregonerablve
Proepewties . This subsbtance, salled ‘plroment, caused
young cellulayr flbrous tissue to be producsed which, ia
turn, promosed the oxientatlon and growish of sprouting
ARONS o Beodt and Clemenite (1955} showed histological
and clectrophysliologloal ovidence of regencration imn
tpivomen'! treated animals. £t had previcusly boow
phown {Clavk 1o43) that periphoral nevve, inplanted into
the censral nervons syatem, only grew in the presence of

a cellulary reaction, the proesence of wmature collogen having

g dnhibilitory offect. Prooman {(1958) showed a similarw
nenroregeonerative getlon foxwr the enzyme txypsin,. Yindle's

work has boean challangod. MeCuilough (1959) did not find
pirowmen benefioial dn peripheral nerve vegeneratlon,

Awteta (1956) found no real functilonsl er anantemical bonefit
firom plromen in regeneiratlon studieg on the centval nervouws
system, and Doavidess {(A0k8) found that the prevention of
mature sgayr formabtlion imnm cates did not promote rogeneration
within the coentral nervous aystom, L& is now known thad

the spinal cowvd possosaes verarikable powewrs of funcihleomnal
Toecovory AL only a small part of 1% is sparoed in

experimental studiesn, particulavriy 4f that pavrd iz an ares
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of the anteromedial portion of the voentral columns
(Windle, 1955). Souwe interesting plcitures of dense axon
penecsration in transection areas have Deen shown using a
porous cuff o restore continulty of the cord (Campbell
1957). Preomen ot al (1960} following up au observation
that nevve £ibres have no gpecilficity, {(Sperry 194%7), has
attempied t use gegments of intercesital nerve ap interw
mmeial pathwvays by swinging thom down and inserting thom

into thoe distal cexd slump.
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e BOCODE O PHE GUPTINY

From the reecowds of Glasgow hesplieals f108y tweo
cagses of spinal cord injury were obhitalned, The

location of cases wng as follows:

Royal Infirmery . 25
Vesteorn Infliprmary 18
Vietovia Infirmary 5
Law Heospltal 3
Soeunthern Goueral Hospital L

Total 52

e only criterion for inclusilon of a case in the
geirles was irjury te the spimal cord or cauda oquins.
Cases of wmyelopathy due to herniaticon of the
intervertehral dige weore noet included.

Tho admipistrative practice durdng the peried covered
by the study was (0 admit spinal idnjuordes to the clity
hospltal serving the awvea in wbhich the accldent geccurrved.
In ecach hoapital subgsequent disposal vavied. In the
Royal Yoflemary, all except twe of the 25 cases admitied

there wvere admitted vo the Receiving General Surgleal Unit

of the day. The other two were admitted to the
Grthopaedie Unit. In the Vestern Infirmary, all pationts
except one were admitted to tho Orthopecdic Undt, The

greeption, occurring in the eavly pavrt of the period, was

admltted to the Recelving Geneval Surgilicenl Unlt of the dav.



Cages im the Victoria lafiimary and Low Hospital were
adnitted o the ovihopacedic¢ wards and the solidtary caso
in the Southern General Hospldial to a general surgleal
ward. in all hogpitals a neurosurgical opinion was
obtained if desired avd patients doemoed sulsabloe by the
n@uﬁosurgeon for a decompresslon eperation, transiferred
to the Neuresurgical Unit at Lillearn Hospital. Xn the
gourse of troavment othexr pationts might be veferved o
the vwrological, plastie and gastrointestinal wnits forv
vardous complications.  Towards the end of the series o
small number were tronsferrad at an early stapge to a
Spinal Injuries ceoenire in England. tzcoapt for this latter
group, Tho original unld admitting the patient was
responsible for long temi care and rehabilitation, those
cases boing transieorved to specialised vwnits, belng
reforred back vhon the speciallised treatment was completed.
Abstyracts were made from the case rotes and studied.
Where the Case Notes were doficlent in respect of
information on thoese aspects, the records were restudicd to
obtalo fuller information. Por instance, where thoe radiow
logleald dava was incomplete, the original serays woere |
gought; wvhere the patient had been roforzed to othey
departments for definliive troatment of pressers sores,

urinary conplications, gastvointestinal ecomplications orx
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nourosuirgical decomprossion the Case Notes from these
departments wvere scought.

The noxt siep was to localte the survivors and visit

HLhom e In this econncotlon the Miner's Rohabilitation
Ceuntye at Uddinpgsiton was most helpful. Tuenty-Tour

patients were questioned and examined personsllyy the
remainder had elther died or lef't the counixy ur could
110t be tracad, A tabulayxy suuimary of all the Information
obboined was drawn up (Appendix}-

The cages are net a true random selectlon. The
ruwber was Limited to £iby~-itwo Decause Lt wap diffilcuit
to obitain any more reasonably well docunentond case Notos.
Many éma@a hod to be discarded besgause of insdequate
docwuentabion, The perilod covered ls 1945 Ho 1948,

ALY the pationis eoxcept one wore injured during this
peviod; the exeception occurred in 1940, The roview,
thevefora, covers spinal cord injuries ireated vnder poacew
tiwe condidions in and arouwnd the ity of Glasgow, in the

dacade or so following the Second Vorld VWan.



Se CONBIDURATION OF VALTOUS ASDRCYS OF THI CASES

]

a}l Age and Sex Incidence

The series cotlpriises fifty-two cases of vhom I8 are

b, mm——

wale and & Towale. The graéatest incidence occoourred in

adult men of workin@ age (Figure 1) The youngest was

JERp——

17 vears and the o%@n&t T3 yrads.
£

b) Aetiolomy .

1

The type of injury was raadily clagsified dnto one
.

|
a .l’ P .
of the followiag groups fails from a helght, wiloing
/1 :
A
J}aceidants, falls when under the

1
&
o=

]

influence of aleoh%l, tndustrial accidents, and o

acoldenta, fraffi

|
miscellanaous group (Table L}, ‘“frafiic aceildents

affoeoted predomingntly the cevrvieald spluney other
sccidents the dorsal and Luambay spiue.

e¢) Bariy Mortality

11 of the 32 cases in (he series died within the fivst
few weelks after injury, most of them within the first few
dave, giving an savrly mortality of 2Ii%. This flzure was
not reflected evenly over the dliforent types of injury,
mortality from traffic accidents being 66,7%, snd from all

other injuries 12.8%, a highly siguniflicant differcnca.
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Nead Survivals) Totals
Prafiid 6 {66.74) 3 0
Others| 5 (12.8%) 3 99

Totals| 11 b3

| IR
-~

™5
KT = 9.15 p o 0O0L

Seven of Lhe elght Tatal cases of cervical cord injury
died frow bespiraﬁdry insafficiency which is precipiliated
by parpiysis of indercostal musel@s'and is w direc#
consequence of the injury to the cord (Table 2}. ALl
three injuries of the de#sal and lumbar spimne died from
assoclated dnjuries, moestly to the chest znd abdomene

Y addition te resplratory insnfficiency, one patlent
in the cervical cord group sustained an aeute fallure of
temperature rogulating mechanism becoming irveversibly
hypothermic. A complote neurological deficit in cervical
injurdes is assceclated with o LO0H mortallty (Table 2).

A c@mplaté nearelogleal deficit in dorso~lumbar injuries
is associated with a8 higher mortality ratse than in
incomplete defdcdt hub the numbers arve $0o small t0 show

2 gignlficant differenco,.
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2} Radiolozical Appoarances

In the group of injuries te the cexvical spine eight
were found to have radinlogical evidence of injury to the
boneg. {Table 3) Throe sustalned Iraciuxe-~dislocations,
three sugtained disloeation and vwo sustained cirush
fraetnre of the vertobwal body, The Lifth ow sizth
corvical vevribebrea was ilavolved in all buv one casey in
that ease a fracbure dislocation ooccurred betwveen the
soevents and odgbhih veritobrao.

Seven coervigal cord patients had ne pradicisgloal
evidence of dnjury Lo the spinal coluan., Fouy of these
exhibited radiological evidonce of ostegarthritic change
off the spine omd theee were in the over=G60 age gLoupe.

Both cervical cord lnjurles sustained when the patient wvas
dwnnks belonged to this groeup. The high iancidence of coxrd
injury without bone injury in the cervical spine (87%) is

difforent v a highly sdgnifleant extent Trom the incidence

in lombowdewsal dmjuries (8%) (Tabie 3).

["Positive | Hegative :
BmDaye Lmrays Totals
hC@rvical. 8 %l 15
”LumbodorSal éﬁ 2 ) 27
Totals 39 R N F)
R @ 11435 » < .01



Tae of the elght eavrly cervical deaths belonged
bo the group showlng no bone injurs.
Tn the group of six dors,l spine sndvr es all wero

found to hove wadiglogical evidence of ciush Ffrachure

of the vertebwal body. In five of theso, three or
moxe adjoining vertobral bodies were orushod. AED

sustained violent dujury of a direct nabturoy fouxr ell
fron a bhelghb, one was crushed by « weilght on his Dack
and one wags injgured im a fall when drunk,.

The third grovp couprises injury to the Llunbar spine
and Ilumbgwdorsal junctioiie Injury to the last two
doereal vertobrae are plavced dn this group. There were
thirdy-one in alls andneteen sustained froctvirow
dislocntion, five susisined a crush fracture of ithe
vertobral bedy, and one bad evideuce of an lsglated trans-
veorse progcess fragsture Two showed no radiclisgical
evidence of bone injury, aand the radicloglecal pleture of
four i wnNOwWn.

Poraplegla of delayed onset occurrved lu two patients
whose ilodltial radliologlesal pilicture revealed little or no
danage o the spilne.

Case 43, A 6L vear old wman fell from o seaffold

and injured the cerviecal aplune,. Thore

was no peurclogical deficit. Bone
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injury was suepected but full radloe-
lagileal investigation of +the spino
ravealed no bone losion and he was
disechavged within a Tow days. e
condinued 0 suffesy severe neck padim.
Seven weeks aiftewr injuwy he guite
suddenly lost the power in his Llimbs
and fell, O re«-aduission he was
Tound to hove a complete quadeiplegia.
Jeprays showed a forward dislocation of
the sixith cervical vewitebro uvpon the
soventlh, o dlied fouxy dave later of
respiratory insufficiency and pulmonazry
Dadema .

Case 23. A %0 yoar old man fell 40 feet, landing

on his Paclks There was no neurological
defdaites The onldy posliive rodios

logical finding was oan legolapted Traciuire
i a lunbar Lransverse pronasss Ten
vears Laber he was resadmitted Lo a
medical ward wlith o hlstory of progressive
spagsblc parapleglia. After iwntensive
iuvestigations Tfer the presence of newroe

logical disense, & diagnosis was yeached
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.

ol chronle sequelas of trauvwma bo
the spinal sord. Redaye then
showed advanced nstecartihriile
chaouge in the spiune.

The fiyst caso is an example of paraplegia following
an unstable eervical spine injury which was nod
Lmobllised at the time. The second cass ds an examplo
of the ochzonic neuwrologieal sequelae of acnte cord injurye.

LY . - . -
) Surgical Tereatmaind

Oniy the 41 patients auirviving the Znitial few weeks
after Lnjury werea iuncludad, Hith one oxceptilion, injuries
to the cervical spinal column were treated by wnoenw-gperative
webthads {(Table G4} O the iajuries sustained by the dorsal

and lumbar spine approximaiely all wers subjected to

sperationa Various deviges to Facilitste turning of the
pablent were umed. These included a water bed, aiyr bed,
wneccane bed, plaster shellis, and a turning Crame. The

turning frame was used with increasing freoguency in the
later years covered in {he series. QF seven patlents
whose spine was Tixed with a asetal plate at opevntion pix
were subsoquentliy nuvsed in o turunlag frame; five of those
developed severe presSesnysg soyas.

The relaticonship of the vavions ovthopacdle messures

to the cemplications of pressure sores and vesidual atiffd



back e shown in this table {(Table &4). There is a
vendency for patlents nuarsed in an cordinary bed to fare
boetber An respect of pregssure sores then those nursed in
otiery ways but the numbers are too small %o show any
gigunlficant differonco. When the lnecidence ol pressure
soxvoes ip rolated +to open versusg closcd methods of tyeatmentd
no significant difference emerges and when related to the
level of the spimal injuxy there is no significent diffor-
@neco. Patdonts are classified as having zxosidual stife
back 1T oliher of these bwe criteris wvere presenti
complaing of paln and stiffness of the back, and greatly
diminished voluntaryy movemeont im the back. ight

-

patlonts were Found to have residual stiff bhack. Thoy
were evenly distributed between the group treated
conservatively and the group treated by operative methods.
Patilents were transfeired from general surgical and
orthopaodic wards to tho nouresurgleal unit at Eilloarn
Mospilital 4 thers wae evidence that there was contimuing
compresalon upon the cord. Coumpresslon upon the cord was
thouvght to be presendy 1f there was prozgreassion of the
neurologlical deficlt in the fivst hours oxr days after iunjury,
and the demonstration of a subearachnoid bloelk by tho

Gueckenstodt test ox by myelography. Sizx patients fell

inte this gyoup and woere subjected to the operation of



deconmpresslon lawmdlnectomy within a few deays or weelks after
injury {Table 5). Pour bad lesions of tho lumbo-dorsal
spine, one a lesion of the mid-dorsal spine and one a
corvical spine injury (Table 5). The ecoxrvical lamincecivomy
bonrefited slightly from this operation, the romainder
showing no ncurologilcal ilmprovemesnd, It waa common to
Tind enitva~dural blood clot at operation ox fragments of
bone oy dise lylng againgt the cord. in the casc wvhich
shoved some ilmpreovement a large spur of bone cowmpressing the
cord was removed, the cord remaining tonse ond swollewn.
ﬁlth@ugﬂ tie duvra was inclsed moere than once In no case was
a wyelotomy pexrTormed to decompress the swoellen cord.

Threo cases same to laminectomy many menths or years
aftor injury, evidence being present that the cord was being
subjeot to compression. in one a sub-arachnold block a2lone
was present, in anothexr progrossion ¢f the neuwrolegical
deficit nlone was present, and lm the third progression of
neurologicnl deficit and a swubearachnolid block were present.
Thesae late laminectomics did boettexr than the early ones, all
thiree benefiting from the operation. Tn each case a spur
of boxne was found lmpinging on the coxd, and after its
vemoval a spinal bone fusion performed, There wos no

avidense of chronic menlngeal scarving in any of them,.
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(£) Neurologlcal Prognosis,

Tmmediately following injury 28 patients had a complete
neurological defilecit, and 2% an incomplete one (Table 2).
Hleven potients died within the first few weelts. Of the
k1 survivors 1% were known Lo have remasined complote, ten
of whom exhibited paralysis of lowex motor neurone type and
three a mixture of lower and uvpper motor neurcne paralysis
(Table 6). No patlent whose paraplegia wos wholly of uppexr
notor neurone {type was found in the group whose nourological
‘defieit bad rcmained cowmplete, A classification of
improvement was made according to whether recovery from the
neurological deficit was major or negliglble. Comparing
the lmprovement which occcurred in upper motor neurone lesions
with that in lower motor neurone leslons, no significant
difference emerges in the lncomplcete parapleglia. Table 6
does 1llustrate a tondency for improvement to be better in
upper moter neurone leslons but the numbers are too small
for a significant difforence Lo cmevge. In order toe show a
gstatistical difference betweon the two groups the complete
and incomplote lesions are talkten bogether and the degree of
recovery compared between upper and lower motor neurone

loslons.
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UalMalis 8 {57e1%5) G hR
ToaM o0 o 1L £5.6%) 17 18
Totals o 23 e

XF w7497 pL 0,01

It ig apparent that there is a highly signiflcant
difterenco boetween the percentage of Upper mMOtor NOUYone
lesions exhibilting o major rvecovery (57.1%) and the
percentage of lower motor nourone losions exhibiting a
major wecovery (5.60).

The difference in prognogis for mourclogiconl recovery
id reflected in the level of injury to the spinc. AL L
surviving cervical cord injuries were of nppexr motow
neurone Type, and all filaceold injuries were found in the
Luabodorsol injuries. it ie dmwpossible on clinical
grounds to dlstinguish betveen a lower wmobtor nourone
paralysils due to anterior horn injury and one due to ©ootb
injury. Pive of the survivors were thousht to have puro
cauda aquigar%esiuns on ¢linical and ra@ialﬂgical.grouﬂds.
Bince these are voot injurles auny superdority for root
injurios in respeet of neuroclogilcal raecovery might be

expected tu bear on these statistics. That the pyrognosiy



was so silgnificanvtly superior 1n uppesr S0P NEUFrORe
Leslons noet withetanding the inclusion of these pure rootd
losiong is adduced as furither evidence bthat cord injuries
faro betiter than vood injurios.

Ton pationts were known o be much dronbled by lnveole
mnsary movements, Lfoux most distrossingly so. Thoeso
gpasns tsually commenced in the flrst weok ox so afiter
tngury, dncreoased in severidy {or a furthery perlod of woolis
ox months, and then gradually svbsided ovex a longer perisd
of months or yeairs. Pevelopment of Jjolnt coniracstuvres
goemed to diminishh luveluntary movemnents. There was no
greater liability to spasmsbetween highk mnd lew cexd
leslons, and no prepondervence of fioxor ow %tonaer spoasms
in olther typee. One paviont whose vesidual parvaplegla was

of lowver motor neurone Ltype swore he had besn tyoublied by

inveoluntary wmovements at an ocarlioxr stage. TFloxoes spasms
wvere scen more often than oxtonsoy apasms. In five

patients aspasms were alwaye Fflexor, dn one always enxtensor,
and in four both flexor and cxbenser at differont timen.
The worst spasms tended to bo Tlexor in btypo. Incompleto
lesions wore et moyve asgoeclaved with oxtensor than flexor
gpasitg, and comipleto losiond not more agsociated with

Tlexow spasms. The cane ¢f erxcluslve exbieonsor apasmeg was



an incompleto gervical leslony the only completa
parapleglie which oxhiibided pevalyals of wupper motow
neurone type {o mixed lesion) was troubled wiith both
flozor apnd oxtensor mevemenis. The posture of she Limb
at the onanet of a spasm seemed to alfoct the tvpe of
spasuy a patient woeuwrld say that, curlied up i@ bed his
legs would sheot géraight cud while, standing his legs
would bueckle fovelbly under hilm causilng him to be almost
thrirown to the ground,.

Involunitary movemoents wereo oftven associobed with
intragtable palsn. The pailn wvas dm@cwibpd variously bHus
common to most desceriptlons of 1¢ was the adjective
Swurningt . It was often located in the lower parits of +tho
abdomen ag well as in the pareplegle Liwmbs thomsolves.
Relies was only obtained with heavy sedation with morphine
o poevhidine. No wecord could be Jound of any pasient
suffeving from paitunful spasms being treoated by ourgical
measures such as hizsotomy, instlliastion of necrotising
agents inio the sub-arachnold space, oy peripheral neuwrs
AeLORY « Soeme cases were weferred to Papaplegle Centres in
other parts of the counityry feor tveatmwent of spasug ang
othesr Late compligaitions. One patliont with an incomplete
cervical covd injury who puffered from Fflewxer spasms which

provented him standing had rollef follewing the por-
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~cutansous ianliltrotion of the seolatle nerve with local
anaesthetic which lasted for about two weeksS. Several
pasionts with advanced paraplogla~in«flexion were seen.
The pyroblem of spasme was one of fthe most diffiecult and
Aistressing encounberads

&)  Skin Comwplieationg

Twenty=-Tour of the forvitye-one survivors were kuovn to
suffer fyom severe pressure sores, ar incidence of 66,75
slinse the gvate of the skin of five was unknovn.
Pressure sores were considered severe LT they veguired
surgical execisicen and grafiing, if they pexmisted througle
aut the perilod of hospitalisation, il they weye the cause
of thoe pationt belng readwltited to heospléal, or iy they
reguired amrangements for persanent dressings at howmo.

There was a porticular Linbilllity te devoelop pressure
soros durdng tho phase of spinal shock, In the laterw
s$eages pPrevsure sores vere more frequently encouniered in
complote pavapleglas than incomplete Loeslens, {Table 7)) as
ntight be expectod sinceg losgs of sensation g the prime
Cause oXf SOVES. Ie studylng whether upper netor neuroeno
lesions in which the neurologicsld delficid was incompleto
were wore ox loss prone o pressure soves than lyswer motor
nourone lesions in the sane group, the numbers proved o

e boo small for auy signiflicont statilistieanl difference to



e detected alilthough there did appsar to he a toendency
for bthe former to Be less afflloted, Whenr the completa
and incomploete ledlons are considered together the
incidence of pressure sS0ras in uUpper NOLOT NOVTONQ

Lagions is 33-3%; and in lowery motor nouroxne lLegsions

87 « 5%y a highly significant differencae.
Severe Nagliigible
Sores Boras rotals

UeMoeila E {(593.3%) 8 iz

LewDioXi o 1&' (8765%} 2 16
18 i0 28

2 ‘
X7 = 6.6 p L 000

Gord lesions, thereiforo, have a bhetter prognoesis than
root lesions lu respoect of pressure sovres.

) Urdnary Complieations

Seven of the Ll survivoers werve known not 0 have
rogulirad inddial drainage of the bladder, and none of these

devaeloped o urinavy infection whieh wvas not easily

controlled,. The Initial bladder treatment of anothen
goven coulkd not be established,. Of the remaluing 29 in

whow some form of bladdeyr drainage was iastituntad, 20
develeoped severe uvinavy sepsils, and iuncidence of V4%
{table 8). The descripbion 'severe urinary sepais'

indicates vhat the patient suffered reourrent Tebrile
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1ilncoses an& the condtinning presence of reslstant
organisms in the urinc. 17 of theso patients never
regained any uscful bladder funotionm and were permanently
incontinent. Chwwonile zroennl sepsis asccounted Tox the
death of § patients, a late mortality of 19.5h.

The type of inltial bladder dyainage 1s shown 4n this
table (Table 8). An ine-dwellinrg urothral cathetoer of
Foley type was most commonly used, belng changed and
washed out at intervalas, A Gibbown cathoter was employed
in two cascs, both of whom developed severe urinary sepeis.
The system of avtomatlic bladdoyr washe-ount known as tidal
drainage was empleyed im sim cages all of vhom developed
severe urinery sopsio.

Seven patients vanderywenl trans-urethral roscotion of
the bladder neeck alfter assessment of bladder function by
eyvotomatrya. Four of these zremalned on continucus
cathoteor drainage and the ulitimato status of the other throe
not knowi.

it was net possible to arrive at any ostimetion of thoe
ingidence of urinary lithiasls. The reason for thio wag
that no arrangonents wero wmade for voubine urclogleal
follow~up of patients after dthey werve discharged from
hosplital unless thae patient had been referred to o

urological unit while he was still in hospital.
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1) Gastro=-intestimal Complicatilong

Several patlonte were referred by their own doctors
to goneral surglieal nnd medieal waidts with oympioms
veiferable to the gasirvo-intestinal wracth. Records of
all suech xeferraisg sre probably incomplete but two
distinmct groups emersed: o) a group with dyspeptic
symptoms and b) a group with diarrhoca.

a) Dyspepsia. Thaere ave 11 patients in this group.
All nad severe syupboms suggesting the possibilisy of
peptic uleceration of the stomach or duodexnuni, One wap
aduitted with a hacmatemesils. Records o©f the radio-
logical findings im seven wap obitalned. A dipphragmatic
hernia was guoried ilm one, duodonal spasm was noted in
anothor, acuite eroslons were suspeecbted in a third (the

patient with haematemesis), and the reomainipg four showed

no yadiologlcal abrormalldty. In 1o caso was & peptilo
ulcoy demonsirated. An emergencey laparotomy Loy

suspecioed perforation oi a peptlc ulecer was performed in
oene and two others cawme to laparobtomy for suspoctoed
peptic unlcevation. In none of thoese. cases was any loeslon
of stomach oxr duodenun found. A cholecystectomy wags
performed in one of thoen.

Bb) Diarrhoea. There are 6 patilents in this group.

Commonn to all was a history of severe xecuryring attacks of



Qiarriwoa voually accompanied by severe lower abdominal
colics Bagseriologilical exominatlon of the stool wasg
carvied out dm five of these and was negative in evory
ingtanco. An pttoupt was made B0 tirace any record of
bayrivm onema investigation having been carried out but no
record wan found. Repoated unsugcessful gsigmoidoscopy
was peorformed in one in which a provisilomal diagnosis of
uleerativae colitls was reached, in thilds ecase a coloctomy
wag contowplated but not performoed. Two patients possed
blood in the stool during alttnolks of diarrihicen, Amaylodd
disease was conflimed in two patientsa whe came o poste
mortem, both of whom alse had chronlde renal sepsis.

3) Morbidiley

Bight of the L1 patients surviving the initial injury
ulévimately died, all from zenal sepais, o mortality of 19.5%.
The average peried of gcontinuous hoepltalisatlon was
13% nmonthe (Table aé). Hany of these were subsequently e

adnitted for treatment of compllecations suelh as pressure
gores, urinary sopsia, gastvo-intestinal complleasions oyx
BEide jolnis. Seven pationts were hosplialised
conbivuously for over two yvears, one of theso in a
Professerdial Burgical Unit,.

Pow were reha@iliﬁaﬁed te the stage of belng galiunfully

employed {Table 10)}. 2l were mever gainfully euploved at
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any timne, 3 woere gainfully emploved sporadileally, and
three wore galnfully omployod fox contimzous pericds.
The employment status of the remainder is not known.

The sex llife of wmarvried paraplegics was much impaired.
Wine of the fifteon complete pamaplegics were gquostionoed
as bte thely cex status. Oune wns able to have a form of
Iintercourse on occasions, two otill had sexual deslire, two
wvoare able to have ewidssilopns, and five could bé manually
agblmalated to have erection of the penis. Chronic oodema
of the penis was sceon in several cases. NDeseriptions of
the acuto periced dmmediantely follewing injury aoften
menticned the vcecounrvente of prisnism,.

Invalidism was caused by Jolnt contracture in some

Casas, Spontancous osslification ln and around these Joints,
particularly the hip Jolnt, wvas seoen, Oagification in the

belly of guadrilgeops museleé, well away from the Jjoint, was
spen in one case. An othex patienit had prounounced
onlargement of the broasts. Laboratovry studies of

mnonabolie disturbances vere not mado.
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h, DISBCULSTON

a) Tho Organisation of Paravlesic Care

The resulits presentoed are at variance with other reporis
o011 apinal cord injurios. Biscusging the wvast improvemoend
in the outleck foxr patients with traoumatic paraplegia,
Vatocon-Jones (1955) has written - "Until very recent years,
only five orton years, neérly every patient who sustained
frocture=dislocation of the spine with permanont paralysis
diced very s00. They lay wrotiing in bed with large
stinking bed-sores, lacking sonsation, incapasble of wmovement,
often with distressing involuntary spasm and sccondary
coniyracture of Joimts, ilncontineunt of urine and faeces, with
infection of the urethra, bladder and wenal tract.® The
rocent development of which Vaisonwjones speaks is the
creation of speelal centyes for paraplegica. He states =
YiPhe Tirst dmpordtant duty of a decbor called in to see a
patient with fracturve~disliocation of the spine and
poraplogla is to arrange prompis admissien o a cenlre where
speclial arvaugoments exist, even if a hundred or a thounsand
milos away." Writing of the wesults from the centre at
Sheffleld, Holdsworth reported "We have, L think, cleariy
shown that by correct nursing and careful attention to
simple bladder drainage, and by corwvecot vohabilitation, all
serious complicatlons c¢an be easlly avelded, the goneval

health of the patilent maintained, and the stay in hospltal
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out down t¢ nine or tem months. In the 71 pationts
treoated from the outset hero there has not been ono
serious bhadesore anpd no case of urinary iuntoction which
was not ocaslly controlied." (Holdsworth 1954).

Thosb.reports aro in sharp conbtyrast to bthe material
prosented herein: Tho lncidence of seovere pressuro soros
in this sories was 606.7% and the ineldence of sovere urin-
ary infoction, in thoso whoso bladder reguired dyrainage
initially, was 74%, Distroessing involuntary movoments
wore @ commnon ocourvence and severo Jjoint contractures were
seein. Seventeon patlonts were left votally incontinent of
urine and oelght dioed Lrom chronie{renal aoppsis. The avor-
ago period of hospiliaililsation was 134 momths, a figuve
whioh axcludes all readmiggsions. Only 10% of patiéuts
wore enployed fox any continucuse longth of time, in cone
trast to an incidencc of 699 reported From the Spinal
Injuries Unit at Stoke Mandeville {Guttmann 1954b).
Patieonts otill lacked sensation and movement but in this
roapect thoy were no diffevont from patients in Paraplogilce
Contres, notwithstanding Vatson-Jones! remarks,

"Gonmral hospitals, no matter how good, are not
cauipped to deal with this comndition, and in particular
lack tho epecial nursing provision.” (Ress 1957). The

difficulty is ewvident when a paraplegic patientt's modical
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and oursing needs ave fully met in o general ward somre
acutely 1ll patieont might wrelapse for lack of atitentlon,
One of the most strilking aspects of ovgandspétion scon on
a visit to the Spliaal Injurles Undt at Stoke Mandeville
is the skilled wuvsing aynd medical attontion which ia ‘
available te the paraplegile ot ell timeg. If a parpe .
plegic complains of a slight rigeor 1t may mean his urinazry’
gatheber is net functloning properiyvs Jumediate adjuste
wont o the cavthedter may be all that ig needed Lo vestore
dirainage and prevent a renal infection supervening.
Mechandeal aids are not a substitute For nursing and
medical aittention.. HBoth patients 1w this serles whoso
hladder was drained by the less irrvitating small bore
polyvihene catheter (Gibbon, 1958) and all six pasicuis
naving tidal devainage of the bladder (Munre 1947)
developed severe uinary sepsic. The incidence of
pressurs sores in pavients nursed in a turailng frame was
high, five oul of sixn nursed 1n a twning frame after
internal Tixzotlon of thoe spine developing sores. Weasly
ail the patients had intensive physlotherapy snd wmany
developed Jolmi contracture, particulariy in the small
Joints of the wrist and band in coxvical lesilions. In
some cases a slight but useful degyee of aciive iogew

movement was lost through joint stiffuecs, The reason

for the ccenrrence of Joint stiffuness is thought to be
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that physiotherapy was not given suffleiendt eunhasis and
was net¢ integrated into an intensive programme of
rohabillitatlon, Another striling aspect of the organis-
atlon at Stoke Mamdeyille fs $that rehabilitation of the
patlent starts as oot as e ds admititod to hospltal.
The same Ls tvue for the othey Paraplegle Centros, if A
patlient has, Lo example, a cvomplote guadrinlogia wiih a
level at the sixglh osrvical cord segment he will ecowme beo
depend oun shouider movoments and Tlexion of the elbow fowr
8311 his useful functilon. These Joints and the
appropriante muscles will be developoed do the maximuan and
a start made on providing sultable active splinting to
give Dim some sorlt of grasp. The new flexeor hdunge
splints wilih artiificlel museles may bo useful.
Arrangenoents will e got under way with the Local
Aunshoritlies {to provide him with o sultable hitehon at
home seo that e ecan still, in spite of his grave
inecapaclty, look after himself bo sowe extent, and oven
have a wmeans of galinful owployment. In o sninal centre
the patlendy ds told of the disability which can be
expectod and oneouraged to co=operate to the fulil to
obtain tho best advantage. Suek a programsnme is in sharp

contrast to the pathetic, vegue oncouragement given Lo
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paraplegics in general hoapléal wavrde, and the geradual
disdliusionment of bhoth patient and deetor as 1t becomes
all teoe avpparent what the eud wvosult dg really going Ho
[

AL the present tilme there are nod enough poiraplegic
beds in the countiry. Tho new coentre av Bdenhall,
Bdinburgh alweady has a walbting llst of several wmonthso.

Specialdsed skill absunds in Glasgow but 1t is not being

A - -,

co-ondinated effeciively because the parapleglies ave
sgatvtered all over the cilbty in general hoapilial wards,
Reagponsibility is shaved by various spoegialists whe ave
brought inito consulitation amd there le o tendengy fov DO~
one e asswume unltimato responsibility fox the patient.

o prvovide all the speeciallst gservices needed in casssg of
Traumatic parapilegia within a simple dectovepatlont
relatlionshiip the concept of o consuliani-in~charge should
be reallised, There has Deen no change in tho mediecal
provialons for pavaplegles in Glasgow Dive years afbor the
pericd covered by fils review, They are atill shutiled
backvards and Fforwards heltweon suvrgloal wnrdsy ovithopaedle
wards, plastic wards, wrologleal wards and neurosurgloal
wards. At the btime of wrltimg (May, 1963) theve s an
incomplete cevrviecal quadriplegic patlent in the gonexral

surgical ward in the Royal Infliemary, Glasgow. Shoe was



- 38 -

admilited in Decomber, 1962 and was traunsferred te tho
nearosurgical unit at Xillearn where ar early decome
pression laminectomy was perfermed without neurcloglcal
improvemoent Unsuecessful efforts have been mado to
have hery admiited to the Spinal Injuries Cenmtres atl
Pdenhall and Stoke Mandeville for rehobilitation. She
is twvoubled by paianful Fflexor spasms of the legs and
increasing flexioneadductlon contragture ot the hlps.
She has siyganlc contraciures of the fingers of both
hands, and is totally incontinont. Although she bhas no
prassure sores she is wnot rehabilitated, cannot e allowed
home, and meanwhille nust remain in a goneral surglcal ward.
The highly significant inovease in eawrly moriality
Trom traffle accldents when compared with all eother
injuries to the cord has nrot been previcusly wvepovted as
far as is knowi. This bhas beoen ghown to be duo to the
high dncidence of cerxvical cord injury in this group and
raspivratory insufficloney. With wove use of thoe acude
rogpivatory nult Iln hospitals 34 can be expected thalt moro
of these patients will be salwaged, A8 the rehabililtation
of high cord lesions is the wmost denandiag of all cord
lnjuries any future planning for spinal injuries should
take dnto account the fact that wmore cervical injuries avro

going bte survive.



- 39 -

b) The Place of Suveery

Ixn dinjurdes of the cexvical spine a peak incidence
at the FLfith and simth cewvicald level {(Jofverson 1928)
was confiimed.
ervical injurics are wsually e vesulit of indivees
violence, asssciated injuries fo the vceldput and face
suggesting flexion and oxltenslion cervical injury
respectively {Jeffexrson 1927). When a head injury lLeads
tu.umconamiouaneﬁﬁ and paralysis, o concomitant cervical
cord injury may be missed, ra these cilircuunstances the
ogeurrence of priapism, curved pendiio areatian,-pain%s (2
associated cerd dnjury (Jeffexrsom 1927). This sign vas
obaserved frequentiy in cervical cord lpjuvries in the sorioes,
GCervical oovd injuwries ave classified accoxrding o
whother the neclk is foxeibly flexed or extended and
whether there is oy 4s net assoglated vertebral column
damnge . Barnes (1948} hos olassified thom as follows:
te Viexnion injury a) Dislocaticn
) Compression Fraciure
¢) Retropulsion of the dise
R Hyperextension injury a) Bislocation
b} Assoclated spondylosio
The compression fracture is a fragture dislocation, the so-
ecallod weaz-drop fracture, and is oharacterised radio-

logically by “downward and forward displacement of the
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antera~inferior margin of the involved vertebral body
with displacement of the sawme vertebral body into +the
spinal canal.'" (Schneider 1956). Dislocation and
fracture disloeation vccurred with almest the same
frequency in the seriles,, Reduction is effected by skull
traction (Crutchfield 1933), and weights of up to 30 1bs,
applied over several days are cometimes necessaxry
(Barnes 1948)., One dislocation, apparently missed at

the time due te spontanecus reduction having taken place,
redislocated six weeks later., Instability of these
Injuries may be present after a full period of
immobillisation and for that reason bone fusion advised
by some, either at an early stage (Schneldexr 1956) or at
the end of a full period of immobilisation (Guttmann 1963).
Stabilisation of the cervical spine may be performed by
antorior fusion (Balley and Bedgley 1960),

The patients whe did not exhibit rediological evidence
of bone injury nearly all belonged to the group having pre-
exlsting cervical spondylosis. In only one case was
retropulsion of a disc a possibility and at operation in
that case a prominﬂnt spur of bone found, The method of
selection of cases may to some extont be responsible for
the absence of dise retropulsions, as cases with pre~
existing disc disease were excluded. This was done mainly

to exclude pro~existing luwbar disce disoase and it is



possible, iu retrospective study, that protrusions of
healthry cervical discs wero discarded., There is no doubt
that retropulsion of a healthy cervical dilsc can ocour, the
whiplash injury, snd give rise to compression myelopathy
(Cramor and McGowan 1944, Barnes 1948), It is not a
commion cpuse of traumatic paraplegia (Guitmann 1949),

then the spine is injured meurological signs are caused by
instantaneous demage to theo structures within the cord and
only very rarely by oexternal eoﬁpresaion upon tho cord
(Thorburn, Holmes 1915, Thompson 1923, Naffziger 19383,
Jefferson 1927, Scarff 1960); WVhen it is present the most
dmportent sign of compression is progression of the meuro-
logical deflcit and decompression lowminoctomy should be
porformed (Jefferson 1927, Gutitmann 1049, Naffziger 1938,
Schueider 1951). Some writers (Dovis 1942, Munro 1943)
regquire in addlition o menometric block hefore operating
andd others (Mixter 1934, Mook 1933, Colemon 1927, Senmea
1933, Gurdjinn 1930) oporate in the absence of clinical
progyresasion s0 long as a complete block ean be demon~
strated, S8carff (1960) has pointed out that evidonce of
compression upon the cord may be prodnced by seeclling of
the cord itselfl, Progression of neurological deficlit and
the demonstration of & block were present in one cervical

cord lesion in this series, The block was found at



operation to have been caused by swelling of the cord,
and although a prominent spur of bone was romoved the
neurological improvement was only slight, VWhere pro-
gresvion of neuroclogical deficit and a block are present
it ds probably wise to perform a decompression operation
as a disc retropulsion may he present. The expoctation
that large numbers of cervieal cord injuries will benefit
from surgical decompression (Wanmamaker 1954, McGravey
19485) is not Justified.

The freguency of cervical cord damage in spondylitic
apines was confirmod in this series. This injury iq
commonly attributed to hyperextension of the neck, (Taylor
and Blackwood 1848, CGrooks amd Birkett 1944, Barnes 1948).
It is not always produced by extension (Symonds 1953).

The spinal cord of spondylitic patients appears to he morc
valnerable to injury. The rislk is greatly increased

under anacsthesia (Walshe 1938) and it is noteworthy that
the two patients who sustained eervical cord injury when
drunk had pre-existing cervical spondylosis., The cord is
norually protected from vibration stresees by the roominess
of tho spinal canel and the tone of the spinal muscles.

It has beon suggested (Schmneider 1959) that myelopathy in a
healthy spine may bo caused by rocurrent episodos of acute

trauma which pass unremarlked by the patlent, One case in



the serles is possibly an example of this {(Casse 23).
Surgical explovation is nev indicated in spondyiidic

ayelopathy {(Barnes 19%8). sabhiligation of the splne

<&

of patlents with cervienl spoudylosis as a provphviaciio
againgt the gecurrence of trammatiec myoelopathy might be
worth considering in those cases who slyeady sxhibit
minimal cord slgnse.

Dovreal splwe injuries are uaually the resuls of
divesct violence. The patients reporied had elther
fallen on ithelr backs or been crushed by a weight on
theily bacls. Common to all was a crush Tracibuare of the
vervebral body and in flve of the six dowysal injuries
several adjeining veritebyrae wesre invoelwved,. The solitary
vervebral crush fraciuve where the body assumes the form
ol a wedge, the base being situated postevierliy, is =z
stable fiexlon injury in wvhich the posterior longitiitudinal
Ligaments have remaimned intact and the cord ls seldom
involved {Holdsworth 19456) when several vertebral bodiles
are dnvelved 1% must be consideved an unstable injury and
Qamage to the cozd a frequent OGLUTIPONCS,. It 1o commonly
statad that the prognosils is pardticularly posor lu deovrsal
cord iunjuries (Holdsworth 1954). The reasens put forward
te aecount for this ave that the spinal camal is

narrowest in the dorsal sepine {(Secarfr 1060, Guitmann LO%ka).
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and that whe dorsal goxd has the poovest blood supply.
{sulh and Alemander 1939). Iv is thought from thoe small
nunber of dorsal injuries in this series that the dorsal
apine is less prone Lo injury. The fact that the
incidence of complete paraplegia was no greater in mid-
dovsal injuries than in lumbo-dorsal injuries does nod
substantiate the claim that the prognoesls is worse in
dovsal injuries.

Injuries of she Jumbowdorsal Jjunction and lumbar spine
are also due to direct vielence. The formey are
extremely uwustable, aund any displacoment correoting itselfd
when the pavtiont is placed supine, the wvadislogieal picture
in gounseguence gsoldom showing bthe extent of the injury
(lloldsworth 1956). The insbabillty of wmaltiple dorsal and
jumbeo-dorsal dnjurldes reguirves that they be lmuobilised
uatill uandion of bLone has sopurzed. Toals may be achieved
by interpal fisatiocn with a wmetal plate {(Moldswoveh 195k,
1956) or gimply nursing the patient in an ordinary bed with
plllows sultably placed to kesp the spine extended
(Gubtmene L954) . External fizatlion in plaster is

abgolutely contra-indlcated Iin a paranlieglie bhecause af thoe

danger o pressure Soros. £g ds argued that the vegidual
bacl funcition isg Debiter albter consorvative ilmmobilisntion

than after internal Tizatlion. Tho resulits prosented haore
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ahoved no superdority fov non-ocperative methoeds in this

respect.

o) Pr@gnasis in Unper aad Lower Motor Weurone Pavalyveis

The fimﬂing that progroesis oy ngureloglical yweoovery was
better iu cord lesions with upper moeboy neurcowne paralysia,
then segmental or rvoot lesloms with lewer moior neuwvenc
paralysis, is at vavriance with most opinions. liodidsworith
{1958L) has written "The prognosis of reot pavalysis is
bBetter than that of cord paralysis opr at any rate it cannod
he worse.” it ids however, dmpossible do distinguish a
segnental injury toe the antevior hRorng Tronm o vook Injury,
and while vroots may be Stheoretlceally capable of regenoie
ation siunce they are peripheral nerves, the anterloer horsn
sells are casily ivreversibly injured.

five cases were bhought te be parve oot lesionsg, tho
gauda eguina alone being involved. They did not make a
good recovery, two remaining totally parvalysed, one showing

a siight improvement and one veaching the stage of walking

with a caliper and diop oot stop. The vesidual deficiv
of the Fifth was net ascertained. The prognosis for a rood

legion. in a brachiasl plexus dunjury is very bad when ithe
root is injuved close to the cord (Barnes L9490, Bouney 198D} .
Thege injuries are neavly always caussd by considerable

violence being anplied. (Barnes 1949). They must be very



gimilar iwn nature to the revet lujury in o Lusmbo-dorsal
fracituyve dislocation, thoe onds beinyg torn apart aod
tending te cwrl away rom each other, and if so ithore ig
noe vepson for supposing that lLunbar oot injuries shounld
egenewrate any move than these cerviceal root injuries deo.

In a statistical review of 1,000 pavaplegics Cubimann
(1L95M0) repeoritod that in a group of 239 injuries of tho
gavda eqguing 199 were def't with complete mavaplegia, while
ont of 66 cervical covd dnjuvies only 17 remained complete.
These fdgures show that the cord lesion has a better chance
of making somo recovery than the root leglon which is
highly significent. ~ Lt is essumed ftoo readily that thoe
rogss component of traumatic pavraplegila fares bettexr than
the cord compononb. Active measures to promote vrost
regeneyration, sueh as the use of nerve cress gralfis, are
vorel the most thorough investigation,

Iavoeluntary wovements, often associated with pain, were
a diswtressing problem, I complets pavaplegics who have
not achileved an auwboeniatic bladder, conversion te a loven
motor ncuyrene itype paralysis is the treatiment of choice
(Munro ighy, Frecman and Heimburgew 948, Bora 1o5L).,
This may be acirtievad by the dunstilliation of alcobol
{Coopor and Hoem 1949, Sheldom and Bors 1948) or phenal

{¥athan 1959} dnto thoe subearachnoid space, or by anvezior
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rhdzotomy {(Munvo 194%, Proeoman end Heimburger 1948) .,

& 4t de shown by oystemetyry that the Hladder ids atonie
with oxecessive vesidual urine or ds hypertonle with small
oapacity and freguent volding subearachnoid injection is
indicated {Sheldan and Rexs 1L948). T the bladder hao
some sort of useinl Tonetlon an anterior vhizotomy carzied
oult from the eleventh o twelith veotg through the firvst
sacrval oot ig prefevablo. The difficulyy of idenitifying
oobs ls facllibeted by the observation of Freeman and
Hoimburger 1947 that the last firm dentate ligament is a
velatively constant finding at the twellfth dorsal root.
Doxsal rhizoﬁomy is not favewod (Freowan and Heiwmburger
L9U8).  HMeCGazsy (1954) bolieves that spasms ave cansed by
Arrdtability of the distal cord stuuwp and for this reason
advocates covdecbomy.  Searf? and Poole {(19446) believe
alse that the Aistal coxd stump has a leoewered stiunlus
threshold with revewsal of directlon du the dorsal columns.
The paln wvhiech often accowpanied spesms is a problem.
Phantom limb pain in an ampubee is not abollshed by
subsequent traumatic severance of the cowd {Cooke and
Deruckemilier 1952). Bven the addidbion of anbteriox
rhizotomy in twae of thelir patients did aetd relieve the

gynpsoms of phantom lLimb.



Pharmacological rellef of painful spasms iz seldom
ohiained withous xesort to heavy sedation. Gurare is
of no beneflit {Cooper and Hoon 1948, James and Broden
1046, Hubn and Bilckers 1948). Continveus spinal and
cauda 1 aﬂgaathasia dnsroducoes oo graalt o risgk of
infeetion {(Frecoman and Heimburger 1948).  Somo
expevimental evidones has been presonted {(Brooks and
Kedzumi 1959) that some drugs of the tranguilliser group,
and in pardticunlazxr *mephanegin’, are of bonefit.

Treatment of spasms in padients whose parapnlegia 1g
ingonpleto presents a more Aiffienlts preblem since it is
00t Justdifiable to convert an uppoeyr mMoLor nouronc lesion
to a lowes motor neuvone lesion and thersby sacrifice whab
voeluntary powver the patient might hove. Cuttmann (1949)
bellieves that early rehablilitatlon prevenits spasns
orTuIrTiNg. e writes ~ %if adeguate carve and appreprlate

preventive wmeasures ave iastituted at av caxly date

i
o

exaggerated vetflexw activity pever becomes so severd.!
ta diffienlt to draw a lime bevween adeguate and dnadequate
eayly wrehabililtation, and sometinmes confusion arisces Hee
Pween spasns and contracituivs. Joint coniracture gceurs
with Loth upper and lover moter newrone pavalysis and can
be preventod by the appropriate physistherapy. Spasts, av

ituvoluntary movemsnts only ccour with upper motor nourons
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lesions and some of the patients who were afflicted with
vhem 1n this serios had aetive physlotherapy from tho
start.

Spasms usually commence in the first weok and become
ivereasingly more severo for a time thereanftor. Incone-
plete paraplegices were not demonstrably MOTe prone to
ocxtonger spasms thar flexoer gapasms as i often stated
(Heod ond Riddoch 1917, Fulton 1943, Yalshe 1959, Brain
1955). The observation (Kuhn 1949) that the final stoge of
bothh complote and incomplete paraplegics who are afflietod
is one of extensor spasms was not confimncd. Thio study s
not sufficlontly dotailed in this respoct to allow ony pabe
toxn of inveluntary wmovements to be detected. The inhibi~
tory offect of interv~nuncial nouronecs (Beclos 1953) has
prompted the observation {Donny-Brown 1960) that incrcased
reflex activity is due to damage to inter-neuroncs in the
cord, It has also beon suggostod {Tom Cate 1959) that the
souree of spinal shock lies in interensouroncs. It is now
known (Lloyd 1941) that cat corticoe~spinal axons omd on
intor-neurones,s In cases with sctablished sposms whoso
paraplogia is incomplete conservative measures such as
adductor tonotomy snd obhturator neurcetomy should be tried,
(Guttmann 1949). FProcmen (1948) advocates seciatiec nervo

section with earoful resuture. Munro (1959) believos
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Falrly Lloang lasting relief can be obtained by infiliration
of the sciatic nperve wilth loezl smacsthetic. One patiend
in this series ftveated in this mannex had benefit lasting
for sevevyal weekg.

d} Skin Complicatious

Two out of three patienbts in the series wvere found o
suffox from pressure seores of move than a translent nature,
This de o high incidence which has been discussed in

conuection with the problem of nursing these patients in a

peneral hospiltal. Only in speclal centres does it seem
possible toe have a lov incidence of PREssUro SOrSH. The

most inporiant ﬁrﬁphylac%ic peasure agailust spoves is twos-
ourly turning of the y&tienﬁ starting immediately afiter
Injury. It dis very dmporbtant bthet it be starisd
imnadiately beeause there ds a poaviicular Liabillity o
develop sores during the inldial phasce of aplinal shool
(iicldsworth 1956).

The prognesis in lover motor unouronre lesions in resnpect
of pressure scves in the Glasgow sevies wasg alse shown e
be wovse than that in uppey moior neurcne lesions. Thisg
may silmply reflect a greater froguocaney of sensory lass as
THCOVOTY As poover in loveyry wmotor neurene legions. Cowd
iesiones in the phase of spinal shock ave prone to pressure

SOT0OS ¢ Tt is noet kanouwun whoether loss of sensantion ia thoe

sole explanation foxr the ccceurvence of pressure gsores in



- 5} =

paraplegics ov whether twophic influences play a pard.
Tt is possible that continndty between the skin and the
isolated spinal ecoxrd preserves a reflex arg with tone in
small blood vessels and capillavies of skin {Crawfo@d
1930 } and thershy effevs some srotection against pressuve
soves which is absoent ia vool leslons and in cord lesions
during the inddtiel stage of gplnal shocle

Vhen sores are present Lt wnay be possible Yo cure them
by gonservatlyve weasuyes including leeal antibiotic
lotlons. fi ds pavsicularly lmportant that high haocuge
globin levels he maintained, by bloed transfusion i€
necessary (Gubtimann 193548), Many resist all local
MOQASRYES o Por the surgery of skin reconstruction in
pavaplegic pressure sores reforonce is made to papers by
Hoeva, 1048, Barker et al, 1948, Gibbon avd Freocman, 1946
and Convay and Griffith, 1956, Yalshoe, 1L95h.

8) Urinaey Complicatlong

CECE RERE

The incldeonge of veslstent uwrinary infectlon was also

high in the seriles, 78% of those whose bladders reguired

drainage being affectod. A liability o infection is
canasod by retention of urines i all cages of acutbe

parapleglia vesical enptying cvonbtyactlions are abolished and
there is acuie vetention of uwriae with overflow.?

(ross et 2l 1957},  The bladder is drained by indvelling



urothral eathotor (Muare 1952, Searff 1960), or by
intevmittent urothral cathotevisation (Gutimonn 1954), or
high supra~pubic cystostomy (Dors 19351, Rioches 1943). The
introduection of the small bore urethral catheter made of
polytlicnoe (Gibbcn 1958) hags beoen shown to reduce the
inteidence of wrethritis in the paraplegio centre at
Liverpooel. Cathoater monasgement is the most important
factor in reducing the incidence of infectiocon. A typheal
regine is that described by Cottrell and Lioyd (1961) as
followss A ¥o. L6 TFoloy catheter pop-urethroam 4s usoed,
changod woekly, and the bladdor irvigated through it daily
with 'zmephiront; the cathetexr is romoved when residual
vrine do leass thon 90 mli. and there is no serious bladder
infection, Bvon when au sutomatic bladder hos boon
satablishod these writers have shown that 84% have a-
symptomiatic gram negative infection with froquont flaroe-
upse. The cbsorvotion (Stebbing 1927) that pyelonophritis
iz the commonest couse of death in those surviviang the
initinl complications is confirmed It de lupozrtant that
renal function studies, urinalysis, plasme uwron, and
intravenous pyelography, be carvied out at regular inter-
vals in thoe paraplegiel's life. .

Emorgonce of the state of automatiec wvoiding in cord
bladdors may be delayed by dgtiusor hypertrophy and

stenosls of the internal sphincter. There are wvarious
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ways . ol inproving bladder useloliness in these circum-
stances {Dors L95L). These are trans-urethral reosectlon
of thre bladder neelk in detrusor hypevtrophy in assocciation
with hypertiophy of the dntexnial sphinctor, the bladder
statns havizng been determined by coystometry, Cystos
urethroscopy, aud osysto-urethrographty. Pudendal nevve
bleck i preferable for dsolated hyperitvophy of tho
sphinctor (Bowrs ot al, 1950). Vhenm uwseless biaddern
function is combined with troubdloesome spasms the intdow .
duction of alcecobiol into the subearachnoid space is
indicatoed. Conversion of au irritable Lladder to an
isolated bladder permits evacunation of urine by abdominal
PReaaure .,

The dneldence of urinayxy lithiasis was not determined
in the sevies. In a veviow of 700 patlents Preeman {1040D)
found an incidence of calculus of 23 to 359, awnd attributed
this to »rolonged recunbancy. e the other bhaud Solloe
{1045) bolleves there is a caloivm disturbance of neuro-
genic causbe.

) Abdominal Complications

Sympitoms of dyspeopsia and diarvhoes were present in
several casos in the absence of any demonstrabhle ovganic
disease oi the gastvo~intestinal txact. in three cases a

negative lapavotomy was cavvied out. Viseceral paiun in



paraplegics is well recognised {(Davis aud Maxtin Lok7).
This study shows how difficult it is to excludoe organie
disease of viscera in bthe presence of visgeral pailie

Une patient with dyspepbie ayapboms was admitbed to

Lhospital as an emergeuncy with hasmabemesis, and two
patients wilth diarcvhoes passed melaena atooals. Thege

patiants re-iunfoivce the view (Guttmann 1963} what small
nicerative lesions or evesious of the gastyo-~intestinal
tract ocour in paraplegices. Gastro-intestinael uwlcevatdan
Ffollowing losions in the base of the brain in cxperimental
aﬂimals has been lovg known {(Schiff 1867) am: exniensgively

investigated (Shoeshen 1340). Bvid that the
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gastro-intestinal phenomena ave the indirect vesuliv of the
many chemico~physical processes oceansionsd by hypot balaml@-
ablaticn (Kellew 190480G). iy epinal cord Ainjurics abaormal
chenico-physilcal processes arve seb up {(Coeper and Hoen
o852y, Iy the sarly stages, there is gatabelism ol boedy
pRroceins, ovreabinuria, inpaired liver Punction, low basal
metabolic yéﬁe end cominopenia and in the lavter stages,
testicuiary atroplly, gynaccomastia, infertility, proestatic
atropay and altered oxercetion of L7 ketoestoeroids.
Althonghn bigchemical changes in vhis servies wvers nodh
reporsed exitensively such ouvert savifestations of

netabollc disturbance as gynsocomasiia, ocedema, particularliy
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of the penisg and lowver limbs, and spontaneous caleiifl-
cetion in solt tissues were observad. £t may be that
spinal cord injury interferes with Lypothalemic dmpulses
vegulating tie wormal internal body environment which are
medlated by spinal cord neurones. In this way it leads
to abrnormal physice-chomicnl processes which resalt in
gastiroe-intestinal ercosions. Spinal cord discase may have
the same effect, and it has been shown (Brainm 1955 ) that
there 1s a greatew incideunce of gasitvo-duodenal ulceration
in tebetles than in the population at large. There is a
groving realisation ¢f the importance of the central
nervons system in metabolic disease {(Walshe 1958).
Spontaneons palcification in pareplegiles is evidence of
biochemical caleium diwbalance, & conditlion called Ynouxgs
genic ossifying fibrammyaﬁathy“ (Bonle 19kY), There is
sone avidence (Bare et al l?}@) that changes in gex organs
in paraplegies, in paviicular tubular atroephy of the tesitils,
are newsrogenic in oridgin and not endocrine.

I wiil sometimoes happen that co-incldental abdomiunal
disease will give wilse to a surgleal emergency which, in a
paraplegic paﬁi@ntg‘paﬁsas undetectod, This did not
happen ia any of the ecases reporsed whe problem boing the
other way reund, parvaplegic pain sinulating abdoeminagl

disoenso. Showld perforation of a diseased viscus ogouw

in a pavaplegie, shoulder paim {Guttmann 1963) and
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conversion of spastieity {rom exntensor to flexoy natbtern

{(HBows 1963) arse most usoful guldos.



He CONCLUSION,

The results of treatment of spinal cord injurles
in Glasgow, whoie thowo is no specinl centre, diffor
unfavourably from resultc roported from Spinal Injuries
Ceontros in othor parts of the country.

Surglcal docompression of the cord ils of limited
value in acube caden.

Root losiomns do nos have a better progunosis than
coird Jesions as they aro usually stated to have.

Gastro=intestinal sympitoms in pavoplogic patients
may givo rise te an erronoous dilagnosig of iantra-opbdomiial

ALB0RBG,



PART TUWO

ONSTRVATIONS ON THE PATHOLOGY OF THE

INJURED SPINAL CORD,
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1. INTROCDUCTION

There ids difference ¢f oplnion about the
interpretation of some of the changes which take place
ir the spinal cord when it is injured. What is meant
For imstance, by concussion of the cord? Does oedemn
of the cord contribute to the paralysis? Does haemato-
. myeldia occur? Vhat is the role of compression? Is

there any attempt at regeneration?

(a) GConcepts of Concussion.

By concussion of the cord Holmes (1915) meant
the concussive effoct of a bullet which set up asyn-
chronous oscillations in the cord as it passed through
nearhy tissues and caused structural changes in the cord
in the vicinity of its path and at a distance. Davison
{1943, 1960) aistinguished on pathological grounds the
two entities, concussion and contusion. Thorburn (1919)
and Thompson (1923) maintained that the structural changes
in the cord were caused by a concussive cffect deseribed
by the former as & "divulsive wave" and by the latter as
a "vibratory Wave." Before structural changes in the
cord were demonstrated, it was held that permanent

functionnl deficit could he present in the absence of
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pathological change, the wmolecular concussion of
Ericheen (Davison 1960). In clinical vsage concussion
of the cord descidibes a translent state with widespread
sympltoms oFf a paralytic type ﬁhich c¢lear vp guickly
leaving no evidence of structural demage and is the

countorpart of concussion in head injuriles.

() Conecepts of Oedema.

Acute traumatic swelling and scftening of the
cord is wusually referred to as oedema and thought by
some {Allem 1914, McVeigh 1923, Riddoch 1927, Taylor
1929, Freoman and Weight 1953, Schuneider 1954, Scarfl
1960), to contribute to the neurological deficit in the
initial stages, Niddoeh actually attributing spinal
ahook t0 oedema. Surglcal decompression by making an
incilsion into the coxrd, myelotomy, has been advocated
(Allen 1214) but has never found favour in surglecal
practice, the contenits of the swollemn cord hermniating
throngh the dmcision (MeVeldgh 1923). Decompression by
tho operatien of laminectomy within the first day or
two has beon advocated by some for an increasing
nunmber of cases (Mc@ravey 1945, Wannemaker 1954,

Schneider 1954), and condemmed by others (Guttmann 1954),



Medical decompression by intravenous infusion of hyper
tonic solutions sueh ao 50% zlucose (Scarff 1960), and

30% nres (Rond and Crandall 1962), has been suggested,

(¢) Congepts of Hpematomyelia.

The central part of the cord is somobimes
reploced by what appears te the naked eaye te bs
haemorvhage, and the appearance describod as hanematow
atyelda of the cord (Riddoeh 1927, Davison 19&3, Schuneider
1958, Drain 1955, Scarff 1960). Hasmatomyvelia describes
a condition of spontancouns haenmorrhage into the zentral
parts of tho cord, whoreas the soft haemovrhagic mass
geon after injury to the cord is produced by extravae
sation of blood into softened necrotie cord tissue and
iz therafore incorvectly called haematomyelin {(Holmos
1915, MeVeigh 1923, Baldwin 1954, Plackwood 1958,

Walshe 1058).

(4} Concepts of Compression.
Conpression probably deeos not play an lmportant
role in acute spinal cord ianjurics (Thorburn 1919,
Thompson 1923, Jefferson 1927, Scarfi 1960). It may be
responsible foff late pregression of peraplegia (Riddoch

1927, Kahn and Macht 1947, Scarff 1960), or for the




onset of paraplegia in patlents whose initial trauma
passed wnremarked and left no neurcologiceal dofiecit

(Sohnedder 1969).

(0} CLoncopts of Resoneration.

It s been written "we must aceept as final
the statemoent that regencration of the human spinsl cord
does not weeur’ (Thompson 1923). Oceasional surgical
and pathbaloglical evidence of pttempits et regoneration

in the humnan cord has appeared in the literature
(Gadwalder 1920, Davison 1949), and there is growing
oxperimental interest in comparative reogeneration

studies (Windle 1956).

Histological sections from 8 spinal cords
removed 1 hour, 2 days, 5 days, 7 weela, 1L weeks,
2 voars, 4 vears and % yvears are preosented. The prin-
cipal features examined are changes in axis cylinders
and neuroglial cells. The manner in which these changes
bear on thoe theories of concussaleon, oedema, haocmatom

myoelia, compression and regencration ils discussed.



The material is in two perts. The first part
aampr;ses aix cords Lrom the Mayo Glinie; Rochester,
UeBpAe The second part comprisoes two conds from
_patienta in the eclinical review who came to post-mortom

in the Royal Infivmary, Glasgow.

(a) _lavo Clinic Specimens.

At post-moritem the spinal cord was removed by
puliing it wpwards throuvgh the foramen magmua, tho roots
hoving been severced in blind fashion by a long narvow
nife passed down the canal from above. Histological
spacimens of approximately one bhundred cords wore
oxamined. The soctiong of six of these are presentoed
to show some pathological changes 1 hour, 2 dayvs, 5 days,
7 woeks, L& weels and 5 vears after injury. Sitadning io

by the Beodian silver techmique (Podian 1936).

Famale 61 vears. Hilcd within one hour of an antomobile
accidoeint. Death was cousod by hoead and visceral injuries.
At post-mortem thoe odontold prooess was fracbhured aund
thore was some softoning of the coxd at bthis levol.

sections thiough this area of softeoning show most of the
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axis cylindors to be well preserved but ono or two
resomble burned string (Plate 1.) 7They have disin-
tegrated, the normally smooth contour is replaced by o
sarics of ragged sacoular swellings, and the axon cyto-
plasm has lost its homogenceous avidity fox sillver
staing, ls attenuated and granular, and tends to be
concentratod at tho rim of the saccular swellings.
There are one or two small haemorrhages and a nlorow
scopic fissure in this zone.

Lase 2,

Male 14 yeprs. Died two days after sustaining a
fracture dislocation eof the cervical spine.

At postmortem the cord was greatly softened for several
contimetres at the level of the bone injury. In this
zone thero is oxtensive structursl damage (Plate 2).
Few rocognisable axons can be made out, the majoxity
having disintegrated and the eytoplasm extruded e glvo
an amoxrphous backsround appearance of fine granulaw
debris, Scattered throughout the fleld axe cystic
spaces which give the appearance of a sleve to the
tissmes, Thesoe spaces are formed by tho remainz of
axon sheaths assuming a ring shapo. Thewe is a mild

infilttration with Small derk round cells and no



ovidence of erythrocyvte extravasntion.

Lazse d»,

Male 50 yvears, Died 5 doys after o hyperexteunsion
injury to the corvical spine which was the seat of
pro=existing spondylosip. At postmoritem the cord was
pulped ond blood=~stained over several cervical seg-
menis. The Jjunection betwoen the pulped and adjeining
cord is feirly abrupt (Plate 3). There 1s a filssure
separating the two zones. On the pulped side little
structural organisation can be made out and thers is
an oxtensive erythrocyte extravasation which is not
shown in tho fipure. On the healthy gcide the first
millimetre oy gso has heen comprecssed amd the axis
eylinders are distorted and exhibit evidence of
degenoration of axon stumps, namely, gilant aterile
glohos, coarsenoss of oxon cytoplasm and loss of
homogencous avidity fox silver stains.

Case 4.

Maele 18 yoars. Dled 7 woeeks aftor a fracture disloe
cation of the uwpper thoracic spine.

At postemorten the cord had been transected and the

sovored onds wore somewhat swollen., In these awollen

stumps numerous terminal axon figures wore scen and
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thoere wvas anr increase in the number of glial cells.

In one stump, about osne centimetre from the transecition,
a bundle of slender axons in relation to tho pilawarach-
noid is seen (Plate 4). Thege oxons exhibit freguently
cceurring smooth fusiform swellings, and oval nucled,
the cells of Schwann, avre disposed alongside them.
Thed» cytoplasm da fine and the rotionlurn of neure-
fibrils con almost bo moade ont. A5 soon ns cord tissue
i encountered theso awons are arrested and several
torminal axon figures ave seen at the junetional zone.
The cowd has beon noederatoly damagoed at this level,
axons bheing attenuated asnd ragged, and there heing a
mwodorate imcrease in the nmumber of darkly staining
neurelslial cells.

Case 5.

Male, 62 yoars. Died 1h wechks after o lumbhowdorsal
fracture dislocation. At postemortem the cord was
s8lightly indented but otherwise appoardd groassly
normal. In the area of the lesion moderote axon dese
truction has taken place (Plate 3), Alshough a numbex
of axons appear te have survivoed, there is a backe
grovnd of fine amoerphous debris suggesting that

oxtrusion of cyteplasm from a numbar of raptured axons



has taken place. A fow poorly delincated cystic spoces
can 8till Le made cout. A prominent feoature is the proe-
liferation omd alteration of zlial cells. The cyvio-
pPlasm of these neuroglial cells is enlarged and stains
well with the silver stain and the gnclens is eccen~-
trically placed and in some cases double. These
appearances oconstitute active nouroglial scarring of
the cord, the gilant cell neuroglial types being known
a8 ganestete cells,

G890 6.

Male, 27 years. Died 5 vears after multiple fractures
of the lower thoracle vertebrae.

At postemortem the cord was shrunkemn, compressed, and
reduced to a thin ribbon of white tilssue surrounded by
o dense connective tissue scar of the memninges. The
cord remnant can stll) be made out and is the seat of
advanced glial scayving (Plate 6). A few nxons appear
to have survived. The amorplhious debris from ruptured
axons has been incorporated into the neurogliial reti~
ceulum, and glant-cell neunroglianl types are nc longer
soen, Thero is luxuriant deposition of collagen in
menningoal connective tissue around the gliosed cord

but this has not penetratod the cord, the demarcation
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between cord and memningoal scar being abrupt,

{b) @Glogsgow Roval Infirmery Specimens.

Tho two cords in this group came to postie
mortem 2 and 4 vears after ingury reapectively. The
manner of romoving the cord was to 1ift it out of the
spinal canal after gawing off sgll the lamina and
dividing the roota.

Case_ 7., (No. 39 in the clinical series)

Mole, 6l years. Died twe years afteor a hyperextension
injury teo the cervical spine which was the seat of
spondylosis,. Incomplete quadriplegio with a level at
C7=8 .

At post-monrtem noe abnormality could be detected in the
cord, naked eye. Just caundal toc the lavel of tho
clinical lesion thero is secondary demyelination of
the lateral columms (Plate 7), and destruction of
neurones with loss of definition of grey matter
gtructure (Plate 8). In the dewmyelinated zone tho
axis cylinders are well presorved (Plate 9). 1In the
myolinated dorsal ecolumns and the deepeyr, myellnated

parts of the lateral columns thore ave focal patches

of light collagen doposition, and in their vicinity
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clusters of short axis cylinder sogments which seem

to radiate from small cystic spaces (Plate 10).

Cranial to the lesion, in the uppexr cerviecal cord,
thexe is socondary demyelination in the dorsal columns
andy to a lessor degrvee, 1 the lateral and antero=
lateral columns (Plate 11), Neurones are in a‘fairly
good state of proscorvation but there is loas of
definition of supporting tissue (Plate 12). In the
demyelinatod dersai colunins some axons appear to have
fallen out éf thelir shenths, which are themselves
swollon, leaviﬁg cystic spaces but the oytoplasm of
axons 1s stiil evident in many other sheaths (Plate 13).
Neuroglial éella in this area are increased in npumber,
and dvidity for silvexy stain, and have protoplasmic
procosses or feet which make ﬁp o dense neurcglial
roticulum, |

The lumbar cord exhibits a small wedge of secondary
demyelination in the lateral columns (Plate 14),
Neurones aro in a relatively good state of prescrvation
but there 1l loas of definition of grey matter strncture
(Plate 15). Axise cylinders aro preserved in the
demyolinated area in the latersal celunnsg where also

can be geen many darkly stalning neuroglial cells with

proteplasmic feet (Piate 16).




Cage 8 (No. 7 in the eclinicapl sevics)
Hole, 20 yvears. Died four years afier sustedining a
fraciture dislocation at thoe lunmbo~dorsal juwmction.
Couplote pavaplegin.

The cowpression 0F the cord can be seen with o band of
domyelination extonding cranially from the median parts
of thoe dersal columns and some demyelinstlion of the
laterel coluwns (Plate 17). The cord was twisted upon
itoely immodiately cranial to this and part of the
fongltudiual sectlon does noet pass through cord tissues,
Humaediately adjacennt to the compression neuromes oxhibit
degenerative changoes while the reticulum of axis cyline
dera in the grey matter is well preserved (Plate 18),
Axie eyliandors are in a good state of proservation in
the partielly demyelinated lateral coluwmms, and a few
large avgenbophil neuroglial cells with protoplasnic
fect can be scon (Plate 18). Purther loserally scveral
bands of wavy collagewn have been deposited cansing axila
cylinders iun their vicinity te assuwe a covyesponding
wvavy form {Plabte 20).

Ixtensive necrosis iz seen in the cauda oguina where
only o fow myelinated acrve bundles have survived

{Plate 21). Thero is hyperirephy of endethelium in o




caplllory, the swollen endothelinl cells assuming o

glassy appearsmnce {(Plate 22).

The first 6 cords exhibit verving degwroes of axis
oylinder damage and glial scarring. The procoss of
disruption of axis eylinders and extrusion of axis
eytoplasm is soon in the early stages. There is
evidenca of degeneration in axon stumps in the cord
and fallure of o growinz vroot to peneitxrate thoe cord ¢
lator on. $till later estnblished glianl scarring of
a eord with abundant connective tissue round about it
iz seen. The remaluning two cords show glial scarzing,
late appearances of grey matter and secondary degenet-

ation ¢f axie cylinders and nyelin shoaths.

3. LISCUSSTION,

(2} Concussion.

The appoaronces of some anis cylinders {(Plate 1),
which wore desoribed as yesombling Yburned stringt,
indicate irroversible damage to thom {Cajal 1928).

Thelr isolated occurironce shows a romavkably selective
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action by the traumatising foxce., They have bheon
singled out for destructionn. Tt is lmpossible to exw
plain those appearvances fs o secondary effect of come
progsion, o ischaomia, o gedema, oz thev are proesont
within one hour of injury. They can be sxplained by

the conception of injury to the cord setting up
vibration stresses (Halmes 191hH, Thorburn 19108, Thonpson
1923}y and may be taken as pathological evidonoce of cone-
cussion of individual axowns, (Holmes 19195, BDrain 1955,
Davison 1960), They ave seen both loeally and at o
dlstance (Helwmes 1915, Davison 1960). They re-inforce
tho viow that neuroclogical deflceit is always accompanied
by structural change, both in bead injuries (Strich 1961)
and goxd injurics (Dovison 1960, Bailey 1060). The
oldor theory of Ywolecular concussion' which implioed
pormanent functional defieclt in the absence of any
struetural change, is not enbirely invalidoted as 4t bhas
been suggested that the bazmis of these structural changes
may be a chemical disturbeance of moloounles (Hasoin 1944,
Davigon 1960).

The samo chpngoes can be seon o a mueh noroe
ztensivo degree in Plate 2, Throughout the fileld axis

cylinders have brokon ap angd appoar o have hoen shalken

out of thoeir sheaths giving the sppoarance of a sieve
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to the tissuce. Fven this more severe degree of ocon-
ocusgsion is not associated with such ccliulax reaction,
although thoro ls some ineroass in the number of small

dark yround cells as cowmpared bto Plate 1.

(b) Haoemotomyelin,

When the cord is cexyushed by direct wviolenco
the pathologleal chaugoes geen are those of contusion.
The affeeted area of the cord is pulmed, thoe consistoncy
boing that of cusbtard (Holmes 1915), and there are no
recogrisable noural elamomts. An acuto collular 1o
action oceours comprising polymerphs, round colls, and a
large phagoeytle coll known as o compound granulaw
corpuscle ox 'glitter coll! whieh ls probably derivoed
from microglie (Bailey 3961). The pulped area also con-
taine numerous erythiroeyies and tendes to be located in
thoe contral parts of tho covd becouse, os MeVelgh(1923)
showed oxperimentally, the vasecular and neunval framework
suppoerting thoe cord is weakest in this erea. SHoecouse of
its contral silituation and suporficial resomblence to a
haemoirrhage, this bldod slained soft necvotic tlssue has
heen called haematomnyelia by some wiiteors (Ridd@ch La27,
Dovison 1943, Schneider 1954%, Brain 195%, Soarff 19260),

an orror which has boen exposed by others (Holmes 1915,
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MeVeigh 1923, Baldwin 1934, Blackwood 1958, Walshe 1958).
Lt expands longitudinally ae a 'flask shoped! area of
softening {Holmes 1915) pushing normal tissuo boefore

it, the demarcatlon beotween pulped and hoalthy card

beilung quite abrupt (Davison 1960). A poeuiiar feature

of the smoute cellulay reaction, nomely that it does not
progross to healing by nouroglial or connective tissne
scaryivyg, has earncd it the neme "sympathotic inflamne
matery reaction of Splelwyer® (Baldwin 193k, Davison 1960).
Instead, the contents ore absorbed to leoave a fluid cyst
which rosembles the central cavitation of syringomyelia
(McVeigh 1923, Thompson 19273, Schneider 1959, Scarff 1960).
The edge of a contuped areoan c¢an be seenn in Plate 3 with a

shary demarcation frow compressed hoalthy cord.

(¢) Qedema.

Concussion and contusion leoad to oextrusion of
axon oeytoplasm os the axds eylinders are ruptured. The
cytoplasm of axons i unusually fluid, in some invertow
brates being so fluld as to be extruded whonsover tho azon
newbrane is troumatised (Young 1934). Normally axons aro

bathed in hypertonie fluid (Porser 1959). In conscguonce
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concussion and contusion axe accompanied by swelling
and sof'tening of the cord. %This 1is facilitated by the
occurence of scattered small haemorrhages, which are
frequently seen in cord injuries (Holmes 1913), Riddoch
1927, Tavlor 1929, Scarff 1960), and miocroscopie
fissering which is alse characteristic of trauma

{Cajol 1923), It is this swelling and softening wvhich
is often referred fo as oedema, o term which showkdl be
reserved in the central nervous system for a "diffuse
vyellowlsh discolouration of tho white matter in fresh
post-mortem specinens" (Greenfield 1942)., Although
mony authors {(Allenm 1914k, McVeigh 1923, Riddoch 1927,
Taylor 1929, Freoman and Uright 1953, Sohnéider 19854,
Seorff 1960) hold the view that oodema is a secondavy
ovent and is vesponsible for part of the neurclogicsal
deficit in traumatic paraplegia, it i3 really only the
cutwvard sign of damage to axis coylindors and should be
regarded as a primavy event as Holmes (1915) emphasised.
An analogy may be drawn between oedena in coerd injuvries
and oedema in burns. Extrusion of fluld inito tho tilssue
spaces is a feature of burns but the residual skin defect
1g doteriminod by the severity of the damagze sustained dby

the skin at the instoant of burning and not by the extent




of oedoma, and is not lossened by therapeutic measures
t0 wvellove oedema. The cxeepition to this amnalogy are
those rare ¢ases of traumatic softoning of tho cord

caunsed by the ischaemic effect of compression.

(d) GComprecosion.

Coupressieon of the cord in acute traumatic
poraplegia ig far leoss common than often supposaed
(Scarff 1960), Thovburn (19219) pointed out that the dam~
age o the cord was of a nature that could not be ox-
plained by compression and this is supported by the
material prosented im this study. Thompson (1923) and
Jefforson (1927) statod that comprossion never ococurred,
the former pointing out that the spinal ecanal was a very
roomwy compartment. Vardous authovitics desceribe a de-
layed ischaemic softeming which occurs ono or two days
after dnjury and is due to compresaion upon the cord
(Brain 1955, Walshe 1958, Davison 1960). It is widely
acceptlted that an acute dis¢e protrusion compresses the
anterior spinal artery and preduces the syndrome of
acute antorior spinal cord injury (Schneider 1955),
pathologleal change in anterior coxrd comprossion being

found in the lateral colunms dune to the tethoring effect
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of thedentate ligawent (Kahn 1947). Brain and Walshe
and Dovison have said that there is an elorment of
ischoomic softening in wony other cord injuries. The
production of comprossion myclopathy by blecding into
tho extra-dural space, haowmatorachis, can be ruled out
(Thompaon 1923, Riddoch 1927, Davison 1960). Softening
in the hyperextension injury to a spondyloetic spine was
produced by gross necrosis and not compression as illuse
trated by Case 3. Vascular changes in tho injured cord
are minimal (Hoimes 1915, Baldwin 1934, Hassin 19&&),
and Holwes stressod that he never encountered an instance
of thrombosis of the antoyior spinal artery. The spinal
artorides are not prone to thrombosis cither as a result
of trauma or disease (Dlackwosd 1948). Thoy are not
affectod by atheroscimrog&& or hyportonsive discase
(Staembl 1939)- The main blood supply Hto thoe cord is
vie segwental arieries ecoch one of which supplies two

or threo adjacent segmonts (Wollam ana Millen 1958).
Thore are two cspecially large such arteries supplying
the cervical and luwbor enlargoments of the cord, %
hos been auggested (Suh and Alexmnder 1939) that as a

consegunonce of this arrangement the thoracle covd has a




- 79 =

relatively poor supply and is more prone to softening

in anecute injuries of the thoracic spine but it also
happens that thoe spinal canal is narrowest in thlis regilon
anid thoe covad more cramped and therefore lisable to damapge.
Acute spontancous myelitia has been ascribed to ischoemln
arising from anteyior spiﬁal artory thrombosis {(Pennyw
backer 1958) but the rapidity with which these lesions
gometimes elear up does not support this aetiology.
Ischaomioc damage to the cord haé been reported foliowing
clamping of thoe abdominal aorta at oporation {(Hara and
Lipin 1960), but considering the number of times thie
procodure is carried out without causing poraplegia it
must he a very raro occurrence, DeBakey aud Cooley (1960)
aever having encowntered a case. Myelopathy following
aortography has also been attributed 4o ischaemia but
wvhon all the reports of this happening were investigated
(i1llen and Postew 1960), in no single instence was there
evidence of anterior spinal artexry throwbosls or damage
or thrombosis of segmental arterles to suggest a vascu-
lary cansce for the apnparancesz of seftening which wereo a
charvacteristic finding at postemortem. From the poini

Of viow of treatment it is dlmportemt to ostablish for a

fact whether ischaewmla contributes to the pleture in
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acute traumatlc paraplegila fov modern therapy can 4o
aamgthimg in this field by, for exaumple, the oxhibition
of hyperbaric oxvgon {(Illingworith 1062),

The appearances shown in Case 8, whoxe the cord
was actually indented, suggest that the wderlying axis
cylinders are not sonaitive to compression while the
underliying neurones are.

Prolongod compression upon the cord may lead
to pathological changes and paraplegila. Iajury may bring
this about in threeo ways, Jn tho first plage some unw-
romarked ftranna ox occcupational trauvma may load to dew
renoration of the inteyrveriebral disc and couwpression of
the anterior vavis of the covd by 16, the syndvrome of
chvonie antoevrior cord compression {Schmeider 1959).

This was not encountored., Socondly, the injury mey lead
toe compression by the dovolopment of bone deformity
(Scarff 1960), Distortion of the cowvd was produced in
this way in Plote 17, Thiirdly, compression may Ho piro=-
dueced by monningeal acarrxing vaviously termed menningltis
circamnspecta serosa, post trauwmatic arachnoiditis, adw
hesive arachnoiditis, Menningeal scarving may follow
govero trauma or arise in consequonce of compression of

spinal arteries (PDavison 1960). Surgical rvemoval of this




scar has found favour with some authors (Riddech 1927,
Tayloxr 1929, rreeman and Heimburger 1948) and boon coOne
demned by others (Wubn and Macht 1949, Guittmamnl954).
Although it may bhe produced by ischaemia it ils difficult
to dimagine theso menningeal chiangos themsolves leading

to lschaocmwie dansge of the cord and they do not penetrate

the cord,

{(¢) Regencxation.

Lt has beon suggested (Sugar and Gerard 1940)
thot lschaemia may be a factor provonbting rogencrasion
of nerve fibres in the cord, wmany of Cajal's wegoneration
gtudies having beon pordormod in the caundal part of the
cord aflteor tromsccéions below thoe Llarge lumbar sogmontal
artoervy which would prejudice its blood supply. There was
no evidenco of rogoneration in the materdial oexaminod for
this study. The characteristice appoarances of unsuc—
cogaful rogenoration of axon stumps are sphowes and giant
sntorile axon halls, cocarse axon cytoplasm and loss of
homogoneous avidity for silver stains, and the absence of
cones of growth or bifurcation of axons (Cajal 1928).
somo of these appearvances are illustrated dun Plate 3

at the boundary zone boebween pulped and healihy cord.




The esspential features of a regenevating axen are the
finoe neuroplasm with its reticulim of neourefibrils,

the presence of - cone of growth at the ttip of the axon,
and bifureation of the gxon (Cajal 1928). It is not
alwnys ocasy to distinguish boetweon degenoration and
rogeoeneration, paviticularly vhen there is no obvious losse
0of cord continuity, Davisom {(1943), who claims that
newly formoed axons and sigus of regonewration are seomn,
basces his eclaim on pleturos whiech aroe compatiblo with
his ows desordption of degenoration.

There 1s evidence of the failure of a root to
ponetrate the cord gubstence in Plete #. The vomwg
slendey avgentophil axons of the mroot, with the oval
cells of Schwann disposed alongside fthom, are arvestod
as soon as thoe menninges have boen penetrated and there
are ome pr two terminal anxon figuroe oft the junciional
sone. Tho cord is the seat of some glial chaunge bhut
there ds no cevidence of an acute ¢ceilular renctlion.
Txporimental ovidence has suggosted that the presence
of an inflawmatory reastlion favours regouneration of
axons {(Clark 1913} and the proescace of astrocytos
inhibite it (Windle 1950). 1Is tho presence of gliosis

and the absonce of inflamunatory reaction Linkoed in semo




way with the arrost of growing oot Fibres in this case?
Proliferation of glial cells is o response to
injury of the cord,; astroeytes iluncroasing in numboer,
thodn eytoplasm beoecoming abundant, and more avid fox
silvor stains and wore than one nucleuwse somebimes boing
seen (0&3&1 1928). ‘these changes may b well advancod
by two weoks (Davison 1943) but gemorally tale soveral
weels btoe boe well developed, and exéﬁplified in Plate 5,
the coxd wemoved at 1M weoks. It is nobticoable that
wlial changes or gliogis as it ls ecalled, is associatod
with an Intermodiate dogroo of axon damago ond ospecilally,
as Holwos wolntod oud, where theo axon sheaths are swollen,
as in Plate 13, CGliosds does nodb 9000UY whore 20VEere COTw
tusion of the cord with puliping has oceourred, these aroeas
becoﬁimg g fluid cavity. Gliosis has beon descirdbed
following » peried of ischaemia (Scarif 1960) but it is
of limited occurence in compression myelopathy (Davison
1960) . Glial changes were prominent Jin the areas whoere
sacondary demvelination had occurred inm RPlate 13. The
location of scecondary domyosiination dn this cord cleoarly
indicateos ascending and descending long tract dogoneie
ation. It has boon said (Walshe 1958) that sccondary

demyelination only takes placeo wvhen axons have been




sovered, and it is not known whether normally myelinated
axong can conduct when demyelinated (Waelsch 1959), The
occurrence togetiheor of argentophll axis cylinders and
demyelination of the sheaths suggests either that the
axons are degencratec but have not undergone Wallexrian
degenervation oxr phagoeyiosis, or that they arve viable

in spite of having no myelin sheath. ‘The Former exe
planation dis counsidered movre lLikely. It seoms dinconw
cedvable that tho scarred cord in Plate 6 for example
should still contaln conducting Lfibres and thils patient
wan complately pavaplegic. s 1t possible that the

£1lal cell zreamction iﬁ thoe cord has sometbhing to do with
the histologlceal prosorvation of nonwviagbleo axons as well
as the fallure of periphoral nerve fibires to penebrate 167
1t is alsoe notoworthy dn Plate € thoat tho oxuboerant conw
naetive tisswve searring of the monndinges has failed to
poneitrate the gliosed cord remnant. Xt ls alwmost as 1If
gliosis puds the cord jinto onld storage, dend axons boing
progsevved and peneidtration by connecilve $issue and nerve
tispue Dlockod. Thore is ne progressive neurogliel row
action in the cauda equina (Hassin Lo94L) and wegener-
atlon can be antleipated here as dn a perxipheral nevve

(Holdsworth 1956). Cajel (1928) has snid that nourenes



wiihin the central nervous system have rogeneration
potential bhut are preventod Lrom doing so by some

factor. Gould tho factor boe the reaction of neuroglial
celle? 1Tt is pn colincidence that the time when growth of
axon stumps might be oxpeeted te boe seen, around 1% davs,
13 also the Hime when nourogllal cell resction is getting
under way.

Deposldtion of collagen was wmostly confined to
megsonchymal tlssue elthor dn the meonninges or arvound pial
tigsuwo in the coid substanco, Some collagen deposition
wasg seon in Plate 10 where it bod sowmo offect on the
orientation of axis cylindors, and sub-piol collagen was
soonl in Case 8 where it caused adjacent axons to agsume
a wavy form. Jt is assumed that the contradilo nature
of collagen is rospensiblo for theseo changes in pcarby

axds cylinders,

he  CONCLUSION.

Uoncusaslion is caused by the axon sheath being
tramnatised,

Gaodoma is produced ag tho azxon oyvtoplasm extrudes
through the damageod sheath.

Hoomatomyolia does not occur, and compression
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plays an insignificent role after the initial traounma-
tieing forge hae pasged,

There 1s ne regouneration of tho cord and this
may bo linbkoed in some way to the ocourence of changes

in nevroglial colls.




PART THRER.

BLOOY PRESSURE RESPONSLS BVORKBL BY
EXPERIMENTAL COMPRESSION OF THE SPINAL

CORD IN CATS.
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1. INTRODUCLION .,

The Relevaunce of the Uxpsriment to Spinel
Cord Injury in TIuman Beings,

Transection of the cord at any cervical levael
causes an lmumedlate and profound fall in arteridi blood
pressure wvhich is later maintatined at normal levels
{(Dernard 1863). If the isolated thoracolumbar cord is
destroyed, arterial ﬁreasure falls permanently to spinal
shock levels (Goliz 1874). The isolatod thoracolumbar
spinal segments are therefore capable of iniltlating a
tonic vasocomstrictor activity; Petients who have sus-

tained physiological transection of the cord are able to

maintalin their bleood pressure at noxmal levels for this
reason. They are not always completely novmal in thise
respect. Some are subject to postural hypotension
(Guttmann 1946, 1953, 1963: Koster and Bethlem, 1961),
others to episodes of auntonowic hyporreflexia {(Head and
Rlddoch 1917, Learmonth 1931, Guttmonn and Whitteridge
1947, Thempson and Witham 1948, Pollock 1951, Dors and
French 1952, Schiebertilds’, Mannion, Cotirell and Lloyd

1959), the full picture of which comprises dyspnoea,




asweating, pelpltation, headache, a slowing of the pulse
and rising of artérial blood pressure,

A relationship was observed betweon the spinal
gord and bload pressuro during sonme studies of spinal
cord compreossion in cats. Sonme experiments to eluociw-

date this relationship were porformod snd are reported.

2, MATERTALS AND METHODS .

(a) The Experimental Preparation.

Thivty~six adult eats were studled. MNaterial
from eighiteen 1s not ineluded as the data obtained from
thom was cowsilderced unveliable. Anaasthosin was by
intraperitoneal pontobarbital sodium (30 mg. per kilo).
The animals wore Intubated endoitracheally oxr by
tracheoostomy and ventilated with air by a small pump
when necessary. Succinylcholine (anactine 20 mg. per ml,)
was glven dintravencusly to rule out any vesponses which
might be associated with movement at the time of cord
compression. Arterial blood pressure was recorded from
o Ne. 19 polyethylene catheter placed im tha abdominal
norta viag the femoral artery and counseted to a Statham

Pressure Transducer {(0-15 paig) which in turn was conncew
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connected to a Fisher Galvinometrie Recorder. A number
of laminoectomics were performed, at all levels and of
varying lengths so that tunnels of theo spinal canal
containing single and contlguouns sepgments of cord wore
greated. A slender elongated balloon made of latox and
containing air was lluked by a three~woy tap o0 a mer-

cury menomiéter and a syringe containing air (Kerr 1963).

{(b) Frocedures Carried Out.

The balloon was placed in théae tunnels, both
intradurally and oxtradurally, betwoon the cord and the
bone and compression of the cord obitanined by raising tho
pregssure in the balloon Yo levels of 50 mm.Hg, 100 mm.ilg,
200 mml.ig, ond higher. Poviods of balloon inflation
renged from 5 to 2BH seoconds and, on coccaslon, up to two
miautes. Responses from diffevent levels wore noted.

VHriéus procedures were carried out in an efi=-
fort to determine the Taectors responsible fey the pressor
activity which was elileited and the role plaoyed by core
tain vasomotoy reflexes. Those procedurcs included bie
lateral donervation of the carotid and nortice sinuses,

bilateral division of the vague nerve high in the neck,




bilateral adrennlectomy, docerebration at the loevel of

the superior colliiculus wvwader ether ancesthesisa folw
lowlng whieh the opacsthetic was discontinued, trane-
section of the cord »rostral to thoe area o he'eomprassad,
injection of the cord with 2% Novocaine, perfusion of
uppeyr thoracic sepgmeniés of the cord with autclogous

blood or saline uuder pressure vio a corvesponding intop-
costal artery, and deafforentintion of tho upper thoracic
cord by Bilateral division of the upper three doisal roots
four days prior to the cxperimont.

3.  RESULTS.

e

(n) Spinal Cord Pressor Responses.

Compraession of tho coxd evokod a tramsient rlse
in arterial bleed pressure the prineipal chavacteridstic
of whiech was an abrupt rise in moan systemie artorial
prossuaroe someotimes by as mach as 100 mg.ig., after a
latent periocd of somo five or sixn seconds (Figuve 1}.
After a shorit period, usually less than a minnce, blood
pressare gulokly fell to previcouwus lovels, somoblimes
interrupted by o momentary rcbound or o shovt platoan.

Bradyeardic pulses of large amplitude ocourved during
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the sesponso from upper thoracice levels of thoe coxd.
Maximum rosponse lasboed approximately 4% seoconds
ragardloss of whethor the cord was compiressed fox a

short ox long poriod. No differenco was observed

botween intradural and extradural ocompressions. As the
aninal wnderwent a generallsed spasm whon the cord was
compressed, succinyvichoeline was aduministered before-

hand and some few pinutes nllowed o olapse to allow a
tranglent pise in artevial prescure which this drug pro=
duced in the dosen used, Lo sctble. Abolitlion of muscle
tone in this way did noet affect the blood pressure rese
ponge to cord compression in any observable way. Intioe
venous injecition of a small guantity {epproximatoly 0.2 ml)
of o 111000 solution of ndrenaline chlowide evolred changes
in Bleoced preéssure vhich were wvery sinilar to maximum o

ponses obtained by cord compression (Figure 2.)

(L) The Bffeet of Varyiug Degrces of Gompression.

Riges idn mean blood preassure tended o be prow
portional to the degree of coyd compression wiithin limits
(Plgures 3 ana 4). Above compressions of 200 mu.Hg., or

250 mm.dg. no greater vlse in blood pressuire was cbtained,
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{¢) 1Iho Bifect of Varving lLevels of Comprossion.

Difforences in the magnitude of the response
were obaerved when different scgmonts of tho cord wore
comprossed (Gifure 5). 7The greatest rises wore obtained
from the upper thoracic cord and the occurrencse of bhradye
caprdic pulses of large aaplitudo only observed from com-
pression of the upper five thoraciec socgmenis. Thoe cervie
ol cord avoked a lesser vesponse, the thovacolnmbearn
Jummetion a still smallor vreosponse, and the lowver thoracic
area the lenst responso. Tho response was not affeobod
hy tho nmuwwbor of covd sagmenits being compressed at any
one tima, o maximun responsce Deing obiained from coms

pragzion of ailnglo seogmonits.

{d) The Effeest of Fatisue,

Affor a small number of compressions the pree
paration deteriorated, furthery coupressions requiring to
be of greater magnitude untll o vesponso could omnly bo
obbtained by squeezming thoe cord with foreops. At bthae sgame
timoe base levels of Hlood pressure fell to very low lovels,
This condidion proved to bo voversible in some cases by

lonving tho animel) undigiburbed for a while.




A similor degrec of unresponsivoness was

observed when the animal wvas deeply snaesthetised.

() Tho Source of the Response.

Compreogaion of the cord after dealforontiption
i1 the manper deseribed did net offect the magnitude of
the response but return of bleed pressure Lo previous
lovels toolk mueh longer (Figures 6o and b). Bradyeardic
pulses of large amplitude wore still presoent althoungh
they ocourred earlier in a socond comprossion wilthout
any materdal change in the proeoparatlion heing made,
Mochanical stimnudotion by compyression of {two dersal roots
bilaterally 1in ancther inteact aniusl evoked a »lse in
blood prossure of mumeh smaller magnitude, about % or
10 mmJHg.

Perfusion of the corxd wiith blood or saline at
o high pressure (724 mm.Hg.) in the menner describeod
rasultad duw small rises in bhlood pregsure which were
similar o thoseo obtained by perfusing the sawme gunantities
at norual prossures intoe the femoval wvoin.

Bilateral sinuv-portic denervotion was itvselfl

responsible for an slavation of blood prevsure. HWhen the
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gpinal cord of an anilwal subjected to this procedure
vas coupressed, a rise in blood pressure was avoked,
during wvhieh bradyeardic pulses of large ampliitude were
no longer observed (Figure 6¢).

Division of the vagus nerve high in the neck
diminished those bradycardic pulses but only abolished
them in onoe instance.

Transoction of the cord at any level resulied
in o sharp rise in arterial pressure similer to that
desoribed as chavacteristic of the responge evoked by
compression but the consoquont fall in blood pressure was
mach greator, sinking to levels of %0 or BO mml.Hg, At
this point tho animal was in the state of spinal shock,
When transeoction was performed above thoracic lovels,
subsoguent compression of the thoracic cord resulted in
blood pressure rises from these low levels te as much as
180 mm.dg. ond bradycardic pulses of large anplitude no
longer obsorvod.

Bilateral adrenalooctomy had no effeot on the
prossoxy response evoked by compressing the ecord.

The response from o docorebraote animal was

similar te that frowm a lightly anaesthotised animal.
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Injection of 2% Novocaine rosulted in a
transient rise in blood pressure followed by a steady
fall to very low levels. Uhen this woas vepocated with
saiine o transient rise was noted followed by a return
to previcus levels.

It was observed during compression of the
uppexr two or three thoracle segumontsd that the animal's
puplls dilated widely. This response was hilateral so
leng as the compression was produced in the midline of
the doxaum of the cord, and was ipsilatoral wvhen the

comprassion was placed to one side of the cord,

h, DISCUSSION.

Marked rises in blood pressure resulting from
rises im intracranial temnsion wers first deseribed by
buret (1878), although the discovery of this iwportant
ralatiénship is usually attributed to Cushing (1901).

It was pogtulatéd by Cushing Pthat the mechanism involved
was anoexia of the brain, the resultant rise 1w blood
pressurce being due to roflox sympathotlde discharge.

Blood pressure responses due o anexia of the
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‘spimal cord wore desexlbed by Koya and Storling (1909)
by wabling tho spinal animal brenthe pure nilfrogon.

This was confirmed by Aloxander (19453) who found that
agltoration 1n blood flow in o completely de-alforentiated
spgnent of cord (low corvieal and mid thoracie tronsoe~

tdons, sectdons of pl) intervoning dowsal roots, Die
latoral sectdon of svmpathetice chaing above and below the
gaxniglia at lavel of lower cord sea%&nn. and hilaﬁeral
section of wvagoe-syupathoetio trunke) ovoliod chonges in
ﬂymﬁathetie discharge, as neasurod by cardio~accclerator
tone, %That similax changmﬁ'iﬁ blood pressure ney result
from dArncraase in prossure involving spinel dntradural
structueres is not woll mecmgﬁiamd. In o roviow of the
literature 14 was found that Groat and Peelo (19%%) had
been the first to repoxrt 1thwe phenomenon, confirmod by
Bhargava and Tuloreshithe (1959).and Borvison and White
(1955). In theso roporis the wethod used consistad of
inJection of saline into tﬁc spinal subarachnold spaco
which was ioelated from tho graniel compartment by a
cousbrioving ligature ot the coervico~medullary juncitilon,
Ineroasing spinal fluld pressure by 50 to 100 mm. meroury

resultod in blood prossure risos of up to 90 mm, moreury,

and o propevtionality was obtained betweon the two up te
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hlood prossure inereases of 150 . mercu#y“ﬁéyon& which
further riscs ¢ould not be oblalned and the preparation
doteoriorated. It was also stated that the duration of
applied corebrespinal pregsure was proporéional +to the
rige din blood pregsuire oblained, and o latency of 5 to

20 socondas (avorége 10 to 12 aeconds) boetween application
of pressure guid rise in bBlood pressure was reportied.

Most of these obaervations have been confirmod
in this gtudy, but a relationship between duration of
cord ccupreossion and blood prepsure response could not
bo demounstrateds 1n no lunstance could the maximum pressow
offect be maintainod for longesr than one wlnute LY BuUsSw
tainod cord comprossion. A considorable degroe of
vaviabilléy in vespouse was fouwnd beobtween differont
amimals and in tﬁo gsame animal undor diffeorent procedures
and different levels of anassthesia. Although tho ballooen
Titted snugly inte thoe spinal canral bebween cord and bone,
and therefore allowed a measure of the relativo pressure
onn the coxd, it did not indicate the truwe pressure on the
coxd, a yoomlier gpinal cennl requising greator dogroes of
inflation 4o evoke & pPressor reBpONSo.,

There bas boeen scme contyveoversy over the
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mechanism by which tho response 1o produced, Although
Gront and Poelo {1945) themssives belileved that it was
duc to anoxla of tho coxrd, Borvison and White (1955)
subscribed to the view that it woes moediated by bavoreow
coptors in the ocord., Assuming thet suoh wocoptors would
be stimulatod by sitrotelh or collapse of the walls of
blood wvossels in the ceord, it would be expecied that
oxtornal pyessure on the cord would collopse these vessels
and . txrlgger the response as in the sinu~noritic reflex and,
conversely, that distension of those vossels would lead
to a drop in systenic pressure. Since perfusion of the
apinal brench of an intercestal aviery at o pressure vell
in oxecoos of normel Led to a slight rise in blood pressure,
this wechaniom would appear quite unlikely.

Another possibhility, that the responsoe is
triggored by stimulation of peripheral afferent fibros
in the dorsal roots, must be considered, since it ds well
braown that stimulation of pain afferents produces a
markeod preossor effeet. Simce 25% of severod nerve fibres
have an almost normal oleoitrical reasponse after 72 hours
(Erlenger and Schoepflo, 1946}, cord compression after

acute rhizsotomy, os in the exporiments of Dorrison and
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Thite (1955). does not rule out a dorsal pressor effect.
Prosorvation ol the complete response in a chronically
deafferontinted segment of the cord az descrlbod

heroin, would therefore oppoar to prove conclusively that

thoe response arises from compression of the cord itself.
Small rises in blood pressure of the order of 5 oy 10 ma.
mercury were produced by compression of the upper thore
acic weots alone, indicating that periphoral nerve
affevent stilmulation comtributed o small Lraction to the
PrOHSCY response.,

The blood pressure rise following rise in
intracranlal pressure has beon atitiibuted by Rodbard and
Svone (1955) to liberation of vasopressor substances into
the blood stream. This conclugion 1s based on the latency
of 10 to 12 soveonds, oun the demonstraition that hypothermia
to 25 C prolomgs this latency by as much as 26 seconds,
and on the fact that the rise in blood pressurc associated
with inecreased lutracranial pressure has a short latency
whereas a long lateuncy is associatod with the dincroaso
in bHlood pressure following breathing of nitrogen instead
of air.

As reportod hore, removal of the most probgble

source of eirculatling vaso-active substaonces, namely the
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adrahal glanda, did not affect the response, Celander
{(1954) has shown that normal sympathetic vaso-motor tone
i mediated by nervous channels, hovmonal influence on
blood pressure being a wvesponse to loecal mobabelile

noada of tlssue. If spinal hypertemsion were dne to
civenlaniting vaso-=active subatances the presence of cntow
~ehol amines in the urine should be detected. Hodgson
and Wood (1958) examined this hypothesis in human cases
who exhibited auvtonomic hyperrefiexia and found vhat the
urinary exeroetion of cateechol awmines was unchanged
duriang episodes of hypertension and alse that the hyperw
tamgion was reversed by ganglion blooking agents but net
by adrenclytic agents. The fact that hypotheormia, in the
handa of these other werkefs, incereased the latency doos
not necoessarily supporit a chomieanl mechanism sinee noural
conduction ig considerably slowed at lowver temperaturea,
aund comparisons wilth the loangor latency of the pressor
rosponeo to roaspivatory {nitrogen} amoxia can be intere
preted guite readily by considering that tho snoxic
atimulus in thot case is mot applied instently, ns is the
case with compression of the cord, hut reguires the

prasing of z number of socounds Tor gaseous oxchange
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between alveolar air and blood, clrculating time oand
depletion of existing oxygen levels in the central
nervous system. One other related finding, namely an
ipsilateral pupillary response on compressing the
pupillo=dilator centre in the first two or three seg=-
ments of the thoraclie cord to one side of the midline,
implicates a nervous mechanism rather than a humeral onej
a neurone pool responsible for mydriasis is situated in
the intermedlo-~lateral columm aleng with othor syme
pothetic neurones (Simeonc, Smithwick and White, 1952).

The latency of tho respaﬂse of 5 or 6 seconds
suggests activation of multlsynaptic pathways. Tho
finding that Jocalisoed compression of a small area cone
sisting of n singlq cord segment in continuity with the
rest of the cord evoked maximum regsponses also points to
recruitmont of multisynaptic pathways.

The finding that blood pressure responses were
greatest whon compression was performed above the mide
thoracic cord has a parallel in the findings of Guttmann
and Whitteridge (1947), Thompsom and Witham (1948},

Gut tuiann (1953), that blood pressure rises are greater
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in paraplegics whon cord trvansection lies above the mid
thoracie region., This wmay be due Lo the addition of a come
ponont of syspathotic cavdiae stimulation to the vasomotox
rogponse when tho sympathetic outflow to tho henrt from
tho uppor thoraclce cord lien with the isolated scgmont of
cord. The abolltion of bradycardic pulses of large amplie-
tude when the sima-aocrtic mochanism was denervatod or
rogtral transection of the cord performed prior to com=-
prosgsion, points to the fact that they ave part of the
compensatory vasodeprossor mechenism which proesumably is
evolied By the inltinl rise in blood pressure. Thoey must
e malnly sympathetic in origin since vagal section
abolishod them only ia one instance. 11 would appear
likoely, therefore, that when the sensitive upper thoracic
region of the cord is comproszed there 4is am inltial sharp
rise in bilood pressure which is partly duoe 0 a vasopressor
effect and partly to increoased actlon of thoe heart; this
i guieckly followed by a fall in blood prossure which is
partly effected by a vasodepressor effect and partiy by
the reduced action of the hearts, the latter being @ainly a
recuction of sympathetic ecardioc tone and partly o vagal

stimulotion effuct,



In paraplegics no difference has boen cbserved
betwoen cedrvical and upper thoraocic coxd leslons in rese
peet of blood pressurce and pulse changes (&uttmann and
Whitteridee, (1947) and Thompson and Witham (1948).

The experiments veported hore localise the sensitive

area of the c¢ord in the upper thoracic segments,

5.  QONCLUSION.

There 1s o central regulating vasowmotor
mechanion within the splinal ocord,

This mechanism responds 1o anoxia and is
medianted by nervous pathways invelving polysymaptic chains,

The uppexr ithoracic region of the coerd isn the
most respounsive arvea, cardiac effecis being obtained from

this rogion alone,
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PART ONE

A CLINECAL REVIRW OF B2 CASES OF CLOBED SPINAL

GoRn INJURY,

LEGENDE AND PLOURBS .
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uf the type of injury on the level of tho

injury and on the sawly morsallty in injuries

spinal cord,.

Typae of injury: evel of Spinal Injury
Do De0- _"m Baxly
. Cervigal] Lumbawr] Totals! Morbtallty
Falls from a height 3 13 16 3 19%
Mining Accidents 3 i2 13 0 Oh
Traffle Accident: 6 3 Q) & 66
Falls when drunk 2 3 % O 0%
Iindustrial Accidents 2 3 5 2 by,
Undsnown - - I o -
32 Al 21k

RSN



TABLL, 2,

Relationship between the lewvel of spinal injury, the

gseverity of the initial neurological defloit ond early

mortality in injurdes of the spinsl corad,

Severity of

L.evel of Spinal Injury

injury.

Tni tial ‘ Total
Corvi~ | Dorsal [Lumbow
Neurologilcal cal dorsal
Total 3 18 28
Complete | Survivoys 0 2 16 18
Tarly Mortality 7 1 2 10
Total 8 3 13 2h
incon~
plote. Survivors 7 9 13 29
Barly Mortality 1 0 Q 1
Primarily due
to C.li.¢, in= 7 O Q
Jjury,
Died.
Primarily due
to concomitant 1 1 2




oy

Belationshilp between the level of spinal injury and
radiclogiconld evidence of asgeciated injury to tho

vortebral columnn in injuries of the spinal cord.

Levoel of fadiologicaliNo vadlological] Tnltiel
Injury evidence of avidence of radiology
to Spine bone ingury bone injury unlenagwin
Gervical 15 & 7
Dorsal 6 6 0
Lumbodorsall 311 24 2 s
Total a2 30 O &,




“panLn &

Relatienvship between open and clesed methods of treating
the spinal injury and the dncidence of prossure soves and

ragldual sHlfT back in injuries of the spinal covd.

Horsal and Lambaxp
Treatment of Corvical spine SArie
Injured splne oo : st mizsneremh : v
Maving Having Vaving
sAVeTe severs residual
PLEessure pressure; stifd
CLOSED METHODS Suprvivors (seires Survivors [sores c back
Ordinary Bed L i 6 2
Alr Bed i i :
Water Ded 1 1 :
Moccano Bed 1 i
Complete i
plaster 1 1 2 2 §
Plaster Shells 2 i ;
Tarning frome 3 3
Closed
reduecihion and i
Paai, i i ’
Skhull sractlom 1 O
Potals 23 é 2 17 12 Lo (2he)
OPEN METIHORS
Laminectomy L 0 53 1
Laminectomy
with fuasion b 2
Gpen reductlon ik i
Opon roductlon
and nlacing 7 i)
Totals 16 i 0 15 9 b(27h)
Methods unlinowins
P 2 1
GRARD TOTALS S
| Ly, 7 2 34 22 8 {(25%)




TABED 5

Bffest of lamimecibomy perfovmed in the sarly angd
late stages on netroelegicel defleit in inguries

of the splnal coxd,.

)

Improvement in] No dmprovement

neunrologloal in neuroslogical
deficlt dgficit
Barly Laminactony &| 1 {(Cewvical) g (1L dorsal
B lumbow

dowsal }

Lote Loaminectomy 3] 3 (411 lwiboe
dersal) Q

P
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Relationshlp betwean the degiee of neuwrologiceal recovery

and the resildual yveflexn pattern in injuries of the spinal

o

RISTHOAL NI

RIRGLQGECAL 1350

(NN A

DB

COMBLETE

INCOMDLIETE

Dogree of

Roproe of

Lepovery wesovery
Residual Ni3 ew Nil eow
Hellex Major Neglisgible Major Nogliglble| Unkoown
Pattern :
Wormial A Nil G L
{ipper mobox
neurone  ih g o 8 6
Lower metor
NOUPGIIe L9 NikL 18 i Vi 1
Mixed 5} Wil i 1
Unknown  _3 ] 3
k3 19

A meam e e —



TARDI
T

Relationehip of pressure sores to the residual
neurologleal deficit nnd reflex pattern in injuriocs

of the spinal cord

COOMPLETE DREFICED FRCOMPLETE DEPICIT

UYlbimate Prossure SOres Byragssere dSores

Bellex - . . |
Pattern [Totals)Severe|Negligible|Severe|Negligible| nknown
Normeal 1 - - i

Vppeyr wmatow

neurons kR - - It 8 2

. ]

Lowor motor _ 5
NGRS 19 1O REN #, 2 : 3
Mixad & 2 1 i w

Pnsnows 3 3

Totals b3, L 3 9 A 5




TABLE 8

Bifeact of initial trestmoent of the bladder on the

incidence of urinary sopsis in injuries of the spianl

gord,
T L M ? i 1‘ N5
veveloping, Dying
Saevere o
Uednary Permanently| ronal
Indtial bladder fveatment]Nusber! Sepsis Inecontinent]! sepsls
Bladder dprained _
per urebhram - Indvelliny
atheter - ¥Foeley i7 10 9 3
~Endwellding
atheter -~ Gibbon pes 2 2 KA
Tidal
drainnge & 6 L P
Iuntermittent O 3
catheterisation
suprapabic
osathetorisation L i 1 4
Manrual ocoupressioln 1 KA ) i
Total 27 20( 744} 17 6
Biaddeyr not dratned-Tobal v 0O o H]
Bladder status upknown -
Total 7 2 2 G




Buration of

TABLE Q.

continuvons hospitalisatlon of tThoso

surviving the asnte phaso of injuries of the spinal

0ol .
Less |Hetyeen|Over | Undotor| Avere
than I and 2§ 2 mid.nad age Died
No, {1 Yoar| Years |Years) Period Stay
survivors | 41 20 11 i 3 134 8

months
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FABLE 18

Bmployrent regord of bthoge suwviviayg the aoute
phase 1n Iinjories of the spinsl cord.

Wamber %
Hever grinfally cmployed 24 51 |
Sporadically gainfully ewnployod 3 10
Continvonrely gaintually employed 3 3G
Employment wecerd unknown 21 -

B




PARE 1O,

OBEBRVATIONS ON THE PATHOIOGY OF THE INJURBD

SPINAYL, CORD,

LEGENDS AND FIGURES




BLATE 1.

Photonicrograph of upper corvical cord in Cage 1,
Cord examined 1 hour after injury.

The wuppey pinte shows the cytoplasm of one or two
axia oylinders, indlcated by an arrow; to have bheen
roplaced by a gseriss of ragpged, sacoular swellings which
give the axen the appearance of a piliece of burned string.

The lower plate shQWS'fwn swall baemorrhpges and a
fissure; at the margin of the latter 1ls a saccular axon

swelling, indicated by an arrov.

{Bodian % 210)
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3&4&'1‘33‘3 2

Photomicrograph of servical cord in Case 2. Cord
sxanined 2 days after injury.

There is extensive struetural damage and few axiwm
gylindafé are rocogniSablo} The ¢ytoplasm of damaged
axons has exitruded to give an amorphous background of
fine granular debris. There are numerous cystic spaces
which give the appcoarance of a sieve to the tissue,
These spaces appeay to have been formed by precipi-~
tation of axon eytoplasm rouwnd the rim. There is a

mild infiltration with small dark round sells;

(Bodian X 210)
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PLATE_ 3.

FPhotowiorograph ¢f cervical cord in Case 3. Gord
examined 5 days after injury.

The upper plate shows the edge of a contused
area at the hotton of the field, sharply demarcated fpam
the rest of the cord. Numercus tarminal axon figures aye
seen nt the junctional zone of neighbouring cord. (X 24)

The lower plate shows a detall of the above. ‘There
aroe many giant sterile axon globes and the cytoplasm is

coarse and lacks homogoneous ovidlity for the silver stain

(Boddan X 210)






PLATE k.

Photomicrograph of uppor dorsal cord in Cnse &,
Cord examined 7 weoks aftor injury.

Toung root Pibres are seen sireaging in towards

the Cord where they appear o be arvostieds Hewveral

sermlnal axon figures, indicated by an aryrow, are
gituated at the Jjunctional zone. Deeper to this, in
tho voird substance, axis cylinders nre attentinted and
rageod, and there is s moderate increase in number of

darvkly staining nenroglial cellis.

(Bodian X 210)
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PLAYE 3.

Phobomiecrograph of cord at ilunbo-dorsal Junobtion
in Cose b,

Arzis eviinders are reduced in numsboer, and oybow
plasm, extruded from damaged axons, forms o bhackground
of Tine smoerphous debris. Neurogilal cells axe numote
ous. Thelr cevioplasm is onlerged and possesses greoleor
ovidity for silver steln than uwsual. The nuclous of
these colls is cften eccentrleally placed and one orx

two are multinuceicated.

{(Boddian X 210}
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PLATE &,

Photomicregraph of lower dorsal cord in Case 6.
Cord exomined 5 years after injury.

The upper plate shows the gliosed cord remnant
framed by luxuriant scarring of the menninges. (x 4o)

The lower plate shows a number of, apparently
surviving azxons. A moderate increase in neuroglial
cells, wilitkhout cvidencwy of large argentophil forms,

comprises the matunre glial scar.

(Bodian X 210)







PLATE 7.

Fhotomiceregraph of pord at the cmyvico=doraal
Junetion in Case 7. Cord exsnined 2 yeays aflter
injuzry.

Thore is o wedge of demyoiination in both

lLatoerel columns.

(velgert X 16)



PLATE 7.




PLATE 8.

Photomicrograph of the anterior horn of coxd at
the cervico~dorsal Jjunction in Case 7. (ord examined
2 years affter injury.

There 1s pykunosis and shrinkage indicating doa=
truetion of anterdior horn eceils. The rest of the gray

matter structure ia poorly defined,

{wnna Pap ¥ 199%)




PLATE 8.




BLATE 9.

Photonmiorograph of ¢he demyelinated lateral
goiuuns of cord at the cervico«dorsal Junotion in
Gase 7« Uord examinoed 2 vears after injury.

Axde cyiindeyrs are well presexyved. Hote iths

presence of numerous corpora amylsgea.

{Diolschowsky X 22%)
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Phwtoniecrograph of derseal column at the cervico=
dorsal juncition in Case 7. Cord oxamined & vyears atier
inJjurv.

The uppex plate ashows focal accumulations of
axons vadinting from small evstie spaces. {Bielschowsky 3

The lower pilate shows a detnild of this. Smudgos
are presentt ln these areas, indicating collagen deposie~

tAo%ia

(Blelachowsky ¥ 225)






PLALE 13.

Photonlicrograph of upper cervical cord i1u Caso 7.
Cord examined 2 vears after dajury.

There is extensive demyelination of the dorsal
golumnes and some denmyelination of lateral ond antoroew

loteral ocliumng,

{Weigert X 12)




PLATE 11,




FLALE L2.

Puptomicrograph of antoerior horan oFf upper
covviecal coxrd in Cads 7. Cord oexamined 2 years aiber
XY W

Antorior horan colls are relatively well piro-
sorvad, Thore is somo loss of definition of supporting

geoy matter struoatare.

(Unna Pap X 13%)



PLATE 12.




PLATE 1%

Photomicrograph of demyelinated dersal columns
of uppor covvioal cord in Case 7. Cord examined 2
vours after injury.

Many anon shoaths ere swollen and zsome axons
eppear to have fallen out of tvheisr ghesths. Neurow
glial cells arg inercased in numbey and avidity for

silver stein, snd possess coarse protoplasmic foot.

{Dlelschowaky X 90)
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PLATE 1b,

rhotomicrograph of lumbar coxd in Case 7. Coxd
reroved 2 years after injury.
There is a small wedge of demvelination in the

doyrsi-lateral columns.

(Veigext X 185)



PLATE 14,




PLATE 1%,

Photomierograph of anterior horn of lunbazr cord
in Cese 7. Cord examinoed 2 years after injury.

Mnterior horn cells avre relatively well prew
sorved. There is some loss of defimnition ovf the

oupporting grey matter structure.

{(Unna Pap ¥ 135%)






PLATE. 1.6

Photomicrograph of demyclinated dorsi-latoral
coluan of lumbar cord in Case 7. Cord examinod 2

vanrs after injury.
Many axis cylinders have bean preservod.

Heuroglial cells ave inereasod in numbest ond avidity

for silver, and exhibilf coarse protoplasmic feet.

{Bielschowsley X 90)



PLATE 16.




PLATE 37.

Photomiorograph of segment of ecord at lumboe
dorsal juneiion in CGase 8. Cord examined A yvears
after injury.

Comprossion upon the cord has left an mmprassiqﬁ
onn it, dndicoted by an arrow. Theres s a band of deew
myeldination extending eranially from the median parts
of the dorsal columms and sonme demyelination of the
laternl columns. The apparent gap in the cord is

caused by lts belng twvisted upon itself.

(Weigort X &)
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PLATE 28.

Puotouicrograph of anterior horn of segmeni of
cord adjoining the cowpressed ayea shown in Plate 17,
Gord examined 4 vears aftor iamjury,

Mtoerior heoxrn cells exiibii some pyEnosis,.

Otherwisoe grey maittor sbrucsture is prosceyved.

{Bielachowsly X 200)



PLATE 18.
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PLATE 19.

Photomicrograph of partially delyelinated lateral
coluvnns adjoining the compressed area shown in Plate 17
Gord removed 4 vears after injury.

Axis ecylinders are prescerved. There are one or
two liarge argentophil neursglial cells with protoplasmic

foet, indicated by an arrow.

(Bielschowsky X 90)
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PLATE 20,

Photonmicrograph of periphery of lateral colamna
adjoining the compressod arean shown in Plato 1%« Cowxd
exaninoed 4 years alter injury.

Several wavy bands of cellagen have beoen lald
dowiie Theso bmds hove caused some nelighbouriing axis

pyiinders to assume a corrvesponding wavy Loz,

(Diclechowsky X 90)
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PLATE: 21 .

Yhotomlorograph of cauda equina in Case §. Cord
examnined & years after iajury.
There is extemsive loss of defdinidtion, only a

few myelinated nerve buandles surviving.

(Veigowrt ¥ 19)




PLATE 21.




A Bt ATy vk G

Zhotonmicrograph of a cauda equina rootlet in
Case &, Cord examined & vears after injuzy.

Therae is hypertrophy of the endothelimm in a
capillieory, the swoliom cells having a glassy

OPPUAYANES .,

{; & © X 990)




PLATE 22,




PART THREE .

BLOOD PRESSURE RESPONSES BVORDD BY BIPERIMENTAL

COMPRESSION OF THE SPINAL CORD IN CATS.

LEGENDSG AND PIGURES




PIGURE 1,

Blood pressure reaponse ovoked by momentary
compression of the third thoracic segment of the

gpinal cord, Compression applied at the arrow D,
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PIGURE 2.

Blood pressure responses avoked by compression
0f the spinel cord and intra-srterial administration
of adrenalinre. A'H' represents a two minute perioed
of compression at the second thoracic segment at
200 wm. mercury balloon pressure., AL €C 0.2 ml. of

1:1000 agdrenaline chloride was admiunistered,
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PIGURE_3.

BHlood pressure rasponses efaked by different
degrecs of spinal cord compression at the £ifth
thoracic segment. AD represents o period of
compression at 100 wmm. mercury and A'B' at 200 mm,

mercury, balloon pressure.
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FIGURE 4.

Bleood pressgsure responsoes oevoked by different
dogrees of spinal cord cﬁmpressiom at the seventh
thoracic scgment. ﬁxﬁnrepresanta a period of
compression at 50 mm. mercury, AB at 100 mm.
mercury and A'A' at 200 mm. mercury, balloon

pressuxe,
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FIGURE 5.

Rises in mean blood pressure in nine cats
following compression of different segments of

spinal cord at 200 mm. mercury balloon pressure,



Rise in blood pressure, mm.Hg

100

920

80

70

60

50

40

30

20

10

FIGURE 5.

i

3'4a's'e'7' 8

1

3 4 S5 6

.

8°9 10 M R+ 234
J

Cervical

Thoracic

Lumbar




FLIGURE G.

Blood pressure roepponses from second thopraonic
seginent after dee-afferentiation {a & b). Upper
shree dorsal roots have been soveroed fLfour daye
prior to comprassion. {¢) sinu-sortic denevvation
has beon performerd. AB represents a perviod of

compression at 100 pm. mersury, balloon pregssure.
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