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COMPRESSION PARAPILEGTIA.

Introduc tion.

The subject of this Thesis is Compression Paraple-
gila, a term which I use in the generally accepted senss
of all those conditions in which there is pressure up=-
on the cord, whether a true motor paraplegia in the
narrower sense of the word, that is paralysis of the
lower limbs, is present or not.

The subject ther:zfore includes such conditions as
spinal tumour, morbid conditions of the lepto=-and pachy-
meninges, spinal caries, malignant diseasa of the spins
and s0 on. It should zlso have embraced injuries to
the spinal column, but I have excluded the consider-
ation of traumatic paraplegia, my desire being to study
more especially the more chronic forms of the condition.

I have devoted particular attention to certain of
these conditions, dealing only briefly with others,
such as spinal caries, since to have discussed thess
exhaustively would have led me into details of medicine

and surgery outside the scope of neurology.

Part I.

I have divided the essay into two main divisions.

In the first I have endeavoursd to correlate the signs



and symptoms of the condition with the anatomy and phys-
iology of the structures involved. It has been necess-
ary to deal only quite briefly with the general anatonmy
of the spinal cord and the canal in which it lies and
with the tracts and nerves concerned with motor functions.
The sensory functions,however, demand somewhat fuller
consideration. During the last few years a large a-
mount of valuable work has been accomplished, notably

by Head, well nigh revolutionising our conceptions of

the subject.

My own observations on compression paraplegia are
fundamentally in accord with the main lines of modern
resgarch. I have therefore explained somewhat fully
the grouping of the various ssnsory impulsas in so far
as they are concerned with the disorders under review,
more espacially the remarkable change which occurs in
the cord as compared with the peripheral nervous system.

The principle symptoms and signs of comprassion
paraplegia are associated with the spinal roots,the
cord itself and the spina. These symptoms are next
discussed seriatim. In as much, however, as the in-
volvement of these struciures both in point of time and
distribution varies remarkably according to the partic-
ular nature and site of the lesion. = & spinal tumour,

for instance, differing in its nature from that of a



meningeal or vertebral affection - I have considered it
advisable to deal with the symptoms from this point of
view in a short section.

To complete the symptomatology of the condition
there remains yet to be described certain general symp-
toms such as alterations in the respiratory, cardiac
and vasomotor systems and the consideration of the ef=-
fect of the level of the lesion upon the symptomatology
of any individual case. These are dealt with in a short
chapter in which I have included the motor and sensory

localisation of the spinal cord.

Part 11.

In the second part I have considered more in detail
the various extra-medullery disorders with which com=-
pression paraplegia may be associated.

For this purpose I have collected and analysed a
series of cases of compressicn paraplegia to which
I have added cases wh.ch clinically simulated con-
pression paraplegia but which operation or post-mortem

examination proved tc be due to other causes.

Material.
The material on which this thesis is based has been

obtained chiefly from the records of cases in the National



Hospital, most of which I have had the opportunity of
observing myself. I have also made use of cases which
have been under my care in private or in other hoépit-
als.

I wish to record my thanks to my colleagues on the
staff of the National Hospital for their kindness and
courtesy in vermitting me to makse use of their cases,

I hava sndeavoured as far as posaible to use only
those cases in whiech the morbid condition underlying the
paraplegia has heen ascertained by operation or post=
mortem examination.

The advances which have been made in modern methods
of investigation of cases of nervous disease have ren=-
derad some of the clinical records incomplete, so I have
in several instances made use of such cases only in con=-
nection with special points.

I have not availed myself of a.Ll the cases of spinal
caries or malignant disease contained in the records,
28 to have done so would have unduly extended the citation
of cases without adding much of clinical importance.

I have excluded cases of traumatic origin, partly
because they do not throw aﬁy light upon the question of
differential diagnosis and partly because it is impos-
sible to allocate the symptoms with any degree of cer-
tainty to the intra- and extra=-medullary lesions pres-

ent in these cases.



I have arranged the cases into different groups
according to the situation of the extra-medullary lesion
in relation to the spinal cord. This classification
is of course nmore or less arbiftrary, but is the most
satisfactory from the c¢linical stand=-point. I have
further endeavoured to sub-divide these groups accord-

ing to the nature of the lesion.
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During the past few years there has been a steady
advance in the recognition of the various forms of
paraplegia which has led more and more to the separ-
ation of paraplegia due to general disease from that
due to local spinal conditions both within and without
the cord. Paraplegia due to local lesion may be sep=

arated into three groups.

(1) Cases due to acute intramedullary lesions -

vascular or inflammatory.

(2) Cases due to chronic intra-medullary = such

as syringo-myelia and intra-medullary growths.
(3) Cases due to compression of the cord,

It is not as a rule difficult to distinguish para-
Plegia due to vascular and inflammatory conditions from
the other two groups, but it may be no easy matfer to
differentiate paraplegia due to intra-medullary growihs
from that dues to extra-medullary pressure, as in both
there may be symptoms of intra-medullary lesion.

Formerly certain syndromes, especially dissociated
sensory loss, were regarded as conclusive evidence of an
intra-medullary lesion, but the study of cases of com-
pression paraplecis has convinced me that they may be

common to both. It is necessary therefore to rely



upon other signs and symptoms to distinguish the two
conditions, notably those which indicate the presence

of an extra-medullary lesion. Further, if the paraplegis
is undoubtedly due to an extra-medullary lesion a
diagnosis as to the nature and site of the lesion has
gtill to be made. The difficulty in making a differ=-
ential diagnosis in these cases varies in great degree;

in some the problem is simple, in others its solution

is well nigh impossible,

The importance from the point of view of treatment
of recognising the disecase undeflying the paraplegia is
obvious and 1s daily becoming greater with the improve-
ment of surgical technigue.

I have therefore thought that it would prove in=
structive to collect and analyse a series of cases of
compression paraplegia with the particular object of
demonstrating - (1) that the diagnosis depends rather
upon the recognition of the accessory or incidental
symptoms than of those due to involvement of the cord
itself; and (2) that the differential diagnosis of the
various forms of compression paraplegia can be attained
only by a ecareful study of the sympioms as regards
their character, distribution, and the sequence in which

they arise,



ANVATOMICAL CONSIDERATICHS.

General Anatomy of the Spinal Cord
and its relation to surrounding

structures.,

Tracts of the Spinal Cord.



GENERAL DESCRIPTION OF THE SPINAL CORD

AND ITS RELATIONS TO THE SURROUNDING STRUCTURES,

The spinal cord lies more or less loosely in the
vertebral canal enclosed in the theca, which is separ-
ated from the walls of the bony canal. The theca is
loosely attached to the cord and separated from it by
the sub-dural space, the arachnoid membrane, the sub-
arachnoid space and the pia mater.

Sections shewing the general relations of the
spinal cord %o the theca and of the theca to the

vertebral canal,
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THE SPINAL CORD,

The spinal cord is about 18 inches long and
extends from the region of the Foramen Magnum to,
approximately, the lower part of the first lumbar
vertebra, where it tapers and ends in a slender
filament, the filum terminale, which passes down to
be attached to the lower end of the sacral canal,

Spinal nerves arranged in pairs emerge from the
cord at intervals along the course and pass to the
corresponding inter-vertebral foramina. Fach nerve
is attached to the cord by two roots, a ventral or
anterior, and a dorsal or posterior. These roots
emerge from the cord on its ventro-lateral and dorso-
lateral aspectis. The upper two or three cervical
roots pass almost horizontally from the cord, but

below this level the roots pass more and more
obliquely in a downward direction, which becomes nearly
vertical below the termination of the cord, Where they

form the Cauda Equina.

THE CONFORMATION OF THE CORD.

The cord 1s nearly circular especially in the
thoracic region, but it is somewhat flattened from

before backwards so that in the whole of its course



the transverse diameter is greater than the antero=-
posterior. The cord is not of uniform diameter, it is
enlarged in the cervical region and in the lumbar region.
This enlargement is due to an expansion in the trans-
verse diameter. The cervical enlargement extends from
the upper 1imit of the cord to the body of the 1lst or
2nd dorsal vertebra and from it come the large nerves
which supply the upper limbs, The lumbar enlargement
extends from the 10th dorsal vertebra to the upper
border of the 1st lumbar and from it arise the large
nerves which supply the lower limbs. In this
enlargemnent the cord is increased in both antero-

pesterior and transverse diameters.

FIBSURES.

The spinal cord is incompletely divided into a
right and a left half by two median fissures, which
pass in from the anterior and posterior surfaces and
extend through the greater thickness of the cord.

The anterior median fissure is wide and only extends
in for about one third of the thickness of the cord.
The posterior median fissure which extends about half

way through the cord, is not a true fissure,



RELATION BETWEEN THE SPINES OF THE VERTEBRAR AND THE

PLACES OF ATTACHMENT OF THE NERVE ROOTS T0 THE CORD,

This varies considerably, but the following rela-
tions are fairly constant. The 1st dorsal root is
attached to the cord opposite the 6th or 7th cervical
spine; the 7th dorsal root is attached opposite the
4th or 5th dorsal spine, The cervical enlargement
corresponds roughly in vertical extent with the spines
of the cervical vertebre while the lumbar enlargement
corresponds with the spines of the 10th 1lth and 12th
dorsal vertebrs and the interval between the last named
and the 1lst lumbar.

The 1line of origin of the sacral nerves corres-
ponds in vertical extent with the body of the 1lst

lumbar vertebra.

SEGIMENTS 0 THE SPINAL CORD,

The portion of the cord corresponding to the
attachment of each pair of spinal nerves is termed a
segment. A, Bruce(l) defined the 1limit of
a spinal segment as being from the lowest thread of one
root to the lowest thread of the root below, while

(&) .
define it as heing from the

Donaldson and Davis
highest thread of one root to the highest thread of

the root above.
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INTFRITAT, STRUCTURE OF TIE SPINAT, CORD.

Grev matter, On transverse section of the spinal

cord grey matter is seen to occupy the more central parts
being almost completely encleosed by white matter. It is
arranged in the form of a letter H, the uprights being
crescentic with the concavity faecing outwards and later-
ally, the convexities face inwards and are united across
the middle line by the dorsal grey commissure: the ends

of each crescent are named from their position, the
anterior or ventral horns and the posterior or dorsal horns.
The anterior horns are shorter and broader than the pos~-
terior and are everywhere separated from the surface of

the cord by white natter. The posterior horns are long
and narrow and taper to form two points which alrmost

extend to the external surface of the cord. The ventral
horns contain the nerve cells from which the anterior roots
arise. About the middle of the grey crescent from the
upper segments of the lumbar cord into the cerXvical region
there is a column of cells, intermedio-lateral tract.

' There is also a column of cells lying about the



middle of the crescent, intermediate or middle nucleus .
The cells in the dorsal horn ﬁre described according to
their situation, the largest form a well marked group
at the inner angle of the posterior horn and extend

up the dorsal region of the cord. (Clarke's Column).

Central Canal. A minute canal extends through

the whole length of the spinal cord in the substance of
the grey commissure. It varies in shape and size in
different regions - above, it extends into the medulla
oblongata to enl in the 4th ventricle, below, it ends
near the extremity of the conus medullaris in a T shaped
expansion continuing to a blind end in the filum ter-
minale. The canal is lined with a layer of ciliated
epithelium.

WVhite Matter. This surrounds the grey matter

completely, except opposite the dorsal horns which
separate off the dorsal columns from the rest of the
cord, The rest of the white substance is arbitrar-
ily divided into anterior and lateral columns by the
passage of the anterior nerve roots from the anterior

horn to the surface of the cord,

BLOOD SUPPLY,

Arteries. The arterial supply is derived from

the vertebral arteries and is reinforced by the inter-



costal and other arteries.

IL's The anterior spinal artery runs along the
cord opposite the anterior median fissure
into which branches are given off which
divide to right and left to supply the
grey matter in the central portion of the
cord and a certain amount of white matter.

2. The posterior spinal arteries run one on each
side of the cord passing along the cord in
front of the line of attachment of the
posterior root and supplying the grey and
white matter,

e The cord 1is also supplied by vessels which
pass in from the periphery. These supply
the periphery of the cord, and the larger
branches penctrate to the grey matter and

supply those paris not served by the other
vessels,

Veins., The two chief veins are the anterior
median running along with the anterior spinal artery,
and the posterior median vein running along the
poaterior median fissure. There is also a venous
pPlexus over the posterior surface of the cord and
behind the exit of the nerve roots. In the upper part
the veins join those of the cerébellum and pons and the

sinuses round the foramen magnum.

Lymph Paths. There are no true lymphatic vessels,

the lymph finds ites way out of the cord by means of
perivascular spaces in the tunica adventitia of the
blood vessels. The perivascular spaces communicate

with the sub-arachnoid space. (Key and Retzius).



THE SPINAT, PIA IMATER.

This membrane is thicker, firmer and less vascular
and more adherent to the nervous tissues than the
encephalic pia mater. A fold of this membrane passes
into the anterior fissure of the cord and a thinner
process passes into the posterior fissure, It becomes
continuous with the connective-tissue sheath of the

spinal roots.

THE SPINAL ARACHNOID MATER,

The arachnoid forms a loose sheath for the
gpinal cord, being separated from the pia mater by a
space = the sub-arachnoid space, and from the dura by
the sub-dural space. Below the cord it forms a
tubular sheath for the nerve roots of the cauda
equina and acts as a large reservoir for cerebro-
spinal fluid, Where the spinal roots pass through
the dura the arachnoid 1s prolonged for a short
distance as a sheath which eventually blends with the
¢pineurium and perineurium.

An'injection driven into either the sub=-arachnoid
or sub=-dural space passes along the nerves to the limbs,
showing that there is continuity between the sub-

arachnoid space and the lymphatic spaces in the nerves.



THE SPINAL DURA MATER,

The dura is firmly attached to the margin of the
foramen magnum, Within the vertebral canal it forms
a loose sheath, the theca, round the cord and is not
directly adherent to the bone. It ends opposite the
secdnd sacral vertebra and the dura mater 1ls prolonged
downwards as a fibrous band which spreads out and is
attached to the periosteum of the lower end of the
sacral cord.

The theca is fixed in its position mainly by its
lateral prolongations on the spinal nerve roots, but
also by ligamentous bands which pass from it to the
walls of the spinal canal. The most important of
these connect the anterior part of the theca to the
posterior common ligament. The union is firmest
opposite the axis, from this level to the third or
fourth lumbar vertebra rather loose fibres pass, to
be attached to the lateral borders of the posterior
common ligament, Below this level these fibres form

a median ventral septum.

THE CIRCUM DURAL SPACE.
The space between the dura and the walls of the

vertebral canal is occupied by areolar tissue, loose

fat and by a plexus of spinal veins,



TRACTS OF THE SPINAL CORD.

A, DESCENDING TRACTS OF THE VENTRO TLATERAL COLUMNS.

Pyramidal Tracts. The pyramidal fibres derived

from the motor cells in the cortex for the most part
decussate at the upper limit of the spinal cord and pass
down in the lateral columns occupying, on transverse
section, a somewhat triangular area lying in the angle

; between the dorsal horn and the outer surface of the
cord, but separated from both. This tract is known as

the crossed pyramidal tract and it can be traced down

as far as the 3rd sacral segment, The tract becomes
smaller as it passeg down the cord and its situation
nearer the surface of the cord. The fibres end in

connection with the grey matter by collateral fibres
which link them up to the anterior horn cells of the

. spinal cord. Those fibres which do not cross in the

decussation of the pyramidals, form the direct or un-

crogssed pyramidel tract. This tract gradually dimin-

ishes and ends about the mid-thoracic region. It is
probable that the fibres of the direct pyramidal tract
decussate through the ventral cormissure, and through
' the grey matter of the opposite side tc reach the

' lateral pyramidal tract on the other side of the cord.

!Other fibres which do not cross pass to the lateral



column of the same side where they join the fibres
which_have croesed from the opposite pyramidal - they

constitute the uncrossed lateral pyramidal tract.

The Anterior Marginal Tract (bundle of Loewenthal)

This tract consists of fibres situvated round the cir-
cumference of the ventral aspect of the ventro lateral
column. Its fibres are continuous with

1. Those of the dorsal longitudinal bundle (vesti-
bule spinal tract) of the medulla oblongata.
They are derived chiefly from both Deiter's
nucleil and from scattered cells of the
reticular formation of the medulle oblengata,
pons and tegmentun,

2. The ventral leongitudinal bundle (tecto spinal
: tract) of the pons and medulla oblongata.
These fibres terminate and send numerous
collaterals to end among the cells of the
ventral horn.

Rubro-gpinal Tract (Bundle of Monakow). This

tract runs down the lateral column ventro lateral to the
cross pyramidal tract. It arises chiefly in the red
nucleus of the opposite side, possibly also having sone
fibres from the red nucleus of the same side; the
fibres and collaterals enter the dorsal part of the

ventral horn.

Bulbo=-gpinal (olive-spinal) Tract. This is a

small tract in the cervigal region, lying near the sur-
face opposite the lateral angle of the anterior horn,

which passes from the medulla oblongata to the olives.



B. _ASCENDING TRACTS IN THE VENTRO LATERAL COLULN,

The Direct or Dorsal Spino-Cerebellar Tract. This

tract arises from the large cells of Clarke's Column of
its own side. (Mott - Brain 1891-92, p.219). From
these cells arise large fibres which pass to the periph-
eral and posterior margin of the lateral column of the
same side, and ascend in the cord immedisately anterior
to the posterior incoming root fibres and lie just
external to the cross pyramidal tract. They maintain
this position till they reach fhe nedulls where they

are joined by a large bundle of fibres from the crossed
inferior olive and then pass with them latero dorsally
directly infto the Restiform body and thence tc the cere-
bellum, The tract increases in size as it ascends,

the fibres having a rough lamellar arrangement(3 ) being
successively displaced outwards by the incoming fibres
higher up; 8o that in the cervical regicn the sacral
fibres 1lie on the periphery of the spinal cord, and
internal to them the lumbar, the thoracic, and most
mesigl, the cervical fibres. The ultimate termination
of the fibres is somewhat uﬁcertain, but there is no
doubt that the cortex of the superior vermix is the

. chief end of the direct cerebellar tract.



The Ventral Spino-Cerebellar Tract. This tract

‘arises in cells scattered throughout the grey matter
chiefly of the posterior horan and intermediate grey

L) (8
matter of the opposite side. From these,
fibres pass to the peripheral margin of the lateral
column, occupying a position extending from the direct
cerebellar tract behind, to the level of the anterior
roots in front. The fibres which form this tract are
finer than those which form the dorsal-cerebellar tract.
It increases in size as it ascends the spinal cord; it
continues directly on through the medulla oblongata,
lying superficially, and is mesio-ventral to the spinal
root of the fifth cranial nerve. It passes latero-
dorsal to the inferior olive and is here mixed inex-
tricably with fibres of the next tract (spino-thalamicus),
and with Monakow's bundle (rubro-spinal), and with
reticulo-spinal fibres. In the pons it becomes deeper
at this level and is broken up into little bundles by
fibres of the trapéezal body; a few fibres separate and
pass into the middle cerebellar peduncle of the sanme
gide and on into the cerebellum. It then passes pos~
teriorly (dorsally) and hooks around the root fibres of
the fifth nerve, to lie more and more superficially on
the superior cerebellar peduncle, where it forms a white

band of several white strands on the surface, which in



men may be easily seen by the naked eye. From there
the bulk of the fibres pass to the valve of Vieussens

to end in the ventral portion of the superior vermis,

The Spino=-thalamic and Spino-tectal Tracts. These

tracts arise from cells in the grey matter and pass by
the anterior white commissure to Lhe antero-lateral
column of the opposite side. The Spino-thalamic fibres
pass to the thalamus on the same side as the tract;
associated with them are fibres which end in the mid=-
brain of the same side, but alsc slightly of the oppo-
site side, They tend to lie mesial to the main bundles

of Gower's Tract.

ANTERIOR COLULIN,

In this column there are fibres which arise from
cells in the grey matter of the opposite side, mostly
from the posterior horns and intermediate grey matter,
and pass up from the ground bundle of the anterilor
column, some to terminate in the inferior olive, others
being continued directly or indirectly to the optic

thalams on the sames sgide.

POSTERIORNCOLUMN,
These columns are composed mainly of ascending

fibres which pass direcily into the columns from the



posterior roots, a certaln proportion of these fibres
pass up the posterior columns to end in the posterior
colunn nuclei - the nucleus gracilis and the nucleus
cuneatus.,

Fibres which enter the cord in the sacral region
become displaced mesially by theadvent of each
succeeding higher root, so that in the cervical region
the sacral fibres are situated next the posterior
median fissure and from within outwards there are
arranged next to them the lumbar fibres, then the. lower
dorsal fibres, then the upper dorsal fibres, and then
the cervical fibres - the latter being nearest the
vosterior horn. Below the fourth and fifth dorsal
segnent there is no division of the posterior columns,
but above this level the posterior column is divided
into a postero-internal tract (Tract of Goll), and a
postero-external (Tract of Burdach) tract, by a thin
septum of pia mater. The fibres passing in the postero-
1nte}nal column end in the nucleus gracilis, the fibres
in the postero-external ending in the nucleus cuneatus.

It is obvious that all the fibres that enter the
posteriocr columns do not ascend to the posterior column
nuclei, Many collaterals are given off, those from
the fibres of the postero-internal column mainly to
the lumbar enlargement, those from the postero-external

column nmainly to the cervical enlargement.



From the nuclei of Goll and Burdach the mesial
fillet arises (medullo-thalamic path), and totally
decugsates, to pass into the ventro=lateral and central
portion of the optic thalamus of the cpposite side.

On its way 1ts gives branches Lo the opposite inferior
olive, to the reticular formation, to the substantia
nigra, to the anterior corpus quadrigeminum, and
possibly to the posterior corpus gquadrigeminum, but

it does not give fibres (crossed or uncrossed) to the
cerebellum, to the nucleus lentiformis, to the homo=-

lateral thalamus, nor direct fibres to the cortex,



SENSORY SYSTEM.

A BRIFF REVIEW OF THE SENSORY SYSTHM, SHEEWING THE
CHANGES WHICH TAKE PLACE IN THE GROUPING OF
THE VARIOUS FCRMS OF SENSIBILITY IN THE
SPINAL CORD AS CONTRASTED WITH THEKIR
ARRAVGIMENT IN THE PERIPHERAL

NERVOUS SYSTEMZ
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lBRIEF RESUME OF THE SENSORY SYSTHM, SHEWING THE CHANGES

| VHICH TAKE PLACE IN THE GROUPING OF THE VARIOUS
FORMS OF SENSIBILITY IN THE SPINAL CORD AS
CONTRASTED VITH THEIR ARRANGEMENT IN THE

PERTPHERAT. NERVOUS SYSTEM.

Our knowledge of the sensory mechanism of the

peripheral nervous system of the spinal cord and higher

1)

U

portions of {he central ncrvous

6)

system has made great

advances during rscent years. Head end theose whno have

worked in association with him have furnished us with a
new and more complete and co-ordinated idea of the sensory
system as a whole.. His investigations have been carried
out by carefully observing the conseguences of lesions

0f the peripheral and central nervous sysliems on sensory
impulses in man. As a result he has furnished us with

a more or less complete conception of the sensory
mechianism Ffrom the periphery to the coritex. I propose

to refer oaly to the results of his research on the
sensory mechanism of the peripneral nervous system, and

on the re-arrangement and transmission of sensory

| impulses in the spinal cord.

] 4 ®
The work of Head and Rivers and Head and Sherren has

brought out clearly that the peripheral afferent sensory



ﬂGChmﬂlST is made up of three systems:=

1. A system corresponding to the group of impulses

|
knowz as deep sensibility. The end organs of this

system respond to the stimulus of pressure and to the
{movement of joints, tendons and musciles. Painful
.impulses can also arise within this system as the result
of injury to a joint or the application of excessive
Pressure. By this system there is also conveyad the

|
' -

[appreciation of the locality of the stimulus and the

|direction of movement al any joint solely innervated

by thig system. The fibres which conduct these impulses
run meinly with the nerves which supply the riuscles, and

are not destroyed by division of all the sensory nerves

to the skin.

. The protopathic system which responds 1o pain

o

ful cutaneous stimuli and to the more extireme degrees of
neat and cold.Its end organs are grouped in points on the
surface of the body, sensitive to one cnly of these
istimuli; their response to a stimulus is diffuse end
!nOu accompanied by any definite appreciation of the
‘locality of the spot touched.

3. The epicritic svstem which conveys the impulses
‘Of cutaneous localisation, of discrimination of twu points,
iand of recognising the finer grades of tenperature called

|COOL arid walrri.
| !



Tais grouping of the afferent impulses in the
;peripheral nervous system was discovered by siudying the
congequences of division of the peripheral nerves and
posterior roots in man.

‘ Division of a cutaneous peripheral nerve causes
1css of both epicritic and protopathic sensibility, but
if reunion ftalkes place there is Tirst a restoration of

lprotopathic, and later, of epicritic sensibility =~ that
L B

|is t0 say that all the different forms of sensibility

contained in the protopathic system return at one end

'the same time, and that with return of epicritic sensi=-
bility there is & restoration of all the forms of
sengibility contained in the epicritic system. They
further proved that the forms of sensibility ineluded
junder the term "deep sensibility™ were nou degtroyed by

-

ldivision of all the sensory cutaneous nerves, and that
|

the fibres conveying these impulses run mainly with
rmotor nerves. (Reference will be made later to the

i R - " ke by 5
which result from

(o}
o]
=5

differences in the sensory 1o

1.

division of & posterior root as contrasited with a peri-
bheral nerve.)

|
Head,; working in conjunciion with Thomwson@”nehu
investigated the grouping and transmissicn of the afferent
inpulses within the spinal cord, showing clearly that a

re~arrvangement of the grouping of sensory impulses took

=



place within the spinal cord.

For convenience it is bhest first of all to describe

ithe effect of an intra-medullery lesion of the spinal

|
cord upon each form of sensibility, and to contrast it

pith the effect of a lesion of the peripheral sensory

System.

An intra-medullary lesion of the spinal cord

affects the transmission of sensation to pain, causes
insensibility to all forms of pain - cutaneous pzin and
deep pressure pain.

A veripheral lesion of the nerves or posterior roots,

on the other hand, does not cause a loss of deep pressure
|
pain, unless the deep sensibility es & whole is abolighed.

HEAT - AND COLD.

l An intra-medullsry lesion of the spinal cord, which
| :

affects the transmission of sengations of heatv and cold,

|
may cause .=

|
| 1. Insensibility %o heat without loss of
sensibility to cold.

2a Insensibility +to cold without loss of sensi-
bility to heat.

e Insensibility to heat and cold.

Where sensibility to heat is lost there is
' loss to all degrees of heat, and when |



sensibility to cold is lost there is
| loss to all degrees of cold. There is

no disgociztion of extreme or inter=
nmediate degrees of either heat or cold.

| A Insensibility to heat and cold may he
' - absolute and yet the patient is able to
‘ recognise vhe lightest tactile stimule~
, tion, and to discriminate the two points
‘ of a compass.

A peripheral lesion of the nerves or posterior

jz_'og‘;;s which causes destruction of epicritic and proto-
‘pathic fibres interferes with afferent impulses for both
|heet and cold. Aftey an injury protopathic sensibility
recovers first, and at this stage the patient is sensi-
tive to extreme degrees of thermal stimulation = below
I2000. and above 4000. - but cannot discriminate between

moderate degrees of temperature. In other words, there

!is 1o dissociation of heeat and cold, but there may be
|

ry

|dissociation of intermedizte degrees of heat and cold

| from extreme degrees of heat and cold.

IGHT TOUCH AND ]

An intrae-medullary lesion of the spinal cord, which |

causes abolition of sensibility to touch on the opposite
| side of the body, causes affection of all forms of

tactile sensibility.

In a peripheral lesion of the nerves or posterior

\roots, on the other hand, one of the most charescteristic

features is the frequency with which there is insensibility



| to light touch, although deep touch end pressure are

immediately recognised.

PASSIVE POSITION AWD IMOVIMENT.

An intra-medullsry lesion of the spinal cord, which

affects the transmission of impulses of Passive Position

| and movement, may causei=

10 Loss of sensikility of passive position
and novement without any loss of
sengibility +to all ftactile and pressure
gtimuli.

R Preservation of sensibility of passive
position and movement with loss of
sensibility to all other forms of
sensation.

Sensibility of passive position and movement is

therefore dissociated from the afferent impulses produced

| by pressure.

In g perivpheral lesion of 2 nerve or posterior

root & loss of sensibilitiy to cutaneous stimuli may exist
without any loss of sensibility to passive position or |

movement, but any loss of deep sensibility of pressure

touch or pressure pain is always associated with loss

of sensibility of passive position and movement.

THE COMPASS THST.
Discrimination of two points of a compass applied

simultaneously.



An intra-medullary lesion of the 'spinal cord may
cause loss of power of discriminating two points without
Iany loss of sensibility to light touch or taciile
pressure. This loss is often associated with loss of

[the recognition of passive position snd movement.

|
|sensibility to light touch is the first to be disturbed
|

In a peripheral lesion of a nerve or posterior root

£

2

and with it there is & depreciation of acuity to the

compass test which may be taken as & nmeesure of the acuity

of cutaneous tactile sensibility.

PASSAGE UP THE CORD.

PATH, HEAT AND COLD.

The afferent impulses for pein, heat and cold cross

' to the opposite side of the cord and pass up in the

|1ateral columns. They cross within three to five

|
|segments after their entrance, and in their passa

(cord they are clearly associated with each other, but

|each form of sensibility =~ pain, heat and cold - is



separate from the other, and the remote loss of

e

sengation from an intra-medullary lesion may shew dis-
sociated Lloss of any of these three.forms of sensibility-
all the impulses of that form of gensibility which is
interferred with being abolished. The borders of the
loss may correspond Lo those of intra-medullary segments,
but more often merge gradually into parts of mormal
sensibility.

The impulses for pain, heat and cold pass up
normally in the opposite lateral column to run up by
long paths and short paths to the optic thalamus in the
spino thalamic portion of Gowers' tract. If any fibres
conveying impulses of pain, heat and cold pass up in

proper to reach the cerebellum, they convey

o

Gowers! tract
unconscious impulses of pain, heat and cold. It is

probable that there is a secondary peth for the conduction

5

of impulses of pain, heat and cold in the corresvonding
part of the homolateral column, which would explain
the restoration of these forms of sensibility after

hemisection of the cord.

TOUCH AND PRESSURE.,

There is no evidence of dissociation of light

teuch, deep touch and the tactile element of pressure

within the spinal cord, although if the borders of the



sensory loss are ill=defined,pressure can be appreciaiged
over parts insensitive to cotlton wool because of the

A

greater tactile stimulus. The fibfes conveying afferent
impulses OFf touch and pressure cross to the opposite
gide of the spinal cord, but not so abruptly as in the
case of pain, heat and cold. For one thing the peri-
pheral paths conveying impulses of touch have a longer
intra-spinal course, and further their passage to th
opposite side of the cord is more oblique. They pass
up the cord in the opposite anfterior columm. There is
almost certainly a double path, or a4t any rate a
potential double path, for the conduction of touch and
pressure impulses, vhe crossed in the opposite aﬁﬁerior
column, and the uncrossed in the homoleteral posterior |
column. Division of both these tracts causes abolition
of touch and pressure below the lesion. 0f the two

paths the crossed ig the normal path, the uncrossed

| being subsidary.

PASSIVE POSITION AND MOVEMENT.

The fibres conwveying the seansory impulses of

bassive position and movement pess up by the posterior

columnng on the same gide.



DISCRIUINATION . OF TWO POINTS.
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THE PRINCIPLES,

UNDERLYING THE PRODUCTION OF THE SYMPTOMS

|
|

AND SIGNS OF COMPRESSION PARAPLEGIA.

A study of the signs and symptoms resulting from
involvement of the Spinal Roots, Spinal Cord and gpinal
Column.,

Root Symptoms

Sensory
Motor

Cord Symptoms

Ventro Lateral Columns
Motor
Sensory
Cerebellar Tracts
Posterior Columns
Central Regions of Cord.
Anterior Horns
Central Grey Matter.

Spinal Column.

Bone Symptoms



ROOT SYMPTONMS.

T SENSORY - SUBJECTIVE. PAIN AND PARARSTHESIA.

PAIN.

Pain, one of the nost important symptoms, arises
as the result of pressure upon one or more posterior
roots. The character of the pain may vary considerably
in different cases and at different times in anv one
case, but two features are typical:-

1. The region to which the pain is referred is
always the same although the pain itself may
be inconstant and vary in its intensity and
character.

2. The area in which the pain is complained of

always corresponds to the sensory distribhution
of one or more posterior roots.

The Character of the Pain. It may present itself

as a sharp stabbing pain, a sharp radiating pain, a dull
aching pain, a burning pain, an unpleasantly painful
numbness and tingling, or as a combination of all the
above. Hyperaesthesia in the area affected by the pain
is not common, but it does occur although it seldom con=-

tinues for a long period.

The Constancy of the pain. It may be constant,

intermittent, or continuous, although varving in intensity



from time to time. At first slight, it may increase

or on the other hand at first severe, it may rapidly

or gradually disappear; in some cases it is definitely
paroxysmal; occasionally it may be very severe and after
lasting for a shorter or longer period may completely
disappear either permanently or to return some weeks or
months later.

The explanation of this variation of intensity or
remigsion of the pain is found in the majority of cases,
in the causal factors present in each case. For
example, if a root be involved in its passage through
an intervertebral foramen pain nay be brought on by nove-
ment.of, or pressure on the affected portion of the spine,
as occurs in some cases of caries or malignant disease
of the spine. In other instances a root may be so rela-
ted to a tumour that certain movements or postures cause
pressure to be exerted upon it by the tumour. Continuous
pain is probably due to the direct involvement of the
root and its intensity varies directly with the rapidity
of the growth.

Root pains may in time become less severe and ul-
timately cease, either because the pressure is renoved
from the root as occurs in some cases of spinal caries,

or, as is more common, because of secondary degeneration



~of the sensory fibres as a result of pressure. In the

- latter case a loss of sensivility may be detected in the
area of distribution of the affected roots. The charac-
ter of this sensory loss will be described later on.

In some cases pain persists although there is com-
plete abolition of cutaneous sensihility in the affected
area., In many cases, on the other hand, there is never
any pain although the sensory roots may pass over or be
attached to a tumour.

The posterior roots are more commonly involved by
tumour than the anterior roots, and this may in part
account for the frequency of pain as an early sympton,
but it is obvious that pain will attract the patient's
attention sooner than a slight degree of weakness or

of musgcular wasting.

PARAESTHESTA.

Parsmgthesia apart from pain, is of rare occurrence
but feelings of tightness, constriction and tingling

are gometimes present as root symptoms.

Character of the Sensory Loss due teo desiruction

of Posterior Roots. A loss of sensibility may result

from the invelvement of the posterior roots in their

passage from the cord. It has been clearly proved



that division of cne posterlor root may not be attended
by any discoverable sensory loss. This has been observed
by most people who have studied this subjeci, and ample
opportunity has been afforded for the investigation of-
this point by the examination of cases of spasticity
which have been treated by "Forster's Operation" of pos-
terior root section. In one patient of mine who was
suffering from athetosis lir. Armour divided the fifth

and seventh Cervical and the first dorsal posterior roots
on the affected side. No sensory loss8 could be detected.
In some caseg two consecutlive posterior rocots have been
divided without any resulting insensibility; it is cleax,
therefore, that a given posterior root does not convey

all the sensory impulses from its area of distribution.

The evidence of the character of the sensory loss
from lesion of the posterior roots has therefore been
based on casges in which several consecutive roots have
been divided.

Division of posterior roots is followed by a loss
of cutaneous sensibility both protopathiec and epicritic.
The area in which there is protopathic loss is larger
than that in which there is epicritic loss. Within the
' boundaries of the area of protopathic loss there is a

complete loss to cutaneous pain and to extreme degrees



of temperature - (below 15° ¢. and above 600 C.)
Contained within the area of protopathic loss there is

an area of epicritic loss, dimunition of sensibility to
light touch and defect in the recognition of moderate

. degrees of temperature and in the discriminatien of two
points. The boundaries of this epicritic less are not

sharply defined and the severity of the lecss is relative-

Ily less than that of the protopathic sensibility. In
gshort "the unit of protopathic loss must be sought in

8 )

one or more peosterior roeots'.

Sensory Logs after division of a Posterior Root.

@ )

"The nearer the lesion is situated to the posterior

| roots the nore extensive and definite in the losr of

| protopathic sensibility; the nore nearly the injury
divides one cf the nerve groups described abhove, such
as the median, the ulnar, or the pre-axial nerves, the
more definite and extensive is the eplcritic loss. It
would seem then as if each of these peripheral nerves,
or nerve groups fromed a unit of the epicritic system;
the protopathic unit must be sought in one or more pos-
terior nerve roots.

This does not imply that division of a single pos-
terior root would produce an area insensitive to proto-

pathic stimuli, but sensitive to light touch and to the



minor degrees of heat and cold. For even from the pro-
topathic aspect, fibres of any two posfterior roots over-
lap one another especially on the limbs. But this over-
lapping is considerably less for the protopathic fibres
of any one posterior root than for those which subserve
epicritic sensibility".

Deep sensibility =~ deep touch, vibration, deep
péin and sense of position - ig not appreciably affected
unless several consecutive roots are divided.

Sherringtona%roved that sensory fibres run in the
motor nerveeg and that these fibres pass from the motox
nerves to enter the cord by the posterlor roots.

The motor supply of any musele or group of muscles
is derived from several segments of the cord by fibres
which pass from the cord by several anterior roots and
later combine to forr the motox nerve or nerves which
end in the muscle.

Sensory fibres contained in these motor nerves
convey afferent impulses of deep sensibility. These
fibres eventually enter the cord by the posterior roots
corresponding to the anterior roots from which the motox
fibres composing the nerve are derived, Thus it is
that the unit of deep sensibility is contained net in
one or two, posterior roots, but in several.

In a number of the cases which I shall detail



iater it will be noticed that there was sensory lossg in
the affected root areas. In a number of these the exact

| quality of the loss has not been fully investigated, but
in Case the character of the sensory loss was definitely
of the.typical réot type. The fact that division of the
'posterior root does not cause any appreciable sensory loss,
whereas pressure on a spinal root may do sc, would be hard
to explain if 1t were possible to say definitely that in
the latter case only the root was affected. In most
cages where there has been clinical evidence of typical
root sensory loss confined fto one posterior root area,
operation or post mortem examination has shown that
although one root may have suffered severely the adjacent
ones have also been affected by the lesion.

In other cases it is quite impossible to say that
the lesion affected only the root because there may be
definite evidence of pressure on the segment of the cord
to which the root passes.

In some cases where there has been extensive lesion
inveliving several consecutive posterior roots sensibility
to deep pain, deep touch, sense of position and vibration

have been lost.

IROPHIC CHANGES,

Trophic changes as the result of sensory root



lesions are not uncommon. The skin nay become thin,
glossy and dry, or thin and moist. Vasomotor changes
occur, causing coldness, blueness, swelling and so on.
Herpes rarely occurs in cases of Spinél tumour but
may be met with in cases of caries or malignant diseases
of the spine. A peculiar condition is sometimes present
in the tissues surrounding the spine at the level of the
lesion. The ruscles are relaxed the subcutaneous tissues
swollen. On palpation the tissues feel "boggy", suggest-
ing the possibility of an abscess or local infiltration
of the tissues. Yet on cutting into the part neither
condition is found aﬁd it is probably due to interference

with the lccal trophic influence.

IT. MOTOR.

The motor symptoms which result from involvement
of a motor root are weakness or paralysis, wasting and
diminution or loss of electrical excitability whose chief
innervation is supplied by the affected root. As a
rule the first symptom to develop is loss of power, which
after & short interval, is followed by wasting of the
muscles, A gtage may be arrived at in which the degree
of power present in the 1limb appears to be in excess of
the amount of wasting. When the affected nuscles are

those chiefly concerned in the performance of some



specialised movement the loss of function first attracts
the patient's attention. In other cases the wasting of
the muscles nmay be first noticed.

Finally paralysis may become almost complete with
extensive wasting, but even then it is rare to find com~
plete abolition of elecirical excitability, the muscles
8ti1l1 responding to the galvanic current.

Muscular paralysis and wasting are confined to
the muscles supplied by the affected root. With the
exception of the intercostal muscles, most muscles are
innervated from three segments of the cord, the middle
segrment giving the major supply. In a root lesion,
therefore, the nmuscular wasting and weakness are maximal
in those muscles which receive their chief supply from
the segment of the cord from which the root arises.

In rare cagesg the earliest symptom of involvement
of a motor root may be irritative motor excitement in a
nerve area, such as tremor, muscular tension or spasn.

Fibrillary tremor may sometimes be observed in the
affected muscles, but personally I have only seen it in
one case and I would regard its absence as characteristic

of an anterior root lesion.



CORD: = ©SIGNS & SYMPTOMS.

— i
e

VENTRO TATKRAL COLUMNS.

MOTOR SYMPTOMS.

The lateral column contains the crossed pyramidal
tract which conveys motor impuls2s from the opposite
cersbral cortsx. Pressure on the lateral column will
therefore produce symptoms and signs of a lesion of the
upper motor neurone, - spasticity and loss of power.
These symptoms will be present on the homolateral side

below the level of the lesion.

PTOMS 0 ) ) 12 LATERAL
COLUMN.

Reflex Spasms. The earliest symptom of on-com-

ing paralyvsis may be the occurrsnce of spasms in the
lower 1imb on the side of the lesion. The patient
complains of "jumping of the leg" which occurs when he
gets into bed at night, the leg suddenly draws up or 1if
he inadvertently touches the leg with the other one it

m2y cause it to jump and waken him. This reflex spasm



is usually flexor, but sometimes extensor; it may not
be mentioned spontaneously by the patient, but in most
cas2s if they are gquestioned on the point they acknowl-
edge having noticed it before they were conscious of any

lweakness in the limb.

Weakness. The onset of weakness is in most cases
gradual and is referred to the lsg. The weakness is
ifir‘st noticed in walking;the leg "seems to become easgily
itired", to "drag" or to "feel heavy",; later the weak-
ness becomes more obvious; he notices it not only in
locomotion, but in other movements of the limb.
| If spasticity be present he will complain of the
leg and foot fseling stiff and of inabhility to prevent
‘the toes scraping the ground.

In a certain number of cases the onset of weakness
'is first brought home to the patient by a sudden "giving
way of the leg", which may cause him to fall. As a
irule the leg recovers apparently completely, but thesse
!attacks of "giving way" become more frequent and perman-
!ent weakness gradually manifests itself. I have asked
.Patients if, after "the leg gave way", ‘they had noticed
any weakness of the limb. Some say yes, others defin-

itely assert no and state that they could move the leg



ipsrfectly well and stand and walk on it quite comfort-
|ably when they bad picked themsslves up. I think,

' therefore that in many cases this sudden giving way of

| the leg is due to a reflex spasm. In no case do you
find actual paralysis coming on suddenly without there
(having been previous signs and symptoms of motor weak-
ness.

Sometimes the patient states that with the onset
of weaknesgg they noticed a numbness or tingling in the
leg. I have never been able to investigate the cutane=-
ous sensibility of a limb at this stage, and have failed
to get a satisfactory answer from any patient I have

'questioned in regard to this. Some say that sensation

Iwas affected, but in no instance had the patient tested

ihimself.

' Sensory change may, however, be present in the op-

bosite 1limb before the onset of motor weakness is noted.
In these cases the loss of sensibility is to thermal and

painful stimuli rather than to tactile.( | ) b allee ’

Hyper Tonicitv and Spasticity. Reference has been

made to the occurrence of flexor spasm in the leg.
'This is really an early manifestation of the increase in

tone in the muscles, which may later become extremely



'spastic and rigid from spastic contracture. Spasticity

[adds to the general loss of function in the limb and in

gsome cases it is the spasticity rather than the weakness

| :
'which prevents the patient from using the limb properly.

It also causes contractures which may prevent voluntary

!movement or 1limit the range of such movement.

Spasticity is to a certain extent a gulde as to the

' condition of the cord. In a total or even transverse

legion spasticity tends to disappear and be replaced by
flaccidity and wasting. Thus in cases of spinal caries
with compression of the cord a loss of spasticity with-
out an improvement in power is a sign of further com=-
pression or softening of the cord. On the other hand

the disappearance of spasticity with an increase in

| Power is a most favourable sign.

This may be seen in cases of compression paraplegia

| where after the removal of the compressing agent the

first sign of certain improvement is the diminution of

| the spasticity. In cases which have gone a stage fur-

' ther and have begun to become flaccid the return of

spasticity is a favourable sign as all such cases have

to retrace their steps through the spastic stage before

the recovery is complete.



Muscular wasting. General wasting may result from

a lateral column lesion, but is due more to the disuse of
the affected limb than to any special local change. The

wasting is not accompanied by any fibrillation or by any

loss in electrical excitability.

In casas where there is a more complete lesion total
transverse lesion, wasting is marked and rapid, with a
change in thé myotatic irritability in the muscles.

When struck they contract sluggishly and bundles of fi-
bres may stand out in slow contraction. The electrical
reactions become changed. The faradic response is slow
:and diminished and the galvanic prolonged and feeble.
'The reaction of degeneration may nct be present.

|

SENSORY.

The sensory symptoms of pressure on the lateral
column are crossed. Below the level of the 1esionlthere
may be loss of pain, heat, cold and tactile sensibility.
In the earlier stages of pressure there may be loss to
Pain, heat and cold without any tactile loss and in one
case which I have seen since writing this paper, which
Dr Batten is going to publish later, there was a loss
to heat and cold without any other sensory loss and be-

fore there was any sign of motor weakness.
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In one of my cases (Thomzs Harris) when there was
Icrossed sensory loss to pain, heat and cold, after removing
‘the tumour that was a complete recovery of thermal sensi-
bility with only partial recovery of painful sensibility.

Dissociated sensory loss may therefore result from
pressure on the cord from without. Loss of tactile sen-
Isibility on the opposite side below the level of the le-
gion is frequently seen as a result of pressure on the
lateral column, but it may not be absolute as some im-
pulses may pass up the homolateral posterior column and
in order to produce a complete loss of tactile sensibi-
!lity on the opposite side it would be necessary to deg-

troy the opposite ventro lateral column and the homo-

latzeral column.



CEREBELLAR TRACTS.

Pressure on these tracts causes ataxia of the cere=-
b=llar type. It is distinguished from the ataxia due
to pressure on the posterior columns in that there is
neither loss of sense of position nor any impairment of
discrimination of compass points. The ataxia is more
pronounced on the side of the lesion, but there may be
some affection of the other leg aslwell; it is uncommon
for ataxia to be pressnt as a result of pressure on the
cord without a considerable degree of motor weakness as
the pyramidal tract 1is clossly associatsd with it in its

Passage down the lateral column,

POSTERIOR COLUMNS.

The symptoms of pressurs on a posterior column are
ataxla, loss of sense of position and loss of discrimin-

ation of compass points.

ATAXTA AND LOSS OF SENSH OF POSITION.
The ataxia is similar to that which is seen in
tabes and is due to a loss of gense of position; it is

rare for the ataxia to be the sole cause of the para-



plegia in cases of tumour, as in the majority of cases

where the posterior columns are most affected the lateral

columns also suffsr a certain amount of motor weakness.

In some cases, however, the loss of sense of position

may be the chief factor which affects the patient's gait.
In Case there was a cyst i1 the dorso median fis-

sure which compressed both posterior columns causing

| loss of sense of position in both lower extremities and

. well-marked Rombergism.

DISCRIMINATION OF COMPASS POINTE.

Associated with loss of sense of posgition there may
be found an inability to discriminate twe points. The
combination of loss of sense of position and discrimina-
tion of two points is not uncommon in intra-medullary le-
sions.

In Case in which the tumour compressed the pos-
tero-lateral aspect of the cord there was loss of sense
of position and of discrimination of compass points on
the same side as the tumour. Unfortunatsly this form
of sensibility has not been tested in the great majority

of cases.



Central Begions of the Cord.

Anterior Hornms,,,,It may occasionally happemr that

an extra medullary lesion causes destruction of the
anterior horns, the symptoms resulting from this are
atrophic paralysis and loss of the electrical reactions
in the muscles supplied by the affected segment; they
are therefore similar to those produced by lesions of
the anterior roots.

Central Regions of the Cord. Destruction of the

central portions of the cord are characterised chiefly
by dissociated sensory loss ag the lesion destroys the
fibres which pass in the anterior and posterior com=-
missures conveying different forms of sensibility to

the oprosite side of the cord. As the fibres subser-
ving sensibility to pain, heat and cold cross more
abruptly than those conveying tactile impressions; there
may be a local loss to pain heat and cold in areas in
which tactile sensibility is intact. In some gases
there may be disscciation of pain from heat and cold

or indeed of any one of these forms of sensibility.
Probably the loss of sensibility to heat and cold is
greater than the loss to pain although it is practically
impossible to verify this clinical fact by pathological

investigation.



BONE: - SYMPTOMS & SIGNS OF DISHASE OF THE SPIVE.

The importance of careful and systematic examination
of the spine in all cases of paraplegia cannot be over
:estimated. On it may depend the diagnosis of the cause
!of the paraplegia and the decision as to the subsequent
line of treatment to be adopted. For example 1f a case
of spinal tumour is diagnosed wrongly as a case of spinal
caries, much valuable time may be lost - on the other
:hand failure to recognise a case of caries may entail
serious consequences to the patient.

i

Discase of the spine may or may not be attended
with pain, but in most cases the objective examination
‘will reveal some abnormality. The family history and
the previous history and health of ths patisnt should
be enquired into as regards tubercular and malignant
dis2age. A history of injury is often mentioned by
the patient; it may not have any bearing on the patient's
condition; / on the other hand if it be asaociated-with

a tubercular history it should not be lightly dismissed.



! Pain is a common symptom in disease of the spinal
I
|

column. It varies in 1ts character and situation, but

three distinect types can be recognised.

(1) Pain due to pressure upon the Posterior Roots.
The character of root pain hasg been alrzady des~
leribed under Root Symptoms. The involvemsnt oflthe
roots may be directly due to the spinal condition. When
thig is so the following features may be present: -
(a) Movements of the spine or certain pos-
tures excite pain;
(b) Local pressure on the spine excites pain;
(¢) Deformity of the spine at a level corres-
ponding to the root pain.

These featurss cannot, however, be taken as more
than presumptive svidence as all of them may be present
in cases of intra-thecal tumour, nor on the other hand
doeg their absence exclude the possibility of bone dis-

case.,

(2) Pain due to local disease of the bone.
This pain is gnawing in character and is con-

fined to the affected portion of the spine and its



immediate neighbourhood, its distribution, thersfore,
?does not correspond to that of any root or sensory

lnerve and it is never associated with sensory loss. It
may be continuous or intermittent. When it is intermit;

itent it is usual to find that the exciting cause is presg-
gsure upon the affected portion of the spine. Many va-
?tients, for instance, are unable to lie on their backs
!or to rest against a chair on account of the pain, and
are ovliged in order to obtain rest to lie on cne or

the other side, or to sit in a chair with ths back

supported by cushions.

| (3) Pain due to Muscular Strain induced by Spinal
| Weakness.

This pain is dull and aching in character and is
referred to the spinal muscles, often at some distance
ffrom the sesat of local diseass. It commences gradually
and increases in severity as the patisnt becomes tirsd -
Iit is relieved by rest, change of posture and rubbing
of the spinal'muscles.

y From what has been already written, it may be ga-

thered that posture and movement often play an impor-

tant part in exciting pain in cases of spinal disease,



but a diagnosis of spinal disease as the sole cause of
the pain should never be made without most carsful ex-
amination, not only of the spine itself, but of the ner-

vous system.

THE EXAMINATION OF THE SPINKE.

I do not intend to enter into a full description of
a systematic examination of the spine, but merely to in-
dicate the lines upon which such an examination should
be made. All irregularities, deformity, curvature or
enlargement of the bones should be no ted. If curva-
ture be present that due to posture or some general

condition must be distinguishad from that due to local

' disease of the spine. Having inspscéted the spine the

' Physician should next palpate it in order to discover

whether there is any local tenderness, and if such exist,
whether it corresponds to any local deformity of the
spine or to the level of the nesrvous lesion. He must
Proceed to test the mobility of the spine and note the

Presence of rigidity or absence of normal movement. He

 may discover that movement of certain parts of the

SPine causes pain or signs of nerve irritation. Every

case should be carefully investigated for signs of



'abscess, tubercular or malignant disease in the glands,

viscera,and other bones of the body. Whersver possible

X-ray photographs of the spine sghould be taken, not only

| of the apparent sesat of the spinal dissase but alsgo of

that region of the spine which corresponds to the level
of the nervous lésion,

Radiozgraphy may yield valuable positive information,;
more often the result is negative, but none the less

helpful on that account. It must always be remembered

' that some obscure condition may affect the spine. A

case 1s on record in which paraplegia was due to an
aneurism which had eroded the bodies of the vertebre

and pressed upon the cord. Laminectomy was performed
and the aneurism mistaken for a growth with disastrous
regult. Such mistakes can alyays be guarded against by

means of radiography.



NATURE AYD SITE CF THE LESION IN RELATION
TO ITS PHYSICAL EFVECTS ON TEE
SPINAL CORD AND ROOTS.



WATURE AND SITE O0F THE LESION IN RELATION TO IT
PHYSICAL EFFECTS ON THE SPINAL CORﬁ ATTD ROOTS.

There is no doubt that the clinical symptoms and
signs of compression paraplegia vary to a large extent
according to the nature and site of the extra medullary
lesion. -~ Before entering into any detailed description
of the effectie of pressure upon the individual spinal
paths I will consider seriatim the various effects of

different extra medullary lesions.

I. INTRA-THECAL.

A, LEPTO MENINGES.

a. Chronic Lepto Meningitis - simple thickening.

A generalised thickening of the lepto-meninges
may not produce any effect on the cord at all, and it is
not until the lesion affects the peripheral ecirculation
of the cord or exerts pressure upon it that any symptoms
arise. In many casges vagscular and meningeal changes
develop at the same time, although quite independent one
of the other. The symptoms are therefore very indefi-
nite and wide spread without showing any definite level.
In Buch cases a slight degree of spastic weaknees may be

present, with sphincter trouble and sensations of



numbnessg and tingling, but without any detectable sensory
logs.

Where there is compression of the cord, owing
to the lepto-meninges becoming specially thickened at
one level, localising symptoms nay be found. Below the
lesion there is a bilateral spastic weakness of gradual
bnaet - the degree of weakness is greater than any above
the level should such he present. If the compression
be in the lower mid-dorsal region, as is cormon in such
cages, the superficial abdominal reflexes will be present
above, and absent at and below the level of the lesion.
Sensory loss may develop later, and is usually incomplete
and bilateral, and corresponds to the level of the change
in the abdominal reflexes. The local symptoms may be
indefinite and wide spread, as the wmeningeal thickening
may compress the cofd over several successive segments.
They are recognised by a greater daéree of sensory loss
approaching the root type and motor weakness in the parts
supplied by the affected segments as compared with the
remote paralveis and sensory loss seen in the parts in-
nervated from the cord below the level of the lesion.
Root pain is very rare although girdle sensations are
ot uncormmon. The roots do not as a rule shew obvious

change although sometimes they appear snmall. The cord



does not become softened, it may be shrunken and snall;
but pulsates normally.

The exceptions to the above description are found
in cases of syphilitic meningitis, which is often as~
gsociated with vascular changes in the superficial and
deep vessels of the cord. It may give rise to meningo
myelitis, a slow form of myelitis from thrombosis, and
local softenings of the cord may result. Clinically
these cases tend to approach the Brown Sequard type of

paralysis.

b. Chronic Lepto~=lleningitis with adhesions and

damming up of Cerebro Spinal Fluid.

In these cases the cerebro spinal fluid may become
darmed up at one point; on opening the spinal canal three
conditions may be found:-~-

1. The dura may be constricted at one point and
diastended above it, pulsation being visible
above but absent below the constiriction.

2. The dura may not shew any change but on open-
ing it the arachnoid is found adherent to
the cord above which it is at one level dis-
tended with cerebro spinal fluid.

3. There mav be a localised collection of fluid
within the arachnoid, (the so called arach-
noid cyst.)

There is little tendency for softening of the

cord to ensue in these cases. When the constriction is



circular there are signs and symptons of compression of

' the whole cord at a definite level - Bilateral spastic

:weaknesa, changes in the reflexes, sphincter trouble and

sensory loss below the level of the lesion. VWhere there
is an arachnoid ecvst the pressure may be exerted only on

one surface of the cord, giving rise to corresponding

symptoms and signs.

B, LEPTQ AND PACHY MENINGES.

a. Chronic Lepto and Pachy Meningitis.

In this type of lesion there may be darming up of
cerebro spinal fluid and constriction of the cord or
interference with its vascular supply. It is generally
syphilitic in origin and is frequently found in cases

of cerebro spinal syphilis and meningo myelitis. The

‘meningeal changes may be present only in the spinal men-

branes but the cerebral membranes are often similarly

and simultaneously affected. The symptons may be wide

' 8pread and diffuse, but those due to compression of the

cord are, in the early stages local such as girdle sen-

sation, pain, numbness and tingling; these are followed
later by remote spinal pressure symptoms and spastic
weakness, sphincter trouble and sensory loss. Sometimes
one gide of the cord is more affected than another, but

the tendency is for the development of a complete trans-



' verse lesion. The symptoms, sub-acute in onset may

puddenly become acute.

C. PACHY MENINGES.
a. Chronic Pachy Meningitis.

It might be thought that this condition, which is
generally of syphilitic origin, would be bilateral
affecting both sides of the cord, but in its early
stages it is usually unilateral: it gradually extends
and eventually surrounds the cord. The spinal roots
are first involved and may be degenerated before any
symptoms of pressure on the cord are noticed. The
eafliest symptom is root pain, followed later by senasory
loss in the area of distribution of the affected roots
and motor palsy of the lower motor neurone type. It
is rare for one root alone, more commonly two or three
adjacent roots on one side are involved. On the other
hand roots on both sides of the cord may be affected
early with corresponding symptons.

There is no doubt that the condition eventually
tends to spread so as to surround the cord and cause a
circular compression, but often the thickened dura
becomes adherent to the lepto meninges and cord on one

aspect and by interfering with the vascular supply



cauges a sclerosis or softening of that portion of the
cord, and thus gives rise, clinically, to a Brown
Sequard type of paralysis in association with local root

gymptoms.

D. INTRA-THECAL TUMOURS.
2. Circumscribed.

When the tumour is firm and circumscribed, such
as a fibro sarcoma, neuro fibroma or endothelioma, it
usually arises either from the membranes or in connect-
ion with the spinal roots, especially the posterior.
Its growth is slow and when it compresses the cord it
caugses first an indentation of %he éﬁ;face against which
it impinges. There is no softening of the cord, only
a simple atrophy similar to that which is seen in the
pons in cases of extra cerebellar tumour. Later, often
much later, a degree of general compression of the cord
between the tumour and the theca nay take place; soften-
ing rarely occurs, although long continued pressure may
cause it by interfering with the vascular supply. The
8ymptoms therefore are:-

l. Root symptoms - pain, sensory loss, nmuscular

weakness and wasting - on the same side as the

tumour, present only of course if the roots
are involved.



2. Symptoms of pressure on the same side of the
cord i.e. spastic weakness on the same side
and sensory loss on the opposite side below
the level of the lesion.

3. At a much later date bilateral spastic weakness
and sensory loss with sphincter trouble.

When the tumour is diffuse the tendency is for it
to spread round the cord and compress the roots.
Growths of this type may be malignant and tend to infil-
trate the cord or to cause softening. Unless the
growth infiltrates the cord unilateral cord symptoms are
uncomnmon. It is not unusual for such growths almost
completely to surround the cord without causing any

local compression. Pressure only becomes exerted upon

| the cord when the growth fills up the space between it

and the theca; it is then general. Clinically the root
Bimptoms are more diffuse and wide spread than in the
case of circumscribed tumours. The cord symptoms if

at first unilateral rapidly become bilateral.

Tumours of this character are not uncommon in the sacral
region and may first involve the cauda equina, spreading

up later to surround and compress the cord.

II. EXTRA-THECAL.
Tesions which are extra-thecal and cause pressure

on the cord, may be entirely separate from the theca,



or on the other hand, may implicate and involve it and

even extend within it to invade the cord.

a. Bxtra thecal lesions which do not invade the

theca.
The spinal cord may be compressed by a tumour or

other abnormal condition situated in the perithecal

| space; in these cases there may be root symptoms quite

early in the history of the case due to pressure.
Symptoms of pressure on the cord will not' arise as long
as there is room for it to be displaced, and as it is

comparatively loosely attached to the walls of the ver-

tebral canal considerable displacement is possible before

it becomes compressed between the tumour and the opposite

side of the vertebral canal. If the tumour bhe slow
growing there will be a gradual onset of symptoms indi-
cating pressure on both sides of the cord; if, on the

other hand, the tumour be of rapid growth there is only

' a short interval between the onset of the paraplegic

symptoms and the development of signs of a more or less

| complete transverse lesion. This is somebimes well

seen in cases of caries, where the formation of an ab~-

| 8cess within the vertebral canal is rapidly followed by

the sudden onset of severe paraplegia.

b. Extra thecal lesions which invade the theca.

When the theca is involved by the extra medullary



lesion there is more likelihood of one aspect of the
cord being compressed before the occurence of general
compression. This may be due simply to the fact that

the cord cannot escape from the intra-thecal pressure

or may be accounted for by the extension of the growth

or lesion through the theca and lepto meninges.

c. Extra Thecal pressure from diseasge of the

Spinal column.

Pressure may be exerted upon the spinal cord by
the extension into the vertebral canal of disease or
growth; apart from this any acute displacement of the
Evertehral bodies may cause a certain degree of stretching
of the spinal cord and lead to a slow process of mal-nu-
trition and, eventually, a certain amount of degeneration
and sclerosis. Such stretching must be long continued
before any evidence of affection of the spinal cord is
noticed, and such effects are only observed when the
lesion occurs in adult life. It is practically unknown
in cases of spinal deformity developing in the earlier
years of life, unless the deformity is associated with

some lesion of the intra-vertehral canal.



SIGNS AND SYNPTOMS
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SIGHS AND SYMPTOMS 1IN RELATION TO THE

LEVEL OF THE LESION,

]

I have already dealt with the character of the

various symptoms & signs from the point of view of
“their origin & have described the features of those
due to involvementc of the 8pinal roots, spinal cord
& #pinal column,., In analysing the clinical features

us type

()

of bthe varic
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deal more especia

e
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Fal

bution & mode of omset, from the point of view of the

diaghosis of the nature of the lesion & its situgtion

in relation to the cord; & I shall not attempt to en—

tor into the localisation of the level of The lesgion

a8 to do so would involve much repetition & conplicate

the digcussion of the cases.

¥

I haye thought it best ©

C
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o
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Q
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werefore
Special chapter to the consideration of the sympltons

& sipns according to the level of the lesion, & to

complete the survey of the symptomatologyfrom the

&

general point of view.

s of compression paraplegia I shall

ly with the symptons, their distri-




THE LOCALISATION OF THE LEVEL OF THE LESION.

The level of an extra-medullary lesion ecausing
compressing of the spinal cord may be determined by
(1) The local signs - Those due to the local effect
of the lesion on the spine, gpinal roots or cord.

(2) The remote signs - Those which result from

interference with the conducting paths in the cord.

LOCAL SIGNS AND SYMPOMS
Bpine. Defarmity, rigidity, pain on movement or

pressure may all be of value in the determining

correspand to the level indicated by the nervoy
symptoms and signs they muat not be relied upon
&8 guides to the level of The spinal compressid
but rather as indications that the primary
lesion is one which involves -the sSpine.
In spinal caries for instance the cord 1ésion
is due to pressure from gome extension of the
disease into the verfebral canal which may
occur at one level unatitended by any local

- ‘8igns of caries; while at another level where
there are obvious signs of spinal disease,

such as prominence and tenderness of the spine,

the level of the lesion, if however, they do ngt

=

n



angular curvature or abscess fornation, the
disease has not extended into the canal and,
therefore, not caused any spinal sympboms at

thig level.

SPINAL ROOZS. TIn many cases of spinal compression

he extra-medullary lesion invoives the roots.

ok

Root symptoms may therefore, preceed the spinal
Symptoms, or both' may develop together.
Speaking generally it may be said that the
level of the root symptoms is the level at which
the cord is compreseed, although it may not
correspond with the remote sensory loss the upper
border of which may enly extend to a segmental
level some segments lower than that of the lesion.
It may oceasionally happen that a tumour which

involves a root alt one level mey compress the

®

cord at another level owing to its greatest
dimengion being situated not at its point of
origin bubt some distance from it. Thig should
not, however, influence one in deciding as to
the region to be explored when laminectony is
to be undertaken, as the tumour must extend from

the level of the root lesion. It might make
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the diagnosis of the condition gifficult by
simulating the symptoms and signs of syringo
myelia, If, for example a tumour originating
on the 8th. cervical roolt  on onc side extended
upwards to cause compression of the cord at the
level of the 5th, cervical segment; the local
signs followed by an upward cxtension of cord
symptoms might be migtaken for sSyringo myelia

ag in this discase the growth often extends up

CORD. Local cord symptoms have a distribution

similar te that of their corresponding roots.
MOTOR. Local motor cord sSymptoms can only
arise from an extra-medullary lesicn when the

[ P |

pressure exerted by the tumour affects the cord
by causing a btransverse lesion and destruction
of the znterior cornual cells. The mugscular

paralysis resuiting will be of the lower motor

neurone type with wasting, loss of the deep

1

L : . : cale
reflexes and diminution of electrical excitability.

It will be present on both sSides and the eviden
that it is due to &n intra-medullary lesion
and not#o a bi-lateral root lesion will be

urnishad by an increase in the remote mohor

o

=

Sie]
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REFLEXES,-— Each sSegment of the cord contains certain

and sensory paralysis, with an absence of root

-

pain on the side opposite the tumour.

SENSORY, The sensory disturbance following a .
local lesion of the cord is most severe in the
area of distribuvion of the posterior roots |

corresponding to the segment or segments affected.

L
=

His

Owing to the peripheral overlap a small lesion

may be attended with wvery little defect of

=

sensgibility.

o

reflex centres. A stimulus entering by a posterior

B

root fibre may be transmitted to the motor cells

|
.I.

of the corresponding or adjacent segments by means
|
of collaterals, which are given off either from

the primary division of the sensory fibre in

ar whiec

1 arise from processes origina-
e o = s L = PR G I, % 3 . 3. P, & -

ting in a nerve cell with which the gelxyhelal
fibre is connected. A charscteristic gign

therefore of a root or local cord lesion may be

- - = |

the abolition of certain reflexes, i
|

|



REMOTE SIGNS AND SYMPTOM
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REMOTE MOTOR BIGNS.-— Interference with the pyramidal
tracts is followed by paresis or paralysis of '
the muscles innervated from below the level of

the compression. This paresis is of ihe spastic

. -

ek
8]
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i8 not accompanied by local wasting or
change in the elegtrical reactions. The inner-
vation of the muscles from each spinal gegment

cyt:

has been fully worked out & when the higheat leveﬁ
of the motor paralysis has been ascertained it
only remains in order to determine the level of
the lesion to observe the gegmental distribution |
with which the upper 1imit of the paralysis

corregponds. This is easily ascertained in

cases where the paralysis affects the limbs

but is more difficult when the lesion is in the
dorsgsal region ecausing paralysis of ‘the abdominal |
& trunk musecles. In order to detect the level
of the paralysis in these cases the putient

1

ahould be made to lie flat on his back with his

arms folded on his chest, & teld to raise his
head or to attempt To s8it up. - If the lower
abdominal muscles are paralysed the umbilicus
will be drawn upwards by the non-piralysed

nortion., The converse alse holds good if, as

the result of a peripheral lesion; the upper




———

abdomingl muscles are paralysed.
In cases where the local cord lesion becomes
2 total bLrangverse one the motor paralysis changes |
|

from the spasgtic type to the flaccid & there is

a gradual loss of all the deep reflexes & wast-

ing of the muscles. These changes however are
not due teo the greater severity of the pyramidal

lesion butb tﬂotheﬂfactors involved.

The following teble gives the chief mobor

supply from each segment of the 8pinal cord,




MOTOR LOCALISATION IN THE SPINAL CORD.

TABLE SHOWING THE PRINCIPAL MUSCLES AND THEIR

SPINAL REPRESENTATIONS.

|0 2=-3 Deep muscles of the neck, trapezius, gsterno-mastoid

C 3 Levator anguli scapule, trapezius, sterno-mastoid,
diaphragm scaleni.

C 4 Diaphragnm, trapezius, levator anguli scapules
| scaleni, rhomboids, deltoid, spinati, bicéps,
| supinator longus.

C5 Deltoid, spinati, teres minor, rhomboids, diaphragm,
biceps supinator longus, serratus magnus,

| pectoralis major, brachialis anticus,coraco-

' brachialis. -

C 6 Biceps, coraco-brachialis, brachialisg anticus,

| supinator longus, deltoid, spinati, Teres major,

' serratus magnus, pectoralls major, subscapularis
vronators, extensors of wrist.

C 7 Triceps, extensors of wrist and fingers, pronators,
| pectoralls major, subscapularis, latissimus
dorsi, teres major.

C8 TFlexors of wrist and long flexors of fingers, inter-
ossed, 1umbrlcales, thenar and nypotaenar muscles.
D1 IMuscles of Thenar and hypothenar eminences, inter-

ossei, Tumbricales, flexor carpi ulnaris,
oculo=-pupillary fibres.,

D2-12 Intercostals, rectus abdominis, serratus posticus,
internal and external obliques.

L 1-2 Ilio=-psoas, quadratus lumborum, sartorius, cremas-
ter, quadriceps.

L3 Quadriceps, sartorius, quadratus lumborum, adduc-
tores, obdurator externus.

L4  Adductores, quadriceps, sartorius, tensor fasciwm
femoris, tibialis anticus, extensor communis,
extensor hallucis,



L5 Tibialie anticus, extensor communis digitorum
extensor hallucls, peronei, abductors and
external rotators of hip, gastrocnemii, flexor
longus digitorum, hamstrings, glutei.

5 il Gastrocnemii, hamstrings, long flexors of toes,
peronei “abductors and external rotators of hip, .
glutei.

S 2 Glutei, intrinsic muscles of foot, gastrocnemii,
hamstrings, Iﬁﬂk Tlexors of toes.

\S 3-5 Mugcles of perinsum connected with defmcation,
micfurifﬁon, erection, ejaculation.

| Note. Underlining indicates the principal supply
of each segument,



REMOTE SENSORY SIGHNS AND SYMPTOMS.-- There is no doubt

that interference with the sensory paths may give
| rigse vo various Ssubjeciive gensations. Some of
these are due to irritalion—— pain, formication,

etc.—— others to The culbting off of certain

i
=

mpulses, which permits thase which can s3till

¥

pags Lo obilrude unduly on the patient's conscious—

-

& T =

% ness. These gsensations will all be referred to

h portions of the body below the level of the

[

r; lesion, but they form no guide as to the level:
It

for example, & patient with a lesiorn in the upper
dorsal region may complain of numbness in one
foot. It 1s necessary therefore to rely upon the
examination of the patient & the detection of

Sensory loss in order Lo ascertain the level of |

the compression.
A complete transverse lesion causes

o

abolition of sensibility below the level of ©

T
¥

1@
lesion, almost complete Yoss at the level of the
legion, & slight impairment immediately above it. |
The reason the sensibility above the level of the
lesion is impaired & that that at the level of

,

the lesion is not completely abelished is that ;

there is an overlap in the areas of distribution

of the peripheral fibres entering by the posterior

roots. This is shown in Tthe accompanying diagram,




In all cases therefore in which there is a trans—
verse lesion the highest level of the sensory
Joss must be taken as the guide to the level of
the spinal segment affected. When there is a
complete transverse lesion this level is easily
detected, but in slighiter cases the greatest
care must be ltaken in mapping out the upper
border as the seusory loss will only be relative.
An incomplete transverse lesion may cause

o

interference with the sengory paths on one gide

o
of the cord only or indeed of only certain path
In these cases Tthe resulting sensory loss will

-

on & its upper

‘.Jo

be below the level of the les
border may be Situated at a level which does not
apparently correspond to that of the lesion,
Failure to recognise this fact has often led to
favlty localisation, The explanation of tvhis
phenomencn is found in the fact thal certain
forms of sensibility are conveyed up the cord

: opposite to that on which they enter,

|_.| s
e}
1]

on the |

=

¢ that they do not all cross at the same level,
Impulses of pain & thermal sensibility cross
soon after uhclr-cnury, tactike more obliquely
Thus, a lesion on one side of the cord will only
cause loss of sensibility of those fermg which

have already cpossed., As an example we may ta




. e | 3 s el 1 - de gy ¢ ey i e T - - oy T =~ wpet= Y
4 cagse in which @ tumour grew from the left sixth

] dorsal posterior root & compre the left half
of the cord an the level of the sizxth dorsal
- I - R 1 LA
sSegment, . On the left gide the patient had root
e - o oy & s s e S e .
pain in the distribution of the sSixth dorgal
o AT AT Tee o = W = e - o1 r' ¢ £ r
DOSLEeriLor oot & Spasv.L( weakness o Gl LOWer
o -1 3 B e - T - P o " o b S
limb with increase in the deep reflexes, abolition
af The superficial abdominal reflexes onn the left
s oo e e e R 1 T (et S o
side, & i exvensor response on Sululiaivion oL
5 = B o - L1 a - o o
the sole of the deft foot. Ha also had losg o
L, - NoLE- + E s W1 > LR
| sense of position in the left leg, On Cthe right

] = e =

normal y but 'L,l'il-‘l e was lodgs aof sensibility to :L;u"l.k’_l
= = o e 4 8 7 e P e N
heat, cold, & iight Touch. The upper boraer

... [ Femac ) (b
/ AP b VR hanin.
hl 7.3

'4‘ LJ\S Quebesaser.




& case in which @ fumour grew from the left sixth
dorsal posterior root & compressed the left half
of the cord at the level of the sixth dorsal
segment. - On the left gide the p;ﬁicnt had root
pain in the distribution of the sixth dorgal
posterior root & gpasbic weakness of the lower
1imb witﬁ increase in the deep reflexes, abolition
of the superficial abdominal reflexes on the left
alde, & an extensor response on Stimulation of
the sole of the left fool. He aiso had loss of
sSense of position in the left leg. On the right

ot

side there was no weakness & the refleéexes were

. ot o .
normal, but there was loss of sensibility to pain,
heat, cold, & light touch. The upper border of
the loss to pain, heat, & cold was siluated at

ighth dorsal segment, while

i =3

the Tevel of the

(5]

the upper border of tactile loss was at ©

o

dorgal segment. Sense of josition was not im=

o |

paired in the rizht leg.




In some cases Lhere may be dissociated

e

sensory loss, i.e., pain, heat, cold, or touch

]

mey be impaired or lost independently of each

)

other., Ihis may be observed in cases of extra-

mednllary compression, as a rule in cases which

o

ol

simulate the Brown=Sequard symplom—~complex.

This dissocia ou less may be an early aymptom or

on the other hand it may be noted as a passing

(g

phase during recovery after the removal of gresstrd
It must not therefore be taken as implying en
intra-medullary lesion to the exclusion of an
extra—medullary, for although it is a sign of
interference with the sensory paths within the |
cord it does not necegsarily signify an achual
destruction of these paths.

In cases of compression paraplegie, especicls
1y when the lesion is situated in the cervical
or upper dorsal regions it is nel uncommon to .
find that sensibility is retained in the Llowest
sacral & lumbar areas. This, I think, is best
explained on the assumption that the paths con-
veying sensibility from these arecas lie nearer
the centre of the cord as they pass up from the
caudal ead. In 2 small number of ceses The con- ‘

verse is seen, but only wlen a severe central

lesion exists at the gibte of ‘the compression.



SEGMENTAL SENSORY LOCALISATION,-- The segmentel sen—

sory areas have been worked out by many neurolo-—

who have published diagrammatic schenmes.

¥ e

ists

3

The scheme which I reproduce hes been compiled
from the observation of cases at Queen Square

in which the situation of hhe lesgion has becn

determined by operation or post morten examina-

ct

ion. I have for several years devoted special

il

attention to this subject, & although my diagram
does not correspond in 211 details to those
already published it is, I think, more accurate.
In the reports of the cases I have furnished
charts showing the sensory loss., It will be

seen that they correspond closely to the scheme

naw given.
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REFLEXES.-= Reference has alrecady been made to the

effect which a local lesion may have on any roflex
which depends on the integrity of a simple reflex
arc for its production, but I have not enterecd
into a discussion of the remote effects arising
from the ®wpinal lesion. The pyramidal tracts

have a very intimate relationship with the deep
reflexes. This influence is srobebly exzerted on
the anterior horn cells & is of an inhibitory

natucre, although

g he whole matter is not yet fully
understood,. A lesion of the pyramidal tracts is
followed by an increase in the deep reflexes bhelow
the level of the lesion. This is certainly the
case in all cases of slow compresasion, When oné
side of the cord is compressed an increase in the

deep reflexes of the same side is observed., Loss

of the deep reflexes never resulis from a pyrami-

—y

ial lesion, but may follow any interrupticn of

the primary are or a btotal transverse lesion of

the cord, Certain other peflexes are closely
associated with the pyramidal tract, viz,, the

o

nlantar reflexes & the superficial epigastric &

-

Ler

£

abdominal reflexes. The change in the plan
reflex can be watched throughout in cases of
A

slow compression, A% first it is flexor, then

indefinite, then extensor when the outer side of



the foot is stimulated, & finally extensor from
stimulation of any part of the sole, It is always
the last reflex to be lost in complete transverse

iesions. The superficial epigastric & abdominal

reflexes have their primary arcs in the dorsal
segments of the cord from the fifth to the
twelfth. A pyramidal lesion abave any of these
segments will cause abolition of the reflexes
below the level. The changes which occur in these
reflexes are very definite, & as they are the
earliest sign of pyramidal involvement are aof the
utmost value iz localiging the de of the lesion
& in some cases its level, The sarliest change
is ready exhaustion, later an obvious diminution,
& finally ab holition.

If in & case of &pinal tumour these reflexes
are absent on the right side the tumour musiy be
gituated on the right side of the cord zhove the
tevel of the fifth dorsal segment, & if there is
no weakness of the right upper limb it nust be
Similarly, if the lesion is at the level of the
tenth dorsal seszment the reflexes will be present
above the umbilicus but absent below.

The cremasteric reflex ig not aflfected by

pyramidal lesions.



CRANIAT, NIRVES.

It is most unusual to have cranisl nerve symptoms

|
associayed with compression paraplegia, ard as a rule
their occurrence is explained by the presence of more

sl Ao

than one lesion, In spinal tumour cases, for example,

[there may he an intra-cranial tumour zs well, the common-

‘est instance 4s multiple neuro fibroma or fibro sarcomat

m

lseveral such cases are on record (I18.) arnd one of mine (¢8)
had a tumour on the fifth cranial nerve and one on the
[second cervical root. I have seen two cases of chor-
0idal tumour growing in the fourth ventricle with met-

lastatic growths (Il.) inside and outside the cord, and

Barnes (12 ) has described a case of sarcoma which spread

in a similar manner. These cases. however are easlly
I ¢ srinal meningitis may be assoc-

tecognised.  Syphiliti
liated with syrhilitic affections of the cranial nerves
sueh gs oculo-motor pzlsy, ineguality of the pupils,
absence or diminution of the pupillary light réflex.
Fuch symptoms however are in no wise due to the spinal

lesion and are of value only in so far as they are an
|

outward mamnifestation of a syphilitic infection.

| Otic Neuritis. Ontic Weuritis has been observed

in'a few csses of spinal tumour and spinal caries when
| the lesion was situated in the upper cermical Tegion.

| ; g

' It was present in Case (6%), but although I am of
\OPinion that it was due to the high situation of the

8pinal tumour in this case (2nd Cervical - medulla) I
|

]

I



CRANIAT, NFRVES.

It is most unusual to have cranisl nerve symptoms
|associayed with compression paraplegia, and as a rule
their occurrence is explained by the presence of more
than one lesmion. In spinal tumour cases, for example,
there may Ye an intra-cranial tumour &s well

; the common-

est instance is multiple neuro fibroma or fibro sarcomats,
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|several such caszes are on record (138.) and one of mine (48)

¢

had a tumour on the fifth cranial nerve and one on the
gecond cervical root. I have seen two caeses of chor-

0idal tumour growing in the fourth ventricle with met-

iastatic growths (Il.) inside and outside the cord, and
Barnes (12 ) has described a case of sarcoma which spread
|

in a similar manner. These cases however are easily
recognised.  Syphilitic spinal meningitis may be assoc-
ilated with syrhilitic affections of the cranial nerves
'such as oculo-motor palsy, ineguality of the pupils,
gbsence or diminution of the pupillary light réflex.
Such symptoms however are in no wise due to the spinal

lesion and are of value only in so far as they are an

outward mamnifestation of a syphilitic infection.

Optic Neuritis. Ontic Weuritis has been observed
in'a few casses of spinal tumour and spinal caries when

!the lesion was situated in the upper cermical rTegion.
|
| It was present in Case (68), but although I am of
R |
|°pinion that it was due to the high situation of the

8pinal tumour in this case (2nd Cerviecal - meduvlla) I

|
{ |




!caanot over-look the fact that there was a small tumour
| situated on the 5th cranial nerve on the right side,

|I once observed neuritis in a case of high cervical
caries with pressure on the upper cerviecal cord.

Taylor and Collier (l4.) described the occurrence of
optic neuritis in cases of cervical and figh dorsal
lesions -~ injury, tumour and myelitis. Of these three
were tumours, one situated at the level of the 2rd
Cérvical segment and two at the level of the 5th; and

| they also report a case of Nonne's in which a tumour was
!situated at the third cervical segment. The exnlanation
| of the oeccurrence of optic neuritis in these cases

remains to be solved whether it is due to increased

intra-cranial pressure owing to damming up of the

cerebro spinal fluid at a level which offers no chance

of escape by the lymrh channels in the posterior roots,

or whether to some local upset of the nervous mechanism

in that portion of the cord.

Oculo-motor Nerves. The only oculo-motor sign which

| I have seen in association with spinal tumour has been
nystagmus. It is never so definite as that seen in
cases of cerebellar disease or disseminated sclerosis
but its ocecurrence is worthy of notice because its
presence has on one or two occasions led to a diagnosis
of disseminated sclerosis being made in the early stazges

of czses of spinal tumour.



| . )
' Cervical Sympathetic symptoms. These arise as the

-

' result of irritation or destruction of the upper three
dorsal roots. It is remarkable how seldom these
symptoms are present considering the number of cases
fin which the lesion is situated at that level. Probably
the fibres are not affected in slowly progressive lesions.
|In one of my cases a pachy meningitis (77), irritative
icervical sympathetic symptoms were very prominent, but
| then the lesion was sub-acute. Congestion of the optic
‘disc on the same side as the cervical sympathetic lesion

| has been noticed in a few cases, but the appearance of
|

the disc never extends beyond that seen in the earliest

stages of true neuritis.

Respiratory Symptoms. Respiratory movements are carried

on by the diaphragm and intercostal muscles: of these
the diaphragm is much the more important. It is supplied
by fibres which arise from the third, fourth and fifth
cervical segments, but even in cases in which the lesion
is situated above this level diaphragmatic action may
persist although the inter-costal muscles are complete-
ly paralysed(aq). This can only be explained by the
assumption that the fibres innervating the diarhragm

are more resistant to pressure than those which supnly
the intercostal muscles. Lesions below the fourth
cervical segment may completely abolish intercostal
action without causing much respiratory embarrassment.

' Lesions above the fourth zervical, especially when they



|cause Severe compression, are attended by respiratory
difficulty the patient making use of the accessory

muscles of respiration.

Cardiac Symptoms. Accelerator fibres pass from

|the region of the floor of the fourth mentricle to entef

' the cardiac plexus by the sympathetic system, they

| emerge from the cord in the root of the fourth to the
ninth dorsal segments. Irritation of these fibres causes
a marked rise in the pulse rate. This is not often

observed in cases of spinal compression but it is certain-

ly one of the causes of death in cases of laminectomy
in the upper dorsal region.

Paralysis of these fibres may induce a distindt
' slowing of the pulse rate, but here again chronic

' conditions do not appear to exercise much effect.

Vasomotor Symptoms. In long standing cases of
compression there is constriction of the vessels; the
' skin in the paralysed part becomes dry and scaly, the
' limbs pale and cold. In acute lesions or when a
chronic lesion becomes acute signs of vaso-dilatation
appear, the paralysed parts lose their pallor and a
slight degree of oedema develops which is often attend=

ed by the rapid formation of bed sores.

Visceral Symptoms.

Intestinal. The onset of acute paraplegia may
cause paralytic dilatation of the gut, a symptom which

is always ominous.



Sweat Glands. Compression of the cord may impair

the action of the sweat glands not only may the paralysed
parts appear dry, but injection of pilo carpine fails to

cause any sweating in aress below the level of the com-

pression. This has been employed by Horsley as a method
for mappimg out the level of the lesion. I have frequent-
ly made use of this test, in some case¢s the line of

|

demarcation is definite but in the majority the result

is disappointing.

Bladder and Rectum. The centres for the control of

the bladder and rectum are situated in the lowér sacral
segments. A complete transverse lesion at this level
or ;nvolvement of the corresponding spinal roots causes
loss of sensation in the bladder and rectum, with loss

?f control. The urine tends to dribble away without

any distension of the bladder, constipation is usually
?resent but if any purgative he administe;ed defaecation
%akes place guite uhknown to the patient. The tone of
the sphincters is always abolished in these cases. A
unilateral lesion of the roots or-cord, however, does

not cause any permanent impairment of the sphincter
control. Compression of the cord above the level of the
lumbar enlargement is not attended by any svhincter trouble,
brovided that the pyramidal system is affected only on
one side. Whenever signe of bilateral lesion appear

there is first of all some difficulty in passing water

|
°T in severe cases retention i, overflow
L Woa



Later there is incontinenee, the urine being vpided at
irregular intervals; in this stage there is no distension
'of the bladder but on the other hand it is never proper-
'ly emptied so that there is a great danger of infection

from contamination of the residual urine.

Priapism. Priapism does not often occur in complete
transverse lesions but is occasionally observed in cases
of partial compression especially of the upper dorsal

lcord.

Trophic Changes. As a general rule compression

of the cord does not cavse excegsive traphic change below
the level of the lesion unless it is so severe as to
‘cavuse a condition approximating to a total transverse
|lesion. When this occurs bed sores appear to follow
ialmost without provocation, not being confined to

|
regions affected by pressure.




SPINAL CARIES. TUBERCULAR DISEASE OF THE SPINE.

 PATHOLOGY.

The disease may originate in the bodies of the .
' vertebrs, in the lamine, or in the ligamentsand periar-
iticular structures. fost commonly it arises in the
body of the vertebra near its articulation, where it
forms a small area of softening due to the necrosis and
breaking down of the boney tissue. This focus may

|develop into a caseous mass or become purulent and form
|

(en abscess: if the disease is extensive destruction of

|
the vertebrs causes a local collapse of the spine and

the formation of an angular curvature.
When abscess formation occurs the abscess may ex-
tend downwards along the bodies of the vertebre under-

|
‘neath the anterior common ligament and pass thence to

form a Psoas abscess. In disease situvated higher than
‘the mid dorsal the abscess may extend into the mediastinum.

'In cervical caries the abscess may be retro pharyngeal,
:er extend posteriorly and appear in the neck. In lower
dorsal and lumbar cases, lumbar abscess is common while
Iin sacral cases the abscess forms deep in the buttock.

On the other hand, the é&g.may pass backwards round the
bodies of the vertebrs where its further progress is
Obstructed by the posterior common ligament,which diverts

‘it into the neural canal where it appears &as a reddish



swelling composed of tubercular granulation tissue,
caseous material or pus. Such abscesses may exert pres=
sure on the cord by displacing it against the vertebral
larches, or the tubercular process may extend and invade
the meninges either surrounding the cord or bindinrng it
down to the bodies of the vertebre.

Tuberecular disease frequently affects the roots
by causing collapse of the spine and pressure on them as

they pass through the intervertebral foramina or they

‘may be involved in a tubercular pachy meningitis. The
Icord may be affected by simple pressure, or by meningeal
compression and obstruction of the blood vessels and
lymph paths. This latter gives rise to edema of the
cord which is followed in long standing cases by the
development of a secondary sclerosis.

Schmauéﬁbconsiders that ccdema of the cord may

possibly be due to the action of an associated toxic

condition. A true tubercular myelitis due to the local

laction of tubercle within the cord may occur although

|
‘notice was published by Turner and Collier.

very infrequently. One such case which came under my




Relative frequency of the disease in the different

regions of the spine.

The dorsal and lumbar regions are most frequently
affected and the cervical region more often than the
sacral. The disease often involves two adjacent verte-
bree and may be multiple. Tubercular disease of the
spine may be a primary condition but is often associated

with scrofula or general tuberculosis.

| ETIOLOGY.
|

Heredity. An hereditary predisposition to
tubercular disease is sometimes present but more often
there is a history of tubercle in the family. One
member having contracted tubercular disease may infect
other members from close contact and association with

them.

Age. Caries occurs most commonly in children

its frequency lessens with age, after 35 it becomes rare,

although it may occur at any age.

Sex. Boys and girls are equally affected,
but in adult cases men are more freguently affected
| than women, probably because they are more exposed to

Strain and injury.

|
|



EXCITING CAUSE.

Injury, exposure or privation are often

responsible for the onset of the disease. <c~uA 1+a)

SYMPTOMATOLOGY.

GENERAL.

Constitutional Symptoms. In early cases there

may be no constitutional symptoms but in long standing
cases or in cases where the caries is but one mani-
festation of a general tubercular condition they are

invariably present. Fever may or may not be present.

Bone Symptoms. Bone symptoms and signs are

usually present in cases of Spinal Caries, which give
rise to compression of the cord. In looking through
the r ecords of the cases aduitted to the National
Hospital = cases in which paraplegia or root symptoms
were present, in only one was there no external evidence

or tenderness on pressure.

7% Pain in the region of the diseased
vertebra mey or may not be constant but is aggravated
by movement or by pressure. Tenderness on pressure

is often limited to one or two spinous processes, and



!is increased by deep pressure = percussion = or local
;mnvement. It can ve distinguished from the tenderness
‘present in hysterical cases by the fact that in the
latter pain is elicitedby slisht or deep pressure = or
inot elicited should the patient's attention be dis-
tracted, the tenderness is not limited to one spot and
may be present on pressure over the muscles away fromn
the spine. Another test which is sometimes useful is
the Hot sponge test = A hot sponge passed over the

spine causes pain as it is passed over the affected ver-

tebres. Personally in all the cases in which I have

found this present there was an area of hypermsthesia -

and I have found this test positive in cases of spinal

tumour. I therefore regard it as indicating hyperwmsthe-
| sia rather than disease of the spine, but I have not

had the opportunity of applying it to cases in which there

were no signs of root or cord affection.

2. _Rigidity. Pain may cause the patient
to keep the affected portion. of the spine rigid; this
is often an early sign of great importance. Rigidity
may also be due to ankylosis of the spine but in such

cases there is evidence of spinal deformity.



3. Deformity. This may take the form of an
lundue prominence of one or more spinous processes which
'are tender on pressure or of kyphosis with true angular
curvature a condition almost pathognomonic of caries if .

injury can he excluded.

3. Secondary Abscesses. These may be the

first signs of spinal caries and may form outside the
'spinal canal. They may be situated behind the pharynx,
in the neck,-in the lumbar region, under the Psoas muscle
or deep in the buttock. In such cases deformity and
ispinal cord and root symptoms may be absent though as a
rule when the disease has advanced sufficiently for the
formation of such abscesses, it gives rise to local gigns
.iand symptoms. Abscesses may form in the spinal canal,
fthe first symptoms being those of spinal compression or

in rare cases a root lesion may be involved with root

‘Pain, and occasionally herpes.
|

| An analysis of 32 cases of paraplegia due to
:BPinal caries shews that the first symptom was referred
ito the spine in 16 cases, to the roots in 12, and to the
cord in 4, and that in 16 cases root symptoms were absent.
;It also shews that of the 16 cases in which spine symp-

toms developed first the cord was next affected in 12



‘cases, the roots in 4; of the 12 cases in which root
isymptoms developed first = cord symptoms followed next

in 8, spine symptoms in 4.

Root Symptoms. It is characteristic of the

‘root symptoms of spinal caries that in the early stages

|
they are brought on by movement or the adoption of cer-

|

tain postures. This may cause the patient to keep the
| 5

affected portion of the spine more or less rigid.

Herpes is occasionally present in these cases, and there-

fore care should always be taken to exclude local bone
disease before coming to the conclusion that any case
\is simply one of ordinary "“shingles". In caries also

| .
‘neuritis may be present and this and the herpes lends
|

support to the idea of a toxic inflammatory condition
|Playing some part in the production of the peripheral

Symptoms.

| Cord Symptoms. When these are the first to

arise they are due to the invasion of the vertebral
canal by tubercular inflammatory material or abscess,
' the symptoms may point to affection of one side of the

cord but more often to an affection of both. When the

idisease is chronic or subacute the local extension is
' slow, with the formation of adhesions to or local in-

|volvement of the dura on its anterior aspect. This

i |




causes clinically a slow onset of bilateral spastic

:paraplegia which slowly progresses to finally terminate

lverse lesion. If there is an acute abscess the onset

in a more or less rapid onset of signs of complete trans=

land progress of the cord symptoms is very rapid, signs
of a complete transverse lesion developing within two

or three weeks.

| When the cord symptoms are secondary to root
symptoms they may at first be of the Brown Sequard type
‘but it is rare for this to persist for long and as a rule
|both sides of the cord are soon affected. In this,
icaries resembles cases of diffuse malignant sarcoma and
'is quite diffarent from the cases of circumscribed intra
‘tbﬁcal tumours. When symptoms of pressure on one side
of the cord persist, they are evidence of local meningeal

thickening and adherence to the cord on one aspect.

MOTOR.

The motor symptoms are spastic paralysis with
increase of the deep reflexes, extensor plantar responses
and loss of the superficial abdominal reflexes. It has
‘been already mentioned that there may be rapid onset of
total paraplegia. It is equally astonishing to see the

'rapid recovery which may follow on removing the local



disease from around the cord = cases which clinically
;would lead one to suppose that there had been actual
destruction of the cord at the time of the lesion recover-
ing rapidly. This points to a functional disturbance
greatly in excess of the organic changes present, and
pathological examination bears this out. There is a

‘local mdema of the cord with swelling of the sheaths and

axis cylinders = this may abolish function without
destroying the axis cylinder. It is remarkable how
little descending and ascending degeneration is present
| in these acute cases C16.) on the other hand secondary
 degeneration may be well marked in long standing cases
in which the cord has become sclerosed at the seat of

compression.

| SENSORY -

Hypermsthesia above the level of the lesion is
irelatively common and more or 1less characteristic. It
Points %o é condition more acute than simple compression
approaching more to the type of an infective myelitis.

As already mentioned, I think this hyperssthesia is

| largely responsible for the reaction to the hot sponge

test.



|

Local sensory loss corresponding to the seguents

involved is sombtimes véry characteristic and may provide

evidence of the existence of more than one focus of

; (6a&uﬁr)
rdlsease.* T

i Remote sensory 1loss. Similar to that which

| occurs in cases of Brown Séquard paralysis is sometimes
noted but only when the lesion is meningeal and chronic.
In most cases all forms of sensibility are blunted below
the level of the lesion, though frequently the sacral

| areas are relatively less affected;‘ﬁqhu#l@ lorbetre leatoso <o

bigh wp.
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|’ SPHINCTERS.

| As a rule there is at first retention or diffi=-
| culty in passing'water which is followed later by incons-
‘ tinence associated with constipation and a loss of con=

| trol over the rectal sphincters after the administration

of purgatives.



SARCOMA OF THE SPINE,

Sarcome or osteo sarcoma may develop as a primary

. conditlon or may be secondary to sarcoma elsewhere,

It tends to be more localised than carcinoma and to

grow more slowly. VWheyge it is secondary it is more
malignant spreading rapidly.

Sarcoma may spread into the vertebral canal without
invading the 3pine?but in these cases evidence of the
:primary gseat of the growth is usually present such as
glandular enlargement, mediastinal growths, etc. In
| this section I am onlj dealing with cases in which the

8pine is involved.

ETTOLOGY.

Sex., Both sexes are equally affected.
Age. Sarcoma may occur at any age. It differs
from carcinoma in being more common in childhood and

Puberty and early adult 1life than in the later years.

SYMPTOMATOLOGY

Spine. Bone symptoms and signs.

Pain. Pain of a dull gnawing character referred

to one portion of the spine is an early symptom; it may



gradually become more severe. Objective signs may bhe
absent for a long time and then develope more or less
rapidly. The affected part becomes tender and swollen.
On palpation the swelling feels nodular or boggy and
often extends into the surrounding tissues simulating a
deep-seated abscess and is tender on pressure, In
cases of sacral sarcoma the condition may appear very
local or one~sided and may suggest tubercular disease

of the ileo sacral region but although pain is elicited
by direct pressure on the swelling, lateral compression

of iliac hones may cause no discomfort.

Root symptoms, Root symptoms are as a rule early

and may be present before there is any obvious altera-
tion in the bones. One or more roots may be involved
and in the early stages they are on the same side and
usually consecuiive. The pain may remain limited to
the areas of these roots and then suddenly another root
becomes affected. Several roots on one side may be
involved before any on the other side and the roots
first arfected may be destroyed and degenerated before
fresh roots are affected . Thus it is cormon to find
loss of sensibility of the root type in the areas when
the pain was first felt with intact sensibility in aress
Which the pain has lately invaded. In some cases as

the root degenerates the pain ceases but often it may



' persist despite the complete loss of cutaneous sensibi-
1ity. The motor roots suffer as well as the sensory,
there 1is great weakness in the muscles and later wasting
with loss of the deep reflexes and diminished electrica;

reactions. It is characteristic of these cases that

motor and sSensory paralyvsis are always associated.

Cord Symptons. In the vast majority of cases

cord symptoms are late in appearance. The exceptions
'being cages in which the growth 1s sub~-periosteal and has
directly invaded the perithecal space without causing any
destruction of the vertebral bodies or pressure on the
rootsy, This occurs chiefly in cases of osteo~-Sarcoma
when tﬁa tumour is of slow growth. Pressure is first
exerted on the anterior or antero=-lateral aspect

of the cord - the symptoms corresponding to pressure

on that regiong to which nay be added lateg notor or
sengory root symptons. These syuptoms slowly increase
and then suddenly there is a rapid onset of signs of

a transverse lesion and sometimes of posterior root
symptoms, a slight degree of paraplegia becoming total
within four to five days. When the growth passes into
the perithecal space through the intervertebral foramina
there is a combination of root symptoms with those of com~

pregsion of the cord chiefly on the side of the tunour.



If the growth invade from the right side - there will be
root symptons on the right side = muscular weakness and
wasting with sensory loss - and below the level of the
root symptoms spastic paralysis with increased deep
reflexes and extensor response and perhaps loss of sense
of position; on the left side there may be loss to

pain, heat and cold and tactile sensibility, without
loss of sense of position and without motor weakness,

the reflexes remaining normal.

Sarcoma of the Sacrum may involve the lower sacral

roots causing first pain and later loss of sensation in, -

' and paralysis of , the bladder and rectum. It may

simulate sacral tabes but is distinguished from it by
the absence of other signs of tabes and by the examina-
tion of the cerebro=-spinal fluid. In tabes sensibility

to pain is often diminished without apprecigble loss to

 touch, the change is bilateral, the border of the loss

' being ill defined whereas in sarcoma of the sacrum the

loss is of the root type often unilateral and with a

sharp border.



CARCINOMA OF THE SPINAL COLUMN.

Carcinoma of the spine is invariably secondary.

The seat of the primary disesase is in the majoerity of

cases the breast, but it may be in the stomach, intes-

c'll'

ines, rsctum, uterus, prostate, lungs, kidneys, supra-
[renals or thyroid. Of =leven cases which were examined
post mortem at Queen Square, 5 were secondary to breast
cancer, 3 to cancer in the lung, 2 to cancer in the kid-

|
|
}ney, 1 to cancer in the liver, and 1 to cancer 1in the
|

Some time ago I made some enqui?ies as to the inter-
val which might elapse between the removal of a mammary
carcinoma and the development of secondary disease in

ithe spine. I found that it might be as short as 6

months that in the great majority of casss it was be-
!tween 18 months and 5 years that in a considerabls num-
iber it was 6 - 8 years and in one privates case of my own
it was 15 years.

The disease may infiltrate one or two vertebree or
:be more or less gensralised throughout the spinal column
and often affects ths ribs or pelvic bones. It leads

to softening and necrosis of the vertebre which may col-



=

lapse and cause deformity, prominence or angular kyphosis.
In certain cases the growth invadeg the vertebral canal
before the spine becomes affected by passing in between

the laminse or along the nerve roote. Once inside the

| vertehral canal it nay surround the theca and so conmpress

the cord or it may pass in along the roots invading the
theca and lepto meninges and finally the cord itself.
Indeed it is not uncommon to find the roots and cord
affected without any considerable tumour lying within

the vertebral canal or theca. The invasion of the cord
by way of the roots causes obstiruction of the blood and
lymph vessels and edema and softening of the cord from
interference with the circulation. This or the breaking
down of tumour tissue which has invaded the cord some-
times leads to the formation of cavities within the cord.

It i3 possible that thefe is+also a local toxic ac~
tion, but of this there is no proof.

"Neuritis" is said to cccur in sone cases; the
clinical ﬂ¥§£:§§ aupportﬂ this. .In one of nmy cases in
which the sacral and luMbo-sacfal nerves were affected
the clinical evidence of neuritié was quite definite,

The clinical aspect of these cases varies in the

. certain stages according to the way in which the disease

spreads. If the spine be involved first then bone

. symptoms are early, root and cord symptoms are later.



A

If the growth passes into the vertebral canal root

fand cord symptoms are present before there are obvious
:signa of involvement of the spine.
ETIOLOGY.

Sex. Men and women are both affected. But the
disease is much more common in women than in men, the
iproportion being about 3 to 1. Thig is due almest en-
!tirely to the fact that the breast is the most common
Iseat of the primary digease. If cases oeccurring after

55 are takenjthe number of men and women affected is

‘about equal.

Age. Carcinoma cf the spine is uncommen before
‘middle age, the majority of cases occurring after 40,
|Cases d¢ occur earlier, especially those secondary to
[disease in the thyroid and lungs.

 SYMPTOMATOLOGY.
|

Gereral. In many cases constitutional symptoms
are marked. The patient iscachectic locking, wasted,
with a lemon-tinged complexion. These symptoms msy not
however be prominent during the early stages, but car-

cinoma of the spine shovld always be suspected when a



patient who has previously had an operation for car-
cinoma or who is suffering from carcinoma, develcps
:pain in the back, especially if in addition there are
isymptoms or signs. of pressure on the spinal roots or on

the cord.

Bone Symptoms. The earliest symptom may be pain

in the spine, often of a deep gnawing character, at

| first intermittent, later becoming more constant. Ex-
amination may not reveal any abnormality, but as time

| goes on the affected vertebrs become tender on pres-
.aure and later some prominence of the spines may be o0b-
served. The patient may now be unable to rest if he
lies on his back cwing to the pain which any pressure
excites. Not infrequently there is a rather sudden de-
velopment of kyphogis, which is distinctly angular.

This is due tc destruction of the bodies of some of the
vertebre. In other cases the disease invades the whole
of the spine without causing any local deformity. A
general affection of the spinal column may take place
without any root or cord symptoms, but when an angular
curvature develoquroot and cord symptoms scon apﬁear.
On the other hand root and cord symptoms are often pre-
sent before there is any sign of disease of the spinal

' ¢column.



Root Symptoms. Root symptoms occur early when the

!growth invades the spine through the inter-vertebral
foramina. First there is root pain followed by weak-
ness, seneory loss and nmuscular wasgting. These may be
the only symptomsg present for several weeks or even

months.

Cord Symptoms. The onset of signs and symuptoms of

pressure on the Cord is almast always preceded by bone
or root symptoms, or by both. It is sudden and there
ig a rapid development of signs of a total transverse
lesicon. In moet cases the clinical sgigns point to a
transverse lesion from the ocutset, the exceptions being
cages in which the growth has passed along the roots,
especially the posterior roots to infiltrate the cord,

but even in these instances the lesion soon becomes

| total. Death occurs very rapidly owing to the patients

general condition and the occurrence o¢f bed sores and

“

septic infection,-
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EXTRA-THECAL: - HYDATIDS.

A rare cause of perithecal pressure is the invasion
of the vertebral. canal by hydatid cysts. When this occurs

they have usually entered the canal =ither from the

| intra-peritoneal, or thoracic region. They may cause

great erosion , either of the vertebrsm or ofi the lamines,

and sometimes cause deformity and curvature.

SYMPTOMATOLOGY .

Local symptoms due to invelvement of the spine

are almost always present in the shape of pain of a

dull aching character. This may be asseociated with
tenderness on pressure or on percugsicn over the spins.

Root symptoms may or may not be present. When

| they do occur they follow immediately upon the bone

Symptonms.

Cord symptoms may develop somewhat insidiocusly,

| but usually become rapidly acute with signs of a com-

Flete transverse lesion. Unless there is a pravicus

. history of an echinococcal infection, the condition may

not bz recognised, but all the patients whom I have seen



:had a most peculiar muddy complexion. They all complaine
ed of pain in the back Fthey all had fts=nderness on pres-
sUrs. X-ray examination may reveal srosion of the
IvertebreeJand some cases have been diagnosed by puncture

of the cvet.

Operative treatment. * The removal of the cysts

2

i Joperative treatment, if done early, before the compres-

gion of the cord has become acute, may be followed by

a complete regovery. On the other hand should the symp-
toms of transverse leslon have developed, the recovery
is slow and incomplete. In three of five casss which
were operated on at Queen's Sqguare, there was a recur-
rence. In one of these a second operation resulted in

a recovery which was complete and has been permanent for

geven: years. (23)




EXTRA DURAL TUMOURS: - THKCAL & PHRI-THECAL.

PATHOLOGY .

In this group I have collected all the cases in

'which the tumour lay in the peri-thecal space: I have

| included some in which the tumour grew from the dura,

'but did not infiltrate it so as to appear on its inner

agpect. I have excluded cases of malignant disease of

| the spine in which there was a direct extension of the

growth within the vertebral canal. I have described
separately 5 cases in which hydatid cysts were found
rressing on the cord.

The commonest forms of extra dural tumour are sar-

 coma, fibro-sarcoma, endothelioma ¥ psammema ; = lipomata

sometimes occur. The majority of the peri-thecal tu-
mours, excluding tumours of the spine itself, arise from
the theca or in connection with the roots which have
been affected by the direct extension of an extra-spinal
growth through the inter-vertebral foramina.

Of the 18 cases which I have collected the tumours

‘were 5 fibro-sarcomas, 6 sarcomas, 5 endctheliomas, 1

carcinoma, 1 in which the nature of the growth was

doubtful.



LOCALITY.

Of the 16 cases of extra thecal tumour six were mid
dorsal, 4 in the lower dorsal region, 4 in cervicoe-dcrsal

region and two in the upper cervical region.

. ETIOLOGY.

Age. The age incidence of these tumcurs varies

" according to their nature. Fibro-sarcoma and endothe-

Iioma commonly arise between the age of 30 and 50, but
may occur in quite young peoyle.

Lympho- cor round-celled sarcomag occur chiefly about
the age of puberty. Of the 6 cases in my series one oc¢-

curred at 10, 2 at 15, 1 at 16, 1 at 31, 1 at 36.

Sex. Fibro-sarcoma is rather more common in males

than in females.

Endothelioma more coﬁmon in males.

Sarcoma occurs with equal frequency in either sex.
Injury dees not appear to play any part in the producticn

of the tumour.



SYMPTONA TOLOGY. SLOW. GROWING. TUMOURS.

Mode cf Onset. Except in the cases of rapidly

growing sarcoma which I shall describe separately, the
symptoms show great similarity. In a number of cases
the earliest symptom is pain in the spine, in others
root pain, while in the reméinder the cord symptoms de=-
veloped first.

Spine. Sympt uns and signs. Pain in the bhack re-
ferred to the region of the tumour is complained of in
some cases, but as a rule this symptom was merely tempor-
ary. Tenderness on pressure sometimes occurs, but is
infreduent. Deformity of the spine at the level of

the lesion is extremely rare.

Root symptoms are not common, but are occasionally

Present. When this is the case they may be the only

symptom for a long period.

Cord Symptoms and signs of pressure on the cord
sometimes point to pressure exerted on one side of the
cord only, in these cases the tumour is always attached
to the theca and approaches, both pathologically and
clinically, cases of intra-thecal tumour. It is more

usual to have either a slow onset of weaknegs in both



lower extremities or a relatively rapid onset accompanied
by sphincter trouble and sensory loss.

The points of distinction between the slow growing
extra thecal and the slow growing intra thecal tumours

are shown in the following table:=-

Extra=thecal. Intra-thecal.

l

Bone Tenderness on Pressure Tenderness on pressure
more common. rare.

Root. Rare. When present are |Not uncommon; may be
long continued with=- long continued without
out cord symptoms. cord symphoms but usu-

ally associated with

unilateral cord symp-~-
toms.

ally bilateral from the tumour is anterior
the commencement and or posterior they are
may be slowly progres- first unilateral and

|
1
;

Cord. When present are usu- iExcept in the cases where

sive or rapid. Dis- at a much later period
sociated sensory loss bilateral. Dissociated
unc ormmon. i sensory loss more corms

moIle

| 3




RAPIDLY GROWING & DIFFUSE PERITEECAL TUMOURS

PATHOLOGY.,

Tumours falling under this category consist of the
more malignant types of sarccema and carcinoma.
Sarcoma may be primary, but is more cften secondary and

invades the perithecal space by extending through the

. intra vertebral foramina or between the laminss. The

roots are always involved, at first on one side, shbrtly
after on the other. The growth may affect one side of
the cord before the other, but more commonly it surrounds
the cord and exerts pressure cn both sides. Ites action
on the cord is very rapid and there is a great tendency
for the tumour to extend within the dura and to pass
along the posterior roots, -spreading out over the sur-
face of the cord and infiltrating it along the peri-

Pheral vessels.

SYMPTOMATOLOGY .

Bone symptoms. Local pain and tenderness is often
complained of. In some cases the primary growth is

situated in the postericr mediastinum, and may possibly



cause a certain amount of local pain quite apvart from
the perithecal growth. There is also a tendency for

‘the spine to be invaded which may of itself cause pain.
Root. Root pains are always present- at first unilateral
they rapidly become bilateral and may extend both up and

down from the point of origin.

Spinal Cord Symptous. Unilateral symptoms are uncommon

and when present are never of very long duration, being
rapidly followed by symptoms of a transversge lesion of
the cord which soon becomes total with loss of the deep
reflexes, flaccid paralysis and complete sensory loss.
When the tumour is primarily perithscal it is less ma=-
lignant and the c¢linical picture 1is more liks that of a
fibro-aarcoma or endothelioma. In 2 cases (H. Spicer and
F. Stansfeld) there was well marked dissociated sensory
loss, the former after operation, and the latter bhefore
operation. In one case (S. Davis) of Endothelioma at
the level of the 6th dorsal segment, the sensory loss

was most marked over the sacral and lower lumbar areas,
the converse of what is usually sesn when there is an in-

equality in the degree of sensory loss bslow the lesion.



INTRA THECAL TUMOURS: = INTRA THECAL

AND EXTRA MEDULLARY.

I have based my description of the clinical signe
and sjmptoms in—%thopsscapgas on a study of 26 cases.

These cases may be divided into two groups, one in
which the tumours are firm and circumscribed, the other

in which the tumnours are diffuse and not circumscribed.

CIRCUMSCRIBED INTRA THECAL TUMOURS.

PATHOLOGY.

The tumours in this group are either fibrosarcomas,
neuro~-fibromas, endotheliomas or psammomas. They are as
a general rule single, the chief exception being in the
case of neuro-fibromas, which may affect cranial and
spine nerve roots and ars often multiple.

In one of my cases . ©®%® ) there was an extra-
cergbellar tumour on the 5th cranial nerve, and in ano-
ther case ( 67 ) there were two distinct spi-
‘nal tumours. They arise from or are attached to the

inner aspsct of the theca, the arachnoid, the nerve



roots, or the pia mater, At first they are generally

| circular in shape, but tend to become slongated and
cylindriﬁal or sausage-shaped and to extend up and
| down the cord parallsl to it, thus compressing the
game asp2ct of the cord in the whole of their length.
They may lie posterior or anterior, but more commonly
are postero-lateral or antero-lateral. When one finds
such constancy in the situation and nature of the le-
gion it is not astonishing to find a remarkable degree
' of gimilarity in the mode of onset of the clinical man-
| ifestations, the differences in each individuel case
!depending upon the level of the lesion.
|
I_ LOCALITY. -
Of the 22 cases in only one was the tumour situ-

ated in the lower dorsal and upper lumbar region. In
| five the tumour was in the lower mid-dorsal region,
Cin 4t1he upper dorsal, in 8 in the cervico-dorsal re-

|
' gion and in 4 in the uppsr cervical region.

ETIOLOGY.
Age, The most common period in which these tu-
'mours arise is between the agesof 30 & s0. Of my

' series of 22 cases, 15 occurred in this period, . three



waagjg;;Lw thirty;—the youngest being 15, and four wase
eve¥ 50, the eldest being 65; the average age of the

whole series being 40,

Sex. Men are more frequently affected than women
in the proportion of 12 to 10.
In none of the cases was there any exciting cause

such as injury.

SYMPTOMATOLOGY.

Mode of Onset. The onset is gradual. In the 22
cases of my series 3 cases commenced with pain in the
back, 9 with root symptoms and 10 with symptoms of pres-

sure on one aspect of the cord.

Spinal Signs and Symptomsg. In the three cases in

which pain in the back was the first symptom, the dura
was involved, the tumour being anterior in two cages,
in one of which it had eroded the vertebree. In one
cage only was there tenderness on pressure and in none
was there any deformity of the spine.

The early symptoms, whether root or cord, are re=-

ferred to the side on which the tumour is growing.
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Root Symptoms. If the growth implicates the roots

the first symptom in pain in the area of the affected
posterior root followed by gradual loss of sensation and
later by weakness and wasting of the muscles supplied by
the corresponding anterior root. The interval which
may elapse before the onset of signs of pressure on thé
cord varies from one or two months to years. On the
other hand root symptoms may not show themselves until
after the onset of cord symptoms, or may be absent

throughout.

Cord Symptoms. If the tumour be situated on a

lateral aspect of the cord the esarliest symptom is weak-
ness of a spastic type in the limbs of the same side.

If the tumour be situated below the cervical enlarge-
ment the weakness will be referred to the leg only; the
Patient complains of weakness,dragging or of a sudden
giving way of the limb and sometimes states that the

leg feels numb. Whether there is any actual sensory
loss or not I have never been able to ascertain, but the
cases I have examined have not shown any objective sen-
sory change at this stage. ' In a certain proportion of
cases reflex spasm of the affscted limb pracedes the on-

set of weakness and in most cases accompaniesg it.



Examination at this stage will reveal changes in
Ithe reflexes indicating pyramidal affection. The ear-
‘liest of thess changes is the early exhaustion, diminu-
‘tion or loss of the superficial epigastric and abdominal
reflexes of the same side below the level of the lesion
to be followed by a change in the plantar reflex which
‘becomes indefinite; it may be flexor when the stimu-
lation is applied to the sole of the foot or extensor
when the stimulus is applied to the outer aspect of the
foot; the deep reflexes on the same side bhecome in-
creased, and with the onset of spasticity clonus may
'Se elicited. All thése signs may be present on the
side of the tumour vefore there is any evidence of

involvenment of the opposite pyramidal tracts.

Sensory Symptoms resulting from Pressure on the

Lateral Column. Reference has been made to the feeling

of numbness oflwhich a patient sometimes complains in
‘the homo-lateral leg, occasionally pain is also com =
plained of, but this, in most cases, is due to flexor
spagms in the muscles of the leg and is certainly not
associated with any defect of sensibility.

The earliest sensory loss which can be detected is
a diminution of sensibility to pain, heat, cold and

" light touch in the opposite 1limb below a level situated



itwo or three segments lower than that of the lesion.
This sensory loss usually develops subsequent to the mo=-
‘tor wedkness on the side of the lesion, but it may occur
earlier. I am indebted to Dr Batten for notes of a
:caséy%hich he is going to publish fully later, and which
he kindly allowed me to examine, in which a loss to
‘heat and cold on the opposite side preceded the onset of
|a.ny signs of motor weakness; This is important in view
iof the differential diagnogis of intra-medullary from
jextra-—medullary tumours.

i Another point of interest is the association or
idisaociation of the loss of these forms of sensibility.
‘I have several cases in which dissociation was Pregent -
iCases (S0 NS ) and in other cases where the
‘tumour has been successfully removed the return of sen-
'8ibility has been dissociated. (47.49.56.61.64 — )

| Speaking generally tactile sensibility is more of-
.ten dissociated from pain, heat and cold than any of the
;others from each other, but any of them may be dissoci~
ated.

, The level of the different forms of sensory loss is
‘not coterminous; this is due to the fact that the fi-
bres conveying pain,heat and cold cross more rapidly

from their point of entrance to the opposite lateral

column than do those conveying tactile sensibility to



the opposite antro-lateral column, thus the level of the
loss to pain, heat and cold when present is higher than
the level of tactile loss. ;
The degree of sensory loss may not be universal be-
low the level of the leeion. It is not uncommon to
find only a slight degrze of sensory loss in the sa-
cral and lower lumbar areas: on the other hand the
converse is sometimes noted. This refers only to the
remote sensory loss as in cases where there is a local
root legion or in a severe local cord lzsion the local

gensory loss may be in excess of the remote. See

cases

Cerebellar Symptoms due to pressure on the Lateral

Column. In the early stages a patient may show a cer-
tain amount of ataxia of both lower extremities without
any demonstrable loss of sense of position, but as the
advent of motor weaknesgs obscures the ataxia and compen=
sation is rapidly established owing to the double cere-
cellar paths, it is rarely possible to demonstrate this
form of ataxia.

The next stage in the development of the gymptoma-
tology is arrived at when the tumour exerts pressure on

the whole of the cord. At first the tumour only com-



presses the surface of the cord on which it is situated,
but as it grows in diameter it.dispiaces the cord and a
time arrives when it can no longer be displaced as it
comes in contact with the opposite side of the theca,
the compression is then exerted on both sides of the
cord. When this occurs fresh symptoms arise. of
these the first is reflex spasm and weakness in the
previously unaffected limb with changes in the reflexes
indicative of pyramidal affection. This onset of bi-
lateral motor weakness is éhortly followed by the onset
of sphincter trouvle. At firsgt there is difficulty

in starting micturition which may be followed by reten-
.tion or incontinence. Constipation also becomes trou-
blesome at this stage, latsr there is sensory loss below
the level of the lesion, at first relative it becomes
complete later. Not only is there loss of cutaneous
sensibility and deep pain, but also of sense of posi=
tion. The development of these signs may be gradual

or more rapid, but is certainly slower than in the major-
ity of cases of extra thecal pressure.

The final result is first of all complete spastic
paralysis with loss of sensation and sphincter control
passing rapidly into a stage in which the spasticity be-
comes replaced by flaccidity with loss of all the deep

reflexes and dribbling of urine. The plantar reflexes



may remain for a considerable time after deep reflexes
have disappearad, but they too are eventually lost.

Trophic changes become acute in the final stages,
the muscles waste, the skin at first pale, atrophied and
scaly, may become reddened and the subcutaneous tigsues
cdemmatous and bed sores develop at all points of pres-
sure, or even contact, septic absorption, cystitis and
pvelitis hastening the end.

Mention must be made of the local cord symptoms.
The destruction of the cord at the seat of pressure
causes, in many cases, severe local symptoms before the
onset of a complete transverse lesion. For sxample if
a tumour be situated involving the roots on the right
side of the cord in the cervical region, the symptoms
may develop in the following order: -

1. Pain, loss of sensation and wasting in the

right arm;

2 Spastic weakness of right leg, sensory loss in
left leg;

3. Loss of sensation and wasting in the left arm.

4. Spastic weakness of left leg, sensory loss
in right leg;

S Total paralysis from the lavel of the lesion

downwards.

Stage 3 is dus to the local lesion in the cord

(Hrriem Coster) {(¥llen-Edwards) Cases 60 bk .Jk.



When the tumour is situated in the anterior aspesct
of the cord, the early symptoms are bilateral and motor
weakness comes on first.

When the tumour is situated in the posterior aspect

iloss of sense of position is present early and is asso-

' clated with weakness and spasticity of the legs, the

| symptoms being bilateral.

DIFFUSE INTRA THECAL TUMOURS.

| PATHOLOGY.

The commonest form of diffuse tumour is a sar-
coma.. It occurs chiefly in children and young adults,
and usually starts in the sacral region, inveolving the
roots of the cauda equina and spreading up to surround
and compress the cord. These tumours are malignant
and tend to spread rapidly. They are primary and se-
condary deposgits are not found e;sewhere; they often
invade the cord directly passing in along with the peri-
pheral vessels, but not showing any metastatic out-growths,
they rapidly:cause softening of the cord, not so much
from pressure as from interference with the vascular

supply and obstruction of the lymph channels.



ETIOLOGY.

Azs. 10 to 20 years old.

Sex. Affects boys and girls about equally.

SYMPTOMATOLOGY.

Spine symptoms. There is no bone pain and no evi-
dence of enlargement or deformity of the spine and no
tenderness on pressure; these points amongst others dis-

tinguishing it from cases of sarcoma of the sacrum.

Root symptoms are early and characteristic, both

motor and sensory roots being affected, pain is rapidly
followed by loss of sensation and muscular wasting. As
the growth is diffuse the root symptoms, if not bilateral
from the first, rapidly become so. Commonly they start
in the lowest part of the cauda equina and spread up,
causing, as early symptoms, pain in the perineum, loss

of sensation in the sacral areas, loss of sensation of
the passage of urine and fmces, incontinence and later
wasting of the legs, paralysis of the lower motor neurone

type. All the superficial and deep reflexes of the



lower extremities may become abolished. If the growth
gtarts higher up it may cause root symptoms in the upper
lumbar region followsd later by compression of the lunm-
bar cord with ultimate softening. In such a case there
may be loss of sensation over the 2nd, 3rd and 4th
lumbar areas with wasting of the thigh muscls, absence

of knee jerks, with increased ankle jerks, extensor plan-

tar responsss and sphincter trouble.

Cord Symptoms. Thess develop rapidly; if at on-
set unilateral they scon become bilateral; at first
the signs are those of simple cempression, but soon

become those of a total transverse lesion.



CHRONIC PACHYMENINGITIS.

This affection is not nearly so common as chronic

leptomeningitis.

CAUSATION.

The causes of this somewhat rare cdndition are
rather uncertain. There is no doubt that the
majority of cases are syphilitic in origin, it may
however develop as the result of tuberculous inflam=-
mation in cases of spinal caries, and it is quite
possikle that there are other cases in which it is
the result of a slcow inflammalcry process arising
from some obscure cause.

Age. The majority of cases occur between the

ages of twenty and forty five. The age at which the
disease commences depends upon the previous syphilitic
infection. Pachymeningitis usually arises within
seven years of the primary infection, but may not
develop for more than twenty years. Occasicnally

the development of syphilitic pachymeningitis is
associated with formation of gummata in other parts

of the body.



MORBID ANATOMY.

Syphilitic pachymeningitis is & comparatively
rare manifestation of syphilis. It may result from
the direct extension of the disease from the bones of
the spine, but more commonly it arises as a localised
or multiple gummatous condition. In such cases it
most frequently occurs in the cervical or lumbar
sacral regions. There is, however, a great tendency
for the disease to sypread and iavolve the lepto
maninges and 1afer the cord,by spreading along the
Septa which pass into 1t, and obliterating the perie-
pheral vessels.

Tuberculous pachymeningitis. I have never seen

this develop except as the result of the diresct
extension of tuberculous disease from the spine or
periosteal structures. I have performed autopsies

on two cases in which this form of pachymeningitis was
present, and in both there was wide spread caries and
the thickening of the theca was most marked on the
anterior surface.

Roots. The nerve roous are compressed, and in

some cases there is a proliferation of the interstitial
tissue and degeneration of the fibres. The roots
suffer early before theée disease has compressed the cord.
In some cases the disease is limited to the cauda

equina.



" - Cord. The cord is compressed only when the

thickening of the meninges has extended all round ift.
This causes first a sclerosis in the peripheral
portions and later a transverse lesion. In many cases
the disease involves one side of the cord by spreading
direétly to it, the membranes becoming adherent to one
aspect. This is a common occurrence in syphilitic

cases. (Cases 77 +78. )

Cerebro Spinal Fluid. Occasionally it is impossible

to obtain any fluid on lumnbar puncture although the
needle has been correctly inserted, this can only be
accounted for by the local condition of the membranes
and is rather characteristic of chronic meningeal
disease. In syphilitic casces the fluid contains an
excess of lymphocytes and the Wasserman reaction is
generally positive.

Blood. I have several times obtained a positive
reaction inlthe cerebro spinal fluid, although the
blood yielded a negative result. An examination of the
cerebro spinal fluid should therefore be made in every
case. I do not regard a negative reaction in the bhlood

as of any value unless several dilutions have been

tested.



SYMPTOMATOLOGY .

The symptomatology of this condition is character-
istic. It is essentially one with root symptoms as
the earliest and most prominent feature.

Spine. Local pain is sometimes complained of
especially in cervical cases. It is augmented by
movementy and is often worse at night; there is, howevsr,
no deformity although local tenderness is sometimes
present.

Rooté. The first symptom is usually root pain,
but within two or three weeks signs of motor weakness -
wasting and paralysis - begin to appear and these are
associated with objective sensory loss of the root type.
As.a rule the condition affects first one nerve, spreading
rapidly within two or three weeks to involve the
neighbouring roots. otor and sensory suffer alike.

In the majority of cases the roots on hoth side of the
cord are affected, usually at the same level, but
during the first twd or three months it is astonishing
how unilateral the affection may be. I published in
the Transactions of the Royal Society of Medicine the

Report of such a case. ( 79 )

Cord. Symptoms. Cord symptoms do not as a rule

appear for some little time after the onset of root

symptoms. It may be a matter of one or two months, or



longer. If the root symptoms are unilateral, it will
be found that the cord symptoms indicate an affection
on the samé side of the cord as the root legion, spastic
| weakness on the side of the lesiocn, with loss of cutan=
eous sensibility on the opposite side. A good example
of this is seen in case ( 27, ) i In this case
there was & history of syphilis six years before the
onset of the pachymeningitis. One year before the
symptoms cormenced, she had been treated for a gumma.

. The first symptoms were pain, humbness and tingling in
the left arm, followed by weakness and wasting. Later
she developed slight weakness in the left leg Sf a
spastic type with diminution of sensibility to pain heal
% cold on the right side. At the operation a local
gumiatous meningitis was found affecting the upper
dorsal and cervical roots on the left side, and causing
some adherence of the membranes to the cord. Operation
was followed shortly afterwards by compleie recovery
from all cord symptoms and a material reduction in the
extent of the root lesion. As the disease spreads to
surround the cord, the ro&t'symptoms become bilateral
and paraplegia develops with sphincter trouble and
remote loss of sensibility below the level of the
lesion. At this stage the signs present will indicate
a combination of central¥peripheral motor and sensolry

paralysis.



In cases in which the disease is situated low
down, it is not uncommon to find that it involves the

roots of the cauda equina, giving rise to root symptons,

and later, as it extends up, it may cause pressure

on the cord with evidence of compression. Clinically
these cases may simulate either intra—thécal sarcoma, or
malignant or tubercular disease of the sacrum. They
are distinguished from the latter by the absence of bone
symptoms, and by the more rapid involvement of the
adjacent roots, as well as by the positive evidence
obtained by the examination of the blood and cerebro=-
spinal fluid. Pachymeningitis is distinguished from
the intra=-thecal sarcomas by the fact that the latter
occur mainly in children and that the development of the
symptoms is slower. Again, examination of the blood

and cerebro=-spinal fluid confirm the diagnosis.

Treatment. The question of the effect of

treatment upon this condition will be considered later,
but in my experience simple antisyphilitic treatment
either with mercury and iodide or with salvafsan does
not prove effective. Operative interference is the
only way in which to preserve the nerve elements from
destruction, owing to the strangulating effect which

the meningitis exerts upon them. By operating one can



relieve the roots and cord from this pressure, and
it is astonishing how effective antisyphilitic treatment

may prove after operative interferencse.
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This condition is by no means uncommen although it
may not cause any clinical symptoms. It is frequently
found at autopsy in cases which have never presented’
any spinal symptoms. It is rare to find it before
thirty most of the cases occurring after forty. The
condition has been described by Schlesinger (g )
Krause.{w ) and Oppenhehm(q ) put its association with
compression paraplegia was recognised many years ago in
this country and attention was drawn to it by S8Sir Victor

20
Horsley in 1909(J

when he described its symptoms in a
review of twenty-six cases upon which he had operated,
which I collected for him from the records of the
National Hospital.

These cases contained some in which pachymeningitis
was also present. In the present instance I have tried
as far as possible,to geparate the two conditions. An
analysis of the cases shews that it is possible to dis-
tinguish three forms each of which is more or less dis-
tinct in its clinical manifestations -~ (1) Diffuse lepto-
meningitis (2) Circumscribed leptomeningitis with dam-
ming up of the cerebro-spinal fluid (3) Localised
patchy leptomeningitis with occasionally local collect-
ions of cerebrospinal fluid - Arachnoid cysts.

(1) Diffuse lepto-meningitis. The thickening




is most intense along the posterior aspect of the cord
and affects chiefly the dorsal,lumbar and sacral regilons,
It varies in degree but is distributed all round the
cord. The roots may be compressed but do not as a rule
shew much degeneration. The cord is small and shrunken
but pulsation is normal. The degeneration in the cord
is most marked at the periphery; ascending and descending
degeneration is not well marked, being chronic, it does

not shew with the Marchi method and not being intense,
the changes seen in Weigert-Sal preparations are very
diffuse. Acute lesions are very uncommon and a trans-
verse myeli%ic condition does not occur, The peripheral
changes correspond to the areas when the meningitis is
mo st marked and are‘due probably to interference with
| the peripheral blood supply rather than to any actual

compression,

(2) Circumscribed Lepto-meningitis.  Although

the condition may be diffuse yet at one level the lepto-
meningitis completely surrounds the cord and is also
adherent to the theca with the result that the cerebro-
spinal is dammed up at that level. The theca is dis-
tended above the consiriction with cerebro-spinal fluid.
This fluid pressure may cause compression of the cord,
which does not pulsate below. That it is the fluid and

not the meningitis that causes the compression is



probable because simply incising the theca and letting
the fluid escape is often sufficient to restore rulsa-
tion and further to eventually allow a complete restora-~

tion of funeticn.

(3) Local lepto-meningitis and Arachnoid_qysts.. It
occasionally happens that a lepto-meningitis is confined
to cne aspect of the cord or to small patches causing no
compression of the cord bhut gi%ing rise to local root
symptons (case &BIY). IOn the other hand such & con-
diticn may cause a local locking up of cerebro=-spinal
fluid either within adhesicns or under the arachnoid,
This causes local compression of the cord and closely

simulates an intra-thecal tumour.

CAUSATION.
The origin of this condition is obscure. Many
cases are undoubtedly syphilitic in others the lepto-
meningitis is assccinted with chronic bone disease -
caries sicca - énd it also occurs in some cases of tuber-
culeous caries and malignant disesse. In a large number
of cases however it is not aésociatbd with any obviocus
local disease, Some authors consider that it may be a
late stage of an acute inflammatory process and in sup-
pﬁrﬁ of this ditc casSes in which the disease has devel-
oped after influenza,but the evidence of the acute stage

is  net convincing. I think that in a large number of

cageg it is simply the result of senile change and it is



certainly found in the majority of autopsies performed

on old people,

Injury. - A leptomeningitis in the sirict sense
does not arise from injury though of course a local

thickeningmay occur at the site of the injury.

Alcoholism. - There is no evidence tha' alcohol has any
direct effect except in so far as it may hasten senile

degenerative changes.

SYMPTOMATOLOGY .

Chronic leptomeningitis often simulates the clin-
ical features of spinal tumour and indeed the earlier
cases which were submitted to operation were all diag-
nosed as such. Some of these cases were immensely
benefited by operation and it has now become the practice
to operate on all such cases. Trom the clinical aspect
these cases stand midway between chronic spinal cord
lesions and sprinal tumours and present many difficulties
in diagnosis. In my description, therefore, I shall
take typical cases as the standard and will endeavour
to show that the three types of chronic leptomeningitis
as described in the previous section have each a more or

less distinet clinical picture.



Chronic Diffuse Meningitis.

The characteristic clinical feature of this form of
lepto meningitis is the very gradual onset of the para-
plegia both legs being equally affected. So slow is
the progress of the paraplegia that one, two or three
years may elapse vefore the weskness seriously impedes
walking. Examination of a patient at this stage reveals
a slight weakness of the lower extremities quite general
in distribution and with no definite upper level. The
deep reflexes are increased and the plantar feflexe{
may be in@efinite extensor in type, but the suverficial,
epigastric and abdominal reflexes may still be present.
The preservation of the abdominal reflexes in the early
stages is a sign which is peculiar to tris condition,

As I have mentioned before, a diminutidn or loss of

these reflexes is one of the earliest signs of pyramidal
affection and yet in these cases they are present although
Fhe plantar reflexes are extensor and there is definite
spastic paralysis of the lower limbs. This could be
explained by assuming that the leptomeningitis was sit-
vated below the twelth dorsal segment, but I think it

is due to the fact that long fibres suffer more than short
fibres and that those which pass to the lumbar enlarie-
ment are more affected than those which end in the dor-
sal cord. In the first place, being longer they are
exrosed throughout a greater extent of their course to

the action of the leptomeningitis, and in the second it

is well known that the distal end of a fibre, i.e. the



end furthest from the cell of origin which has a trophis
influence over the whole fibre, undergoes degeneration
sooner than the more proximal parts; this degeneration
therefore occurs more readily in the long than in the
short fibres.

The next stage is one in which there is an increase
in the remote symptoms and a development of local signs.
The paralysis becomes more marked and is attended by
difficulty in micturition - this taking the form off
delay in passing water. Further the patient begins to
cemplain of numbness or pain in the legs often associated
with reflex spasms. Examination of the sensory system
may still, however, reveal no actual sensory loss.

The local signs which develop in this stage are paras-
thesia or girdle sensation, not of an intense character
but spread over a wide area corresponding to five or

six segments and bilateral in distribution. There may
8till be no direct evidehce as to the level of compress-
ion but, as a rule, the abdominal reflexes will be
diminished although the change in their character as
they are tested from above downwards may be so graduated
that it is impossible to determine any definite upper
levels

The third stage is distinguished by the development
of definite localising signs. The motor paralysis may
by this time have become so severe that the patient is
unable to walk, partly on account of the weakness but
also on account of srasticity and spastic contractures.

There is now remote sensory loss, as a rule relative



in degree, sometimes bilateral; in other cases more of
the Brown Sequard type - the upper limit of this loss
.can be mapped out. The abdominal reflexes may -now be
abolished below a certain level which corresponds to that
of the remote sensory loss. If the loss is bilateral
its upper border will be coterminous with that below
which the reflexes are lost, if, on the other hand, the
'sensory loss is confined to one side its upper border
will be situated two to four segments lower than the
level at which the reflex is lost on the opposite gides |
Instead of delay in micturition there will now bhe incon=-
tinence. It sometimes happens that there is a local
sensory loss which is more intense than the remote
sengsory loss, indeed in some cases there is more impair-
ment of sensibility locally than distally ( ).

When this exists the corresponding superficial reflexes
will be abolished, although thev may be present but
diminished below this level. Cccasionally the corresg-
ponding portions of the abdominal muscles are paralysed
so that if the lesion be in the upper mid-dorsal region
the umbilicus will be seen to descend when the patient
attempts to sit up.

To sum up, remote signs appear first and slowly
progress, to be followed later by wide spread but
relatively slight local signs which eventually become
relatively more severe than the remote. Finally a

more or less complete lesion of the cord may result.



Chronic Circumscribed Lentomengitis.

In this form of leptomeningitis the onset of the
symptoms is gradual but not so slow as in the diffﬁse
type. The lesion is commonly situated in the mid or lower
dorsal region. The earliest symptom is progressive
spastic weakness, the upper limit of which may become
definite within six to eighteen months; it can be ascer-
tained by examination of the abdominal reflexes and
observing the action of the sbdominal muscles; there
is remote sensory loss up to a corresponding level and
incontinence of urine is often troublesome. Local signs
such as girdlie sensation are often present, occasionally
associated with pain, but the area over which these signs
lexist is limited to one or twd segments. Occasionally
there is numbness in the legs and sometimes pain. In
this tyre of case the first stage may be prolonged from
8ix to eighteen months, but progress 1is rarid onee
definite localising signs have maenifested themselves.
Thus a patient may have had slight general spastic weak-
ness of the lower limbs for twelve months and then within
two to six weeks develop localising signs with evidence
of bilateral comnression of the cord. The explanation
of this is generally found in an obstruction to the
cerebro spinal fluid. When the fluid becomes dammed up
it at once exerts local pressure on the cord, usually on
all its surfaces. Incision of the membranes releases
it and removes the pressure; this is followed very

rapidly by the disappearance of all the acute symptoms



and signs, provided that operation has not been delayed

too long.

Patchy Chronic Leptomeningitis. - Arachnoid Cysts.

(a) In its simplest form there are local ratches of
meningitis which involve certain roots. The patientl
complains of pain in a root area, sometimes intense and
acute and often made worse on movement, but tending to
become less severe within two to three weeks; it ,however
does not comprletely subside and three or four weeks later
a loss of sensibility is discovered in the area in which
the pain was firstr felt. Motor root symptoms become
obvious about this time, but the patient may have com-
plained of weakness for some little time before he
noticed the wasting. The motor and sensory root symptoms
cerrespond. Cord symptoms do not develop until much
later, indeéd if the primary condition be recognised

and adequately treated their onset may be prevented.

A good example of this type of case is (47) .

The disease may originate in the cavda eguina when
the symptoms spread more rapidly owing to the proximity
of the roots to ezch other.

(b) Arachnoid cysts - sub-arachnoid cysts. These terms
have been applied to a condition frequently found in
association with chronic leptomeningitis in which there
ase local collections of cerebro srinal fluid, either
withih the arachnoid or beneath it. It is by no means
g0 rare as one would be led to suvnpose from a perusal

of most text books of neurclogy or pathology. In my



series of cases I have recorded several such cases, in
some of which the symrtoms pointed to unilateral compres-
sion of the cord and simulated a slow growing intra thecal
tumour. There are however several points of distinction
In the arachnoid cysts there is often weakness of both
limbs before there is preponderating weakness of that on
the side of the lesion. ILocal pain in the back extend-
ing round both sides may be an early symptom, but is
transient and is often rerlaced by girdle sensation.
‘Sphincter trouble commences earlier than in spinal tumour
cases, and finally the examination of the cerebro spinal
fluid mey confirm the diagnosis of arachnoid cyst by
revealing a lymphocytosis and yielding a positive Wasser=-

man reaction.



SYPRILITIC MENINGC MYELITIS.

I have included in the appendix five cases of
syphilitic meningo-myelitis, in all of which Operatioﬁ
hes been performed. In two of these cases the clin-
ical symptoms point to the meningeal condition having
preceeded the myelitic process (1 andio2) as in both, the
first symptoms were local pains. In case (101) the pain
had lasted for ¢ne month before the sudden onset of
total paraplegia; for two months he was under treatment
with mercury and iodide but shewed no improvement. He
was then operated upem and since then has slowly but
steadily imrroved, the paralysis 5eing practically con-
fined to the sacral areas. It is somewhat remarksble
that this patient has normal control over his sphincters
'despite the complete sensory loss cover the sacral areszs.
He did not feel & warmed test tube being inserted into
|the rectum but was conscious of a catheter zt the moment
when it entered the bladder. Case (103) illustrates
well the greater degree of local sensory loss which may
develop in severe cases of leptomeningitis; the loss of
sensibility was greatest in the areas of distribution of
the fifth to ninth dorsal segments - the portion of the
cord where the meningitis was most intense. The remote
' sensory loss was slight, the fourth and fifth sacral
areas escaping, and at the post mortem investigation it

was found that there had not been any actual softening
of the cord.



STATISTICS:

OF DIFFBRINT FORKS OF SPINAL TUMOUR.

.It is not my intention in this Thesis to enter at
all fully into the pathology of Compression Pararlegia,
I have confined myself to the description of the differ-
ent lesions and tumours from the point of view of their
rhysical characters and their effect on the nervous
structures. I have done so hecause on these characters
derend largely the mode of onset and the distribution of
the symptoms.

I want, in conclusion, to refer to the different
forms of spinal tumovr which may be met with in regard
to their bearing upon the prognosis. I shall consider
them in two classes, those situated within the Theca
and thoée in the perithecal sﬁace.

I In my series of fourty-nine cases, thirty were

intra thecal and twenty-nine were extra thecal.

INTRA TFICAL.

The majority of Intra Thecal tumours are slow grow-
ing and localised. They arise fror the membranes or
the sheaths of tre spinzl roots - in this class fibro
55rcom%, endothelioma and psammoms are included.

in a smaller rroportion of cases the tumours are

not localised and are of & malignant character. The

commonest of these is Sarcoma - usually round-celled.

They may originate in the endothecal sprace or may involve



it from without, either by direct invasion or by met-
astasis. Direct invasion takes place either along
the roots or by way of the cerebral membranes. A
beautiful example of the former was shewn by Dr. Farqu-
har Buzzard at the Neurological Section of the Royal
Society of Medicine, three years ago. I have never
seen any examrles of direct extension from the cerebral
membranes, although several cases of this nature have
been described., In one of mine the tumour, a myxo-
sarcoma, spread ur to involve the meninges over the med-
ulla: (- )i

Metastatic growths ére sometimes met with; the
infection is occasicnally carried by the cerebro spinal
fluid. Barnes in 1902 (12) published a case of sar-
cormz of the cerebellum which had invelved the cord by
extension down the central camal and underneath the
pia arachnoid . In I published reports of sev-
eral cases of choroidzl tumour situated in the fourth
ventricle; in one of these I found secondary growths
around the central canal upon the roots and around the
cord. They were almost microscopic and it was only
on microscopical examination that I was able to verify
their nature. Since then I have found another example
of this condition and I append two photographs to illus=
trate it. In neither of these two cases was there
any clinical evidence of involvement of the cord or

spinal roots. Metastatic growths from visceral tumours



are sometimes met with, such as farcinoma, Sarcoma but

of these I have no examples.

INTRA THECAL TUMOURS.

Nature. Fibro :Barcoma:¥ndoth-: Psam- :Angioma: Intra &
iSarcomas: telioma .t moma. 5 Bixtra
: 2 5 : 2 tlMedullary
2 3 - . : : Double
: 5 . 3 .- : Lesion.
Male : 9 s 2 2 O (0] 2
Female: 5 : 5 < 1 2 2 2 1 ; 1
: g : : z ; =
Total : 14 : 7 : 3 : 2 : - : 3
Average: : : : g 2
Age. : $ : i 3
Male., : 43 @ R4 EE S - - - - x &5
Female.: 44 e g 4P : 28 50 2 9

FXTRA THECAL TUMOURS.

—-— e

Of these a considerable nﬁmber grow from the theca
and are of a similar nature to those found growing with-
in the theca - Fibro Sarcoma and Endothelioma. Intra
sarcoma and endothelioma may, however, alsc arise from

.the structures lining the boney walls of the vertebral
canal. These tumours are not highly malignant tut

|
are certainly not so benign as those arising from the



theca itself.

The other perithecal tumours are mostly

secondary and the result either of extension from the

spine itself or from tumours situated elsewhere in the

body and may be purely metastatic.

from visceral growths takes place along the roots

Direct extension

through the intervertebral foraminé, or between the

laminae.

Metastatic growths are usually multiple and

their occurrence in the spinal cord is only paet of a

lgeneral metastasis.

EXTRA THECAIL TUMOURS.

(]

Fibro Fndoth+ Carci- :
Nature;Sarcoma:Sarcomsa: elioma: noma. & Gumma: Total.
e ret e T SAE e SRR A A AeRel T vl
e el el P TR e B e | s 7

: j E : : : e
Total ; é 7 2 4 : i b 3 A 1¢
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DIFFERENTIAT DIAGNOSIS OF INTRA- AND EXTRA- THECAL TUMOURS.

Intra-thecal. The symptomatology of intra-thecal

tumours differs according to the nature of the tumour.
The slow growing nonenalignant tumours are very similar
in their clinical picture to the corresponding type of
extra-thecal tumour. The malignant differ, and more
closely resemble the malignant type of extra-thecal
tumour. I shall therefore contrast the slow growing
intra=-thecal and the slow growing extra-thecal, and
later the rapidly growing intra-thecal with the rapidly

growing extra=-thecal.

in Slow growing Intra-thecal Tumours, = the onset

is gradual, the symptoms commencing usually betwesen the
ages of thirty and fifty. Symptoms referrsed to the
spine are uncommon;in some cases there is local pain
but deformity is quite exceptional and tenderness on
pressursg very uncommon. The mode of onsat of the
symptoma is first unilateral cord or root symptous.

Of twenty-two cases ten began with cord symptoms, nine
with root symptoms and only three with pain in the back.
These root and cord symptoms are referable to a lesion
compressing one side of the cord. |

In casas where the roots are affectasd there is first



local root symptoms on one side, pain and.motor and sens-
ory loss, followed by a gfadual onset of paralysis of

the lowexr 1limb of the same side and by loss 10 pain,
heat and cold on the opposite side some se;ments beiow
the level of the root lesion, This is followed still
later by a gradual onset of paralysis of the opposite
leg, the onset of sphincter trouble, and the devel-
opment of Sanaory loss on both sides up to the level of
the local lesion. Still later there may be a complete
transverse lesjion with local signs on bhoth sides at the

level of the compression and total paralysis below.

In slow growing Extra-thecal Growths the age of

onset is similar but symptoms referrsd to the spine are
more common; these are local pain and occasionally ten-
derness on pressure, deformity,however, is rars. The
onset of the cord and root symptoms is similar to that of
slow intra-thecal growths, and may also be of the Brown
Séquard type, but this is not so constant a feature.

The final development of complete paraplegia is more
sudden and there is little intserval between the onset

of the bilateral compression and the development of a

complete transverse lesion.



RAPIDLY GROWING INTRA-THECAL AND EXTRA-THECAL TUMOURS.

Intra thecal. This type of tumour occurs chiefly
in the early years of life from ten to twenty and is more
often situated in the sacral region than elsewhere.
There is no local pain in the spine and there is no
spinal deformity or tenderness on pressure. There
is an early onset of root symptoms and they rapidly
become bilateral, are soon followed by cord symptoms
except in the sacral cases. There is rarely any uni-
laterality in the cord symptoms and the lesion very

rapidly progresses to become total.

Extra thecal. These often arise in late childhood
or early adult life, and chiefly affect the dorsal region.
Local pain and tenderness of the spine are very common
but deformity is rare. The course of the disease is
rapid at first, root pains followed by rapid onset of
bilateral cord symptoms which soon become those of a

total transverse lesion.

Pachymeningitis. This is distinguished from
spinal tumours by the rapid onset of the root symptoms
which are severe and spread and extend so as to involve
several roots within six to eight weeks. The cord symp=

toms do not, as a rule, develop until the roots on both sides



are affected, but this is not invariably so. Once
cord symptoms develop the progress towards a complete
transverse lesion is rapid. The diagnosis is confirmed

by lumbar puncture and cytological and serum examination.

Leptomeningitis. The local symptoms are diffuse
and widespread but are not intense in degree. The
earliest symptom is diffuse spastic paralysis of very
gradual onset, usually bilateral, with retention of
the abdominal and épigastric reflexes, these disape
pearing later when local signs indicating the level
of the lesion appear; the progress of the case is
slow throughout; the diagnosis is confirmed by lumbar
puncture and cytological and serum examination.

Lécal cystic formations may simulate spinal
tumour, but again examination of this cerebro spinal

fluid may help in the diagnosis.



SARCOMA OF THE SPINE.

Sarcome of the spine may simulate spinal caries or
spina tumour.

It simulates spinal caries in cases where it gives
rise to obvious signs of vertebral disease and as it
may occur in young peopleé the diagnosis is often diffi-
cult.

The signs are swelling, somstimes soft and boggy,
sometimes nodular, which may involve the surrounding
muscles and tissues. The sweliling, however, is limited
to the affacted araa, and does not like a bhurrowing ab=-
scess appear at some distance from the vertebral lesion.
There is local tenderness on pressure which, however,
does not often cause root pain, and pain on movement is
less common than in caries, The local pain is more
constant and gnawing in character. In young peaople
sacral caries is rare while sacral sarcoma is relatively
common., In sarcoma one xroot is involved after another,
an appreciable interval intervening, and symptoms are
late in appearing, several roots being affected before
there are signs of compression of the cord. Radiog=-
raphy may be helpful, caries being more easily recognised
than sarcoma.

In cases of sscondary sarcomsa, especially cases of
lympho=sarcoma = the differcntial diaznosis is still

harder. The presence of enlarged glands and the mode



of onset of the symptoms -~ root pain followed rapidly by
bilateral compression of the cord - ars common to both,
but in caries there is a more acute local deformity.
Examination of a gland may solve the question.
Tuberculin tests are of doubtful value; Von Pirquet's
reaction may also prove misleading especially in adult
cases. Lumbar puncture is often negative in both caries
and sarcoma, but as it is sometimes positive it may help

in clearing up the diagnosis,

The cases of sarcoma of the spine which simulate
spinal tumour are those in which the sarcoma is primary
and slow=growing; it may then pass into the vertebral
canal without causing any local deformity. Tenderness
on pressure may be present in both conditions and in
both there may be long standing root symptoms. A case
of this type resembles slow growing meningeal tumour in
its clinical features. Radiography may be of great
valuz in distinguishing the two conditions provided the
situation of the tumour permits of photographs being
taken in several positions. Both types of tumour will
give a shadow,. The patient should first be photo~
graphed lying flat on his back with the spine next the
plate, and later two oblique photographs should be taken,

the spina being rotated so as to give a lateral view



In meningeal or intrathecal tumours the shadow of the
tumour is not in constant relation of connec tion with
that of the vertebral bodies wher=as vertebral tumours
will be ssen to be in direct connection with the verte-
bre, Further meningeal tumours tend to extend parallel
to the cord on one side, while vertebral tumours tend to

extaend across the vertebral canal.

CARCINOMA OF THE SPINE,

The diagnosis of this condition is not as a rule
difficult, the advanced age of the patient, the history
of previous operations for tumour or the presence of
malignant disease elsewhere all point to carcinoma, In
addition there may be & severedegrze of cachexia as in
most cases the disease is well advanced befors it affects
the spine, The local spine symptoms are pain = often
vaery intensse and always aggravated by pressure - to
this may be added a slight or severe degrse of local de=-
formity which is never, however, so acute as the angular
curvature seen in caries,

Radiogzraphy may be helpful, but as the diseased
bona may show either aé a shadow or as a light patch
the most caraful interpretation of the photograph is
necassary.

The onset of root and cord symptoms is rapid and

the lesions soon become complete.



THE DIAGNOSIS OF FXTRA FROM INTRA MEDULLARY

TUMOURS.

The differential diagnosis of extra-medullary
spinal tumour from intra medullary must be based upon
the incidental symptoms and the grouping of the spinal
symptoms.

Deformity of the spine may occur in syringomyelia
but not until the disease is well advanced, whereas in
caries, the deformity often precedes the spinal symptoms.
In syringomyelia the symptoms are generally referred to
the lumbar or cervical region, or even to the tulb.
lThe local symptoms in syringomyelia precede the onset
iof the cord symptoms, but the character of the sensory
[1loss is different from that due to posterior root lesions
and is not accompanied by root pain, although burning
pain msy be complained of in similar, but not identical
lareas. Trophic disturbances are severe and may appear
Iin the early stages. In spinal tumour cases root symp- |
‘toms are followed by signs of involvement of the homo-
1lateral side of the cord, and later of the other side.
iIn syringomyelia both pyramidal tracts may be affected
!at the same time. The Brown Sequard tyre of paralysis
is rare in syringomyelis, but common in spinal tumours.
A definite segmental loss is rare in syringomyelia but
:typical in extra-medullary spinal tumours. In syrin-

gomyelia there may be an upward extension of the symptoms

‘but in extra-medullery tumours this is almost unknown.



The symrtoms in syringomyelia are often remitfent, those
:of spinal tumour progressive. Dissociated sensory loss
may occur in both cases, but the remcte loss is more
segmental in distribution in cases of tumour than in -

central cord lesions.

CONCLUSICN.

—

I have endeavoured in this Thesis to make a
systematic exposition of the fundamental principles =
anatomical, physiological and pathological vnderlying
the production of the signs and symptoms of Compression
|Paraplegia in general.

: What I have, however, especially endeavoured to
Ie]ucidate is the manner in which these fundamental signs
and symptoms vary in the different groups of cases and
;the reasons for such variaticns. In this manner it
Eappears to me ypossible to establish criteria of differ-

'entizl diagnosis which do not appear to me to have been

hitherto sufficiently emphasised.
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