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PREFACE

Tuis Book as tts title imphes s written on an ntomical basis, this brings
many advantages because the body of information that the chapters contain
can otherwise be gamned only by resort to many sources  Conscquently the
authors are drawn from widely different fields though as might be expected
most arc orthopaedists

The sheleton can no longer be regarded simply as an mmportant supporting
structure nor the vertebral column as a specithzed part of this enclosing the
spinal cord Changes 1n the vertebral column and symptoms referable to it may,
and do gne the earliest ndications of ncoplastic endocrinological and
nflammatory diseases

For these reasons this volume will we hope, prove useful to a wide circle of the
medtcal profession

We would like to take this opportumty of thanking those who have made 1ts
publication possible

REGINALD NASSIM

H JACKSON BURROWS
October 1958






CHAPTER 1

ANATOMY AND DFVELOPMENT
R WALMSLFY

INTRODUCTION

Tie GINERAL fetures of the adult vertebral column as a whole and the
composition and structure of 1ts component parts are so well known that many
of them are considered to be outside the scope of this chapter

Man has developed the orthograde position to tts most perfect stage and
during the course of evolution the vertebral column has shown extensive altera-
tions from the basic form present 1n pronogrades  Among bipeds man 1s unique
because he alone 15 capable of fully extending the thighs on the trunk 1n normal
posture and adopting n casily mantained stance which allows him to use his
upper limbs freely and independently the anthropowd apes (also orthogrades)
are unable to do this and they use their upper limbs not only 1n locomotion but
also m standing In mammals generally the average number of presacral segments
15 27 whereas in man the number 1s reduced to 24 m about 95 per cent of
indniduals A part of the reduction (two vertebrae) occurs in the lumbar region
1t allows orthogrades to maintain the erect posture more easily and provides for
a closer approximation between the thoracic cage and pelvis with a corresponding
reduction 1n the length of the antero lateral abdominal wall

The bodies of the vertebrae have been considered as forming four pyramids
when the column 1s viewed from the front as the width of the bodies 15 stated
to mcrease along the cervical column from was to the seventh cervical vertebra
then decrease to the fourth thoracic from where there 1s a gradual increase i
width to the fifth lumbar vertebra before coming to the triangular shaped sacrum
and coccyx  The narrowing in the upper thoracic region 1s not particularly obvious
although the antero posterior depth may be seen to mcrease down to the second
lumbar below which there 1s a shght diminution 1n the measurement Kohler
(1935) has observed that the body of every vertebra except the last lumbar 1s
taller than that which lies immediately above 1t

Each region shows 1its own specialized vertebral form and the intervertebral
Joints show a range of types that vary from the synowial joints between the atlas
and the axis to the synostosis of the vertebrae in the sacrum and the coccyx
This regional difference 1s apparent to some extent 1n all higher vertebrates and
may well be regarded as an expresston of function of the region

Curvatures of the spme

The antero postersor curves n the newborn child and an adult man are shown
in Fig 1 In the newborn child the sacrum 1s obviously more 1n alignment
with the upper part of the column than 1n the adult and this feature contributes
to the small size of the pelwis in young children and the consequent intra
abdominal position of the bladder The inclination of the sacrum shows great

yCo—1 1



ANATOMY AND DEVELOPMENT

FiG 1 ~{a) Median_section of new
born child The 2 pnimary curva
tures are present but their concavities
are not prominent  The upper curva

. 07 ture extends from the aflas fo the
Y, { lower border of the fifth lumbar
/"""l~ * vertebra and the lower embodies the
jff D/ d K sacrum and the carufaginous coccyx
7iah 100 The angulation of the sacrum ss about
LT, n{ ‘i that commonly seen n newborn
7t £ ‘, children  (5) Median section of adult
Fﬂ;)/ man presents & auid  secondary
£, ot cervical curvature and 2 more pro
NG minent  lumbar  curvature The

A angulanon of the sacrum s within

the nommal range  In this specumen the
spmal cord extended to the lower
border of the second lumbar vertebra

which 1s marked by a piece of tapered
tubing A large Schmorls node 15

goer
N
pos

A
a

i

AaYd present in the upper part of the first
ey | lumbar vertebra  (Fig 15 15 repro
_;fA ¢ duced by courtesy of the Editor Edinb
R Tfs ; med J)
LA
[l
oy
!
X
{a) 1]

variation 1n different adolts and different authors measure the lumbosacrat
angle n different ways It 1s sometsmes defined as the angle between the long
axis of the lumbar spime and the sacrum and sometimes as the angle between
the plane of the upper surface of the sacrum and a honzontal plane  Whichever
method 1s used the vanations that may accur in the range of wmclhnation of the
sacrum would appear to be 1n the region of 50 degrees  Secondary  (or com

pensatory) curves develop tn the cervical and lumbar regions with the raising of
the head and with the extension of the lower Iimbs when a child begins to walk—
and 1t 15 noticeable that the cervical curvature 15 not so pronounced as the fumbar
Both these curves are dependent on the posture of the body because as the eervical
curvature 15 Jost when the head 1s flexed so too the lumbar part of the coluran
becomes flattened and more m line with the sacrum when the subject sits upright
m an ordinary straight chair or when the trunk 1s flexed on the thighs as s touching
the ground wuh the finger tips  More important from the chmeat diagnostic
point of view 15 the change 10 the lumbar curve when the extended Ieg (or straight
leg) s ramsed from the supme posion (Charnley 1951 Armstrong 1952)

The greater part of the movement of straighteming the lumbar column occurs at
the last snterfumbar and the lumbo sacral joints and the corresponding inter

vertebral discs have an especial tendency to degenerative changes  Capener (1944)
and keegan (1953) among others have drawn attention to the action of the
hamstring muscles m flattemng the lumbar curves m siting ~ Silasly Keegan
beheves that the psoas major muscles through their attachments to the front of

2



Fatly gpaprrmyn

cach lumbar vertebry and th feet S gt =hs [N t-{ :'
postion  The eccondan curve 2 ¢ 1 =N dp-tc o -t fem e :
interverichral dieee butthe fro teftt fahto=b e Teayp o amme L0 ,
deeper than the bach and the came helitatn a3 1 - e fe R
third lumbar sertebrac (Fip 1F)

The wcries of alternate serieh ¢ ad @1 ate b =Y tes Coe fo oo an

ntnicatehy condtrocted arind colurn that pot c=h 270 @ 57 Tta Rt
trunh but 16 ko endowed with flonbliy ~rd ge B oo B2 S e o
whether it be bone mternertehl die aapmal e =t ot b~ = a1 0"
particular role in endowing the column with the r fotu ¢ =3 a2y 17 a%
one component will reflect steelf an an up ot of the fun aesefth whe's

The lateral cunvature often prewent in the mad the oo fez 72 1 co——enl
comex to the fipht in nipht handed people and bc tovene v Akasd d
people  This curve has aha been awnaited with the po tion of (ke thesacy
aorta Iung on the left of the sntermedivic thoraae sertebere af Fosower the
cunature s deduced from the discction of the spirous pove ¢ ard af 3 ta.
rotation of the vertehrac 18 avumed then the truth of the aterert quo «d b
Rilshaw and Olicrenshaw (19584) s to be remembered nameds 1kat the thofiae
rericbral bodies rotate s fromthe concmvaty and the spinous processcs o virds it

Varizations in vertchrae

Although all sertebrac hive the <ame basc form snitinlly they toon 1sume
features that are characterstic of the body segment to winch they belong Thus
1 about 90 per cent of people there are 7 cervical 12 thoreie 5 lumbar § <acrl
and 4 coccrvgeal vertebrae but in the remaning 10 per cent 1 vertebry assumes
partially or completely the chircters of in adjrcent vertebrn 1t s 1n the tran
siional regions where the most obvious changes tend to occur  Although for
example the twenty fifth sertebri forms the first sieril 1n 95 per cent of people
the twenty sixth does so 1n 3 per cent 1nd the twents fourth vertebriin 1 per
cent  Bardeen (1905) has described how the vertebriy that 1s to form the first
sacral icrespectine of whether 1t 15 the twenty fourth twenty Glth or twenty stath
1n the vertebral series takes on the charictenstic form of this vertebry 1t an carly
stage In the thoraco lumbar region the twenticth vertebr v which normally forms
the first lumbar bears rudimentary nibs tn 1bout 6 per cent of people nd the
eighteenth vertebra 1n about 2 per cent of people 1s devord of ribs  The vartations
1n the development of the costal element of the seventh cervical vertebra are well
recognized and may be of clinical importance when s in about 1 per cent of

people st forms a definite cervical rib which 1s crossed by the lower trunk of the
brachial plexus (Le Double 1912 and others)

EARLY DEVELOPMENT
The developmental history of the vertebral column 1s complex and the vertebrae
and the discs cannot be dissociated from each other In their structure and
function the discs and vertebrae likewise must be recognized s two elements
of one umit and 1t certainly appears to the writer that there can be no logical

consideration of the one either 1n health or disease without a simultaneous
consideration of the other



ANATOMY AND DEVELOPMENT

When the embryo 15 about 5 weeks old there lie along each side of the neural
tube and notochord the prominent series of somites (Fig 2) The somites onginate
by segmentation of a continuous column of mesoderm termed the paraxial bar
and within each somute shortly after 1ts formation there appears a small cavity
termed the myocoele While the myocoele 1s present the somite has a triangular
form with medial lateral and ventral walls (Fig 3)

It 1s the cells of the lower part of the medial wall of the somute that are concerned
with the development of the axial skeleton and consequently this part of the
somute bears the name of sclerotome (Goodsir, 1857) The remamder of the

Fic 2 —A photograph of a model (Ziegler) of a
human embryo approximately 7 mullimetres
tong The somrtes are seen as a senes of
prominent cubic elevations along the dorsal wall
(Reproduced by courtesy of the Edior Edinb
med J)

sc £a0 oML MYOTOML

Fig 3 —Schematic section of embryo On the
left side of the diagram a somte 1s shown with
1ntact sclerotomic and myotomic parts  On the
right side the sclerotomic cells are shown mugrat
g medually both ventral and dorsal to the
neural tube (Reproduced by courtesy of the
Editor Edinb med J)

somite 15 termed the myotome or dermomyotome The cells of the sclerotome
mugrate medially and passing both dorsal and ventral to the notochord meet
those of the oppostte side in the mid line and so form a continuous membranous
mesodermal column around the notochord (Fig 3) some of the cells migrate
to the sides of the neural tubes where they form the vertebral arch Remak
(1855) postulated re segmentation of the developing vertebral column and
described how each sclerotome contributes to the formation of parts of two
vertebrae and one mtervertebral disc  Von Ebner (1888) noted that each sclerotome
early 1n 1ts development 1s divided into crantal and caudal halves by a partial
4



EARLY DLVFLOPMENT

transverse fissure which may approprintely be termed the sclerotomic fissure
(Fig 4) The sclerotomic cells that bound this on its crinl and caudal sides
proliferate to form 1 well defined dense band that s the forerunner of the dise
and may be termed the primitne mtervertebral disc The cudal part of one
sclerotome then unites with the cramal prt of the adjacent sclerotome to form
a primary vertebra  In conscquence of this revised segmentation the vertcbrae
alternate 1n posttion with the myotomes Tiis mode of formation of the pnimitive
vertebrac and intervertebral dises has important basic functioni! implications as
the muscles that anse from one myotome are thus related to the parts of two
sheletal elements and an ntervertebral disc on which they act

O Ay e T T

gemEeIREEEN VTR TR

VTG Ty e

o) s 1
S \_“.: %, ‘—(u)m'a_; 1 12

T e 3
DSy et

b

Fic 4 —Coronal section of lumbo sacral region of 8 milimetre human
embryo The notochord (N) 1s undulint and therefore not cut throughout
1ts length  The blood vessels (B V) are segmental and therefore related to
the primitsve vertebra (PV) which 1s formed by adjacent parts of two
sclerotomes The pumitive disc (P D) is seen as a dark band and within 1t
15 the sclerotomic fissure (S F) Note the relative sizes of the primitive verte

brae and the discs at this stage (x40) (Reproduced by courtes) of the Editor
Edinb med J)

It may be postulated further that the adjacent parts of any two vertebrae and
the intervening intervertebral disc constitute along with the muscles that arise
g:om ge same somite not only a developmental umit but also a functional unit

1g

The sclerotomic fissure within the primitive disc and opposite the middle of
the myotome 1s shown n Fig 4 It 1s transtent and all trace 1s lost soon after
the 8§ mulimetre stage The anlage of the body of the vertebra formed from two
sclerotomes 15 represented at an early stage by a mass of loosely arranged cells
the primitive body and the primitive disc are of about equal length (Fig 4)
The size of a structure at this stage gives no mdication whatsoever of 1ts definitive
s1ze

The notochord both 1n phylogeny and ontogeny 1s the forerunner of the
vertebral column and though all evidence of the notochord 15 normally lost
withmn the vertebral bodies 1t 1s intymately concerned with the formation of the
intervertebral discs  The intervertebral disc has the most complex development
of all the jomts largely because of the notochord within the primitive disc  In
the 15 milimetre human embryo the notochord extends from the clivus of the

5



ANATOMY AND DEVELOPMENT

Fic 5-—Photograph of the lower 3 lumbar vertebrae

with the intervening imtervertebral discs The parts of
the adjacent vertebrae which have been developed from the
corresponding sclerotomes of the right and left sides hie
between the black lines and are stippled The posttion
of a myotome of the same segment 15 indicated  (Repro
duced by courtesy of the Editor Edinb med J)

skull to the surface of the coccyx  In the skull it passes obliquely through the bast
occiput (Fig 6a) emerges on the piaryngeal surface of the skull and re enters
the sphenoid to terminate in the region of the dorsum sellae The peripheral
part of the primitive disc forms the annulus fibrosus whereas the central part
with the notochord forms the nucleus pulposus  Within the peripheral region
of fibroblasts there 1s an mmer zone which although relatively small at
this stage will by the proliferation of its cells, participate most actively in the
formation and growth of annulus and nucleus pulposus (Prader 1947b Peacock
1951 1952 Walmsley 1953) The outer fibrous zone of the disc 1s clearly
demarcated from the inner zone which assumes an appearance rather like pre
cartilage and has been termed hyaline cartitage by Prader (1947b) and specialized
embryonic cartilage by Peacock (1951) Praders concept of a continuous car-
tilaginous column at this stage appears to be open to question

Development and ossification of a vertebra

The body of a vertebra as already stated 1s formed by the umon of mesenchyme
from parts of adjacent cramal and caudal sclerotomes so that the primitive
vertebrae alternate with the myotomes or muscle rudiments When the embryo
15 about 12 mull res long the hyme of the vertebral body differentiates
as cartilage from 2 chondnfication centres 1 on each side of the notochord which
soon fuse (Bryce 1915) Chondrification of each side of the vertebral arch

6




T1ARLY DEVIIOPMINT
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Fi6 6 —Sagittal sections of 15 mullimetre human embryo (@) Showing the noto-
chord (N) passing from the odontoid process into the cramal cavity and then
passing obliquely through the basi occiput to continue on the pharyngeal surface of
the skull  (h) Showing notochordal cells (N) reaching the dorsal surface of the
coceyx

begms 1n a centre near the junction of pedicle and lamma  Each arch centre
soon fuses with the body 1n the formation of a cartilagimous pedicle but chondn
fication extends backwards more stowly and the vertebral arch remains open
dorsally until the fourth month of ntra uterine hife when the laminae meet and
fuse As a cartilagimous spinous process forms and grows backwards from the
junction of the bilateral laminae, so too does a transverse process grow laterally
from the junction of pedicle and lamina

Ossification 1n cartilaginous bone conforms to one of three distinct patterns
First as in an epiphysis an ossific centre appears within the cartilage, and
enchondral ossification gradually extends towards the surface Secondly dia-
physeal bone as 1t may be termed, 15 typicaily seen 1n the diaphysis of a long
bone and there the first bone 15 deposited on the surface of the cartilaginous
shaft after it has become caleified Thirdly some bones appear to combine these
two methods of ossification either synchronously or one before the other

Reporting on a series of 3 and 4 months old foetuses Mutch and Walmsley
(1956) concluded that the ossific centre that appears i each half of the vertebral
(neural) arch 1s always on the nner surface of the arch that 15, bone of the dia-
physeal type  the centre for the centrum usually appears on the posterior surface of
the body of a vertebra and only occastonally additional ossific centre or centres
appear simultaneously within its substance This unorthodox concept of vertebral
ossification must be appreciated for a proper understanding of some pathological
conditions of the vertebral column

The postero lateral parts of each body are ossified from the vertebral arches
separately from the intermediate part or centrum (Fig 7) Fusion of the bone
of the neural arches with the centra and obliteration of the neuro central jonts
begins 1n the lower cervical vertebrae at about 3 years and the process,

extending upwards and downwards 1s completed 1n all regions by about the sixth
or seventh year



ANATOMY AND DEVELOPMENT

Ossification of the centrum

In lumbar vertebrae of 3 months old foetuses (Fig 8a and b) the cartilage 1n the
ntermediate part of the centrum becomes calcified and the calcification reaches
the posterior surface before the antertor surface  In agreement with Streeter
(1949) that such calcified tissue stimulates the formation of periosteal bone the
first stte of bone 1n a vertebral body 1s usually 1ts posterior surface 1 relation
to the caleified cartilage  vascular canals are however, present within the cartilage
before ossification and 1 this feature vertebral osstfication differs from diaphyseal
ossfication  Comncident with the formation of the periosteal bone the calcified
cartilage 1s excavated and large spaces termed secondary areolae appear within

FiG 7 —Lumbar vertebra of a young
child divided to show the neuro
NCI central joint (ncy)  The lamunae
which 1n the lumbar region fuse soon
after birth are seen to be fused on
therr deep aspects

A secondary breakdown of the periosteal collar of bone allows the calcified
cartilaginous mass to be invaded by additional vessels such a stage 15 represented
i a lumbar vertebra of a2 4 month old foetus (Fig 9a and 4) on the
cartilagmous walls of the large secondary areolae bone 1s deposited When
cartlaginous calctfication of the cartilage reaches the front of the cartilaginous
vertebral body bone begins to be formed on thts surface (Fig 9a) The periosteal
bone both on the front and the back of a vertebra shows an irregulanty of form
often with spur like processes (Fig 102 and b) charactenistic of diaphyseal long
bone formation

The massive excavation of the cartilage within the vertebra typical of draphy
seal ossification would seem 1nconsistent with the osstfication from one two or
more separate endochondral centres  The notochordal mucord streak persists for
some time within the cartilage of the vertebral body and delays the normal sequence
of changes 1n cartilage and the formation of bone

From observations in Scheuermann s disease Knutsson (1948) concluded that
the antero postertor growth of a vertebra occurs mainly by a deposition of bone
on 1ts anterior surface  this may be correlated with thickening of the front of the
annulus fibrosus of the lumbar discs with age and the consequent apparent back
ward displacement of the nucleus pulposus

The upper and lower surfaces of the ossified part of a young vertebra have a
series of ridges and furrows which are covered n Iife with cartilage  Within the

3



TARLY DFVFLOPMENT

Fic 8 —Samttal scction of lumbar vertebra of 94 millim tres human foctus
(a) (~ 20) Showing the cccentrie position of the zone of ealaification and(h) (7 40)
the thin lamina of bone on the posterior notched surface  (Reproduced by
courtesy of the Editor Edinb med J}
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Fi 9 —Sagtal scction of lumbar vertebra of 144 millimetre human foetus
{a) (x12) Showing the eccentric position of the bone which has yust begun to
be formed on the anterior surfaice and (b)) (~35) bone on the posterior

surface fenestrated and transmitting vessels (Reproduced by courtesy of the
Editor Edinb med J)

Fig 10 —Transverse section of the lumbar verteb:
ra of 124 mullimetre human
foetus A thin lamuna of bone 1s present on the postenior surfice and 1s

shown at huigher magnification in (5) {x55) The mushroom shaped form of

the bone n the vertebra 1s apparent
of the Bitgay ‘meTIEDEa 15 PP m (a) (x8) {Reproduced by courtesy

9



ANATOMY AND DEVELOPMENT

peripheral part of the cartilage related to each furrow there appears a separate
secondary centre of ossificatton and these centres later fuse and form the annular
eptphyses of the vertebral body Beadle (1931) recorded Schmorl s observations
that the secondary centres may appear as early as the eighth year and the fusion
of the epiphyseal ring to the diaphysis of the vertebra 1s usually complete at the
twenty fifth year and sometimes several years earlier Bick (1952) took exception
to the use of the term *epiphyses for these annular rings but 1n view of com
parative studies 1t 1s considered that this 1s an erroneous conception of them

It 1s well recogmzed that it most pronograde mammals the epiphyses of the
vertebral bodies are represented by complete plates The ossification of each
plate 1s from multiple centres which appear 1n the dorsal part of the periphery
and extend ventrally The human epiphyses may therefore be regarded as a
modified form of mammalian eprphysis in which the ossific process failing to
mvade the central zone of cartilage allows the epiphysis to assume sts perspheral
annular form Its limitation to the rim of the vertebral body ensures that the
entire vertebra may be associated with the nutrition of the intervertebral disc
throughout Iife and 1s not dependent between the eighth and twenty fifth year
on the meagre circulation 1n thin plate hfe epiphyses (Walmsley 1953)

The centres for the centra appear first in the lower thoracic region at about
the tenth week the process spreads upwards and downwards unti by about
the thirtieth week centres have appeared 1n all bodies except the coccyx which 15
not ossified until after birth (Fig 1a)

Ossification of the vertebral arch

There 15 one primary centre of ossification for each half of the vertebral arch
These centres first appear mn the upper cervical region during the seventh week
of mtra uterine life and having a crantocaudal sequence are apparent in the
sacrum not less than 3 months later During early development there may
theretore be a considerable difference 1n the stage of ossification even of adjacent
vertebral arches (Fig 11)

Before ossification begins the vertebral arch 1s avascular, thus differing from
the body of the vertebra which shows numerous vascular canals already referred
to which are seen as clear spaces (Fig 11) The first indication of ossification 15
locahized calcification 1n the part of the arch that lies between the superior and
inferior articular processes known as the pars interarticularss When calcification
reaches the nearby antero medial surface of the pars interarticularis subperiosteal
bone 1s laid down and thereafter the calcified cartilage 1s nvaded by blood
vessels and partly excavated Calcification of the matrix extends 1n all directions
from 1ts 1mtial focus upwards and downwards into the roots of the articular
processes forwards into the pedicle and backwards and laterally towards the
posterior and lateral aspects of the pars mnterarticulars and gradually reaches
the perichondrium 1n these regions Wherever 1t does so the perichondrium
assumes an osteogenetic functton and deposits subperiosteal bone (Fig 11)
The sequence may be seen 1n some measure at least 1n a single sagittal section
of the lumbar vertebrae of a 101 smllimetre foetus (Fig 11) While the deposition
of subperiosteal bone continues there 1s massive excavation of the central carti
lage of the pars interarticulans (Fig 115) but upon the small slets of calcified
cartilage that remain the primary medullary bone of the trabeculae 1s latd down
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Fic 11 —(a) Sagittal section of a lumbar vertebra of 101 millimetre human foetus (x 7)
The section passes through the pars interarticulans of each vertebra and the supenor
and nferior articular processes are clearly seen  Ossification 1s just beginning n
L 5 (d) and 1s most advanced 1 L | (5)  the higher power sections of LS 3 and 1

show the ossific changes more clearly { x 30) (Reproduced by ccurtesy of the Editor
The Lancet)

Reconstructions of lumbar vertebrae of three foetuses (75, 93 and 101 millx
metres Jong) have shown that the calcified cartilage along with the first formed
bone n the pars interarticularis together constitute a hemspherical mass (Mutch
and Walmsley 1956) unlike the hour glass form that Willis (1931) described as
erroneously suggesting two separate centres

Sections through the pars interarticularis of older foetal and postnatal vertebrae
show great variattons in the thickness of the cortical bone and in the density of
the medullary trabeculae 1n sp of about the same age

These observations are 1n striking contrast to the statements of Hitchcock
(1940) who stated that ossification of the vertebral arch  1s preceded as 1n all
endochondral ossification elsewhere by the 1nvasion of vessels from the laminar

11




ANATOMY AND DEVELOPMENT

*' “'{.Erﬂ
N AN

| C

Fic 12 —Sagttal section E)af) lumbar vertebra (a) Showing the entire su(rl;)ace of the body with
1ts posterior surface towards the left 1t passes through a venous channel (b) Showmng a
higher power (x 16} of the upper part of thevertebra  (Reproduced by courtesy of the Editor
Edinb med J)

arteries and  the periphery of the isthmic (interarticular) region remains

cartilaginous up to and after birth
As long as Bardeen s (1910) statement 1s perpetuated that ossification in the

vertebral arch 1s endochondral and his figure showing this ossification within the
substance of the cartilage of the arch continues to be reproduced so too will

there be misapprehension about possible anomalies 1n the neural arch  Bardeen s

statement that sometimes m the fifth lumbar vertebra there are two centres for

the arch (for which he gives no authonty) 1s inconsistent with the pattern of
ossification involved This pattern 1s basically opposed to the appearance of
erther single or double primary endochondral ossific centres 1:thm the vertebral
arch which explains the failure of Rowe and Roche (1953) to discover a single

nstance of cleft vertebral arch in over 500 stillborn and neonatal cadavers If a

cleft vertebral arch has a congemital factor 1t 1s due mot to two centres of

ossification but possibly to a congemtal weakness in the bone of the pars
nterarticularns

Fusion of the bony laminae begins 1n the lumbar region soon after birth and
spreads slowly upwards and more slowly downwards bemng completed mn the
cervical region by the second year and 1n the sacrum (above the hiatus) by about
the tenth year

Besides secondary ossific centres for the annular epiphyses of the body there
are secondary centres for the spinous the transverse and the mamuillary processes

(of lumbar vertebrae) which appear about the fifteenth year and fuse about the

twenty fifth year

The manner 1n which a vertebra ossifies 15 considered to be closely correlated
with the growth of the vertebral canal The bone that 1s first formed in arches
and centrum 1s rapidly absorbed and 1t 1s only after the ossific centres have
appeared that a gap appears between the developing spinal cord and the arch
and a potential space 1s created

INTERNAL STRUCTURE OF VERTEBRAE
The architecture of the body of a vertebra accords with the compression stresses
1t has to withstand The trabeculae are arranged parallel to one another and

12
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m line with the long awis of the column, wnd binding them together are finer
transverse struts (Mg 12)  The porous nature of the upper and lower surfaces of
the bodies 1s correlited with the nutritton of the intervertebral disc (p 10)
These surftees except where related to the bone formed by the annular epiphyses
are covered by plates of hyahine cartilage which 1n the immature bodies serve
as 1 growth zone (Harns and Macab 1954) but wre unlike norml epiphyseal
cartilage as they persist after growth has cesed  The internal architecture of the
vertebrae has been extensnely studied by Gallois and Japrot (1925) and its histol
ogy by Bick (1952) More recently Farkas (1954) has given n cxcellent account of
the intravertebral structure in the different regions drawing attention to the onginal
obsenvation by Beadle (1931) that the unfused annuiar cpiphysis s only oosely
attached to the circumference of the vertebr: nd en be easily separated from 1t

The mtervertebral dise

In the cervical and thoracic regions the nucleus 1s ipproximately central but
n the lumbar region 1t 15 shghtly more posterior  Mts size structure and com-
position vary with 1ge  In the lumbar disc of the newborn the nucleus in antero-
postertor section 15 at least four times ns thick as the annulus behind or in front
of 1t (Fig 17a) and 1n the adult where 1t 15 represented by fibro cartilage 1t 15
relatively much larger than schematic drawings often depict It has been stressed
repeatedly that the structural complexity of the ntervertebral disc 15 1n keeping
with 1ts specialized functional requirements and that not altogether surprisingly,
it undergoes more obvious changes during prenatal and postaatal lfe than any
other joint
Annulus fibrasus

In the lumbar region the adult annulus fibrosus 1s formed by a series of laminae
which have an intricacy of pattern that almost defies description The most
peripheral lammae are formed of pure collagenous tissue and at the front and
back these fibres of the annulus blend with the strong anterior and the weaker
posterior longitudinal higaments  Within the fibrous covenng of the annulus he
fibro cartilaginous laminae which form its major part In a transverse section
of the disc of a young adult (Fig 13) the lamination of the annulus 1s readily
apparent and 1ts innermost fibres blend with the nucleus pulposus tissue from
which the annulus 1s not sharply demarcated The laminae do not form complete
nngs and though they may encompass about half of the nucleus they either
become attenuated and finally cease or bifurcate and enclose the termmation of
another lamina (Figs 13 and 15) at the sides of the annulus there are numerous
strong fibrous bands connecting adjacent laminae It 15 this pattern of dove-
taiing and anatomoses between laminae that gives the annulus its complicated
pattern  The Jaminae become noticeably thicker as they are traced from the
periphery towards the nucleus

In the lumbar region some 12 to 16 laminae can usually be enumerated
anteriorly and at the sides these are often supplemented by several deeply situated
laminae having a relatively short antero posterior course  On account of the
posterior excentric position of the nucleus 1n adult lumbar discs the laterally
placed laminae n their course backwards become mcreasingly slender (Fig 13)
an;l often bifurcated In the postenior part of the annulus they join with each
other to form a narrow zone of great complexity that lies directly behind the
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FiG 12 —Sagittal section (uaf) lumbar vertebra (a) Showing the entire su(rlzxce of the body with
1ts posterior surface towards the left 1t passes through a venous channel {b) Showing a
higher power (x 16) of the upper part of the vertebra  (Reproduced by courtesy of the Editor
Edinb ned J)
artertes and  the periphery of the isthmic (interarticular) region remains
cartilaginous up to and after birth

As long as Bardeens (1910) statement 15 perpetuated that ossification n the
vertebral arch 1s endochondral and his figure showng this osstfication within the
substance of the cartilage of the arch continues to be reproduced so too will
there be misapprehension about possible anomalies 1n the neural arch  Bardeen s
statement that sometimes n the fifth lumbar vertebra there are two centres for
the arch (for which he gnes no authority) is inconsistent with the pattern of
osstfication involved This pattern 1s basically opposed to the appearance of
erther single or double primary endochondral ossific centres nutfun the vertebral
arch which explains the failure of Rowe and Roche (1953) to discover a single
nstance of cleft vertebral arch in over 500 stillborn and neonatal cadavers If a
cleft vertebral arch has a congemtal factor 1t ts due not to two centres of
osstfication but possibly to a congenital weakness in the bone of the pars
terarticularis

Fuston of the bony lamunae begins 1n the lumbar region soon after birth and
spreads slowly upwards and more slowly downwards being completed 1n the
cervical region by the second year and i the sacrum (above the hiatus} by about
the tenth year

Besides secondary ossific centres for the annular epiphyses of the body there
are secondary centres for the spinous the transverse and the mamillary processes
(of lumbar vertebrae) which appear about the fifteenth year and fuse about the
twenty fifth year

The manner m which a vertebra ossifies 1s considered to be closely correlated
with the growth of the vertebral canal The bone that 1s first formed n arches
and centrum 15 rapidly absorbed and 1t 1s only after the ossific centres have
appeared that a gap appears between the developing spmnal cord and the arch
and a potential space 1s created

INTERNAL STRUCTURE OF VERTEBRAE
The architecture of the body of a vertebra accords with the compression stresses
1t has to withstand The trabeculac are arranged parallel to one another and

12




{NTTRNAL STRUCTURF Of VERTIBORAF

0:' t.uc‘l;:;l‘n’v','“‘, ,
) Hnsns ¢

\W“‘"“.. 4.‘.‘" "
oygyss i

Fig 15 —Pari_of the annulus
fibrosus of a full term foctus 13
seen with pohinzed hght This
conforms to the pattern of the
adult annulus (¥45)  (Re
produced by courtesy of the
Editor Edinb med J)

Tondury (1944) and Prader (19471) mamtun that hgaments are endowed with
this basic quality of self differentiation  but Ubermuth (1929) considered that the
fibre system of the 1ntervertebral discs 1s formed as a direct response to vertebral
function and that the intricate formation of the fibro cartilage component occurs
only after birth when the child begins to sit and to walk  This conception of the
formation of jomnt ligaments in general still recetves some support (Happey Macrace
and Naylor, 1954) which appears to the writer completely unjustified The
basic pattern of ligaments, no matter how intricate appears to be determmed
early 1n foetal Iife and 1t 1s on the basic pattern that the tension, and 1t may be
compression forces expertenced during movement thit exert a modifying influence
In a 43 milimetre embryo (Fig 16a) the fibroblasts have attamed a typrcal
elongated form but at this stage have claborated Iittle collagen In a coronal
section of the annulus 1t 1s apparent that the cells are orientated sn such a manner
that they may be classified 1nto 2 groups thosc having thetr long axes directed
upwards and to the nght and those having thetr long axes directed upwards and
to the left This coronal section 1s thick enough to include several laminae and
that 1s why the annulus presents a lattice Itke appearance This 15 typical of the
form of annulus fibrosus 1n embryos of this age and the gencral direction of the
fibroblasts resembles the arrangement of the collagenous fibres 1n the adult
annulus  In Fig 16b and ¢, photographs are ncluded of coronal sections
of the annulus of a 54 month old foetus and a 53 year old child respectively and
therr correspondence with the younger specimen 1s apparent The cruciate
arrangement of the fibres of laminae of the annulus to which reference has been
made offers an excellent example of self differentiation possessed by ligaments

Posterior part of annulus fibrosus

Attention has already been directed to the excentric position of the nucleus
pulposus tn adult lumbar itervertebral discs and to the associated relative
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nucleus  The eccentric position of the nucleus pulposus contributes to the
relative weakness of the posterior part of the annulus

Lamination of the annulus fibrosus becomes apparent 1n very young embryos
15 millimetres long) and 1n the full term foetus (Fig 15) resembles that mn the
adult The mntricacy of the annulus 1s further mcreased by the difference m
direction of the collagenous fibres in adjacent Jaminae In the lumbar region
the fibres of contiguous laminae cross each other obtusely and the main mass of
fibres 1n any one lamina passes at an angle of about 30 degrees to the horizontal
plane (Labalt 1835) (Fig 14)

The fuaction of the annulus would appear to be two fold to restrict and
regulate movement and to enclose and retain the nucleus pulposus The arrange

NG 13 —Transverse section of the
fumbo sacral intervertebral dise of
a young ndult  The intricate pattern
of the lammae of the annulus 1s
apparent and 1s 1n contrast to the
appearance of the nucleus which 1s
nearer the back than the front
(Reproduced by courtesy of the
Editor Edinb med J)

FiG 14 —Photograph of a dissec
tion of the annulus fibrosus
which shows the different oblt
quity of the fibres 1n adjacent
lamnae A lumbar nerve is
seen emerging behind the annu
lus on the left side (Reproduced
by courtesy of the Editor Edinb
med J)

ment of the fibres enables the annulus to control the torsional movements of the
vertebral column and to assist in limiting flexion and extension 1n any plane
The cruciate pattern accords with the arrangement of tissues in other walls for
example the abdominal wall that are subjected to pressure from within and 1t
15 postulated that the criss cross arrangement of the annular laminae 15 to be
correlated primarily with the internal pressure or thrust exerted on them by the
nucleus pulposus when 1t 15 subjected to compresston forces

The self-differentiation of hgaments

The self differentiative powers of bone are well recognized and all hgaments
examined by the writer were endowed with stmilar properties Brockmann (1942)
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Fic 17 ~Mcdian sections of lumbr
tenvertebral discs of (a) full term
foctus (X6} (h) 1l yew old child
(x5) and {¢) 56 year old mn (x5)
The photogriphs are to iliustrate the

changes that occur i the posterior
part of the annulus with the derelop
ment of the lumbar cunve and the
relatne approximation of the postertor
parts of the vertebre {Reproduced
by courtesy of the Editor Liinb
med J)
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DEVELOPMENT OF NUCLEUS PULPOSUS
Keyes and Compere (1932) reviewed some aspects of the development of the
intervertebral disc and concluded that the nucleus pulposus 1s imtially formed by
the prohferation and mucoid degeneration of the notochordal cells and that there
1s a subsequent 1vasion of fibro cartilage from the tissue which surrounds the
notochord Walmsley (1953) arrived at conclusions that in many ways resemble
those of Keyes and Compere and of Peacock (1951, 1952)

The notochord of the 17 millimetre human embryo, while still of almost umform
thickness, shows localized aggregations of cells at the level of the developing discs
(Fig 18) followed later by a diminution of cells 1n the intravertebral region A
hittle later stll the notochordal cells i the intervertebral region begin to form
localized expansions which become very evident 1n sagittal sections and the part
of the notochord within the cartilaginous vertebra loses 1ts cellular character
and 1s replaced there by a mucoid streak (Fig 19)

The appearance presented by the localized aggregations of notochordal cells 1n
the developing discs of embryos 1n which the mucoid streak 1s present suggests a
passive displacement of the cells from the vertebral bodies into the intervertebral
regions (Kolltker 1867 Willhlams 1908) Examunation of serial sections has
convinced the writer that the aggregations of notochordal cells 1n the nterverte-
bral discs 15 not dependent on their displacement from the intravertebral reglons
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Fic 16 —Three photo micrographs of coronal sections of the annulus fibrosus to iflustrate
the cruciate arrangement of the laminae (a) 43 mllimetre embryo 1n which fibroblasts
have an elongated form and are orientated 1n planes like those 1n older specimens  Little
collagen elaborated at this stage (x225) () 170 mullimetre fo~tus (5} months) show
1ng cruciate arrangement of collagen fibres and fibroblasts (¥ 44) (c) 51 year old child
showing denser collagenous tissue and relatively few fibroblasts (x 48} (Reproduced by
courtesy of the Editor Edinb med J

thinness and weakness of the posterior part of the annulus fibrosus During the
examination of microscopic sections of foetal and postnatal lumbar intervertebral
discs a tissue change may often be seen 1n the posterior part of the annulus the
consequence of the formation of the secondary lumbar curvature Before the
secondary curvatures appear the length of the fibres of the anterior and posterior
parts of the annulus 15 approxumately the same and the laminae pass with a gentle
sweep between the contiguous surfaces of adjacent vertebrae (Fig 174) The
formation of the secondary lumbar curvature causes a widening of the nterval
between the anterior parts of the bodies of the lumbar vertebrae and an approx
mation of thetr posterior parts To this approximation the postertor fibres of the
annulus have of necessity to adapt themselves by assuming a U shaped course
between vertebrae (Fig 175)

In the central angular mterval between the sharply curved fibres of the posterior
part of the annulus additional fibres which have a more direct course between the
vertebrae are developed the deepest of which may have a convexity directed
towards the nucleus (Franceschint 1947) When the joint 1s extended the oblique
course of the fibres m the posterior part of the annulus renders them subject to
compression forces to which the fibrous tissue of the annular laminae 1s 11l suted
Fibrous tissue 1s pre eminently adapted to withstand tensile forces but when
unsupported by a firm matrix as 1n bone and cartilage may undergo degenerative
changes when compressed An expression of these changes 1s the rupture of the
fibres at the summut of their curvature as 1s shown 1n Fig 17¢ The formation
of the lumbar curvature necessitates a degree of adaptive change 1n the associated
mtervertebral discs that 15 unequalled 1n other regions and 1s most evident 1n
the disc between the fifth lumbar vertebra and the sacrum The posterior part of
the annulus fibrosus of a lumbar disc may therefore be considered as a site of
potential weakness This regional weakness 1s dependent 1n part on the thinness
of the annulus and 1 part on the degenerative changes that compression may
nduce 1n the collagenous fibres
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Malmgren and Sylven (1952) has 2 high content (30-36 per cent dry weight) of
the polysaccharide, chondroitin sulphate 1 low protcin fraction and salts
addition 1o the water, the polysacchande around the fibnils endows them with
their hydrophilic properties

The sequence of age changes tn the nucleus pulposus ts essentially an account of
the maturation of collagen and ts replacement of the mucoid matenial (Fig 21b
and ¢) The mam mass of the nucleus pulposus of the full term foetus 1s
farmed of mucord material, tnto the peniphery of which collngenous fibres extend
from the surrounding eapsule of fibro cartilage, embedded n the mucord material
are scattered notochordal cells  The total disippearance of notochordal cells
appears to occur before the end of the first decade, concurrently the mass of
mucord material ceases to grow and 1s replaced by fibro cartlage  There 1s a
differentiation of collagenous fibres i situ besides invasion of the nucleus by the
surrounding fibro cartilage The cartilage cells of the replacing tissue are derived
mostly from the surrounding annulus fibrosus but also from the cartilage plates
that cover the upper and lower surfaces of the vertebrac  In young people there
1s a sharp line of demarcation between the cartilage plate and the nucleus pulposus,
but 1n older discs cartilage cells may be seen 1nvading the nucleus pulposus  The
notochordal cells on the one hand are responsible for the elaboration of the mucoid
material by their action on the surrounding tissue and on the other prevent the
mvaston of the mucoid matenal by the surrounding fibro cartilage The short hife
of the notochordal cells 1s a feature of their existence and, 1if they possess the
qualities described their early death 1s of myor improtance 1n the hife of man

Happey, Macrae and Naylor (1954) carrted out an x ray crystallographic
mvestigation of the changes that occur 1n the nucleus pulposus and annulus fibrosus
withage They reported that in the nucle1 of young people the fibnls have a random
distnibution but that with the mcrease 1 years they show a defimite orientation

Erlacher (1952) has described a techmque of demonstrating the zone of the
nucleus by mjecting 1-2 millimetres of radio opaque flwid through a lumbar
puncture needle (nucleography) thus allowing an accurate interpretation of the
form of the nucleus and the changes 1n a disc

Nutrition of intervertebral disc

The upper and lower surfaces of the body of an adult vertebra are formed of
modified spongy bone except at the penphery of each surface where a ning of
compact bone represents the fused annular epiphysis (Fig 224) In an ovoid
area which in lumbar vertebrae 1s situated nearer the back than the front the
perforations are smaller and fewer and this more compact plate indicates the site
of the nucleus pulposus 1n the wntervertebral disc  The porous nature of these
surfaces 15 associated with at least a part of the nutrition of the disc from the
vertebral bodies  In Iife, the surface of the bone withm the epiphyseal ring 1s
covered by a thin plate of cartilage (Fig 22b) to which the fibres of the annulus
fibrosus are attached and 1t has been debated whether ths cartilage plate should
or should not be regarded as a part of the disc In this chapter, however the car
tilage plates have for descriptive purposes been regarded as parts of the vertebrae

The two components of the intervertebral disc the annulus fibrosus and nucleus
pulposus, are avascular except for the most peripheral fibres of the annulus which
receive a blood supply from the adjacent vessels, the different reaction of the
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mmportance Puschel (1930), Keyes and Compere (1932) and Schummelfeder and
Schummelfeder (1949) all gave essentially similar figures In the newborn the
water content 1s almost 90 per cent but with the increase in years 1t decreases so
that 1n the aged it 1s under 70 per cent The nucleus pulposus n the young is
clearly demarcated from the surrounding annulus fibrosus and on account of its
plasticity and the composition of the annulus fibrosus the young vertebral column
1s endowed with great resilience An increase in the load 1n the vertebral column
causes a flattening of the nuclear substance and a resultant outward thrust on the
annulus fibrosus, and if the increase 1n load 1s applied suddenly 1t allows the disc to
actasa hydraulicshock absorber  Furthermore, the sem fluid character of the
nucleus permits 1t to adapt itself readily to changes i 1ts form as one vertebra
rocks upon another during movements of the column, and this distortion of the
nucleus 1n turn ensures an even distribution of compression forces over the upper
and lower surfaces of the vertebral bodies rrespective of whether the column 1s
1n a position of flexion or extension

Sylven and his co workers at Stockholm are amongst many who have made
notable contributions to the finer analysis of the nucleus pulposus, 1ts nutrition
and the changes that occur 1n 1t with age Its avascular nature 1s generally recog
nized and there 15 no real evidence that 1t 1s innervated though such a claim has
been made  Sylven (1950) considered that the nucleus may be regarded as a
three dimensional honeycomb gel formed by a dense network of interlacing
collagen fibrils embedded 1n an amorphous matrix  These fibrils form the fibres
that are shown at relatively low magnification in Fig 2la In young subjects the
fibrils stain like reticulin and are regarded by many as such they constitute about
50-60 per cent of the total dry weight of the nucleus (Sylven 1954) The fibnls
have a banded structure which 1s charactenstic of all vertebrate collagen with
spacings of 6404 The amorphous matrix surrounding the fibrils according to

Fic 21 —Three sections of the nucleus pulposus at different stages showing maturation of
fibrous tissue within the nucleus (a) Child of 10 years of age showing tapenng fibres of
elaborated collagen (x55)  (b) Adult of 24 years of age showing denser collagen net
work (x55)  (c) Adult of 63 years of age showmng dense collagenous mass (x55)
(Reproduced by courtesy of the Editor Edinb med J)
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references 1n the Literature to disc degeneration 1n dogs (Hocrlein, 1953, Hansen
1951) Hoetlein in rowtine autopstes on 130 dogs, found that 41 5 per cent showed
disc protrusions and that 63 per cent of ll dogs more than 4 years old had
lestons

The mtervertebral disc between the fifth lumbar vertebra and the sacrum 1s
larger than any other avascular tissue 1n the body which may partly account for
the early degencerative changes that so frequently occur n it

Joints of Luschha

Cave, Gnffiths and Whiteley (1955) menttoned the chinical importance of the small
synowval jomnts that lic at the sides of the intervertebral discs of all the cervical
vertebrae  The capsule of each of these joints forms the antero medial wall of
the cervical mtervertebral foramen and cach it s stated, must restram the dise
from protruston nto the foramen

Longnudinal higaments

The general features of the anterior and postertor longitudinal ligaments are
well known and fully described 1n standard works

Jonts of vertebral arches

The joint between the articular processes or zygapophysial or posterior joint
has all the features of a synowial joint with a fairly loose capsular Jigament
especially 1n the cervical regton which allows appreciable movement between the
superior and mferior articular processes of adjacent vertebrae  The set and
form of the articular processes 1s a factor in determining the range of movement
permitted between vertebrae but these features of the processes are outside the
scope of this chapter Francis (1955) has made a study of the variations 1n the
articular processes of cervical vertebrae and in analysing the vertebrae of 328
indviduals between 25 and 36 years of age concluded that none had a form that
would make the zygapophysial joints particularly unstable

The nterspingus  supraspmous and mrertransierse accessory higaments of the
vertebral joints are all formed of collagenous tissue but the hgamenta flava which
pass between adjacent laminae are formed of elastic tissue  The elasticity allows
the laminae to be separated 1n flexion of the trunk and on the resumption of an
extended position the hgaments retract without the formation of a fold that
might press on the dura or be caught between laminae

Intervertebral foramina

The boundaries of the intervertebral foramina are shown 1n Fig 11 Although
the refative size of the structures 1s different n this foetal specimen from the adult
the decrease 1n size of the lumbar foramina from above downwards however, 1;
very evident (Dansforth and Wilson 1925) with an associated merease sxzc‘ of
the nerves most important of all, the close relationship that ewsts between
nerves and 1intervertebral discs 1s obvious  The small upper lumbar nerves are 1n
close relation to the pedicle that bounds the foramen above and are separated
from the lower pedicle by numerous venous channels which are present al‘zhou h
less numerous 1n the lower foramina, the posterior boundary of the foramengls
formed by the artscular processes participating in the postertor yoint (zygapophysis)
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superficial and deep parts of the annulus to injury (Smith and Walmsley 1951)
has been associated with their different mode of nourishment The presence of
vessels 1n tissues with the physical characters of the annulus fibrosus and nucleus
pulposus 1s incompatible with their function of weight transmussion and the
avascularity of the disc 1s charactenistic at all stages of 1ts development (Keyes and
Compere 1932) The nutrition of the itervertebral disc would appear to be
dependent, therefore on the diffusion of fluid nto 1t from the vertebral bodies
and also from the vessels of the peripheral part of the annulus

Recently, Brodin (1955) has reported his findings 1n the intervertebral discs of
rabbits after the intravenous iection of fluorochrome The cartilage plates
rapidly absorbed the fluorochrome, the contiguous parts of the annulus however,
showed a rather weak fluorescence, which decreased gradually as 1t was traced
centrally towards the nucleus pulposus where no fluorescence was observed
This absence of colouring 1n the nucleus pulposus may be correlated with the
statement of Sylven (1950) that nutriion by diffusion represents a very slow
method of transportation and that other mechanisms must play a role n the
nutrition of the nucleus Charnley (1952) has postulated that on account of its
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FiG_ 22 —(@) The upper surface of a lumbar vertebra showing the peripheral fused ring
of compact bone (broken off at right side) and within 1t modified spongy bone (5) A
section through the upper part of a vertebra covening cartilage and nucleus pulposus of a
boy of 17 years The pores n the surface of the bone are apparent and are adjacent to the
utegular zone of calaified cartilage which 1s stained darkly (x 16) (Reproduced by courtesy
of the Editor Edinb med J)

hydrophilic properties the nucleus may under certain condttions acquire an
abnormal amount of fliud and an abnormally high internal pressure and that this
may promote an attack of acute lumbago Sylven also makes reference to the
mterfibrillar pores within the gel of the nucleus pulposus which will transmit
only molecules smaller than 15A (1A—=one tenth of a mlli micron)

The degenerative changes that occur i the human discs have frequently been
regarded as a normal phystological process associated with their poor nutrition
There 1s ample evidence that the upright posture 1s not the sole cause of the
degenerative changes that occur in the discs of man for there are numerous
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DEVELOPMENT OF NUCLEUS 1 ULPOSUS

FIG 23 —{a) Nenve fibres of different calibres on the free surface of
the antertor (ventral) longitudinal Ligament of the dog (% 460)
{b) Termimal nerve plexus lying within the substance of the posterior
(dorsal) longstudinal higament of the dog A nucleus of the terminal
plexus 1s seen at us nght end but the other dark arens represent
fibroblast nuclet (x1125) Specimens prepared by Dr J H
Mulligan and reproduced by his courtesy

sented by either a single or double stems Pedersen Blunck and Gardner (1956)
state that 1t contains many myelinated fibres mostly small but some exceed 10
smucrons 1 diameter, and that probably the smaller ones are pain fibres and
the larger ones proprioceptive 1n function The nerve passes through the foremost
part of the infervertebral foramen close to the lower border of the pedicie and then
proceeds towards the mid line giving cranial and caudal branches that supply the
pertosteum  the posterior longitudinal higament the dura mater and the adjacent
vessels  The brauches of each meningeal nerve overlap the branches of the next
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Innervation of the vertebral column
The details of the mnervation of the vertebral column assumed practical 1m-
portance with the appreciation that pathological changes in the intervertebral
jonts may cause low back pain and sciatica
The formation of spinal nerves within the intervertebral foramma by the unton
of anterior and posterior roots 1s a well recogmzed anatomical fact as 1s also
the paravertebral position of the sympathetic trunk 1n a more anterior plane
Each spmal nerve 1s united to the sympathetic trunk by one, two or more rami
communicantes These, along with a multitude of small nerves that arise from
them or from the larger nerve trunks which they connect have been described by
Stilwell (1956) as the paravertebral plexus The concept of such a plexus lying
between the spimal nerves and the sympathetic trunk may advance the under
standing of the mnervation of vertebral column structures because the fibres that
arse from this plexus may contarn both somatic and autonomic components 1t
1s indeed the composite nature of the nerves that has led to difficulty 1n a functional
analysis of the nerve fibres of the vertebral igaments and joints The paravertebral
plexus however 1s not a sharply demarcated entity nor s 1t limited to the sides
of the bodies of the vertebrae because fibres from 1t pass forwards on to the front
of the column and also inwards through the intervertebral foramuna to the vertebral
canal The site of origin of a nerve fibre 1s not therefore indicative of 1ts function
for the ram contain not only the preganghonic and postganglionic fibres of the
autonomic system but also sensory somatic fibres which have therr cells 1n the
spmal ganglion Al nerves to the vertebral column to the dura mater and to blood
vessels within the vertebral canal irrespective of therr orgin are therefore re
garded as  muxed nerves
The anterior longitudinal ligament 1s nchly supplied with fibres which reach 1t
and the adjacent periosteum by passing through the sympathetic chain or, 1n the
cervical region through the vertebral plexus around the artery and vein of that
name The vertebral plexus arises from the stellate or inferior cervical ganglion
but Swe (1931) described the relatively large branches that 1t recerves from the
cervical nerves and also from the ninth and tenth cramal nerves At the lateral
border of the hgament most of the nerve fibres enter 1nto 1ts substance but some
may course on 1fs free surface (Fig 23a)  Stilwell (1956) noted that 1n the monkey
most of the fibres pass towards the deep surface of the ligament and, m the
ensuing branching and rebranching extend not only into the next above and
next below segment but also pass across the mid line to overlap those of the
other side  This extenston of vertebral column nerves beyond their own segment
appears to be charactenstic of vertebral column mnnervation and 1s comparable
to the overlap that occurs mn the zonal mnnervation of the skin of the trunk by
spinal nerves
The posterior longitudinal higament 1s supplied by recurrent nerves and at least
one of these passes inwards through each intervertebfal Toramen This nerve
was first described by Luschka (1850) and because some of 1ts fibres pass to
the eprdural venous smuses and the bone of the vertebra he named 1t the sinu
vertebral nerve Neither this nor the BN A term namely meningeal nerve
ndicates the full distribution of this nerve Its origim s variable 1t usually has one
contribution from the spinal nerve or 1ts posterior root and another from one of
the nerves of the paravertebral plexus, and i 1ts passage medially 1t may be repre-
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jomts and downwards to the lumbo sacral jomt  From the testing position
extenston has a greater range than flexton because much sceming flexion occurs
at the atlanto ocaipstal and hip joints

To the controversy regarding the axis or axes of movement n flexion and
extension of the vertebral column Charnley (1951) has made a notable contn-
bution He recorded that the essential feature of lumbar movement 1s not so
much the location of an axis of movement between cach patr of vertebral bodies
but rather the  bending axss * for the spme as a whole, namely the longitudinal
axis which undergocs the least changes in length dunng transiion between
extreme flexion to extension  In this movement, the measurement over the anterior
surfaces of the § lumbar vertebrac mcreased by 12 millimetres and that over the
posterior surface decreased by 5 millimetres  This accords with the radiographic
appearance that dursng flexion of the column the antertor borders of the vertebrae
are approumated and the distance between the posterior borders 1s increased
and vice versa dunng extension  The movement Charnley reported 1s least 1n
a line passing somewhere through the posterior quarter of each intervertebral
disc and this he regarded as the bending axis  this may be correlated with the
eccentric position of the nucleus pulposus in the lumbar discs Ne doubt, too,
as the nucleus pulposus i1s more centrally placed m the thoracic and cervical
regions there 1s a corresponding forward shift of the bending axes 1n these regions

The mechanics and dynamics of the vertebral column and the mechanics of
posture have been fully considered by Sterndler (1955)

It must yustifiably appear illogical to undertake any consideration of the column
without a simultaneous study of the muscles which not only participate 1n main
taining the normal alignment of the vertebrae but also produce movement between
them The importance of muscles 1n the mechamsm of the column 1s however
fully appreciated and therefore no account 1s given

The Editors of this volume consider that an up to date, accurate appraisal of
the anatomy of the vertebral column 15 essennal  Much of what 1s incorporated in
this chapter formed the basis of a Sir John Struthers Lecture which was delered
before the Roval College of Surgeons Edinburgh on 2lst May 1952 and
subsequently published i the Edinburgh Medical Journal ~ We wish to express
our gratitude to the Editors and Publishers of that Journal for their permission to
reproduce many of the figures here mcluded The article has indeed formed the
basis for this chapter but 1t has been completely re written and several new
Hlustrations have been added
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above and below by about half a vertebra so that all the innervated structures
within the vertebral canal would appear to be supplied by at least two nerves

Dr Mulligan of this Department encountered within the anterior and postertor
longitudinal igaments of dogs many nerve fibres terminating 1n an extremely fine
elongated plexus of fibrils (Fig 23b) often related to several distinct nuclex (1957)
Stilwell (1956) stressed the repeated bifurcations of nerves in the longitudinal
Iigaments and stated that some nerve fibres have 5-15 endings with delicate
arbonizing branches whose tips taper nto mnvisibility

The joints of the articular processes are supplied by twigs from medial branches
of the postertor primary ram: of the spmnal nerve and these also innervate the
interspinous hgaments but because of the downward inclination of the nerves
each interspinous ligament 1s supplied by the next most cramal segment (Pedersen
Blunck and Gardner 1956

There 1s ample evidence that sumulation of any of the many nerves to the
ligaments or bone of the vertebral column may cause pain, but this may be
difficult to locate partly because of the overlap of the nerves and partly because
of the multiplicity of nnervated structures of the vertebral column

Hirsch (1950) has provoked lumbago like pam by injecting saline solution under
pressure 1nto the nucleus pulposus of a degenerated disc  He believes that pressure
alone deternmines the violence of the pain and that the impulses are conveyed by
the nerve fibres 1n the posterior longitudinal ligament, because when this region
15 anaesthetized, pain does not occur

Movements

The extent and nature of the movements that occur in the different regions of
the column are much debated The mobility between any two vertebrae 1s certainly
dependent on the types of joints between them the thickness of the intervertebral
disc the set of the articular processes and the articulattons with different
types of ribs

At the atlanto occiprtal synovial joints there 1s free range of flexton and ex
tension which has been variously assessed between 21 7 degrees (Knese 1948) and
35 degrees (Strasser 1913)  The recorded measurements of the range of movement
that 15 permitted at other synowvial joints reveal so much individual variation that
a single figure 1s not only meaningless but 1s also misleading

The atlanto axial synovial joints which allow a wide range of axial rotation
contribute with the atlanto occiptal joints one functional unit

Although the extent of flexion extension lateral flexion and rotation vary
considerably n the different regions of the column all the movements can take
place 1 all regions Thus despite the set of the articular processes some
degree of rotation 1s possible even in the lumbar region because of the laxity of
nter articular joint capsules but in this region such a movement 1s always assoct
ated with lateral flexton Capener (1944) has correlated the coronal orientation
of the lumbo sacral facets with the probability that a greater degree of rotation
may occur her¢ than i the rest of the lumbar region In the thoracic regton
rotation can be carried out independently of simultaneous lateral flexion but on
the other hand thoracic lateral flexion 1s not possible without simultaneous
rotatton (Farkas 1954) Mobility 1s noticeably at 1ts least in the mid thoracic
region and ncreases as the column 1s followed upwards to the axis and atlas
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CHAPTER 2

CONGLNITAL ANOMAIIES
R I HaRRIs

INTRODUCTION

CONGEMTAL anomalies of the spine arise from 1 vavety of cruses  Some, such
as hemvertebrae, fused vertebrac or assimiliation of the atlas to the oceiput, are
due to imperfections 1n the segmentation of the mesenchyme which under ordinary
circumnstances would lead to the development of 1 normal vertebral column - Some
such as Morquio Brailsford chondro ostcodystrophy arc due to a gencralized
congenital disturbance 1n the development of bone, cartilage and connective tissue
Occasionally 2 congenstal metabolic disorder such as alkaptonuna may cause
serious damage to the vertebral column  Intra uterine pathological events may
cause imperfect development of the foetus including imperfections mn the develop-
ment of the vertebral column  Finally for convemience there has been ncluded
1n this section one condition (spondylohisthesis) for which we lack indisputable
evidence of a congenital onigin though there 1s suggestive evidence that the disease
1s famibal
Congemital anomalies of the spine are of chimeal importance because of the
deforrmties they cause and because of the consequent interference with function
of the spine and thorax In addwwon and of particular importance because of
1ts gravity 15 the disturbance of function of the central nervous system which may
accompany the defornuity These neurological problems may be the result of
defictency n the development of the central nervous system 1tself, which pacallels
the defective development of the vertebral column (meningocele accompanying
spina bifida), or they may be caused by localized pressure upon the pons medulla
spinal cord or cauda equina produced by the spinal anomaly or by changes
secondary to 1t Primary deficiencies of development of the central nervous
system accompanying spinal anomalies manifest themselves by symptoms and signs
present at birth  The resulting disablement may remain unchanged throughout
life or 1t may mcrease because of additional trauma imposed upon the central
nervous system by the deformed spine during growth
Neurological problems of particular 1nterest are those secondary to damage
caused directly by the spial deformity or to changes 1n the spme adjacent to the
spinal deformity and consequent upon it The mantfestations of this typz of
neurological damage are seldom present at birth  They develop later 1n life during
growth or when the spinal deformity 15 ncreasing or as the result of an mnjury,
or when changes are occurning 1n the spine secondary to the ongmal congental
deformity They may appear first in childhood adolescence or even 1n adult life
They tend to progress slowly 1n severity Examples are stresses upon the cord
induced by growth of the vertebral column 10 the presence of a bony anomal
Sg{casc‘il:(\‘algmyeha) paraplegia in congenital scoliosts localized pressure upor)ll
Y protruded 1intervertebral discs or ostcophytes developing in areas
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CONGENITAL VERTEBRAL ANOMALIES DUF TO IMPFRETCT SEGMPNTATION

injection of the insulin 10 terms of foctal development determines the part ordthc
skeleton in which the defect will apper The action of insulin 1s most marked 1
areas of grentest sheletal activity

Durmsg;vam\ s observitions may kave 1 clinieal 1pphicition especinlly 1n preg-
nancies of dibetic women recetving large doses of insulin - A suggestive ¢1s¢ Is
ustrated n Fig 24

Fi6 24 —Radiograph of a 6 month still
born foetus whose mother suffcred from
severe diabetes mellitus necessitating large
doses of insulin during pregnancy Mul
tiple congenital deformuties of the skeleton
are present including abnormalties of
the vertebral column

CONGENITAL VERTEBRAL ANOMALIES DUE TO IMPERFECT
SEGMENTATION
Congenttal abnormalities of the vertebral column due to imperfect segmentation
(Keith 1933), whether genetic or possibly due to agents acting upon the foetus
it utero, can best be discussed 1n relation to the spinal segment 1n which they

occur because 1t 1 to this that the symptoms and signs and neurological complica-
tions are related

Fusion (assimilation) of the atlas to the occiput

The atlas 15 derived from the caudal half of the last ocapital sclerotome and
part of the first cervical sclerotome  the odontoid process of the axis represents
the body of the atlas This complex origin perhaps accounts for the significant
meidence of congenital anomalies of the upper part of the cervical spine  The
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CONGENITAL ANOMALJES

adjacent to the congenital deformity because of long continued abnormal stresses
upon the first mobile segments above or below an immobile area of the spine
choking of the central nervous system as 1t emerges through the foramen magnum
by the upthrust of the odontoid process mto 1ts lumen, and at any age tmjury
to a deformed spmne may precipitate neurological damage which would not occur
n a normal vertebral column

The neurological signs which develop 1n congemital anomalies of the spine vary
1n severity They are often diffuse and complex and difficult to interpret Not
mfrequently they lead to the mustaken diagnosis of dissemunated sclerosis or
synngomyeha In assessing them consideration must be given to the level of the
cord which 1s subjected to pressure and to the spimal tracts passing through this
area Consideration must also be given to the possible existence of anomalies
1n the central nervous system 1itself (Arnold Chiart deformity diastematomyelia
hidden meningocele} In the last two decades much progress has been made in
the elucidation of these neurological problems chiefly by neurologists assisted by
the use of improved diagnostic techniques such as myelography, and by neuro
surgeons who at operation have the opportunity to demonstrate the pathological
leston and thus make 1t possible 10 correlate and interpret history, symptoms
signs and radiographs The field 15 one 1n which the interests and skills of the
neurologrst, neurosurgeon radiologist and orthopaedic surgeon overlap Close
co operation between them 1s essential for the successful management of these
problems This 1s espectally true when the neurological damage overshadows the
sevenity of the congemtal deformity of the spine (paralytic equinovarus deformity
associated with spina bifida occulta)

In the past 1t has been generally accepted that all congenital abnormalities are due
to abnormal chromosomes and the frequency with which congenital abnormalities
appear 1n successive generations seems to support this genetic concept of their
ongin  Isolated examples of congemtal deformities have been regarded as muta
tions 1n the germ plasm In the past decade however, there has appeared increasing
evidence that developmental defects can sometimes be the result of intra uterine
damage to the foetus by various agents Since they are present at birth they can
correctly be designated congenital defects though they are not due to an inherited
chromosome deficiency The problem of congenital defects due to Intra uterine
njury was brought conspicuously to our attention by the report of Gregg (1941)
upon the occurrence of blindness and deafness m children whose mothers had
suffered from rubella in the early weeks of pregnancy Inaddition to this evidence
that the virus of rubella can cause congemtal defects by intra uterine injury there ts
much experimental work which demonstrates that many agents—x irradia
tion hypervitaminosis and hypovitaminosis hormones trypan blue (Gillman,
Gilbert and Gillman, 1948)—can cause malformation of the foetus The work of
Duraiswam (1952) 15 of particular interest to orthopaedic surgeons By the mnjec-
tion of a single dose of msubn into fertihzed hens eggs at an appropriate stage
of development he was able to produce a great variety of malformations of the
skeleton Insulin was chosen as the experimental agent because of 1ts effect upon
carbohydrate metabolism The ground substance of bone, being composed 1n
considerable part of mucopolysaccharides 1s profoundly disturbed n 1ts meta
bolism during the period of action of the msulin During that time a fault mn the
laying down of the skeleton occurs which 1s never corrected The moment of
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Fig 27 —Lateral radiograph of assimlation of the atlas to the occiput  The
tip of the odontoid process 1s projected upwards into the foramen magnum
above Chamberlain s line (postertor margin of hard palate to postertor margin
of foramen magnum)

most common 1s fusion of the atlas to the occiput the result of imperfect segmenta-
tion of the first cervical sclerotome from the last occipital sclerotome (Figs 25,
26 and 27) The frequency of this anomaly 15 disputed  the figures quoted by
List (1941) range from 0 081 per cent to 2 76 per cent (see also McRae 1953)

The fusion of the atlas to the occiput may be complete so that the whole cir
cumference of the atlas 1s attached to the margin of the foramen magnum or 1t
may be imcomplete 1 any degree The anterior arch 1s usually fused, other
regions especially the posterior arch, may be incompletely fused or even absent
(Figs 25 and 27)

Uncomplicated fusion of the atlas to the occiput probably causes no symptoms
and msignificant signs  Few patients suffer disablement sufficient to attract
attention

The demonstration of the lesion 15 not always easy good radiographs are
essential, and often a sagittal laminogram 1s of great value (Fig 28)

Three aspects of the deformuty roust be recognized Thesr chimeal signs and their
treatment are entirely different from one another

Uncomphcated fusion

The atlas 1s fused m whole or 1n part to the occiput and there are no comph
cating accessory factors The patient has no great discomfort or disability unless
subjected to 1njury The changes having been present since birth he may be
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FiG 25 —Assimilation of the atlas to the occiput  Anatomucal specimen  The atlas
1s fused to the occiput 1s less thick than normal and 1s incomplete postersorly The
f?lcels t}':)r the axis are on different planes so that the head must have been tilted to
the right

FiG 26 —Fusion of atlas to occiput at the atlanto occipital articulations  Anatomical
specimen It 1s not certain whether this 1s 2 congenital abnormality or ankylosis of the
articulations secondary to disease but probably the former Compare with Fig 25
to appreciate the shortening of the neck and tilting of the head which takes place in
assimilation of the atlas to the axis  This results 1n progection of the dens upwards into
the foramen magnum (see Fig 27)
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Fig 27 —Lateral radiograph of asstmulation of the atlas to the occiput  The
tip of the odontoid process 1s projected upwards into the foramen magnum

above Chamberlain s line {posterior margtn of hard palate to posterior margin
of foramen magnum)

most common 1s fuston of the atlas to the occiput the result of imperfect segmenta-
tion of the first cervical sclerotome from the Iast occipital sclerotome (Figs 25
26 and 27) The frequency of this anomaly 1s disputed  the figures quoted by
List (1941) range from 0 081 per cent to 2 76 per cent (see also McRae, 1953)

The fusion of the atlas to the occiput may be complete, so that the whole cir-
cumference of the atlas 1s attached to the margin of the foramen magnum or 1t
may be incomplete 1n any degrec The anterior arch 1s usually fused, other
regions especially the posterior arch, may be mcompletely fused or even absent
(Figs 25 and 27)

Uncomplicated fusion of the atlas to the occiput probably causes no symptoms
and insignificant signs  Few patients suffer disablement sufficient to attract
attention

The demonstration of the lesion 15 not always easy, good ridiographs are
essential and often a sagttal laminogram 1s of great value (Fig 28)

Three aspects of the deformity must be recognized Their clinical signs and their
treatment are entirely different from one another

Uncomphcated fuston

The atlas 1s fused 1n whole or 1n part to the occiput nd there 1re no compl
cating accessory factors The patient has no great discomfort or disabilty unless
subjected to ijury The changes having been present since birth he may bte
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@

Fic 28 —Assimilation of atlas to occiput  The laminograms 1n (a) flexton and (8) extension
show the range of luxation of the atlas on the axis  Note also the projection of the
odontoid process upwards into the foramen magnum above Chamberlain s line owing to
the dimimshed height of the atlas and the loss of the space of the atlanto occiprtal articula
tion The arrows pornt to the atlas fused to the occiput

unaware of anything abnormal He has no pain or neurological disturbance All
movements of the head on the neck are hmuted Because the fused atlas often
1s asymetrically developed the head may be tilted or rotated from the midposition
(Fig 25) The neck 1s somewhat short and the hair hine low because the joint
space between the atlas and occiput 1s narrow or absent and because the imperfectly
developed atlas 1s thin  The oddly porsed head and the bunched shoulders
are characteristic  The signs are present from birth are recogmzable early mn life
and do not increase

Since the patient 1s httle incapacitated and since nothing can be done to correct
the deformity or increase the range of movement no active treatment 1s indicated
unless mjury has precipitated symptoms

Fuston with forward luxation of the atlas on the as

Certamn cases of fusion of the atlas to the ocaput can cause disability because
a subluxation occurs between the atlas (fused to the occiput) above and the axis
below All movement occurs at the atlanto axtal joint which 1s subjected to abnor
mal stresses so that the hgaments especially the transverse ligament may be
stretched  If suddenly and severely injured they may be torn Abnormal forward
movement of the atlas on the awis can then occur on fleion  The odontoid process
1s displaced backwards relative to the atlas In severe cases 1t may lie 1n the nuddle
of the ring of the atlas In this position the tip of the odontoid process can compress
the cord against the postertor margin of the foramen magnum especially 1f, as 1s
often the case the odontotd 1s projected upwards through the foramen magnum
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above the Jevel of Chamberlun's line by the bsorption of the atls into the

ciput (Figs 25, 26, 27 and 28)
ocTraun(n il‘lcn ,lS the factor that mitiates symptoms and 1s the final factor that
stretches or ruptures the transverse hgament

The symptoms caused by subluxation of the atls on the 115 1re relted to the
function of the first and sccond cervical nerves and of the upper scgments of the
cervical cord and the tracts which pass through it There 1s lrmitation of movement
of the head on the nech pun at the base of the shull radinting up the bick of the
occiput  Some degree of quadriplegin is characteristic 10 the ansct of symptoms
1s msidious their diffuse and vague charcter may render diagnosis difficult, and
dissemnated sclerosis or syringomyeha may be suspected  Clumsiness in walking
and numbness 1 the extremuties progressing after imyury  ofien are duc to this
lesion Good lateral radiogriphs and lammograms contrasting the changes in
position mduced by flexion and extenston are essentinl for diagnosis (Fig 28)

Treatment may be demanded by the seventy of the symptoms or their pro
gresston The treatment of chotce 1s posterior fusion of the first 1nd second cervical
vertebrae after the deformity has been reduced by extending the head on the neck
Since the atlas 1s already fused to the occiput this operation 1n effect 1s fusion of
the spinous process of the axis below to the posterior arch of the atlas and to the
ocaiput above

Fusion associated wuth platybasia or with Arnold Chiart deformity or with both

Fuston of the atlas to the occiput may be accompanied by anomalies of adjacent
structures and this combination 1s prone to ciuse njury to the pons and medulla
and disturbance 1n the crrculation of cerebrospinal flind  The two most frequently
complicating anomalies are platybasia and the Arnold Chiar1 deformity Neither
15 a congenital deformuty of the spinal column but their frequent association with
fuston of the atlas to the occiput and the serious problems which arise from this
association necessitate their mentton

Platybasia, or basilar impression 1s a deformity of the base of the skull in which
the foramen magaum and surcounding atea 1s thrust upwards moulding the base
of the cranium mto a flat plane or even pushing it farther 1nto the cranium to form
an inverted saucer ltke depression (List 1941) The cause not known with cer-
tainty, 15 probably a developmental weahness of the base of the skull the weight
of the head being sufficient to deform the base of the skull, which 1s gradually
invagmated The outline of the foramen magnum becomes deformed and 1ts size
1s dimmished so that the medulla may be compressed At its exit from the
cramum the medulla may be sharply angulated around the elevated anterior
margin of the foramen These constrictions cause pressure symptoms related to
the pons and the medulla They also interfere with the free circulation of the
cerebrospinal flud and may give nise to 1nternal hydrocephalus (Figs 29 and 30)

The Arnold Chiart deformity of the bramn stem and cerebellum consists of
(1) Arnold s deformuty, an overgrowth and downward displacement of the inferior
part of the cerebellar hemispheres so that the paired tongue like processes hang
down through the foramen magnum on the posterior surface of the medullh and
upper cervical cord  and (2) Chran s deformity a bulging or kinking of the medulla
upon the uppermost segments of the cervical cord as though they were telescoped
mto each other Commonly both lesions co exist Both deformities occupy
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Fic 29 —Lateral radiograph (lammogram) ~ Fig 30 —Myelogram of the case shown in Fig
of acase of platybasia and Arnold Chiart 29 Great defect in the o1l column at the
syndrome The basilar angle 1s flattened cervico occipital level
and thetipofthe odontoid processisabove
Chamberlain shine  In thus case there 1s
no asstmuilation of the atlas to the occiput

space within the lumen of the foramen magnum and may occlude 1t compressing
the pons medulla and cerebellum and obstructing the flow of cerebrospinal flud

When platybasia and Arnold Chian deformuty complicate fusion of the atlas
to the ocaiput the symptoms of both deformities due to the choking of the bramn
stem within the foramen magnum are accentuated by upthrust of the odontoid
process mto the foramen magnum crowdmg an already overcrowded space If
1 addition the atlas undergoes forward subluxation on the axis, the compression
symptoms are greatly mncreased by the impingement of the tip of the odontord
mnto the antenior surface of the pons and medulla when the head 1s flexed It 1s
this ability of atlnnto occipital fusion to accentuate gravely the pressure symptoms
of platybasia and the Arnold Chiar1 deformutv that makes thetr assoctation serious
Symptoms are absent at birth They appear later usnally in adult fe often after
wnjury Movement of the head on the neck 1s lumted and the head may be held
asymmetrically The neck appears short There 1s pan 1n the upper part of the
neck and the occiput dizziness cerebellar ataxia unsteady gait weakness of arms
and legs and manifestations of increased intracranial pressure Sensory changes
may be mld and diffuse and resemble syringomyelia or disseminated sclerosts

Treatment of this phase demands relief of pressure by removal of the postertor
half of the ring of the atlas and the axis and the posterior margin of the foramen
magnum The therapeutic problem 1s primarily neurosurgical
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Pro-atlas

The last occipital sclerotome may develop as 2 partinlly separate entity (pro-
atlas) mstcad of becoming an integral part of the ocespitat bone (Gladstone and
Enchsen Powell 1951) The result may be a rudimentary vertebrn fused to the
margin of the foramen magnum resembling somewhat assimilation of the atlas
to the occrput but with a normal atlas and 14s below 1t Alternatively the only
evidence of the pro atlas may be isolated bony nodules interposed between the

Fic 31 —Pro atlas laminogram  Above the
anterior arch of the atlas 1s a bony mass
attached to the occiput It represents the
antenor arch of the pro atlas or last occipital
vertebra  Abose the tip of the odontoid 1s an
ossicle which s the rudimentary body of the
pro atlas

(@
FiG 32 —Lateral radio,
graph showing pro atlas absence
of the atlas forward on the axis cauang quadriplegra (a)oll.i)ggg;tucr:
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occiput the atlas and the odontoid process Of these a tiny nodule, sometimes
seen 1n radiographs above the tip of the odontoid process represents the rudi
mentary body of the last occipital vertebra and a larger nodule above the anterior
arch of the atlas the rudimentary anterior arch (Fig 31)  This anomaly 1s rare and
of unknown mcidence It 15 not certain that the presence of a pro atlas alone has
any clinical significance It may modify the freedom of movement between the
upper cervical spine and the occiput and thus render the cervico occipital reglon
more susceptible of mjury A pro atlas 1s often accompanied by other congenital
anomalies of the cervico occipital region and this combination can certainly cause
symptoms Fig 321s the radiograph of the cervico occipital region of a 58 year
old man who had slowly developed incomplete quadriplegia It shows congerital
absence of the odontord process marked subluxation of the atlas on the axis
on flexion and extension, and an ossicle representing the pro atlas above the
anterior arch of the atlas

Separate odontoid process (os odontoideum)

Occastonally the odontowd fails to fuse with the body of the axis (Gracomm
1886) and this may be a source of weakness Severe trauma can avulse the odontoid
process and 1ts displacement may cause neurological symptoms by pressure upon
the upper cervical cord  Lesser force may stretch the syndesmosis and give rise
to pam

The discovery by radiography of a separate odontoid process after mjurv
presents the problem of whether the effect 1s the result of the njury or the result
of a congenital farlure of fuston 1In a fresh fracture the line of separation
15 rrregular and 15 not corticated 10 congemital separation the line 1s smooth and
corticated In the antero posterior view through the mouth the cleavage 15
through the base of the process An oblique fracture ine may not be seen
In congenital falure of fusion the plane of separation 15 easily seen and 1t
1s curved upwards 1n the centre But the distinction between fracture and
congenutal separation does not necessarily solve the problem of the relationship
of symptoms to mjury  Injury may fracture a normal process, it may also
avulse a separately developed odontord process from the body of the
axis or stretch the fibrous bond In either case the symptoms are the result of
myury (Figs 33 and 34)

Separate odontord process may be symptomless Probably symptoms never
develop until the syndesmosis 1s stretched or avulsed by mmjury A single injury
promotes a concomitant abrupt onset the long continued stresses of normal use
promote a gradual development Displacement may be small at first and 1ncrease
In the young person the odontoid may fuse in the displaced position

The symptoms of avulsion or stretching of the syndesmosts are limitation of
niovement of the head and pain at the base of the skull radiating up nto the occt
pital region  If there 1s much displacement the head will be carried thrust forward
Lateral Jaminograms are particularly valuable 1n delineating the lesion

Treatment may be necessary for the relief of par and to stabilize the upper
cervical spine  This can be accomplished by posterior fusion of the atlas and the
axis with the dens as nearly as possible in normal relationship to the body of the
axis
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Fic 33 —Separate odontoid pro

d Lateral Fic 34 —Antero posterior view of the case 1llus
cess (os odontoideum) e]rg trated 1 Fig 33 It shows the plane of separation
mdlog‘rg%l;yo&;:%nn::pgg;mp between the axis and the base of the odontoid pro
‘year O
toms immediately after an acc ess

dent The well corticated outline
of the nodule and 1ts separation
from the body of the axis distin
guish 1t from fracture of the odon
tord process

C 1 at of odont

d process

A rare anomaly of the upper cervical spine 1s complete failure of development
of the odontoid process The condition 15 recogmzed during 1nvestigation of a
neck which has suddenly become painful when subjected to considerable stress
1n athletic activity or 1n a motor accident and 1s revealed by an antero posterior
radiograph through the mouth The injury often produces subluxation or disloca
tion of the atlanto axal facets It 1s conceivable that sudden death could occur
from complete dislocation (Fig 35)

Subluxation or unilateral dislocation can usually be reduced by traction Fusion
of the atlas to the axis 15 necessary to prevent recurrence

Rklippel-Feil syndrome

Klippel Feil syndrome represents an extensive disturbance of the development
of the cervical spine  Abnormalities of many or all of the cervical vertebrae oceur
hemivertebrae fusions of adjacent vertebrae and scoliosts of the cervical spine
(Fig 36) The condition described by Klippel and Ferl 1n 1912 was a clinteal
entity short neck tilted head and stiff neck  An extreme disturbance i the seg
mentation of the cervical vertebrae causes a short deformed cervical spine with
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Fic 35 —Congenital absence
of odontoid process in a 7
year old grl

Fic 36 —~ Klippel Feil syndrome
hemivertebrae and multiple fusions of
of cervical vertebrae
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fuston of many vertebrac and imperfect development of others  The head appears
set on the shoulders  Webbing of the shin over the fateral margins of the trapezius
muscles (pterygium coll)) may occur and so may congenstal clevation of the scapula
(Sprengel s deformity) The deformity 15 unsightly and mosements of the neck
and head are grossly inited, but otherwise the functionnl disturbance ustally 1s
shght or neghgible The disabibty 15 more acsthetic than functrontl

No treatment will alter the primary deformity The 1ccompanying Sprengel s
deformity or pterygum collt can be improved by plastic operations  Late complica
tions usually do not occur but imjury may precipitale grive symptoms sometimes
paraplegit because of the great stresses concentrated upon the mobile segments of
the cervical spine adjacent to the fused scgments

Henusertebra

Hemivertebra may occur at any level A supernumerary vertebral body
develops on one side only, being wedge shaped with the apex towards the mid hine
One vertebra only may be mnvolved or there may be two or three adjacent hem:-

Fi6 37 —Hemuvertebrac with
scoliosis  Thus 8 year old gurl
had scohiosts from birth which
progressed steadily Two
hemivertebrae are fused ad
Jacent vertebrae are wedge
shaped and there are distort
1ons and fusions of the nbs on
the concave side of the thorax

vertebrae partially fused to one another In the thoracic spine a hemivertebra
will carry 2 nb which makes an extra rib on the involved side  Anomalies of the
nb}s\ particularly fusion of adjacent r1bs often accompany hemvertebrae (Fig 37)
a l;}e]:‘:xvlenebra lpmduces or a series of adjacent hemivertebrae produce = fixed
i Ply angulated scoliosis of the involved spinal segment convex to the
al ;\onl'lnal side This 1s a form of congenital scoliosis
andn slt cf:]_cervncal and lumbar segments where movement 15 greatest the deformuty
ilfening produced by a hemivertebra throw abnormal stresses upon the
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adjacent mobile segments, with consequent undue wear and tear These changes
are manifested by degeneration of the intervertebral discs and marginal osteophyte
formation These secondary changes give nise to symptoms chiefly backache,
which appear first i adult hife sometimes after a single severe injury

In late adolescence scoliosts due to congenital hemmvertebra may cause para
plegta  Normal growth of the vertebral column, exceeding the corresponding
growth of the central nervous system leads to angulation and flattenung of the
cord about the spinal deformity (Dewar and McKenzie 1949)

Treatment presents difficult problems It 1s true that the deformuty and its
progression and the disablement often are Jess severe than might be expected from
the degree of malformation The short extent and the nigidity of the angular
deformity caused by a hemuvertebra facihitate the development of reverse curves
above and below which completely compensate for the congemtal angulation
If this 1s accomplished, the general alignment and balance of the trunk remain
satisfactory This happy outcome however 1s entirely dependent upon the develop
ment of adequate compensitory curves soon after the child assumes the erect
posture and 15 posstble only 1f the scoliosis 1s short and stable and the spine
above and below sufficiently mobile Fortunately many patients achieve compensa
tion spontaneously Others may be assisted to accomphsh balanced curves by
an appropriate brace or corrective plasters

All too often the magmitude of the primary deformity precludes the possibility
of the development of adequate compensatory curves If the compensatory curves
are inadequate growth quickly compounds the deformity by lengthemng the arms
of the congemtal curve thus projecting the weight of the superimposed trunk
still farther to one side  Deformuty and imbalance progress and may become
grossly disabling Fusions between r1bs increase the ngidity of the thorax and
add to the difficulty of developing a thoracic curve  Attempts to forestall the gross
deformity have been made by direct attack upon the involved segment of the spine
mn infancy  Parts or all of the interposed hemrvertebrae have been excised
The end results were poor but the reports are of some value in demonstrating the
feastbility of extensive operations upon the vertebral bodies 1n nfants
(Compere 1932 von Lackum and Smith 1933 Wiles 1951) The management of
severe deformity 1s not yet perfected Some form of operative correction followed
by stabilization with bone graft appears to offer the best hope of 1mprovement,
but there are grave technical problems still to be solved The less extensive and
less severe deformuties can be kept under observation to determine whether or
not they are progressive If necessary they should be treated by spinal fusion
after plaster jacket correction

The type of scoliosis assoctated with neurofibromatosis will be discussed 1n the
secion on  Abnormalittes due to Generalized Congenital Deficiency n the
Formation of Bone Cartilage and Corrective Tissue  on page 50

Congental wedged vertebra

There may be deficiency 1n the development of the anterior part of a vertebral
body so that 1t 1s wedge shaped with a forward apex If several vertebrae are
mvolved there may be also deficiency of the front of the intervening intervertebral
discs allowing fusion of the involved vertebrae at their anterior margns (Fig 38)
with consequent kyphosis The trunk 1s dimimshed 1n height by impairment of
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Fic 38 —Lateral rdiograph of the
spine of an 11 year old boy which
shows hyphosis due to nntenor
wedging and fusion of the bodies
of T1O 11

growth and by the deformuty These are the only disabilities Active treatment
usually 1s not indicated

Congemtal deformities of the Jumbesacral region

The lumbosacral region 15 particularly prone to developmental disturbances,
which though leading to no great deformity dumimsh the strength and mobility
of that segment of the spinal column most subjected to the stresses of weight
bearing and of movement Here small imperfections often cause disabling symp
toms because wear and tear changes promote low back pan and sciatica

Associated neurological lestons constitute the most serious and disabling mani
festation of some lumbosacral anomahes

Sacralization of the last lumbar vertebra

In imperfect lumbosacral segmentation the lnst lumbar vertebra 1s assimlated
to the sacrum with varying degrees of completeness There 1s a change 1n structure
from that characteristic of a Jumbar vertebra 1o that charactenistic of a sacral
vertebra  The transverse processes pedicles and inferior articular facets are
transformed 1nto the lateral masses of a sacral vertebra  One or both sides may
be sacralized In the former case one side of the deformed vertebra has the lateral
mass of a sacral vertebra and 1s attached to the sacrum  the opposite side has the
transverse process pedicle lamima and articular facets of a lumbar vertebra It
arbiculates with the sacrum but 15 not fused to 1t The sacralized lumbar vertebra
may be incompletely fused to the sacrum by a syndesmosts or completely mcorpo
rated snto the sacrum by bone  When both sides are sacralized and the vertebra
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1s completely fused to the sacrum by bone the sacrum 1s lengthened by an extra
vertebra at its upper end This form of the anomaly seldom causes symptoms
Such as do occur are the result of wear and tear changes in the articulations of
the lumbar spine above concentrated upon four lumbar vertebrae instead of being
distributed throughout the normal five

Fic 39 —Anatomical specimen of
umilateral sacrahization of the fifth
lumbar vertebra  Note the osteo
phytes which have developed on

the free side

F1G 40 —Radiograph
(Hibbs  projection)
of a patient with 1n
complete  untlateral
sacralization of the
fifth lumbar vertebra
{syndesmosis) on the
right side He re
ported because of low
back pam and left
sclatica
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Sacralizatton of the last lumbar vertebr gives nise to most trouble when unt
Jateral and incomplete (Figs 39 nd 40) The syndesmoss attaching the
sacralized half to the sacrum permits some movement, less on the sreralized side
than on the normal side  This tsymmetricnl movement nvites wear and tear
changes 1n the apophyseal articultions nd the mtersertebral disc and these
changes cause low back pun and sciier  Symptoms develop most frequently
and most severely on the side which 1s not scralized because here there 1s greater
movement which 1s distorted nd therefore grenter werr and tear  Similarly there
1s greater susceptibility to mjury

Fi6 41 —Trapezoidal body of the fifth lumbar vertebra This 43 year

old woman suffered from backache for many years culminating in
left sided sciatica

Hibbs antero postersor radiographic projection 1s useful in reveahng the outline
of the fifth lumbar vertebra free of overlapping shadows The x ray 1s directed
upwards and backwards through the disc between L 5 and S1 It 1s castest with
the patent recumbent (Fig 40) In certun cases Hibbs projection with the
patient standing though technically more dufficult to accomphish gives valuable
nformation with regard to the effect of inequality of leg length on the position

of the fifth lumbar vertebra (Fig 42)
Trapezoidal body of the fifth lumbar vertebra

Viewed by Hibbs technique the bod.

y of the fifth lumbar vertebra occasionall
1s trapezoidal m outhne This may be compensatory to obliquity of the superm)l,'
surface of the sacrum (or to a short leg on one side tf the patient 15 standing) but
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often there 1s no apparent cause (Fig 41) The effect of the distortion 1s to throw
abnormal stramn upon the apophyseal articulations with consequent wear and tear
manifested by low back patn and sometimes sciatica

Obhquity of the superior surface of the sacrum

For obscure reasons the sacrum may develop with its surface higher on one side
than on the other This 15 most clearly demonstrated by an antero posterior
radiograph directed obhiquely upwards through the disc between the body of the
fifth lumbar vertebra and the top of the sacrum If an additional projection of
this type 15 taken with the patient standing any tilt of the pelvis due to difference
1n length of the two legs can be deterrmned and true obliquity of the supenor sur
face of the sacrum assessed (Fig 42)

Fic 42 —Obliquity of the superior
surface of the sactum  The patient
1s standing the Jegs are of equal
length and the x ray 1s directed up
wards through the 1ntervertebral disc
between LS and S1 (Hibbs pro
Jection)  Because the top of the
sacrum 1s higher on the right side
than the left the lumbar spine 1s
directed to the left This 15 com
pensated by a lateral curve convex
to the Jeft

Obliquity of the superior surface of the sacrum provides a sloping foundation
for the vertebral column The compensatory lateral curve produces asymmetrical
stresses which 1n time wear out the apophyseal articulations and the lumbosacral
mtervertebral disc  The body of the fifth lumbar vertebra 1s moulded mnto a
trapezoidal shape s margins are prolonged inte osteophytes the disc space
between the body of the fifth lumbar vertebra and the sacrum 1s thinned and the
patient suffers from low back pamn and sciatica

If 1t were possible to detect this asymmetry 1n infancy the consequent troubles
might concervably be prevented by an appropriate Iift to the shoe on the low side
Most cases are not discovered until the patient 1s suffering from low back pain
By that time relief can be obtamned most effectively by measures which dimimish
lumbosacral movement A brace may gne great comfort but mn severe cases
and especially those with sciatica from root pressure of a bulging disc operation
15 expedient (exploration of the lumbosacral disc and lumbosacral fusion) It
alone gives hope of complete and permanent relief
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Anomalies of structure in the Jumbosacral apoph) seal facets

Oceastonally an mferior facet of the fifth lumbar vertebra 1s completely absent
(Fig 43) The instabiity from this one sided defeet places asymmetrical strains
on the lumbosacral joint which lead to abnormal wear mamifested by attacks of
low back pain

FiG 43 —Absence of night mnferior
facet of fifth lumbar vertebra
spina bifida occulta of first
sacral vertebra This 21 year
old nurse had suffered from
recurming attacks of acute low
back pam since the age of 10
years (Radiograph viewed
from betind forward )

Absence of both inferior facets of the fifth lumbar vetrebra has not been
recorded Something simular 15 known and causes a spectal kind of spondylolis-
thests In these cases the inferior facets of the fifth lumbar vertebra and the superior
facets of the first sacral vertebra are so imperfectly developed that at some stage
the former overslide the Jatter and dislocation occurs  Ouce the joint 15 unloched
there 15 nothing except the resistance of the intervertebral disc to prevent forward
displacement of the fifth lumbar vertebra on the saccum The disc slowly gives
way and spondylolisthesis develops It 15 distinguished from the more common
type of spondylolisthesis by the integrity of the neural arch which can be deter
mined by radiograph and at operation

More subtle than structural changes m the lumbosacral 1pophyseal articulations
are those variations 1n relationship of structurally normal facets which can smpair
the strength and stability of the lumbosacral jomt They are mportant because
of the symptoms which arise from them If the plane of the lumbosacral apophyseal
articulation 1s sagittal 1t cannot as effectrvely resist forward displacement of the
fifth Jumbar vertebra on the sacrum as when the plane of articulation 1s oblique
or coronal  Such joints are unstable and give rise to increased stress  If one jomnt
15 disposed 1n the sagittal plane and the oppostte 1n the coronal plane asymmetrical
stresses anise causing wear and tear changes and consequent low back pain
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Spina bifida

Spmna bifida (Fig 43) probably never causes symptoms, except through the
frequently associated abnormalities of the central nervous system The commonest
of these 1s meningocele  This may be small and completely enclosed withn the
spinal canal or 1t may bulge through the spina bifida and reach a great size
which case some part of the central nervous system protrudes with the meninges
to form a memngomyelocele Spina bifida may occur and cause neurological
disturbances at any level in the spinal column but the lumbosacral region 1s much
the commonest

The neurological symptoms often associated with lumbosacral spina bifida are
impairment of sensation mn the feet paralysis or weakness of muscles especially
those motivating the foot and toes, imperfect control of bladder and rectum
deformities of the lower extremmty, especinlly of the feet from muscle imbalance
Sometimes the symptoms increase during growth These symptoms if present
from birth and without a clear istory of any neurological disease should suggest
spina bifida and prompt 4 search for evidence such as a swelling of the lumbo
sacral region (memingocele), pigmented hairy shin 1nd radiographic demonstration
of spina bifida  Finally 2 myelogram should be taken Early detection of the
leston, especially 1f there 1s progressive neurological detertoration from an expand
g meningocele will sometimes permit operative relief of pressure and improve
ment 1n symptoms

Hidden memngocele

Hidden meningocele deserves a brief mention because 1t 1s associated with a
defect 1n the sacrum which may be congemital An oval excavation 1n the anterior
wall of the sacral canal 1s occupied by a meningocele The defect 1 the sacrum
can be revealed by radiography but myelography 1s necessary to display the menin
gocele There 15 no assoctated spina bifida (Fig 44)

D yelia (diplomyelia)

Diastematomyelia 1s an anomaly of the spinal column with an associated defect
of the spinal cord and meninges Though rare this lesion 1s of serious importance
because of the accompanying disturbance in function of the spinal cord (Herren
and Edwards 1940 Neuhauser Wittenborg and Dehlinger 1950)

The basis of the lesion 1s a spur usually bony which projects bachwards from
the body of a vertebra The spur may also be cartilaginous or fibrocartilagimous
Its apex 1s attached behind to the dura or to a neural arch  This spur 15 a barnier
to the normal development of the spinal cord which consequently 1s laid down
on erther side of 1t In fully developed diastematomyeha the spinal cord and 1ts
meninges are perforated by the spur and surround 1t The spinal canal 1s widened
to accommodate the increased bulk of the duplicated cord and 1ts membranes
as witness the widened interpeduncular distance The separation of the pedicles
from one another 1s produced by spreading apart rather than by erosion as 1s
the case 1n spial cord tumour The common site 1s the lumbar or lower dorsal
spine (Figs 45 and 46)

If the spur 1s bony 1t can be seen 1n the radiograph but often 1t 1s chiefly cartt
laginous or fibrocartilaginous  Myelography yields most information demonstrat
ing the bifurcated dural tube surrounding the bony spur
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(a)

Fi 44 —Hidden meningocele
(a} Defect 1n the anterior wall
of the sacral canal () myelo
gram demonstrates that the
bony defect 15 occupied by a
meningocele The patient has
abo spondylolisthesis of the
fifth lumbar vertebra
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The defect 1n the spinal cord 15 manifested by motor and sensory disturbances
of varying severity Somewhat as 1n spina bifida occultr a child, early 1n life, 15
discovered to have a mild foot deformity and some minor difficulty in walking
Later sensory disturbances may be found and bladder dysfunction may become

|

Fi 45 — Diastematomyelia  The shadow of the

FiG 46 —Myelogram 1n a cas¢

bony spur 1s superimposed on the body of the third
lumbar vertebra  The interpeduncular distance 1s
w1?1eicg from L 1 to sactum and 1s greatest at L 3
an

of diastematomyelix The radio
opaque o1l flows around the spurin
the two limbs of the divided dural
tube

apparent Charactenistically the symptoms increase during raprd growth, from the

drag upon the spial cord by the transfixing bony spur

This drag may be so

great as to choke the foramen magnum with the pons and medulla and cause

mternal hydrocephalus

Improvement can be obtained by removal of the spur

Diagnosis treatment

and rehabilitation call for close assoctation of the neurologist radiologist, neuro

surgeon and orthopaedic surgeon

ABNORMALITIES DUE TO GENERALIZED CONGENITAL DEFICIENCY
IN THE FORMATION OF BONE CARTILAGE AND CONNECTIVE TISSUE

Any generalized congental deficiency in the formation of bone and cartilage can

volve the spine and lead to 1its deficient development
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CONGENITAL DEFICIFNCY IN THI TORMATION OF BONE

&)
FiG 47 —The spine of a 31 year old man with Morgmo Brailsford chondro osteo
dystrophy (@) Dorsal spine  {6) lumbar spine

not difficult because of obvious abnormalities commonly found 1n the extremities
Four examples may be cited

Morqwe-Brailsford chondro-osteodystrophy

Morquio Brailsford chondro osteodystrophy 1s a disturbance of bone forma-
tion chiefly 1n the epiphyses It 15 often famihal The early mamifestations are
difficulty 1n walking a stooped posture and kyphosis The epiphyses of the long
bones are developed from 1rregular centres of ossification and are musshapen
The development of the vertebral bodies 1s abnormal especially epiphyseal growth
The vertebral bodies are narrowed anteriorly not as a wedge but like a cushion with
converging surfaces  The spine 15 shortened and kyphosis 15 common  As bone
deposition progresses to maturity the vertebral bodies form shallow structures broad
from side to side long from front to back, and with rregular surfaces above and
below (Fig 47) The disability from the sptnal changes 1s less than that from the
changes in the epiphiyses of the Jong bones particularly those of the lower extremity
Fragihitas ossium

Fragihitas osstum produces spinal deformity because of the fraity of bone
structure  Superimposed weight compresses vertebral bodies and distorts the
alignment of the spine The height of the patient 1s greatly diminished by com
pression  Changes are even more marked 1n the extremities particularly the legs

where multiple fractures and distortions dimimish their length and disturb their
ahgnment (Fig 48)
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FiIG 48 —The spine 1n a 39 year old
woman with severe fragilitas ossium from
burth

Oxycephaly (acrocephaly)

Oxycephaly (acrocephaly) 1s characterized by fusions of many bones normally
separate The most consprcuous and disabling feature arises from fusion of the
coronal sagittal aud Jambdoid sutures of the shull, so that the cranium becomes
short from back to front the vault high and pointed hence the name oxycephaly
(pomnted skull) or acrocephaly Fusion of other bones also occurs notably 1n the
tarsus and metatarsus carpus and metacarpus Syndactylism 1s also a feature

Fusions of vertebrae may occur—often of the spinous processes and laminae
as well as of the bodies Dastortion of the bodies hemivertebrae or partial fusions
are not uncommon Shortening of the spine and the legs causes dwarfism
Spinal movements are himted

The structural and functional changes 1n the spine are not the most important
of the disabilities of this disease The distorted and mexpansible cranium with 1ts
secondary exophthalmos and mental 1mpairment and the short extremuties with
extensive syndactylism are far more disabling

Neurofibromatosis

Neurofibromatosis (von Recklinghausen s disease) frequently causes a distinc
tive type of scoliosis  McCarroll s (1950) comprehensive review of 46 cases of
neurofibromatosis demonstrated that next to cafe au lait spots (33 cases) scoliosis
(19 cases) was the most frequent chinical and skeletal mamfestation of the disease

‘The scoliosis may be muld or severe It 1s the result of wedging of two or three
adjacent vertebrae from deficiency i growth on one side of the involved vertebral
bodies The consequence i1s a short sharply angulated and rigid curve which
tends to progress because of the persistence of unilateral growth deficiency
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Adequate compensatory curves above and below are difficult to develop so that
deformity 15 often severe and resistant to trentment (ig 49) «d

Other congental disturbances of bone development may cach excert its dis-
tinctive 1nfluence upon the vertebral column

Fi6 49 —Neurofibromatosis and scolt
osts  Wedged vertebrae due to defi
ciency of growth cause a stiff and pro
gressine scoltosts difficult to correct or
to compensate with adequate secon
dary curves

CHANGES DUE TO CONGENITAL DISTURBANCES OF METABOLISM
Alhaptonuna
Alkaptonura 15 an inhented defect m the metabolism of certan amino acids
especially tyrosine and phenylalanine Homogentisic acid the end product of
thus imperfect metabohism 15 excreted n the urine  The urine turns datk on stand-
mg owmg to oxidation of the homogentisic acid  Homogentisic acid has an
affimty for connective tissue and especially for cartilage with which 1t combines
everywhere in the body Subsequent oxidation of the homogentisic and stains
black the cartilage of ears nose joints and intervertebral discs The unton of
homogentisic actd with cartilage causes the ground substance to deteriorate The
cartilage becomes brittle and easily fragmented In weight bearing joints such as
the hip and knee thus leads to gross degenerative changes

In the spine the intervertebral discs accumulate homogentisic acid and become
dark by 1ts oxrdation  The normal quality of the discs 1s lost They dimmsh 1
height and Jose their elastic quahties The vertebral column shortens by loss of
the disc spacing  The lumbar spine flattens Later calcium 15 deposited 1n the
intervertebral discs in an irregular fashion  The spine becomes rigid presenting
a chinical picture somewhat resembling that of ankylosing spondylitis The radio
logical picture (Fig 50) however, 1s very different  The intervertebral disc spaces
are diminished, the lumbar lordosis 1s flattened and there 1s moderate anterior
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Fic 50 —Lateral radiograph of lumbar Fic 51 —Skeletal changes 1
spine of a 40 year old man with alkapto hypophosphatasia These are
nuria  The intervertebral discs are thin most marked 1n ﬂl'_“e Sk‘gl g“dl
and calcification has occurred  The verte metaphy. seslbut t & ved e.ﬁ?
bral bodies show marginal lipping and are column 1s also nvolve: e

illustration shows the verte
displaced backwards on the subjacent

bral column 1n a child aged

vertebra 1} years

lipping of the margns of the vertebral bodies There 1s no nvolvement of the sacro
1ltac joints or bony bridging across the intervertebral discs such as occuts i anky
losing spondylitis

The disease1s umnfluenced by treatment  The spinal changes though marked, are
less disabling than are those of the diarthrodial joints especially the hups and knees
There 1s relatively little paimn referable to the spine owing to 1ts ngidity

Hypophosphatasia

Recent observations on hypophosphatasia by Rathburn (1948) Sobel and his
colleagues (1953) Engfeldt and Zetterstrom (1954) Fraser Yendt and Chnstie
(1955) Fraser and Laidlaw (1956) demonstrate that children can mhent a meta
bolic anomaly characterized by diminished alkaline phosphatase activity m the
blood a generalized deficiency 1n skeletal development and the presence of an
abnormal amino acid 1n the urine and blood plasma There 1s evidence that the
defective development of the skeleton 1s the result of disturbance 1n the meta
bolism of bone matrix The skeletal changes are most marked 1n the shull and
extremities but there 15 involvement of the spine also (Fig 51)

The bony changes bear some resemblance to rickets with an element of frailty
m bone structure remimscent of fragilitas osstum It would be interesting 1f
fragihtas ossium were ultimately proved to be due to an mherited metabolic defect
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INFANTILE IDIOPATHIC SCOLIOSIS

There has been nereasing recogmtion espectally i Great Britun of a charac-
teristic type of scoliosts which 1s present in the first year or two of Iife It 1s recog-
nized fairly often m the first few months and can be recogmized at birth  Probably
more cases would be recognized at birth or in the first few weeks if routine examina
tion of the new born child was conducted with the posstbility of this deformity m
mind The fact that at least some cases of this deformity are present at birth,
coupled with Dems Browne s hypothests (1956) that the deformity 15 caused by
persistent malposture i utero, yustifics its inclusion i this chapter It isnteresting
to tecall that Whitmn (1917) stated that  congemital lateral curvature may
occur 1n infants otherwise normal duc apparently to 1 construned attitude before
birth

Fic 52 —Infantile 1diopathic scoliosis 1n
a4 month old girl Thas curve was recog
nized shortly after birth

The deformuty 1s said to occur chiefly in boys the curve 1s centred at the stxth
to the minth thoracic vertebrae and usually 15 convex to the left (Fig 52) At
birth the lateral curvature of the spine may be so shight that 1t cannot be recog
mzed with certainty by clinical examinatton  What can be recognized at birth are
transverse wrinkles 1n the skin about the trunk posteriorly at the right costal
margin and the difficulty the child has sn bending to the left compared with the
ease with which the trunk 1s bent to the right

Demis Browne (1956) postulated that the deformuty 1s initiated m utero by per
sistent maintenance of the trunk 1n a position of lateral curvature He compared
it to his concept of intra uterine malposition of the foot 1n the development of
congemtal equinovarus and believed that persistent malposition not only moulds
the spine nto a lateral curve but also by compression of the lateral margins of
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the vertebral bodies on the concavity of the curve damages their capacity for growth
on that side and causes the deformty to progress after birth or to recur after
mmprovement While this hypothests does not explain the nearly exclusive incidence
1n males 1n the mid thoracic region and the preponderance of the convexity to the
left 1t 15 a provocative 1dea which deserves further inquiry

Certain examples of the deformity disappear spontaneously usually before the
child reaches 2 years of age but sometimes regression continues beyond that age
(Scott and Morgan 1955 1956 and Scott, 1956) Usually, however the case
of nfantile 1diopathic scoliosis which persists beyond 2 years of age or 15 not
recognized until after that age has a grave tendency to progress to a scoliosis of
great severity with much rotation and kyphosis There 1s severe interference with
respiratory and cardiac function because of the deformity and early death 1s
frequent Braces and plaster have httle influence and even early fusion 1s far from
satisfactory It 1s a most grave type of scoliosis If treatment 1s to be more
successful, early recognition and early treatment will be important
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SPONDYLOLISTHESIS

Though spondylolisthesis cannot with certainty be regarded as a congenital leston
of the spine 1t can most conveniently be included 1n this chapter

Spondylolisthesis develops 1n consequence of a structural defect 1n a vertebra
usually the fifth lumbar The defective vertebra 1s separated into two parts by
a bilateral defect 1n the pars interarticularis of the neural arch The
fragment of the vertebra 1s composed of the body pedicles transverse
and superior articular facets the posterior fragment includes the spine
the laminae and the inferior articular facets The two fragments are u
at the pars interarticulanis by fibrous tissue nstead of being solid!
bone (Fig 53)
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We have no certain knowledge of the manner 1o which the defect develops It
1s not congemtal None of the serics of examinations which have been carried
out upon the spnes of newborn children has yet sytelded a single cxample of
spondylolisthesis (Batts 1939) It s not the result of a defect 1n normal essification
The primary centres of ossification for a vertebra are three one for the body and
one for each half of the neural arch  The latter develop cach tnto one half of the
neural arch from the point where the basc of the pedicle1s attached to the vertebral
body 10 the tip of the spinous process  Each lateral centre therefore, forms pedicle |
superior artwcular facets pars nterarticulans inferror articular facets lamina
and half of the spinous process At birth the three centres of ossification are
stll separate  They fuse during the first year Though the structural defect
of spondylolisthests has not been observed at birth 1t sometimes docs occur carly
i hfe Klemberg s (1934) patient aged 17 months 15 the youngest patient the
present writer has been able to find

The fifth lumbar vertebra 1s most often affected, the remaining lumbar vertebrae
with dimimishing frequency as they ascend In a personal senes of 217 cases the
distnbution was L 6 — 1 case L 5~ 196 cases L4 — 16 cases L 3 — 4 cases Occa-
sionally more thanone vertebra s imolved once in the writer s series of 217 cases
two vertebrae (L 4 and L 5) each had the defect  Occasionally the leston 1s seen
elsewhere than in the lumbar spine usually mn the cervical spine and usually after
trauma The defect may be unilateral in which case the deformity and the symp-
toms are both less severe than when the defect 1s bilateral (Figs 54 and 55)

There 1s some evidence that the disease 1s famultal Baker and McHolck (1956)
examined by radiograph the lumbosacral region of 400 schoolchildren 1n the first
grade (6-7 years of age) Eighteen (4 5 per cent) showed the defect in the neural
arch They were able to examne 29 parents of these 18 spondylolisthetic children
Amongst them the incidence of the defect was 27 6 per cent which 1s more than
five times greater than the incidence 1n the general population  Friberg (1939)
reported on three generations of the descendants of one spondivlolisthetic man
There were 15 cases of spondylolisthests amongst 66 individuals  Its accurrence
1n stblings 15 sufficiently frequent to be significant  Stnce the defect 1s absent at
birth the mhented factor may concenably be a weak pars interarticulans which
at some early period in fe breaks apart under the stress of normal use This would
be a type of stress fracture In most instances such a fracture would unite  Those
that go on to non unton would constitute the cases of spondylolysis and spondy-
lohsthesss which are recogmzed chmically and radiologrcally

The incidence vanes throughout the world In North Amenca the defect s
found 1n 5 per cent of the skeletons 1n anatomical departments (Willis 1931
Harnis 1951) There 1s some evidence to mndicate that 1t 1s higher 1n certamn races
or occupations  up to 40 per cent 1n Alashan Eskimos (Stewart 1931 1932 1935)

The fibrous bond that bridges the defect in the neural arch carnes much of the
stress of weight beanng and mosement In some cases 1t does this efficiently for
many years or even for the Iifetime of the patient  Such patients have no svmptoms
and no deformity and their defect 1s onty discovered by aceidemt  The known 5 per
cent incidence of spondylohisthesis and spondy lolysis tn the matenal 1n anatomical
museums so greatly exceeds the number of patients who appear for treatment
because of their svmptoms that many ¢cases must be symptomless and therefore
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the vertebral bodies on the concavity of the curve damages their capacity for growth
on that side and causes the deformity to progress after birth or to recur after
mmprovement While this hypothesis does not explain the nearly exclusive incidence
m males, in the mid thoracic region and the preponderance of the convexity to the
left, 1t 15 a provocative 1dea which deserves further mquiry

Certain examples of the deformity disappear spontaneously usually before the
child reaches 2 years of age but sometimes regression continues beyond that age
(Scott and Morgan 1955 1956, and Scott 1956) Usually however the case
of infantile 1diopathic scoltosis which persists beyond 2 years of age or 15 not
recognized until after that age has a grave tendency to progress to a scoliosts of
great severity with much rotation and kyphosis There 1s severe interference with
resprratory and cardiac function because of the deformuty and early death 1s
frequent Braces and plaster have httle influence and even early fusion 1s far from
satisfactory It 1s a most grave type of scoliosts If treatment 1s to be more
successful early recogmition and early treatment will be important
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SPONDYLOLISTHESIS

Though spondylolisthesis cannot with certainty be regarded as a congemtal lesion
of the spine 1t can most conventently be included n this chapter

Spondylolisthests develops 1n consequence of a structural defect mn a vertebra
usually the fifth lumbar The defective vertebra 1s separated mnto two parts by
a bilateral defect 1n the pars mterarticulans of the neural arch  The anterior
fragment of the vertebra 1s composed of the body pedicles transverse processes
and supernior articular facets the postertor fragment includes the spinous process
the laminae and the infertor articular facets The two fragments are bound together
at the pars interarticularis by fibrous tissue mstead of bemng solidly fused by
bone (Fig 53)
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and downward across the slaptng upper surfice of the first sacral vertebra, thereby
mtiting the deformuty of spondylolisthesis
The dispticement of the myvolved vertebri may be shight of grent The body of
the fifth lumbar vertebra may be completely displaced from the top of the sacrum
and lie with its mferior surface apphed to the intenor surfice of first or sccond
sacral vertebrae Such gross displacement however, 1s raee. More commonly
the body of the fifth lumbar vertcbr remuns on the top of the sicrum but dis
placed forward a varymg amount  In the great myority of ¢1ses the displacement
1s less than half the width of the top of the sicrum  1n a personl series of 160
cases of spondylolisthesis of the fifth lumbar vertebra n which the degree of dis-
placement 15 recorded the distribution was as follows (1) defect in neurat arch
present but without displacement of the vertebril body (spondylolysis), 60 cases
37 5 per cent, (2) shght to moderate disphcement of the body of the fifth lumbar
vertebra (not morc than one third the width of the top of the sacrum) 83 cases
52 per cent, (3) displcement greater than one third the width of the top of the
sacrum 13 cases 8 per cent, (4) vericbral body completely off the top of the
sacrum 4 cases 2 § per cent
The factors that determine the amount of displacement of the involved vertebra,
the rapidity with which 1t develops and the umformity of progression are obscure
Probably the deformuy often does not progress at a umform rate  In the early
stages there may be uniform and relatively rapid progresston which later stows
or ceases by the development of elements of stability  One such 1s the production
of a wedge of bone at the antero superior corner of the body of the first sacral
vertebra, and this becomes a butiress to support the displaced body of the fifth
lumbar vertebra (Fig 56) There 1s not often an opportumty to follow the
development of a spondylolisthetic deformity over a period of years, but probably
the mnvolved vertebra even though defective, still has considerable strength and
stability These factors vary from case to case, 1n indwvidual cases they tend to
deteriorate with age Even so, many cases are strong and stable enough to get
through life without symptoms or deformity Other cases give way but the degree
of weakness varies, sometimes litle sometimes great so that the resulting symp
toms and deformuty vary greatly
There have been no recent advances in our knowledge of the aetiology of spondy
Jolisthests  We are 1n need of extensive studies of the spme at birth and n the
first few years of ife  Post mortem specimens for study are also much needed
2:3 t};g'é::nx:ot easy to obtan  Advances have, however, been made 1n diagnosis
Spondylolisthesis manifests itself by certain signs and s
ternstic deformity The deformuty 1s the result ofg the forwiﬂpé?smp;azgri;ﬁc l:;l’f:*
body of the involved vertebra It carries with it all the vertebrae above it. ]eavmz
behind 1ts own spinous process  Consequently this projects prominently m,relahon
to the spinous processes above 1t formmng a step kyphosis tn contrast to th 1
kyphosis of Pott s disease  The pelvis 1s rotated 1bout a transverse ax s passing
through the hip joints so that the anterior superior spines of the llsu are rarsed
to the same level as the posterior superior spines or wven higher lan: ma Tl;eld
?:":’5;2:;55@‘" m Sr’Ohd)’IO:lsthgsxs even when the vertebral du%lacemet\etn:s rs(lag(\g
also 1n certmn lumbosacral disc lestons, but 1n combination with th
step kyphosis and other signs of spondylolisthesis 1t 15 a valuable aid to dnagno;xsc
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Fic 54 —Anatomucal spect
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Fi6 55 —Lamnograms—rnight and left oblique projections—
of a case of unilateral spondylolysis The defect 1s 1n the
pars interarticularts on the left side
unrecogmzed In other cases the syndesmosts grves way under daily stress The
climcal syndrome of pam and deformuty then develops Injury fairly often 1s the
final force which disrupts and stretches the syndesmosis
‘When the involved vertebra 1s the fifth lumbar as so often happens the distup
tion of the syndesmosis throws all the stress of weight bearing and movement upon
the intervertebral disc and the longitudinal igaments Lacking the normal support
of an 1ntact neural arch and the imbrication of the apophyseal facets these 1n
turn give way and pernut the body of the fifth lumbar vertebra to shde forward

58



SPONDYLOLISTITESIS

related to the distribution of the fifth lumbar root This type of reot pressure often
1s bilateral The distortion of the intervertebral foramen may become so great as to
interrupt completely the impulses transmitted through the fifth lumbar root This
causes marked scnsory changes and great wetkness of the peroner and the dorst
flexors of the toes  The sccond mechanism producing root pressure involves the
first sacral root, usually on one side It 1s the result of protruston of the disc
or often of pressure by the srregular ostcophytic margms about the defect 1n the
neural arch  Certainly pre operative myelograms do not consistently show disc
protrusions tn spondylohisthesis This form of scintica based upon first sacral
root pressure mamfests atself by sensory changes in the outer side of the calf and
heel absence of the ankle jerk and sometimes weakness of the plantar flexors
It should be emphasized that movement 1s an important agent 1n the production
of the pamn 1n spondylolisthesss  Even the distortions of structure just described
which lead to sciatica first cause patn only when movement makes the narrowed
foramen bulging disc or bony spicule tmpinge upon a nerve root The structural
changes provide the bachground for sciatic pun  movement 1s the last factor
necessary to bring the structural changes 1nto operation as pain producing mechan
wsms  Usually this remains true throughout the whole course of the disease
Consequently rest from movement and freedom from weight bearing form the
principles of treatment  Only occastonally ts the compression of the nerve root
by disc or osteophyte or narrow foramen so severe that nerve function cannot be
restored by rest
Spondylolisthesis probably exists often without symptoms It would be difficult
otherwise to explain the discrepancy between the 5 per cent incidence of the defect
1 adult skeletons n anatomical museums and the much smaller number of the
general population who appear for treatment because of symptoms Certamly
1t 1s true that many patients appear first for treatment in the middle or later decades
of Iife yet they probably have had the defect since early childhood
There 15 a form of spondylohisthests that 1s caused by a different defect of the
nvolved vertebra In this form the inferior facets of the fifth lumbar vertebra are
small or badly disposed 1n relation to the superior facets of the first sacral vertebra,
so that under stress the fifth lumbar vertebra may become unlocked from the
first sacral vertebra and shde forward This really 1s a dislocation The clinical
symptoms and signs are very like those of spondylohsthests due to a defect 1n the
neural arch but the essential pathology 1s different Two per cent of a personal
series of over 200 cases belong to this group
The diagnosis of spondylolisthests 15 assisted by good radiographs Lamno
graphy can help greatly, in the lateral projection, and particularly 1n the oblique
projections which provide the only technique that will permt the certain demonstra
ton of a umlateral defect of the neural arch (Fig 55) Myelography 1s of less
ptq;mvc assistance but probably 1t should be used routinely, as the only means
of demonstrating an associated neurological defect (see under hidden memngocele
on pages 4% 49)
of-l;:: :;e‘zglrseeéns:f spondylolisthests demands sound judgment  Perfect fixation
gment by itself will give complete relief But this cannot be
achieved except by lumbosacral fusion which 1s no mean procedure  Considera
:::’l:eﬂltlisstd\;eug;l;lar; :o the age of the patient the sex (females can adapt themselves
estriction of conservative treatment of spondylolisthesis) the
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The rotation of the pelvis about 1ts transverse axis may be so great that the thighs
are not m a straight line with the trunk even when the hips are fully extended '
Hence the patient must stand with his trunk thrust forward if the legs are vertical,
or with the hips and knees flexed if the trunk 1s held erect The trunk 1s shortened
by the downward displacement that accompamnes the forward shpping Conse
quently the ribs approach or overlap the 1hac crests and transverse creases appear
about the waist

Pain 1s the symptom that brings to attention most cases of spondylolisthesis
It occurs as low back pain sometimes with sciatica from root pressure  This may
mvolve either one side or both Many patients with spondylolisthesis are however
free from sciatica

Fic 56 —Lateral radiograph of
spondylolisthesis of the fifth lum
bar vertebra with severe displace
ment It shows the buttress which
develops at the antero supertor
corner of the sacrum which 1n cer
tain cases provides some support
to the displaced vertebral body

Low back pam 1s caused by the mstability of the involved vertebra and 1ts for
ward displacement both of which put abnormal stresses upon the ntervertebral
disc and the spinal hgaments The low back pain 1s accentuated by movement
of the back and by the erect posttion erther sitting or standing Recumbency
gwes quick relief

Sciatica accompanying spondylolisthesis of the fifth Jumbar vertebra 1s due to
pressure erther upon the fifth lumbar root or the first sacral root At least two
mechanisms cause this root pressure The first occurs when the displacement of
the vertebral body 1s considerable Then the intervertebral foramina between the
fifth lumbar and the first sacral vertebrae are distorted and narrowed In time
the narrowing of the foramina compresses the emerging fifth lumbar roots and
the compression 1s accentuated by movement between the fifth lumbar vertebra
and the sacrum In consequence sensory and motor disturbances develop
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of the roots through the ntervertebral foramen  Relief of the most severe symp-
toms may be justification for ts use, especrlly in older patients  The res dual
symptoms may not be severe nd c1n be accepted with some modification of the
patent s way of hfe 1t 15 true nlso that 4 certun depree of stabihty develops in
many cases of spondylohsthesis by the growth of 1 buttress 1t the antcro superior
corner of the body of the first sneral vertebea which supports the displiced body
of the fifth lumbar vertebr  Increased experience may allow sclection of the
cases that will obtain most benefit from this operation  One possible objection
to the operation 1s the difficulty 1 securing fusion of the lumbosacral region
should this subsequently be considered necessiry  Howener, the experience of
Bosworth and s colleagues (1955) perhnps mdicates that the difficulty in fusing
the lumbosacral region after removal of the neural arch may be more theoretical
than practical for they have adopted, 1s their standard procedure for the operative
treatment of spondylolisthests removal of the loose posterior segment of the neural
arch plus lumbosacral fusion with an ilinc H graft
1t 15 one thing to accept the principle that successful fusion of the lumbosacral
region 15 the best way to treat spondylolisthesis and another to describe a simple
and certain method by which this can be accomplished  Lumbosacral fusion 1s
technically the most difficult of all spinal fusions to accomplish successfully It
cannot be approached hightly Nothing but the most exact technique will achieve
success 1n the highest percentage of cases
The following princtples can be laid down as the outcome of experience with
over 200 cases (Harns 1951) (1) The fuston should be a postertor fusion umting
the spinous processes and laminae of the imvolved vertebra to normal vertebrae
above and below Anterior (transperitoneal) fuston of the bodies 15 impracticable,
there are risks of intraperitoneal complications and 1t 1s technically difficult to
approach the interspace between the fifth lumbar and the first sacral vertebrae if
there 1s more than shght displacement Posterior interbody fusion (Cloward
1953) has not been used n spondylolisthesis enough to be certain of its merts,
ifany The plane of the intervertebral dise between the fifth lumbar and the first
sacral vertebra in spondylolisthesis 1s awkward for this operation  (2) There are
advantages n retamning the loose posterior arch  If satisfactory fusion 1s obtained
1ts removal 1s not necessary for the relief of symptoms and 1ts retention provides
an 1sland of hiving bone which facilitates fusion by incorporation of the graft
(3) The fusion should be performed from one vertebra above the defective vertebra
to the upper half of the sacrum In spondylolisthesis of the fifth lumbar vertebra
fusion should not be performed higher than the fourth lumbar vertehra To do
50 will put undue strain upon the graft which may prevent 1ts solid fuston or may
concentrate stresses on 100 short a segment of mobile lumbar spine and nvite
osteo arthntis there  (4) Both corucal grafis and cancellous grafts should be used
The cortical grafts should be continous throughout the field of operation and
should be securely fastened to the posterior elements of the vertebrae to act as
splints  The cancellous bone should be packed in abundance 1nto all the interstices
of the field of operation to ensure rapid osteogenesss  (5) Ample time should be
provided for the grafts to fuse sohdly enough to resist the stresses of normal use
;‘;‘r‘l‘:t Crg“:‘:;tb:jcﬂc‘wmphshed ovc{mght It requires not less than 4 months of
Yo pernnt returnytooag::l:erlel?"sonéh e assurance that the grafts are fused sufficiently
¢ Even then the field of operation must be protected
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severity of the deformity the physical responsibilities of the patient and the seventy
of the symptoms

There 15 much to be said for the treatment of spondylolisthesis by lumbosacral
fusion A successful fusion (solid bridge from the vertebra above to the vertebra
below the lesion) will completely relieve the patient of his symptoms and restore
him to normal life Therefore 1t 15 the treatment of choice wherever possible but
1t 1nvolves a big operation and 1s the most difficult of all spinal fusions to accom
plish successfully It demands much time to accomphsh solid fusion There are
associated risks and complications (thrombophlebitis, infection failure to secure
bony fusion) Consequently 1t cannot be undertaken lightly

Young patients are best suited for treatment of thetr spondylohisthests by fusion
and the less severe the displacement of the 1nvolved vertebra the better will be the
result Young patients with their great capacity for repair are ideal patients for
this major operative procedure Furthermore, because of their youth they can
better afford to spend the time necessary for recovery from this operation, and,
with their whole active life before them there 1s added reason to relieve them of
theirr symptoms and to protect them agamnst progression of the deformity and
mncrease 1 the severity of their symptoms

In older people the practicabity of Jumbosacral fusion becomes increasingly
open to question It 1s true that a successful lumbosacral fusion will relieve them
of all their symptoms, but the magnitude of the operation and 1ts risks and the
time which must necessarily be spent 1n bed and the cost of the procedure must
be balanced against the advantages of the relef of symptoms after successful
operation Each case must be judged on 1ts merits

If operation 1s contra indicated much rehef can be obtained by a good spimal
brace or a corset combined with a supported mattress for the mght The rehef
will never be complete and at does necessitate the continued use of a cumbersome
and restrictive appliance  Operative treatment 1s better 1if there 1s no serious
contra indication

It has been asserted by Gill, Manning and White (1955) that removal of the
loose posterior segment of the neural arch alone offers a ssmple operative procedure
that will give the patient quick relief with little loss of time  Some of the paimn of
spondylolisthests 1n some patients 15 certainly due to the pressure upon a nerve
root by the fringe of osteophytes that often surrounds the defect in the neural
arch Removal of the loose posterior fragment and disposal of the osteophytes
1s hikely to relieve the root pressure and the consequent sciatica It must be
remembered however, that the low back pain which 1s the most common symptom
of spondylolisthesis 1s not due to root pressure but to instability and 1s not influ
enced by removal of the loose posterior arch  Indeed this may increase the insta
bility It 1s not sufficiently realized that movement 1s the last straw that precipi-
tates symptoms 1 spondylolisthesis even those symptoms due to root pressure
Immobility and stability are more 1mportant than anything else for the relief of
symptoms

The operation of Gill Manming and White (1955) has not been observed
long enough for assessment but 1t has interesting possibilittes  Its simplicity and
ease and the short duration of morbidity are its chief ments These authors have
modified their original operation to include 1f necessary an adequate decompression
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of the roots through the mtervertebral foramen  Relief of the most severe symp
toms may be justification for 1ts use especially in older patients  The res dual
symptoms my not be severe and cn be necepted with some modificition of the
patient s way of life It s true 1lso that 1 certun degree of stability develops 1n
many cases of spondylolisthesis by the growth of 1 bultress 1t the antero supenior
corner of the body of the first sacral vertebra which supports the displaced body
of the fifth lumbar vertebra  Increased experience may allow sclection of the
cases that will obtun most benefit from this operation  One possible objection
to the operation 1s the difhiculty 10 sccuning fusion of the lumbosacral region
should this subscquently be considered necessary  However the experience of
Bosworth and his colleagues (1955) perhaps indicates that the difficulty 1n fusing
the lumbosacral region after removl of the neural arch m1y be more theoretcal
than practical for they have adopted s their standard procedure for the operative
treatment of spondylohsthesis remos al of the loose posterior scgment of the neural
arch plus lumbosacral fusion with an e H graft
It 15 one thing to accept the principle that successful fusion of the lumbosacral
region 1s the best way to treat spondylolisthesis and another to describe a simple
and certain method by which this can be 1ccomplished  Lumbosacral fusion 1s
technically the most difficult of ail spinal fusions to 1ccomplish successfully It
cannot be approached hghtly Nothing but the most exact technique will achieve
success 1n the highest percentage of cases
The following principles can be laid down s the outcome of experience with
over 200 cases (Harnis 1951) (1) The fusion should be 1 postenor fusion umting
the spmous processes and laminac of the involved vertebra to normal vertebrae
aboveand below Antenior (transpentoneal) fusion of the bodics 1s impracucable,
there are nisks of intraperitoneal complications 1nd 1t 1s techmcally difficult to
approach the interspace between the fifth lumbar and the first sacral vertebrae 1f
there 1s more than slight displacement Posterior interbody fusion (Cloward,
1953) has not been used 1n spondylolisthesis enough to be certam of its ments,
if any The plane of the intervertebral disc between the fifth lumbar and the first
sacral vertebra in spondylohisthesis 1s awhward for this operation  (2) There are
advantages 1n retaining the loose posterior arch  If satsfactory fusion 1s obtained
its removal 15 not necessary for the relief of symptoms and 1ts retention provides
an ssland of hving bone which facilitates fusion by incorporation of the graft
(3) The fusion should be performed from one vertebra above the defective vertebra
to the upper half of the sacrum In spondylohisthesss of the fifth lumbar vertebra,
fuston should not be performed higher than the fourth lumbar vertebra To do
50 will put undue stram upon the graft which may prevent 1ts solid fusion or may
concentrate stresses on too short a segment of mobile lumbar spine and invite
’t;ls;go arzhmlxs there (4) Both cortical grafts and cancellous grfts should be used
shoulc:%lecieciré?s ;ahould be continous throughout the field of operation and
y fastened to the posterior elements of the vertebrae to act as

splints The cancelious b
o the £eld of aoress (tme should be packed 1n abundance 1nto all the interstices

o ensure rapid osteogenests  (5) Ample ume should be
¥rho‘;u(i:§::3: :)l;e grafts to fuse solidly enough to resist t(he stres};es of normal use
— re'c“mbcmac‘t:omphshed overmight It requires not less than 4 months of
o perma Y 10 Bive reasonable assurance that the grafis are fused sufficiently

™ to active Iife  Even then the field of operation must be protected
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(a) )

Fic 57 —Lateral (a) and antero posterior (b) radiographs of spondylolisthesis
of the fourth lumbar vertebra satisfactonly fused by the principles outhined 1n
the text The fifth lumbar vertebra 15 sacralized Paired tibial grafts were
placed on edge and fitted carefully to the laminie and spinous processes from
the spine of the third lumbar to that of the second sacral _They were secured
to the spinous processes by sutures of stanless steel wire  Cancellous bone was
packed 1nto the interstices of the field of operation Because of the anomalous
fifth lumbar vertebra and because the spondylolisthesis involved the fourth
lumbar vertebra the length of the spinal fusion 1s greater than would be
necessary for spondylolisthesis of the fifth lumbar vertebra

with a brace until a year after the operation (6) Complete stillness after operation
can conveniently be achieved by means of a Stryker turning frame  Fig 5715
the radiograph of a satisfactory lumbosacral fusion for spondylolisthesis obtained
by the principles outhine above
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Fic 57 —Lateral (a) and antero posterior (b) radiographs of spondylolisthesis
of the fourth lumbar vertebra satisfactorily fused by the principles outltned 1in
the text The fifth lumbar vertebra 1s sacralized Parred tibial grafts were
placed on edge and fitted carefully to the laminae and spinous processes from
the spine of the third lumbar to that of the second sacral _They were secured
to the spinous processes by sutures of stainless steel wire Cancellous bone was
packed into the interstices of the field of operation Because of the anomalous
fifth lumbar vertebra and because the spondylolisthesis mnvolved the fourth
lumbar vertebra the length of the spinal fuston 1s greater than would be
necessary for spondylolisthesis of the fifth lumbar vertebra

with a brace until a year after the operation (6) Complete stillness after operation
can conveniently be achieved by means of a Stryker turming frame  Fig 57 15
the radiograph of a satisfactory lumbosacral fusion for spondylohsthesis obtained
by the principles outline above
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(a) 0]

Fic_57 —Lateral (a) and antero posterior (b) radiographs of spondylolisthesis
of the fourth lumbar vertebra satisfactorily fused by the principles outhned 1n
the text The fifth Jumbar vertebra s sacralized Paired tibial grafts were
placed on edge and fitted carefully to the laminae and spinous processes from
the spine of the third lumbar to that of the second sacral They were secured
to the spinous by sutures of stainless steel wire C: lous bone was

packed 1nto the interstices of the field of operation Because of the anomalous
fifth lumbar vertebra and because the spondylolisthesis 1nvolved the fourth
lumbar vertebra the length of the spinal fusion is greater than would be
necessary for spondylolisthesis of the fifth lumbar vertebra

with a brace until a year after the operation (6) Complete stillness after operation
can conventently be achieved by means of a Stryker turming frame  Fig 57 15
the radiograph of a satisfactory lumbosacral fuston for spondylolisthesis obtamned
by the pninciples outline above

ACKNOWLEDGEMENTS
The generous assistance of my colleagues his made possible the compilation of
the material to illustrate this chapter Special thanks are due to Dr D Wollin
of the Department of Radiology of the Toronto General Hospital Dr John Munn
of the Department of Radiology of the Hospital for Sick Children Professor
J W A Duckworth Department of Anatomy Unversity of Toronto and many
other friends for radiographs of their patients

BIBLIOGRAPHY AND REFERENCES

Baker D M and McHolick W (1956) Spondylochisis and Spondylolisthesis 1n
Children  Personal communication based on a Scientific Exhubit at meeting of
American Academy of Orthopaedic Surgeons January 1956 Chicage To appear
shortly in American edition Journal of Bone and Joint Surgery

Batts M (1939)  The Etiology of Spondylolsthesis  J Bone Jt Surg 21A, 879

Bosworth D Fielding W Demarest L. and Bonaquist Mana (1955)  Spondylohs
thesis a Critical Review of a Consecutive Seres of Cases treated by Arthrodesis
J Bone Jt Surg ,37A, 767

64



CHAPTER 3
STRUCTURAI $COI11051S
J 1 P Jauis

Scoutosis 1s the term apphed to il fateral cunves of the spine 10 a structural
scoliosis alone 1s there a fixed rotation

A structural scoliosts 15 eastly recogmzed  Examination of the back of the
standing patient will show a lateral cunve of the spine with compensatory curves
above and below the mun or prmary cure  On forward flexton the compen
satory curves straighten out, but in the pnmiry cune or cunes the rotation
and lateral cunvatures persist (Fig 58)

The site of the pnimary cunve 1s determined by chimeal examination and may
mvolve any part of the vertebral column  There 1s usunlly one primary cunve
with a compensatory curve above and below 1t (3 curves in all)  In congemital
scoliosts the primary curve may involve the lumbosacral reglon and as there 1s
then no room for a compensatory curve below there will be 2 single compensatory
curve above (2 curves in all)  Sometimes there arc 2 primary cunves that s
2 cunves 1 which rotation persists on lorward flexton  These curves always
adjoin and are opposite 1n direction  Compensatory curves will be present abosve
and befow the 2 primary curves (4 cunves in all)

In addition to the site and number of the primary curves the actiology should
be established if possible as a gwde to prognosis and treatment

AETIOLOGICAL CLASSIFICATION
Cobb (1948) has suggested a uscful acuological classification and this has been
shghtly modified
Structural scoliosis
1 Idiopathic
2 Osteopathic
a Congemital
b Osteochondrodystrophy
3 Neuropathic
a Congenital
b After poliomyelitis
¢ Neurofibromatosis
d  Other neuropathies
4 Myopathic
a  Congenytal
b Muscular dystrophy
5 Thoracogenic
a2 After empyema
b After pneumonectomy or thoracoplasty
Idiopathic scoliosts
1S 18 not associated with any other pathological conditt
diagnosed by a process of exclusion Conﬁr’r)nauon Ilgs obtained f?:r: xt‘lculel:n‘ehclr:ro:}?
and mobility of the curve and 1s discussed later "
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Neurofibromatosss s complicated by scohiosis 1n some 10 per cent of cases
Although the full pcture of this disense may be present—wath eafe au but patches
numerous cutancous ncurofibromas and so on~—scoliosis 1s more often scen with
only minor stigmatn 1 few cafe v but patches should always arouse suspicion

PROGNOSIS

The prognosis  the vinous types of scoliosis will be discussed 1t length At
present the prineipal method of treatment of 4 structurl scoliosts 1 by correction
and fuston of the primary curve  This 15 somewhat disappointing f performed at
the end of growth when the deformits 1s complete and the results are improved
by earhier surgical intenvention  The ndictions are necessanly based on the
expected development of the curve  Detailed knowledge thercfore of the various
actiologies and curve patterns 15 essentil if operition 1s to be undertaken at the
nght time duning devclopment

Tp1oPATHIC ScCotiosis

In idiopathic scoliosts the prognosis 1s largely determined by the site of the
primary curve (Ponsct: and Friedmann 1950 James 1954) Theress however one
other factor the age at which the cunve begins  As would seem obvious the
earlier scohiosis appeats the more severe 15 the curvature at the conclusion of
growth  But the development of cach cunve 1s determined more by 1ts site
the vertebral column than by the age of onset In the same segment of the
spine the age at which the curve began provides an added refinement of prognosis

Scoliosts 15 progressive only during sheletal growth  after sheletal maturation
an increase need not be feared although in paralytic scoliosis a small increase may
exceptionally occur  Spinal sheletal maturation 1s indicated by the growth of the
thac apophysis which appears antertorly and extends backwards  Russer and
Ferguson (1936) noted that spinal growth stopped when the 1liac apophysis reached
and turned down towards the postenior superior ihiac spe (Fig 59) Mature
curses are those in which the 1hac apophysis has completed this stage

’

Fic 59 —The thiac apophyses have reached the poster
tumn down towards them This cornas 4 essa

perior spines and have just begun to
of e o ag s them, ey des with the cessation of vertebral growth (By cotirtesy
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FIG 58--In the erect and bending
positions 1t can be seen that there 18
one curve with fixed rotation and the
cervical and lumbar compensatory
curves to the nght do not have
rotation on forward flexion

Congental scoliosts due to vertebral abnormalities 1s most easily recognized by
radiography but there may also be other congenital abnormalities, subcutaneous
angiomas spider naevi hairy patches shin dimples and fatty tumours are common
and 1f a spina bifida 15 present there may be motor paralysis and impairment of
sensation m the lower mbs  Absent nibs may be betrayed by a visible sulcus 1n
the chest wall and sometimes by absence of one pectoralis major and breast A
short wide nech and a low hair line often betoken a high thoracic congenital curve
Pelvic obliquity occurs tn nearly all severe lumbosacral congental curves

Paralytic scoliosts may be accompanted by obvious paralysis or parests may
be apparent only after complete muscle examination and charting which conse
quently 1s always necessary In some paralyue scolioses with Iittle or no himb
mvolvement the original attack of poliomyelitis may have been undiagnosed
because of the atypical distribution of paralysis Severe involvement of the inter
costals 1s often mistaken for pneumomia

Neurological conditions such as syningomyeha Friedreich s ataxia and less
commonly a Charcot Marie Tooth neuropathy may cause scoliosts A thorough
neurological exammation must therefore be undertaken particularly 1f the curve
pattern 1s atypical A common neuropathic pattern of scoliosis 1s a double
primary curvature in which the primary curves do not balance and gross hsting
or decompensation exists
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developed before the age of 10 years in about onc third of thesc children
and quitc often before the age of 4-6 years (Fig 60)  Occisionally progression 1s
slow but it 1s extremely rare 10 sec 1 curve of less than 70 degrees at the 1ge of 10
Almost imvarably by the end of growth there 15 1 curve of 1t Icast 70-100 degrees
Amongst 1l the scolioses there 1s no curvature with a consistently worse prognosis
or that so commonly attamns 100 degrees 1t 1s in these severely deformed and
crippled children that dwarfing occurs

There are two exceptions to the bad prognosis  In some children who present
this type of curve from the age of 2 or 3, the curvature increases very slowly and
at from 4-6 years of age there appears 1 lumbar curve with fixed rotation 1t 1s
then apparent that curves onginally diagnosed as infantile thoracic have become
converted to infantile double prim1ry curves with a much improved prognosts
The other exception 1s infantile resolving structural scoliosis

F1G 60 —(a) Infantile 1diopathic left thoracic scoliosts
(b) The tial curve of 37 degrees showing no con
gemtal anomalies () By the age of 6 years it had
reached 118 degrees



STRUCTURAL SCOLIOSIS

Measurement of the angle of curvature 1s essential and the method of Cobb
(1948) 15 used The upper and lower vertebrae of a primary curve show no rotation
of the spous process and the disc above and below them 1s not wedged From
the upper and lower borders of these vertebrae respectively perpendiculars are
erected the angle at which they meet 1s the angle of curvature

Mild curves are defined radiographically as those between 0-69 degrees severe
curves 70-99 degrees and very severe curves 100 degrees or more

Cervico thoracic scoliosis

Ponseti and Friedmann (1950) described § cases i some 400 patients with
diopathic scoliosts  The author has not found a case among almost 2 000
patients with scoliosis of various actiologies Ponsets reported a good prognosis

Thoracic scoliosis

Many cases of 1diopathic scoliosis occur 1 the thoracic spine and they form the
most important group In order to determine the prognosis more accurately the
cases are divided according to the age of onset of the curve

Infantile age of onset 0-3 years
Juvenile age of onset 4-9 years
Adolescent age of onset 10 years to the end of growth

Infanuile idiopathic thoracic scolosts

Scoliosts 1n infants 1s not uncommon and arises from most of the conditions
already discussed When however the scoliosis of known aetiology are excluded
there 1s a residual group to which the term idiopathic has been applied (James
1951) The group 1s homogenous and the curvature important

The sex mcidence 1s equal and for some unknown reason 90 per cent of these
curves are to the left  Adolescent thoracic idiopathic scoliosis has by contrast an
mncidence of almost 90 per cent 1n girls and 90 per cent of the primary curves are
to the right

The age at which this curve 1s first seen varies but 1s usually between 6 and 18
months  Among the 120 infants seen with this type of scoltosis 1n only 2 was
1t noticed at birth  Although the infants are apparently otherwise normal at first,
they are later often undersized although they have no endocrine abnormalities
Cramal moulding and factal hemiatrophy also occur

The lateral curvature may be very small but there 1s necessarily 1f 1t 1s to be
mcluded n the group of structural scolioses a rib rotation 1n the early stages
this 15 not easily discerned except on forward flexion The radiograph shows a
lateral curvature with conpensatory curves above and below and with visible
rotation of the vertebral bodies of the prnimary curve The diagnosis of an 1di0
pathic curve can only be finally established by a radiograph showing no vertebral
anomalies If a patient 1s seen later 1n life when there 1s marked secondary wedging
and other changes 1t will be impossible to establish the true aetiology without
early films Vertebral anomalies can be small and difficult to see In the large
number of children who have now been operated upon for infantile 1diopathic
thoracic scoliosts no vertebral lJaminal anomalies have been found a confirmation
that the scoliosis 1s not congenital

Usually the curvature 1s rapidly progressive  Curves of more than 100 degrees
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devcloped before the age of 10 years 1n about onc third of these children
and quite often before the age of 4-6 years (Fig 60)  Occastonally progression is
slow but st 1s extremely rare to sec 1 curve of less than 70 degrees nt the age of 10
Almost invarbly by the end of growth there 1s 4 curve of at least 70-100 degrees
Amongst all the scoltoses there 1s no curvature with a consistently worse prognosis
or that so commonly ttnins 100 degrees 1t is 1n these severely deformed and
crippled children that dwarfing occurs

There are two exceptions to the bad prognosis  In some children who present
this type of cunve from the age of 2 or 3, the curvature increases very slowly and
at from 4-6 years of age there appears 4 lumbar curve with fixed rotation st 1s
then apparent that curves onginally dingnosed as infantile thoracic have become
converted to infantile double primary curves with 1 much improved prognosis
The other exception 1s infantile resolving structural scoliosis

Fig 60 —(a) Infantile 1diopathic Teft thoracic scoliosts
(b} The 1mtial cune of 37 degrees showing no con
genital anomaties (¢} By the age of 6 years it had
reached 118 degrees
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Infantile resolving structural scohosis

Amongst 120 infants with 1diopathic structural scoliosts there were 20 1n whom
the curve disappeared Although they had a structural curve this was never large
and was often without compensatory curves Sometimes the radiograph showed
that the lateral curvature was minimal but that rotation of the vertebral bodies
was pronounced (Fig 61)

Two radiographic features enable us to expect the spontaneous disappearance
of acurve first asmall primary curve without compensatory curves or secondly
marked rotation and Itttle lateral curvature Clearly the progressive type may also
be seen at an early stage without compensatory curves and this parucular radio
graphic finding 1s less certain than the disproportionate vertebral rotation The

a) ®

Fic 61 —Infantile resolving structural scoliosis (@) Radiograph showing almost no lateral
curvature but marked rotatton of the vertebral bodies (5} A year later the spine had
become normal

interesting feature of this curve 1s that undoubtedly there 1s a structural scoliosts
and yet for reasons unknown to us the curve disappears Scott (1956) named
this group the resolving structural scolioses of infancy ~ Unfortunately there s as
yet no certain way of distinguishing the progressive from the resolving structural
scoliosis 1n the earlier stages but observation over a few months establishes which
pattern s present

Dems Browne (1956) regards infantile 1diopathic scoliosis as a congenital
postural curve He considers that abnormal intra uterine pressure leads to scoliosis
i utero  Although 1t 15 exceptional for scohosis to be present at birth~2 cases out
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of 120 10 this series—he behieaes that the curve can be demonstrated by an impair
ment of Jateral flexion 1n one direction immeditely after birth  His nomenclature
15 open to eriticism beeuse 1f the condition were truly congenital, onc would
expect 1t to be more obvious at birth and also the term postural should not be
applied to curves in which truc structural changes occur  Denis Brownc believes
that this scoliosts can be cured by early splintage but others disagree 1t 1s probable
that the truc meidence of resolving structural scoliosis 1s much greater than m the
present scrics which comprises cases referred to 4 scoliosis chinte  Here the more
serious and later developed curves tend to be seen, whereas in pacdiatric umits the
carhier and resolving types are commonly found

Scott (1956) has referred to the frequency of postural scoliosis of infants
This disappears but being without fixed rotation or fixed curvature, 1t 15 not
relevant to this chapter

Juvemle wdopathic thoracic scolosts

Thoracic scoliosis 1s occastonally found amongst children of 4~10 years of age
the inecidence of night and Ieft curves being equal  The carlier onset makes the
prognosts somewhat worse thin in the adolescent type from which otherwise it
does not differ  Some 80 per cent develop 2 curve of 1t least 70 degrees by the end
of sheletal maturation

Adolescent wdiopathic thoracic scohosts

The typical features of a thoracic scoliosis are well illustrated 1n adolescents
There1s marked dropping of the shoulder on the side of the concavity and rotation of
the ribs posteriorly on the convexity and forwards on the concavity the ihiac crest
on the side of the concavity becomes prominent and a very unsightly deformity
occurs {Fig 62) This type of rdiopathic thoracic scoliosis 1s most often right sided
and occurs m girls—the classical text book scoliosis  The curviture may increase
rapidly and within 2 years a curve of more than 100 degrees may develop

There were 66 patients 1 this group who had reached skeletal maturation

59 per cent there were curves of more than 70 degrees and the ringe was from 24
to 151 degrees (Fig 66)

Thoraco Jumbar 1diopatine scoliosis

In general the lower a primary curve 1s 1n the spine the better the Prognosis
the thoraco lumbar scoliosts the apex of which involves the thoracic eleventh
or twelfth vertebrae 15 mud way n prognosis between the thorveie and the
lumbar curves 1t rarely develops before the age of 10 years 1S most common
m gurls and 1s most often to the right  Although a dropped shoulder and particu
larly a pronunent hip are obvious features the nb rotation since some of the
mvolved vertebrae have no ribs 1s less obvious and therefore the appearance even
for the same degree of curvature 1s less unsightly than i thoracic scoliosts (Fig
63} Thoraco lumbar scoliosss 1s somewhat rare  Of 26 patients with this pattern
who had reached skeletal maturation there were 18 (69 per cent) with mild curves
and 8 (31 per cent) with severe curves No curves exceeded 100 degrees
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FIG 62 —Adolescent 1diopathic thoracte scoliosis  {a) The classical right sided curve of the
adolescent girl  {b) A curve of 116 degrees developed between the ages of 14 and 16 years

Idiopathic lumbar scoliosis

Lumbar scoliosis 1s a common curve rarely seen before the age of 10 years It
affects girls much more often than boys but shows no preference for night or left
Although prominence of the hip 1s usual the curve 1s small and there 15 no
dropping of the shoulder and little rib rotation (Fig 64) Consequently the
cosmetic effect 1s liimited and many patients attain adult life before the curve 15
discovered Amongst 79 pattents with mature curves 72 (91 per cent) had curves
of less than 70 degrees and many of these were less than 30 degrees Only 7 patients
(9 per cent) developed curves of more than 70 degrees and none had a very severe
curve

Although 1n terms of curvature and appearance lumbar 1diopathic scoliosss has
an excellent prognosis 1t does cause one serious problem 1n later life It 1s common
to find a mild lumbar scoliosis 1 a woman complamming of backache a radio
graph shows sclerosis and osteoarthntic degeneration of the posterior inter
articular joints confirmed clincally by stiffness The pawn 1s wntractable and
may be a referred pain down the back of the thighs to the knee but straight
leg rasing 1s not limited Late backache develops n many patients with
idiopathic lumbar scoliosis although often delayed until the age of 50 or 60 years
of age Occasionally the curvature 15 increased by postmenopausal or senile
osteoporosis
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(@ b)
Fi6 63 —Thoraco lumbar idiopathic scoliosis  (a) Note the very prominent ihac crest character
1stic of this particular scoliosis  (b) The apex 1s at the eleventh thoracic vertebra

Combined thoracic and lumbar idiopathic scohosis

The sdiopathic curves so far discussed have had one primary curve There 1s a
common patfern however, presenting 2 primary curves one thoracic the other
lumbar Usually they are almost equally severe but sometimes one may predom
nate The classical pattern has certain important features, the curves bemng equal
the rotations compensate one for the other There 15 little or no shoulder dropping
and the hips are not very proment This curve therefore 1s never very apparent
and at 1ts worst 1s likely to disfigure by the shortness of the trunk rather than by
the usual stigmata of scohosis (Fig 65) The age at which the curve begins 1s
variable usually after 10 years often between 4 and 8 years and sometimes m
infants as noted already

Many double primary curves are slow to progress and Ike the lumbar remain
mild and hardly noticeable Among 54 mature cases there were 38 patients who
had curves of less than 70 degrees (70 per cent) 13 with severe curves (24 per cent)
and 3 with very severe curves (6 per cent) in which both primary curves were
more than 100 degrees These latter curves all started before 10 years of age

It 15 usual for those with a late onset to have night thoracic left lumbar curves

those with an early onset often have left thoracic curves and there 1s an mcreased
ncidence 1n males
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(@) )
Fi6 64 —(a) and (&) Idwopathic lumbar scoliosis A curve with a good prognosis both 1
appearance and the degree of curvature to be expected

1 J th 1
Inter

Ponset1 described a large number of cases of combined double primary 1dio
pathic scoliosis a higher percentage than m the present sertes However his
diagnostic criteria for a double primary curve were largely radiological whereas
this series has been based predomunantly on chinical examination with the radio
graphic appearances being regarded as secondary By chinical and radiographic
examination there 1s a small group that 1s intermedrate between those in which
there 1s a single primary curve and those with two curves

If we diagnose a primary curve by the persistence of rotation on forward flexion
then all compensatory curve rotations should disappear on forward flexion This
intermediate group described by Ponseti consists of a small number of patients
with primary thoracic curves in whom a mummal persistent lumbar rotation s
apparent on forward flewon  Thus rotation 1s small radiographically and chint
cally and one could not regard the lumbar curves as second primary curves but
equally 1t 1s impossible to ignore this rotation and classify them as typical compen
satory curves From the point of view of correction and fusion the lumbar rotation
may be disregarded 1n other words the lumbar curve 1s treated as compensatory
and 1t will not ncrease after fusion of the thoracic curve alone
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FIG 65 —Combined thoracic and lumbar idiopathic scoltosis  Note the good appear

ance (@) and the two prmary cunes of almost the same amount 68 and
66 degrees () (& courtesy of the Editor of J Bone Jt Surg }

y of prognoss in idiopath 1

1t 15 possible now to summanze the prognosis of these 1diopathic groups The
age at which the curve starts 1s important but 1s clearly subordinate to the site of
the primary curve  As we go down the spine the prognosis improves so that the
prognosts n terms of degrees of curvature of a thoracic curve 15 notably worse
than that of a lumbar curve Fig 66 shows this in tabulated form The curves
from which this analysis 1s made were all mature

Although the thoracic curve has a poor prognosis in degrees of curvature and
a lumbar a good prognosis 1t 1s not only i degrees of curvature that the prognosis
differs The appearance of the patients with curves of the same degree but in
different situations 1s shown 1n Fig 67 In each case there 1s a primary curve of 70
degrees The lumbar curve on the left shows mimmal deformity particularly if the
patient 1s clothed a thoraco lumbar curve 1s more apparent while a thoracic curve
produces a gross deformity A combined curve of this degree 15 barely noticeable

«

CONGENITAL SCOLIOSES
Congenttal scolioses are associated with demonstrable vertebral anomahies
These anomales are very varied There may be one or more hemivertebrae con
genital absence of discs or fusion of vertebral bodies absence of ribs rib fusions

or a bizarre collection of anomalous vertebrae extending through the whole or
most of the vertebral column
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FIG 66 —Idiopathic scoliosis prognosis according to pattern of curvature  Incidence of mild
severe and very severe curves 1n each of the four major curve patterns  Mild curves are
represented by light shading severe curves by dark shading and very severe cunves 1n black
Compare with Fig 67 (B courtesy of the Editor of J Bone Jt Surg )

F16 67 — A photographic comparison of the same four types of idiopathic scoliosis lumbar
thoraco lumbar thoracic and double pnmary Each girl has 70 degrees of scoliosis {By conrtesy
of the Editor of J Bone Jt Surg )

In general the 1solated vertebral anomalies have a good prognosis It 1s not
uncommon to detect a congemtal scoliosis late in childhood  often this does not
develop into more than a minimal curve and most do not progress and require
no treatment

There are however cases of congemtal scoliosis particularly n the thoracic
region and also those mvolving a long vertebral segment, in which gross scoliosis
develops There are no more severe curves than those sometimes seen 1n the
congenital scolioses that produce asymmetrical growth and curvature (Fig 68)
Unfortunately 1t 15 not easy at the beginning to recognize which type 1s present
although the curve that 15 Iikely to produce a gross deformuty fater will usually
start advancing from early childhood
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FIG 68 —Severe congenttal
scoliosts There are nu
merous congenital ano
malies of the vertebrae
and a night angled de
formuty at the apex with
vertebral fusion
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There 1s one type of congemtal scokosts in which several anomalous upper
thoracic vertebrae show clinically no fixed deformity but there develops below a
severe thoracic primary curve in which there are no anomalous vertebrae that 1s
the congenital anomalies lie 1 the compensatory curve above the primary curve
(Fig 69) Although there 1s much to suggest that the congenital anomales are
mcidental and that the patient 1s developmg an 1diopathic thoracic curve with
whose behaviour 1t accords the curve must necessarily be classed as congenital
The prognosss of this particular type 1s as bad as for the thoracic idiopathic curves

Congemital scolioses more than any others lead to paraplegia usually 1n the
later years of growth Congemtal scoliosts therefore must remain under observa
tion until the end of growth 1n order to detect early paraplegia  thus must be done
even 1f the curvature remains mild and unchanging

PARALYTIC SCOLIOSIS

There have been few attempts to assess the prognosis of paralytic scoliosis
Colonna and Vom Saal (1941) tried to correlate muscle paralysis with the develop
ment of curves and attempted to distingwish the various patterns  However,
therr work was particularly related to correlating muscle paralysis and curvature

Recently James (1956) reviewed 193 patients with paralytic scoliosis  Cunve
patterns resembled those found in idiopathic scohiosis, but some patterns m
paralytic scoliosts were, not found 1 the 1diopathic group In paralytic scoliosis
the curves tend to be longer and rematn more mobile but nib rotation 1s more
sharply angular and razor edge rotation 1s common

In order to correlate the paralysis with the type of curve it 15 important to
recognize the various patterns by the site of the primary curve This bears some
relationship to prognosis but the prognosis of paralytic scohosts 1 contrast
with that of idiopathic scoliosis 1s not determmed by the anatomical site so
exclusively As will be shown later prognosis 1s largely determmned by the muscle
imbalance and by the age at which poliomyelitis occurred The number of mature
patients with paralytic scoliosis 1n our scries 1s imited and 1n some patterns the
number was too small to draw significant conclusions  In the first place however,
areview of the patterns in paralytic scoliosis with their prognosts will be presented

Paralytic curve patterns

High thoracic 39
Thoracic 69
Thoraco lumbar 47
Lumbar 17

Combined thoracic and lumbar 13
Telescopic  spime

Total 193

High thoracic paralytic scoliesis

This pattern 1n which the curve began at the seventh cervical vertebra (1 case),
the first thoracic vertebra (31 cases) or second thoracic (7 cases) does not exist
1n 1diopathic scoliosts

Although separation of the high thoracic pattern from the ordinary thoracic
curve may appear scarcely justifiable there are two reasons for dotng so  First
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FiG 69 -~(a) Congenital scoliosis 1n
which congenital anomalies are 1n
the first few thoracic vertebrae
below this there exists a pnmary
curve with fixed rotation but
without congenital anomalies The
oniginal cunve of 117 degrees (b)
was corrected to 74 degrees () and
maintained thus 1n a Milwaukee
Jacket for three and a half years
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1ts prognos:s 15 worse than the lower thoracic curve and secondly the clinical
appearance of the patient 1s charactenistic and differs from that in other paralytic
scolioses  The first and second ribs on the convexity are elevated and rotated
backwards thus producing elevation of the shoulder neck line and the charactens
tic appearance  As the primary curve develops, there 1s an méreasing compen
satory cervical curve which displaces the head sideways and produces a very ugly
deformity  The matn cosmetic defect 1s caused by the rib rotatron and this 1s not
affected by surgical correction of the scoliosis (Fig 70) The only good results
from this pattern can be those in which operation 1s undertaken before severe
deformity occurs

Twenty of the 39 patients had reached skeletal maturation, after which a para
Iytic scoliosis rarely ncreases appreciably A corollary 1s that structural scohiosis
does not develop 1 a patient who contracts poliomyelitis as an adult  Among the
20 patients there were 4 with mild scoliosts 1 with severe scoltosis and 15 with
very severe curves {more than 100 degrees) one of whom had a curve of 155 degrees

Although the remaimming 19 patients are not mature there are already 4
curves of more than 100 degrees and 9 with curves of more than 70 degrees Of
6 whose curves remain mild 4 are less than 10 years of age In 11 of these 19
immature patients correction and fuston have already been carried out because
of the rapid progression of thetr curves

Thoracic paralytic scolosts

This curve proved to be one of the commonest of the paralytic scoltoses and 1ts
prognosis relatively poor not only because of the degree of curvature but because,
as with 1diopathic scoltosts 1t produces a marked change mn the appearance
Although the mn¢idence between the sexes 1s about equal there 15 an unexplained
predommnance of curves to the right (54 compared with 15 to the left) The
length of these curves was characteristically longer than in 1diopathic curves
and mvolved as many as 13 vertebrae (Fig 71)

Thirty patients had completed growth 8 of whom had mild curves 10 severe
and 12 very severe Ths 1s better than 1n the high thoracic group In the patients
stll immature there were only 9 curves of more than 100 degrees  most of these
patients had already undergone fusion

Thoraco lumbar paralvtic scoliosis

Paralytic scoliosts may produce extremely long curves which have been termed

C  curves and were said to involve the whole vertebral column However close
study of the radiograph shows that there are upper and lower compensatory
curves although these may be very short In paratytic scoliosis 1 general and n
thoraco lumbar 1n particular there 1s often a gross list or decompensation This
15 partly because of the length of the curve and the difficulty of compensation in
the short remaining length of vertebral column and also because of the muscle
weakness with mabihity to hold the erect position (Fig 72)

The term thoraco lumbar was restricted to curves having their apex at the
eleventh or twelfth thoracic vertebrae  There were 47 patients 1 whom the sexes
were of equal number and there were twice as many curves to the right as to the
left Of these 47 patients only 18 had completed spinal growth and 1t 15 therefore
difficult to have complete data concerming prognosts  There were, however
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FiG 70 —High thoracic
paralytic scohiosis (@)
and (b) Note the elevated
shoulder neck line due to
the rotation of the first
and second ribs (¢} The
curve extends between
the first and sixth thor
acic vertebrae the ribs
on the apex droop the
only paralysis existing
was that of the apical
mtercostals on the con
vexity
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¥F1G 71 —Thoracic paralyt) liosis  Note the coll: ribs

PP the apex on the convexity

7 pattents with mild curves 4 with severe and 7 with very severe curves (more than
100 degrees)

Lumbar paralytic scoliosis

Unlike 1diopathic curves these were uncommon there being only 17 patients
12 of whom had completed growth but of these 2 were mild 7 were severe and
3 were very severe The prognosis 1s hike that mn other patterns of paralytic
scolioss but compares most unfavourably with 1ts idiopathic counterpart (Fig 73)

Lumbar scoliosis like thoraco lumbar paralytic scoliosis tended to be of two
types the first due to a muscle imbalance and the second to a symmetrical severe
muscle weakness 1n which gravity caused collapse at first postural later structural
Several patients showed a flail or telescopic collapse on assuming the erect position
but the curve disappeared on lying down The transition from a postural paralytic
curve to a structural curve 1s interesting

These collapsing spmes were uncommon and tended to develop lumbar or
thoraco lumbar curves as time passed However 1n a child suffering poliomyelitis
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Fig 72 —Thoraco-lumbar paralytic scoliosis  This boy s cursve has cortinued
has considerable weakness of the trunk muscles and is now ready for correction and fusion

fate 1n growth there might never be a structural curve but only a marked collapse
on assuming the erect position

A small number of patients showed two puimary curves  These curves were
less balanced than n 1dtopathic scoliosis and did not carry the same good
prognosis It 1s Iikely that these two primary curves developed as a result of
fortwitous asymmetry of paralysis on one side above and on the other side below
They are included for completeness  both curves must be fused 1f correctton 1s
undertaken

Summary of prognosis m the paralytic scolioses

The prognosis of the various types of paralytic scoliosts has been briefly dis-
cussed and a comparison of the 4 major groups 1s tabulated for comparison
The siting of the primary curve 1s obviously much less significant than in 1diopathic
scoltosts (F1g 74}

The most obvious prognostic factor 1s the age at which the disease first affected
the child  Although curvature of the spine 1s often noticed within a few weeks
or months of the mstsal disease 1t 1s sometimes delayed particularly 1n the high
thoracic paralytic scohosis In one patient there was an mterval of 14 years
between the onset of the disease and of curvature  However as will be seen from
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FiG 73 —Lumbar paralytic scoliosis There was a weakness of the lateral abdominal flexors on
the convexity and a general symmetrical trunk weakness

Fig 75 most paralytic scolioses developed within 2 years of the disease and
thereafter there 1s a sporadic development of curvatures 1n the whole group

Children who developed poliomyelitis before the age of 5 years usually matured
with curves of more than 100 degrees whereas those children who developed
poliomyelitis after the age of 10 years mostly ended with curves of less than 70
degrees (Fig 76) These curves were about equally distributed between the various
patterns and the only obvious difference since the muscle paralyses were much
the same was the age of onset of the onginal disease It 1s clear therefore that the
longer the imbalance of muscle has to affect vertebral growth the more distortion
there will be and the worse the final result

Mouscle paralysis 1n paralytic scohiosis

The correlation of curvature with the particular muscles paralysed 15 complex
and few chnics have sufficient material The only sertous attempt was made by
Colonna and Vom Saal who besides demonstrating a relationship between
paralysis of the trunk muscles and spinal deformity considered the mb muscles
mmportant the strongest muscles in the upper Iimbs drawing the spine into 2
convexity on the stronger side

Mayer (1936) stressed the importance of the lateral flexors mn causing pehvic
obliquity and Iumbar scohosis ~ Colonna and Vom Saal agreed with him and
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Fic 74 —Prognosss of paralytic scoliosis patterns

A large number of mature curyes was
not avaitable and

the figures are therefore rather smalt for accuracy
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Interval in years between on et of poliomyelitis and curvature

Fiu 75 —Interval between the onset of poliomyelitts and the onset of curvature taken from a
series of 132 patients

1t 35 clear from this that most paralytic curves appear n the first year
but there 15 a steady appearance of occasional curvature after many years

1 this present series this finding 15 confirmed  Otherwise the findings of Colonna
and Vom Saal (1941) have not been confirmed

To find the sigmficant muscle weakness causing paralytic scoliosis the muscle
paralyses of 193 patients were tabulated The scolioses were divided mto the
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patterns previously described and within each pattern the muscles paralysed were
recorded The significant group of muscles could thus be discovered It was
difficult to show any correlation between limb muscle paralysis and the develop
ment of a paralytic scoliosis  This finding 1t 1s believed 1s reliable because the
charting of hmb muscles 1s relatively accurate  The mmportance of the trunk
muscles will be discussed but 1t should be stressed that the accurate charting of
trunk muscles 1s not easy and certainly not accurate However, asymmetry of
trunk muscles 1s easy to demonstrate and 1t 1s believed that the following 1m
presstons are signtficant

20

Number of cases

0 69° 7089° 100° 0-69° 70 53° 100° (0-69° 70 99° 100°
or more or more ormore
.. —

0 Syears 6 10 years 1115 years
Age groups at which poliomyelitis developed
F1G 76 —Relationship of final curvature to age at oniginal attack of poliomyelitis 1t 1s obvious

that the very severe curves (black) are related to the age at onset of the disease  (B) courtesy
of the Editor of J Bone Jt Surg )

High thoracic scoliosis and lumbar scoliosis will be discussed 1n detail because
these show the most clear cut relationship of paralysed muscles to curvature and
the general position found 1n the other curves will be mentioned

Muscle paralysis i lugh thoracic paral) tic scoliosts

The distal arm muscles played no part and these are not hsted here The arm
trunk muscles as a group were compared on each side

High thoracic cunes—arm to trunk muscles
normal both sides 15
weak on the convexity 10

weak on the concasity 6
symmetrically weak 8
Total 39
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The Intissimus dorst which was particulrly referred to by Colonna and Vom
Saal was found to hase the following relattonstip

Latissimus dorst on both sides grade 4 to norm1l 20
weak on the convexty 7

weak on the concivity 6
cqurily weak or no record 6
Total 39

There were indiidunl asymmetnical paralyses of certun museles which were
difficult to correlate as therr number wis small The man findings were s follows

Trapezius weak on the convexity 5
weak on the concavity
Scrratus anterior weak on the convexity
weah on the concavity
Pectoralis major weak on the convexity
weak on the concavity
Rhomboids weak on the convexity
weak on the concavity

DR DBV AL

Thus group reveals no sigmficant relatonship between the side of shoulder
paralysis and the side of curv iture and many patients had no weahkness of cither
side A shight predominance of weakness on the convexity (the opposite of that
noted by Colonna and Vom Saal) ts probibly because weakness of the trunk
muscles on one side accompanies weakness of the imb of the same side  this 1s
as would be expected from the nature of the affection of the antenior horn cells

Comparison of the trunk muscles showed the following

High thoracte curves—mntercostals

weakness towards the convexity 29
weakness towards the concavity 0
symmetrically weak (less than 2) or totally absent 5
adequate records

Total 39

High thoracte curves—erector spinac
grade 4 to normal 32
less than 4 6
no record 1
Total 39

Hugh thoracic curves~—lateral abdonunal flexors
symmetrical grade 4 to normal

weak on the convex side

weak on the concave side

no records or symmetrically weak less than grade4 4

Total 39
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High thoracic curves—abdonunal muscles
grade 4-5 symmetrical 18
less than grade 4 symmetrical (negative Beevor ssign) 16
asymmetrical weak towards convexity 2
asymmetrical weak towards concavity
no record

|~

Total 39

From this review of the trunk muscle paralyses there seemed to emerge only one
that was significant 1ntercostal weakness on the comvexity Otherwise there was
for stance no correlation between abdominal muscles paralysed on the convexity
or on the concavity  Although 1t has not before been suggested that mntercostal
muscles are related to paralytic scoliosts and although there are few muscles more
difficult to chart accurately 1t 15 believed that ths finding 1s sigmficant In 6
patients only intercostal paralysts could be found all other muscles being normal

Fi6 77 —Rib descent  The re-
markable nb collapse seen n
intercostal paralysts causing
paralytic scoliosis 1s partecularly
well 1llustrated 10 this radio-
graph

these patients had curvatures ranging from 77 to 127 degrees These are severe curves
and suggest that the intercostal paralysis played an important part

A further and sigmficant point 1n the relationship of intercostal paralysts to the
development of thoracic scoliosis was the phenomenon of nb collapse or descent
With almost no exceptions ribs were found to have descended and crowded to
gether on the convexity and this appearance of nb collapse or descent proved 2
reliable radiographic indication of the aetiology of the thoracic scoliosts It 1s
believed that this rib collapse (Fig 77) 1s caused by the weakness of the inter
costals which no longer hold up the nibs and 1t was not found in patients without
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ntercostal paralysis A surprising finding 1n this group w1s the number of prtients
with normal erectos spinac muscles

To test the ympressions guned from patients with parilyss of trunk muscles
and scoliosts 1 survey was carried out on 250 patients suflfering from paralysis
but without scoliosis  Thirty eight patients who had markedly asymmetrical 1rm
paralysis for an verage durition of 7 years (and never less than 4 years) showed no
thorcic scoliosis  In most the arm paraysts was severe, 10 some 1t foltowed
injections a sequence that often causcs severe paralysis of one wrm  Nincty per
cent of patients who deselop scoliosis after poliomyehitis do so within this ime
(Fig 75) and the absence of scoliosis 15 unlikely to be fortuitous

Lumbar parah tic scohosts

The number of patients 10 this group 1s smafl - The muscle piralysis found in
17 patients was s follows

Lrector spinac

grade 4 to norma} 6
less than 4 symmetrient 1
17
Lateral abdommnal flexors
grade 4 to normal 3
symmetrically weak (less than 4) 2
asymmetrically weak on the convesity 12
asymmetncally weak on the concavity O
Total 17
Antertor abdominals
grade 4 to normal
symmetrically weak (less than 4) 11
asymmetrically weak on the convexity
y ically weak on the ity 1
17

There are two significant findings  Although no patient had weakness of the
lateral abdominal flexors on the concavity, 12 had weak lateral flexors on the
convexity In all these 12 patients there was associated pelvic obliqusty as des
cribed by Mayer The pelvic obliquity and the lumbar scoliosts could be correlated
with the marked asymmetry of the lateral flexors so that the strong lateral flexors
pulled the rib and pelvis together on the strong side, producing a convexity on
the weak side

A small number of patients presented a severe weakness of the erector spinae
the abdominal muscles and also a symmetrical weakness of the Jateral flexors—not
an imbatance but a severe symmetrical paralysis Although the final result was a
tumbar scoliosis the mechanism differed from the asymmetrical lateral flexor
paralysis yost described  In severe balanced paralysts the body weight collapsed
the spine and ulimately produced a structural lumbar curve with rotation not to

be differentiated from that caused by
quently perats y asymmetrical muscies Both factors fre-
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As with the upper Iimb, no correlation could be demonstrated with weakness
of the muscles of the lower imb  There was no relationship to contracture of the
tensor fasciae latae nor true shortness of a Iimb

Although the two groups of paralytic scoltosis discussed here 1n detatl show a
fairly clear cut correlation with muscle paralysis thoracic scoliosis and thoraco
lumbar scoliosis were not so clearly related to asymmetrical paralysis 1 most
however 1t was possible to correlate paralysis and curvature In the cases of
thoracic scoliosis there were a few patients with normal mtercostals 1n the
thoraco lumbar curvature 1t was occasionally difficult to know why curvature
developed as almost no paralysis existed Despite these exceptions in the thoracic
curves the principal factor would appear to be a paralysis of intercostal muscles
and 1n the thoraco lumbar curves a combination of weak lower intercostals and
lateral abdominal flexors on the convex side Particularly in the thoraco lumbar
curves the effect of gravity in the presence of a symmetrical severe paralysis was
easily seen

It 15 concluded that the most important cause of paralytic scoliosts 1s asymmet
rical paralysis of lateral trunk flexor muscles whether intercostal or abdominal
If the consequent asymmetrical muscle pull had many years 1n which to act upon
the growing vertebrae then a severe curve might be expected 1f the paralysis was
contracted later m childhood only a small curve would appear

NEUROFIBROMATOSIS

In neurofibromatosis the typical curvature 1s thoractc and the curve 1s short
usually ivolving 5 or 6 vertebrae (Fig 78) The curvature 1s sharp and almost
angular and there 1s often an associated kyphosts However although the thoracic
variety 1s common there are numerous vanants sometimes a lumbar curve or
an atypical double primary curve 1n the thoracic region The general prognosis
of neurofibromatous scoliosis 1s poor The development of a severe curve with
kyphosts 1s common and this curve 1s so sharp and nigid that correction 1s difficult
Correction and fusion 1s therefore usually mndicated at an early stage

NEUROPATHIC AND MYOPATHIC ScoLiosis

A variety of scoliotic patterns 1s found 1n the neurological conditions complicated
by scohiosis for instance syrngomyehia Charcot Marie Tooth neuropathy and
Friedreich s ataxia  In syringomyelia the curve 1s i the thoracic region  The most
characteristic are double primary curves which are unequal and gwve the child
the aspect of decompensation The aetiology may sometimes be suggested by this
imbalanced appearance which 1s uncommon 1n the scolioses described previously
or suspicion may be aroused when a curve thought to be idiopathic progresses
differently from or more rapidly than would be expected Re examination may
disclose early neurological changes

Occastonally the problem amses whether the scoliosis 1s primary with the
neurological condrtion secondary to the scoliosis or whether the scoliosts 1s
primarily due to a neurological disease In the neurological diseases that may
simulate paraplegia the differential diagnosis can be difficult and may require
myelography to exclude local compression of the spinal cord

The myopathic scolioses are not of great importance They may be seen 1n
muscular dystrophy but do not progress notably They are also a rare compl
cation of arthrogryphosts multiplex congenita
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Fig 78 — Neurofibromatosis
(a) and (6) Several small cafe
au lait patches are obvious and
1t 1s common to find no more
cutaneous evidence of neuro
fibromatosis than 1n this boy
{c) The short thoracic cunve
of five vertebrac 1s also
charactersstic
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STRUCTURAL SCOLIOSIS

THORACOGENIC SCOLIOSIS

Thoracogenic scoliosis 1s now quite uncommon It was described 1n relation to
chronic empyema 1n which fibrosis induced a structural curve concave to the
fibrotic side

Seoliosis may be seen after pneumonectomy or thoracoplasty this also 1s
extremely uncommon On occasions 1t 1s related to the removal not only of the
ribs but of the transverse processes (Wenger and Hermann 1941)

KypHoscoLiosis

In many severe scolioses there appears to be a kyphosis and the term kypho
scoliosis has been much used At operation 1t 1s possible to see the back of the
primary curve and 1n more than 200 such operations 1t has become obvious that
an antero postersor deformity 1n association with scoliosis 1s not common-—much
less so than would be expected from the chnical appearance

A true kyphosis may be seen as a part of the curves of congemtal and infantile
1diopathic kyphoscoliosis and neurofibromatosis

Congential kyphoscoliosis

The most important of the kyphoscolioses are undoubtedly congenital commonly
cervico thoracic or thoraco lumbar In 21 cases of congemital kyphoscoliosis the
cervico thoracic leston was found on 5 occasions and the thoraco lumbar on 16
In 16 patients confirmation of the congemtal aetiology was obtained either by
radiography or at operation In 5 patients early radiographs were wanting and a
congenital kyphosis was not finally confirmed but the deformity resembled that
m the other 16

In the early years there 1s a pure scoliosts 1t 1s only as growth progresses that
kyphosts appears often at 10-15 years of age Suspicion that a scoliosis
1s becoming a kyphoscoliosis should be aroused clinically when the posterior
projection becomes very obvious radiologically there 1s an angulation or  squar
g of the curvature

In the upper thoracic region the kyphosis 1s not obvious what looks no more
than a dowager s hump may be betrayed by the radiograph as a true kyphosis
of 90 degrees (Fig 79)

Thoraco lumbar kyphoscoliosis 1s rarely severe in early childhood but may
rapidly progress so that a kyphosis of 90 degrees 1s common and 1t may approach
150 degrees at the end of growth (Fig 80) Correction 1s difficult or impossible

Paraplegia 1n children with scoliosis may develop 1n late childhood or at the
end of growth The scoliosis 1s almost always congenital and usually a kypho
scohiosts  In kyphoscohosis the compressing agent 1s anterior to the spimal cord
andge of the apical bodies  Alternatively there may be a congenital band (Dewar
1949) a dermoid or other developmental anomaly

Tdiopathic kyphoscoliosis

Although kyphoscoliosis has been described 1n idiopathic curvature 1t has
occurred 1n this series only m nfantile 1diopathic thoracic scoliosts  In 10 per cent
of these curves 1f severe there has been a true kyphotic deformity This kyphosis
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F16 79 —Cenvico thoracic

| C 1 Iestons could be scen in the

1 kyph
early and were firmed at the done to relieve the paraplegia (8
courtesy of the Edior of J Bone Jt Surg)

may appear within 2-3 years of the onset of scoliosts and may reach 100 degrees

and be as severe a deformuty as 1s the scoliosis  Paraplegin has not been seen 1n
1diopathic kyphoscoliosss

Neurofihromatosis

Neurofibromatosis as already stated may show a kyphotic deformity as well as

a scoliosis  The diagnosis 1s easily established by the presence of cutaneous
pigmentation

TREATMENT
‘CONSERVATIVE TREATMENT

It 1s not proposed to discuss at length the treatment of scoliosis by conservative
methods  Although such treatment 1n 1ts numerous modifications has been used
for many years there has as yet been no demonstration of its vilue We hive
abandoned conservative treatment by cxercises 1nd orthodox supports beciuse
there seems to be sound evidence that 1t 1s valueless 1t 1s necessarily time consum
ing and expensive

Conservative treatment must, however be considered 1n children who are too
young for operation but have a rapidly increasing curvature—commonly an infan
tile rdiopathie thoracic scoliosis, paralytc scoliosts or rarely a congenital curve
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THORACOGENIC SCOLIOSIS

Thoracogenic scoliosis 1s now quite uncommon It was described 1n relation to
chronic empyema in which fibrosis induced a structural curve concave to the
fibrotic side

Scoliosis may be seen after pneumonectomy or thoracoplasty this also 1s
extremely uncommon On occasions 1t 1s related to the removal not only of the
ribs but of the transverse processes (Wenger and Hermann 1941)

KypHOSCOLIOSIS

In many severe scolioses there appears to be a kyphosis, and the term kypho
scoliosts has been much used At operation 1t 1s possible to see the back of the-
primary curve and in more than 200 such operations 1t has become obvious that
an antero posterior deformity mn association with scoliosis 1s not common—much
less so than would be expected from the clinical appearance

A true kyphosts may be scen as a part of the curves of congenital and nfantile
wdropathic kyphoscoliosis and neurofibromatosis

Congential kyphoscoliosis

The most important of the kyphoscolioses are undoubtedly congenital commonly
cervico thoracic or thoraco lumbar In 21 cases of congenital kyphoscoliosis the
cervico thoracic lesion was found on 5 occasions and the thoraco lumbar on 16
In 16 patients confirmation of the congemital aetiology was obtamned either by
radiography or at operation In 5 patients early radiographs were wanting and a
congenital kyphosis was not finally confirmed but the deformity resembled that
m the other 16

In the early years there 1s a pure scoliosis 1t 1s only as growth progresses that
kyphosis appears often at 10-15 years of age Suspicion that a scoliosis
15 becoming a kyphoscoliosis should be aroused chimically when the postertor
projection becomes very obvious radiologically there 1s an angulation or * squar
mg of the curvature

In the upper thoracic region the kyphosis 1s not obvious what looks no more
than a dowager s hump may be betrayed by the radiograph as a true kyphosis
of 90 degrees (Fig 79)

Thoraco lumbar kyphoscoliosis 1s rarely severe mn early childhood but may
rapidly progress so that a kyphosis of 90 degrees 1s common and 1t may approach
150 degrees at the end of growth (Fig 80) Correction 1s difficult or impossible

Paraplegia 1n children with scoliosis may develop 1 late childhood or at the
end of growth The scoliosis 15 almost always congenital and usually a kypho
scohiosis  In kyphoscoliosis the compressing agent 1s antertor to the spinal cord
anidge of the apical bodies  Alternatively there may be a congenital band (Dewar
1949) a dermoid or other developmental anomaly

Idiopathic kyphoscoliosts

Although kyphoscoliosts has been described 1 1diopathic curvature 1t has
occurred 1n this sertes only 1n infantile iWdiopathic thoracic scoliosis  In 10 per cent
of these curves 1f severe there has been a true kyphotic deformity  This kyphosis
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Fi6 81 —Milwaukee jacket devised by Walter Blount

surgeons the foremost of whom 1s Risser perform correction and fusion in very
young children They believe that this 1s a safe and satisfactory procedure that
allows correction of early curves and also prevents progress of the deformity
Others prefer to delay until growth has stopped after which correction and fusion
of the mature curve are carried out  Although the maintenance of correction of
deformities 1in growing children 1s notoriously difficult the correction of mature
scoliosts 1s unsatisfactory It 1s unsatisfactory because the curves are by then often
gross and rigid and the major deformuty of rib rotation can not be corrected If
surgical correction of mature curves 1s to be the sole method of attack, then
the results will always be disappointing

It seems reasonable to carry out correction 1nd fusion 1t an 1ge when curvature
has not become gross and 1s still mobile and when rib rotation although moderate
1s not bad By delaying correction and fusion unuil the later years of growth
possible recurrence of deformity during many yers of growth 1s avoided It has
become the practice 1n the Royal National Orthopaedic Hospital to perform
correction and fusion usually between the ages of 10 and 12 years
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F1G 80 —Congemital thoraco lumbar kyphoscoliosis There were defects at the eleventh and
twellth thoracic vertebrae and a kyphosts of 125 degrees at the end of growth No paraplegia
(By courtesy of the Editor of J Bone Jt Surg )

The march of events may be so rapid that operation may seem desirable at an
early age Whilst this may be correct 1t has been our practice to try to delay an
nerease 1n deformity until the child 15 at least 10 years of age The Milwaukee
Jacket (Fig 81) which has antigravity distracting turnbuckles and 1s thus unlike
previous supports has proved of value 1n such cases

About 50 children from 4 to 8 years of age with progressing curves have been
fitted with Milwaukee jackets Although there has elapsed msufficient time
for a defimtive report on this problem a firm impression has been gained
In no instance has a curve mereased after the Milwaukee jacket has been applied
a few children have obtamned and held 40 degrees of correction for as long as
3 years more often 10-20 degrees of correction has been held, 1n some Ittle
or no correction has been possible but detertoratton has been avorded

It 15 an uncomfortable jacket and 1n a minonty of cases 1t produces mandibular
recession and protrusion of the upper frontal teeth It seems therefore essentral
to use 1t only for a few years to delay operation

SURGICAL CORRECTION AND FusioN

Surgical correction and fusion of spinal curvature has been employed for 2
number of years and the principles and ndications are becomung clarified The
age at which correction and fusion 1s best 1s still controversial A number of
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Congemtal scoliosts

The prognosts of individual curves 1s difficult and close obscrvation of those
cases that are progressive allows mtenention 1t 2 time before the deformity 1s
gross and when the curve 1s sull mobile  Congemital curves often contun many
fused vertebral clements and quickly become nigid and rmpossible to correct

Paralytic scoliosis

In paralytic scoliosis the problem ts somewhat different  In all patterns the
prognosts 1s worse than 1 idiopathic scoliosis and operation 1s carnied out for
most scolioses that are rapidly progressive in the years of growth A parlytic
cunvc that measures 60 or 70 degrees at the age of 1015 likely to progress to scrious
deformity and requires correction  The high thoreic curve requires early correc-
tion and fuston becnuse the nib rotation 4t ats upper end cannot be altered by
spine fuston

A need for surgery 1in paralytic scohiosis may anse from spinal frigue back
ache and instability symptoms often suffered by 1 ptent with poor trunk muscles
In the collapsing unstable spine due to symmetrical severe paralysis of the trunk
muscles stabilization of the spine from the mid thoracic region to the sacrum 1s
often valuable This may change a patient able to walk with difficulty into someone
able to walk without a spinal support and thus with improved mobility  Other
such patients often have paralysed legs and are unable to walk or even sit up
without the support of their arms or a heavy spinal brace A long spinal fusion for
stabilization may convert a poor sitter 1nto a good sitter able to carn an
independent living at a sitting or beneh occupation

In stabilizing a spine by fusing the scrtebral column to the pelvis one
important factor must be considered  When a paralysed patient walks he must
hift hus legs by hip flexors or by clesatng his pelvis with his lateral abdominal
flexors  After fusing spine to pelvis 1t 1s impossible to use the lateral abdominal
fiexors andat1s possible for a moderate walker to be immobilized 1n conscquence of

surgery  Before fusing to the sacrum thercfore 1t 1s essential to determine whether
there are hip flexors and if th

eir power 1s dubious 2 useful test 1s to apply a closely-
fr:};:l%lz\aster spmal jacket if the patient can walk fuston to the sacrum ts per-

Neurofibromatosis

ar:nugz:{l;ﬁ&r&?aatte?s Ehlf) Sgeex:gal Prognosis 1s so poor that correction and fusion
possrity of dei Servation may indicate 1ts early necessity or the
ca::dmg:c}::!tsh;c‘::dTr)l;t;ropgthlc scoliosis correction and fusion are rarely ind:
and 15 itself a bar tg majgi sul:;::; 1 vsually more tmportant than the scoliosis

Congemtal kyphoscoliosis

Kyphoscoliosis of
during the later Year:
1s a scohosis and k
congenital vertebral
Jacket may not reduy

the upper or lower thoracic

v
5 of childhood and prodycs ertebrae may 1ncrense rapidly

paraplegia  As this deformit
yphosis correction 15 difficult particulrly s there may bi

fusions and the curve m1y be ngid  Correction by distraction
ce the deformity enough 1o relieve the paraplegin
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Indications

When a scoliosts 1s mature the existing deformity must be dealt with, but the
surgeon knows there will be no further change and the existing visible deformity
1s the only one that concerns him A mature scoliosis 1s indicated by the ingrowth
of the 1liac 1pophyses

When considering correction and fusion of a mature curve 1t 1s necessary to
know what surgery can achieve By correction we can elevate a dropped shoulder,
and a hip can be made less obvious but the deformuty of prominent ribs cannot
be overcome If the shoulder and the hip are the obvious deformuties, and 1f the
curve 1s mobule, correction and fuston are indicated  If the curve 1s ngid or if
the shoulder and hip are not prominent correction and fusion will not improve
the appearance of the patient, however severe the curve

In the immature scoliosis there 1s a more complex problem but one in which
a solution 1s often easier If a young growing child has a curve that from our
study of the curve patterns can be expected to increase to gross deformity then
preventive correction and fusion 1s invaluable 1t 15 believed that the most worth
while efforts of surgery 1 the treatment of scoliosts must be based on timely and
early mntervention 1 deforrities that will increase seriously

The onset of menstruation and the skeletal age may be used as pornters to the
approach of maturation

Surgery 1s necessary 1n only 5-10 per cent of idiopathic curves and approxt
mately 30 per cent of paralytic curves and 15 discussed below 1n relation to the
various types of scoliosis

Idiopathic scoliosts

The infantile idiopathic curve almost nvariably needs correction and fusion and
this 1s undertaken at the age of 10 years Often the child has been tn a Milwaukee
Jacket to prevent increasing deformity  Juvenile and adolescent thoracic scolioses
often but by no means always require correction and fusion Thoracic curves
of 60-70 degrees at the age of 10 years may be expected to increase so much that
correction s needed In children in whom scoliosis develops later than this close
observation will demonstrate which curves are the more progressive and of the
adolescent thoracic curves some 40-50 per cent need operation

Thoraco lumbar curves rarely develop a deformity needing correction and
fuston but there are a few 1n which one hip becomes very promunent even when
the curvature 1s small and these can be recognized by serial observations Lumbar
curves almost never require correction and fusion for cosmetic reasons

The double primary curves show a very small number of severe deformities
The hip and shoulders do not alter and the main deformities are the double
rotation and the shortness of the trunk In some 5 per cent of these primary
curves of more than 100 degrees develop these if discovered early may be
cotrected and fused The appearance 1s not improved and the only reason for
operation 1s the prevention of excessive shortemng of the trunk  Fusion of two
primary curves 1s an extensive operation and since 1t 1s not finally established that
spmal growth continues after fuston the value of intervention must awat further
study
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CHAPTIR 4
DI GI NI RATIVI DISFASLS
Douctas H Cotiins
INTRODUCTION

THE DEGLNIRATIVE diseases with which we are here concerned are those that are
prominently hinked with ndsancing years and that having no clexrly apparent
extrinsic causation such s acute mjury or infectron scem to depend Iargely upon
involutionary or sensle changes  They are chiricterized i the mun by destructive
changes that are not balanced by the regeneritive effects normally invohed sn
younger tissues and they lead to functtonil mcompetence such as may be
exemplificd by the loss of the normal texturc of the shin n semile elistoss the
nigidity of the wall of a sclerotic artery or the farlure of 1n ageing spinal column
to mamtain the fully erect posture

Much has been learnt 1n recent years 1bout the nature and distinctive types of
degenerative discases of the sheleton m-unly through the critical use of standard
methods of pathology and radiology If we cannot yet define the causes of these
diseases—and the problem of thetr causes 1s no less than a part of the vast brological
problem of senescence and mortality of all living matter—we do now know some
thing of their circumstances of how they progress 1nd to what they may lead
In the case of the locomotor system the effects of ageing cannot be dissociated from
wear and tear the results of long exposure to repeated nminor trauma The purpose
of this chapter 1s to describe and 1llustrate the pathology of degenerative conditions
of the spine

Degenerative processes may affect primarily or mainly (1) the synovial spinal
oty {2)4hemiervericbral dists and {3)1he bone of 1he vertebrae This provides a
useful basts for cataloguing the different lesions although such 1s the functional
unity of the sprnal column that the degeneration of one el usually leads to
secondary changes 1n the others

The degenerative diseases of the vertebral column are classified according to the
structure mamnly or primarily affected

(1) The synovial joints  osteoarthrites

(2) The intervertebral discs  degenerations  hermiations and protrusons  ostea
phytosis {spondylosis) senne kyphosis and adolescent kyphosis

(3) The bones osteoporosss  and Paget s disease

SYNOVIAL JOINTS OF THE SPINE
Osteoarthritis

Osteoarthritis 15 a disease of the sy,
features are well defined

which results m most st
ofl of the surface of th
Subsequently a series of

novial (darthrodial) jomts  Its pathologieal
It begins with a lesion of the hyaline articular cirtilage
ances from wear and tear of ageing cartilage Flaking
e cartilage 1s followed by fibrdlwon of sts depths
rather elaborate changes takes place 1n the jomt 1n the
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Congenttal scoliosis of the upper or lower thoracic vertebrae should be watched
for the appearance of a kyphosis this may indicate an 1mpending paraplegia
Correction followed by fusion 1s advisable to avord an ugly deformuty sufficient
to produce paraplegia  As one of the theoretical disadvantages of early fusion 1s
the development of a lordosis there seems to be little reason for delay 1n these cases

If paraplegia persists despite correction cord decompression may be achieved
by 1ncision of the dura after laminectomy (McKenzie and Dewar, 1949) This has
sometimes led to an increase of the kyphosis from nstability and to recurrence of
the paraplegia Incision of the dura should therefore probably be followed by an
anterior body fusion An alternative technique 1s to relieve the pressure on the
spmal cord by an antero lateral decompression This 15 a logical operation but
the cord 1s in danger from thrombosis The correct surgical approach to this
problem has yet to be ascertamed
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INTIRVIRTIIRAL DISCS

In honzontal section 1 disc 1s 1bout the same size and shape ns the vertebral
bodies it unites  Tts central part 15 1 soft semifiuid mass the nucleus pulposus,
which contuns over 80 per cent water by weight  The water 15 bound to the
mucopolysaccharides 1s 1n myxoid tissucs  Whether or not the nucleus 1s a
vestige of the notochord, 1s was generally taught the disc 1s 1 whole 1ppears to
have a mesenchymal structure and a mesenchymal function throughout hife
Because 1t contuns so much water the nucleus 1s virtually tncompressible and
mclastic although subjected 10 1 great range of changing pressures Surrounding the
nucleus are lamellac of fibrocartilage and fibrous tissuc the annulus fibrosus
contaiming more cells an abundance of collngen and 1 lesser 1mount of mucopoly
saccharide ground substance  The annulus 1s elstic 1t blends with the overlying
spmal ligaments and 1ts fibres run obliquely from vertebrn to vertebrt being con-
tmuous with the fibnls 1n the cartilagimous end plates and ossified epiphyseal
rings of the vertebral bodies  Annulus 1nd nucleus are most sharply demarcated
i childhood and as age 1dvances the distinction between the two 1s gradually
lost (Fig 82)

FIG_82 —Cross
of an elderly
laminae of the annulus fibrosus
no longer evident The centre
fissured There were large ant
which the broken outer fibres of ¢

Dehydration with loss of defi
feature of the degenerations that a
of water that 1t contay,
polymerization of jts

section view of a lower thoracic intervertebral dsse
man with osteophytosis Note the concentric

A distinct nucleus pulposus 1s
of the disc 1s degenerated and
ero lateral osteophytes between
he disc protruded (top left) 15
mtion of the nucleus pulposus s the principal
ffect the discs  The disc 1s avascular The amount
ns depends on the nature and perhaps on the degree of
mucopolysaccharides  which have varymg hydrophilic
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DEGENERATIVE DISEASES

course of which the bone ends become altered in shape and form denuded of
cartilage and surrounded by spurs or shelves of new osteophytic bone

This type of disease 1s well known as an affection of the hip or knee, but it may
also affect any synovial articulation large or small and especially those that are
subject to free movement under much mechanical strain

The small diathroses of the vertebral column the posterior apophyseal jomnts and
the central atlanto axial joint, are not exempt The more advanced stages of the
disease in the posterior spinal joints have been detected both by radiography and by
the examination of macerated anatomical specimens (Shore, 1934 35) and I have
elsewhere (Collins  1949) described and 1llustrated the earher cartilaginous lesions
1n these joints

The chinical correlations of this condition are not yet accurately determined
because the full range of movement 1s less easily tested 1n these joints than n the
larger imb jomts and radiograpluc subtleties ike  loss of jomnt space’ that s
thinning of cartilage can hardly be shown Nevertheless 1t 1s important to know
of this condition It 1s quite distinct from osteophytosis of the spme the more
familiar lesion of bony spurs arising from the vertebral bodies that 1s dependent
as we shall see on changes 1n the intervertebral discs

Some authors (for example Cave Gnffiths and Whiteley 1955) have described,
as a cause of cervical spinal nerve root rrmtation an osteoarthritis of the neuro
central joints of Luschka * But whether these are diarthrodial joints and therefore
subject to true osteoarthritis 1s debatable The margmal osteophytes that form
round these half joints and may encroach upon the intervertebral foramen are
much like those of the more general spinal osteophytosis and 1t 1s not certain that
this condition should be separated from the type of spondylosis that depends
ultimately on disc degeneration Morton (1950), 1n a careful radiographic and
dissection study of the cervical spine does not specially mention the Luschka
Jomnts but he demonstrates how enlargement at an arthritic apophyseal joint may
combine with osteophytes anising from the postero lateral lips of the vertebral
body to cause compression of a cervical nerve root as 1t passes through an
ntervertebral foramen

INTERVERTEBRAL DISCS

Degenerations
The 1ntervertebral discs unite the bodies of successive vertebrae from the second
cervical down to the sacrum They form a sertes of amphiarthrodsal or shghtly
movable joints that possess no synovial cavity or synovial membrane, so that the
diseases to which they are subject are fundamentally different from those that affect
the synowvial joints

About a quarter of the length of the vertebral column of a young adult 1s made
up of the discs  The loss of stature 1n old age 1s caused partly by thinning of the
discs and partly by the usual faillure to maintain the fully erect posture To some
degree these two factors are mterdependent because d atron of the discs with
Toss of bulk mnevitably tends to kyphosis

* The postero lateral portion of each vertebral body 1s ossified from the centre for the vertebral
arch (the neurocentrum) In the cervical spine below the axis the part of the body usually
articulates with the infero lateral aspect of the vertebral body above forming the jomt of Luschka
which thus constitutes part of the antero medial wall of the cervical intervertebral foramina
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spontancously  So cnlled spontancous ruptures may, of course take phee 1t
moments of pirticulnr mechanical stress: but i many instances there 15 no history
of any such precipitating snaident

Direet tyury

The direet myurs that feads to an escape of the nucleus may be 4 fricture
dislocation of the spine Sometimes 1t muy be the accrdental needhing of 1 disc
during the operation of lumbar puncture Thisis 2 real nisk (Dripps tnd Yandam,
1952) s such well documented cises ns those of Milward 1nd Grout (1936)
have shown lthough serious dimage may be rare, espeanily if the needie s fine
The deliberte acupuncture and njection of opaque fluid nto a disc for rdio-
graphic purposes {Lslicher 1952) seems howener to be 1 completely unjustifiable
procedure

Spontancous hermation

Spontancous herniation of the ntervertebral disc may take phice erther
sertically or horizontally and imvolves an escipe of material from the semisolid
nucleus pulposus into the spongiosa of onc or both of the adjicent vestebral
bodies or ts escape through the wnnulus fibrosus, usully backwards into the
epdural tissues  In either case prolapse of nuclear substince can take place
only when the nucleus retans o tuegescence [t cannot occur 1n old people whose
nucles pulpost have undergone desiccation  This type of acute nuctear hermation
1s therefore prone to occur in relatively young people even in 1dolescence It
may be preciputated by ingury or stramn but there 1s seldom conclusive evidence
about this It may be that a congenual or acquired defect of the cirtilaginous
end plate or of the annulus 15 also 1 necessary factor

Vertical prolapse —As illustrated 1in Fig 84 vertical prolapsc gives rise to what 15
often called the Schmorl s node that1s 1 tongue or club shaped mass of white dise
tissue projecting mto the red spongy substance of the vertebral body It 15 seldom
more than I centimetre across and 15 continuous with the maimn part of the disc
It usually lies near the central axis of the vertebra and 1s therefore most often
demonstrable 1n a post mortem specimen that has been sawn vertically down the
central axis A Schmerls node cannot be detected radsographically until at
becomes outlined by a shell of reactive bone that casts itself wround the old
prolapse (Fig 85) The Schmorls node per se 1 of no chimeal importance 1t
may happen explosively, and 1t 1s tempting to think that certun hyperacute
attachs of fumbago may be so caused but of this we have no proof The lesion
1s an exceedingly common one  Schmorl himself discovered nodes m 38 per cent
of spines  They are very often multiple The important consequence of a vertical
hermation of the nucleus 1s the loss of disc substance and the approximation of
the two adjomning vertebral bodies  Multiple Schmorl s nodes are sometimes
seen ansing from a succession of dises n athletie young persons and are often
found 1n adolescent kyphos:s (see page 113} Vertical prolapse involves hermation

of nucleus pulposus only, there 1s n
end plate Yy 0 annulus at the central area of the cartilagimnous
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properties Though 1t 1s sumple to regard loss of water as the most important feature
of age changes n the disc the process 1s 1n fact a true degeneration 1n the biological
sense that1s a change in the composition of a tissue so that 1t assumes a function
ally less effictent form

Degeneration of disc tissue 15 accelerated 1f the disc becomes vascularized as
may happen if the cartilage end plates are damaged In elderly people fissures
appear 1n the centre of the discs and an umdentified brownish pigment may be
found the so called brown degeneration of the discs  Calcificatton of degenerated
discs 1s sometimes seen and may be detected radiologically (Fig 83) This s usually
amorphous calerfication 1n the central areas of the disc  Actual ossification 1s
seen only as a consequence of organization after fracture of the enclosing bones
or cartilage end plates or near the margins 1n the bony bridges of ankylosing
spondylitis  Except where calcification has occurred the only radrographic sign
of disc degeneration 15 the narrowing of the intervertebral space and very often 2
shght forward tilting together of the adjoming vertebrae

FiG 83 —Calcification of the interver
tebral disc lateral radiograph of the
lumbar spme of an elderly man
Calcification 1s well seen i the disc
L 23 in centre of picture There
1s calcified atheroma of the aorta
anteriorly  (Bv courtesy of Dr J
Wikie ~Department of Radiolog)
Royal Infirmary Sheffield)

Hermations and protrusions

The nucleus pulposus of an intervertebral disc 1s constantly under compression
Although not elastic 1ts turg can be d rated even after death by the
way 1t bulges when the spine of a young person 1s sawn open The turgid nucleus it
the living 1s bounded laterally by the strong elastic lamellae of the annulus fibrosus
and vertically by the cartilaginous end plate of the disc  This 1s a plate of well
developed hyaline cartilage countersunk shightly to the vertebral body and ninged
by a nm of bone that has developed from the ring epiphysis of the vertebra

Escape of the nucleus pulposus may occur exther as a result of direct injury or
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spontancously  So called spontancous ruptures may, of course tike plice at
moments of pirticular mechanical stress but in many instances there 1s no history
of any such precipitating mcrdent

Direct injury

The direct injury that leads to 1n cseape of the nucleus may be 1 fricture
dislocation of the spe  Sometimes 3t m1y be the acadentil needhing of a disc
during the operation of Jumbar puncture This 1s 1 real risk (Drpps and Vandim
1952) as such well documented c1ses as those of Milward and Grout (1936)
have shown although sertous damage may be rire espec lly if the needle 1s fine
The dehberate acupuncture 1nd njection of opaque flud into 1 disc for radio
graphic purposes (Erlacher 1952) scems howeser to be 1 completely unjustifiable
procedure

Spontancous hermation

Spontancous hermtion of the tervertebril dise m1y tihe phee ather
sertically or honizontally and involves an eseape of material from the semisolid
nucleus pulposus into the spongiosy of one or both of the djcent sertebral
bodies or its escape through the annulus fibrosus, usually bickwards nto the
epidural tissues  In either case prolapse of nuclear substance can take place
only when the nucleus retains it turgescence It ¢ tnnot occur tn old people whose
nuclet pulpos: have undergone desteeation  This type of cute nuclear hermation
1s therefore prone to occur in relatinely young people even 1n adolescence It
may be precipitated by injury or stramn but there 1s seldom conclusive evtdence
about this 1t may be that a congenittl or tequired defect of the eartilrginous
end plate or of the annulus s also 1 necessiry factor

Vertical prolapse —As illustrated in Fig 84 vertical prolpse gives rise to what 1s
often called the Schmorl s node  thatis 1 tonguc or club shaped mass of white disc
uissue projecting into the red spongy substance of the vertebral body It s seldom
more than 1 centimetre across and 1s continuous with the main put of the disc
1t usually lies near the central axis of the vertebra and 1s therefore most often
demonstrable 1n a post mortem specimen that has been sawn vertically down the
;entral axis A Schmorls node cannot be detected radiographictlly until 1t
p:?::: a;lllmgd by a shell of reactive bone that casts itself around the old
ay iap e;gc 5)1 The Schmord s node per se 15 of no clinical importance It
Bl ot?]umt’)(: (;swely and 1t 1s tempting to think that certun hyperacute
15 am oxceccnn gco may be so caused but of this we have no proof The lesion
of spines Thg yaren\:mon one  Schmor! himself discovered nodes 1n 38 per cent
heraation of li/]e nuCIel‘y often multiple  The 1mportant consequence of - vertical
the w0 adyoming & etusb 1s the loss of disc substance and the approximation of
eon arsm fromga ertebral bodies  Multiple Schmorl s nodes are sometimes
found 1n sgolesny ‘:uc;essmn of discs n athletic young persons and are often
of nucleus pulposus o:lp (ﬁ:s (see page 113) Vertical prolapse mvolves herntation
end plate Y there1s no annulus 1t the central area of the cartilaginous
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Fic 84 —Section of a recent vertical prolapse (hermation) of
nucleus pulposus of a disc nto the spongiosa of a vertebral
body This 1s the first stage of a Schmorls node {(Haema
toxylin and eosin  x 45

Fic 85 —Section showing a later stage of a Schmoxl snode The
tongue of disc projecting into the spongiosa of the vertebra
has become invested by a thin shell of bone It 1s this bony
reaction that casts a shadow in the radiograph  (Haematoxylin

and eosin x 25)
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Horizontal prolapse —The disc my suffer two forms of honzontal prolapse
(Brain 1954 Frykholm 1951), namely nuclear hernations and annular pro
trustons  Nuclear herniation the cjection of the soft nucleus pulposus generally
takes place only postertorly but annubr prolpse the convex bulging of relaxed
annulus fibres occurs 1 almost any honzontal dircction  The author has
confirmed these views by the histological examination of much material surgically
removed after lamincctomy  From the more ncute lesions the prolapsed disc tissue
was sometsmes fibrocartilage of the annulus and sometimes soft myxoid tissue with
Istellate or balloon cells characteristic of the nucleus pulposus  In the case of
more chronic prolpses secondary degeneratine changes caleification or invaston
by vascular granulation tissue somctimes with Inter ossification masked the
ongmnal nature of the herniation

Posterior hermation of nuclear substance 15 seldom accompanied by any gross
breach of the annulus  the semiflutd matter scems to escape by dissecting its way
through the annulus fibres  Anatomical inspection of vertebral bodies and discs
shows the posterior Jongitudimal igament to hase a scalloped outline its broadest
expansions lying over cach dise to which us fibres are firmly attached  Most
postenior herniations of the disc he, therefore to one side of the midhne and
often a little above or below the central honizontal plane of the disc  Neuro-
logical symptoms caused by direct pressure may thus be umilateral The protrusion
usually takes the form of a small sessile or mpple ke tumour covered by arcolar
tissue and pressing agamnst the dura mater to which 1t does not adhere until
orgamization and reactive fibrosts have occurred  Necropsy examination 1n adults
often reveals posterior prolapses of some form over the length of the spinal
column although symptoms secm to anise only 1n the cervical and lumbar regions

Annular protrusions follow the narrowing of the disc and the telescoping of the
intervertebral space that result from the desiccation or vertical prolapse of the
nucleus pulposus It 1s the relaxed annulus fibres that are as 1t were squeezed
out Now such backward protrusions may cause symptoms of the disc syndrome
but they appear much more commonly between the antero later1l lateral and
postero lateral borders of the vertebral bodies In the postero lateral position
they or the bony osteophytes that grow to enclose them may partially obstruct
the mtervertebral foramina and lead to the radicular symptoms of spondylosis
However the largest annular protrusions are seen anteriorly not mn the midline
because the anterior common spinal ligament 1s very strong and very tightly
bound to both bones and discs It 1s these antero lateral protrustons of annulus
fibrosus that account for the common and well known forms of margmnnl ipping
of the vertebral bodies or osteophytosis of the spine

Osteophytosis (spondylosis deformans)

An osteophyte means a bon:
y outgrowth or excrescence The term pa
designates the small and 1rr o e

egular spurs or shelves that appear at the margins

:’gl;h;:i:‘lllzb Joints that 1n later Iife have become affected by osteoarthritis b In
dlarthmdlaln osteophytes are an integral part of the osteoarthritic process tn
e o synovial Jjoints In other situations however osteophytes may be
ndependent of osteoarthriis  The vertebral column provides a good
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example of this  Osteoarthritis may affect the apophyseal joints which are synovial
and truly osteoarthritic osteophytes may form around the small articulations but
osteophytes that form and sometimes grow to a great size (Fig 86) at the mar
gins of the vertebral bodies are not osteoarthritic although they are often so called
~They are the consequence of collapse of the ntervertebral discs and protrusion
of the annulus

Fic 86 — Osteophytosis (spondylosts
deformans) of the lumbar vertebral
bodies Antero posterior radiograph
showing very large antero lateral
osteophytes ~ Some appear to have
fused but in others the clear area of
interposed hermated disc tissue 1s still
apparent (By courtesy of Dr J Wilkie
Department of Radiology Royal
Infirmary Sheffield }

Pathogenesis
The mechanism wiil be explamed by reference to Fig 87

Two vertebrae separated by a healthy intervertebral disc are depicted in Fig 87a
The turgid nucleus pulposus (represented by the clear area in the centre of the disc)
normally maintams the separation of the vertebral bodies and gives resihience to the
whole disc by virtue of its resistance to compression (arrows) The nucleus pulposus
15 bounded by the fibrocartilage and collagenous fibrous tissue of the annulus fibrosus
(black area) and by the end plates of hyaline cartilage (cross hatched areas) which
are countersunk 1nto the vertebrae and surrounded by a ring of bone which was originally
the epiphyseal ring and 1n which the fibres of the annulus are anchored

Three vertebrae with different conditions affecting the two discs and causing their
collapse are shown in Fig 876 The disc between vertebrae 1 and 2 1s narrowed by the
loss of a proportton of the nucleus pulposus mto the spongiosa of the first vertebral
body This has burst through a defect of the upper cartilage end plate and the
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extruded nuclear substance being outhined by reactine bone would appear both
radiologically and in anatomical section 1s 3 typrctl Schmor s node  The dise between
2 and 3 has collapsed through degencration  The hyaline cartilige of the end plates
has also degencrated  The disc has undergone dehydration and loss of bulk and the
oniginal positron of the nucleus 1< represented only by cracks and fissures  In cach
mstance narrowng of the intervertebral space has resulted in shight forward tilting
of the vertebrac around the fited axis of the 1pophyseal joints  This oblique compres

sion of the discs causes a siight forward protruston of whatever plastic di<c substance
still remains comprising 10 most mstances the relaxed anterior fibres of the annulus

Fic 87 — Diagrams llustrating
stages wn the pathogenesis of
spinal ostcophytes (see text) (@)
Normal intact disc (h) Disc 1-2
1s narrowed by a vertical prolapse
and disc 2-3 s narrowed by
degeneration  In cach case the
vertebral bodies are tilted shightly
forwards and the relaxed annulus
fibres bulge forwards rasing the
overlying periosteal  membrane
(c) Ossification within the area
of clevated periosteum on either
side of the protruded annulus
has formed characteristic osteo
phytes  (d) The lateral tilting
of the vertebral bodies in scolosis
Jeads in the same way to osteo
phytes on the concave parts of the
spinal curvature  This diagram
shows an anterior view of the
spine  diagrams a—c¢ show a
lateral view

As the anterior margin of the disc slowly protrudes 1t carries with it a tent like elevation
of the periosteum from the surface of the adjoiming vertebral bodies It ts in these
:reas‘ of peniosteal elevation that new bone forms and 1t 1s thus that spmal osteophytes

evelop

The final development of characteristic kissing osteophytes around a degenerated
collapsed and extruded disc 15 shown by Fig 87¢ It should be compared with Fig 88
which is 2 photomicrograph of a section through two vertebrae bearing huge osteophytes
of this type It 1s important to remember that the clear area seen mn the radiograph
between two adjoiming osteophytes ts always occupied by d csubstance Itisa matter of
common observation that spinal osteophytes hardly ever appear mn the midline
anteniorly but do|so commonly in the antero lateral position Just to the side of the
anterior The } of the anterior common hgament to the
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bone of the vertebral bodies 1s probably so firm that 1t cannot be displaced Periosteal
elevation and subsequent subpertosteal bone growth on the anterior nm of the vertebral
bodies occur therefore to one side or both sides of this igament

In Fig 87d the truth of ths explanation of the ongn of spmal osteophytes 15 also
convimeingly demonstrated 1n the scoliotic spine  Osteophytes develop only 1n the con
cavities where they are invariably present in every scoltosts that has been fixed for any
length of time The diagram illustrates their development The disc between 1 and 21s
normal The disc between 2 and 3 15 distorted by the tilting of the vertebral bodies
Such tilting 1n the early stages causes a displacement of the nucleus pulposus towards
the wider part of the disc on the convex surface of the curvature with the extrusion of
disc tissue 1n the concavity and the growth of osteophytes around it The discs between
3 and 4 and between 4 and 5 show the degeneration or fissuring usually seen in sawing
through such a spme and the development of osteophytes agam withun the concavity
In long standing scoliosis there 1s almost always a secondary distortion of the vertebral
bodies which become either thombord or wedge shaped (vertebrae 4 and 5) Alterations
1n the form of both discs and vertebrae perpetuate the deformity of the spine

Fic 88 —Large sectton 1n
paramedsal sagittal plane of
three cervical vertebrae The
upper disc 1s healthy The
lower 15 degenerated and
protruded between the two
very large kissing osteo
phytes These are formed
of well developed bone ap
plied as can be seen 1n the
case of the lower one to
the outside of the original
wall of the vertebral body
(Cellordin section Haema
toxylin and eosin x 28)

The two halves of the thoraco lumbar portion of the spine of an elderly man
with much osteophytosis are shown 1n Figs 89 and 90 The left half (Fig 89)
has been macerated and the right half (Fig 90) retains the soft tissues including
discs and higaments These preparations clearly demonstrate the true nature of
vertebral body osteophytes and their dependence upon vertical collapse and hort
zontal bulging of the discs  This specimen showed no evidence of osteoarthritts
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of the synovi1l joints of the spine thus emphasizing the distinction between
and ostcophytosis
Osgz?;lillzéllimcro hlcr!:I Z)slcoph)(cs h1ve so far been discussed  These are the
common ones because almost )l the forces acting upon the adult spinc tend
to promote a fornard bending but occrsionally the annulus protrudes bickwards
towards the spinal canal though scldom very far, and small ostcophytes form
around such protrusions 1n exactly the sme way Posterior ostcophytes mny,
of course, develop on aither side of 1 fong standing posterior prolapse of the
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FiIG 89 —The left half of a spine with Fi6 90 —The right half of the same specimen
severe osteophytosis Vertebrae T9-L 1 as shownn Fig 89 Note the degencration
fter maceration the separated dry and narrowing of each of the discs assoct
bones were reset In their correct anato ated with osteophytes and its forward
mical position  Note the large anterior protrusion between the new bony spurs

osteophytes and the shight kyphos

nucleus pulposus but most clinical importance attaches to those that form n
the postero lateral position and press upon the spinal roots in their course
esther through the intervertebral foramima or across the spal canal These may
account for certam of the neurological symptoms associated with spondylosis

Spond) losis
There 1s some confusion about the term spondylosis which should be resolved

The suffix sis or osis’ should never have been appended to a normal
anatomical term ltke spondylo which simply means vertebra Spondylosis by
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bone of the vertebral bodies 1s probably so firm that 1t cannot be displaced Periosteal
elevation and subsequent subperiosteal bone growth on the anterior rim of the vertebral
bodies occur therefore to one side or both sides of this igament

In Fig 87d the truth of this explanation of the origin of sptmal osteophytes 1s also
convincingly demonstrated 1n the scoliotic spme  Osteophytes develop only in the con
cavities where they are invariably present in every scohiosis that has been fixed for any
length of time The diagram illustrates their development The disc between 1 and 21s
normal The disc between 2 and 3 1s distorted by the tilting of the vertebral bodies
Such tilting in the early stages causes a displacement of the nucleus pulposus towards
the wider part of the disc on the convex surface of the curvature with the extruston of
disc tissue in the concavity and the growth of osteophytes around 1t The discs between
3 and 4 and between 4 and 5 show the degeneration or fissuring usually seen 1n sawing
through such a spine and the development of osteophytes again wittun the concavity
In Jong standing scoliosis there 1s almost always a secondary distortion of the vertebral
bodtes which become either rhomboid or wedge shaped (vertebrac 4 and 5) Alterations
m the form of both discs and vertebrae perpetuate the defornmty of the spine
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Fic 88 —Large section
paramedial sagittal plane of
three cervical vertebrac The
upper disc 1s healthy The
lower 15 degenerated and
protruded between the two
very large kissing osteo
phytes These are formed
of well developed bone ap-
plied as can be seen m the
case of the Jower onc to
the outside of the original
wall of the vertebral body
(Cellotdin section  Haema
toxylin and eosin x28)
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The two halves of the thoraco Jumbar portion of the spine of an elderly man
with much osteophytosis are shown m Figs 89 and 90 The left half (Fig 89)
has been macerated and the right half (Fig 90) retamns the soft tissues ncluding
discs and ligaments  These preparations clearly demonstrate the true nature of
vertebral body osteophytes and their dependence upon vertical collapse and hori
zontal bulging of the discs  This specimen showed no evidence of osteoarthritis
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end plates and 1re quie distinet from the hgamentous and marginal body
bridges of ankvlosing spondyhiis  In addition to degencration vertical or aniero
Jateral prolapse of the discs may contnbute to their narrowing and Schmorl s
nodes and antero lateral ostcophvies may be scen

The veriebral bodics are atrophic and may show some ostcoporosis but since
the discs first lose their turgescence the bi-conctve fish vertebra deformuty charac-
tenstic of scrule osteoporosis 15 not scen  The sertebral bodies tend however
10 become compressed 1n front and their shight wedge shape adds to the general
Lyphotic deformity

Adolescent hyphosis

This deformuty ts an exaggerition of the dorsal curve and extends often through
the lower thoracic (dorsal) and lumbar region It 15 hnown sometimes as
Scheuermann s discase and because of the often rigged or fragmented appearance
on the lateral radiograph of the upper 1nd lower mirgins of the vertebral body
(Fig 91) 1t 15 often considered to be tn epiphysitis or osteochondritss

F16 91 —Adolescent kyphosis  Lateral radio
graph showing charactenistically ragged sur
faces of the vertebrac some Schmorls
nodes and considerable kyphos (By conrtesy
of Dr J #ilkie Department of Radiolog)
Royal Infirmary  Sheffield )

When these spines are examined anatomically an almost continuous series
of vertical prolapses of nucleus pulposus (Schmorl s nodes) 1s seen (Schmorl
and Junghanns 1953) Nuclear herniations are the primary lesion although
abnormality of or injury to the cartilage end plates may predispose to thei
The discs collapse and forward tilting of the vertebrae follows The integrity of
the discs 1s lost early in the disease The ntegnty of the bones also ma ie I’ost
unless preserved by corrective or supportive treatment because pressalre nt
ference with their normal growth may lead to severe wedge deformuty of el:
vertebral bodies and consequent increase i the kyphosts ¥ Ty of the
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derivation strictly implies no more than the state of having vertebrae Osteo
phytosis, on the other hand denotes the state of having osteophytes which 1s
meanngful As a descriptive pathological term therefore, osteophytosts, or spinal
osteophytosts, 1s to be preferred Schmorl however, introduced spondylosis
deformans as a better substitute for the older term spondylitis deformans, because
he knew that the condition was non inflammatory The term certatnly renounces
this concept and beng less specifically descriptive than osteophytosis, 1t may be
held tonclude also the disc degeneration and collapse that underhie the osteophytes
Whatever the pathological state 1s called—the author still prefers osteophytosis—
a term 1s needed to designate that complex chinical syndrome of subjective symp
toms and objectrve neurological signs that 1s associated with a rather small propor
tion of lesions and spondylosis seems to be filling this need Let us therefore,
agree to call the clinical syndrome spondylosis and the pathological condition
spinal osteophytosts We may thus establish an analogy with nephrosts, which
has come to hase a clinical connotation more distinctive than 1ts pathological

Spondylosis then s the climical syndrome arising from an acquired deformuty
of the spine 1n which the principal pathological lesions are narrowing degenera
tion or prolapse of one or more intervertebral discs with osteophytosis of the
related vertebral bodies  The climical aspects of the matter are discussed else
where 1n this volume (see Chapter 9) but 1t may be useful here to recall the
observation of Inman and Saunders (1947) that the intervertebral disc 1s primanly
a part of the functional mechamsm of the spinal column and that 1ts relationship
to the spinal cord and the nerve roots 1s secondary and fortuitous In derange
ments of the disc these authors go on to say, one 1s dealing with a dual problem,
first deranged spmal mechanics that may give rise to disabihty and pam and
secondly the effects of spinal nerve or cord irntation and compresston that may
mclude not only pam but also objecttve neurological signs  Brain (1954) who
with Frykholm believes that the nerve roots in cervical spondylosis become
involved through a reactive fibrosis of the dural nerve root sleeve, pomts out that,
1n addition to direct compression by osteophytes or protruded disc and 1in addition
to the abnormally limited movement of the affected part disc collapse leads to
a shortening of the cervical spine thus disturbing the relationship between the
radicular nerves and their corresponding foramina

Semle kyphosis

This rather common deformity of the elderly 1s a smooth kyphotic curvature
of the upper and muddle parts of the thoracic spime usually with a straightening
out of the normal lumbar curve In 1ts advanced form semle kyphoss causes
the pronounced round shouldered stoop and forward thrust of the neck that
sometimes accompanies the general wasting and loss of stature of the old of
erther sex The deformity 1s apparently painless It soon becomes fixed through
ossification across the narrowed anterior parts of the discs

Sagittal section of the thoracic spine reveals the changes that affect primanly
the dscs and secondarily the bone The discs are degenerated severely atrophic
and narrowed especially 1n thetr anterior parts Brown degeneration 1s common
and bony bridges sometimes traverse the narrowest parts of the disc joinng the
spongiosa of one ‘ertebral body to the next  They are caused by penetration of
vascular granulation tissue from the broken down anterior parts of the cartilage
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Fic 92 —Normal vertebral body after maceration The normal testure of the
spongiosa 1s one of a system of rather thick trabeculac and small plates
of bone (x45) (Inset radiograph of the specimen )

A good comparison between the normal vertebral spongiosa and that of the
porotic vertebra 1s seen after maceration of the bones, thatis after removal of
organic soft tissues by caustic solutions or proteolytic enzymes (Figs 92 and 93)
Here 1t 1s seen that the normal strong system of little bony plates has been reduced
to a delicate web of thin struts

Cooke (1955) 1n a full discussion of many aspects of osteoporosts described
the great strength of the vertebral centra that normally can resist a crushing
force of some 600-900 pounds per square inch The porotic vertebrae he tested
were able to withstand some 300 pounds or less per square inch It 1s now well
known that patients with considerable osteoporosis may suffer fracture of several
vertebrae with shght or negligible injury The author s expertence, however 1n
examining many spines 1n the post mortem room s that old fractures are rarely
seen although osteoporosis 1s quite common

The well known fish vertebra deformity ansing from the biconcave com
pression of the vertebral bodies by expansion of the intervertebral discs 1s qulte[
often seen 1n the necropsy room as 1n the radiological department (Fig 94) but
this 1s not an inevitable consequence It cannot occur unless the discs retain
ther turgescence, and there are many cases 1n which the vertebrae become porotic
after the discs are already degenerated and narrowed

It 15 generally accepted that increasing age and sexual mvolution are important
factors n the development of osteoporosis The disease 1s commoner 1n the female
sex, occurring four times more often 1n women that 1n men 1n the series of Kesson
Morns and McCutcheon (1947) and six tumes more often 1 Cooke s {1955)
cases Albrighthas called 1t - post menopausal osteoporosis 1n order to emphasize
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THE BONES OF THE SPINAL COLUMN

Vertebral bone 1s by far the most interesting bony territory 1n the body, quite
apart from its articulations and discs and 1ts functions as the axis of the skeleton
and the protector of the spmal cord It contains most of the haemoposetic
marrow 1n adult Iife, and 1ts diseases and those of blood formation are often
intrmately related  The vertebrae are highly vascular, and perhaps on this account
they are the commonest skeletal site for the growth of embolic metastatic cancer
Though secondary tumours are common primary bone sarcomas of the spine
are rare  Nevertheless the vertebrae often contan lesions of such diffuse
neoplasms as myeloma Hodghin s disease and lymphosarcoma

Another special character of vertebral bone 1s that 1t 1s almost wholly cancellous
Having through its trabecular structure, a huge area of endosteal surface 1t can
display great cellular activity It can resorb regenerate and remodel 1tself quickly
and like the cancellous bone 1n the epiphyses of long bones 1t has a much more
rapid metabolic turnover than compact bone Degenerative processes such as
osteoporosis therefore become manifest first and foremost 1n the vertebral column
The lestons of Paget s disease are also most often to be found there

Osteoporosis

The term osteoporosts has a precise meanmng 1n bone pathology It means
a quiet atrophy of bone due to a farlure of regeneration rather than to an accelerated
rate of destruction (Collins 1949) In osteoporosis there 1s a reduction of the
mineral content of a bone pars passu with a diminution 1n size of the bone mass
The trabeculae of the spongiosa first show atrophy Changes mn cortical or com
pact bone the wideming of the haversian canals and marrow spaces and the
thinmng of cortical plates, occur more slowly

A moderate degree of osteoporosis not confined to the vertebral column 1s as
common an accompaniment of increasing age as atrophy of the skin and sub
cutaneous tissues or of the liver but in a more severe degree senile osteoporosts
notably affects the spongy bones of the spine and may cause clinical symptoms
These and the metabolic associations of osteoporosts are dealt with 1 Chapter 5
All that 1s necessary here 1s to emphasize 1ts pathologtcal features and relationships

Comparatne pathological features

Faced with histological preparations of osteoporotic bone, the pathologist 1s
unable to distinguish between senile osteoporosis and disuse atrophy What he
sees 15 bone tissue normally staining but composed of trabeculae and lamellar
sheets that are thinned and haversian canals that are widened There 1s no
endosteal cellular activity There 1s neither enhancement of osteoclastic resorption
nor evidence of new bone deposition by plump active looking osteoblasts There
are no osteoid borders What bone there ts appears otherwise normal and
undecalcified preparations 1s seen to be calcified normally The histologteal
appearances 1n fact confirm the view that osteopoross 15 caused by failure cf1
the osteoblasts to restore bone that has been lost in the normal cycle of resorption
That resorption ts not accelerated 1s borne out by the fact that as in normal
bone 1t 1s only by chance that the histologist sees any osteoclasts, and there 1s
never any area of osteitss fibrosa The marrow elements in the porotic bones
are quite unaffected
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Fic 94 — Senile ostcoporosis  Laterl
radiograph of lumbar spine  showing
adsanced rwefiction and  biconene
deformuy (fish veriebm) of the vertebral
bodies There1s compression of the body
of lumbar vertebra 1 and 1 strughtening
out of the lumbar cune (B conrten
of Dr 3 Wilhse Department of Radwlogy
Roval Infirmary Shefheld )

TABLE [
INCIDENCE OF OSTEOPOROSIS OI' VERTEBRAL CANCELLOUS BON
Hospital necropsies on patients Cases (++) (+) {+ and ++)
aged 40 years or over exammned | SG <1025 | §G 1025-1050 SG <1050
Men Yt 2 13 15=38 per
cent
Women 147 4 22 26=18 per
cent
Both sexes 336 6 35 41=12 per
cent
By the same yardstick the dence of vertebral ¢ 0s1s (both sexes) was found

to increase with age as shown in Table IT

TABLE Il
INCREASE OF VERTLBRAL OSTEOPOROSIS WITH AGT

Age group| Number of cases | Per cent
40—49 01n 45 0
50—59 11n78 1
60—69 71m 99 7
7079 201 94 21
80—89 12m19 63
90—99 1inl 100
Hustologteal of many sy showed them all to be examples of

simple osteoporosss and the figures mdicate its gre:

1n7

at frequency 1n the ageing population
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Fic 93 —Osteoporotic vertebral body after maceration On comparnson with
Fig 91 the reduction of the mass of bone 15 clearly seen There 1s here a more
open k of delicate 1 ome rather large pools of marrow

and there are very few plates of bone (x4 5) {Inset radiograph of the specimen )

what he considered to be one of the main factors 1n 1ts aetiology (Albright, Smuth
and Richardson, 1941)

Incidence

Some years ago the author made an assessment of the incidence of osteo
porosis at necropsy by examining the bone of the lumbar vertebral bodies 1n an
unselected series of necropsies

The defimtion of osteoporosis in terms of gross morbid appearances and 1ts recognt
tion mn the post mortem room for statistical purposes proved rather difficult A general
description mught be that the cancellous bone of the vertebral body was noticeably
light 1n weight could be minced up easily with scissors and on scrubbing the surface or
after maceration of the bone the cancellum was seen generally to have an abnormally
wide meshwork Bone like this was markedly rarefied radiographscally and the discs
showed biconvex expansion unless they were dehydrated or degenerated

Various attempts to measure the actual density of the bone were made and finally
the practice of cuthing out small cubes of cancellous bone from vertebral centra and
dropping them 1nto copper sulphate solutions covering a range of specific gravities
was adopted The method 1s a crude one but the results are of some interest In sprte
of the variables that attach to the presence of fatty and cellular marrow the main
reason for the mcreased density of bone over other tissues 1s 1ts nuneralization

Normal bone 15 heavier than specific gravity (S G ) 1075 The S G of some doubt
fully pathological bone ( + ) lay between { 050 and 1 075 Porotic bone (+) had S G
of less than 1 050 and a few specimens of very soft bone (4- 4) floated even at 1 025

The mncidence of osteoporosts so measured worked out as shown in Table I
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3 out of every 4 cases of the discise It 1s probable that Paget s disease remains
throughout life 1n a subchmical form in qbout two thirds of the cases  In view
of the great frequency of the disease and of its prevalence in subchinicat form
the incidence of fracture 1nd of sarcomt as complications have 1lways been much
over esimated  None the less, when to these we 1dd the much hrger number of
instances where Paget s discasc leads to pun or deformity, 1t clearly constitutes
a medical problem of considerable importince 1mong 1n ageing community

F16 96 —Isolated lesion of Paget s discase
n fourth lumbar vertebra  Radiograph
of a necropsy specimen of the half
vertebral bodies showing the box like
pattern of sclerosis with a more rarefied )
centrum ‘(

G

s \

ot
1% TR
HshRig

AN

e P
i

Paget s discase may 1nvolve any part of the bones of the vertebral column—
bodies spines or laminac—but 1t 1s tn the bodies that the processes of the disease
are best seen  Sometimes a succession of vertebral bodies may be affected
(Fiz 95) but affection of a single vertebra 1s not unusual (Fig 96) This single
affection was found by Delitala (1946) 1n 10 of 110 cases studied radiographically
The author also found solitary foct of the disease 1n about 10 per cent of cases
sometimes 1n a single vertebra but sometimes 1n the skull or elsewhere  Such a
leston, the so called monostotic or mono osteitic form of the disease d
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Paget’s disease

Paget s disease of bone ostertis deformans, almost certainly should not be
mcluded 1n the category of degenerative diseases but 1t 1s conveniently discussed
here It 1s degencrative only 1n so far as 1t 1s markedly age linked, being common
among persons of both sexes past muddle age, but the vigour of the cellular
reactions that lead to such a change and the enlargement of the bone mass that
may result put the disease rather 1n the category of a hyperplasia

Paget 5 disease affects the vertebral column especially in the lumbosacral regton,
more commonly than any other part of the skeleton The author found lesions
there m 76 per cent of the 46 cases where he made full necropsies

Lestons are not confined to the lower part of the spine but may occur In any
of the vertebral bones from the atlas downwards In a recently published survey
(Collins 1956) the author showed in the detailed examiation of the bones
650 unselected necropsies an incidence of lesions of Paget s disease of 37 per
cent among patients aged over 40 years dying 1n hospital This result compares
with Schmorl s (1932) figure of 3 per cent and confirms that a very large number
of elderly people have foct of the disease somewhere 1n the skeleton

FiG 95 —Paget s disease affecting four
lumbar vertebral bodies Osteolytic
phase 1s predominant The centra are
excavated and contam pools of red
marrow traversed by a few stout
vertical trabeculae Sclerosis of the
walls and end plates 1s not yet much of
a feature Vertical disc prolapses are
seen in connection with the lower two
discs

Further results presented 1n the same paper were compiled from data derived
from a total of 70 cases of Paget s disease pathologically studied They may be
summanzed here About 9 out of every 10 cases are found 1n persons aged at
least 55 years The sexes are affected probably in the proportion of about 4 men
to 3 women The lumbar vertebrae and sacrum seem to be involved m at least
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follows the reconstruction of lamellar bone  But this Jamellar bone s subjected
to rapidly changing phases of ostcoclistie resorption and osteoblastic regeneration
and appositional growth  The result 1s that the bone that 1s finally claborated
1s made up of a sort of mosaic of 11l orientated picces of bone  Each piece 1s
joined to the next by wavy  cement hines,” narrow bands of metachromatic
ground substance that contains no fibres (igs 99 and 100) Each picce has its
own fibrllar or lamellar pattern, and often the fibres my e in a direction sharply

FIG 98 —Pagets disease of lumbar
spme and sacrum  Antero postertor
radiograph (By courtesy of Dr J
Wilkie  Department _of Radiolog)
Royal Infirmary Sheffield )

at vanance with those of the adjacent pieces of bone (Fr

g 101) These are the
features that give what 1s known as the mosarc pattern to the bone of Pagets
disease, and this 15 the histological hall mark of the disease, stamped on every
area of lamellar bone that eventually develops n replacement of the original bony

structure
Chnucal features

The classical advanced case of the disease,
2go with the collapsed and kyphotic vertebral
bowed femora and tibiae, 1s very rare

as illustrated by Paget 80 years
1 column, enlarged cranum and
Much commoner among the relatively
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necessarily marh an early stage m Paget’s disease, since the solitary focus may be
m a late stage of pathological evolution A solitary focus simply represents a
Iimited 1nvolvement of the skeleton It 1s an impressive example of what Albright
and Reifenstein (1948) and others have been at pamns to pont out, that Paget s
disease 18 never a generalized bone disease  Although the lesions may be multiple
©Or even in rare cases quite widely dissermnated, they remain focal, and as a rule,
the greater part of the bone throughout the skeleton shows no pathological,
change whatsoever
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Fic 97 —Pagets disease  Vertebral bone after maceration The coarseness
of the tracery of trabeculae 1n the spongy bone that develops 1n this disease
1s emphasized by comparison with Figs 92 and 93 (x 45) (Inset radio
graph of the specimen )

The coarse tracery of masstve trabeculae that develops 1n the bone affected by
Paget s disease 1s well shown in Fig 97 which may be compared with Figs 92
and 93 It 1s this rough scaffolding that gives rise to the well known radiographic

appearance (Fig 98)

Microscopical changes

The microscopical changes that occur 1n the bone 1n Paget s disease begin with
the osteoclastic resorption of existing bone  This 1s quichly followed by the active
proliferation of primitive coarse fibred bone 1 a bed of celiular fibrous tissue
that replaces previous adipose or haemopoietic marrow tissue In its wake there
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Radiological changes

The radiological diagnosis of Piget's disease tn the spme may be uncerimn
The radiographs during certun phises of the disease may show hazy or blotehy
shadows represeating yumbled rens of osteolysis and regeneration Tt s only 1n
the later stages of evolution of the discse 1n 1 bone that the charctenstic cowsely
striated X £1y pattern ppears, often to be followed by an tnceeasing degree of
sclerosis 1o the eardier phases the dragnosis may rest between Paget s disease
or Osscous metastases of caramom  Some help may be got from the rdiological
exammation of other arens of the skeleton  The nibs are not very ofien affected
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Fi6 101 —Sectton of bone in Paget s disease viewed 1n
olanzed hght
the various axes of fibre ortentation 1n adjoining, pieces gf lnmcllarlﬁonem(:s('ll%%

in Pagets disease but carcinomatous metastases often lodge

other hand the tihia 1s but rarely the seat of metastases bu{g mlar; ;l;fon\:f a?}n xtct:l;
Paget discase lesion If it 15 the lumbosacral spine and pelvis that are rsdno
graphically abnormal disseminated prostatic carcinoma may have to be con.
ts;dc:red An increast 1n the serum level of acid phosphatase supports this latte;
¢ ;;i?;szllsre ;r:n:c(cdaiy p}l:oshpha:ase 15 mcreased mn Paget s disease and 1f the

y 1gh values up to and over 100 King Armstrong v

may be determmed  Such high values i the absence er. o5 are
virtually diagnosuc of Paget s disease The 51gnlﬁcancce a%fol:\‘l,;rsﬁéshotr?:;ieazz
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small proportion of sufferers who at anytime present chnical signs and symptoms
are those with a few bones affected—a few vertebrae, one tibia perhaps, part of
the pelvis one clavicle and the skull

There are no distinctive chinical features of the disease Aching pain m the
affected part 1s the commonest symptom This 1s varied  Sometimes 1t 15 pamn

Fi6 99 —Section of bone 1n Paget s disease
showing the charactertstic mosaic pattern
Variously shaped pieces of lamellar bone
are Joined to one another by darkly stamed
cement lines Note the fibrous reaction still
present 1n some marrow spaces (Haema
toxylin and eostn % 18)

Fi16 100 —Section of bone 1n late quiescent
Pagets disease  The mosaic pattern 1s
clearly shown by the unstamed cement
lines joining the irregular pieces of lamellar
bone (Silver stain for retsculin fibres x18)

on movement or hfting sometimes pam on warmuing up in bed and sometimes
1 disease of the vertebrae a girdle sensation that Turner (1940) thinks may be
due to a gradual narrowing of the imtervertebral foramma Enlargement and
deformuty of the vertebral laminae may occasionally lead to objective neurological
signs from compression of the spinal cord Thirty examples of this have been
collected by Colclough (1949) The condition 1s fully described by Turner (1940)
who points out that the upper level of compression 1 Paget s disease 15 nearly
always at the second-fourth thoracic vertebrae and that since 1t 1s not the advanced
case that presents spmnal compression the neurological symptoms may first
announce the disease A special type of deformity with 1ts own neurological
consequences 1s platybasia caused by telescopmg the cervical spine ito the soft
diseased bone of the base of the skull Fracture of vertebrae affected by Paget s
disease may result from rather trivial injuries  Sarcoma 1s a rather rare but
important complication of the disease from which the vertebrae are not exempt
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CHAPTER 5

OSTEOPOQROSIS

REGINALD NASSIM

INTRODUCTION

Tie whole concept of metabolic bone discase has been put on a firm scientific
basis within the last fifteen years mainly through the work of Albright and his
associates  Before that time 1t 15 true that demineralizing processes affecting the
spine had been recognized and described (Meulengracht 1939 Black Ghormley
and Camp 1941 Burrows and Graham, 1945) but in all these papers there was
only speculation regarding the actiology although 1t was noted that the condition
was commoner 1n the elderly and in women However no true distinction such
as 15 recogmized today was made between osteomalacia and osteoporosts

The approach to the whole problem of diagnosis prognosis and treatment has
been immeasurably simplified by 1mproved biochemical techmiques and by the
ntelligent use of metabolic balance studies In this way osteoporosts and post-
menopausal osteoporosts were clearly defined by Albright Smith and Richardson
(1941)

It 1s, therefore depressing to record that the whole subject of osteoporosis
still recenves such scant recognition mn British medical textbooks a fact pointed
out by Cooke (1955) 1n his admirable survey This state of affairs 1s indefensible
because post menopausal and senile osteoporosis are the most common of all
spinal diseases and are likely to increase still further 1n frequency with the steadily
nising age of the population From the economic point of view alone and apart
from the symptomatic relief to the sufferers awareness and early recogmtion of
the condition would seem deswrable Intermuttent courses of hormone therapy
would stmply and effectively treat many of the patients who at present attend
their practitioners and are referred to overworked physiotherapy departments

DEFINITION

There has hitherto been much confusion 1n the precise diagnosts of the condition
because the term osteoporosis has so often been a radiological one hence any
demineralizing process of the spine and pelvis has been labelled osteoporosis

There are many metabolic conditions that may give nise to an identical radio-
logical picture and 1t 1s therefore essential to make a precise dragnosts and then
to qualfy 1t for example osteoporosis due to the post menopausal state or to
Cushing s disease

Correctly, osteoporosis means atrophy of bone from depression of osteablastic
activity This allows normal catabolism to outstrp anabolism so that eventually
there 1s mnsufficient osteord tissue capable of normal calcification and hence a
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1 serum alkaline phosphatase may, however, be hard to assess On the one
hand small solitary foci of Paget s disease may put out no great amount of phos
phatase, and on the other hand a moderate ncrease of alkaline phosphatase
n the serum may accompany carcinomatosis if the metastatic deposits are
osteoplastic ~ Sclerosing or osteoplastic metastatic tumours 1n bone may be
of prostatic origin as 1s well known, but they also occur, and by no means rarely
in disseminated cancers from breast, bronchus and other organs

Conclusion

The cause of Paget’s disease 1s quite unknown Even the nosological category to
which 1t should belong 1s unsettled Its inclusion 1n this chapter on degenerative
diseases may perhaps be justified only by the convenience of discussing 1t 1n this
place
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CONDITIONS IN WHICIL OSTEOPOROSIS MAY BE [XPICTID

Immohization

Immobthzation 1s 1 well recognized cause for the rapid onsct of ostcoporosis
This 15 duc to the removal of the normal stmulus to osteoblistic actvity
namely the stresses and struns of weight beanng and active mosement  When
the spme or 1 limb 1s immobilized 1n 1 plaster esc there 1s 10 mmmedite rise m
the uninary output of calctum which produces 1 negative caletum balance and
the state continues bl freedom ts restored  Thus form of osteoparosis 1s commenly
scen 1n patients immobihized for tuberculous discase of the spine A similar
picture occurs i patients with widespread paralysis for mstance severe anterior
poliomychtis  Apact from these conditions long stinding nkylosing spondyhitis
sometimes presents a severe degree of spinal porosis presumably caused by a
combination of the inflammatory process and tmmobihity of the spine

Age

Osteoporosis tends to become commoner and more pronounced with 1dvancing
age as part of the generl atrophy of tissue, such s affects 1lso skin muscle and
hair This process 1n the ageing bones 1s attributable to 1 combination of factors,
the most important of which are (1) the dimmshed mobility of old people (2)
their tendency to a decreasing intake of food and (3) changes in hormonal balance

Menopausal osteoporosis

Women are not only affected more often than men but generally younger
The frequency of osteoporosis increases after the menopause and at an age
usually before 65 years that cannot be attributed to semhity The spine may be
serously affected without evidence of atrophy of other tissues This condition,
called post menopausal osteoporosis was defined by Albaght Bloomberg and
Smith (1940) and Albnight Smuth and Richardson (1941)

These workers had noted the physiological experiments demonstrating the
effects of oestrogens and androgens on the skeletons of birds and mammals which
have been summanized by Gardner and Pfeiffer (1943 ) They carried out balance
studies on post menopausal women with osteoporosis and these showed that
the women were 1n negative calcium and phosphorus balance and that both
oestrogens and androgens had a beneficial effect on the calcrum and phosphorus
balance, causing a reduction n both unnary and faecal calewem  Androgens 1n
addition favourably influenced the nitrogen balance and the two hormones
appeared to act synergistically

The state of the spine 1s the same in both senile and post menopausal osteo-

porosis and treatment with oestrogens and androgens 1s beneficial 1 both
condrtions

Cushing’s syndrome

Osteoporosis affecting the spine 1nd pelvis has been well recogmzed 1n
Cushing s syndrome for many years Once agan we are indebted to Albright
(1942-43) for a rational mterpretation  He postulated that the condition
was due to excessive production of the adrenal S hormone which mhibited

protem synthesis and was in contrast to the state in the adrenogenita] syndrome
where there was an excessive production of the N hormone which had
androgenic effects His predictions have been amply confirmed since the chemical
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less dense radiographic image There 1s no abnormality in the metabolism of
calcium and phosphorus, and therefore no change m the serum levels of these
constituents

There are many different causes or combinations of causes that can lead to
depression of normal osteord formation and hence to osteoporsis

Replacement of osteoid tissue

Certain broad principles may be accepted for the formation and normal
replacement of adequate osteoid tissue

(1) The genetic background of the individual must be normal an abnormality
that tends to the formation of abnormal connective tissue may prevent the forma
tion of osteoid tissue as for instance n osteogenesis imperfecta

(2) For the proper formation and replacement of osteoid a reasonably adequate
diet must be provided with sufficiency of protein vitarmins and minerals

(3) The most important stimulus to bone formatton 1s adequate weight bearing
and the physiological stresses and strams that go with it Therefore any prolonged
immobrlization or paralysis will tend to diminish this normal stimulus to osteo
blastic activity and lead to osteoporosis

(4) It has become abundantly evident 1n the last decade that a properly balanced
hormone state 1s essential

The glands known to influence the skeleton are the pitwitary ovares and testis
the suprarenal cortex and the thyroid and parathyroid glands

With these basic facts i mind we can now discuss the various climcal conditions
1 which osteoporosis of the spine 1s probable

CONDITIONS IN WHICH OSTEOPOROSIS MAY BE EXPECTED

Malnutrition

Severe and long continued malnutrition will eventually lead to atrophy of bone
and 1 Western Europe 1t 1s unlikely to occur except 1n unusual circumstances
such as famine dunng periods of war It may, however occur in countries
where the standard of living 15 low and where the metabolism 1s adjusted to a
low total calorie mtake and the diet 1s defictent particularly in protemn calcrum
and phosphorus when the skeleton 1s light compared with that of people on
an adequate intake as judged by western standards The only cases of osteoporosis
due to malnutrition seen by the writer were 1n patients with long standing anorexia
nervosa The condition may sometimes follow total or subtotal gastrectomy
Recently Atkinson Nordin and Sherlock (1956) have described the skeletal changes
1n intestinal malabsorption due to long standing btliary obstruction and jaundice
The histological picture was mixed with evidence of osteomalacia m some
osteoporosis 1n others or a combination of the two conditions 1 the same patient

Deficiency of vitamin C
Vitamin C 1s essential for normal connective tissue formation and 1ts absence
from the diet gives nise to the well recogmzed skeletal changes that can occur
innfancy In the adult these changes are not usually seen 1n pure form but assoct
ated with multiple dietary deficiencies  On theorefical grounds deficiency should
lead to porosts of bone
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SYMPTOMATOLOGY
SYMPTOMATOLOGY

Pronounced ostcoporosts of the spine mny be symptomless The commonest
presenting symptom 15 pain in the brck usuntly confined to the fower thoricic and
lumbar spime  Occastonally the pun is nlso of airdlc type radiating around the
nb margms and sometimes it M1y sprend into the buttocks and thighs

The onset 1s usually gradual though sometimes 1t 15 sudden with the feeling
of somethung  givng 10 the back, ns after 1 jolt from stepping heavily off a
Lerb or bus The ache 1s usually relieved by lying down though sitting or standing
1n one position for any length of time tends to mike it worse as also docs walking
and any movement that may jir the spinc—coughing, sncczing or straming
Some patients notice loss of height or 1 protuberent punch from approximation
of the lower nibs to the 1hac crests

In the elderly particularly the picture may be complicited by other degenerative
conditions such as cervical spondylosis lumbar disc degencration and osteo
arthritis of the hip

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

The diagnosts of the cause of the osteoporos:s rests mn the first place on an adequate
clinieal history and thorough clinical examination the value of which cannot be
over emphasized, secondly on the radiological and biochemical investigations
and thirdly 1n some of the less clear cut cases on a full hhematologienl examina

tron with bone marrow biopsy In certain instances bone biopsy may also be
necessary

Assessment on the Clinical History and Examination

The mmportant points to be considered are as follows

The age of the patient the duration of symptoms and whether or not
immobihization has been a feature are significant Information should also be
sought about the diet and about bowel habits, because steatorrhoe 1s a phasic
disease and can be mild and without the passage of typical fatty stools In both
sexes evidence of normal sexual development should be sought and in females
the tme of onset of menstruation and of the menopause whether natural or
artificially produced It 1s also important to ask about previous operations
particularly on stomach pelvis or urmmary tract, a history of renal colic or
lithotomy may betray hyperparathyroidism

The physical examination in most cases will reveal the presence of glandular
abnormality with the well known stigmata of hyperthyroidism Cushing s disetse
or acromegaly Examination of the spine will usually show a smooth Kyphosis
or hyphoscohosis A sharp angulation suggests not a generalized spin-! affection
Iike osteoporosis but a disease affecting a part of the spine such s fracture
secondary metastatic deposits Pott s disease or solitary or multiple myeloma
When loss of height has occurred through multiple vertebral collipse the lower
ribs approach the 1liac crests with consequent abdonunal protubertnce

Measurements should be made of the span and of the distance from vertex to
pubis and from pubss to heel This will confirm the loss of height 1n the spine
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1solatton of cortisone and hydrocortisone, the continued adminstration of
which can produce spinal porosis and fractures

The distribution of the porosis 1n Cushing s syndrome resembles that i semile
and post menopausal porosis but as Dent (1955) has observed the fractures
which may occur 1 ribs or pelvis heal with the production of excess callus 1n
contrast to 1its paucity mn the senile and post menopausal cases

The pathological features have been described by Follis (1951) and Sissons (1956)

Thyroid gland diseases

Osteoporosts may occur 1n association with thyrotoxicosis but 1s not usually
pronounced The serum levels of calcium phosphorus and alkaline phosphatase
are normal but there 1s an increased output of calcium 1 the urine and faeces
The negative calcium balance 1n this condition was demonstrated by Aub and
his colleagues (1929)  They showed also that the calcium execretion 1s decreased
m myxoedema  The osteoporosis of thyrotoxicosis has been attributed to the
negative nitrogen balance produced by the increased metabolic rate and general
loss of tissue

The histological picture 1 bone appears to be a mixed one Follis (1953)
found areas of osteoporosis and other areas with increased vascularty and osteo
clastic erosions and 1n 6 of the 20 spectmens studied osteoblastic borders were
also noted

Acromegaly

Osteoporosis may also occur 1n acromegaly The cause 15 not known but 1s
probably a combination of factors (Albright and Reifenstern 1948) These include
depression of ovanan and testicular function which 1s known to occur, over
activity of the thyrotd or parathyroid glands which sometimes occurs, and possibly
the high protein requirements 1n this disease
Ovartan and testicular maldevelopment

Because oestrogens and androgens are necessary for normal skeletal develop
ment and because osteoporosis 15 common after the menopause and m old age
1t 15 not surprising that osteoporosis occurs 1n the absence of ovarian and testicular
development It has been noted by Albright Smith and Fraser (1942) 1n ovanan
agenesis and there are corresponding findings 1n males
Idiopathic osteoporosis

Finally there 1s a distressing group of cases in which severe osteoporosis
occurs without known cause The condition 15 called 1diopathic osteoporosts
and the cause may not necessarily be the same 1 all cases The patients more
often female than male tend to present 1n the second and third decades of life
There appears to be no endocrine abnormalty The course and symptoms
fluctuate and treatment ts usually disappomnting Nordin and Roper (1955)
have described four women 1n whom osteoporosis and compression fractures
were found during or soon after pregnancy and who improved with treatment
It 1s likely that porosis antedated pregnancy No history of dictary deficiencies
which might possibly have contributed was mentioned The authors suggested
that the cause might have been an excess of adrenal corticords which 1s known
to occur duning pregnancy but as Cooke (1955) has pointed out the oestrogens
also are increased 1n the blood during this period Without further studies 1t 15
difficult to place these cases satisfactonly n any group
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Grade 111 1s a further
ving mise to the socalled codfish vertebr
gvl(stinsfoln gf this with single or muluple \ertebeal callapse, as excmplified 1n
Fig 102

The important points in the radiologicn) dingnosis are

(1) Umformity of demneralization I only one or two vertebrae are affected
or collapsed and the 1djrcent ones appeir norm 1l this s much more 1 favour
of a locahzed discase or malignant deposit .

h as occur 1n hyperpara

2} The presence 1n the ribs and pelvis of cysts sucl

\hgrlxd\smp or the muluple rounded tewnslucencies of multiple mycloma or the

Fic 103 —Cushing s syndrome with fracture in pelvis showing excess callus

symmetrical pseudo fractures of osteomalacia which are so commonly found 1n
the rami of the pubis and 1schium and also in the ribs  In post menopausal and
senile osteoporosis apart from the spinal deformity pathological fractures of ribs
and pelvis are uncommon but they are less so in the 1dtopathic variety and in
Cushing s syndrome  As Dent (1955) has pointed out there 15 a tendency for
excesstve callus formation 1n the fractures associated with Cushing s syndrome
Ths s 1llustrated in Fig 103 which shows the pelvis of a woman with Cushing s
syndrome on whom subsequent operation was successful

In post menopausal and senile osteoporosis there 1s usually httle change 1n the
long bones and shull and often none This 1s not necessarily true of the wdiopathie
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and 1s useful 1n following progress These measurements will also reveal cases
of eunuchoidism 1n which the limbs are disproportionately long 1n companison)
with the trunk In rickets and osteomalacra the loss of height 1s due mainly to
bowing of the lower limbs

With this clinical assessment a presumptive dragnosts can usually be made and
confirmed by the other diagnostic aids

Radiological Diagnosis

The radiographic appearances of the spine are non specific and common to all
conditions of demineralization of the skeleton

It 1s of course true that radiology of other bones mcluding the skull may be
of pnime tmportance 1n differentiating such conditions as hyperparathyroidism
osteomalacia and multiple myeloma

Fic 102 —Typical porosis with codfish vertebrae

The typical appearances of the spine are well known and for convenience have
been assessed 1n three grades (Donaldson and Nassim 1954) In Grade I porosis
there 1s a coarsening and paucity of bone trabeculation with a stencilling of the
outline of the vertebral bodies Grade 11 proceeds to a swelling of the intervertebral
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bra Geade U 1s a lurther
ving mise to the so cilied codfish verte!
Sﬁznsﬁ;n n(%l' this with single or multiple vertebral collapse as exemphfied
Fig 102

The important points the radiological diagnosis are

(1) Umiformity of demunerilization  If only one or two vertebrac are arﬂcclcd
or collapsed and the adjacent ones ppear normal this 1s much more in favour
of a locahzed disease or milignant deposit )

h as occur 1n hyperpara

9) The presence 1n the ribs and pelvis of cysts suc

thgrzndlsmp or the multiple rounded translucencies of multiple mycloma  or the

Fic 103 —Cushuing s syndrome with fracture i pelvis showing excess callus

symmetrical pseudo fractures of osteomalacia which are so commonly found
the ramt of the pubis and 1schium and also 1n the ribs  In post menopausal and
senile osteoporosts apart from the spmal deformity pathological fractures of ribs
and pelvis are uncommon but they are less so in the idiopathic variety and n
Cushing s syndrome  As Dent (1955) has ponted out there 1s a tendency for
excessive callus formation 1 the fractures associated with Cushing s syndrome
This 1s tllustrated 1n Fig 103 which shows the pelvis of a woman with Cushing s
syndrome on whom subsequent operation was successful

In post menopausal and semile osteopoross there 1s usually hittle change in the
long bones and skull and often none This 15 not necessarily true of the idiopathic
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variety Fig 104 shows radiographs of the fect of 4 woman aged 28 years with

marked demmeralization and fractures of the metatarsals Her development and

menstrual history were normal, and no biochemical abnormality could be found
In any doubtful case a complete sheletal survey 1s necessary

Fic 104 —Rad ohs of a foot 1 1d showing fractures of metatarsals

Biochemical Diagnosis

Although the biochemical findings in the serum are normal i ostcoporosis
nevertheless these negative findings are essential m confirmation of the diagnosis
and can help greatly in the differential diagnosts

Every patient with osteoporosts should have an estimatton performed of
serum calcium phosphorus alkaline phosphatase proteins and albumin globulin
ratto

The urine should be exammed for the presence of proten normal or
abnormal and 1 doubtful cases estimations of the 24 hour urinary output of
calcium should be checked If protein 1s mncreased n the serum further diagnostic
help can be obtained by electrophoresis both of the serum and of the urimne also
1f necessary after concentratton
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The important points w the differentil diignosis re

(1) The serum calcium in 0stcoporosis 1s always within normal linuts

(2) The serum phosphorus s normal or, as has been noted by Albright Smuth
and Richardson (1941) and confirmed by Donaldson 1nd Nassim (1954) on the
hgh side of normal

(3) The alkaline phosphatase 1s alwys normnl

(4) The urinary caleium m1y be high or normal depending on the duration
of the condition 1f the pitient 1s for 1y reason immobthzed the urnary caleium
will tend to be rused In the Metabolic Uit of the Royal National Orthopaedic
Hospital and the Institute of Orthopacdics 1n excretion of more than 250 mill
grams of calcium n the urine 10 24 hours 1s regarded as abnormal

In uncomplicated cases of osteoporosis the urmnary caletum ss not usually found
to be as high as m hyperparathyroidism, multiple myclomatosis Cushing s
syndrome or thyrotoxicosis

Any doubtful or abnormal values must be checked and other causes for the
demineralizing process be considered  For instance, 1f osteomalacia 1s present
the serum will be likely to show a low normal or low serum calcium and a low
phosphate figure in the presence of a raised alkaline phosphatase and with
low or absent urinary calcium In hyperparathyroidism the serum calcium
will be raised phosphate low and phosphatase raised with a much raised urninary
caloium  Dafficulty may anise if renal damage has occurred In this case the
phosphate may be rised by retention and the calcium Jowered Under these
circumstances the blood urea also will be raised and there may be acidosis !
In multiple myelomatosis the serum calcrum 1s usually normal but may be rased
However the serum phosphorus and alkaline phosphatase are normal There
15 of course other evidence i the form of hyperglobulinaerma with high sed1
mentation rate and protein may or may not give the reactions of Bence Jones
proteose  In Cushings disease the serum calcium 1s normal and the urinary
calcium output 1s high  The dragnosis depends on 1ts well known chnical pattern
and should cause no real difficulty except 1n mild cases In the osteoporosis of
thyrotoxicosis the serum figures for calcium phosphorus and atkaline phosphatase
are Iikewise normal and the uninary calerum 1s high  In acromegaly the serum
phosphate 1s raised but calcium and alkaline phosphatase are normal

Once
again most cases will be diagnosed without difficulty

Blood Exammation

The haematologist may be of great help i the differential diagnosis of osteo
porosis for 1n uncomplicated post menopausal or senile osteoporosis the blood
count and sedimentation rate should be within normal limits  If anaema 15
present and there 15 a raised sedimentation rate then these must be accounted
for The most common cause of osteoporosis with anaemia and a raised sedimenta
ton rate 15 probably multiple myelomatosis or malignancy and the diagnosis|
can be confirmed by the finding of the typical cells by marrow puncture In most
cases there 1s also an increase 1 total serum protemns with typical elevation of
the gamma globulin fractions which can be confirmed by electrophorests

Leukaemias occasionally give rise to osteoporosis affecting the spine and here
agam the haematologist may be able to gue the correct diagnosts  Examination
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of the blood may also help to confirm the diagnosis of Cushing s disease 1n which
there 15 usually a high normal red cell count 1n the presence of a lymphopema
relative leucocytosis and absence of eosinoptuls

Rheumatic conditions such as ankylosing spondyhtis or rheumatoid arthnitis
which are often associated with anaema and raised sedimentation rate should
give rise to no difficulty in diagnosis

Bone Biopsy

This procedure will be necessary only in a few obscure cases The histologist
can confirm the presence of osteoporosis by the presence of thin lace like and
fragmented trabeculae 1n the specimen

Osteomalacia 1s recognized by its osteoid seams and hyperparathyroidism by
the fibrosis and pronounced osteoclastic and osteoblastic activity Cystic changes
may also be revealed

Although the histologst can confirm the presence of osteoporosis he can give
no indication of 1ts cause In recent years needle bropsy of vertebrae has been
carried out but of this the writer has had no experence

The above diagnostic points are summarized 1n the Table

TREATMENT

The treatment naturally depends on an accurate diagnosis of the underlying
condition By far the largest number of patients are in the post menopausal
or senile group In these cases the admmistration of hormones leads usually to,
marked relief within 2 month

1t 1s best to give a combination of oestrogen and androgen The dosage need
not be high The writer has found for some years now that a combination of
stilboestrol 1 milligram 1n the morning followed by a sublingual tablet of methyl
testosterone 5 or 10 milligrams at night has been quite satisfactory

With this dosage the side reactions—such as bleeding excessive vaginal discharge
tenderness of the breasts acne or hoarseness of the voice—have been insigmficant
The treatment 15 given 1n repeated courses lasting 2 3 months with breaks 1n
between about three times a year  Apart from the symptomatic relief the effective
ness of the treatment may be judged by a drop in the serum phosphate
This change 15 probably produced by a suppression of anterior pituitary actvity
and a consequent mcreased clearance of phosphate by the kidney (Nassim Saville
and Mulligan 1956) Together with the hormone therapy an adequate intake of
protemn and calclum must be mamntamed Diet does not usually play a part 10
post menopausal cases but 1t may well do so 1n some cases of senile osteoporosis

In those patients who give a history of inadequate intake of protemn calcium
and vitarun D supplements may be necessary Adequate calcium intake can
best be achieved by drinking more milk

Immobilization should be discouraged as 1t promotes further porosis
Mechanical supports are usually unnecessary but on occasion they may help
and then they should be of the lightest construction Treatment for ovarian or
testicular agenesis will be as recommended above For the treatment of the
porosis of Cushing s syndrome whether due to adrenal tumour or hyperplasia
adrenalectomy exther total or subtotal 1s the method of choice with subsequent
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hormonal replacement Swmilarly, for those cases arsing 1n thyrotoxtcosis the
usual hines of treatment erther medically with antithyrond drugs or by surgical
removal of the gland, 1s adequate The porosss of acromegaly can be helped by the
admmistration of oestrogens and androgens as previously mentioned

Although hormonal treatment produces marked symptomatic rehef 1 most
patients, and although balance studies show that the negative calcium balance
can be corrected the amount of calcium retamned daily 1s smalf and radiological
mmprovement 15 disappointing even after 3-4 years of treatment

The management of patients with idiopathic osteoporosts has been usually
very disappointmg  This group 1s probably not homogeneous Most do not
react favourably to the admunistration of hormones though occastonally both
symptomatic and metabolic improvement can occur

In some cases mfusions of plasma or albumin have led to a postive caluum
balance manly by decreasing the uriarv output of calawm (Albnght and
Reifenstein 1948 Anderson 1954) but the infusions have to be repeated every
few months

CONCLUSION

In conclusion although there have been encouraging advances 1n our knowledge
of osteoporosis that knowledge 1s still very mmperfect and many fundamental
questions awaut an answer for wnstance why so many persons escape this par
ticular tacet of the ageing process and why fractures heal so readily mn spite of
severe porosts  Much further work ts also necessary to understand the mechanism
of the rapid porosis that follows mmobilization m plaster and to discover
methods to counteract 1t successfully
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CHAPTER 6

TUBERCULOUS DISCASE OT' THE SPINE

J A CrowMEeLLY

CLINICAL PICTURL

THE coMMONEST regions of the spine to be affected by tuberculous disease are
the lower thoracic and upper lumbar In the indvidual vertebral body the disease
usually starts anterrorly at or near the upper or lower margin Two or more
adjacent vertebral bodies are commonly affected and the nutrition of the inter-
vertebral disc 1s mterfered with  Consequently the disc becomes thinned  This
narrowang of the intervertebral space 15 one of the earliest changes seen 1n radio-
graphs of the tuberculous spine

The accompanywng inflammatory endarteritis causes cellular death of varying
intensity 1n the vertebral body as a result of which pus formation occurs and
sometimes bony sequestration, usually amounting to a coarse sand  but some-
times leading to the formatton of definite sequestra which may be recognized
in the radiographs In addition to bony sequestra a degenerate intervertebral
disc may become separated

In the thoracic spme paravertebral shadows, usually mndicative of pus are
almost always seen in antero posterior radiographs 1 the active stage of the
discase  In the lumbar region this pus usually spreads along the sheath of the
psoas muscle, where 1t can be seen as a distension 1n radiographs and often felt
as a fluctuant mass n the corresponding 1hac fossa  As healing occurs the pus
m these abscesses thickens and may ultimately become calcified The abscess
shadow however, may remain unaltered for a very long time, consisting largely
of a thick wall

In many cases activity of tuberculous spinal disease 15 not difficult to assess
The patient child or adult 1s obviously unwell has lost weight, has might sweats
and runs an evenuing temperature The spine 15 stiff and pamful with a localized
kyphotic deformity which 1s tender on percussion also there 1s spasm of the
vertebral muscles In addition to the above an abscess may be found on chnical
examunation It 1s however not uncommon for several of these symptoms and
signs to be absent 1n cases of proven active tuberculous disease  For example,
the patient may neither look nor feel 1ll there may be no evening nise of tempera
ture little pain and no obvious deformity Radiographs may show little abnor
mality and tomographs may be needed to demonstrate clearly the site and extent
of the disease
tuétergl?gus“xlnf(:cct:o:et u‘r;poZSIblehm the relatively chronic low grade type of
Clieal eeameation o cc}l1 e w ben the active stage of the disease has ended
sedimentation ot mamla)\y show 1a sence of pain and muscle spasm the blood
o, Tor g rate ! y be normal yet serial radiographs taken at regular intervals

s months may reveal slow progressive destruction of bone
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Tomographs may be essent1al in some cases This slow progressive destruction
may even occur after a successful spine graft when the effictency of the graft
may conceal some of the usual signs and may prevent collapse and bone apposition

CONSERVATIVE TREATMENT

The basic principle of treatment 15 rest—general rest both mental and physteal,
and Jocal rest by some form of splintage For the tuberculous spine many forms
of sphints have been designed and used, and examples are the Bradford frame,
Jones spinal frame plaster bed and the Berch box Treatment with hyperextension
at the site of disease separates the diseased rarefied vertebral bodies during the
active stage treatment with small pads placed above and below the kyphos
encourages apposition of the diseased vertebral bodies throughout treatment
and at the same time produces small compensatory curves above and below the
leston  But probably all that 1s required 1s rest 1n a splint frame or plaster bed
so designed that collapse at the site of disease 1s minimized  Nursing the patient
particularly a child 1n the prone extended position was advocated by Rollier
This keeps the posterior spinal musculature 1 good tone acting as Rollier
described 1t ‘as a splmt  This position can at least be psed with advantage
towards the latter part of the active stage of the disease

Antibrotics

Whatever form of splintage 1s used 1t should be combined with spectfic antt
biotics such as streptomycin para ammno salicylic acid (P A §) 1somcotime actd
hydrazide (I N A H) and ortho hydroxybenzal 1sonicotinyl hydrazone (O HIH)
Opinions vary on the combinations of these and other antibtotics that are most
useful but a common and satisfactory combination 1s streptomycin 1 gramme
daly PAS 15 grammes daily, divided into six equal doses and INAH 200
milligrams daily divided into four equal doses  These are average doses for adults
For children under 10 years half these doses are used and for those between 10
and 16 years three quarter doses are used 1n each case 1f the children are of
average weight for therr age O HI1H 200 muiligrams datly divided mnto four
equal doses can be used 1n place of P A S but should always be combined with
pyridoxine 50 milligrams daily to prevent neuritis  In all cases toxic complications
must be watched for thus streptomycin may cause deafness and giddiness P A S
may cause digestive upsets or rashes and O HI H, neunitis It should also be
remembered that some people are abnormally sensttive to streptomycint and those
administering the drug may develop rashes which may not only be very resistant
to treatment but also recur whenever there 1s contact with the drug It 1s therefore
advisable for those admimistering 1t often to wear rubber gloves or at least to
wash their hands very thoroughly afterwards

The combination of streptomycin PA S and I N A H should be given for 3
months the case should then be generally reviewed and the same combmation
of drugs repeated for a further 3 months but with the streptomycin given only
three times a week There 1s a tendency amongst those treating pulmonary
tuberculosts to continue these or simlar anubiotics for longer periods even up
to I year and 1t may be considered desirable to do so 1n orthopaedic tuberculous
lesions Cases of tuberculous disease have been seen where further lestons have
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occurred a year or more after the ongnal onc in spite of targe doses and even
prolonged courses of antibiotics 1T these prolonged courses are necessary it s
all the more essential to be aware of the possible toxic complications and to watch
for them because their onset 1s often insidious 1nd may continue after the causative
drug has been discontinued

Value of antibiotics

It 1s very doubtful 1f any of the present antibrotics will eradicate tuberculous
wnfection in a patient even 1f the drug ts admimistered m adequate dosage for a
long tme These antibiotics combined with routine conservative ircatment do
seem, howewr, to accclerate the rate of hethag particularly n the more acute
1ype of case, and 18 synovial jounts 1o produce a higher percentage of safe mobile
Joumts

Unfortunately the natural healing process includes a localized endartenttis and
fibrosts so that the more chronic and commoner type of lesion 1s not so favourably
or quickly 1nfluenced by the antibioties which have 10 reach the site of disease
through the blood stream  This 1s particularly evident in spinal disease

SURGICAL TREATMENT

Before the introduction of antthiotics with a specific action on the tubercle
bacillus direct operations on tuberculous bone and jomnt foc before the disease
was quiescent were generally avoided However careful the operator sinus forma
tion was a not uncommon complication  this was always attended by the risk
of secondary infection which might spread 1o the underlying bone focus Conse-
quently a secondanly infected tuberculous bone lesion developed that 1s a
combination of a pyogeme and tuberculous osteomyelitis  Frequently such lestons
never healed and the patient was left with a permanently or intermittentlv dis
charging smus and the nisk of amylord disease  With specific antituberculous
and other antibiotics, direct surgical approach to tuberculous foci 1s very much
safer even 1n the active stage of the disease Thus evacuation of soft tissue and
bone absuesses and removal of tuberculous granulation tissue and sequesira
can be accomphshed with hittle risk of breaking down of the wound or secondary
mfection

The posterar spinal graft for tuberculous disease of the spine has been reserved
by most British orthopaedic surgeons exclussvely as an internal stabilizing splnt
when the disease 15 quiescent They have been unable to accept the teaching of
some Amercan orthopaedic surgeons such as Albee and Hibbs that such a
grafung operation accelerates healing of the spinal lesion
Operation 1 the active stage

Recently many orthopaedic surgeons 1n both America and Great Britain have
been carrying out a direct attack on the disease 1n the vertebral bodies 1n the
aclive stage  Macrae (1957) in treating thoracic spinal tuberculosis performs a
bilateral costectomy, evacuates any pus and 1rrigates the area with Streptomycin
from each side through a catheter He has found that healing and bony fusion
between the affected vertebral bodies occurs 1n a surprisingly short ttme, such as
three months - Wilkinson (1955) favours a more direct attack on the ‘bone lesion
In the thoracic region he carries out a two rb costotransverscctomy and if
necessary, curettes and incises the vertebral bodies to remove granulation uissue
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and sequestra In the lumbar region through a lateral approach he removes
appropriate transverse processes thus entering the vertebral bodies he then
removes pus, granulation tissue and any sequestra that may be present If there
1s then any cavity of appreciable size he packs this with cancellous bone chips
thoroughly mixed with streptomycin powder As a result of this procedure
Wilkinson has reported acceleration of healing of the disease and more efficient
and more frequent bony fusion between the affected vertebral bodies

Conclusion

Through the discovery of specific tuberculous antibtotics direct surgrcal attack
can now be carried out 1n the same way as in pyogenic non tuberculous osteomye
hitis and arthritis  However, 1n the present state of knowledge 1t 15 still essential
to continue conservative treatment of these tuberculous lesions though for a
shorter period than before the advent of streptomycin  The evolution and healing
of tuberculous lesions 1s slow and unlike those of the commoner pyogemc nfec
tions so that the final assessment of direct surgical attack on the diseased bone
or joint focus will not be possible for several years, because prolonged and careful
follow up will first be necessary

TREATMENT OF COMPLICATIONS
Abscesses can be treated by aspiration but more extensive operations can now
be carried out with safety under antibiotic protection Thorough evacuation and
resuturing of tuberculous abscesses 15 no longer followed commonly by sinuses
and some writers have advocated and carried out successfully without sinus for
mation the excision of deep seated tuberculous abscesses such as the psoas abscess
(Weinberg 1957)

Paraplegia

In tuberculous disease of the spine paraplegia occurs tn about 10 per cent of
cases and most often when the lesion 1s 1n the thoracic spme Consenative
treatment should first be tried and operation generally withheld for about 6 weehs
and even then 1t should not be carried out unless there 1s motor loss Exceptions
are made if the paraplegia occurs and 35 mncreasing 1 depth in the course of
conservative treatment 1f the course of the paraplegia 15 unusually rapid or 1f
there ts complete loss of motor power for a month There are two operations
of choice If the paraplegia occurs early mn the disease and more particularly 1n
a child costotransversectomy should be performed as the compresston 1s most
likely to be due to thin pus In all other cases and 1f costotransversectomy has
not brought about improvement of the paraplegia within six weeks an antero
lateral decompression should be performed (Grffiths Seddon and Roaf 1956)
In this operation caseous abscesses sequestra or bony ridges can be located and
as a rule adequately removed Laminectomy should not be carried out for the
relief of paraplegia 1n tuberculous disease of the spine because 1t 15 mpossible
to obtain adequate exposure of the vertebral bodies without risk of injury to the
dura mater and the very nature of the operation must further weaken a spine
which has already lost much of 1ts stability by reason of the disease of the vertebral
bodies

The deciston when to operate 1n Pott s paraplegia and what operative procedure
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1s best for each case 1s still 1 difficult one to make, and the writer considers that
he cannot do better than to quote from Gnffiths Scddon and Roaf (1956)

The majonity of patients with Pott's paraplegin on admission to hospital show
no absolute indicition for operation  Motor power in such paticnts 1s usually
severely 1mpaired but by no means completely lost sensation 1s moderately
mmpaired or even normal, both sphincters are working and spasms are few or
absent  If the radiographs show 1 well marked paravertebral shadow and if bony
disease has been present for less than 2 years, 1t will be wise to cvacuate the
abscess by costotransversectomy  This may, inaidentally, cure the paraplegia
Apart from this consideration we would 1dvise that the paraplegia should be
given 6 weehs full consersative treutment  If at the end of that time 1t 1s worse
or no better decompression should be performed

The patient with paraplegia beginning more than 2 years nfter the first symptom
of spinal disease has less to cxpect from surgery than onc whose paralysis arises
early Unhappily these late onset cascs do not respond well to conservative
treatment erther  Immobihization and full chemotherapy should always be tried
for 1f the paralysis 15 associated with continued activity of the bony disease or
with reactivation of 1t such measures may well succeed Most patients with such
paralysis will require surgical treatment and some will be found very well suited
10 decompression as the causc of the paralysis 1s not always a bony nidge nor
are all bony ridges irremovable
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CHAPTER 7

NON-TUBERCULOUS INFECTIONS OF THE SPINE
J A MANTLE

INFECTING ORGANISMS

PROBABLY ANY orgamism pathogenic for man can settle 1n the vertebral column
orgamsms already 1dentified and reported include the staphylococcus strepto
COCCUS  pneumococcus meningococcus, gonococcus Micrococcus fetragents
Bacillus coli, Pseudomonas pyocyanea proteus vulgars, the diphthenia and diph
theroid bacillt the typhoid and paratyphoid salmonellae, the dysentery bacilli,
the brucellae the streptothryces sporotrichon the cocaidioides Cryptococcus
neoformans Treponema pallidum and T pertenue and the echinococcus [The
haemolytic Staphylococcus aureus 1s the usual organism to be found]  Despite
their variety however non tuberculous infections are at present less common
than tuberculous infections of the spine

PYOGENIC OSTEITIS OF THE SPINE

Large series of pyogenic infections of the spine have been analysed by Wilensky
(1929) Kulowski (1936) and Gun (1946)

Aetrology

Pyogenic vertebral osteitis can occur at any age but 1t appears mamnly n
children between the ages of 10 and 15 years and 1s considerably more common
mn the male The lesions are almost invaniably metastatic and quite often are
preceded by an obvious nfective focus elsewhere such as a furuncle stye whit
low quinsy, otitis media mastorditis or osteomyelins A history of recent mjury
to the spine 1s sometimes obtained Direct infection may follow wounds lumbar
puncture or extension from an adjacent infective focus

Henson and Coventry (1956) and others have drawn attention to the urinary
tract as a source of secondary spinal mfections and 1t 1s probable that haemato
genous spread occurs sometimes along the prostatic plexus of veins to the verte
bral veins 1n the manner described by Batson (1940) The author has seen
multiple infective focl 1n the péivis and vertebral bodies after prostatectomy and
peniprostatic infection the distribution of the lestons being strongly suggestive
of spread along this route
Pathology

In young patients the whole of a vertebral body 15 often involved whereas mn
older patients the lesions tend to be more discrete and involvement of spines
pedicles or transverse processes 15 common The lumbar vertebrae are most
often affected then the thoracic and cervical vertebrae the sacrum 1s least often
affected

The lesion may be a rarefying osteitis a single destructive focus an epiphystal
separation or a subperiosteal lesion denuding the cortex and promoting the
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PYOGENIC OSTHITIS OF THE SPINE
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CHAPTER 7

NON TUBERCULOUS INFECTIONS OF THE SPINE
J A MANTLE

INFECTING ORGANISMS

PROBABLY ANY organism pathogenic for man can settle 1n the vertebral column
organisms already rdentified and reported include the staphylococeus strepto
COCCUS  pneumococcus, MmMeningococcus gonococcus  Micrococcus tetragenus
Bacillus colt Pseudomonas pyocyanea proteus vulgaris, the diphthena and diph
therotd bacilli the typhotd and paratyphoid salmonellae the dysentery bacilli
the brucellac the streptothryces sporotrichon the coccidioides Cryprococcus
neoformans Treponema pallidum and T pertenue and the echinococcus [The
haemolytic Staphylococcus aureus 1s the usual organism to be found ]  Despite
their variety however non tuberculous infections are at present less common
than tuberculous infections of the spine

PYOGENIC OSTEITIS OF THE SPINE

Large series of pyogenic infections of the spine have been analysed by Wilensky
(1929) Kulowski (1936) and Gur: (1946)

Actiology

Pyogenic vertebral osteitis can occur at any age, but it appears manly 1n
children between the ages of 10 and 15 years and 1s considerably more common
m the male The lesions are almost nvanably metastatic and quite often are
preceded by an obvious infective focus elsewhere such as a furuncle stye whit
low quinsy otitis media mastoiditis or osteomyeliis A history of recent myury
to the spine 1s sometimes obtamned Direct 1nfectron may follow wounds lumbar
puncture or extension from an adjacent infective focus

Henson and Coventry (1956) and others have drawn attention to the urinary
tract as a source of secondary spinal infections and 1t 1s probable that haemato
genous spread occurs sometimes along the prostatic plexus of veins to the verte
bral veins in the manner described by Batson (1940) The author has seen
multiple infective foc1 1 the pe'lvxs and vertebral bodies after prostatectomy and
periprostatic infection the distribution of the lesions being strongly suggestive
of spread along this route
Pathology

In young patients the whole of a vertebral body 15 often involved whereas 1n
older patients the lestons tend to be more discrete and nvolvement of spmes
pedicles or transverse processes 15 common The lumbar vertebrae are most
often affected then the thoracic and cervical vertebrae the sacrum 1s least often
affected

The leston may be a rarefying osteitis a single destructive focus an epiphysial
separation or a subperiosteal lesion denuding the cortex and promoting the
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massne, 1ppear in about 2 months  Bony fusion between bodies or articulir
processes may be scen after 3 months  Densc sclerosis around 7 lesion of the body
suggests the formtion of a Brodie s abscess (Figs 107 108)

Differentiaion between pyogenic and tubereulous spondylitis ¢ be made
radiograplucally but only by obscrving the later changes though a leston 1n the
neural arch or 1 process 1s less common 10 tuberculosis than in pyogenic osteitts

|
L. B —

Fic 105 —Staphylococcal infection  of Fic 106 —
‘:hc Qooce T Same sp;::zﬂ:_is m Fig 105 3 years

1

Fic 107 —Brodie s abscess fourth lumbar

Fic 108 —Abcess and back.
body  One year after onset of patn (the patient  had r‘ifﬂ‘s:r; s“xlrl I};;c(fgg:
;f]cgalr;\g;xt) 4 years later Same case s i

Treatment

fo::;?led“r“; dmg\age of an extra dural abscess 1s imperative  lammectomy was
y followed by wide bore tube dramage or repeated packing but now

antibiotics have made primary cl
oramotcs have ma shopvm ¥ closure permussible, as Blackburn and Jepson (1946)
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NON TUBERCULQUS INFECTIONS OF THE SPINE

spinal movement, and as Guri pointed out there 15 no pain on palpation of the
posterior aspect of the hip joint or on percussion over the greater trochanter
and extension 1s the only movement that 1s rmted  Early memingeal involvement
may simulate acute infectious memngitis, with the high fever and clinical signs of
meningeal rntation

Rheumatic fever antersor poliomyehtis, peritoniis  pleurisy pneumomnia
typhoid fever, and transverse myehtis are among other conditions for which
acute osteitss of the spine has been mistaken in the early stages

SUBACUTE OR CHRONIC PYOGENIC OSTEITIS

Subacute or chrome pyogenic osteiis may follow an acute onset or the disease
may be less acute from the start Sometimes the onset 1s so insidious, and the
course so slowly progressive, that the infection 1s overlooked for some months
There 15 little temperature elevation or other general reaction, but shght malaise
and anorexia are usual Limitation of movement of the spine and an area of
localized tenderness to palpation or percussion are constant physical findings
Loss of weight and anaemia soon appear and can be severe

Spinal pain 1s constant and may be severe, 1t 15 aggravated by movement and
only shghtly reheved by recumbency and 1t 1s often of a more intense nature at
mght Pressure on a nerve root may mumic a prolapsed intervertebral disc with
segmental pain

In the chronic form an abscess may follow along fascial planes a long way
from the spinal lesion and may resemble a  cold abscess from a tuberculous
spine

Diagnosts

The mam diagnostic difficulty 1s to distinguish chronic pvogenic osteitis of the
spine from that of tuberculosts

In both acute and chromc pyogenic osteitss, a polvmorphonuclear leucocytosts
and a raised erythrocyte sedimentation rate are almost invariable findings Blood
culture 1s positive if done early enough and urine culture 15 sometimes helpful
As Lack and Shelswell (1955) have shown serological tests such as the staphy
lococcal ant1 alpha haemolvsin titration are occasionally helpful

Needle biopsy or surgical exploration of a spinal lesion may be indicated when
the diagnosis 1s 1n doubt

Radiographic appearances

Radiographic evidence of the lesion appears only after a delay of 2 weeks or
more the earliest sign 15 a shght haziness and indistinctness of bone structure
this being followed by shght osteoporosis  In the patient who 1s severely 1ll 1t 1s
not easy to obtamn films of a sufficiently good quality to show these early changes
A fusiform paravertebral shadow may appear a httle later ndicating an abscess
After a month or so porosis of the vertebral body may be almost complete in
the younger patient and progressive compression of the body can follow In
older patients a more localized lesion 1s vistble at this stage in the body or process
of the vertebra a destructive lesion of the body being accompanied by narrowing
of the adjacent disc space  Sclerosis and new bone formation which 1s sometimes
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massive appear 10 about 2 months  Bony fusion between bodies or articular
processes m1y be seen after 3 months  Dense sclerosis around 7 leston of the body
suggests the formation of 1 Brodie s abscess (Figs 107, 108)

Differentintion between pyogenic and tuberculous spondylitis cn be made
radiographically but only by observing the later changes though a lesion 1n the
neural arch or 1 process 1s Jess common 1n tuberculosis thin 1 pyogenic osteitts
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Fic 105 —Staphylococcal mfection  of Fic 106 —
o Same spiglce;xs m Fig 105 3years

1

FiG 107 —Brodie s abscess foursh lumb;
b ar FIG 108 —Abcess and back:
ody  One year after onset of pain (the patient had rel‘::z\; s“l‘rt ‘:act?::
glea(l?g;\l) 4 years later Same case 1s 1n
4

Treatment

1
fm:érrulefl?;;:\iagnage of an extra dural abscess 1s imperative lamtnectomy was
ed by wide bore tube drainage or repested packing but now

antibiotics have made pr.
among othons e shg“lnr:mry closure permissible, as Blackburn and Jepson (1946)
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NON TUBERCULOUS INFECTIONS OF THE SPINE

Retropharyngeal abscesses can be dramed through the neck and prevertebral
and mediastinal abscesses should be drained by costo transversectomy  Psoas
abscesses can be opened by a retroperitoneal approach with a lateral abdormnal
ncistion and presacral abscesses can be dealt with by an mnciston posterior to the
rectum and facilitated by removal of the coccyx and, if necessary, resection of
the lower portion of the sacrum

The 1dentification of the orgamism and the determination of its sensitivity to
anttbiotric drugs 1s necessary for definitive therapy In many cases of acute
spinal infection however the condition of the patient 1s so grave and the danger
of delay so great that antibiotic treatment 15 started before the results of culture
are available Under such circumstances large doses of penicillin are appropriate
since even 1If the organism be relatively insensitive 1t will probably be mhibited
by high concentration of this drug

Immobihization of the spine on a plaster bed should be continued until the
general condition the clinical signs the erythrocyte sedimentation rate and the
radrographic appearances show quiescence If spontaneous fusion 1s not occurring
posterior bone graft fusion may be considered A pyogenic focus unlike a tuber
culous lesion, rarely becomes active agamn but malalignment and instability can
cause continued pam unless sound fusion 1s obtained

The author has seen 3 patients with Brodie s abscess of a vertebral body 1
whom symptoms persisted for several years, and radiographs showed mcomplete
resolution after conservative treatment If the symptoms are severe surgical
dramage of the body 1s indrcated 1n such cases

Blood transfusion 1s often necessary for anaerma  Small doses of deep x ray
therapy short wave diathermy infra red and ultra violet radiation have all beent
advocated 1 the treatment of the more chronic infections

TYPHOID SPONDYLITIS

Typhowd mnfection of the bones becomes manifest some months after the enteric
fever or during convalescence occasionally 1t follows an unnoticed or subclinical
izl infection  The spine and ribs are particularly singled out  Spmal lesions
have followed both typhoid and paratyphoid fevers

A low grade non suppurative periostitis or osteitis 1s the usual leston but
subperiosteal abscesses occasionally occur and the author has seen a large abscess
n the thac fossa associated with a spimal mfection climically mdistingusshable
from a tuberculous abscess but contaming hving paratyphord bacill:  Ossifica
tion of the ligaments and fusion of articular facets 1s typical fuston of vertebral
bodies by bony bridges may occur

Dragnosis

Pain 1s local but may also be referred along the nerve roots There may bea
history of recent typhoid fever but when the enteric stage of the discase has been
subclinical diagnosis of the spinal infection 1s less easy The pulse rate tends to
be slow 1n relation to the pyrexia  Spmnal nigidity and slight kyphosis are usual
Neurological changes with alteration of reflexes mcluding an extensor plantar
response can occur from the toxaemia without pressure on the spinal cord

Blood urine and stool culture should be performed The Widal test shows a
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raised titre of agglutinition for the responsible satmonetlh but recent noculation
as well as recent infection can give 1 simular effect There 1s 1 lfeucopemia with
decrease m the numbers of polymorphonucler and cosinophl cells

A positne Wadal test or even 1 recent proved attack of typhoid fever does not
necessanlly mean that the spimal lesion 15 also typhoid  Lowered resistance, due
to toxaemia and lencopensa s often followed by invaston with other bactena
partieularly of the upper respiratory tract  These brclenn could themselves set
up a metastatic vertebral infection

Radiograpliic appearances

Radiographic appearances typietl of typhoid show ossification of the hgaments,
fuston of articular facets areas of rarefaction i the bodies narrowing of the disc
space and fuston of the bodies  Several bodies may fuse, often at widely separated
sites and fusion takes place more by bone bridges around the disc than by ossifica
tron m the disc  The bone bridge may be complete after 3 months but it wil
thicken considerably during the ensuing years

| ‘

Fi6 109 —Typhoid spondylits (when first
seen)

[

Fic 110 —Same case as 1n Fig 109 8
months later

Treatment

Recumbency on a frame or plaster bed 15
necessary for about 2
operauve fusion of the spine 1s not required v months but
Antibotics such as Chloromyeetin are effective aganst the typhoid group of

salmonellae but their effect 15 less s,
pectacular when bone e
than in the acute stage of the disease fenons ate established

BRUCELLAR SPONDYLITIS
Backache can occur early 1n undulant fever,

but a true spinal
until some months after the acute infection e > not found

or during convalescence
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NON TUBERCULOUS INFECTIONS OF THE SPINE

Brucella melitensis Br abortus and Br suis affect goats, cattle and swine
respectively but all three organisms may infect man In Great Britam Br aborus
15 mainly responstble for the human cases and bone complications are less common
here than 1n the United States of America or Southern Europe

Lesions may nvolve vertebral bodies or epiphyses Abscesses, 1f present are
small occasionally sequestra are found

Diagnosis

The symptoms mclude a history of recent fever which may not have been
diagnosed as undulant fever pain which 1s often severe and rigidity of the spine
Deformuty and palpable abscesses are rare  The course 1s more rapid than m
tuberculosis of the spine  Paraplegia 1s rare though several early cases have been
described (Jambon, 1950, Mantle 1955)

The temperature 1s mtermittently elevated The erythrocyte sedimentation rate
1s often high but 1s an unrehable test mn this conditton  Blood culture 1s often
positive if done early enough A positive agglutination test at a dilution of one 1n
a hundred or more 1s significant but as Dalrymple Champneys (1950) has pointed
out the agglutinatton may take up to 1 year to become positive or may even
remamn negative when the blood culture 1s positive negative agglutmation zones
also occur When the agglutination test is positive a falling titre of agglutination
1s a better gurde to progress than the erythrocyte sedimentation rate

Radiographic appearances

Radiographic examination will show early and extensive bone proliferation and
narrowing of the intervertebral discs, often with fusion of the bodies rarefaction
1s absent

Treatment

Good results 1 the treatment of uncomplicated undulant fever have been
obtaimed with aureomycin terramycin and Chloromycetin  some even better
results have been claimed by combining aureomycin or terramycin with strepto
mycin  Once bone lesions are established however the efficacy of antibiotics 1s
less certan and the author has seen continued progress of a brucellar spondylitis
after a full course of antibiotics Short wave diathermy and deep radiotherapy
have been recommended Immobilization i recumbency gives the best chance
of achieving bony fusion but when spontaneous fusion appears unlikely operative
fuston may hasten return to full activity

SYPHILIS OF THE VERTEBRAL COLUMN

Lestons of the spinal column occur in congenital syphilis or in the secondary
or tertiary stage of an acquired infecion The spirochaete reaches the spine by
the blood stream or occasionally by direct extenston of a gumma  Periostitis
arthritis epiphysitts osteitis and gumma may be found as well as neuropathic
arthropathy secondary to neurological syphilis

Much dense periosteal new bone forms about the periphery of the vertebral
body The arthritic form which often affects several joints presents hypertrophic
lesions and excrescences on the bone with sometimes caleified material around the
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Fi, 111 —Brucellosis of cenvical spine on
admission (B) courtesy of Editor of Journal
of Bone and Joint Surger) )

Fig 113 —Brucellar spondylitis 1n lower

dorsal spine By courtes) of Editor o
Journal of Bone and Joint Surgery ) /
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FIG 114 —Appearance 7 months later of
case n Fig 113 (By courtesy of Editor
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jomnts, disintegration of the jomnt with subluxation, may follow Gumma usually
affects only one body 1t destroys the bone locally leading to slight alteration in
the shape of the body and bony overgrowth at the vertebral margins, nerve roots
may be infiltrated There 15 no true abscess but material of a paste like consistency
1s sometimes found Lesions are more common 1n the cervical spine than else
where 1n the vertebrae and a pharyngeal fistula may occur

Chinical aspect

Chnically there 1s constant pain which cannot be relieved by either rest or plaster
of Paris immobihization, the pain often radiates along the nerve root to one side
only In gumma of the spine there 1s less pain on movement less limitation of
movement and less muscle spasm than 1n tuberculosis

Radiographic appearances

Radiographically the involved vertebra may appear larger and denser than its
neighbours because of the formation of dense new bone around the periphery
Areas of osteoporosis may be seen with surrounding sclerosis the discs are
sometimes destroyed and bodies fused New bone of great bulk and density may
be seen about the articulations and as Brailsford (1953) poimnted out this bone has
a less clearly defined margn than 1s seen 1n osteophytosis of the spine A scoliosis
may be seen and lateral displacement may follow disorganization of the joints

Serologtcal reactions

The Wassermann reaction and the Kahn reaction are usually positive and the
treponema 1mmobilization test 15 invariably positive m a syphilitic lesion  The
Wassermann reaction and colloidal gold reaction of the cerebrospinal fld may
be helpful It 1s hardly necessary to point out that a positive serologcal test for
syphilts 1ndicating a past mfection 1s occasionally found 1n association with a
spimal leston which 1s proved to be tuberculous

Treatment

Treatment with potasstum rodide and pemcillin 1s effective but 1s sometimes
supplemented with bismuth mercury and arsenical preparations Recumbency on
a firm mattress may suffice but a plaster corset or Minerva jacket 1s necessary 1
the destructive forms

YAWS

Granulomatous bone lestons resembling syphilitic lesions may be found after
the secondary stage of yaws These are common n the long bones but spinal
lesions sometimes occur  Radiographs have shown multple osteolytic lesions
surrounded by sclerosis in the vertebral bodies The Wassermann reaction s
usually positive and this may lead to confusion with syphilis The disease responds
well to treatment with arsenical drugs and penicillin

FUNGUS INFECTIONS OF THE VERTEBRAL COLUMN

ACTINOMYCOSIS

Actinomycosts 1s caused by the Actinomyces bovis and the orgamsm reaches the
spine by direct extenston of lestons 1n the alimentary tract or the lung

The lesions are granulomatous with progressive destruction of connective
tissue muscle and bone after a time the mass breaks down being niddled with
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abscesses, which often break through the skin to form sinuses  Usunlly several
vertebral bodies are attacked and tre honeycombed by abscesses  Ribs are often
involved if the thorcic sprne 1s affected

Chinteal aspects

The onset 1s wsidious with spinal pain usually pun along the nerve roots and
stiffness of the spie  Kyphosis 15 slight but infiltration and contracturc of the
spinal muscles on one side may give nise to a mld scoliosis The mass may be
palpable and the hard mass of an infiltrated psoas muscle 15 sometimes palpable
abdominally ‘The discharge from sinuses and 2bscesses should be examined for
the ray fungus and for sulphur granules at the first opportumty, as they are less
Iikely to be found later

Curettings and biopsy from sinus walls show (1s well as chrome inflammatory
cells fibroblasts and giant cells) hipoid cells  these are stated to be charactenstic
Paraplegia 1s rare although the meninges may become involved  Chimeally actino
mycosts may simulate tuberculosts or @ satcoma  The prognosis s poor and the
diagnosis so difficult to make that 1n the past a high proportion of cases have
been diagnosed correctly only after death

Radiographic appearances

Radiographs show multiple areas of calcium loss mingled with areas of sclerosis
Typucally the intervertebral dises are spared and there 1s no collapse  The ribs
and transverse processes are often involved A paravertebral abscess 1s often
seen The radiographic changes may also closely resemble those of tuberculosis

Treatment

Radical excision 1s rarely practicable Large doses of pentcillin, combined with
potassium 1odide have often produced quiescence of the lesion  Isomazid
combination with pemucillin has been found helpful The spine should be 1m
mobilized 1n recumbency i the early stages of treatment Relapse after apparently
successful treatment s common

Streptothrix infecttons of spine other than actinomycosts have occasionally

been reported They do not appear to differ very greatly from infections with
actinomycosis

SPOROTRICHOSIS
Sporotrichosis 1s more common 1n the cutancous form but occastonal systemic
and spinal lesions have been reported  The Sporotrichum beurmannt spreads long
the lymphaties  Chronic granulomatous lesions with suppuration are formed,
with sometimes a mass macroscopscally resembling 2 gumma  The sporotrichum
can be cultured from the pus, and the sporo agglutimahion test of Widal and
Abramt gives agglutination at a high titre  Treatment resembles that for actino

mycosis  The disease 1s chronic but rarely fatal
BrastoMycosIs

The term blastomycosis 1s properly applied to any infection with a yeast Iike
organism  The Cryprococeus gilchrist 1s the species commonly found in the

151



NON TUBERCULOUS INFECTIONS OF THE SPINE

cutaneous form which 1s far more common than the systemic form of blasto
mycosis  Coccidiordes immutis 1s the spectes described 1n systemuc blastomycosis
The organism spreads by way of the blood stream but direct 1nvasion of the spine
may follow a lesion 1n the lung

The lesions consist of chronic granulomatous masses with suppuration
Microscopically there 1s tubercle formation with epithelioid cells and giant cells
The coccrdiordes are seen within the giant cells or mn the tissues  Inoculation of
pus 1nto a male guinea pig produces a suppurative orchitis

Radiographic appearances

Radtographs show foct of osteolysis with little reaction 1n the intact neighbouring
bone Lesions are usually multiple mvolving bodies pedicles lammae and
transverse processes of the vertebrae and sometimes lesions of the nbs The
radiographic appearances however may resemble tuberculosis

Treatment

Treatment with potassium 10dide penicillin and immobilization 1s Iike that for
actinomycosis Deep radiotherapy has been said to aid resolution Before the 1n
troduction of pentcillin systemic blastomycosis was usually fatal

SKELETAL CRYPTOCOCCOSIS
Skeletal cryptococcosis due to the Cryptococcus neoformans has been described
by Gosling and Gilmer (1956) Lesions which may 1nvolve the spine are multiple
individually discrete and almost invarably osteolytic Periosteal reaction may be
present  Radiographically the appearances are like those of other forms of
blastomycosts  Treatment with penicillin 1s assisted by thymol and 1odides

HYDATID DISEASE OF THE SPINE

The Taenia echimocoeccus may form hydatid cysts in the vertebrae or cysts formed
1n the adjacent tissues can involve the spine at a later date

Chinteal picture

The chinical progress 1s slow and there may be no symptom until the onset of
paraplegia  Sometimes there 1s continuous backache which 1s usually not severe
and somettmes patn along the distribution of one or more nerve roots

Diagnosis

The ntradermal test of Casoni 1nd the complement fixation test using hvdatid
fld as antigen are stated to be less commonly positive 1n osseous lesions than
n generahized mfestattons The white cell count shows eosmophilia

Radiographic appearances

Radiographs show rarefaction of bone without reactionary hmitation, the
cortex may show evidence of erosion from outside with consequent change 1n the
shape of the vertebra Some calaification may be seen within the cyst and as
Brailsford (1953) has pointed out the cyst may cause a large paravertebral shadow
which can be mistaken for a peravertebral tuberculous abscess
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Treatment

Drugs have no effect upon hydatid cysts  Operative evacuation of the cysts with
curretting of 1ts wall ind mjection of formalin ts indicated if the cyst 1s accessible
Lamimcctomy may be nceessary for decompression of the spmnal cord, and 1t may
have to be repeated 1 few years later for recurrence cven though the cyst was
satisfactonty evacunted

CONCLUSION

The adsvent of the antibotics has made the early diagnosis of vertebral mfection
more important than prevously  In the past many non tuberculous lesions were
regarded and treated as tuberculous until the shortened course of the disease and
consideration of serial radiographs showing carly bone formation and spontaneaus
fusion caused retrospective revision of the diagnosis

When the treatment was not matenally affected httle harm ensued but today
the patient will miss the benefit of modern therapy 1f the causal organusm rematns
unidentified

The history of the patient may provide valuable nformation about recent
wnfecttons incurred before the onset of spinal symptoms but the clinical signs and
early radiographs cannot be relied upon to gie accurate differentiation between
the various forms of subacute and chronic mfective spondylitis  Every effort must
be made to obtamn a culture of the organism so that its sensitivity to the anti
biotics can be determined 1nstead of merely surmised

Blood culture 1s positive 1n a high proportion of cases 1f performed early
enough and 1t 1s suggested that blood culture should be performed in all cases of
vertebral infection 1mmediately they come under observation The erythrocyte
sedimentation rate and differential white cell count can conveniently be done at
the same time though the mformation they afford 1s more inferential than
particular The various serological tests should be carried out otherwise many
cases of syphiitic brucellar, and other infections will continue to be treated as
tuberculous

Usually abscesses contain living orgamisms and the mciston or aspiration of
superfictal abscesses 15 an easy matter Paravertebral abscesses can be aspirated
under radiographic control

Needle biopsy of a lesion also done under radiographic control may produce a
culture of bactenia as well as tissue for microscopical study  Early operation
affords not only the opportumty for drainage of abscesses, but also material for
culture and microscopical examination Recent work has shown that even 1n
tuberculous lesions early exploration 1s less hazardous than had been formerly
supposed  The surgical approach to the vertebral bodies 1s becomng ncreasingly
famihar and there 1s httle doubt that 1 future a higher proportion of vertebral
Iesions will be explored

There will remain a number of cases of spondylitis 1n which exploration 1s
considered 1nadvisable and in which the various investigations have given negative
or equivocal results  Under these circ 1t 1S per ble to use a combin
ation of antbiote drugs sn the hope that the unknown orgamism will prove
sensitive to one ot the other Thus course of action 15 Teprehensibie 1n many
condttions but in fective spondylitis with no abscess or sinus even if the bacteria

develop acquired resistance they will not threa
ten the communit
femain incarcerated n the patient Ry, they wall
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CHAPTER 8

ANRKYLOSING SPONDYIITIS

F Dubtey HArT

ANRYLOSING spondyhitis, although closcly related to rheumatoid arthritis, s
considered 1 Great Britam to be a separate entity within the rheumatoid group
of diseases In the United States of America the two conditions are often included
1 the same series of cases and the individuality of ankylosing spondylitis 1s lost
unless the case histories are recorded  Cases of ankylosing spondyhiis do however,
oceur 1 which there 15 both spinal and penipheral arthritis but nearly always the
presentation 1s distinctive enough to allow of a clear cut diagnosis  The mter-

mediate group has been described as  atypical spondylitis  (Sharp and Easson
1954)

AETIOLOGY

The aettology of ankylosing spondylitis and the reasons for such facts as the
predominance of the male sex and the usual onset of the disease between the ages
of 15 and 35 years 1s still unknown Certain old theories have recently been
revived Romanus (1953) for instance from a study of 117 male patients ascribed
the condition to the dissemmation of infection from the prostate and seminal
vesicles and preferred the term * pelvo spondylitis ossificans, secondary to genito
urinary mfection  Ford (1953) reported 4 cases i which ankylosing spondylitis
followed urethral infection 1n each case arthnitis of the feet preceded spinal
symptoms and signs We have seen cases of this type developing slowly over a
period of 4 years Buckley (1948) stated that gonorrhoeal arthritis might attack
spinal articulations, but that in such cases other jounts were affected earlier
In most reported senies the incidence of genito urinary infection corresponds to
that seen in rheumatoud arthritis (Boland and Present 1945) or in the general young
male population The whole questton however, of gemito urinary infection 1s
complicated by the patient s natural reticence 1n giving a full lustory  Luchennt
and Cecch: (1952) considered that ankylosing spondylitis was not an infecttve

flammatory process though the initial sumulus might be infective 1n nature but
a specific prohferative process

Famlal meidence

If a careful nquiry 1s made into the family history of patients with ankylosing
spondylitis a definute famtlial tendency will often be found  Hersh and his colleagues
(1950) observed the pattern of mhenitance 1n 50 famulies and concluded that
ankylosing spondyhtis could be attributed to an autosomal domumant factor with

about 70 per cent penetrance 1n the male and 10 per cent 1n the female Ankyl

osin,
spondylitis has been reported 1 two pairs of fraternal twns (Campbel]y 1947g
Rogoff and Freyberg 1949) and in sisters (Fraser 1950)
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Mason (1951} reported an unusual family 1n which 3 certain and 3 likely members
were affected and West (1949) found 1n his Bristol survey 9 families with more
than I member affected The familial incidence 1s also commented on by Blecourt
(1951) Bon: and Hautmann (1950) and Tegner and Lloyd (1949) Parr Whte and
Shipton (1951) recorded a significant farmily history i 11 per cent of their cases
It has been stated that if a female i a famuly 1s affected with ankylosing spondyhitis
there 1s always a male member similarly affected While this 1 our own ex
perience 1s untrue 1t 1s probable that many cases are missed or nusdiagnosed

Injury and climate

A not infrequent history of injury seldom proves relevant Chimate plays no
important part Ankylosing spondylitis 1s common for instance 1n warm dry
chimates such as that of Australia Parr, White and Shipton (1951) stated that
body build climate pre existing tuberculous or gonorrhoeal infection and military
service did not seem to play any aetiological role in their series of 100 cases

INCIDENCE

Ankylosing spondylitis a disease of mulitary age comes to the fore in war time
many cases first come to light during National Service We have found that not
infrequently the early symptoms appeared while the patient was at senior school
As 1n rheumatod arthritis early intermuttent symptoms may precede the onset of
the established disorder by several years for example intermittent swelling of a
peripheral joint may occur once or many times before the steadily progressive and
characteristic backache

There are no certain figures as to the frequency of ankylosing spondylitis 1n the
general population West (1949) gave a figure of 1 i 2000 (0 05 per cent) In
the house to house surveys in Lancashire (Kellgren Lawrence and Aitken Swan
1953) and in Cambridgeshire (Jacobs 1954) the incidence was neghgible only one
case being revealed 1n over 3 000 people in the former and none at all in the latter

PATHOLOGY

Anlylosing spondylitis 1s a disease  characterized by a multiple arthritis leading
to bony ankylosts of the posterior intervertebral costovertebral and sacro thac
jomts by osstfication of the spinal ligaments and margins of the intervertebral
discs In many cases there 1s also rheumatoid arthritis of the proximal jomts of
the hmbs  (Collins 1949) Boland (1953) described the general pathological
features as an inflammatory process m the sacro iliac posterior intervertebral
(apophyseal) and costovertebral articulations the early changes resembling
mucroscopically those seen 1n peripheral rheumatoid arthritis  He stated that the
first changes seen are 1n the synovial membranes and consist of an infiltration of
Iymphocytes and plasma cells arranged n nests around the small subsynovial
blood vessels the synovial membranes proliferate (a villous synovitis) and at the
same time some degree of jomnt effusion occurs  Gradually over a period of
months or years granulation tissue grows out from the inflamed synovtal mem

brane and invades the articular cartilage eroding and destroying 1t the joint space
becomtng filled with granulation tissue the precursor of fibrous ankylosts and

later bony ankylosis with disappearance of all vestiges of the jomt
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Van Swany (1950 1951) studied the vertebral columns of 3 paticnts with anky-
losing spondylitts, which was advanced m 2 The patients had died of myeloid
leuhaerma  He found a distinctive pathology unlike that of rheumatoid arthritis
the joint becoming oblitcrated by cartiltge proliferation so marked that 1t passed
across the jount space nd wvaded the cartilge on the opposite side, the old
cartilage being reabsorbed by the new young eartilnge No cellular nfiltration or
\asculanization was found  With the occurrence of cartilagmous fuston and the
obliteration of the joint space the synovial membrine disappeared completely
having previously shown no proliferative changes  Caleium salts were deposited
1n the cartilage near the bone margin nd m this heawly calcified area bone formed
eventuslly replacing the cartilage

Cruichshank (1951) obtamed tissues from the ditrthrodial joints in 12 cases
from the hips 1n 6 cases and from the sternoclavicular joint knee and sacro iliac
jomt in 1 case each  He found a process very like rheumatoid asthritis with sub
acute and chronic inflammation and hyperplasia of synovial tissuc destruction of |
articular cartilage by granulation tissue and later ankylosis usually bony There
was however a greater tendency to hacmorrhage a more marked and more
frequent thickening of small vesscls usually in the form of endarteritis obliterans,
and a greater tendency to bony fusion than in rheumatord arthritis He concluded
that 1t was unjustifiable to classify ankylosing spondylitis as a vaniant of rheuma-
tord arthritis and he commented on the absence of nodules in spondyhtis
nevertheless the picture was very like that of rheumatord arthritis in every other
way

Collins (1949) considered ankylosing spondylitis a varant of rheumatoid
arthritis and prefered the term  rheumatord spondyhitis  as used m the Umted
States of America

It will be seen, therefore that even morbid anatomusts disagree about the
relationship of these two diseases

INVESTIGATIONS
Sheep cell agglutmation test

Most workers have found that while the sheep cell agglutination test 1s usually
positive n rheumatord arthrits 1t 1s consistently negative n ankylosing spondyhus
(Svartz and Schlossmann 1950) Ball (1952) for example found only 3 positive
reactions n 203 cases of spondylins (1 5 per cent) as compared with abaut 45 per
cent positive 1 rheumatoid arthntis since that time his merdence of positive
reactions in rheumatoid arthritis has increased considerably  Qur own figures are
almost tdentical and our experiences similar  Foz Batalla and Barcelo (1951) found
that 1n 59 cases of active rheumatord arthnitis 37 5 per cent gave positive results

but 1 25 cases of ankylosing spondylitis several with peripheral involvement

only one doubtfully positive result was seen  Svartz (1953) 1n active 1nd nactive
cases of rheumatoid arthritis found that 78 § per cent gave a posttive reaction

whereas cases of ankylosing spondylitis were 1n general negative This strkaé

g_]tfll'erence mn the (tj\vo dl;cases 1s of great interest and rematns to be explained
ere 1s some evidence however suggesting that the test 1s mo
rheumatoid nodules are present ¢ re often positve it
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Sedimentation rate

Polley and Slocumb (1947) found normal rates in almost one fifth of their
cases We have been ummpressed by the value of the sedimentation rate as a gwide
to the progress of the disease or to prognosis because 1n some cases 1t remains
normal 1n the face of acute symptoms and 1n others 1t remains elevated with the
patient complaming of httle or nothing It 1s a useful diagnostic point when the
patient first appears but 1n most cases 1t fluctuates at an elevated figure for many
years

SYMPTOMS AND SIGNS

Presentmg symptoms

Few disorders give such charactenstic histortes and such classical physical signs as
ankylosing spondylitts  Nevertheless though occasionally explostve m onset, 1t
15 more likely to be missed or mcorrectly diagnosed 1n 1ts early stages In our own
series ntial diagnoses included fibrositis malingening anxiety states prolapsed
mtervertebral disc pyrexia of unknown ongin and tuberculous disease of the
spine hip or shoulder

In our senies of 184 cases the initial symptom was as follows

Symptom Cases
Low back ache or buttock ache or both 91
Low back stiffness without pain 18
Pamnn  hups groms or thigh 16
Pain or swelling of ankles heels or feet or both 13
Low back stiffness with shight pain 10
Sciatica 9

Pain or swelling of knees or both 7
Dorsal spime pain 6

Rheumatic fever 4
Pains 1n shoulders 3
Pans around the chest 3
Pyrexia of unknown origm with generalized aches and pains 2
Head gong forwards 2

The mitial symptom was therefore peripheral in 24 cases (13 per cent) The
condition was misdiagnosed as rheumnatic fever m § wnstances

Pertpheral jont involsement

Figures for peripheral joint involvement vary m different publications perhaps
partly because the duration of follow up also varies Parr White and Shipton
(1951) noted a penipheral onset 1n 6 out of 100 cases Kuhns (1951) 1n 6 5 per cent
of 200 cases and Hart (1954) 1n 24 of 184 cases (13 per cent) Forestier Jacqueline
and Rotes (1949) 1n a review of 200 cases of ankylosing spondylitis found that
78 per cent of 36 female and 56 per cent of 164 male patients had peripheral joint
involvement at some stage of the disease Sharp and Easson (1954) noted that
242 of therr 332 cases were considered to be typical of ankylosmg spondylitis
59 were atypical and 31 were border hine cases the atypical group showing more
peripheral joint mvolvement and a greater mcidence (12 per cent) of the tendinitis
and tendon nodules which are virtually non existent 1n typical spondylitics
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Imvoliement of cervical spine

The cervical spine 1s mvartably myolved in rdvanced cases and often 10 relatively
carly oncs though 1t 1s exceptional for it to be the site of the presenting symptom
Driving a bicycle or motor exr may become difficult and punful, and the gradually
developing forward stoop m1y be so insidious s to pass almost unnoticed by the
patient for some months  Commonly the symptoms pass from lumbar region and
buttock to the neck apparently missing the dorsal spine, but less obvious symptoms
refrable to this arca re usually elicited n a earefully tiken history

Acute onset

Ankylosing spondylitis m1y occasionally present i 1n acute, flond and ex-
tremely panful form  If the pamn assumes an crratic course affecting the peripheral
jomts the patients are commonly thought to have rheumatic fever, particularly of
under the age of 21 years If the acute diseasc affects only the torso and grrdle
Jomnts the correct diagnosts may not be made for some httle time and a tabetic
crists may be suspected  In such cases the extreme discomfort 1s striking  the
patient 15 1n too much pan to be about but even bed affords no relief  These acute
forms can be relieved effectnely and farrly rapdly by cortisone prednisone
corticotrophin or phenylbutazone (Butazohidin)  Such florid cases are much less
common than the nsidtons slow progressive ones where the diagnosis 1s often
mussed for some tume  In ctvilian cases the diagnosis was made less readily than i
service cases (Hart and his colleagues 1949) sometimes 3 or 4 years might elapse
between the onset of symptoms and the establishment of the d

Chest ivolvement

A characteristic and someumes presenting feature of ankylosing spondylitis 1s
the reduced b excursion caused by fusson of rib on to the transverse process and
body of the vertebra The symptoms are usually stiffness of the chest wall diffi-
culty n fully expanding the chest and an aching and discomfort on deep breathing
coughing or sneezing  The reduction i costal respiration 1eads to over use of the
diaphragm  a double exposure skiagram of the chest i mspiration and expiration
will demonstrate httle nb movement but a generous draphragmatic excurston
(Hart 1950 Hart Bogdanowitch and Nichol 1950), the picture therefore differs
from that seen 1n emphysema 1n which both ribs and diaphragm move little In
our sertes of 184 patients (Hart 1955) the mitsal chest expansion At mpple Jevel

when first seen by us was 1 inch or less 1n 88 cases 1n only 34 cases was 1t over
2 inches

Nodule formation

Many authors {for example Cruickshank 1951) have commented on the absence
of nodule formation n ankylosing spondyhitis

This though generally true, 1s not

absolute
Pain swelling and tenderness of the manubriosternal jomt 1s more common than
m theumatoid arthritis, but uswally persists only for a few weeks Tenderness pver
bony prommnences may be a major complamnt the common sies being 1schral
tuberosities pelvic brim  greater trochanters and occasionally the sacrum
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spinous processes sterntm and ribs  Tenderness n the heel should always raise
suspicion of ankylosing spondylitis espectally 1n males between the ages of 18 and
30 years (Dawvis and Blair 1950)

The diagnostic importance of these tender areas mn bone 1s obvious They are
often misdragnosed commonly as tuberculous lesions, and the resulting therapy—
prolonged immobilizatton—produces unfortunate results It should be remem
bered that ankylosing spondylitis 1s a disease affecting bone as well as jomnt and

ligament, 1t 1s an osteopathy as well as an arthritis and this aspect of the disease
has often been overlooked

L

Fi6 115 —Triple exposure photograph showing the hmited range of
movement 1n ankylosing spondylitis There 1s no alteration in the
spinal contour

Physical signs

The classical physical signs are suffictently well known and do not need emphasts
The 4 cardinal diagnostic ponters of suffness of spie reduced chest expanston
raised sedimentation rate and the classical radiological changes in the jonts are
usually all present The lumbar spimne 1s often flattened and 1s suff as elicited
by triple exposure photographs (Figs 115 116) Head and neck movements
are often similarly restricted shoulders and hips less often  Bony tenderness may
very occasionally be the outstanding finding Tenderness of the 1schial tuberosities
may be present for many years and 1 3 of our cases 1t was constantly present for
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over 2 years though in most patients these sy;nptoms 'ﬂ‘mc ':‘t:lcrdso"r:‘lccssrl:n\tr)g\l’t:\sd
diologica) nbhormality  ‘Tenae
hese tender areas sometimes show ra
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SPONDYLOMETRY

Measurement of spinal movement can only be done properly by using an tnstru
ment that elimmates hip and leg movement The usual mode of assessing spinal
flexion by measuring the distance of the fingers from the floor with the spine 1n full
fiexion 1s notoriously unreltable as 1t measures not enly spinal flesion but also hip
mobility pamn and tenderness 1n hamstrings and knee and several other factors
For the past 3 years we have therefore been using the * spondylometer  designed
by Dunham (1949) (Fig 117) This nstrument measures spinal movement between
two pomnts those commonly selected being the sacrum and the vertebra promuinens
Dunham has measured 2 number of normal subjects and compared them with
patients suffening from ankylosing spondylitis and we have also measured the
spinal range of movement 1n normal medcal students In our seriws the normal
spinal range 1n young adults lay between 75 and 120 degrees and bore no relation
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to the subject s ability or ability to touch the floor with his fingers In ankylosing
spondyhitis these measurements are remarkably constant and provide the best
measure of the progress of spinal stiffness In early cases, 1 which pain rather
than structual change restricts spinal movement such movement 1s mcreased by
treatment with cortisone, ACTH, or deep x rays the response being much more
rapid with the first two than with the last  Usually however, there 1s considerable
fixity of the spine, and, though the pain may be greatly relieved by different forms
of treatment the range of movement mcreases little

Fic 117 —Measurement  of
spinalmovement usingspondy
lometer (By courtesy of Editor
of the Annals of the Rheumatic
Diseases)

v
&

ANKYLOSING SPONDYLITIS IN THE FEMALE

Though much less common m the female than in the male ankylosing spondylitis
may be more common than has been supposed 1n that sex (Simpson and Stevenson
1949, White 1953) because 1t 1s usually mulder and therefore more readily over
looked 1In a 20 year series Tyson Thompson and Ragan (1953) had 60 female
patients as compared with 450 male (I 75) The average age at onset In the
female patients was 25 years In most respects these authors found the disease
differed Iittle from that 1n males though a greater proportion of female patients
had involvement of the cervical spine and symphysis pubis  Four of our female
patients have borne children one by caesarean section and 3 normally (Hart
Bell and Organe 1951) There was no real aggravation of the condition nor was
there detertoration in the vital capacity On the other hand there was no sympto

matic improvement such as 15 commonly seen m patients with theumatoid arthritis
who are pregnant White (1953) also found that no marked regression occurred
during pregnancy and noted that the disease rarely gained impetus after con

finement

ASSOCIATED CONDITIONS AND COMPLICATIONS
Intis and irdocychtis

Intis and nndocyclitis are relatively common 1n ankylosing spondyhitis  Buckley
(1948) gave 10 per cent as the approximate mcidence  the association 1s more
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Jikely to be higher n long standing eases (Hart 1951) leis may oceur during thcr
course of the spondyhtis or may precede 1t (Chan nd Sun 1951) No cise of
scleromalacta perforans i a spondylitic h1s so far been published

Fic 118 —Advanced ankylosing spondylitis in a woman The figure on the
left shows the spine 1 maximal flexion the spme being completely fused
On the right the patient 15 seated on a chair she invented  On this she attends
the theatre and cinema reasonably comfortably

Cardiac compheations

There has been emphasis 1n the last few years on cardiac findings at autopsy in
cases of rheumatond arthritis and 1t has also been held that aortic valvular lesions
particularly aortic incompetence are not uncommon 1n ankylosing spondylitis
Bernstei (1951) examined 352 patients with ankylosing spondylitis in 37 per cent
of whom the disease had lasted for more than 10 years Clinical evidence of heart
disease was found 1 4 3 per cent 10 patients had valvular disease 6 with aortic
msufficiency  Electrocardiograms showed some abnormality 1n 47 of 190 patients,
the most frequent change being prolonged conduction time 1n 29 She stated  the
cardiac complications which arise 1in spondylarthntis ankylopoietica are of benign
nature Even in the case of valvalar disorders symptoms of insufficiency are not
very promsnent even in advanced age

Kuhns (1951) recorded 200 pauents with ankylosing spondylitis observed during
5-20 years  Of these 29 had died mostly from unrelated conditions but 5 had
died from rheumatic heart disease, and 2 from superadded endocarditis
presumably bactenial  He stated that  the most sertous hazard to life in rheuma
toid spondylitis seemed to be a previous rheumatic mvolvement of the heart
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Intercurrent disease
Dy spepsia

Dyspepsta, with or without peptic ulceration 15 a real hazard among these
predominantly male patients aged 2040 years particularly as almost all current
forms of treatment, whether 1t be aspirin, phenylbutazone (Butazohdin) cortisone
corticotrophin, prednisolone or deep x ray may aggravate symptoms with the
production of occasional melaena, haematemesis or even perfortion  There 1s
little statistical evidence that peptic ulceration 1s more common 1n patients with
ankylosing spondyhtis than 1n those of like age without this disorder, but it 1s
common experience that 1t 1s frequent enough to constitute a real hazard in
therapy The dyspeptic spondylitic 1s extremely difficult to treat

Pulmonary tuberculosis

Pulmonary tuberculosis occurs in 5-8 per cent of patients with ankylosing
spondylitis The tmportance of the co existence of these diseases lies in treatment
for rest 1s the basis of treatment of one disorder graded activity and exercises of
the other

DIFFERENTIAL DIAGNOSIS
To be considered 1n the differential diagnosis are the following
Fatigue and postural stramn  tuberculous sprnal disease osteoarthritis  hystera
anxiety and other psychoneurotic states nmjury prolapsed intervertebral disc
cervical spondylosis  other rheumatic disorders such as Reiter s syndrome rheumatord
arthnitis  continued rheumatic fever  psoratic arthropathy metastatic malignant
disease of the spine spinal tumours osteochondntis  spondylolisthesis undulant
fever or enteric fever osteoporosis and osteomalacia  osteitis condensans il and
fluorosis
All the many causes of backache have 1n fact to be constdered The main difficulty
lies 1n the early case correct diagnosis may be virtually impossible without
some months of careful observation A most important differenttal point lies
between tuberculous spinal disease and ankylosmg spondylitis, prolonged immo
bihization of a spondylitic with an incorrect diagnosis of tuberculous disease may
aggravate stiffness and mduce ankylosis

RADIOLOGY

The earliest radiological evidence of ankylosing spondyhtis 1s usually ascribed to
the sacro 1hac joints  With expenience of 500 cases Scott (1942) emphasized this
and considered that sacro ilutis  was the first demonstrable radiological leston
that every spondylitic had sacro 1hac joint changes and that bony ankylosis of these
jonts always preceded spinal lestons Golding (1936) reviewed 91 cases of anky
losing spondyhtis and found sacro 1liac changes 1n all of them he belicved that
this was the earliest demonstrable manifestation It 1s now generally held that for
all practical diagnostic purposes the disease can be said to start in these joints

Sacro ihac Jonts

The appearance of the normal jomt varies considerably with the radiographic
projection and 1n films taken for assessment of progress 1t 1s important to standard
1ze projection and penetration as much as possible If the incident ray strikes the
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pelvic bum at nearly 1 nght angle (1s 10 the lordotic patient) the upper joint
margins are scen nd the joint 1s foreshortened  If the taident beam ss directed at
night angles to the body of the sacrum, there 1s no foreshortening and a greater
length of articular margn 1s projected  Adequate radiographic penetration 1s most
important as it 1s \ital to demonstrate both the anterior and postenior margins of
the joints  Underpenctrated and underexposed films 1re muslcading
The joint may be assessed on the usual standard projections but the joint space
cannot be clearly seen unless 1t lies in the direction of the mncident beam  This view
15 obtained by rotating the pelvis 15-20 degrees to the side away from the joint
being radiographed The 1lium and sacrum nre then viewed independently without
the overlap seen on anterior postertor films cused by the obliquity of the joint
and with a clear joint cavity between the two bones  Thus view of the sacro thac
Joint 1s essential 1n assessing the extent of the pathological changes  Tomography
also 1s useful in demonstrating the joint space at different depths
The normal sacro ihc joint of the adolescent looks different from the adult
Jomnt The subarticular bone cortex 1s not seen and the joint space 1s not delineated
by sharp linear well defined cortical bone as in the adult  The joint space appears
relatively wider and its bordering bone 1s finely arregular - This normal appearance
of the adolescent joint must be appreciated because 1t bears many resemblances to
the diseased adult joint  Rolleston (1947) emphasized this stmilarity and com
pared the earliest changes 1n ankylosing spondylitis with a patchy persistence of
these adolescent features
In our experience the earliest radrological changes are usually apparent in the
lower half or third of the joint as seen 1n the antero posterior or oblique projection
the normal clearcut joint space becoming blurred Much of this loss of sharp
defimtion 1s due to ihal sclerosis (Borak 1946), this sclerosts alone curving
crescentrcally backwards will i an early case gwve the false impression of jont
destruction and for this reason alone well centred oblique projections are
essential  As the disease progresses and the joimnt fuses the sclerosis lessens and
finally disappears In the early stages a patchy zone of para articular porosis gives
an apparent widening of the joint erosion bemng seen between joint space and
adjacent sclerotic thum  The bone texture presents a mottled appearance of
alternating porosis and sclerosts the relative predominance of which vanes from
case to case  Sometimes juxta articular porosis precedes and 1s more pronounced
than sclerosis
With progressive cartilage destruction the joint space gradually disappears
bony ankylosis occurring irregularly here and there  Trabeculae can be seen
traversing the joint progressing until complete fusion occurs The final state 15
often one of complete bony ankylosts with well defined teabeculae traversing
somewh(zjn porotic bone bony sclerosis having usually completely or largely dis
appeared A ghost joint  can often be seen even 1n cases completely ankylosed
scratchy hnear markings showing the line of the obliterated Joint space
nnT;:Z f:r:‘ﬁieiﬁ?: :bed may run their course within months or years depending
for many veara e, 1sease as any one appearance may remain almost unchanged
are bilateral and nez!frillppf;fem quiescence  Almost without exception the changes
carly stages the dlseasey always symmetrical but occastonally especially n the
may be considerably more advanced on one side
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Knutsson (1950 1953} followed up 99 patients who had the so called typical
changes of ankylosing spondylitis 1n the sacro iliac joints and he suggested the
following arbitrary grading of radiological change

(1) Early changes Blurring of the joint margins with 1hac sclerosts and a normal

Jjoint space

(2) Destructiie stage Loss of Joint space erosions and mncreasing sclerosis

(3) Anhylosing stage Gradual bony ankylosis with loss of sclerosts

Knutsson constdered that the radiological changes n the sacro 1hac joimts were
diagnostic and spectfic and were found 1n no other disease  with this optnton many
disagree .
Spine

Several pathological changes in the vertebrae and their associated ligaments are
demonstrable radographically

Vertebral synovial jomnts

The apophyseal joints may be an early site of the disease 1n the spme but the
changes are not easy to demonstrate a serzes of coned views of the sptne taken in
different degrees of obliquity averaging 90 per cent for cervical 70 per cent for the
thoracte and 35 per cent for the lumbar spine 1s required and even then not all of
these apophyseal jomnt spaces may be demonstrated The results are often
disappomting and the changes equivocal Tomography 1s an academic excurston
rather than a helpful nvestigation as the diagnosis has already been made on
radiological changes elsewhere

Vertebral bodies

The angles of the vertebra may become sharpened and the vertebral body
becomes squared  assumung the appearance of a child s brick  Romanus and
Yden (1952) studied serial films of the spine 1n 114 men with ankylosing spondy
htis and found osteolytic lesions at the margins of the vertebral bodies later
re ossifying with remodelling to the squared appearance

Generalized osteoporosis of the spine has often been described as an early and
mmportant feature of ankylosing spondvlitts (Buckley 1948 Scott [942) We
have not been impressed by this except in patients confined to bed or n those
with long standing disease who have undergone prolonged spinal fixation such as
1n a plaster bed Mowbray Latner and Middlemiss (1949) also considered that
general spmal porosts was rare 1t 15 certamnly not often seen in the ambulant
male adult with active disease

Spinal ligaments

Ligamentous caleification and later ossification 1s first seen 1n the anterior and
posterior [ongitudinal spinal hgaments The calcification may be difficult to
demonstrate radrologically as only when the mcident beam 1s tangential to 2
plaque of calcium 1s a radiographic shadow cast  Collms (1949) demonstrated at
necropsy that the calcification was ntrally i the outer laminae of the annulus
fibrosus extending into these fibres from the epiphyseal rings of the bordering
vertebrae Calcification and subsequent osstfication of the annulus fibrosus and the
longitudinal ligaments may continue unul the typical picture of bamboo spine 15
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scen  There 1s 1oss of lumbar cunve and 1 gradunl continvous thoraco-cervical
hyphoss, the whole of the vertebri! column gs then npid and kyphotic Liga
mentt fina are lso mvolied and the median mterspinoys hgaments ossify and
mav form 1 continuous medin Jfongitudinl bar of bone  If this 15 necompanted
by whvloss of the paphysenl jomts and thew capsules an appewance of 3
longitudinl preatlet bars may be produccd

The disc spaces re usually ummpured wnd are of normal hesght probably
because of the sphnting effcet of the ossificitian  1f the dises are degencerate before
sigmificant ossification occurs considerable disc narrowing my be seen

Thorax

Both the central costovertebrat jomnts 1nd the Jaternt costotransverse joints are
affected and early changes are extremely dufficult to demonstrate but advanced
changes show up readily on well penctrated antero postentor films the nibs
appearing to spread out as they fuse with the transverse process and body (or
bodies) of the vertebra

The mvolvement of the costovertebral and costotrapsierse joints causes much
ugidity of the thorax and loss of vital capacity (Hamulton 1949, Hart 1950
Hart Bogdanovitch and Nichol 1950) The manubriosternal joint 1s commonty
mvolved and less frequently the sternoclavicular joints  Thss further hmits the
expanston and elevation of the thoracic cage 1n msprration  Apophyseal joint
changes and ossification of the intervertebral hgaments are of Jess sigmificance
this respect A double radiographic exposure of the chest on a single film, m full
expiratton and in full inspiratrion shows mn 1 normal subject considerable move
ment of both the nbs and the diaphragm dunng the full range of respiratory
excurston  The patient with ankylosmng spondyhtis with thoracic mvolvement
shows very hittle rib movement—sometimes none at all—whilst the diaphragmatic

movement 1s of normal or mcreased range  In generalized emphysema there is both
dimmmshed nb and diaphragmatic movement

Pelvis and hip jomts

It 1s generally true that anhylosing spondyhtts 1s a disease of the trunk and
proximal jounts  the more peripheral the joint the less the hkehhood of its per-
manent mvolvement

The symphysis pubts 1s not uncommonly affected and may become ankylosed
Attention has been drawn already to bony tenderness as a common physical sign
in anhkylosing spondyhus  the radrological concomitants of such lesions have alsa
been reported  Guest and Jacobson (1951) described oval areas of porosis irregular
bone margimns with whiskery out growths 1nto soft tissues and occastonal bitten out
areas m the pelvis on 1ts outer aspect but not on s mner margin which s free
from muscle insertions  These authors found that 74 4 per cent of the 90 patients
studied had such lesions commonly m the 1schial tuberosities and thie crests
Extrapelvic Jesiony of this nature are not so readly recagnized and when found in

the vertebral body or humeral head may be m
ety y be mistaken for tuberculous lestons

Qf the limb joints the hips are most Itkely to become radiolo
gically imvolved and
12 cause severe disability Complete bony ankylosis may occur  Scott (1942) found
that 10 of 300 cases of ankylosing spondylitis were diagnosed as tuberculosss of the
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Knutsson (1950 1953) followed up 99 patients who had the so called typical
changes of ankylosing spondylitts 1n the sacro 1liac joints and he suggested the
following arbitrary grading of radiological change

(1) Early changes Blurring of the joint margins with 1hiac sclerosis and a normal

Joint space

(2) Destructive stage Loss of joint space erosions and increasing sclerosis

(3) Ank)losing stage Gradual bony ankylosis with loss of sclerosts

Knutsson considered that the radiological changes 1n the sacro 1liac joints were
diagnostic and specific and were found 1n no other disease  with this opimon many
disagree ,
Spme

Several pathological changes 1n the vertebrae and their associated hgaments are
demonstrable radiographically

Vertebral synovial jomnts

The apophyseal joints may be an early site of the disease 1n the spine but the
changes are not easy to demonstrate a series of coned views of the spine taken m
different degrees of oblhiquity averaging 90 per cent for cervical 70 per cent for the
thoracic and 35 per cent for the lumbar spine 1s required and even then not all of
these apophyseal jomnt spaces may be demonstrated The results are often
disappointing and the changes equivocal Tomography 1s an academic excursion
rather than a helpful invesugation as the diagnosis has already been made on
radiological changes elsewhere

Vertebral bodies

The angles of the vertebra may become sharpened and the vertebral body
becomes squared  assuming the appearance of a child s brick Romanus and
Yden (1952) studied serial films of the spme in 114 men with ankylosing spondy
Iitis and found osteolytic lesions at the margins of the vertebral bodies later
re ossifymg with remodelling to the squared appearance

Generalized osteoporosts of the spine has often been described as an early and
mmportant feature of ankylosing spondyhitis (Buckley 1948 Scott 1942) We
have not been impressed by this except 1n patients confined to bed or in those
with long standing disease who have undergone prolonged spinal fixation such as
m a plaster bed Mowbray Latner and Middlemiss (1949) also considered that
general spial porosis was rare 1t 1s certamnly not often seen n the ambulant
male adult with active disease

Sptnal ligaments

Ligamentous calaification and later ossification 1s first seen 1n the anterror and
posterior longitudinal spmal ligaments  The calcification may be difficult to
demonstrate radiologically as only when the incident beam 1s tangential to a
plaque of calcium 1s a radiographic shadow cast  Collins (1949) demonstrated at
necropsy that the caloification was mitially 1n the outer lammae of the annulus
fibrosus extending nto these fibres from the epiphyseal rings of the bordering
vertebrae Calcification and subsequent ossification of the annulus fibrosus and the
Jongitudmal ligaments may continue until the typical picture of bamboo spine Is
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scen There 1s loss of lumbar curve and 4 gradual continuous thoraco cervical
Lyphosts, the whole of the vertebral column s then rigid and kyphotic  Liga
menta flnva are also mvolved and the meditn interspinous ligiments ossify and
may form a continuous median longitudinal bar of bone 1f this 1s accompnied
by ankylosis of the apophyscal jomnts nd thewr capsules an appearance of 3
longitudinal parallel birs m1y be produced

The disc spaces are usually ummpured nd re of normal height probably
because of the sphintmg effect of the ossification  If the discs are degenerate before
sigmificant ossificition occurs considerable disc narrowing m1y be seen

Thorax

Both the central costovertebral joints 1nd the lateral costotransverse joints are
affected and early changes 1re extremely difficult to demonstrate but advanced
changes show up readily on well penctrated antero posterior films, the ribs
appearing to spread out as they fuse with the transverse process and body (or
bodies) of the vertebra

The mvolvernent of the costovertebral and costotrapsverse joints causes much
ngidity of the thorax and loss of vital capacity (Hamulton, 1949 Hart 1950
Hart Bogdanovitch and Nichol 1950) The manubriosternal joimnt ts commonly
mvolied and less frequently the sternoclavicular joints This further Immts the
expansion and elevation of the thoracic cage in mspiration  Apophyseal joint
changes and ossification of the intervertebral igaments are of less significance 1n
this respect A double radiographic exposure of the chest on a single film 1n full
exprration and 1n full mnspiration shows 1n a normal subject considerable move-
ment of both the nbs and the diaphragm during the full range of respiratory
excursion  The patient with ankylosing spondyliis with thoracic involvement
shows very hittle rib movement—sometimes none at all—whilst the draphragmatic
movement 15 of normal or increased range In generalized emphysema there 1s both
diminished nib and draphragmatic movement

Pelvis 2nd hip joints

It 15 generally true that ankylosing spondylitis 1s a disease of the trunk and
proximal joints, the more peripheral the joint the less the likelihood of its pet
manent involvement

The symphysis pubis 1s not uncommonly affected and may become ankylosed
Attention has been drawn already to bony tenderness as a common physical sign
i ankylosing spondylitis  the radrological concomitants of such lesions have alsa
beenreported Guest and Jacobson (1951) described oval areas of porosts 1rregular
bone margins with whiskery out growths 1nto soft tissues and occasional bitten out
areas 1 the pelvis on its outer aspect but not on its nner marg whch 1s free
from muscle insertions These authors found that 74 4 per cent of the 90 patients
studied had such lesions commonly 1n the 1schial tuberosities and thac crests
Extrapelvic lesions of this nature are not so readily recogmzed and when found n

the vertebral body or humeral head by
A may be mistaken for tuberculous lesions

Of the hmb jonts  the hups are most likely to become radiolo;
gically mvolved and
(; cause severe disability Complete bony ankylosts may occur  Scott (1942) found
that 10 of 300 cases of ankylosing spondyhitts were diagnosed as tuberculosis of the
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hip by both climictan and radiologist  Subsequent immobilization tn plaster was
followed by early and complete bony ankylosts of the hip with greatly creased
disability To avord tius error of diagnosis the pelvis should be radiographed and
the sacro thac joints assessed whenever an atrophic or mfective arthritis of hip 1s
suspected Almost without exception 1t will be found that 1f spondyhtis be the
cause the sacro ihac joints are obviously mvolved and probably ankylosed

TREATMENT

It has been customary n the past to emphasize the importance of a good spinal
position  Patients were confined to bed and were often put n plaster cases which
were gradually increased mn extenston so that the relief of pamn might run parallel
with fusion of the spine 1n a good position  Such treatment has now been com
pletely superseded by a more active approach There 1s no doubt that ths thera
peutic programme was productive of much pain and crippling, when the patient
was released from his plaster he had 1n many cases not only a stff fused back but
stiff fused hips and a nigid thoracic cage also  In our own sertes those msdiagnosed
as suffering from spmal tuberculosis and treated by tmmobulity showed the worst
end results 1 most thetr hups were either largely or entirely ankylosed In most
patients attending our umt for the first ttme wearing spinal supports the vital
capacity was dimmished and full inspiration prevented i greater or lesser degree
as a result of our findings we have entirely discontinued the use of spinal supports
Sharp and Easson (1954) adopted the same attitude

Today pattents with ankylosing spondylitts are advised to mamtain full mobility
short of severe spinal strain from the start We would prefer a spondyhitic to have
an active occupation such as gardener or plumber rather than an indoor sedentary
post for patients feel themselves to be better when active and much worse when
kept at rest  Awakening 1n the morming 15 usually their worst time  because after
some hours of deep sleep they are stiff and 1n pain and may take from 2 to 3 hours
to become fully mobile  Not uncommontly patents set an alarm clock to wake them
at some hour 1n the mght when they do a few simple exercises and then return to
bed 1 this way they are able to mobihize more raptdly n the morning and therr
working day 1s made easter Other patients report that mormng stiffness 1s reduced
when their spines are kept gently agitated at night as in moving vehicles ships or
acroplanes We therefore encourage the patient to undertake all physical acuvities
that do not mvolve severe strain to the spine  cricket swimmung golf and tennis
usually prove beneficial if the disease 1s not too advanced An active Iife with the
normal overbreathing of stmple exertion 1s better than set breathing exercises at
set times though these are also beneficial Spinal stiffness does not cripple a man
but stiffness and pam 1 the hips does 1ndeed fitness for work often depends
entirely on the presence or absence of hip involvement A few weeks or months
bed or 1n a plaster shell may mark the beginning of progressive hup mvolvement

Sharp and Easson (1954) recorded that m their group of typical spondylitics
19 had been at some ume 1n the course of the disease 1mmobilized 1n plaster beds
or on frames for months or years  Of these 19 5 were  virtual statues with ngid
dorsal and lumbar spines and fixed or grossly lmted hips and 2 of them had
practically fixed knees  Only 6 similar cases were encountered among the remaining
223 patients m the group
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Physiothesapy

The most tmportant ttem 1 phystotheripy 1s exercise the physiotherapist
shauld teach and encourage posturil and breithing exercrses and simple bodily
movements which the pitient should do regularly 2t home or 1t work every day
When 1 hospital we prefer our patients 10 have the freedom of the busfding and its
grounds and we encourage simple physical traming short of severe stramn Thougha
Jarge varety of different physical methods hwve been advocated none 1s very
dramatic 1 effect though sny method may on occsion apper helpful  Varsous
forms of applicd heat arc as hicly (o nggravate as to ease symptoms this desease
Treatment at 2 spa will often benefit the more advanced or partly crippled patient

Analgestcs
Aspirin
In any of the rheumatic disorders an adequate and regular analgesic regime 1s of
primary 1importance  In milder cascs only an occasional dose may be needed to
relieve temporary pam but many patients need a regular hour to hour analgesic
cover  Acetylsalicyhic acid 1n any of its forms taken at set times may make all
the difference to the patient s ability to cope with us daily work  The morning dose
1s usually the most helpful 15 grawns of aspiria, with a small glass of muk and
a biscutt on waking will make the most difficult task of the day, getung up less of
a pamful proceeding

Phem Ibutazone (Butazolidu)

This drug has proved its worth essentiaffy as a long acting slowly excreted anal-
gesic  The fact that 1t helps the spondyliic m all stages of hus pamnful disease
suggests that 1ts benefit hies essenttally i relef of pamn  If the patient can tolerate
phenylbutazone it 1s perhaps the most effective drug n the treatment of the
advanced or early pamful case Daily doses of 200-400 milligrams are usually well
tolerated by the male pattent with advanced spondylitis but the therapeutic
effect may be madequate Increasing the dose to 600-800 milligrams a day may
produce ease but will oftent be followed by gastric intolerance  Other foxic side
effects such as oedema skin rashes buccal ulceration and defects m blood clotting
are more rare while leucopema and agranulocytosis are rarer stll  Gastric
srritation 1s the most frequent and ymportant hazard and may lead to haematemesis
and melaena  Although there 1s no effect on stiffiness when the disease has led to
fixation relief from pain enables the patient to do more with less discomfort
Toxic effects, 1f they occur usually do so within 6 weeks of starting treatment
There 15 considerable variation 1n individual response to the drug, some tolerating
1t extremely well others suffering side effects within a few days on small dosage
if the drug 15 effective 1t usnally contmues to grve rebef for a long tume

Cortisane, hydrocortisone, predmsone, predmsolone and corticotrophin

The improvement caused by these substances in the r
on vanous factors of which an 1m
reducing action

heumatic disorders depends
portant one 15 thesr ant1 inflammatory or cedema-
In many cases of ankylosing spondylitts this fictor 15 not of
primary importance and though the patient may fecl and look better the effect on
function may not be dramatic  Other patients respond dramaticatly obtam much
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relief of pain and are able to do more with less discomfort  For prolonged maimn
tenance therapy it 1s unusual to exceed 75 miligrams of cortisone or hydrocortisone
or 20 milligrams of predmsone or predmsolone daily by mouth Although these
doses may be exceeded for short periods to cover acute exacerbations 1t 1s generally
accepted as unwise to continue high dosage The hazards are peptic ulceration
sometimes with melaena haematemests or even perforation any of the many
clmical features of Cushing s syndrome, and masking of acute infections It 15
easter to start steroid therapy than to stop 1t and what may be started as short
term therapy may run into a long term project as patient and doctor find that this
treatment cannot be discontinued because of aggravation of symptoms on reducing
the dose

Corticotrophin (ACTH) either intramuscularly or travenously 1s used i the
treatment of 1n acute exacerbation 1t may also be used to produce adrenocortical
stimulation when cortisone or prednisone 1s being withdrawn

Deep radiotherapy

Deep radiotherapy 1s the only form of treatment that produces an effect lasting
Jonger than the therapy 1tself While the beneficial effects of cortisone corticotro
phin and phenylbutazone last only a few days after withdrawal of the drug decp
radiotherapy frequently does not appear to produce amelioration m the chimcal
picture until towards the end or after the cessation of treatment and benefit may
last months or years

Procedure

Richmond (1951) has summanzed the ways in which deep radiotherapy has been
given  The first 13 the wide field theripy which though now given up did much to
focus attentton on the value of wrradiation 1n this disease The second 15 what
Richmond calls  pertodic conservative therapy —1n which a relatively conservative
dose of x rays 1s directed to the region of the spme from which symptoms appear
to anse at the time It 1s based on the consideration that ankylosing spondylitis 1s
a relapsing remutting disease  further treatment may be gnen as symptoms arise
elsewhere The third method 1s the localized semt intensive® method In most
mnstances therapy 1s drected to the sacro ihiac joints and the lower lumbar spine 1n
the first mstance Though local improvement 1n the site rradmated 15 the rule
recrudescence of pain at a higher level m the spine 1s common The fourth method
1s the generalized semu intenstve method which 1s favoured by Richmond by
Windeyer and by McWhirter (1945) and many others in Great Britain It consists of
wrradiation over the sacro tliac joints and entire spine 1rrespective of the stage and
localization of the disease A common dosage 1s 2 000r surface dose to each section
of the spine usually over a period of 4 weeks employing x rays of 19 millimetre
copper half value layer (250 kilovolts with 1 mulimetre copper 1 millmetre
alumintum filtratton) This means that 100r 1s given to the sacro iltacs lumbo
thoracie and cervical regrans daily for a tatal of 20 treatment days

In our own umit we prefer to treat only the areas affected though we include
areas of very mild symptoms or signs because expertence has taught that relief
of patn 1n one section of the spime s frequently followed by complamnt of apparent
exacerbation 1n previously less painful untreated areas The dosage given varies
from 1000 to 1 250 skin dose treatment betng given only on alternate days to any
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particular rer  The routine procedure wdopted (Hart and his colleagues 1949)
was to use x rys of hilovoltige 180-200, filtranion 15 millimetres copper, half
value Jayer § 7 millmetses of copper the shn dosnge tn each ficld never recerving
more than 1507 i any onc day  Trentment was not given to more than two fields
daily the period of theripy being sprend over 3-4 weeks  The advantape of ths
smaller dosge tnd more localized appheation 1s that further courscs can be
gnven Jater and systenuc upsct (s much fess  with the generalized semh intensive
method using 2 3005 total (shin) dosge further courses of therapy are not advisable
In addition fo irradiation of the spine we have given deep radiotherapy i smailer
dosage of a few hundred roentgens to painful and tender areas elsewhere for
example pelvic crests, knees and feet often with very satssfactory results

Comparane results

Desmarass (1953) compared the cflect 1n ankylosing spondyhtis, osteoarthntis
and rheumatoid arthnus of radwotherapy apphied 1o dsfferint arcas m different
dosages  Deep x ray therapy in anhkylosing spondyliis gave snfimitely better
results than n osteoarthritis the results m rheumatord arthntts being the most
disappotating of all  not uncammonly yoints flared up 1n consequence of treatment

In our expersence most patients with ankylosing spondyhitis obtam pronounced
improvement an symptoms  Ths 15 not paralieled, except 1 very ¢rly cases by
marked improvement in range of spinil movements rebef from pam 1s more
striking than relief from stiffness  Why deep x rays mmprove the patient 15 not
known and 1t 1s debatable whether it alters the natural course of the disease,
probably st does not  Whether deep x ray treatment can bring on wnatural re
mission 1s still open to gquestion 1t 13, however the one form of trestment which
usually gives symptomatic relief for a considerable time
Side effects

There are certam toxic side effects Melaena with secondary anaema occurs
occassonally particularfy on dosages of 200r and upwards rarely on lower dosage
Van Swaay (1950 1955) reported necropsy findings 1 wrradiated patients who dred
of myelod feukaemia and Court Brown and Abbatt {1955) drew attention to this
complication  particularly 1n patients subjected to tepeated courses of therapy
Aplastic anaemia s rare  Sharp and Easson (1954) reported a case  Activation of

quiescent pulmonary tuberculosis and srradiation nephrosss are also possible
hazards

Surgery

The orthopsedic surgeon can help in preventing ankylosis i a bad posiion
It 1s 1mportant to remember that an  anatomical position 1s not always the
best from 4 functional pemt of view  The patient who can sit but not stand may be
better off than the one whose capabihines are the other way round  Ordimary
arthroplasties are most disappomting  For anky losed hips excston of the femoral
head and neck sometimes succeeds but even with 4 st wihzing osteotomy  does
not allow mmassisted walking because stiffness prevents the actual flexion of the
spine necessary to bring the centre of gravity over an unstable hip when 1t takes

weight - Osteotomy osteoclests of the spine which has been

publicized in recent
years 1s rarely yustifiable and should be reserved for most carefully sel

for there 1s a very reat risk of paraplegia ot carclully selected cases
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PROGNOSIS

Accurate prognosts 1s difficult Death has occurred from injury, the ngid fused
neck of a spondylitic breaking hike a long bone 1n such cases death may be
nstantaneous or occur after some weeks or months of paraplegia Intercurrent
infection often respiratory may cause death, tuberculosis was responsible 1n one
case 1n our series  Amyloid disease 1s not uncommon 1n the late stages of any of
the rheumatord diseases and ankylosing spondylitis 1s no exception Cardiac
deaths as noted above are not uncommon later 1n Iife  Kuhns (1951) stated that
Iife expectancy 1n the usual case of ankylosing spondylitis 1s the same as with other
individuals with a similar amount of cripphing, 1n our experience previous mis
applied treatment has caused much of this crippling  In fitness for work and
ability to carry on with his daily duties, the spondylitic 15 more happily placed
than the rheumatord the great majority of sufferers attending our umit are at full
work and have been able to continue so for many years Blumberg and Ragan
(1956) found that of 121 patients followed up 76 per cent were working regularly
and only 5 per cent were reduced to bed or chair existence

SUMMARY

In order to study the disease more closely attempts are being made to differentiate
1t more strictly from other disorders There 1s some evidence that typical and
atypical forms react differently to treatment and that the atypical variety may
mclude more than one disease process

There 1s still disagreement about the essential pathology Incrimination of
genito uninary mfection has been revised but not to the satisfaction of most
worhkers The aetiology remains as 1n rheumatoid disease n general unknown

In therapy emphasts 1s towards activity and exercise when possible and away
from unnecessary immobilization
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CHAPTER 9
CERVICAL SPONDYLOSIS
VALENTINE LOGUE

THE PROLAPSED intervertebral disc in the form of a soft nuclear hermation has
become a commonplace i dragnosis in the 23 years since 1ts first description as a
clinical entity  The symptoms and signs of 1its presence at each of the three levels of
the spinal canal lumbar thoracic and cervical have been described 1n every detail

A different nosological entity which has been revealed by radiography and which
1s referred to as spinal osteoarthritis osteophytosis spondylitis and vartous otfier
names has also been recogmzed for a long time as being an affection of the inter
vertebral discs along with other local structures but 1ts significance in the pro
duction of neurological disorders as distinct from 1ts own symptoms of local pain
and stiffness has only been discovered i recent years That this condition, best
referred to as spondylosis may occur at any level in the spine 1s also well known
from studies on the cadaver (Shore 1953) and from radiological investtgation of the
spine (Boyle, 1954) It has been found by these methods that in middle age
spondylosis 1s most common at the levels of the following itervertebral discs

\C 56 and C6/7 T7-11 and L 3/4 and L 4/5 It 1s generally acknowledged that

the incidence 1ncreases with age and over the age of 80 years all discs are affected
at all levels 1n the spme  However with regard to neurological complications 1t 1s
found that these are uncommon at the thoracic and lumbar levels—mn the lumbar
region because the spondylosis 1s related to nerve roots and not to the spimnal
cord and roots are more adaptable and more resistant to pressure by the
relatively small encroachments 1n the spinal canal that spondylosis produces In
the thoracic region the sparing of the cord 1s probably related to the comparative
immobility of the spine and also to the small amount of posterior osteophytosis
that occurs there

It 15 1 the cervical region that involvement of spwnal cord and nerve root by
spondylosis 1s commonest—for a number of reasons (see below) of which
the mobility of the cervical vertebrae 1s probably the most important Nervous
complications of cervical spondylosis are probably much commoner than was
formerly supposed Pallis Jones and Spillane (1954) have shown 1n a series of
50 patients admitted to hospital for conditions independent of the spine that
75 per cent had cervical spondylotic changes visible radiographically and no less
than 50 per cent of these showed abnormal neurological signs although these were
not necessarily all related to the spondylosts and many of the signs were shight—
such as an extensor plantar response reduction of vibration sense or an alteratton
of reflexes—and did not give rise to any disability

However 1n some tnstances the changes produced 1n the spinal cord and nerve
roots are severe and cause progressive cripphing but why this small minority 15
destined to suffer serious neurological complications 1s sl not known Certainly
the degree of neurological damage does not necessarily appear to be related to the
severity of the radiographic changes
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PATHOLOGICAL CHANGES IN THE INTERVIRTEBRAL DISCS

The esscatil feture of ¢t spondy losts which produces damage to the spinal cord and
nerve roots 1s the backward protrusion of the annutus fibrosus into the spinal canal
for a varying distance  The projection tahes the form of a narrow bar of fibro-
cartilige enclosed abosve nd below by 4 bony spur or ndge emanating from the
m1rg|ﬂs of the adjrcent vertebrae and extending for part or the whole w1y across
the spnal cantl  This spur formation may be confined cither to the postcrior
intraspin) aspect of the disc or to its antenor surface, or 1 MY ffect the whole of
the circumferentinl margin of the disc -

Although occastonilly the fibro cartilage mny probiferyte and form a smnll soft
nob on the apex of the protrusion, 1t 1s the hard transserse nidge of fibro cartilage
bone and fibrous tissuc that 1s the characteristic nosological entity implied by the
term cervical spondylosis and with which this chapter 1s concerned  This
annular protrusion 1s clearly quite different from the localized soft herniation
that ocours classally 1m the fumbar region And that 1s also seen but luss often
1n the cervical spine

The protrusion of the annulus 10 cervical spondviosts 1s ssoctated with narrow
wig of the disc seen radiologieally, but on the other hand narrowing of the disc 1s
not necessanily assoctated with a protrusion For wnstance X ray examimnition of
the cenvcal spine may show equal narrowing of several discs only one of which
may show actual spur formation

The precise pathological basis of this type of spondylotic protrusion s not clearly
Lnown The basic change seems to be degeneration of the disc substance comprising
both annulus fibrosus and nucleus pulposus The nucleus shrinks and loses 1ts
resthient properties and consequently the vertebral bodies approximate The
annulus wheremn hyahin changes and coarsening of the fibres are taking place s
part of the degenerative process now bears the brunt of the stress of movemeat of
the joint  As a consequence of the approximation of the vertebrae and the n-
creased mobihty between them the annulus tends to bulge out so that the
periosteum to which 1t 1s attached tends to be hfted up with proliferation of the
subjacent bone to form the osteophytes which grow out above and below
enclosing the fibro cartilage of the annulus between them  With continuing move
ment the spurs tend to increase mn hught  As menttoned above there may occaston
ally be a soft cap on the protruston from proliferation of the ~lready protruded
fibro cartilage

The fundamental causes of the disc degeneration responsible for the annular
protrusion are even more obscure  There are the natural processes of decay
associated with ageing which begin earbier m the ntervertebral discs than n other
speciahized tissues, appearing in the third decade They are assocrited with a pro-
gresstve reduction in the flurd content of the dises particularly that of the nucleus
pulposus  This dessication and increased firmness of the nucleus means loss of
bulk and of resihence In some people this degenerative process seems to be more
severe 1t an earlrer age than mn others so that the stress of normat daily neck
rr‘l‘a\emcr}l‘ts has a greater effect 1n predisposing to spondylotic changes Why the
:03;\3;‘3: ‘gu‘\id ::ﬁfcct ;ume people ¢arlier than others and why 1t should be confined
adducedgas ;5 in about a quarter of the cases is not clear Trauma has been

poswble cause but the Wstory of a single it

ung wyury 1s ver
rarely obtained although st 1s well known that violence to the cervical spm:é
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CERVICAL SPONDYLOSHS

already the seat of spondylosis may htve a disproportionately serious effect It
1s possible however, that injury at an early age and long forgotten may be the
basis for spondylosts later and this may explain perhaps why only one disc may
be affected and the other discs appear normal on radiography

Certain occupational diseases seem to predispose to cervical spondylosts and
congenital anomaltes, such as fusion of the bodies of two or more vertebrae
are often associated with spondylosis of the disc situated immediately above or
below presumably from excessive stress at these levels, but the possibility that
the disc 1tself 1s congemtally mal developed has to be borne in mind

Butler (1955) has suggested that osteochondritis in childhood may be the origin
of spondylosts 1n adult Iife and certainly the radiographic appearances of fully
developed cervical spondylosis resemble closely the changes seen 1n the thoracic
spine 1n this condition

SITE OF SPONDYLOSIS

Spondylosis can affect any one of the six cervical discs from that between C2
and C 3 vertebrae to that between C 7 and T | with the highest incidence at C 5/6
and C 6/7 Usually more than one disc 1s affected and occastonally all six

r

m— 3

Fic 119 —Semu diagrammatic drawing to show the various situatrons
of annular protrusions mtraforaminal dorso lateral and the
median protrusions which are indicated by dotted lines
The precise situation of the osteophytic protrusion within the spinal canal 1s
important because 1t determines whether the spinal cord or the nerve root or both
1s going to be affected Fig 119 shows the various types of protrusion a bulge
1n the midhine will compress the whole spinal cord (and the anterior nerve roots
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SITE OF SPONDYLOSIS

thit emerge at this level) but 1 bulge just to onc stde of the midhne causes 2
mamnly untlater1] cord compression with a Brown Scquard type of syndrome
More often a complete bory bar pustag from one side of the canal to the
other 1s seen which may affect not only the spinal cord but lso the nerve roots
on one or both sides A further vaoiety consists of 1 localized protrusion which
anses from the lateral portion of the disc mn relation to the nerve root and 15
erther dorso lateral or intraforammal 1n situation  In the 1tter sitc the protrusion
may not be dernved from the disc but from hypertrophic lipping of the margin of
Luschka s (neuro central) jont, as Cave Gnfliths and Whiteley (1955) have em
phasized from the practical pomnt of view the distinction 1s hot important
because treatment conservative or surgical will be the same in esther case
Luschka’s jomnts are part diathrodial and are set on the tateral margins of the
vertebrae facing mto the wntervertebral forimina  Osteoarthntic hipping of ther
margins usually appears mn tssoctation with cervical spondylosis but 1t may
oceur as a separate entity n the presence of reasonably normat discs

CLINICAL SYNDROMES

The cimeal syndromes that may arise from the annular protrusion in each of these
situations are therefore those of (1) root compression alone causing pain down the
arm (brachialgia or brachial neunitis) as a result of dorso lateral or intraforaminal
protrusions  (2) compression of the spinal cord by median or paramedian pro

trusions  or (3) a combination of both  In addition there will be symptoms 1n
and about the neck stself, as a result of the local disease process n the spine

Local symptoms

The symptoms referable to the neck are muld, i spite of severe spondylosis
demonstrated by radiographs and 1t 1s usually symptoms of nervous system
involvement that bring the patient to hospital However occastonally there 1s a
istory of attacks, often recurring of shight aching or stiffness 1 the neck with
perhaps some radiation into the shoulders, the mild symptoms being disussed
by the patients themselves as manifestation of rheumatism or fibrostis The
patient may sometimes notice restriction of head or neck movement but the neck
symptoms are rarely obtrusne and are over shadowed by the symptoms of nerve
root or spinal cord compression  In the developed case 1t 1s usually possible to
demonstrate some reduction of mobility of the cervical spme matnlv lateral
flexron restriction of antero posterior flexion and extenston tends to be obscured
by the free movement of the head at the atlanto axio occipital articulation and

even an the presence of florid neurological signs the cervical movements may
sometimes be quite unrestricted

NERVE ROOT COMPRESSION
Symptoms
The predommant feature of nerve root com
pression from a laterally placed
protrusion 1s pamn distributed according to the level of the disc les:onyarl:d the

nerve root mvolved  'With protruston at a high level C2/3 orC 3/4
A 1S greatest
1 the scapula and shoulder In lesions of the lower discs pun exxEnds dogun the
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CERVICAL SPONDYLOSIS

length of the arm and into the fingers and often on to the chest In fact 1t 1s now
well known that compression of the C 7 root on the left side may give rise to pam
which radiates mnto the arm and chest, simulating very closely coronary artery
thrombosis

The parn has the usual persistent aching qualty that 1s assocrated with nerve root
compresston at any level in the spine It 15 commonly sub acute typicaily
occurring 1n an attack which lasts for a few weeks to perhaps I or 2 months The
attacks tend to recur the intervals of freedom becomung less, and they often
finish up as a persistent intractable aching down the hmb exacerbated by any
activity and relteved to a variable extent by rest Occasionally a really severe
attack of pamn occurs which resembles that produced by the less frequent soft
nuclear prolapse though radiography may indicate spondylotic changes of many
years standing such an acute incident ss difficult to explain by an essentially chronic
disease process In these occasional severely pamful attacks the neck movement
may be considerably restricted by muscle spasm 1n contrast to the shight restriction
1 the usual case (see above) In general, however, the root symptoms are sub
acute or chronic permitting the patient to carry on work with mild restriction of
actvaty In addition to pain, paraesthesiae of the fingers 1s a common complamt

Signs

Examination of the arm will disclose the neurological signs which are now well
known and do not require a detailed description They consist of, perhaps, shight
selective wasting of muscles reduction or abolition of tendon reflexes which will
vary according to the nerve root mvolved, and sometimes sensory change 1n an
area of dermatome distribution

Analysis of the pamn

On analysis of its character and quality the pain in cervical nerve root compression
1t will be found to be of two types there 15 a deep boring, aching pain felt mainly m
the more proximal muscles those of the neck scapula deltoid, biceps and
pectorals and there 15 a sharper lancinating pain often occurring tn shock like
attacks radiating more peripherally 1n the hmb often into the fingers where they
are usually associated with paraesthesiae The distribution of pain 1s widespread
even with a single root irritation and 1n the very acute attacks patients may state
that the whole arm 1s aching and they are unable to specify a particular area related
to a single root distribution

Mode of production of the pamn

The mode of production of panful symptoms by root compression has been
clarified considerably by the researches of Frykholm (1951) He carried out opera
tions on patients with brachial neuriis under local analgesia and was able to
stimulate the affected nerve roots and note the quality and distribution of the
resulting pam and then abohsh conduction by njecting the anterior and posterior
ramt with procame It was found that the deep proximal aching pain was repro
duced exactly by mechanical stimulation of the compressed ventral (motor)
ramus this pain could be abolished completely by procaine block of the related
sensory (posterior) ramus alone the motor root being left intact  sumulation of
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NERVE ROOT COMPRESSION

the motor root would stifl produce muscle contriction, but not patn  The most
reasonible mtcrpretation of these observations wis that the proximal aching
pun arose from persisient SPASM if grOups of muscle fibres 1a consequence of
motor toot irritation pan scns:]mcg from these fibres being relayed back to the
1 nervous system by the related postenior ramus

Ca{i’rlic: ‘;;\c scns)ory roo{ alone was stimulated a sharp, shock hke pan was felt
which radiated not only widely 1nto the proxtmal musclcs but also distally mn a
more Greumsenbed fashion m the sclerotome distribution as well as mto the
dermatome arca where pariesthesiae were expenienced  Fryhholm was able to
show 1n thts way that an nerve root compression the pamful sympioms were re-
ferred 1nto the myotome, sclerotome and dermatome arcas by srritation of both
the motor and sensory roots, with a wide diffuse distribution proximally and a
nurow and more Jocahzed Tidivhon distally

Segmental pattern of iwnersation

There has been mn the past a tendency to regard the segmental pattern of
mnervation 1 the upper limbs as being rather fixed, with 1 small range of vara-
tion caused by pre fixation or post fixation of the nerve roots contributing to the
brachin! plexus  Frykholm has demonstrated however, that the varation 15 wider
than has been thought and that the component nerves of the plexus may move
two segments up or down, for tnstance the cutaneous supply of the httle finger,
usually regarded as bemng subserved by the eighth cervical nerve may mn fact be
mnervated by the sixth sensory root  This has a practical application because
3t renders 1t unwise to operate for root compression with a localization based
solely on chinical methods and makes myelographic confirmation of the level an
essential preliminary to surgery

Anatomy of the nerve root

The manner 1n which the nerve root 1s 1nvolved by laterally placed protrusions
has also been investigated by Frykholm  In order to understand his explanation it
33 necessary 1o desenbe mn some detant the anatomy of the nerve root as 1t emerges
from the theca (Fig 120) At the level at which the nerve root makes its evat the
dural sac sends out a funne! shaped prolongation called the root (axillary) pouch
with 4 curved upper and Iower border so that the nerve root 1s permutted to run a
gently curving course out of the theca, thus avording a sharp bend at its
pomt of emergence At the apex of the root pouch there are two openings the
root ostia one for the sensory and one for the motor ramus separated by the
nterradecular septum of dura mater  at thus level the layer of pia arachnoid 1s
much thickened and 1s adherent to the roots and the dural hning thus sealing off
the cerebrospmal flmd from passing further along the radicular nerve  Beyond the
ostia the roots are carned n separate arachnoidal and dural compartments
known as the root sleeves, which extend ont for a short distanice, and then the
arachnord ceases and the roots are mvested only with the dural sheath The two
Toots fuse just dateral to the posterior root ganghon and subsequently separate
1010 posterior and antenior pnmary rami It will be seen that the an itomscal dis-
unction between the root pouch and root sleeve 1s a real one, and together they
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CERVICAL SPONDYLOSIS

comprise what was formerly and loosely talked of as the root sheith The segre
gation of the ramu nto separate dural compartments assumes importance in the
operative treatment of brachial neuntss 1f the condition of root sleeve fibrosis 1s
present

Dura
Arachneid

Posterior
root

Arachnoidal
adhesions

Interradicular

toramen Interradicular

Anterior

Arachnod

Dura

Roc‘l‘ pouch
\
\

Root steeve

Fic 120 —Dragrammatic drawing to show the anatomy of the root sleeve and
root pouch (dfter Frykholm)

Root slecve fibrosis

It has long been recognized that spondylotic protrusions lead to fibrotic changes
n the dural sheaths surrounding the emergent roots often causing adheston of
the root to the surface of the protrusion but Frykholm has found that these
changes which he terms root sleeve fibrosis are more specific and possess
characteristic appearances which he has observed repeatedly at operation—the
mamn features of which are as follows (1) opacity of the dura of the root sleeve
and root pouch (2) narrowing and abolition of the root pouch (3) thickening
of the dura surrounding the root ostia and of the interradicular septum pro
ducing a constriction ring  and (4) fibrosis of the arachnoid 1n the victty of
the root ostia exacerbating the effects of (3)

The presence of root sleeve fibrosis 1s of importance 1 treatment because al
though 1n a number of patients simple decompression of the nerve may be suffi
cient to relieve symptoms 1n those cases with well marked root slecve fibrosis
decompression 15 not enough and division of the dural compartments of the sen
sory and the motor roots may be required for complete relief
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SPINAL CORD INVOLVEMENT—CERVICAL MYELOPATHY

The term cervical myclopathy 1s an alt embracing title used to describe the neura
logical results of damage to the cervicnd sprmnl cord, often 1n comjunction with the
nerve roots by tnnular proirusions

The conscquent clinicnl picture 15 plcomorphic the result of a number of nter-
playing factors  As alrcady mentioned the spinal cord may be mnvolved alone or
1 company with one or more nerve roots and the symptoms referable to the
nerve roots may precede or iccompany or follow the appearance of cord symptoms
The course 1s sanable 1n nearly a quarter of the cases the disease follows steadily
and exorably 1ts downward path, whereas tn others the detcrioration tends to
be slow, but episodic new symptoms and signs appearng at each episode and
persisting  In @ small number of paticnts the static mterval between episodes may
Jast for months or cven years but any real improvement, when measured
objectnvely 1s rare It 15 this episodic nature of the condition, with intervals of
spontapeous arrest that renders the critical apprasal of the results of treatment
so ery difficult

Neurological signs

The domnating feature of the condition and usually the first to appear, 1s weak-
ness and spasticity of one or both legswith the associated signs of exaggerated reflexes
and extensor plantar responses Sensory symptoms tn the legs and trunk are less
common and compnse paraesthestae sometimes very uncomfortable and described
as pamnful and reduction of pain and temperature sensation, often of a patchy
disinbution and rarely with a sharp upper level such as is seen with compressions
by a cervical tumour Light touch 1s not so commonly affected and posterior
column sensation 1s usually preserved The upper imbs present a much more
diverse prcture dependent upon the relative balance of spinal cord versus nerve
root involvement Thus there may be weakness and wasting which 1s imsted to a
single root distribution or confined 10 the small muscles of the hand on one or
both sides or 1t may be generalized throughout the arms occasionally with
fasciculation of the affected muscles With the weakness and wasting there may
be lack of tone and the reflexes may be reduced ar absent but an the other hand the
limbs may be spastic with very brisk reflexes It 15 well recognized that the signs
of nervous nvolvement particularly those related to the pyranudal tracts, may
extend for a few segments higher than the actual site of compression

The sensory signs 1n the arm vary considerably In some patients there may beno
changeswhatsoever Inothers dimmished sensttivity to pin prick and light touch may
be observed over dermatome areas of one or more adjacent nerve roots 1t 1s most
frequent on the inner border of the hand and forearm In others the loss may be
confined to the hand or forearm of a glove distribution probably from interference
with the tracts in the spinal cord  Very oce. ily there s d ted angesthesia
over the upper limbs and the trunk resembling that of syringomyeltt

Sphuncter disturbances occur 1n about one third of the patients are not severe
and consist usually of hesitancy and urgency of micturition rarely incontinence
Disturbance of bowel function ts exceedingly uncommon
Factors concerned m producng the neurologieal picture

That cervical spondylosis should
standable when ¢

give a diverse neurological picture 15 under
auonis goven to the vanable factors that may be concerned
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First the level of the dise protrusion 1s important  Thus two three or even the
whole s1x cervical discs may be the site of protrusion causing multiple compressions
of the cord with or without the related nerve roots Again the situation of the
osteophytic bar has an important influence depending on whether at or above
the cervical cord enlargement 1n determining to what extent and 1 what manner
the arms are mvolved This 1s only one part of the explanation of the diverse
picture and other factors have to be sought to clarify some of 1ts puzzhing features
For mstance the neurological damage often extends to a level 1n the spinal cord
higher than the disc protrusion And another feature 1s that the pyramidal tracts
are mvariably, and usually predominantly, 1nvolved ofien without change 1 the
spwno thalamic tracts although these have a much closer relationship to the
osteophytic bar than do the pyramudal tracts Another aspect germane to this
problem 1s that evidence of a substantial spinal block 1s rarely found, etther on
lumbar puncture or on myelography A related observation 1s that usually little
improvement in neurological signs may be expected from surgical treatment
the best that can be hoped for 1s arrest of detertoration With true compresston of
the spinal cord by a bemgn tumour the exact converse holds true there 15 usually
a complete or almost complete block and the degree of neurological recovery
even when there 1s an almost complete transection, 1s remarkable good

Pathological cause

All these features taken together would suggest that simple compression of the
spinal cord and its fibres 1s not the mechanism wholly responstble for the neuro
logical signs 1n cervical myelopathy and we have to look elsewhere for the patho
Jogical cause for the spinal cord damage A number of views have been put forw ard
The first has a purely mechantcal basis and has been advanced bv Kahn (1947)
It concerns the tethering effect of the dentate igaments which prevents back\\:u'd‘|
displacement of the cord by the osteophytic bar and produces area of stress in the
fibres lying beneath the attachment of the ligamentum denticulatum to the cord
i which site lie the pyramudal tracts Changes 1n the vascular supply have been
nvestigated by Mair and Druckman (1953) who showed 1n four necropsy spect
mens that demyelination was greatest n the territory of supply of the anterior
spinal artery and its branches Certainly both anatomically and pathologically
the symptoms and signs could well be explawned by ischaemua 1n this terntory
It has been suggested that the damage to this vessel can be produced by repeated
frictional mjuries to 1ts wall as the cord 1s pulled over the surface of the pro
trusion by the flexion and extension movements of the cervical spine during normal
use [n addition the oscillation of the spinal cord that takes place with arteral
and respiratory pulsation may play a part n causing frictional damage  Although
1t 15 unlikely that true compression plays much part in cervical myelopathy never
theless 1ntermiitent compression may come about in two different wavs Tavlor
(1953) has atiributed 1t to the Ligamenta flava  When the head 15 extended the
Ligaments bulge forwards 1nto the spinal canal as corrugations which can be shown
up by myelography The spinal cord displaced forwards by the ligament can be
squeezed agamst a spur 1n front so that the nerve fibres become compressed and
1t 15 suggested that these repeated intermittent compressions are responsible for
the signs  In some cases a spondylotic disc may be abnormally mobile so that the
vertebra above can move forwards a considerable distance when the neck 1s
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flexed, thus narrowung the canil and ciusing intermittent compression of the
cord between the lamint of the vertebea above and the body of the one below

Asfeasonable interpretation of present Views 15 that the ulimate cause of cord
damage 1s probably interference with the blood flow 1n the anterior spinal artery
and its radicals, and that thus m1y be brought about either by intermittent com
pression by the ligamenta flva or by frictionn) injuries of 1he vessels during neck
movement

Dufferential diagnosts

The vanied chnreal picture of cervical meylopathy simutates other diseases of the
central nervous system prevalent in muddle nge, and of thesc the most important
are disserninated sclerosts sub acute combined degencration of the cord syringo
myela, extramedullary and intramedullary tumours of the spinal cord and motor
neurone disease  Another cause of confusion may be the comncidental finding of
raciographic changes of cervical spondylosis wn assoctation with one of these
diseases, and 1 this respect 1t 1s 1mportant to emphasize that the presence of
radiographic changes of spondylosis does not necessarily tmply that they are
responstble for the neurological symptoms The diagnosis of cervical myelopathy
may present many problems, and 1n arriving at a correct interpretation of the
physical signs the skill even of an experienced neurologist may be severely taxed
It 1s imperative to seck such a person s aid 1n confirming the diagnosis certainly
before treatment by operation 1s contemplated

Investigations
Plain radiographs

These should be taken in the antero posterior and lateral projections, with
oblique views from each side to show the degree of encroachment on the inter-
vertebral foramima In addition films of the spine 1n flexton and extension are
needed to show any abnormal mobility of the discs There may be revealed con
gental anomalies such as fusion of one or more vertebral bodies often with the
spondylotic change lying above or below the site of the abnormality  The typical
osteophytic bar with narrowing of the related disc will be seen at one or more
levels but the actual situation of the spur its relationshup to the theca and its
height can be reliably estimated only by myelography The degree of narrowing
of the disc 1s not necessanly an index of the extent of the spur formation (Fig 121)
and an extreme thining of the disc may not be associated with any protrusion
Subluxation of one vertebra on another may be observed particularly on the
flexion and extenston films  There may be a disturbance of the vertical alignment of
the sptne  Usually the normal cervical curve tends to be exaggerated but sometimes
1t 15 obliterated or reversed so that the spine mav be straight or even kyphotic
and st can then b inferred that the cord 1s stretched forward across the ridge and
that the shightest increase mn the height of the protruston will produce a dispropor-
lsmnzz‘!; inerease m tension on and mdentation of the spinal cord and 1ts vascular

upp!

Spinal puncure
As an ancillary mvestigation 1n the diagnosts lumbar puncture has little positive

value Its maun vse s an ren ealing a complete manometric block and the high pro
tesn contentin the cerebrospinal fluyd due to the presence of an unsuspected tumour
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Usually 1n cervical spondylosis the manometrics are quite free but oceasionally a
partial or complete block may be shown up often only when the head and neck
are extended The protein content 1s quite normal in more than hnlif the cases and
i about a quarter there may be a nise in protein from 40 milligrams per cent up
to on rare occasions 140 mulbigrams per cent

Fig 121 —Radiographs to show congemtal partial fusion of the fourth and
fifth cervical vertebrae with muld spondylotic narrowing of the C 3/4 disc
The myelogram however reveals a constderable intra spinal protuston
which was confirmed at operation

Mjyelography

Thus 1s a necessary investigation for final confirmation of the diagnosis of cervical
myelopathy due to spondylosis and 1s an essential preliminary to operation either
for myelopathy or for brachial neuritis from a lateral protrusion It 1s important
during the process of myelography to have several of the disc spaces covered at
the same time so that a comparison of the extent of indentation may be made To
this end 5 or even 6 millilitres of Myodil are required ntroduced erther by cisternal
or lumbar injection  With mtraforamunal and dorso lateral protrusions ciusing
nerve root compression there ts characterstically obliteration of the root pouch
the filling defect having a curved medial border These appearances may be found
alone or as part of a ndge like filling defect which extends medially for a variable
distance and represents an osteophytic bar

With the central protrusions causing cervical myelopathy, a transverse filing
defect of varymg width will be seen and with really large osteophytic bars a
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tent hike Iifng of the antenor theeat walt will oceur, producing an clongated oval
defect resembhing that caused by an intramedullary cord tumour, but 1n the Interal
views the extridural ongin of the indentation will elanfy the dingnosis

Although myclography usually confirms the changes scen the plain radio-
graphs occastonaily the findings are at vamnce A common discrepancy rises
from the fact that ostcophytes scen 1n the plain radiogriph 1nd scemuingly project
ing 1to the c1nal may sn fact be Iterally situted and not in contact with the
spinal cord or theca at all  Agun an apparently small spur seen on the plun films
may be shown on myelography to be much farger because of a cap of fibro
cartilage  Myelography 1s of great value when several discs are the site of spur
formation because 1t will determine which is the most prominent and which
cquses the greatest indentqtion

Measurement from the anterior margin of the Myodil column to the postertor
border of the body of the vertebra will indicate the height of the osteophytic bar
but this by itself may not be so important as the amount of narrowing of the spinal
canal it produces Tt 1s this that renders possible the intermittent compression of the
spinal cord by the corrugations of the ligamenta flava  Thus degree of narrowing
of the canal 1s found by measuring from the anterior border of the column of
Myodil to the posterior wall of the canal which 1s shown by the ine of cortical bone
where the spinous process joins the lamina The average antero posterior diameter
of the spinal canalin the region of the lower three cervical vertebrae 15 17 milli
metres but this may vary by several millimetres (Wolf, Khilnan1 and Malis 1956)
With a Jarge spondylotic bar the canal may be narrowed to 10 mullimetres or less
In a case with such a degree of narrowing 1t will be realized that as the
antero posterior diameter of the spinal cord at the lower cervical level averages 8
millimetres, the bulging of the igamentum flavum must nevitably compress the
cord albeit intermuttently In a personal series of cases with moderate to severe
myelopathy the average measurement of the canal was 9 § mullimetres whereas the
simthar measurement at normal discs above or below was on average 6 5 mill
metres greater On the other hand as Wolf has suggested 1t seems unlikely that
compression of the cord even intermuttently can occur in a spinal canal whose
antero postenior diameter is greater than 12 or 13 muthimetres as measured 1n this

manner allowing even for the largest cord and the largest bulge of the ligamentum
flavum

TREATMENT
Dorse-lateral and foraminal protrusions
Conservatne treatment

Brachialgia or brachal neuritis 1n a mild form 15 a very common complaint 1n
middle age and 1n a large number of cases the patient treats hirself by resting the
arm ot 1s given some gentle phystotherapy, with entirely satisfactory results

In the more acute case particolarly of the pamn persists for more than a few
wetks and begins to wear down the patient s morale he 1s best treated 1n hospital
with strict recumbency and immobilization of the neck between sand bags or in
a flt or sponge rubber collar  With the knowledge of the underlying pathologrcal
changes responsible for the symptoms in these patients—that 1s to say 1 hard osteo

cartilaginous protrusion snuated dorso laterally or 1n the intervertebral foramen
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and which has probably been present for months or years—1t might be expected
that traction on the neck would have no place n treatment  However n a propor
tion of cases halter traction with a moderate weight (4-8 pounds) 1s of help m the
acute phase and tends to shorten the attack In some cases 1t1s of no benefit and in
a few tractton will tend to exacerbate the pamn and will have to be discontinued

Once the pain has subsided-—and most attacks run their maimn course in 34
weeks—the patient can be got up 1n stages wearing a plastic moulded collar which
can gradually be dispensed with once all his pain has disappeared The severity of
the pain associated with the lateral annular protrusions in cervical spondylosts
tends not to be so severe as with the less common soft nuclear prolapse and 1t 15
possible to continue treatment for a much longer ttme Ths fact coupled with the
knowledge of the degenerative nature of the vertebral and disc changes means
that surgery will be postponed until a really prolonged course of conservative
treatment has failed

Indications for surger

The indications for surgery therefore are (1) resistance to adequate conserva
tive treatment, and this will rarely be less than 3 months, except with unusually
severe symptoms  (2) secondary attacks of pain within a short space of time,
this mdication will vary with the severty of the attacks and the patient s capacity
to withstand pain, but usually three attacks within 12 to 18 months make the
patient anxious for some more radical form of treatment, (3) the rare case of a disc
protrusion that produces severe motor weakness of a segmental group of muscles
often without much sensory change this paralysts constitutes a very great
disability 1n the upper Iimb

Treatment by operation

As the protrusion 1n these cases 1s usually a hard osteo cart:lagimous one 1t 1
not as a rule possible to remove 1t and, 1n fact the retraction of the nerve root
necessary to give surgical access to the anteriorly situated osteophyte may add
considerably to the damage to the nerve Removal of the bone surmounting the
root 1s the procedure usually adopted so that the nerve 1s no longer compressed
Inaddition 1n some cases with pronounced root sleeve fibrosis division of the dural
sheath may be necessary (see below) The precise technical approach will vary
according to whether a dorso lateral or an intraforamial protrusion 1s present  In
the former case as shownn Fig 122 a partial hemilaminectomy should remove all
the overlying bone that 1s capable of compressing and distorting the nerve In the
case of an intraforaminal protruston this procedure will not give adequate decom
pression and the bone extending out 1nto the intervertebral foramen has to be re
moved by the operation of partial facetectomy and the nerve uncovered actually 1n
the canal  This procedure will have the same effect on the nerve whether 1t be
compressed by an actual protrusion from the disc or by osteoarthritic hpping of
Luschka s jomnts

The surgical approach 1s the same for both methods—a separation of the muscles
from the spimne and laminae on the side to be explored The lamunae are then best
identified by counting down from the promunent and unmistakable spine of the
axis and if the operation s one of d by I y the relevant half
lamina 1s removed The hgamentum flavum ss excised and the root gently exposed
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and retracted to reveal the disc protrusion If by chance there 1s a soft cartilaginous
cap present that lends wself to removl so much the better However 1f a hard spur
15 present and thus s usually the ¢1se 1t 15 best left undisturbed

The performance of hemifacetectomy 1s best achieved with a 1 5 centimetre burr
which 1s placed laterally on the Jamina and the opeming # produces exposes the
medral aspect of the zygipophysial joint and finally the thinned roof of the foramen
This bone s flaked off and the opening into the spin1l canal enfarged medially with
rongeurs until the whole course of the nerve from the theca to the postenior Toot
ganglion 1s exposed  The spur will be scen after retracting the root  This with re
moval of a cartdlaginous cap 1f present 1s usually all that necd be done but if thereis

Fi6 122 —Diagrammatic drawing which demonstrates the a;
pproach and d
compressive effect afforded by hemr lamuinectomy (on the nght) and hemcl

facetectomy (on the left) for the dorso lat
respectively ateral and intraforaminal protrusion

evidence of root sleeve fibrosis then decom
pression of the two ramt constituting the
:\(;K:t w;ll be needed This will consist m makng an incision m the long axis o% the
s"l've rom the root pouch laterally for 8 to 10 milhmetres makmng sure the con
st Ac!mgrnng at the root ostium 1s divided  Thus will expose the sensory ramus which
cl:sg“;h;cggtg?:- l‘lvlzua%l;elsaons] bmdminhto the dural sleeve and retracted to dis
e sleeve which ts again ncised thus open hy
nterradicular foramen and revealing the or 1ot Seene
posterior wall of the motor root Vi
rnhl::‘{ljsls&ncxsgd in stmilar fashion the motor root then being freed from its adhessllf)e;xse
sy cgﬂrseotgerg;r:nxl:nblehiompletgly deccampx:sscd The arachnoidal pouch
1s procedure and 1t has to be borm
sepsis should occur the risks of operation are rendered more sen:ulsn mind that

R .
neu::{d:; - The results of operation for lateral protrusion causing brachial
e fgwer Te ve}:y difficult 1o assess because few series have been published and
n which a distinction 1s made between those cases with a soft nuclear
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hermation and those with the annular protrusion with which we are voncerned
The most carefully analysed results are those of Frykholm (1951) 1n his original
communication Thus of his 25 patients with annular protrusion who were
kept under observation for not less than two years 15 showed considerable
improvement, 5 showed moderate but persistent improvement and 5 were either
unchanged or worse It would seem that this 60 per cent chance of a good result 1s
reasonable when dealing with such a chronic pathological condition as spondylosis,
although not as good as the results obtained with the soft nuclear herntation The
present author with a smaller series of cases treated by lamnectomy or partial
facetectomy mamly without division of the root sleeves had similar results, with
worthwhile improvement 1n about 65 per cent of cases

Radiwotherapy

Although radiotherapy of the cervical spine 1s inferior to surgery for treating
the younger patients 1t 1s a form of therapy worth considering for the very old
patients because the dosage required 1s not very great and should not produce
much constitutional disturbance, 1n a considerable number of cases 1t eases the
pan although often only temporarily Lundar (1951) has reported upon 625
patients treated by radiotherapy of whom 70 per cent were stated to have benefited
considerably, but 1n nearly 50 per cent symptoms returned

Cervical myelopathy

Usually the progress of the disease 1s slow deterioration being observed over
periods measured 1n months or even years so that treatment may have to be pro
longed and equally 1t may take a long time to assess 1ts value in arresting progress
Occastonally deterioration 1s rapid from the beginning or having started slowly
the symptoms have increased rapidly and operation may become a matter of some
urgency 1n attempting to prevent the more severe consequences

Consenvatinve treatment

In most cases however the bass of treatment mutrally will be strict bed rest and
immobilization of the neck This can be achieved by fixation of the head between
sand bags or by halter traction to the head which acts mainly by preventing flexion
movements rather than by any distracting effect Physiotherapy to the lumbs s
continued during this phase  The response may be quite gratifying Withmn a short
time power may mmprove and sensory change becomes less evident but usually
falling far short of normal In other patients there may be only an arrest of the
progress of the crippling condition and again n others no observable change occurs
Bed rest 1s confinued 1n the tbsence of any detertoration, for 3-6 weeks and the
patient then gets about weartng a moulded plastic collar the mam purpose of
which 1s to restrict rather than prevent cervical movements It 1s hoped by these
means to preserve the improvement gamed by recumbency This collar 1s worn
for a time related to the response obtained Usually at least 3 months 1s advised
1n those who have shown a good response 1 others with no more than a halting
of symptoms 1t will have to be worn for many months and then discarded gradually
with careful watch for any neurological deterioration and n a few cases the collar
will become a permanent part of the patient s dress  The value of this imutial con
servative treatment 1s not yet accurately known despite the large number of patients
who must by now have been treated 1n this fashion and no large series with
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prolonged observation has yet been published Brain Northfield and Wilkinson
(1952) reported some umprovement 1n 11 of 14 patients treated conservatively  In
16 patients treated solely by neck immobihization 8 showed improvement
and 10 2 of them 1t was quute striking (Clarke and Robinson  1956)

Treatment by operation

The main indication for operation in this condition 15 progressive deterioration
1n spute of adequate consersative treatment - Occastonally for a patient 1n whom the
symptoms are becoming rapidly erippling surgery may have to be considered with
out delaying for the severnl weeks necessary to assess the outcome of conservative
methods

“There are two mam principles of operation directed primanly at aiding the
myelopathy The first and the most commonly employed 1s laminectomy with!
removal of the ligamenta flava and thus decompression of the posterjor aspect of
the theca to which procedure there may be added the opeming of the dura mater
with division of the dentate ligaments above and below the disc level This type
of operation will permut the spinal cord to move backwards away from the osteo-
phytic bar and thus escape to a ‘arying extent the frictional and compression 1n
Juries caused by neck movements The other method of treatment 15 a direct
exposure of the osteophvtic bar and 1ts removal from in front of the theca and
spinal cord

Lamnectomy —In order to obtan a satisfactory decompresston the laminae
above and below the related disc with their attached ligamenta flava require to be
removed and this holds also for multiple dise protrusions  Thus for three disc
protrusions at adjacent levels four laminae will need to be excised In addition 1t
15 sometimes the practice to open the theca and divide the higamentum dent
culatum on each stde as far as the exposure will allow 1n the belief that harmful
traction on the cord may be prevented and also that a greater displacement of the
cord backward will be permitted  This procedure will cacry of course a shghtly
greater nsk n the event of infection, and also 1n some patients with severe cord
damage the mheret mampwlations of the spinal cord may cause profound
neurological detersoration

The results of 1s type of operation have proved difficult to assess In the first
instance cervical myelopathy 15 of comparatively recent recognition and so there
has been no prolonged follow up of surgical cases  Secondly there are 1 number of
mmponderables such as the tendency for spontaneous arrest the fact that the bed
rest entaled by surgery may asell cause some improvement and finally the
difficulty 1n establishing entena of parual improvement

The largest personal series 15 that of Northfield (1955) whose results 1n 39 cases
of laminectomy with dentate hpament secuon are as follows

Deaths 1
Slowly worsened 8
Stationarv 3

Shight improvement 9

Considerable improvement 13
There hove been reports of other and smaller series a selection of which has
been set down in the Table following These reports were chosen as 1ncorporating

enough information about the cases and the neurolo,
gical and operative findings
to make a reasonable assessment possible P ¢
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TABLE
SHOWING THI' IMPROVEMENT (IF ANY) FOLLOWING LAMINFCTOMY

Improvement

Unchanged Total

Author or worse
Considerable | Moderate |  Shght
Northfield (1955) 13 [ 9 16 38
Walsh and Mackenzie (1956) - 13 4 11 28
Arnold (1955) 2 2 1 3 8
Epstein and Dawidoff (1951) 1 1 — 2 4
Segerberg (1956) 3 4 — — 7
Totals i 19 | 20 14 32 | 85

It will be seen that there 1s considerable variation in the results of different
authors but roughly 39 or a httle under half, of the patients derived worthwhile
improvement from surgery In no case was a return to normal function obtamned

Exciston of the protrusion —The more radical approach removal of the
osteophytic spur has been advocated by Allen (1952) This procedure consists
in a formal laminectomy with exposure of the protrusion and the related nerve
roots The posterior longitudnal ligament 1s then divided in cruciate fashion
above and below the nerve root this being gently retracted to expo.e the bony
surface of the spur  With a specral curved chisel the nidge 15 then removed piece
meal through a natural plane of cleavage which can be distinguished between
the base of the osteophyte and the posterior surface of the body of the vertebra
Working from each side and from above and below the nerve root 1t 1s possible
to remove the bar 1n 1ts entirety

Desptte the risks of working tn front of a seriously damaged spinal cord with
impaired blood supply Allen has been able to carry out the procedure without
evidence of further harm A detatled assessment of the results particularly
long term of this type of operation have not as yet been published

Graft operations —Besides these two main surgial procedures other methods
have been employed to a lesser extent  Occastonally mn cervical spondylosis the
flexion extenston films reveal excessive mobility at one particular disc level so
that the upper part of the cervical column moves forward on the lower part to
compress the cord mechanically This subluxation can be treated by fixing the
vertebrae above to those below by posterior bone grafts possibly reinforced by
wiring of the spinous processes Postertor grafting of vertebrae as mobile as the
cervical often fails and so an antertor route has been devised the vertebral bodies
themselves being grafted Through an oblique mcision with retraction of the
great vessels the graft 1s inserted mnto a channel cut nto the vertebral bodies and
the inturvertebral discs  Another anterior method to promote intercorporeal
fuston has been reported by Deraymaker and Gehuchten (1956) 1 12 patients
4 with brachialgia and 8 with myelopathy of whom 9 were stated to have bene
fited These are all major procedures which must stll be regarded as somewhat
experimental and which have been performed only 1n small numbers  few details
and no prolonged follow up of the cases are available
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Conclusions —The preaise role of surgery in the treatment of cervical myelo-
pathy has vet to be established not only 1n relition to the type of operition but
also to the selection of patients most likely to benefit  As a rough guide expen
ence suggests that surgery stands its best chance of success 1n patients under the ach
of 50 years who have 1 comparatively short hustory of deterioration and 1n whom
the spondylosis 1s confined to one disc level and hns produced severe narrowing ofj
the sptnal canal  The operation most favoured 1t the present time 1s decompressive
laminectomy assocrated perhaps with hgamentum denticulatum section  Just
under half the patients selected for this procedure will show worthwhile benefit
and without great risk  But 1t 1s not yet known what the long term results of such
surgery will be or whether the weakening of the spine that may follow laminectomy
will promote spondylosis at other levels  Surgery may prove to have, at most
only a temporary effect The future really lies 1n establishing the causes of the
degeneratine changes i the ntervertebral discs leading to cervical spondylosis
and preventing them  but this lies a long way ahead and the more immediate
objective now 1s eatly diagnosis and the development of surgical techniques for
removing the osteophytic bar itself from 1n front of the theca without undue risk
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CHAPTER 10

TUMOURS OF THE VERTEBRAL COLUMN
H A Sissons

INTRODUCTION

ALTHOUGH accurate mformation has not been published on the relative frequency
of the different types of tumour known to 1nvolve the bony tissue of the vertebral
column 1t 15 clear from most general accounts of bone tumours (Coley 1949
Geschickter and Copeland 1949, Lichtenstemn, 1952) that this region contrasts
1 many respects with other parts of the skeleton and that 1t poses certain special
problems concerning the recognition of neoplastic lesions

With a few types of primary bone tumours including angtoma  aneurysmal
bonecyst and benign osteoblastoma an important proportion of all recorded
cases occurs in the spime and one primary bone tumour—chordoma—occurs
only mn the axial skeleton Most types of primary bone tumour however,
mcluding bemgn chondroblastoma chondromyxoid fibroma gant cell tumour
osteosarcoma chondrosarcoma and fibrosarcoma, are less often encountered
amongst series of spinal tumours than their frequency 1n other parts of the skeleton
mught suggest Metastatic tumours however often involve the spine and account
for the great majonty of cases in any representative sertes of vertebral tumours
m adults  This should be remembered 1n the differentral diagnosis of a case of
suspected vertebral tumour

In the absence then of dependable mformation about the relative frequency
of the different varieties of bone tumour affecting the spine this chapter will
outline the general features of each type of lesion, giving particular attention to
entities which have been recogmzed in recent years Emphasis 1s given to pathology,
because of its importance n helping to define the vatious types of tumour with
which we are dealing

These are discussed under the followmg headings
Secondary tunours Metastatic carcinoma

Tumours of h and reticuloendothelial tissue Myel
lymphosarcoma and Hodgk:n s disease
Primary tumours of bone tissiie M O chondr fibro

sarcoma  giant-cell tumour and chordoma Bemgn—Angioma aneurysmal bone
cyst and benign osteoblastoma
Intraspinal tumours

SECONDARY TUMOURS
Metastatic carcinoma
The general features of secondary tumours of bone are admirably described by
Wilhs (1934)
The skeleton 1s a frequent site for metastasis from many types of malignant
epithelial tumour  In a series of 500 carcinoma cases studied at autopsy Willis
(1934) showed that bone metastases occurred 1n 15-25 per cent of all cases the
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sheleton being involved only less frequently than the lungs 1nd hiver A similar
inerdence (27 per cent) was found n 2 Inrger scries of cases reported more recently
by Abrams (1950) Some types of primary tumour however, metastasize to
bone much more often eximples betng carcinoms of the breast (about 50 per
cent of fatal cases) and of the prostate gland (1bout 70 per cent of fatal cases)
According to Abrams (1950) nd to Meyer (1957) the primary tumours most
often responsible for sheletal metastases are carcinomas of the breast prostate
gland and lung followed by carcmomns of the colon stomach nd blndder all
of which are less rarely responsible for bone sccondaries than is generally
supposed and some way down the list are evrcinomas of the thyroid gland and
hidney  The prmary tumour responsible for skeletal metastases ss often climcally

Jatent carctnomas of the thyroid gland and the kidney have a specral
reputation 1 this connexion

Metastatic bone tumours almost wnvanably tnvolve the haecmopotetic or red,
bone marrow, which 1n the adult 1s normally present tn the vertebral bodies the
pelvis the calvarium the ribs and sternum, and the proximal ends of the femur
and humerus The spine 1n fact, 1s one of the most frequent sites for metastatic
bone tumours, the lumbar vertebrae being rather more commony mvolved than
others

The metastases are blood borne and 1t 15 most hkely that they reach the bone
marrow as emboli 1n the systemic artenial system The vertebral plexus of veins
has been suggested as a pathway for tumour metastasis from the pelvic viscera—
the prostate gland 1n particular—to the bodzes of the flumbar vertebrae but its role
15 unproven and would seem unlhkely While mjection studies (Batson 1940
Franks 1953) established the existence of this plexus 1t has not been shown that
tumour embol: from the pelvic viscera would normally enter 1t or that having
entered 1t they would lodge in the marrow sinusords wnstead of returning to the
caval circulation  With metastasts to bones as with metastasis to other organs
the observed distribution of tumours 1s to be explamned by the generalized
dissemunation of tumour emboli and by their selective growth i certan ternitories
in this case haemopoietic bone marrow

Spinal metastases are usually muluple, but solitary or imtially solitary lesions
are encountered and often simulate primary bone tumours The metastases may
be circumsenibed or diffuse (Figs 123, 124) A circumscribed depostt, 1f small
ts a spherical mass mnvolving part of a vertebral body It grows to occupy the
entire vertebral body and may occasionally form a soft tissue mass mvolving
adjacent structures although the intervertebral disc tissue usually acts as a barrier
to 1ts growth  Most secondary deposits are associated with destruction of the
mvaded bone and are consequently termed osteolyric 1n the spine such bone
destruction commonly results 1n vertebral collapse and spinal cord compression
Some tumours particularly those of prostatic origin, sttmulate new formation of
bone (Figs 124 125) they produce dense radio opaque lesions and re termed
gz:'&stcle(rglnc lzlsion; forn;atlon tn metastatic tumours 15 due to osteoblstic
anhou}éh llghas bc):en s"::ne csf:guiv(“?nhls u;ug}lly e T of osteaclasuc actwity
be caused by the lumogg lI( hl ch an angus 1956) that 1t may sometimes
osteosclerotic are conv et e poselves ihough the terms osteolytic and
ey ; nvement they denote differences of degree bone desteuction

one formation both being present n most lesions Bone metastases
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column 1t 15 clear from most general accounts of bone tumours (Coley 1949,
Geschickter and Copeland 1949 Lichtenstetn 1952) that this region contrasts
1n many respects with other parts of the skeleton, and that 1t poses certain spectal
problems concerning the recognition of neoplastic lesions

With a few types of primary bone tumours mcluding angioma  aneurysmal
bonecyst and benign osteoblastoma an important proportion of all recorded
cases occurs in the spine and one primary bone tumour—chordoma—occurs
only in the axial skeleton Most types of primary bone tumour however
including bemign chondroblastoma chondromyxoid fibroma giant cell tumour,
osteosarcoma chondrosarcoma and fibrosarcoma are less often encountered
amongst series of spmal tumours than therr frequency m other parts of the skeleton
mught suggest Metastatic tumours however often mvolve the spine and account
for the great majority of cases in any representative series of vertebral tumours
1 adults  This should be remembered in the differential diagnosis of a case of
suspected vertebral tumour

In the absence then, of dependable information about the relative frequency
of the different varieties of bone tumour affecting the spme this chapter will
outline the general features of each type of lesion giving particular attention to
entities which have been recogmized 1n recent years Emphasis 1s given to pathology
because of 1ts importance 1 helping to define the various types of tumour with
which we are dealing

These are discussed under the following headings

Secondary tumours Metastatic carcinoma

Tumours of h )z and r loendothelial tissue Myelc
lymphosarcoma and Hodgkin s disease

Primary tumours of bone tissue  Malignant—Qsteosarcoma chondrosarcoma fibro
sarcoma giant-cell tumour and chordoma Bemgn—Angioma ancurysmal bone
cyst and benign osteoblastoma

Intraspinal tumours

SECONDARY TUMOURS
Metastatic carcinoma
The general features of secondary tumours of bone are admurably described by
Willis (1934)
The skeleton 1s a frequent site for metastasis from many types of malignant
epithehial tumour In a series of 500 carcmnoma cases studied at autopsy Willis
(1934) showed that bone metastases occurred 1n 15-25 per cent of all cases the
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TUMOURS OT HAEMOPOITTIC AND RICTICULO ENDOTHTLIAL TISSUE

neuroblastoma 15 one of the more common varietics of mahignant skeletal tumour
encountered  Primary malignint bone tumours particularly oslcos1rcoma; may
themselves metastasize to bone—nithough they do so tnfrequently—and 1t 1;
sometimes difficult (Sissons 1958) to distinguish between such metastases an
multifocal primary tumours

TUMOURS OF HALMOPOIETIC AND RETICULO ENDOTHELIAL TISSUE

My clomatosts

After metnstatic circinoma this 1s one of the commonest neoplistic conditions
imvolving the spine  In common with other hacmoposetic neoplisms st shows
diffuse or multifocal onigin  Evidence of generalized bone marrow involvement
15 usually present from the beginnmng and lestons may also develop 1n other
organs, particularly the spieen {Churg wnd Gordon 1950) without the ordinary

3

Fic 126 —Myel (a) Rad h showng collap: vertebra (5} Longitudinally
divided thoracolumbar spine from the same case T'he postertor extenston of the tumour has
produced cord and legia The ather brae shown appear normal but there
were d skeletal Jesions elsewh

manifestations of blood borne metastasis Occasionally a tumour with the histo

logieal structure of myeloma appears 1o be solitary, but experience makes 1t
clear that other lestons either exist or can be expected to develop (Christopherson
and Miller 1950 and Raven and Willis 1949 who also discuss the few authent

cated cases of solitary myeloma)

Myelomatosis usually occurs in indviduals above 50 years of age men being
more often affected than women It 1s often associated with abnormalities of plasma
proteins n the form of increased serum globulin with certain abnormal Borg
globulin components as shown by clectrophoretic analysis and with continuous
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TUMOURS OF THE VERTEBRAL COLUMN

Fic 123 —Isolated osteolytic metastasis from Fic 124 —Duffuse osteoclerotic metastases

carcinoma of kidney Vertebral collapse has from prostatic carcinoma  The external
caused compression of the spimnal cord contour of each vertebra 1s normal but
vasion of soft tissues has occurred and the all are diffusely mnfiltrated by tumour tissue
tumour has extended from one vertebral body and converted 1nto abnormally dense
to that immediately above (Specimen from bone (Specimen from museum of London
museurn. of Royal College of Surgeons of Hospital Medical College )
England )
g
s
/{' . i Jj FiG 125 —Osteosclerotic meta
! Fas (“{ stasis from carciroma of pan
i Yieal 1 creas  Scattered glandular
b ne] structure of the tumour are
. A7) separated by a close network
i St of bony tissue a few pre
,,f Y. existing trabeculae of Jamellar
/. ] bone are present but the re
] k marmder s newly formed
Al o non lamellar bone  produced

by osteoblastic activity (x48)

moreover are not always associated with alteration of bone structure As shown
by Shackman and Harrison (1948) gross tumour deposits may be present without
any demonstrable radiographic change

Non epithelial tumours such as soft issue sarcomas and lymphosarcomas
are occasionally responsible for skeletal metastases In children metastatic
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TUMOURS OF HAEMOPOIFTIC AND RECTICULO FNDOTHILIAL TISSUT

neuroblastoma 1s one of the more common varicties of malign1nt skeletal tumour
encountered  Primary malignant bone tumours particularly ostcosarcomas, may
themselves metastasize to bone—although they do so nfrequently—and 1t 15
sometimes difficult (Sissons 1958) to distinguish between such metastases and
multifocal primary tumours

TUMOURS OF HAEMOPOIETIC AND RETICULO ENDOTHELIAL TISSUE

Mjelomatosts

After metastatic carcinoma this 15 one of the commonest neoplastic conditions
involving the spine  In common with other hacmoporetic neoplasms 1t shows
diffuse or multfoca) ongin  Evidence of generahzed bone marrow nvolvement
15 usually present from the begimming and lesions may also develop 1n other
organs particularly the spleen (Churg wnd Gordon 1950) without the ordinary
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(a)

Fio 126 —Myelomatosis  {a) Radiograph showing collapsed vertebra

b
divided thoracolumbar spine from the same case The posterior ex!enslon(ot)' (}l;: ?5;‘:31': ?;l:]i}s,

produced cord compression and para;

1l
were d 3 sheletal leions aplegia The other vertebrae shown appear normal but there

manifestations of blood borne metastasis  Occasionally a tumour with the histo
logical structure of myeloma appears to be solitary but experience makes 1t
clear that other lesions either exist or can be expected to develop (Christopherson
and Miller 1950 and Raven and Willis 1949 who also discuss the few agth t
cat{dd c‘ases of solitary myeloma) o
yelomatosis usually occurs 1n individuals above 50

more often affected than women It 1s often associated thhy;ja;so;)rfl;;%;esn;ef';lzzxg
p]ml\)mlns i the form of increased serum globulin with certamn abnormal 3 or
gloouhn components as shown by electrophoretic analysis and with commuoug
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TUMOURS OF THE VERTEBRAL COLUMN

or mtermittent protemnuria of a distinctive kind (Bence Jones proteinuria)
These brochemical abnormalities are well reviewed by Rundles Cooper and
Willett (1951) It has been shown by Martin (1947) and by Miller and his
colleagues (1952) that the myeloma tissue itself contamns the same abnormal
globulms that are present 1n the blood

The usual skeletal lesions consist of disseminated areas of soft tumour tissue,
producing focal bone destruction and having a sharply demarcated punched
out appearance 1n radiographs Spine pelvis ribs sternum skull and occaston
ally other bones are mnvolved In the spie, focal bone destruction often leads to

2.0 &

Fi6 —127 Myelomatosis Longitudt Fig 128 —Myelomatosis A high power
nally divided thoracic spine Focal view of part of a focal lesion 1liustrating
bone destruction 1s not present the general resemblance of the myeloma
but there 1s diffuse replacement of cells to plasma cells (x 1110)

bone marrow by myelomatous

tissue  Considerable bone rare

faction 1s present and the bodies

of several vertebrae show some

collapse
collapse of one or more vertebral bodies (Figs 126a &) Such lesions are
obvious radiologically but 1t 1s important to remember as emphasized by Naylor
and Chester Williams (1954) that the spinal abnormality may occasionally take
the form of a less conspicuous diffuse bony rarefaction sometimes associated with
vertebral collapse (Fig 127)

The tumour tissue 1s made up of cells whose exact nature 1s uncertain but which
have a defimite and characteristic morphology and show certain similarities to
plasma cells (Fig 128) The myeloma cells are small rounded structures with
clearly defined cytoplasm their nuclet show a clumped arrangement of chromatin
Tt 1s unusual to see any reactive bone formation either m or at the margin of the
lesions
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Clinically, distinction from metastaticenrcinom isoften possiblethroughtherecog-
nition of the biochemical abnormalitics mentioned 1bove nd the dingnosts can be
confirmed by examination of sternal marrow or by biopsy of one of the bone lesions

Paraplegia, from vertebral collpse with cord compression 15 1n importint
comphication of spinal lesions other comphications of myclomatosis incfude
anaemia amyloidosis and renal fulure  When present amyloid deposits mvolve
the myocardium blood vessels shelet 1l muscle ind gistro intestinal tract (Snapper,
Turner and Muscovitz 1953) beingcomparible in ther distribution with * primary
amyloidosis ind not with the  secondary amyloidosis that occurs 1n chronic
suppuratnve conditions 1n which the liver, spleen and kidney are usually involved
Treatment and proguosis

Radiotherapy 15 the 1ccepted method of treatment 1n myelomatosis  Although
st may have 1 dramatic though transient, effect on ndividual lesions, 1t has
according to the series of cases studied by Garland and kennedy (1948) only
a shight effect 1n prolonging life the condition usually proving fatal within a
year or so of recogmtion There has been considerable tnterest 1n recent years
1n the occasionally dramatic effects of chemotherapeutic agents 1n myelomatosis
particularly urethane (Rundles, Dillon and Dillon, 1950) and stilbamidine
(Snapper 1948)

Recent reviews of myelomatos:s mclude that of Snapper Turner and Muscovitz
(1953) (clinical aspects) and those of Lichtenstein and Jaffe (1947) and Lumb
(1952) (pathology)

Leuhaemia, lymphosarcoma and Hodghin’s disease

Spinal lestons occasionally occur in leukaermia lymphosarcoma or Hodgkins
disease but they arerare  When encountered, the bone lestons are usually multiple,
and are often clearly preceded by the more conspicuous and 1mportant soft tissue
lesions  Occasionally a bony abnormality 1s the presenting leston when 1t may

be confused with other types of spinal tumour particularly with metastatic
carcinoma or myelomatosis

PRIMARY TUMOURS OF BONE TISSUE
MALIGNANT

Sarcoma and grant-cell tumour
Those vareties of malignant bone tumours most frequently encountered 1n other
parts of the skeleton (that 1s osteosarcoma chondrosarcoma fibrosarcoma nd
gant cell tumour) occur very rarely 1n the spine  Even m Paget s disease—an
important precursor of malignant bone tumours and a condition that itsell
commonly 1nvolves the spine—spinal tumours are rare (Lake 1951)

Older accounts include a substantial number of giant cell tumours of bone
among tumours of the spme  In Geschickter and Copeland s (1949) series of 58
cases of spinal tumour there were 15 gant cell tumours and Murphy (1935)
collected 45 cases from the hiterature  While a few of these cases may have been
true giant cell tumours the more stringent criteria now adopted for the dingnosis
of mant cell tumour (Jaffe Lichtensten and Ports 1940) and the recognition
that many cystic giant celled lesions of the spine are to be regarded as 1 separate

entity  ancurysmal bone cyst (see page 202) make 1t cl
ear that others were not
caution must be exercised before a diagnosis of giant ¢

ell t
as established for a spinal lesion ¢ mour can be regarded
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TUMOURS OF THE VERTEBRAL COLUMN

Chordoma

Like other primary malignant tumours of the vertebral column chordoma 1s a
relatively rare lesion  because of 1ts spectal regional interest, however, 1ts features
will be described 1n some detail

Origin

Chordoma 15 a distinctive type of malignant bone tumour occurring only 1n the
axial skeleton and considered to anise from developmental remnants of awal
notochordal tissue  Such remanants are occasionally encountered 1n normal
ndividuals—particularly in the spheno occiprtal region where they take the form
of small flattened masses of soft tissue attached by a narrow pedicle to the 1nner
surface of the dura Their presence was originally noted by Luschka (1856)
and they were described 1n more detail by Virchow (1857) Virchow regardmg
them as of cartilagious origin, and noting 1n them vacuolated or physaliphorous
cells used the term ecchondrosis physaliphora for these structures But Muller
(1858) suggested that the anatomical situation of the nodules and their histological
simlarnty to notochordal tissue indicated that they were denived from this structure
and not from cartilage The 1dea was endorsed by Ribbert (1894) and has since
been generally accepted Ribbert used the term eccliordosts to describe the noto
chordal remnants and later apphed the name chordoma to tumours regarded as
having comparable origin  The first of these frank tumours comparable with
the ecchordoses had been described by Klebs (1864) and a considerable number
have subsequently been reported Early reports include that of an mvasive
ntracranial spheno occipttal chordoma by Fischer (1907) and of a sacrococcygeal
case by Feldmann (1910) Useful reviews of the subject include those of Dahlin and
MacCarty (1952) Stewartand Morin (1926) Utneand Pugh(1955)and Willis (1953)

Age and sex mcidence

Despite their ongin from developmental remnants chordomas usually occur
n patients aged from 40 to 70 years In one case however reported by Ellis
(1935) the patient was aged 8 years The lesion was n the lumbosacral region,
but was unusual 1n that 1t was intradural and not intraosseous 1n this respect
1t resembled a spheno occipital ecchordosts rather than the usual sacral chordoma
Males are more often affected than females

Stte

Most chordomas are situated 1n the sacral region and the next most frequent
site 1s the spheno occipital region of the skull base but lesions of the intervening
vertebrae also occur  Sacral chordomas usually present as pelvic tumours while
those of the spheno occipital regron produce the signs and symptoms of an intra
cranial tumour together with evidence of involvement of structures at the base
of the shull  With cervical thoracic or lumbar tumours compression of the
spinal cord or of the nerve roots occurs

Clinical course
Chordomas are slowly growing tumours they are locally malignant 1nfiltrating
adjacent structures and recurnng after local excision and almost imvaniably
causmg death by local involvement of the central nervous system  Metastasis
to the lungs or lymph nodes 1s infrequent but has been reported occastonally
(Willis 1953)
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Macroscopic appearances

By the time 1t has produced symptoms 1 chordomn frequently appears s ¢
large tumour assoctated with considerable destruction of bone (Figs 129 130)
It may extend beyond the confines of the spine 1s 1 bulky mass, and nlthough 1ts

Fi6 129 —Chordoma of sac
rum Radiograph showing
extensine bone destruction
of the lower part of the
sacrum

F16 130 —Chordoma of sacrum Long:
tudinally divided lumbosacral spine from
another case  a bulky mass of lobulated
tumour tissue replaces the sacrum and
extends anteriorly and posteriorly

~
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TUMOURS OF THE VERTEBRAL COLUMN

Chordoma

Like other primary malignant tumours of the vertebral column chordoma 1s a
relatively rare lesion  because of 1ts special regional nterest, however, 1ts features
will be described 1n some detail

Origin

Chordoma 1s a distinctive type of malignant bone tumour occurring only 1n the
axal skeleton and considered to arise from developmental remnants of awal
notochordal tissue  Such remanants are occasionally encountered i normal
individuals—particularly 1n the spheno occipital region, where they take the form
of small flattened masses of soft tissue attached by a narrow pedicle to the mner
surface of the dura Their presence was oniginally noted by Luschka (1856)
and they were described 1n more detail by Virchow (I1857) Virchow regarding
them as of cartilagious origin and noting 1n them vacuolated or physaliphorous
cells used the term ecchondrosis phyvsaliphora for these structures But Muller
(1858) suggested that the anatomical situation of the nodules and their histological
similarity to notochordal tissue indicated that they were derived from this structure
and not from cartilage  The 1dea was endorsed by Ribbert (1894) and has since
been generally accepted Ribbert used the term ecchordosis to deseribe the noto
chordal remnants and later apphed the name chordoma to tumours regarded as
having comparable origin  The first of these frank tumours comparable with
the ecchordoses had been described by Klebs (1864) and a considerable number
have subsequently been reported Early reports include that of an invasive
intracranial spheno oceiprtal chordoma by Fischer (1907) and of a sacrococeygeal
case by Feldmann (1910) Useful reviews of the subject include those of Dahlin and
MacCarty(1952), Stewart and Morin (1926) Utne and Pugh(1955) and Walhis (1953)

Age and sex incidence

Despite their origin from developmental remnants chordomas usually occur
in patients aged from 40 to 70 years In one case however reported by Ellis
(1935) the patient was aged 8 years The lesion was 1n the lumbosacral region
but was unusual mn that 1t was intradural and not intraosseous 1n this respect
1t resembled a spheno occipital ecchordosis rather than the usual sacral chordoma
Males are more often affected than females

Site

Most chordomas are situated 1n the sacral region and the next most frequent
site 15 the spheno occipital region of the skull base but lesions of the ntervenmng
vertebrae also occur Sacral chordomas usually present as pelvic tumours while
those of the spheno ocerpital region produce the signs and symptoms of an intra
cramal tumour together with evidence of involvement of structures at the base
of the skull With cervical thoracic or lumbar tumours compression of the
spinal cord or of the nerve roots occurs

Clinical course
Chordomas are slowly growing tumours  they are locally malignant infiltrating
adjacent structures and recurring after local excision and almost mvariably
causing death by local involvement of the central nervous system Metastasis
to the lungs or lymph nodes 1s infrequent but has been reported occasionally
(Willis 1953)
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Macroscopic appearances

By the time 1t has produced symptoms, 1 chordom frequently 1ppears as 1
large tumour associted with considerable destruction of bone (Figs 129, 130)
It may extend beyond the confines of the spine as 4 bulky mass tnd although 1ts

Fic 129 —Chordoma of sac
rum Radiograph showing
extensive bone destruction
of the lower part of the
sacrum

Fi 130 -—Chordoma of sacrum Longi
tudinally divided lumbosacral spine from
another case  a bulky mass of lobulated
tumour tissue replaces the sacrum and
extends anteriorly and posteriorly

o
«
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TUMOURS OF THE VERTEBRAL COLUMN

margin shows some degree of encapsulation there 1s often infiltration of adjacent
muscle and other soft tissues  The tumour tissue 1tself 15 gelatinous and shows con
spicuous lobulation (Figs 130 131a) areas of necrostsand haemorrhage are frequent
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FiG 131 —Chordoma Theseiltustrations show different areas of the same tumour (@) Low power
view of histological section showing the characteristic lobulation of the tumour tissue (X 6)
(b) A field showing pleomorphic undifferentiated tumour tissue  Some cells have multiple
nucler (x45) (c) Part of a lobule of tumour tissue The tumour cells are arranged in strands
and clumps and there 1s abundant mucoid intercellular matenial (x 45) (<) An arca of
tumour tissue showing conspicuous vacuolation (x 70)
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Mucroscopic appearances

1t has already been noted that these tumours show 1 histological resemblince
to notochordal tissue ‘They are characterized by large amounts of mucord inter
cellular matertal tn which nre scattered strands and masses of tumour cclls
(Figs 131c 132, 133) The tumour cells themselves are conspicuously vacuolated
(Figs 131d 133) gving the charactenstic physaliphorous structures These
features are usually promiment but 1n occasional cases they are less evident smaller
or larger areas of tumour tissue showing an undifferentsited pleomorphic appear
ance (Fig 1316) Such absence of specific histological fetures oceasionally leads
to problems of diagnosis in smail biopsy spectmens, and 1n some cases the arrange-
ment of the tumour cells tn strands and cords may even suggest a dragnosis of
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Fit 132 —Chordoma Part of a lobule of Fic 133 —Chordoma A field where

tumour tissue showing strands of tumour
cells separated by abundant mucoid inter
cellular matertal

arrangement of tumour cells in cords

might at_first sight suggest an epithehial

tumour The tumour cells however show
1 Hund

an
mucord intercellular material 1s present

metastatic carcinoma (Fig 133) However careful serutiny of an adequate sample
should reveal the definitive characteristics enumerated above and estiblish the
diagnosis unequivocally Oceasionally the abundant mucord interceltular materral
of a chordoma may show a superficial resemblance to the degenerated mtercellular
matrix of a chondrosarcoma  the cells of the latter however are rounded und
bLie i defimte

Paces 1n the matrix nd they fail to show the conspicuous vacuo-
lation of a chordoma

Treatment
Chordomas are not usually regarded as radiosensitive though irradiation
treatment 15 sometimes employed as a palliative procedure  Radical surgery 1s
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at present the only hope for the ultimate survival of the patient but 1t can rarelv
be employed because of the mtimate telationship of the tumours to the spinal
cord and nerve roots
BENIGN

Angioma

Bengn vascular tumours occur quite commonly 1n vertebral bodies but onlv
rarely cause symptoms Junghanns (1932) found them in about 10 per cent of
a large series of necropsy cases 1n which the spine was carefully examined Lihe
other angiomas they are vascular malformations rather than progressively
enlarging neoplasms  Despite this, however they are usually encountered i
fater life either on radiological examination or at necropsy They occupy most

FiG 134 —Angioma of spine The bone Fic 135 —Angioma  The histological
marrow of the middie vertebra s re appearance of another lesion showing
placed by cavernous vascular tissue—an blood filled vascular channels of various
ncidental finding at necropsy (Specimen sizes (x 43)

Jfrom Department of Pathology Unner

sty of Cambridge )
or all of a vertebral body and constst of thin walled cavernous blood vessels
(Figs 134 135) Vertebral collapse and spinal cord compression have been
described but are very rare These lesions have been reviewed bv Perman (1926)
and by Macrycostas (1927)

Aneurysmal bone cyst

This 15 a distinctive although uncommon lesion which occurs in the spine and
1n other parts of the skeleton It is a recently described entity and before 1ts
recogmtion by Jaffe and Lichtenstein (Jaffe 1950 Lichtenstern 1950) examples
were probably regarded as hacmorrhagic or cystic gant cell tumours
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There 15 no doubt, however, that the two conditions should be separited on the
grounds both of structurc nd behiviour Subsequent reports of ancurysmal
bone cyst include those of Barnes (1956) Besse and his collengues (1953) 1nf{
Thompson (1954) Hadders and Oterdoom (1956) hve suggested that ancurysma
bone cyst 1s a vanety of angloma of bone

(@)

FIG 136 —Aneurysmal bone cyst (a) Rad showing an ding osteolytic lesion of

the fifth lumbar vertebra and the adjacent part of the sacrum (5) The lesion at operation
By courtesy of Mr Roland Barnes and Editor J Bone Jt Sirg

Fi6 137 —Ancurysmal bone
cyst Histological appear
ance of tissue from thelesion
shown 1n Fig 136 Large
blood filled spaces are sepa
rated by thin septa of
vascular fibrous tissue con
faining pumerous grantcells
(x35) (B3 courtesy of Mr
Roland Barnes )
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at present the only hope for the ultimate survival of the patient, but 1t can rarely
be employed because of the intimate relationship of the tumours to the spinal
cord and nerve roots
BENIGN

Angioma

Benign vascular tumours occur quite commonly n vertebral bodies but only
rarely cause symptoms Junghanns (1932) found them 1n about 10 per cent of
a large series of necropsy cases in which the spine was carefully examined Like
other angiomas, they are vascular malformations rather than progressively
enlarging neoplasms  Despite this, however they are usually encountered in
later life either on radiological examination or at necropsy They occupy most
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Fi6 134 —Angioma of spine The bone FiG 135 —Angtoma  The histological

marrow of the middle vertebra 1s re appearance of another lesion showing

placed by cavernous vascular tissue—an blood filled vascular channels of vartous
mcrdental finding at necropsy (Specimen sizes (x 43)

Jrom Department of Pathology Univer

sity of Cambridge )
or all of a vertebral body and consist of thin walled cavernous blood vessels
(Figs 134 135) Vertebral collapse and spinal cord compression have been
described but are very rare These lestons have been reviewed by Perman (1926)
and by Macrycostas (1927)

Aneurysmal bone cyst

This 1s a distinctive although uncommon leston which occurs 1n the spine and
1n other parts of the sheleton [t 1s a recently described entity and before 1ts
recogmtion by Jaffe and Lichtenstemn (Jaffe 1950 Lich 1950) pl
were probably regarded as haemorrhagic or cystic guant cell tumours

202




PRIMARY TUMOURS OF BONE TISSUR

Benign osteoblastoma
Ternunology

cAnolhcf newcomer 10 the Tanks of bemgn tumours of bone 1s benign osteoblrs
toma It 1s not uncommon among bemgn tumours of the spine but m1ny names
have been used to describe it 1nd there 1s still some uncertanty 1n nomenclature In
1952 the term  osteogenic fibroma  was used by Lichtenstein to describe certain
benign osteoblastic lestons  Additional cases were reported by Golding ind Sissons
(1953) and by Rirkpatrich and Murray (1955)  Dahlin and Johnson (1954)
reported a serics of comparable cases using the term * giant osteord ostcoma
to describe them  Recently Jaffe (1956) and Lichtenstein (1956) have cach
pubhished general accounts of this tumour, and have independently suggested the
term  benign osteoblastom 1n order to distinguish 1t from osteotd ostcoma and
from various fibromas of bone

v \:‘;’,’:-"""7,:{5" e
o 7
. i
»

1w, M
et A AR R A L ,
75 AP e oA
% HCORSAI S\ PN O3

~sat\ {t ‘\:‘{}
e

0\
od (e
I PRSI N
) ¥ rﬁc £l N

Fig 140 —Bemugn osteoblastoma  Histo
logtcal appearance of tissue from the
lesion shown 1n Fig 139 It consists

Female aged largely of uncalcified osteoblastic tissue

but scattered darkly staining areas of

calcification are present and some osteg

clast mant cells are seen (x 115) (B

courtesy of Editor J Bone Jt Surg )

FiG 139 —Benign osteoblastoma  Radio
graph showing erosion of one lamina and
pedicle of the first thoracic vertebra by
irregularly calaified mass
14 years Golding and Sissons Case |
l8954) (By courtesy of Eduor J Bone Ji

nrg

Most of the reported cases are 1n ¢
being equally affected  Althou:
mvolve either the spine or the
lesion 1s usually situated m the
features are not distinctive  th
cord compression The radiolo

hildren or young adults males and females
gh encountered elsewhere the majority of tumours
long bones of the hand or foot In a vertebr1 the
neural arch but 1s sometimes 1n the body Clinical
ere 1s often pam and sometimes evidence of spinal
gical appearances (Fig 139) commonly take the form
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Anecurysmal bone cyst occurs 1n older children adolescents and young adults
There 15 no predominance of either sex among the cases reported Radiologically
the lesion appears as a  ballooned out distension of the periosteum, outlmed
by a paper thin subperiosteal bone shell  (Jaffe, 1950) and 1t was this appearance
that suggested the name aneurysmal bone cyst ~ Bone destruction may be con
spicuous (Fig 136a) and the lesion may extend to 1nvolve more than one vertebra
(Fig 136a) On surgical exploration the lesion appears as a blood filled cystic
structure eroding bone and displacing the periosteum (Fig 136b) the central
cavity 1s divided by ragged septa of reddish brown solid tissue  Histologically
(Figs 137 138) the tenuous cyst liming and the septa consist of fibrous tissue
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Fic 138 —(a) A field from a more solid region of another aneurysmal bone cyst Newly formed
bone and conspicuous blood vessels are present 1n the loose fibrous tissue This type of vascular
structure has given fise to the suggestion that aneurysmal bone cyst 1s a variety of angioma
(x 40 ) (b) Another field from the same lesion  Osteoclast grant cells and newly formed bone are
present in the fibrous tissue lining one of the large cystic cavities present  (x 40) (By courtesy
of Mr Roland Barnes )

containing numerous vascular channels Giant cells and haemostderin pigment
are often conspicuous i the fibrous tissue which also contarns areas of scattered
bone formation

The rapid development of these lestons sometimes suggests that they are
malignant  but although they occasionally reach a large size they are entirely
berugn and excision or curettage 1s Iikely to produce complete cure
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mahignancy 1s always Inching  In their behaviour, too, these lesions are 1iways
bemgn, despite the gravity of the symptoms they cn produce by compression
of the spmal cord or nerve roots  Treatment wnvolves local resection of the
lesion

In the past thesc lesions have sometimes been wrongly identificd on histological
examnatton 1s giant cell tumours  with reltively few giant cells they have been
called osteomas or even mustihen for osteosarcomas

Other bemgn tumours

Chondromas and cartlage capped exostoses of vertebrie have occasionally
been described imvolving vertebrae (Coley 1949 Geschickter and Copeland
1949) an exostosts may be 1 solitary leston or part of hereditwry multiple exos
toses Fibromas and lipomas are encountered ostcoid ostcomas of the spine
distinet from bemgn osteoblastomns also occur (Jaffe 1945)

INTRASPINAL TUMOURS

1t 15 necessary to disungwish between vertebral tumours proper and intraspinal
soft tissue tumours The symptoms of backache and root pain with evidence of
spinal block occur 1n each group and chmenl and even radiological differentiation
between them 1s not always possible It may not be until surgical exploration
that the nature and site of the tumour 1s determmned

The series of intraspinal tumours reported by Elsberg (1941) and by Bloom
Eihs and Jeonett (1955) indicate that bemgn nerve sheath tumours and menin
giomas are much commoner than tumours of the spinal cord 1tself, which mclude
metastatic carcinoma, ghal and ependymal tumours, and occastonal connective
tissue tumours of uncertain origin

DIAGNOSIS OF VERTEBRAL TUMOURS

As with bone tumours generally radiological examination and biopsy examination
are the two important aids to the diagnosis of lesions of the spine when a chncal
diagnosts of tumour 1s under consideration

Biochemical evidence 1s important 1n the recognition of myelomatosis (abnormal
serum proteins Benee Jones proteinuria) metastatic prostatic carcinoma (luigh
serum acid phosphatase) and occasional osteoblastic lesions (high serum alkalme
phosphatase) Tt may also direct attention to some generahized disease such s
hyperparathyroidism when this 1s responstble for an apparently 1solated bone
leston  Haematological examunation and sternal marrow puncture sometumes
provide important diagnostic evidence of neoplasms of bone marrow

‘With circumscribed and presumably benign spinal tumours surgieal exciston
15 vsually the treatment of choice and this procedure itself provides the entire
lesion for histological diagnosis When however there is chinical uncertanty
abowt the possibihiy of malignancy, and when some other treatment such s
radiotherapy 15 contemplated elective biopsy has to be undertaken n order to
establish the nature of the leston  Open surgical biopsy the most desirable pro
cedure for the diagnosis of bone tumours 1n many other situitions 1s comphicated
by the inaccessibility of the deeply seated vertebrae methods of aspiration biopsy
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of an 1ll defined area of expansion of the involved bone 1rregularly distributed

calcification sometimes being present

The diffuse bony sclerosis, so often seen

1n relationship to osteoid osteomas has not been noted with these lesions

Histolog)

Benign osteoblastomas are considerably larger than the usual osteord osteoma
being more than 1 centimetre 1n diameter and often several times as large as

this Histologically however (Figs

140 142), they are made up of the same

components as the osteord osteoma, conststing of vascular spindle celled osteo
blastic tissue with numerous trabeculac of osteoid tissue and calcified bone
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Fic 141 —Tissue from another case of
benign osteoblastoma showing spindle
celled osteoblastic tissue with areas of
osteotd matrix and some abnormal calel
fied bone Female aged 14 years with
tumour of third lumbar vertebra  Golding
and Sissons Case 2 1954 (x 63) (By
courtesy of Editor J Bone Jt Surg)
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FiG 142 —Fteld from another case of benign
osteoblastoma showing cellular osteoblas
tic tissue with promunent trabeculae of
non lamellar bone On superficial
exanunation this type of tissue occasion
ally suggests a dragnosts of osteosarcoma
(x70)

Scattered osteoclast giant cells are present and may be conspicuous In contrast
to osteord osteoma they do not appear to show a central region of calcified bone
tissue such material being irregularly distributed throughout the lesion  The
histologtcal evidence tndicates a relationship between benign osteoblastoma and
osteord ostcoma although the differences 1n distribution of the two lesions 1n
their size and 1n the reaction of the surrounding bone tissue appear to justfy

their recognitton as distinct entitres

Although the presence of active osteoblastic bone formation may suggest
osteosarcoma particularly tn a small biopsy fragment real histological evidence of
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consequently find important application 1n connection with spinal tumours
The publications of Coley and his colleagues (Coley, Sharp and Ellis, 1931, Snyder
and Coley 1945) established the value of this technique, and more recent accounts
of its use have been published by Ottolenghi (1955) and by Schajowicz (1955)
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CHAPTER 11

RADIOLOGY
L S CARSTAIRS

GENERAL

THE radiographic 1mage of a vertebral body 1s the sum of the shadows cast by
the calcified trabeculae and the cortex If the x rays used are of low penetrating
power or the quantity 15 too small nsufficient will pass through the vertebral
body to produce blackening of the photographic emulsion and the shadow will
appear to be homogeneously dense With increasing penetration or quantity,
or both some x rays wil emerge from the opposite side of the body and will
produce a pattern within sts shadow corresponding to the marin lines of blockage
or absorption of the x ray beam A 2 millimetre slice may contain several hundred
trabeculae but 1f 1t 15 radiographed “end on  only one or two separate hne
shadows may be visible This  trabecular pattern cannot therefore represent
all the bone elements that have produced 1t, but 1t does give an indication of their
type and general arrangement When there 1s a thin calcium containmng sheet 1t
will cast a dense linear shadow 1f a large enough part hes 1n the same plane as
the x ray beam

The vertebral body 1s sharply defined by 1ts cortex In lateral radiographs 1ts
shadow 15 of umiform density from front to back This 1s unexpected because
the body varies regularly 1n thickness the anterior surface bemng curved It
would be expected therefore, that the anterior portion would be less dense than
the middle ‘The reason appears to Lie 1n the cortex which forms a cylindrical shell
The x rays impinging at right angles to the shell in the middle of the body traverse
only the thickness of the shell but i the curved anterior sectron they traverse the
shell at mncreasingly oblique angles so that a corresponding mcrease mn their
absorption occurs In dried preparations the fade off at the antenior margin can
be seen but this 1s lost i 1110 although 1t may be just visible 1n some patients m
the cervical and thoracic spines where the physical conditions for contrast are
better than 1n the lumbar spine The part played by the cortex 1n producing the
shadow of the vertebral body 1s greater than its thickness would suggest because
of 1ts compact structure

Calcium content

An estimatron of calaium content s necessary when considering generahzed
porosis or sclerosis At the present time this direct estimation 1s subjective and
1s made by reference to known normals The relattonship of density to quality
and quantity of x rays has already been mentioned Other technical factors are
1nvolsed mcluding the size of the patient  Within limits 1t 1s possible to produce
a dense shadow from a relatively porotic vertebra and a poor shadow from a dense
vertebra Obwviouslv 1t would be desirable to have some objective method of
comparison with the average In the case of the hand this can be done by
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GENTRALIZED POROSIS

radiographing on one film the subject s hand and 1 control spceimen, both being
ymmersed 1n the same depth of witer which removes the soft tissue shadows
except fat (Jackson, 1951)  More commonly a finger 1n 2 flud filled plasuc
box 15 used the density of the box and its contuned fluid corresponding to the
soft tissues of a finger  Such methods or adptations of them are feasible 1n
the case of the spinc but the practical difficultics are self enident  Apart there-
fore from changes in the shape of the vertebral bodies secondry to altered caleiwum
content estmation of porosts or sclerosts 15 hable to considerable observational
error

GENERALIZED POROSIS

Introductory

The diagnosss of generalized vertebral porosis 1s based on two appearances

(@) an estimate of calcum content, and (b) an alteration in the shape of the verte
bral body In porotic conditions the trabeculac become either fewer or less well
calesfied  The cottex appears to be less affected  In the lateral film of 2 normal
fumbar vertebra the cortex on the antenor margin 1s usually not visible as a sepa
rate structure, the sum of the densities of the underlying trabeculae and the antero

fateral portions of the cortex being approximately equal to the density of the
anterior cortex  In the antero posterior films however, the cortex can often be
clearly seen at the lateral margins  There 1s probably a physical explanation for
this because on section of the vertebral body no alteration in the cortical thick

ness or the density of the trabeculae at the antersor and lateral portions 1s visible
In porofic conditions the sum of the densities of the trabeculae 1s reduced and
the anterior cortex becomes visible as a thin pencilled hne It may be useful
to compare the density of a lumbar body 1n a lateral film with the density of the

soft tissues antersor to it In severe porosis these two densities become almost
equal

Deformation

Reduction 1n caleium content results 1n structural weakness and this may be
shown in two ways (q) fracture from rimimal trauma and (b) a progressive
collapse  The fracture 1s usually central producing a concavity 1 the upper or
fower surface of the body It may be hmited to this or be associated with collapse
of the peripheral cortex which usually occurs a short distance below the antero
superior angle, a smalf step being formed Immediately after such a fracture
the film will show some additional densaties at the fracture site due to compaction
of trabeculae and this may assist in differenttating the condition from collapse due
to a destructive metastasts  Subsequently, the additional density may increase from
callus formatian but will disappear as remodelling occurs The degree of mternal
damage may be greater than the radiograph indicates, and this can sometimes
be supposed if there 1s a bulge sn the anterior surface of the body In such cases
further collapse may occur before remodelling and consolidation In those
cases presenting as a slowly progressne collapse the underlying patholo:
may be ether multiple mimute trabecular fractures or a falure of the lo lgly
speafic response 10 mechamical stress Which 1n health, muntains the S\‘:\;Pi
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of individual bones The body becomes concave on 1its upper and lower
surfaces ( fish vertebra ) There are two appearances which must be noted
i relation to these changes In the thoracic spine a lateral film may appear
to show multiple concavities on the disc surfaces and this may be because
the projection 1s not truly lateral In some individuals the disc surfaces may,
mn health be markedly concave This concavity 1s usually greatest posterior
to the mud pont of the vertebral body, and alters to a convexity m the anterior
third of the disc surface It 1s very common 1n children 1n the lumbar region
and pronounced examples are sometimes seen in adults Such bodies are of
course not exempt from porosis

A B
FiG 143 —(A) Vertebrae not correctly aligned with Fic 144 —Markedly bicon
X ray beam  (B) Resulting 1mage shows apparent cave disc surfaces 1 young
biconcave disc surfaces adult Normal

Disc changes

The deformation of the body causes the disc space to become convex on one
or both surfaces This implies that the intervertebral disc has undergone an increase
m volume In many cases of multiple vertebral body coliapse this increase mn
total volume of the discs 1s quite indisputable The primary lesion need not be
a porosis nor 1s every porosis accompamed by disc swelling  In some cases 1t
would seem that the disc change 1s a positive one and not merely secondary to
the altered shape of the body Several problems exist which require solution
Is the disc swelling due to a local change 1n vascular supply and diffusion rates or
1s 1t part of the general process that causes a particular type of porosis? Is it
possible that 1n some patients swelling of the disc occurs before any evidence of
body collapse 15 seen® One remarkable feature 1n some cases of porosis 1s that
the lesion 1s reversible This has been well illustrated by Wang and Robbins
(1956) 1n a case of Cushings syndrome Severe porosis with collapse and disc
swellmg was present but three years after pituttary irradmation the vertebral
bodies had almost regamed their normal size and the disc space had returned
(o normal Disc swelling can also occur tn the diseased disc provided of course
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Fic 145 —Disc swelling
(a) Osteoporosis 1n an
elderly woman with con
siderable swelling of disc
substance which con
tains numerous calcium
depo ns {tracing) ()
Sclerotic deposits from
a small bronchial neo
plasm Despite  their
increased calcwm con
tent the vertebral bodies
are collapsing and there
15 considerable  disc
swelling (female)
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FiG 146 —Two chicken bones Their
density and trabecular pattern are
comparable The bone on the right
has been kept at a high temperature
and will crumble at the slightest
touch

Fic 147 —Porosis (a) Carcinomatosis Note vertical strration (Breast) () Osteomalacra
steatorrhoea Womanaged 38 years (c) Carcinomatosis (breast) Umiform porosis One
collapsed body
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Fic 147 cont—(d) Reticulum—cell sarcoma generalized  (¢) Lymphatic leukaerma
{f) Fragihtas ossum  Woman aged 38 years

that anchorage by lateral osteophytic bridges 1s not present  In the case iltustrated
the discs are excessively large but there are also central areas of calcification which

one would normally associate with Jong standing degenerative changes mn the
nucleus pulposus

Density and structural strength

The calcium 1n the bony trabeculae 15 1n several forms and the ratio of the forms
may vary X ray diffraction studies show that the calcium composition varies
m different conditons {(Cameron 1952) The radiologically demonstrable calcium
content 1s by no means a certain indication of the structural strength  To take
an extreme example Fig 146 shows radiographs of two chicken bones They
appear to be identical  On the right the femur has been heated and will crumble
at the shightest touch On the left the bone 1s fresh and untreated and 1s of
normal strength  In marble bone disease the calcrum content 1s high but the
bones tend 1o be britle  In rickets the calcium content 1s low but the bores are
not fragile although they deform easily In osteogenesis imperfecta the bones
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may be of comparable density and cortical thickness to normal bone and yet under
go repeated fractures With neoplastic invasion the bones may appear normal in
structure, but the bony trabeculae have lost therr normal cellular elements and
the body may collapse at any time In radiation necrosis unassocrated with infect
tion there 1s usually no alteration 1n the radiological appearances until the bone
breaks

It would seem that there are several factors (a) the composition of the
calcium salts in the trabeculae, (6) the manner in which these calcium salts are
laid down 1n the physical sense and (c) the nature and quantity of the cellular
clements associated with the trabeculae

This may seem to be far removed from the sphere of radio diagnosis but the
radiologist 1s often puzzied by the discrepancy 1n behaviour of spines of comparable
density 1n elderly patients

Aetiology

So far the term  porosis  has been deliberately used 1 order to avord con
fusion with the histological terms osteoporosis and osteomalacta  Both condittons
produce the radiological picture of a reduction 1n density and 1n most cases 1t
1s not possible to differentiate between them 1n the vertebral column These two
pathological conditions are the centre of considerable interest at the present time,
but 1n practice the first condition to be considered 1n a general spinal porosts 1S
neoplastic wnfiltration—secondary carcinoma myelomatosts and the leukaemias
Electroconvulsive therapy can give rise to multiple collapses particularly 1n the
thoracic spine which mimic very closely the type of collapse seen 1n porosis
For example 1 one patient a chest radiograph taken after delivery following a
normal pregnancy showed 1n the lateral film six partially collapsed upper thoractc
vertebrae 1n which the upper surfaces of the vertebral bodies were concave The
possibihity of a pregnancy osteoporosis was considered but the patient was subse
quently found to have concealed the fact that she had had electroconvulste
therapy 5 years before

Newbury 1nd Etter (1955) carrted out a controlled observation in 106
patients recemving electroconvulsive therapy  The patients spines were examined
under standard radiological conditions before and after treatment  Twenty three
vertebral body fractures were discovered 13 of the patients had had curare
and m these only 2 fractures were seen None of the patients with fractures
complained of pan

Osteomalacia

The aetiological factors in osteomalacia have been dealt with elsewhere (Chapter
5) In some cases of long standing osteomalacia the spinal column presents a
coarse vertical striation  This can occur in carcinomatosis and 1s also seen 1n
simple or 1diopathic osteoporosis  Radiological examination of the rematnder
of the skeleton 1n osteomalacia will often reveal pseudofractures  The onset
of secondary hyperparathyroidism may be shown by cortical absorptions 1n
the shafts of the phalanges of the fingers and toes and more rarely by lestons
1n the remainder of the skeleton (It may be noted that Schinz and his colleagues
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(1952) classified the skeletal changes all ostcomnlacias with the exception of

fickets due 1o avitaminosts D s secondary hyperparathyrotdism ) (eatures
In assessing progress 1 ostcomalacis radiologicnlly the two Ir.r:l:m itcbral

are (a) healing of pscudofractures, and (h) n increase in density of the vel

body

Idiopathic osteoporosis
1t has already been potnted out that in the spine differenttation from osteo
malacin 1s often impossible In osteoporosts the radiological findings arc a decrease

Fic 148 —Idiopathi osteoporosss in elderly woman (r) 229 56 Multiple collapsed thoracie
vertebrae  Unchanged for 7 years (p) 31 157 Recent traumatic collapse shown by band
of increased density

n density with structural weakness and consequent collapse, the healing of
fractures occurs normally The commonest single type of osteoporosis 1s that
occurring in women past middle age The term menopausal osteoporosts implies
for the menopause a degree of aetiological importance that may not be yustified
(Donaldson and Nassim 1954) In general, the process 1s constdered to be one
of normal aging which 1n some patsents for reasons unknown 1s very much
more pronounced than in others In children the possihility of a late form of
osteogenesis imperfecta should be borne mn mind while 1n adolescence apart
from other causes of osteomalacia, the rare vitamin D resistant rickets of late
onset must be considered Prolonged immobilization of any part of the body
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produces structural changes in bone The spine 15 no exception and 1n children
1t may be a very marked feature of any prolonged recumbency (Halvorsen, 1954)

Cushing s syndrome and cortisone mduced porosis

The severe porosis with vertebral collapse seen in Cushing s syndrome with
the occasional reversibility of these changes has already been mentioned Multiple
b fractures are common and callus formation 1s good even abundant The degree
of bone change 1s of course, related to the severity and duration of the discase
In cases investigated early, no rib fractures and no demonstrable porosis may be
found With the increasing therapeutic use of ACTH, cortisone and allied sub
stances numerous examples of vertebral porosis have been recorded Luder
(1954) surveyed a series of such conditions m children occurring within 6 weeks
to 1 year of the commencement of cortisone therapy (total dosage from 5 32
to 24 75 grammes of cortisone) The radiological picture resembled that of
Cushing s syndrome  Adult asthmatics on baseline doses of cortisone and leading
a farly active Iife are particularly liable to 1solated collapse of a vertebral body
In cortisone type fractures pain 1s generally not severe

Other hornonal poroses

Excessive doses of thyroid hormone or even prolonged dosage with small
quanttties of thyroid can produce porosis Severe porosis has been reported m
testicular atrophy (Schinz and his colleagues 1952) but considerable basic mvestt
gation of a large series of male castrates 1s required  Further differentiation 1s
also needed 1n cases of hypopitwitarism with hypogonadism and n cretinism
In these conditions 1t 1s dafficult to say whether the deformation of the body 1s
prmarily a developmental fault or whether osteoporosis has contributed In
hyperparathyroidism the porotic changes are due to a combination of ostettts
fibrosa and osteoporosis The cause of pregnancy osteoporosis (segregated from
deficiency osteomalacia) may be adrenocortical over activity during pregnancy
(Nordin and Roper 1955)

Congenital abnormalities

In some congemital abnormalities the spine undoubtedly appears to be porotic
This must be borne n muind mn differential diagnosis particularly 1n children
In osteogenests imperfecta there 15 often a spinal porosis and this may be severe
with flattened bodies and biconvex discs It may be difficult to differentiate some
of these cases from osteomalacia at a single radiological examunatton In general
however the condition of the epiphyses and metaphyses will assist Simlar
difficulties may be encountered m achondroplasia in children

Neoplastic and haemopotetic

The general porosis of early but widespread metastases and the progressive
porosis of leukacrmia and the more chronic lipoid reticuloses such as Gaucher s
disease are well known In carcinomatosis and myelomatosis the process 15
seldom completely umform and areas of localized destruction can usuallv be found
In sickle cell anaemia 10 children generalized porosis with biconvexity of the discs
has been reported but massive collapse 1s rare In general the condition 1s subse
quently associated with a puchy sclerosis (Ehrenpreis and Schwinger 1952)
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Capillary thromboses are 1 feature of the disease, and what was presumed to
be mnfarction of two lumbar vertebrac was reported by Legint and Ball (1948)
1n Cooley s wnienua there 1s porosis of the spine 1n childhood followed by conrse
reticulation in later hfe

LOCALIZED POROSIS

In the spinc locahized porosis 1s 1 test for both radiographer nd radiologist
Radsological examun ition 15 often shown to be misleading by the course of events
and an appreciation of the mitations of radiography 1s destrable

The formation of the image has already been discussed  The radiation required
1s of fairly high penetrating power and, apart from corticnl densities the difference
i density of the body shadow and the surrounding 12 inches of soft tissues 15
not great  The structures within the vertebral body other than those contarming
caletum are of sumilar density to these surrounding tissues  When destruction
of bony trabeculac occurs within the vertebra the space left1s filled by soft tissue
the amount of calaium decreases but the amount of soft tissue increases

Fic 149 —Radiographs (in water) of a vertebral body (a) intact (b) after a 15
centimetre hole has been made through the centre of the bodv  Apart from the
removal of the Schmorl s node the hole 1s just visible

Ardran (1951) showed that 3 millimetre and 14 millimetre holes drilled axially
through a vertebral body are clearly visible 1f a contrasting substance such as
ar fills the spaces  but 1f the body 1s filled with water the 3 milhmetre hole cannot
be seen and the 14 millimetre hole 15 only just visible  Knutsson (1953) re empha

sized this and compared the efficiency of plain radiography and tomography
Chaswn (1928} and Bohmug and Prevot (1931) had previously pointed out that
large defects up to |5 milimetres in diameter were below the hmits of vistbihity
on plain radiography

These experiments are easy and quick to perform and the 3%

salutory lesson 1n the limitations of radlogmp]gy In practice })llosil‘czgfitaxsn\ltcesl:
known that minute defects 1n the cortex, 1f seen tangentially are clearly visible

Knutsson stressed this and amphfied 1t showing that the defect 1n the cortex
made by removing a layer 2 millimetres 1n thickness from the side of a vertebral
body 1s clearly visible These remarks refer to localized areas of total defictency
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F16 150 —The top photograph 1s of
the cut surface of the vertebral
body showing a large circular
metastasis  Below is a radiograph
of a 2 milimetre slice from this
surface The trabeculae are intact

FiG 151 —(a) Collapsed body No primary neoplasm detected clinically Tomo
graphy shows areas of destruction and sclerosis At necropsy there were wide
spread metastases from a small bronchial neoplasm  (4) Woman aged 83 years
Acute tuberculous destruction  Miliary spread was shown at necropsy
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of trabeculac or cortex, but such lesions 1re not by any means, 1n most cases,
encountered 1 chmeal pracuce  Scattered small foct of destruction and diffuse
intertrabecular anfiltragion without bone destruction often occur and usually
escape detection 1n the former there may be only the impression of porosis and
In some cases a rmmmal 1oss of definition of the antenior cortex, n the fatter,
no abnormality 1s visible (Fig 150)  For a time the tribeculac muntain their
strength but with the loss of normal cellular associations they become weak
and the entire body may suddenly collapse  Alternatively, the abnormal cellular
infiltration produces a diffuse thinnmg of the trabeculac with or without small
arcas of destruction and the picturc 15 that of porosis undergosng slow collapse
or subject to sudden collapse after mimmal trauma  This 13 one of the commoner
findings 1n myclomatosis  In the mfecuve conditions, hyperiemic decalaification,
1 addition to trabecular destruction and fracture takes place A locahzed
hy peraemic decaleification also oceurs 1n some cases of trauma but this 1s probably
secondary to multiple fine trabecular fractures

GENERALIZED SCLEROSIS

A true umiform sclerosis of the entire vertebral column s @ ranity, 1n all condittons
there 15 usually some patchiness The most uniform densities are produced by
(a) long standing widespread sclerotic deposits particularly from the prostate
(b) chronic fluorosis which 15 usually associated with marked osteophytosts and
higamentous ossification but cases of fluorosts have been reparted 1 which these
associated changes are either absent or mintmal (Linsman and McMurray, 1943
Largent Bouard and Heyroth 1951) and (c) marble bone disease m which
the sclerotic bone 1s manly epiphyseal producing dense bands at the upper and
lower margins of the bodies and oceasionally central densities corresponding to
the primary ossific centres In these conditions the abnormality 1s obvious Mar-
ginal increases 1 density are more difficult to assess In some young adults the
density of the skeleton, and particularly the vertebral column, 15 shghtly more
than one would expect but this appears to be of no sigmficance 1nd 15 only an
expresston of the individual variations 1n size and number of the bony trabeculae
in health In 16 cases of diopathic hypercalcaemia of infants reported by Creery
and Neill (1954) the vertebral column was normal and there was no nephrocalcy
nosis  Thirteen however showed dense bands 1n the metacarpals radius ulna,
tibia or femur, remimiscent of the dense bands of lead poisoning  The prognosis
was good 1n all cases and 1 4 followed to recovery the dense bands disappeared
In a case reported by Lowe and his colleagues (1954) there was a umform density
throughout the skeleton 1ncluding the vertebral column with very dense bands
at the metaphyses

Cases of osteomalacia with secondary hyperparathyroidism from chrome renal
farture with glomular damage and urea retention have occasionally presented an
unusual density of the bones (Crawford and his colleagues 1956) Radiologically
there are dense bands 1n the upper and lower portions of the vertebral body stmilar
1n type but not in density to those of marble bone disease
unexpected finding of unknown cause
effect of parathormone injections on th
related to the chimcal use of parathorm
Albnght (1929) found that m young g

The density 1s an
During expermments concerned with the
e growing skeleton (as part of a study
one 1n lead porsoning) Bauer Aub and
rowing rats on a high calcium diet 885
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umts of parathormone given over 110 days produced bones that were shorter
but radiographically denser than normal This ran counter to therr results with
other animals and they were not able to offer an explanation  Selye (1932)
carried out a series of experiments with albino rats using varying dosages of
parathormone He concluded {(a) that massive doses produced ostettis fibrosa
followed by the supervention of osteoblastic activity and suggested that Bauver s
results could be explaned by this  (b) that very small doses directly stimulated
new bone formation without a preliminary stage of osteitis fibrosa (c) that a
single dose of 10 units of parathormone could stimulate new bone formation
this conclusion being reached by killing rats at intervals during 48 hours  Selye
regarded the changes produced 1n the rats as comparable with those of marble
bone disease

In all such cases of dense bands 1n the metaphyses 1t 1s essential to exclude the
possibility of intoxication by a heavy metal, particularly lead 1n young children

In cases of generalized sclerosis produced by long standing prostatic deposits
the pelvis and upper femora will usually reveal areas where the sclerosis 1s patchy
Generalized sclerosis 1n cases of breast carcinoma are most common after hor
monal therapy or pitwitary ablation and the history 1s all important ~ Although
umform density without expanston can be present 1n Paget s disease, 1t 15 uncom
mon and 1n general the enlargement of the vertebral bodies the coarsening of
the trabecular pattern particulasly 1n the peripheral portion of the body, and the
tendency to flattening will be obvious Generalized patchy sclerosis occurs 1n
sickle cell anaemia and Cooley s anaemia acquired haemolytic anaemia and the
rare myelosclerotic anaemia

LOCALIZED SCLEROSIS

The cause of the sclerosis sometimes occurring in bone subject to abnormal
mechamical stress 1s not understood Typical examples are often seen 1n the spine
commonly n the antero inferior or antero superior segments of vertebral bodies
adyacent to disc degeneration and also 1n ankylosing spondylitis In this condt
tion the general nigidity of the spine 1s sometimes partly compensated for by
localized hypermobuility at one or more disc spaces When this occurs localized
sclerosis of the type mentioned above may occur and 1s 1n strong contrast with
the generalized porosis which 1s a feature of the disease Isolated sharply defined
sclerotic lesions reaching to the cortex are somettmes seen and remain unaltered
over several years they are gnen the name compact bone 1sland ' enostosis
or calcified medullary defect  Martincic (1952) reported a case of osteopoikilie
n which the thoracic and lumbar sections of the spine were affected In the neuro
pathic spine some of the vertebral bodies particularly in the lumbar region
appear to be dense with an 1ll defined cortex and have a peculiar topphng
appearance associated with multiple disc degenerations  There may also be areas
of porosis and apparent fragmentation of the disc surfaces with lateral collapse
The solitary sclerosed vertebra usually referred to as an ivory vertebra s a
special problem It may be due to lymphadenoma Paget s disease or sclerotic
metastasis  occasionally examples are encountered 1n which no cause 1s found
and some vascular disturbance 1s suggested On the analogy of avascular necrosts
at other sites 1n the skeleton one would expect tn such a case some collapse of
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the body to be present caused by structural weakness or that the condition
would follow the pattern of delnyed collapse after 1njury (Kuemmell s discasc)

n this condition there 1s usunlly some rarefaction of the body before collapse

but sclerosts ¢an ocenr and the 1ssociation of bone tmury with anfective lestons
should be borne 1n mind s 1n a case reported by Schinz and tus colleagues (1952)
1 which a purulent pichymeningitis was present at the level of the collapsed and
sclerosed body  Meltzer (1947) reported 4 casc in which 1 lipomt1 an the spinal
cord was associnted with sclerosts of the posterior part of the bodies of the sixth
and seventh cervical sertebrac the laminae and the spinous processes, at opera

tion and on biopsy there was no evidence of bone infection or metastases Pygott
and Scott (1954) reported a case of leontiasis ossea of the Virchow type in which

in additron to the changes 1n the skull the facinl bones the nbs and one tibin

there was a densc sclerosis of four thoracic vertebrac

(@ ®)
FiG 152 —Lymphadenoma (a) Sclerosis in body Male patient presented with back

pain and solitary round shadow
R, s mary raund shad n nght lung (b) Collapse with disc destruction

ANKYLOSIS

ﬁg;g::l\ll::l (a\::\m\ of the vertebrae 1s reasonably easy to recognize because the
rheumaloldpa (;rn 1s normal and there 1s usually no loss of substance In juvenile
oo o:' "r]llus with spinal involvement fusion of the posterior jonts without
(Barkn S erv;rlrsbml ligaments may be mustaken for a congenital lesion
i assessmemnnf | otter 1955) Bony ankylosis 1s commonly infective but
SYnostons e of long standing fusions the possibility of a post traumatic
out infection should be remembered Secondary infection how

ever does occur i trauman
chaematomas
differential  diagnosis s difficult Cylons s s peen remoad

Ankylosis has also been reported m
gfclﬂ:fnag:;n(cgzeg casse of Paget s disease of the cervical spine treal:ed eby ;ugha
n Stein and Beller 1955) 1In elderly patients who are not
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suffering from ankylosing spondyhitss, fuston of antertor osteophytes 1s common
and marked ligamentous ossification with hittle or no protruding osteophytosis
also occurs (Smith Pugh and Polley, 1955)

The nature of ankylosing spondylitis 1s unknown Romanus (1953) after a
most careful and searching investigation, concluded that an infective element was
important 1 most cases This hypothesis has not gamed general acceptance 1n
Great Britain  Chnically and radiologically the disease can be differentiated
from rheumatoid arthriis ~ Gibson (1957) concluded from hereditary and genetic
factors, serology and clinical pathology that although the two diseases are of the
same family they are no more related than acute rheumatism and polyartentis
nodosa or rheumatoid arthnitis and scleroderma The clinical course and physical
signs are of paramount 1mportance 1n early diagnosis Radiologcally, the classical
appearances of the active disease 1n the sacro sliac joints 1n adults 15 unmistakable
but difficulty may be encountered during adolescence at the times of appearance
of the plate epiphyses and, at an earher age 1in differentiating from tuberculous
lestons There are, however, lestons 1n the sacro iliac joints unassociated with
pathognomonic vertebral changes, consisting of sclerosis and eroston of the iliac
surfaces with mimimal changes in the sacral surfaces 1n which litle alteration
occurs over several years and clinically the main symptoms are low back pam
rather than decreased spinal mobility These may be cases of aborted ankylosing
spondylitis or a low grade non specific arthritis of unknown aetiology Since
radiotherapy 15 an established form of treatment for ankylosing spondyhtis 1t
15 1mportant that such cases should not be misdiagnosed and re assessment after
a period of observation may be desirable

PRESSURE EROSIONS

Erosion of the anterior and lateral surfaces of the bodies may occur n aneurysm
glandular neoplasm abscess and benign neoplasm Wideming of the wnterpedicular
space with spinal canal tumours 1s well recogmized Dafficulty may be encoun
tered 1n the thoracic region n children where some variation 1n the radiological
appearances 1s common A case of localized widening and apparent thinning of

(@)

Fic 153 —Concave postenior surface (a) Neurofibromatosts of cauda equmna
(b) Metastasis New growth in breast
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the pedicles of T 12 was reported by Jeflerson (1955) Operation reverled a
normal canal and contents  the lesion was 1 congenital abnormality  Widening
of the exit foramen with pedicle croston by neurofibromas 1s also well recognized,
but this diagnosis must be made with caution 1n the thoracic region because the
plan radrographic appearances ¢n be exactly mimiched by thoracic meningocele
The soft tissuc paravertebral mass mny be found to chinge tts shape with altera
tions 1 posture  Myclography 1s conclusive and should not be omtted Raison
(1956) reviewed 26 previously reported cases tnd presented twoaddittonal examples
A further pownt of confusion arises from the very frequent assocration of von
Rechlinghausen s discase with a thoracic meningocele (17 out of 28 cases) In
the lumbo sacral area cxtradural cysts may produce erosions of the pedicles and
body and neural arches identical with those scen 1n neurofibromatosis  the subject
has been reviewed by Schurr (1955)  All degrees of anterior sacral menimgocele
are encountered from a shallow erosion on the antenor surface of the sacral
canal to a large defect with @ soft tissue mass lying between the sacrum and the
rectum

THE INTERVERTEBRAL DISC

The healthy disc cannot be seen on plain radiography because its density 1s ike that
of the surrounding tissues  The size sn relation to that of other discs can be
assessed and films taken 1n lateral flexion, extension and forward flexton can
give some 1dea whether or not the disc responds normally to spinal movement
Radiologists have always been interested 1n the physical properties of the nucleus
pulposus and the annulus and many dwvergent views have been expressed ranging
from the concept of tonus 1n the annulus (Roberts 1944) to the 1dea of turgor
the nucleus pulposus (Schmorl 1931) It seems certain that the healthy disc
maintains its  elastictty  because of the physical properties of collagen and the
nature of gel structure Exposure of an intervertebral disc to the air very rapidly
produces drymg with a remarkable change in size and consistency 1llustrating
how dependent the disc 1s on transudation of flmd from its environment  Naylor,
Happey and Macrae (1954) have investigated by x ray crystallography, the
composition of the annulus and nucleus 1n matenial taken from subjects ranging
from 2% to 78 years under standard conditions of drying and by frozen section

They concluded that after the third decade (a) alteration in the onentation and
decreased mobility of the collagen fibrils occur mn the annulus and () that
Increased orientation and ultimate crystallization causing a loss of gel structure

oceurs 1n the nucleus Both conditions would result mn a loss of elasticity Post-
traumatic and degenerative changes 1n the disc have been fully described and
lustrated by Harnis and McNab (1954) Radiographically, however only two
conditions are demonstrable  these are vacuum phenomena and disc calaification

Vacuum phenomena

a“A“ lz;)ld) flmds contain gases in solution and when the physical conditions
oW these gases can be  pulled out  of solution by decr
lo"yhhlch the flud 1s normally subject Y g the pressure
e phenomenon 1s very common and several hundr:
ed examples are readil
collected 1n routme hospital practice  Two types are seen  (a) anenr streaks loyf
gas 1n the disc space extending through the whole or part of its width

N and
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suffering from ankylosing spondylitts fuston of anterior osteophytes 1s common
and marked ligamentous ossification with little or no protruding osteophytosts
also occurs (Smith Pugh and Polley 1955)

The nature of ankylosing spondyhtis 1s unknown Romanus (1953) after a
most careful and searching investigation concluded that an infective element was
important 1n most cases This hypothesis has not gained general acceptance 1n
Great Britain  Clinically and radiologically the disease can be differentiated
from rheumatotd arthritis ~ Gibson (1957) concluded from hereditary and genetic
factors serology and clinical pathology that although the two diseases are of the
same family they are no more related than acute rheumatism and polyarteritis
nodosa or rtheumatoid arthritis and scleroderma The clinical course and physical
signs are of paramount importance 1n early diagnosis Radtologically, the classical
appearances of the active disease 1n the sacro ihac jornts 1n adults 1s unmistakable,
but difficulty may be encountered during adolescence at the times of appearance
of the plate epiphyses and at an earlier age, in differentrating from tuberculous
lesions  There are however, lestons n the sacro ihac jomts unassociated with
pathognomonic vertebral changes conststing of sclerosis and erosion of the ihac
surfaces with minimal changes in the sacral surfaces i which little alteration
occurs over several years and chinically the main symptoms are low back pain
rather than decreased spinal mobility These may be cases of aborted ankylosing
spondyliis or a low grade non specific arthriis of unknown aeuology Swnce
radiotherapy 1s an established form of treatment for ankylosing spondyhitis 1t
1s important that such cases should not be misdiagnosed, and re assessment after
a period of observation may be desirable

PRESSURE EROSIONS

Erosion of the anterior and lateral surfaces of the bodies may occur 1n aneurysm
glandular neoplasm abscess and benign neoplasm Widening of the interpedicular
space with spinal canal tumours 1s well recognized Dufficulty may be encoun
tered 1n the thoracic region 1n children where some vanation 1n the radiological
appearances 1s common A case of localized widening and apparent thinming of

(a)

FIG 153 —Concave postertor surface (2) Neurofibromatosis of cauda equina
(5) Metastasis New growth 1n breast
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THE INTIPAVERTIRRAT DISC

the pedicles of T 12 was reported by Jefferson (1955)  Operation revcetled 1
tormal canal and contents  the lesion was 4 congemtal thnormahty  Widening
of the exit foramen with pedicle craston by ncurofibromas 1s also well recognized

but this diagnosis must be made watl caution in the thorcc region bectse the
phun rdiogriphic appearances can be cxactly mimicked by thoricic meningoccle

The soft tissue parncrtchral mass may be found to change ts shape with ltera

tions in posture Maclograph 1s conclusine and <hould not be omutted  Rason
(1956) reviewed 26 previousty reported eses and presented two 1dditionl eximples

A further pomnt of confuaon arices from the very frequent 1s<ocition of von
Rechhnghausen s diseme with 2 thorace memngocele (17 out of 28 c1ses)  In
the lumbo sacral e exteadurl cyvsts may produce crosions of the pedicles and
body and ncural arches sdentical with those seen 10 neurofibromatosis  the subject
has been reviewed by Schurr (1955) Al degrees of anterior sa¢ral memngocele
arc encountered from 1 shallow croston on the antertor surfice of the sacral
canal to a large defect with a soft tissuc mass lying hetween the <acrum and the
rectum

THL INTERVIRTI BRAL DISC

The healthy disc cannot be seen on plun radiographs beetuse ats densits s ke that
of the surrounding tissues  The size n relation to that of other discs cin be
assessed  and films 11ken m Iateral flevion extension nd forward ficuon cn
give some wdea whether or not the disc responds normally to spin1l mosement
Radsologists have alwavs been interested in the physicsl properucs of the nucleus
pulposus and the annulus and many divergent views hive been expressed ringing
from the concept of tonus in the annulus (Roberts 1943) to the 1dea of turgor 1n
the nucleus pulposus (Schmorl 1931) U scems certun that the herlthy dise
mamtans its  elasticity  beeause of the physical properties of collagen 1nd the
nature of gel strueture  Exposure of an intervertebral disc to the 1ur very ripidhy
produces drying with 1 remarkable change in size 1nd consistency 1llustriting
how dependent the disc 1s on transudition of flind from us environment  Naylor

Happey and Macrac (1954) have nvestignted by x r1y crystallography  the
composition of the annulus and nucleus 1 matenal tihen from subjeets ranging
from 24 to 78 years under standard condtions of drying wnd by frozen scction

They concluded that after the third decade (o) alteration i the onentation 1nd
decreased mobility of the callagen fibnils occur 1n the annulus  and (5) that
wncreased onentation and ulimate cryst\liziton ciusing a loss of gel structure

occurs 1n the nucleus Both conditions would result in 1 loss of chsticity  Post

traumatic and degenerative changes 1n the disc have been fully descrsbed and
tlustrated by Harris and McNab (1954) Ridiographieally, however only two
conditions are demonstrable  these are vicuum phenomenn and disc erletfication

Vacuum phenomena

All body flmds contain gases m solution and when the physical conditions

allow these gases can be pulled out  of s
olution by decren
to which the fiuid 15 normally subject 4 sing the pressure

The phenomenon 1s very common and
several hundred examples are readil

ccllectedhm routine hospital practice  Two types 1re seen (@) l{:len' strenks o)(,'
83as in the disc space extending through the whole or part of its width and
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(b) minute spherical collections situated at the anterior or antero lateral margins
of the body m the disc space The linear streaks (nucleus pulposus type) are
generally not affected by alteration in posture and the appearance may remain
unchanged for many years It 1s suggested that this type 1s produced by cracking
and then desiccation of the central disc substance The vertebral bodies approx
mate but complete apposition 1s prevented by the restdual parts of the annulus
The desiccating process continues and for some reason unknown the space is
filled by gas and not by flud The small marginal spherical shadows (annulus
type) do appear to be affected by changes in posture and by traction thus behaving
Iike the gas shadows in joints 1t 15 supposed that they lte 1n small cracks n the
annulus and that these cracks are degenerative and precede the formation of
marginal osteophytes The writer is not aware of any record of necropsy findings
m a case 1 which a vacuum phenomenon had been described during Iife

The mmportance of the condition ies in  (a) positive proof of a disc abnormality,
and (b) excluston of tuberculous snfection if the disc space 1s narrowed

Disc caleification

The deposition of calcium 1n degenerating tissue 15 by itself asymptomatic
apart from loss of flexsbiity The phystochemical basis 1s poorly understood
Calaification also appears to occur rapidly as in tendinous calcification m the
region of the joints notably the shoulder elbow and hip  The deposit may beina
state of increased tenston and may cause pain esther by distension or by perfora
tion of the surrounding tissue and spread into the associated bursae or tissue
planes These two types of calcfication also occur mn the mtervertebral disc
The first the degenerative type 1s very common while the second which one
might call the active type 1s rare  Sandstrom (1951) preferred to classify
them as permanent and transitory

The degeneratne type follows the distnibution of the vacuum phenomenon
that 15 1n the annulus anteriorly and antero laterally and n the nucleus pulposus
It 1s vers common and ts seen at all levels from the cervical to the sacrococcygeal
articulation It 15 probably most common 1n the mud and lower thoracic and
upper lumbar regions The shape of the calcium deposition also parallels that
of the vacuum phenomenon In some cases which appear to be locally asympio
matic the calcium takes the form of one or two spherical deposits in the nuclear
region  Occasionally 1t forms a sharply defined oval opacity within the disc
space  Multiple disc calcifications are common 1n patients 1n whom spinal
mobility has been completely lost because of ankylostng spondyliis or advanced
spondylosis with antertor vertebral fusion

Examples of complete postertor extrusion of calcified disc substances have been
reported and a well documented and 1llustrated example of this in the thoracic
spine has been published by Williams (1954a) Logue (1952) reported that of 11
thoracic disc protrusions proved at operation there swas disc calerfication at the
same levelin 5

The actne or transitory type of disc calctfication 1s of considerable chinscal
interest  Since a report of one case by Baron (1924) further cases have been
reported sporadically and there are now over 20 cases in the literature  Most
occurred 1n boys but two reports (Sandstrom 1951) refer to adults past middle
age Inall cases there was localized pam and tenderness with imitation of move
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ment Associated maluse fever and rused sedimentation rate hive been observed

The calaification disappears completely of partially after 1 few months to several
cars

! Peacher and Storrs (1956) reported two cases  In onc 1n 1 boy 1ged 4 years

there was severe pan of slow onsct 10 the neck with anorexis All investigtions

Fic 154 —Disc calaification in woman
Known carcinoma n cervix  Pan 1n
back (a)4 6 56 Diffuse disc calcification
(5) 221156 Most of the calcium has

n absorbed leaving a small cen
tral calcification  (c¢) 114 57 Collapsed
vertebral body at same level duc to
metastasis Generalized deposits

were negative apart from a C 3/4 disc calcification which disappeared 1n 4 months
Walker (1954) reported a case in a girl aged 10 years 1n whom massive spherical
caleifications were present at T 11/12/L.1/2  The disc spaces were widened pos
teriorly and there was a pronounced concavity of the vertebral bodies surrounding
the spherical caleifications  Lateral escape of the calcified material occurred at
one level at another the calcification had absorbed completely 1n 4 months
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Most had gone after 3 years and 10 years later all had disappeared, leaving some
residual narrowing of the disc spaces This case 1illustrates the true crease mn
volume which some calcifications appear to induce In the adult with back pain
and 1n whom a spherical or ovoid calcification 1s demonstrated the problem
arises whether or not this caleification 1s chmcally significant  Radiologically
no assistance can be given but by analogy with the per: articular tendinous lesions
already mentsoned change n these calcifications would suggest that they were
significant A further problem that arises 1s whether or not swelling of an 1solated
disc can occur (without caleification) and whether this might not be clinically
sigmificant  That an increase 1n the volume of disc spaces can be produced by

Fic 155 —Alkaptonuna Showing disc calaification disc obliteration with fusion
of d

tes and disc with vacuum

tractton has been shown by Christre (1955) Fnve minutes after spmnal traction
with a force of 75 pounds 1n 2 volunteers there was an increase 1n depth of the
L45and L5S1 disc spaces by 10 15 per cent

Osteochondntis

There are difficulties in recogmzing the early changes of this condition in the
spine (Wilhams 1954b) The mode of desclopment of the vertebral body and
1n particular the part played by the epiphyses vertical growth does not appear
to be the subject of full agreement The detailed work of Lacapre Dricux and
Rriegel (1952) 15 excellently tllustrated and should be consulted Ferguson (1956)
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recently suggested that the wedging which 1s usually attributed to dimage 1nd
faulty growth of the epiphyses 15 1n some c1ses due to collapse of the vertebral
body around the 1nterior vascular groove Severe ostcochondritis with the develop-
ment of & thoracie kyphous s a cuppling discase 1n middle age because of the
sccondary changes 1n the thoricic cage and lungs It would scem that further
rescarch nto 1ts actiology 1nd pathologs ts still required

METASTASES AND VASCUI AR SUPPLY

It 1s uncommon for the spinc to be directly involved by neoplistic spread but when
1t occurs 1t 1s probably most frequent wn the upper thoracic region from penipheral
bronchial carcmomas i the 1pex of the upper lobes  Metastases are blood borne
and opunion differs about how they reach the sertebral bodies The genertlly
accepted view 1s that they pass from the tumour site as emboli mnto the venous
svstem and then pass through the hetrt and lungs reaching the vertebral bodies
as artenial emboh  In the case of the prostate there 1s some ncceptance of the
suggestion made by Batson (1940) that the metastases spread from the pelvic
vens nto the vertebral venous plexus I the arterial embolus theory were usually
correct most metstatic bone lesions would be cxpected to be accompanied by
pulmonary metastases It his been shown howeser that glass spheres vanving
in diameter from 10 to 500 microns injected nto the pulmonary artenal system
can be collected from the pulmonary venous system and that there are direct
communications between these two systems (Tobin and Zaniquiey 1953) The
greater part of the pulmonary arculation however does pass through the
pulmonary capillaries so that this dinersion of embol from the pulmonary
capillanies should occur only 1n a small proportion of cases It may be
that pulmonary tissues arc 1n some instances 1 less favourable site than bone
tissues for the development of metastises  Batson (1940) showed that mjection
of opaque medium 1nto the pelvic venous system can fill the whole of the
vertebral venous plexus  Franks (1953) confirmed this work 1n 15 subjeets and
was also able to demonstrate 1n onc case tumour cells and barium in a prostatic
vein and banum filled venous spaces 1 sertebrae affected by deposus
another  Batson also demonstrated that injection of opaque materal nto
veins at the arcola of the breast can extend into the cervical venous plexus
the superior longitudinal sinus and even the coracoid process and humeral heads
on opposite sides of the body All these experiments were performed in the
cadaver Lindbom (1955) confirmed these findings 1n so far as the peluic veins
are concerned duning Wfe  Seventy five female patients ranging in age from 20
to 75 years and all suffening from carcinoma of the uterus were subjected to
venography by catheterization of both femoral veins to the level of the junction
of the internal and external iliac veins  The mferior vena cava was obstructed by
compressing the abdomen with a football bladder and 30 millihitres of contrast
medium were njected 1nto each catheter simultaneously The opique medum
passed 1nto the pre sacral plexus and thence into the mnternal and external vertebral
plexuses The internal plexus hes 1n the spinal canal the external lies outstde the
ﬁln;(\i\ between the spinous processes and parivertebrally  The opaque medium
illed the vertebral venous plexus and contrast was sufficiently good 1n these cases

to note the compression of posteriorly protruded discs on the 1nternal plexus lying
agatnst the posterior longitudinal hgament

229



RADIOLOGY

Harns and Jones (1956) investigated the arterial supply to the cervical vertebral
bodies and showed that the vertebral artery gives off a spinal branch 1n the
intervertebral foramen which then divides into three further branches (1) to
supply the cord, (2) to supply the Jamuinae ligamentous flava and so on and
(3) to an artenial plexus situated on the dorsal surface of the vertebral body
From this plexus arise (a) a single wide artery which enters the body dorsally
and proceeds to 1its centre where 1t divides 1nto a number of small branches which
radiate out from this central point and (b) circumflex arteries which send small

FiG 156 —(A) Large artery ans
ing from dorsal plexus (B)
Small artery from circumflex
plexus (By courtes) of Journal
of Bone and Jomnt Surgery)

branches into the cortex around the circumference of the vertebral body  This type
of distribution would suggest that large arterial emboli either meoplastic or
infective would be held up n the middle of the body while small arterial embolt
composed of bacteria would tend to reach the periphery of the body and 1ts disc
or lateral surfaces The assumption made by Batson 1s that during increases 1n
intra abdomunal pressure the normal venous flow 1s reversed so that the portal
and caval venous systems are by passed In cases of cirrhosis Stemner Sherlock
and Turner (1957) showed on splenography that the vertebral vemns participate 1n
the alternative venous return system While by passing of the portal and caval
systems has been shown to occur 1t would still be necessary to suppose that a
reversal of flow occurs 1n life within the vertebral body and 1t 1s evident that further
work has still to be done to prove or disprove this pomnt

An attempt to utilize contrast injections for diagnostic purposes has been made
by Lessmann and his colleagues (1955) Erhardt and Kmep (1943) suggested the
infusion of opaque substances into the bone marrow as a diagnostic measure
and this has been used for the demonstration of the venous system of the leg
and pelvis Lessmann injected the opaque medum into the spinous processes
with three objectives (1) to investigate the patency of the azygos and hemiazygos
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veins 1 disenses of the chest and mednstmum . (2) to study the vertebral vans
n norml and pathologieal aircumstances  and (3) to determine the feasiility
of detecting 1solated neoplistic bone imvolvement cather than by conventional
methods (It m1y be noted 1n this respect that biopsy of 1 spinous process has
been used tn the assessment of the ehinieal condition of Inte carcinom of the breast )
Eighty injections were made in 45 patients In 10 eases of 11te bronchial ncoplasm
S vens were found not to fill and subscquently did Rl after radiotherapy  Tn
one case of penerthzed osteoselerotic metstases the mternal venous plexus was
normal  In onc case there was =t block of the intermal senous plexus no abnor
mality was scen on plun radiegraphy but on subsequent bonc biopsy neoplastic
imaston was found  Tor (1954) has also published excellent demonstrations of
the 1nternal plexus by the sime method  The types of metastatic invasion and
destsuction have alrendy been mentioned

In the case of sclerotic metastases 1t 1s 1mportant to remember that as much
neoplastic infiltrition may be present an the intertrabecular spaces of rdiologrcally
normal bone as tn the arcas of  sclerotic deposits

RADIOLOGY AND LOW BACK PAIN WITHOUT SCIATIC RADIATION

Many suggestions have been made regarding the actiology of the common forms
of low back pain and a discussion would involve almost all the known pain pro
ducing conditions some of which are as yet hypothetical  Marginal ostcophytosts
1s very frequent  Carlilage Joss sclerosis and ostcophytosis occur m the posterior
jomnts  Harns and MeNab (1954) illustrated some of the other changes that
oceur and which might be acuologically significant, for example alterations mn
the shape of the posterzor faccts cauysed by subluxatton from disc degeneration
caletfication 1n the capsule of the postertor joints loose bodies in these joints
osteochondral fractures of the posterior joint surfaces dense 1dhesions and the
disorders of movement associated with disc degeneration  Some of these condi
tions may be shown by radiogeaphy but whether they are productive of symptoms
1n a particufar patient must be a matter of climical decision  For example Bistrom
(1954) selected 151 subjects on the basts of (@) no history of back pain and (b) all
engaged regularly in heavy manual labour or strenuous phystcal activity  Of these
8 had spondylolisthests (including one complete forward dislocation) 5 had
pseudospondylolisthesis 30 had transitional lumbar vertebrae (of whom 10 had
aceessory jomnts which were associated with scohosis in 5 cases) Roche and Rowe
{1951) examined 4 200 skeletons and found that 178 (4 2 per cent) had separate
neural arches 1 the lumbar region (hughest white males 64 per cent Jowest
Negro females 11 per cent) In the case of disc degenerations Hirsch (1955)
concluded that backache 15 not the result of the degeneration per se but 1s due
to other factors including fracture of the vertebral plate and growth of granulation
tissue mnto the disc after annular rupture  However by analogy with degenertine
arthnitis elsewhere the symptoms probably arise from chinges 1n the surtounding
solt tissues rather than in the components of a disordered jomnt  Fortunately in
most patients the problem 1s not to make a completely 1ccurate diignosis but to

prov;lde a safe evenif em;m;jxc method of treatment and 1f for this 1lone radio
graphy 1s necessary to exclude nfective and neoplastic proc:
A p! processes before manipu
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FADIOIOGY ASD 1OW BACK FAIN WITHOUT SCIATIC PADIATION

veins 10 diccases of the chest and medinsinum  (2) to study the vertehral vens
1 normasl and pathological arcumstances  and (3) to determine the Tesubiiny
of deteeting wolhted neoplisue bane mvelsement catliet than by conventional
methods (It masy be noted 10 this respect That biop v of 1 spinous process has
been used ta the axsessment of the ehinseaf condition of T1te crcinoma of the brgast )
Exghts injecttons were made i 45 patients 1n 10 c1ecs of late bronchil reoplism
§ vens were found not to G and wubequentty did AL 2fter tadiotheripy In
one case of gencralized osteosclerotic metastases: the internal senous plevus was
normal In one ease there was 4 block of the ternal senous pletus nio ahnot
malits was seen on plain radiogriphy but on subsequent bone biopsy acoptstic
imaston was found  Tan (1953) s also published excellent demonstrations of
the snternal plesus by the same method  The tapes of metadtane imvasion and
destruction have 1lrcady been mentioned

In the case of sclerolic metistases it 15 smportant to remember that as much
neoplastic infiltration mav be presentin the intertrabeculr spaces of radiologicaliy
normal bone as in the areas of  scleratic depouts

RADIOLOGY AND LOW BACK PAIN WITHOUT SCIATIC RADIATION

Maay suggesitons have been made regarding the actiologs of the common forms
of tow bach pamn and a discussion would nsolve almost all the known pan pro-
ducing condutions some of which are as vet hypothetical  Margnal osteophatosis
15 very frequent  Cartilage loss sclerosis and ostcophytosts oceur in the posterior
joints  Harns and MeNab (1959) dllustrated some of the other changes that
occur and which might be actiofogically stgnificant  for example altertions in
the shape of the postenor facets caused by subluxation from dise degencration
caleification 1n the capsule of the posterior joints loose bodics in these joints
osteochondral fractures of the posienor joint surfaces dense adhesions and the
disorders of mosement associated with disc degencration  Some of these conds
tions may be shown by radiography but whether they are productive of ssmptoms
in a parncufar patnent must be a matter of elinical decision For example Bistrom
{1954) sclected 151 subjects on the basis of () no history of back pain and (b) all
engaged regularly m heavy manual labour or strenuous physical actnity - OF these
8 had spondylolisthess (including one complete forward dislocation) § had
pseudospondylobsthesis 30 had transitiont] lumbar sertebrae (of whom 10 had
accessory Joints which were associated with scoliostsin 5 cases) Roche and Rowe
(1951) examuned 4 200 sheletons and found that 178 (4 2 per cenr) had separate
neural arches 1n the lumbar region (highest white males 64 por cent lowest
Negro females 11 per cent) In the case of disc degenerations Hirsch (1955)
concluded that backache 1s not the result of the degeneration per se but s due
to other factors including fracture of the vertebral plate 1nd growth of granulagon
tissue nto the disc after annular rupture  Howeser, by analogy with degenerative
arthritis elsewhere the symptoms probably anse from changes 1 the surrounding
soft tissucs rather than 1n the components of a diserdercd Jotnt  Fortunately 1n
most patients the problem 1s not to make a completely vccurate drignosss but to
provide 2 safe even if empiric method of treatment and 1f for this 1lone radio-

graphy 1s necessary to exclude mfective 1nd neoplistic processes before manipu
lation or traction
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RADIOLOGY AND LOW BACK PAIN WITH SCIATIC RADIATION

Pain 1n the distribution of the lumbar and sacral nerves usually indicates root
irntation but 1t would be well to remember conditions which can simulate this

McNeur (1953) reported 6 pattents treated for presumed disc lesions whose
hips (5 cases) and the humerus (1 case) had not been examined radiologically and
were the seat of bone tumours

Bonney (1956) reported 9 patients with gluteal pan 1 whom a diagnosis had
been made of disc protrustons or arthritic hips  they were shown by aortography
to have erther 1ortic or ihac occlusion He commented that the pamn occurred
with exercise and was constant 1n character

It has often been suggested that pain could be referred from a degenerated disc
to the soft tissue structures of the lower back but Steindler (1954) concluded
that this was improbable He had however, noted 1 few cases in which Novocrin
1njection into a tender spot in the lower back temporarily abelished the local pain
and 1ts associated sciatic radiation suggesting that the latter was 1n these cases,
a reflex phenomenon  The radiologist cannot on plain radiography, reach any
conclusion on whether a protruded disc 1s present or not unless a protruded disc
1s caleified He can state however that when a disc space 1s unequivocally smaller
than normal there 1s some abnormality of the disc, but even here some climcians
would hold that selective muscular contraction or spasm can produce disc narrow
1ng or deformation This may be so n the cervical spine but 1t is unlikely mn the
lumbar spine  Schalimtzek (1954) concluded after studying 5 anaesthetized and
curarized subjects that abnormal disc size associated with abnormal movement
was not muscular in origin  The essential evidence of 1nvolyement of a particular
nerve root 1s the presence of abnormal neurological signs  Physical examination
supplemented by plain radiography 1s 1n many hands sufficient for full diagnosis
and provides adequate information for laminectomy There ts no doubt, however,
that additional radiological imvestigation 1s of value 1n excluding other conditions
and m localizing the offending disc  These supplementary methods are ()
motion studies (b} discography, and (c) myelography

Motron studies

Motion studies of the lumbar spine have long been suggested as a supplement
to plain radiography Films are taken 1n Jateral flexion extension nd forward
flexson and abnormal restriction and abnormal mobility may be discovered
Schalimtzek (1954) has reviewed this subject and has included the results of his
own mvestigations and on the basts of operation findings compared its efficiency
favourably with myelography Basically this method does not diagnose disc
protrusion but only disc abnormality The decision whether or not a disc abnor
mality 1s associated with a protrusion 1s again made on clinical grounds

Discography

A large number of reports of annular rupture disc protrusion and disc degen
eration following 1ccidental puncture and experimental puncture 1n animals 15
available and the introduction by Lindblom (1948 1950 1951) of the technique
of discography was somcthing of a surprise It 1s asserted that the use of a very
fine bore ncedle obvittes the risk of annular damage  The method necessitates
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the wntroduction of 1 difuable water <oluble opigue m~dium nto the centee of
the dise  The results huve been of the gretest value 1n demonstrating normal
and abnormal die structure  On eccauon thes mas be the only method of
demonstrating tateral protrusion producing foramimal encroxchment

1t 1s ncceseans to know at approumately which Tevel 1 protruded discrs chmeally
suspected  This dise and the one 1bore and below are then injected under radios
geaptue or fluaroscopic control and films aretiken The findings have bren fulls
desenbed by Chtlacher (1952) 4 follows  In younp healthy subjecte the oprque
medium spreads to outline 2 globular nucleus A Tobuhited nucleus mav be found
w adults 1nd with large lobulitions protrusion is untikely A umple branched
nuclcus with a central shadow predisposes to hermanon Multple branching with
a small central shadow sndicates Iikely prolipse A spread  nucleus with ro
central core and many branches running 1n 1l directions indicates 1 fully degensr
ated dise which 15 unhikely to hermate  Lhrlacher used 1 hateral approach by
passing the theea

Tredman and Goldner (1955) reported the dingnostic results of 427 disc ingec
nons 1n 150 patients 1n 50 of whom myclography was also performed  Thes
found that discographs demonstrated 22 disctsed dises where myelography had
disclosed none  There was a high correlation beiween dicography and operatine
findings  Wolkin Sachs and Hoke (1955) came to the same conclusion 1 a smalt
series but reported only partly accurate findsngs in 7 and a false positive in 1 out
of 27 cases  The complex physiochemical structure of the normal nucleus pulposus
mught be expected to react unfasourably 1o the introduction of a solution contain
ing a compound of high molecular weight

DeSeze and Levernseux (1952) reviewed 59 panents one vear after discography
Of these 28 had had symptoms dircctly attributable to the procedure  Ten had
had severe lumbar pam for a fow days to one month One had had severe abdominal
pan assoctated with spread of the contrast medium under the anterior ligament
At operation a caity contmming necrotic issue was found in the disc region in
1 panent  Twelse patients developed violent lJumbar pun about 6 davs afierwards
with thoraco lumbar npidity and 1n some there occurred chinges in the vertebral
disc surfaces simulating tuberculous infiction  Three pattents developed menin
gism  they had small postenor spindles allowing the contrast 1o escape  Two
patients had venous thromboses one with pulmonary infirction  The authors
concluded that these conditions were not due 1o eithier 1nfucion OF sensttivity but
simply 1o the injection of a contrist medium nto the disc and that no single
make of contrast medium was 2t f1slt  Ten piuents had residual backache and
tlse:!:::(:md ]d\sc clicgcncrauon where none was previousty scen Finally where
s reny chnical doubt of a neoplastic leston 1n the spinal canl myelography

quired and any suggcstion of an infective process is 1 direct contr-

indication to discography
Myelography

Three methods are avmlable
medium

Gas myelography ts not 1n common use in Great Britun afthough there 1s

much 10 be said 1n uts favour particularly for the youn
T put
15 described by Lindgren (1952) Y younger patieat The techmique

g1s water soluble medium 1nd oily contrast
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The use of water soluble contrast medium 1s attractive because by this method
the components of the cauda equna can be visualized throughout therr length
The method requires spinal anaesthesia  Not all types of contrast media can be
used and fatalities have been reported from the accidental use of the wrong
material The comphication rate 1s high and the opaque medium must be confined
to the lumbar region  For these reasons 1t has not gained wide acceptance The
oily medium Myodil (Pantopaque) 15 virtually non toxic 1t 1s gradually, if slowly
absorbed and although for medico legal reasons 1t should ideally be withdrawn
1n many centres this 1s not done Indeed unless the needle 1s left i st during
the examination the additional puncture may 1itself produce complications as in
the case reported by Keats (1956) in which the medium was seen to disappear
rapidly and form emboli 1n the lungs violent and uncontrollable coughing
occurred but there were no severe symptoms and recovery was complete To
leave the opaque medium 2 siu has the advantage of allowing re examination
At intervals and assessment of the results of operation The method has limitations
(Retd and Tutton 1951, McCarthy and Lane 1955) both in the diagnosts of
disc protrusion and of other space occupying lesions 1n the sprnal canal

It 1s not possible to enter 1nto a description of myelographic techmque or wnter
pretation but some selected observations may be of interest One difficulty lies
1n the mterpretation of umform shght postertor bulging of the disc as shown i
the lateral films Generally this may be constdered to be physiological particu
larly with the patient standing and in the presence of a good sagittal drameter
of the canal 1s unlikely to be of importance 1In this respect, however one must
note the possibility of a narrowed sagittal diameter produced by erther hypertrophy
or folding of the higamentum flavum Huwizinga (1952) carried out a biometric
survey of 51 lumbar vertebral canals (obtained from the exhumed sheletons of
nineteenth century subjects) and recorded the least and the greatest sagittal
diameters that could be constdered to be normal at the various levels (see Table)
A wide variation 15 possible but the canal 1s normally narrowest at the level
of L4 Verbiest (1955) measured the sagittal diameter of the vertebral canal at

TABLE
Saeuttal diameter
Vertebral ‘ (mullimetres)

lerel |——————— Variation

Least ‘ Greatest
L1 14 22 ‘ 8
L2 13 20 7
L3 ( 12 27 s
L3 11 2 ‘ 1
LS 12 22 10

operation and concluded that when the diameter 15 narrow 1n relation to the above
Table even 2 small disc protruston may be sigmficant

One of the major hmtations of myclography 1s 1n demonstrating postero
lateral protrusions If the transverse dameter of the theca 1s less than 16
millimetres the chances of demonstrating a postero lateral protruston are small
(Arbuckle, Shelden and Pudenz 1945) but even with a good transverse diameter
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and without asymmetry of filling of the root sheaths postero hterl protrusions
extending 1nto the foramint mas be preeent

In the thoreic spine the opague column <prewds out ripidhy and diaintegrates
This tends 10 prevent visurhization of anvthing but the grosser Testons Slowing
down the tranut of the opague medium by exanning the patient in the sopine

Fic 157 —Cauda equina showing
multiple small metastases from
small (and climcally undetected)
bronchtal neoplasm™ Myclogram
negative (M conrtess of Dr |\
Peters )
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The use of water soluble contrast medium 1s attractive because by this method
the components of the cauda equina can be visualized throughout their length
The method requires spinal anaesthesta Not all types of contrast media can be
used and fatalities have been reported from the accidental use of the wrong
material The complication rate 1s high, and the opaque medium must be confined
to the lumbar region For these reasons 1t has not gamned wide acceptance The
oily medium Myodil (Pantopaque) 1s virtually non toxic, 1t 1s gradually if slowly
absorbed and although for medico legal reasons 1t should sdeally be withdrawn
11 many centres this 1s not done Indeed, unless the needle 1s left i st during
the examtnation, the additional puncture may itself produce complications, as i
the case reported by Keats (1956) in which the medium was seen to disappeat
raptdly and form emboli in the lungs wviolent and uncontrollable coughing
occurred but there were no severe symptoms and recovery was complete To
leave the opaque medium i situ has the advantage of allowing re examination
at intervals and assessment of the results of operation The method has hmitations
(Reid and Tutton 1951, McCarthy and Lane 1955) both m the dragnosts of
disc protrusion and of other space occupying lestons 1 the spinal canal

It 15 not possible to enter mnto a description of myelographuc technique or mnter
pretation, but some selected observations may be of mterest One difficulty lies
m the nterpretation of uniform slight posterior bulging of the disc as shown n
the lateral films Generally this may be considered to be physiological particu
larly with the patient standing and 1 the presence of a good sagittal diameter
of the canal 1s unlikely to be of importance In this respect however one must
note the possibility of a narrowed sagittal diameter produced by either hypertrophy
or folding of the hgamentum flavum Hwzinga (1952) carried out a biometric
survey of 51 lumbar vertebral canals (obtamned from the exhumed skeletons of
nineteenth century subjects) and recorded the least and the greatest sagittal
drameters that could be considered to be normal at the vartous levels (see Table)
A wide variation 1s possible but the canal 1s normally narrowest at the level
of L4  Verbiest (1955) measured the sagittal diameter of the vertebral canal at

TABLE
Sagrtal diameter
Vertebral (nillimetres)

level  |————~———] Vanation

Least ( Greatest
L1 14 22 ‘ g
L2 13 20 7
L3 12 27 15
L4 11 22 11
LS 2 | 2 | 1

operation and concluded that when the diameter 15 narrow 1n relation to the above
Table even a small disc protrusion may be significant

One of the major lmitations of myelography 1s 1n demonstrating postero
Jateral protrusions If the transverse diameter of the theca 1s less than 16
millimetres the chances of demonstrating a postero lateral protrusion are small
(Arbuckle Shelden and Pudenz 1945) but even with a good transverse diameter
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position does not assist, because the medium then les at a distance from the
posterior surface of the vertebral bodies

In the cervical spine, transverse bars are very commeon and their significance
1n relation to the pattent s symptoms 1s a matter for clinical dectsion

True locahized disc protrusions are fairly easily demonstrated, but the mterpret
ation of asymmetry of the root sheaths when postero lateral osteophytosis 1s
present 1s difficult With space occupymg lesions of the canal, the classical
myelographic appearances associated with the various types and situations
of lestons may be simulated by other conditions Lateral radiography
the supine and prone positions 1s often of assistance, but even after careful
examnation and the study of films taken in all projections an erroncous
wnterpretation of the site of a leston 1n relation to the cord or meninges may be
made A completely normal myelogram may be obtamed 1n a patient with
undoubted clinical signs of root mvolvement and in such conditions the posstbility
of multiple small secondary depostts on the cauda equina should be borne in mind
(Fig 157)

INFECTIVE LESIONS

Tuberculosis

This subject 1s constdered 1n Chapter 6 Radiologically two problems are met
with The first 1s early diagnosis and the second 1s the estmation of progress
1 the established case  In Great Britain any reduction 1n dise space 1f 1t 1s assoct
ated with a loss of definition of the vertebral disc sutface must invite the suspicion
of tuberculosis even 1f this loss of definition 15 assoctated with a slight increase
m density  Any progressive loss of disc space 1n a young person or any suspicion
of a localized bulging of the paravertebral shadows 1n the thoracic spime or general
1zed bulging of psoas shadow 1 the lumbar spne must also be closely observed
and where necessary further investigated Oblique films may assist 1n demonstrat
1ng small cortical or margmal lesions and very small areas of destruction in the
vertebral disc surface may be shown by tomography The estimation of progress
1s largely a matter of meticulously comparing the radiographic appearances 11
each portion of the affected segment of the vertebral column but care should be
taken to ensure that the vertebral bodies above and below for a considerable
distance are well shown at each examunation 1 order to check that no spread
beneath the anterior longitudinal ligament 1s occurring

Pyogentc infections

Osteomyelitis 1n the spine 1s relatively uncommon and unlike osteomyelitis in
long bones, 1t appears to be less common 1n childhood than 1 adult Ife The
condition may be subacute (Gurr 1946) and may warrant the description  non
suppurative  as in the case of a child reported by kadd (1951) in whom a staphy
Jococcal lesion appeared 1n a transverse process after injury Before the ntroduc
tion of anubiotics the outlook was poor In general there 1s disc destruction
with rarefaction of the adjacent vertebral body followed by partial collapse areas
of sclerosss new bone formation and eventually synostosis The parmenebml
abscess 1s small compared with that of tuberculosis Exceptions naturally occur
and 1n some cases a striking regeneration of the affected vertcbra s scen
(Fig 158) Asinall cases of vertebralinfection from whatever cause the possibulity
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of eprdural spread must be borne in mind and this subject has been reviewed
and the myelographic findings described by Campbell and Silver (1954) The
most common aetrological factor would appear to be infection of the unnary
tract with or without surgery (Wood, 1954, Liming and Young 1956, Henson
and Coventry 1956)

Typhoid and brucellosis

The picture 1s usually one of multiple disc lesions associated with 1rregulanty
and rarefaction of the adjacent body followed by sclerosts and healing with either
bony bridging or massive osteophytosis
Syphilis

Syphulis may affect the spine either directly n the form of a gummatous lesion
or indirectly through a neuropathy

Gummatous lesions are uncommon and the hiterature has been reviewed by
Epstein (1955) There 1s usually a widespread patchy bone destruction and the
response to ant: syphilitic treatment 1s conclusive, the lesion healing by fusion and
ankylosis

The neuropathic changes associated with tabes consist of an irregular sclerosts
of the affected vertebra, usually in the lumbar spme an 1ll defined cortical margn

Fic 159 —(a) Charcot spin¢  (5) Lymphadenoma
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1o the body, disc generattons and 1 pecubar topphing  1ppearance duc to sub
tuxations of the vertebral bodies tn tn treegular manner - Occasronally fragment
tion of the mirgins of the bodics occurs

Parasitic infection

Only hydatid disease 1s of importance 1n relation to bone mvolvement  The
condition 1s nat as uncommon s might be supposed  Kienboch (1933) reviewed
86 cases of bone hvdtid discase  In these there was involvement of the petvis
1n 33 the sacrum 1n 7, 1nd the vertebrat column in 16 He described four main
tpes, pmartly 1 relation to long bone tnfections, but applicnble to the changes
found 1n the vertebral column (a) 1n infiltriting lesion producing cortical destruc-
tion without reaction, (b) an expanding lesion wath a cortical outhine nd bony
trabeculac producing 4 cystic apperinee () 1 fibrous s1¢ radiologienlly only a
soft tissue mass  and (d) 1 subpertosteal type productng 1 cortical destruction with
a large lateral outgrowth which may or may not have a ealeificd periphery In the
spme involhvement of several vertebrae and the adjacent 1ibs 15 common but on
the whole the intervertebral discs tend to be spared  However, 1n some cases there
1s complete destruction over a considerable portron of the column and the question
as to whether or not the discs are spared 1s enurely ncademic Latham (1953)
reported a case of hydatid disease in the spinnal canil with a complete block on
myelography

Fungus snfecttons of the spine have been recorded on many occasions and
mclude cases of actinomycosis blastomycosts coccidiomycosts and torulosis  In
actinomycosis the affected vertebrae have a honcycomb appearance and eventually
marked bony sclerosis may be present surrounding the infected arcas  The whole
of the vertebral column may be mvolved The intervertebral discs are as a rule
spared and collapse 1s not common (Lubert 1944) In the other fungus infections,

the general rule 1s that of a lyuc leston with parasertebral abscesses and lesions
1n the spinal canal

ACROMEGALY
Deposttion of new bone around the circumference of the vertebril bodv occurs
1n some cases of acromegaly, particularly in the lower thoracic and upper lumbar

areas It 1s also seen 1n long standing osteo arthritis and n osteachondritis
where anterior discal rupture has occurred

RADIATION HAZARDS

The problems of radiation damage to the sndividual and to succeeding generations
have recently recerved wide publcity

Most children born since World War II will be examined radiologieally at some
time during their life even if only as a result of exhortations to attend mass radio
graphic centres for chest radiographs (where they will recetve 5-16 times the dose
that they would have received during a conventional rdiclogical examnation)
The major problem however, 1s that of radiography of the spine the pehvs and
the hups  [n these cases the doses received by the gonads wre lugh and, for all
practical purposes in Great Britain at any rate no attempt has commor;ly been
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FIG 160 —Deposition of new bone (a) Osteo arthntis (6) Acromegaly

made to reduce the dose to the ovaries or the testes by the usc of lead protection
The possibility no matter how remote of late neoplastic change in the skin
following radtography of the Iumbar spine must be borne 1 mind  So far as
the writer 1s aware no such lesion has been observed  Such an unfortunate oceur
rence would be a matter of chance and the odds aganst 1ts happening will decrease
as the number at risk increases

A few figures may be of intercst 3 000 r administered to one area of the skin
over a pertod of two weeks will produce blistering  350-500 r given 1n a single
dose will produce cpilation  a lateral film of the lumbo sacral angle will deliver
to the skin from 8 to 35 r depending on the size of the patient the apparatus
and the techmque used In a difficult patient three attempts may be made to
obtamn a sausfactory film If followed by lateral tomography and a re check
after 14 days the dose may well be between 88 and 365 r This does not include
the supplementary doses recerved from the antero posterior films of the lumbar
spine and pelvis the oblique films of the sacro 1hac joints and the full lateral film
of the lumbar spine  Oddly enough the higher doses will be received 1n those
departments attempting to produce the best work using high ratio grids high
defimtion 1ntensifying screens and standard films  High kilovolt units (up to 120
kilovolts) produce 1 satisfictory reduction 1n the skin dose down to one third or
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one quarter but reverting to gonad doses they offer btic improvement and indeed
may be a disadvantage since the total radition absorbed m the body 1s of the
same order 1nd the seattered radiation 1ulable to reach the gonads from
distance 1s greater

The tneresed aineidence of leukaemia m patients with ankylosing spondyhitis
treated By x £1vs 18 well known  Radiogriphy duning pregnancy my or may
not be the cause of some congenitel 1bnormalities  certunly therapeutic doses
have produced 1bnormahitics  Recent sursess by Stewart Webb 1nd Hewitt
(1958) scem to suggest that dingnostic trradintion of the pregnant 1bdomen
increases the neidence of mahgnant disease in the children during therr first
10 years of hfe but that ths alonc 15 not responsible for the general 1nerense tn
childhood malignincy At present 1t ss difficult to sty with wny certunty

Fi6 161 —Tomograph of radio
necrotic collapse of two bodics
after radiotherapy for new growth
of the bronchus  This paticat
returned (o work as a window
cleaner with these lestons which
were almost symptomless

:’hnl any particular dragnostic procedure 1s dangerous to the ndividual  We
0 know that where the skin has recenved 1 dose sufficient to produce blistering
la:?hzu(})Sequent pigmentation f the patient bives long enough he 1s 1t some rish
b dt:velopmem of neoplasm in that aren  The dosnges received by some patients
I Vmu‘dag;osuc radution 15 tending to extend nto the therapeunic levels
genemal thc t;nwnse to wait for time to prove or disprove the dangers and 1n
gt docre OI;S the most careful constderition of methods of reducing radio
R ‘hesa:‘ge oth to the individual and to the population should be made

the dose hr peutic dosages (1 000 6 000r depending on the time during which

as been admimistered) bone changes are sometimes encountered  In
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the young dosage above 1,000 r 15 likely to alter bone growth n the primary
ossific centres 1n vertebral bodtes, and at the epiphyses, with consequent wedging
1n the spine and shortening and deformuty 1n the limbs

At higher levels 1n the adult radiation necrosis 1s not uncommon In general
one associates radiation necrosts with severe pamn and sequestration but this 1s
usually due to infection in dead tissue and occurs mainly 1n the upper air passages
in the mouth and 1n superficial bone and cartilage In the deeper situations for
example the femoral neck and pelvis (uterine neoplasms) and the thoracic sptne
(bronchial and oesophageal neoplasms) there may be no symptoms or pain of
varying severity for months or years With fracture, pamn usually occurs to a
greater or less degree  This possibility must be remembered 1n the case of the
spine as the collapse 1s mdistinguishable, apart from 1its progress, from that due
to a metastasss At 6000 r and above the possibility of necrosis of the spinal
cord anses and localized lesions have been recorded following such dosages in
the cervical spine by Boden (1948)

SUMMARY

A clinical diagnosis 1s made on the results of many investigations, most of them
mmportant and essential In spinal disabilities radiography 1s one such nvestiga
tion It cannot be ormutted, but 1t is not the all :mportant diagnostic tool which
1t was previously thought to be The great majonty of abnormalities which 1t
finds are aging phenomena and 1t has become increasingly obvious that the
degree of disability and the bony appearances do not always correspond The
radiologist describes and can make hmited deductions from the appearances of
the vertebral column The chnician however, must make a diagnosis based on
the patient s symptoms and the findings of physical and radiological examinations
Faced with the volume of work which now passes through his department the
radiologist s most difficult task 1s the mamntenance of good standards 1n techmique
and scruuny  Given a spectfic problem any radiological team can produce
excellent films and a competent differential diagnosts  But the objective should
always be the detection of those lesions in which an early diagnosis may be
immportant  The himitations of plain radiography have been commented upon

Nevertheless sts main value 1n practice 1s the excluston of infective and neo

plastic conditions and 1t 1s an essential prehminary to any manipulative procedure
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CHAPTER 12

MANAGEMUNT OT SPINAL CORD INJURIES

L GuTTMAMY

STATISTICAL ANALYSIS

Material el N s ]

tiontl Spina
Tt ToTAL number of partplegucs teetted t the Stohe Mandeville N1
Injunics Centre dunng the period February, 1944 to September 1956 15 shown in
Table I, from which 1t 1s elear that the great myority of cases of pariplegia are of
traumatic ongin Included under the hending  Miscelltncous  are those patients
whose paraplegia wis caused by tumour vasculir processes congemital mal-
developments (for example spina bifid1) tuberculosts, disseminated sclerosis and
soon

TABLE 1

NATIONAL SPINAL INJURIES CENTRE STORT MANDEVILLE HOSPITAS
PARAPLEGICS TREATED FEBRUARY 1944 TO SEPTEMBER 1956

Impuries T":J";;“;ﬁ ¢ ’ Polionmvelis | Miscellancous Total
Cencal w2 41 | 6 23 04%
i %1 & o 167
ncomplete -
Thoracic 1 g B (74 12 1 31 151 (10%%)
[P 3 3 s g
ncomplete
Thoracre 6 12 sia | e 57 w5 | ez
Camplete | 405 38 14 56 513
Incomplete 109 26 43 89 207
Cauda equina 322 6 1 37 366 (24 /)
L1s 75| 4 1 30 316
S5 a7 2 — 7 56
:
Toal | 097004 6L 10004 259174 1500 (100%)
Mortahty

The dramatic change o the mortafity rate of spinil paraplegics now compared
with the past 1s shown in Table IT
These statistics include all those who died erther at Stoke Mandeville or after discharge
from the Centre to their own homes or other instituttons  The uncorrected figures also
mnclude those who died not as a result of their spwal myury and ts complications
bolus foll g thr or sepsis from unnary mfection and pressure sores
for example) but from other causes such as cancer tuberculosis road accidents
cerebral haemorrhage coronary thrombosis andsoon It 1s of particular interest that
the death rate of traumatic paraplegics from World War I1 s
1f the corrected figures are considered st will be seen
from this war have already survived for as long as 13 to 18 years Moreaver 1t must
be remembered that many of the war wounded arnved at the Centre 1n a deplorable
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TABLE Il

NATIONAL SPINAL INJURIES CENTRE STOKE MANDEVILLE HOSPITAL
MORTALITY FEBRUARY 1944 TO SEPTEMBER, 1956

A Total Material—! 500 Cases

150 Deaths out of 1 500 10y
116 (corrected figure)* 71/
B Inyjuries—1 047 Cases

110 Deaths out of 1 047 105/
86 (corrected figure) 82,

Seryice Cases and Penswoners Cnihans

84 Deaths out of 621 135,/ 26 Deaths out of 426 619

68 (corrected figure) 109Y 18 (corrected figure) 42/

Analysts of traumatic Service cases and pensioners
(1) World War 1

10 Deaths out of 51 1964
6 {corrected figure} 1184
) World War I1
73 Deaths out of 465 1577
61 (corrected figure) 131,

(3) After war period
1 Death out of 105 095/

After deducting those cases where death was due o causes other than spinal paraplegia

condition with extreme malnutrition huge bedsores gaping wounds infected bladders
and kidneys profound flexor spasms contractures of tendons and jornts and thoroughly
demoralized If the mortality rate of the vicims of World War II 1s compared with
the extremely low rate of the post war period st will be seen how new methods of
treatment have altered the outlook

Because of the high survival rate the problem of paraplegia today can no
longer be considered merely as a medical one It has become a social problem
of increasing importance from year to year The utmost effort on the part of
everyone concerned with the management of paraplegics at all stages 1s required
to return as many paraplegics as possible to useful work and employment

Domestic and mdustnal resettlement
The figures for domestic and mdustrial resettlement are very emcouraging
indeed It may be noted that many of the full time employed paraplegics are
working 1n factories side by side with able bodied people Others are employed
n business the professions clerical work farming as craftsmen and in many
other occupations Paraplegic women can carry out housework and look after their
families from their wheelchairs and some of the paraplegic children can recewve
education 1n ordinary schools  As far as the permanent disability of spinal para
plegia 1s concerned only a very small percentage of paraplegics—that 15 those
with high lesions involving paralysis of both arms 1n addition to the legs and
trunk—can be considered unemployable
From all the data glvcn 1t 1s obvious that 1t 1s not the Spinal Unit team only that ss
ble for the ton of i but that the medical practitioner also
hﬂsran increasingly smportant part to play in the aftercare of paraplegics once the
patients have been discharged to their own homes or to special settlements  This
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also applics to the representatives of socil services local housing commmuttees and
m particular the Mty of Labour And 11st but by no means least at applies to
the public generally and to cmployers in particular - With regard to the latter there 1s
still a good deal of education necessary for many employers of they sec a manna
wheelchair tend to nssess only what the man has lost and not what he sull has re
muning The author s expenence has been that once the first obstacle of finding
employment for a paraplegtc has been overcome his employer will find that he can
hold down his job with any able bodied commde

Absenteersm of paraplegics from work 1s usutlly no greater than that of able
bodied workers  Very few have had to give up work because of comphications of
spinal paraplegia s distinet from pre cxisting problems of pessonthty

INITIAL MANAGEMENT
FIrsT AID

Inall discussions in the past on first atd in spinalinjunes the need for standardized
simple nstruction has been readily recognszed and, from all the experience
ganed the following conclusions can be drawn

(1) A patient with a suspected spimal fracture following a road or industrial accident
should be warned not to move

(2) At least 3 and 1f possible 5 peaple should move the pattent from the place of
accident It 1s of utmost ymportance that all movements by the first aid party be
carned out sfowly and with the greatest care not 1o bend the patient either backwards
or forwards Morcover meticulous care should be taken that all movements are
carned out simultaneously so that the patient 1s turned or lifted i one piece  This
proinciple of moving the patient in one piece should be strictly adhered to whether the
lifting be done by hand or by straps placed underneath the patient

(3) If the injured person 1s found n any position other than on his back he should
be gently turned on to hs back 1n one prece and a cushion or improvised soft support
large enough to maintain the normal contour of the spine placed under the small of
Iis back Al patients with spinal ijunies except those who are unconscious can be
safely and comfortably transported in the supine position  1n suspected njuries of the
upper thoracic and cervical cord thus 1s absolutely vital because of the involvement of
the respiratory apparatus Incases with a cervical injury the person who 1s holding
the head must apply slight traction while taking care that the head ts maintained
shghtly extended and not bent forwards There 1s no need to transport an individual
with a spinal fracture of the thoraco lumbar region 1n the prone position tn fact as a
spinal lesion 1s not infrequently associated with other fractures or with collapse of one
side of the lung the prone position may even be harmful  The only time a patient with
a suspected sprnal injury should be transported 1n any position other than supine 1s if
he 1s unconscious when 1n order to avoid aspiration of saliva 1t 1s safer to transport
him 1n a lateral position

(4) The patient with a spinal injury should be transported on a nigid stretcher A
pillow or other soft support should be placed underneath the small of his back to
produce shght hyperextension of the spine  Hard objects should be removed from the
patient s pockets and areas of prominent bone should be padded The simplest way
to protect the heel and the head of the fibula from pressure 15 to place pillows or a
blanket underneath the calves For transportation the feet and legs should be bound
together at the ankles and thighs  The patient should be covered with blankets, to
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preserve body heat and dimmush general shock In no circumstances should hot water
bottles be placed on any part of an injured person with paralysts

(5) Morphine should not be gtven indiscimmately and 1s indicated only mn the
presence of severe root pain Its admmstration 1n cervical lesions and other cases
where there 1s a suspicion of lung collapse may prove harmful if not disastrous

(6) Before transferring the injured person to a spinal unit or the nearest hospital
the first medical attendant of a traumatic paraplegic should ascertain as soon as
possible the level of the lesion and 1 particular the completeness of the motor and
sensory paralysis A wrtten statement about hs observations should accompany the
patient

HospPITAL TREATMENT

Management of the fractured spimne

The guiding principles 1n the imittal management of traumatic paraplegics are
the greatest gentleness and an avoidance of hasty surgical and mampulatne
procedures

As a rule, the person with a spinal 1njury 1s taken to the nearest hospital for
treatment of shoch and smtial management of the broken spine The hospital
should get in touch immediately with the nearest spmnal unit with a view to
obtaiming specialized advice as to the immediate steps to be taken and arranging
for an early transfer to such a unit where there undoubtedly exist the best facilities
for carrying out the whole rehabilitation of the paralysed

When the patient has arrived at the hospital the principle of care in hifting and
turning the patient iz one prece by several attendants from the stretcher on to his
bed X ray or operating table must be preserved as 1t 1s the mamn factor in pre
venting further damage

Postural reduction on pillow or sorbo packs and regular turnings

The routine procedure at Stoke Mandeville Spinal Centre 1n dealmg with
traumatic paraplegia in the mitial stage after fracture or fracture dislocation 1s the
employment of postural reduction on sorbo packs and regular (two hourly)
turmings the techmique of which 1s as follows

The patent 15 placed on sorbo packs with 1 2 or 3 additional prllows underneath
the fracture to produce hyperextension of the spime in the physiological position to
restore as far as possible the normal cunature of the spme (Fig 162) From the

Fic 162 —Imual treatment of trau
matic paraplegta  The patient 15
nursed on sorbo packs with addi
tiona! pillows under the fracture
to produce hyperextension of the
spine
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basic supne posttion the patient 15 turned firet on to one sude the hyperextended
posttion berng mantasned by the use of 1 <andbag to support the pillow an the back
then back ta the supime position and then on to the other side every 2 hours d1y 1nd
mght (Fig 163) The turmng s camied out by Y or 4 atendants working under the
curdance of the medical officer wster or nurse 1n charge of the ¢asc and they are
made fully anare of the detaile of the frcture 1nd the importanee of carrying out the
IWfng and all movements umultancously <o that the patient ss turned m one prece
without dragging

Fic 163 —The hypereatended  poution being
mamtained with the patient on his ude by the
léxcknf a sandbag to support the pillow 1n the

hle

With (his method of postural immobilization nd regulir turning ordinary
compression fractures of the spine can be hept safely n positon and fricture
dislocations can be brought into satisfactory 1lignment 1nd stabilized in 1 period
of between 6 and 10 weeks It may be emphasized that even unstable frictures can
be reduced and kept in position by this method (Guttmann 1954 1956) Fig
164 shows the result of postural reduction with immobilization and regular
turning 1n a case of fracture dislocation of the third lumbar vertebra resulting 1n
a severe cauda equina lesion The pitient made an excellent recovery and on
discharge from hospial was able 10 walk without the ud of sticks

It may be noted that this method of postural reduction h4s proved very satis
factory not only n fractures and fracture dislocations of the thoraco lumbar
Spine but also of the cervical spine  Before hend traction 1s apphied by Crutchfield
tongs an attempt should be made to reduce the fracture by placing 1 small hard
!lw_xllow under the nape of the neck fixing the heid with sandbags on either side
mhee}Fméerg can then be turned in the way described above  The person holding
" ead during the turming must be an experienced nurse for she must ensure

at the head and trunk are turned from the supine to the lteral posttion 1n one
n;_ece This simple method has proved successful 1n reducing moderate dislocations
of cervical vertebrae (Fig 165) However 1f this method 1s unsuccessful head

traction with Crutchfield ton, ol
8s has been emplo ed as th
this Centre ith good results Y S e method of chotce 1n
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preserve body heat and diminish general shock In no circumstances should hot water
bottles be placed on any part of an injured person with paralysis

(5) Morphine should not be given indiscimmately and 1s indicated only 1n the
presence of severe root pain  Its admimstration n cervical lesions and other cases
where there 1s a suspicion of lung collapse may prove harmful if not disastrous

(6) Before transferring the injured person to a spinal umt or the nearest hospital
the first medical attendant of a traumatic paraplegic should ascertain as soon as
possible the level of the lesion and m particular the completeness of the motor and
sensory paralysis A written statement about his observations should accompany the
patient

HospITAL TREATMENT
Management of the fractured spme

The gutding principles in the imitial management of traumatic paraplegics are
the greatest gentleness and an avoidance of hasty surgical and mampulative
procedures

As a rule the person with a spinal injury 1s taken to the nearest hospital for
treatment of shock and mitial management of the broken spine The hospital
should get in touch immediately with the nearest spinal umit with a view to
obtaining specialized advice as to the immediate steps to be taken and arranging
for an early transfer to such a umit where there undoubtedly exist the best facilities
for carrying out the whole rehabilitation of the paralysed

When the patient has arrived at the hospital, the principle of care 1n hfung and
turming the patient i one piece by several attendants from the stretcher on to his
bed x ray or operating table must be preserved as 1t 1s the man factor 1n pre
venting further damage

Postural reduction on prllow or sorbo packs and regular turnings

The routine procedure at Stoke Mandeville Spinal Centre 1n dealing with
traumatic paraplegia in the 1mtial stage after fracture or fracture dislocation 1s the
employment of postural reduction on sorbo packs and regular (two hourly)
turnings the techmque of which 1s as follows

The patient 1s placed on sorbo packs with 1 2 or 3 additional pillows underneath
the fracture to produce hyperextension of the spine in the physiological position to
restore as far as possible the normal curvature of the spine (Fig 162) From the

FiG 162 —Initial treatment of trau
matic paraplegia  The patient 1s
nursed on sorbo packs with addi
tional pillows under the fracture
to produce hyperextension of the
spine
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baue supine position the patient 18 turned first on to one side the hyperextended
posstion being muntaned by the uce of 1 <andbag to upport the pillow in the bick
then bck to the supme postion and then on to the other wide every 2 hours day and
mght (Fig 163) The turming 18 carned out by 3 or 4 atiendants working under the
guidance of the medical officer <ster or nurse chirge of the cicec and they arc
made fully aware of the detuls of the fricture and the importance of carrying out the
Ifung and all movements simultancously <o that the patient s turned 1n one prece
without dragging

Fic 163 —The hypereatended postion being
maintained with the patient on hts wde by the
g‘ckol' a sandbag 1o support the pilow an the

s

3

With this method of postural immobilizition and regular turming ordinary
compression fractures of the spine can be hept safely 1n position and fracture
dislocations can be brought 1nto satisfactory alignment and stabilized 1n a period
of between 6 and 10 weeks 1t may be emphasized that even unstable fractures can
be reduced and kept n position by this method (Guttmann 1954 1956) Fig
164 shows the result of postural reduction with immobihization and regular
turning 1n a case of fracture dislocation of the third lumbar vertebra resulting 1n
a severe cauda equina leston  The patient made an excellent recovery and, on
discharge from hospital was able to walk without the ard of sticks

It may be noted that this method of postural reduction has proved very satis
factory, not only in fractures and fracture dislocitions of the thoraco lumbar
spine but also of the cervical spine  Before head traction 1s applied by Crutchfield
tongs an attempt should be made to reduce the fracture by placing 2 small hrd
%l}l]lcw under the nape of the neck fixing the head with sandbags on either side
lhee}:)m:ie?jl can then be turned 1n the way described above The person holding
oy ;a unng the turning must be an experienced nurse for she must ensure

at the head and trunk are turned from the supine to the Iiteral position 1n one
g;_ece This simple method has proved successful in reducing moderate dislocations

cervical vertebrae (Fig 165) However if this method 1s unsuccessful head

traction with Crutchfield tongs has bee
n employed as the
this Centre with good msultsg Py ’ method of ehotee n
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Fii, 164 —Fracture dislocation of the third lumbar vertebra Here

15 seen the result of postural reduction with immobilization and
regular turning

With this method of immobihization of paraplegics on pillow or sorbo packs
and regular turming every 2 hours day and mght the development of pressure
sores has become unhnown and in cases admitted with sores already developed
healing has taken place 1n a very short time Moreover 1n patients with fracture
distocations of the spine which were not reducible and which showed an incom
plete leston of the cord or cauda equina postural immobilization on pillow packs
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FIG 165 —Postural reduction used 1n a case of
dislocated cervical vertebra

254 57

with regular turning has proved satssfactory 1n ensuring progressive recovery of
the cord or roots of the cauda equina even 1n the presence of considerable bony
displacement This apphes not only to the cervical and lumbar spines but also to
the mud thoracic spine, where normally the vertebral canal 1s much narrower
There 15, thus no reason for any surgical or mampulative measures 1n the initial
stage of treatment of traumatic paraplegia The great advantage of postural
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reduction 1n the mitial treatment 1s that 1t also ensures a speedy recovery of the
back muscles from the direct damage they sustamed at the time of injury This 1s
of utmost importance for restoring and maintaiming the stability of the spme

The Stryker turmng frame
The Stryker frame and sumlar types of turning bed (for example, the Emesay)
have been introduced to facihitate turning of paralysed patients

However therr main disadvantage 1s that they are very narrow and allow turming
from the supme to the prone position only Therefore they are unsuitable for the
or early of the fractured spine especially fracture dislocations
of the lower thoracic and lumbar vertebrae as the hyperextension of the broken spme
achieved by postural reduction in the supine position with the aid of a pillow or sorbo
support cannot be maintained once the patient 1s turned into the prone position
because thus flattens out the lumbar curvature and prevents stabilizatron of the broken
vertebrae

Eternal fixation and immobilization by plaster cast or plaster bed
External fixation of the spine 1n a plaster cast in cases of traumatic paraplegia
following fractures 1s as a rule, unnecessary as an immedtate measure
Only 1n selected cases of unstable fracture dislocation where displacement recurs
after postural reduction and immobilization or for transport of a patient from the
first aid post or hospital to a spinal unit may this form of external fixatton be considered
Plaster beds which were advocated during World War II for the mtial treatment
of traumatic paraplegia following fractures and for the prevention of pressure sores
have proved utterly unsatisfactory 1n the author s and other workers experience and
this method 1s to be condemned for the 1ntial treatment of traumatic paraplegia

Surgical reduction and fixation by bone graft or metal plating

At the beginming of World War II operative reduction 1n certain forms of
fracture dislocation was recommended—in particular by Albee (1940), using
bone grafts and by J Taylor (1941) Open reduction and fixation of the broken
vertebra by metal plating has been revived by Holdsworth and Hardy (1953) who
condemned manipulative reduction as being usually unsafe and advocated internal
fixation 1n paraplegies with fracture dislocation of the thoraco lumbar spine
They advocated bolting 2 metal plates over 1 or more spinous processes above and
below the level of the dislocation They described thus method as simple, safe and
effecuve Pennybacker (1953) suggested as hkely that this hind of internal fixation
would prevent progressive angulation and other deformities when the upright
posture and weight bearing were resumed Dick (1953) stated that the spine can
be stabilized in this way so securely that ordinary nursing handling 1s absolutely
safe and there 15 no danger of further damage to recovering nerve roots

Since thts method was recommended 41 cases on whom open reduction with
metal plating had been carried out as initial treatment have been admutted to the
National Spinal Injurtes Centre and 1t may be noted that this operation had
in the great majority of cases been performed by expert surgeons This con
siderable materal enables certain conclusions to be drawn 1n the light of the
claims made by the advocates of this method

Simpheity of method —On anatomical grounds 1t 1s apparent that plating may
be difficult if one or several spinous processes are broken and that secure fixation
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must i olve the use of plates extending over at least 4 vertebrae with the associted
interference with the back muscles  Haldeworth and Hardy themselses ndmit
difficulties and pomt out that  the surgeon has to exercise ingenusty 1n fixing the
plates ta the lin

10953 231153

Fic 166 —Internal fixation b
y metal plates which did not preven
dislocation  The plates later had to be removed s te

;’tre‘:lilnlrmn of re dislocation —Fig 166 shows 1n 1 case of fracture dislocation
ile the reduction of the dislocated vertebra was at first perfect re dislocition
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reduction 1n the mitial treatment 1s that it also ensures a speedy recovery of the
back muscles from the direct damage they sustained at the ime of injury  This 1s
of utmost importance for restoring and mamtarung the stability of the spine

The Stryker turmng frame
The Stryker frame and similar types of turning bed (for example, the Emesay)
have been ntroduced to factlitate turning of paralysed patients
However therr main disadvantage 1s that they are very narrow and allow turming
from the supine to the prone position only Therefore they are unsuitable for the
1Ir d or early of the fractured spine especially fracture dislocations
of the lower thoracic and lumbar vertebrae as the hyperextenston of the broken spine
achieved by postural reduction in the supine position with the aid of a pillow or sorbo
support cannot be maintained once the patient 1s turned into the prone posiion
because thus flattens out the lumbar curvature and prevents stabilization of the broken
vertebrae

External fixation and immobhization by plaster cast or plaster bed
External fixation of the spine in a plaster cast in cases of traumatic paraplegia
following fractures 1s as a rule unnecessary as an immediate measure
Only 1n selected cases of unstable fracture dislocation where displacement recurs
after postural reduction and immobilization or for transport of a patient from the
first aid post or hospstal to a spinal unit may thus form of external fixatron be constdered
Plaster beds which were advocated dunng World War Il for the mtral treatment
of traumatic paraplegia following fractures and for the prevention of pressure sores
have proved utterly unsatisfactory in the author s and other workers experience and
this method 1s to be condemned for the 1nitial treatment of traumatic paraplegia

Surgical reduction and fixation by bone graft or metal plating

At the beginming of World War II operative reduction 1n certamn forms of
fracture dislocation was recommended—n particular by Albee (1940) using
bone grafts, and by J Taylor (1941) Open reduction and fixation of the broken
vertebra by metal plating has been revived by Holdsworth and Hardy (1953) who
condemned manipulative reduction as being usually unsafe and advocated internal
fixation 1n paraplegics with fracture dislocation of the thoraco lumbar spine
They advocated bolting 2 metal plates over 1 or more spinous processes above and
below the level of the dislocation  They described this method as simple safe and
effective  Pennybacker (1953) suggested as ikely that this kind of nternal fixation
would prevent progressive angulation and other deformities when the upright
posture and weight bearing were resumed Dick (1953) stated that the spine can
be stabilized n this way so securely that ordinary nursing handling1s  absolutely
safe and there 1s no danger of further damage to recovering nerve roots

Since this method was recommended 41 cases on whom open reduction with
metal plating had been carried out as 1niual treatment have been admutted to the
National Spinal Injuries Centre and 1t may be noted that this operation had
in the great majority of cases been performed by expert surgeons This con
siderable matenal enables certain conclusions to be drawn 1n the light of the
claims made by the advocates of this method

Simphicity of method —On anatomical grounds 1t 1s apparent that plating may
be difficult 1if one or several spinous processes are broken and that secure fixation
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stages and 1t was thought that this might be prevented by metal plating  That this
1s not the cse 1s shown by Tig 168

Safeny of method —These few examples m1y suflice to disprose the 1ssumption
that nternal fixation by plating wire or bone grafts 1s 1 s1fe method for the
stabflizatron of the fractured spine particudardy 1f  ordinary nussing handhing
as emphasized by Dick 1s employed  The author constders it very haztrdous to
dipense 2fter internal fixation, with that mebiculous care which 15 50 1mperative
n the mantgement of 1 paraplegic patient

Effictency of the method m promoting recorvery of spinal roots and m preventing
Surther damage —From the Iiterature as well as from our own observattons folfow-
g open reduction and plating there 15 no proof that this method 15 in any way
supenior to other methods of reduction and immobihization, 1nd 1t may be noted
that there were cases 1n our matenal where it was quite evident from the previous

71254 81254 1355

Fic 168 —Collapse of
erected vertebra 1n a case of compression fractur
not prevented by metaf plating P acture
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was not prevented by the mternal fixation In fact the plates had to be removed
after the patient s admission to the Centre, as they had been driven backwards by
the re dislocated vertebra and were not only producing discomfort and pain, but
were 1n danger of breaking through the skin

Fic 167 —Internal
fixation by metal
plates Inthiscase
even the use of
very long plates
failed to prevent
progressive angu
lation

.
301053

21554

Presention of progressne angulagton —It will be readily understood from a
purely mechantcal point of view that if the broken vertebra 1s fixed to its neigh
bours by a wirc or short plates only progressive angulation cannot be prevented
But even 1n cases with very long plates progressive angulation 1n later stages 15
very conspicuous (Fig 167)

Prevention of collapse of the erected broken vertebra —In compression fractures
in which the compressed vertebra was erected by conservative methods such as
plaster or postural reduction collapse of the erected vertebra may recur n later
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the newtolopical wmptame of thaw cawen treated B la=iratesn eq the cortriry
they emphaurze that aperasation of «vmptom v ay crtrerw iy freq ¥t

Immediate mot dication withaut reduc tron

The author howerer docs not wuppott that whaol of thought which ignotes
completely the feactured spine recudting sn epunal patapleps sutchile herr (19%6)
advocated 1ncomplete ttanaerwe spinal fevons that the pariplepic becatup s ithin
a few dave after mpury His vewd are bawed on the concephion gener il teld
that 1f within 4% houts after aingurs the Jevon s sull complete there 14 no hope
of any recaveny | apenience his shown thitthives not alwaysso as recosery of
function has heen } nown to occur cven afier wvera weeks Thetefore the author
consders as hazardous thiy swang of the pendulum to the extreme conservitine
approach which neplocts the vertehrl deformity and allows the patient to be
satup a few dvs fter guny As far 18 posuble ahignment of the broken spine
should be attempted and this can be achieved 1 miny cases by the gentle method
of postural reduction

Treatment of <hock

The combaung of gencral shockh s an immediite measure 15 of particular
importance tn traumatic paraplepa as the restoration of a good blood pressure
will help 10 counteract the lowening of tissue resistince to pressure caused by
mterruption of the spinal centres nd pathways subservang sasomotor control in
the paralysed parts of the body  The casiest and quickest way of combating shock
15 2 full blood transfusion  The sooner the shock 1s overcome the sooner 15 1t
possible to transfer the patient to 1 spin il umt or hospitat equipped for the treat-
ment of paraplegia  In recent years traumatic paraplegics hive been transferred
1n inereasing numbers to Stoke Mandevilic within hours or 1 or 2 days of their
imury  this s the ideal procedure

The application of heat 1n the treatment of shock in paraplegia has to be con
sidered with the greatest caution parucularly where a leston of the cervical cord
sconcerned because this renders the patient poikilothermal owing to interruption
of the thermoregulatory pathways In no circumstances should a hot water bottle
even with a cover be applied to 1 paraplegic patient whatever the level of 1njury

Management of the paralysed bladder

If the patient s condition does not permit immediate transfer to 1 spmal unit
the management of the paralysed bladder n addition to the prevention of bedsores
becomes a most important responsibility pending the patient s transfer

The immediate management of the paralysed bladder docs not include nter
vention by instrumentation as a rule the bladder 15 not so distended as to warrant
smmediate dramage by any tethod Moreover 1n many cases of spimalinyury the
rate of renal secretion 1s retarded  In particular there 1s no indication for per
forming immediate suprapubic dramnage Tt has its use only 1 those patients in
whom the urethra has sustained a direct mjury at the time of accident

Durning the early period repeated attempts should be made to overcome
retentcon and to ehicit voiding by gentfe manual pressure upon the bladder region
combined with digital massage per rectum  The fear that manual pressure may
rupture the bladder has proved to be exaggerated

vl
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medical notes that the clinical symptoms actually increased 1n intensity following
surgical intervention One of the great disadvantages of this method 15 that 1t
produces rigidity of the spine which 1s contrary to one of the main principles of
rehabilitatiGhi—mobility Moreover 1n 1 relatively large number of patients this
procedure produced constant pamn  which increased the immobiity In our
total number of 41 platings 15 plates had to be removed by us the main indication

for this being unbearable pain

Conclusion —From all these observations the conclusion 1s evident that the
method of open reduction followed by mnternal fixation by metal plating does not
represent a satisfactory 1nitial treatment in stabihizing the fractured spine with
cord or cauda equina involvement Not only 1s this method quite unnecessary mn
the initial treatment of the vast majonity of fracture dislocations but 1t actuaily
has disadvantages compared with the closed method of postural reduction followed
by careful immobilization and regular turning  The open reduction by internal
fixation with plating or bone grafts has 1ts indication only 1n very carefully selected
cases—that 1s 1n the most severe types of fracture dislocation especially those
with profound lateral displacement described 1n a case by Merle d Aubigne
Benassy and Ramadier (1956)

Laminectomy

In agreement with other workers with extensive experience n traumatic para
plegia the wrter 1s strongly opposed to laminectomy as an immed:ate measure in
spinal mjuries

1 dd 1 trauma of considerable degree to the para
plegic patient and no doubt prolongs the pertod of shock and loss of vasomotor control
It increases the nisk of thrombosis and embolus especially 1n cases with associated
injuries to the muscles or skeletal structures in other parts of the body Furthermore
1t 1ncreases the instability of the spine by removing the postertor arch of the vertebra
and by further damaging the back muscles at the site of the imjury

The presence of a subarachnoidal block in the early stages following spinal mjury
s of no d 1c value in diffe ing between oedema haematoma or pressure
from the dislocated bone nor 1s the narrowing of the spinal canal as shown mn the
x rays a proof that the neurological symptoms are merely the result of pressure In
fact the experience of many authors has been that decompression laminectomies are
of no availl Moreover there 1s abundant evidence that an 11l considered laminectomy
may transform an incomplete lesion of the spinal cord into a complete one

The view of Covalt Cooper Hoen and Rusk (1953) that laminectomy carries

a low mortality and morbidity rate  can hardly be accepted as a sound argument
1n favour of routine laminectomres m the early stages of traumatic paraplegia as
suggested by these authors Another argument of theirs 1n favour of lanunectomy 15
that unless 1t has been determined by surgical exploration that the spinal cord has
been transected one cannot conclude during the early weeks after injury that a patient
15 permanently or rreversibly T Itis ble whether 1t 18 justified
to submut a paraplegic 1n the early stages to an exploratory operation of thts nature
having regard to the fact that no conclusions can be drawn at this yuncture even if the
spinal cord 1s found to be mntact

Merle d Aubigne Benassy and Ramadier (1956) have confirmed the author s conserva
tive view against routine laminectomtes 1n traumatic paraplegia  In their experience of
56 cases of traumatic paraplegia they have never observed the shghtest improvement in
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the neurolnpical svmptome of the « catee treated B Ta= oxcte~y o the contriny
thes emphiaaze that apgras et o f evrp oy w st ertre=e 3 freg vrt

Immediate mole ation without teduction

The author howceser doce ot cupport that «hool of thought which ignores
completeh the fractured epane resnlting 1n spinsl patap' g1 Sutchffe Kerr (1956)
advocated sn complete teanaeres gnalleanne thatthe parap'eg ¢ be catup within
a few davs after imun Hys viewe are hawed on the conception generally held
thataf within 4% hours after injurs the Jesion s enll compl te there 1s no hope
of amy recovers | aperience has shown that thivis not alwive<o ac recovers of
funcuion has been ¥ nown ta occur cven after several weeks Therefore the tuthor
considers as hazardous this swing of the pendutum to the cxtreme contervatine
approach which neplects the settchral deformity and allows the patient to be
satup a fow dvs fter ampuny - As f3r a8 poaable alignment of the broken spine

should be attempted and this can be achicsed 1n many caees ba the gentle method
of postural reduction

Treatment of <hock

The combating of pencral shoch 4 1n immediate mesure 15 of particulr
importance in traumatic paraplepa 18 the restoration of 1 good blood pressure
will help 10 counterict the lowering of tissue resstance o pressure cused by
Interruption of the spinal centres 1nd pathw s subserving vasomotor control m
the paralysed parts of the body  The ¢ 1uest 1nd quichest w1y of combiung shock
1s 2 full blood transfusion  The sooner the shock 1s overcome the sooner 1s 1t
possible to transfer the patient to 1 spinal umit or hospital equipped for the treat-
ment of paraplegia  In recent veirs triumitic paraplegics have been transferred
In increasing numbers to Stoke M indenille within hours or 1 or 2 d1vs of thetr
mury - this 1s the 1deal procedure

he application of heat 1n the tre tment of shock piriplegn has to be con
sidered with the greatest caution particulirly where 1 lesion of the cervical cord
1sconcerned because this renders the patient pothilothermal owing to mterruption
of the thermoregulatory pathw 1ys  In no circumst inces should 1 hot water bottle
even with a cover be apphied to 1 piriplegic patient whitever the level of injury

Management of the paralysed bladder

‘h:fn::e patient s condition doces not permut immedite transfer to a spinal unit
eccmn-’:gemen! of the paralysed blidder 1n addition to the prevention of bedsores

Thecs 2 most important responstbility pending the patient s transfer
‘emmnlrll:medme management of the paralysed blndder does not include inter
lmmedmy x‘;lstrumentauon as 1rule the bladder 1s not so distended as to warrant
rate of e Iramagc by any method Moreover 1n miny cases of spialinjury the
formun €nal secretion 15 retarded  In particular there 1s no indication for per
whom il;hlemmet}l]mc suprapubic drunage It has its use only i those patents in

i lllll;et ra has sustained a direct mnyury at the time of accident

retent g the early period repeated attempts should be made to overcome
10n and to elicit voiding by gentle manual pressure upon the bladder region

C
no:n:med with digital massage per rectum  The fear that manuat pressure may
Plure the bladder has proved to be exaggerated
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If voluntary or reflex function has not developed within 24 to 36 hours of a
spmal mjury dramnage of the bladder 1s indicated This 15 carried out by the

no touch  techmque of urethral catheterization under scrupulous aseptic
conditions At first intermittent catheterization 1s employed every 8 to 12 hours
according to flurd intake and the rate of renal secretion A Foley catheter 1s used
size 14 to 16 1n adults and size 12 to 14 1n children (French gauge) The reason
for first using intermittent catheterization and not an mdwelling catheter 1s to
allow the urethral mucosa to become accustomed gradually to the foreign body
It must be remembered that 1n the stage of spinal shock and flaccidity all tissues
mcluding the urethral mucosa have lost their tone and the threshold of tissue
resistance to pressure 1s lowered With incomplete lesions in which an early return
of bladder function can be expected intermittent catheterization allows distenston
of the bladder which 1s a strong stimulus for promoting early return of bladder
activity

From the start the patient is given small doses of sulphatriad and oxytetracychine
or chlortetracycline

If infection occurs this 1s the time to continue the urethral dranage by an
ndwelling catheter combined with etther bladder or tidal dramnage The best
type of indwelling catheter 1s the self retaining Foley cather size 14 to 16(FG)
with 5 mithhtre balloon It must be emphasized that at first the indwelling catheter
must be changed every other day and later on at mtervals of 2 or 3 days In
order to free the urethra from deposits 1t should be washed out either with
flavazole 11n 2000 or with a solution of chloramphenicol before nserting the
new mdwelling catheter Such washouts are especially necessary when urethritis
has developed Once the automatic function of the bladder has returned the
mdwelling catheter should be withdrawn and intermittent catheterization mstituted
This should be continued until detrusor action 1s powerful enough to empty the
bladder completely or leave only a small volume of residual urine The same
principle applies to cauda equna lesions when voluntary micturition becomes
possible by pressure on the abdominal wall Frequent residual urine tests are
essential during the early stage of bladder re education This regime has pre
vented serious complications 1n most of our cases

SPECIAL MEDICAL ASPECTS IN THE LATE TREATMENT AND CARE

Nutritton

Many paraplegics admitted to this Centre several weeks or months after injury
arrived with varying degrees of malnutrition owing to depletion of the body s
protem resersve which resulted from nfection of pressure sores and of the urinary
tract Constant attention must be directed not only to overcommg malnutrition
during the early stages of paraplegia but also to mamtaining a good state of
nutrition after the pauient s discharge to his own home This 1s of particular
importance to those paraplegics who are still suffering from chronic infection of
the urtnary tract or from renal deficiency with increased protein excretton On
the other hand obesity which has been observed in certain paraplegics 1n later
stages (particularly those who relapsed mnto inacttvity at home and did not carry
out regular exercises) must also be avoided and treated by special diets to reduce
the nisk of hypertension and other vascular disturbances
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Care of bladder and bowels

In later stages of piraplegin once the tsolated cord has reguned 1ts automatic
function or 1n ¢ 1uda cquina festons mictunition occurs from 1bdomimnal straming
attention has 1o be ginen to the voiding mechanismt of the bladder Regulr
restdu 1] urine tests are carried out to 1scertain the amount of residunl unne This
should never be allowed to exceed 2 ounces It 1s beyond the scope of this chapter
to deseribe n detl surgieal procedures such as transurcthral resection of the
bladder neck pudendal nerve block or resection or low intrathecal alcohol block
which have buen devcloped to combat retention of urine 1n the later stages of
paraplegia  These procedures have proved successful in mdrvidual eases but they
all have their advantages and disadyantages

Paraplegics at the National Spinal Injurics Centre are truned i the self care and
hygiene of ther bladders and certamn patients arc esen truned in self catheterization
by the non touch techmque  They are taught how to check therr residual urine and
to remove deposits and control chronic infection of the bladder by regular wash-
outs Patients with mncontinence have been taught how to overcome this compli-
cation by correlating frequency of mictuntion with the amount of fluid intake  To
be socially acceptable howeser the majonty of paraplegics need a urinal There
are several types recommended

The most careful attention must be given by the family doctor to any flare up
of active uninary mfection  This 1s not necessanly manifested by pyrexial attacks
but can be developed slowly and without any nise m temperature  The chronic
type of mnfection however can be recogmzed by certain symptoms such as loss
of appetite  feeling liverish feeling off colour and either ncreased 1rnt-
ability or lethargy These are important symptoms of septic absorption and should
always be regarded senously by the medical attendant  Steps to ascertaun the
type and degree of infection must be taken at once

The care of the bowels also needs attention 1 paraplegics  There 15 no doubt
about the relationship between neglect of the bowels and incidence of urnary
infecion  On discharge from the Sprnal Centre the paraplege has ether attained
s own indvidual habit for opening the bowels or the doctor ts informed about

the steps to be taken to maintain regular bowel action  Chronic constipation 1n
paraplegics should be avoided

Vascular disturbances

These may develop tn both cord and cauda equina lestons and are caused erther
by exposing the feet and legs even though covered to an open or electric fire
or on the other hand by exposing the insufficiently protected paralysed limbs to

cold—especrally 1f the paraplegic keeps his paralysed legs continuously 1n the sime
position and fails to excrctse them

The sexual preblem

Amongst the psychological effects of traumatic paraplegin the fear that sexual
function has been lost 1s paramount However experience has shown that the
general belief that every paraplegic 1s impotent and infertile 15 not correct There-
fore the advice given by many doctors to paraplegics not to marry 1s often un-
Justified Moreover we are in a better position today to ascertain the chances of
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If voluntary or reflex function has not developed within 24 to 36 hours of a
spmal njury drainage of the bladder 1s indicated This 1s carried out by the

no touch  techmque of urethral catheterzzation under scrupulous aseptic
conditions At first intermuttent catheterization 1s employed every 8 to 12 hours
accordmng to flmd intake and the rate of renal secretion A Foley catheter 1s used
size 14 to 16 1n adults and size 12 to 14 1n children (French gauge) The reason
for first using intermittent catheterization and not an indwelling catheter 1s to
allow the urethral mucosa to become accustomed gradually to the foreign body
It must be remembered that 1n the stage of spinal shock and flaccidity all tissues
mcluding the urethral mucosa have lost their tone and the threshold of tissue
resistance to pressure 15 lowered With incomplete lesions in which an early return
of bladder function can be expected, intermittent catheterization allows distension
of the bladder which 15 a strong sttmulus for promoting early return of bladder
activity

From the start the patient 1s given small doses of sulphatriad and oxytetracycline
or chlortetracychne

If infection occurs this 1s the time to continue the urethral drainage by an
indwelling catheter, combined with either bladder or tidal drainage The best
type of indwelling catheter s the self retaiming Foley cather size 14 to 16(FG)
with 5 millilitre balloon It must be emphasized that at first the indwelling catheter
must be changed every other day and later on at intervals of 2 or 3 days In
order to free the urethra from deposits 1t should be washed out either with
flavazole 11n 2000 or with a solution of chloramphenicol before nserting the
new indwelling catheter Such washouts are especially necessary when urethntis
has developed Once the automatic function of the bladder has returned the
mdwelling catheter should be withdrawn and intermittent catheterization instituted
This should be continued until detrusor action 1s powerful enough to empty the
bladder completely or leave only a small volume of residual urine The same
principle applies to cauda equina lesions when voluntary micturition becomes
possible by pressure on the abdominal wall Frequent restdual urine tests are
essential during the early stage of bladder re education This regime has pre
vented serious complications 1n most of our cases

SPECIAL MEDICAL ASPECTS IN THE LATE TREATMENT AND CARE

Nutrition

Many paraplegics admitted to this Centre several weeks or months after injury
arrived with varying degrees of malnutritton owing to depletion of the body s
protern reserve which resulted from infection of pressure sores and of the urmnary
tract Constant attention must be directed not only to overcoming malnutrition
dunng the early stages of paraplegia but also to maimntaining a good state of
nutrition after the patient s discharge to his own home This 1s of particular
importance to those paraplegics who are still suffering from chronic infection of
the urinary tract or from renal deficiency with increased protetn excretion  On
the other hand obestty which has been observed 1n certain paraplegics in later
stages (particularly those who relapsed 1nto inactivity at home and did not carry
out regular exercises) must also be avoided and treated by special diets to reduce
the nisk of hypertension and other vascular disturbances
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general treatment of the pitient with specral reference to nutritionn) deficiency
antemn and general infection and Tocal treatment of the sore the principle of
which 1s that 1 sore should be treated as an open septic wound, therefore the
sloughs have to be remosed  The local infection 15 treated according to the type
of bactena 1nd today the various antibiotics which are used i solution and not
as omtments are at our disposal  Chemicals are avorded 1 the Jocal treatment
beeause at the least they ntubit the filling of the defect by rapid devclopment of
granulations and may even cawse direct damage to the tissues  Only flavazole
112000 or 1nsery special c1ses of heavy proteus infection 1 per cent n carbo-
wax, 1s used  Once the infection of the sore has been checked by antibiotics or
flavazole wet dressings wath stenle stline solution weak boric solutions or Dakin s
solution are substituted

In many snstances scars of healed sores arc hable to break down and this
makes surgical repair necessary  However, 1t must be emphasized that the chances
of success of any plastic operttion on a paraplegic are doomed 4s Jong as the
patient s condtion 1s unsatisfactory —in particular, as long as the disturbed protein
balance and anacmia arc not fully corrected  In such cases the author considers
plastic operation contra indicated  As fir as rotation flaps are concerned we have
adopted Rilner s techmque This method has the great advantage compared with
the method of rotation flaps as used by surgeons in the United States of America
that the wholc scar 1s completely covered without forming a new scar in the lumbar
region as a result of swinging a flap from that arca on to the sacrum  Special
mention should be made of a method 1ntroduced some years ago for the treatment
of 1schial sinus sores called pscudo tumour technique (Guttmann 1954)

Of great importance 1s post operatine care  without which a successful surgreal
reparr of sores 1s imposstble  As the patient will have to lie post operatively partly
or entirely in the prone posttion especially after surgical repaur of sacral sores 1t 15
necessary to get him accustomed to this position before the operation A plastic
operation like any other major surgical procedure may ecasily have an adverse
effect on the unstable vasomotor control of these patients and pulse and blood
pressure need careful attention during the operation and 1n the first few days after
Blood transfusions are often necessary to counteract prolonged surgical shock
paraplegia  Haematomas have to be removed immediately  Flexion of hips 1s not
allowed for 3 weeks after complete healing of 1schial and trochanteric sores then
passive flexion 1s started and gradually increased until the hips are flexed through
90 degrees until flexton produces no tension of the skin The patient 1s usually not
allowed out of bed until 4 to 5 weeks after operation Finally no henling of sores
whether by conservative or surgical procedures will be successful if the patient 1s
not mstructed about the danger of pressure and how to avoid 1t In other words
the patient has to be made absolutely pressure conscrous  and this 15 most
tmportant in the prevention of recurrence of sores and thus n the successful
rehabilitation and industrial resettlement of paraplegics

REFERENCES

Covalt D Cooper J Hoen T and Rush H
1953) 4
Dik § A G L (1953) Edinb med J 60, dag ) A med J 151,89
uttmann L (1945) Med Tumes N'Y 73 318
— (1946) Brit J phys med 9 130 162

261



MANAGEMENT OF SPINAL CORD INJURIES

fertity and potency since the introduction of the intrathecal prostigmime test
(Guttmann, 1949) The author has known several paraplegic women who have
given birth by caesarean section to normal children, including one pattent with a
complete lesion below T 6 and another below T4 A few male paraplegics with
clinically complete lesions, but who have retained the erection reflex, have been
able to produce children

Treatment of ntractable spasticity

This condition, especially as far as the violent flexor and adductor spasms are
concerned 1s one of the worst complications of spinal paraplegia It prevents the
patient s rehabilitation and makes his life mtolerable Good progress has been
made 1n recent years 1n the treatment of this condition as a result of research
nto 1ts causes A number of intrinsic and extrinsic factors may act as irritation
stimult to the unrestramed actwvity of the spinal cord below the level of the com
plete lesion  Distension of an internal organ n the paralysed part of the body
particularly the bladder 1s one of the most important intrinsic factors and a
violent imtiator of the reflex spasms It 1s obvious that the smaller the capacity of
the bladder the smaller the amount of urine necessary to elicit the reflex response
of the skeletal muscles and the more frequently these spasms occur Of equal
importance 1s distension of the rectum and colon Any intervemng infectron—in
particular, flare up of mfection of the unnary tract toxaemia from pressure sores
and Jastly but by no means least of all anaemia—also lowers the threshold of
reflex activity of the 1solated cord

Another factor in the production of reflex spasms 1s 1rritation of sensory organs
1n contracted jomnts and tendons The prevention of contractures as well as con
tinuous treatment once they have developed by regular passive movements and
hydrotherapy has proved to be most effective i the treatment of spasticity
The author found that alternating passive movements of spastic legs produced
by cycling action 1n a pedal exerciser worked with the arms have a remarkably
relaxing effect on spasticity (Guttmann 1949)

Another method of overcoming spasticity 1s the utihization of certain postural
reflexes  With the patient in the supine position the tone of the flexors mn hips and
knees 1s increased 1n the abdomimal and upright position the tone of the extensors
of hips and knees 1s increased

However 1n a certamn number of paraplegics with complete and 1ncomplete
lesions conservative methods alone are not successful In mcomplete lesions with
ntractable spasticity peripheral operations such as elongation of Achilles tendons
or resection of obturator nerves have proved very effective especially i1f con
servative treatment 1s continued after operation  In complete lesions of the spinal
cord with intractable spasticity the most effective method has proved to be the
ntrathecal alcohol block (Guttmann 1954) It has the great advantage of obviating
the need for major and destructive operations such as laminectomies with postertor
or anterior rhizotomies

Pressure sores

The treatment of pressure sores has been discussed 1n previous publications
(Guttmann 1945 1946 1954 1955) and 1t 1s beyond the scope of this chapter to
go into details  However it may be stressed that the treatment of sores consists of
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CHAPTLR 13

TOW BACK PAIN

P H Newwas

WaEN patients with low back pain hive been chniclly examined and investigated
there emerges a Inrge myjonty in whom this symptom seems to have 1 musculo-
sheletal origm  Only 10 per cent of these will show orginic discase n the
remainder the symptoms 1nsc from 1 mechameally unsound lumbar spine

Patn may be duc to strain hgament injun  disc damage degeneration or
prolapse, spondylosts spondslolisthests or secondry degeneritine joint disease
These are related under the comprehensive title of lumbar nsufficiency and 1ts
complications

BIOMECHANICS OF THEL LUMBAR SPINC

The function of the vertebral column 1s twofold to 1ct as a central prot of
the sheleton as a whole and to protect the spinal cord 1nd cauda equina

Were 1t possible to examune 2 1110 1 vertebral column stripped down to bone
hgaments and intervertebral disc tissuc 1t would present s 1 strong resilient,
yet comparatively supple structure  Ttis probable that the degree of force necessary
to obtain the full range of movement At the various levels of the column would
be surprisingly large especially tn the Jumbar region which 1s an area designed
to take violent shock and an extraordinary degree of struin durtng physicnl stress

In a normal column the load 1s portioned out among the various segments
the amount rationed by the soft tissue elements In 1 column which has been
damaged this rationing process breaks down and excessive strain will fall on
the remaining elements of that deficient segment

The bones of the lumbar spine are heavily constructed and are well sup-
ported by ligaments muscle groups and fascia The chief movements tn this
area are flexion extension and lateral flexion rotation being almost absent In
studying the muscles responsible for these movements 1t 1s noted that for each
there 15 a group acting directly on the vertebral column and also with one
exception a group acting indirectly running from the pelsic girdle to the thoracic
cage The latter group has the advantage of mechanical leverage to the extent
of the radial measurement of the thorax Extension 1s the exception and has no

such muscle group to assist by leverage from the thoricic wall

This 1s a fact
of great terest

It would seem that extension 15 most 1n need of additional
strength At a glance 1t appears that the sacrosptnalis works at 1 mechanical
disadvantage and that 1t 1s alone n 1its responsibility of extending the lumbar
spine an action which may involve considerable strain

There are three mam factors that present excessive strain  that 1s to s1y three
mechanisms that enhance the action of the sacrospinalis
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attention 1s a functional entity A study of the mechanics of this regron must
reveal how important 1 structure 1t 55 and what immense potential strength 1t
supplics

Gratz (1931) has shown that the tensile strength of fascia Iata 15 7000 pounds
a squarc ch and he has also shown that the clstiety of the nissue under
tenston dirmmshes after 4 third of the breaking load 1s apphied  This he describes
as the imut of safe stress  Assuming that the lumbar fascit s s strong 1nd has
similar propertics, 1t can be expected to t1ke 1 load of over 2000 pounds with
complete safets provided that the pullis evenly distributed 1nd not too suddenly
apphied Besides ginving aitachment 1o muscle fibres the lumbar fascr1 adds strength
to the vertebral mass and chechs overflexion  The supraspmous ligament running
down the tips of the spinous processes 15 ideally pliced to stabilize exch individual
vertebra and to check the degree of sepiration between 1ny two adjoining segments

The range of movement ts controlled by the annulus fibrosus the antertor and
posterior longitudinal ligtments and not least by the intervertebral joints them
sehies  The clastic igamentum flasum also plays an important part as 1s shown
by 1ts hypertrophy at the site of vertebral instability

Nerve supply of the lumbar spine

There arc two sources of scnsory nerse supply to the structures of the vertebral
column the posterior primary ram and the sinuvertebral nemves  The root
emerging from the intervertebral foramen divides 1nto antersor and posterior
pnimary rami The posterior ramus passes backwards and to the vertebra below
through the intertransverse ligament dividing 1nto a medial and lateral branch
The medial branch supplies the intervertebral joint ind runs 1cross the lamma
to the base of the spmous process The lateral branch runs into the substance
of the sacrospinalis pierces the lumbodorsal fascia and supplies the superficial
tissues

The sinuvertebral nerve first described by Luschha in 1850 1s a recurrent
branch leaving the root lateral to the postertor root ganglion and re enterng the
foramen to run back into the spinal canal  Here 11 passes upwards to supply
various structures the posterior longitudinal igament the periosteum the dura
and the blood vessels These branches are extremely small and difficult to trace
and consequently their exact distribution 1s controversial Pedersen Blunch and
Gardner (1956) have recently carried out a series of dissections 1n newborn and
adult cadavers and sersal sections 1n foctuses As a result of experiments on the
lumbosacral spine structures in cats wherein they noted the effect on blood
pressure resprration and muscle tone of stimulating various structures mechant
cally and electrically they have shown that these nerves contatn paun fibres
The rest of the nerve they suggest consists of proprioceptive and sympathetic
fibres  They are of the opinion that the stnuvertebral nerve supplies the posterior
longitudinal hgament the dura mater pertosteum and blood vessels but they
can show no distribution to the annulus fibrosus This agrees with most quthorities
(Jung and Brunschwig 1932 Wiberg 1949) but Roofe (1940) has demonstrated
a nerve supply to this structure
Onigin of back pamn

The mechanism and ongmn of back pain remams obscure The exact distetbution
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Design of the individual vertebra

A vertebral body 15 seated on the disc below pivoting 1n flexion and extension
on the nucleus pulposus which 1n the lumbar spine, lies slightly behind the centre
of the annulus fibrosus To the back of the vertebral body 1s attached a Jever
which 1s long enough to give a ratio of measurement from 1ts tip to the axis of
pwot and from there to the front of the vertebral body of 3% to | A muscle
thus acting on the tip of this lever as do the multifidus and the interspinalis
has a constderable mechanical advantage n extending each ndwvidual vertebra
The spinous process 1n this area 1s well designed for this purpose It 1s strong
and well separated from its fellows Each 1s enlarged at 1ts tip 1n a pear shaped
manner broader below gwving attachment to the tendons and encased n the
tough supraspinous ligament

The lumbar curve

The antero posterior curves are important to the strength of the spine  In
full chinical flexion radiographic examination shows that the lumbar curve 1s
seldom obliterated  In overflexion there 15 a danger of mjuring the posterior soft
tissue structures  This curve gives the sacrospalis a bow stringing effect and
results 1n a mechamcal advantage for controlling the lumbar spine

Locking of the lumbar spine

Lifting a heavy weight from a low positton would nevertheless still throw
excesstve strain on a spine 1f there were not some mechanism of by passing the
load to other groups of muscles In this case the knees and hips are flexed and
the extended lumbar spine 15 stabilized by a mass action of psoas quadratus
lumborum and sacrospinalis which has the combined effect of extension and
downward compression The lumbar spine locked 1n this position, 1s protected
from the strain of Ifting The weight 1s raised by extending the knees and the
hips with the quadratus femoris and the gluteus maximus respectively

Function of the sacrospinahs

The sacrospinalis clearly has two main functions extension of the spine and
counteraction of the flexion force and pull of gravity Fick (I1911) orgmally
suggested that the spinalis muscle relaxed when the spine was in full flexion
Floyd and Silver (1951) proved this experimentally with the aid of surface elec
trodes connected to an electroencephalograph  The tracing obtained from the
electrodes placed over the sacrospinalis showed minimal activity with the subject
standing erect Bending forward produced vigorous contractions 1n all four leads
until the imut was reached when the contractions subsided and remained quiescent
while the patient held that position In this position the spine was  resting on
its hig s  When r g the erect posttion an mtial extension of the hips
occurred followed by another vigorous bout of contractions of the muscle It
1s 1nteresting to note that the sacrospmnalis did not come into action until the
spine had been partly raised by the rotation of the pelvis

The lumbar fascia
The lumbar fascia, a neglected component of our anatomy has attracted httle
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Theoretical interest has often been focused upon the number of lumbar and
saeral vertebrae bt thus has probbly no more significance than to shuft the site
of interscgmental strun eawdad or cephatd

There are two mportant groups of defects asvmmetricil bone devclopment
and deficient desclopment of the long vertebral lever

Post traumatic defect

Csseatually the veriebral column consists of the antertor weight beaning 1nd the
posterior controlling structures

The vertebral bodies are mjured by violent compression overfllexion rtotation
ot a combination of these forees  JefTerson (1927) reported 2 006 c1ses of fracture
of the vertebral column and 1t 15 interesting to note that i the tower, mobite
thorcalumbar arer most of the damaged vertebral bodies were at the level of
twelfth thoracic or first lumbir  The sic of fracturc comctdes very closcly with
that given by Nicoll {1949y A graph constructed from these two serics of statisties
ts gnen 1t shows 1n nddition how uncommon are fractures of the lower lumbar
vertebrae (Mg 169)
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‘The reason for this 1s not at once apparent 1t might be thought that fracture
would be most prone to occur where the lumbar spine mects the pelvis  This
part however 1s protected by the Jumbar curve which 1s seldom obliterated 1n
a normal spine so that before one vertebral body could impinge on its neighbour
severe soft tissue damage would have te occur and this 1n uself would release
the compression force This 1s not so at the upper lumbar and lower thoracic
level where forced overflexion 1s hiable to damage the vertebral bodies  Nicoll
l;g:c:ugg‘es!ed that lower Jumbar body compression occurs when an inyuring
force llshea?en with a relatively obliterated lumbar curve 4 state that can occur
e egy are braced and the pelvis 1s ufted backwards  The fulcrum 1n

on and extension 1s the nucleus pulposus  The posterior ligaments may rupture
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and function of the two groups of sensory nerves the posterior rami and the stnu
vertebral nerves 1s not clear It seems that the former distributed to the posterior
Iigaments tendons fascia and capsules are concerned with the stability and
protection of the vertebral column as a whole whereas the latter, supplying the
posterior longitudimal hgament dura and periosteum are rnvolvedin the mechanism
of protection of the nerve tissues

Inman and Saunders (1947) have stressed the clinical differences of the slow
dull poorly localized patn arsing from mesodermal structures which they term
scleratogenous, and the fast, lancinating clearly localized pain of direct nerve
stimulation which they term dermatogenous They believe that pan radating
down the hmb can arise from Jigamentous tissue  Other workers believe thit
radiating leg pain typically arises from nerve root rrttation or dural sleeve tension
and that the ligamentous structures give local pain only

Kellgren (1939) has produced radiating pain by injecting wrrstating substances
mto the postertor higaments and Hirsch (1948) has obtamned the same effect by
injecting the disc tissue under tension

1t 15 not clear how pain arises when a nerve root 1s mvolved in the intervertebral
foramen by a space occupying lesion Is 1t due to pressure on the nerve root
to tenston on the root or dura or to local chemtical change® It 1s probable that
a normal intervertebral disc has no nerve supply Pain can arise from a damaged
disc either from tension aganst the longitudinal ligaments or from nerve filaments
growing 1nto the disc space among granulation tissue

LUMBAR INSUFFICIENCY

Lumbar insuffictency may be apparent or potential A latent weakness may not
give trouble unul exposed by stramn 1njury or awkward and sudden movement
when 1t will start acutely or, after an imtial period, a chamn of symptoms familiar
to the clinician

The strength of the lumbar spine as elsewhere mn the vertebral column 1s
dependent upon the perfectton of each indnidual structure working 1n consum
mate action The bone must be well formed and undamaged the discs mtact
and turgescent the ligaments undamaged the lumbodorsal fascia fully developed
and well anchored and the muscles tonic co ordsnated and efficient

In the lower mobile area that 1s the lower two thoracic and the five lumbar
vertebrae trouble 1s most prone to occur 1n 1ts most caudal part especially mn
the last two intersegmental spaces as here the full strain of the converston from
mobility to immobility 1s felt The fifth lumbAr vertebra and 1ts anchoring tissues
bears most of the brunt of the shock and stramn ymposed upon it from the super
mecumbent weight of the trunk [t 1s unfortunate that 1n this area congenital
defect 1s most likely to occur

There are three causes of potential lumbar msuffictency (1) congenital defect
(2) post traumatic defect and (3) muscle atoma

Congemtal defect

Among the many defects that are encountered 1t 1s not easy to select those
that are functionally sigmficant  Much statistical evidence has been given one
way or the other
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on the bick comalescence after 1 period 1n bed 1 strun while hfing childbirth
or violent 1ctnity n adolescence  often however there 1s no known cause
The pain 1sanereased by fumbar flexion for example siting in 1 slouched position
sleeping on a soft mattress bending stooping or hfting espeennlly wath extended
knees standing leaming forward over 1 low object 15 in washing aroning or
cooking

Examination 1s mostly negitine  The patient stands with 1+ normnl posture or
with a shghtly ncreased fumbar curve assooted with some spism of the spinal
muscles  Actine flexion m1y be shightly limited but like movement tn other
directions 1s usually full  Strught leg rusing may give some pain at ats lmst
by rotating the pelvs but not by nerve root stretching - Conduction of the cudr
equina or of the nerve roots ts ummpured

The panent should be examined in the prone position with two or three mlfows
placed beneath the pelvis  Greatest tenderness 15 clicited an the mudhine at the
Tower lumbar level  Some widening between the spinous processes or a deficiency
of the supraspinous ligament may be felt  There is very little clse to find in this
type of case but so persistent 1s the pattent that the clinician may be tempted to
search for other causes e m1y 1ssocrate the trouble-wath an unstable personahity
a low morale or gener i) malnutnitton  The presence of these factors undoubtedly
lowers the threshold to pun but the essential chmeal syndrome remuns as a
distinct entity  As much harm ¢an be done by nfornung the patient abruptly
that there 1s nothing wrong as by premature trinsfer to a psychiatrst or 1dmusston
to hosputal for full spina} investigation The Tict that the condition 1s recogmzed
1sarelief to the patient  shets assured of her own sensation of pamn nd encouraged
that she 1s not classed as ncurotic

Recurrent lumbago

Lumbago 1s a vaguc term st mdicates any acute pam in the small of the back
It may be assoctated with a posture of forward flexion lateral flexion or extension
This 15 an acute pain quite distinct from the chronic nagging ache of lumbar
strain and 1s often of dramatic onset or displays a gridua! incrense 1n intensity
during 12-24 hours It 1s this history of drimatic back pun often recurrent
that places patients suffering from 1t 1n the same category A more detailed study
of the clinical findings of each c1se reveals a great variety of fact The pun may
be confined to the back or associated with radiating pam an the buttock thigh
orleg Paraesthesiae, numbness wcakness or objective signs of root mvolvement
may be present The posture which has been described by Steindler (1955) s
the antalgic posiion varies according to the underlying lesion and 1s due to a
protective muscle spasm  The variation of associated clinical findings suggests
that the essential pathological lesion 1s not umiform nd the number of different
views about the exact cause of lumbago gives support to this suggestion

Contrariwise one attack may differ considerably from another 1n the same
(s)auenl Patients with recurrent lumbago may at other himes have suffered from
“"7:2:;8(:':?5 r[(:‘ot ilgns or the chronie pain of lumbar strun and 1t would be
and mechamcual zotn:;xtgre‘se different syndromes do not have some pathological
ger}\::; (1‘-9‘54) has taken considerable care to prove the connexion 1n the patho

of lumbago lumbar wsufficiency and sciatich Caleulating the incidence
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but shauld they remain ntact the disc will inevitably be crushed Injuries to the
neural arch can be caused by hyperextension rotation or a direct blow on the
SpInous process

Severe flexion imjuries of the spmne causing crush fracture or extensive soft
tissue injury are comparatively uncommon compared with the multiple wnjuries
and nsults to the spine that occur 1n normal everyday life  The most common
1s a fall on the buttocks especially 1f the force 1s unbroken by the hands for
example falling down stairs or falling with the hands Jaden or in the pockets
As the unfortunate person falls with the legs outstretched 1n front, the tightened
hamstrings rotate the pelvis backwards and the spine falls forwards There 1s
thus a simultaneous upward compression and flexton force at a time when the
protective lumbar curve 1s obliterated Excessive or sudden heavy loading of the
spine may cause compression injury of a disc

A latent lumbar nsufficiency may be exposed by comparatively minor insults
A forward somersault, a sharp rotation as m golf tennis or squash a joltin a
vehicle the lithotomy position under a deep anaesthetic, childbirth or lifting
with the knees extended and the lumbar spine flexed are productive of this type
of mjury

Muscle atoma

Lumbar nsufficiency can be due to excessive heavy work 1n the presence of
chronic atomia caused by general malnutrition and was common in the forced
labour camps during World War IT

CLINICAL SYNDROMES

An extensive list of the orthopaedic causes of low backache and the many ways
m which the lesions can become manifest would be of little practical value and
beyond the scope of this book

At a climic designed for the treatment and investigation of low backache 413
new patients reported 1n one year Of these 316 presented a chimcal syndrome
that could be classified 1n one of four groups (1) chronic low lumbar stran, 92
(2) recurrent lumbago or sciatica or both 84 (3) prolapsed wtervetebral disc 85
and (4) degenerative change 55

Chrome low lumbar stram

Symptoms of chronic strain occur often 1n the lower part of the lumbar spine
The syndrome 15 quite definite though sparse in 1ts symptoms and signs It 1s
important to note that this syndrome 1s most likely to be followed not preceded
by other syndromes of lumbar insufficiency thus 1t 1s the first stage of weakness
It has been described 1n greater detail under the title of Sprung Back (Newman
1952

T}?e patient 1s usually 1n the latter half of the second third or fourth
decade and frequently a female There 1s pain across the top of the sacrum often
radiating to both buttocks and the back of the thighs as far as the knees but seldom
lower The pain s described as a dull nagging ache seldom bad enough to put
the patient to bed but sufficient to produce general fatigue and irntability
especially at the end of the day The onset may be associated with a fall or blow
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The posture of the lumbar spine 1s charactenstic There ts obliteration of the
tumbar cune and 1 Tateral hist either towards or awny from the punful side
Morement 15 marhedhy resinicted an the antero posterior but not in the [ateral
plane

The dignosis 1s made more ceriun 1nd dentificition of the site of injury more
accurate when there 1s evidence of mvolvement of conduction of the nenve roots
or even of the crudt equina

Degenerative change

Chronic instability leds to degenerative change The response to anstability 1s
a posture of hperlordosis It 15 probable that 1n most cases ligament instabihity
precedes disc degeneration although in priman snjury or metabolic change within
the disc the converse may be truc

Generally the chironic pun of low lumbar steun s not associtted with diminution
n disc space and degeneratine joint changes untl years Jater  The following
changes which are sccondary to chronic inst iility 1pper throughout the segmental
and intersegmental structures

¢ (1) Disc degencration with dimenution of the intervertebral space and intervertebral
oramina

(2) Marginal osteophytosis of the vertebral bodics

(3) Hypertrophy of the igamentum flavum

(4) Osteoarthniic changes 1n the zygapophyseal jomts with subluxauon and
notching of the Jaminae by the infenior facets of the vertebra above

(5) A deficient supraspmous igament

(6} Kissing  spnous processes

In the more severe cases of chronic tnstability these changes arc scen 1n many
segments There 1s permanent rigid hyperlordosts  The stress and stram of flexion
shifts cephalad 1o the thoricolumbar level where 1 compensatory kyphosis

deselops as does a tendency to wedging of the vertebral bodies and disc
degeneration

SPONDYLOLYSIS

‘Spondylolyms 1s a radiological diagnosts wheremn a break s found n the pars
mfleraruculans tn one or both sides of the neural arch without forward subluxation
:’h the part of the vertebra anterior to the lesion  Its chnical manifestation 1s

at of lumbar instabiity  Symptoms 1n such cases are generally aggravated by
manipulative treatment
. The aetrology of spondylolysis 1s unproven and certunly one cause 1s not
ommon to every case but evidence 1s accumulating to suggest that 1t s often
ansacquu'ed defect 1n the nature of stress fracture
" ‘:Vﬂa\;;f‘tn(:%” hdashexamlged 786 Alaskan skeletons in the Nanonal Museum

gton and has made a stud

diferent 2w y of the meidence of neural arch defect at

He found that the tot

al percentage of 26 3 ts more than four times greater
;::;;ha} found elsewhere Traditionally the Eskimo works in 4 stooping position
- wl% ‘o‘rward without bending his knees and 1s exposed to falls on rock and
1Ch 1s 2 possible explanation of the high incidence of defect
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of each syndrome 1n 1 200 workers he found that in those suffering from combined
syndromes the incidence of each was significantly higher than that estimated n
the whole group indicating the increased lhability of a patient suffering from
one such syndrome to be afflicted with another In other words, 1t seems that
there 15 one fundamental pathology for all these syndromes but that 1n each there
15 a difference 1n detail

The exciting pathological lesion of an attack of lumbago cannot be diagnosed
with certainty  Although the predominant symptom 1s acute low back pain the
associated signs and symptoms may differ constderably

The typical pain of lumbago has been produced artificially by injecting normal
saline solution nto the disc substance under considerable pressure (Hirsch 1948)
Release of pressure or the addition of Novocain stopped the pamn  Hirsch con
cluded that the pain arose from the nerve cells in the posterior longitudinal hgament
and did not suggest that there were nerve endings n the disc substance itself A
similar state of affairs can occur when there 1s pressure by nuclear tissue on the
posterior longitudinal ligament thus shifting damaged annulus fibrosus or cartilage
plate The response to pressure on this ligament 1s a reflex flattening of the spine
This will have theeffect of ighteningtheposteriorlongitudinal igament of increasing
the volume of the intervertebral space posterior to the nucleus pulposus and of
preventing further prolapse When the posterior longitudinal ligament 1s intact
the disc substance protrudes to either side but when the ligament 1s badly damaged
central prolapse may occur

Lumbago in extension or flexion

The response to acute injury of the postertor soft tissue structures 1s one of
extension and this bemng so 1t will be noticed that the sacrospinahs stands out
promunently on either side of the line of the spimous processes This 1s the typical
reaction to potential instabulity of the spine

On principle the response to a space occupying lesion will be an opeming up
of the area but to a soft tissue damage and potential instability the response
will be a closing down A hip jomnt full of pus will abduct and externally rotate
but the response to a tear of the Y shaped ligament will be adduction and flexion
Similarly there will be a posture of extenston for a loose body 1n the back of
the knee and one of flexion for a tear in the postertor capsule In the spine the
same principles apply an abnormal body threatering pressure to the cauda
equina or nerve roots will be counteracted by flexton  but damage of the posterior
controlling structures such as the supraspinous higament the lumbar fascia or
the joint capsules or potential instability wiil shmulate a posture of hyperextenston

Prolapsed intervertebral disc

Among the clinical syndromes associated with low back pain that of prolapsed
ntervertebral disc predominates as a diagnostic certainty  Typrcal of the history
1s some preceding evidence of lumbar msufficiency ether the chromc pamn of
strain or tecurrent attacks of mechanical derangement Onset 1s often assoctated
with some sudden flexton or rotatory movement or by an awhward or excessive
strain  Pain can start suddenly or gradually and can be very severe and lancinating
sometimes radiating from the back throughout the length of one lower limb and
occasionally both
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wistability, hvperlordoss and trauma The st two occur readily in the toddler
Facet deficiency

Complete absence of the superior articular processes would theorctically 1llow
fornard subluxation of the whole vertebr abose without the necessity for modifi
cation on 11s pirt but in practice 1t ts doubtful whether this ever occurs without
alter1tion of the neural arch

Partil facet deficrency 1s more common A combination of poorly developed
facets and soft tissue instability may allow the facets of the vertebra above gradually
to grind their was with 1 glacier hike 1ction over or between those below leaving
behind grooved remuns of what were once articulir processes (Mg 171)

- _ ¢

Fic 171 —Drawing from a case at operation with defictent rough superior
sacral facets and a partral sacral sptna bifida

Attenuation

Elongation and narrowing of the pars interarticularis may occur in exrly hfe
Tt1s the result of excessive strain on a vertebra which had not at that time completely
ossified The excessive stramn arises 1n combination with bony defect from soft
tissue 1nstability an increased inclinaion 1t the lumbosacral angle and from
repeated mild traumas
Lack of contimuy

It 15 an interesting observation that the len,
gth of the gap in the neural arch
steldom corresponds to the extent of forward slip of the body of the vertebra
x“ :;‘ielgerally much less I such a defect hnd been present since shipping began
undoubtedly have increased with the amount of shp The same instability
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Periosteal new bone formation and fatigue fractures of the neural arch were
common during World War I especially in new recruits undergoing strenucus
traning  The carrying of heavy packs on thetr backs had the effect of shifting the
line of weight bearing posteriorly thus overloading the neural arches

SPONDYLOLISTHESIS

The difference between spondylolysis and some types of spondylohsthesis 1s
probably only a matter of degree, dependent upon variations 1n age of onset
stability and subsequent stresses and strains

Confusion over the interpretatton of the term spondylolisthesis has been partly
responsible for the conflicting opinions of mcidence and aetiology The term
spondylolisthesis was first coined by Kihan (1853) and was probably designed
to include all conditions associated with forward subluxation of the vertebral
body, with the possible exception of acute traumatic dislocation or fracture
dislocation  Other authorities however have thought a breach 1n the pars inter ,‘
articularis to be an essential characteristic for this diagnosis

Spondylolisthesis can be explained as a manifestation of instability due to bone
or soft tissue defect esther congenital or acquired  Acute fracture or bone disease
15 a possible but rare cause of spondylolisthesis The commonest type of
spondylolisthesis probably occurs 1n infancy or early childhood

Infantile spondylohisthesis

Spondylohisthesis has never been found before birth but 1s common 1n young
children Considering the design of the vertebra there are three possible theoretical
abnormalities that will permut forward slippmg (1) facet deficiency or subluxation
(2) attenuation of the pars mnterarticularis  and (3) loss of contmuity of the
pars mterarticularts (Fig 170)

Fic 170 —This illustration  shows
several possibilities of bone defect a 5
(a) Normal () Facet deficiency
(¢) Break 1 pars interarticulans
(d) Attenuation of pars inter
articularis

d
3

Degrees of facet defi y occur as develop I abnormalities but 1t 1s
probable that all three deficiencies can be acquired 1n the presence of soft tissue
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pars interarticulans Adkans (1955) and Gill Manning and White (1955) have
reported good results from decompressing the nerve roots by removing the loose
neural arch and the surrounding fibrous tissuc

Disc prolipse his also been found responsible for ncrve root 1nvolvement
generally ansing from the disc above the level of subluxatton

Cauda equina lesions

Lesions of the cauda equint have been reported by Arden (1949) Lane (1893)
Prip Buus (1943) 2nd Turney (1952) Symptoms may be precipitated by mjury
1n long standing spondylolisthesis  1n one casc they were precipitated by traction
on the legs 1n an attempt to reduce 1 scvere degree of spondylolisthesis  Loss
of sensation 1n the buttocks backs of the thighs and cilves, and alteration of
bladder function are typical findings

TREATMENT

The treatment of low backache of mechanical ongin 1s not at present an exact
scicnee 1t 1s fraught with obscunty and empirieism  Chronic pam arnising in
the low back can be a severe annoyance a chromic hindrance to normal activities
and a handicap to the enjoyment of life  Its exact cause 1s often elusive  There
1s justification therefore for trying various simple forms of treatment always
provided that sertous disease has first been eliminated and that the treatment 1s
not harmful

A careful clinical and radiologcal examination should be carried out n all
cases In patients with severe incapacitating symptoms 1t will be necessary to
begin some definite treatment at once, but for those with milder pain reassurance
and time are possibly the two important elements in treatment

As 1t would be impossible and of little value {o attempt a comprehensive
discussion on the vast subject of the treatment of backache two aspects only have
been selected as presenting ponts of interest

Manipulation

Manipulation 1s a valuable method of treating backnche 1t 15 used extensvely
both by the qualified and the unqualified and without doubt 1s responsible for
temporary relief of symptoms in many patients Manipulation 1s dramatic quick
somelmes successful and therefore well suited to certain patients It may be
performed with or without a general anaesthetic there 15 hittle doubt that the
latter method needs a greater degree of confidence and audacity

Whatever mampulation accomplishes 1t 15 never more than an unpredictable
often irrational and very occasionally 1 dangerous procedure It 1s important
that the dangers of manipulation be known and the contr: mdications be
recogmzed by those likely to advise such an undertaking and who ntend to
maintain an acceptable standard of safety

When a joint 1s manipulated 1t 15 moved within 1ts normal range a part of
which may have been lost through spasm or organic change In the spine a
rotation movement around both the antero posterior and the longitudinal axis
»s commonly used Extension longitudinal traction or movements of 1ndividual
verlebra by pressure on their appendicular processes may be used but flexton
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that accounts for the other factors in shp can be responsible for the breach in
the neural arch  An attenuated neural arch 1s hable to fracture while a vertebra
n which there 1s constant stress 1n the region of the pars nterarticulars 15 prone
to fracture A careful examination of museum specimens th which there 15 a
severe degree of shp will often show a combination of all three elements of defect
1n the neural arch

Spondylohisthesis of adult life
There are two other common types of spondylolisthesis  they occur 1n the adult

Stress fracture in mature bone

Chronic soft tissue 1nstability from ligament insufficiency or disc degeneration
throws additional strain on the pars interarticularis and under strenuous cond:
tions stress fracture may occur The anterior part of the vertebra unsupported
by the disc subluxates forwards and sinks down on the vertebra below The gap
1n the neural arch opens up wider above than below

Facet deficiency due to degenerative jomt disease

Chronic snstability leads 1n later life to osteoarthriic changes n the zygapo
physeal jomnts Facet deficiency may occur with forward subluxation of the
whole vertebra without neural arch defect It was origmnally described by
Junghanns (1930) as pseudospondylolisthesis an unnecessary term  Both these
types of adult spondylolisthesis are commonest at the jomnt between the fourth
and fifth lumbar vertebrae

Pain n spondylohisthesis

There are three chimeal manifestations 1n spondylolisthesis (1) symptoms due
to mstabihty (2) symptoms due to nerve root mvolvement and (3) symptoms
due to involvement of the cauda equina

Instabdity

The most common and typical symptoms of spondylolisthesis are those pertain
ing to mnstabiity Pain 1n the back which radrates to both buttocks and the back
of the thighs 1s the usual complaint Thts 1s a2 pain of mesodermal origin from
the ligaments joint capsules and musculotendinous elements It can often be
relieved temporarily by infiltrating the lumbar fascia the supraspimous ligaments
and the sacrospinalis muscle with local anaesthetic

Root imohement

Root 1nvolvement 1s not uncommon 1n spondylolisthests It 1s more hkely to
occur at the joint between the fourth and fifth lumbar vertebrae than at the
lumbosacral jomnt particularly in the adult In the absence of a defect the neural
arch 15 carried forward with the rest of the vertebra thus encroaching upon the
spmal and intervertebral canals  The osteoarthritic changes and thickened
Ligamentum flavum caused by chrontc jnstability will further narrow these canals

Some authortties believe that the common pain in spondylolisthesis 1s due not
to stumulation of the afferent nerves in ligaments and capsules but to chromc
srritation of the nerve roots by the mass of tissue surrounding the defect 1n the
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pars mierirticulins - Adhans (1955) and Gill Manamg wnd White (1955) hve
reported good results from decompressing the nerve roots by removing the loose
peural arch and the surrounding fibrous tissue

Disc prolapse his also been found responsible for nerve root mvolvement,
generally anising from the dise above the Jevel of subluxation

Cauda equna lesions

Lesions of the caud1 equina have been reported by Arden (1949), Lane (1893),
Prip Buus (1943) and Turncy (1952) Symptoms m1y be precipitated by injury
1n Tong standing spondylohisthesis  In onc cisc they were preaipitated by traction
on the legs 1 an attempt to reduce a severe degree of spondylolisthests  Loss
of sensation in the buttocks backs of the tlughs and cilves and alteration of
bladder function are typical findings

TREATMENT

The treatment of low backache of mechinical origin 1s not 1t present an exact
science 1t 15 fraught with obscurity and empirtcism  Chronic patn arising 1n
the fow back cn be a severe annoyance a chronic hindrance to normal activities
and a handicap to the cnjoyment of life  Jts exact cruse 1s often clusne  There
1s Justification therefore for trying various simple forms of trcatment always
provided that serious discase has first been eliminated, and that the treatment 1s
not harmful

A careful chimeal and radiological eximination should be carried out in all
cases  In patients with severe incapacitating symptoms 1t will be necessary to
begin some definite treatment at once, but for those with mulder pun ressurance
and tume are possibly the two important clements in treatment

As 1t would be impossible and of httle vilue to attempt a comprehensive
discussion on the vast subject of the treatment of bachache two aspects only have
been selected as presenting points of 1nterest

Mantpulation

bo?‘»“{agxp:x}llallon {s a valuable method of trenting bichache 1t 1s used extensively
o erya :. ‘quf:_: tfied and the unqualified, and without doubt 15 responsible for
somzlnm?; selt: of symptoms 1n many patients  Manipulation 1s drimatic quick
ettt ‘:f*c‘cssful and therefore well smted to certun patients It may be
Pt mee. d‘ or without a general antesthetic  there 1s little doubt that the
Whme\ od needs a greater degree of confidence 1nd audneity

ot i::i;/ﬁl;"z?mp\gauon accomplishes 1t 15 never more than 1n unpredictable
that the dan e. an! rvery occasionally 2 dangerous procedure It 1s important
recognised byg tl:cs(:: Ill"ll\mlmpulalmn be hnown 2nd the contra wndictions be
mz}\;\r]\lam an acceptable sia);uit:rtia((j)‘l/}::fusll;fh an undertaking td who watend to
wmc:ﬂx;:ylzl::elsbemanlxpulated 1t 1s moved within its normal range 1 part of
rotation movemens Zn ost through spasm or orgamc change In the spine a
15 commonly e Eround both the antero posterior and the longitudinal axis
vertebra by xtension longitudinal traction or movements of tndividual

pressure on their appendicular processes may be used but flexion
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never Flexion 1s a dangerous movement and has probably accounted for some
cases of paraplegia

Extravagant claims of good results are made and undoubtedly experience and
skill are factors 1n success but the absence of a properly controlled unbiased
follow up may be the cause of overoptimism There are many varied factors in
making an accurate estimate of the results of manipulation and this may account
for the ranty of published statistics

Coyer and Curwen (1955) have attempted a statistical follow up of 152 patients
suffering from backache they were chosen at random They were treated in two
yrval))'s by manipulation or by bed rest and analgesics with the results shown mn the

able

TABLE
Well after Well after Persistent symptoms
Treatment 1 week 3 neeks afier 12 weeks
per cent per cent per cent
Mantpulation 50 87 12
Rest 1n bed 27 60 28

Contra indications

The following conditions contra indicate mamipulation (1) absence of a
thorough chnical and adequate radiological examination to exclude organic
disease  (2) old age (3) osteoporosis (4) severe degenerative changes (5) spon
dylolysis spondylolisthests and (6) severe pain and spasm or obvious evidence
of nerve tissue 1nvolvement

Surgical treatment

The treatment of severe back and leg pain of mechanical origin by operation
1s seldom necessary but 1n some persistent cases 1t 1s the only method likely to
grve relief This 1s an immature branch of surgery and the indications for inter
vention are as yet not always clear but rapid advance has been made during the
last decade There are three distinct operative procedures each with different
indications none of them 1s a dangerous undertaking The mortality 1n four
recently published series of low back operations on 618 1250 647 and 350
pattents was 2 0 6 O respectively giving a total mortality of 029 per cent
It can be assumed therefore that operations n this area performed at well
conducted climics have a2 mortality somewhere between 02 and 04 per cent

Remoral of disc tissue

Severe prolonged pamn which hinders the patients occupation and does not
respond to other means of treatment 15 the main indication for this operation
There should be evidence of root involvement but occasionally operation 1s
indicated for severe pamn with back signs only It 1s a surgical necessity when there
15 mvolvement of the cauda equina  Careful selection of cases good technique
and a controlled course of exercises after operation will give satisfactory results
O Connell (1951) published the results of a series of 500 patients operated on
for lumbar disc protrusion In 92 per cent there was either complete freedom from
symptoms or great 1mprovement
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The modern technique of this opesation has evolved by tnal and crror Two
opposing tendencies the need for adequte cxposure and the desire to harm the
stability of the spine 15 httle 1s possible have resufted an 2 routine exscting
exposure which en be enlirged should the necessity arise  An snterliminar of
partial hemuliminar clearance can easily be estended mednlly by complete
famnectomy of laterally by ficctectomy  Unless total limincctomy ts pecessry
st 1s important fo kheep mtact the spmous processes and suprispinous ligament
These should be sacrificed only m eases of centril prolapse of disc tissue of
unsuspected more cutensive conditions

A routine operatton of this nature should shock the patient very Intle and
fAccessitate no more than 2 or 3 weeks th bed  Post operatise graded spinal
exercises starting onc weeh after operation, are an important part of the treatment
As a precaution agunst root adhesion the sciatic nerse may be steetched during
the sccond week after operation

Arthrodests

Arthrodesis 1s performed for instability and localized scvere degencrative change
of a disc or the articular surfaces of the zygapophyseal joints these changes are
almost invariably most severe 1n the lower two lumbar spaces  Before a fusion
15 advised the severty of the patient s symptoms should be balanced agamnst
the long period of immobihzation and morbidity and the uncertainty of successful
bony fusion

The tme of immobilization advised varies considerably, but most authorities
agree that a bone graft tn this arca 1s not secure until the end of the fourth month
How much of this period 15 speat 1n recumbency and how much in ambulatory
immobilization 1s a matter for individual preference

Pseudarthrosis rate for lumbosacral fusion

The aggregate percentage pscudarthrosis rate in 932 cases 430 cases reported
by Thompson and Ralston (1949) and 502 cascs reported by Cleveland Bosworth
and Thompson (1948) 1s as follows

Number of Percentage
Fusion operation cases psewlarthrosis
5th Jumbar vertebra to sacrum 406 61
4th Jumbar vertebra to sacrum 526 194

Method of arthrodes:s

ar:c;;t:;u;t;euml arch fusion 1s the only attested method of acthrodesis  There
o e ¢ fuesr wa{s Intercorporeal fusion, both by the anterior and posterior
foute ¢ dxsadvm“ romfone transverse process to anether The ntenor route
e antage of not revealing the essential pathological lesion and also
: vtmg an undestrably high mortality even mn competent hands
hasorscenn\r dm]tercorporeal fusion has been advocated by Cloward (1953) who
ported Jong term cure n 85 per cent of 321 patients  No further large

serses has been pub
Taston pl};)mmlsmd and judgment on this method must reman 11 abeyance

wnat 2 bone grafis between the transverse processes 1s still under

2711



LOW BACK PAIN

Arthrodesis by fuston from one neural arch or spinous process to another has
been a recogmzed method for nearly half a century and has proved to be a valuable
surgical procedure Stnce the original techniques described by Albee (1911) and
Hibbs (1911) many modifications have been devised Experience gamned from
200 lumbosacral fusions using a modtfication of the method described by Chandler
(unpublished) has shown that the following points are important

(1) The back of the neural arches and adjoining bone should be carefully cleaned
from all soft tissues

(2) All igaments of the segment above the fusion should be left intact for fear of
weakening this joint on which much stram will fall 1n the future

(3) The zygapophyseal jomts should be excised and packed with bone chips

{4) Long grafts cut from the 1llum have a natural curve to fit the lumbar concavity
and give a maximal area of contact with the sacrum

(5) If there 1s obvious diminution of the intervertebral foramen from abnormal
approximation of the vertebrac the neural arches should be wedged apart by an

H shaped graft

(6) The longitudinal grafts are held in contact with the neural arches by transverse
grafts, which can act as H grafts if necessary wire stretching from the sacral nidge
to the spmous process of the highest vertebra involved in the fusion after the

method of Chandler, keeps the transverse grafts n place (Fig 172)

FiG 172 —1he method of placing the grafts in Chandler s fusion

(7) Fresh bone 1s p ble to h frozen or boiled bone
(8) The present routne for mmobilization after operation comprises 3 months
recumbency 1n a plaster bed followed by 6 weeks m a plaster jacket or spinal brace
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(9) The plaster bed should not be made in hyperlordosis  such 1 posture will
encourage abdominal distension after operation Fusson in thrs posttion will eventually
impose great strain on the graft

Decompression

In a number of cases of spondylolisthests the cause of symptoms espectally
radiatig punan the lower hmbs 1s undoubtedly nerve root irritation or tension
In how many 1s 1 matter of conjecture but 1t c1n be 1ssumed to be the orgmn of
pain 1n all patients showing signs of tmpurment of nerve root conduction In
204 cases of spondylohisthests Newman (1955) reported a percentage of 147
He found nerve root involvement morc common with spondylohsthesis at the
jont between the fourth and fifth Jumbar vertebrae (279 per cent) than at the
lumbosacral jont (8 5 per cent)  For this type of pain a decompression operation
was suggested by Briggs and heats (1947) and Inter by Adkins (1955) and Gill
Manning and White (1955)

The nerve root 1s usually compressed at the entrance to or within the mter
vertebral foramen by the fibrous tissue surrounding the pscudarthrosis of the
pars interarticularis or by the margin of the body or the edge of the superior
facet of the vertebra below  There 1s occisionally a disc prolapse wsually at a
level above the spondylohisthests

The operation 1s designed to relicve the pressure by removing the  loose
lamina  1n cases with a neural arch defect It may also be necessary to remove
part or the whole of the superior facet and the projecting margin of the body of
the vertebra below

In spondylolisthests without a defect 1n the neural arch 1n which shipping occurs
because or degenerative changes 1n the joints the root 1s compressed by the
nfersor facet of the displaced vertebra and the osteophytosis of the joint  Decom
pression 1s achieved by removing the lamina and inferior facets of the intact
neural arch

Decompression 1s not indicated as a routine procedure because 1t has three
distinct disadvantages 1t decreases the soft tissue stability of the two segments,
leaving a pamnful and weak back It leaves a Iarge gap to be bridged by bone
because the lamina, even 1f loose acts as a support 1nd source of blood supply
to the graft In addition, removal of the lanuna exposes the dura and nerve roots
predisposing to adhesion formation

In summarizing 1t can be said that decompression 1s indicated 1 some cases
of spondylolisthesis 1n which pamn 1s ascribed to root tnvolvement This 1s a
retrograde step in considering the future strength of the back Although bone
grafting 15 thus made more difficult 1t should nevertheless be carried out 1n all
patients who have undergone decompression with the exception of the elderly

“}\1 whom shipping has occurred with an intact neura! arch and severe osteoarthritic
changes
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CHAPTER 14
“FUNCTIONAI " BACRACHE
WiLtiast TIGNR

INTRODUCTION

TiE mnawrna of psichosomauie iliness i Great Britun s still a matter for
discussion  Psychiatrists nssert that at Jeast onc third of those persons who
consult their doctors are suffering from functional rather than orgnic discase
There arc others however, who consider ths figure to be too high and behieve
that a more scarching 1vestigation into the pan of which the patient complains
will reveal some organic ctuse  Morcover many patients exhibit a mrxture of
functional and orgamc illness and each aspect has 1ts own problem of diagnosis
and treatment  In the Rheumausm Centre 1t the London Hospital where con
tinued re examination and investigntion are crnied out 1t has been found that
few of the patents are suffering from purely psychosomatic diseise  Thus out
of nearly 30000 new patients ex tmined between 1947 and 1955, only 2 per cent
were finally found to be suffering from purcly non organic discase  On the other
hand, Hench and Boland (1946) found that of the men attending the American
Forces Rheumatism Centre sct up m World Wir 11, no less than  fifteen to
twenty per cent  were suffuning from purcly psychogemc tliness It 1s generally
agreed that physicians who sce Irge numbers of patients compluning of back-
ache nevitably meet some whose symptoms prove to be Iegely psychogenic

AETIOLOGY

The question arises why do some patients who 1re disturbed tn their souls relate
their symptoms to their backs? Backache 1s very common  We are told that
the assumption of the upright positton by man tn his evolution left him with
a legacy of potentral weakness 1n his vertebral column  Bickache 1s regarded
by some women as an almost mevitable accompaniment of certn periods m
their ives  Backache may be due to an almost indefinite number of causes and
particularly in the Jay mind maladies of many systems outside the vertebral
column may be the cause of backache Men often fear the hidneys are 1t fault
and women the pelvic organs Moreover 1t 1s widely known that the vertebral
column houses the spinal cord, and that myuries to this may prove VEry serious
indeed Al these considerations may 1nfl e the pattent in becoming unduly
aware of the back  As backache may be potentially serious 1f must be t1ken
seriously and the sufferer needs care sympathy and attention Thus 10 1n wdequnte
personality may find sympathy and attention 1f he suffers from back iche

Compensation

In certain patents suffering from backache there anises the question of compen
sation for mjury and 1ll health Thus, if a patient after tnjury to the back does
not think he has recesved or 1s gong to receive adequate compensation for s

281



“ FUNCTIONAL "’ BACKACHE

suffering he will centre his thoughts on his injured back, and this will continue
to agttate lum until he obtains what he considers adequate recompense, or, if’
he does not think the settlement satisfactory he will show himself and the world
at large that he 15 a martyr to his back and to imjustice  Simularly, the shadow
of National Service, which looms large 1 the mind of a young man, may,
certain ctrcumstances, cause him to seek refuge in a persistent bachache which
1s obviously incompatible with the hfe of a soldier

Hystena
In most patients there has been at some time 1n the past an underlying organic
cause for backache and this has drawn attention to the back but the backache
has been allowed to persist after the cause has ceased to exert 1ts influence
Many reasons can be given for this In the inadequate personality a backache
has revealed a way of escape from the more difficult aspects of Iife and afforded
a chance to shelter at the expense of others This aspect was well brought out
by Haliiday (1938) Another person may nurture a grudge against the insurance
company who will not pay adequate compensation, or the employer who will
not acknowledge hability Most unfortunately the grudge may be directed aganst
the doctor who has not treated the patient with sympathy and 1s considered to
have been brusque and unkind It 1s regrettable but true that some cases of
psychosomatic backache derive from medical mismanagement This may occur
m two ways The matter of a slight backache 1s passed off lightly as a triviality
and the patient far from being reassured 1s convinced that he 1s not getting a
fair deal but 1s being neglected On the other hand backache may be perpetuated
and exaggerated by too much investigation and attention In this respect, an
ongmal error 1n diagnosis may prove disastrous
An example was found 1n a young man of 17 years who was referred for exammation
and opinion by an insurance company 1n 1955 He was working as a brewers
labourer between leaving school and the call to National Service A few light crates
had slipped from their stacking and had caused a superficial graze of the skin of his
back He was seen by the brewery nurse who applied a gauze dressing gave lum
some aspiin and sent him back to work  but when he told his parents of the episode
that evening they immedrately took him round to the local hospital Herc unfortu
nately he was seen by a jumor and mexperienced registrar who said the boy had
shpped a disc admutted him and applied a plaster jacket This was a major error
for the lad s backache became much worse He was then referred by his parents
privately to a West End consultant who hearing that he had been treated 1n hospital
for a prolapsed disc and had been put in plaster assumed that this diagnosis was
correct and admutted hum to his own hospital  There ail investigations proved negative
and a neurologist who examuned the boy reported that the only signs present were
those of gross hysteria But the damage had now been done and the parents had
nstituted legal proceedings agamst the brewers The boy was sent to a rehabilitation
unit but his stay there fatled to relieve his symptoms and he was put on the register
of the disabled Finally he found work as an assembler in a wireless factory whete
he was treated with consideration as a disabled person In 1957 the parents not
having d what they dered a satisfactory offer 1on for the
myury pressed their solicitor for further action  Agamn the doctors called 1n by both
sides came to the conclusion that the boy had never had a disc lesion However
tus hysterical backache 1s stll there and he cannot be parted from a lumbo sacral
belt which he wears as evidence of his sufferings
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In the davs before the syndrome of the prolpsed ntervertebral disc had been
discorvered when the dingnases of  lumbar fibrosiis ** Tumbago and  sciatic
neuritis* were permussible, the prognosis of these conditions was good and most
patients made 1 sttisfictory recovery With the arrval of the disc lesion, this
ymportant frct wis at least for the time being forgotten and 1 wave of enthusiasm
for laminectomy as 1 treatment of chosce swept through some schools of surgical
thought Lumbago and scitica came 1o be regarded 4s 1 surgical diseise  In
certain hospitals, patients with these diignoses were lucky to 1void operation
If the diagnosis was correct, there might have been some excuse for this attitude
but of the patient s own madequate personality had drawn attention to the back
the results of laminectomy were sometimes very serious  There was a time after
World War 1T when rchabilitation departments were filled with patients suffering
fram *faled disc operation  These unfortunates pligued their surgeons who
ceventually decided that the pattents were hystencs of madequate personality, and
that they needed the attention of psychittnists rather than surgeons  This was
probably true, but the diagnosis should have preceded rather than followed
operation

An Mustration of thus danger s gien by the case of a woman who was made of
sterner stuff  She was referred for advice 1n 1949 by her new family doctor, who had

Just seen her for the first tme and the astomshing story came to light  In 1946 she

developed backache and was sent at once to a surgeon at a general hospital  He had

informed the patient that she was suffering from a disc lesion that the treatment
was surgical but that she would have to wait till a bed was avalable In the mean
time she was putin a plaster jacket No argument or questioning was permitted and
the patient was almost forcibly removed by two members of the nursing staif who
applied the plaster-of panis  The patient did not dare to return to that hospital It
was not till after she had left the district and had found a new doctor that the matter
was revived This was three years later 1n 1949 and she was still in her plaster jacket!
But she was free from backache!

DIAGNOSIS
The diagnosis of psychosomatic backache 1s fraught with danger These sufferers
are not malingerers They do experience backache and they do not fall into the
traps set for malingerers  This does not make the problem of management or
diagnosis any easier It may seem very obvious to the doctor that the patient
has an 1nadequate personality and 1s emotionally unstable but 1t must always
be remembered that organic disease can affect such patients as much as thase
who are more stable  All who re experienced tn treating patents suffering from
backache will have at some tme suspected that a patient 1s suffering from
psychosomatic rather than organic disease only for true organic disetse to be
revealed later  Jt s not justifiable to diagnose psychosomatic trouble because
exammnation and mvestigation reveal no sign of organic disese  Thus 1s a refuge
for the diagnostically destitute The diagnosis of psychosomatic backache can
only be made if there 1s good evidence of emotional instability and after meticulous
;v:ghmg up of the evidence  The diagnosis will depend on the symptoms and
18NS
Symptoms

The symptoms while centred on t

b )
afien tadhaes wadely he back will often be very diffuse The pan

but not according to an anatomical distribution Thus,
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the low backache may spread widely up to the thorax neck and head, and not
anatomically down the sciatic nerve  The description given of the pain may
be picturesque or even frankly ridiculous The word ‘agony may frequently
be used and yet the patient shows no apparent sign of severe suffering The
periodictty of the pain 1s often anomalous Whereas organic backache 1s often
worse after rest, when the muscles are stiff and have to be worked loose, psycho
somatic backache 1s sometimes characterized by 1ts aggravation during the day
and by 1ts reaching 1ts peak when the sufferer has to cease all activity and be
cared for by others There are often many other symptoms Predonunant among
these may be headache which 1s sometimes said to radiate from the back over
the top of the head The backache 1s commonly sard to be exhausting and the
patient thereby rendered unfit for anything An inquiry into the general health
of the patient may ehcit a flood of such symptoms In spite of exhaustion,
patients often complain of inability to sleep An inquiry into past health reveals
a long history of recurrent 1liness marnly 11l defined but mcapacitating  Domestic
unhappiness and unhappy love affairs may be described, but equally the patient
may be reticent about such matters While some patients are willing 1if not
proud, to call themselves highly strung or a bundle of nerves and may
boast of nervous breakdowns, others may resent any suggestion that they are
not emotionally stable

Signs
In clinical examination the patient 1s often highly demonstrative The hands
are constantly used to point out the varnious painful areas The doctor s hand
may even be taken and thrust into the area under discusston These patients
find 1t very hard to relax while under examination and assessment of the range
of spmnal movement 1s made very difficult There 1s often diffuse tenderness
the hightest touch may evoke a withdrawal or even a cry of pain  While these
equivocal findings may exist in plenty there 1s often a dearth of positive signs
Neurological signs do not accord with the symptoms Lumbar flexion may be
present when the patient 15 asked to sit up on the couch or bed but if the patient
1s asked to bend forward in the standing position, the flexion 1s done from the
hips while the Iumbar hollow 1s maintamed Radiological and laboratory
1nvestigations may be completely normal 1n spite of the severity of the symptoms
A case which illustrates many of the pomnts made above 1s that of a patient who
was first seen eight years ago She was 56 years of age and did some work asa
part owner of a milliner s shop She reported that backache had followed append:
cectomy ten years before She had had constant treatment ever since This had
consisted of every known form of phystotherapy a varety of ijectrons and a sertes
of osteopathic All these t had either failed to relieve the
backache or had aggravated 1t She said that her general health was poor that she
flered from headaches d P leepl and fatigue but that she was not
one to give In On exanunation there was no evidence of orgamc disease in any
system but she was diffusely tender all over the Jower back and any movement of
the lumbar spine or legs caused wincing, and cries of pam  The results of radiological
and haematological examination were entirely normal  Any sort of treatment proved
quite without effect physiotherapy aggravated the pam medicines upset her
but n spite of this she was a regular and constant attender paying a fee on each
occasion for the privilege of talking about her symptoms She was referred for
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orthopacdic and psychitric opintons <he was admitted to hospital for further
imestigation  No advance of any sort was made  She continties to attend and to
cxplain heriliness  She has stopped work as she has cnough moncy of her own for
her modest needs  She feads the hfe of 1 semi imvahd  she has the sincere sympathy
of her friends tn her affiction 1nd as she 15 orgamcally sound she wilf continue to
enjoy ill health for a great many years to come

MANAGEMENT

The management of psychosomtic backache presents one of the most difficult
problems with which 1 chinician ¢an be ficed  The backache 1s of value to an
inadequate personihity, ind 1s not Iikely to be readily discarded  If all mvestiga
tions lead to the conclusion that the backche 1s not orgnic and there are proofs
of psychosomatic nstabihty 1t would scem that the psychological approach s
mdicated  But here the difficulties start The patient has a backache whnch he
considers organic and this atttude has almost always been fostered by the
preliminary exarminition and 1mvestsganton of the first doctor who has seen him
and who, quitc rightly and properly regarded his pamn as orginic  Physical
treatment has almost always been ardered for a dragnosts postulating an organic
cause, perhaps that ready refuge  fibrosiis  The fulure of such treatment to
relieve the symptoms does not worry the patient, who merely asks for something
different  Opimons are divided on whether physical treatment should ever be
ordered for psychosomatic conditions One feels very strongly that to order
physical treatment for a deranged psyche will only implant 1n that psyche an
impression that the condition 1s organic  Long experience has proved that these
patients do not respond to physiotherapy Wilson and Tegner (1955) concluded
that the prescription of physteal treatment was fraught with danger and suggested
that st was only justified at the onset of symptoms and for a short tme Physio

therapy particularly 1n the form of massage can be most pleasant and the patient
may find 1t 1s the only thing that gives relief  but the relief 1s only temporary and
massage must be continued indefinitely 1o the despur of the physiotherapist

More painful and active forms of therapy than massage may be tried but these
will aggravate the symptoms and will not be tolerated Such 1 situation would
suggest that physical treatment 1s contra indicated but there 1s a second trend
of opmion which advocates  suggestive  physical treatment coupled with
strong suggestion to the patient that this 1s going to cure hun  The writer has
never found this to succeed Lastly there are those who quite understandably

order physteal treatment to keep the patient quiet nd stve themselves the trouble

Psychiatry

It would seem much more reasonable to try patient and painstaking explinition
to pomnt out that body and sou! are inseparable and that emotional tenston can
set up muscular tenston and perpetuate pain But the reactions evoked by such
an attempt at explanation are varied and none seems satisfactory The patient
may immediately assume that the physician 1s trying tactfully to explun that there
1s nothing wrong with hum and that he 15 magining his pain - This will cruse
resentment  On the other hand he m1y 1ssume that the explanition 1s confirmn
tion that he 15 seriously 11l and needs constant sympathy and attention The Iy
term  nervous breakdown still has a heroic ring in the lay mind  Many a
patent will record with pride that he has suffered a nervous breakdown
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while the unfortunate doctor who 1s trying to manage the case will record yet
another hysterical means of escape from an unpleasant environment by an
madequate personality The most skilled of psychiatrists seem unable to help
these people They are often compelled to report failure, with the comment that
suitable guidance 1n childhood might have prevented these muserable episodes
But the opportunsty has been lost

Drugs

Similarly, drugs do not seem to be of any value in helping these patients
Aspirin 15 taken 1n ever increasing quantities and 1s finally rejected as useless
This 1n atself 15 almost of diagnostic sigmificance for most organic pamns of the
locomotor system respond well to salicylate The patient frequently runs through
all the analgesics and finds that they are either useless or that they upset him
One woman was prescribed aspirin by a synonym by her despainng doctor
Next day she reported to lim that the tablets had upset her so senously that
she had to take two aspirins to relieve her symptoms Nor do the modern anti
depressants, such as Largactil prove any more efficacious n these patients
The patients all conclude that drugs do not help them

CONCLUSION
These patients are remarkably successful 1n achieving their ends through their
llness As a group they receve extraordinary care and comfort from friends
and relatives They are surprisingly selfish a point which was brought out by
Flind and Barber (1945) 1n their description of psychosomatic rheumatism in the
Royal Air Force The patient with organic backache will be filled with pity and
sympathy for the patient with psychosomatic pamn
The conclusion which 1s generally reached by the despairing doctor 1s that
nothing 1s gomg to help these patients for their symptoms are too valuable
I have found no reason to change the opinion I expressed at the Royal Society
of Medicine (Tegner 1955) whenIsaid ~ What can be done about these patients
who 1n turn exhaust the general pracutioners consultants psychiatrists and
physiotherapists? The answer 1s nothung  they will always be with us and the
burden must be shared 1n turn by all the team
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CHAPTER 1S
AN ASSESSMENT OF SPINAT BIOPSY!

Nopuas 1 Hicr potsnav

VERTIBRAL WOPSY 18 10 operation to be undettaben sath na less reserve than s
exploratory hiparatomy 1t 8 not an academic excrce but ones plinn~dto rervead
information that will modifs the manapement of the patient determine specific
treatment and sndieste the progneus  When thete 18 1 demonstrable lesion in 1
vertebra careful thought must be piven to the salue for proper nd antelhpent
management of having microscopse confirmition of the diignoas  In spate of
all the modern mds 10 dipnows the impotiance of a0 wdeguite 1nd eeeful
histors and of a complete phyvacal evtnination cannot be too strongly stressed
The need for speeial Inboratory tests will be apparent after the history 1iking
and cxamipation and when the whole climenl picture as conudered 1opether wath
the radiographic appetrances 1t may be found that 1 spimal biepsy would 1dd
nothing of matenal vatue  In certun circumstances the cxtmination of the
entre sheleton will indicate other lesions 1n 1 stte more accessible than the sertebry
from where tissue may be taken for microscopic eximinition

INDICATIONS AND CONTRA INDICATIONS

When the patient s health or even Ife depends on n exact dirgnosis which can
only be made under the microscope then the means of obtuning it tre yustified
otherwise they are not  This attitude 15 reasontble 1f 1t 1s 1 patient who 1s being
treated and not staustics that are being amassed  Howesver there 15 no doubt of
the impressneniss and conclusiveness of 1 analysis of 1 senies of cises of 1
specific entity well documented and histologically proven  If this goal can be
achieved without hazard or harm to the patient 1t 1s then hughly desicable

Due consideration must be given 1o whether the pitient has only 2 solitary leston
I a vertebra or whether other skeletal lesions are present  If the hustory physical
examination laboratory aids and radiographic studies ful to elucidate the nature
of a solitary vertebral lesion 1t may be imperative to do a biopsy  The treatment
of an mflammatory lesion will be quite different from that of & leston due to
Mmetastatic cancer and there are nstances 11 which bone involvement was the
first indication that a patient had cancer, the primary site of which might not be
disclosed unti} necropsy In these circumstances 1 vertebral biopsy 1s definitely
indicated

When many bones are involved there are usually rdequnte grounds for regarding
the spinal lesion as identical with those elsewhere but 1f the radiogriphs of
multiple areas show quite bizarre or different features suggesting that the patient
may have more than one disease 1t may be necessary to do a biopsy 1o establish
the true facts Recently 1n the author s experience a wom in aged 61 years was

‘F{kathgl}z;)ne Tumour Department Memorial Center for Cancer and Allted Diseases New
of
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and removal of matenal under direct vision 1s required There 1s such a wide
vanation i posture panmculus and pathology that no set rule 1s applicable for
all cases but 1t should be remembered that surgical biopsy 1s a major procedure
and every case must be carefully assessed before subjecting the patient to the
operation Admission to hospital 1s required and the bropsy s performed in the
operiting theatre under a general anaesthetic It 1s usual for the approach to be
posterior or postero lateral unless the biopsy 1s inaidental to a transabd 1
or mtrathoracic procedure 1n which exploratory findings point to the desirability
of catrying out a vertebral biopsy The techmque follows general surgical principles
and 1s not detailed here  Good haemostasis 1s destrable and especrally when malig
nant tumour 1s suspected the wound should be closed 1n Jayers without any pack
ing and preferably without dramns otherwise 1f malignant tumour 15 proven
dramage and fungation 1n an open wound may deter or defer radiotherapy which
will probably be indicated  Swab smears and cultures of the area subjected to
biopsy should invanably be obtamned at the time, for what may appear grossly
to be tumour may prove on culture to be inflammatory as once happened to the
author when a lesion that had the gross appearance of fibrosarcoma produced
Sporotrichum schenck: on the cultures

The surgical approach to lestons of the sacrum the lumbar vertebrae and even
the lower thoracic vertebrae may be embarked upon with relative impunity
However the upper thoracic and cervical bodies present a more serious problem,
and needle biopsy methods would seem more attractive

ASPIRATION BIOPSY

In many 1nstances an open biopsy can be avoided by employment of the aspiration
biopsy technique This 1s 1 relatively stmple mmor procedure usually done with
local analgesia yields a quick diagnosis when positive and has proved satisfactory
n about 80 per cent of the author s cases The greatest drawback to the method
1s the lack of trained pathologists to interpret the smears so obtamned but this
difficulty 15 being gradually overcome as more pathologists become familiar
with the method The author has never observed any instance where harm has
been inflicted (haemorrhage seeding 1n the needle track and so on) and we
have not obtained any false positives where a berign tumour has been diagnosed
as malignant on asprration biopsy Most vertebral lesions are admurably susted
for this method The modification using the Turkel needle (Turkel 1951} 1s
available for the central medullary lesions where the cortex 1s not thin enough to
allow entry of the 18 gauge needle usually employed A more elaborate kit has
been devised and described by Craig (1956) and 1s highly recommended as surt
able for practically all circumstances he has given a detailed descripuon of the
techmque variations of approach and of the hazards

The simpler equipment employing the usual 18 gauge needle and 20 muililitre
Luer syringe (Coley 1949) requires more ymagination and planming the Turkel
needle obtains a larger and more acceptable plug of tssue and the Craig techmque
minimizes the hazards by embodying 2 more replete armamentarium  All methods
are materially aided by radiological gmidance Smears or cultures should be taken
from the tissue obtamned as recommended 1n open biopsy Even with the 18
gauge needle enough tissue 15 usually obtained for fixation formalin and pro
cessing 1nto the more satisfactory routine sections This reduces the burden placed
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SUMMARY

upon the pathologist 15 he can nterpret organoid patterns rather than scanty
clumps of cells

Thgrc are areas that ean be approiched wath 2 needle that would scem hazardous
dificult or impossible by open biopsy methods

COMPLICATIONS

1o 1 partally destroyed vertebral body excision of a Inrge biopsy fragment may
predispose to collapse  The spinal cord 1nd 1ts membrancs must be avorded unless
they re imvolved an the discase Verns, small and large, 1re numerous 1nd uncon
trolled hacmorrhage e1n prove troublesome  Wound snfection 1s a very unlikely
occurrence after aspiration biopsy, but may complicate open biopsy  Fungation
of tumour 15 not a problem with aspiration biopsy, but must be forestalled n
open bropsy by avordance of wound paching  Seeding of tumour along the spira-
tion needle track 15 purely hypothctical

AS THERAPLUTIC SURGERY
The advantage of open bropsy 1s scen tn those rare mstances where removal of
sufficient tissue for the biopsy 15 tantamount to removal of the entire lesion
Thus the nidus of an osteord osteoma could be completely extirpated 1t the well
planned biopsy A small exostosts or osteochondroma 1s just as easily removed
wholly as 1n part and saves the patient from a second operation  Although the
situation has not arisen 1n the author s experience, 1t 15 conceivable that an early
giant cell tumour of a vertebra might give the opportumty for performing a
thorough curettage followed by bone graftng as a curative procedure instead of

removing a portion of the tumour by surgery and relying on radiotherapy to
complete the treatment

CONCLUSIONS

Biopsy of a spinal lesion 1s a procedure not to be undertaken hightly but when
necessary for elucidation of diagnosis and as a guide to treatment 1t can and should
bedone Euther mcisional surgical approach or needle aspiration may be employed
and radiologteal guid will ard derably in reaching the site of the lesion

As Turkel (1951) so aptly stated * The presumptive diagnosis must often be
accepted since the vertebral body 1s surgically not easily accessible and the surgical
approach to the vertebral body 15 a major procedure The trephine method of
biopsy although not a simple method 1s much easter than the surgical approach
from the patient s, the surgeon s and the anesthesiologst s viewpont *

Vertebral biopsy can be done if there 15 good and substantial reason for it
Aspiration or needle biopsy techmiques are favoured because of the distinctly

lessened morbidity and if the pathology department concerned 1s 1n a position
to process and interpret the materzal so obtained

SUMMARY
Depending upon the size and location of the vertebral leston, spinal biopsy may
be a formidable procedure and therefore not to be undertaken unless there be

good reason 1t may be essential to establish a dignosts not ascertainable other
wise by total evaluation of all facts available

examination roentgenographic survey and laborato
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AN ASSESSMENT OF SPINAL BIOPSY

Asprration biopsy by 18 gauge needle or special modification of the needle
technique 1s preferable, but surgical biopsy may be resorted to where indicated
If done the operative wound should be closed without drains or packing The
accessibility of the vertebral lesion will determine the choice of biopsy method
and the prospect of obtaining positive mnformation to aid in determming the
appropriate treatment to be rendered
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AN ASSESSMENT OF SPINAL BIOPSY

Asprration biopsy by 18 gauge needle or special modification of the needle
technmique 1s preferable but surgical biopsy may be resorted to where indicated
If done, the operative wound should be closed without drains or packing The
accessibility of the vertebral leston will determuine the chotce of biopsy method
and the prospect of obtaming positive information to aid tn determimng the
appropriate treatment to be rendered
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paralysed management in paraplegia
7 258

Blastomycosis vertebral column of,
151-152
aetiology 151 152
radiographic appearances 152
treatment 152
Bone
congenital deficiency abnormalities due
to 50-33
density and structural strength 215 216
tissue primary tumours 197-207
Brachial neuritis trsatmem 185
Brodie s abscess 143
Brucellar spondylms 147-148
aetiology 147 1
diagnosis 148
radiographic appearances 148
treatment 148

C

Calctum content  estimation by radio
graphy 211
porosis m 210
sclerosis m 210
Carcinomatosis porosis in 218
Carpus fusion 1n oxycephaly 52
Cartilage congenital deficiency abnor
malities due to 50-53
Cartilaginous bone ossificationm 6
Centrum ossification of 8
Cervical myelopathy
spondylosts
)| imperfect
from occipital sclerotome 33
Cervical spine scoltosis in Klippel Feil syn
drome 39
Cervical spondylitis  See Cervical spondy
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immobilization due to 127
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hydrophtlic properties 22
notochordal cells m 19
nutritinon by diffusion 22
siteof 21
turgescence 104
water content 20

Tumbar

o]
Occiput fusion to atlas 31-37

197

[6]

Odontoid process 38-39
congenital absence 38
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osteoarthritis 1 107
Osteophytosis 107-112
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vertebral

neurological sy 48
meningocele accompanted by 29
assoctated with 48
occulta 30
symptoms 48
Spine
anatomy and development 1-28
congenital anomalies climical 1mport
ance 29
neurological signs 30
segmentation due to imperfect 31-50
curvatures of 1-3
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cause 35
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