1
**************************%******%****%********#%%*********J**

FRADIOLOGICAL STUDY OF SPINAL

DEFORMIT IES

THESIS

KRR LR RREEE R L RN L

SUBMITTED FOR FARTIAL FULFILLMENT FOR

THE MASTER DEGREE IN

R R AR ERR

{ RADID-DIAGNOSIS 3 R :\'%‘5
: * &
By E
« /
* %* .
RS L
SAYED ABDEL FATTAH ABDEL HADY
*
M.E.,B.Ch. x
7 :
/C .0 75 4 x
/ *
A .
S. 7 UNDER SUFERVISION OF g =~
2S5 £,

FPROF.DR. M.SAaMyYy EL BEBLAWI

CHAIRMAN DF RADIO-DIAGNDOSIS DREFARTHENT
DR. HEBAa MOHAMELD KHAL T

LECTURER 0OF RADIO-DI&GENDSTE

FACuUL. TY OF MEDICINE

AIN SHAMS UNIVERSITY

L s 222223223 EEE LR EE LS L EESEEEELEEEEEESELEREEESEEELILEEEESLILEEEEEZEEELEETE 2258 1
R A R S SRR RS R XY R AR N R IR R TRV ogeg

AREFREARRFHE N R H AR R AU AT FHRRE L FPEIE HRA R LR BFHAARRA LA R IR ERA L X E 2

Central Library - Ain Shams University




o
R
”rw” ‘k\\\\}\\
y H\ RS

Central Library - Ain Shams University




m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



ACKNOWLEDGMENT

With great pleasure, I wish

sincere gratituds ard appreciatt

MOHAMED SAMY EL BEBLAWI ,Chairman of

epartment . Ai1n Shams University
o b

help. support and ind advices.

1 would also like to exprs
gratitude and thanks to DR. HEBA
£ DEEB , Lecturer o+ Fadig—diagno

University
valuable advices
WO -

I wish to thank deeply
Fadiociogy

thi1s wWork.

Departmant

rg eupress @Y

on  to PROF.DR.
fadin—diagnosis

for his genaraus

== My faithful
MOHAMED KHALIL

Shams

for their

Central Library - Ain Shams University




CONTENTS

Fage
Introduction and aim of WoOrkb .o e e e e s o i e ee v esnvnua 1
o T &
T = i T 7
Methods of Radiclogical investigationsS.....e..... 20
Typs=s and Radiological assessment af Spinal Def-
1 = =5

Fathology and Radiological appemarances of the

different lesions causing spinal deformities.... e

Illustrating CaSS@Se e nceas caoeacnmeanasceannnss &é
Summary ang ConC lilSiOme @ o n v ot v o mm e emsemerm e 31
= = e =

Arablc summary

Central Library - Ain Shams University




INTRODUCT IORN

AND

AIM OF THE WORK

Central Library - Ain Shams University



INTRODUETION

AN

alM OF THE WORE

Spinal deformities represent a major problem for the
orthopedic surgson as well as for the patient and his family.
Deformities of the spine affect patient®s gait, stature and

cosmotic appearance.

An important factor that tas contributed to
improvements  in spinal surgery is the arcurate pre-—-operative
diagnosis which resulted from the considerable advances in
radiological technique and has made spinal aoperations both

2asier and less traumatic for the patient and surgeon.

Roentogenology plays an important role in the dagncsis
of abnormal spinal curvatures as regards the curwve pattern,
1ts flexibility, vertebral rotation and skeletal maturity.
A good radioclegical investigation 1s therefores essenti:al and
influencing management of spinal deformities.

A

The aim of the present thesis is to study the causes
and radiological appearances of the ditferent types af spinal

deformities and the role of radiclogy in their diagnosis.
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PEVEL OFMENT OF VYERTEEBRAE

The development of the vertasbral column passes through
four stages: 1) Stage ot nan-segmented noctochord. 2) Btage
of membranous or precartilaginous vertebral column. 3} Stage

3

cf grtilaginous vertebral column. 4) Stage of ossification

o+ the cartilagimgopus vertebral column. {Mahran et al., 19737

THE STAGE OF NON-SEGMENTED NOTOCHORD

The first evidence of the developing axial skeleton is
the notochord. It 15 a midiine rod mainly of mesodermal
grigin, which appears at arscund the 17th day of embryonic
lifae, It is situated betwean the pailred lateral mesodermal
plates. { Hawkins, 1984 3 ~.

THE STAGE OF MEMBRANGUS OF FRECAETILASINOUS YERTEBRAL COLLMN:

The lateral mesodermal plates differentiate ta form
segmental somites arcound the ZIZInd day with the appearances of
intersegmental blood vessesls. Mow, there are 42Z-34 pairs of
somltes : 4 occipital, 2 wervical , 17 thoracic, 3 lumbar, =
sacral and EB-10 cocoygeal. These paired mesodermal somitoes
develop a central cavity and form & lateral myotome and a
ventro-medial sclerotome. The sclerotomes migrate towards
the notochord, swrounding 1t to form part of the membrancus
or precartilaginous vertebral Coiumn, Each sclerotome is

tormed of a caudal condensed caell mass and a crani1al less
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condensed portion. The condensed cell mass moves crantally
and partially differentiates 1nto intervertebral disc. At
the same time the rest of this condensed ceall mass
proliferates and maoves towards the less condensed cranial
portion of the sclercotome below, with which 1% fuses to form
the membranous vertebral body. A nd mass of proliferating
srlaratome migrates dorsally to give the membranous neuwral
arch, and another group migrates ventralaterally tao give the

transverse and costal processes.

THE STAGE OF CARTILAGINCUS VERTERRAL TOLLIMN =

The 1nterzeqgmental blood vesssls are sttuated 1n the
denser portion of the Zdeveloping membranous veritebras, and
around theze wvessels, chondrification satarts at about &
weseks, heralding the formation of cartilaginous vertebral
column. The cartilage c=2lls proliferating arcund the
segmental bhlood wvess=ls constrict the notochord which
regress=2s at the level of the developing vertebral bodies but
persiskts  at the level of the developing discs and gives riss
to the nucleus pulposus. The fibrous and fibrocartilaglinous
ring, thne annulus fibrosus, which develops around the nucleus

pulposuzs  is formed from part of the scierotome Wwhich does not

chondri fy.
51 centres of chormgrification develop 1n the
membranous vertebrae : 2 centres to form the cartilaglnous

centrum, 22 centres for the newral arches and transverse
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processas and T centres develop to form the costal elements
except in the lower sacrum and coccygeal regions . The
costal elements 1in the thoracic regiaon give ;15e ta fully
developed ribs but elssewhere . they faorm part of the
transvarse processes of the vertebrae or lateral mass of the
sacrum. Any failure of development duwring this stage gives

rise %o deformities of the wvertebral baodies and neural

arches.

THE STAGE OF OSSIFICATION OF THE CARTILAGINOUS VERTEERAE :

it starts arcund the 3Ird month of foetal life and 13
still incomplete at birth. Desification of vertebral column
takes place from both primary and secondary centres. Each
typical vertebra 1s ossitied from T primary centres : one in
each half of the neural arch appemars at about the 379 month
and ocne in the body which appears at about the same time. <
{Hawki1ns, 1594, At birth . a vertebra consists of I pieces,
the centrum and the halves of the nsural arch, Jaoined to each
other by 2 Jjoints callad the neurocentral joints { Mahran et
al.,1s7% 3 . The two halwves of the arch unite during the
first year. The centrum unit=s with the neural arch at about
the third year. {Warwick and Williams 17733, At puberty five
secondary centres appear : one for the tip of each transvarse
pracess, ocne for the end of the Spilinous process and two
annular epiphyseal discs for the circumferential parts of the
upper and lower surfaces of the body. These secondary

centres fuse with the rest of te bane about the age of 25
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years. The centrum of the vertebra is occasionally ossified
from bilateral centres which sometimes fail to unite. The
suppression of one of these centres leads to the formation of
a wedge—-shaped vertebra and is a well recognised cause of
lateral curvature of the spine. The condition is freguently
multiple. Exceptions to this made of Dssi¥iC§tion occur 1in
the first, second and seventh cervical and in the lumbar

vertebrae. { Warwick and Williams, 1973 %

The first cervical vertebra, the atlas, is ossified from
three centres : one centre for each lateral mass appears at
about the second month. They extend posteriorly to form the
posterior arch and they unite between the =5rd and 4th vyear.
One centre for the anterior arch appears at about the end of
the first year and unites with the lateral masses between the

6tk ard 8th year .{ Mahran et al.,1973 >.

The second cervical vertebra, the axis, is ossified from
5 primary and 2 secondary centres. One centre for the body
appears at about the 484%™ gr  5*° month., Two centres for the
neural arch appear at about the 279 month. Two centres for
the sides of the dens [ the odontoid process—which represents
the centrum of the atlas 1 appear at 6th month and Joins each
other before birth. Aan additional centre for the tip of the
ndontoid process  appears about  the Znd  year and 1oins the
rest at 12 years. The base of the dens 1s Jjoined to the body

by cartilaginous disc which gets ossified at about the same

age £12 yearsl.
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The sewventh cervical vertebra shows an additiocnal
feature 1n that the costal processes are usually ossified
from =eparate centres, which appear about the &6th month and
dicin  the body and transverse process at the 6th vear. The
costal processas may remain separate  and grow laterally and

torwards as cervical ribs.

The lumbar vertebrae have two additional centres, one

for sach mamillary process. £ Warwick and Williams, 1972 >

In the sacrum, each of the S sacral segments ocssify
from I primary centres. {ne for the body and two for the
neural arches,. But in additiocn, the upper I sacral segments
each have two costal centres for the anterior parts of the

alae of th=s sacrum.

in the soccy:, each cococyge=l segment ossifies from a

singlie centre, thersbeing ng neural arch.

The % sacral segments  fuse ints & single  mass during
adolescence  or early adult life [ 25 vears 1 » and fusion of
the foccygeal segments ococurs at aboutr the same age. ¢ Warwick

and Williams, 1973 3
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ANATOMY OF THE VERTEBRAL COLUMN

The vertebral column or the spine forms the cemtral axis
of the bedy and 1s built up of : 1)A series of vertebras, 7
cervical, 12 thoracic, § lumbar. S sacral [fused intg the
sacrum ]} and 4 or 5 coccygeal [ fused into the coccy: 1
2 Intervertebral discs of fibrocartilage, in between the
bodies of the vertesbrae. They caonstitute about 20% af the
length of the vertebral column . [The average lenagth of the

vertebral calumn is about 70 cm in the adult male and &0 om

1in the female 17 Mahran st al 419715

STRUCTURE OF A TYFPICAL YERTERRA LFIG. 13
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ns:sts of arn anteriocr part, the body

and a gosterior part,the nawsal arch, which encloses  the

vartebral foramen occupied in life by the spoimal cord, the

meninges and associrated  vessels, The neural arch is
subdivided intc paired pediclses, taminse, transverse
processa2s, Superior and Lnfsrior articular processes ard a
sSingle sSpinoos process. [0 Warwich and Williamz, 197Z% 2 The

Dody 15 strong and cylinderical and forms the weight bearing
rorticn of the wvertehra. Therzfore, the size of the body
increases as ws go downwards towards the lumbar region. The

body  haszs un upper and a lower zurface articulating with the

vartebra abhove and below by *hs intervening intervertsbral
cisc. The pedicles arise from the posterclateral aspect of

the body and form the suvperior and inferiar margins of the

>
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