The morphometric description of the thoracic and lunbar vertebral pedicles in European,

African and Mixed populations of South Africa

Hassan Yauri Sani

(1332559

A Dissertation submitted to the Faculty of Health Sciences, University of the
Witwatersrand, Johannesburg, in fulfilment of the requirements for the degree of Master
of Science in Medicine.

Johannesburg, 2018



DECLARATION

I, Hassan Yauri Safnereby declare that this dissertation is my own work, with the assistance of
the acknowledged persons. It is being submitted for the degree of Master of Science in Medicine
in the Faculty of Health Sciences in the University of theA#tiersrand, Johannesburg. It has

not been submitted before for any degree or examination at this or any other University

12" day of April 2018



DEDICATION

In memory of my mother
Late Hafsat Sani

19562015



CONFERENCE PRESENTATION FROM THIS STUDY

The following poster was presented at the 4etihgress of the Anatomic8bciety of Southern

Africa hosted bythe University of the Free State at the Bloem Spa hotel and Conference Centre,
Bloemfontein, from the 8thl1th May, 2016

1. SANI, H., P. NKOMOZEPI., P. MAZENGENYA . The morphometric descriptions of the

thoracic vertebral pedicles in South African popuolasi.



ABSTRACT

The use of pedicle screws fixatiéor surgical management of spinal disordeas become
increasingly popular worldwidé&egmentapedicle screwixations are used in spinal canal
decompression surgery feariousspinedisorders such aoliosis spondylolisthesis, fractures,
tumor and iatrogenic or degenerative instahilliye main challenge tthe use of pedicle screw
can be due to mismatched size of the screw and thel@eThis may result in cortita
perforation of the pedicle or fracture of the peditladerstanding of pedicle morphometric
values is important in designing pedicle screw systems as well as in accurately placing the
screws taavoid orminimize complicationsMost of the studies otihe morphometry of the
vertebral pedicles have been reportetheEuropean populatiawith a few reports in Asian
populations and none the African populations. Previous studiesreahown significant
population and ethnic differences in pedicle morpétyn The current study presents
information on the thoraciand lumbapedicle dimensions at the isthmus in the European,

African and Mixedancestry populations of South Africa.

The study utilized thoracic and lumbar vertebrae of 60 African, 60 EuropdasdaMixed
ancestry adult human populations of South Afrigth equal male to female representatidhe
dry humanskeletons used were obtained from the Raymond A. Dart Collection of Human
specimens housed in the School of Anatomical Sciendbs atniversity of the Witwatersrand
Pedicles of theertebra were assessed and measured. The external measurements on the
isthmus of the pedicle were performed usangjgital Vernier calipr (accuracy, 0.inm) on the
right and left pedicles. The angular measwgats were performed with a standard goniometer
(accuracy of 1°). The measuremstatken at the isthmus of the vertebral pedictduded the

pedicle width, pedicle heightranserse angle, sagittal angtehord lengthand interpedicular



distance. Fothe internal measurement, all the vertebrae were radiograph and the transverse
(width) and vertical (height) inner cortical diameters were measured at the isthmus of the pedicle

using image processing software (image J®).

In the three populations of Souffrica, the mean pedicle width was found to gradually

decrease from vertebral levels T1 to T5 and then gradually increased to vertebral level T12 in the
thoracic spine whereas in the lumbar spine, the mean pedicle width gradually increased from
vertebrallevels L1 to L5.The mean pedicle height gradually increased from T1 to T12 in the
thoracic spine and in the lumbar spine it gradually decreased from L1 to L5. The mean transverse
angle gradually decreases from vertebral levels T1 to T8 and then incgeadedlly to

vertebral level T12 in the thoracic spine, and in the lumbar spine, it increased gradually from
vertebral levels L1 to L5. Ae mean sagittal angle marginally decredsem vertebral level§1

to T7 and then incread¢o vertebral levell12 inthe thora spine, andri the lumlar spine it

slightly increased fromertebral leveld.1 to L5. The mean chord length gradually increased

from vertebral levels T1 to T12 in the thoracic spine, while in the lumbar spine it gradually
increased from vertedl levels L1 to L3 and then slightly decreased from level L4 toTbg.

mean intetpedicular distance was found to gradually decrease from vertebral levels T1 to T6

then gradually increased to vertebral level T12 in the thoracic spine, and in the Ipmbatte

mean intetpedicular distance gradually increased from vertebral levels L1 tbHésmean

transverse inner cortical diameter gradually decreased from vertebral levels T1 to T5 and then
gradually increased to vertebral level T12 in thoracic s@nd in the lumbar spine; it gradually
increased from vertebral levels L1 to L5. The mean vertical inner cortical diameter gradually
increase from vertebral levels T1 to T12 in the thoracic spine whereas in the lumbar spine it

gradually decrease from L& t.5.
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Pedicle width, pedicle height, transverse angle, sagittal angle, chord lengtpeuitriar
distance, transverse inner cortical and vertical inner cortical dianséi@nsed significant
differences with age, sex and among the African, EuropediVated ancestry populations of

South Africa.

TheEuropearpopulation of South Africahowed significantlyarger pedicle dimensions when
compared tahe African and or Mixed ancestry populations. No significant difference was found
between the pedicle dimensions in the African and Mixed ancestry populatiales. hél larger
dimensionghan femalesThis information is vital in determining the safetargin of

transpedicular fixatin in South African populatio®rthopedic surgeons should therefore be

aware of racial disparities on pedicular parameters
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1 CHAPTER ONE: INTRODUCTION

The use of pedicle screw fixatidor surgical management of spinal disorders has become
increasinglypopular worldwie. Segmentapedicle screwixations are used in spinal canal
decompression surgery for various spinal disorders sustoéissis spondylolisthesis, fractures,
tumor and iatrogenic or degenerative instab{i@fypadheet al, 2003) The initial methods of

pedicle scew fixation were described Baymond RoyBoos and Webb, 199./Roy-Camilleet

al. (1973)described the use of the posteriatplwith screws positioned sdglty through the

pedicle and articular processé&be screws were designed folloginecommendations from
anatomical studies of the pedicle $gillant (1976) The technique was first used to treat
fracturesof the spineand later extended to other spineslodderssuch as vertebrahalunions,

tumors, spondylolisttes and lowback pan disorderLouis (1986)modified RoyCa mi | | e 6 s
techniqueand instrumentation by supplementing osteosynthesis with fusion of the posterior joint.
Earlier fixation methods before pedicle screwing typically involved the use of hooks and wires,
and both methds were designed to provide immediate stability and rigid immobilization of the
spine. However, pedicle screw fixation has the additional advantage of not requiring the presence
of intactbonelaminae, facet joints or spinous proaes¥abins and Weinste, 1991) The

pedicle screws also enable various devices (plates, rods or wires) to be applied in order to

achieve immobilization and fixatiomonooKuofi, 1995)

Thecomplicationf the use of pedicle screw can be due to mismatched size of the adrew a
the pelicle. This may result in corticplerforation of the pedicle or fracture of the pedicle
(Singelet al, 2004) Other complicatiogincludedural tearsand injury to the nerve roofSingel

et al, 2004) Therefore, amnderstanding of pedicle morphometric values is important in



designing pedicle screw systems as well as in accurately placing the sceswgltorminimize

complications.

Theanatomic andiomechanic characteristics of the pedicle favours pedicle sosantion

(Boos and Webb, 1997y he strongest portion of the vertebrae is the pedicle, which transmits all
forces from the posterior elements to the vertebral body. The pedicle can withstand stressors of
rotation, side bending, and extension of the sfiiha_ain et al, 2002) It is an ideal structure to

lock into and control with posterior instrumentation when spinal fixation is nébtiddiin et

al., 2002)

The studies of the pedicle have been underthksed on the direct anatomic and radiologic
measwvements mostly in the European populations and have dictated many of the decisions in the
instrumentation and screw desi@tou et al, 1993) Mostof the studies have been reported in
EuropearpopulationgSaillant, 1976; RoyCamilleet al, 1986; Marchdset al, 1988) with a

few reports in Asiamnd AfricanpopulationgHou et al, 1993; Kimet al, 1994; Mitraet al,

2002) Previous studies had shown significant intsial and ethnic differences pedicle
morphometryKim et al, 1994; Datiret al, 2004; Taret al, 2004) However, there is no

available information on the dimensions of the vertebral pedicles in the South African
populations. This information is vital fwovide data on surgically relevant parameters of pedicle
dimensions and to datmine how safe pedicle screwing can be used in the South Africa
populationsHence, he aim of this studis to assess the morphometry of the pedicle dimensions

at the isthmus ithe European, African and Mixexhcestrypopulationgn South Africa



2 CHAPTER TWO: LITERATURE REVIEW

2.1 Anatomy of the Human Spine

The human spine or the vertebral column consists of complex structures designed to allow
mobility of the trunk and extremities ampdotect the spinal corgMiddleditch and Oliver, 2005)

It is made up of 33 vertebral bones divided into: seven cervical vertebrae (C1 to C7), twelve
thoracic vertebrae (T1 to T12), five lumbar vertebrae (L1 to L5), five sacral vertebrae fused

together to form sacrum and four fused elemental vertebrae tdtierooccyx.

On the lateral view, the vertebral column has four normal curves, which consistasiis
(anterior convexityin the cervcal and lumbar regioandkyphosis(posterior convexityin the
thoradgc and sacral region&smussen, 1959hese nomal anatomical curves provide the
vertebral column with increased flexibility and also augnitsrghockabsorbing capacit@White

and Panjabi, 1990)

2.2 Functional movementof the human spine

Thehuman spine is like a mechanical structure that consistsra#lwae and other related

structures such dacets, intervertebral discs, ligaments and musclesleMee in the mechanics

is the vertebrae; the pivots are the facet joints and the intervertebral disc whereas the activators
are the muscles and the ligants(White and Panjabi, 1990)These structures give human spine

its three fundamental biomechanical functionst@lallow sufficient mobility between head,

trunk and pelvis(2) to tranger weight of the heatb the pelvis and (3p offer protectionto the

spinal cord.



2.3 Vertebrae

The vetebra is divided into two segmentise vertebral body anteriorly and the posterior
elements posteriorlfMoore, 2013) The vertebral body beatise compressive loadhkie to body
weighton the spinendis composed o& porous trabecular bone surrounded by dense and solid
cortical $ell (Roy-Camilleet al, 1986) The posterior elements, which protect the spinal cord,

consist ofthe pedicles, lamina, transverse process amsbspiprocess.

2.4 Intervertebral disc

The ntenertebral disc function® absorb and distribute loads applied to the sfBo®s and
Aebi, 2008) They comprise the endplates, peripherafulus fibrosus and centralicleus
pulposugScottet al, 1994) The endplates provide attachment to the bealdodies and serve
as medium fonutrient transfer into the digScottet al, 1994) The annulus fibrosuconsists of
concentric oblique fibres which are important in limitnogatioral movements of the spine
(Boos and Aebi, 2008)he nucleus pulposus a gellike material consighg mainly of water

that easily deforms, but is incompressifBeos and Aebi, 2008)

2.5 Facet joints

These ar¢he synovial joing of the spine between the superior articular prazsessd inferior
articular processs(Bogdukand Long, 1979)The joints have &brous capsule, articular
cartilage and synovial lininBogduk, 2005) The joins play an important role in axial load
bearing during extension and their orientation differs from one region of the spieotber. In
the cervical region, the joisadopteda coronal orientation and therefore alléov all possible
range of movements such as flexion, extension, lateral flexion and rqtatealski et al,
2005) In the lumbar region, the jomlie in sagittal planevhich allows flexion but no rotation

movementgGray, 2008) The joinsin the thoracic regioassumean intermediate position
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between coronally oriented cervical and sagittally oriented lumbar edibis allowsfor

lateral flexion and rotation but rilexion or extensioomovementgKowalskiet al, 2005)

2.6  Functional spinal unit

A functional spinal uniof the vertebral columnonsists of two contiguousextebrae and
interveningintervertebral disc, two facet jogand allthe adjoining ligaments excluding muscles
(Herzog, 200Q)Stability of the spine is defined when there is neither abnormal strain nor
excessive motion in the functional spinal unit. A single functional spinal unit altovesx

degrees of freedom of movement, thre&tions in the sagittal, tnaverse and coronal planes

and thredranslations The integrity of the spinal unit is examined to evaluate the effects disease,
degeneration, implant or other procedures have on the spinal biomedsahickz and Ashton

Mill er, 1991)

2.7 Anatomy of the individual vertebrae

A typical vertebra consists tfie vertebral body situated anteriorly ahdvertebral arch

posteriorly. The vertebral arch encircles a foramen, the vertebral forantenonsis of pairs

of pedicles and &minaefour articular processeandtwo transverse and one spinguscesses
(Grey, 2008) However, the vertebrae of each region have special distinguishing characteristics
which are unique to that particular regidor example the C7 has the longesheps process in

the cervical regioiiDrakeet al, 2005)

2.7.1 Cervical vertebrae
These are smallest vertebrae and characterised by the presence of a foramen in their transverse
processes, the foramen transversaywirich transmit thevertebral artery and veir{&rey,

2008) The atlas is the first cervical vertebra wiiwvertebralbody and spinous process. It



consists otwo lateral masseshich aregjoined by a short anterior amdong posterior arch
(Kramer and Allan, 2005)The axs is the second cervical vertelarad bears anpward
projection from itdodycalled the odontoid process. The odontoid proaessulates with the
anterior arch of the atlagove(Netter, 2014)From the third to the sixth vertebrae, these are
typical cervical vertebrae; characterised by the presenasiobrt, bifid spinous processes and
each transverse procdssarsa foramen transversariugramer and Allan, 2005 he seventh
cervical vertebra is atypical and consists of a small foramen transuersard a very large

spinous process which is not bifid.

2.7.2 Thoracic vertebrae

The thoracic vertebrae have a b@ilse between the cgcal and lumbar vertebrae, which

increase gradually from above downward, arelcharacterised by the presence of facet for
articulation with head of the ribs on the side of the vertebral b¢@ey, 2008) They also

possess another fadet articulation with the tubercles of the ribs on all the transverse processes

except the eleventh and twelfth vertebfeakeet al, 2005).

In a typical thoracic vertebra, the body is hedwdgped when view from above with two demi
facets on each sid# the juncibn of the body and the pediclérey, 2008) The atypical (first,
ninth, tenth, eleventh and twelfth) thoracic vertebraestwkier peculiar characteristics. The first
vertebra has a whole facet on either of the body for the first rib and aalsshibr the second
rib (Netter, 2014) The ninth vertebra mayaveonly onedemifacet below, but in some
individual may havéwo demi-faces, and when this hgpens the tenth vertebra could only have
one demifacet abovéGrey, 2008) The tenth vertebra has the whole facet on either side of the
body, which is usually close to the lateral aspect of the pgdicéener and Allan, 2005)n the
eleventh vertebra, the facets are large and mainly on the pedicle, its spinous and transverse
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processes are sh@kramer and Allan, 2005)The twelfth vertebra closely resembéelumbar,
but may be distinguished from it by the presence of tieedlly convex inferior articular surface

(Grey, 2008)

2.7.3 Lumbar vertebra

The largest vertebra in tieiman spine arthe lumbar vertebra, whicre characterised by the
absence of the foramina in the transverse processes and the facet for(Begalos,2005)
Their vertebral body is larger, wider and thicker than the thoracic ve(@beg, 2008) They
have very strong pedicles that projedegtkward fronthe upper part of thieody (Drakeet al,
2005) The triangular vertebral foramen is smaller thrathe cervical, but larger than in the
thoracic region with broad, short and strong laminae and quadrilateral spinous flDoaksst

al., 2005)

2.7.4 Sacrum

This is triangulaishaped bone in lower part of the spine. It consists of five fused satetrae
(S2-S5)(Moore, 2013) The superior part is the base which articdatigh the body of the last
lumbar vertebrae and its inferior part, the g@ekculates with the coccyGrey, 2008) Its
anterior surface is the posterior wall of the pebawity, whereas the posterior surface is
essentially subcutaneous. The two irregular lateral swtateulate with the hip bondsletter,

2014)

The superior surface of the body of the first sacral bone which forms the base of the sacrum has a
prominentanterior lip called the sacral promontowhich serves as an important obstetric
landmark(Bogduk, 2005) The lateral, windike parts of the basierm the alae of the sacrum.

Each ala consists anteriorly of the costal element, and posteriorly ofribeerse process



(Kramer and Allan, 2005Both components are fused to the side of S1 body and its pedicle

forming the lateral boundary of the sacral cgivdore, 2013)

The anterior or pelvic surface of the sacrum is relatively smooth. Its central gwtidaur
transverse ridges which indicate the regions of fusion between the bodies of the five sacral
vertebragGrey, 2008) Lateral to these ridges are anterior sacral foramina through which the

anterior rami of S1 to S4 spinal nerves enter the peivisach sid¢Drakeet al, 2005)

The posterior surface is slightly convex and very irregular. There are five prominent longitudinal
ridges on this surfag@ogduk, 2005) The lateral surface is rough and triangular in shape. It

articulates with the iliumforming the sacrdliac joint (Moore, 2013)

2.7.5 Coccyx

This is a small triangular bone, formed by the fusion of four coccygeal ver{g&eamer and

Allan, 2005) Their number is variable amday be one lesor more in some people. They are
concave anteriorly, thus continuing the curve of the sacrum. There are traces of a vertebral arch
and processes but the vertebral bodies are absent and there is no vertebdiocaiaaP013)

The most obvious feature§ these vertebrae are the tubercles which represent remnants of the

transverse or articular procesgksamer and Allan, 2005)

2.8 Surgical Anatomy of Pedicle

The pedicles are two short and tubular bones that connect the lamina to the vertebral body. The
pedicle is the strongest part of the vertebeeen in osteoporos{§&ertzbein and Robbins,

1990) As such, about 80 percenttbehold of pedicular screw is contributed by the pedicle

(John, 2008)It consists of an outer cortical shell and inner cancellous part. The dimensions and

shape vary between the levels of vertebrae. Anatomith#éyedicle forms the lateral border of



the vertebral foramen and also the upper and lower margin of theeinédmal forameiHirano

et al, 1997) Medial to the pedicle is the#uralsac and the nerve roots pass directly inferior to it
as they exit through their respective intervertebral forafWézinsteinet al, 1992) Because of
these anatomical relationskjghe spinal cord or nerve root can be injured by damage of the

medial or inferior pedicular cortex during pedicle screw placeliMisenhimeret al, 1989)

2.9 Morphometry of pedicles

The pedicle has been the subject of many morphometric studies in different populations around the
world to determine their true dimensgiThere are reports regarding pedicle dimensions in
AmericangOlsewskiet al, 1990) KoreangKim et al, 1994) Greeks(Christodoulowet al, 2005)
Japanes@Noijiri et al, 2005)and Egyptiar(Maaly et al, 2010)populations. Many authors have
studied the pedicles of the vertebrae using different methods such as direct measurement on
cadavergChaynest al, 2001;Mitra et al, 2002; Christodouloet al, 2005; Charlest al, 2014)
the measurement of dry verteb(@erryet al, 1987; Scolest al, 1988; Moraret al, 1989; Nojiri
et al, 2005) computed tomography (CT) scaf@ndrick et al,, 1987; Kraget al, 1988)plain
radiograph(Olsewskiet al,, 1990; Kanget al, 2011) andquantitative 3dimensionanatomic
techniqugPanjabiet al, 1991; Taret al, 2004) These studies demonstrated that significant
differences ext between different populations, sege groups, and vertebral levels. Other factors
that also contribute to the wide disparity in the reported results are the differenceslensae)p

methodsof the studies

2.9.1 Pedicular width
The pedicle widths the minimum value between theedial andateral surfaces of the pedicle.dt i
the most important parameter because it determines thef st pedicle screw to be use during

surgery(Weinsteinet al, 1992) Significant variatios werefound in its values from previous

9



studies Pedicle width measured B¢oleset al. (1988)were smaller than those measured by
Zindrick et al.(1987) Berryet al.(1987)andPanjabiet al.(1991) Both Berryet al.(1987)and
Scoleset al.(1988)measured the pedicle dimenssofrom the drnhuman skeletons the same
collections of bongalthough they tookhe measurement at separate vertebral levels and on
different specimens. The differerscim values of pedicle widthetween thesevo studies are likely
due tovariationin the sample siz0 adult vertebral column for Scolesal (1988) and 30
vertebral column for Berrgt al (1987)).The pedtle width of the lumbar spinecreased gradually
from L1 to L4 and increased sharply at (L%en et al, 2007) The largest pedicle width was sest
the L5.Moranet al.(1989)showed an almost similar tremdwhich the pedicular width imeased
slowly and irregularly from L1 to L5The minimum diameter measured at vertebral level L1 by all
authors ranggfrom 7 to9mm. The range of maximum diameter at vertebral level L5 was 18

21mm.

2.9.2 Pedicular height

Pedicle height is the minimum value which separtite superior and inferior margittse of
pedicle(Maillot and WolframGabel, 1993)Pedite height carries lesser importance in deciding
pedicle screw @imeteybecause its value much higher thapedicular width. This dimension was
not part ofKrag et al. (1988)study.However, it still remains of interest due to the clearance it gives

to the surgeon at the time of the pedicular aiming.

Generally, pedicle height increases gradually framebral levell'l to L5, with the increase being
mostly at the extremities of the thoracic spine. Caudallthelumbar spine the dimension was
found todecrease with a minimum at L3, then increase up t(Charleset al, 2014) The work of
several authorshowed comparable values and close to 15mttneilumbar region(Saillant, 1976;
Moranet al, 1989; Olsewsket al, 1990) On the contraryBerryet al.(1987)andZindrick et al.
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(1987)found that the pedicular height deased at L4 and L5, wheréasoleset al.(1988)and
Panjabiet al.(1991)found large increasdowards the lower lumbar levels. FBerryet al. (1987)
the decrease was more obvious awvkfebraOlsewskiet al.(1990)showed a clear increase of

this value at the vertebral levieb.

2.9.3 Pedicle angle

The angle between tiwertebral body and pedicle variesnsiderably throughout the spirie.the

transverse plane, the pedicle angles from posterolateral to anteromedial at most levels, the exception
being in the region of théabracolumbar junctiorAt this point the pedicle angle may be neutral

(parallel to the midline) or even reversed from the angulation in other regions of thé&Zspanek

and Hodges, 1996)n the sagittal plane, the pedi@egleis neutrally oriented in the lumbar spine

while in the thoracic spine the pedicle aniglerientatedlownward to meet the vertebral body.

The transverse angleas important parameter abtaining correct screw insertiavithout
damagingneurologicstructures such as nerve rod&oy-Camilleet al. (1986)andLouis (1986)
suggestedhat a pedicle screw must be inserted in the straight direction. In coKnaget al.
(1988)andzindrick et al. (1987)reported that insertion of the pedislerewalong the medial
trajectory i s a s af er-lateral rdjeatorydiffers. fronh that df theepedicle r e w

by even a relatively small amount, medial or lateral breach may result.

Measurements of pedicle angles varied significantly in presvstudiegZindrick et al, 1987; Krag
et al, 1988; Scolest al, 1988) This may be due to the different techniques employed to measure
the angleZindrick et al. (1987)measured angles from CT and radiographic data whiregst al.
(1988)andScoleset al.(1988)used direct measurement from the dry verteli?aajabiet al. (1991)

used computer software anteasuredite angles from a pedicle nfiite to each of the sagittal and
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transverse planes. Althougjie values found by these studies afieent they all concurred that the
transverse angle decreaséeadily as one continues down the thoracic spine until in the lower
thoracic vertebraevhere it shows a sharp increase; it then increases steeply across the lumbar level
such that the L5 pécle has transverse angle of 25 to 30 deg(2elrick et al, 1987; Kraget al,

1988; Scolegt al, 1988)

2.9.4 Chord length

Chord length (Screw path length) is the distance from the junction of the superior facet and
transverse process to the anterior cortex of the vertebral body along the pedicle axis. Chord length
determines the safest length of awyew that can be used for pedicular fixation. It is an important
parameter that prevesperforation of theanterior cortex and the consequent injirynajor blood
vessels which lie anterior to the vertebral b{@stil and Bhuiyan, 2014)t varies with the size of

the vertebral body and approximately 4@5mm in the thoracic spine and 50mm in the lumbar

spine(Weinsteinet al, 1992)

2.10 Demographic factors and pedicle dimensions

There are conflictingeports about the relationship between the demographic factors (age, sex,
andpopulatior) and pedicle dimensionkim et al. (1994)andTanet al. (2004)reported that
pedicle dimensions in Koreans and Chinese Singaporeans respectively are smallgrebplein

of European descern the other hand@Chadhaet al. (2003)andAcharyaet al.(2010)
demonstratethatwhite had significantly larger pedicle size thindian populationglsewskiet

al. (1990)andHou et al.(1993)showed that males had significantly larger pedicle dimensions
than females. In additioiGharleset al.(2014)concluded that pediclimensiors generally

increase with age. HowevevicLain et al. (2002)found no correlation between pedicle size and

Seéx or race
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2.11 History of the pedicle screwfixation

The use of bone screws to obtain internal spinal fixation at the time of fusion was first describe
by Toumey (1943pndKing (1948) Their techniques involved passing a screw from medial to
lateral across the facet joint. The screws were short and designed only to cross the fécet joint
the method was faultgndit led to higher rates giseudo ahrosis.Boucher (1959modified the
technique by using a longer (one and a half to two inches) stainless steel screws placed through
the inferior facets into the pedicle and vertebral body below. This led to the redugiseudbd
arthrosisrates to approximately 14% to 11%ndreaet al, 2005) Magerl (1984)ntroduced

another form of facet screws in which a screw was passed from one side of the spinous process
into the opposite lamina across the facet joint to the base of the trangeeesspThe

disadvantage of this technique was that it required intact lamina.

Harrington (1988)nitially used facet screswo correct scoliosis in patients with poliomyelitis
without success. Later oa,muchimprovedHarrington instrumentationvas devedped which
hadscrewsnserted into the pedicle of fifth lumbar vertebra and attached distraction rods by
heavy stainless steel wi#or reduction and stabilization of spondylolisthesis. The first to use
pedicle screws and connect it to a dorsal platebyd®oy-Camilleet al.(1973) Beginning in
1963, RoyCamille used pedicle screw fixation in the spines for correction of fractures,

instability after the resection of vertebral tumours, and in lumbosacral fusion.

Cotrelet al.(1988)introduced anew metlod that used both pedicle screw and hook connecting
them with dorsal rods and platehich is nowcalled the universal spinal instrumentation for
treatment of scoliosis through application of multiple corrective force at different point on the
rods. This methodallowed for thecorrection of some of the features of scoliosis ¥t not
treatable by Harrington rods, such as rib hump
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Panjabiet al.(1991)analysed and compared the facet fixation and pedicle screw fixation
methodsand found that the stalty of the spine was relatively low during flexion/extension and
lateral bending with facet screw fixation compared to pedicle screw fixation system. The pedicle
screw was then recommended as the method which supports and maintains the biomechanics of

thevertebral column.

2.12 Screw design

A pedicle screw consists of a head, neck and i§ey 2.1) It has a major (outer) and minor
(inner) diamete(Choet al, 2010) The outside diameter of the screw ra;mfrem 4.5 to 7mm.
Screw lengthrangesrom 30 to 55mm and isieasured from the tip to the base of the screw head
(Andreaet al, 2005) The main functiorof the screw head is to provitiee anchang siteto a

rod or plate which connects the other screws along the soeaonstruc{Parham2013) The
innerdiameter of the screw is the determunfiactor forresistancef screw to bending or

fracture. Thestrength of the screws ireases exponentially as the indeameter is increased

(Petersilgeet al, 1996)

The thread depth, pitch angbe are three most important design element of the screw. Thread
depth is the diffegnce between the outer and indexmetergParham, 2013)Larger thread

depth result in better bone securing and stronger screvoyiuih soft cancellous bormit

reduce fracture strength of the scréRarham, 2013)Thread pitch is the distance between two
adjacent threads or may be defined as the number of threads p@tarichm, 2013)Thread

type refer to the shape of the thread, of which there are many optienkesign utilized most

often in surgical i mpl ants include AVO shaped

threadgParham, 2013)
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D: outer diameter

d: inner diameter
D-d: thread depth Pitch

Figure 2.1. Image showing different parts of pedicle scré&dopted from Cho et al. (2010)

Two types of screws are generally used in surgery depending on the type of bone that is being
instrumented (Cortical bone or Cancellous bdiRayham, 2013)Cortical screws are more like
machine screws, meaning that theyé a low thread depth and low thread pitch, an ideal
combination for gaining screw purchase in a hard material. On the other hand, cancellosis screw
aremore like wood screws in that they have a high thread pitch and large threa@Rdeptm,

2013) This combination allows for screw purchase in relatively weak material such as

cancellous bone because it allows for a large amount of bone to be present between each thread
thus increasing its strengfRarham, 2013)Since pedicle screw fixation is mostlytinvn

cancellous bone, most pedicle scsare designed like wood scregarham, 2013)

2.13 Techniques for screw insertion
There are diferent method$or detecting the pedie and insertinghe pedicle screw, but basic
sters include: (1) clearingf thesoft tissue after skin incision, (2) identifying the intersection at

thebase of the facdtetween a vertical line passing through the middle articular fandthe
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horizontal line througimiddle of the transverse process, (3) removing the cortexsgpdimt to
expose cacellous part of the pedicle, (4) proving the pedicle, (5) locahiagour wals of the
pedicle by probingr radiographic confirmation, (6) tapping the pedicle, anglacing the

screw(John, 2008)

The entry point is decorticatesing a burr to create a posterior cortical breach, approximately
5mm in depth(Roy-Camilleet al, 1986) Using a bur or awl the dorsal cortex of the pedicle is
penetrated. Then a straight pedicle probe is used to create a path for the screw through the
pedicle into the vertebral body. The progression of the probe should be smooth and steady. After
cannulatbn, a sounding probe is placed into the pedicle that is then palpatedittomto make

sure there is nmedial, lateral, cranial or caudal disruption in theeopof the pedicléPennalet

al., 1964) After the pedicle halseen probed and sounded, 8tean pins or Kwires are placed

into the pedicle to confirm the trajectory and entry site, and then the pedicle screw path is tapped
when non seltapping screws are us@d/einsteinet al,, 1992) After tapping the pedicles, the
permanent screws with largtediameters that will not break the pedicle are placed. The screw
length can be determined by measuring the length of the Steinman pin from the pedicle entry site
to the depth of 50% of the vertebral bdaty et al, 1998) Once the pedicle screws arepiace,

the lateral aspect of the facet joints and transverse process are decorticated and then the screws

are connected to the longitudinal rods or plates (Andrea et al., 2005).

2.14 Entry point

Anatomical landmarks, and confirmatory radiography are commusdy for pedicle screw
insertion(Steinmanret al, 1993) In the lumbar spine, the entry point is at the intersection
between a vertical line passing through the middle of the inferior facet and the transverse line
passing through the middle of the tramse procesgroy-Camilleet al, 1986) In the thoracic
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spine, the anatomical landmark for the entry point defers depending on the verteb(Xueatel
al., 1998) The starting pointri the lower thoracic spine at vertedralels T10T12 isat the
junction of a vertical line which passes along the lateral boundary sptue betweethe

inferior and superior articat processes of the facet joiatd a transverse line dividing the
transverse process in its hefim et al, 2004) In themid-thoraciclevel, the starting poinshifts
medially so that at vertebral legdl7-T9 the entry point islong a vertical line just lateral to the
midpoint of the superior articular proceasad a transverse line along the superior border of the
transverse proceg€inotti et al, 1999) At vertebral levels T2 the entrypoint is located at

the intersection of a vertical line along the lateral border ofplage betweethe inferior and
superior articular processes of the facet joamd a transverse line bisecting the transverse

procesgKim et al, 2004)

2.15 Complications

There are many controversies and complications regarding the use of pedicle screws to stabilise
the injured spineBrown et al.(1998)reported a complication rate of 2.2% in paediatric patients
using thoracolumbar and lumbar pedicle screws. In a study of pedicle screws fusion for non
traumatic disorders, Lonsteat al. (1999)reportedcomplicatiors rate of 24%hatweredirectly

related to pedicle screwBihlajamakiet al. (1997)reported complications in approximately 50%

of patients.

The complications reported aglee to misplaced screw or coupling failure, nerve root injuries,
fracture of the screw and namion orscrew looseninglhe rate of screw misplacement ranges
from 0-25% (Barret al, 1997; Liljenqvistet al,, 1997)in patiens with scoliosis and about 4.2%

in patients with degenerative disea@@simenthal and Gill, 1993)Coupling failurs of the

device occur due to inadequate nut tightening, nespl disengagement of the screw from the
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clamp elements of the rq@ihlajamakiet al, 1997) Nerveroot and/or cauda equine injuries are
associated with pain and sensory deficit. Screwsattgaplaced medially and inferiorly are the

ones that place the nerve at the risk of injury.

Pihlajaméakiet al. (1997)showed that 36% screws had fatigue failure. In other studies, the
frequency of screw breakage ranged fromIll32% of the inserted screwsonsteinet al.
(1999)associated screw breakage to three factors: design of the screw, presence of pseudo
arthrosis and their use in burst fractureosening othe pedicle screw has been commonly seen
in patients with low bone mineral density (BMD)dabsteoporosis and it indicates micro
movement at the region of the screw and(Ritilajaméakiet al, 1997) Loosning of the pedicle
screwswas most commonly seen in patewith multilevel instrumentation and in patientith
screw fixation in the saal vertebrgPihlajamékiet al, 1997) Other complications include

bending of screws, infectiomd injury to the blood vessels.

2.16 Use of medicle screws in spinal disordes
The use of pedicle screw fixation has brought about clinical improvement in surgical care of
spinaldisordergBoos and Webb, 199.7The indications for the application @pedicle screw

system differ from one spinal pathology to anoitiBzros and Webli,997)

2.16.1 Scoliosis

Pedicle screw fixation has been a standardhe surgical treatmeimif scoliosis sincés first

introduction byHarrington (1988) Har ringt on 6was ased omeectibnofo n met h c
screws withdistractionrodsalong the concavity of the curve wheré&astrelet al g (1988)

correction was by the reatation manoeuvrdoth methods provide excellent deformity

correction(Boos and Webb, 1997)
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2.16.2 Spinal fracture

Treatment of spinal fractures includes fractig@uction andgpinal canal decompression so as to
provide stability of the spine and allow early mobiliBoos and Webb, 1997edicle screw
fixation allows reduction of displaddractured vertebrae and stabilisation ofahé&srior column
of the vertebaeeven if the posterior elements are dama@bs and Webb, 1997Jhe method
has theability to decompress the spinal canal and therefore retiescecompressio(Boos and

Webb, 1997)

2.16.3 Tumours
The use of pdicle screws has allowed the sheegmentreatmenof the primaryandmetastatic
tumours of the spin@Gaines, 2000)The use of thpedicle screw has provided the opportunity

to perform safe radical resection of primary spinal tum@@esnes, 2000)

2.16.4 Spondylolisthesis

Pedicle screws have enhaddbe rate of fusion and improve the ability to fix and maintain

reduction of high grade spondylolisthef®os and Webb, 199.7Jhe previous singistage

posterior technique used in the treatment of spondylosis is associated with complications such as
implant failure andoss of reduction. Howevethe use opedicular fixation with anterior fusion

provides high success ratBoos and Webb, 1997)

2.17 AIMS AND OBJECTIVES OF THE STUDY
The aim of this study is tmorphometricallyassess thtéhoracic and lumbgpedide dimensions at the

level of isthmus irthe Europan, African and Mixedancestry populations of South African.
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2.17.1 OBJECTIVES

1.

o

To determine the transvergeidth) and verticalheight) diameters of the pedicle at the level of
isthmus

To determine the sagittal and transverse angles of the pedicle

To determinghe screw path length (chord length)

To determine the transverse inner cortical waitkhe narrowest point of the pedicle isthroas
radiograplc specimens

To determine the dighce between the pedicles of the same vertebra-fiaticular distance)

To Compare the pedicular dimensions in three South African populations.
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3 CHAPTER THREE: MATERIALS AND METHODS

3.1 The sample and study design

The study utilized thoraciand lumbar vertebrae of 60 African, 60 European and 54 Mixed
ancestry adult human populations of South Africa. The dry skeletons used were obtained from
the Raymond A. Dart Collection of Human specimens housed in the School of Anatomical
Sciences ahe Urnversity of the Witwatersrand. The age, race and sex of the study sasrgle

known

The specimens were stratified according to age into early adult group (age rabQgeads)

and late adult group (age range;@dyears) with 30ndividuals in eaclsample (15 males and
15 femals) from each age group in the European and African poputatiothe mixedancestry
population 15 makeand 9 females were selectége to limited number of samples in the late

adult group. The age, race and sex distributiiotiie study sample are sk in the Table 3.1
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Table 3.1: Age, Sex and Race distribution of the sample specimens

RACE SEX AGE RANGE TOTAL
20-50 years 51-65 years
EUROPEAN MALE
15 15 60
FEMALE 15 15
MALE 15 15
MIXED - 54
ANCESTRY FEMALE 15 9
MALE 15 15
AFRICAN 60
FEMALE 15 15

3.2 Inclusion/exclusion criteria

Only specimens witlh complete number of thoracic and lumbar vertebrae and age ranging
between 20 to 65 years were included in the study. The specimens were classified as African,
European and Mixedncestrypopulation groups according to their ancestigyrecorded in the
Raymond A Dart collection of Human skeletohsthe case of the African group, different

ethnic groups were considered homogeneous and the sample therefore included Zulu, Xhosa,
Pedi, Sotho, Tswandsonga and Venda individuglBayalet al, 2009) Skeletons showing

gross deformities or other bone distortions that could affect measurements were excluded from

the sample.
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3.3 External measurements

Pedicles of thoracic and lumbar vertebrae were assessateasdred. The external linear
measurements on the isthmus of the pedicle were performedadigitpal caliper (accuracy, 0.1
mm) onboththe right and left pedicles. The angular measurements were performed with a
standard goniometer (accuracy of 1°)eThllowing parameters were measured on both sides:
pedicular width, pedidar height, transverse angle, sagittal angle, chord length and inter

pedicular distances

3.3.1 Pedicular width

Usingasuperior approach in the transverse plane, the distance betweeah anedateral

surfaces of the pedicle mthmuswere measured at the right angle to the long axis of the pedicle
(Fig. 3.1A) As proposed byindrick et al.(1987) the pedicle axis was defined alne

perpendicular to and bisecting the narrowest diameter of the pedicle

3.3.2 Pedicular height
The vertical distance between superior and inferior border of the pedicléstintsiswas

measured from the lateral aspéég. 3.1B). This is the maximum diatee of the pedicle

3.3.3 Transverse pedicle angle
The transverse angle was defined as the angle between tisagitidl plane of vertebrabdy

and the plane bisecting the pedifBerry et al, 1987)(Fig. 3.1C)

3.3.4 Sagittal angle
The sagittal angle was definesl the angle between a line passing through the pedicle axis and

superior vertebral border in the sagittal pléfig. 3.1D)
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3.3.5 Chord length
It is the distance from the most posterior aspect of the lamina cortex to the anterior cortex of the
vertebral body along the pedicle axis as described or repor@tsbwskiet al. (1990)(Fig.

3.1E).

3.3.6 Inter-pedicular distance
The maximum distance between thedial surfaces of the right and lefthmuses of the
pedicles of the vertebra was measured and also recorded as the transverse diameter of the

vertebral canalFig. 3.1F)
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Figure 3.1. Superior and Lateral view of vertebrae showing measureméntédicle widthB.

Pedicle heightC. Transverse angl®. Sagittal anglekz. Chord length ané&. Interpedicular

distance as indicated bgdarrows.
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3.4 Internal measurements

Using radiogaphs, the transvergeidth) and vertical (height) inner cortical diameters were
measuredFigs. 3.2A and B)A standardized technique was usedaitiographall thevertebrae.
Before the radiography, the isthmus of the pedicles of each vertebra wageidieand a fine
malleable wire was applied to this region. The wire was drawn tightly on the pedicle isthmus so
that direct contact existed between the wire and the cortical bone at all points. The individual
vertebrae were then arranged and stuck tegetith Prestik Tn adhesive putpfaced between
each vertebra. The vertebrae were radiographed aghgnadzu mobile Xray machine

(modet mux 200, serial no. 0162590104, Kyoto Japargnanteriorposterior direction. The

size of the film cassette &g was 24x30cm for the thoracic vertebrae and 18r2fbr the

lumbar vertebrae. The-¥ay beam was centered on th&tBoracic vertebra and®dumbar

vertebra for thoracic and lumbar vertebrae respectively and directed at 90° to the film. The
anodefilm distance of 10@m and the exposure factors oflGdvoltage as well as 1.5
milliamperage were maintained for all the radiographs. The magtnficresulting from this

technique was negligible.

A South African 1€cent coin was also-Xayed together on the same film with the verteljFag
3.2A and B) The value of the diameter of the coin was used to set the scale. In this way the
diameter of tk coin represented a standardized distance when measuring the transverse and
vertical inner cortical diameter. The measurements of the transverse and vertical inner cortical

diameters were done usitigeimage processing softwarnenage J®
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98.3mm

Figure 3.2. Anterior radiographs of thoraciéd} and lumbarB) vertebraeshowing
measurements of transverse inner cortical diameter (red ar®Waimd vertical inner cortical

diameter (red arrow iA)
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3.5 Testof repeatability

To measure the intra observer error, the first, second and eighth thoracic vertebrae as well as
second and fifth lumbar vertebrae of 10 specimens (5 females andsp werle measured, and

were repeated on di fdneordancetcorrelatienacefficcemtsf. The Li n
repeatability was used to assess the intra observer errttearalue obtaineds shown in table

3.2 below.

Table3.22Li nés concor dance c ouesferleach pammetecneastirédi ci en't

Parametey | Pedicle | Pedicle | Transverse Sagittal | Chord | Inter- Transverse Vertical
width height | angle angle length | pedicular| inner inner
distance | cortical cortical

diameter | diameter

Pcvalues | 0.98370| 0.99675| 0.88735 | 0.99915| 0.99794| 0.99364 | 0.97256 0.96658

Pcvalues range from 0 to 1 and a value close to 1 indicatghadegree of repeatability. Except
for transverse angle, d@ic values obtained were greater than 0.9, which shows that the
correlation between repeated measurements was high and thus, the intra observer error was

minimal.

3.6 Statistical analysis

The data was entered into Microsoft Excel spreadsheet, (2007) and ddasiamaland cleaning

was conducted. Afterwards the data was exported to Stata version 13.0 (Stata Corp) statistical
software for analysis. For descriptive analysis, the categorical variables such as race, sex, age

and side of the pedicle (left or right) meedescribed as frequencies and percentages.

The continuous variables were tested for normality by drawing histogram (with normal
distribution curve) and by using Skewnd@srtosis (sktest) test command in Stata. A variable is

assumed to be normally distuted when the ®alue from the sktest is greater than 0.05. All the
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continuous variables in the study were normally distributed and therefore their means and
standard deviations were determined and reported. Furthermore, appropriate bar chart (error
bars) and line graphs were also drawn. Bar charts were used to compare attributes of the three

populationgroups.

St u d etest wasused to compare the means of pedicle vii€iidpht, transverse angle,
sagittal angle, chord length and thesppedicular dstance betweerfi) males and femals (ii)
early adult and late adult groups and iight and leftsides. Differences in means witkvplue

<0.05 were considered statistically significant.

Analysis of variance (ANOVA) was used to compare the meaneditle width,height,
transverse angle, sagittal angle, chord length and thepatikcular distance among the three
population group(African, European, Mixe@ncestry. Bonferoni post hodest was further

conducted when theyalueof ANOVA test was éss than 0.05.
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4 CHAPTER FOUR: RESULTS

4.1 EXTERNAL MEASUREMENTS IN AFRICAN POPULATION

4.1.1 Pedicle width

In the thoraa spine, the mean pedicle width was foamdharply decrease fromertebral levels
T1 to T5 and then gradually incredde vertebral levell12 (Fig 4.1A). The largesimean
thoracicpedicle width waseen at vertebral level T1 in both males @@ +0.94) and females
(7.32mm =1.02)and thdeast was at vertebral level T5 in both males (854 +0.6) and
females (3.2%nm +0.9 (Table 4.7)In the Lumbar spinghe mean pedicle widtlgradually
increased fronvertebral leveld.1 to L4 andthenabruptlyincreased atertebral level5 (Fig.
4.1A). The largesimean lumbar pedichidth wasseen at vertebral level L5 in both males
(16.01mm £2.24) and females (15.%#m +1.67)and thdeast wasatvertebral level L1 in both

males (8.15nm £1.61) and females (6Bm £1.19)(Table 4.7.

In almost all the vertebral levelfie mean pedicle width wéergerin malesthan in femals and
the difference was statistically significantp O eXtep@tvertebral levels T11 and T12
(Table 4.7) Similarly, themean pedicle with in the older age group (51 to 65 years) was larger
than the mean pedicle widthtime younger age groyg0to 50 yearsjvith statstically

significant difference¢ p O b&ngdbdeived fronvertebral level§ 1 to T (Table 4.1)No
statistically significant differences weteundbetween right and lefh all the vertebral levsl(p

O 0.05)
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Figure 4.1. Graphs showing the relationship between pedicle wiljhfgedicle heightH),
transverse angl&l), sagittal anglel), chord lengthE) and interpedicular distance<) and the

vertebral levels in both males and females of the African population.
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Table 4.1: Comparison of pedicle width between older-@glyrs.) and younger (280 yrs. age
groups in the African population

20-50yrs. 51-65yrs. P-value
Vertebral Levels Mean +SD  (mm) Mean £SD (mm)
T1 741+x1.1 7.8+0.9 0.0357
T2 5.4+ 0.84 5.87+0.79 0.0021
T3 4,19+ 0.65 4.62+ 0.64 0.0004
T4 3.55+0.71 3.91+0.62 0.0039
T5 3.2+0.72 3.59+ 0.66 0.0025
T6 3.43+0.89 3.88+0.79 0.004
T7 3.68+ 0.81 4.3+0.84 0.0001
T8 4.07+£0.93 4.61+0.83 0.001
T9 4.48+ 0.93 5.06+ 1 0.0014
T10 5.81+1.15 5.96+ 0.96 0.4508
T11 7.28+1.48 7.26+ 1.33 0.9382
T12 7.31+ 1.44 7.33£1.25 0.9584
L1 7.32+1.7 7.42+1.53 0.7388
L2 7.61+1.62 7.84+ 1.35 0.3941
L3 9.32+1.71 9.3+1.49 0.9408
L4 11.06%+ 1.68 11.04+ 1.57 0.9571
L5 15.73+ 2.42 155+15 0.5235
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4.1.2 Pedicle height

Themeanpedicle heightvas found ta@radually increase fromertebral leveld'1 to T12 in the
thoracic spin€Fig. 4.1B. The largest mean pedicle height was observed at vertebral level T12
in bothmales (16.28nm +1.41) and females (15.84m +1.59) and the least wasvertebral

level T1 in both males (9.36im +£1.08) and females (8.81m +£0.98) (Table 4.7)Themean

pedicle height of the lumbar spine gradually decre&sen vertebral leveld.1 to L5 (Fig.

4.1B). The largest mean pedicle height was seen at vertebral level L1 in both malesn(i15.73
+1.34) and females (14.88m +1.54) and the least was at vertebral level L5 in both males (11.8

mm £1.34) and females (11.54m £1.09) (Table 4.7)

From T1 to L2 vertebral leve| the mean pedicle heightrimles was largehanin females and

the difference wastatistically significan{ p O (T@ble®tF))But,the mearpedicle height
showed no statistidgl significant differencebetweertheolder(20 to 50years)and younge(51

to 65years)age group (Table 4.2and between right and left side in all the vertebral Bygd O

0.05)
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Table 4.2: Comparison of pedicle height between olf&#65 yrs.) and younger (260 yrs.)

age groups in the African population

20-50yrs. 51-65yrs. P-value
Vertebral Levels Mean +SD(mm) Mean +SD(mm)
T1 9.18+ 0.97 8.97+1.15 0.2873
T2 10.62+ 1.11 10.73+ 1.14 0.6112
T3 11.01+ 1.08 11.3£1.2 0.1807
T4 11.11+ 1.02 11.2+ 0.95 0.6283
T5 10.97+ 1.06 11.12+ 1.02 0.4344
T6 10.94+ 1.07 11.01+ 1.03 0.7023
T7 11.21+1.08 11.3+1.17 0.6491
T8 11.82+1.17 11.78+£1.14 0.846
T9 12.68+ 1.18 12.69+ 1.33 0.9589
T10 14.55+ 1.38 14.35+ 1.5 0.4551
T11 15.69+ 1.52 15.69+ 1.46 0.982
T12 15.79+ 1.63 15.83+ 1.53 0.9027
L1 15.31+ 1.33 15.3+£ 1.67 0.9528
L2 14.47+1.38 14.45+ 1.69 0.9407
L3 14.17+£1.22 14,49+ 1.51 0.2023
L4 13.23+1.32 13.43+ 1.63 0.4611
L5 11.61+1.23 11.73+£1.22 0.5765
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4.1.3 Transverse angle

The mean of transverse angless found taapidly decreasérom vertebral level§1 to T8 and
then gradually increased vertebral levell 12 in the thoracic spin@ig. 4.1C) The largest
meanangle waseen at vertebral T1 in both males (30.55° £2.32) and females (30.58%at#t132)
theleast was at vertebral level T8 in both males (15.77° +1.84) and females (15.63° +£1.79)
(Table 7) In the lumbar spinghe mean of transversenglegradually increased fro vertebral
levels L1 to L5 (Fig. 4.1 The largesinean anglevas seen atertebral level5 in both males
(31.68° £2.54) and females (30.73° £2.8)l theleast wasitvertebral level1 in both males

(20.52° +1.02) and feales (20.43° +1.43) (Table 4.7)

The meanransverse angteat vertebral levels L2 to L4 was largemalesthan in females and

the difference was statistically significantp O (T@ble®t 7)) The mean angle in thiderage

group (51 to 65 years) was greater than in the younger age group (20 to 50 years) with significant
difference( p O sd®n fdrb Yertebral levels T10 to T12 and at L5 (Table 4.3). However, no
significant difference was sedetweerthe mean ofight and left sideat all the vertebral level

(p O 0.05).
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Table 4.3: Comparison of transverse angle between olde6gyrs.) and younger (260 yrs.)

age groups in the African population.

20-50yrs 51-65yrs P-value

Vertebral Levels | Mean +SD(deg) Mean +SD(deg)

T1 30.23+£1.99 30.9+ 2.57 0.1145
T2 25.33+1.92 25.38+ 2.47 0.9017
T3 21.17+1.43 21.58+2.21 0.2227
T4 18.88+ 1.71 18.92+ 1.23 0.9025
T5 17.37+ 1.68 17.63+ 1.34 0.3379
T6 16.48+ 1.43 16.97+ 1.6 0.0843
T7 15.97+ 1.63 16.37+ 1.7 0.1899
T8 15.63+ 1.9 15.77+1.73 0.6881
T9 16.08+ 2.04 16.72+ 1.49 0.0546
T10 17.03+ 1.88 17.88+ 1.4 0.0058
T11 17.82+ 2.07 18.6+ 1.25 0.0135
T12 18.35+ 2.29 19.45+ 1.28 0.0015
L1 20.33+1.19 20.62+ 1.28 0.2108
L2 21.23+1.42 2145+ 151 0.4198
L3 22.95+ 1.98 22.97+2.01 0.9635
L4 25.72+ 2.44 25.53+1.98 0.6523
L5 30.68+ 2.74 31.73+ 2.77 0.0391
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4.1.4 Sagittal angle

The meanagittal anglevas found tanarginallydecreasdrom vertebral level§'1 to T7 and
then gradually increased vertebral levell 12 in thoracic spin€Fig. 4.1D) The largestnean
sagittalangle was seen aertebral levell12in both males (3.33° £0.57) and females (3.13°
+0.7) and the least was at vertebral |IeVéin both males (2.03° £0.18) and females (2.03°
+0.18) (Table 4.8)In the lumbar spine, theean sagittahngle slightly increased frorertelyal
levelsL1 to L5 (Fig. 4.1D) The largesimean sagittal angle was sesivertebral level5 in both
males (4.87° £0.47) and females (4.67° +Ov@3)e theleast wasatvertebral levelL1 in both

males (4.53° £+0.57) and females (4.45° £0.57) (Table 4.8

The mean sagittal angle in maieaslarger than in females and this difference was statistically
significanty different( p O, p@rticOldFly at vertebral levelgl, T2, T10, T11 and L1 to L3
vertebral levels (Table 4.8). At vertebral level T4 tiean sagittal angle was significantly

greater in older age group (51 to 65 years) than in the younger age group (20 to 50 pear€)
0.05, but at vertebral levels T11, T12 L4 and L5 the mean sagittal angle was significantly larger
( p O in@he PoBm)er age than in the older age group (Table 4.4). Thermavaignificant

difference seen betwedine mean sagittal angle oght and leftsidé p O. 0. 05)
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Table 4.4: Comparison of sagittal angbetween older (565 yrs.) and younger (260 yrs.) age
groups in the African population.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean +SD(deg) Mean +SD(deg)
T1 2.78+0.49 2.88+ 0.64 0.3387
T2 2.18+0.39 2.23+0.53 0.5586
T3 2.03+0.18 2.1+0.3 0.1457
T4 1.97+£0.18 2.17+0.42 0.0009
T5 2 £0.18 2.08+0.28 0.0557
T6 1.98+£0.13 2.07+£0.31 0.0582
T7 2.02+0.13 2.05+0.22 0.3132
T8 2.07+0.25 2.08+0.33 0.7581
T9 2.15+0.36 2.23+0.46 0.2744
T10 2.45+ 0.57 2.48+ 0.57 0.7477
T11 3.1+04 2.92+0.53 0.0344
T12 3.37+0.64 3.1+0.63 0.0228
L1 4.43+ 0.53 4.55+ 0.59 0.2598
L2 4.6+0.49 453+ 0.54 0.48
L3 4.73+0.45 457+0.5 0.0563
L4 4,78+ 0.49 4.55+ 0.67 0.0322
L5 4.88+ 0.52 4.65+ 0.58 0.0221
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4.1.5 Chord length

The mean chord length in the thoracic spargess found to gradually increafem vertebral

levels T1to T12 (Fig4.1E). The largest mean chord length was seen at vertebral Hb2hin

males (45.72nm +2.25) and females (43.8%m £2.52) and the least was at vertebral level T1 in
both males (31.2fnm £1.51) and females (29.#2m +1.84) (Tabl&.8). In the lumbar spine,

the mean chord length gradually increased from vertebral |edls L3 and then marginally
decreased at vertebral levels L4 to L5 (BdE). The largest mean chord length was seen at
vertebral level L3 in both males (48.if#n +£2.11) and females (47.42n +2.91) and the least
was at vertebral level L1 in both mal@s.45mm +2.17) and females (45.6@m +2.37) (Table

4.8).

The mean chord length in males was larger than in females and the difference was statistically
significantat al |l t he ver t e b48udndsimdarydrom verebrablevels ®5) ( T a
to T11 in the thoracic spine and from vertebral levels L1 to L3 in the lumbar, #prraean

chord |l ength in the ol der age group was signi
0.05) (Table4.5). However, no statistidgl significant differeice was observed between the right

and left side (p O 0.05).
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Table 4.5: Comparison of chord length between older-@blyrs.) and younger (260 yrs.) age
groups in the African population.

20-50yrs. 51-65yrs. P-value
Vertebral Levels | Mean£SD (mm) Mean+SD (mm)
Tl 30.18+ 1.77 30.74+ 1.87 0.0946
T2 32.38+ 2.06 32.94+2.13 0.15
T3 34.94+ 2.07 35.69+ 2.2 0.0582
T4 37.01+ 2.37 38.4+2.23 0.0013
T5 38.89+ 2.38 40.09+ 2.45 0.0077
T6 40.35+ 2.37 41.61+2.41 0.0045
T7 41.92+ 2.48 42.88+ 2.38 0.0333
T8 42.92+ 2.48 43.92+ 2.79 0.0404
T9 43.38+ 2.4 44.39+ 2.88 0.0388
T10 43.2+2.44 44.45+ 2.85 0.0116
T11 43.26x 2.37 44.23+ 2.79 0.0411
T12 44.38+ 2.42 45.2+ 2.64 0.0792
L1 46.11+ 2.24 46.99+ 2.55 0.047
L2 46.8+ 2.1 47.94+ 2.89 0.0149
L3 47.56+ 2.1 48.62+ 2.98 0.0267
L4 47.66x 2.42 48.43+ 2.89 0.1186
L5 47.49+ 2.94 48.39+ 2.95 0.0979

40



4.1.6 Inter-pedicular distance

Themeaninter-pedicular distanceras found to gradually decreasem vertebral leveld1 to

T6 and then increased frovertebral level§7 to T12 in the thoracic spir{€ig. 4.1F).The

largest distance wasen at vertebral level T1 in both males (2034 +1.85) and females (19.8
mm =1.31)and thdeast was at vertebral level T6 in both males (14A8+1.48) and females
(14.75mm £1.4)(Table 4.8) In the lumbar spine the mean infgdicular distancgradually
increased fronvertebral leveld.1 to L5 (Fig. 4.1F) The largest distance was seenatebral
levelL5 in both males (25.2hm +2.64) and females (24.92n +2.62)and thdeastwas at

vertebral level L1 in both males (20.66n £1.57) and females (20.88n £1.58) (Table 4.8)

No statistical significant differensé p O weére foufidbetween the meanter-pedicular
distanceof the malegTable 4.8)and females and betweeretblder(51 to 65 yearsand younger

age(20 to 50 yearsjyrous at all the vertebral level(Table 4.6)
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Table 4.6: Comparison of intepedicular distance between older-{&yrs. and younge(20-

50yrs.) age groups in the African population.

20-50yrs 51-65yrs P-value
Vertebral levels | Mean +SD (mm) Mean +SD (mm)
Tl 20.18+ 1.61 19.93+ 1.62 0.5648
T2 17.13+ 1.52 16.87+ 1.6 0.5247
T3 15.85+ 1.49 15.13+ 2.57 0.1874
T4 15.43+ 1.45 14.97+ 1.39 0.2086
T5 15.17+ 1.45 14.65+ 1.42 0.1646
T6 14.95+ 1.44 14.58+ 1.43 0.3293
T7 15.04+ 1.37 14.65+1.48 0.2977
T8 15.15+ 1.34 14.84+ 1.56 0.4172
T9 15.32+ 1.25 15.05+ 1.54 0.4705
T10 15,57+ 1.29 15.21+ 1.33 0.2879
T11 16.38+ 1.56 16.1+ 1.7 0.5127
T12 18.6+ 1.99 18.4+1.89 0.6921
L1 20.54+ 1.54 20.5+ 1.62 0.9095
L2 21.16+ 1.57 21.29+ 1.64 0.7557
L3 22.01+1.78 22+1.8 0.9897
L4 22.82+2.01 22.99+ 2.17 0.7532
L5 25.23+£ 2.61 24.91+ 2.66 0.641
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Table 4.7: Comparison of mean pedicle width, pedicle height and transverse angle between male and female in the African

Population.

PedicleWidth (mm) PedicleHeight (mm) Transverse angle(deg)
Vertebral levels | M F M F M F
T1 7.9+0.94 7.32+1.02* 9.33+1.08 8.81+0.98 30.55 + 2.32 30.58 + 2.32
T2 5.9+0.77 5.36 + 0.84* 11.24 +0.88 10.12 + 1.06** 2532122 25.4+£2.23
T3 4.6 £0.64 4.22 £ 0.6 11.64£0.9 10.67 + 1.17** 21.42 +2.13 21.33+1.57
T4 3.91+0.59 3.55+£0.73* 11.54 +0.88 10.76 + 0.93* 19.02 + 1.47 18.78+ 1.5
T5 3.54+0.6 3.25+0.8 11.47 £0.83 10.61 £ 1.05** 17.73+£1.54 17.27 £1.47
T6 3.9+0.73 3.42 £ 0.93* 11.49 £ 0.92 10.45 + 0.9** 16.88 + 1.54 16.57 £ 1.52
T7 4.32+0.76 3.66 + 0.87** 11.76 £ 0.99 10.75 £ 1.0 16.33+1.71 16 £1.62
T8 4.7 +0.77 3.97 + 0.92** 12.33+£1.07 11.27 £ 0.98* 15.77+£1.84 15.63+£1.79
T9 5.12+0.93 4.41 £ 0.98* 13.2+1.13 12.17 + 1.18* 16.35+1.88 16.45+ 1.75
T10 6.1+0.83 5.67+1.22 14.88 £ 1.42 14.02 + 1.3% 17.45+1.84 17.47 + 1.58
T11 7.46+1.3 7.09+1.49 16.25+1.25 15.13 + 1.5** 18.13 + 2.03 18.28 +1.43
T12 748 +1.11 7.16 +1.53 16.28 £ 1.41 15.34 + 1.5% 18.68 + 2.27 19.12+1.51
L1 8.15+1.61 6.6 £1.19* 15.73+£1.34 14.88 £ 1.5&* 20.52 +1.02 20.43+1.43
L2 8.36 + 1.53 7.09 £1.158* 14.76 £1.38 1415+ 1.64 21.65+1.39 21.03+1.48
L3 9.96+1.7 8.65+1.18* 1451 +1.3 14.15+1.43 23.52+1.89 22.4+193
L4 11.54 +£1.82 10.56 £ 1.2%* 13.34+£1.52 13.33+1.45 26.1+2.25 25.15+2.09
L5 16.01 £ 2.24 15.22 + 1.67 11.8+1.34 11.54 +1.09 31.68 + 2.54 30.73+2.97

*P<0.05; **P<0.005; ***P<0.0005
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Table 4.8: Comparison of sagittal angle, chord length and iptsticular distance between males and females in the African

Population.

Sagittal angle (deg)

Chord length (mm)

Interpeduncular distance (mm)

Vertebral Levels M F M F M F

T1 3+0.61 2.67 £ 0.48* 31.21+151 29.72 + 1.84** 20.31+1.85 19.8+1.31
T2 23+05 2.12+0.42 33.31+1.87 32.01 +2.14* 17 +1.68 16.99+1.44
T3 2.08 +0.28 2.05+0.22 36.04 + 2.03 34.59 + 2.06** 15.42 + 2.69 15.57 + 1.36
T4 21+0.3 2.03+0.37 38.54 +2.23 36.86 + 2.27** 15.25+ 1.46 15.14+1.41
T5 2.07+0.25 2.02+0.22 40.41 +2.22 38.57 + 2.3% 1497 +15 14.85+1.41
T6 2.02+0.13 2.03+0.32 41.85+2.23 40.12 + 2.3%** 14.78 £ 1.48 1475+ 1.4
T7 2.03+0.18 2.03+0.18 43.37 £ 2.17 41.44 + 2.37+* 1493+ 1.51 14.77 £1.37
T8 21+0.3 2.05+0.29 4454 +2.24 42.31 + 2.63** 15.05+ 1.54 14.93+1.38
T9 2.27+0.48 2.12+0.32 4499 +2.2 42.78 + 2. F** 15.26 + 1.49 15.11+1.32
T10 2.6 £0.56 2.33+0.54 44.95+2.13 42.7 £ 2,78 15.45+1.32 15.33+1.32
T11 3.13+0.43 2.88 + 0.49* 44.71 +2.28 42.77 + 2.8** 16.21+1.54 16.26 + 1.73
T12 3.33+0.57 3.13+0.7 45.72 +2.25 43.85 + 2.52** 18.59+1.94 18.41+1.94
L1 453 + 0.57 4.45 + 0.57 47.45 + 2.17 45.66 + 2.37** 20.66 = 1.57 20.38 +1.58
L2 47+0.5 4.43 + 0.5* 48.2 +2.16 46.53 + 2.7+* 21.43+1.7 21.02+1.48
L3 4.78+0.42 4.52 + 0.5* 48.77 +2.11 47.42 + 2.9%* 22.37+1.88 21.63+1.62
L4 4,78 £ 0.45 455+ 0.7 48.71 + 2.36 47.38+2.84 23.37+2.23 22.45+1.83
L5 4.87 £0.47 4.67 £ 0.63 48.49 + 2.77 47.39 + 3.08 25.21 +2.64 24.92 +2.62

*P<0.05; **P<0.005; ***P<0.0005
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4.2 EXTERNAL MEASUREMENTS IN EUROPEAN POPULATION

4.2.1 Pedicle width

Themeanpedicle widthwas found to sharply decredsem vertebral levell'l to T5 and then
gradually increased teertebral levell12 in the thoracic spin@ig. 4.2A) The largesinean
pediclewidth was seen atkertebral levell'1 in both males (8.781m +1.19) and females (7.53
mm £1.16) and the least wasvertebral levell5 in both males (4.26im £1.05) and females
(3.63mm +0.85) (Table 4.15). In the lumbar spine the mean pedicle wiclttasd gradually
from vertebral leveld.1 to L4 followed by a sharp increase at(Esg. 4.2A) The largesiean
width was seen atertebral level5 in both males (16.581m £1.93) and females (14.8&n
+2.4) and the least was at vertebral level L1 in both sn@el7mm £1.52) and females (6.23

mm +1.63) (Table 4.15).

In all the vertebral levels the mean pedicle width in males was larger than in females and the
difference wastatisticaly different( p  O) (Teble®435). Buho statisticdy significant
differencewas foundoetweerthe mean pedicle width inaer (51 to 65 yearsand younge(20

to 50 yearsjhge group (Table 4.9)and betweetheright and leftside( p O. 0. 05)

45



201

- Male
- Female
154
) Wm‘(/
5-

T1T2T3T4T5T6T7 T8 TOT10N1012L1 L2 L3 L4 L5
Vertebral levels

Pedicle width (mm)

C
40+
- Male
: W o
D 30-
(@]
C
3
QO 20+
[
(0]
=
@ 104
S
'_
TLT2T3T4T5T6 T7 T8 TOTIOLIT12L1 L2 L3 L4 L5
Vertebral levels
60
- Male
- Female

n
1=}
I

Chord length (mm)
\\% |

Inter-pedicular distance (mm)

T1T2T3T4T5T6 T7 T8 TOT1ON1T12L1 L2 L3 L4 LS
Vertebral levels

Pedicle height (mm)

Sagittal angle ()

20+

/mw/““w

T1T2T3TATS5T6 T7 T8 TOT10N1112L1 L2 L3 L4 L5
Vertebral levels

D

=

s

N
N

T1T2T3T4T5T6 T7 T8 TOT10r1M12L1 L2 L3 L4 L5
Vertebral levels

401 F

30+

20+

10+

T1T2T3T4T5T6 T7 T8 TOT10112L1 L2 L3 L4 L5
Vertebral levels

-~ Male
- Female

- Male
- Female

- Male
- Female

Figure 4.2. Graphs showing the relationship between the pedicle widthpedicle heightR),

transverse angle€C) and sagittal angléX), chord lengthE) and interpedicular F) and the

vertebral levels in both males and females of the Europejanlation.
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Table 4.9: Comparison of pedicle width between older-@slyrs.) and younger (280 yrs. age
groups in the European population.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean £SD(mm) Mean +SD(mm)
Tl 8.15+1.28 8.1+ 1.36 0.8544
T2 6.21+ 1.36 6.23+ 1.33 0.9228
T3 4.76x1 489+ 1.16 0.5284
T4 4.04+0.94 4.07+0.93 0.8748
T5 3.99+1.06 3.9+0.95 0.6326
T6 421+1.13 4.18+1.1 0.8816
T7 454+ 1.27 4.43+1.14 0.6169
T8 4,75+ 1.22 474+ 1.32 0.9486
T9 4,96+ 1.37 51+1.34 0.5717
T10 5.68+ 1.65 5.66+ 1.64 0.9434
T11 7.23+£1.79 7.02+1.55 0.4788
T12 7.61+1.59 7.25+ 1.68 0.2253
L1 6.93+ 1.72 6.77+ 1.66 0.62
L2 7.15+1.82 7.15+1.79 0.9851
L3 8.92+ 19 8.61+2.35 0.4293
L4 10.36% 1.94 10.35+ 2.16 0.978
L5 15.18+ 2.28 15.73+£ 2.55 0.2195
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4.2.2 Pedicle height

Themeanpedicle heightvas found to gradually increafem vertebral leveld'1 to T12 in the
thoracic spin€Fig. 4.2B) The largesinean pedicle height was seen at vertebral level T12 in
both males (17.99m +£1.03) and females (16.0bm +£1.25) and the least was at vertebral T1 in
both males (9.86hm +1.1) and females (8.0@m £1.14) (Table 4.15). In the lumbar spine, the
mean pedicle heiglgradually decreased frowertebral leveld.1 to L5 (Fig. 4.2B) Thelargest
meanheight wa seen at vertebral level L1 in both males (16055 +1.27) and females (14.81
mm £1.29) and the least wasvertebral level5 in both males (13.181m +1.29) and females

(12.07mm +2.19) (Table 4.15)

At all the vertebral levelshe mean pedicle height in males was larger than in females and the
difference was statistically significagtp O (T@&ble®4a5). Similarly, the mean pedicle height
in older age (51 to 65 years) group was larger than in the younger age (20 to 5grpegrs)

with a statistical differencé p O bding 6bSeyved at vertebral level T2 (Table 4.10). But no

significant differences were seen between
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Table 4.10: Compaison of pedicle height between older {68.yrs.) and younger (260 yrs))
age groups in the European population.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean £SD  (mm) Mean +SD (mm)
T1 8.81+ 1.46 9.12+ 1.4 0.24
T2 11.35+ 1.36 11.85+ 1.3 0.0407
T3 11.91+ 1.64 12.16+ 1.2 0.3318
T4 11.68+ 1.56 11.92+ 1.23 0.3689
T5 11.48+ 1.43 11.79+ 1.17 0.1961
T6 11.6£1.41 11.71+ 1.27 0.6479
T7 11.79+1.43 11.84+1.2 0.8413
T8 12.2+1.32 12.38+ 1.09 0.409
T9 12.84+ 1.38 13.18+ 1.16 0.15
T10 15.08+ 1.5 15.1+1.3 0.9529
T11 16.9+ 1.5 16.95+ 1.45 0.8617
T12 17.03+ 1.57 16.69+ 1.32 0.1937
L1 15.86+ 1.64 15.5+1.44 0.2011
L2 15.19+ 1.68 14.86+ 1.43 0.2481
L3 14.71+ 1.65 14.42+ 1.5 0.3254
L4 14.06% 1.95 14.08+ 1.59 0.9437
L5 12.52+1.89 12.68+ 1.86 0.6574
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4.2.3 Transverse angle

The meanransverse angwas found to rapidly decreaBem vertebral level§'1 to T8 and then
gradually increased teertebral levell12 in the thoracic spin@ig. 4.2C) The largesiean

angle waseen at vertebral level T1 in both males (31.65° £2.5) and females (31.7° £2.12) and
the least waatvertebral levell8 in both males (15.75° +1.19) and females (15.82° £1.28)
(Table 4.15) In the lumbar spine, the mean transveyrselually increasefrom vertebral level

L1 to L4 and then abruptlgt vertebra level5 (Fig. 4.2C) The largesimean transversangle

was seen at vertebral level L5 in both males (31.05° £2.26) and female2°(88.82) and the

least wasatvertebral levell in both males (20.27° +0.94) and females (20.22° +1.11) (Table

4.15)

The mean transverse angle from vertebral levels L2 to L4 was larger in males than in females
and the difference was statistically sigraint( p O (TaébleGt35). No significant difference
was seen between the mean transverse angle in the older age (y&aospHroup and younger

age (20 to 5@ears) group (Table 4.11), and between the right and left sid®8.(5).
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Table 4.11: Comparison of transverse angle between olde6yrs.) and younger (260 yrs.)
age groups in the European population.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean +SD(deg) Mean +SD(deg)
T1 31.7+1.98 31.65+2.61 0.906
T2 26.78+1.71 26.37+1.64 0.175
T3 22.43+1.62 22.38 +1.87 0.8758
T4 19.55 £ 1.06 19.48 £ 1.11 0.7379
T5 18.12 £1.28 18.13+£1.2 0.9414
T6 17.05+1.24 17.18 £ 1.07 0.529
T7 16.67+£1.4 16.32 £1.23 0.1478
T8 15.68 £ 1.26 15.88+1.21 0.3758
T9 16.12 £1.32 16.47 £1.2 0.1306
T10 17.15+1.39 175+ 1.26 0.1501
T11 18.08 + 1.38 18.45 £ 0.98 0.0964
T12 18.82 £1.32 19.17 £ 0.99 0.1038
L1 20.07 £ 0.94 20.42 +1.08 0.0601
L2 20.65 + 1.07 2098+ 1.2 0.1111
L3 21.98 +1.49 22.42+1.64 0.1324
L4 2418+ 181 24.7+2.09 0.1498
L5 30.67 +2.86 30.7 £+ 2.63 0.9472
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4.2.4 Sagittal angle

The meanagittal anglevas found to marginally decreasem vertebral level§'1 to T6 and

then increased gradually vertebral levell' 12 in the thoracic spin@ig. 4.2D) The largest
meanangle was seen aertebral levell'12in both males (3.45° £0.53) and females (3.4° £0.56)
and the least was at vertebral levEsand T7 in males (2.03° +0.18) and from vertebral levels
T5 to T7 infemales (2.03° £0.18) (Table 4.16). In the lumbar spine, the mean sagittal angle
slightly increased fronvertebral leveld.1 to L5 (Fig. 4.2D) The largesieanangle was seen at
vertebral level5 in both males (4.98° +0.29) and females (4.73° +0.52jrenbkast waat

vertebral leveL 1 in both males (4.68° £0.47) and females (4.47° £0.5) (Table 4.16)

From vertebral levels L1 to L5, the mean sagittal angle in males was larger than in females and
the differences were statistically significgnp  O) (TaébleG4A6), At vertebral levels T1, T2,

T11 and T12 in the thoracic spine and at vertebral levels L1 and L2 in the lumbar spine the mean
angle in the older age (51 to @&ars) group was significantly larger than in the younger age (20

to 50years) grap( p O (T@ble®tA2). No significant differences were seen between right

and left sides (©0.05).
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Table 4.122 Comparison of sagittal angle between older§5Yyrs.)) and younger (280 yrs.)
age groups in the European population

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean +SD(deg) Mean +SD(deg)
T1 2.85+0.58 3.25+0.63 0.0004
T2 2.18+0.39 2.43+0.56 0.0055
T3 2.05+0.22 2.08+0.28 0.4684
T4 2+0 21+04 0.0547
T5 2.05+0.22 2.05+0.22 1
T6 2.02+0.13 2.05+0.22 0.3132
T7 2.08+0.28 2.05+0.22 0.4684
T8 2.15+0.36 2.07+0.25 0.1443
T9 2.18+0.39 2.18+0.39 1
T10 2.73+0.45 2.82+0.39 0.2782
T11 3.1+0.3 3.28+0.49 0.0151
T12 3.32+x 0.5 3.53+0.57 0.0288
L1 4.48+ 0.5 4.67+0.48 0.0426
L2 453+ 0.5 4,75+ 0.47 0.0167
L3 4,78+ 0.45 4,77+ 0.46 0.8429
L4 475+ 0.44 48+0.4 0.516
L5 4.88+ 0.37 4.83+0.49 0.5319
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4.2.5 Chord length

The mean loord lengthwas found to gradually increafem vertebral leveld'1 to T12 in
thoracic spin€Fig. 4.2E) The largesimeanlength was seen aertebral levell12in both males
(51.41mm £3.01) and femaldg7.18mm £2.59) and the leastasat vertebral level T1 in both
males (32.8Tam £1.84) and females (29.92m £1.65) (Table 4.16)n the lumbar spine, the
mean chord length slightly increased from vertebral levels L1 to L3 and then marginally
decreased &m vertebral levels L4 th5 (Fig. 4.2E) The largestneanlength was seen at
vertebral level L3 in both males (5312n +£2.31) and females (49.56m +£2.47) and the least
wasatvertebral level5 in both males (51.98hm +2.76) and females (48.8tm +2.97)(Table

4.16)

In all the vertebra level©ié mean chord length in males was lartfem in female and these
difference werestatistically sigificant( p O (T@ble®t3.8)Similarly, themeanchord length
in the olden(51 to 65years) age group wabkghtly largerthan in the younger ad20 to 50
years)group with statisticallyignificant differences being observativertebral levels T2 and
T6( p O (Tahledt3d3). Nsignificant differences were sedetween the right and left sile

(pO .08)
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Table 4.13: Comparison of chord length between older-@lyrs.) and younger (280yrs.) age
groups in the European population.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean £SD(mm) Mean +SD(mm)
Tl 31.19+ 1.96 31.59+ 2.57 0.3362
T2 33.14+ 2.54 34.06+ 2.61 0.0512
T3 36.33+ 2.65 37.11+ 2.77 0.1178
T4 39.73+ 3.06 40.33+ 3.15 0.2914
T5 42.21+ 2.87 42.94+ 3.26 0.1927
T6 43.64+ 3.12 44.84+ 3.18 0.0389
T7 45.4+ 3.25 46.49+ 3.46 0.0785
T8 46.57+ 3.43 47.66+ 3.47 0.0881
T9 47.49+ 3.53 48.67+ 3.57 0.0724
T10 47.55+ 3.44 48.24+ 3.44 0.2747
T11 47.83+ 3.36 48.3+ 3.48 0.4561
T12 49.31+ 3.4 49.28+ 3.65 0.9582
L1 50.77+ 3.37 50.82+ 3.39 0.9354
L2 51.1+ 3.18 51.01% 3.32 0.8723
L3 51.1+2.85 51.66+ 3.14 0.3135
L4 50.8+ 2.6 50.97+ 3.53 0.7682
L5 50.38+ 2.97 49.89+ 3.74 0.426
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4.2.6 Inter-pedicular distance

The meannterpedicular distance/as found to gradually decreasem vertebral leveld1 to

T6 and thergraduallyincreased fronvertebral level§7 to T12 in the thoracic spir{€ig. 4.2F)
The largesteandistance was seen\artebral levell'l in both males (20.76hm +£3.76) and
females (21.2inm £1.36) and the least wasvertebral levell6 in both males (16.36im

+1.58) and females (15.68m +1.35) (Table 4.16). In the lumbar spine, the mean-pedicular
distancegradually increased frowertebral leveld.1 to L5 (Fig. 4.2F) The largesinean
distance was seen\artebral level5 in both males (26.46hm +2.45) and females (25.81m
+3.1) and the least wad vertebral levelLl in both males (23.0ihm +1.65) and females (22.33

mm £1.86) (Table 4.16)

At vertebral levell'4, the mean intepedicular distance was larger in males than in females and
the differences werstatisticaly significant( p O (Taéhle®4A6)No statisteally significant
difference betweethe mean intepedicular distance in th|der and younger age grauwas

observed (p O0.0.05) (Table 4.14)
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Table 4.14: Comparison of intepedicular distance betwa older (5165 yrs.) and younger (20

50yrs.) age groups in the European population.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean£SD (mm) Mean+SD (mm)
Tl 21.61+1.29 20.39+ 3.69 0.0925
T2 18.15+ 1.28 17.98+ 1.29 0.6255
T3 16.71+ 1.37 16.92+ 1.37 0.5623
T4 16.08+ 1.33 16.41+ 1.49 0.3834
T5 15.81+ 1.32 16.26+ 1.55 0.2354
T6 15.71+ 1.44 16.31+ 1.51 0.1222
T7 15.85+ 1.45 16.47+1.61 0.1193
T8 16.06+ 1.3 16.68+ 1.77 0.1244
T9 16.33£1.54 16.95+1.71 0.1456
T10 16.59+ 1.38 17.16+ 1.55 0.1415
T11 17.93+ 1.42 18.48+ 1.71 0.1797
T12 20.89+ 1.91 21.61+1.99 0.1621
L1 22.44+ 1.76 22.96+ 1.8 0.2688
L2 22.64+ 1.67 23.1£1.79 0.3095
L3 22.63+ 1.45 23.26+ 1.98 0.1653
L4 23.4+1.91 23.73+£2.24 0.5432
L5 26.55+ 2.42 25.85+ 3.11 0.3288
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Table 4.15: Comparison of pedicle width, pedicle height and transverse angle between males and females in the Eurdgtean Popu

Pedicle Width (mm) Pedicle Height(mm) Transverse angle(deg)
Vertebral Levels | M F M F M F
T1 8.73+£1.19 7.53 + 1.16** 9.86+1.1 8.07 £ 1.14* 31.65%+25 31.7+£212
T2 6.72+1.22 5.72 £ 1.27F** 12.55+0.94 10.65 + 0.98** 26.58 £ 1.74 26.57 £ 1.63
T3 5.14+1.16 452 +0.9* 13.04 + 1.04 11.03 + 1.0+ 2257 +1.75 22.25+1.73
T4 428 +1.02 3.83+0.78 12.7£1.05 109+ 1.1%+ 1947+1.1 19.57 £ 1.08
T5 4.26 +1.05 3.63 £ 0.85* 12.56 + 0.91 10.72 + 0.96** 18.13 +1.17 18.12+1.3
T6 453+1.19 3.86 + 0.93* 12.56 + 0.96 10.75 + 1.02** 17.18 +1.17 17.05+1.14
T7 4.89+1.26 4.07 + 0.99** 12.78 £ 0.92 10.85 + 0.88** 16.63 £ 1.39 16.35+1.25
T8 5.19+1.28 4.31 £ 1.09* 13.12+£0.72 11.46 £ 1.02** 15.75+1.19 15.82 +1.28
T9 5.59+1.25 4.47 +1.22*% 13.86 + 0.98 12.16 + 0.95** 16.48 +1.21 16.1+1.3
T10 6.28 £1.68 5.06 + 1.35** 15.93+£1.25 14.25 + 0.97* 17.45+1.13 17.2+15
T11 76+1.8 6.65 + 1.39* 17.67+ 117 15.91 + 1.0%** 18.3+1.03 18.23 +1.37
T12 79+1.62 6.97 £ 1.53* 17.94+ 103 16.05 + 1.25** 19.1+1.07 18.88 + 1.28
L1 7.47+152 6.23 £ 1.63** 16.55 + 1.27 14.81 + 1.2%** 20.27+ 0.94 20.22+1.11
L2 8.04+1.54 6.25 + 1.58** 15.75+1.49 14.31 +1.28** 21.18+1.17 20.45 £ T
L3 9.85+1.82 7.69 £ 1.88* 15.23 +1.44 13.91 + 1.4+ 22.68+1.73 21.72 £ 1.2&
L4 11.42 +1.59 9.29 + 1.89%** 14.75+ 1.77 13.39 + 1.5%1** 25.05+£1.93 23.83 £ 1.8%
L5 16.52 £ 1.93 14.38 + 2.4** 13.13+1.29 12.07 + 2.1% 31.05 £+ 2.26 30.32£3.12

*P<0.05; **P<0.005; ***P<0.0005
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Table 4.16: Comparison ofagittal angle, chord length and inpedicular distance between

Population.

males and females in the European

Sagittal angle(deg)

Chord length (mm)

Inter -pedicular distance (mm)

Vertebral Levels M F M F M F

T1 3.08 £ 0.62 3.02 +0.65 32.87+1.84 29.92 + 1.65** 20.79+ 3.76 21.21+1.36
T2 2.23+0.46 2.38+0.52 35.34+1.9 31.86 + 1.98** 18.37£1.31 17.76 £ 1.19
T3 2.07+0.25 21+0.3 38.47+2.2 34.96 + 1.98** 17.27+£1.31 16.36 £ 1.28
T4 2.07 £ 0.36 2.07+£0.25 42.14+ 2.44 37.92 + 2.1+ 16.63+1.45 15.86 £+ 1.29
T5 2.07+0.25 2.03+0.18 445 + 2.39 40.65 + 2.42+ 16.37 £ 1.55 15.71+£1.28
T6 2.03+0.18 2.03+0.18 46.35+2.34 42.12 + 2.45** 16.33 + 1.58 15.69 + 1.35
T7 2.03+0.18 2.03+0.18 48.18 + 2.57 43.72 + 2.54** 16.4+1.7 15.92 +1.38
T8 2.08 +0.28 2.13+0.34 49.26 + 2.54 44,97 + 2,93 16.58 + 1.57 16.17 + 1.57
T9 2.17+0.38 22+04 50.17 + 2.63 45.99 + 3.19* 16.91+1.76 16.37+15
T10 2.78+0.42 2.77+0.43 49.9+26 45.89 + 2.9%* 17.02 £ 1.56 16.73+1.41
T11 3.23+0.46 3.15+0.36 50.23 + 2.53 45.9 + 2.78** 18.36 £ 1.79 18.04 £ 1.36
T12 3.45+0.53 3.4+0.56 51.41+3.01 47.18 + 2.5%* 2155+ 2.24 20.95+ 1.64
L1 4.68 +0.47 447+0.5 52.8+2.75 48.78 + 2.67** 23.07+ 1.65 22.33+1.86
L2 4.77 £ 0.46 452+0.5 53.03 £ 2.45 49.07 + 2.68* 23.13+1.34 22.62 +2.05
L3 492 +0.38 4.63 £ 0.49** 53.2+231 49.56 + 2.47** 23.05+1.3 22.84+2.13
L4 49+0.3 4.65 £ 0.48* 52.61+25 49.17 + 2.63** 23.55 +1.85 23.57+2.3
L5 4.98 +0.29 4.73 £ 0.52* 51.92+2.76 48.35 + 2.97** 26.49 + 2.45 2591+3.1

*P<0.05; **P<0.005; ***P<0.0005
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4.3 EXTERNAL MEASUREMENTS IN MIXED ANCESTRY POPULATION

4.3.1 Pedicle width

Themeanpedicle widthwas found to sharply decredsem vertebral level§'1 to T5 and then
gradually increased teertebral levell 12 in the thoracic spin@ig. 4.3A) The largesinean
width was seeat vertebral level'l in both males (8.2/hm +1.11) and females (7m8m £099)
and the least weat vertebral levell5 in both males (3.740m +£0.88) and females (3.17m
+0.82) (Table 4.23). In the lumbar spine, pedigldth gradually increaskefrom vertebral level
L1 to L4 and then abruptlgt vertebral level5 (Fig. 4.3A) The largestmeanwidth was seen at
vertebral level5 in both males (15.7am £1.9) and females (14.8sm +£1.81) and the least
wasatvertebral level 1 in both males (7.8hm £1.65) and females (7.02m +1.33) (Table

4.23)

In almost all the vertebral lev&gkhe mean pdicle width in males was largéran in femaleand
thedifference was statistically significafitp O eXtepOabvprtebral levels T6, T10 and T12
(Table 4.23). Similarly, the mean pedicle widths in the older age (51 to 65 years) group were
larger than in the younger (20 to 50 years) age group with statistically significant diffefepcesO
0.05)being obsered from vertebral levels T2 to L5 (Table 4.17). No statistically significant

differences were seen between the right and left sides in all the vertebra{lgvelsO. 0. 05)
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Figure 4.3. Graphs showing the relationship between pedicle wiljhfgedicle heightR),
transverse angle€C) and sagittal angled), chord lengthE) and interpedicular distanceH) and

the vertebral levels in both males and females of the Mixed aypcest
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Table 4.17: Comparison of pedicle width between older-@8lyrs.) and younger (260 yrs.)

age groups in the Mixed ancestry.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean £SD (mm) Mean +SD (mm)
T1 7.7+1.12 8.02£ 1.2 0.1548
T2 5.35£1.12 5.92+ 0.95 0.0059
T3 4.19+ 0.97 4.68+ 0.94 0.0092
T4 3.45+0.79 4.08+1 0.0005
T5 3.27+0.87 3.76+ 0.86 0.0039
T6 3.4+0.92 4.07+1.07 0.0007
T7 3.7+ 0.86 447+ 1.15 0.0001
T8 3.97+£0.98 4.84+ 1.26 0.0001
T9 4,46+ 1.19 5.31+ 1.27 0.0005
T10 5.42+ 1.36 6.7+ 1.47 <0.0001
T11 6.61+ 1.34 7.84+ 153 <0.0001
T12 7.08+ 1.34 8.08+ 1.69 0.0008
L1 7.08+1.61 8.08+ 1.62 0.0019
L2 7.42+ 1.54 8.17+1.49 0.013
L3 8.84+ 1.37 9.67+ 1.43 0.0028
L4 10.49+ 1.51 11.11+ 1.57 0.0394
L5 14.75+ 1.88 16.04+ 1.69 0.0003
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4.3.2 Pedicle height

The mean pedicle height was found to gradually increase from vertebral levels T1 to T12 in the
thoracic spine (Fig. 4.3B). The largest mean pedicle height was seen at vertebral level T12 in
both males (16.86tm +1.15) and females (15.44m +£1.35) and the least was at vertebral level
T1 in both males (9.481m £1.22) and females (8.99m £1.14) (Table 23). In the lumbar spine,
the mean pedicle heights gradually decreased from vertebral levels L1 to L5 (FigT4&B).
largest mean height was seen at vertebral level L1 in both males (1%5.89.05) and females
(14.7mm +1.59) and the least was at vertebral level L5 in both males (1#321.15) and

females (11.8tm £1.26) (Table 4.23).

In almost all the vertebrédvels, the mean height in males was larger than in females and the
difference werestatistically significanf p O eXtepOabeytebral levell'l (Table4.23.

Similarly, the meamedicleheight in the older (51 to 6fears) age group was larger tharthe

younger (20 to 5§@ears) age group with statistically significant differencgp O 0. 05) bei n
observedtvertebrallevels T1, T2, T3, T4, T8, T10 and L1 éble4.18). There were a

significant differencebetween the right and left silén all tre vertebrallevels p O 0. 05) .
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Table 4.18: Comparison of pedicle height between older§5lyrs.) and younger (260 yrs.)
age groups in the Mixed ancestry.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean £SD (mm) Mean +SD (mm)
T1 8.92+ 1.06 9.63+ 1.26 0.002
T2 10.58+ 1.01 11.14+1.01 0.005
T3 11.08+ 0.95 11.61+1.03 0.0066
T4 11.11+ 0.86 11.59+ 1.18 0.0185
T5 10.97+ 1.03 11.29+ 1.15 0.1317
T6 10.93+ 0.96 11.52+ 1.16 0.0047
T7 11.3+0.98 11.61+1.24 0.1524
T8 11.79 +0.98 12.22+1.21 0.0444
T9 12.62+ 1.2 12.98+ 1.01 0.1062
T10 144+ 1.19 14.89+ 1.15 0.032
T11 15.71+ 1.25 16.01+ 1.22 0.2124
T12 16.12+ 1.39 16.35+ 1.5 0.4022
L1 15.08+ 1.28 15.71+ 1.57 0.0223
L2 1473+ 1.2 15.18+1.72 0.1114
L3 14,53+ 1.28 1491+ 1.36 0.1333
L4 13.56+ 1.31 13.89+ 1.2 0.1851
L5 12+1.11 12.21+1.36 0.3752
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4.3.3 Transverse angle

The mean transverse angle was found to rapidly decrease from vertebral levels T1 to T8 and then
gradually increased to vertebral level T12 in the thorsiice (Fig. 4.3C). The largest mean
transverse angle was seen at vertebral level T1 in both males (31.38° £1.92) and females (30.4°
+2.53) and the least was at vertebral level T8 in both males (15.68° +1.31) and females (15.17°
+1.36) (Table 23). In the fabar spine, the mean transverse angle increased gradually from
vertebral levels L1 to L5 (Fig. 4.3C). The largest mean angle was seen at vertebral level L5 in
both males (31.17° £2.41) and females (30.52° £2.75) and the least was at vertebral level L1 in

both males (20.43° +0.91) and females (20.63° +1.08) (Table 4.23).

The mean transverse anglevertebral levels T1, T4, T8, T10, T11 and L4 in males was larger
than in females and the differences were statistically significant O (Table®423). Ther
were no significant differences between the mean transverse angle in the younger (20 to 50
years) and older age (51 to 65 years) groups (Table 4d@Yetween right and left sidatsall

the vertebral levels (p O 0.05).

65



Table 4.19: Comparison of transverse angle between olde6yrs.) and younger (260 yrs.)
age groups in the Mixed ancestry.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean +SD (deg) Mean +SD (deg)
T1 31.27+2.18 30.54+ 2.32 0.0975
T2 25.3+2.34 25.5+ 2.05 0.6421
T3 21.65+1.83 21.5+1.92 0.6799
T4 19+1.38 19.08+ 1.38 0.7557
T5 17.65+ 1.4 17.56+ 1.46 0.7519
T6 16.73+ 1.34 16.5% 1.52 0.398
T7 16.1+1.32 15.98+ 1.48 0.6557
T8 15.48+1.42 15.42+1.27 0.7999
T9 16.1+ 1.51 15.83+£ 1.55 0.3701
T10 17.05+ 1.57 17.38+£1.54 0.2827
T11 17.83+ 1.68 17.92+ 1.67 0.7979
T12 18.73+ 1.55 18.79+ 1.41 0.8403
L1 20.32+ 0.85 20.77+ 1.1 0.0172
L2 21.38+1.12 21.44+1.07 0.7996
L3 22.8+1.44 22.96+ 1.34 0.5583
L4 24.95+ 2 25.46+ 1.6 0.1543
L5 30.35+ 2.86 31.54+ 2.01 0.0161
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4.3.4 Sagittal angle

The mean sagittal angle was found to marginally increase from vertebral levels T1 to T7 and
then gradually increased to vertebral level T12 in the thospine (Fig. 4.3D). The largest

mean angle was seen at vertebral level T12 in both males (3.25° +0.44) and females (3.21° +0.5)
and the least was at vertebral level T7 in both males (2.03° £0.26) and females (2.13° +0.39)
(Table 4.24). In the lumbar spirtbe mean sagittal angles gradually increased from vertebral

levels L1 to L5 (Fig. 4.3D). The largest mean sagittal angle was seen at L5 in both males (4.83°
+0.46) and females (4.77° £0.42) and the least was at L1 in both males (4.45° +0.5) and females

(4.4° +0.57) (Table 4.24).

At vertebral levels T3, T4, T5, T6 and L2, the mean sagittal angle in males was larger than in
females and the differences were statistically significapt O (T@&hblet424). But no

significant difference was seen between thamagittal angle in the older age (51 to 65 years)
group and younger age (20 to 50 years) group (Table 4.20) and between the right and left sides in

all the vertebral levels (p O 0.05).
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Table 4.20: Comparison of sagittal angle between older§5Yyrs.) and younger (280 yrs.)

age groups in the Mixed ancestry.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean +SD(deg) Mean £SD (deg)
Tl 2.97 £ 049 3+041 0.7059
T2 2.22 £0.45 2.13+0.33 0.2457
T3 2.03 +0.18 2.15+0.36 0.0358
T4 2.07£0.25 2.13+0.33 0.3031
T5 2.03+£0.26 2.13+0.33 0.1108
T6 2.13+0.39 21+031 0.6728
T7 2.05+0.34 21+031 0.3941
T8 2.07 £0.31 2.13+0.33 0.3515
T9 2.22 £0.45 2.29+0.46 0.3982
T10 2.62 £0.49 2.81+0.49 0.0417
T11 3.02 +0.34 3.1+0.42 0.2394
T12 3.18+0.39 3.29+0.54 0.2314
L1 4.35+0.48 4.52 +0.58 0.0981
L2 4.47 +0.54 458+0.5 0.2487
L3 4.7 +0.46 4.67+0.48 0.714
L4 4.77 +0.43 473 +0.45 0.6583
L5 4.87 +0.43 473 +0.45 0.1086
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4.3.5 Chord length

The mean loord lengthwas found tayradually increase fromertebral leveld'1 to T12 in

thoracic sping€Fig. 4.3E) The largesmeanlength wasseen at vertebral level T12 in both males
(45.82mm £2.5) and femalg#3.14mm £2.8) and the leastas at vertebral level T1 in both
males (30.9nm +1.64) and females (292m +2.11) (Table 4.24)n the lumbar spine, the

mean chord length gradually increased from vertebral levels L1 to L3 and then marginally
decreased fromertebral levels L4 t&5 (Fig. 4.3E) The largest length was seervattebral

level L3 in both males (49:6m £2.37) and females (46.44m +2.77) the least was at vertebral

level L1 in both males (47.96m £2.15) and females (4bm +2.83) (Table 4.24)

The mean chord length in males was larger than in females and the difference was statistically
significantatall the vertebral levels p O (Table®4 24). Similarly, the mean length in the
older age (51 to 65 years) group was larger than in theggowage (20 to 50 years) group with

significant differences beingpserved in all the vertebral levélsp O (T@ble®t21).

However, no significant differences were seen
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Table 4.21: Comparison of chord length between older-@lyrs.) and younger (280yrs.) age
groups in the Mixed ancestry.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean +SD (mm) Mean +SD (mm)
Tl 29.8+1.91 30.58+ 2.14 0.0474
T2 31.99+ 2.17 32.86+ 2.03 0.0347
T3 34.15+ 2.41 35.78+ 2.27 0.0005
T4 36.83+ 2.65 38.18+ 2.34 0.0068
T5 38.6+ 2.84 40.06+ 2.44 0.0058
T6 40.18+ 2.79 42.06x 2.77 0.0007
T7 41.9+ 3.08 43.43+ 2.97 0.0106
T8 43.06+ 3.01 44.58+ 3.06 0.011
T9 43.69+ 2.98 45.14+ 3.05 0.0145
T10 43.54+ 3.04 44.88+ 3.03 0.024
T11 43.37+ 3.07 44.69+ 2.85 0.0238
T12 43.8+ 2.89 45.66x 2.67 0.0008
L1 46.01+ 2.76 47.45+ 2.83 0.009
L2 46.79+ 2.67 48.39+ 2.68 0.0026
L3 47.59+ 2.91 48.96+ 2.96 0.0174
L4 47.38+ 2.67 48.85+ 2.91 0.0076
L5 46.85+ 2.93 48.7+ 3.13 0.0021
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4.3.6 Inter-pedicular distance

The meannterpedicular distance/as found to gradually decreasem vertebral leveld1 to
T6 and thergraduallyincreased fronvertebral level§7 to T12 in the thoracic spir{€ig. 4.3F)
The largesteandistance waseen at vertebral level T1 in both males (20w £1.4) and
females (19.28m £1.12) and the least wasvertebral levell6 in both males (14.88im
+1.19) and females (14.6im +1.1) (Table 4.24). In the lumbar spine, the mater-pedicular
distancegradually increased frowertebral leveld.1 to L5 (Fig. 4.3F) The largesiean inter
pediculardistance wa seen at vertebral level L5 in both males (25004 £2.27) and females
(24.16mm £2.62) and the leagtas at vertebral e L1 in both males (20.61m +1.4) and

females (19.981m £1.15) (Table 4.24)

At vertebral levels T1 and T2, the mean distance in males was larger than in females and the
differences were statistically significaptp O (T@ble®t24). Similarly, the na@ distance in

the older age (51 to 65 years) group was larger than in the younger age (20 to 50 years) group
with statistically significant differencdseing observefom vertebral levels T10to TI2p O

0.05)(Table 4.22).
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Table 4.22: Comparison of intepedicular distance between older-{yrs.) and younger (20
50yrs.) age groups in the Mixed ancestry.

20-50yrs 51-65yrs P-value
Vertebral Levels | Mean £SD (mm) Mean +SD (mm)
T1 19.95+1.22 19.93+ 1.66 0.9721
T2 17.01+1.18 17.02+ 1.09 0.9951
T3 15.85+ 1.16 15.9+1.08 0.8707
T4 15.08+ 1.13 15.3+£0.85 0.4315
T5 14.83+ 1.07 15.07+ 0.97 0.3989
T6 14.62+ 1.11 14.95+ 1.19 0.3012
T7 14.66+ 1.09 15.03+ 1.24 0.2526
T8 14.77+ 1.01 15.38+ 1.38 0.0637
T9 14.94+ 0.98 15.58+ 1.55 0.0707
T10 15.04+ 0.97 15.75+ 1.41 0.0341
T11 15.81+ 1.11 16.55+ 1.55 0.0486
T12 18.06+ 1.35 18.92+ 1.54 0.0334
L1 20.09+ 0.98 20.63+ 1.63 0.1383
L2 20.66+ 1.34 21.19+ 1.66 0.1987
L3 21.22+ 1.47 22.04+ 1.89 0.0801
L4 22.07£ 1.9 22.89+ 2.1 0.1394
L5 24.26+ 2.48 25.14+ 2.37 0.194
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Table 4.23. Comparison of mean pedicle width, pedicle height and transverse angle between males and females in the Mixed

ancesy.

Pedicle Width (mm)

Pedicle Height (mm)

Transverse angle(deg)

Vertebral Levels M F M F M F

T1 8.27+1.11 7.3 £ 0.99** 9.43+1.22 8.99+1.14 31.38+1.92 30.4+2.53
T2 6.09 + 0.97 5.01 + 0.9** 11.34 £ 0.87 10.2 + 0.88** 25.47 £ 2.36 25.29+2.02
T3 4.78 £0.93 3.93 £ 0.85** 11.8+0.9 10.71 £ 0.8%** 21.67 £1.95 21.48+1.77
T4 3.99+0.93 3.41 +0.85* 11.79+0.94 10.74 + 0.85** 19.33+1.31 18.67 £ 1.37
T5 3.74£0.88 3.17 £ 0.82* 11.57 +£0.94 10.54 + 1.0 17.75+1.41 17.44 +1.43
T6 3.85+1.08 3.5+0.98 11.66 + 0.98 10.6 + 0.92** 16.7 +1.43 16.54+1.41
T7 431+£1.12 3.71£0.9%* 11.93+0.96 10.83 + 0.9%** 16.15 +1.27 15.92 + 1.53
T8 4.7+1.28 3.94 £ 0.91* 12.44 +1.02 11.41 + 0.93 15.68 + 1.31 15.17 + 1.36
T9 5.06 +1.39 456 +1.12 13.25+1.04 12.2 + 0.94** 16.15 + 1.47 15.77 + 1.59
T10 6.24 +1.47 5.67 +1.59 15.09 £ 1.15 14.04 + 0.96** 17.58 +1.33 16.71 + 1.6%*
T11 7.45+1.61 6.78+ 1.4 16.4 + 0.96 15.16 + 1.2%** 18.3+1.08 17.33 + 2.0%*
T12 7.74 +1.66 7.25+1.44 16.88 + 1.15 15.41 + 1.35** 19.17 £ 0.92 18.25+1.86
L1 7.9+1.65 7.02 +1.3* 15.89 + 1.05 14.7 + 1.59** 20.43+0.91 20.63+1.08
L2 8.34 +1.48 7.06 + 1.@*** 15.35+1.38 14.41 + 1.4% 21.43+1.17 21.38+1

L3 9.62+1.48 8.7 £ 1.25* 15.03+1.29 14.29 + 1.27* 23.03+1.48 22.67+1.24
L4 11.1+1.62 10.36 + 1.38 13.98 +1.24 13.36 + 1.22 2552+1.7 24.75 £1.93
L5 15.71+1.9 14.85+1.81 12.32 +1.15 11.81+1.26 31.17+241 30.52 £ 2.75

*P<0.05; **P<0.005; ***P<0.0005
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Table 4.24: Comparison of mean sagittal angle, chord length and paeéicular distance between males and females in the Mixed

ancestry.

Sagittal angle (deg)

Chord length (mm)

Interpeduncular distance (mm)

Vertebral Levels M F M F M F

T1 2.92+0.33 3.06 £0.56 30.9+1.64 29.2+£2.1%* 20.47+1.42 19.28 + 1.1%
T2 2.13+0.34 2.23+0.47 33.1+£1.92 31.47 + 2.08* 17.32+1.15 16.63+ ¥
T3 2.03+£0.18 2.15+0.36 35.74 £ 2.22 33.79 + 2.35* 15.97 +1.15 15.76 £ 1.09
T4 2.03+0.18 2.17+0.38 38.46+ 2.27 36.14 + 2.41* 15.28 + 0.94 15.06 +1.11
T5 2.07+0.25 2.17+0.43 40.46 + 2.37 37.74 + 245 15.06+1 14.78 + 1.06
T6 2.03+0.18 2.23+047 42.35+2.41 39.34 + 2.65* 14.88 +1.19 1461+1.1
T7 2.03+0.26 2.13+0.39 44.14 + 2.48 40.63 £ 2.72** 14,95+ 1.23 14.67 +1.08
T8 2.07£0.25 2.13+0.39 4528 +25 41.79 £ 2.7+ 15.17+1.24 14.88 £ 1.19
T9 2.28+£0.45 2.21+0.46 45.81+ 247 42.49 £ 2,73 15.51+1.35 14.87 £ 1.15
T10 2.73+0.45 2.67 £ 0.56 4565+ 2.6 42.24 £2.6** 15.67+1.3 14.96 £ 1.01
T11 3.05+0.29 3.06+£0.48 45.38 £ 2.49 4217 £ 2.7 16.42 +1.36 1579+ 1.32
T12 3.25+0.44 3.21+£05 45.82+ 25 43.14 + 2.8 18.71+1.5 18.11+1.44
L1 445+0.5 4.4 +£0.57 47.96 + 2.15 45 + 2.83** 20.6 1.4 19.98 +1.15
L2 4.62+£0.49 4.4 +0.54 48.84 £ 2.25 45.84 £ 2.48** 21.17+151 20.55+ 1.44
L3 473 +0.45 4.63+£0.49 49.6 £ 2.37 46.44 £ 2.77+* 22.03+1.64 21.03+1.64
L4 4.75+0.44 4.75+0.44 49.42 + 2.35 46.3 £ 2.48** 23+2.01 21.73 £1.83
L5 4.83+0.46 477 £0.42 49.09+2.71 45.9 £ 2,74 25.04 + 2.27 24.16 + 2.62

*P<0.05; **P<0.005; ***P<0.0005
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4.4 COMPARISON OF EXTERNAL PEDICULAR MEASUREMENTS IN AFRICAN,
EUROPEAN AND MIXED ANCESTRY POPULATION OF SOUTH AFRICAN

4.4.1 Pediclewidth

In all the populations, the mean pedicle width was found to gradually decrease from vertebral

levels T1 to T5 and then gradually increased to vertebral level T12 in the thoracic spine (Fig.

4.4A). In the lumbar spine, the mean pedicle width gradiradieased from vertebral levels L1

to L5 (Fig. 4.4A). There was a statistically significant difference in the mean pedicle width

between the African, European and mixed ancestry populations from levels T{tp T8O 0. 05)
in the thoracic spine and fromntebral levels L1 to L4 in the lumbar spine after conducting

analysis of variance tests (Table 4.25). Bonfermmrected pairwise analysis revealed that the

mean pedicle widths from vertebral levels T1 to T8 were significantly larger in European

populaton t han in the African and or Mixed ancest
In the lumbar vertebrae, the mean pedicle widths from vertebral levels L1 to L4 were

significantly larger in African population than in the European population, tarettebral levels

L1 and L2 the mean pedicle width was significantly larger in Mixed ancestry population than in

the European population (pO 0., 0o=tptisticalyabl|l e 4. 26
significant differences were found between treampedicle width in the African and the Mixed

ancestry populaton @ 0. 05)
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Figure 4.4. Graphs showing the relationship between pedicle wiljhgedicle heightK),

trang/erse angle@) and sagittal angldX), chord lengthE) and interpedicular distance) and

vertebral levels in the three populations.
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Table 4.25. The ANOVA table showing comparison of the mean pedidtih in the three
population of South African.

African European Mixed ancestry

Vertebral Levels Mean £SD(mm) Mean £SD (mm) Mean £SD (mm) P-Value
Tl 7.61+1.02 8.13+ 1.31 7.84+1.16 0.0028
T2 5.63 +£0.85 6.22+ 1.34 5.61+1.08 <0.0001
T3 4.41 £ 0.68 4.83+1.08 4.41 £ 0.99 0.0004
T4 3.73+0.69 4.06+ 0.93 3.73+0.94 0.004
T5 3.4+0.72 3.95+1 3.49+0.9 <0.0001
T6 3.66 + 0.87 42+1.11 3.7+1.04 <0.0001
T7 3.99 +£0.88 448 +1.2 4.04 £1.07 0.0005
T8 4.34+0.92 4.75+1.27 4.36+£1.19 0.0083
T9 477 +1 5.03+1.35 484 +1.3 0.234
T10 5.89 +1.06 5.67+1.64 5.99 + 1.54 0.2283
T11 72714 7.13+£1.67 7.16 £1.55 0.7355
T12 732+1.34 743 +1.64 7.52 +1.58 0.603
L1 7.37+1.61 6.85+ 1.69 7.52 +1.68 0.0053
L2 7.72 £1.49 7.15 £1.8 7.75+155 0.006
L3 9.31+ 1.6 8.77+2.14 9.21+1.45 0.0429
L4 11.05+1.62 10.35+2.04 10.77 £ 1.56 0.0096
L5 15.61+2.01 15.45+ 2.42 15.33+1.9 0.5945
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Table 4.26: Pair wise (post hoc Bonf@ni) comparison of the mean pedicle width among

populations groups of South African.

Vertebral Levels European European African
Vs Vs Vs
African Mixed ancestry Mixed ancestry
T1 0.002* 0.180 0.429
T2 <0.0001* <0.0001* 1.000
T3 0.002 0.002 1.000
T4 0.01Z 0.013 1.000
5 <0.00QL* <0.00QL* 1.000
T6 <0.00QL* 0.00F 1.000
T7 0.00F 0.006 1.000
T8 0.017 0.03r 1.000
T9 0.298 0.718 1.000
T10 0.741 0.283 1.000
T11 1.000 1.000 1.000
T12 1.000 1.000 0.951
L1 0.044 0.007 1.000
L2 0.019 0.016 1.000
L3 0.054 0.178 1.000
L4 0.007 0.228 0.703
L5 1.000 1.000 0.932

*Statistically significant values
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4.4.2 Pedicle heigh

In all the three populations, the mean pedicle height was found to gradually increase from T1 to
T12 in the thoracic spine whereas in the lumbar spine it gradually decreased from L1 to L5 (Fig.
4.4B). In almost all the vertebral levels, the mean pedicghhshowed statistically significant
differencey p O betweesfrican, European and Mixed ancestry populations except at T1
and T9 in the thoracic spine and at L1 and L3 in the lumbar spine after conducting analysis of
variance (Table 4.27Bonferrani-corrected pairwise analysstiowed that the mean pedicle

height at vertebral levels T2 to T8 and T10 to T12 in the thoracic spine was significantly larger
in European population than in African and or Mixed populatiops O .Gimiafy) in the

lumba spine, the mean pedicle height at vertebral levels L1, L4 and L5 was significantly larger
in the European population than in African and or Mixed ancestry populétipn® 0. 05) ( Tak
4.28) No significant differences were found between the mean pduiaét in the African and

Mixed ancestry populations in all the vertebral levels
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Table 4.27: The ANOVA table showing comparison of the mean pedicle height in the three
population of South African.

African

European

Mixed ancestry

Vertebral Level Mean £SD (mm) Mean +SD (mm) Mean £SD (mm) P-value
T1 9.07+ 1.06 8.96 + 1.43 9.23+ 1.2 0.2631
T2 10.68+ 1.12 11.6%£1.35 10.83+ 1.04 <0.0001
T3 11.16% 1.15 12.03+ 1.44 11.31+ 1.02 <0.0001
T4 11.15+ 0.98 11.8+1.4 11.32+1.04 0.0001
T5 11.04+ 1.04 11.64+1.31 11.11+ 1.09 0.0001
T6 10.97+ 1.05 11.65+ 1.34 11.19+1.09 <0.0001
T7 11.25+ 1.12 11.81+1.31 1144 +1.11 0.0012
T8 11.8+1.15 12.29+1.21 1198+1.1 0.0043
T9 12.69+ 1.25 13.01+ 1.28 12.78+ 1.13 0.1168
T10 14.4+1.44 15.09+ 1.4 14.62+ 1.19 0.0009
T11 15.69+ 1.48 16.93+ 1.47 15.85+ 1.24 <0.0001
T12 15.81+ 1.57 16.86+ 1.45 16.22+ 1.44 <0.0001
L1 15.3% 1.5 15.68 + 1.55 15.36+ 1.44 0.1191
L2 14.46+ 1.54 15.03+ 1.56 14.93+ 1.46 0.0086
L3 14.33+ 1.37 14.57+ 1.57 14.7+1.33 0.1425
L4 13.33+1.48 14.07£ 1.77 13.71+ 1.26 0.001
L5 11.67x1.22 12.6+1.87 12.09+ 1.22 <0.0001
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Table 4.28: Pair wise (post hoc Borf@ni) comparison of the mean pedicle height among
populations groups of South African.

Vertebral Levels European European African
Vs Vs Vs
African Mixed ancestry Mixed ancestry
T1 1.000 0.311 0.985
T2 <0.00QL* <0.00QL* 0.973
T3 <0.00QL* <0.00QL* 0.980
T4 <0.00QaL* 0.007 0.790
5 <0.00QL* 0.002 1.000
T6 <0.00QL* 0.009 0.489
T7 0.00F 0.056 0.708
T8 0.003 0.127 0.734
T9 0.131 0.487 1.000
T10 0.00F 0.028& 1.000
T11 <0.00QL* <0.00QL* 1.000
T12 <0.00QL* 0.004 0.114
L1 0.164 0.337 1.000
L2 0.012 1.000 0.056
L3 0.610 1.000 0.158
L4 0.001 * 0.217 0.199
L5 <0.00QL* 0.030 0.094

*Statistically significant values
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4.4.3 Transverse angle

The mean transverse angle in all the populations was found to gradually decrease from vertebral
levels T1 to T8 and then increased gradually to vertebral level T12 in the thoracic spine (Fig.
4.4C). In the lumbar spine, the mean transverse angle incrgi@skahlly from vertebral levels

L1 to L5 (Fig. 4.4C). There westatisticallysignificant difference¢ p O b th® rbean
transverse angle betwegfrican, European and Mixed ancestry populations from vertebral
levels T1 to T6 in the thoracic spine a@noim vertebral levels L2 to L4 in the lumbar spine after
conducting analysis of variance (Table 4.23)nferrontcorrected pairwise analyssfiowed that
the mean transverse angle from vertebral levels T1 to T6 in the thoracic spine and vertebral
levels L1to L4 in the lumbar spine was significanflyp O @rged i Furopean population

than in African and or Mixed ancestry population (Table 4.30). No significant differences were
found between the mean transverse angle in the African and Mixed ancgstiatioos in all

the vertebral levels
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Table 4.29: The ANOVA table showing comparison of the mean transverse angle in the three

population of South African.

African European Mixed
Vertebral Level Mean +SD (deg) Mean +SD (deg) Mean +SD (deg) P-Value
Tl 30.57+ 2.31 31.68+ 2.31 30.94+ 2.26 0.0008
T2 25.36+ 2.2 26.58+ 1.68 25.39+ 2.21 <0.0001
T3 21.38+ 1.87 2241+ 1.74 21.58+ 1.87 <0.0001
T4 18.9+ 1.48 19.52+1.08 19.04 +1.37 0.0009
T5 17.5+1.52 18.13+1.23 17.61+ 1.42 0.0013
T6 16.73+ 1.53 17.12+ 1.15 16.63+ 1.42 0.0174
T7 16.17+ 1.67 16.49+ 1.32 16.05+ 1.39 0.0595
T8 15.7+1.81 15.78+ 1.23 15.45+ 1.35 0.2273
T9 16.4+1.81 16.29+ 1.27 15.98+ 1.53 0.1121
T10 17.46+ 1.7 17.33+ 1.33 17.19+£1.56 0.4331
T11 18.21+ 1.75 18.27+ 1.21 17.87+ 1.67 0.1222
T12 18.9+1.93 18.99+ 1.18 18.76+ 1.48 0.5314
L1 20.48+ 1.24 20.24+ 1.02 20.52+ 0.99 0.1153
L2 21.34+ 1.46 20.82+1.14 21.41+1.09 0.0005
L3 22.96+ 1.98 22.2+1.58 22.87+1.39 0.0008
L4 25.63+ 2.22 24.44+ 1.96 25.18+1.84 <0.0001
L5 31.21+ 2.8 30.68+ 2.74 30.88 £ 2.57 0.3181
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Table 4.30: Pair wise (post hoc Bonf@ni) comparison of the mean transverse angle among
populations groups of South African.

Vertebral Levels European European African
Vs Vs Vs
African Mixed ancestry Mixed ancestry
T1 0.00F 0.050 0.645
T2 <0.00QL* <0.00QL* 1.000
T3 <0.00QL* 0.002 1.000
T4 0.00F 0.02¢ 1.000
T5 0.002 0.017 1.000
T6 0.084 0.024 1.000
T7 0.263 0.069 1.000
T8 1.000 0.288 0.639
T9 1.000 0.397 0.128
T10 1.000 1.000 0.589
T11 1.000 0.167 0.307
T12 1.000 0.790 1.000
L1 0.296 0.170 1.000
L2 0.004 0.00F 1.000
L3 0.002 0.008 1.000
L4 <0.00Qr* 0.019 0.282
L5 0.403 1.000 1.000

*Statistically significant values
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4.4.4 Sagittal angle

In all the populatios, the mean sagittal angle was found to marginally decrease/&dabral
levelsT1 to T7 and then increas® vertebral levell12 in the thoracic spine. In the lumbar
spine the mean sagittal angle slightly increased frertebral leelsL1 to L5 (Fig 4.4D). There
were statisticallysignificant difference( p O b th@ riepn sagittal angle betweican,
European and Mixedncestrypopulatiors at vertebral level31, T6 andl'10 to T12 in the
thoracic spine after conducting analysis of variance (TaBIE). Bonferronicorrected pairwise
analysisevealedhat the mean sagittal anglevattebrallevels T1, and T10 to T12 was
significantly( p O [rged iB Furopeapopulaton than in African and or Mixed ancestry
populations but at vertebral level T6, the mean sagittal angle was significantly larger in the
Mixed ancestry population than in European and or African popul@iele4.32). No
significant differences were fodrbetween the mean sagittal angles in the African and Mixed

ancestry populations (p. © 0.05) in all t
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Table 4.31: The ANOVA table showing comparison of the mean sagittal andtesithree
population of South African.

African European Mixed ancestry
Vertebral Level Mean +SD (deg) Mean +SD (deg) Mean +SD (deg) P-Value
T1 2.83+0.57 3.05+0.63 2.98+ 0.45 0.0099
T2 2.21+0.47 2.31+ 0.5 2.18+0.41 0.0749
T3 2.07+£0.25 2.07+£0.25 2.08+0.28 0.8574
T4 2.07+x0.34 2.05+0.29 2.09+ 0.29 0.5735
T5 2.04+0.24 2.05+ 0.22 2.07+£0.3 0.6065
T6 2.03+x0.24 2.03+0.18 2.12+0.35 0.0125
T7 2.03+0.18 2.07+0.25 2.07+0.33 0.4356
T8 2.08+0.29 2.11+0.31 2.09+0.32 0.7057
T9 2.19+0.42 2.18+0.39 2.25+ 0.46 0.4338
T10 2.47+0.56 2.78+0.42 2.7+05 <0.0001
T11 3.01+0.48 3.19+0.42 3.06+0.38 0.003
T12 3.23+0.64 3.43+0.54 3.23+£0.47 0.0101
L1 4.49+ 0.57 458+ 0.5 4.43 £ 0.53 0.1067
L2 457+ 0.51 4.64+ 0.5 452+ 0.52 0.1854
L3 4.65+ 0.48 4.78+ 0.46 4.69 £ 0.47 0.105
L4 4.67+0.6 4,78+ 0.42 475+ 0.44 0.2076
L5 477+ 0.56 4.86+ 0.44 4.81+0.44 0.3402

86



Table 4.32: Pair wise (post hoc Bonfemg comparison of the mean sagittal angle among
populations groups of South African.

Vertebral Levels European European African
Vs Vs Vs
African Mixed ancestry Mixed ancestry
T1 0.00% 1.000 0.141
T2 0.280 0.092 1.000
T3 1.000 1.000 1.000
T4 1.000 0.883 1.000
T5 1.000 1.000 0.998
T6 1.000 0.04r 0.021
T7 0.946 1.000 0.697
T8 1.000 1.000 1.000
T9 1.000 0.696 0.887
T10 <0.00QL* 0.841 0.001
T11 0.003 0.05F 1.000
T12 0.025 0.029 1.000
L1 0.678 0.106 1.000
L2 0.769 0.210 1.000
L3 0.118 0.446 1.000
L4 0.269 1.000 0.610
L5 0.431 1.000 1.000

*Statistically significant values
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4.4.5 Chord length

The mean chord length was found to gradually increase from vertebral levels T1 to T12 in the
thoracic spine while in the lumbar spine it gradually increased from vertebral levels L1 to L3 and
then $ightly decreased from level L4 to L5 in all the three populations (Fig. 4.4E). There were
statistically significan{ p O @iffe@ricd in the mean chord lengths betwedrican,

European and Mixed ancestry populations in all the vertebral levelsaftéucting analysis of

variance (Table 4.33) arigbnferronicorrected pairwise analyssdiowed that the mean chord

length in the European population was significatitly O Brged than in the African and or

Mixed ancestry population at all the vertdbdeaels (Table 4.34). No significant differences

were found between the mean chord | ength in t

0.05) in the vertebral levels

88



Table 4.33: The ANOVA table showing comparison of the mean chord length in the three
population of South African.

African European Mixed ancestry

P-Value
Vertebral Level Mean £SD (mm) Mean £SD (mm) Mean £SD (mm)
T1 30.46+ 1.84 31.39+ 2.29 30.15+ 2.04 <0.0001
T2 32.66+ 2.1 33.6£2.6 32.38+ 2.15 0.0002
T3 35.31+ 2.16 36.72+ 2.73 34.87+2.47 <0.0001
T4 37.7+£2.39 40.03+ 3.1 37.43+ 2.59 <0.0001
T5 39.49+ 2.48 42.58+ 3.08 39.25+ 2.76 <0.0001
T6 40.98+ 2.46 44.24+ 3.19 41.01+ 2.92 <0.0001
T7 42.4+ 2.46 45,95+ 3.39 42.58+ 3.11 <0.0001
T8 43.42 £ 2.68 47.11+ 3.48 43.73+ 3.11 <0.0001
T9 43.89+ 2.69 48.08+ 3.59 44.34+ 3.08 <0.0001
T10 43.82+ 2.71 47.89+ 3.44 44,14+ 3.1 <0.0001
T11 43.74+ 2.62 48.06+ 3.42 43.95+ 3.04 <0.0001
T12 44.79+ 2.56 49.3 3.51 44.62+ 2.93 <0.0001
L1 46.55+ 2.43 50.79+ 3.37 46.65+ 2.87 <0.0001
L2 47.37+ 2.58 51.05+ 3.24 475+ 2.78 <0.0001
L3 48.09+ 2.62 51.38+ 3 48.19+ 2.99 <0.0001
L4 48.05+ 2.68 50.89+ 3.09 48.03+ 2.86 <0.0001
L5 47.94+ 2.97 50.13+ 3.37 47.67+ 3.14 <0.0001
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Table 4.34: Pair wise (post hoc Bonfemg comparison of the mean chord length among

populations groups of South African.

Vertebral Levels European European African
Vs Vs Vs
African Mixed ancestry Mixed ancestry
T1 0.002 <0.00QaL* 0.747
T2 0.005 <0.00QL* 1.000
T3 <0.00QL* <0.00QL* 0.544
T4 <0.00QaL* <0.00QL* 1.000
T5 <0.00QL* <0.00QL* 1.000
T6 <0.00QL* <0.00QL* 1.000
T7 <0.00Q.* <0.00Q.* 1.000
T8 <0.00QL* <0.00QL* 1.000
T9 <0.00QL* <0.00QL* 0.843
T10 <0.00QL* <0.00Q.* 1.000
T11 <0.00QL* <0.00QL* 1.000
T12 <0.00QL* <0.00QL* 1.000
L1 <0.00QL* <0.00QL* 1.000
L2 <0.00QL* <0.00QL* 1.000
L3 <0.00Q.* <0.00QL* 1.000
L4 <0.00QL* <0.00QL* 1.000
L5 <0.00QL* <0.00QL* 1.000

*Statistically significant values
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4.4.6 Inter-pedicular distance

In all the three populations, the mean ifgedicular distance was found to gradually decrease
from vertebral levels T1 to T6 then gradually increased to vertebral level T12thotheic

spine (Fig. 4.4F). In the lumbar spine, the mean-péelicular distance gradually increased from
vertebral leveld 1 to L5 (Fig. 4.4F). There westatistically significant differensg p O ™. 05)
the mean intepedicular distansebetweerfri can, European and Mixed ancestry populations in
all the vertebral levels after conducting analysis of variance(fesble 4.35)Bonferront

corrected pairwise analysstiowed that the mean ingeedicular distances were significantlyp O
0.05)larger inEuropean population than in African and or Mixed ancestry populations at all the
vertebral levels (Table 4.36). No significant differences were found between the mean inter
pedicular distance in the African and Mixed ancestry populatioal the vertebal levels( p O

0.05)

91



Table 4.35: The ANOVA table showing comparison of the mean Hptedicular distance in the

three population of South African.

African European Mixed ancestry

Vertebral Level mean £SD(mm) mean £SD(mm) mean £SD (mm) P-Value
T1 20.05+x1.61 21+281 19.94+1.42 0.0104

T2 17.00 £1.55 18.07 £1.28 17.02+£1.13 <0.0001
T3 15.49+ 2.11 16.81+£1.36 15.87+£1.12 <0.0001
T4 15.2+1.43 16.24+1.41 15.18+£1.01 <0.0001
T5 1491 +£1.45 16.04 £ 1.45 1493 +£1.03 <0.0001
T6 14,76+ 1.43 16.01+£1.49 14.76 £1.15 <0.0001
T7 14.85+1.43 16.16 £ 1.55 1483 +£1.17 <0.0001
T8 1499 +£1.45 16.37 £ 1.57 15.04 £1.22 <0.0001
T9 15.18+1.4 16.64 + 1.64 15.23+1.3 <0.0001
T10 15.39+1.31 16.88 £1.48 15.36 £1.22 <0.0001
T11 16.24 £1.62 18.2+1.58 16.14+£1.36 <0.0001
T12 18.5+ 1.93 21.25+1.97 18.44 +£1.49 <0.0001
L1 20.52 +1.57 22.7+1.79 20.33+1.32 <0.0001
L2 21.2 +1.59 22.87+1.73 20915 <0.0001
L3 22(+1.78) 2294 +1.75 21.59+1.7 0.0002

L4 22.91+2.08 23.56 + 2.07 22.43+2.02 0.0142

L5 25.07+ 2.61 26.2+2.78 24.65 +2.45 0.0053
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Table 4.36: Pair wise (post hoc Bonf@ni) comparison of the mean intpedicular among

populations groups of South African.

Vertebral Levels European European African
Vs Vs Vs
African Mixed ancestry Mixed ancestry
T1 0.03& 0.02¢ 1.000
T2 <0.00QL* <0.00QL* 1.000
T3 <0.00QL* 0.006 0.621
T4 <0.00QL* <0.00QL* 1.000
5 <0.00QL* <0.00QL* 1.000
T6 <0.00QL* <0.00QL* 1.000
T7 <0.00QL* <0.00QL* 1.000
T8 <0.00QL* <0.00QL* 1.000
T9 <0.00QL* <0.00QL* 1.000
T10 <0.00QL* <0.00QL* 1.000
T11 <0.00QL* <0.00QL* 1.000
T12 <0.00QL* <0.00QL* 1.000
L1 <0.00QL* <0.00QL* 1.000
L2 <0.00QL* <0.00QL* 0.865
L3 0.01¥ <0.00QL* 0.608
L4 0.250 0.01Z 0.655
L5 0.057 0.006 1.000

*Statistically significant values
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4.5 INTERNAL PEDICLE MEASUREMENT IN AFRICAN POPULATION

4.5.1 Transverse inner cortical diameter

The mean transverse inner cortical diameter was found to gradually decrease from vertebral
levels T1 to T5 and then graduailhcreased to vertebral level T12 in the thoracic spine (Fig.

4.5A). The largest mean transverse inner cortical diameter was seen at vertebral level T1 in both
males (6.86nm £0.95) and females (6m8m +0.99) and the least was at vertebral level T5 in
bothmales (2.53nm +£0.56) and females (2.24m +0.78) (Table 4.37). In the lumbar spine, the
mean transverse inner cortical diameter gradually increased from vertebral levels L1 to L5 (Fig.
4.5A). The largest mean transverse inner cortical diameter wastsestearal level L5 in both

males (14.9%5nm £2.24) and females (14.18m +1.64) and the least was at vertebral level L1 in

both males (7.15m +1.61) and females (5.57m +1.19) (Table 4.37).

In almost all the vertebral levels, the mean transverse aumgcal diameter in males was larger
than in females and the difference was statistically significgmt O exxepOabvprtebral

levels T10 to T12 (Table 4.38). Similarly, the mean diameters in the older age (51 to 65 years)
group were larger than the younger age (20 to 50 years) group with significant differenges O
0.05)beingobserved from vertebral levels 1A T9 (Table 4.38). No significant differersce

were seen between the right and | eft sides
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Figure 4.5. Graph showing the relationship between the transverse inner cortical diadv)eter (
and vertical inner cortical diametds)(and the vertebral levels in both males and females of the

African populaion.
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Table 4.37. Comparison of mean transverse inner cortical diameter between males and females
in the African population.

Males Females P-value
Vertebral Levels Mean +SD (mm) Mean £SD (mm)
Tl 6.86+ 0.95 6.3+ 0.99 0.0020
T2 4.87+0.79 4.36% 0.85 0.0008
T3 3.58+ 0.67 3.2+0.65 0.0025
T4 2.86+ 0.58 2.57+0.76 0.0188
T5 2.53+0.56 2.24+0.78 0.0188
T6 2.89+0.77 2.43+0.88 0.0031
T7 3.31+0.74 2.64+0.87 <0.0001
T8 3.65+£ 0.79 2.95+ 0.9 <0.0001
T9 4.1+£0.94 3.38+£ 0.96 0.0001
T10 5.05+ 0.86 4.68+ 1.29 0.0661
T11 6.43+ 1.3 6.09+ 1.54 0.1953
T12 6.48+ 1.15 6.15+ 1.56 0.1925
L1 7.15+1.61 5,57+ 1.19 0.0000
L2 7.34+ 1.56 6.06+ 1.13 0.0000
L3 8.91+ 1.67 7.63+1.18 0.0000
L4 10.49+ 1.79 9.53+1.2 0.0009
L5 14,95+ 2.24 1419+ 1.64 0.0348
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Table 4.38: Comparison of mean transverse inner cortical diameter between the older (50 to 65

years) age group and the younger (20 ty&drs) age group in the African population.

20-50yrs 51-65yrs P-value
Vertebral Levels Mean +SD (mm) Mean +SD (mm)
T1 6.37 + 1.06 6.78 £0.91 0.0271
T2 4.37 £ 0.83 4.86 + 0.82 0.0018
T3 3.17£ 0.63 3.61+0.67 0.0004
T4 2.52 +0.69 291 +0.63 0.0016
T5 219+0.7 2.58 +0.63 0.0018
T6 2.44 +0.84 2.88+0.82 0.0045
T7 2.67+0.8 3.28+0.85 0.0001
T8 3.05%+0.9 3.56 + 0.86 0.0019
T9 3.45+0.92 4.03+1.03 0.0016
T10 4.81+1.21 492 +1.01 0.5983
T11 6.28 +1.51 6.23 +1.36 0.8455
T12 6.3+1.46 6.33+1.29 0.9038
L1 6.31+1.71 6.4 £1.53 0.7657
L2 6.6 £ 1.65 6.81+ 1.34 0.4443
L3 8.28 + 1.69 8.26 £ 1.47 0.9321
L4 10.02 + 1.65 10+ 1.54 0.9387
L5 147124 14.44 £+ 1.48 0.4789
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4.5.2 Vertical inner cortical diameter

The mean vertical inner cortical diameter was found to gradually increasedrtgbral levels

T1to T12 in the thoracic spine (Fig. 5.5B). The largest mean vertical inner cortical diameter was
seen at vertebral level T12 in both males (1516 +£1.38) and females (14.27m +1.58) and

the least was at vertebral T1 in both malesg&m +1.04) and females (7.78m +0.96) (Table

4.39). In the lumbar spine, the mean vertical inner cortical diameter gradually decreased from
vertebral levels L1 to L5 (Fig. 5.5B). The largest mean diameter was seen at vertebral level L1 in
both males (147 mm +1.31) and females (13.88n £1.51) and the least was at vertebral level

L5 in both males (11.181m £1.77) and females (10.54m +1.07) (Table 5.39).

In almost all the vertebral levels, the mean vertical inner cortical diameter in males was larger

than in females and the difference was statist.i
levels L3 to L4 (Table 4.59). However, there were no significant differences seen between the

mean vertical inner cortical diameter in the older age (51 ¥@®6Es) group and younger age (20

to 50 years) group (Table 4.40) and between t
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Table 4.39: Comparison of mean vertical inner cortical diameter between males and feamales

the African population.

Males Females P-value
Vertebral levels Mean £SD (mm) Mean £SD (mm)
Tl 8.28+1.04 7.79+ 0.96 0.009
T2 10.19+ 0.86 9.09+ 1.07 <0.0001
T3 10.6% 0.89 9.65+ 1.17 <0.00a
T4 10.52+ 0.87 9.73+£0.93 <0.0001
T5 10.43+0.83 9.59+ 1.06 <0.0001
T6 10.48+ 0.96 9.43+0.9 <0.00a
T7 10.71+£ 0.96 9.71+ 1.02 <0.0001
T8 11.3+1.06 10.23+ 0.99 <0.0001
T9 12.14+ 1.14 11.14+1.18 <0.0001
T10 13.83+ 1.41 13+1.36 0.0015
T11 15.21+1.23 14.1+1.54 <0.0001
T12 15.26+ 1.38 14.27+ 1.58 0.0004
L1 14.67+ 1.31 13.89+ 1.51 0.0027
L2 13.73+£ 1.43 13.1+1.62 0.0277
L3 13.47+1.28 13.12+1.41 0.1614
L4 12.2+ 1.67 12.24+ 1.47 0.8784
L5 11.13+1.77 10.54+ 1.07 0.0294
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Table 4.40: Comparison of mean vertical inner cortical diameter between the older§50 to

years) age group and the younger (20 ty&drs) age group in the African population.

20-50yrs. 51-65yrs. P-value
Vertebral levels Mean £SD (mm) Mean +SD (mm)
T1 8.16% 0.94 7.92+11 0.2044
T2 96+1.1 9.69+ 1.13 0.6573
T3 10+1.05 10.25+ 1.22 0.225
T4 10.08+ 1.01 10.17+ 0.96 0.6153
T5 9.94+ 1.06 10.08+ 1.01 0.4457
T6 9.92+1.08 9.99 £ 1.06 0.734
T7 10.17+£1.08 10.25+1.15 0.6604
T8 10.79+ 1.17 10.75+ 1.14 0.8557
T9 11.64+1.17 11.64+1.36 0.9971
T10 13.53+ 1.38 13.3+x15 0.3951
T11 14.65+ 1.51 14.66+ 1.5 0.9869
T12 14.74+ 1.61 14.79+ 151 0.8814
L1 14.31+ 1.3 14.25+ 1.62 0.8475
L2 13.42+ 1.37 13.41+1.72 0.9548
L3 13.12+1.19 13.46% 1.49 0.1727
L4 12.01+£1.39 1243+ 1.71 0.1423
L5 10.77+ 1.55 10.89+ 1.43 0.6684
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4.6 INTERNAL PEDICLE MEASUREMENT IN EUROPEAN POPULATION

4.6.1 Transverse inner cortical diameter

The mean transverse inner cortical diameter was found to gradually decrease from vertebral
levels T1 to T5 and then gradually increased to vertebral level T12 in the thoracic spine (Fig.
4.6A). The largest mean transvenseer cortical diameter was seen at vertebral level T1 in both
males (7.7Inm £1.2) and females (6.%57m +1.21) and the least was at vertebral level T5 in

both males (3.26hm +£1.05) and females (2.67m +0.84) (Table 4.41). In the lumbar spine, the
mean tansverse inner cortical gradually increased from vertebral levels L1 to L5 (Fig. 4.6A).

The largest mean transverse inner cortical diameter was seen at vertebral level L5 in both males
(15.49mm £1.93) and females (13.87m +2.36) and the least was attedral level L1 in both

males (6.47mm £1.45) and females (5128 +1.62) (Table 4.41).

In all the vertebral levels, the mean transverse inner cortical diameter in males was larger than in
females and the difference j(Table4.42). Notsigntficastt i c al |
differences between the mean transverse inner cortical diameters in the older (50 to 65 years) and

younger (20 to 50 years) age group and bet wee
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Figure 4.6. Graph showing the relationship between the transverse inner cortical diafeter (
and vertical inner cortical diametds)(and the vertebral levels both males and females thie

European pogation.
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Table 4.41: Comparison of mean transverse inner cortical diameter between males and females
in the European population.

Male Female P-value
Vertebral Levels Mean £SD (mm) Mean +SD (mm)
T1 7.71+1.2 6.57+1.21 <0.0001
T2 574+ 1.3 4.77+1.22 <0.0001
T3 4.13+1.19 3.53+x0.9 0.0023
T4 3.31£1.02 2.92+0.74 0.0166
T5 3.26% 1.05 2.67+0.84 0.001
T6 3.54x 121 2.89+0.92 0.0012
T7 3.89+ 1.3 3.11+£ 0.97 0.0003
T8 4,19+ 1.29 3.37£1.14 0.0003
T9 4.6+ 1.27 3.49+1.21 <0.0001
T10 5.29+ 1.68 413+ 1.34 0.0001
T11 6.61+ 1.83 5.67x1.4 0.0018
T12 6.9+ 1.63 6.01+ 1.53 0.0026
L1 6.47+ 1.45 5.28+ 1.62 <0.0001
L2 7.04+ 151 5.28+ 1.56 <0.0001
L3 8.83+1.81 6.67+1.89 <0.0001
L4 10.39+ 1.59 8.31+1.89 <0.0001
L5 15.49+ 1.93 13.37£ 2.36 <0.0001
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Table 4.42: Comparison of mean transverse inner cortical diameter between the older (50 to 65

years) age group and the younger (20 tyé&drs) age group in tleuropean population.

20-50yrs. 51-65yrs. P-value
Vertebral levels Mean £SD (mm) Mean +SD (mm)
T1 7.14+ 1.27 7.13+14 0.9696
T2 5.24+ 141 5.27+£1.29 0.9195
T3 3.76 £1.02 3.91+1.17 0.4415
T4 3.13+0.91 3.1+0.91 0.8681
T5 3.01+ 1.06 2.92+0.93 0.6446
T6 3.22+1.13 3.21+1.11 0.9721
T7 3.57+1.29 3.44+1.13 0.5566
T8 3.78+1.25 3.78+£1.33 0.9927
T9 3.98+ 1.36 41+1.36 0.6233
T10 4.71+1.62 4.71+1.64 0.988
T11 6.24+ 1.8 6.05+ 1.58 0.5442
T12 6.62+ 1.58 6.29+ 1.68 0.2689
L1 5.96+ 1.68 5.79+ 1.61 0.5902
L2 6.16+ 1.78 6.16+ 1.76 0.9967
L3 7.9+1.9 7.6+2.36 0.4419
L4 9.35+1.92 9.35+ 2.15 0.985
L5 14.16+ 2.26 14.71+ 2.51 0.2083
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4.6.2 Vertical inner cortical diameter

The mean vertical inner cortical diameter was found to gradually increase from vertebral levels
T1to T11 and then slightly decreased at vertebral level T12 in the thoraci¢Rpgi.6B). The
largest mean vertical inner cortical diameter was seen at vertebral level T11 in malesn{h6.94
+1.08) and at T12 in females (15.88n £1.24) and the least was at vertebral level T1 in both
males (8.82nm +1.11) and females (7.08m =1.15 (Table 4.43). In the lumbar spine, the

mean vertical inner cortical diameter gradually decreased from vertebral levels L1 to L5 (Fig.
4.6B). The largest mean diameter was seen at vertebral level L1 in both malesnitb:3429)

and females (13.8mm £126) and the least was at vertebral level L5 in both males (h2114

+1.32) and females (11.24m +2.2) (Table 4.43).

The mean vertical inner cortical diametén males wertarger than in females and the
difference werestatistically significanf p  ©) inQll tife vertebral levels (Tabte43).

Similarly, at vertebral level T#he mean verticahner corticaldiameter in the older agé0 to

65 yearsproup wadarger than in the younger a0 to 50 years) group and the difference was
statistically gnificant( p O (Table@.44). No significant differencewereseen between the

rightandleftside (p .O 0. 05)
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Table 4.43. Comparison of mean vertical inner cortical diameter between malderaates in
the European population.

Male Female P-value

Vertebral levels Mean +SD (mm) Mean +SD (mm)

T1 8.82+ 1.11 7.09+ 1.15 <0.00a
T2 11.56+ 0.96 9.68+ 0.98 <0.00a
T3 12.01+ 1.05 10.01+ 0.97 <0.0001
T4 11.74+ 1.12 9.92+1.1 <0.0001
T5 11.53+0.91 9.74+ 0.94 <0.0001
T6 11.55+ 0.97 9.77+1.01 <0.0001
T7 11.77£ 0.91 9.86+ 0.86 <0.0001
T8 12.13+£0.74 10.47+1.02 <0.0001
T9 12.83+0.99 11.17+£ 0.95 <0.00a
T10 14.94+ 1.25 13.27+£ 0.97 <0.00a
T11 16.94+ 1.08 1491+ 1.09 <0.0001
T12 16.68+ 1.17 15.08+ 1.24 <0.0001
L1 15.54+ 1.29 13.85+ 1.26 <0.00a
L2 14.72+ 1.49 13.33£1.29 <0.00a
L3 14.24+ 1.45 12.93+1.42 <0.0001
L4 13.72+ 1.79 12.36+ 1.59 <0.00a
L5 12.14+ 1.32 11.24+ 2.2 0.0078
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Table 4.44: Comparison of mean vertical inner cortical diameter between the older§50 to

years) age group and the younger (20 tyé&drs) age group in the European population.

20-50yrs. 51-65yrs. P-value
Vertebral levels Mean +SD (mm) Mean £SD (mm)
Tl 7.8+1.46 8.11+ 1.37 0.2415
T2 10.36+ 1.35 10.88+1.3 0.0308
T3 10.87+ 1.63 11.16+ 1.17 0.2701
T4 10.71+ 1.56 1096+ 1.3 0.342
T5 10.46+ 1.39 10.81+ 1.16 0.1377
T6 10.59+ 1.4 10.73+ 1.26 0.5697
T7 10.78+1.41 10.86+ 1.2 0.7435
T8 11.19+1.31 11.42+1.12 0.2962
T9 11.82+1.36 12.19+ 1.17 0.1138
T10 14.1+1.51 14,11+ 1.27 0.9537
T11 15.92+ 1.53 15.93+ 1.45 0.9615
T12 16.03+ 1.56 15.72+ 1.32 0.2422
L1 14.87+ 1.61 14.52+ 1.43 0.2018
L2 14,19+ 1.65 13.86% 1.45 0.2556
L3 13.71+ 1.64 1346+ 1.5 0.3856
L4 12.99+ 2.02 13.1+1.61 0.7558
L5 11.61+1.86 11.78+1.88 0.6256
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4.7 INTERNAL PEDICLE MEASUREMENT IN MIXED ANCESTRY POPULATION
4.7.1 Transverse inner cortical diameter

The mean transverse inner cortical diameter was found to gradually decreasertedral
levels T1 to T5 and then gradually increasedexiebral levell12 in the thoracic spin@ig.
4.7A). The largest mean transverse inner cortical diameter was seemeditral levell'1 in both
males (7.2nm +1.13) and females (6.2dm +0.96) and the least wasvattebral levell'5 in
both males (2.78m +0.9) and ferles (2.2Imm £0.76) (Tablel.45). In the lumbar spine, the
mean transverse inner cortical diameter gradually increased/édebrallevels L1 to L5(Fig.
4.7A). The largest mean transverse inner cortical diameter was seemediral level 5 in both
males (14.62nm £1.92) and females (13.&4m £1.84) and the least wasvattebral level 1 in

males (6.89nm +1.68) and at L2 in females (5.8 £1.3) (Tablet45).

In almost all the vertebral levels, the mean transverse inner cortical diameters iwerales
greater than in females and the differences were statistically signifigant O ex@ep0ab )
vertebral level T12 (Table 4.45). Similarly, the mean transverse inner cortical diameters in the
older age (51 to 65 years) group were larger than igdbeger age (20 to 50 years) group with
significant difference¢ p O béngdb<geived in almost all the vertebral levels except at
vertebral level T1 (Table 4.46). No significant differences were seen between the right and left

sides (p O 0.05).
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Figure 4.7. Graph showing the relationship between the transverse inner cortical diéi)eter
and vertical inner cortical diamet@) and the vertebral levels both males and feales of the

Mixed ancestrypopulation
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Table 4.45. Comparison of mean transverse inner cortical diameter between males and females
in the Mixed ancestry.

Male Female P-value
Vertebral Levels Mean £SD (mm) Mean £SD (mm)
Tl 7.2+1.13 6.21+ 0.96 <0.0001
T2 5.03x1 3.96% 0.94 <0.0001
T3 3.77x1 2.91+0.83 <0.0001
T4 2.99+ 0.96 2.39+0.8 0.0007
T5 2.73x 0.9 2.21+0.76 0.0019
T6 2.87+1.05 2.48+0.93 0.0448
T7 3.3£1.15 2.72+ 0.86 0.0046
T8 3.68+ 1.3 2.96+ 0.89 0.0014
T9 4.06+ 1.37 354+ 1.1 0.0344
T10 5.22+1.48 4.62+ 1.62 0.0457
T11 6.43+ 1.63 573+ 14 0.0197
T12 6.71+ 1.69 6.18+ 1.44 0.0853
L1 6.89+ 1.68 6.02+ 1.64 0.0082
L2 7.36+ 1.49 597+1.3 <0.0001
L3 8.6x15 7.67+1.25 0.0008
L4 10.07+ 1.64 9.3+1.41 0.0108
L5 14.62+ 1.92 13.85+ 1.84 0.0359
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Table 4.46. Comparison of mean transverse inner cortical diameter between the older age group
and the younger age group in t&xed ancestry.

20-50yrs. 51-65yrs. P-value
Vertebral Levels Mean £SD (mm) Mean +SD (mm)
T1 6.6+x1.1 6.95+ 1.22 0.1194
T2 4.25+1.15 493+ 0.93 0.0011
T3 3.16+1.02 3.67+0.96 0.0092
T4 2.45+0.82 3.05+0.98 0.0007
T5 2.28+0.82 2.76+0.88 0.0042
T6 2.41+0.89 3.06+ 1.06 0.0008
T7 2.72+ 0.84 3.46+ 1.17 0.0002
T8 2.98+0.97 3.83+£1.27 0.0001
T9 3.43+1.19 4.32+1.23 0.0003
T10 441+ 1.35 5.64+ 1.56 <0.0001
T11 5.56+ 1.34 6.83+ 1.54 <0.0001
T12 6.01+1.35 7.06x 1.7 0.0005
L1 6.01+ 1.58 7.12+ 1.67 0.0007
L2 6.41+ 1.54 7.15+1.51 0.0131
L3 7.81+ 1.37 8.65+ 1.45 0.0026
L4 9.42+ 1.51 10.11+ 1.6 0.0234
L5 13.73+1.89 14,96+ 1.74 0.0008
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4.7.2 Vertical inner cortical diameter

The mean vertical inner cortical diameter was found to gradually increase from vertebral levels
T1to T12 in the thoracic spine (Fig. 4.7Bhe largest mean vertical inner cortical diameter was
seen at vertebral level T12 in both males (1586 +1.2) and females (14.36m £1.33) and

the least was at vertebral level T1 in both malesri8®+1.22) and females (7.98m £1.16)

(Table 4.47). Inhe lumbar spine, the mean vertical diameter gradually decreased from vertebral
levels L1 to L5 (Fig. 4.7B). The largest mean diameter was seen at vertebral level L1 in both
males (14.63nm £1.78) and females (13.67m £1.58) and the least was at vertebeaél L5 in

both males (11.3&hm £1.12) and females (10.82n +1.22) (Table 4.47).

In all the vertebral levels, the mean vertical inner cortical diameter in males was larger than in
females and these differ encesbleMelr).eSimdatlyathei st i c a
mean vertical inner cortical diameters in the older (50 to 65 years) age group were larger in the
younger (20 to 50 years) age group with stati
vertebral levels T1 to T4 and at TB3, T1 L1 and L2 (Table 48). No significant differences

were seen between the right and | eft sides (p
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Table 4.47. Comparison of mean vertical inner cortical diameter between males and females in

the Mixed ancestry.

Male Female P-value

Vertebral Levels Mean +SD (mm) Mean +SD (mm)

Tl 8.4+1.22 7.93+1.16 0.0447
T2 10.32 £ 0.87 9.18+0.91 <0.0001
T3 10.77 £ 0.89 9.7+0.84 <0.0001
T4 10.76 £ 0.94 9.73+0.8 <0.0001
T5 10.54 £ 0.92 9.52 + 0.96 <0.0001
T6 10.63 £ 0.98 9.58+0.9 <0.0001
T7 10.9+0.98 9.8+0.97 <0.0001
T8 11.37 +1.03 10.38 £ 0.94 <0.0001
T9 12.08 £1.51 11.15+0.94 0.0003
T10 14.05+1.15 12.99+1.01 <0.0001
T11 15.34 £ 0.92 1417+ 1.24 <0.0001
T12 1586+ 1.2 14.36 £ 1.33 <0.0001
L1 14.65+1.78 13.67 £ 1.58 0.0037
L2 14.15+1.91 13.4+1.39 0.0238
L3 13.84+1.71 13.21+1.21 0.0342
L4 12.88 + 1.43 12.33+1.28 0.0381
L5 11.32+1.12 10.82 +1.22 0.0293
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Table 4.48: Comparison of mean vertical inner cortical diameter between the older (50 to 65
years) age group and the younger (20 tg€drs) age group in the Mixeghcestry.

20-50yrs. 51-65yrs. P-value
Vertebral Levels Mean +SD (mm) Mean +SD (mm)
Tl 7.85+ 1.07 8.62+ 1.26 0.0008
T2 9.54+ 1.02 10.15+ 1.01 0.0022
T3 10.03+ 0.94 10.63+ 1.02 0.002
T4 10.07+ 0.82 10.59+ 1.16 0.0073
T5 9.92+1 10.29+ 1.12 0.0743
T6 9.88+ 0.96 10.53+ 1.11 0.0015
T7 10.26+ 1.01 10.59+ 1.23 0.1319
T8 10.73+ 0.99 11.18+1.19 0.0318
T9 11.43+ 1.58 11.96+0.99 0.0463
T10 13.36x1.21 13.85+ 1.16 0.0334
T11 14.66+ 1.25 15.02+ 1.17 0.1291
T12 15.08+ 1.43 15.33+ 1.49 0.3662
L1 13.83+1.82 14.7+ 1.55 0.0104
L2 13.51+ 1.69 14.2+1.73 0.0399
L3 13.31+ 1.64 13.87£ 1.35 0.0597
L4 12.42+ 1.5 12.9+1.2 0.0759
L5 10.98+ 1.06 11.25+1.32 0.243
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4.8 COMPARISON OF INTERNAL PEDICULAR MEASUREMENTS IN AFRICAN,
EUROPEAN AND MIXED ANCESTRY POPULATIONS OF SOUTH AFRICAN

4.8.1 Transverse inner cortical diameter

In all the populationghe mean transverse inner cortical diameter was found to gradually
decrease from vertebravelsT1 to T5 and then gradually increasediéstebrallevel T12 in the
thoracic spin€Fig. 4.87). In the lumbar spine, the mean transvenser corticaldiameer

gradually increased from vertebral levels L1 to(Etg. 4.8A) The mean transverse inner

cortical diameter showed a statistigaignificant difference betweethe three populations at
vertebral levels T1 to TB the thoracic spine and at vertebeldls L2 and L3 in the lumbar
spine after conducting 4Takdel4yd.Benferoohtorrected i an c e
pairwise analysisevealed that the mean transverse inner cortical diameters at vertebral levels T1
to T8weresignificantly largetin European population than in the Africandor Mixed ancestry
inthe thoracic spi nteméapandderse ibner.cortidal dieeneters in the
lumbar spine at vertebrhdvels L1 and L2 wersignificantly larger in thé/lixed ancestry

popuktion thanm the European and or Africgno p u | at i o (Table $.50No 0. 0 5)
significant differences were found between the mean transverse inner cortical diameters in the

African and Mixed ancestry populatioimsall the vertebrallevefl p O 0. 05) .
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Table 4.49: The ANOVA table showing the comparison of the mean transverse inner cortical
diameter in the three populations of South African.

African European Mixed ancestry
Vertebral Level Mean £SD (mm) Mean £SD (mm) Mean +SD (mm) P-Value
Tl 6.58 £ 1.01 7.14+ 1.33 6.76+ 1.16 0.001
T2 4.62 £ 0.86 5.25+1.35 455+1.1 <0.0001
T3 3.39+0.68 3.83+1.09 3.39+1.02 0.0002
T4 2.72+0.69 3.12+0.91 2.72+0.94 0.0002
T5 2.39+ 0.69 2.97+0.99 2.5+0.88 <0.0001
T6 2.66+ 0.86 3.21+1.12 27+1.01 <0.0001
T7 2.98+0.88 35+x121 3.04+£1.06 0.0002
T8 3.3£0.92 3.78+ 1.28 3.36+£1.19 0.0022
T9 3.74+£1.01 4.04+1.35 3.83+1.28 0.146
T10 486+ 1.11 471+ 1.62 4.96+ 1.56 0.4238
T11 6.26+ 1.43 6.14+ 1.69 6.12+ 1.56 0.776
T12 6.31+ 1.37 6.45+ 1.63 6.48+ 1.6 0.6742
L1 6.36% 1.62 5.88+ 1.64 6.5+1.71 0.0109
L2 6.7x15 6.16+ 1.76 6.74+ 1.57 0.01
L3 8.27+1.58 7.75+£ 2.14 8.18+ 1.46 0.0517
L4 10.01+ 1.59 9.43+ 2.39 9.73+1.58 0.0667
L5 14.57+ 1.99 1443+ 2.4 14.28+ 1.92 0.58
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